WD 2013/ 006675PCT/ US2012/ 045505 ALBUM N FORMULATI ON AND USE Reference to a

Sequence Listing This application contains a Sequence Listing
i n conputwo 2nBadedtse form which i s 5incorporated herei RChUS2@RAITNEE.
Background of the Invention The invention relates to a new

formul ation of albumn and to uses of the albumn formulation. 10Al bumn is
t he nost abundant protein in plasma. Al bumi n has been descri bed and

char acy, ef,i g r of mammals and birds. Al bumn is believed
to hav %ﬁlﬁ@{j'ééﬁm{r@[éli@ﬁy%rrect osnotic pressure and it also has a
role in transport of various conpounds in the blood stream Albumn is a

pr ot eil? whi chti s#sed toLI reat patients wth severe burns, shock or bl ood

| oss. e[ferieglcgl%g N Lighing, ¢ pi ent for pharmacol ogically active
conmpounds, Tmenwppifcatidrdb cohfatls ae®shucacdda istingbinl careplutéoreaiablapfoemt avhigdice
ths formati on %f sohubl e aggregates and/or insoluble aggregates of al bum n.
FuPt h&M5rr e egl LR y[egerﬁg to suppl enent nedi a used for grow ng hi gher

eukaryotic cells, including stemcells. A bumn fusion proteins are a

f usi 033 ok aéﬁ}rsft@hn to al bumn, or to a variant or fragnment thereof, and
may | G ° 8#%‘593 "Phe half-1ife of the protein, for exanple

i ncreased IiTimevinventioal fetdtéd ¢o aCoenv Uigathulationpaf tihantsny addgto (eest ef tie albumaD
chem (%al S 1atGan be conjugated to albumin to increase or decrease the

hal f - IPFE1BP " he conj ugati on partner, for exanple increased in vivo

haDf -1 i fe. AMisunpindsehé nadddundarg pbtem meplagmam Alboath paodeeh Slessribzld asd

o6/ 37518 o RP BT ER) B o barod ShERTE MR R BoRF By fodm 1y

al buminmaintainpgyr édreetodniatio dréssupes aklit biisomas aubledn itrmangpatiest Viadoys eongteinds in
pr oduct ich is suyfficientl ure.to neet.the, K 2 ser. s needs and/or, to
achi e@*ée ﬁfe’ﬂﬁaﬁei‘ﬁe “&'”b%%&f?é%‘w Chs'Sr‘r‘ée@ éocﬁﬁ?tcoé’%eﬁtﬁéfvé@,s%ﬁr@ URas, #Bpgk
cul t uroe biwodpbssr Ntisealda asddsgs dhexdapierst far plesmaeolbgicallyrantive tempaurias, many of

ially, f - I |y, f f i.mal .derj ,
P Tt IS dsdor 6 s Bhe RN B Smiienorign e 88 BMadir solE R AR Adleea 10
a! bﬁmimsloiubleﬁ_a?grdgétes o) /alannhintsoFl!mthemrmdmr, attxg:mm:ei mengoitgfllmplfh&hlf rrileidfaegsgtj fos
t ophi | i zed and/or ,stabil.izers adde 0. the fi.na i gui
£ or moiosp a8 Mans? Bl Fons iRuding Sl B85 hb g Hsib L il ¢ lidharay
cost @ottineo fatlepan adr tora eriint anfriggmen dloereefibed imdydintrieese nddes edsenho hatiul d

For  t HE BERVERAEN. b BondSR oY RUSEIRIIE COMAERERorlso, vRERSL

akbumichemiocalsneart bé yonjtigated apalbomindotirmease aaledreaee traniadf-de of therophaigelion

and/ or__pol ysorbate .80 (e. g., Tween ..The, al bum n, of . WO 2000/ Q44772 i S
b PelBe 3 BRRE Tt et ST ER iR 2SSl o, BPMed T BIod ¢ ¢
(2000 )pretiusty, ssesasssabm| ozprodueddfrecdrsbioéntlydpmytrabganinchsasoeh ys yeggpi@phadat e

B ophy Bl TR hals 25 ePm FERR PR 303Dl PBLED: & burtey o
t he hdam thegabeuttionsanrcalib wnden ts padvidd z droduct Witich dpsyfficibetiyamde to meet the

acetyl tryptophanate (I ranian Bi onedjcal Joyrnal 6(4);, 135-14Q0). B5The

B aee ROERE T Db PR P TR E0 il df ol el Byl & eelis <o
manmalcuture e lphacnddentiealpahéredsibatdsire far dduntc &l be subbstantially free bheompletsly

pol ysar baie i80 éTr\llee n%ﬁp} can be deleterious to mammalian cell culture.
Wiat i'S°r% 8[]{*}’% eSO CaPRBFEST i quid formul ati on of al bumi n which is not

del et er i ousuriiedralvomin ara firedl liquid fdror ie .relafiveBuumstaile ¢dontdaeed tovabdrionin solid

The inventiqgn provides a |i.quid forrulation qf albumn wth, i.nproved

st abi I171) s O4en dF pipdmiee s mcth e s olferdyprBiized ook yRplitts &5 iy
s8Dubltlee &g rliggiat fesmdétical. bHoweveny lypplsiidatibh eamggd esipaiifeanihf toathbuovieralli cost be

for rrultaéi on. ihﬁ innvent 'bé)nn al s9 igrhqvi es l}shogv% u\ﬁiﬂ% nt h& tf ar rLuI a;[](ij n and
uses &F° PREAFTMANS: FEhOS MRV HARIET i°8R ol (0P And "S5 P LB EPPUY Ho%em
cel | lymphlized prodBetiietheypesedt a phuid prazfuct. HeorFheg pireésred liquid prédgityr ssakdlizelsotvat t he
ef fect, of pH and_n-acetyl tryptophan conceptration.on .the stabilit f

a1 buret captD; s Byl AR SRR P TR R B pbudhas)
for thed2dablysorbatedd (EAB5AEen?). iThe aiasen bf\WD 20085344762 mcstabitidddsoy( dsthnoia
nmeasure of visible (insoluble) aggregates. Figure 2 shows the effect
of pH and phosphate concentration on the stability of al bum n conpositions
(10 ng/ m.), as determned by the ti me 't aken (seconds) for the absorbance
(A350) to increase by 0.1 AU. 25Figure 3 shows the effect of pH and sodi um
concentration on the stability of album n conpositions (10 ng/nL), as
determ ned by the time taken (seconds) for the absorbance (A350) to

i ncrease by 0.1 AU. Figure 4 shows the effect of pH and sodi um
concentration (for a wi de range of sodium concentrations) on the stability
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25 10; F-12; dasgow s Mnimal Essential Medium (GMEM); GMEMw th
L-glutam ne; G ace's Conplete Insect Medium G ace's Insect Medi um wi t hout
FBS; HaniwoOReBMowé7sh L- d utam ne; Hamis F-12 with L-QG uramiuseq12/ohB3h wi t h
HEPES and L-d utamine; |MODM w th HEPES and without L-d utam ne; |PL-41

| nsect Medium |scove's Mdified Dul becco's Medium; L-15 (Leibovitz)

W t hout L A utam ne; L-15 (Lei bovitz)(2X) w thout L-d utam ne or Phenol

(oG L Rk o) B5Pees HabutlRg sltes P badas o RVt vem

Eagl e-ondrdaeindu@sSaggrédution of bing serumes | buvi (Biag hieriddasiBioBhSical Ad 14 79: 32-

Vot urbhl st Bt ROmRE SiRbigsed ShuY Rt e et ot MRma R i Sabiiatona um

wi t h lcaflyldteamdecetiliptodiehate RaMan Bickbeditd/ Nobnel (8 prtB6e40RPM 1640 wi t hout

L- ut am n M WD 20 6675 S2012/ Q45505 1 40 with PES
L& o am g iSRRI (T8, Fegy s, S odaoigsadd. oot ddeiER s o or
any otnhenmaiati cellkoutwe paotianelyskistdredell oultune  &uitherfioed, erotyedrbtes@d (Tvesking) f or

stem cel | ture include .and M F- The, term "al bum n"
reans 2 peott s P repro Rt or oo Va5 P BRI & eliiyg gl Em DB Bt
as humibunge mwhivhas hotrdetetéridbid)to aranitdlisdastiicalturand has sim | ar properties of
HSA or the relevant donmains. Simlar tertiary structures are for exanple
the structures of the al bumins fromthe species nentioned under parent
al1burri3umrﬁaryeofcthetl|hmenmjnor pr operties of albumn are i) its ability to
regulateo Ias vol u Ias hal.f fe of arou 19d 5
Gays. 111 THBGRRGN ipHges 2' o Ao S A iR e P By, Ry

aci di eiatirlltprsrsrrnbr/vnpfocexmopleﬂ& a tédlucad levdi afgohible aggnegntéabftarbmmdﬂ indo@mien and

t hyr oxi ne o Tabl e 1_of h nsen et al, 200 Bi Pharm, Bul | .
o5 oeaoragaRng  pREmrp B Beclsby Sl e HRCEYEn ) Hop Ve Pediuasl it e
conpotodsilatioh randaisas ©f dhie e alkatiom esgiah iag endreatalisre sulttire and padisulady Bteas cell
farr di azepam i buprofen and paclitaxel (see also Table 1 of
Kr gh-HiWEen et al, 2002, Biol. Pharm Bull. 25, 695, hereby incor porat ed
by reference). Not all of these properties need to be fulfilled toin 15
order)ﬁ ar acﬁ ﬁfh ot ein or fragment as an albumn. If a fragnent,
for e :ﬂﬁgl &5cdBee" R ﬁﬂ 9%se a domain responsi bl e for binding of certain
| i gands or Figweanishowenipoaifiets of pld andrm-acttyl dfypopbin aorfoeagatmmtomihlelstartmny bt
expected to have these propert.ies e| her er inclu
vart adtimi afostighs vub; FBIGL R JeEliegnd? ) B8 BkPLgse RO R e
akbumabsabande g858) vintreasaby At Ab&Ohirecet @mits (ALY & ardasumreetngsilsle piokglpiep) | de
derived froma parent al bum n conprising an alteration, i.e., a
subst i%98t%° Sﬂe] insertion, and/or deletion, at one or nore (several)
positions. FA>gure|ﬁseihbtrvettlire)eﬁem:@ﬁpHeanrjemloapmnbnae[htramram the siatbrhiy ot:allbpmimg a
posi tion vvr t a f9 aci dgl et.i ans n_am no
ora SoReR " S, B e Bl e el BinE el TR oY P 4% B BHes

adj acQAB5(I)d>oamremserbg OafchU occupyi ng a posi t| on. The aI tered 25 pol ypeptide

riant) bt ai ned hunman |ntervent on by, m fr ca n_of the
bePynucl ot 1S et B sSh Bh R A R Eh Bl o nd apupy Bhe Rl o
i s prebepabilignsa(1d eaﬁmL)?%é; deteehiaead dyy that tilhe aaker’ i8éconts)efopriied abatrognadt
| east %, .more prefer y at |east 85% even nore preferably at | east 90%
nost rSﬁg?@rt%B’rcgﬁag?% gb%% at |east 96% at |least 97% at |east 98% at
| east 99% Fanguré@()e%oi/vdahe ieffatt df pHSE S(Ealrtl}d@coacemmtromi(fnt aiwide adndeeaisodiome of
t he

L uctor P BlioR R SERIR .ot iR o Bbe AT B, Ryafy s e i Sl Bime

i gent |t:hl§ent1eewada) fbmtbreauhismbaam (A3§Gnloemesse tsy @etper m ned using the

Needl erman- SC or and Winsch, .197

nas. 453 SOTHD SR b e RESK a&%Sedburwarﬁnéf’fat'%gné%é?%q'&aefa@amm

( ENBCESmpHShIeorBJ(SIpeaﬂnM)I ascdéiarmrBed;l bygtheQGlirea tSkdrt \i@acen@)i foe thdiabsorbined .
2000, X% QS nGrenaet b 3061' 676 WD 2013/ 006675PCT/ US2012/ 045505 277),

pr ef er ﬁ} CEFEIGH ¥ 6 or later. The paraneters used are gap open penalty
of 10, gap extension penalty of 0.5, and the EBLOSUM562 ( EMBOSS version of
BLOSUM62) substitution matrix. The output of Needl e | abel ed "l ongest
identity" (obtained using the -nobri ef2 option) is used as the percent
identity and is calculated as foll ows:” (ldentical Residues x 100)/(Length

of 5Alignment - Total Nunber of Gaps in Alignnent). The variant may
possess altered binding affinity to FcRn and/or an altered rate of
transcytosis across endothelia, epithelia and/or nmesothelia nono cell-Iayer

when conpared to the parent albumn. The variant polypeptide sequence is
pref erabl y one V\:hl ch |s not found |n nature. A variant includes a fragnent,
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10 MM nore preferably 1mM nost preferably 0 MM 014:1 0.1 mM nore
preferably0.01 mM nost preferably O nM 015:0 0.4 mM nore preferabl y0.04
mVv nost woebsym@mbd7y O nM 015:1 0.1, nore preferabl y0. 01ramjusewio4gsnef er abl y
0 MM 016:0 34 nM nore preferably3.38 nM nost preferably 0 nM 016: 1n7 0.9
mM nore preferably0.09 mM nost preferably O mM 016:2n4 0.1 nmM nore
preferably0.01 mM nost preferably O nM 016:3n4 0.5 nM nore preferabl y0. 05

ot DA B et e Pt 5] SR SbialRob e
018: 0 s2dbilitfvbf albureinpeceifigrsitiohy 2t P 618/ asdsternpined by &a ymo takdnQi8cdhiag) r ZharV|
glr)refefaifgg’r rarz'i%l %{’8%82%\&55%8%?@@%ﬁg)am\ﬂyo%mlﬂnggsllggﬁwls m em[;; Zf erabl y0. 17
mV nost prigduee abshows this! i@bBo2stie bétwen\dodiunn eopseatratiab byd4Qatid mobsmer
o SbS 5381k BT B Sl B BT EIBEL BB ar b 5 b oh e oo
mM  nor e prrajuee @bdv thariMlationship pretivesralsbyiut odicet@atdnOadd mévhtiveopaymer
D Rt PoB SRkl 7R By B, one Bt erael v0-©
pr ef er abl y Figurd/® sbw @ X3ttO08b profe Tof b 206Lavi0 A mtibabtgordiag th Readventie@d range
0.1 i oy P SPase § RO RRI oY B ST S5 S0 Al a0 @Y 8RR Chor o
prief ertladinyeftionl nmM nost preferably 0 nM C20:4n6 0.1 nmM nore preferably
0, 01 ™., oSk BLSHERL 0 RS BPL RHE B Ghay 175h

albumin stability as determined by the remaining monomer content following incubation at 40°C

for 4 weeks.

Figure 12 shows the effect of cation species and cation concentration on albumin

15  stability as determined by the time taken (seconds) for the absorbance (A350) to increase by
0.2 AU.

Figure 13 shows the effect of sodium ion concentration and anion species on albumin
stability as determined by the time taken (seconds) for the absorbance (A350) to increase by
0.1 AU.

20 Figure 14 shows the effect of sodium ion concentration and anion species on albumin
stability as determined by the remaining monomer content following incubation at 65°C for 2
hours.

Figure 15 shows the effect of sodium ion concentration in the presence of different buffer
anions on albumin stability wherein the contribution of sodium from both NaCl and the buffer is

25 included, as determined by the time taken (seconds) for the absorbance (A350) to increase by
0.1 AU.

Figure 16 shows the effect of sodium ion concentration in the presence of no buffering
ion or 50 mM citrate as a buffering ion on albumin stability where the contribution of sodium ion
from the sodium citrate buffer is ignored, as determined by the time taken (seconds) for the

30 absorbance (A350) to increase by 0.1 AU.

Figure 17 shows the effect of sodium ion concentration on the stability of different
albumins and albumin variants as determined by the time taken (seconds) for the absorbance
(A350) to increase by 0.1 AU.



C22:1n11 0.1 mM nore preferably 0.01 mM nost preferably O nM C22:1n9 0.1
mMv] nore preferably 0.01 mM nost preferably O mM C22:2n6 0.1 mM nore
pr ef er ablwoQoB3looadts nost preferably 0 niv It is acswsperefessned t hat
the overall fatty acid content of the conposition is |less than or equal to
20 MM nore preferably less than or equal to 15, 10, 5, 4, 3, 2 or 1 nM It
is nore preferred that the conposition is substantially free of fatty

acids, nmore.preferably fre f_fatty .bacids. . A fat.t cid profile
and 2 ot a4 BOI b fiTegh of v 0T ot e en itk g oe seu

al bumaithuniin iy detdraniveat &y, th2Snerdkida {sevodddaier thg abgotbanie 4ABS0) t6.ifcredise by
provi cé)eﬂ 'bn Figures 9 and 10, respectively. These are particularly
preferr '8‘ profiles. The al bum n conmposition may conply with one or both of
the profil égué 1Pihodsahe effeg ct®H A sodism poretendeattatidradn bibemiabiabliyy @y e

D28 Sty B e s8R Jhorbhas B o3 B R RuRart B0 41065 % s
600, 650, Fifure 26@hoBthe &fedt oP&Yiund dd, cch@Oftrativh oRratiein ethbitiyx atpHnseds on

T T ey

Pr ef eFl@de @atshows clon effgdt roakodios iomcbucbatrafidh b0 abAthimMabilifySathH .0p 7 ad ed
is a ion .concentration of about 200 to 0 nmM. S referred,is a

Lt b an BN bl Bt e Rind B 8umat cortedt FPwiS g o E i A e
bedween about 5.0 and about 9.0, for exanple from about 5.0, 5.25, 5.5
5.75, L0 25..6.5, 7 7.0, 7.25, 7.5, 7.75, 8.0, 8.25, or 8.5 1to
about [g*.t%'!e"g'?ﬁ”pg'%,°fgf‘§g‘,"e€."8f‘ 6.75 7.0 7.25 7.5 7.75 8.0, 8.25
8.5, Defmitionsd. 0.1t is preferred that pH 20is fromabout 5.0 to 8.0, such

as fromabout 6.0 to,about 8 0. npre preferablv, fromabout. 6.0 to abqut 7.0

or 6.0 1o ant i ctrEitie meiwP s ReRUEBRANIN el MERGH eppbidBnd 1H}

t he cdoposiritive solotgn foe cytuoivig dedrodynggeeliscat i on and nay be provi ded by one or
e (several) classes or. species as described bel ow. For .e l.e. the

CIB ohe ook RETETERET mETGs T odRELDET RS olzeah Bony BRI Ay e

pr ovi dEBES hyroeeseoum ngoat s$On? 0t Ah Y 6bher SMaE-USReH 2040 k0o sewer sdilleddh then

al kal i tal (such as sodium potassium, an alkaline earth nmetal (such as

cal ci " magnesiun) or anmonium It is preferred that the cations are

provi ded by heddinutibasall herdipat afsisutmann dvextiumadiiedsis wapabte of spppeirargadriowth

sodi um L, rrgegi um e(f-ﬁti ans Imay,[be ovi ded baYt a salt of an inorganic acid
Ce. g. 5 ogIouba barel 3o SUBRIES Staliak] RGiPBlG tevadiads dhwitom BROBFTE, © a
sabt eblcaindandpetassiani as ell gs tracgeleaents, gitargine,um éhengy sdurce, savnfienisystem,

U P SRR R P Mt RORhE ) il R gL
such #&ssent Vedace(.alpkd. MEGA) Bassd Metdiura fagles(BlMEdBasal dMealiinh Ezgletwith Barelari n

et ei BISrrEMEToZe, Dbl SR P §8 ol sk o®y b Chpn oS IFSELL T on

or aniGuatamine; IDMEMZE|2 o1 Bitls pedluaminel rreecoay Maifiaar EadléiaMealinen (BEER)AF)

e burPor- (a oencud BRI prbtyRLRER G, B ARNE (o T Pl LR et ©

usef ulCdnpléthdnsery Mediuom Grack's desdch Megiaum evithoutdfBS;stlarh's 85 1P dth ik Stutamiand

et rar e BhEM s o B, Bo bk SR af i, A B HErPRR am

Pr ef ewithdutahi@onamims| LIRle4 5 uhgetatMediaraetlsdoee'p hidsgified eDwdinetcoisl Meiddien.; L-15

i cul.arl. hl ori |.ph d. Do f ol h _
par ¢S Bl oo BRI RERLRES it e UFREROE B, Bptna o
oB0chIMuGayts §A Mduifeesl MediuonmMedisp 140 e MEM Eaglei withouh bsplbtngne sodhanoldRédr i de
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chl or iIMEY Bagledrapks UBSP heithplua tleGhrtaraingp Minimat Hssentikd . Médiemc vipbig;i Miimahay

have overal l. ionic_ St f l.east., 175 mmll-1.  For 450 425,
200, FrsSMEL Bty bEe s hE0Ehad NGl BV TS ERAG el § ol

i oni ¢ LsGluemghéy RPMBabeAN REOM 16403610 rGhidmibe; RBM 164 @ vihowe d-Glsitamming;dRiPd|
strength of about 250 mmol.L-1. 30The inventors have realized that the
presence of stabilizers such as deter%ents (e.g. polysorbate 80 (Tweenc))
can be deleterious to mammualian cells in cell culture. Therefore, it is
preferred that the conposition conprises |ess than 20 ngl-1 detergent (e.g.
pol ysorbate 80), preferably less than 15, 10, 5, 4, 3, 2, 1, 0.5, 0.1,
0.01, 0.001 ny.L-1 detergent (e.g. polysorbate 80). Even nore preferably,
the conposition is substantially free of detergent (e.g. polysorbate WO
2013/ 006675PCT/ US2012/ 045505 80). That is, it is preferred that the |evel

I . ~ N o L, Y Y - v



It is even nore preferred that the conposition is substantially free of, or
conpletely free of, octanoate, am no acids (e.g. Nacetyl tryptophan) and
det er gentwOentp/00pebysor bat e 80) . I n order to idemrCirfus2evamiises or not
there is a deleterious or toxic effect of the album n fornulation on cell
culture, a test may be carried out by preparing a first cell culture nmedium
25 containing the albumn formnmulation of the invention and preparing one or

nore ( er.al t cell culture nmedia and nonitoring,their effect on
col T PRSI AEERS) [ ERne St BEniR e oRar Octs PRRStVrdifRt of
cul t ursay ratitbrumedix kepivn tih @he tdhiledlimtiia artf dreferrat ivasalohedibéorn steantellocultuge
repl ace N r bum ation, e.g. an albumn fornul ation

st abi I'rimgléd(lﬂgl Mﬁfﬁﬂ@kmgﬁ 3?%@%&@6m (e.g. polysorbate 80) and/or an

am no aci d The. grmn-aftmehiyl’ rheyrat appratein hadidg Tthe $amsd amebr aveayn Gimitant tedtiasy may
be_used to cultivate one or . severa cell lines (e.qg. a.cell dine as
doder FutiOrER i Sert Sl FEEEAL BAYIRA Yottt an i oA R e g,
by nonhd mlévagt dehbingr Swhitar terghdy stciahsl argYoradmahgle thel dtrudiukdsofehé iatiiundms | t
is preferred that Itnh teI tr is carried out c())ver EI)ti. Ire f:lsa e aof. t he
cel | Tiobinespgeids mepfiongd undes parghl albimin. s ome oghe maicy eiofelised o 215 o
met hodsitsaailitk roomguiate dihdasand vollinei &) gloal elfaseth hdifdife bharoahd daiday$ ersnadyat i on
of the. R es(?Bt di WO 20#3/ 006(%75I3CT/ U82012|/ 045505 i nvent i OE%i %'I'l ess tox(ij Cc or
del et dPi"gLIPHALE) P PRINIF HIBERNSITIBFY'FS, U ACHIC RGPS Fempogids
odd anoadeling Blliebgeftty cacidgsirhemiraand shyréone éseenpbe Tablent df WnagroHprisesi ¢¥galf he

| bum . Lti f i L I 2-, b-..10-, .100-,
000 2008aTBE Phir® b 05 B eRk rEomEed BY thrBieneSniy shomie dial SRS ng
anot heompbbrad with axoiid at | edestroeegativanfeatubasmery. dudgsosoneH ativenfsihaklidzepad, wi t h

d . 0. d/ 1 id 0.
o eaigiestef s sRAHHRE (s Jso BAbKSPOR RSN HNSEN B 8 3002 TEoh Bsh G 22
D L D o 1 s
0 a . . . ,
TobeT dufetto SRStaPEub S lital S TabmRhn s 4 bl E B taghenh R oA oS n8E L Lo
101t icomprisd ardoethint epordide $orainding pf adrtairhigamldb wnorgab@ngogidunds tHesvaniagher

t han t hat of ui val ent bum n .in ter . or in 150 mvi Na. e.nmethod to
conpart aupp PSR TT hof bR seloipd Sl (s @ oPTRREIAT: of o 44T dBHE

aggr egadleesohriahtbusmdior desivatives such a$ fusicms endfor abnjqgation§ @f gn aburlin oobf drhe

al bum B{UCO' O';?(aiﬂ:éi on in a cuvette (e.g. a polystyrene cuvette, such as
Sar st Sdt ™M OXAEAE nm; 15ii) place the cuvette in a tenperature controlled
spect r ophotTheeten “tarénthaeabe amgypeptideg derivedrfadned @ardntcalbimiol doatprizaingaan
desired t erature g. B65C.. ii,) Mpitor [ neasure . the.absorbance
of “t h eIt Daitatie. RFTonr DUorAerhparhere B melp (Ve R LR o
desi r edbstitutmnpeearada (eplapeniznhofuars pming ddk ooy pging eaphsitpnatithde tifieessht iantirer val s
(e.qg. aeiv_eryeiLe% seconcsis% g\gi @ Pr oqnesscit he ucla}a bx St.faoki_ng taﬂe fei F St sgver al
(e.g. K8y EIPIHQT G50 fyToval O R SRS SPRIRYIO PRRTRTr RTY 20 Rrelit PEEHS thi s
dat a padding fli3oaméid adigb aagjacent Sstoi an aamlieo 4cd prcoupydey Eapesititrs.or Dhecatevead ues

d 0. , 1. d/ d.th i ken f
P50 e dolkeRise, fyprany ‘P BeofREa APELER AGRET SrehiBnlds by L RRERARD, b a0 e
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The al bum n of the invention is preferably produced reconbinantly in a

sui tabl e host cell. Non-aninmal host cells are preferred. A preferred host
i s yeast ,wpnefigwedtby sel ect ed anong Pi chia or Sacchar ompCaame)120uises
preferred Saccharonyces cerevisiae. 15A preferred conposition conprises 50
to 250 g.L-1 albumn, 200 to 300 mM Na+, 20 to 30 nM phosphate, conprises
| ess than 2 nM octanoate and has a pH between about 6.0 and 7.0. A
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culturing cells conprising incubating cells in a culture nmedium as
described herein. The cells my be the cells described with reference to

t he second aspect of the invention and or described bel ow the fifth aspect
of the invention. WD 2013/006675PCT/ US2012/ 045505 A fifth aspect of
the invention relates to use of the albumn fornulation of the first aspect
of the invention in pharmaceutical products. Therefore, the invention also
provides a pharmaceutical conposition conprising the albumn fornulation
and an actl ve phar maceut i caI |ngr edient (APl). 5 A 5| xth aspect of

o, b o o o L T oy e o "



sodiumion and buffer concentration on the stability of albumn. A conmon
stabilizer for albumn is n-acetyl-tryptophan, therefore it is included in
t hi s ExampbDeos#oes75est constituent. Met hod: Al bum RCRAUS2QQ/08TH0FL 1 N
145 mM NaCl (al bumin batch 1401) was diluted to 10 ng/nL 5according to
Table 3. The buffers used for dilution are shown in Tables 1 and 2. Table 1
rHSA Conc (g/L) Na Molarity (mVM Tryptophan Molarity (mV rHSA sol ution

(1401), 100 154 5 MORI%'CI O’?r%} Trypt ophan 501 500 . Tah|e.2, Buffer Stock
Sol ut 18 PHREBAEREY e RS (R OYRTPRaCR I & e so 03NS g e e
Phos plrah @éapdigizabed ChamlR) %0, 65 % 683Ya Iphia 86 %) dr 85%Q tHE3zkII® aBhdvehosphat e pH 7
500 851 0.5 M thjg;ghat &, gl—%S 500 Q%OI,,O.. 5I gl Phosa{l@{%% plr-| 9n 00 %92 WO
2013/ 006673BCHTVSIEEY) ORESGE" TARB S PEUREX/ SNV R, CATE AN B ¢ HsA
Sodi unndRitirephEtnet Maifedd tbrpopding lvaine\Vbdvine, Asdensd, updlilates] glgs, 3h&epridniedigoats, 50
O R Ser a2, f6rdetS pimdRR Q%R Rokegs ) u0%. B, Pats, Hikg iRg, SO UM 50 M
Ph spﬁgg Hogu'es: ’ ys), d0gs, ; , .
The term “cell’ includes any cell such as, but not limited to, any human or non-human
mammalian cell as described herein. A cell may be a normal cell or an abnormal cell (e.g.
transformed cells, established cells, or cells derived from diseased tissue samples). The cell
may be a somatic cell such as a fibroblast or keratinocyte. Preferred cells are stem cells such
10  as, but not limited to, embryonic stem cells, fetal stem cells, adult stem cells and pluripotent
stem cells such as induced pluripotent stem cells. Particularly preferred cells are human
embryonic stem cells, human fetal stem cells, human adult stem cells and human pluripotent

stem cells such as induced human pluripotent stem cells.

15 A first aspect of the invention provides a composition comprising albumin, a solvent, at
least 175 mM cations, having a pH from about 5.0 to about 9.0 and wherein the composition
comprises equal to or less than 30 mM octanoate. An advantage of such a composition is that
this formulation provides an albumin which is sufficiently stable to have a useful shelf-life and is
not deleterious to the health of mammalian cells (e.g. it is not toxic) when the composition is

20  usedin mammalian cell culture.

It is preferred that the composition contains anions to balance the cations.

The solvent may be an inorganic solvent such as water or an inorganic buffer such as a
phosphate buffer such as sodium phosphate, potassium phosphate, or an organic buffer such
as sodium acetate or sodium citrate. The buffer may stabilize pH. Sodium phosphate (e.g.

25 NaH,PO,) is a preferred pH buffer, such as pH 5.0, 5.5., 6.0, 6.5, 7.0, 7.5, 8.0.

The inventors have observed that octanoate is deleterious to mammalian cells in cell
culture. Therefore, the composition comprises low levels of octanoate. For example, it is
preferred that the composition comprises less than 30 mM octanoate, more preferably less than
about 28, 26, 24, 22, 20, 18, 16, 15, 14, 12, 10, 8 mM octanoate, even more preferably less

30 than about 6, 5, 4, 3 mM octanoate, most preferably less than about 2, 1, 0.5, 0.4, 0.3, 0.2, 0.1,
0.01, or 0.001 mM octanoate. It is preferred that the composition is substantially free of
octanoate. That is, it is preferred that the level of octanoate in the composition is not sufficient

to cause a deleterious effect on cells during culture, for example mammalian cells (particularly
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5.03 pH 6, 145 nmM Sodi um 50 nmM Phosphate 0.500
6.03 pH 7, 145 nM Sodi um 50 mM Phosphate 0.500
7.04 pH 8, 145 nM Sodi um 50 nwCPlusephaszsed. 500
7.90 pH9, 145 nM Sodi um 50 nM Phosphate 0.500
8. 84 pH 5.5, 145 nM Sodi um 50 nM Phosphate 0. 500

5.49 pH 6, 145 mM Sodi um 50 nmM Phosphate 0. 500

Ry

Trypt dipdheom PositdD iOfrdd 8f &tﬁ?dété)((l)ﬁ&l &téhaoted. 98 pH 5, 145 mM Sodi um 50
my/Phosphat eF’re51‘mrvI Jra/apetqm ters for fatty acids are provided below. The fatty acid content is

preferably an average of multiple samples, for example 2, 3, 4 or 5 samples:

Fatty Acid Preferred range (mM)

C6:0 < 0.1 mM, more preferably £0.01 mM, most preferably 0 mM
C8:0 < 2.5 mM, more preferably £0.23 mM, most preferably 0 mM
C9:0 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C10:0 < 0.1 mM, more preferably £0.01 mM, most preferably 0 mM
C11:0 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C12:0 < 0.5 mM, more preferably < 0.05 mM, most preferably 0 mM
C13:0 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C14:0 < 10 mM, more preferably 1 < mM, most preferably 0 mM
C14:1 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C15:0 < 0.4 mM, more preferably < 0.04 mM, most preferably 0 mM
C15:1 < 0.1, more preferably <0.01 mM, most preferably 0 mM
C16:0 < 34 mM, more preferably < 3.38 mM, most preferably 0 mM
C16:1n7 < 0.9 mM, more preferably < 0.09 mM, most preferably 0 mM
C16:2n4 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C16:3n4 < 0.5 mM, more preferably < 0.05 mM, most preferably 0 mM
C17:0 < 0.5 mM, more preferably < 0.05 mM, most preferably 0 mM
C17:1 < 0.1, more preferably <0.01 mM, most preferably 0 mM
c18:0 < 20 mM, more preferably £ 2.05 mM, most preferably 0 mM
C18:1n7 < 0.2 mM, more preferably < 0.02 mM, most preferably 0 mM
C18:1n9¢c < 8 mM, more preferably < 0.8 mM, most preferably 0 mM
C18:1n%t < 1.7 mM, more preferably < 0.17 mM, most preferably 0 mM
C18:2n6¢ < 4.2 mM, more preferably < 042 mM, most preferably 0 mM
C18:2n6t < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C18:3n3 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C18:4n3 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C19:0 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM
C20:0 < 6 mM, more preferably < 0.6 mM, most preferably 0 mM
C20:1n9 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM




0.500 0.500 0.073 0.050 3.877 5.00 pH 6, 145 nM Sodi um 50 mWhosphat e, 5mv
Trypt ophan 0.500 0.500 0.061 0.050 3.889 6.00 pH 7, 145 nM Sodi um 50
mvPhos phawe,28mBode7gpt ophan 0. 500 0. 500 0. 039 0. 050 3. 91PCT/US3012MM3505

2013/ 006675PCT/ US2012/ 045505 Table 3 Stock Volumes to Add (nL) Sanple rHSA
Sodi um Phosphate NaCl Tryptophan Water Actual pH pH 8, 145 nM Sodi um 50
rﬁVPhosphate 5n1\/| Trypt ophan 0 500 0.500 O. 028 0.050 3.922 8.01 pH 9, 145 nM

Sodl A nhat o l: \Iht Onhgn [~ aYalNA) 0’)!: n nl:n 2 \25 9_09

pH 4, th‘?W'SSETE'rﬁm Eid) fﬁ{'/ﬁ‘i’ éﬁﬁs{(@, oy ?F';pf oBﬁZnuo 500 0.498 0]078 0. 020
3. 904 CRod6 PH 5, 145 1ivh S mbhe HreraPRNes phaie, medvipersabyham 0]500 0. 500
0.07¢ C%O%Zn% < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM

C20:3n6 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM

C20:4n6 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM

C20:5n3 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM

C22:0 < 5.7 mM, more preferably < 0.57 mM, most preferably 0 mM

C22:1n11 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM

C22:1n9 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM

C22:2n6 < 0.1 mM, more preferably <0.01 mM, most preferably 0 mM

It is also preferred that the overall fatty acid content of the composition is less than or
equal to 20 mM, more preferably less than or equal to 15, 10, 5, 4, 3, 2 or 1 mM. It is more
preferred that the composition is substantially free of fatty acids, more preferably free of fatty

5 acids.

A fatty acid profile and a metal ion profile of an albumin formulation comprising 100 g.L™
albumin, £ 1 mM octanoate, 250 mM Na* and having a pH of about 6.5 are provided in Figures
9 and 10, respectively. These are particularly preferred profiles. The albumin composition may
comply with one or both of the profiles of Fig 9 and Fig 10.

10 It is preferred that the cations are present from at least about 175 mM, for example from
at least about 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575,
600, 650, 700, 750, 800, 850, 900, 950, 1000 mM. Preferred maximum cation concentrations
include 1000, 950, 900, 850, 800, 750, 700, 650, 600, 575, 550, 525, 500, 475, 450, 425, 400,
375, 350, 325, 300, 275 and 250 mM. Preferred cation concentrations include 200 to 500 mM.

15  More preferred is a cation concentration of about 200 to 350 mM. Most preferred is a cation
concentration of about 250 mM.

The pH of the composition may be between about 5.0 and about 9.0, for example from
about 5.0, 5.25, 5.5, 5.75, 6.0, 6.25, 6.5, 6.75, 7.0, 7.25, 7.5, 7.75, 8.0, 8.25, or 8.5 to about 5.5,
5.75, 6.0, 6.25, 6.5, 6.75, 7.0, 7.25, 7.5, 7.75, 8.0, 8.25, 8.5, 8.75 or 9.0. It is preferred that pH

20 is from about 5.0 to 8.0, such as from about 6.0 to about 8.0, more preferably from about 6.0 to
about 7.0 or 6.0 to 6.5. Most preferred the pH is about 6.5.

The cations of the composition may be provided by any cation and may be provided by

one or more (several) classes or species as described below. For example, the cations may be

either mono or bivalent, monoatomic or polyatomic and may be provided by one or more

9



3.904 5.01 pH 6, 145 mM Sodi um 50 mvPhosphat e, 2nM Tr ypt ophan 0. 500 0. 500
0.064 0.020 3.916 6.06 pH 7, 145 nmM Sodi um 50 mVPhosphat e, 2mM Tr ypt ophan
0. 500 0. 580 20130&78. 020 3.938 7.01 pH 8, 145 nM Sodi umpCHUISanRloazsphat e, 2mvi
Trypt ophan 0.500 0.500 0.031 0.020 3.949 7.99 pH 9, 145 nmM Sodi um 50
mvPhosphat e, 2mM Tr ypt ophan 0. 500 0. 500 0.028 0.020 3.952 9.03 pH 4, 50 nM
Sodi um 25 nM Phosphate 0.500 0.249 0.010 0.000 4.241 4.03 pH 5, 50 nM

Sod! u V25 | Pho hlat ey 500 0. 250 0.00 Oi. 0Q0 4. 24 n5. Oéh ? 5% nv
Sodi o5 PRGIAIATER S50 o 386U5: G9F0BH0 4 gy g g (suth &8
2013/ @arhinh RedgridSROd)26r04kbmabiutabltas Prbwedk thatlthereatidns e dorbvitigd bipaopiuen r HSA
Sodi u@ndpo?%)gtgzsiéﬁm'\el%gllor magnesium, most preferably sodium or magnesium.
Cations may be provided by a salt of an inorganic acid (e.g. a group 1 or 2 metal or
5 ammonium salt such as sodium chloride), a salt of a divalent acid (e.g. a group 1 or group 2
metal or ammonium sulphate or phosphate such as sodium sulphate) or a salt of an organic
acid (e.g. a group 1 or group 2 metal or ammonium salt of acetate or citrate such as sodium
acetate).
Cations and anions used to stabilize the albumin may be provided by (i) salts and/or (ii)

10  pH buffers such as described herein. Therefore, there may be more than one (several) species
of cation or anion, such as 2, or 3 species. There may be more than one (several) source of a
single cation, for example Na which may be provided by both a pH buffer (such as sodium
phosphate) and a salt (such as NaCl).

Anions useful to the invention include inorganic anions such as phosphate, and halides

15  such as chloride, and organic anions such as acetate and citrate. Anions may be either mono or
bivalent, monoatomic or polyatomic. Preferred anions include sulphate, acetate phosphate and
chloride, particularly chloride, sulphate and acetate.

Therefore, the composition may comprise one or more (several) of an alkali metal
phosphate or chloride (such as sodium phosphate, potassium phosphate, sodium chloride or

20  potassium chloride), an alkaline earth metal phosphate (such as calcium phosphate,
magnesium phosphate, calcium chloride, magnesium chloride) or ammonium phosphate or
ammonium chloride.

The composition may have an overall ionic strength of at least 175 mmol.L". For
example, from about 175 to 1000 mmol.L™" such as from about 175, 200, 225, 250, 275, 300,

25 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 650, 700, 750, 800, 850, 900, 950,
1000 mmol.L™ to about 1000, 950, 900, 850, 800, 750, 700, 650, 600, 575, 550, 525, 500, 475,
450, 425, 400, 375, 350, 325, 300, 275, 250 mmol.L". More preferred is an overall ionic
strength of about 200 to 350 mmol.L™". Most preferred is an ionic strength of about 250
mmol.L™.

30 The inventors have realized that the presence of stabilizers such as detergents (e.g.
polysorbate 80 (‘Tween®)) can be deleterious to mammalian cells in cell culture. Therefore, it is
preferred that the composition comprises less than 20 mg.L™ detergent (e.g. polysorbate 80),
preferably less than 15, 10, 5, 4, 3, 2, 1, 0.5, 0.1, 0.01, 0.001 mg.L™ detergent (e.g. polysorbate

80). Even more preferably, the composition is substantially free of detergent (e.g. polysorbate

10
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rPcu(?arIy stem cells such as human stem cells) in cell culture such as in vitro cell culture.

Most preferably the composition is free of detergent (e.g. polysorbate 80). Detergent (e.g.
5 polysorbate 80) levels can be assayed by techniques known to the skilled person for example,
but not limited to, the assay disclosed in WO 2004/099234 (incorporated herein by reference).
For some cell media, it is preferred that the media is substantially free or free of
tryptophan (e.g. tryptophan-free RPMI 1640 as disclosed by Lee et al, 2002, Immunology
107(4): 452-460). An albumin composition may be added to a medium. Therefore, in order to
10  maintain the tryptophan free character of a medium, an albumin composition which has low
levels of amino acids (e.g. N-acetyl tryptophan), is substantially free of amino acids (e.g. N-
acetyl tryptophan) or is free of amino acids (e.g. N-acetyl tryptophan) is useful. Therefore, it is
preferred that the albumin composition comprises less than 5 mM amino acids (e.g. N-acetyl
tryptophan), preferably less than 4, 3, 2, 1, 0.5, 0.1, 0.01, 0.005, 0.001 mM amino acids (e.g. N-
15  acetyl tryptophan). Even more preferably, the composition is substantially free of amino acids
(e.g. N-acetyl tryptophan). That is, it is preferred that the level of amino acids (e.g. N-acetyl
tryptophan) in the composition is not sufficient to cause a deleterious effect on cells during
culture, for example mammalian cells (particularly stem cells such as human stem cells) in cell
culture such as in vitro cell culture. Most preferably the composition is free of amino acids (e.g.
20  N-acetyl tryptophan).
It is even more preferred that the composition is substantially free of, or completely free
of, octanoate, amino acids (e.g. N-acetyl tryptophan) and detergent (e.g. polysorbate 80).
In order to identify whether or not there is a deleterious or toxic effect of the albumin
formulation on cell culture, a test may be carried out by preparing a first cell culture medium
25  containing the albumin formulation of the invention and preparing one or more (several) control
cell culture media and monitoring their effect on cell lines. A control cell culture medium is
identical to the first cell culture medium except that the albumin formulation of the invention is
replaced with another albumin formulation, e.g. an albumin formulation stabilized with
octanoate, a detergent (e.g. polysorbate 80) and/or an amino acid (e.g. n-acetyl tryptophan).
30  The test media and controls may be used to cultivate one or more (several) cell lines (e.g. a cell
line as described herein) and the effect of the albumin on the cells monitored e.g. by monitoring
cell growth, cell morphology and/or cell differentiation. It is preferred that the test is carried out
over multiple passages of the cell line, e.g. atleast 2, 3, 4, 5,6, 7, 8, 9 or 10 passages. Suitable

methods are known in the art. It is preferred that the albumin formulation of the present
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3.997 6.06 pH 7, 300 MM Sodi um 25 nmM Phosphate 0.500 0.250 0.242 0.000
4.008 6.99 pH 8, 300 mM Sodi um 25 nmM Phosphate 0.500 0.250 0.236 0.000
4.014 8. 0RO 2pt3/@667300 MM Sodi um 25 M Phosphate 0.500 @CZAG201228509. 000
4.015 9.00 pH 5.5, 300 mM Sodi um 25 nM Phosphate 0.500 0.250 0.259 0.000
3.991 5. 61 pH 6, 300 mM Sodi um 25 nM Phosphate 0.500 0.250 0.253 0.000
3.997 6.19 pH 6.5, 300 mM Sodi um 25 nmM Phosphate 0.500 0.250 0.253 0.000
3.

997I H% % 3/ OOG%?%EQ‘CT/ UiZO%@%@%SOS abl. e f?.aai cfw th%'er e? ad
(nL) "SEAROE IS OSpHRa? & 9% APERIL A eed WAR 3‘?\’ DH 4,
145 mdctamdatem dederydmtPloo sgphiad eafld 0600 .3aMpl2, 1é30m9d|Oﬂ\O cdmpri€ing. 06 alpbintn, 145
MM Sodi UMy < QorT™M (FR AR RARA Emay show at least a 2-, 5-, 10-, 100-, 1000-, 10000-, or 100000-fold
improvement over a control medium comprising another albumin formulation, e.g. an albumin
5 formulation stabilized with octanoate, a detergent (e.g. polysorbate 80) and/or an amino acid
(e.g. n-acetyl tryptophan). The 2, 5, 10, 100, 1000, 10000, or 100000-fold improvement may
relate to viable cell numbers, correct or healthy cell morphology and/or to the number or relative
number of differentiated cells, particularly cells showing differentiation to a desired cell class or
type.

10 It is preferred that the stability of the albumin composition is higher than that of
equivalent albumin in water or in 150 mM Na. One method to compare stability, particularly
related to the formation of insoluble aggregates of albumin, is:

i) place an aliquot (e.g. 1 mL) of the albumin composition in a cuvette (e.g. a polystyrene
cuvette, such as Sarstedt 10x4x45 mm);

15 ii) place the cuvette in a temperature controlled spectrophotometer that has been pre-
equilibrated and controlled at a desired temperature, e.g. 65°C;

iii) Monitor / measure the absorbance of the composition at 350 nm, referenced against
an empty cuvette over a desired time period (e.g. 2 hours) by taking a reading at defined
intervals (e.g. every 18 seconds)

20 iv) Process the data by taking the first several (e.g. seven) data points, average the data
point readings and subtract this data point from all data points in order to provide base
absorbance values of around O.

v) Determine and/or record the time taken for the processed absorbance values to
increase by 0.1 AU (Absorbance Units) above this baseline.

25 It is preferred that stability analysis is performed in duplicate.

It is preferred that the stability of the albumin composition of the invention is sufficiently
high so that the time taken for the measured absorbance to increase by 0.1 AU above the
baseline (according to the above described test carried out at 65°C), compared to a control
solution of albumin at the same concentration in a solvent such as 150 mM Na or water and

30 measured under the same conditions is at least 10% better. It is more preferred that the

stability is at least 20, 30, 40, 50, 60, 70, 80, 90 or 100% better.

An alternative or additional stability test, particularly for the formation of soluble
aggregates of albumin, is to monitor the formation of soluble albumin polymer by GP-HPLC over

time at a set temperature. One suitable stability study with measurement by GP HPLC includes:
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0.000 0.130 0.000 4.370 5.02 pH 6, 145 MM Sodi um O M Phosphat e
0.000 0.130 0.000 4.370 5.99 pH 7, 145 nM Sodi um O nM Phosphat e
0. O8O0 2013186678. 000 4. 370 6.97 pH 8, 145 nM Sodi umpCo/usk1Rloazsphat e
0.000 0.130 0.000 4.370 8.02 pH 9, 145 MM Sodi um O nM Phosphate
0.000 0.130 0.000 4.370 9. 02 pH 5.5, 145 nmM Sodi um 0O nmM Phosphat e
0. 000 0.130 0.000 4.370 5.47 pH 6, 145 mM Sodium O mM Phosphate
0.0 130 Pho

0.0 3%%%1@"80536@6%96%@" gl & S0 R 5T AR e

t® b8 HvebtigB&d iatdd&erild vid ely. Sbakeq)H) L ddss vidig)Sadchume thed stoppétedgebat e

with a sterile butyl rubber seal and optionally over-sealed).

i) A TO sample of ~200 uL is then taken and the vial is incubated at a specified
temperature (e.g. placed in a water bath that is set at a specified temperature (e.g. at 40°C)).

i) Samples (~200 pL) are then taken from each of the vials after certain time points (e.g.
14 days).

iv) injecting an aliquot (e.g. 25 uL) of the albumin sample taken out of the vial (at <50
mg/mL) onto a GP-HPLC column (e.g. 7.8mm id x 300 mm length TSK G3000SWXL column,
(Tosoh Bioscience), with a 6.0 mm id x 40 mm length TSK SW guard column (Tosoh
Bioscience));

v) chromatographing the aliquot in a suitable buffer (e.g. 25 mM sodium phosphate, 100
mM sodium sulphate, 0.05% (w/v) sodium azide, pH 7.0) at a suitable speed (e.g. 1 mL/min)

vi) monitoring the chromatograph procedure e.g. by UV detection at 280 nm;

vii) quantifying one or more (several), or all, of monomer, dimer, trimer and polymer
content of the aliquot as % (w/w) by identifying their respective peak area relative to the total
peak area.

It is preferred that the test is carried out in triplicate.

Therefore, the invention also provides an albumin composition having a stability as
defined in one or both of the above mentioned tests, and a method for producing an albumin
composition including one or both of the above mentioned tests.

Albumin has been described and characterized from a large number of mammals and
birds (e.g. albumins listed in WO 2010/092135 (particularly Table 1) and PCT/EP11/055577
(particularly page 9 and SEQ ID NO: 2, 4-19 and 31), both incorporated herein by reference in
their entirety).

The composition of the invention may comprise one or more (several) albumins.
Preferably the composition comprises an albumin selected from human albumin (e.g.
AAAQ8797 or P02768-1, SEQ ID NO: 2 (mature), SEQ ID NO: 3 (immature)), non-human
primate albumin, (such as chimpanzee albumin (e.g. predicted sequence XP_517233.2 SEQ ID
NO: 4), gorilla albumin or macaque albumin (e.g. NP_001182578, SEQ ID NO: 5), rodent
albumin (such as hamster albumin (e.g. A6YF56, SEQ ID NO: 6), guinea pig albumin (e.g.
Q6WDN9-1, SEQ ID NO: 7), mouse albumin (e.g. AAH49971 or P07724-1 Version 3, SEQ ID
NO: 8, or the mature sequence SEQ ID NO: 19) and rat albumin (e.g. AAH85359 or P02770-1
Version 2, SEQ ID NO: 9))), bovine albumin (e.g. cow albumin P02769-1, SEQ ID NO: 10),
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000 0.026 0.000 3.474 4.91 pH 6, 145 nM Sodi um 100 nmM Phosphate 0. 500
999 0.003 0.000 3.498 5.98 pH 7, 145 nmM Sodi um 100 mM Phosphate 0. 500
000 -0.Wo20/6EX53.541 7.03 pH 8, 145 mM Sodi um 100PeiiusBk@zpisste 0. 500
000 -0.064 0.000 3.564 8.10 pH 9, 145 MM Sodi um 100 nM Phosphate 0.500
999 -0.069 0.000 3.569 9.03 WD 2013/006675PCT/ US2012/ 045505 Table 3
Stock Vol unes to Add (rrL) Sanpl e rHSA Sodi um Phosphate NaCl Tryptophan
Wat er Act ual 145 m\/l S d| 0 999 0.026
0. 000 <37 A Sl horse S i AST0 ok EHBONAL B 6 BT 8 o3
0. 000 G 33-1.SEQ pbl NO512) 1 ddbbitMiteman eng. PAB0GEV Rleesd@hat SEQ. IBOR00.199Yoat 003
0. 000 albumin (e.g. ACF10391, SEQ ID NO: 14), sheep albumin (e.g. P14639-1, SEQ ID NO: 15), dog
albumin (e.g. P49822-1, SEQ ID NO: 16), chicken albumin (e.g. P19121-1 Version 2, SEQ ID
5 NO: 17) and pig albumin (e.g. P08835-1 Version 2, SEQ ID NO: 18). Mature forms of albumin

are particularly preferred and the skilled person is able to identify mature forms using publicly

oFrrPOork

available information such as protein databanks and/or by using signal peptide recognition
software such as SignalP (e.g., SignalP (Nielsen et al., 1997, Protein Engineering 10: 1-6)).
SignalP Version 4.0 is preferred (Petersen et al., 2011, Nature Methods (8): 785-786).
10 Human albumin as disclosed in SEQ ID NO: 2 or any naturally occurring allele thereof, is
the preferred albumin of the albumin composition according to the invention. SEQ ID NO: 2
may be encoded by the nucleotide sequence of SEQ ID NO: 1.
The albumin, particularly the human albumin, may be a variant, or a derivative such as
fusion of conjugation of an albumin or of an albumin variant. It is preferred that the albumin has
15  atleast 70% identity to HSA (SEQ ID NO: 2), more preferably at least 72, 73, 75, 80, 85, 90, 95,
96, 97, 98, 99, 99.5 % identity to HSA. The albumin variant may have one or more point
(several) mutations, e.g. K§73P, K573Y, K573W, K500A compared to a parent albumin such as
those provided in the sequence listing, particularly SEQ ID NO: 2 (mutations are described in
relation to SEQ ID NO: 2 and the skilled person can identify equivalent mutations in other
20 albumins by aligning an albumin sequence against SEQ ID NO: 2 using the EMBOSS software
described herein). For an albumin having about 70 to 80 % identity to SEQ ID NO: 2 (such as
mouse albumin e.g. SEQ ID NO: 19), it is more preferred that the cation is present from at least
250 mM.
It is preferred that the albumin is present in the composition at a concentration of from
25 about 1 g.L" to about 400 g.L™". For example, the concentration may be from about 1, 5, 10, 25,
50, 75, 100, 125, 150, 175, 200, 225, 250, 275 g.L™ to about 5, 10, 25, 50, 75, 100, 125, 150,
175, 200, 225, 250, 275, 300, 325, 350, 375 or 400 g.L™. Itis preferred that the concentration of
albumin is from about 50 g.L™ to about 200 g.L™
Advantageously, the composition may comprise a recombinant albumin. That is, the
30 albumin may be sourced from a recombinant organism such as a recombinant microorganism,
recombinant plant or recombinant animal. Since some users prefer animal-free ingredients, it is
more preferred that the albumin is sourced from a non-animal recombinant source, such as a
recombinant microorganism or recombinant plant. Preferred microorganisms include

prokaryotes and, more preferably, eukaryotes such as animals, plants, fungi or yeasts, for
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about 10 000 mL, e.g. 50 mL, 1000 mL, 5000 mL and 10 000 mL. It is preferred that the
container comprises one or more (several) inlets or outlets to allow filling of the container and/or

30 dispensing from the bag. The albumin composition may be sterilized, e.g. prior to or after being

filled in the container.

The production of recombinant albumin is known in the art and numerous hosts such as
Escherichia coli (EP 73,646), yeast has been reported in WO 00/44772, EP 0683233 A2, and

15



r HSA Sodi um Phosphate NaCl Water pH 6.5, 50 nM Sodi um 25 mM Phosphat e
0.500 0.250 0.003 4.247 pH 6.5, 100 mM Sodi um 25 nM Phosphate 0.500 0. 250
0. 053 4. M 2pt3/®6®5 150 nmM Sodi um 25 nmM Phosphat e 0. 500COAR2Q204503 4. 147
pH 6.5, 200 nM Sodi um 25 mM Phosphate 0.500 0.250 0.153 4.097 pH 6.5, 250
mM Sodi um 25 nM Phosphate 0.500 0.250 0.203 4.047 pH 6.5, 400 nM Sodi um
25 nmM Phosphate 0.500 0.250 0.353 3.897 pH 6.0, 50 nmM Sodi um 25 mM
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and bovine.

A second aspect of the invention provides a cell culture medium comprising a
composition as described herein and a basal medium. The cell culture medium may, for
example, be for the culture of mammalian cells such as human cells. The cell culture medium
may, for example, be for the culture of stem cells or of gametes or of embryos for example cell

10  culture for assisted reproductive technology (ART) purposes.

It is preferred that the cell culture medium is substantially free of animal-derived
components. It is more preferred that the cell culture medium is free of animal-derived
components. In this context, ‘animal-derived’ component means a component which has been
obtained from an animal. It does not include a component which is identical or substantially

15 identical to an animal-derived component but which, instead of being obtained from an animal,
is obtained as a recombinant component from a non-animal. A non-animal includes a plant,
such as rice, a microorganism such as a yeast or bacterium.

Examples of cell culture media in which the albumin formulation may be used include
those described in WO 2008/009641 (incorporated herein by reference in its entirety).

20 A cell culture medium comprising the albumin formulation of the first aspect of the
invention may or may not comprise one or more (several) fatty acids, such as provided by a
fatty acid supplement. Fatty acid supplements are commercially available, e.g. F7050 Fatty
Acid Supplement (Animal-component free, liquid, sterile-filtered, suitable for cell culture)

available from Sigma-Aldrich.

25
A third aspect of the invention relates to use of an albumin formulation, composition or
cell culture medium as described herein to culture cells, such as cells described with reference
to the second aspect of the invention and or described below the fifth aspect of the invention.
30 A fourth aspect of the invention relates to a method of culturing cells comprising

incubating cells in a culture medium as described herein. The cells may be the cells described
with reference to the second aspect of the invention and or described below the fifth aspect of

the invention.
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pH 7.0, 50 mM Sodi um 25 nM Phosphate 0.500 0.250 0.000 4.250 pH 7.0, 100
nmv Sodi um 25 mM Phosphate 0.500 0.250 0.042 4.208 pH 7.0, 150 nM Sodi um
25 mM Phosphat3@o8e7500 0. 250 0. 092 4. 158 pH 7.0, 200 nmM 8cdiusag122%55508/
Phosphat e 0.500 0.250 0.142 4.108 pH 7.0, 250 nM Sodi um 25 mM Phosphat e
0.500 0.250 0.192 4.058 pH 7.0, 400 mM Sodi um 25 mM Phosphate 0.500 0. 250
0. 342 3.908 The dilution was perforned by first mxing the albumn
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100 194 5 RS the RASing cHIVRLRBAABOUSF1 (OCT-4), SSEA-3, SSEA-4, TRA1-60,
TRA1-81, ALPL, telomerase activity, and/or hES-Cellect™ (Cellartis AB, Gothenburg Sweden).
The cell line may test negative for cell marker ALPL and/or SSEA-1. Particularly preferred cell
30 lines include SA121 and SA181 (Cellartis AB, Gothenburg, Sweden).
Additional mammalian cell types can include, but are not limited to, including primary
epithelial cells (e.g. keratinocytes, cervical epithelial cells, bronchial epithelial cells, tracheal
epithelial cells, kidney epithelial cells and retinal epithelial cells) and established cell lines and

their strains (e.g., 293 embryonic kidney cells, BHK cells, HelLa cervical epithelial cells and
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- 501 500 30 WD 2013/006675PCT/ US2012/ 045505 Tabl e 8 Buffer Stock

Sol uti on Phosphate (MM Na (mVM 0.5 M Phosphate pH 4 502 500 0.5 M
Phosphat ewpHoB/®65518 0.5 M Phosphate pH 6 500 634 0. 5PNrRisosRioatses pH 7
500 851 0.5 M Phosphate pH 8 500 970 0.5 M Phosphate pH 9 500 992 Table 9
Sanmpl e rHSA conc (ng/nmL) Stock Volumes to Add (nlL) Sanple rHSA Sodi um
Phosphate NaCl H20 pH 6.5, 100 nmM Sodi um 25 nM Phosphate 50 1.500 0. 150

0000 o388 A By ARG RIS 28, T R B0 VpEES s 00003 .
6.5, ZBeWWobdéiSpGhamy calls, DitrdAgepdedis cHEG 22956s, Hl208 DcdBSHap-2GelIgHBcdls, 300
"M Sodiguy 231sMEFHATPRAL ENCI-H-548 cells, RPMI2650 cells, SW-13 cells, T24 cells, WI-28
VA13, 2RA cells, WISH cells, BS-C-I cells, LLC-PK.sub.2 cells, Clone M-3 cells, 1-10 cells,
5 RAG cells, TCMK-1 cells, Y-1 cells, LLC-PK.sub.1 cells, PK(15) cells, GH.1 cells, GH3 cells, L2
cells, LLC-RC 256 cells, MH.sub.IC1 cells, XC cells, MDOK cells, VSW cells, and TH-I, B1 cells,
or derivatives thereof), fibroblast cells from any tissue or organ (including but not limited to
heart, liver, kidney, colon, intestines, esophagus, stomach, neural tissue (brain, spinal cord),
lung, vascular tissue (artery, vein, capillary), lymphoid tissue (lymph gland, adenoid, tonsil, bone

10  marrow, and blood), spleen, and fibroblast and fibroblast-like cell lines (e.g., CHO cells, TRG-2
cells, IMR-33 cells, Don cells, GHK-2 1 cells, citrullinemia cells, Dempsey cells, Detroit 551
cells, Detroit 510 cells, Detroit 525 cells, Detroit 529 cells, Detroit 532 cells, Detroit 539 cells,
Detroit 548 cells, Detroit 573 cells, HEL 299 cells, IMR-90 cells, MRC-5 cells, WI-38 cells, WI-26
cells, MiCl.sub.1 cells, CHO cells, CV-1 cells, COS-1 cells, COS-3 cells, COS-7 cells, Vero

15  cells, DBS-FrhL-2 cells, BALB/3T3 cells, F9 cells, SV-T2 cells, M-MSV-BALB/3T3 cells, K-BALB
cells, BLO-11 cells, NOR-10 cells, C3H/IOTI/2 cells, HSDM.sub.IC3 cells, KLN205 cells, McCoy
cells, Mouse L cells, Strain 2071 (Mouse L) cells, L-M strain (Mouse L) cells, L-MTK (Mouse L)
cells, NCTC clones 2472 and 2555, SCC-PSA1 cells, Swiss/3T3 cells, Indian muntjac cells,
SIRC cells, ClI cells, and Jensen cells, or derivatives thereof).

20 Cells include cancer cells such, but not limited to, the following cancer cell lines: human
myeloma (e.g., KMM-1, KMS-11, KMS-12-PE, KMS-12-BM, KMS-18, KMS-20, KMS-21-PE,
U266, RPMI8226); human breast cancer (e.g., KPL-1, KPL-4, MDA-MB-231, MCF-7, KPL-3C,
T47D, SkBr3, HS578T, MDA4355, Hs 606 (CRL-7368), Hs 605.T (CRL-7365) HS 742.T (CRL-
7482), BT-474, HBL-100, HCC202, HCC1419, HCC1954, MCF7, MDA-361 MDA-436, MDA-

25 453, SK-BR-3, ZR-75-30, UACC-732, UACC-812, UACC-893, UACC-3133, MX-1 and EFM-
192A); ductal (breast) carcinoma (e.g., HS 57HT (HTB-126), HCC1008 (CRL-2320), HCC1954
(CRL-2338; HCC38 (CRL-2314), HCC1143 (CRL-2321), HCC1187 (CRL-2322), HCC1295
(CRL-2324), HCC1599 (CRL-2331), HCC1937 (CRL-2336), HCC2157 (CRL-2340), HCC2218
(CRL-2343), Hs574.T (CRL-7345), Hs 742.T (CRL-7482); skin cancer (e.g., COLO 829 (CRL-

30 1974), TE 354.T (CRL-7762), Hs 925.T (CIU-7677)); human prostate cancer (e.g., MDA PCa 2a
and MDA PCa 2b); bone cancer (e.g., Hs 919.T (CRL-7672), Hs 821.T (CRL-7554), Hs 820.T
(CRL-7552)y HS 704.T (CRL-7444), HS 707(A).T (CRL-7448), HS 735.T (CRL-7471), HS 860.T
(CRL-7595)y HS 888.T.(CRL-7622); HS 889.T (CRL-7626); HS 890.T (CRL-7628), Hs 709.T
(CRL-7453)); human lymphoma (e.g., K562); human cervical carcinoma (e.g., HelLA); lung

18



50 1.500 0.150 0.115 1.235 pH 6.5, 400 nM Sodi um 25 nM Phosphate 50 1.500
0.150 0.175 1.175 pH 6.0, 200 nM Sodi um 25 nmM Phosphate 50 1.500 0. 150

0. 055 1. 296 2pt3/@6€5 250 nM Sodi um 25 nmM Phosphate 50 1PE0M@SR0125@5505 085
1.265 pH 6.0, 300 mM Sodi um 25 nM Phosphate 50 1.500 0.150 0.115 1.235 pH
7.0, 200 nmM Sodi um 25 nmM Phosphate 50 1.500 0.150 0.048 1.302 pH 7.0, 250
mMV Sodi um 25 nmM Phosphate 50 1.500 0.150 0.078 1.272 pH 7.0, 300 mM

Soc 25, 1 SBISLS S,k SAL,2.A5,0 408 2 AT DSCEL 200 g St
PhosphAT€CITRI25388), ACIL3 07 10(CRL859R29),.02C IptHR2 Ba55 CRR0693M IGad bdenoc2kcimavhidPleog phat e
90 2. 7I\PC9 I-?TSJQ% C(I!? géﬁiG), NCI-H1437 (CRL-5872), NCI-H2009 (CRL-5911), NCI-H2122 (CRL-
5985), NCI-H2087 (CRL-5922); metastatic lung cancer (e.g., bone) (e.g., NCI-H209 (HTB-172);
5  colon carcinoma cell lines (e.g., LN235, DLD2, Colon A, LIM2537, LIM1215, LIM1863, LIM1899,
LIM2405, LIM2412, SK-CO1 (ATCC HTB-77), HT29 (ATCC HTB38), LoVo (ATCC CCL-229),
SW1222 (ATCC HB-11028), and SW480 (ATCC CCL-228); ovarian cancer (e.g., OVCAR-3
(ATCC HTB-161) and SKOV-3 (ATCC HTB-77); mesothelioma (e.g., NCI-h2052 (CRL-5915);
neuroendocrine carcinoma (e.g., HCI-H1770 (e.g., CRL-5893); gastric cancer (e.g., LIM1839);
10 glioma (e.g., T98, U251, LN235); head and neck squamous cell carcinoma cell lines (e.g.,
SCC4, SCC9Y and SCC25); medulloblastoma (e.g., Daoy, D283 Med and D341 Med); testicular
non-seminoma (e.g., TERA1); prostate cancer (e.g., 178-2BMA, Du145, LNCaP, and PC-3).
Other cancer cell lines are well known in the art.
The media disclosed herein can be used to culture cells in suspension or adherent cells.
15  The media of the present invention are suitable for adherent, monolayer or suspension culture,
transfection, and/or cultivation of cells, and for expression of proteins or antibodies in cells in
monolayer or suspension culture.
Cell culture can be performed using various culture devices, for example, a fermenter
type tank culture device, an air lift type culture device, a culture flask type culture device, a
20  spinner flask type culture device, a microcarrier type culture device, a fluidized bed type culture
device, a hollow fiber type culture device, a roller bottle type culture device, a packed bed type

culture device or any other suitable device known to one skilled in the art.

The present invention is further described by the following examples that should not be

25  construed as limiting the scope of the invention.

Examples
Example 1: Effect of n-acetyl-tryptophan, phosphate concentration and sodium
concentration on the stability of albumin.

30  Aim: Previous work indicated that monitoring the formation of insoluble aggregates at 65°C,
through an increase in absorption at 350 nm, is a valid method for screening of the effect of
different formulation (composition) parameters on the stability of albumin. Since octanoate and
polysorbate 80 appear to be detrimental to stem cell growth, it is preferred that an albumin

formulation is substantially free of these components. This Example analyzes the effect of pH,
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0.072 pH 6.5, 300 mM Sodi um 25 nM Phosphate 90 2. 700 0.150 0.078 0.072 pH
6.5, 350 nM Sodi um 25 nM Phosphate 90 2.700 0.150 0.108 0.042 pH 6.5, 400
mM Sodi urwo2B13mbé@sosphat e 90 2. 700 0. 150 0. 138 0. 012 WOT/US2012/045505

2013/ 006675PCT/ US2012/ 045505 The dilution was perforned by first

m xi ng the album n and buffer as a bulk and then adjusting it to the
correct pH by the addition of 1 MHCI. This was then divided and water and

5 M NaCl,. added propri.ate. This ensured that all sanp _were at .
oxact R9OLRHO8 2nd PR ERABE Plifs of M SRR T PR e RERSIAIEF o ABL hen
pl aceds n{aceatypoypigihanetherefareditis encluded Bathist BAMpldad 14ést sopstitubneé cuvette was
then placed into a tenperature controll ed spectrophotoneter that had been
pre-equilibrated and controlled at 65C. The absorbance at 350 nm

refer gnmadﬂaglamms-fj atalt@OgnmtmL g Uﬁshﬂ\ﬂa Na®aglunein bm2i1t40n)§\das(;dienedat021 chagimL ;
i i t i ing t 'y 18 ds., T
by 5t akeRyOPRdo e Treflrsafiee dor diglsn.ge sl ORI 1aY &A@l ng the mean)

and then subtracting this fromall data points in 10 order to give base

absor hAanecrn vyal iine Af Ar~ArinAd N Tha t1 v tAlrAan fAr thic Ahany
gt CC—vVar—uCo—O1T—ar Ot n e —t Tt

0 e—taken—ftor—ihi bsorbanee—ta—then
i ncrease by @.dieAU above th’il'l%Abé‘éﬁi'té)E) was Tadnoladby . Jofrvpigehag Jiolarity

particular fornulation sanple. Each T ormul ati gmmanpl € was p@nyrnmed in

dupl i eagte—and—the tiwefpr_the abserbance—toi+nereasethy6-—31-AJfer—each
repl i FHISA § BP%@éQﬁHSResmq s: The pr ocess®d data with the time for each
sanpl estwNearrease by 0.1 AU were plotted dpopp tine for] absorbance increase

agai nst—Na concentration for each pH (6.0 6.5 and 7. 0) at 50 ng/ M albumn
and t héYPfPhaR di f f er ent| al buni n concent rl@%'ons (10, 5®%Ind 90 ny/nL) at pH
6. 5. ne data are shown 1n FIgs 5 and 6. 20Conclusions: At 50 ng/nL

al bum_n the trend of increasing sodium concentration inproving al bumn

st abi ITiaP!F%\as confirnmed at all 3 pHs. In this instance pH 6.5 was the best.
At pH6.5, the trend of ingreased sodium |nproving|stability was again

conf i r Buffenbtagk Salutiemi n cpoRbesrhate (wM). TNa (MMInd| was not as pronounced at
90 g/L, but it was still the case 25that sodium concentrati ons above 200 niM
si gni f D&dvitAhpsphate pMdd t he| a0bunmi n stabi | | 5§0 Exanpl e 4: Effect of sodi um

concentrgtizen- an:th roduction—of —solubte gregates in albumn. Aim
M PSSR B usi ng L Bl
bea

Exanp W, usin e fornul ati ph screening assay that neasures
i nsol pblseV PR0setgde pg &t es, i ncreasi ng| 88i um concentrations i nproved

al bump=stapitity—tnorder _totook—at—sotyble aggtegates (al bum n pol yner)
GP- HP-QIiM%QSQr@*%EHJsed as5(lt)¢;e measureman?gi ool with polyner formation
moni t o0&AViPhoshate pEl8er at eds@d ability triab7@t 40C|over a 2 week peri od.
The t egts—were—carriedout+at—pH-6-5beecabise—this—was shown, by Exanples 1
to 3, péMBQSM?BﬁPed pH 500 control of RPRAM N in previ ous fornul ation
conditions (pH 8.6, 150 Na) was WD 20137 006675PCT/ US2012/ 045505 al so
used to confirmthat a new fornul ati on woul d be significantly beneficial.
The actual al bum n concentration was 90 ng/nL instead of the anticipated
100 ng/ m. as this was the highest that could be used allowing for dilution
into the various fornul ati ons. However, it is thought that observed trends
at this slightly lower concentration will be the sane at hi gher 5al bum n
concentrations. Method: Al bumn at 100 ng/nL in 145 mM NaCl (al bum n batch
1401) was diluted to 90 ng/nL according to Table 12. The buffers used for
dilution are shown in Tables 10 and 11. Table 10 rHSA Conc (g/L) Na
Molarity (mV) rHSA solution (1401) 100 154 5 M NaCl - 5000 10 Table 11
Buf f er St ock Sol uti on Makeup Vol (nlL) NaH2PO4. 2H20 (g) 27%NaOH (L) *
Phosphate (M) Na (mV 0.5 M Phosphate pH 6 250 19.51 3.8 500

20



634

r HSA Sodi um Phosphat e NaCl

*27% w w NaOH densi

ty

1.3 Table 12 Stock Volunes to Add (nlL) Sanple
H20 pH 8.6, 150 nM Sodi um 9.0 0.000 0.023 0.977

pH 6.5, NSO 2M@Bectfsum 25 nM Phosphate 9.0 0.500 0. 000 @C5082@ki0€585 200 nM
Sodi um 25 nM Phosphate 9.0 0.500 0.059 0.441 pH 6.5, 250 nM Sodium 25 mM

Phosphate 9.0 0.500 0.159 0.341 pH 6.5, 300 nM Sodi um 25 mM Phosphate 9.0
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5because it

I's known to be conpatible with stem cell

culture. Ex

anpl e 5:

Ef fect of album n concentration and sodi umion concentration on stability

of al bumwoNBtIa7SA sanpl e of purified al bum n cont ai niPag/uses20eisahoat e
100 g/L 10 album n) was diafiltered against a m ni num
50 nmM sodium pH 6.5 and then
Orrega crossf | ow UF to generate

(-0.2 mM oct anot ae,
of 10 continuous vol unes of 25 mM phosphate,
concentrat ed to 338 g/L using a 10 KDa PaII

a 50 Hm-startHrgRate vas—ther—di-uted—wth—wate
M NaCl Bﬁ?o 5 M sodi um %%Néﬂlém r%)S‘g"lzgﬂ'%hown in Table 13: Table 13
Sanple details Volune of| stock rszquumed (mL) Sanple rHSA(rfg/ m.) |[NectuanmM
r HSA| 838®1¢)/ L) Sodi unPhoshish e (P?}?S I\rfliépHNﬁCB) Nayptophap \WWater 1 0 50
1.78/0.21 0.01 4.00 2 100 100 1. $"9¥ 0. 07 3./94 3 100 150 1.78 RW'21 0O
3. 88| $HINA4BMM Bodin®).501 0. 19 3. 82 5 100250 1[78 0.21 0.25 3.76 6 100
. 21 1 70 7 1 4 1.7 21 4
1.78 (r)nM P ogpha;t)’e 05 mM O|O0 5(())(? 058000 c0.(?’28 0.050 3.922 | 8.01
Tryptophan
pH 9, 145 mM Sodium, 50
mM Phosphate, 5 mM | 0.500 0.500 0.025 | 0.050 3.925 |9.09
Tryptophan
pH 4, 145 mM Sodium, 50
mM Phosphate, 2 mM | 0.500 0.498 0.078 | 0.020 3.904 | 4.06
Tryptophan
pH 5, 145 mM Sodium, 50
mM Phosphate, 2 mM | 0.500 0.500 0.076 | 0.020 3.904 | 5.01
Tryptophan
pH 6, 145 mM Sodium, 50
mM Phosphate, 2 mM | 0.500 0.500 0.064 | 0.020 3.916 | 6.06
Tryptophan
pH 7, 145 mM Sodium, 50
mM Phosphate, 2 mM | 0.500 0.500 0.042 | 0.020 3.938 | 7.01
Tryptophan
pH 8, 145 mM Sodium, 50
mM Phosphate, 2 mM | 0.500 0.500 0.031 | 0.020 3.949 | 7.99
Tryptophan
pH 9, 145 mM Sodium, 50
mM Phosphate, 2 mM | 0.500 0.500 0.028 | 0.020 3.952 |9.03
Tryptophan
pH 4, 50 mM Sodium, 25
0.500 0.249 0.010 | 0.000 4241 | 4.03
mM Phosphate
pH 5, 50 mM Sodium, 25
0.500 0.250 0.009 | 0.000 4241 | 5.02
mM Phosphate
pH 6, 50 mM Sodium, 25
0.500 0.250 0.003 | 0.000 4247 | 5.82
mM Phosphate
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3.58 8 100 500 1.78 0.21 0.55 3.46 9 150 50 2.67 0.17 0.01 3.16 10 150 100
2.67 0.17 0.07 3.10 11 150 150 2.67 0.17 0.13 3.04 12 150 200 2.67 0.17
0.19 2. 98W0R0BAHO6ZS0 2. 67 0.17 0.25 2.92 14 150 300 2. 6PCO/UBZ010/08502. 86 15
150 400 2.67 0.17 0.43 2.74 16 150 500 2.67 0.17 0.55 2.62

Table 3 Stock Volumes to Add (mL)
Sodium Actual
Sample rHSA NaCl | Tryptophan | Water
Phosphate pH

pH 7, 50 mM Sodium, 25

0.500 0.250 0.000 | 0.000 4250 |7.05
mM Phosphate
pH 8, 50 mM Sodium, 25

0.500 0.250 0.000 | 0.000 4250 |7.97
mM Phosphate
pH 9, 50 mM Sodium, 25

0.500 0.250 0.000 | 0.000 4250 | 8.88
mM Phosphate
pH 5.5, 50 mM Sodium,

0.500 0.250 0.009 | 0.000 4241 | 5.48
25 mM Phosphate
pH 6, 50 mM Sodium, 25

0.500 0.250 0.003 | 0.000 4247 |6.18
mM Phosphate
pH 6.5, 50 mM Sodium,

0.500 0.250 0.003 | 0.000 4247 | 6.60
25 mM Phosphate
pH 4, 300 mM Sodium, 25

0.500 0.249 0.260 | 0.000 3.991 | 4.03
mM Phosphate
pH 5, 300 mM Sodium, 25

0.500 0.250 0.259 | 0.000 3.991 | 5.06
mM Phosphate
pH 6, 300 mM Sodium, 25

0.500 0.250 0.253 | 0.000 3.997 | 6.06
mM Phosphate
pH 7, 300 mM Sodium, 25

0.500 0.250 0.242 | 0.000 4.008 |6.99
mM Phosphate
pH 8, 300 mM Sodium, 25

0.500 0.250 0.236 | 0.000 4.014 | 8.02
mM Phosphate
pH 9, 300 mM Sodium, 25

0.500 0.250 0.235 | 0.000 4.015 | 9.00
mM Phosphate
pH 5.5, 300 mM Sodium,

0.500 0.250 0.259 | 0.000 3.991 | 5.61
25 mM Phosphate
pH 6, 300 mM Sodium, 25

0.500 0.250 0.253 | 0.000 3.997 |6.19
mM Phosphate
pH 6.5, 300 mM Sodium,

0.500 0.250 0.253 | 0.000 3.997 | 6.61
25 mM Phosphate
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WO 2013/ 006675PCT/ US2012/ 045505 Tabl e 13 Sanple details Vol unme of stock
required (mL) Sanple rHSA (nmg/ L) Na+ (mVM rHSA (338 g/L) Sodi unPhosphate
(0.5 M pMoerByoober€l (5 M Water 17 200 50 3.56 0.12 0. 0PCZ/UB2012843509 100
3.56 0.12 0.07 2.26 19 200 150 3.56 0.12 0.13 2.20 20 200 200 3.56 0.12
0.19 2.14 21 200 250 3.56 0.12 0.25 2.08 22 200 300 3.56 0.12 0.31 2.02 23
200 400 3.56 0.12 0.43 1.90 24

Table 3 Stock Volumes to Add (mL)
Sodium Actual
Sample rHSA NaCl | Tryptophan | Water
Phosphate pH

pH 4, 145 mM Sodium, 0

0.500 0.000 0.130 | 0.000 4370 | 4.05
mM Phosphate
pH 5, 145 mM Sodium, 0

0.500 0.000 0.130 | 0.000 4.370 | 5.02
mM Phosphate
pH 6, 145 mM Sodium, 0

0.500 0.000 0.130 | 0.000 4.370 | 5.99
mM Phosphate
pH 7, 145 mM Sodium, 0

0.500 0.000 0.130 | 0.000 4370 |6.97
mM Phosphate
pH 8, 145 mM Sodium, 0

0.500 0.000 0.130 | 0.000 4370 | 8.02
mM Phosphate
pH 9, 145 mM Sodium, 0

0.500 0.000 0.130 | 0.000 4.370 |9.02
mM Phosphate
pH 5.5, 145 mM Sodium,

0.500 0.000 0.130 | 0.000 4.370 | 5.47
0 mM Phosphate
pH 6, 145 mM Sodium, 0

0.500 0.000 0.130 | 0.000 4370 |6.30
mM Phosphate
pH 6.5, 145 mM Sodium,

0.500 0.000 0.130 | 0.000 4370 | 6.65
0 mM Phosphate
pH 4, 145 mM Sodium,

0.500 0.996 0.030 | 0.000 3.474 | 3.98
100 mM Phosphate
pH 5, 145 mM Sodium,

0.500 1.000 0.026 | 0.000 3.474 | 4.91
100 mM Phosphate
pH 6, 145 mM Sodium,

0.500 0.999 0.003 | 0.000 3.498 | 5.98
100 mM Phosphate
pH 7, 145 mM Sodium,

0.500 1.000 -0.041 | 0.000 3.541 | 7.03
100 mM Phosphate
pH 8, 145 mM Sodium,

0.500 1.000 -0.064 | 0.000 3.564 | 8.10
100 mM Phosphate
pH 9, 145 mM Sodium,

0.500 0.999 -0.069 | 0.000 3.569 | 9.03
100 mM Phosphate
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200 500 3.56 0.12 0.55 1.78 25 250 50 4.44 0.08 0.00 1.47 26 250 100 4. 44
0.08 0.06 1.41 27 250 150 4.44 0.08 0.12 1.35 28 250 200 4.44 0.08 0.18
1.29 29 2802880046744 0. 08 0.24 1.23 30 250 300 4. 44 0. 08CO/UBR012/0456081 250
400 4.44 0.08 0.42 1.05 32 250 500 4.44 0.08 0.54 0.93 The sanpl es
were then aseptically filtered (0.22 pmfilter) into sterile 5 nL gl ass
vials and the vi al s pl aced in a 40C i ncubator for 4 weeks. An aliquot from

each fpHe—was taken—ot er m,t ed—to40—gH—wth—water—and
assay 38 F*o¢ sol ubl e aggr e%tgf’b;v‘% ‘Hﬁgé('é‘p
Sodium Actual
Sample rHSA NaCl | Tryptophan | Water
Phosphate pH
pH 5.5, 145 mM Sodium,
0.500 0.999 0.026 | 0.000 3.474 | 5.58
100 mM Phosphate
pH 6, 145 mM Sodium,
0.500 0.999 0.003 | 0.000 3.498 |6.22
100 mM Phosphate
pH 6.5, 145 mM Sodium,
0.500 0.999 0.003 | 0.000 3.498 |6.60
100 mM Phosphate

Once diluted the samples were adjusted to their target pH with 1 M HCI, the volume of
which was insignificant and does not alter the final albumin or constituent concentrations. An
aliquot (1 mL) of the resulting solution was then placed in a polystyrene cuvette (Sarstedt

5 10x4x45 mm). The cuvette was then placed into a temperature controlled spectrophotometer
that had been pre-equilibrated and controlled at 65°C. The absorbance at 350 nm, referenced
against an empty cuvette, was then monitored over a 2 hour period with a reading being taken
every 18 seconds. The data were processed by taking the first 7 data points, averaging them
(calculating the mean) and then subtracting this from all data points in order to give base

10  absorbance values of around 0. The time taken for this absorbance to then increase by 0.1 AU
(Absorbance Units) above this baseline was then recorded for that particular formulation
sample. Each formulation sample was performed in duplicate and the time for the absorbance

to increase by 0.1 AU for each replicate averaged.

15 Results: The processed data with the time for each sample to increase by 0.1 AU, were plotted
for time for absorbance increase against pH for each of the formulation constituents tested; n-
acetyl-tryptophan, phosphate concentration and sodium concentration. Values above 7200 sec
were extrapolated. The data are presented in Figs 1 (pH and n-acetyl tryptophan), 2 (pH and
phosphate) and 3 (pH and sodium).

20
Conclusions:

. For all the data, except for 50 mM sodium, the optimum pH was between pH 6 and 7.
For 50 mM sodium, although insoluble aggregates were not forming, it is possible that high
levels of soluble oligomers were being generated and these were not coalescing to form

25 insoluble aggregates. Soluble aggregates can be identified by GP-HPLC.
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S5per Exanple 4. Results: Figure 11 shows nononer |evels after a 4 week

i ncubation. A higher nononer content shows better stability. 10Concl usi ons:
Al'l poi ntwof20ldwes7a trend apart fromthe 150 g/ L al bum ®CTAGR0120MISOE T um
sanple. It is unclear why this sanple is out of trend but is likely to be
an outlier and does not detract fromthe overall conclusions of the
experinment. WD 2013/ 006675PCT/ US2012/ 045505 For all al bum n
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t he opbhiminfos @damplei kBaacsnit eetucas oo Blimiva28Gherkéquiremeghter pH-Exjaspdre albumkf f ect
of _di ff.erteﬁt C tti ons on stability of albumn Method: A sanple of purified
al Bum’pﬁ'%S Py ?H)G' | ow octanoate (-0.2 MM @100 g/L albumn) 10 was

di | ut ed i niltdredding sodibd IBuéisihadi 4 Bignticent sffech ohhsthbility vaithnd dange dn&B@asay il

al bum n, .75 NacCl _ an buffer constituent. The pH was adjusted with
0.5 M° 'I'Rf %W?F%?ﬂ%?”?ﬁ@gﬁﬁ@% 'UBf HCl added was insignificant and woul d

not have altered the albumin or other constituent concentrations. The

sanpl were, then diluted further to 10 mo/nl in,UV .transparent mcrotitre
oo e SrafilS 2L BB B AR DY <lim BpreatHighieh SmimhSHRARI 5™ (T %he
shown Aim: Exbhelel 4 .indifatddi izt irdcteSadpbelpaf aodtarsadSt bekefdil effest droalddehin( pL)
Cation,(r i nal Vol (,pL),. r.HSA. /[ m) Na+ r HSA (50 g/ L tion (1 M
vat or SRl o dBtesigie Rislubhe s ets koot e S 50d ™ s vTts 18bad

178. 8 tianlibExaMpRS0atliie bpImbo. dH BBigé wel®bvSstiga@d0 nM 250 10 200 50. 0 46. 25
153.8 E 250 nM 250 10 250 50.0

Method: Albumin at 100 mg/mL in 145 mM NaCl (albumin batch 1401) was diluted to 10 mg/mL

15  according to the Table 6. The buffers used for dilution are shown in Tables 4 and 5.

Table 4 rHSA Conc (g/L) Na Molarity (mM) Tryptophan Molarity
(mM)

rHSA solution (1401) | 100 154 -

5 M NacCl - 5000 -

Tryptophan - 501 500
Table 5

Buffer Stock Solution Phosphate (mM) Na (mM)

0.5 M Phosphate pH 4 502 500

0.5 M Phosphate pH 5 500 518

0.5 M Phosphate pH 6 500 634

0.5 M Phosphate pH 7 500 851

0.5 M Phosphate pH 8 500 970

0.5 M Phosphate pH 9 500 992
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58.75 141.3 F 300 nM 250 10 300 50.0 71.25 128.8 G 400 nM 250 10 400 50.0

96.25 103.8 H 500 mM 250 10 500 50.0 121.25 78.8
wer e prepared accordi RgTIUS20i2okz5034.
40 di fferent sanples were prepared. Each sanple was
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tested in duplicate on a mcrotitre plate.
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0.250

0.092

4.158

pH 7.0, 200 mM Sodium, 25 mM Phosphate

0.500

0.250

0.142

4.108

pH 7.0, 250 mM Sodium, 25 mM Phosphate

0.500

0.250

0.192

4.058

pH 7.0, 400 mM Sodium, 25 mM Phosphate

5

10

0.500

0.250

0.342

3.908

The dilution was performed by first mixing the albumin and buffer as a bulk and then

adjusting it to the correct pH by the addition of

1 M HCL

This was then divided and water and 5

M NaCl added as appropriate. This ensured that all samples were at exactly the same pH. An
aliquot (1 mL) of the resulting solution was then placed in a polystyrene cuvette (Sarstedt
10x4x45 mm). The cuvette was then placed into a temperature controlled spectrophotometer
that had been pre-equilibrated and controlled at 65°C. The absorbance at 350 nm, referenced
against an empty cuvette, was then monitored over a 2 hour period with a reading being taken
every 18 seconds. The data were processed by taking the first 7 data points, averaging them
(calculating the mean) and then subtracting this from all data points in order to give base
absorbance values of around 0. The time taken for this absorbance to then increase by 0.1 AU

above this baseline was then recorded for that particular formulation sample. Each formulation
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1 5.84 0.0 1000 Na2SO4 142.04 2 7.12 0.0 1003 NaH2PO4. 2H20 156.02 1 15.61
6.2 1545 Trisodiumcitrate 294.1 3 9.80 0.0 1000 Na Acetate 136.08 1 13.61
0. 0 1000 wolwvs/mwd7ecul ar wei ght The al bumi n and ani on sPoTRS200&5505ed as
detai |l ed bel ow, being made to a final 5 volunme of 1 nL in a polystyrene
cuvette (Sarstedt 10x4x45 mm). The sanples were gently m xed prior to the
cuvettes being placed into a terrperature control | ed spectrophotoneter that
had been re-e ui_l i brate con C. ., The absorbance .at 0 nm
ot er SARRLF S oz Th SiipfHate 581 He e dothe FBNAro S Bangbase BY 5 HAHo"
per i ocavh tdplieate @aeliaggd.t aken every 30 seconds. The data was processed by
taking the first 9 data points (- the first 4 mnutes), 10 calculating the
nmean (average) and then subtracting this fromall data points in order to
gi ve ®Rdsaftel Tinepabsssckhatatewitl the timarfor eakte sarhple td hremaalsscbxylmahae tverd plottease

by 0. ) abov i s baseline ecorded. for that pa |cu r s

ha” e iae BB ates B i aenl Ry NpRBh o iasoR e ®h pBoo LEEARG P2t ¢ he
dat a wase extrapaioedit Bk data @rasiownoindég. 4an approxi mate tinme. Sanples for

whi ch t he absorbance does not go above 0.1 AU in 2 hours are significantly
15i nproved in stability conpared to sanples having | ower cation
concergarelusios.. A six cuvette holder in the spectrophotorreter was

used with the fjrst. | e, al ways being a control and the other fjve. .
ol s s Gsistent i BXBmRls YL P e 8o of SRR neEiel A BT FlealbX ey
Na8504\)asqmnmrﬁrhnyahé oasde %ﬁbanmom i whiake mlbvmﬁs a spbdén ﬁc&@ﬁ@llre%tléblmtyai'lmimg
250 mMV Na this nee tg remajn in solution w no i nsol ubl e gr egat es
ovor RS Tt 698 fop i G IBokEh BhiesesnbYRes el posined Bt A0 %P b
val i d. mcr&@l@é@ﬂi{jﬁ)@@@ﬂﬁﬁ‘ﬁm%l&@héﬁ‘cﬁmm& T'BHEE# facﬂlﬁwt Sanpteadevas around 200 y
concentratiqna sourc a e paranet i na v | upe = 1000, pL) .St oc
Sl ot ke e RS0 TRl Ras rRE hORE oBhdusd rqust AaLTOR SR AibpT T
Wat er fdrmh(htioivg INedh 50 0nNd @r 26r3b .oddef @b ke tHdr apptdxmétely ®hi&iOlogical. For an
15 albumin used in cell culture media, this should not be an issue as the albumin will be diluted
down into the media and the overall salt concentration of the media will be suitable for cell

culture.

. pH 6 was slightly better than pH 6.5, both being significantly better than pH 7.

20 Example 3: Effect of sodium concentration on the stability of different concentrations of
albumin.
Aim: Example 2 shows that sodium concentration is important to stability of albumin. Example
2 was done at an albumin concentration of 10 mg/mL. In order to confirm that this effect is also
true at higher concentrations the effect of sodium at higher albumin concentrations was

25 investigated.

Method: Albumin at 100 mg/mL in 145 mM NaCl (albumin batch 1401) was diluted to 50 or 90

mg/mL according to Table 9. The buffers used for dilution are shown in Tables 7 and 8.

Table 7 rHSA Conc (g/L) | Na Molarity (mM) | Tryptophan Molarity (mM)
rHSA solution (1401) | 100 154 -

5 M NaCl - 5000 -

Tryptophan - 501 500

30
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200 135.0 665.0 3 200 mM NaCl 10 200 200 185.0 615.0 4 250 mM NaCl 10 250
200 235.0 565.0 5 300 mM NaCl 10 300 200 285.0 515.0 6 400 mM NaCl 10 400
200 385. OWOD2B130#6750 MM Na2SO4 10 50 200 34.9 765.1 8 1p0OTrdsbNa@E&3ds 10 150
200 134.7 665.3 9 200 mM Na2SO4 10 200 200 184.5 615.5 10 250 mM Na2SO4 10
250 200 234.4 565.6 11 400 mM Na2SO4 10 400 200

Table 8
Buffer Stock Solution Phosphate (mM) Na (mM)
0.5 M Phosphate pH 4 502 500
0.5 M Phosphate pH 5 500 518
0.5 M Phosphate pH 6 500 634
0.5 M Phosphate pH 7 500 851
0.5 M Phosphate pH 8 500 970
0.5 M Phosphate pH 9 500 992
Table 9 Sample Stock Volumes to Add (mL)
rHSA
Sample cone HsA | o0 NaCl | H,0
(mg/mL) Phosphate
pH 6.5, 100 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.000 | 1.350
pH 6.5, 150 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.025 | 1.325
pH 6.5, 200 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.055 | 1.295
pH 6.5, 250 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.085 | 1.265
pH 6.5, 300 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.115 | 1.235
pH 6.5, 400 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.175 | 1.175
pH 6.0, 200 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.055 | 1.295
pH 6.0, 250 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.085 | 1.265
pH 6.0, 300 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.115 | 1.235
pH 7.0, 200 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.048 | 1.302
pH 7.0, 250 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.078 | 1.272
pH 7.0, 300 mM Sodium, 25 mM Phosphate | 50 1.500 | 0.150 0.108 | 1.242
pH 6.5, 200 mM Sodium, 25 mM Phosphate | 90 2.700 | 0.150 0.018 | 0.132
pH 6.5, 250 mM Sodium, 25 mM Phosphate | 90 2.700 | 0.150 0.048 | 0.102
pH 6.5, 300 mM Sodium, 25 mM Phosphate | 90 2.700 | 0.150 0.078 | 0.072
pH 6.5, 300 mM Sodium, 25 mM Phosphate | 90 2.700 | 0.150 0.078 | 0.072
pH 6.5, 350 mM Sodium, 25 mM Phosphate | 90 2.700 | 0.150 0.108 | 0.042
pH 6.5, 400 mM Sodium, 25 mM Phosphate | 90 2.700 |0.150 0.138 | 0.012
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384.0 416.0 12 70 nM NaH2PO4 10 69 200 35.0 765.0 13 220 mM NaH2PO4 10 223
200 134.7 665.3 14 300 mM NaH2PO4 10 300 200 184.5 615.5 15 380 nM NaH2PO4
10 377 20W0281/0064565. 6 16 600 MM NaH2PO4 10 608 200 384 POTABB010/0455050 nM Na
Citrate 10 50 200 35.0 765.0 18 150 MM Na Citrate 10 150 200 135.0 665.0 19
200 MM Na Citrate 10 200 200 185.1 614.9 20 250 MM Na Citrate 10 250 200
235.1

The dilution was performed by first mixing the albumin and buffer as a bulk and then
adjusting it to the correct pH by the addition of 1 M HCI. This was then divided and water and 5

M NaCl added as appropriate. This ensured that all samples were at exactly the same pH.
An aliquot (1 mL) of the resulting solution was then placed in a polystyrene cuvette
5 (Sarstedt 10x4x45 mm). The cuvette was then placed into a temperature controlled
spectrophotometer that had been pre-equilibrated and controlled at 65°C. The absorbance at
350 nm, referenced against an empty cuvette, was then monitored over a 2 hour period with a
reading being taken every 18 seconds. The data were processed by taking the first 7 data
points, averaging them (calculating the mean) and then subtracting this from all data points in
10  order to give base absorbance values of around 0. The time taken for this absorbance to then
increase by 0.1 AU above this baseline was then recorded for that particular formulation
sample. Each formulation sample was performed in duplicate and the time for the absorbance

to increase by 0.1 AU for each replicate averaged.

15 Results: The processed data with the time for each sample to increase by 0.1 AU were plotted
for time for absorbance increase against Na concentration for each pH (6.0, 6.5 and 7.0) at 50
mg/mL albumin and then for 3 different albumin concentrations (10, 50 and 90 mg/mL) at pH

6.5. The data are shown in Figs 5 and 6.

20 Conclusions:
. At 50 mg/mL albumin the trend of increasing sodium concentration improving albumin
stability was confirmed at all 3 pHs. In this instance pH 6.5 was the best.
o At pH 6.5, the trend of increased sodium improving stability was again confirmed at all
albumin concentrations. The trend was not as pronounced at 90 g/L, but it was still the case

25 that sodium concentrations above 200 mM significantly improved the albumin stability.

Example 4: Effect of sodium concentration on the production of soluble aggregates in

albumin.

Aim: Examples 1 to 3 show, using the formulation screening assay that measures insoluble
30 aggregates, that increasing sodium concentrations improved albumin stability. In order to look

at soluble aggregates (albumin polymer) GP-HPLC needs to be used as the measurement tool

with polymer formation monitored in an accelerated stability trial at 40°C over a 2 week period.

The tests were carried out at pH 6.5 because this was shown, by Examples 1 to 3, to be a

preferred pH. A control of albumin in previous formulation conditions (pH 8.6, 150 mM Na) was
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564.9 21 400 MM Na Citrate 10 400 200 385.1 414.9 22 50 nM Na Acetate 10 50
200 35.0 765.0 23 150 mM Na Acetate 10 150 200 135.0 665.0 24 200 mM Na
Acet at e IWO200/@665185. 0 615. 0 25 250 nM Na Acetate 10 PBO/URO@208509 565.0
26 400 mM Na Acetate 10 400 200 384.9 415.1 *Anion stock solutions are
described in Table 15 WD 2013/ 006675PCT/ US2012/ 045505 For the
citrate sanples, the stabilizing effect of the sodi umwas inconcl usive when

er oAb uheiE o PO iBL P PREBHRRah KELRY hE SuctiicoRly RegqR " FiE 3205F
spect ratipindt @ontantratitin evas 880 hegmvenstead bbthedanticpated 1@ edymb asethizveasthye

| arge particles t he l.es.wer.e.anal yzed for soluble 5 regat es_ by
o, Pt EL P Bo @ che, P IORAE e i AL L B wrBlg Y e R i e €
remai nhoughf thet dbsgived ttemes valthie dligbtlyriower sdoabdreratibe Wil beuthatsaomg at hilghsr was
al so d%.for th Ehosphate sanples. Results: Al controls were valid.

Fi gur "SHIWS AL Ef f ect of sodi umion concentration and 10 ani on speci es
on the tine taken for the A350 absorbance to increase to 0.1 AU above the

base | ne. Figure hows, .t ef.fec f.citrate, osph n aodj ym on
Che s ChIRpRT AR ORIt Jp ) Kbk o 3loR 1 4BRE AT Gl e REM
nonomnmeiccordinglto Thiokes! 2a Thiegluéfersatsab fdridilytionTdre shewn it Salfley 10 bved pH 6.5 control s
(250 nM sodium run at the sane tine gave a nmean result of 81% nononer
content. 15 Conclusions: Sodiumchloride (sodiumsalt of an inorganic

aci d) | Tapbidi10m sul phat e (sodHBMCand (gaif) a di val |eNd Matarity (mmj sodi um acet ate

(sodi vp-saplt—eoftan—organie—actd)—al—gave astrongtHnerease+n—albumn

st abi f"t'%a/&ﬁ?“t’ﬁor] HéPDssi ng J08i um concent rati on. 2%0For sodi um di hydf ogen
phosphaiveNebe trend was not- as strong as sodi ymggebl ori de, sodi um sul phate
and sodium acetate. However, at 150 nM and above there is an increasing
t'@nd of stabili ty with increasing sodiumcontent. This trend was confirned

when tfrgplealqubl e aggregates were neasured as shown by the strong trend of
i ncreasing mnoner remaining wWith increasing sodiumconcentration. 25The

t rend| BRFERCr cBtackd Makeni upt[NatiPR4i2kPd g NaQH || Pheshbalgt r agiamwbor Fhe
sodi umsBhpphat e sanEjiemLgontignued t hrougfye 600 mihfedi um an ul’d

probawly continue tlo highpr sodium concentrations EFor _sodiumcitrate
t her e| @@sMrasphateys trend ijn al bunin stlability with sodi um cpncentrati pn
as meagHreed by the |A3pOnm absgyhance for| 4 fe presengggof inso|ghle 30
aggregates. Howeverl when the sanples (after incubation at 65C for 2 hours)
wer e a$éswar NeGH deiisiibFd -aggr egat es t hrough the neasurenent of % nononer

content remaining by GPHPLC then there was a trend. At 200 mM sodi um and

bel ow__the mononer content was fairly flat but as the sodium content

i ncreaggledrove 200 nM there was a defi ni Seodk Ealdnitls tbAdE@Al)ng nonomer
content and therefore albunmn stability. |Citrate is a chelating agent ahd

t her ef Sampldie WO 2013/ 006675PCT/ US2012/ 04HSA5 sSodium pr esNaCl i § Hel at ed
to the citrate and is unlikely to be as availablﬁ to . stabjilize tthe al bumn
as the sodium provi ded, for exanple, by NaCl. Co l%% 4 y, the|inventofs
bel i eypHig®t156myMBadiudin sal t (or any ot hep.ononol @00@l val end.023 | 0.977

pH 6.5, 150 mM Sodium, 25 mM Phosphate 9.0 0.500 0.000 | 0.500

pH 6.5, 200 mM Sodium, 25 mM Phosphate 9.0 0.500 0.059 | 0.441

pH 6.5, 250 mM Sodium, 25 mM Phosphate 9.0 0.500 0.159 | 0.341

pH 6.5, 300 mM Sodium, 25 mM Phosphate 9.0 0.500 0.259 0.241

pH 6.5, 350 mM Sodium, 25 mM Phosphate 9.0 0.500 0.359 | 0.141

15 The dilution was performed by first mixing the albumin and buffer as a bulk and then

adjusting it to the correct pH by the addition of 1 M HCI. This was then divided into appropriate
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ani on based on the previous exanple) will inpart stability on al bumn,
a trend of increasing 5stability with increasing anion concentration.

Exanpl e 8woBbf3awse76f di fferent buffers on al bum n stabi PCTyUSkERI0EEsNs A
sanple of purified albumn containing a |ow concentration of octanoate

(-0.2 mM 100 g/L albumn) was diluted initially to 50 ng/nL wth water
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al bumanexdactlg thesg¢dnbeipit concentrati ons. An unbuffered stock of 1
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156. 02 1 13helGB-HPLTSgMstem was run, by injecting (25 uL) onto a 7.8 mm id x 300 mm length
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TSK G3000SWy, column (Tosoh Bioscience), with a 6.0 mm id x 40 mm length TSK SW guard
column (Tosoh Bioscience). Samples were chromatographed in 25 mM sodium phosphate, 100
mM sodium sulphate, 0.05% (w/v) sodium azide, pH 7.0 at 1 mL/min and monitored by UV
detection at 280 nm. Monomer, dimer, trimer and polymer content were quantified as % w/w by
their respective peak area relative to the total peak area. Results from the triplicate injections

were averaged to get a mean result for each sample.

Results: The data for the 14 day time point for monomer (Fig. 7) and polymer (Fig. 8) were

plotted against sodium concentration.

Conclusions:

. The formulation at pH 6.5 was significantly better than that at pH 8.6 used for albumin
batch 1401. The level of polymer significantly increased at pH 8.6, rising to approximately 20%
after 2 weeks at 40°C compared to ~2% for the same sodium concentration at pH 6.5.

) The proposed trend of increasing sodium increasing albumin stability observed with the
screening assay is confirmed here for soluble aggregates with a significant trend of reduced
polymer formation with increasing sodium concentration. Going from 150 mM, a standard
albumin concentration due to it being close to physiological conditions, to 200 mM sodium the
level of polymer decreases by >2 fold with then a further decrease of ~2 fold going from 200 to
250 mM. Although the polymer decreases even further with higher salt concentrations up to
350 mM (and potentially beyond) the rate of decrease is slower. These results are matched in
an increase in monomer remaining with increased sodium. Overall there is a > 4 fold decrease
in polymer formation going from 150 to 250 mM sodium. Consequently, a preferred albumin
formulation is 25 mM phosphate buffer pH 6.5, 250 mM sodium. The phosphate is present to

aid pH control. Notably, sodium will come from both sodium chloride and sodium phosphate
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1001 Na Citrate 100 294.1 3 9.80 0.0 1000 333 Na Acetate 100 136.08 1 13.61
0.0 1000 1000 20The anmpbunt of acid added was insignificant and woul d not
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Table 13 Sample details Volume of stock required (mL)
Sample rHSA . rHSA Sodium Phosphate | NaCl (5
Na™ (mM) Water
(mg/mL) (338 g/L) | (0.5 M, pH 6.5) M)

1 100 50 1.78 0.21 0.01 4.00
2 100 100 1.78 0.21 0.07 3.94
3 100 150 1.78 0.21 0.13 3.88
4 100 200 1.78 0.21 0.19 3.82
5 100 250 1.78 0.21 0.25 3.76
6 100 300 1.78 0.21 0.31 3.70
7 100 400 1.78 0.21 0.43 3.58
8 100 500 1.78 0.21 0.55 3.46
9 150 50 2.67 0.17 0.01 3.16
10 150 100 2.67 0.17 0.07 3.10
11 150 150 2.67 0.17 0.13 3.04
12 150 200 2.67 0.17 0.19 2.98
13 150 250 2.67 0.17 0.25 2.92
14 150 300 2.67 0.17 0.31 2.86
15 150 400 2.67 0.17 0.43 2.74
16 150 500 2.67 0.17 0.55 2.62
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pH 6.4, 250 mM NaCl 10 O 250 200 0.0 235.0 565.0 pH 6.4, 300 MM NaCl 10 O
300 200 0.0 285.0 515.0 pH 6.4, 400 nM NaCl 10 O 400 200 0.0 385.0 415.0 pH
6.4, 50 mvbNatiaB&ys S0 mM Na 10 50 92 200 50 0.0 750. 0 pHETAIS40128@5508
NaH2PO4, 150 mM Na 10 50 150 200 50 57.8 692.2 pH 6.4, 50 nM NaH2PO4, 200
mM Na 10 50 200 200 50 107.8 642.2 pH 6.4, 50 mM NaH2PO4, 250 nmM Na 10 50
250 200 50 157.8 592.2 pH 6.4, 50 MM NaH2PO4, 400 mM Na 10 50 400 200 50

307.8 #églé%3 Sample details Volume of stock required (mL)
Sample rHSA . rHSA Sodium Phosphate | NaCl (5
Na™ (mM) Water
(mg/mL) (338 g/L) | (0.5 M, pH 6.5) M)

17 200 50 3.56 0.12 0.01 2.32
18 200 100 3.56 0.12 0.07 2.26
19 200 150 3.56 0.12 0.13 2.20
20 200 200 3.56 0.12 0.19 2.14
21 200 250 3.56 0.12 0.25 2.08
22 200 300 3.56 0.12 0.31 2.02
23 200 400 3.56 0.12 0.43 1.90
24 200 500 3.56 0.12 0.55 1.78
25 250 50 4.44 0.08 0.00 1.47
26 250 100 4.44 0.08 0.06 1.41
27 250 150 4.44 0.08 0.12 1.35
28 250 200 4.44 0.08 0.18 1.29
29 250 250 4.44 0.08 0.24 1.23
30 250 300 4.44 0.08 0.30 1.17
31 250 400 4.44 0.08 0.42 1.05
32 250 500 4.44 0.08 0.54 0.93

The samples were then aseptically filtered (0.22 ym filter) into sterile 5 mL glass vials
and the vials placed in a 40°C incubator for 4 weeks. An aliquot from each sample was taken
out at intervals, diluted to 40 g/L with water and assayed for soluble aggregates by GP-HPLC as

5 per Example 4.

Results: Figure 11 shows monomer levels after a 4 week incubation. A higher monomer

content shows better stability.

10  Conclusions:
o All points follow a trend apart from the 150 g/L albumin, 100 mM sodium sample. It is
unclear why this sample is out of trend but is likely to be an outlier and does not detract from the

overall conclusions of the experiment.
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pH 6.4, 50 mM Acetate, 50 mM Na 10 50 65 200 50 0 750.0 pH 6.4, 50 nmM
Acetate, 10 50 150 200 50 85.0 665.0 WD 2013/ 006675PCT/ US2012/ 045505 Tabl e
18 Sanpl ewpanwmete@ss St ock Vol unes to Add (pL) Sanpl e (Pcmaiszmelouwsses = 1000
pL) rHSA (nmg/ L) Buffer (mV Na+ (mVM rHSA (50 ng/nL) Buffer stock* NaCl (1
M Water 150 nM Na pH 6.4, 50 mM Acetate, 200 mM Na 10 50 200 200 50
135.0 615.0 pH 6.4, 50 nM Acetate, 250 nM Na 10 50 250 200 50 185.0 565.0

gHt ?atA;e 5&5%1\"51@,{? %E)h%eborﬂzggtr%ng%s]fgd,?r(l)erg(l)so a% e%r ggrrégt?dnoofﬂ'r}(?régsirPgHm%'ncA)'r’nerS 0 mM
content i.e. increasing stability with increasing sodium content.
. The majority of the improved stability comes with increasing the sodium ion
concentration up to ~200 mM. Above this concentration, although there is some further
5 increase in stability it has mostly levelled off. Consequently the optimum sodium ion

concentration is 200 mM or higher.

Example 6: Effect of different cations on stability of albumin

Method: A sample of purified albumin containing low octanoate (~0.2 mM @ 100 g/L albumin)
10  was diluted initially to 50 mg/mL with water such that it contained 50 mg/mL albumin, 75 mM

NaCl and no pH buffer constituent. The pH was adjusted with 0.5 M HCI to pH 6.43, the amount

of HCI added was insignificant and would not have altered the albumin or other constituent

concentrations. The samples were then diluted further to 10 mg/mL in UV transparent microtitre

plate wells using 1 M cation stocks (KCI, NH,CI, CaCl,, MgCl,, NaCl) as shown in Table 14.

15
Table 14 Sample parameters Stock Volumes to Add (uL)
Final Vol | rHSA . rHSA (50 | Cation (1
Cation (mM) Na" (mM) Water
(ML) (mg/mL) g/L) M)
A 50 mM 250 10 50 50.0 8.75 191.3
B 100 mM 250 10 100 50.0 21.25 178.8
C 150 mM 250 10 150 50.0 33.75 166.3
D 200 mM 250 10 200 50.0 46.25 153.8
E 250 mM 250 10 250 50.0 58.75 141.3
F 300 mM 250 10 300 50.0 71.25 128.8
G |400 mM 250 10 400 50.0 96.25 103.8
H 500 mM 250 10 500 50.0 121.25 78.8
Samples for each of KCI, NH4CI, CaCl,, MgCl,, NaCl were prepared according to Table
14. Therefore, in total, 40 different samples were prepared. Each sample was tested in
duplicate on a microtitre plate.
20 The microtitre plate was gently rocked to mix the contents of each well, centrifuged to

remove any air bubbles and placed in a Biotek Synergy Mx (Potton, UK) plate reader that had

been pre-equilibrated and controlled at 65°C. The plate was then read at 350 nm every minute
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50 165 200 150.1 0 649.9 pH 6.4, 50 MM Citrate, 150 mM Na 10 50 200 200
150.1 35.0 614.9 pH 6.4, 50 MM Citrate, 200 mM Na 10 50 250 200 150.1 85.0
564.9 pHWO0401350667V Citrate, 250 mM Na 10 50 350 200 15@CI/UK3&®2045563. 9 pH
6.4, 50 MM G trate, 400 mM Na 10 50 500 200 150.1 335.0 314.9 *Buffer
stocks were as per Table 17 Results: Al controls were valid. For the
samples, the time taken for the A350 absorbance to increase to 0.1 AU above
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buf f erfied Swdatdpsiodi um citrate, but with the sodi um concentration com ng from
hg sodiumcitrate ignored (Figure 16). 10 Conclusions: For all buffers,
also with no buffer, there is a clear trend of increasing al bumn
st abi IReisyltai Figuient2 sfasisitte $odi takencfontherdbsatbaoce of d4ples to increase to 0.2 units
2013/ 0%667@1 ng %1'820%@/ 045505  Even ﬁ\nth c1trate whi ch did not appear to be
as goGd ¥ SEAM Wonat B> "0 SheWE PR YHH Y i ty as NaCl, there was a trend
of increasing stability within increasing sodium concent ration but it was
offset sI L%‘htl . The reason for this offset is that, like for all the
buffers 2%3%di um from the buffer was used in the cal cul ation of the
E aval «sodi :mﬂglczm)ntrelntsmgm@elmw@tthy sarné ttehd %sﬁ%@dfwdithelﬁexm’ipleﬁl efifgedding
g. available) as sodiu om ri,de (as.sho ous
CxarpiSB8m RUefs imaRuSfie Sl Thi et 2 iR e e P RamBy o s SHEDKS.
Sodi urdiibstphradtality sffectgood pH buffer, but as a donator for SOdI umfor

stabilization are bet ter nat or d therefore it ma

advant® ageoué’rlahh'&‘b Preot §6tﬂf”§np?)tﬁc§§kﬂ(i% \%P?' ai‘?%f/ﬁ%rpuﬁc}n@? s 6’fd 8P cn

(Sodl LB I, %ép}@étl\,@t}/?]ltﬁér)e Was Sat albaf lmeea%bbmnalaumﬂqoaeam@qwmtuweaémrge cation
ventorsngelleve M]’Hf e formulation is not particularly
H‘Bortcaﬂ‘fe rﬁ‘Ho%H@/tcb '8 PR atf% can be used. However, if the buffer

is chalati W%e&@@é‘tatlﬁtﬁcai@tf%'f'wﬂﬂ@él@@étlofnéQﬁbrbb@st@@ﬂlfy&dfblﬁﬁlﬁuﬂ/lgce% vérp gb@@l uded

in the calculation of the required concentration of anion. 15Exanple 9:

Ef fect of high salt concentration on stability of al bum n variants Method:

Var i ogsxaighelin Bffectust dméﬂeaﬂhﬁ.ohwhltﬂels%bumr& abdined with 0.5 M sodium
phosphat e buff er ﬁ ?%wnﬂﬁgThe variants were nmature HSA éSEQ ID No: 2) with

poi nt Mgthad; orie FRMIRSPIIAINING 2 30y CaREPWELAR Ok eFtaRpate KTh? AMVEA,

SEQ | Bobiey/L %Q}hmlﬁr h@ad M@Pedﬁhﬂi%ﬂxmd 80 'nfgﬁmaimths\%ibﬂﬁfhdfpﬂﬁaﬁ@'@6@t6fn"eat500r'ﬂgmiL t he
stock sol utions of th bum n variants are 20provided in Table 20. TabI e

19 St MBI (e Na&éam{ HE)D"SEH’ffﬁréoagt“éﬁﬂt TRPSAIRIE VP Phhaciaftedith 05 M

HCl to 6.43, the amount of HCI added was insignificant and would not have altered the albumin
or constituent concentrations. 1 M sodium anion stock solutions were prepared according to
Table 15.

25
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Phosphate (0.5 M pH 6.5)*** Water Al bumn (ng/nL) Phosphate (V) Na (m\V)
Actual pH HSA-K573P 3.00 1.572 1.716 50.0 125 256 6.50 HSA- K500A 3.00 1.450
1. 350 50.W02AB/@6ar56. 49 HSA- K573Y 4.50 1.710 0. 650 50. 0PCTAIS282/065549

HSA- K573W 4. 50 1.520 0.073 50.0 125 293 6.51 HSA-K573H 4.00 1.750 1.250
50.0 125 269 6.50 WD 2013/006675PCT/ US2012/ 045505 Tabl e 19 Stock Vol unmes
Added (nL) Sanple details Al bumn Variant Al bumn ** Phosphate (0.5 M pH

2. gé*’ir’;ag%%&%n%nbsc%k% (mg/ mL.) Phosphate (mM Na (nm\V) Actual pH HSA- K573F

Number | Components added to water to a

\ Sodium
Anion Stock | MW* of | of Na | final volume of 100 mL .
ion

Solution chemical atoms in | Mass Chemical

. 27% NaOH (mL) (mM)

chemical | (g)

NaCl 58.44 1 5.84 0.0 1000
Na,S0, 142.04 2 7.12 0.0 1003
NaH,P04.2H,0 | 156.02 1 15.61 6.2 1545
Trisodium
citrate 294 .1 3 9.80 0.0 1000
Na Acetate 136.08 1 13.61 0.0 1000

*MW: molecular weight

The albumin and anion stocks were used as detailed below, being made to a final
5 volume of 1 mL in a polystyrene cuvette (Sarstedt 10x4x45 mm). The samples were gently
mixed prior to the cuvettes being placed into a temperature controlled spectrophotometer that
had been pre-equilibrated and controlled at 65°C. The absorbance at 350 nm, referenced
against an empty cuvette, was then monitored over a 2 hour period with a reading taken every
30 seconds. The data was processed by taking the first 9 data points (~ the first 4 minutes),
10  calculating the mean (average) and then subtracting this from all data points in order to give a
baseline absorbance. The time taken for the absorbance to increase by 0.1 AU above this
baseline was recorded for that particular sample. If the absorbance did not go above 0.1 AU in
2 hours (7200 seconds), then the data was extrapolated in order to get an approximate time.
Samples for which the absorbance does not go above 0.1 AU in 2 hours are significantly

15  improved in stability compared to samples having lower cation concentrations.
A six cuvette holder in the spectrophotometer was used with the first sample always
being a control and the other five samples using an increasing excipient (i.e. test material such
as NaCl, Na,S0,) concentration. The control was always a pH 6.5 sample containing 250 mM
NaCl, this needed to remain in solution with no insoluble aggregates over the full 2 hour 65°C

20 incubation for the test to be considered to be valid.

37



0.900 50.0 125 276 6.50 HSA-wi | d-type* 2.50 1.250 1.250 50.0 125 263 6.50
MBA-wi | d-type 3.00 1.440 1.310 50.0 125 262 6.48 *HSA wild-type was spi ked
with 5 plwolbhpawestsat e (equi valent to 4 nM oct anoat e, 1@0Tg/SR)1204580H UM n:
see Table 20 ***Phosphate (0.5 M pH 6.5) is described in Table 20b Tabl e
20 rHSA Conc (ng/nL) Na (mVM K573P Stock 104.8 145 K500A Stock 96.7 145
K573Y Stock 76.2 145 K573W Stock 67.7 145 K573H Stock 87.5 145 K573F Stock
81.8 %ﬁ' \ Wl d-type 100 150 Mouse 95.8 145 5 Table 20b Buffer Stock

Sol ut i eup Vol (i) NaH2PO4. 2 H20 (g) 27% NaOd (i) Sodi um Phosphate
(mV Na (mMVM D.5 M Sodi um Phgsgdmple pdrbrﬁe&réﬁﬂ‘nalE).S?gck Volumes to Add (L)

Anion volume = 1000 pL)

Sample | concentration and Anion
rHSA . rHSA (50
source (mg/mL) Na” (mM) mg/mL) * (1| Water
M)

1 50 mM NacCl 10 50 200 35.0 |765.0
2 150 mM NaCl 10 150 200 135.0 | 665.0
3 200 mM NaCl 10 200 200 185.0 | 615.0
4 250 mM NacCl 10 250 200 235.0 | 565.0
5 300 mM NacCl 10 300 200 285.0 | 515.0
6 400 mM NaCl 10 400 200 385.0 | 415.0
7 50 mM Na,SO, 10 50 200 349 | 7651
8 150 mM Na,SO, 10 150 200 134.7 | 665.3
9 200 mM Na,SO4 10 200 200 184.5 | 615.5
10 250 mM Na,SO4 10 250 200 234.4 | 565.6
11 400 mM Na,SO4 10 400 200 384.0 | 416.0
12 70 mM NaH PO, 10 69 200 35.0 |765.0
13 220 mM NaH,PO, 10 223 200 134.7 | 665.3
14 300 mM NaH,PO, 10 300 200 184.5 | 615.5
15 380 mM NaH,PO, 10 377 200 234.4 | 565.6
16 600 mM NaH,PO, 10 608 200 384.0 | 416.0
17 50 mM Na Citrate 10 50 200 35.0 765.0
18 150 mM Na Citrate 10 150 200 135.0 | 665.0
19 200 mM Na Citrate 10 200 200 185.1 | 614.9
20 250 mM Na Citrate 10 250 200 235.1 | 564.9
21 400 mM Na Citrate 10 400 200 385.1 | 414.9
22 50 mM Na Acetate 10 50 200 35.0 |765.0
23 150 mM Na Acetate | 10 150 200 135.0 | 665.0
24 200 mM Na Acetate | 10 200 200 185.0 | 615.0
25 250 mM Na Acetate | 10 250 200 235.0 | 565.0
26 400 mM Na Acetate | 10 400 200 384.9 | 415.1

*Anion stock solutions are described in Table 15
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7.0 500 746 As all the variants had been purified slightly
differently to the wild type human al bum n, the | evels of octanoate present
woul d hawsohkesmosd7sght |y different for each variant. Fr@cTaSeM2ouss0s esults,
it was estimated that the octanoate present in the variants would have been
10equivalent to -4 mMat 100 g/L albumn. As the wld-type stock had
negligible |l evel s of octanoate present, this stock was subsequently spi ked

with 5 pL M qctanoate into the fin 2013/.006675PCT/ US2012/ 045505
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i ncub&tiPomohanet dumtdrést to be considered to be valid. Table 21 Actual

gﬂggent rati on Stock Vol unmes _to*Add (pL) Sanple Al bum n Variant rHSA (ng/nli)

phate (M Na (mVM Al bumin* NaCl (1 M Water 1 K573P 10 25 51 200.0 0.0

800. 0 Con€hrs3bhs:0 25 150 200.0 98.9 701.1 3 K573P 10 25 200 200.0 148.9

651.1 .4 K5S¢ olgiu%no C%Igrigg?so%%gﬁ gal?‘%?ér? ir?oorg:;Lén]ic 5aci §7s%lc:j.iu:ano sglghg&(e)o(sodium salt of a
divalent acid) and sodium acetate (sodium salt of an organic acid) all gave a strong increase in
albumin stability with increasing sodium concentration.

20 o For sodium dihydrogen phosphate the trend was not as strong as sodium chloride,
sodium sulphate and sodium acetate. However, at 150 mM and above there is an increasing
trend of stability with increasing sodium content. This trend was confirmed when the soluble
aggregates were measured as shown by the strong trend of increasing monomer remaining with
increasing sodium concentration.

25 o The trend of increasing stability with increasing sodium concentration for the sodium
phosphate samples continued through to 600 mM sodium and would probably continue to
higher sodium concentrations.

o For sodium citrate there was no obvious trend in albumin stability with sodium
concentration as measured by the A350nm absorbance for the presence of insoluble

30 aggregates. However, when the samples (after incubation at 65°C for 2 hours) were assessed
for soluble aggregates through the measurement of % monomer content remaining by GP-
HPLC then there was a trend. At 200 mM sodium and below, the monomer content was fairly
flat but as the sodium content increased above 200 mM there was a definite trend of increasing

monomer content and therefore albumin stability. Citrate is a chelating agent and therefore the
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200.0 348.9 451.1 6 K500A 10 25 52 199.9 0.0 800.1 7 K500A 10 25 150 199.9
97.7 702.3 8 K500A 10 25 200 199.9 147.7 652.3 9 K500A 10 25 250 199.9
197.7 602W0 20B/06476A 10 25 400 199.9 347.7 452.3 11 K57B¥TABG203/0560200. 1
0.1 799.8 WD 2013/006675PCT/ US2012/ 045505 Tabl e 21 Actual concentration
Stock Volunes to Add (pL) Sanple Al bum n Variant rHSA (ng/ nlL) Phosphate
(mM) Na (M Albumn* NaCl (1 M

sodium present is chelated to the citrate and is unlikely to be as available to stabilize the
albumin as the sodium provided, for example, by NaCl.

o Consequently, the inventors believe that any sodium salt (or any other mono or divalent
anion based on the previous example) will impart stability on albumin, with a trend of increasing

5 stability with increasing anion concentration.

Example 8: Effect of different buffers on albumin stability
Method: A sample of purified albumin containing a low concentration of octanoate (~0.2 mM,
100 g/L albumin) was diluted initially to 50 mg/mL with water such that it contained 50 mg/mL
10  albumin, 75 mM NaCl and no buffer constituent. The sample was pH adjusted with 0.5 M HCI to
pH 6.43, the amount of HCI added was insignificant and would not have altered the albumin or
constituent concentrations.
An unbuffered stock of 1 M NaCl together with the following buffers (Table 17) pH
adjusted to pH 6.43 as per the albumin stock (so that when added to the albumin the pH would
15 not change) was prepared. For phosphate the pH was adjusted with 27% NaOH, for citrate it
was adjusted with citric acid (citric acid powder) and for acetate it was adjusted with acetic acid

(glacial acetic acid):

Table 17:

Final Number of | Mass 27% Buffer
Anion  Stock MW  of Na

. Vol . Na atoms in | Chemical | NaOH Molarity

Solution chemical (mM)

(mL) chemical (9) (mL) (mM)
NaCl 100 58.44 1 5.84 0.0 1000 | N/A
NaH,PO,.2H,O0 | 100 156.02 1 15.61 6.2 1545 | 1001
Na Citrate 100 294 .1 3 9.80 0.0 1000 | 333
Na Acetate 100 136.08 1 13.61 0.0 1000 | 1000

20 The amount of acid added was insignificant and would not have altered the albumin or

constituent concentrations.

The albumin and buffer stocks were used as detailed below, being made to a final

volume of 1 mL in a polystyrene cuvette (Sarstedt 10x4x45 mm). The samples were gently

25 mixed prior to the cuvettes being placed into a temperature controlled spectrophotometer that
had been pre-equilibrated and controlled at 65°C. The absorbance at 350 nm, referenced

against an empty cuvette, was then monitored over a 2 hour period with a reading taken every
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Wat er

12 K573Y 10 25 150 200.1 93.8 706.2 13 K573Y 10 25 200 200.1 143.8
656. 2 14 K573Y 10 25 250 200.1 193.8 606.2 15 K573Y 10 25 400 200.1 343.8
456. 2 16 Wb28Wm6e725 59 200.0 0.0 800.0 17 K573W 10 25
18 K573W 10 25 200 200.0 141.4 658.6 19 K573W 10 25 250 200.0 191.4

PEO/URRW2045385 4 708. 6

30 seconds. The data was processed by taking the first 9 data points (~ the first 4 minutes),

calculating the mean and then subtracting this from all data points in order to give a baseline

absorbance. The time taken for the absorbance to increase by 0.1 AU above this baseline was

recorded for that particular formulation sample. If the absorbance did not go above 0.1 AU in 2

5 hours (7200 seconds) then the data was extrapolated in order to get and approximate time.

A six cuvette holder in the spectrophotometer was used with the first sample always
being a control and the other five samples using an increasing excipient concentration. The
control was always a pH 6.5 sample containing 250 mM NacCl, this needed to remain in solution
with no insoluble aggregates over the full 2 hour 65°C incubation for the test to be considered to

10  be valid.
Table 18 Sample parameters Stock Volumes to Add (uL)
Sample (final volume =|rHSA Buffer | Na* rHSA (50 | Buffer | NaCl (1 Wat
ater

1000 pL) (mg/mL) | (mM) | (mM) | mg/mL) | stock* | M)
pH 6.4, 50 mM NaCl 10 0 50 20 0.0 35.0 765.0
pH 6.4, 150 mM NacCl 10 0 150 | 20 0.0 135.0 665.0
pH 6.4, 200 mM NacCl 10 0 200 |20 0.0 185.0 615.0
pH 6.4, 250 mM NacCl 10 0 250 | 200 0.0 235.0 565.0
pH 6.4, 300 mM NacCl 10 0 300 | 200 0.0 285.0 515.0
pH 6.4, 400 mM NacCl 10 0 400 | 200 0.0 385.0 415.0
pH 6.4, 50 mM NaH;POy,,

10 50 92 200 50 0.0 750.0
50 mM Na
pH 6.4, 50 mM NaH;POy,,

10 50 150 | 200 50 57.8 692.2
150 mM Na
pH 6.4, 50 mM NaH;POy,,

10 50 200 | 200 50 107.8 642.2
200 mM Na
pH 6.4, 50 mM NaH,POQO,,

10 50 250 | 200 50 157.8 592.2
250 mM Na
pH 6.4, 50 mM NaH,POQO,,

10 50 400 | 200 50 307.8 442.2
400 mM Na
pH 6.4, 50 mM Acetate, 50

10 50 65 200 50 0 750.0
mM Na
pH 6.4, 50 mM Acetate, | 10 50 150 | 200 50 85.0 665.0

41



608. 6 20 K573W 10 25 400 200.0 341.4 458.6 21 K573H 10 25 54 200.0 0.0

800.0 22 K573H 10 25 150 200.0 96.1 703.9 23 K573H 10 25 200 200.0 146.1
653. 9 24 Wb62813/M66725 250 200.0 196.1 603.9 25 K573H 10

PETABR012085505 346. 1

453.9 26 K573F 10 25 55 199.9 0.0 800.1 27 K573F 10 25 150 199.9 94.9

10

Table 18 Sample parameters Stock Volumes to Add (pL)
Sample (final volume = | rHSA Buffer | Na* rHSA (50 | Buffer | NaCl (1 Wat
ater

1000 pL) (mg/mL) | (mM) | (mM) | mg/mL) | stock* | M)
150 mM Na
pH 6.4, 50 mM Acetate,

10 50 200 200 50 135.0 615.0
200 mM Na
pH 6.4, 50 mM Acetate,

10 50 250 200 50 185.0 565.0
250 mM Na
pH 6.4, 50 mM Acetate,

10 50 400 200 50 335.0 415.0
400 mM Na
pH 6.4, 50 mM Citrate, 50

10 50 165 | 200 150.1 0 649.9
mM Na
pH 6.4, 50 mM Citrate, 150

10 50 200 200 150.1 35.0 614.9
mM Na
pH 6.4, 50 mM Citrate, 200

10 50 250 200 150.1 85.0 564.9
mM Na
pH 6.4, 50 mM Citrate, 250

10 50 350 200 150.1 185.0 464.9
mM Na
pH 6.4, 50 mM Citrate, 400

10 50 500 200 150.1 335.0 314.9

mM Na

*Buffer stocks were as per Table 17

Results: All controls were valid. For the samples, the time taken for the A350 absorbance to

increase to 0.1 AU above the base line was plotted against the sodium concentration. Figure 15

shows that for all buffers, albumin stability increases as sodium ion concentration increases.

For the citrate samples the trend appears offset relative to the other samples.

Consequently, the data for no buffer (sodium provided only by NaCl) was plotted together with

the samples buffered with sodium citrate, but with the sodium concentration coming from the

sodium citrate ignored (Figure 16).

Conclusions:

o For all buffers, and also with no buffer, there is a clear trend of increasing albumin

stability with increasing sodium concentration.
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705.2 28 K573F 10 25 200 199.9 144.9 655.2 29 K573F 10 25 250 199.9 194.9
605.2 30 K573F 10 25 400 199.9 344.9 455.2 31 HSA W d-type 10 25 53 200.0
0.0 800. OWB20HBM6AMs| d-type 10 25 150 200.0 97.3 702.7 3BCEHEA2M2lgssvype 10
25 200 200.0 147.3 652.7 34 HSA WId-type 10 25 250 200.0 197.3 602.7 35
HSA W1 d-type 10 25 400 200.0 347.3

o Even with citrate, which did not appear to be as good a sodium donator for albumin
stability as NaCl, there was a trend of increasing stability within increasing sodium concentration
but it was offset slightly. The reason for this offset is that, like for all the buffers, the sodium
from the buffer was used in the calculation of the total sodium content. Consequently, if this
5 sodium is not as effective (e.g. available) as sodium from sodium chloride (as shown in the
previous examples) then there will be an offset. This was confirmed by Figure 16.
o Sodium phosphate is a good pH buffer, but as a donator for sodium for stabilization
there are better donators and therefore it may be advantageous to combine sodium phosphate
with another donator of cation (sodium or other cation) to stabilize albumin.
10 o Consequently, the inventors believe that the buffer in the formulation is not particularly
important and any buffer, or no buffer, can be used. However, if the buffer is chelating then the
anion present from the buffer should not be included in the calculation of the required

concentration of anion.

15 Example 9: Effect of high salt concentration on stability of albumin variants
Method: Various albumins and variants (Table 19) were diluted with 0.5 M sodium phosphate
buffer (pH 6.5).The variants were mature HSA (SEQ ID No: 2) with point mutations (K573P,
K500A, K573Y, K573W) and mouse serum albumin (MSA, SEQ ID No: 19). The rHSA
concentration and sodium ion concentration of the stock solutions of the albumin variants are
20  provided in Table 20.

Table 19 Stock Volumes Added (mL) Sample details
Phosphate .

Albumin Albumin | Phosphate Na Actual
Albumin (0.5 M, pH | Water (mgimL) | (mM) (mM) H

bl mg/m m m
Variant 6.5)*** g P
HSA-K573P 3.00 1.572 1.716 50.0 125 256 6.50
HSA-K500A 3.00 1.450 1.350 50.0 125 261 6.49
HSA-K573Y 4.50 1.710 0.650 50.0 125 281 6.49
HSA-K573W 4.50 1.520 0.073 50.0 125 293 6.51
HSA-K573H 4.00 1.750 1.250 50.0 125 269 6.50
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452.7 WD 2013/ 006675PCT/ US2012/ 045505 Tabl e 21 Act ual
Vol unmes to Add (pL) Sanple Al bum n Vari ant

concentration Stock
rHSA (ng/ nmL) Phosphate (nmV) Na

(mv) Al buwDrb13M8@75(1 M Water 36 Mouse 10 25 52 200. 1 ®CO/URID204565 Mouse
10 25 150 200.1 97.5 702.4 38 Mouse 10 25 200 200.1 147.5 652.4 39 Mouse 10

25 250 200.1 197.5 602.4 40 Mouse 10 25 400 200.1 347.5 452.4

*Al bum n

concentrati on i s provided in Table 20. Results: Al cont roI s were valid.
Fi g H-€& 17 (AIIU . C‘hn\l\v[‘ the foer\t n'F SUL.I LA ; UII r I\lblll.l (AI.I UII UII thb tl LA 2
t akehRB19% he A3§6’°§B@6?'B§ﬁ?@dfg (M ea<§W '%rlﬁ above the base line. |5
Conclusions: Al poi ntsPhgsphate d trend |apart _from the wld type al bum n,
150 SOdI um spiblumin |t :% I\Encge% why [tAlbuminnil thosphatgt pNat r engAbtual j g
li kef\WPUPY be an|autlier| @ oB ptefet rﬁfgtlmf_f o(rg;nwpe overat mfone Hsi ons.
10Fpwvamddt al bum n vari ang.s)*t*here i s a cI ar trend of incregSing albumn
st abiHtywth fnoreasing-sodiumconcentration.— Mature npouse serbm-album n
(SEQ—IBD-NT3F19) 4.9072. 1% 6dent i calo.gacsi ngpotthe aljgasi t hi m deztd i bedslser ei n)
to mature wild-type hunan serum dl bumin |[(SEQ ID|NO 2) and| even though the
overall stabilitfy was not as high as HSA, or HSA variants,|there was stilfl
a c| H8A-witdetype’off 2.50 1.250 1.250 50.0 125 263 6.50
MSA-wild-type | 3.00 1.440 1.310 50.0 125 262 6.48
*HSA wild-type was spiked with § yL 2M octanoate (equivalent to 4 mM octanoate, 100 g/L)
**Albumin: see Table 20
**Phosphate (0.5 M, pH 6.5) is described in Table 20b
Table 20 rHSA Conc (mg/mL) Na (mM)
K573P Stock 104.8 145
K500A Stock 96.7 145
K573Y Stock 76.2 145
K573W Stock 67.7 145
K573H Stock 87.5 145
K573F Stock 81.8 145
HSA Wild-type 100 150
Mouse 95.8 145
5
Sodium
Table 20b Make up | NaH,PO,.2 | 27% NaOH Na
_ Phosphate
Buffer Stock Solution Vol (mL) | H.O (9) (mL) (mM)
(mM)
0.5 M Sodium Phosphate pH 6.5 | 250 19.50 7.0 500 746
As all the variants had been purified slightly differently to the wild type human albumin,
the levels of octanoate present would have been slightly different for each variant. From
previous results, it was estimated that the octanoate present in the variants would have been
10 equivalent to ~4 mM at 100 g/L albumin. As the wild-type stock had negligible levels of

octanoate present, this stock was subsequently spiked with 5 uL of 2 M octanoate into the final
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15i ncreasing stability with increasing sodiumconcentration at and above
200 MM It is difficult to say whether or not there is a significant

di f f er enc®OiI20138m06dI51 i ty bet ween the different variants PETASI@E2i085505
difficult to conpare the stabilities of the variants to the stability of
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i rret ers

accordj to Table 23.. 5 Table 22 Sto Vol unes . Added Fi na
o oD AR B bR DAY SuPre s BR P e S dHnRral A
buf f errézﬁljn‘.ﬁg MkEn \batgr3a t@énd@nd‘hém@tm‘w}as $adzleu$9d:lbwsa¢kimgttee (fird¥)9 dNeta (onihvﬁts & pH
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ot h el &Y 285 PR dehle P PRERBIT 5 Rgjctis? folMandrsHBie” 1P e
absorbance did not go above 0.1 AU in 2 hours (7200 seconds) then the data was extrapolated
in order to get and approximate time.
A six cuvette holder in the spectrophotometer was used with the first sample always a
15  control and the other five samples using an increasing excipient concentration. The control was
always a pH 6.5 sample containing 250 mM NacCl, this needed to remain in solution with no

insoluble aggregates over the full 2 hour 65°C incubation for the test to be considered to be

valid.
Table 21 Actual concentration Stock Volumes to Add (pL)
Sample Albumin | rHSA Phosphate | Na . NaCl

Variant (mg/mL) | (mM) (mM) Albumin® (1 M) Water
1 K573P 10 25 51 200.0 0.0 800.0
2 K573P 10 25 150 200.0 98.9 701.1
3 K573P 10 25 200 200.0 148.9 | 651.1
4 K573P 10 25 250 200.0 198.9 | 601.1
5 K573P 10 25 400 200.0 348.9 | 4511
6 K500A 10 25 52 199.9 0.0 800.1
7 K500A 10 25 150 199.9 97.7 702.3
8 K500A 10 25 200 199.9 147.7 | 652.3
9 K500A 10 25 250 199.9 197.7 | 602.3
10 K500A 10 25 400 199.9 347.7 | 452.3
11 K573Y 10 25 56 200.1 0.1 799.8
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27% NaCOH (L) Phosphate (MM Na Mlarity (mMM 0.5 M Phosphate pH 5 19. 50
0.5 500 518 0.5 M Phosphate pH 6 19.51 3.8 500 634 0.5 M Phosphate pH 7
19. 50 10.WO0203/®6ar50. 5 M Phosphate pH 8 19.50 13.4 500 ®C0/uS2&204BhdDSphat e
pH 6.5 19.50 7.0 500 746 10The sanples were pH adjusted with 0.5 M HCl

(i.e

no added sodiunm) to give final

stock pHs of 6.00 and 6.49 using the pH653tock pH of 7.04 WD

pHs of 5.02 and 5.55 using the pH 5

2013’9“““7':'3(:'!'/ US2012/-045505—using—the—pH+—stegek—andpHs—of+55—and—+7; 98
usi ng gRle Tr;'H 8 stock. [Thetuahwerdentrfatibel added WStotkVblymds wadd giig woul d
not have altered the al bumn or constituent concentrations. The
st ockSampie usAtbunsindetddSAed bePbosghabl dNa24) §°?li5ng' made NaGl a f‘iNggé vol unme
of 1|{m. in a yre tt garsteg Ox4XMBURMR™ T anp wer e
gently m xed p{r?%%?ﬂtto g@@e“iuv@?'&' s bei an | aged into a EM‘Zer at ure
cont rakl ed spelésmjrphot ottet er tphas had be emmopr e- émoiﬂ i br at ed.st o anes.2
cont Irett-ed—at- 655 Fhepbsorban e at—3564-7m e S gReed—agaAstan—erpty
cuvett g t'ﬁ?r? nonift of ed ove ? a 2 hOLr2 gericg\%th a rggﬁﬁ n every
30 se=qmnds T |e5ztafta war) procekg®ed by takisog tk@ot)nr st 9|dess pous(mz (-|the
first—4—mnut calcul ati nn he nmean (:nlnr an and t han cllhf racti r\n this
from AP| dat a '6%7%3 in 1Q)rder %5g| ve a tf‘é?gel i r@ogﬂsorbanéé 2t| me
t akenqfor the|l gggywbance t o thepsi ncreagegby 0./Dodd above gichi s ®eh | ne| was
recorded for hat partlicular formil ation Qarml e. |f the absorbahce did nhot
go abdle 0.1 PPIHV2 Holks (72D seconds)™Phen [1298-0dat a Wdd-4ext | &f at ed i n
order g0 get pREZAPPTr ox{grate t : 200 SI X Ry\ette nahedar | gsd.be
spect rnnhn'r onpter was Jused with the firgt sanplle always being al control | and
the ofiBer fiveke&WI es| Ui ng ah2% ncr easi r?@oexm P08 conc¢dfil fat| €98-6 The| 15
cont rgh wWas a a 5 sa[pi e contaippnyg 238y Hv NacCl 4?_iai S| pgEged 1o
remain in solution wth no inspluble aggregates over the f3u | 2| hour 65C
i ncub&fi on forKbhE test1G@ o be £dnsi dered ¥o be \2@D|0d Tabld 24 p8AQ@I St ock
Vol um o Add Sanpte Firnahz Vol—(pl) s HSA R |_) Parsph—ate;y v Na
(V) §EISA (50 KSWnL)* C (1] f water TEer %ﬁ 9B [r03.8
K573H 10 25 200 200.0 146.1 653.9
24 K573H 10 25 250 200.0 196.1 603.9
25 K573H 10 25 400 200.0 346.1 453.9
26 K573F 10 25 55 199.9 0.0 800.1
27 K573F 10 25 150 199.9 94.9 705.2
28 K573F 10 25 200 199.9 144.9 655.2
29 K573F 10 25 250 199.9 1949 | 605.2
30 K573F 10 25 400 199.9 3449 | 4552
31 HSA Wild-
10 25 53 200.0 0.0 800.0
type
32 HSA Wild-
10 25 150 200.0 97.3 702.7
type
33 HSA Wild-
10 25 200 200.0 147.3 652.7
type
34 HSA Wild-
10 25 250 200.0 197.3 602.7
type
35 HSA Wild-
10 25 400 200.0 347.3 452.7
type
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1 6.49 50 1000 10 25 52 200.0 0.0 800.0 2 6.49 150 1000 10 25 150 200.0
97.7 702.3 3 6.49 200 1000 10 25 200 200.0 147.7 652.3 4 6.49 250 1000 10
25 250 2080Q0WLA06675602. 3 5 6. 49 400 1000 10 25 400 200. PCIAR20M248503 6 5. 02
50 1000 10 25 50 200.0 9.1 790.9 7 5.02

Table 21

Actual concentration Stock Volumes to Add (pL)

Sample Albumin rHSA Phosphate | Na NaCl

Variant (mg/mL) | (mM) (mM) Albumin* (1 M) Water
36 Mouse 10 25 52 200.1 0.0 799.9
37 Mouse 10 25 150 200.1 97.5 702.4
38 Mouse 10 25 200 200.1 147.5 | 652.4
39 Mouse 10 25 250 200.1 197.5 |602.4
40 Mouse 10 25 400 200.1 3475 | 4524

*Albumin concentration is provided in Table 20.

Results: All controls were valid. Figure 17 and 18 shows the effect of sodium ion concentration

on the time taken for the A350 absorbance to increase by 0.1 AU above the base line.

5
Conclusions:
o All points follow a trend apart from the wild type albumin, 150 mM sodium sample. It is
unclear why this point is out of trend but is likely to be an outlier and does not detract from the
overall conclusions.
10 o For all albumin variants there is a clear trend of increasing albumin stability with

increasing sodium concentration.
o Mature mouse serum albumin (SEQ ID No: 19) is 72.1% identical (using the algorithim
described herein) to mature wild-type human serum albumin (SEQ ID NO: 2) and even though
the overall stability was not as high as HSA, or HSA variants, there was still a clear trend of
15  increasing stability with increasing sodium concentration at and above 200 mM.
. It is difficult to say whether or not there is a significant difference in stability between the
different variants because it is difficult to compare the stabilities of the variants to the stability of
wild type albumin since the base formulation with respect to the level of octanoate present was
not absolutely controlled to be the same between each variant. However, within the data sets
20 for each variant the level of octanoate will be the same and therefore the increase in stability
can only be due to the increasing level of sodium.
o The one sample where the octanoate was known (wild type human serum albumin,
equivalent to 4 mM at 100 g/L albumin) shows that the observed stability increase with sodium
is also valid at this level of octanoate.
25
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150 1000 10 25 150 200.0 109.1 690.9 8 5.02 200 1000 10 25 200 200.0 159.1
640.9 9 5.02 250 1000 10 25 250 200.0 209.1 590.9 WO

2013/ 0066¥bRCB/UGZ812/ 045505 Tabl e 24 Actual Stock Vol umes/useoiddassipl)
Sanpl e Final Vol (pL) rHSA (nmg/ mL) Phosph ate (MM Na (mM rHSA (50 ng/
m)* NaCl (1 M Water Nunber pH Na (mV 10 5. 02 400 1000 10 25 400
200.0 359.1

Example 10: Effect of pH on albumin stability
Method: A sample of purified albumin containing low octanoate (~0.2 mM, 100 g/L albumin)

was diluted initially to 50 mg/mL according to Table 22, using phosphate stocks according to

Table 23.
5
Table 22 Stock Volumes Added (mL) Final parameters of sample
Sodium
pH of | rHSA rHSA Sodium
Phosphate Na
Sample | phosphate | (50 Water Conc Phosphate
buffer (0.5 (mM)
buffer mg/mL) My (mg/mL) (mM)
1 pH 5.0 2.50 1.25 1.25 50.0 125 204
2 pH 6.5 2.50 1.25 1.25 50.0 125 261
3 pH 7.0 2.50 1.25 1.25 50.0 125 288
4 pH 8.0 2.50 1.25 1.25 50.0 125 318
*Sodium phosphate buffer stock solutions are described in Table 23
Table 23:
Components (made up to a final
Buffer parameters
volume of 250 mL with water)
Buffer Stock Solution 27% Na
Phosphate .
NaH.PO,.2H,0 (g) NaOH (M) Molarity
m
(mL) (mM)
0.5 M Phosphate pH 5 19.50 0.5 500 518
0.5 M Phosphate pH 6 19.51 3.8 500 634
0.5 M Phosphate pH 7 19.50 10.0 500 851
0.5 M Phosphate pH 8 19.50 13.4 500 970
0.5 M Phosphate pH 6.5 | 19.50 7.0 500 746
10 The samples were pH adjusted with 0.5 M HCI (i.e. no added sodium) to give final pHs

of 5.02 and 5.55 using the pH 5 stock, pHs of 6.00 and 6.49 using the pH 6.5 stock, pH of 7.04
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440.9 11 5.55 50 1000 10 25 50 200.0 9.1 790.9 12 5.55 150 1000 10 25 150
200.0 109.1 690.9 13 5.55 200 1000 10 25 200 200.0 159.1 640.9 14 5.55 250
1000 10 280260/@604¥50 209.1 590.9 15 5.55 400 1000 10 25P¢0M@S200Q/0855859. 1
440.9 16 6.00 50 1000 10 25 52 200.0 0.0 800.0 17 6.00 150

using the pH 7 stock and pHs of 7.55 and 7.98 using the pH 8 stock. The amount of HCI added

was insignificant and would not have altered the albumin or constituent concentrations.
The stocks were used as detailed below (Table 24), being made to a final volume of 1
mL in a polystyrene cuvette (Sarstedt 10x4x45 mm). The samples were gently mixed prior to
5 the cuvettes being placed into a temperature controlled spectrophotometer that had been pre-
equilibrated to and controlled at 65°C. The absorbance at 350 nm, referenced against an empty
cuvette, was then monitored over a 2 hour period with a reading taken every 30 seconds. The
data was processed by taking the first 9 data points (~ the first 4 minutes), calculating the mean
(average) and then subtracting this from all data points in order to give a baseline absorbance.
10  The time taken for the absorbance to then increase by 0.1 AU above this baseline was recorded
for that particular formulation sample. If the absorbance did not go above 0.1 AU in 2 hours

(7200 seconds) then the data was extrapolated in order to get and approximate time.

A six cuvette holder in the spectrophotometer was used with the first sample always
being a control and the other five samples using an increasing excipient concentration. The
15  control was always a pH 6.5 sample containing 250 mM NacCl, this needed to remain in solution

with no insoluble aggregates over the full 2 hour 65°C incubation for the test to be considered to

be valid.
Table 24 Actual Stock Volumes to Add
(uL)
Sample rHSA
Final rHSA
Number Phosph | Na (50 NaCl
Na Vol (mg/m Water
pH ate (mM) | (mM) mg/ (1M)
(mM) | (bL) L) .
mL)
1 6.49 |50 1000 10 25 52 200.0 | 0.0 800.0
2 6.49 | 150 1000 10 25 150 200.0 | 97.7 702.3
3 6.49 | 200 1000 10 25 200 200.0 | 147.7 | 652.3
4 6.49 | 250 1000 10 25 250 200.0 | 197.7 | 602.3
5 6.49 | 400 1000 10 25 400 200.0 | 347.7 | 452.3
6 5.02 |50 1000 10 25 50 200.0 | 91 790.9
7 5.02 | 150 1000 10 25 150 200.0 | 109.1 | 690.9
8 5.02 | 200 1000 10 25 200 200.0 | 159.1 | 640.9
9 5.02 | 250 1000 10 25 250 200.0 | 209.1 | 590.9
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1000 10 25 150 200.0 97.7 702.3 18 6.00 200 1000 10 25 200 200.0 147.7
652.3 19 6.00 250 1000 10 25 250 200.0 197.7 602.3 20 6.00 400 1000 10 25
400 200. OWB4@13/M0d@2. 3 21 7.04 50 1000 10 25 58 200.0 O. @C3AB2@2825505 04, 150
1000 10 25 150 200.0 92.5 707.6 23 7.04 200 1000 10 25 200

Table 24 Actual Stock Volumes to Add
(uL)
Sample Final rHSA rHSA
Number Na Vol (ma/m Phosph | Na (50 NacCl Water
pH ate (mM) | (mM) mg/ (1M)
(mM) | (L) L) mL)*

10 5.02 | 400 1000 10 25 400 200.0 | 359.1 | 440.9
11 5.55 | 50 1000 10 25 50 200.0 | 9.1 790.9
12 5.55 | 150 1000 10 25 150 200.0 | 109.1 |690.9
13 5.55 | 200 1000 10 25 200 200.0 | 159.1 | 640.9
14 5.55 | 250 1000 10 25 250 200.0 |209.1 |590.9
15 5.65 | 400 1000 10 25 400 200.0 | 359.1 | 440.9
16 6.00 |50 1000 10 25 52 200.0 | 0.0 800.0
17 6.00 | 150 1000 10 25 150 200.0 [97.7 |702.3
18 6.00 | 200 1000 10 25 200 200.0 | 147.7 | 652.3
19 6.00 | 250 1000 10 25 250 200.0 | 197.7 | 602.3
20 6.00 | 400 1000 10 25 400 200.0 | 347.7 | 452.3
21 7.04 |50 1000 10 25 58 200.0 | 0.0 800.0
22 7.04, | 150 1000 10 25 150 200.0 | 92,5 |707.6
23 7.04 | 200 1000 10 25 200 200.0 | 142.5 | 657.6
24 7.04 | 250 1000 10 25 250 200.0 | 192.5 | 607.6
25 7.04 | 400 1000 10 25 400 200.0 | 342.5 | 457.6
26 7.55 |50 1000 10 25 64 200.0 | 0.0 800.0
27 7.55 | 150 1000 10 25 150 200.0 | 86.5 |713.5
28 7.55 | 200 1000 10 25 200 200.0 | 136.5 | 663.5
29 7.55 | 250 1000 10 25 250 200.0 | 186.5 | 613.5
30 7.55 | 400 1000 10 25 400 200.0 | 336.5 | 463.5
31 7.98 |50 1000 10 25 64 200.0 | 0.0 800.0
32 7.98 | 150 1000 10 25 150 200.0 | 86.5 |713.5
33 7.98 | 200 1000 10 25 200 200.0 | 136.5 | 663.5
34 7.98 | 250 1000 10 25 250 200.0 | 186.5 | 613.5
35 7.98 | 400 1000 10 25 400 200.0 | 336.5 | 463.5

*Albumin stocks are described in Table 23.
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200.0 142.5 657.6 24 7.04 250 1000 10 25 250 200.0 192.5 607.6 25 7.04 400
1000 10 25 400 200.0 342.5 457.6 26 7.55 50 1000 10 25 64 200.0 0.0 800.0
27 7.55 MO 203006678 25 150 200.0 86.5 713.5 28 7.55 200prL@aB2@0/0250200
200.0 136.5 663.5 29 7.55 250 1000 10 25 250 200.0 186.5 613.5 30

For the pH 7 (measure pH 7.04), 7.5 (measured pH 7.55) and 8 (measure pH 7.98)
samples the stabilizing effect of the sodium was inconclusive when measuring insoluble
aggregates as detected by the A350nm absorbance increase. Therefore after the 2 hour

5 incubation at 65°C incubation in the spectrophotometer the samples were removed, centrifuged
to remove any large particles and the samples analyzed for soluble aggregates by GP-HPLC
(as per Example 4). The data was expressed as % monomeric albumin remaining (the higher

the value the more stable the formulation).

10 Results: All controls were valid. Figures 19, 20 and 21 show the stability of albumin relative to
sodium ion concentration. The results for the pH 6.5 controls run at the same time as the pH7,

7.5 and 8 samples gave a mean of 82% monomer content.

Conclusions:

15 o For all pHs from pH 5 to pH 6.5 it was clear that there was an increase in albumin
stability with increasing albumin concentration as measured by the A350 absorbance increase
(insoluble aggregates).

. At pHs 7, 7.5 and 8 the trend was not clear (Figure 19) with a possible dip in stability
around 150 mM Na. However, when these samples were analyzed by GP-HPLC for soluble

20  aggregates and % monomer remaining (Figure 21) there was a clear trend of increasing stability
with increasing sodium. The reason that this trend was not observed for the insoluble
aggregates may be due to the fact that these pHs are the furthest from the pl of albumin (5.2 for
albumin) and therefore they are less likely to precipitate with the aggregates coming out of
solution.

25 o The pH 6.5 controls had higher levels of monomer remaining at the same sodium ion
concentration (250 mM) than any of the higher pHs showing that pH 6.5 is the more stable pH
for albumin.

) Combining both the insoluble and soluble aggregate data shows that increasing sodium
concentration increases albumin stability from pH 5 to pH 8.

30
Example 11: Effect of Octanoate on Stem Cell Cultures
Method: The effect of octanoate on stem cell culture was carried out by a contract research
organization: Cellartis AB (Gothenburg, Sweden). Briefly, albumin at 100 g/L with varying levels

of octanoate (0.2, 0.5, 1.0 and 8.0 mM) was used as the albumin supplement in standard stem
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7.55 400 1000 10 25 400 200.0 336.5 463.5 31 7.98 50 1000 10 25 64 200.0
0.0 800.0 32 7.98 150 1000 10 25 150 200.0 86.5 713.5 33 7.98 200 1000 10
25 200 20000 BAB6E5663. 5 34 7.98 250 1000 10 25 250 200POTABG013/065855 35
7.98 400 1000 10 25 400 200.0 336.5 463.5 *Al bumn stocks are described in
Tabl e 23. WD 2013/ 006675PCT/ US2012/ 045505 For the pH 7 (neasure pH
7.04), 7.5 (measured pH 7.55) and 8 (neasure pH 7.98) sanples the

o R T S RE R R b B S R RS MBS ©
t he 2 lihesitdeposited in the European Human Embryonic Stem Cell Registry)) were transferred from
their standard media and grown through 5 passages in 6 well plates in the media supplemented
with the albumin containing varying levels of octanoate. The cell growth over the 5 passages
5 was assessed by monitoring the cell doubling times during consecutive passages in cell
production. The doubling times of cultures should be within a range of 28-40 hours, and can be
seen as a trend indicator. In order to determine the undifferentiation state of the cells after 5
passages in albumin supplemented media, antibodies against four different accepted markers
for the undifferentiated state, namely Oct-4, SSEA-3, Tra-1 60 and hES-Cellect, were used for

10  immunostaining.

Results: Table 25 shows data for the doubling time. The initial doubling times are quite high,
probably due to cells needing to adjust to the new culture medium composition. However, the
doubling times between passages 2 and 4 are all within expected range except for the sample
15  containing 8 mM octanoate which failed to maintain acceptable cell attachment and could not be
continued past passage 2 even with modified medium and coating conditions. Doubling times
for passage 5 were highly variable and for some samples lay considerably outside the standard

range. However, it is difficult to draw conclusions as cultures were not expanded further.

20 Table 25: Doubling time in hours for each of the cell lines over five passages. Doubling time is
presented in hours, and formula used is Td(h) = T * LOG2/LOG(cells harvested/cells seeded). T
= time in hours between passages

Octanoate
Cell line Passage 1 | Passage 2 | Passage 3 | Passage 4 | Passage 5
Present (mM)
0.2 45.6 31.7 35.8 33.8 56.1
SA121 0.5 44.5 36.5 42.3 44.9 30.4
1.0 65.5 33.4 31.2 30.4 38.7
8.0 61.8 46.0 - - -
0.2 88.5 31.9 31.5 29.5 452
SA181 0.5 144.0 34.3 37.3 29.0 134
1.0 47 1 32.8 36.9 31.4 59.4
8.0 117 89.7 - - -

Table 26 shows data for the immunocytochemical stainings for differentiation markers

25 and shows that all the samples (except the sample containing 8 mM octanoate, since it did not
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Cct anoate Present (m\M) Passage 1 Passage 2 Passage 3 Passage 4 Passage 5
SAl 21 0.2 45.6 31.7 35.8 33.8 56.1 0.5 44.5 36.5 42.3 44.9 30.4 1.0 65.5
33.4 31.2 30.4 38.7 8.0 61.8 46.0 - - - SA181
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Claims

What is claimed is:

1. A composition comprising from 25 to 400 g.L-" albumin, a solvent, from 200 mM to 1000 mM
cations, having a pH from about 5.0 to about 8.0 and wherein the composition comprises less than
or equal to 5 mM octanoate, and wherein the albumin is human serum albumin (HSA) having the
amino acid sequence of SEQ ID NO: 2 or a variant thereof having at least 80% sequence
identity to SEQ ID NO: 2.

2. The composition according to claim 1 which comprises less than or equal to 1 mM
octanoate.

3. The composition according to claim 2 wherein the cations are present at from 200 to 350
mM.

4. The composition according to any of claims 1 to 3 wherein the pH is from about 6.0 to about
7.0.

5. The composition according to any of claims 1 to 4 wherein the pH is about pH 6.5.

6. The composition according to any of claims 1 to 5 wherein the cations are selected from:

sodium, potassium, calcium, magnesium, and ammonium.

7. The composition according to any of claims 1 to 6 wherein the cations are sodium ions.
8. The composition according to any of claims 1 to 7 which comprises:
(a) less than 5 mM amino acids (such as N-acetyl tryptophan), preferably less than 1

mM amino acids; and/or

(b) less than 20 mg.L' detergent (such as polysorbate 80), preferably less than 5
mg.L"" detergent.
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9. The composition according to claim 7 which is substantially free of amino acids (such as N-

acetyl tryptophan) and/or substantially free of detergent (such as polysorbate 80).

10. A composition according to any of claims 1 to 9 wherein the albumin is HSA having the
amino acid sequence of SEQ ID NO: 2.

11. The composition according to any of claims 1 to 10 wherein the albumin is at a concentration
of from 50 g.L-1 to 400 g.L-1.

12. The composition according to any of claims 1 to 11 wherein the albumin is a recombinant
albumin.
13. The composition according to claim 1 comprising:

(a) 50 to 250 g.L" albumin;

(b) 225 to 275 mM Na*;
(c) 20 to 30 mM phosphate;

and having a pH of about 6.5, and wherein the composition comprises less than 2 mM octanoate.

14. The composition according to any of claims 1 to 13 which is substantially free of octanoate.

15. The composition according to any of claims 1 to 14 which is more stable than a control
solution of albumin wherein the control solution is the same concentration in 150 mM Na or

water.

16. A method for preparing a cell culture medium comprising supplementing a basal medium

with the composition according to any preceding claim.

17. The method according to claim 16 wherein the cell culture medium is a stem cell culture
medium.
18. The method according to claim 16 or 17 wherein the cell culture medium is substantially free

of animal-derived components.

19. Use of a composition according to any of claims 1 to 15 to culture cells.
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20. A method according to any of claims 16 to 18, further comprising incubating cells in the cell

culture medium.

21. The use or method according to claim 19 or 20 in which the cells comprise stem cells.
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