WD 2012/ 006591PCT/ US2011/ 043455 METHOD OF PRODUCI NG RECOMBI NANT HI GH
MOLECULAR VEEI GHT vWF I N CELL CULTURE CROSS REFERENCES TO APPLI CATI ONS

[ 0001] Thwe 2appilos3vati on clains priority to U S. Provi si ecaluskat @mi4ss
Application Serial No. 61/362,635, filed July 8, 2010, the disclosure of
which is hereby incorporated herein by reference inits entirety for al

pur poses. BACKGROUND OF THE | NVENTI ON [ 0002] The reconbi nant expression of
therapeutic proteins in cell culture (particularly |arge-scale cel
cultures), including eukaryotic cell culture, and nore specifically
mammal i an cell culture, requires the use of special culture nedia providing

nut ri ent N . I i a
formul at i ngtaﬁgi(’;p@?%gﬁpg&%ﬁmmgiygﬁzslg%M%ﬁe?@nc udi ng
fetal calf serum (FCS) ,“QEFGHT FAVEVN (EBLeCAELERIRBr protei n hydrol ysat es
of bovine origin as well as protein hydrol ysates derived fromplants or
yeast. One challenge with such cultures is that the anount of protein and
the total and specific activity of the protein produced are often variabl e
across different cell eROYYRBFERENTCIOED APPLICATHHRLI on for the cell
culture nedia is not changed. This variability is especially apparent in

the ca arge-scal e manufacturing processes utilj.zing_cell culture
vor umdotl] 7bRPpiREt: ElaERARTIORY 806 St POSFOnACEA™ ARPHGHIET SERIN G ont ai i ng

hydr ol ¥$a%2%38rBePRly 8 CW0h 8thy dREIBARE bOwNiR isaRidblytiNcotp R @Rt @yl refektntdir e t o
the next, leading to decreased production of total protein as well as

decr eadiets ety feridl paprases i ¢ activity. [0003] One potential reason for the
variability seen across different cell cultures is that contam nants in
addi tives such as hydrol ysates vary fromone batch to the next. In general,
serum or serumderived substances, such as, e.g., albumn, transferrin or

insulin, may conprise ungaUKRSROIAND OH PAE IFAENPIORM nate the cell
cultures and the biol ogi cal products obtained thereof. Furthernore, human

2012/ 003 s FOB PG HRSEo ! S REabaTt REnLE! peh o TARDNMRNRRRE o1, can

be transie tdlleailtuics), sriuding dMiigotuecsl dubturenendsmongrspenificaply achmohdiaderil ved

t hereof bear the risk of BSE contam nation. |In addition, | serumderived
pr oductcgl?llf&rfe%reé M%&Oﬁﬂ%‘fg‘gl %}ﬁm%%@&ﬁmé’ iffeg e su ﬁesatj% “SBf um or

prot ei Rraddiof talRS (RRICuN@E nfdd DMPohiiTBIb R hrAdTicRBLp R AHEREBWItR a 88igk of Ul T ur e,
there are nunerous probl ens (ei%? the varying quali&y in conposition of

di f f er @dditines: dingrferat gpf serusk (F3iS) cavmalrdcrisied pratomstnd/ep BropimBYRIOlstesus es or
BSE) , i oy ' u et
vaoti e s b e R e
t o pr oviudecudtfifes ¢d thatthhasours pEprensn anidhe tottliaudspeoificootidiy ofohsprowm ch do not

et 0 REVECHEReBRVET BEd-gn (R bERRE SER L Mt et BEe e o

pl ant s cQltury @Rgia. is i@ chexRAP TRis vaabilyds edpy&alesppareat Hehst of Reseusatul for
fermentation processes and. can _enhance the grow h of nmany fastidious

or gani Sgufagbiag grosees WHing opihcakbyro golsmey e kG fitsesdo oret2 0P AitwEs di gbst s of
soy el @k eliaZBHaffn _ycﬁ@&&@égﬁgé ﬁér@a@d}@ Iﬂbﬁer @%ﬂa‘tﬁﬁ@' PfH?ﬂ‘Xn@éelltcﬂﬁure
conponents can be used i'n tissue culture. Franek etal. (Biotechnol ogy

Pr ogr e$sthe 2000)adi6g t6E8ra9R)produstion betotpt pretdin aneiclbasodhgrsiasedi totpl gndonot i ng
effects of.defined soy and wheat hydrolysate peptide fractions. [0005] WO
96/152§H@%ﬁ%éﬁ SEs a serumfree medi um conposed of a synthetic mninma

essential nmediumand a yeast extract for the propagati on of vertebrate

cel |'s AMY3%Opr pasniin! seased {6 theprgaitily sean pgasshhferantral ¢itwe i Sifbosed of a
basal ¢ghthmidhis i SddBAL YRHCRMRIHoHsHPs Parl ifohh HRAa A, atheRN 1R%ERGAL Of Yyeast
and an enzymatic digest thereof, ‘and/or"a plant lipid for growh of anina
cel | s iserunh @etvsederiviad WHsG8LB58EN as, A gueadhwmm cleampicisi ergngnling e dorsryse

hydr ol ysat or cul tivation of rec i na ells is. disclaosed,in WO

01/ 29555 %4 BlsbaBuG bl hiugl o selGRRMR RRMhe Bifbiafeel BrSLSYORHH of yoat e
and a yeasif Eyitliaabre, hutharadesion dednddradgitit chape eslenesedfor B kasdh Ramdes,f or ms  of
animal proteins, such as growth factors. [0006] EP-A-0 481 791 describes a
bi ochem cal ly defined culture mediumfor culturing engi neered CHO cell s,
which is free fromprotein, lipid and carbohydrate isolated froman ani mal
source, further conprising a reconmbindnt insulin or insulin anal ogue, 1%to
0. 025% w/ v papai n di gested soy peptone and putrescine. WO 98/ 08934

descri bes a serumfree eukaryotic cell culture conprising hydrolyzed soy
peptides (1-1000 ng/L), 0.01 to 1 ng/L putrescine and a variety of

ani mal - deri ved conponents, including album n, fetuin, various hornones and
ot her WD 2012/ 006591PCT/ US2011/ 043455 proteins. In this context, it should
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[0027] In one enbodi nent of the methods provided above, the final copper
concentration of the copper supplenented basal cell culture nedia is at

| east 4 iwQ/2b1200p39¢r. [ 0028] I n one enbodi nent of the meChasgoipoessssied
above, the final copper concentration of the copper supplenented basal cel
culture nedia is between 2.4 iag/L and 20 iag/L copper. [0029] In one
enbodi nent of the nethods provi ded above, the copper suppl enenting the
basal cell culture nmedia is provided as a copper salt, a copper chelate, or

a conb '1Md11§§1hépgﬁtﬁse@fusei ng‘?fﬁ]\/ WHicR B WM@M@&M%&H eM’B?éOQQId $oRhovi ded

above, the copper salt is selected fromthe group consisting of copper
sul f at esrupopgderodicetdatiesd tb@p@féqeattéc ok af BSE c@tpptemanm onijaddifion.cplzerum-

1oy oSSRk bF SR B PR oS ancslhen psing serpm o proteine

provi deddlab@\cerlvédtmrﬁmemﬁ ofmnetamlufcas ar ellrahure) thews aeeeftdnstarodsrprablsmem fic

enbodi t he. ma |i.an cells are 032 one.enbodi ment of
the ne %d@eaﬁengo%mé? B RIPRUF L] dh%?ttiatshe 5t o ‘tf{é]?PP@n%ﬂﬁ? M8s bat ch
CU|t|V%hk aQﬁakhﬁxﬁ%kBSE)&Qﬁéébﬂ&Wﬂﬁ@&ﬂ@%ﬂ?&k&ﬁﬂ%eﬂhnﬁB@mﬂﬂhhﬁgécPfOV'ded
above, culturing the one or nore cells conprises continuous cultivation of
t he ceIVP@PlneIS rﬁorélugyeedmmst@nbedrhenﬁore ey ety boigdcenmeileatiroridof cells is
ber £ o7 TR nGROIDSh Al TR Aen dAGRARL NS PREEH el ETBA JFRfer o)
cont i nUous Culti ion of S 1s perforned 1n usion no 34] I n
one empodtinentpainds.he nethods prOV|ded above, the one or nore cells is
cultured in at least 100 L of the suppl enented basal cell culture nedia.

[ 0035] [4004PRECIEHRRALITE RicdRf hal & BediRIcDEESedVnAKE BR% FhPMEIn ckiftE@IdvedabRi ty S
mai ntai ned at | ess than 2.5x106 cells per nL durlngtthe step of culturing

t he on®lass arpyeest.cBon esampbow]hyriwhcsn@s aietkadVAEn be wiciul fer fmmantiion prasosseed

above, C I er nL
Gurt g PG EERSGbY i & BB ARG oRlanl 3 AR CrlEE Mo A2 e
enbodlmenmbeﬁhmhmpmeﬂhmdsobmmvnd@dmahom&cofheb@eﬂhu@mmbnwm;nemdamnyafned at

| ess t an 1.5x1 6 c | 1s d t step,.of culturjng t or nore
col s, TRGESEPNTS eeanpbi e ReHEengapneetoe Taiies CofiTer oo o

I ecoverRagIRt dels@ﬁfétgr@mﬂ(hhﬂ pRIAuvifyRorBblido TR eS WP GEMAIRA0Y akPWRE Ses
filtration or centrifugation to renove cells fromthe portion of culture
super n&véietysate pogole fragligte enbodi ment of the nethods provi ded above, the
recovered supernatant has a r VW specific ristocetin cofactor activity of
at | eag@005p Wﬂ)JBB/ngI\ﬂARloslem a aeremeﬁnéefrhcﬁimnbombmdtof a shehatecqowena dssential

o hg et e Sl Mo BEThE pioraklR P EiaoR R 87 S § S btuBbn Bloskt s o

r VW spegbdiutm fbtrﬁﬁlmtdompe@etdadﬂacvasaaetu viltuye @kdiain doﬁ@)ﬁﬁ;m@@ Eblpe@@icaF. I n a
nore specific enbodi nent, the recovered supernatant has a r VW specific

ri st oc@f Exrachphyqegand ap ejgyiptisissst theraef antdoraplant fividiorgropith of apimpalissiie
Spec'fh&mﬁﬂ&&@hﬁﬁﬂﬁ9&@ﬁﬁ4r?@B%&hﬁﬂmﬁﬂ?@&gghﬁﬂ&iQ@%wﬁga%ﬁﬁf%PﬁEh&h@mmn
ristocetin cofactor activity of | east mJiag'r . WO

2012/ 0@6@Q@WM@ZD&&/@@M@HW@@P%W OMED 8031 Ordasvosed a mediumethiods

provi ded abo Ve, east 10% of s nthe s ernatan resent in a
St T T R R R S T o
enbodi f&fds,of ahinlabpsteidsdH Yodhfas Ehevth YAlors.s present in a h| gh mol ecul ar wei ght
VW nultinmer of nore than 10 dinmers. In another specific enbodi nent, at

| east %&%SEEPI@% 4%‘1’%1 'déscHB@sSaB&BcHeHn@au?'dgﬁnéatﬂuﬁﬁﬂé'rﬁ‘édlﬂiﬁ'f&%ltb{ﬁﬁf nul timer of
nore than dimers. In another specific enbodi nent, at | east % of the

r VAF i sngme@edn@HDmeas hiha¢h lmﬁtteeénsrrramomet gbd aEanbohydrate isobtedrfome an hzimall 0
di mers. nat her SP, ecific odi.ne at Il eas SOW o VVF i S.present
e hogtCeanalen B RE R RRal Filhor Bt SRRlaatS Rl & s P pisduly <3
one enﬂqgmeenhq&mumhennﬁmhedaepnﬂy9@eaxahhm&metnexmmaemnﬁkenbuaamta|ns hi gh
nmol ecul ar wei ght. . ltimers of 14 0 | n.one enbodi ment
of t he CHUHRGHED W\%@Yﬁﬁ&o@% PeRfigs o %&Wl P lt %/ﬁd’}h‘Frthﬂ@ Wl ger nat ant
is mai Qﬁﬁét?%ﬂaﬁﬁmﬁd&ﬁ/@&@&hﬁ@ﬁeh@Wn@ﬁhﬁ‘@’aﬂkﬁn@ﬂfetil&o%ﬂouk Roshe MRPsthaent  of

t he met hods provi ded above, the NH4+ content of the culture supernatant is
mai ntai ned at a concentration below 4 mM [0044] In one enbodi nent of the
nmet hods provi ded above, rVW is co-expressed with reconbi nant Factor VII|
(rFVI11). In a specific enmbodi nent, tHe method further conprises a step of
purifying rVW away from at | east 5096of the rFVIII1 present in the
recovered supernatant. In one enbodinent, the ratio of rVWAWF to rFVIII after
the purification step is at least 10:1. [0045] In one enbodi ment of the

nmet hods provi ded above, the method further conprises a rVW enrichnent

st ep. [0046] In a second aspect the present |nvent|on prOV|des a
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[ 0069] In one enbodi nent of the nethods provided above, the cell density is
mai ntai ned at | ess than 2.5x106 cells per nL during the step of culturing

t he one oworror2noewitl s. [ 0070] In one enbodi nent of the merhisdei1priass ded
above, the cell density is naintained at |less than 2.0x106 cells per nL
during the step of culturing the one or nore cells. [0071] In one

enbodi nent of the nethods provided above, the cell density is maintained at
| ess than 1.5x106 cells per nL during the step of culturing the one or nore
cel I's. [HOALIN I QReexe TRAGHIBR MR dAPuiBRLALAS IR Bohdad vaRoMErscihe step of
recovering at |east a portion of the culture supernatant conprises
filtratsiaoderd mederikeiIN N/ Ham'stFd 2 nemomecrtedtion of POfhmdile. portion of culture
supernatant. [0073] In one enbodi nent of the nethods provided above, at

| east 20000] Uht panf-RADyWAFRBdralgtdtss, hywder, akd dlkefisddopixarendfadigbgpalicscel |
culture nedia per day is pres&nt in the recovered cul.ture supenq?tant.

[ 0074] 2hhOBREIERBBACHBALNCAE A coHRPHARE MIBsAVak heBBiY, of semmeEddily2500 Units
FRETS- WHi181:866 oY hi dfo RSted Vatitl oarpile RN RAuPASAL aic@hrbe CatdiMREINTRII @ per
day is present in the recovered culture supernatant. WO

2012/ 00sBR¢IROTY g0t BuwsEny @O 8] prpductnie veriisodi afwntto afactaief Heedesls

provid 1at : 13 AN TS- VWF73
et vi et P of BEEMELRS SRR AR D, TIPSRk aherl T e
met hodgrgdifauiided thbealls as tvak as Seqvatiadxpiapirmatcact cdiladI20054(R 13PACi fi C
FRETS- VW73 activity of at.legast 1200 mlJ.iag. [0077] In.a nore preferred
enbod HE DB RPRORIG Y Bo; @éi&%&%%ﬁe-?%% ‘5’8@8@@4‘ e%ﬂ%dﬁglﬂﬁa?&ﬁtuﬁﬁas a
rAl 3 sipeeicfuseruFRETRR 1IMYE-LSl@ploliiition o®tecBiblRaSsrokR0RopHd hadutidf078] 1 n one
enbodi ment of the methods provi ded above, the NH4+ content of the culture

supern i I: I . C -at i . 1 one
crbod TR Koo Oh B R o b R R B 1o Ul B! MBI,
super nat tandmins fomatioal Mechnati ag depoxits ot blabd oomp@icoty ob thd\urfaBO&The Vascalne
enbodi nent, of the netho rovi.ded abaove, the + content, of .t culture
Super nare S e bt e G 6 BRSO o R a T e
enbodi mBRtatieh isttherddst HOHS rd3frRYddgdReteARaY 6f fibriR gt b ddohbih! N&Jaglandy | ses a
rAl3 enrichnent step. [0082] In a seventh aspect, the present invention

pr ovi dé€8zvanc efhrombintiythe cadiprodheiol e coasHitiosi cAgrade dsHbichuon OfADMVESL3 (r A13),
uher ei Db ARoRURELARL A ihd SrRERRRLEH Y b 0L RN KGRI arb OS] | 1
an ei ghth aspect, the present invention provides a cell “culture supernatant
conpr i yaseglar edbritur nantvey/ah. KVG | Mbrreetcl. Flob drl 900, \WH) 76, pher-&6)n t he
supernatant contains at least 5 U FRETS-VW73 activity per nL. In a

speci f ijgoooMedinFenint flidd€os HBE Bedgantios enta&icssidds ih BRSLtitutidn bREIT by 3
activity per I n anot her specific enbodinent, the suEernatant cont ai ns

.
at | eadite cpmplerE pivARdARCios IX W acjord&p) #nd activpteshidctrsV IHEEagten ¥lkekbddi nent |
t he su i I = - 1V § . In
anot hert ot 1GR3 of ind SRRbnchubIRLomMEL (SR Wi B,

FRETS- VAEF8 kacwi ué hgmapdiliafll. E.|Saden&theV. BpeciHdneopdittaotli hiesniphiliahid, and

super nat ant...cont ai ns _at .| 10 U FRETS- VW7 tivit rool. | t
oot hod 08 SEUFRMELARGRE in F Shylovantiibits i Sn FEAt U tbisB R s of st
super naisaiies. V8. B SepalcsC acrfhdélpigal 1982, g bhdoPr ekkndebiliaey Rirtlated W

2012/ 006591PCT/ US2011/ 043455 [0084] In a_ninth aspect, the_present

i nvent idgRcipaf fagonV Bhpqtivityy Whiress hibia his relaie fq s FargorlScdsisicRaht  von

W | ebregpdnfaGhRint QSIMVQ_@Qf avi’@ﬁﬁc%in{kng ﬁﬁ%raﬁ%i' HEhE Bﬁeﬁ'ﬂlﬁc&ﬁ@&l%éﬁra@ibné east 2 jig
rAl3 per nL. In a specific enbodi ment, the Supernatant contains at |east 3

jig rAtgmpascdmif thelnormalaohgratypeeétdi. Othtradhinmopathibs HeopehhiatAaedcusont ai ns
at least 4.Li Al er n. ln another ihi C embodi nen t he .super nat ant
cont o Mora (g al{: arePls Ry BufO O8] TARTOh afer RO MSAS b e
super nateadviphitiant pdtizatsadvolea shie Bpgatad adAldstpion K preprati@ts can@inivgy nspeci fi c
enbodi nent he supernatants praqvi ded above, the.superpatant is prepared
accor di%?’rbto‘f ‘2{15{’%15% OB BASY 1ﬁ’@r”étf‘“"i’(?‘ Boees th H“r‘l%“‘iné it %P"é‘gtb‘éb‘?fl,tﬁ? he

pr esentiehRyRRhio® thelHatt §88 adivi§GR B0 REuIAMMMIRE Baltl AL 3D the PRRGSY i ONn
prepared by a nethod according to any one of the nethods described above.

[ 0086] In one enbodi nent of the conpositions provided above, the
conposition is formul ated for pharnaceutical admnistration. In a specific
embodi ment, the conposition is fornmul&ed for intravenous adm nistration.
BRI EF DESCRI PTI ON OF DRAW NGS [0087] Figure 1. (1A) Low resolution (1 %
agarose gel electrophoresis of rVW expressed in mamralian cell culture in
the presence of low (1.0 lag/L) and high (4.3 lag/L) copper concentration,
as described in Exanple 2. Note that culture Day 3 is equivalent to batch
day 1 of Table 7 and Table 8. (1B) The rel ative anbunts of VWA nultiners
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[0104] As used herein, "reconbi nant vWF" includes vW obtained via

reconbi nant DNA technol ogy. In certain enbodi nents, vWF proteins of the

i nventi orwoan120oai se a construct, for exanple, prepar ®dTAS201/0¥¥055

1986/ 06096 published on Oct. 23, 1986 and U.S. patent application Ser. No.
07/559, 509, filed on Jul. 23, 1990, in the nanme of G nsburg etal., which is
i ncorporated herein by reference with respect to the nethods of producing
reconbi nant vWF. The vWF in the present invention can include all potenti al
forms, JbiGhUdcPgh tHRRiJMRAFEE Hom HAdndWdbiiE bh&hdrOfalBing ionsShPwlsd RLRO be
understood'that the present iInvention enconpasses different forns of VW to
be usedhin aqoethiyhati¢ BrrapForqugaarpingisionteecry\Wro 66 thrévedays.eBleinconistitiéasta on may

i nclude dijffere Hrer s different derivati,ves and bot iologically
et ve i o] Fs T RO PYLE P B R IR ARG P 0
2012/Oﬂﬁﬁ&ﬂPﬁihU$ﬂﬁE&ﬁ&ﬁaﬁ55ﬁﬂﬁi@@jﬁ&hemheembpﬁ@ﬂ@ﬂbﬁmanmwmwhenﬂUQ@ﬂ.mrth
reference, e.g., to a cell, or nucleic acid, protein, or vector, indicates

that t hey1@eht WOlﬁ&'Bé ﬁdrﬁcﬁ@r‘l}dadvﬁﬁt%é%'ugllf(?ﬁe ff&ﬁlref?éy of1ABsiBREuIPLH lf()\V@Q:dtw the
introduction of a heterol cgous nucleic acid or protein or the alteration of

a nati \raelnerli@¢te1r ¥llhkavangoextgnded balfRlivesr Itinaelltkinewn e thejag t@érhe\m& lifeoftha cel |

so nodi at are
ot 1 otpir el oA BERMR G EFATHLAAN of i Ra SR FREn WMIAE) PSS
native Fgﬁnewhhdhaetxhﬂ)rte a@trdﬁtg affisiey @draoton®I ¥y xptte Faetdy Vllmajend eermm sed or
not expressed at I 010 t he cont ex f_the e tron the
r ecombiHARE PRRE Qﬁ% L%f fﬁb %@P&w rmrﬁaﬁ%&ﬂrlaﬁr% Bagihyor o %@r?ﬂ%ﬁ e,
mammal J§UER, ARG, BthdteRInepols @Al (mgkeme i AERIr badid gfbrrs&ﬁﬁmasesrmuee rat,
hanst er gerbrl, canine, feline, and biologically active derivatives

t her eofSaundrrSvaar%ﬂlerirle@aelr%ammém 60)hdt ip ee@rrbthﬁmﬂew\rsuﬁf@mgdm VRANF.

Mt ant o 4R5 0Ly Whe B OhelDRo1AYE RA.ARLUY LEY WS Al IR AR f 000 are
functional fragnents usion proterns o vWE prot el ns t her nor e,

t he vV\eiraidlatidme alsowefer ifiom msa:yorlid.;mt Flz&:ltorc,\di[ﬂpfeﬁsem:}ags atitiaon, fteechdlf-bigetod
purification, detect.ion, . The VW desc ed herein urt her be
o 11 it PR pEl FPgo Flgtlvhgsre PATIERSs Bedfod dRbmpR b g o or
in vi V@horEe@ﬂﬁﬁ]theThEtot%m&rs ‘b @t dyinbnt dpBTai £ paibhts. Frdi'th@’fés@ﬁh@ﬁgﬁ Bfulei ght
vWF, " and be used interchangeably and refer to covalently

at t achdpt vaorr?mli reﬁ@rf@ aéermi sleaiapgs fioyp dha ogd arsulpiien andribpisthisiproceeyis &9 n

enmbodi ast 12, 13,
14, 15%{2#6 éxt%ﬁMﬁ%m ‘tgp&)tn‘gﬂl&étl@ﬂ Wkt,ﬁ?é hat%%a} %@I\ﬂ'&/?}?ﬁé]}lz&ﬁ ac{o As used

h tid th d i d
ot ol 1 3 YoRAICHRE el bl B Ry RR FATBEOE ot py o SgrRA BE T 1 AN
et al | epiohek hasesly ridyireinsizefronhituf 50U 201000 kDder 2 kedthdiren VB NS
ADAMTSL(NM 006988) . - ADAMIS2 (NM 014244: NM 021599)  ADAMIS3 (NM 014243),
ADAMTSP”(anaB@QB’é‘g)le“CAme(SCSV Riereoonresgd of ASAKIPIE I oRtidpsbymss inkpsAMrS7 (N
014272?3 1207 Q3 me ANAMESIniti NI AB2O4R csi Mo BL ddblendDM R 249) |
ADAMTS1 6 { NM 0957 ADAMTSlZ (NM 030955), ADAMIS13 (NM 139025; NM 139026;
NM 13908 the dramgemse) walmmwmAarQNMullB@lealsoNNhrbsm'gmmostASm's ( NV

120050 BRSPS OIS, (380S0 SIS, (00055

ADAMT Sty Bt 8bAgin o &WiElen BRlchtof ruélhralteem%tat RIHeti6h.NE I%%Mﬂlataéndm&wept i des
t hat driglay at | east partral bi ol ogi cal activity, for exanple, at |east

10% 2G9S 530w lavyorplauie famos of WA ool thngbesdarsTTvEN0 Myhdsussioroy, 80%
90% or in, in
partrcaf ar Fﬁgkﬁﬁgﬁgggghé%%¥3%t Oﬁﬁ%%&?ﬁg?éahgﬁl%ﬂ%$¥t€PQ%Eﬁgt %rotern
| n cer nailtmem $beng l-mge mnleAM\isqmram gbredun the Webgddtadebadist af thonal | y

nodi fi ed r4n in vitr for exanple, by enzymatic or chemni ca
neans.eP@E%% ﬁﬁ@?g MF@HPN%%@m&%Rﬁrs proteins of the present invention
i ncl ude alternatrvelﬁgpglrced i sof orms, conservatively nodified proteins,

subst af®®12l Rydycgienof bindngiasavith ghplosiheis cdusad VIeppickelevglpaofered t he

cont exteygfy bﬁﬁlﬁaglpe[fﬁgﬁ;ﬂ tres'upé/ Fnc tqr@é“ty Wf%ﬁ’aﬂd EPREALE @d&%ldﬁnger of
t he ADAMIS rom ftor exanple mamal  such as a prlnate hunan,
nonkey, rabbit, pig rodent, nouse, rat, hanster, gerbil, canine, felrne,

and brologrcally active derivatives thereof. Mitant and variant ADAMIS
proteins having activity are al so enbrfaced, as are functional fragnments and
fusion proteins of the ADAMIS proteins. FurthernDre t he ADAMTS proteins of
the invention may further conprise tags that facilitate purification,
detection, or both. The ADAMIS proteins described herein may further be
nodified with a therapeutic noiety or a noiety suitable inmaging in vitro or
in vivo [0110] As used herein, an "ADAMIS13 protein refers to any protern
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[0127] In certain enbodi nents, copper can be provided to the culture nedia
alone or in addition to hydrol ysate by providing a nmedi um suppl enent

i ncl udi ngva 28wedt e copper salt or copper chel ate. Sui rablus2cioppiss salts
can include but are not limted to copper sulfate, copper acetate, copper
carbonate, copper chloride, copper hydroxide, copper nitrate, and copper
oxi de. Suitable copper chelators can include but are not limted to

al bum n, ethyl enedi am netetraacetic acid (EDTA), polyam ne chel ating
agents Qﬁéﬂﬁ(altﬁ/@@/dbé?@ﬂ‘l?pesddf@%HWﬁQﬁEﬁd SIS ark ChALANERASY Gh i RRLE or
triethyl enedi am ne r aet hyl enepent am ne, ami noet hyl et hanol am ne,

ami noetdhgrba;srepethaiwhbof @@Mamtdlyﬂeép@ttéetamonetlon namely in Types 24, 2B, and 2M

triethylenetetra oride, eth dro ori de,
pent ae HYPRHERL Eon R e bt ot Faer HEEb AT KT BERTON RS 45e6 e

peni ci lh@yuReon B¥ WvFRh L3t HY WIS AP Y L IH &nd’ﬁGEI&P@r&@ﬁ’d‘tﬁé@tfh@egy%ﬂh@trémﬁ@m
ani noet hgl) 1,3 propane diam ne, 1,7-dioxa-4, 10-di azacycl ododecane,

1, 4,8, o Qfetﬂaae@ahlby@ﬂl(bY(étW@léPé’t?&lrdelBS@SQj| one, 1,4, 7-triazacycl ononane
tri hydrochl oride, 1-oxa-4,7,10-triazacycl ododecane, 1,4,8,12-tetraaza

cycl op¢e01afl €iwanehe Bibtbgicallimboitindeatf VRHZ hety laadadac abel m[tIi)éLaarBio 1h1prceer tain

enbodi nent cul ture.nedi 1S s | enent ed. Wi er to result
in a t&@f foea&?@rmsaﬁ@efw IheransHiO oD 215%619&15 e ve thalgy be otz

speci fIf&nﬁéﬁaegéﬂaserlgouréel@esu@mﬁhun%lﬂrodﬂeﬂam snﬁqmitedrawrsqgiawahh SARREr to a
final concentration of between about 1.0 to about 10 lag/L. In further

enmbodi fabitdas ¢ highispesafic ecsivity éurlcpiiyiag pudisebiologisufpheivn nneé gan, hepadergl e | n a

final )

2.9 1%§éhoe§fe§ﬁ\9éﬂ'}(f\ gsné %@%b&[]}lcg)frotgﬁg&t tielaélgg 561%6(9 %15%5@5 ﬁucﬁ agéfo%ﬁll%b%%rpd 5, 1 2 5
i ag/ L dopper Typidaltyplab@n verbadiapeadifc Rishﬁ:ehﬁ&ﬁivnyefhb(ﬁZlUﬂ(D(]JﬂhEI/rli@@hﬁ used in
met hods of the present invention are supplenented to result in about 1.2 -
9.5, 119 atlgn fri)rrahum@ lgoodlplgsma }815 dg;a@vantages:—)becgusg for;e)ganzp %t@ plasgna cang 0, 2.8
- 5.5, nt@ina variley o:f'va’useé sl’ficlg’aﬁﬁlq\:’ an(ﬁ&qlegatltls‘{llﬂug&/ évhféﬁ@ﬁ)@f)e triﬂ@erI%H toter
embodi ments, the basal cell culture nmedia used in nethods of the present

i nvent |p@tmenarEurﬁ@ppblemelmreajlsedlml@éut&ourcn anddbus, ghogtage- 05p138m11 caralpg L copper.

I n one_enbodi. ment ulture nmedi,a is Wi th copper
to resdronpi ] broal e otBRh (BT darfribHlh ATRUUR BB RR SN0 1 Aot nor
enbodi petucing F&VIbas aﬂv@edghou'suh hdressingdbmeio$ t}eqmﬂleﬁemedatw tith eelpipgiont 0
result (n a total pper concentratron f at ]east 2 |ag/L. anot her
erbodi M o REOEIRF VBGT [T GO TR EdPRIcHgn. éhi;ﬁr?lelﬁ%%ﬁlr e&%{*w?aé\ffp@rs to
resul t cigaed tﬁ@%@bol?ﬁéﬁ’ﬁ@é c&%ﬁ&{ﬁs&@ﬁﬂlﬁ)@ a0fd radiddc8asto %64 FGhd-fullllBoger tai n
enbodi nent s e basal culture nedia is WO

2012/ O(DBQP%PWF/(@thqqr@m?fﬂSH)%MHpﬂemln%eh Mi%h copper to result in a total
copper concentration of at least 1 jag/L, or at least 2, 3, 4, 5 6, 7, 8,
9, 10, [amd] LRforlidatelydyWESis a hlechle, willBeondiex ﬁ@t-tm@ldlloﬁdppmlﬁczﬂhbns’mAEo I n

cert ai nmbodi nent s d iscussed in,f her et ai l i n cultures for
pr Odum”%m 1&%@“&%&?“&3&1 aﬁ’i gF‘Eﬁﬁ aige 2pd ulur&‘ Fegre tlarerscla 0 lg{ prpraLs

cul t ur es, Efliclc@dMSIpRGsibY WrmBRMhaGaNE @k NFaL cxafPRL hr%hlnﬁﬁéclulz{?fwef:g%PpWF [0129]
The concentrations i ndr cated above are the resFectr ve concentrations of
pure ceopprewsed imeedigghtive of grgn uap«primpty) andohsbiak celle deneads %theépqglflc a

hydr at I i's
e Fhetck unflare SOMRAMAN ST AR OBREE, shellec QIGRRRRT R IO
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| ow ammoni um (NH4+) concentrations in_the cell culture solution (i. in
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and/ or 1&/“%%‘9’5%&4%&%%&& PREIId ifi r@diﬁcéc}’b\k/'ﬁ%ﬁurnf%%ﬁ&mhnl%ﬁ’dotﬁeﬁn %Elhsa' n
enbodi ment s HA+ concentration o e supernatant 1s no er than 10
mM | n vehighr afoaregetdv cbnddbadisrtenspecifie dRidbebtin @otma bmif regoinbmanf vwike R$dp®rona1fant is
no higher than 5 MM In a preferred enbodi nent, the NH4+ concentration of
the supernatant is no higher than 4 M |In yet other enbodi nents, the NH4+
concentration of the supernatant is no higher than 10 M 9 MM 8 ™M 7 nM
6 MM 5mMM 4nM 3 n0M 2 M 1 mV ordless. [0131] Accordingly, in certain
enbodi nents, the nethods and conpositions provided herein rely on the use
of basal cell culture nedia supplenented with copper (e.g., to a final
concentration of at least 2 jag/L) used in a process that results in an
NH4+ concentration of no higher than 10 nMin the supernatant. In yet other
enbodi rrents, the basal ceII cuI ture rredr um | s suppl errent ed to provr de a
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multimerization is generally associated in reduction of activity, particularly specific Ristocetin

activity, of recombinant vWF.

[0015] It still remains difficult to predict which parameters can positively or negatively affect
production of a particular protein, especially complex glycoproteins like Factor VIII and vWF.
For example, certain components of a cell culture medium have been shown to affect production
of Factor VIII. As disclosed in US Patent No. 5,804,420, the addition of polyol, copper, and
other trace metals can positively affect production yield of Factor VIII. As also described in WO
2009/086309, cell culture processes using copper in have been shown to improve production of
Factor VIII. Expression of vVWF in recombinant CHO cells has also been reported by Mignot et
al. (1989). However, none of these examples provide information regarding the specific activity

of vWF or its multimeric distribution.

[0016] The ADAMTS (a disintegrin and metalloproteinase with thrombospondin type I motifs)
proteins are a family of metalloproteinases containing a number of conserved domains, including
a zinc-dependant catalytic domain, a cystein-rich domain, a disintegrin-like domain, and at least
one, and in most cases multiple, thrombospondin type I repeats (for review, see Nicholson et al.,
BMC Evol Biol. 2005 Feb 4;5(1):11). These proteins, which are evolutionarily related to the
ADAM and MMP families of metalloproteinases (Jones GC, Curr Pharm Biotechnol. 2006
Feb;7(1):25-31), are secreted enzymes that have been linked to a number of discases and
conditions including thrombotic thrombocytopenic purpura (TTP) (Moake JL, Semin Hematol.
2004 Jan;41(1):4-14), connective tissue disorders, cancers, inflammation (Nicholson ef al.), and
severe plasmodium falciparum malaria (Larkin et al., PLoS Pathog. 2009 Mar;5(3):¢1000349).
Because of these associations, the ADAMTS enzymes have been recognized as potential
therapeutic targets for a number of pathologies (Jones GC, Curr Pharm Biotechnol. 2006
Feb;7(1):25-31). Accordingly, methods of producing large yields of ADAMTS proteins having
high specific activities, which are free of contaminants such as viruses, BSE, and pathogens like

Mycoplasma bacteria, are needed.

[0017] One ADAMTS family member, ADAMTS13, cleaves von Willebrand factor (vWF)
between residues Tyr 1605 and Met 1606, a function responsible for the degradation of large
vWF multimers in vivo. Loss of ADAMTSI13 activity has been linked to a number of conditions,
such as TTP (Moake JL, Semin Hematol. 2004 Jan;41(1):4-14), acute and chronic inflammation
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(Chauhan et al., J Exp Med. 2008 Sep 1;205(9):2065-74), and most recently, severe plasmodium
falciparum malaria (Larkin et al., PLoS Pathog. 2009 Mar;5(3):¢1000349).

[0018] The ADAMTSI13 protease is a 190 kDa glycosylated protein produced predominantly by
the liver (Levy et al., Nature. 2001; 413:488-494; Fujikawa et al., Blood. 2001; 98:1662-1666;
Zheng et al., J Biol Chem. 2001; 276:41059-41063; Soejima ef al., J Biochem (Tokyo). 2001;
130:475-480; and Gerritsen et al., Blood. 2001; 98:1654-1661). Much like the higher order
rVWF multimers, recombinant expression of the large ADAMTS13 in mammalian cell culture

presents many challenges.

[0019] Therefore, there is a need to provide cell culture conditions, particularly large-scale
manufacturing culture conditions, that provide consistent total protein yield and/or consistent
total and specific activity of the proteins produced between different cell cultures. Consistency
among cultures in large-scale manufacturing processes is of importance in the manufacture of
therapeutic proteins. There is also a need for cell culture conditions for large-scale production
of r'VWF with a multimeric distribution and specific Ristocetin activity comparable or higher
than VWF as it is present in normal human plasma. Similarly, as ADAMTS proteins have been
implicated in a number of diseases and conditions, there is a need in the art for methods of large
scale production of recombinant ADAMTS proteins having high specific activities, which are
suitable for pharmaceutical formulation and administration. The present invention satisfies these
and other needs in the art for the production of recombinant Von Willebrand Factor and

recombinant ADAMTS13.

BRIEF SUMMARY OF INVENTION

[0020] In certain aspects, the present invention is based on the surprising finding that
supplementation of cell culture media used to express recombinant Von Willebrand Factor
(rVWF) and recombinant ADAMTS13 (rA13) results in significantly improved protein

expression and enzymatic activity.

[0021] In a first aspect, the present invention provides a method for producing a recombinant
Von Willebrand Factor (rVWF) composition, the method comprising the steps of: (a) providing a

basal cell culture media; (b) supplementing the basal cell culture media with copper to provide a
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final copper concentration of at least 2.4 ug/L; (¢) providing one or more cells comprising a
nucleic acid encoding a rVWF protein; (d) culturing the one or more cells in the copper
supplemented cell culture media such that rVWF is expressed and excreted from the cells into a
culture supernatant; and (e) recovering at least a portion of the culture supernatant, wherein the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 30 mU/ug

rVWE.

[0022] In one embodiment of the methods provided above, the method further comprises a step
of supplementing the basal cell culture media with a hydrolysate prior to culturing the one or

more cells.

[0023] In one embodiment of the methods provided above, the hydrolysate is a plant
hydrolysate. In a specific embodiment, the hydrolysate is a soy hydrolysate.

[0024] In one embodiment of the methods provided above, the basal cell culture media is an

animal protein free culture media.

[0025] In one embodiment of the methods provided above, the basal cell culture media is a

protein free culture media.

[0026] In one embodiment of the methods provided above, the basal cell culture media is a

chemically defined culture media.

[0027] In one embodiment of the methods provided above, the final copper concentration of the

copper supplemented basal cell culture media is at least 4 ug/L copper.

[0028] In one embodiment of the methods provided above, the final copper concentration of the

copper supplemented basal cell culture media is between 2.4 ug/L and 20 pg/L copper.

[0029] In one embodiment of the methods provided above, the copper supplementing the basal

cell culture media is provided as a copper salt, a copper chelate, or a combination thereof.

[0030] In one embodiment of the methods provided above, the copper salt is selected from the
group consisting of copper sulfate, copper acetate, copper carbonate, copper chloride, copper

hydroxide, copper nitrate, and copper oxide.
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[0031] In one embodiment of the methods provided above, the one or more cells are mammalian

cells. In a specific embodiment, the mammalian cells are CHO cells.

[0032] In one embodiment of the methods provided above, culturing the one or more cells

comprises batch cultivation of the cells.

[0033] In one embodiment of the methods provided above, culturing the one or more cells
comprises continuous cultivation of the cells. In a specific embodiment, the continuous
cultivation of cells is performed in chemostatic mode. In another specific embodiment, the

continuous cultivation of cells is performed in perfusion mode.

[0034] In one embodiment of the methods provided above, the one or more cells is cultured in at

least 100 L of the supplemented basal cell culture media.

[0035] In one embodiment of the methods provided above, the cell density is maintained at less

than 2.5x10° cells per mL during the step of culturing the one or more cells.

[0036] In one embodiment of the methods provided above, the cell density is maintained at less

than 2.0x10° cells per mL during the step of culturing the one or more cells.

[0037] In one embodiment of the methods provided above, the cell density is maintained at less

than 1.5x10° cells per mL during the step of culturing the one or more cells.

[0038] In one embodiment of the methods provided above, the step of recovering at least a
portion of the culture supernatant comprises filtration or centrifugation to remove cells from the

portion of culture supernatant.

[0039] In one embodiment of the methods provided above, the recovered supernatant has a
rVWF specific ristocetin cofactor activity of at least 40 mU/ug rVWEF. In a specific
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more specific embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 60 mU/ug rVWF. In a more specific embodiment,
the recovered supernatant has a rVWEF specific ristocetin cofactor activity of at least 70 mU/pg
rVWEF. In ayet more specific embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 80 mU/ug rVWE.
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[0040] In one embodiment of the methods provided above, at least 10% of the rVWEF in the
supernatant is present in a high molecular weight VWF multimer of more than 10 dimers. In a
specific embodiment, at least 15% of the rVWEF is present in a high molecular weight VWF
multimer of more than 10 dimers. In another specific embodiment, at least 20% of the rVWEF is
present in a high molecular weight VWF multimer of more than 10 dimers. In another specific
embodiment, at least 25% of the rVWF is present in a high molecular weight VWF multimer of
more than 10 dimers. In another specific embodiment, at least 30% of the rVWF is present in a

high molecular weight VWF multimer of more than 10 dimers.

[0041] In one embodiment of the methods provided above, the supernatant contains high

molecular weight VWF multimers of 14 to 22 dimers.

[0042] In one embodiment of the methods provided above, the NH4 ™ content of the culture

supernatant is maintained at a concentration below 10 mM.

[0043] In one embodiment of the methods provided above, the NH4 " content of the culture

supernatant is maintained at a concentration below 4 mM.

[0044] In one embodiment of the methods provided above, rVWF is co-expressed with
recombinant Factor VIII (rFVIII). In a specific embodiment, the method further comprises a step
of purifying rVWF away from at least 50% of the rFVIII present in the recovered supernatant. In
onc embodiment, the ratio of rVWF to rFVIII after the purification step is at least 10:1.

[0045] In one embodiment of the methods provided above, the method further comprises a
rVWF enrichment step.

[0046] In a second aspect, the present invention provides a recombinant Von Willebrand Factor

(rVWF) composition prepared by a method provided herein.

[0047] In one embodiment of the compositions provided above, the composition further
comprises recombinant Factor VIII (rFVIII). In a specific embodiment, the ratio of r'VWF to
rFVIII is at least 10:1.

[0048] In one embodiment of the compositions provided above, the composition is formulated
for pharmaceutical administration. In a specific embodiment, the composition is formulated for

intravenous administration.
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[0049] In a third aspect, the present invention provides a cell culture supernatant comprising
recombinant Von Willebrand Factor (rVWF), wherein the supernatant is prepared by a method

provided herein.

[0050] In a fourth aspect, the present invention provides a cell culture supernatant comprising
recombinant Von Willebrand Factor (rVWF), wherein at least 10% of the rVWF in the
supernatant is present in a high molecular weight VWF multimer of more than 10 dimers. In a
specific embodiment, at least 15% of the rVWF in the supernatant is present in a high molecular
weight VWF multimer of more than 10 dimers. In another specific embodiment, at least 20% of
the rVWF in the supernatant is present in a high molecular weight VWF multimer of more than
10 dimers. In another specific embodiment, at least 25% of the rVWF in the supernatant is
present in a high molecular weight VWF multimer of more than 10 dimers. In another specific
embodiment, at least 30% of the rVWF in the supernatant is present in a high molecular weight
VWF multimer of more than 10 dimers. In yet another specific embodiment of the supernatants

provided above, the supernatant is prepared according to a method provided herein.

[0051] In a fifth aspect, the present invention provides a cell culture supernatant comprising
recombinant Von Willebrand Factor (rVWF), wherein the supernatant contains at least 0.4 ITU
ristocetin cofactor activity per mL. In a specific embodiment, the supernatant contains at least
0.5 TU ristocetin cofactor activity per mL. In another specific embodiment, the supernatant
contains at least 0.6 IU ristocetin cofactor activity per mL. In another specific embodiment, the
supernatant contains at least 0.7 IU ristocetin cofactor activity per mL. In yet another specific
embodiment of the supernatants provided above, the supernatant is prepared according to a

method provided herein.

[0052] In a sixth aspect, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper to provide a final
copper concentration of at least 1.0 pug/L; (¢) providing one or more cells comprising a nucleic
acid encoding a rA13 protein; (d) culturing the one or more cells in the copper supplemented cell
culture media such that rA13 is expressed and excreted from the cells into a culture supernatant;

and (¢) recovering at least a portion of the culture supernatant, wherein at least 1500 Units

11
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FRETS-VWEF73 activity per liter supplemented basal cell culture media per day is present in the

recovered culture supernatant.

[0053] In one embodiment of the methods provided above, the basal cell culture media is an

animal protein free culture media.

[0054] In one embodiment of the methods provided above, the basal cell culture media is a

protein free culture media.

[0055] In one embodiment of the methods provided above, the basal cell culture media is a

chemically defined culture media.

[0056] In one embodiment of the methods provided above, the final copper concentration of the

supplemented basal cell culture media is at least 1 ug/L copper.

[0057] In one embodiment of the methods provided above, the final copper concentration of the

supplemented basal cell culture media is at least 2 ug/L copper.

[0058] In one embodiment of the methods provided above, the final copper concentration of the

supplemented basal cell culture media is at least 4 ug/L copper.

[0059] In one embodiment of the methods provided above, the final copper concentration of the

supplemented basal cell culture media is between 1 pug/L and 6 ug/L copper.

[0060] In one embodiment of the methods provided above, the final copper concentration of the

supplemented basal cell culture media is between 2 pug/L and 4 ug/L copper.

[0061] In one embodiment of the methods provided above, copper supplementing the basal cell
culture media is provided as a copper salt, a copper chelate, or a combination thereof. In a
specific embodiment, the copper salt is selected from the group consisting of copper sulfate,
copper acetate, copper carbonate, copper chloride, copper hydroxide, copper nitrate, and copper

oxide.

[0062] In one embodiment of the methods provided above, the one or more cells are mammalian

cells. In a specific embodiment, the mammalian cells are CHO cells.

[0063] In one embodiment of the methods provided above, culturing the one or more cells

comprises batch cultivation of the cells.

12
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[0064] In one embodiment of the methods provided above, culturing the one or more cells
comprises continuous cultivation of the cells. In a specific embodiment, the continuous
cultivation of cells is performed in chemostatic mode. In another specific embodiment, the

continuous cultivation of cells is performed in perfusion mode.

[0065] In one embodiment of the methods provided above, the one or more cells is cultured in at

least 100 L of the supplemented basal cell culture media.

[0066] In one embodiment of the methods provided above, the cell density is maintained at less

than 4.0x10° cells per mL during the step of culturing the one or more cells.

[0067] In one embodiment of the methods provided above, the cell density is maintained at less

than 3.5x10° cells per mL during the step of culturing the one or more cells.

[0068] In one embodiment of the methods provided above, the cell density is maintained at less

than 3.0x10° cells per mL during the step of culturing the one or more cells.

[0069] In one embodiment of the methods provided above, the cell density is maintained at less

than 2.5x10° cells per mL during the step of culturing the one or more cells.

[0070] In one embodiment of the methods provided above, the cell density is maintained at less

than 2.0x10° cells per mL during the step of culturing the one or more cells.

[0071] In one embodiment of the methods provided above, the cell density is maintained at less

than 1.5x10° cells per mL during the step of culturing the one or more cells.

[0072] In one embodiment of the methods provided above, the step of recovering at least a
portion of the culture supernatant comprises filtration or centrifugation to remove cells from the

portion of culture supernatant.

[0073] In one embodiment of the methods provided above, at least 2000 Units FRETS-VWF73
activity per liter supplemented basal cell culture media per day is present in the recovered culture

supernatant.

[0074] In one embodiment of the methods provided above, at least 2500 Units FRETS-VWF73
activity per liter supplemented basal cell culture media per day is present in the recovered culture

supernatant.
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[0075] In one embodiment of the methods provided above, the recovered supernatant has a rA13

specific FRETS-VWEF73 activity of at least 800 mU/ug.

[0076] In a preferred embodiment of the methods provided above, the recovered supernatant has

arA13 specific FRETS-VWF73 activity of at least 1200 mU/ug.

[0077] In a more preferred embodiment of the methods provided above, the recovered

supernatant has a rA13 specific FRETS-VWF73 activity of at least 1600 mU/pg.

[0078] In one embodiment of the methods provided above, the NH4 " content of the culture

supernatant is maintained at a concentration below 10 mM.

[0079] In one embodiment of the methods provided above, the NH4 " content of the culture

supernatant is maintained at a concentration below 5 mM.

[0080] In onc embodiment of the methods provided above, the NH4 " content of the culture

supernatant is maintained at a concentration below 4 mM.

[0081] In one embodiment of the methods provided above, the method further comprises a rA13

enrichment step.

[0082] In a seventh aspect, the present invention provides a cell culture supernatant comprising
recombinant ADAMTS13 (rA13), wherein the supernatant is prepared by a method provided

herein.

[0083] In an eighth aspect, the present invention provides a cell culture supernatant comprising
recombinant Von Willebrand Factor (rVWF), wherein the supernatant contains at least 5 U
FRETS-VWF73 activity per mL. In a specific embodiment, the supernatant contains at least 6 U
FRETS-VWEF73 activity per mL. In another specific embodiment, the supernatant contains at
least 7 U FRETS-VWEF73 activity per mL. In another specific embodiment, the supernatant
contains at least 8§ U FRETS-VWF73 activity per mL. In another specific embodiment, the
supernatant contains at least 9 U FRETS-VWF73 activity per mL. In another specific
embodiment, the supernatant contains at least 10 U FRETS-VWF73 activity per mL. In yet
another specific embodiment of the supernatants provided above, the supernatant is prepared

according to a method provided herein.
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5.5 pg/L Var. 20 Var. 60 Var. 100 Var. 140 Var. 180 Var. 220 Var. 260 Var.
300 Vvar. 340 Var. 380 Var. 420 About 6 pg/L Var. 21 Var. 61 Var. 101 Var.

141 Var. wBoM#a0659221 Var. 261 Var. 301 Var. 341 Var. 3@CTNSR01142355 About
pg/ L

[0084] In a ninth aspect, the present invention provides a cell culture supernatant comprising
recombinant Von Willebrand Factor (rVWF), wherein the supernatant contains at least 2 ug
rA13 per mL. In a specific embodiment, the supernatant contains at least 3 ug rAl3 per mL. In
another specific embodiment, the supernatant contains at least 4 ug rA13 per mL. In another
specific embodiment, the supernatant contains at least 5 ug rA13 per mL. In another specific
embodiment, the supernatant contains at least 6 ug rA13 per mL. In yet another specific
embodiment of the supernatants provided above, the supernatant is prepared according to a

method provided herein.

[0085] In a tenth aspect, the present invention provides a recombinant ADAMTS13 (rA13)

composition prepared by a method according to any one of the methods described above.

[0086] In one embodiment of the compositions provided above, the composition is formulated
for pharmaceutical administration. In a specific embodiment, the composition is formulated for

intravenous administration.

BRIEF DESCRIPTION OF DRAWINGS

[0087] Figure 1. (1A) Low resolution (1 %) agarose gel electrophoresis of rVWF expressed in
mammalian cell culture in the presence of low (1.0 ug/L) and high (4.3 ug/L) copper
concentration, as described in Example 2. Note that culture Day 3 is equivalent to batch day 1 of
Table 7 and Table 8. (1B) The relative amounts of VWF multimers having 1 to 10 dimers (band
number 1) and more than 10 dimers (band number 2), as indicated by the bands defined in Figure

1A, was quantitated by densitometric analysis.

[0088] Figure 2. (2A) Interval plot of the average rVWEF specific activity present in rVWF cell
culture supernatants grown at high and low cell densities in the presence of high or low levels of
copper. (2B) Interval plot of the average NH4 " concentration found in rVWF cell culture

supernatants grown at high and low cell densities in the presence of high or low levels of copper.

[0089] Figure 3. Supecrnatants from cell cultures expressing recombinant ADAMTS13 in the
presence of increasing levels of copper were investigated by SDS-PAGE analysis. rA13 was

visualized after SDS-PAGE by (3A) silver staining and (3B) anti-A13 western blotting.
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Var. 22 Var. 62 Var. 102 Var. 142 Var. 182 Var. 222 Var. 262 Var. 302 Var.
342 Var. 382 Var. 422 About 8 pg/L Var. 23 Var. 63 Var. 103 Var. 143 Var.
183 Var. W020M#0659263 Var. 303 Var. 343 Var. 383 Var. 4P8T/UAb@ut4B5pg/ L
Var. 24

[0090] Figure 4. Plot of volumetric productivity (P Frets) data versus copper concentration
showing an extrapolation (solid line) of optimal copper concentration effect on rA13

productivity.

[0091] Figure SA-K. Bar graphs from continuous suspension (chemostat) cell cultures
expressing rA13 over a culture time of 8 weeks comparing the effects of basal levels of copper
(0.66 ng/L) to that of cultures supplemented to a final concentration of 2 ug/L copper. Each bar
represents the mean data of one week of chemostatic culturing. The legend refers to the

particular week represented in the data.

[0092] Figure 6. (6A) Low resolution (1 %) agarose gel electrophoresis of rVWF expressed in
mammalian cell culture in the presence of low (1.0 ug/L) and high (4.3 ug/L) copper
concentration under high and low cell densities as described in Example 3. Note that culture
Day 8 and 17 (“CST8” and “CST17”) is equivalent to Day 8 and Day 17 of Table 10 to Table 13.
(6B) The relative amounts of VWF multimers having 1 to 10 dimers and more than 10 dimers, as

indicated by the bands defined in Figure 6 A, was quantitated by densitometric analysis.

DETAILED DESCRIPTION OF INVENTION
I. Introduction

[0093] Recombinant vWF (rVWF) and recombinant ADAMTS13 (rA13) can be produced by
expression in large-scale mammalian cell cultures. However, the activity of these proteins when
produced using standard cell culture conditions often varies across cell cultures, even when the
general formulations of the media are not changed, and the specific activities of the recombinant
proteins arc often not equal to that of vVWF and rA 13 derived from blood plasma. In addition,
rVWF expressed in mammalian cell cultures tends to produce protein compositions with low
(under 10%) percentages of higher order multimers (higher order multimers include molecules
containing more than 10 VWF dimers). These drawbacks in standard production methods of
rVWF and rA 13 are particularly problematic when developing cultures for large scale production

(i.e., from 10 to over 20,000 liter cultures).
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Var. 64 Var. 104 Var. 144 Var. 184 Var. 224 Var. 264 Var. 304 Var. 344 Var.
384 Var. 424 WD 2012/ 006591PCT/ US2011/ 043455 About 10 pg/L Var. 25 Var.
65 Var. WO 2vex0063p45 Var. 185 Var. 225 Var. 265 Var. 30BCVAIS20134%34%:mr. 385
Var. 425 1-20 pg/L Var. 26

[0094] One potential source of the variability often seen in different cell culture batches is the
presence of contaminants in components of the cell culture media. These contaminants may be
present in different amounts in different batches, leading to variable results in the production of
rVWF and rA13. After investigating the different contaminants found in various cell culture
media additives, the present inventors found that the presence of hydrolysates leads to variation
in copper concentrations in the cell media. Further investigation provided the surprising result
that supplementing copper concentrations in cell media to produce a total copper concentration
of at least about 1 ug/L to about 20 ug/L consistently increased the total and specific activity of
rVWF and rA13 and/or could also lead to increased total protein yield. Thus, the present
invention provides methods and compositions for high yield production of rVWF and rA13

proteins with high specific activity.

[0095] In one aspect, the present invention provides cell culture methods and compositions for
producing large quantities of rVWF and rA13 with activity that is comparable to or higher than
that seen with plasma derived vWF (pdVWF) or plasma derived ADAMTS13 (pdA13). In
further aspects, the rVWF and rA13 proteins produced in accordance with the present invention
show consistently higher activity than proteins produced using standard cell culture methods in
media that has not been supplemented with copper or other supplements described in further
detail herein. Advantageously, in certain embodiments of the methods and compositions
provided herein, the rVWF and rA13 proteins produced in accordance with the present invention
show consistently higher specific activity (i.e., U/mg protein) than proteins produced using
standard cell culture methods in media that has not been supplemented with copper or other
supplements described in further detail herein. Likewise, the methods provided herein for the
production of rVWF and rA13 provide higher yields of activity per volume culture (i.e., U/L/D),
as compared to standard cell culture methods utilizing media that has not been supplemented

with copper or other supplements described in further detail herein.

[0096] In a further aspect, the present invention provides cell culture methods in which a basal
cell culture medium is supplemented with copper to result in a total concentration of at least
about 1 ug/L. In other embodiments, the basal cell culture medium is supplemented with copper
to result in a total concentration of at least about 2 ug/L. In yet other embodiments, the basal cell

culture medium is supplemented with copper to result in a total concentration of at least about 1
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Var .

386 Var. 426 2-20 pg/L Var. 27 Var. 67 Var. 107 Var. 147 Var. 187 Var.
267 wer01230¢s9var . 347 Var. 387 Var. 427 1-10 pg/ LPUamsS2@3/0¥5455 68

Var .

ng/L to about 20 ug/L. In some embodiments, the total concentration of copper is from about
1.5-4.5 pg/L. In certain embodiments, the cell culture medium is supplemented to result in
about1,1.2,14,1.6,1.8,2.0,2.2,24,2.6,2.8,3,3.2,34,3.6,3.8,4,42,44,4.6,4.8,5.0,5.5,
6.0,6.5,7.0,7.5,8.0,8.5,9.0,9.5,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 ug/L copper, or

more. Basal cell culture media generally have a trace copper concentration of under 1 pg/L.

[0097] Insome embodiments, the present invention provides cell culture methods in which a
basal cell culture medium is supplemented with from about 1.0 to about 20 pg/L copper for
production of rVWF. In further embodiments, the basal cell culture medium is supplemented
with from about 1.5-15, 2.0-10, 2.5-8, 3.0-6, 4.0 -5.0 ug/L copper for production of rVWF. In
still further embodiments, the basal cell culture medium may, in addition to the supplemented

copper, also include one or more hydrolysates.

[0098] In other embodiments, the present invention provides cell culture methods in which a
basal cell culture medium is supplemented with from about 1.5 to about 4 ug/L copper for
production of rA13. In further embodiments, the basal cell culture medium is supplemented with
from about 1.6 - 3.8,1.7-3.6,1.8-3.4,19-32,2.0-3.0,2.1-28,2.2-2.6,23-24 ug/L
copper for production of rA13. In still further embodiments, the basal cell culture medium may,
in addition to the supplemented copper, also include one or more hydrolysates. In yet further
embodiments, the basal cell culture medium includes, in addition to copper and/or one or more
hydrolysates, about 1.0 to about 30 uM zinc. In still further embodiments, the basal cell culture
medium further includes, in addition to copper and/or one or more hydrolysates and/or zinc,

between about 0.5 to about 5.0 mM calcium.

[0099] In a still further aspect and in accordance with any of the above, the present invention
provides cell culture methods in which the ammonium levels of the cell culture solution are low
(under 10 mM). In certain embodiments, cell culture methods of the present invention utilize
cell culture media having over 1, 2, 3, 4, or 5 ug/L copper in combination with low levels of

ammonium.

[0100] One of the advantages of the methods and compositions of the present invention is that
they are amenable to large scale cell culture production. These large scale cell cultures are at
least 10 L, 50 L, 100 L, 150 L, 200 L, 250 L, 500 L, 750 L, 1,000 L, 1,500 L, 2,000 L, 5,000 L,
10,000 L, or 20,000 liter cultures.
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Var. 108 Var. 148 Var. 188 Var. 228 Var. 268 Var. 308 Var. 348 Var. 388
Var. 428 2-10 pg/L Var. 29 Var. 69 Vvar. 109 Vvar. 149 Vvar. 189 Vvar. 229
Var. 269 wer012806859var. 349 Var. 389 Var. 429 1-6 pg/L Yar/us3@ivas4s5 70 Var .
110 Var.

[0101] In certain aspects, the methods of the invention do not necessarily result in a higher
amount of recombinant protein overall, but the recombinant protein (cither r'VWF or rA13) that
is produced shows higher total and specific activity than is seen in proteins produced using
standard cell cultures, particularly as compared to proteins produced in cell cultures in which the
cell culture medium has not been supplemented with additional copper. In further aspects, the
rVWF and rA13 proteins produced in cells cultured in copper supplemented media show
consistently increased activity per liter of cell culture as compared to cells cultured in basal cell
culture media that has not been supplemented with copper. In still further aspects, the copper
supplemented media of the present invention result in increased protein yield, increased number
of cells in the culture, and/or increased total activity per liter of culture as compared to media

that has not been supplemented with copper.

[0102] Still further advantages of methods and compositions of the invention is that they result a
population of proteins containing a high percentage (over 10%) of highly multimerized rVWF.

[0103] Although much of the discussion herein regarding ADAMTS proteins is in terms of
ADAMTSI13 (A13), it will be appreciated that because all ADAMTS proteins share a common
core domain architecture and common structure-function relationships, the methods and
compositions described herein are applicable for production of any ADAMTS proteins, not only

rAl3.
II. Definitions

[0104] As used herein, "recombinant vVWF" includes vWF obtained via recombinant DNA
technology. In certain embodiments, vVWF proteins of the invention can comprise a construct,
for example, prepared as in WO 1986/06096 published on Oct. 23, 1986 and U.S. patent
application Ser. No. 07/559,509, filed on Jul. 23, 1990, in the name of Ginsburg et al., which is
incorporated herein by reference with respect to the methods of producing recombinant vWF.
The vWF in the present invention can include all potential forms, including the monomeric and
multimeric forms. It should also be understood that the present invention encompasses different
forms of vVWF to be used in combination. For example, the vVWF of the present invention may
include different multimers, different derivatives and both biologically active derivatives and

derivatives not biologically active.
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150 Vvar. 190 Var. 230 Var. 270 Var. 310 Var. 350 Var. 390 Var. 430 2-6
pg/L Var. 31 Var. 71 Var. 111 Var. 151 Var. 191 Var. 231 Var. 271 Var. 311
Var. 351 wer128@ds9var. 431 3-6 pg/L Var. 32 Var. 72 VaPCTAB201VAu345152 Var .
192 Var.

[0105] The term “recombinant” when used with reference, e.g., to a cell, or nucleic acid, protein,
or vector, indicates that the cell, nucleic acid, protein or vector, has been modified by the
introduction of a heterologous nucleic acid or protein or the alteration of a native nucleic acid or
protein, or that the cell is derived from a cell so modified. Thus, for example, recombinant cells
express genes that are not found within the native (non-recombinant) form of the cell or express

native genes that are otherwise abnormally expressed, under expressed or not expressed at all.

[0106] In the context of the present invention, the recombinant vWF embraces any member of
the vWF family from, for example, a mammal such as a primate, human, monkey, rabbit, pig,
rodent, mouse, rat, hamster, gerbil, canine, feline, and biologically active derivatives thereof. In
a preferred embodiment, the recombinant VWF is human VWF. Mutant and variant vWF
proteins having activity are also embraced, as are functional fragments and fusion proteins of the
vWEF proteins. Furthermore, the vWF of the invention may further comprise tags that facilitate
purification, detection, or both. The vWF described herein may further be modified with a

therapeutic moiety or a moicty suitable imaging in vitro or in vivo.

[0107] The terms “highly multimeric vVWF,” “high molecular weight vWF,” and “HMW VWF”
may be used interchangeably and refer to covalently attached vWF multimers containing more
than 10 VWF dimers. In certain embodiments, HMW VWF contains at least 11 VWF dimers, or
at least 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or more VWF dimers.

[0108] As used herein, an “ADAMTS protein” refers to a polypeptide of the disintegrin and
metalloproteinase with thrombospondin type I motifs family of metalloproteinases. Members of
this family include the human proteins ADAMTS1 (NM_006988), ADAMTS2 (NM_014244;
NM 021599), ADAMTS3 (NM_014243), ADAMTS4 (NM_005099), ADAMTSS
(NM_007038), ADAMTS6 (NM_014273), ADAMTS7 (NM_0142727), ADAMTSS
(NM_007037), ADAMTS9 (NM_182920; NM_182921; NM_020249), ADAMTSI10
(NM_030957), ADAMTS12 (NM_030955), ADAMTS13 (NM_139025; NM_139026;

NM 139027, NM_139028), ADAMTS14 (NM_139155; NM_080722), ADAMTSI15
(NM_139055), ADAMTS16 (NM_139056), ADAMTS17 (NM_139057), ADAMTSI18
(NM_199355; NM_139054), ADAMTS19 (NM_133638), and ADAMTS20 (NM_025003,
NM 175851). ADAMTS proteins include both full-length proteins and partial polypeptides that
display at least partial biological activity, for example, at least 10%, 20%, 30%, 40%, 50%, 60%,
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232 Var. 272 Var. 312 Var. 352 Var. 392 Var. 432 4-6 pg/L Var. 33 Var. 73
Var. 113 Var. 153 Var. 193 Var. 233 Var. 273 Var. 313 Var. 353 Var. 393
Var. 433 wo-2812p96391Var. 34 Var. 74 Var. 114 Var. 154 VaPCTAS401VAu345234 Var .
274 Var.

70%, 80%, 90%, or more of the activity demonstrated by the full-length protein, in particular the
protecasc activity demonstrated by the full length protein. In certain instances, an ADAMTS

protein will be post-translationally modified either in vivo or in vitro, for example, by enzymatic
or chemical means. It is understood that the ADAMTS proteins of the present invention include
alternatively spliced isoforms, conservatively modified proteins, substantially identical proteins,

homologues, and the like.

[0109] In the context of the present invention, an ADAMTS protein embraces any member of
the ADAMTS family from, for example, a mammal such as a primate, human, monkey, rabbit,
pig, rodent, mouse, rat, hamster, gerbil, canine, feline, and biologically active derivatives thereof.
Mutant and variant ADAMTS proteins having activity are also embraced, as are functional
fragments and fusion proteins of the ADAMTS proteins. Furthermore, the ADAMTS proteins of
the invention may further comprise tags that facilitate purification, detection, or both. The
ADAMTS proteins described herein may further be modified with a therapeutic moiety or a

moicty suitable imaging in vitro or in vivo.

[0110] As used herein, an “ADAMTS13 protein” refers to any protein or polypeptide with
ADAMTSI13 activity, particularly the ability to cleave the peptide bond between residues Tyr-
842 and Met-843 of VWF. In an exemplary embodiment, an ADAMTSI13 protein refers to a
polypeptide comprising an amino acid sequence that is highly similar to that of NP_620594
(ADAMTSI13 isoform 1, preproprotein) or amino acids 75 to 1427 of NP_620594 (ADAMTSI13
isoform 1, mature polypeptide). In another embodiment, an ADAMTSI3 protein refers to a
polypeptide comprising an amino acid sequence that is highly similar to that of NP_620596
(ADAMTSI13 isoform 2, preproprotein) or amino acids 75 to 1371 of NP_620594 (ADAMTSI13
isoform 2, mature polypeptide). In yet another embodiment, ADAMTSI13 proteins include
polypeptides comprising an amino acid sequence highly similar to that of NP_620595
(ADAMTSI13 isoform 3, preproprotein) or amino acids 75 to 1340 of NP_620595 (ADAMTSI13
isoform 1, mature polypeptide). As used herein, an ADAMTS13 protein includes natural
variants with vVWF cleaving activity and artificial constructs with vVWF cleaving activity. As
used in the present invention, ADAMTS13 encompasses any natural variants, alternative
sequences, isoforms or mutant proteins that retain some basal activity. Examples of

ADAMTS13 mutations found in the human population include, without limitation, R7W, V8&M,
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314 Var. 354 Var. 394 Var. 434 2-5 pg/L Var. 35 Var. 75 Var. 115 Var. 155
Var. 195 Vvar. 235 Var. 275 Var. 315 Var. 355 Var. 395 Vvar. 435 3-5 pg/L
Var. 36 \Wi0.20i2fo8%m. 116 Var. 156 Var. 196 Var. 236 Var PCRAB204a/0434336 Var .
356 Var.

H96D, R102C, R193W, T1961, H234Q, A250V, R268P, W390C, R398H, Q448E, Q456H,
P457L, C508Y, R528G, P618A, R625H, 1673F, R692C, A732V, S903L, C908Y, C951G,
G982R, C1024G, A1033T, R1095W, R1123C, C1213Y, T12261, G1239V, R1336W, many of
which have been found associated with thrombotic thrombocytopenic purpura (TTP).
ADAMTSI13 proteins also includes polypeptides containing post-translational modifications.

For example, ADAMTS13 has been shown to be modified by N-acetylglucosamine (GlcNAc) at
residues 614, 667, and 1354, and it has been predicted that residues 142, 146, 552, 579, 707, 828,
and 1235 may also be modified in this fashion.

[0111] Proteolytically active recombinant ADAMTS13 may be prepared by expression in
mammalian cell cultures, as described in Plaimauer et al., (2002, Blood. 15;100(10):3626-32)
and US 2005/0266528, the disclosures of which are herein incorporated by reference in their
entireties for all purposes. Methods for the expression of recombinant ADAMTS13 in cell
culture are disclosed in Plaimauer B, Scheiflinger F. (Semin Hematol. 2004 Jan;41(1):24-33 and
US 2011/0086413, the disclosures of which are herein incorporated by reference in their

entireties for all purposes.

[0112] As used herein, the term "biologically active derivative", when used in the context of an
ADAMTS protein, also embraces polypeptides obtained via recombinant DNA technology. This
may include any method known in the art for (i) the production of recombinant DNA by genetic
engineering, e.g., via reverse transcription of RNA and/or amplification of DNA, (ii) introducing
recombinant DNA into prokaryotic or cukaryotic cells by transfection, i.e., via electroporation or
microinjection, (iii) cultivating said transformed cells, e.g., in a continuous or batch-wise
manner, (iv) expressing an ADAMTS protein, e.g., constitutively or upon induction, and (v)
isolating said ADAMTS protein, e.g., from the culture medium or by harvesting the transformed
cells, in order to (vi) obtain substantially purified recombinant ADAMTS protein, e.g., via ion
exchange chromatography, size exclusion chromatography, affinity chromatography,
hydrophobic interaction chromatography, and the like. The term "biologically active derivative"
includes also chimeric molecules such as ¢.g. an ADAMTS protein, or functional fragment
thereof, in combination with a second polypeptide, e.g., an immunoglobulin Fc domain or an
albumin domain, in order to improve the biological/pharmacological properties such as e.g., half

life of the ADAMTS protein in the circulation system of a mammal, particularly a human.
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396 Var. 436 4-5 pg/L Var. 37 Var. 77 Var. 117 Var. 157 Var. 197 Var. 237
Var. 277 Var. 317 Var. 357 Var. 397 Var. 437 1-4 pg/L Var. 38 Vvar. 78 Var.
118 Var. wWwb&0M#0659198 Var. 238 Var. 278 Var. 318 Var. 3P8TN®R01189Bs53/ar. 438

[0113] The terms “isolated,” “purified,” or “biologically pure” refer to material that is
substantially or essentially free from components that normally accompany it as found in its
native state. Purity and homogeneity are typically determined using analytical chemistry
techniques such as polyacrylamide gel electrophoresis or high performance liquid
chromatography. In one embodiment, rVWF is the predominant species present in a preparation
is substantially purified. In another embodiment, rA13 is the predominant species present in a
preparation is substantially purified. The term “purified” in some embodiments denotes that a
nucleic acid or protein gives rise to essentially one band in an electrophoretic gel. In other
embodiments, it means that the nucleic acid or protein is at least 50% pure, more preferably at
least 60%, 65%, 70%, 75%, 80%, 85%., 90%, 95%, 96%, 97%, 98%, 99% or more pure.
“Purify” or “purification” in other embodiments means removing at least one contaminant from
the composition to be purified. In this sense, purification does not require that the purified

compound be homogenous, e.g., 100% pure.

[0114] The biological activity of vWF can be measured by known ix vitro assays. For example,
the Ristocetin Cofactor assay is based on the agglutination of fresh or formalin-fixed platelets
induced by the antibiotic ristocetin in the presence of vVWF. The degree of platelet agglutination
depends on the vVWF concentration and can be measured by the turbidimetric method, e.g. by use
of an aggregometer (Weiss et al., J. Clin. Invest. 52: 2708-2716, 1973; Macfarlane et al.,
Thromb. Diath. Haemorrh. 34: 306-308, 1975). As provided herein, the specific Ristocetin
Cofactor activity of the vVWF of the present invention is described in terms of mU/ug of vWF, as

measured using in vitro assays.

[0115] As used herein, “one unit of ADAMTS activity” is defined as the amount of activity in 1
mL of pooled normal human plasma, regardless of the assay being used. For example, when the
ADAMTS protein is ADAMTS13, one unit of ADAMTS13 FRETS-VWF73 activity is the
amount of activity needed to cleave the same amount of FRETS-VWF73 substrate (Kokame et
al., Br ] Haematol. 2005 Apr; 129(1):93-100) as is cleaved by one mL of pooled normal human
plasma. Conveniently, ADAMTSI13 activity may be determined by functional assays, such as
functional assays employing modified von Willebrand factor peptides as substrate for
ADAMTSI13 (Tripodi et al. J Thromb Haemost. 2008 Sep;6(9): 1534-41). A preferred method

of determining recombinant human ADAMTS13 activity is disclosed in Gerritsen et al. (Assay
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2-4 pg/L Var. 39 Var. 79 Var. 119 Var. 159 Var. 199 Var. 239 Var. 279 Var.
319 Var. 359 Var. 399 Var. 439 3-4 pg/L Var. 40 Var. 80 Var. 120 Var. 160
Var. 200 wenro122659var. 280 Var. 320 Var. 360 Var. 400 VacCTI/u$d@1/043MB5 = not
defined *NMI = no nore than *AL = at |least [0132] In some enbodi nents, the
copper supplenented nedia of the present invention are produced by

suppl enenting basal nedia that is aninmal protein-free and/or chemcally
defined. Methods of preparing animal protein-free and chem cally defined
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concentyfiathRRinQt 1caladt, Fithe M8 ley bPnARSWD AVTRYS Lin yet other embodiments, an
ADAMTS13 protein will contain at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 100% of the activity of native ADAMTS13. The quantity of an ADAMTS13 protein
may also be determined by measurement of an ADAMTS13 antigen, for example using the
ELISA method disclosed in Rieger et al., (2006, Thromb Haemost. 2006 95(2):212- 20). A well
established convention in the art is that 1 mL of pooled normal human plasma contains 1 pg of
ADAMTSI13. Thus, the convention in the art is that 1 pug of plasma-derived ADAMTS13 has
onc unit of ADAMTSI13 activity.

kN9

[0116] The terms “cell culture solution,” “cell culture medium or media,” and “cell culture
supernatant” refer to aspects of cell culture processes generally well known in the art. In the
context of the present invention, a cell culture solution can include cell culture media and cell
culture supernatant. The cell culture media are externally added to the cell culture solution,
optionally together with supplements, to provide nutrients and other components for culturing
cells expressing r'VWF or rA13. The cell culture supernatant refers to a cell culture solution
comprising the nutrients and other components from the cell culture medium as well as products
released, metabolized, and/or excreted from the cells during culture, but not the cells themselves.
Thus in one context, a cell culture supernatant can refer to the liquid phase of a cell culture
solution (i.e., the cell culture solution excluding the cells). For example, the ammonium
concentration of a culture supernatant generally refers to the ammonium concentration present in

the cell culture solution. In other contexts, a cell culture supernatant refers to a cell culture

solution from which the cells have been removed (i.e., a recovered cell culture supernatant).

2% CC 2% CC

[0117] As used herein, the terms “vitamin B3,” “nicotinamide,” “niacinamide,” “niacin,” and
“nicotinic acid” may be used interchangeably to refer to any member of the B3 family of
vitamins. Accordingly, any member of this family may be used to supplement medium used in

the methods of the present invention.
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protein-free or oligopeptide free nediumis prepared as taught in U S.
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Tabl e 1. 136] In f t|o o cop cell culture
medi a Sflbkfsaaosl ueﬁewépé@@ﬁ@%aﬁ f‘?QZ(&&Z@ Jrslonie PEELBAE or “more of
addi ti mkpo@ﬁé@héfahbylraerenwﬁ tRir mﬁ&lew&raampﬁﬁ?pos@snd any conbi nation
thereof. [0137] Generally, any calciumsalt may be used to supplenent the

medi a i Dy “ t 0 p o1 ncl ude
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( C6H7066f21@a0 a CaaHSaé) REaBatAR6L, suppidmeited vitk@n ahimat esrtial Altotbgids freatitngs a
phar maceut i aII ccept abl e sal t_ of lciumis used to su enment the

Ul t ur SRR FE ChDEARY SHinop ESBImsGmPIoRmediiys SR oalt may be
used to supplenent the nedia of the invention, non-limting exanpl es of
acceptabl e salts include, ZnSO47H20, ZnS032H20, (C6HSO7)2Zn3. 2H20, ZnBr 2,
ZnBr 22H20, ZnCl2, Zn (NGB)26H20, Zn (H2PO4) 2H20, (C2H302)2Zn2H20, and t he
like. In certain enbodinents, a pharnﬁ%eutlcally acceptable salt of zinc is
used to suppl enent the culture medi uns of the invention. In other

enbodi nents, a zinc containing peptide or protein preparation, for exanple
insulin, nmay be used to the supplenent the culture provided herein. [0139]
In still further aspects, basal cell nedia supplenented with copper and one
or nore. of the addltlonal naterlals dlscussed above may further be used in
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supplemented with discrete animal or plant proteins or protein fractions. Methods of preparing
serum-free culture medium are known in the art, for example in U.S. Patent Numbers 6,171,825
and 6,936,441, WO 2007/077217, and U.S. Patent Application Publication Numbers
2008/0009040 and 2007/0212770, the disclosures of which are incorporated herein by reference

in their entireties for all purposes.

[0121] As used herein, the term “animal protein-free culture medium” or “animal protein-free
culture media” refers to a culture medium that is not supplemented with an animal serum,
protein, or protein fraction. Although oftentimes animal protein-free culture mediums are
chemically defined mediums, animal protein-free culture mediums may contain plant or yeast
hydrolysates. Methods of preparing animal protein-free culture medium are known in the art, for
example in U.S. Patent Numbers 6,171,825 and 6,936,441, WO 2007/077217, and U.S. Patent
Application Publication Numbers 2008/0009040 and 2007/0212770, the disclosures of which are

incorporated herein by reference in their entireties for all purposes.

[0122] As used herein, the term “basal cell culture medium” or “basal cell culture media™ refers
to a chemically defined culture medium, an oligopeptide-free culture medium, a serum-free
culture medium, or an animal protein-free culture medium that has not been supplemented with a
hydrolysate, e.g., a plant or yeast hydrolysate. basal mediums are well known in the art, ¢.g.,
DMEM, Ham’s F12, DMEM/Ham’s F12, Medium 199, McCoy, or RPMI. The basal medium
can include a number of ingredients, including amino acids, vitamins, organic and inorganic
salts, and sources of carbohydrate. Each ingredient can be present in an amount that supports the
cultivation of a cell, such amounts being generally known to a person skilled in the art. The
medium can include auxiliary substances, such as buffer substances, e.g., sodium bicarbonate,
antioxidants, stabilizers to counteract mechanical stress, or protease inhibitors. If necessary, a
non-ionic surfactant such as copolymers and/or mixtures of polyethylene glycols and

polypropylene glycols can be added.
III. Cell Culture Media and Cell Culture Supernatant

[0123] One aspect of the present invention relates to cell culture media for producing rVWF
and/or rA13 that have increased activity as compared to rVWF and rA13 produced with basal
cell culture media. In one aspect, the present invention relates to cell culture media for

producing rVWF and/or rA13 in which basal cell culture media is supplemented with one or
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more additional substances. In specific embodiments and as is discussed in further detail below,
cell culture conditions of the present invention include basal cell culture media supplemented to
have at least 1.0 ug/L copper. In further embodiments, cell culture media of use and
supernatants derived from the processes in the present invention also comprise low levels (under
10 mM) of ammonium. In a particular embodiment, the cell culture conditions used for
expressing r'VWF and/or rA13 are controlled such that the cell culture supernatant maintains a

low level of ammonium, i.e., less than 10 mM and preferably less than 5 mM.

[0124] The culture media of the present invention can be based on a suitable basal medium well
known in the art, e.g., DMEM, Ham’s F12, DMEM/Ham’s F12, Medium 199, McCoy, or RPMI.
The basal medium can include a number of ingredients, including amino acids, vitamins, organic
and inorganic salts, and sources of carbohydrate. Each ingredient can be present in an amount
that supports the cultivation of a cell, such amounts being generally known to a person skilled in
the art. The medium can include auxiliary substances, such as buffer substances, ¢.g., sodium
bicarbonate, antioxidants, stabilizers to counteract mechanical stress, or protease inhibitors. If
necessary, a non-ionic surfactant such as copolymers and/or mixtures of polyethylene glycols

and polypropylene glycols can be added.

[0125] Generally, basal media contain less than 1 pug/L of copper -- for example, DMEM/Ham’s
F12 has a copper concentration of about 0.3 png/L. Such concentrations of copper do not provide
enough copper ions to support production of rVWF and rA13 proteins of the present invention,

which show high specific activity.

[0126] Copper can be provided to cell culture media of the present invention through a variety of
ways, such as through addition of a medium supplement. In some embodiments, the medium
supplement can contain hydrolysate, which can be provided to increase the copper concentration
in the media. Hydrolysates can include any hydrolysate well known in the art, such as plant
hydrolysates, soy hydrolysates, and wheat gluten hydrolysate. In certain embodiments, addition
of hydrolysate can contribute an increased copper concentration of about 0.2 to about 10 pg/L of
Cu*". In some embodiments, the amount of copper provided by the hydrolysate can depend on
the amount of copper in the hydrolysate as well as the amount of hydrolysate added. The copper

content of a hydrolysate can be determined by elemental analysis, e.g., atom adsorption
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spectroscopy (GFAA: graphite furnace atomic adsorption), or mass spectroscopy methods (e.g.,
ICP-MS).

[0127] In certain embodiments, copper can be provided to the culture media alone or in addition
to hydrolysate by providing a medium supplement including a suitable copper salt or copper
chelate. Suitable copper salts can include but are not limited to copper sulfate, copper acetate,
copper carbonate, copper chloride, copper hydroxide, copper nitrate, and copper oxide. Suitable
copper chelators can include but are not limited to albumin, ethylenediaminetetraacetic acid
(EDTA), polyamine chelating agents, cthylenediamine, dicthylenetriamine, triethylenetetramine,
tricthylenediamine, tetracthylenepentamine, aminoethylethanolamine, aminocthylpiperazine,
pentacthylenchexamine, tricthylenctetramine-hydrochloride, tetracthylenepentamine-
hydrochloride, pentacthylenchexamine-hydrochloride, tetracthylpentamine, captopril,
penicilamine, N,N'-bis(3-aminopropyl)-1,3-propanediamine, N,N,Bis (2 animoethyl) 1,3 propanc
diamine, 1,7-dioxa-4,10-diazacyclododecane, 1.,4,8,11-tetraaza cyclotetradecane-5,7-dione,
1,4,7-triazacyclononane trihydrochloride, 1-oxa-4,7,10-triazacyclododecane, 1,4,8,12-tetraaza

cyclopentadecane, and 1,4,7,10-tetraaza cyclododecane.

[0128] In certain embodiments, basal cell culture media is supplemented with copper to result in
a total copper concentration of about 1.0 to about 20 ug/L. In a specific embodiment, the basal
cell media is supplemented with copper to a final concentration of between about 1.0 to about 10
ug/L. In further embodiments, the basal cell culture media is supplemented to result in a final
copper concentration of about 1.0-5.0,1.2-4.0,1.3-3.0,14-29,15-28,1.6-2.7,1.7-2.6,
1.8-25,19-24,2.0-2.3,2.1-2.2 ug/L copper. In further embodiments, the basal cell culture
media used in methods of the present invention are supplemented to result in about 1.2 - 9.5, 1.4
-9,16-85,18-8,2.0-75,22-7,24-65,26-6.0,2.8-55,3.0-5.0,32-45,34-4,
and 2 - 4 pg/L copper. In yet other embodiments, the basal cell culture media used in methods of
the present invention are supplemented to result in about 1-6, 2-5, 3-4 pug/L copper. Inone
embodiment, the basal cell culture media is supplemented with copper to result in a total copper
concentration of at least 1 pg/L. In another embodiment, the basal cell culture media is
supplemented with copper to result in a total copper concentration of at least 2 ug/L. In yet
another embodiment, the basal cell culture media is supplemented with copper to result in a total

copper concentration of at least 4 ug/L. In certain embodiments, the basal cell culture media is
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supplemented with copper to result in a total copper concentration of at least 1 ug/L, or at least 2,
3,4,5,6,7,8,9,10,11,12,13, 14,15, 16, 17, 18, 19, 20 ug/L copper, or more. In certain
embodiments and as discussed in further detail herein, cultures for producing rA13 may contain
from about 2 — 4 ug/L of copper, whereas cultures for producing rVWF may contain at least 2
ug/L of copper.

[0129] The concentrations indicated above are the respective concentrations of pure copper, in
cupric form (Cu®"). If a copper derivative, e.g., a hydrated salt, or a compound comprising
copper, ¢.g., a copper chelator, is used, the amount of derivative or chelator is added such that
the final concentration of the copper is in the ranges described herein. For example, 2 ng/L of
CuS04-5H,0 is equivalent to a copper concentration of about 0.51 pg/L (without sulfate and
5H,0).

[0130] Advantageously, it has been found that the use of cell culture medium in cell culture
processes resulting in low ammonium (NH, ") concentrations in the cell culture solution (i.e., in
the culture supernatant) results in the expression of recombinant VWF and/or rA13 with higher
specific activities. Accordingly, in certain embodiments, the NH;  concentration of the
supernatant is no higher than 10 mM. In a preferred embodiment, the NH;" concentration of the
supernatant is no higher than 5 mM. In a preferred embodiment, the NH, " concentration of the
supernatant is no higher than 4 mM. In yet other embodiments, the NH4 ™ concentration of the
supernatant is no higher than 10 mM, 9 mM, 8 mM, 7 mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM,

1 mM, or less.

[0131] Accordingly, in certain embodiments, the methods and compositions provided herein rely
on the use of basal cell culture media supplemented with copper (e.g., to a final concentration of
at least 2 ug/L) used in a process that results in an NH, " concentration of no higher than 10 mM
in the supernatant. In yet other embodiments, the basal cell culture medium is supplemented to
provide a final copper and ammonium concentration according to any one of variations 1 to 440,
as provided in Table 1.

Table 1. Exemplary embodiments of copper and ammonium concentrations present in culture

media and supernatant useful for the expression of a recombinant proteins as provided herein.
Ammonium Concentration

N.D. | NMT NMT | NMT [ NMT [ NMT | NMT | NMT | NMT | NMT | NMT

10mM | 9mM | 8mM [ 7/mM | 6mM | 5mM | 4mM | 3mM | 2mM | 1mM
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AL 9 pg/L Var.

Var. 729 Var.

689

449 Var. 489 Var. 529 Var. 569 Var. 609 Var. 649 Var.
769 Var. 809 Var. 849 AL 10 pg/L Var. 450 Var. 490 Var. 530
Var. 570 wenoi124dbesdvar. 650 Var. 690 Var. 730 Var. 770 VacI/(8la1va3455 850
= | AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
.g 1pg/l |1 41 81 121 161 201 241 281 321 361 401
g AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
S 2ug/l | 2 42 82 122 162 202 242 282 322 362 402
2 | AL Var. | Var. Var. |Var. |Var. |Var. |Var. |Var. |Var. |Var. | Var.
8 3upgll |13 43 83 123 163 203 243 283 323 363 403
5 AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
& 4pug/ll [ 4 44 84 124 164 204 244 284 324 364 404
o | AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
© 5pglL | 5 45 85 125 165 205 245 285 325 365 405
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
6uglL | 6 46 86 126 166 206 246 286 326 366 406
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
7Tugll | 7 47 87 127 167 207 247 287 327 367 407
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8ug/lL |8 48 88 128 168 208 248 288 328 368 408
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
9ug/lL |9 49 89 129 169 209 249 289 329 369 409
AL
10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 10 50 90 130 170 210 250 290 330 370 410
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
1pg/l | 11 51 91 131 171 211 251 291 331 371 411
About
1.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 12 52 92 132 172 212 252 292 332 372 412
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
2pug/ll |13 53 93 133 173 213 253 293 333 373 413
About
2.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 14 54 94 134 174 214 254 294 334 374 414
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
3pgll |15 55 95 135 175 215 255 295 335 375 415
About
3.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 16 56 96 136 176 216 256 296 336 376 416
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
4 g/l |17 57 97 137 177 217 257 297 337 377 417
About
4.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 18 58 98 138 178 218 258 298 338 378 418
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
5pg/ll |19 59 99 139 179 219 259 299 339 379 419
About
5.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 20 60 100 140 180 220 260 300 340 380 420
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
6puglL | 21 61 101 141 181 221 261 301 341 381 421
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
7pg/ll | 22 62 102 142 182 222 262 302 342 382 422
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8ug/l |23 63 103 143 183 223 263 303 343 383 423
About | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
9ug/ll |24 64 104 144 184 224 264 304 344 384 424
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About 1 pg/L Var. 451 Var. 491 Var. 531 Var. 571 Var. 611 Var. 651 Var. 691
Var. 731 Var. 771 Var. 811 Var. 851 About 1.5 pg/L Var. 452 Var. 492 Var.
532 Var. wo20Ma0659612 Var. 652 Var. 692 Var. 732 Var. 7P2TN®R011843A5%ar. 852
About
About
10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 25 65 105 145 185 225 265 305 345 385 425
1-20 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 26 66 106 146 186 226 266 306 346 386 426
2-20 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 27 67 107 147 187 227 267 307 347 387 427
1-10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 28 68 108 148 188 228 268 308 348 388 428
2-10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 29 69 109 149 189 229 269 309 349 389 429
1-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 30 70 110 150 190 230 270 310 350 390 430
2-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 31 71 111 151 191 231 271 311 351 391 431
3-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 32 72 112 152 192 232 272 312 352 392 432
4-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 33 73 113 153 193 233 273 313 353 393 433
1-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 34 74 114 154 194 234 274 314 354 394 434
2-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 35 75 115 155 195 235 275 315 355 395 435
3-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 36 76 116 156 196 236 276 316 356 396 436
4-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 37 77 117 157 197 237 277 317 357 397 437
1-4 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 38 78 118 158 198 238 278 318 358 398 438
2-4 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 39 79 119 159 199 239 279 319 359 399 439
34 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 40 80 120 160 200 240 280 320 360 400 440

*ND = not defined
*NMT = no more than
*AL = at least

[0132] In some embodiments, the copper supplemented media of the present invention are

produced by supplementing basal media that is animal protein-free and/or chemically defined.

Methods of preparing animal protein-free and chemically defined culture mediums are known in
the art, for example in U.S. Patent Numbers 6,171,825 and 6,936,441, WO 2007/077217, and
U.S. Patent Application Publication Numbers 2008/0009040 and 2007/0212770, the disclosures

of which are incorporated herein by reference in their entireties for all purposes. In one

embodiment, the basal culture medium used in the methods described herein is animal protein-

free or oligopeptide-free medium. In certain embodiments, the culture medium may be

chemically defined. In certain embodiments, the culture media may contain at least one

polyamine at a concentration of about 0.5 mg/L to about 10 mg/L.
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Var. 574 wearo128hds9var. 654 Var. 694 Var. 734 Var. 774 VacI/(826110a3455 854
About 3 pg/L

[0133] In further embodiments and in addition to any of the description provided above, culture
media of the invention are provided in which a basal medium is supplemented with copper and at
least one of calcium, zinc, and/or vitamin B3. In certain embodiments, the medium may be an
animal protein-free, oligopeptide-free, or chemically defined medium. In certain embodiments,
the animal protein-free or oligopeptide free medium is prepared as taught in U.S. Patent
Numbers 6,171,825 and 6,936,441, WO 2007/077217, and U.S. Patent Application Publication
Numbers 2008/0009040 and 2007/0212770, the disclosures of which are incorporated herein by
reference in their entireties for all purposes, both of which are incorporated herein by reference
in their entireties for all purposes, and supplemented with additional copper and optionally one
or more of calcium, zinc, and vitamin B3. In a specific embodiment, the chemically defined
culture medium may be similar to a Dulbecco’s Modified Eagle’s Media / Ham’s F12 1:1
mixture (DMEM/Ham’s F12), which has been supplemented with additional copper and
optionally calcium, zinc, and/or vitamin B3, in order to increase the specific activity of rVWF or
rA13 expressed in a cell cultured in the medium. In yet other embodiments, the culture medium
is animal component free. In another embodiment, the culture medium contains protein, e.g.,
animal protein from serum such as fetal calf serum. In another embodiment, the culture has
recombinant proteins exogenously added. In another embodiment, the proteins are from a

certified pathogen free animal.

[0134] In certain embodiments, the culture media contains at least one polyamine at a
concentration of at or about between 0.5 mg/L and 30 mg/L. In another embodiment, the culture
medium contains at least one polyamine at or about between 0.5 mg/L and 10 mg/L. In one
embodiment, the culture medium contains at least one polyamine at or about between 2 mg/L
and 8 mg/L. In certain embodiments the polyamine is from the group of ornithine, putrescine,
spermine or spermidine, or the like. In a preferred embodiment, the polyamine is putrescine. In
a specific embodiment, the culture medium contains at or about between 2 mg/L and 8 mg/L

putrescine.

[0135] In one embodiment, the culture media contains at least one polyamine at a concentration
of at or about between 0.5 mg/L and 30 mg/L and a copper and ammonium combination
according to any one of variations 1 to 440, as sct forth in Table 1. In another embodiment, the

culture medium contains at least one polyamine at or about between 0.5 mg/L and 10 mg/L and a
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Var. 455 Var. 495 Var. 535 Var. 575 Var. 615 Var. 655 Var. 695 Var. 735
Var. 775 Var. 815 Var. 855 About 3.5 pg/L Var. 456 Var. 496 Var. 536 Var.
576 Var. wW0R0Mz0659656 Var. 696 Var. 736 Var. 776 Var. S8PETN®R0118%5855 About
pg/ L Var.

copper and ammonium combination according to any one of variations 1 to 440, as sct forth in
Table 1. In one embodiment, the culture medium contains at least one polyamine at or about
between 2 mg/L and 8 mg/L and a copper and ammonium combination according to any one of
variations 1 to 440, as set forth in Table 1. In certain embodiments the polyamine is from the
group of ornithine, putrescine, spermine or spermidine, or the like. In a preferred embodiment,
the polyamine is putrescine. In a specific embodiment, the culture medium contains at or about
between 2 mg/L and 8 mg/L putrescine and a copper and ammonium combination according to

any onc of variations 1 to 440, as sct forth in Table 1.

[0136] In further aspects, in addition to copper, cell culture media of use in the present invention
may further include one or more of: additional calcium, zinc, one or more vitamins, and any

combination thereof.

[0137] Generally, any calcium salt may be used to supplement the media of the invention, non-
limiting examples of acceptable salts include CaCl,, CaCl,, CaFPO3-2H,0, Cal,, CaBr;,
(C,H30,),Ca, (CHO,),Ca, (C¢H70¢),Ca, (CsHsO7),Cas2H,0, and the like. In certain
embodiments, a pharmaceutically acceptable salt of calcium is used to supplement the culture

mediums of the invention.

[0138] Generally, any zinc salt may be used to supplement the media of the invention, non-
limiting examples of acceptable salts include, ZnSO4-7H,0, ZnSO3-2H,0, (CsHs07),Zn3-2H,0,
ZnBr,, ZnBry:2H,0, ZnCl,, Zn (NOs3),-6H,0, Zn (H,PO4),-H,0, (C,H30,),Zn-2H,0, and the
like. In certain embodiments, a pharmaceutically acceptable salt of zinc is used to supplement
the culture mediums of the invention. In other embodiments, a zinc containing peptide or protein

preparation, for example insulin, may be used to the supplement the culture provided herein.

[0139] In still further aspects, basal cell media supplemented with copper and one or more of the
additional materials discussed above may further be used in cultures with low ammonium levels
in the supernatant. In certain embodiments, supplemented cell culture media of use in the
present invention result in ammonium levels in the cell culture solution of under 10 mM. In
further embodiments, the supplemented cell culture media of the present invention is used with
cell culture ammonium levels from about 0.5-9.5,1.0-9.0,1.5-8.5,2.0-8.0,2.5-7.5,3.0-
7.0,35-6.5,40-6.0,4.5-55mM.
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457 Var. 497 Var. 537 Var. 577 Var. 617 Var. 657 Var. 697 Var. 737 Var. 777
Var. 817 Var. 857 About 4.5 pg/L Var. 458 Var. 498 Var. 538 Var. 578 Var.
618 Var. wb6&0Ma0659698 Var. 738 Var. 778 Var. 818 Var. 8P8T/UAb@uai4Bspg/ L
Var. 459

[0140] In one embodiment, the copper and ammonium concentrations of a cell culture media and
a cell culture supernatant are maintained for an extended period of time during the manufacturing
process. In a specific embodiment, the copper and ammonium concentrations of a cell culture
are maintained for the duration of a manufacturing process, i.e., during the time in which rVWF
or rA13 is being expressed and recovered from a large-scale cell culture. In certain
embodiments, the copper and ammonium concentrations are maintained in the culture solution at
a level according to any one of variations 1 to 440, as set forth in Table 1. In a preferred
embodiment the copper and ammonium concentrations are maintained for the entire time of such

a production process.

[0141] In some embodiments, the culture medium provided by the invention may be provided in
a liquid or a dry or powder form. The medium may be pre-aliquoted in an amount suitable for
single use or provided in a larger quantity that may be used for more than one cell-culture.

Generally, the medium of the invention will be provided in a sterile fashion.

[0142] Specific details of cell culture media of use for producing rVWF or rA13 are discussed
below. Although the following are discussed with respect to cither rVWF or rA13, it will be
appreciated that any of the discussion provided below with respect to rVWEF is applicable for

rAl3, and vice versa.

A. Recombinant VWF Cell Culture Media

[0143] One aspect of the present invention relates to a cell culture solution for producing
recombinant vVWF, more specifically, high molecular weight vWF having a high specific activity,
which are further described herein. In one embodiment, the present invention provides a cell
culture solution for producing high molecular weight, recombinant vWF, comprising a cell
culture medium comprising a copper concentration of at least about 2.4 pug/L and a plurality of
cells expressing highly multimeric vWF comprising about 14 to about 22 dimers and a specific

Ristocetin co-factor activity of at least about 30 mU/pg.

[0144] In one embodiment, the cell culture solution further comprises an ammonium
concentration of less than 10 mM. In a preferred embodiment, the cell culture comprises an
ammonium concentration of no more than 5 mM. In yet other embodiments, the cell culture

comprises an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7
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Var. 499 Var. 539 Var. 579 Var. 619 Var. 659 Var. 699 Var. 739 Var. 779
Var. 819 Vvar. 859 About 5.5 pg/L Var. 460 Var. 500 Var. 540 Var. 580 Var.
620 Var. w6QoMa0659700 Var. 740 Var. 780 Var. 820 Var. 8@0T/tAb@ui4Bspg/ L
Var. 461 Var.

mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet other embodiments, the cell
culture has a copper and ammonium concentration according to any one of variations 1 to 440, as
sct forth in Table 1. In certain embodiments, the ammonium concentration of the cell culture is
maintained for an extended period at a concentration as provided above. For example, in one
embodiment, the ammonium concentration is maintained at a low concentration for at least 3
days, or at least 4, 5,6,7,8,9, 10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 28, 35, 42, 49, 56,
63, 70, or more days. In a specific embodiment, the ammonium concentration of the cell culture
is maintained at an ammonium concentration of no more than 5 mM for at least 7 days. In
another specific embodiment, the ammonium concentration of the cell culture is maintained at an
ammonium concentration of no more than 4 mM for at least 7 days. In a specific embodiment,
the ammonium concentration of the cell culture is maintained at an ammonium concentration of
no more than 5 mM for at least 14 days. In another specific embodiment, the ammonium
concentration of the cell culture is maintained at an ammonium concentration of no more than 4
mM for at least 14 days. In yet another embodiment, the ammonium concentration of the cell
culture is maintained at a low level for the duration of the process (i.e., for the entire time the

culture is being used to produce rVWF).

[0145] In one embodiment of the invention, the cell culture media can comprise a copper
concentration of at least about 2.4 ug/L, in another embodiment at least about 3 pg/L, in yet
another embodiment at least about 4 pg/L, in yet another embodiment at least about § pg/L, in
yet another embodiment at least about 10 pg/L, in yet another embodiment at least about 15

ug/L, and in a further embodiment at least about 20 pg/L.

[0146] In other embodiments, the copper concentration in the cell culture media of the present
invention can range from about 2.4 pg/L to about 20 ug/L, in another embodiment from about
2.4 ug/L to about 15 ug/L, in yet another embodiment from about 2.4 pug/L to about 10 pug/L, in
yet another embodiment from about 2.4 pg/L to about 8 pg/L, in yet another embodiment from
about 2.4 pug/L to about 6 ug/L, in yet another embodiment from about 2.4 ug/L to about 4 ug/L,
in yet another embodiment from about 4 pug/L to about 20 pg/L, in yet another embodiment from
about 4 pg/L to about 15 pg/L, in yet another embodiment from about 4 pg/L to about 10 pg/L,
in yet another embodiment from about 4 pug/L to about 8 pg/L, and in a further embodiment from
about 4 pg/L to about 6 pug/L.
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501 Var. 541 Var. 581 Vvar. 621 Var. 661 Var. 701 Var. 741 Var. 781 Var. 821
Var. 861 About 7 pg/L Var. 462 Var. 502 Var. 542 Var. 582 Var. 622 Var.
662 Var. w020Ma0659742 Var. 782 Var. 822 Var. 862 About PBTASLMI1NE455 463
Var. 503 Var.

[0147] The present invention also provides kits for the expression or production of rVWF, the
kits comprising a culture medium suitable for the expression of rVWF having high specific

activity.
B. ADAMTSI13 (A13) Cell Culture Media

[0148] In one aspect, the present invention provides culture media that are useful for the
expression of ADAMTS proteins having high specific activitics. Advantageously, it has been
found that by supplementing a culture medium with copper, that the activities of recombinant
ADAMTS (e.g., rADAMTS13) enzymes expressed in cells cultured in the supplemented
medium are greatly enhanced, while the enzymes are expressed at levels as high, if not higher,

than cells cultured in non-supplemented mediums.

[0149] In one aspect, the present invention provides cell culture media supplemented with
copper for the expression of recombinant ADAMTS 13 protein with high specific activity. In one
embodiment, the media are supplemented to result in a total copper concentration of from about
2 to about 4 ug/L. In further embodiments, the media are supplemented to results in a total
copper concentration of from about 1-3,2 - 3,3 -4 ug/L. In one embodiment, the media
contain a copper concentration of at least 1 ug/L. In another embodiment, the media contains at
least 2 ug/L copper. In another embodiment, the media contains at least 4 ug/L copper. In other
embodiments, the media contains between 2 ug/L and 20 ug/L copper. In another embodiment,
the media contains between 1 ug/L and 6 pg/L copper. In another embodiment, the media
contains between 2 ug/L and 5 ug/L copper. In another embodiment, the media contains
between 3 ug/L and 4 pg/L copper. In yet other embodiments, the media contains at least 1 ug/L
copper, or at least 2 ug/L, 3 ug/L, 4 ug/L, 5 ug/L, 6 ug/L, 7 ug/L, 8 ug/L, 9 ug/L, 10 ug/L, 11
ng/L, 12 ug/L, 13 ug/L, 14 ng/L, 15 ng/L, 16 png/L, 17 ug/L, 18 ng/L, 19 ug/L, 20 ug/L, or

higher concentrations of copper.

[0150] In one embodiment, the cell culture solution further comprises an ammonium
concentration of less than 10 mM. In a preferred embodiment, the cell culture solution
comprises an ammonium concentration of no more than 5 mM. In yet other embodiments, the
cell culture solution comprises an ammonium concentration of no more than 10 mM, or no more
than 9 mM, § mM, 7 mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet other

embodiments, the cell culture solution has a copper and ammonium concentration according to
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543 Var. 583 Var. 623 Var. 663 Var. 703 Var. 743 Var. 783 Var. 823 Var. 863
About 9 pg/L Var. 464 Var. 504 Var. 544 Var. 584 Var. 624 Var. 664 Var. 704
Var. 744 werno12fi®ds9var. 824 Var. 864 About 10 pg/L Var. PCoAISYan/ 04885 Var .
545

any onec of variations 1 to 440, as sct forth in Table 1. In certain embodiments, the ammonium
concentration of the cell culture is maintained for an extended period at a concentration as
provided above. For example, in one embodiment, the ammonium concentration is maintained at
a low concentration for at least 3 days, or at least 4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 28, 35, 42,49, 56, 63, 70, or more days. In a specific embodiment, the
ammonium concentration of the cell culture is maintained at an ammonium concentration of no
more than 5 mM for at least 7 days. In another specific embodiment, the ammonium
concentration of the cell culture is maintained at an ammonium concentration of no more than 4
mM for at least 7 days. In a specific embodiment, the ammonium concentration of the cell
culture is maintained at an ammonium concentration of no more than 5 mM for at least 14 days.
In another specific embodiment, the ammonium concentration of the cell culture is maintained at
an ammonium concentration of no more than 4 mM for at least 14 days. In yet another
embodiment, the ammonium concentration of the cell culture is maintained at a low level for the

duration of the process (i.e., for the entire time the culture is being used to produce rA13).

[0151] In one embodiment, a culture medium is provided for the expression of a recombinant
ADAMTS protein (e.g., TADAMTS13) containing at least 1 pg/L copper and at least 2 uM zinc.
In other embodiments, the media contains at least 2 ug/L copper or at least 4 ug/L copper. In
another embodiment wherein the media is supplemented with copper, the culture medium also
contains at least at or about 5 uM zinc. In one embodiment, the culture medium also contains at
or about between 2 uM and 12 uM zinc. In another embodiment, the culture medium also
contains at or about between 5 uM and 12 uM zinc. In yet other embodiments, the culture
medium also may contain at least at or about 2 uM, or at least at or about 3 uM, 4 uM, 5 uM, 6
uM, 7 uM, 8§ uM, 9 uM, 10 uM, 11 puM, 12 uM, 13 uM, 14 uM, 15 uM, 20 uM, 25 uM, 30 uM,
or more zinc. In one embodiment, the culture medium contains a copper and zinc concentration
according to any onc of variations 441 to 880, as sct forth in Table 2.
Table 2. Exemplary embodiments of copper and zinc concentrations present in culture media
uscful for the expression of a recombinant ADAMTS 13 protein.

Zinc Concentration
AL AL AL AL AL AL AL AL AL 2-12 | 512
2uM | 3uM [4uM | 5pyM | BuM [ 7uM | 8uM [ 9uM | 10 uM uM
uM

o (AL Var. |Var. |Var. |Var. |Var. |Var. |Var. |Var. |Var. |[Var. | Var.
1ug/l | 441 481 521 561 601 641 681 721 761 801 841
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Var. 585 Var. 625 Var. 665 Var. 705 Var. 745 Var. 785 Var. 825 Var. 865 WO
2012/ 006591PCT/ US2011/ 043455 1-20 pg/L Var. 466 Var. 506 Var. 546 Var. 586
Var. 626 wen012886s9var. 706 Var. 746 Var. 786 Var. 826 VacT/U88@1/023429 pg/L
Var. 467 Var. 507 Var. 547

AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
2ug/l | 442 482 522 562 602 642 682 722 762 802 842
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
3ug/ll | 443 483 523 563 603 643 683 723 763 803 843
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
4ug/L | 444 484 524 564 604 644 684 724 764 804 844
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
5pug/L | 445 485 525 565 605 645 685 725 765 805 845
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
6 ug/L | 446 486 526 566 606 646 686 726 766 806 846
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
7pg/lL | 447 487 527 567 607 647 687 727 767 807 847
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8ug/L | 448 488 528 568 608 648 688 728 768 808 848
AL Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
9ug/L | 449 489 529 569 609 649 689 729 769 809 849
AL

10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.

pg/L 450 490 530 570 610 650 690 730 770 810 850
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
1ug/L | 451 491 531 571 611 651 691 731 771 811 851
About
1.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 452 492 532 572 612 652 692 732 772 812 852
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
2ug/L | 453 493 533 573 613 653 693 733 773 813 853
About
2.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 454 494 534 574 614 654 694 734 774 814 854
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
3pug/ll | 455 495 535 575 615 655 695 735 775 815 855
About
3.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 456 496 536 576 616 656 696 736 776 816 856
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
4 ug/L | 457 497 537 577 617 657 697 737 777 817 857
About
4.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 458 498 538 578 618 658 698 738 778 818 858
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
5pug/L | 459 499 539 579 619 659 699 739 779 819 859
About
5.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 460 500 540 580 620 660 700 740 780 820 860
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
6 pg/L | 461 501 541 581 621 661 701 741 781 821 861
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
7pg/lL | 462 502 542 582 622 662 702 742 782 822 862
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8ug/L [ 463 503 543 583 623 663 703 743 783 823 863
About Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
9ug/lL | 464 504 544 584 624 664 704 744 784 824 864
About
10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 465 505 545 585 625 665 705 745 785 825 865
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Var. 587 Var. 627 Var. 667 Var. 707 Var. 747 Var. 787 Var. 827 Var. 867
1-10 pg/L Var. 468 Var. 508 Var. 548 Var. 588 Var. 628 Var. 668 Var. 708
Var. 748 wero12fi@g9var. 828 Var. 868 2-10 pg/L Var. 469PUamiS260043485. 549
Var. 589
1-20 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 466 506 546 586 626 666 706 746 786 826 866
2-20 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 467 507 547 587 627 667 707 747 787 827 867
1-10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 468 508 548 588 628 668 708 748 788 828 868
2-10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 469 509 549 589 629 669 709 749 789 829 869
1-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 470 510 550 590 630 670 710 750 790 830 870
2-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 471 511 551 591 631 671 711 751 791 831 871
3-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 472 512 552 592 632 672 712 752 792 832 872
4-6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 473 513 553 593 633 673 713 753 793 833 873
1-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 474 514 554 594 634 674 714 754 794 834 874
2-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 475 515 555 595 635 675 715 755 795 835 875
3-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 476 516 556 596 636 676 716 756 796 836 876
4-5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 477 517 557 597 637 677 717 757 797 837 877
1-4 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 478 518 558 598 638 678 718 758 798 838 878
2-4 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 479 519 559 599 639 679 719 759 799 839 879
34 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 480 520 560 600 640 680 720 760 800 840 880

*AL = at least

[0152] In one embodiment, the cell culture solution further comprises a low ammonium

concentration. In one embodiment, the cell culture solution comprises an ammonium

concentration of less than 10 mM and a copper and zinc concentration according to any onec of

variations 441 to 880, as set forth in Table 2. In a specific embodiment, the ammonium is

maintained at a concentration of no more than 10 mM for at least 7 days. In a preferred

embodiment, the cell culture solution comprises an ammonium concentration of no more than 6

mM and a copper and zinc concentration according to any one of variations 441 to 880, as set

forth in Table 2. In a specific embodiment, the ammonium is maintained at a concentration of

no more than 6 mM for at least 7 days. In another preferred embodiment, the cell culture

solution comprises an ammonium concentration of no more than 5 mM and a copper and zinc

concentration according to any one of variations 441 to 880, as set forth in Table 2. In a specific

embodiment, the ammonium is maintained at a concentration of no more than 5 mM for at least 7

days. In another preferred embodiment, the cell culture solution comprises an ammonium
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Var. 629 Var. 669 Var. 709 Var. 749 Var. 789 Var. 829 Var. 869 1-6 pg/L
Var. 470 Var. 510 Var. 550 Var. 590 Var. 630 Var. 670 Var. 710 Var. 750

Var. 790 wer128®659var. 870 2-6 pg/L Var. 471 Var. 511 Yam/us3&l/owass 591
Var. 631 Var. 671

concentration of no more than 4 mM and a copper and zinc concentration according to any one
of variations 441 to 880, as sct forth in Table 2. In a specific embodiment, the ammonium is
maintained at a concentration of no more than 4 mM for at least 7 days. In yet other
embodiments, the cell culture solution comprises an ammonium concentration of no more than
10 mM, or no more than 9 mM, 8§ mM, 7 mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less
and a copper and zinc concentration according to any one of variations 441 to 880, as set forth in
Table 2. In yet another specific embodiment, the ammonium concentration of the cell culture is
maintained at a low level for the duration of the process (i.e., for the entire time the culture is

being used to produce rA13).

[0153] In one embodiment, a culture medium is provided for the expression of a recombinant
ADAMTS protein (e.g., TADAMTS13) containing at least 1 pg/L copper and at least at or about
0.5 mM calcium. In other embodiments, the media contains at least 2 ug/L copper or at least 4
ug/L copper. In another embodiment wherein the media is supplemented with copper, the
culture medium also contains at least 1.5 mM calcium. In one embodiment, the culture medium
contains at or about between 0.5 mM and 1.5 mM calcium. In yet other embodiments, the
culture medium may contain at least at or about 0.5 mM, or at least at or about 0.6 mM, 0.7 mM,
0.8 mM, 0.9 mM, 1.0 mM, 1.1 mM, 1.2 mM, 1.3 mM, 1.4 mM, 1.5 mM, 1.6 mM, 1.7 mM, 1.8
mM, 1.9 mM, 2.0 mM, 2.25 mM, 2.5 mM, 2.75 mM, 3.0 mM, 3.5 mM, 4.0 mM, 4.5 mM, 5.0
mM, or more calcium. In one embodiment, the culture medium contains a copper and calcium
concentration according to any one of variations 881 to 1320, as sct forth in Table 3.

Table 3. Exemplary embodiments of copper and calcium concentrations present in culture
media useful for the expression of a recombinant ADAMTS13 protein.

Calcium Concentration

AL AL AL AL AL AL AL AL AL AL 0.5-

0.5 075 (1.0 1.25 1.5 2.0 2.5 3.0 4mM | 5mM | 1.5

mM mM mM mM mM mM mM mM mM
= | AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
.g 1 pg/L | 881 921 961 1001 1041 1081 1121 1161 1201 1241 1281
g AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
S 2 ug/L | 882 922 962 1002 | 1042 | 1082 | 1122 | 1162 | 1202 | 1242 | 1282
2 | AL Var. | Var. |Var. |Var. |Var. |Var. |Var. |Var. |Var. |Var. | Var.
8 3 g/l | 883 923 963 1003 | 1043 | 1083 | 1123 | 1163 | 1203 | 1243 | 1283
5 AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
% 4 ug/L | 884 924 964 1004 | 1044 | 1084 | 1124 | 1164 | 1204 | 1244 | 1284
o | AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
©ls5 pg/L | 885 925 965 1005 | 1045 | 1085 | 1125 | 1165 | 1205 | 1245 | 1285
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Var. 711 Var. 751 Var. 791 Var. 831 Var. 871 3-6 pg/L Var. 472 Var. 512
Var. 552 Var. 592 Var. 632 Var. 672 Var. 712 Var. 752 Var. 792 Var. 832
Var. 872 wo-2612p96391Var. 473 Var. 513 Var. 553 Var. 593 Yam/use®@3/ovzass 673
Var. 713 Var. 753

AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
6 ug/L | 886 926 966 1006 | 1046 | 1086 | 1126 | 1166 | 1206 | 1246 | 1286
AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
7 ug/L | 887 927 967 1007 | 1047 | 1087 | 1127 | 1167 | 1207 | 1247 | 1287
AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8 ug/L | 888 928 968 1008 | 1048 | 1088 | 1128 | 1168 | 1208 | 1248 | 1288
AL Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
9pug/L | 889 929 969 1009 | 1049 | 1089 | 1129 | 1169 | 1209 | 1249 | 1289
AL

10 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.

pg/L 890 930 970 1010 | 1050 | 1090 | 1130 | 1170 | 1210 | 1250 | 1290
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
1ug/L [ 891 931 971 1011 1051 1091 1131 1171 1211 1251 1291
About
1.5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 892 932 972 1012 | 1052 | 1092 | 1132 | 1172 | 1212 | 1252 | 1292
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
2 ug/L | 893 933 973 1013 | 1053 | 1093 | 1133 | 1173 | 1213 | 1253 | 1293
About
2.5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 894 934 974 1014 | 1054 | 1094 | 1134 | 1174 | 1214 | 1254 | 1294
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
3 g/l | 895 935 975 1015 | 1055 | 1095 | 1135 | 1175 | 1215 | 1255 | 1295
About
3.5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 896 936 976 1016 | 1056 | 1096 | 1136 | 1176 | 1216 | 1256 | 1296
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
4 pg/L | 897 937 977 1017 | 1057 | 1097 | 1137 | 1177 | 1217 | 1257 | 1297
About
4.5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 898 938 978 1018 | 1058 | 1098 | 1138 | 1178 | 1218 | 1258 | 1298
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
5pg/L | 899 939 979 1019 | 1059 | 1099 | 1139 | 1179 | 1219 | 1259 | 1299
About
5.5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 900 940 980 1020 | 1060 | 1100 | 1140 | 1180 | 1220 | 1260 | 1300
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
6 pg/L | 901 941 981 1021 1061 1101 1141 1181 1221 1261 1301
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
7 pg/lL | 902 942 982 1022 | 1062 | 1102 | 1142 | 1182 | 1222 | 1262 | 1302
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8 ug/L | 903 943 983 1023 | 1063 | 1103 | 1143 | 1183 | 1223 | 1263 | 1303
About | Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
9 ug/L | 904 944 984 1024 | 1064 | 1104 | 1144 | 1184 | 1224 | 1264 | 1304
About
10 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 905 945 985 1025 | 1065 | 1105 | 1145 | 1185 | 1225 | 1265 | 1305
1-20 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 906 946 986 1026 | 1066 | 1106 | 1146 | 1186 | 1226 | 1266 | 1306
2-20 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 907 947 987 1027 | 1067 | 1107 | 1147 | 1187 | 1227 | 1267 | 1307
1-10 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 908 948 988 1028 | 1068 | 1108 | 1148 | 1188 | 1228 | 1268 | 1308
2-10 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 909 949 989 1029 | 1069 | 1109 | 1149 | 1189 | 1229 | 1269 | 1309
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Var .
Var .
Var .
Var .

594

793 Var. 833 Var. 873 1-5 pg/L Var. 474 Var. 514 Var. 554 Var.
634 Var. 674 Var. 714 Var. 754 Var. 794 Var. 834 Var. 874 2-5 pg/L
475 weno12bes9var . 555 Var. 595 Var. 635 Var. 675 Va&CT/URXH1NM&3455 755
795 Var. 835
1-6 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 910 950 990 1030 | 1070 | 1110 | 1150 | 1190 | 1230 | 1270 | 1310
2-6 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 911 951 991 1031 1071 1111 1151 1191 1231 1271 1311
3-6 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 912 952 992 1032 | 1072 | 1112 | 1152 | 1192 | 1232 | 1272 | 1312
4-6 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 913 953 993 1033 | 1073 | 1113 | 1153 | 1193 | 1233 | 1273 | 1313
1-5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 914 954 994 1034 | 1074 | 1114 | 1154 | 1194 | 1234 | 1274 | 1314
2-5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 915 955 995 1035 | 1075 | 1115 | 1155 | 1195 | 1235 | 1275 | 1315
3-5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 916 956 996 1036 | 1076 | 1116 | 1156 | 1196 | 1236 | 1276 | 1316
4-5 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 917 957 997 1037 | 1077 | 1117 | 1157 | 1197 | 1237 | 1277 | 1317
1-4 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 918 958 998 1038 | 1078 | 1118 | 1158 | 1198 | 1238 | 1278 | 1318
2-4 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 919 959 999 1039 | 1079 | 1119 | 1159 | 1199 | 1239 | 1279 | 1319
34 Var. | Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 920 960 1000 | 1040 | 1080 | 1120 | 1160 | 1200 | 1240 | 1280 | 1320

*AL = at least

[0154] In one embodiment, the cell culture solution further comprises a low ammonium

concentration. In one embodiment, the cell culture solution comprises an ammonium

concentration of less than 10 mM and a copper and calcium concentration according to any one

of variations 881 to 1320, as set forth in Table 3. In a specific embodiment, the ammonium is

maintained at a concentration of no more than 10 mM for at least 7 days. In a preferred

embodiment, the cell culture medium comprises an ammonium concentration of no more than 6

mM and a copper and calcium concentration according to any one of variations 881 to 1320, as

set forth in Table 3. In a specific embodiment, the ammonium is maintained at a concentration

of no more than 6 mM for at least 7 days. In another preferred embodiment, the cell culture

medium comprises an ammonium concentration of no more than 5 mM and a copper and

calcium concentration according to any one of variations 881 to 1320, as set forth in Table 3. In

a specific embodiment, the ammonium is maintained at a concentration of no more than 5 mM

for at least 7 days. In another preferred embodiment, the cell culture medium comprises an

ammonium concentration of no more than 4 mM and a copper and calcium concentration

according to any onc of variations 881 to 1320, as set forth in Table 3. In a specific

embodiment, the ammonium is maintained at a concentration of no more than 4 mM for at least 7

days. In yet other embodiments, the cell culture medium comprises an ammonium concentration
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Var .
Var .
Var .
Var .

875 3-5 pg/L Var. 476 Var. 516 Var. 556 Var. 596 Var. 636 Var. 676
716 Var. 756 Var. 796 Var. 836 Var. 876 4-5 pg/L Var. 477 Var. 517
557 wear0128@¢s9var. 637 Var. 677 Var. 717 Var. 757 Va&CI/URWM1NMa&3455 837
877 1-4 pg/L

of no more than 10 mM, or no more than 9 mM, 8 mM, 7 mM, 6 mM, 5 mM, 4 mM, 3 mM, 2
mM, 1 mM, or less and a copper and calcium concentration according to any one of variations
881 to 1320, as sct forth in Table 3. In yet another specific embodiment, the ammonium
concentration of the cell culture is maintained at a low level for the duration of the process (i.e.,

for the entire time the culture is being used to produce rA13).

[0155] In one embodiment, the cell culture medium is supplemented with copper, zinc and
calcium. In a specific embodiment, the culture medium has a calcium concentration of at least
0.5 mM and a copper and zinc concentration according to any onc of variations 441 to 880, as set
forth in Table 2. In another specific embodiment, the culture medium has a calcium
concentration of at least 1.5 mM and a copper and zinc concentration according to any one of
variations 441 to 880, as set forth in Table 2. In another specific embodiment, the culture
medium has a calcium concentration between 0.5 mM and 1.5 mM and a copper and zinc
concentration according to any one of variations 441 to 880, as sct forth in Table 2. In yet other
embodiments, the culture medium has a calcium concentration of at least 0.6 mM, 0.7 mM, 0.8
mM, 0.9 mM, 1.0 mM, 1.1 mM, 1.2 mM, 1.3 mM, 1.4 mM, 1.5 mM, 1.6 mM, 1.7 mM, 1.8 mM,
1.9 mM, 2.0 mM, 2.25 mM, 2.5 mM, 2.75 mM, 3.0 mM, 3.5 mM, 4.0 mM, 4.5 mM, 5.0 mM, or
more, and a copper and zinc concentration according to any one of variations 441 to 880, as set

forth in Table 2.

[0156] In one embodiment, a culture medium is provided for the expression of a recombinant
ADAMTS protein (e.g., TADAMTS13) containing at least 1 pg/L copper and at least 2 mg/L
nicotinamide (vitamin B3). In other embodiments, the media contains at least 2 pug/L copper or
at least 4 ug/L copper. In another embodiment wherein the media is supplemented with copper,
the culture medium also contains at least 7 mg/L nicotinamide (vitamin B3). In one
embodiment, the culture medium contains at or about between 2 mg/L and 10 mg/L nicotinamide
(vitamin B3). In yet other embodiments, the culture medium may contain at least at or about 2
mg/L, 3 mg/L, 4 mg/L, 5 mg/L, 6 mg/L, 7 mg/L, 8§ mg/L, 9 mg/L, 10 mg/L, 15 mg/L, 20 mg/L,
or higher concentrations of nicotinamide (vitamin B3). In one embodiment, the culture medium
contains a copper and nicotinamide concentration according to any one of variations 1321 to

1760, as set forth in Table 4.
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Var .
Var .
Var .
Var .

478 Var. 518 Var. 558 Var. 598 Var. 638 Var. 678 Var. 718 Var. 758
798 Var. 838 Var. 878 2-4 pg/L Var. 479 Var. 519 Var. 559 Vvar. 599
639 weano128es9var . 719 Var. 759 Var. 799 Var. 839 VaRCT/UBZ@1/083445 pg/ L
480 Var. 520

Table 4. Exemplary embodiments of copper and nicotinamide concentrations present in culture

media useful for the expression of a recombinant ADAMTS13 protein.
Calcium Concentration

AL AL AL AL AL AL AL AL AL AL 2-10
2 3 4 5 6 7 8 9 10 15 mg/mL
mg/mL [ mg/mL | mg/mL | mg/mL | mg/mL | mg/mL | mg/mL | mg/mL | mg/mL | mg/mL
AL
_§ 1 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8 Lugll 1321 1361 1401 1441 1481 1521 1561 1601 1641 1681 1721
c | AL
g 2 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
8 pg/L 1322 [ 1362 | 1402 | 1442 | 1482 | 1522 | 1562 | 1602 | 1642 | 1682 [ 1722
~ | AL
213 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
g | gL 1323 [ 1363 | 1403 | 1443 | 1483 | 1523 | 1563 | 1603 | 1643 | 1683 [ 1723
O AL
4 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1324 | 1364 | 1404 | 1444 | 1484 | 1524 | 1564 | 1604 | 1644 | 1684 [ 1724
AL
5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1325 [ 1365 | 1405 | 1445 | 1485 | 1525 | 1565 | 1605 | 1645 | 1685 [ 1725
AL
6 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
ug/L 1326 [ 1366 | 1406 | 1446 | 1486 | 1526 | 1566 | 1606 | 1646 | 1686 [ 1726
AL
7 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
ug/L 1327 | 1367 | 1407 | 1447 | 1487 | 1527 | 1567 | 1607 | 1647 | 1687 [ 1727
AL
8 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1328 [ 1368 | 1408 | 1448 | 1488 | 1528 | 1568 | 1608 | 1648 | 1688 [ 1728
AL
9 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1329 [ 1369 | 1409 | 1449 | 1489 | 1529 | 1569 | 1609 | 1649 | 1689 [ 1729
AL

10 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
ug/L 1330 [ 1370 | 1410 | 1450 | 1490 | 1530 [ 1570 | 1610 | 1650 | 1690 | 1730

About
1 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
ug/L 1331 1371 1411 1451 1491 1531 1571 1611 1651 1691 1731
About

15 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
ug/L 1332 [ 1372 | 1412 | 1452 | 1492 | 1532 | 1572 | 1612 | 1652 | 1692 [ 1732

About
2 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1333 [ 1373 | 1413 | 1453 | 1493 | 1533 [ 1573 | 1613 | 1653 | 1693 [ 1733
About

25 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1334 | 1374 | 1414 | 1454 | 1494 | 1534 [ 1574 | 1614 | 1654 | 1694 | 1734

About
3 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1335 1375 1415 1455 1495 1535 1575 | 1615 1655 1695 1735
About

3.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
pg/L 1336 | 1376 | 1416 | 1456 | 1496 | 1536 [ 1576 | 1616 | 1656 | 1696 | 1736

About
4 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
ug/L 1337 [ 1377 | 1417 | 1457 | 1497 | 1537 | 1577 | 1617 | 1657 | 1697 [ 1737
About

4.5 Var. Var. Var. Var. Var. Var. Var. Var. Var. Var. Var.
ug/L 1338 [ 1378 | 1418 | 1458 | 1498 | 1538 | 1578 | 1618 | 1658 | 1698 [ 1738
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Var. 560 Var. 600 Var. 640 Var. 680 Var. 720 Var. 760 Var. 800 Var. 840
Var. 880 *AL = at least [0152] In one enbodi nent, the cell culture

sol uti on Wwornteawes®enpri ses a | ow anmoni um concent r at i onPCIrUSera/oexdvddi ment ,
the cell culture solution conprises an ammoni um concentration of |ess than
10 mM and a copper and zinc concentration according to any one of
variations 441 to 880, as set forth in Table 2. In a specific enbodi nent,
the amoniumis maintained at a concentration of no nore than 10 mM for at
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441 to 880yl as1met | fizgast h 1426 Tabbe (21506 n| 1586 amgdchenezpedbbs d @obodi ment ,
t he ammonik@i cdarcenvarat i| ®ar. of| Mahe [c@r] cwdrt uf €ani s | Mai. nt|adaned \&r. al Vaow | evel
for the q#¥'at| t3470f 138e |A#cadd67 i| 1507 | thi7t heb&dn1 1627 1i1A8Y t|HEOE |t el i s
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ar. . Var. Va . NS
r ADAMI'S13 fg/EO Yﬁbn E@ggat ﬁfga Yg0 '%& CHHBE] 1%@0I nggl E%%ég at1788 a\@iyt 0.5
mM callci Ui j LYz e18 ll,varr:uuwtl '”:'VaP.’ e NER, & "Vép CURVEECURYS L vy =
copper| of ugt | e38t | 439029/ ksccRRES - | 4500 ahpishel 1L dbIE Nt sYNEr £1 A a%om
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ar, a |
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useful| forgthe13ss I esmw 0n43H |a4reclorshé nprese ADAIES1 3638 at16761.
Concent r agison| VarLO| Yar. d | KaAL |(/ar5 [Midro PvarE Alarl. 25amM|Mar.2
E o 2| E|AVL 4| 1897 AL 17N E375-| 1375 | 1517 | 1557 | 1597 | 1637 | 1677
1-4 Var. Var. Var. Var. Var. Var. Var. Var. Var.
Mg/L | 1358 | 1398 | 1438 | 1478 | 1518 | 1558 | 1598 | 1638 | 1678
2-4 Var. Var. Var. Var. Var. Var. Var. Var. Var.
MO/L | 1359 | 1399 | 1439 | 1479 | 1519 [ 1559 | 1599 | 1639 | 1679
3-4 Var. Var. Var. Var. Var. Var. Var. Var. Var.
MO/L | 1360 | 1400 | 1440 | 1480 | 1520 | 1560 | 1600 | 1640 | 1680

*AL = at least

Wi— 3

[0157] In one embodiment, the cell culture solution further comprises a low ammonium

concentration. In one embodiment, the culture medium comprises an ammonium concentration
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mM Copper Concentration AL 1 pg/L Var. 881 Var. 921 Var. 961 Var. 1001 Var.
1041 Vvar. 1081 Var. 1121 Var. 1161 Var. 1201 Var. 1241 Var. 1281 AL 2 pg/L
Var. 882 weano129@assvar. 962 Var. 1002 Var. 1042 Var. 108PCVAIS20110235%/ar .
1162 Var. 1202 Var. 1242 Var. 1282

of less than 10 mM and a copper and nicotinamide concentration according to any one of
variations 1321 to 1760, as set forth in Table 4. In a specific embodiment, the ammonium is
maintained at a concentration of no more than 10 mM for at least 7 days. In a preferred
embodiment, the cell culture solution comprises an ammonium concentration of no more than 6
mM and a copper and nicotinamide concentration according to any onc of variations 1321 to
1760, as sct forth in Table 4. In a specific embodiment, the ammonium is maintained at a
concentration of no more than 6 mM for at least 7 days. In another preferred embodiment, the
cell culture solution comprises an ammonium concentration of no more than 5 mM and a copper
and nicotinamide concentration according to any one of variations 1321 to 1760, as set forth in
Table 4. In a specific embodiment, the ammonium is maintained at a concentration of no more
than 5 mM for at least 7 days. In another preferred embodiment, the cell culture solution
comprises an ammonium concentration of no more than 4 mM and a copper and nicotinamide
concentration according to any one of variations 1321 to 1760, as sct forth in Table 4. In a
specific embodiment, the ammonium is maintained at a concentration of no more than 4 mM for
at least 7 days. In yet other embodiments, the cell culture solution comprises an ammonium
concentration of no more than 10 mM, or no more than 9 mM, § mM, 7 mM, 6 mM, 5 mM, 4
mM, 3 mM, 2 mM, 1 mM, or less and a copper and nicotinamide concentration according to any
one of variations 1321 to 1760, as set forth in Table 4. In yet another specific embodiment, the
ammonium concentration of the cell culture is maintained at a low level for the duration of the

process (i.e., for the entire time the culture is being used to produce rA13).

[0158] In one embodiment, the cell culture medium is supplemented with copper, zinc and
nicotinamide. In a specific embodiment, the culture medium has a nicotinamide concentration of
at least 2 mg/mL and a copper and zinc concentration according to any one of variations 441 to
880, as set forth in Table 2. In another specific embodiment, the culture medium has a
nicotinamide concentration of at least 7 mg/mL mM and a copper and zinc concentration
according to any onc of variations 441 to 880, as sct forth in Table 2. In another specific
embodiment, the culture medium has a nicotinamide concentration between 2 mg/mL and 10
mg/mL and a copper and zinc concentration according to any one of variations 441 to 880, as set
forth in Table 2. In yet other embodiments, the culture medium has a nicotinamide
concentration of at least 2 mg/mL, 3 mg/mL, 4 mg/mL, 5 mg/mL, 6 mg/mL, 7 mg/mL, § mg/mL,
9 mg/mL, 10 mg/mL, 11 mg/mL, 12 mg/mL, 13 mg/mL, 14 mg/mL, 15 mg/mL, or more, and a
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AL 3 pg/L Vvar. 883 Var. 923 Var. 963 Var. 1003 Var. 1043 Var. 1083 Var
1123 Var. 1163 Var. 1203 Var. 1243 Var. 1283 AL 4 pg/L Var. 884 Var.

Var .

1244 Var. 1284 AL 5 pg/L

copper and zinc concentration according to any one of variations 441 to 880, as sct forth in

Table 2.

[0159] In one embodiment, the cell culture medium is supplemented with copper, calcium and
nicotinamide. In a specific embodiment, the culture medium has a nicotinamide concentration of
at least 2 mg/mL and a copper and calcium concentration according to any one of variations 881
to 1320, as set forth in Table 3. In another specific embodiment, the culture medium has a
nicotinamide concentration of at least 7 mg/mL mM and a copper and calcium concentration
according to any onc of variations 881 to 1320, as set forth in Table 3. In another specific
embodiment, the culture medium has a nicotinamide concentration between 2 mg/mL and 10
mg/mL and a copper and calcium concentration according to any one of variations 881 to 1320,
as set forth in Table 3. In yet other embodiments, the culture medium has a nicotinamide
concentration of at least 2 mg/mL, 3 mg/mL, 4 mg/mL, 5 mg/mL, 6 mg/mL, 7 mg/mL, § mg/mL,
9 mg/mL, 10 mg/mL, 11 mg/mL, 12 mg/mL, 13 mg/mL, 14 mg/mL, 15 mg/mL, or more, and a
copper and calcium concentration according to any one of variations 881 to 1320, as set forth in

Table 3.
Iv. Methods for the Production of Blood Factors Having High Specific Activity

A. Cell Cultivation Methods

[0160] The present invention provides methods for large-scale production of recombinant
proteins (such as rVWF and rA13). In certain embodiments, such large-scale production
methods utilize stirred/agitated tank reactors for manufacture of these therapeutic recombinant

proteins.

[0161] In certain embodiments, the methods of the present invention can comprise the use of a
cell culture system operated under a batch or continuous mode of operation. For example, when
batch cell cultures are utilized, they may be operated under single batch, fed-batch, or repeated-
batch mode. Likewise, continuous cell cultures may be operated under, for example, perfusion,
turbidostat or chemostat mode. Batch and continuous cell cultivation may be performed under
cither suspension or adherence conditions. When operated under suspension conditions, the cells

will be freely suspended and mixed within the culture medium. Alternatively, under adherence
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conditions, the cells will be bound to a solid phase, for example, a microcarrier, a porous

microcarrier, disk carrier, ceramic cartridge, hollow fiber, flat sheet, gel matrix, and the like.

[0162] A batch culture is typically a large scale cell culture in which a cell inoculum is cultured
to a maximum density in a tank or fermenter, and harvested and processed as a single batch. A
fed-batch culture it typically a batch culture which is supplied with either fresh nutrients (e.g.,
growth-limiting substrates) or additives (e.g., precursors to products). The feed solution is
usually highly concentrated to avoid dilution of the bioreactor. In a repeated-batch culture, the
cells are placed in a culture medium and grown to a desired cell density. To avoid the onset of a
decline phase and cell death, the culture is then diluted with complete growth medium before the
cells reach their maximum concentration. The amount and frequency of dilution varies widely
and depends on the growth characteristics of the cell line and convenience of the culture process.
The process can be repeated as many times as required and, unless cells and medium are
discarded at subculture, the volume of culture will increase stepwise as each dilution is made.
The increasing volume may be handled by having a reactor of sufficient size to allow dilutions
within the vessel or by dividing the diluted culture into several vessels. The rationale of this type
of culture is to maintain the cells in an exponentially growing state. Serial subculture is
characterized in that the volume of culture is always increasing stepwise, there can be multiple
harvests, the cells continue to grow and the process can continue for as long as desired. In
certain embodiments, a recombinant ADAMTS protein (e.g., rADAMTS13) may be recovered
after harvesting the supernatant of a batch culture. In other embodiments, a recombinant VWF

may be recovered after harvesting the supernatant of a batch culture.

[0163] A continuous culture can be a suspension culture that is continuously supplied with
nutrients by the inflow of fresh medium, wherein the culture volume is usually kept constant by
the concomitant removal of spent medium. In chemostat and turbidostat methods, the extracted
medium contains cells. Thus, the cells remaining in the cell culture vessel must grow to maintain
a steady state. In the chemostat method, the growth rate is typically controlled by controlling the
dilution rate, i.e., the rate at which fresh medium is added. The growth rate of the cells in the
culture may be controlled, for example, at a sub-maximal growth rate, by alteration of the
dilution rate. In contrast, in the turbidostat method, the dilution rate is set to permit the

maximum growth rate that the cells can achieve at the given operating conditions, such as pH
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and temperature. In certain embodiments, the r'VWF or rA13 is recovered after harvesting the
supernatant of a continuous culture. An exemplary method for continuous cell cultivation is
described in WO/2011/012725 (Grillberger et al.), the content of which is hereby incorporated

by reference in its entirety for all purposes.

[0164] In a perfusion culture, the extracted medium is depleted of cells, which are retained in the
culture vessel, for example, by filtration or by centrifugal methods that lead to the reintroduction
of the cells into the culture. However, typically membranes used for filtration do not retain
100% of cells, and so a proportion is removed when the medium is extracted. It may not be
crucial to operate perfusion cultures at very high growth rates, as the majority of the cells are
retained in the culture vessel. In certain embodiments, the r'VWF or rA13 is recovered after

harvesting the supernatant of a perfusion culture.

[0165] Stirred-tank reactor system can be used for batch and continuous cell cultures operated
under suspension or adherent modes. Generally, the stirred-tank reactor system can be operated
as any conventional stirred-tank reactor with any type of agitator such as a Rushton, hydrofoil,

pitched blade, or marine.

[0166] In certain embodiments, the cell-culture methods of the invention may comprise the use
of a microcarrier. In some embodiments, the cell-cultures of the embodiments can be performed
in large bioreactors under conditions suitable for providing high volume-specific culture surface
arcas to achieve high cell densities and protein expression. One means for providing such
growth conditions is to use microcarriers for cell-culture in stirred tank bioreactors. The concept
of cell-growth on microcarriers was first described by van Wezel (van Wezel, A.L., Nature
216:64-5 (1967)) and allows for cell attachment on the surface of small solid particles suspended
in the growth medium. These methods provide for high surface-to-volume ratios and thus allow
for efficient nutrient utilization. Furthermore, for expression of secreted proteins in cukaryotic
cell lines, the increased surface-to-volume ratio allows for higher levels of secretion and thus
higher protein yields in the supernatant of the culture. Finally, these methods allow for the easy

scale-up of eukaryotic expression cultures.

[0167] The cells expressing vWF and/or rA13 can be bound to a spherical or a porous
microcarrier during cell culture growth. The microcarrier can be a microcarrier selected from the

group of microcarriers based on dextran, collagen, plastic, gelatine and cellulose and others as
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described in Butler (1988. In: Spier & Griffiths, Animal Cell Biotechnology 3:283-303). It is
also possible to grow the cells to a biomass on spherical microcarriers and subculture the cells
when they have reached final fermenter biomass and prior to production of the expressed protein
on a porous microcarrier or vice versa. Suitable spherical microcarriers can include smooth
surface microcarriers, such as Cytodex™ 1, Cytodex™ 2, and Cytodex™ 3 (GE Healthcare) and
macroporous microcarriers such as Cytopore™ 1, Cytopore™ 2, Cytoline™ 1, and Cytoline™ 2

(GE Healthcare).

[0168] As described above, the present invention includes cell culture media having an increased
copper concentration. It is understood that all of the embodiments and concentrations described
in the “Cell Culture Media” section above can be applied to the methods of the present invention

described herein.

[0169] In certain embodiments, the culture can be maintained for at least about 7 days, or at least
about 14 days, 21 days, 28 days, or at least about 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks,
or at least about 2 months, or 3,4, 5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18 months or
longer. The cell density at which a cell-culture is maintained at for production of a recombinant
vWEF or recombinant rA 13 protein will depend upon the culture-conditions and medium used for
protein expression. One of skill in the art will readily be able to determine the optimal cell
density for a cell-culture producing rtVWF or rA13. In one embodiment, the culture is
maintained at a cell density of between about 0.5x10° and 4x107 cells/mL for an extended period
of time. In other embodiments, the cell density is maintained at a concentration of between about
1.0x10° and about 1.0x10 cells/mL for an extended period of time. In other embodiments, the
cell density is maintained at a concentration of between about 1.0x10° and about 4.0x10°
cells/mL for an extended period of time. In other embodiments, the cell density is maintained at
a concentration of between about 1.0x10° and about 4.0x10° cells/mL for an extended period of
time. In yet other embodiments, the cell density may be maintained at a concentration between
about 2.0x10° and about 4.0x10° cells/mL, or between about 1.0x10° and about 2.5x10°
cells/mL, or between about 1.5x10° and about 3.5x10° cells/mL, or any other similar range, for

an extended period of time.

[0170] In one embodiment, the cell density of a continuous cell culture provided herein is

maintained at a concentration of no more than 4.0x10° cells/mL for at least 7 days. In a specific
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embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 4.0x10° cells/mL for at least 14 days. In a more specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 4.0x10° cells/mL for at least 21 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 4.0x10° cells/mL for at least 28 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 4.0x10° cells/mL for at least 5 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 4.0x10° cells/mL for at least 6 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 4.0x10° cells/mL for at least 7 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 4.0x10° cells/mL for at least 8 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a

concentration of no more than 4.0x10° cells/mL for at least 9 weeks.

[0171] In one embodiment, the cell density of a continuous cell culture provided herein is

1211
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maintained at a concentration of no more than 3.5x10° cells/mL for at least 7 days. In a specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.5x10° cells/mL for at least 14 days. In a more specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.5x10° cells/mL for at least 21 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.5x10° cells/mL for at least 28 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.5x10° cells/mL for at least 5 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.5x10° cells/mL for at least 6 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.5x10° cells/mL for at least 7 weeks. In a yet more specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
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concentration of no more than 3.5x10° cells/mL for at least 8 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a

concentration of no more than 3.5x10° cells/mL for at least 9 weeks.

[0172] In one embodiment, the cell density of a continuous cell culture provided herein is
maintained at a concentration of no more than 3.0x10° cells/mL for at least 7 days. In a specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.0x10° cells/mL for at least 14 days. In a more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.0x10° cells/mL for at least 21 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.0x10° cells/mL for at least 28 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.0x10° cells/mL for at least 5 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.0x10° cells/mL for at least 6 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.0x10° cells/mL for at least 7 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 3.0x10° cells/mL for at least 8 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a

concentration of no more than 3.0x10° cells/mL for at least 9 weeks.

[0173] In one embodiment, the cell density of a continuous cell culture provided herein is
maintained at a concentration of no more than 2.5x10° cells/mL for at least 7 days. In a specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.5x10° cells/mL for at least 14 days. In a more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.5x10° cells/mL for at least 21 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.5x10° cells/mL for at least 28 days. In a yet more specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
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concentration of no more than 2.5x10° cells/mL for at least 5 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.5x10° cells/mL for at least 6 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.5x10° cells/mL for at least 7 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.5x10° cells/mL for at least 8 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a

concentration of no more than 2.5x10° cells/mL for at least 9 weeks.

[0174] In another embodiment, the cell density of a continuous cell culture provided herein is

1255
1056

maintained at a concentration of no more than 2.0x10° cells/mL for at least 7 days. In a specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.0x10° cells/mL for at least 14 days. In a more specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.0x10° cells/mL for at least 21 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.0x10° cells/mL for at least 28 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.0x10° cells/mL for at least 5 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.0x10° cells/mL for at least 6 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.0x10° cells/mL for at least 7 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 2.0x10° cells/mL for at least 8 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a

concentration of no more than 2.0x10° cells/mL for at least 9 weeks.

[0175] In one embodiment, the cell density of a continuous cell culture provided herein is

maintained at a concentration of no more than 1.5x10° cells/mL for at least 7 days. In a specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
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concentration of no more than 1.5x10° cells/mL for at least 14 days. In a more specific

embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 1.5x10° cells/mL for at least 21 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 1.5x10° cells/mL for at least 28 days. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 1.5x10° cells/mL for at least 5 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 1.5x10° cells/mL for at least 6 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 1.5x10° cells/mL for at least 7 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a
concentration of no more than 1.5x10° cells/mL for at least 8 weeks. In a yet more specific
embodiment, the cell density of a continuous cell culture provided herein is maintained at a

concentration of no more than 1.5x10° cells/mL for at least 9 weeks.

[0176] The following provides specific details on methods for producing rVWF and rA13. As
will be appreciated, although the conditions are presented specifically for rVWEF or rA13, the

conditions for rVWF can be used for producing rA13 and vice versa.
B. Methods of Producing High Molecular Weight Recombinant vWF

[0177] In another aspect, the present invention further relates to methods for producing vWF
under cell culture conditions comprising a cell culture medium having an increased copper
concentration. In certain embodiments, the culture also comprises a low ammonium
concentration. As used herein, the term “cell culture” and “cell culture solution™ are used

interchangeably.

[0178] In one embodiment, the present invention provides a method of producing a high
molecular weight, recombinant vVWF, comprising: a) providing a culture of cells; b) introducing a
nucleic acid sequence coding for vVWF; ¢) selecting the cells carrying the nucleic acid sequence;
and, d) expressing vWF in the cells under cell culture conditions comprising a cell culture
medium comprising a copper concentration of at least about 2.4 ug/L and a cell culture

supernatant comprising an ammonium concentration less than about 10 mM, wherein the vVWF is
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highly multimeric vVWF comprising about 14 to about 22 dimers and a specific Ristocetin activity
of at least about 30 mU/ug. In further embodiments, the multimeric r'VWF produced using
methods of the present invention comprise about 10-30, 12-28, 14-26, 16-24, 18-22, 20-21
dimers. In still further embodiments, the rVWF produced in accordance with the present
invention has a specific activity of at least about 20, 22.5, 25, 27.5, 30, 32.5, 35, 37.5, 40, 42.5,
45,475, 50, 52.5, 55, 57.5, 60, 62.5, 65, 67.5, 70, 72.5, 75, 77.5, 80, or more mU/pug. In a
specific embodiment, the cell density of the continuous cell culture for production of rVWF is
maintained at a concentration of no more than 2.5x10° cells/mL for an extended period. In other
specific embodiments, the cell density is maintained at no more than 2.0x10° cells/mL, 1.5x10°
cells/mL, 1.0x10° cells/mL, 0.5x10° cells/mL, or less. In one embodiment, the cell density is

maintained at between 1.5x10° cells/mL and 2.5x10° cells/mL.

[0179] In one embodiment, the present invention provides a method for producing a recombinant
Von Willebrand Factor (rVWF) composition, the method comprising the steps of: (a) providing a
basal cell culture media; (b) supplementing the basal cell culture media with copper to provide a
final copper concentration of at least 2.0 ug/L; (¢) providing one or more cells comprising a
nucleic acid encoding a rVWF protein; (d) culturing the one or more cells in the copper
supplemented cell culture media such that rVWF is expressed and excreted from the cells into a
culture supernatant; and (¢) recovering at least a portion of the culture supernatant, wherein the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 30 mU/ug
rVWEF. In one embodiment, the cell culture solution further comprises an ammonium
concentration of less than 10 mM. In another specific embodiment, the ammonium
concentration of the cell culture solution is maintained at an ammonium concentration of no
more than 10 mM for at least 7 days. In a preferred embodiment, the cell culture solution
comprises an ammonium concentration of no more than 5 mM. In another specific embodiment,
the ammonium concentration of the cell culture solution is maintained at an ammonium
concentration of no more than 5 mM for at least 7 days. In a preferred embodiment, the cell
culture solution comprises an ammonium concentration of no more than 4 mM. In another
specific embodiment, the ammonium concentration of the cell culture is maintained at an
ammonium concentration of no more than 4 mM for at least 7 days. In yet other embodiments,
the cell culture solution comprises an ammonium concentration of no more than 10 mM, or no

more than 9 mM, 8§ mM, 7 mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. Inyet
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another embodiment, the ammonium concentration of the cell culture is maintained at a low level
for the duration of the process (i.e., for the entire time the culture is being used to produce
rVWF). In a preferred embodiment, the recovered supernatant has a rVWF specific ristocetin
cofactor activity of at least 50 mU/pg rVWEF. In a more preferred embodiment, the recovered

supernatant has a rVWF specific ristocetin cofactor activity of at least 70 mU/pug rVWF.

[0180] In one embodiment of the method described above, the basal cell culture media is
supplemented with copper to provide a final copper concentration of at least 2.4 pug/L. In one
embodiment, the cell culture solution further comprises an ammonium concentration of less than
10 mM. In another specific embodiment, the ammonium concentration of the cell culture
solution is maintained at an ammonium concentration of no more than 10 mM for at least 7 days.
In a preferred embodiment, the cell culture solution comprises an ammonium concentration of no
more than 5 mM. In another specific embodiment, the ammonium concentration of the cell
culture solution is maintained at an ammonium concentration of no more than 5 mM for at least
7 days. In a preferred embodiment, the cell culture solution comprises an ammonium
concentration of no more than 4 mM. In another specific embodiment, the ammonium
concentration of the cell culture solution is maintained at an ammonium concentration of no
more than 4 mM for at least 7 days. In yet other embodiments, the cell culture solution
comprises an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7
mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet another embodiment, the
ammonium concentration of the cell culture solution is maintained at a low level for the duration
of the process (i.e., for the entire time the culture is being used to produce rVWF). In a preferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0181] In one embodiment of the method described above, the basal cell culture media is
supplemented with copper to provide a final copper concentration of at least 3 pug/L. In one
embodiment, the cell culture solution further comprises an ammonium concentration of less than
10 mM. In another specific embodiment, the ammonium concentration of the cell culture
solution is maintained at an ammonium concentration of no more than 10 mM for at least 7 days.

In a preferred embodiment, the cell culture solution comprises an ammonium concentration of no
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more than 5 mM. In another specific embodiment, the ammonium concentration of the cell
culture solution is maintained at an ammonium concentration of no more than 5 mM for at least
7 days. In a preferred embodiment, the cell culture solution comprises an ammonium
concentration of no more than 4 mM. In another specific embodiment, the ammonium
concentration of the cell culture solution is maintained at an ammonium concentration of no
more than 4 mM for at least 7 days. In yet other embodiments, the cell culture solution
comprises an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7
mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet another embodiment, the
ammonium concentration of the cell culture solution is maintained at a low level for the duration
of the process (i.e., for the entire time the culture is being used to produce rVWF). In a preferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0182] In one embodiment of the method described above, the basal cell culture media is
supplemented with copper to provide a final copper concentration of at least 4 pug/L. In one
embodiment, the cell culture solution further comprises an ammonium concentration of less than
10 mM. In another specific embodiment, the ammonium concentration of the cell culture
solution is maintained at an ammonium concentration of no more than 10 mM for at least 7 days.
In a preferred embodiment, the cell culture solution comprises an ammonium concentration of no
more than 5 mM. In another specific embodiment, the ammonium concentration of the cell
culture solution is maintained at an ammonium concentration of no more than 5 mM for at least
7 days. In a preferred embodiment, the cell culture solution comprises an ammonium
concentration of no more than 4 mM. In another specific embodiment, the ammonium
concentration of the cell culture solution is maintained at an ammonium concentration of no
more than 4 mM for at least 7 days. In yet other embodiments, the cell culture media comprises
an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7 mM, 6
mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet another embodiment, the ammonium
concentration of the cell culture solution is maintained at a low level for the duration of the
process (i.e., for the entire time the culture is being used to produce rVWF). In a preferred

embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
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least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0183] In one embodiment of the method described above, the basal cell culture media is
supplemented with copper to provide a final copper concentration of about 4.3 ug/L. In one
embodiment, the cell culture solution further comprises an ammonium concentration of less than
10 mM. In another specific embodiment, the ammonium concentration of the cell culture
solution is maintained at an ammonium concentration of no more than 10 mM for at least 7 days.
In a preferred embodiment, the cell culture solution comprises an ammonium concentration of no
more than 5 mM. In another specific embodiment, the ammonium concentration of the cell
culture solution is maintained at an ammonium concentration of no more than 5 mM for at least
7 days. In a preferred embodiment, the cell culture solution comprises an ammonium
concentration of no more than 4 mM. In another specific embodiment, the ammonium
concentration of the cell culture solution is maintained at an ammonium concentration of no
more than 4 mM for at least 7 days. In yet other embodiments, the cell culture solution
comprises an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7
mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet another embodiment, the
ammonium concentration of the cell culture solution is maintained at a low level for the duration
of the process (i.e., for the entire time the culture is being used to produce rVWF). In a preferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0184] In one embodiment of the method described above, the basal cell culture media is
supplemented with copper to provide a final copper concentration of between 2 ug/L and 20
ug/L. In one embodiment, the cell culture solution further comprises an ammonium
concentration of less than 10 mM. In another specific embodiment, the ammonium
concentration of the cell culture solution is maintained at an ammonium concentration of no
more than 10 mM for at least 7 days. In a preferred embodiment, the cell culture solution
comprises an ammonium concentration of no more than 5 mM. In another specific embodiment,
the ammonium concentration of the cell culture is maintained at an ammonium concentration of

no more than 5 mM for at least 7 days. In a preferred embodiment, the cell culture solution
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comprises an ammonium concentration of no more than 4 mM. In another specific embodiment,
the ammonium concentration of the cell culture is maintained at an ammonium concentration of
no more than 4 mM for at least 7 days. In yet other embodiments, the cell culture solution
comprises an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7
mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet another embodiment, the
ammonium concentration of the cell culture is maintained at a low level for the duration of the
process (i.e., for the entire time the culture is being used to produce rVWF). In a preferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0185] In one embodiment of the method described above, the basal cell culture media is
supplemented with copper to provide a final copper concentration of between 3 ug/L and 10
ug/L. In one embodiment, the cell culture solution further comprises an ammonium
concentration of less than 10 mM. In another specific embodiment, the ammonium
concentration of the cell culture is maintained at an ammonium concentration of no more than 10
mM for at least 7 days. In a preferred embodiment, the cell culture solution comprises an
ammonium concentration of no more than 5 mM. In another specific embodiment, the
ammonium concentration of the cell culture solution is maintained at an ammonium
concentration of no more than 5 mM for at least 7 days. In a preferred embodiment, the cell
culture solution comprises an ammonium concentration of no more than 4 mM. In another
specific embodiment, the ammonium concentration of the cell culture is maintained at an
ammonium concentration of no more than 4 mM for at least 7 days. In yet other embodiments,
the cell culture solution comprises an ammonium concentration of no more than 10 mM, or no
more than 9 mM, 8§ mM, 7 mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. Inyet
another embodiment, the ammonium concentration of the cell culture solution is maintained at a
low level for the duration of the process (i.e., for the entire time the culture is being used to
produce rVWF). In a preferred embodiment, the recovered supernatant has a rVWF specific
ristocetin cofactor activity of at least 50 mU/pg rVWEF. In a more preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 70 mU/ug

rVWE.
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[0186] In one embodiment of the method described above, the basal cell culture media is
supplemented with copper to provide a final copper concentration of between 4 ug/L and 7.5
ug/L. In one embodiment, the cell culture solution further comprises an ammonium
concentration of less than 10 mM. In another specific embodiment, the ammonium
concentration of the cell culture is maintained at an ammonium concentration of no more than 10
mM for at least 7 days. In a preferred embodiment, the cell culture solution comprises an
ammonium concentration of no more than 5 mM. In another specific embodiment, the
ammonium concentration of the cell culture is maintained at an ammonium concentration of no
more than 5 mM for at least 7 days. In a preferred embodiment, the cell culture solution
comprises an ammonium concentration of no more than 4 mM. In another specific embodiment,
the ammonium concentration of the cell culture is maintained at an ammonium concentration of
no more than 4 mM for at least 7 days. In yet other embodiments, the cell culture solution
comprises an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7
mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet another embodiment, the
ammonium concentration of the cell culture is maintained at a low level for the duration of the
process (i.e., for the entire time the culture is being used to produce rVWF). In a preferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0187] In one embodiment, the present invention provides a method for producing a recombinant
Von Willebrand Factor (rVWF) composition, the method comprising the steps of: (a) providing a
basal cell culture media; (b) supplementing the basal cell culture media with copper; (¢)
providing one or more cells comprising a nucleic acid encoding a rVWEF protein; (d) culturing
the one or more cells in the copper supplemented cell culture media such that rtVWF is expressed
and excreted from the cells into a culture supernatant; and (¢) recovering at least a portion of the
culture supernatant, wherein the NH, " concentration of the supernatant is maintained at a low
level for at least 7 days, and further wherein the recovered supernatant has a rVWF specific
ristocetin cofactor activity of at least 30 mU/ug rVWEF. In a specific embodiment, the copper
concentration and NH,~ concentration of the cell culture solution is maintained at a concentration
according to any one of variations 1 to 440, as sct forth in Table 1. In a preferred embodiment,

the recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
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rVWF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0188] In one embodiment of the method described above, the copper concentration and NH,"
concentration of the cell culture is maintained at a concentration according to any one of
variations 1 to 440, as set forth in Table 1 for at least 14 days. In a preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0189] In one embodiment of the method described above, the copper concentration and NH, "
concentration of the cell culture is maintained at a concentration according to any one of
variations 1 to 440, as set forth in Table 1 for at least 21 days. In a preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0190] In one embodiment of the method described above, the copper concentration and NH,"
concentration of the cell culture is maintained at a concentration according to any one of
variations 1 to 440, as set forth in Table 1 for at least 28 days. In a preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0191] In one embodiment of the method described above, the copper concentration and NH,"
concentration of the cell culture is maintained at a concentration according to any one of
variations 1 to 440, as set forth in Table 1 for at least 5 weeks. In a preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0192] In one embodiment of the method described above, the copper concentration and NH, "
concentration of the cell culture is maintained at a concentration according to any one of

variations 1 to 440, as set forth in Table 1 for at least 6 weeks. In a preferred embodiment, the
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recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0193] In one embodiment of the method described above, the copper concentration and NH, "
concentration of the cell culture is maintained at a concentration according to any one of
variations 1 to 440, as set forth in Table 1 for at least 7 weeks. In a preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0194] In one embodiment of the method described above, the copper concentration and NH,"
concentration of the cell culture is maintained at a concentration according to any one of
variations 1 to 440, as set forth in Table 1 for at least 8 weeks. In a preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0195] In one embodiment of the method described above, the copper concentration and NH,"
concentration of the cell culture is maintained at a concentration according to any one of
variations 1 to 440, as set forth in Table 1 for at least 9 weeks. In a preferred embodiment, the
recovered supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug
rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF specific

ristocetin cofactor activity of at least 70 mU/ug rVWF.

[0196] In one embodiment, the present invention provides a method for producing a recombinant
Von Willebrand Factor (rVWF) composition, the method comprising the steps of: (a) providing a
basal cell culture media; (b) supplementing the basal cell culture media with copper to provide a
final copper concentration of at least 2.0 ug/L; (¢) providing one or more cells comprising a
nucleic acid encoding a rVWF protein; (d) culturing the one or more cells in the copper
supplemented cell culture media such that rVWF is expressed and excreted from the cells into a
culture supernatant; (¢) monitoring the ammonium concentration of the culture supernatant; and
(f) recovering at least a portion of the culture supernatant, wherein culture supernatant

comprising an ammonium concentration of more than 10 mM is not used for producing the
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rVWF composition, and further wherein the recovered supernatant has a rVWF specific
ristocetin cofactor activity of at least 30 mU/pg rVWF. In certain embodiments, the final copper
concentration of the supplemented basal culture media is at least 2.4 ug/L, 3 ug/L, 4 ug/L, 5
ng/L, 6 ug/L, 7 ug/L, 8 ug/L, 9 ug/L, 10 ng/L, 15 png/L, 20 ug/L, or higher. In other
embodiments, the final copper concentration of the supplemented basal culture media is between
2-20 ug/L, 2-10 pg/L, 3-8 ug/L, or 4-6 pg/L. In a preferred embodiment, the recovered
supernatant has a rVWF specific ristocetin cofactor activity of at least 50 mU/ug rVWF. Ina
more preferred embodiment, the recovered supernatant has a r'VWF specific ristocetin cofactor

activity of at least 70 mU/ug rVWF.

[0197] In one embodiment of the method described above, culture supernatant comprising an
ammonium concentration of more than 6 mM is not used for producing the rVWF composition.
In certain embodiments, the final copper concentration of the supplemented basal culture media
is at least 2.4 png/L, 3 ug/L, 4 ug/L, 5 ug/L, 6 ug/L, 7 ug/L, 8 ug/L, 9 ug/L, 10 ug/L, 15 pg/L, 20
ug/L, or higher. In other embodiments, the final copper concentration of the supplemented basal
culture media is between 2-20 ug/L, 2-10 ug/L, 3-8 ug/L, or 4-6 ug/L.. In apreferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0198] In one embodiment of the method described above, culture supernatant comprising an
ammonium concentration of more than 5 mM is not used for producing the rVWF composition.
In certain embodiments, the final copper concentration of the supplemented basal culture media
is at least 2.4 png/L, 3 ug/L, 4 ug/L, 5 ug/L, 6 ug/L, 7 ug/L, 8 ug/L, 9 ug/L, 10 ug/L, 15 pg/L, 20
ug/L, or higher. In other embodiments, the final copper concentration of the supplemented basal
culture media is between 2-20 ug/L, 2-10 ug/L, 3-8 ug/L, or 4-6 ug/L.. In apreferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0199] In one embodiment of the method described above, culture supernatant comprising an
ammonium concentration of more than 4 mM is not used for producing the rVWF composition.

In certain embodiments, the final copper concentration of the supplemented basal culture media
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is at least 2.4 png/L, 3 ug/L, 4 ug/L, 5 ug/L, 6 ug/L, 7 ug/L, 8 ug/L, 9 ug/L, 10 ug/L, 15 pg/L, 20
ug/L, or higher. In other embodiments, the final copper concentration of the supplemented basal
culture media is between 2-20 ug/L, 2-10 ug/L, 3-8 pug/L, or 4-6 ug/L. In a preferred
embodiment, the recovered supernatant has a rVWF specific ristocetin cofactor activity of at
least 50 mU/ug rVWEF. In a more preferred embodiment, the recovered supernatant has a rVWF
specific ristocetin cofactor activity of at least 70 mU/ug rVWEF.

[0200] Recombinant vWF can be produced by expression in a suitable eukaryotic host system.
Examples of eukaryotic cells include, without limitation, mammalian cells, such as CHO, COS,
HEK 293, BHK, SK-Hep, and HepG2; insect cells, e.g., SF9 cells, SF21 cells, S2 cells, and High
Five cells; and yeast cells, e.g., Saccharomyces or Schizosaccharomyces cells. In one
embodiment, the vVWF can be expressed in yeast cells, insect cells, avian cells, mammalian cells,
and the like. For example, in a human cell line, a hamster cell line, or a murine cell line. In one
particular embodiment, the cell line is a CHO, BHK, or HEK cell line. Typically, mammalian
cells, e.g., CHO cells from a continuous cell line, can be used to express the vVWF of the present

invention.

[0201] In certain embodiments, the nucleic acid sequence comprising a sequence coding for
vWEF can be a vector. The vector can be delivered by a virus or can be a plasmid. The nucleic
acid sequence coding for the protein can be a specific gene or a biologically functional part

thereof. In one embodiment, the protein is at least a biologically active part of vVWF.

[0202] A wide variety of vectors can be used for the expression of the vVWF and can be selected
from eukaryotic expression vectors. Examples of vectors for eukaryotic expression include: (i)
for expression in yeast, vectors such as pAQO, pPIC, pYES, pMET, using promoters such as
AOX1, GAP, GALI1, AUGI, etc; (ii) for expression in insect cells, vectors such as pMT, pAc5,
pIB, pMIB, pBAC, etc., using promoters such as PH, p10, MT, Ac5, OplE2, gp64, polh, etc., and
(iii) for expression in mammalian cells, vectors such as pSVL, pCMV, pRc¢/RSV, pcDNA3,
pBPV, etc., and vectors derived from viral systems such as vaccinia virus, adeno-associated
viruses, herpes viruses, retroviruses, etc., using promoters such as CMV, SV40, EF-1, UbC,
RSV, ADV, BPV, and B-actin. An exemplary vector for expressing rVWEF is described by
Kaufman et al. (Mol Cell Biol. 1989 Mar;9(3):1233-42), the content of which is hereby

incorporated by reference in its entirety for all purposes.
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can be operated as any conventional stirred-tank reactor with any type of agitator such as a

Rushton, hydrofoil, pitched blade, or marine.
C. Methods of Producing Recombinant ADAMTS13 (A13)

[0207] In another aspect, the present invention further relates to methods for producing rA13
under cell culture conditions comprising a cell culture medium having an increased copper
concentration. In certain embodiments, the culture also comprises a low ammonium

concentration.

[0208] In one embodiment, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper to provide a final
copper concentration of at least 1.0 pg/L; (¢) providing one or more cells comprising a nucleic
acid encoding a rA13 protein; (d) culturing the one or more cells in the copper supplemented cell
culture media such that rA13 is expressed and excreted from the cells into a culture supernatant;
and (¢) recovering at least a portion of the culture supernatant, wherein at least 1500 Units
FRETS-VWEF73 activity per liter supplemented basal cell culture media per day (i.e., 1500 Units
FRETS-VWEF73 activity per day per liter cell culture; P FRETS) is present in the recovered
culture supernatant. In certain embodiments, the final copper concentration of the supplemented
basal culture media is at least 2 ug/L, 3 ug/L, 4 ug/L, 5 ug/L, 6 ug/L, or higher. In other
embodiments, the final copper concentration of the supplemented basal culture media is between
1-6 ug/L, 2-5 ng/L, 2-4 ng/L, or 3-4 pug/L. In a preferred embodiment, at least 2000 Units
FRETS-VWF73 activity per liter supplemented basal cell culture media per day is present in the
recovered culture supernatant. In a more preferred embodiment, at least 2500 Units FRETS-
VWEF73 activity per liter supplemented basal cell culture media per day is present in the
recovered culture supernatant. In a most preferred embodiment, at least 3000 Units FRETS-
VWEF73 activity per liter supplemented basal cell culture media per day is present in the
recovered culture supernatant. In certain embodiments, the methods provide sustainably
improved volumetric FRETS-VWF73 productivity (P FRETS). For example, in certain
embodiments, at least 1500 Units FRETS-VWF73 activity per liter supplemented basal cell
culture media is recovered daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70,
or more days. In a preferred embodiment, at least 2000 Units FRETS-VWF73 activity per liter
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supplemented basal cell culture media is recovered daily for at least 7 days, or at least 14, 21, 28,
35,42, 49, 56, 63, 70, or more days. In a more preferred embodiment, at least 2500 Units
FRETS-VWEF73 activity per liter supplemented basal cell culture media is recovered daily for at
least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days. In a most preferred
embodiment, at least 3000 Units FRETS-VWF73 activity per liter supplemented basal cell
culture media is recovered daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70,
or more days. In a specific embodiment, the cell density of the continuous cell culture for
production of rA13 is maintained at a concentration of no more than 4.0x10° cells/mL for an
extended period. In other specific embodiments, the cell density is maintained at no more than
3.5x10° cells/mL, 3.0x10° cells/mL, 2.5x10° cells/mL, 2.0x10° cells/mL, 1.5x10° cells/mL,
1.0x10° cells/mL, or less. In one embodiment, the cell density is maintained at between 3.0x10°

cells/mL and 4.0x10° cells/mL.

[0209] In one embodiment of the methods described above, the recovered supernatant has at
least 4 Units FRETS-VWEF73 activity per mL supernatant (FRETS). In a preferred embodiment,
the recovered supernatant has at least 6 Units FRETS-VWF73 activity per mL supernatant. In a
more preferred embodiment, the recovered supernatant has at least 8 Units FRETS-VWF73
activity per mL supernatant. In a most preferred embodiment, the recovered supernatant has at
least 10 Units FRETS-VWF73 activity per mL supernatant. In certain embodiments, the
methods provide sustainably improved FRETS production. For example, in certain
embodiments, supernatant having at least 4 Units FRETS-VWF73 activity per mL are recovered
daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days. In a preferred
embodiment, supernatant having at least 6 Units FRETS-VWF73 activity per mL are recovered
daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days. In a more
preferred embodiment, supernatant having at least 8 Units FRETS-VWEF73 activity per mL are
recovered daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days. In
a most preferred embodiment, supernatant having at least 10 Units FRETS-VWF73 activity per
mL are recovered daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more
days.

[0210] In one embodiment of the methods described above, the cell culture results in the

production of at least 800 mU of FRETS-VWF73 activity per 10 cells present in the culture per
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day (i.e., q FRETS). In a preferred embodiment, the cell culture results in the production of at
least 1 U of FRETS-VWEF73 activity per 10° cells present in the culture per day. In a more
preferred embodiment, the cell culture results in the production of at least 1.2 U of FRETS-
VWE73 activity per 10° cells present in the culture per day. In a most preferred embodiment, the
cell culture results in the production of at least 1.4 U of FRETS-VWF73 activity per 10° cells
present in the culture per day. In certain embodiments, the methods provide sustainably
improved cell-specific FRETS-VWEF73 productivity (q FRETS). For example, in certain
embodiments, the cell culture results in the production of at least 800 mU of FRETS-VWF73
activity per 10° cells present in the culture daily for at least 7 days, or at least 14, 21, 28, 35, 42,
49, 56, 63, 70, or more days. In a preferred embodiment, the cell culture results in the
production of at least 1 U of FRETS-VWEF73 activity per 10° cells present in the culture daily for
at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days. In a more preferred
embodiment, the cell culture results in the production of at least 1.2 U of FRETS-VWF73
activity per 10° cells present in the culture daily for at least 7 days, or at least 14, 21, 28, 35, 42,
49, 56, 63, 70, or more days. In a most preferred embodiment, the cell culture results in the
production of at least 1.4 U of FRETS-VWF73 activity per 10° cells present in the culture daily
for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days.

[0211] In one embodiment of the methods described above, the cell culture results in the
production of at least 1 mg rA13, as measured by ELISA, per liter culture per day (P ELISA). In
a preferred embodiment, the cell culture results in the production of at least 1.5 mg rA13, as
measured by ELISA, per liter culture per day. In a more preferred embodiment, the cell culture
results in the production of at least 2 mg rA 13, as measured by ELISA, per liter culture per day.
In certain embodiments, the methods provide sustainably improved rA13 production. For
example, in certain embodiments, the cell culture results in the production of at least 1 mg rA13,
as measured by ELISA, per liter culture daily for at least 7 days, or at least 14, 21, 28, 35,42, 49,
56, 63, 70, or more days. In a preferred embodiment, the cell culture results in the production of
at least 1.5 mg rA13, as measured by ELISA, per liter culture daily for at least 7 days, or at least
14,21, 28, 35,42, 49, 56, 63, 70, or more days. In a more preferred embodiment, the cell culture
results in the production of at least 2 mg rA13, as measured by ELISA, per liter culture daily for
at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days.
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[0212] In one embodiment of the methods described above, the cell culture results in the
production of at least 0.5 ug rA13, as measured by ELISA, per 10° cells present in the culture per
day (i.e., q ELISA). In a preferred embodiment, the cell culture results in the production of at
least 0.7 ug rA13, as measured by ELISA, per 10° cells present in the culture per day. In a more
preferred embodiment, the cell culture results in the production of at least 0.9 pug rA13, as
measured by ELISA, per 10° cells present in the culture per day. In certain embodiments, the
methods provide sustainably improved q ELISA production. For example, in certain
embodiments, the cell culture results in the production of at least 0.5 pug rA13, as measured by
ELISA, per 10° cells present in the culture daily for at least 7 days, or at least 14, 21, 28, 35, 42,
49, 56, 63, 70, or more days. In a preferred embodiment, the cell culture results in the
production of at least 0.7 ug rA13, as measured by ELISA, per 10° cells present in the culture
daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days. In a more
preferred embodiment, the cell culture results in the production of at least 0.9 ug rA13, as
measured by ELISA, per 10° cells present in the culture daily for at least 7 days, or at least 14,
21,28, 35,42, 49, 56, 63, 70, or more days.

[0213] In one embodiment of the methods described above, the recovered supernatant has at
least 3 ug rA13, as measured by ELISA, per mL supernatant. In a preferred embodiment, the
recovered supernatant has at least 4 ug rA13, as measured by ELISA, per mL supernatant. In a
more preferred embodiment, the recovered supernatant has at least 5 ug rA13, as measured by
ELISA, per mL supernatant. In a most preferred embodiment, the recovered supernatant has at
least 6 ug rA13, as measured by ELISA, per mL supernatant. In certain embodiments, the
methods provide sustainably improved rA13 production. For example, in certain embodiments,
supernatant having at least 3 ug rA13 per mL are recovered daily for at least 7 days, or at least
14,21, 28, 35,42, 49, 56, 63, 70, or more days. In a preferred embodiment, supernatant having
at least 4 ug rA13 per mL are recovered daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49,
56, 63, 70, or more days. In a more preferred embodiment, supernatant having at least 5 ug rA13
per mL are recovered daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or
more days. In a most preferred embodiment, supernatant having at least 6 ug rA13 per mL are

recovered daily for at least 7 days, or at least 14, 21, 28, 35, 42, 49, 56, 63, 70, or more days.
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[0214] In one embodiment of the methods described above, the cell culture solution further
comprises an ammonium concentration of less than 10 mM. In another specific embodiment, the
ammonium concentration of the cell culture is maintained at an ammonium concentration of no
more than 10 mM for at least 7 days. In a preferred embodiment, the cell culture solution
comprises an ammonium concentration of no more than 5 mM. In another specific embodiment,
the ammonium concentration of the cell culture is maintained at an ammonium concentration of
no more than 5 mM for at least 7 days. In a preferred embodiment, the cell culture solution
comprises an ammonium concentration of no more than 4 mM. In another specific embodiment,
the ammonium concentration of the cell culture is maintained at an ammonium concentration of
no more than 4 mM for at least 7 days. In yet other embodiments, the cell culture solution
comprises an ammonium concentration of no more than 10 mM, or no more than 9 mM, 8§ mM, 7
mM, 6 mM, 5 mM, 4 mM, 3 mM, 2 mM, 1 mM, or less. In yet another embodiment, the
ammonium concentration of the cell culture is maintained at a low level for the duration of the
process (i.e., for the entire time the culture is being used to produce rA13). In a particular
embodiment, the culture solution has a copper and ammonium concentration according to any

onc of variations 1 to 440, as provided in Table 1.

[0215] In one embodiment, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper and zinc; (¢) providing
one or more cells comprising a nucleic acid encoding a rA13 protein; (d) culturing the one or
more cells in the copper supplemented cell culture media such that rA13 is expressed and
excreted from the cells into a culture supernatant; and (¢) recovering at least a portion of the
culture supernatant, wherein at least 1500 Units FRETS-VWF73 activity per liter supplemented
basal cell culture media per day is present in the recovered culture supernatant. In one
embodiment, the culture medium contains at least 1 pg/L copper and at least 2 uM zinc. In other
embodiments, the media contains at least 2 ug/L copper or at least 4 ug/L copper. In one
embodiment wherein the media is supplemented with copper, the culture medium also contains
at least at or about 5 uM zinc. In one embodiment, the culture medium also contains at or about
between 2 uM and 12 uM zinc. In another embodiment, the culture medium also contains at or

about between 5 uM and 12 uM zinc. In yet other embodiments, the culture medium also may
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contain at least at or about 2 uM, or at least at or about 3 uM, 4 uM, 5 uM, 6 uM, 7 uM, 8 uM, 9
uM, 10 uM, 11 uM, 12 uM, 13 uM, 14 uM, 15 uM, 20 pM, 25 uM, 30 uM, or more zinc. In
onc embodiment, the culture medium contains a copper and zinc concentration according to any
onc of variations 441 to 880, as set forth in Table 2. In a preferred embodiment, at least 2000
Units FRETS-VWEF73 activity per liter supplemented basal cell culture media per day is present
in the recovered culture supernatant. In a more preferred embodiment, at least 2500 Units
FRETS-VWEF73 activity per liter supplemented basal cell culture media per day is present in the
recovered culture supernatant. In a most preferred embodiment, at least 3000 Units FRETS-
VWEF73 activity per liter supplemented basal cell culture media per day is present in the

recovered culture supernatant.

[0216] In one embodiment, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper and calcium; (c)
providing one or more cells comprising a nucleic acid encoding a rA13 protein; (d) culturing the
onc or more cells in the copper supplemented cell culture media such that rA13 is expressed and
excreted from the cells into a culture supernatant; and (¢) recovering at least a portion of the
culture supernatant, wherein at least 1500 Units FRETS-VWEF73 activity per liter supplemented
basal cell culture media per day is present in the recovered culture supernatant. In one
embodiment, the culture medium contains at least 1 pug/L copper and at least 0.5 mM calcium.
In other embodiments, the media contains at least 2 ug/L copper or at least 4 ug/L copper. In
another embodiment wherein the media is supplemented with copper, the culture medium also
contains at least 1.5 mM calcium. In one embodiment, the culture medium contains at or about
between 0.5 mM and 1.5 mM calcium. In yet other embodiments, the culture medium may
contain at least at or about 0.5 mM, or at least at or about 0.6 mM, 0.7 mM, 0.8 mM, 0.9 mM,
1.0 mM, 1.1 mM, 1.2 mM, 1.3 mM, 1.4 mM, 1.5 mM, 1.6 mM, 1.7 mM, 1.8 mM, 1.9 mM, 2.0
mM, 2.25 mM, 2.5 mM, 2.75 mM, 3.0 mM, 3.5 mM, 4.0 mM, 4.5 mM, 5.0 mM, or more
calcium. In one embodiment, the culture medium contains a copper and calcium concentration
according to any onc of variations 881 to 1320, as set forth in Table 3. In a preferred
embodiment, at least 2000 Units FRETS-VWF73 activity per liter supplemented basal cell

culture media per day is present in the recovered culture supernatant. In a more preferred
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embodiment, at least 2500 Units FRETS-VWF73 activity per liter supplemented basal cell
culture media per day is present in the recovered culture supernatant. In a most preferred
embodiment, at least 3000 Units FRETS-VWF73 activity per liter supplemented basal cell

culture media per day is present in the recovered culture supernatant.

[0217] In one embodiment, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper, zinc, and calcium; (c)
providing one or more cells comprising a nucleic acid encoding a rA13 protein; (d) culturing the
onc or more cells in the copper supplemented cell culture media such that rA13 is expressed and
excreted from the cells into a culture supernatant; and (¢) recovering at least a portion of the
culture supernatant, wherein at least 1500 Units FRETS-VWF73 activity per liter supplemented
basal cell culture media per day is present in the recovered culture supernatant. In one
embodiment, the culture medium has a calcium concentration of at least 0.5 mM and a copper
and zinc concentration according to any one of variations 441 to 880, as set forth in Table 2. In
another specific embodiment, the culture medium has a calcium concentration of at least 1.5 mM
and a copper and zinc concentration according to any one of variations 441 to 880, as set forth in
Table 2. In another specific embodiment, the culture medium has a calcium concentration
between 0.5 mM and 1.5 mM and a copper and zinc concentration according to any one of
variations 441 to 880, as set forth in Table 2. In yet other embodiments, the culture medium has
a calcium concentration of at least 0.6 mM, 0.7 mM, 0.8 mM, 0.9 mM, 1.0 mM, 1.1 mM, 1.2
mM, 1.3 mM, 1.4 mM, 1.5 mM, 1.6 mM, 1.7 mM, 1.8 mM, 1.9 mM, 2.0 mM, 2.25 mM, 2.5
mM, 2.75 mM, 3.0 mM, 3.5 mM, 4.0 mM, 4.5 mM, 5.0 mM, or more, and a copper and zinc
concentration according to any one of variations 441 to 880, as sct forth in Table 2. In a
preferred embodiment, at least 2000 Units FRETS-VWEF73 activity per liter supplemented basal
cell culture media per day is present in the recovered culture supernatant. In a more preferred
embodiment, at least 2500 Units FRETS-VWF73 activity per liter supplemented basal cell
culture media per day is present in the recovered culture supernatant. In a most preferred
embodiment, at least 3000 Units FRETS-VWF73 activity per liter supplemented basal cell

culture media per day is present in the recovered culture supernatant.
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[0218] In one embodiment, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper and nicotinamide; (c)
providing one or more cells comprising a nucleic acid encoding a rA13 protein; (d) culturing the
onc or more cells in the copper supplemented cell culture media such that rA13 is expressed and
excreted from the cells into a culture supernatant; and (¢) recovering at least a portion of the
culture supernatant, wherein at least 1500 Units FRETS-VWEF73 activity per liter supplemented
basal cell culture media per day is present in the recovered culture supernatant. In one
embodiment, the culture medium contains at least 1 pg/L copper and at least 2 mg/L
nicotinamide (vitamin B3). In other embodiments, the media contains at least 2 pug/L copper or
at least 4 ug/L copper. In another embodiment wherein the media is supplemented with copper,
the culture medium also contains at least 7 mg/L nicotinamide (vitamin B3). In one
embodiment, the culture medium contains at or about between 2 mg/L and 10 mg/L nicotinamide
(vitamin B3). In yet other embodiments, the culture medium may contain at least at or about 2
mg/L, 3 mg/L, 4 mg/L, 5 mg/L, 6 mg/L, 7 mg/L, 8 mg/L, 9 mg/L, 10 mg/L, 15 mg/L, 20 mg/L,
or higher concentrations of nicotinamide (vitamin B3). In one embodiment, the culture medium
contains a copper and nicotinamide concentration according to any one of variations 1321 to
1760, as set forth in Table 4. In a preferred embodiment, at least 2000 Units FRETS-VWF73
activity per liter supplemented basal cell culture media per day is present in the recovered culture
supernatant. In a more preferred embodiment, at least 2500 Units FRETS-VWEF73 activity per
liter supplemented basal cell culture media per day is present in the recovered culture
supernatant. In a most preferred embodiment, at least 3000 Units FRETS-VWF73 activity per
liter supplemented basal cell culture media per day is present in the recovered culture

supernatant.

[0219] In one embodiment, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper, zinc, and
nicotinamide; (c¢) providing one or more cells comprising a nucleic acid encoding a rA13 protein;
(d) culturing the one or more cells in the copper supplemented cell culture media such that rA13
is expressed and excreted from the cells into a culture supernatant; and (¢) recovering at least a

portion of the culture supernatant, wherein at least 1500 Units FRETS-VWEF73 activity per liter
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supplemented basal cell culture media per day is present in the recovered culture supernatant. In
onc embodiment, the cell culture medium has a nicotinamide concentration of at least 2 mg/mL
and a copper and zinc concentration according to any one of variations 441 to 880, as set forth in
Table 2. In another specific embodiment, the culture medium has a nicotinamide concentration
of at least 7 mg/mL mM and a copper and zinc concentration according to any one of variations
441 to 880, as sct forth in Table 2. In another specific embodiment, the culture medium has a
nicotinamide concentration between 2 mg/mL and 10 mg/mL and a copper and zinc
concentration according to any onc of variations 441 to 880, as set forth in Table 2. In yet other
embodiments, the culture medium has a nicotinamide concentration of at least 2 mg/mL, 3
mg/mL, 4 mg/mL, 5 mg/mL, 6 mg/mL, 7 mg/mL, 8§ mg/mL, 9 mg/mL, 10 mg/mL, 11 mg/mL, 12
mg/mL, 13 mg/mL, 14 mg/mL, 15 mg/mL, or more, and a copper and zinc concentration
according to any one of variations 441 to 880, as sct forth in Table 2. In a preferred
embodiment, at least 2000 Units FRETS-VWF73 activity per liter supplemented basal cell
culture media per day is present in the recovered culture supernatant. In a more preferred
embodiment, at least 2500 Units FRETS-VWF73 activity per liter supplemented basal cell
culture media per day is present in the recovered culture supernatant. In a most preferred
embodiment, at least 3000 Units FRETS-VWF73 activity per liter supplemented basal cell

culture media per day is present in the recovered culture supernatant.

[0220] In one embodiment, the present invention provides a method for producing a recombinant
ADAMTSI13 (rA13) composition, the method comprising the steps of: (a) providing a basal cell
culture media; (b) supplementing the basal cell culture media with copper, calcium, and
nicotinamide; (c¢) providing one or more cells comprising a nucleic acid encoding a rA13 protein;
(d) culturing the one or more cells in the copper supplemented cell culture media such that rA13
is expressed and excreted from the cells into a culture supernatant; and (¢) recovering at least a
portion of the culture supernatant, wherein at least 1500 Units FRETS-VWEF73 activity per liter
supplemented basal cell culture media per day is present in the recovered culture supernatant. In
onc embodiment, the cell culture medium has a nicotinamide concentration of at least 2 mg/mL
and a copper and calcium concentration according to any onc of variations 881 to 1320, as sct
forth in Table 3. In another specific embodiment, the culture medium has a nicotinamide
concentration of at least 7 mg/mL mM and a copper and calcium concentration according to any

one of variations 881 to 1320, as sct forth in Table 3. In another specific embodiment, the
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culture medium has a nicotinamide concentration between 2 mg/mL and 10 mg/mL and a copper
and calcium concentration according to any onc of variations 881 to 1320, as sct forth in Table
3. Inyet other embodiments, the culture medium has a nicotinamide concentration of at least 2
mg/mL, 3 mg/mL, 4 mg/mL, 5 mg/mL, 6 mg/mL, 7 mg/mL, 8§ mg/mL, 9 mg/mL, 10 mg/mL, 11
mg/mL, 12 mg/mL, 13 mg/mL, 14 mg/mL, 15 mg/mL, or more, and a copper and calcium
concentration according to any one of variations 881 to 1320, as sct forth in Table 3. Ina
preferred embodiment, at least 2000 Units FRETS-VWEF73 activity per liter supplemented basal
cell culture media per day is present in the recovered culture supernatant. In a more preferred
embodiment, at least 2500 Units FRETS-VWF73 activity per liter supplemented basal cell
culture media per day is present in the recovered culture supernatant. In a most preferred
embodiment, at least 3000 Units FRETS-VWF73 activity per liter supplemented basal cell

culture media per day is present in the recovered culture supernatant.

[0221] Recombinant ADAMTS proteins can be produced by expression in any suitable
prokaryotic or eukaryotic host system. Examples of eukaryotic cells include, without limitation,
mammalian cells, such as CHO, COS, HEK 293, BHK, SK-Hep, and HepG2; insect cells, for
example SF9 cells, SF21 cells, S2 cells, and High Five cells; and yeast cells, for example
Saccharomyces or Schizosaccharomyces cells. In one embodiment, the ADAMTS proteins can
be expressed in bacterial cells, yeast cells, insect cells, avian cells, mammalian cells, and the like.
For example, in a human cell line, a hamster cell line, or a murine cell line. In one particular
embodiment, the cell line is a CHO, BHK, or HEK cell line. In a preferred embodiment, the cell
line is a CHO cell line. In a specific embodiment, CHO clones capable of stably expressing
rA13 are prepared by co-transfecting a CHO cell with coding sequences for rA13 and a
dihydrofolate reductase (e.g., a murine dhfr gene) and selecting for growth in the presence of

increasing levels of methotrexate.

[0222] In one embodiment, the cells may be any mammalian cell that can be cultured, preferably
in a manufacturing process (i.e., at least 10 liter, preferrably at least 100 liters), to produce a
desired ADAMTS protein such as ADAMTS13. Examples include the monkey kidney CV1 line
transformed by SV40 (COS-7, ATCC CRL 1651 ); human embryonic kidney line (293 or 293
cells subcloned for growth in suspension culture, Graham et al., J. Gen Virol., 36:59 (1977));
baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR, such as
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the DUKX-B11 subclone (CHO, Uriaub and Chasin, Proc. Natl. Acad. Sci. USA, 77:4216
(1980)); mouse Sertoli cells (TM4, Mather, Biol. Reprod, 23:243-251 (1980)); monkey kidney
cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587);
human cervical carcinoma cells (HeLa, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC
CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC
CCL51); TRI cells (Mather et al., Annals N. Y. Acad. Sci., 383:44-68 (1982)); MRC 5 cells; FS4
cells; and the human hepatoma line (Hep G2). Preferably, the cell line is a rodent cell line,
especially a hamster cell line such as CHO or BHK.

[0223] A wide variety of vectors can be used for the expression of an ADAMTS protein (e.g.,
ADAMTS13) and can be sclected from eukaryotic and prokaryotic expression vectors. In certain
embodiments, a plasmid vector is contemplated for use in expressing an ADAMTS protein (e.g.,
ADAMTS13). In general, plasmid vectors containing replicon and control sequences which are
derived from species compatible with the host cell are used in connection with these hosts. The
vector can carry a replication site, as well as marking sequences which are capable of providing
phenotypic selection in transformed cells. The plasmid will comprise a nucleotide sequence
encoding an ADAMTS protein (e.g., ADAMTS13) operable linked to one or more control

sequences, for example, a promoter.

[0224] A preferred method of preparing stable CHO cell clones expressing a recombinant
ADAMTS protein is as follows. A DHFR deficient CHO cell line DUKX-B11 is transfected
with a DHFR expression vector to allow for expression of the relevant recombinant protein. An
exemplary method is described by Plaimauer et al. (Blood. 2002 Nov 15;100(10):3626-32. Epub
2002 Jul 12), the content of which is hereby incorporated by reference in its entirety for all
purposes. Selection is carried out by growth in Hypoxanthine/Thymidine (HT) free media and
amplification of the relevant region coding for expression of the recombinant ADAMTS protein
and DHFR gene is achieved by propagation of the cells in increasing concentrations of
methotrexate. Where appropriate, CHO cell lines may be adapted for growth in serum and/or
protein free medium, essentially as described in US 6,100,061 (Reiter et al., Immuno

Aktiengesellschaft).
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[0225] In another preferred embodiment, stable HEK293 cells are prepared by transfecting with
a construct containing a hygromycin selectable marker and selecting transformants by antibiotic

resistance.

[0226] The ability of certain viruses to infect cells or enter cells via receptor-mediated
endocytosis, and to integrate into host cell genome and express viral genes stably and efficiently
have made them attractive candidates for the transfer of foreign nucleic acids into cells (e.g.,
mammalian cells). Accordingly, in certain embodiments, a viral vector is used to introduce a
nucleotide sequence encoding an ADAMTS protein (e.g., ADAMTS13) into a host cell for
expression. The viral vector will comprise a nucleotide sequence encoding an ADAMTS protein
(e.g., ADAMTS13) operable linked to one or more control sequences, for example, a promoter.
Alternatively, the viral vector may not contain a control sequence and will instead rely on a
control sequence within the host cell to drive expression of the ADAMTS protein. Non-limiting
examples of virus vectors that may be used to deliver a nucleic acid include Adenoviral vectors,

AAYV vectors, and Retroviral vectors.

[0227] In one embodiment, an Adenovirus expression vector include those constructs containing
adenovirus sequences sufficient to support packaging of the construct and to ultimately express
an ADAMTS construct that has been cloned therein. Adenoviral vectors allow for the
introduction of foreign sequences up to 7 kb (Grunhaus et al., Seminar in Virology, 200(2):535-
546, 1992)).

[0228] In another embodiment, an adeno-associated virus (AAV) can be used to introduce a
nucleotide sequence encoding an ADAMTS protein (e.g., ADAMTS13) into a host cell for
expression. AAV systems have been described previously and are generally well known in the
art (Kelleher and Vos, Biotechnigues, 17(6):1110-7, 1994; Cotten et al., Proc Natl Acad Sci USA,
89(13):6094-6098, 1992; Curiel, Nat Immun, 13(2-3):141-64, 1994; Muzyczka, Curr Top
Microbiol Immunol, 158:97-129, 1992). Details concerning the generation and use of rAAV
vectors are described, for example, in U.S. Patent Nos. 5,139,941 and 4,797,368, each

incorporated herein by reference in their entireties for all purposes.

[0229] In one embodiment, a retroviral expression vector can be used to introduce a nucleotide
sequence encoding an ADAMTS protein (e.g., ADAMTS13) into a host cell for expression.

These systems have been described previously and are generally well known in the art (Mann et
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al., Cell, 33:153-159, 1983; Nicolas and Rubinstein, In: Vectors: A survey of molecular cloning
vectors and their uses, Rodriguez and Denhardt, eds., Stoncham: Butterworth, pp. 494-513,
1988; Temin, In: Gene Transfer, Kucherlapati (ed.), New York: Plenum Press, pp. 149-188,
1986). In a specific embodiment, the retroviral vector is a lentiviral vector (see, for example,
Naldini et al., Science, 272(5259):263-267, 1996; Zufferey et al., Nat Biotechnol, 15(9):871-875,
1997; Blomer et al., J Virol., 71(9):6641-6649, 1997; U.S. Pat. Nos. 6,013,516 and 5,994,136).

[0230] Non-limiting examples of vectors for prokaryotic expression include plasmids such as
pRSET, pET, pBAD, ctc., wherein the promoters used in prokaryotic expression vectors include
lac, tre, trp, recA, araBAD, etc. Examples of vectors for eukaryotic expression include: (i) for
expression in yeast, vectors such as pAO, pPIC, pYES, pMET, using promoters such as AOX1,
GAP, GALI, AUGI, etc; (ii) for expression in insect cells, vectors such as pMT, pAcS5, pIB,
pMIB, pBAC, etc., using promoters such as PH, p10, MT, Ac5, OplE2, gp64, polh, etc., and (iii)
for expression in mammalian cells, vectors such as pSVL, pCMV, pRc/RSV, pcDNA3, pBPV,
etc., and vectors derived form viral systems such as vaccinia virus, adeno-associated viruses,
herpes viruses, retroviruses, etc., using promoters such as CMV, SV40, EF-1, UbC, RSV, ADV,
BPV, and B-actin. An exemplary vector for expressing rA13 is described by Plaimauer et al.
(Blood. 2002 Nov 15;100(10):3626-32. Epub 2002 Jul 12), the content of which is hereby

incorporated by reference in its entirety for all purposes.

[0231] In certain embodiments, the cell-culture methods of the invention may comprise the use
of a microcarrier. The present invention provides, among other aspect, methods of large-scale
ADAMTS protein expression. In some embodiments, the cell-cultures of the embodiments can
be performed in large bioreactors under conditions suitable for providing high volume-specific
culture surface areas to achieve high cell densities and protein expression. One means for
providing such growth conditions is to use microcarriers for cell-culture in stirred tank
biorecactors. In another embodiment, these growth requirements are met via the use of a

suspension cell culture.
V. Specific embodiments

A. Recombinant Von Willebrand Factor (r VWF)
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[0232] Recombinant vWF can be expressed in mammalian cells, but the specific activity of the
vWF can vary widely depending on the cell culture conditions and has not been shown to be
comparable or equal to that of vVWF isolated from blood plasma. The present invention is based
in-part on the surprising result that cell culture media having at least 2.4 ug/L of copper provides
an advantageous effect of promoting expression of high molecular weight vWF having a high
specific activity. In particular, the high molecular weight, recombinant vVWF of the present
invention can include a highly multimeric form comprising about 14 to about 22 dimers and a
specific Ristocetin activity of at least about 30 mU/ug. The cell culture processes according to
the present invention also allow for maintaining low NH," levels (e.g., less than 10 mM) during
the upstream process in cell culture systems, thereby reducing deleterious effects to post-
translational modifications. It is believed that the present invention provides for the first time
cell culture conditions comprising a medium having a suitable copper concentration in
combination with appropriate levels of ammonium in the supernatant to express a highly

multimeric vVWF with a high specific activity.

[0233] In one aspect, the present invention relates to cell culture conditions for producing
recombinant, high molecular weight vWF with a high specific activity. The cell culture
conditions of the present invention can include, for example, a cell culture medium with an
increased copper concentration and/or cell culture supernatant with a low ammonium (NHy ")
concentration. The present invention also provides methods for cultivating cells in cell culture

conditions to express a high molecular weight vWF with a high specific activity.

[0234] In one aspect, the present invention provides a cell culture solution for producing high
molecular weight, recombinant vWF protein, the cell culture solution comprising: a cell culture
medium comprising a copper concentration of at least about 2.4 ug/L; a cell culture supernatant
comprising an ammonium concentration of less than 10 mM; and a plurality of cells expressing
highly multimeric vWF protein, wherein the vWF protein comprises a specific Ristocetin activity

of at least about 30 mU/ug.

[0235] In one specific embodiment of the cell cultures described above, the cell culture solution

comprises a medium supplement comprising copper.

[0236] In one specific embodiment of the cell cultures described above, the medium supplement

comprises a hydrolysate, optionally a soy hydrolysate.
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[0237] In one specific embodiment of the cell cultures described above, the medium supplement

comprises a copper salt, a copper chelate, or a combination thereof.

[0238] In one specific embodiment of the cell cultures described above, the copper salt is
selected from the group consisting of copper sulfate, copper acetate, copper carbonate, copper

chloride, copper hydroxide, copper nitrate, and copper oxide.

[0239] In one specific embodiment of the cell cultures described above, the copper concentration

is at least about 4 ug/L.

[0240] In one specific embodiment of the cell cultures described above, the copper concentration

is from about 2.4 ug/L to about 20 ug/L.

[0241] In one specific embodiment of the cell cultures described above, the vVWF protein

comprises about 14 to about 22 dimers.

[0242] In one aspect, the present invention provides a method of producing a high molecular
weight, recombinant vWF protein, the method comprising the steps of: a) providing a culture of
cells comprising a nucleic acid encoding recombinant vWF protein; b) expressing vWF protein
in the cells under cell culture conditions comprising a cell culture medium comprising a copper
concentration of at least about 2.4 ug/L and a cell culture supernatant comprising an ammonium
concentration less than about 10 mM, wherein the vWF protein is highly multimeric vVWF

protein and comprises a specific Ristocetin activity of at least about 30 mU/ug.

[0243] In one specific embodiment of the methods described above, the cells are mammalian

cells.

[0244] In one specific embodiment of the methods described above, the cells are from a

continuous cell line.
[0245] In one specific embodiment of the methods described above, the cells are CHO cells.

[0246] In one specific embodiment of the methods described above, the copper concentration is

at least about 4 pg/L.

[0247] In one specific embodiment of the methods described above, the copper concentration is

from about 2.4 ug/L to about 20 ug/L.
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[0248] In one specific embodiment of the methods described above, the recombinant vWF

protein has a specific Ristocetin Cofactor activity of at least about 50 mU/pg.

[0249] In one specific embodiment of the methods described above, the recombinant vWF

protein has a specific Ristocetin Cofactor activity from about 30 mU/ug to about 100 mU/ug.

[0250] In one specific embodiment of the methods described above, the recombinant vWF

protein comprises about 14 to about 22 dimers.

[0251] In one aspect, the present invention provides a high molecular weight, recombinant vWF
protein produced by a process, the process comprising the steps of: a) providing a culture of cells
comprising a nucleic acid encoding recombinant vWF protein; and b) expressing vWF protein in
the cells under cell culture conditions comprising a cell culture medium comprising a copper
concentration of at least 2.4 ug/L and a cell culture supernatant comprising an ammonium
concentration less than 10 mM, wherein the vWF protein is highly multimeric vWF protein and

comprises a specific Ristocetin activity of at least about 30 mU/ug.

[0252] In one specific embodiment of the rVWF compositions described above, the recombinant

vWF protein has a specific Ristocetin Cofactor activity of at least about 50 mU/ug.

[0253] In one specific embodiment of the rVWF compositions described above, the recombinant
vWF protein has a specific Ristocetin Cofactor activity from about 30 mU/ug to about 100
mU/ug.

[0254] In one specific embodiment of the rVWF compositions described above, the recombinant

vWF protein comprises about 14 to about 22 dimers.

[0255] In one aspect, the present invention provides a cell culture solution for producing high
molecular weight, recombinant vWF protein, the cell culture solution comprising: a cell culture
medium comprising a copper concentration of at least about 2.4 ug/L; a cell culture supernatant
comprising an ammonium concentration of less than 10 mM; and a plurality of cells expressing
highly multimeric vWF protein, wherein the vWF protein comprises about 14 to about 22 dimers

and a specific Ristocetin activity of at least about 30 mU/pg.

[0256] In one aspect, the present invention relates to cell culture conditions for producing

recombinant high molecular weight vWF that is in highly multimeric form with a high specific
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activity. The cell culture conditions of the present invention can include, for example, a cell
culture medium with an increased copper concentration and cell culture supernatant with a low
ammonium (NH; ") concentration. The present invention also provides methods for cultivating
cells in cell culture conditions to express a high molecular weight vVWF with a high specific

activity.

[0257] In one aspect, the present invention includes a cell culture solution for producing high
molecular weight, recombinant vVWF, comprising a cell culture medium comprising a copper
concentration of at least about 2.4 ug/L; a cell culture supernatant comprising an ammonium
concentration of less than 10 mM; and a plurality of cells expressing highly multimeric vWF
comprising about 14 to about 22 dimers and a specific Ristocetin activity of at least about 30
mU/ug. In one embodiment of the cell culture solutions described above, at least 10% of the
rVWF is present in a high molecular weight VWF multimer of more than 10 dimers. In a
specific embodiment, at least 15% of the rVWEF is present in a high molecular weight VWF
multimer of more than 10 dimers. In another specific embodiment, at least 20% of the rVWEF is
present in a high molecular weight VWF multimer of more than 10 dimers. In another specific
embodiment, at least 25% of the rVWF is present in a high molecular weight VWF multimer of
more than 10 dimers. In another specific embodiment, at least 30% of the rVWF is present in a
high molecular weight VWF multimer of more than 10 dimers. In certain embodiments, the
copper concentration can be at least about 4 pg/L or the copper concentration can range from
about 2.4 ug/L to about 20 ug/L. In some embodiments, the cell culture media comprise a
medium supplement comprising copper. In certain embodiments, the medium supplement can
comprise a hydrolysate or a copper salt, copper chelate, or a combination thereof. In some
embodiments, the copper salt can include copper sulfate, copper acetate, copper carbonate,
copper chloride, copper hydroxide, copper nitrate, or copper oxide. In certain embodiments, the
cells that can be from a continuous cell line and can include mammalian cells, such as CHO
cells. In some embodiments, the recombinant vVWF has a specific Ristocetin Cofactor activity of
at least about 50 mU/ug, or the specific Ristocetin Cofactor activity can range from about 30

mU/ug to about 100 mU/pg.

[0258] In another aspect, the present invention includes a method of producing a high molecular

weight, recombinant vWF, comprising a) providing a culture of cells; b) introducing a nucleic
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acid sequence coding for vWF; ¢) selecting the cells carrying the nucleic acid sequence; and, d)
expressing VWF in the cells under cell culture conditions comprising a cell culture medium
comprising a copper concentration of at least about 2.4 ug/L and a cell culture supernatant
comprising an ammonium concentration less than about 10 mM, wherein the vWF is highly
multimeric vVWF comprising about 14 to about 22 dimers and a specific Ristocetin activity of at
least about 30 mU/ug. In one embodiment of the cell culture supernatant described above, at
least 10% of the rVWF is present in a high molecular weight VWF multimer of more than 10
dimers. In a specific embodiment, at least 15% of the rVWF is present in a high molecular
weight VWF multimer of more than 10 dimers. In another specific embodiment, at least 20% of
the rVWEF is present in a high molecular weight VWF multimer of more than 10 dimers. In
another specific embodiment, at least 25% of the rVWF is present in a high molecular weight
VWF multimer of more than 10 dimers. In another specific embodiment, at least 30% of the
rVWF is present in a high molecular weight VWF multimer of more than 10 dimers. In some
embodiments, the cells that can be from a continuous cell line and can include mammalian cells,
such as CHO cells. In certain embodiments, the copper concentration can be at least about 4
ug/L or the copper concentration can range from about 2.4 ug/L to about 20 ug/L. In some
embodiments, the cell culture media comprise a medium supplement comprising copper. In
certain embodiments, the medium supplement can comprise a hydrolysate or a copper salt,
copper chelate, or a combination therecof. In some embodiments, the copper salt can include
copper sulfate, copper acetate, copper carbonate, copper chloride, copper hydroxide, copper
nitrate, or copper oxide. In some embodiments, the recombinant vWF has a specific Ristocetin
Cofactor activity of at least about 50 mU/ug, or the specific Ristocetin Cofactor activity can

range from about 30 mU/ug to about 100 mU/ug.

[0259] In yet another aspect, the present invention includes a high molecular weight,
recombinant vVWF produced by a process, comprising the steps of: a) providing a culture of cells;
b) introducing a nucleic acid sequence coding for vVWF; ¢) selecting the cells carrying the nucleic
acid sequence; and, d) expressing VWF in the cells under cell culture conditions comprising a
cell culture medium comprising a copper concentration of at least 2.4 ug/L and a cell culture
supernatant comprising an ammonium concentration less than 10 mM, wherein the vWF is
highly multimeric vVWF comprising about 14 to about 22 dimers and a specific Ristocetin activity

of at least about 30 mU/ug. In one embodiment of the cell culture supernatant described above,
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at least 10% of the rVWF is present in a high molecular weight VWF multimer of more than 10
dimers. In a specific embodiment, at least 15% of the rVWF is present in a high molecular
weight VWF multimer of more than 10 dimers. In another specific embodiment, at least 20% of
the rVWEF is present in a high molecular weight VWF multimer of more than 10 dimers. In
another specific embodiment, at least 25% of the rVWF is present in a high molecular weight
VWF multimer of more than 10 dimers. In another specific embodiment, at least 30% of the
rVWF is present in a high molecular weight VWF multimer of more than 10 dimers. In some
embodiments, the cells that can be from a continuous cell line and can include mammalian cells,
such as CHO cells. In certain embodiments, the copper concentration can be at least about 4
ug/L or the copper concentration can range from about 2.4 ug/L to about 20 pg/L. In some
embodiments, the cell culture media comprise a medium supplement comprising copper. In
certain embodiments, the medium supplement can comprise a hydrolysate or a copper salt,
copper chelate, or a combination therecof. In some embodiments, the copper salt can include
copper sulfate, copper acetate, copper carbonate, copper chloride, copper hydroxide, copper
nitrate, or copper oxide. In some embodiments, the recombinant vWF has a specific Ristocetin
Cofactor activity of at least about 50 mU/ug, or the specific Ristocetin Cofactor activity can

range from about 30 mU/ug to about 100 mU/ug.

[0260] In one aspect, the present invention provides a composition comprising recombinant Von
Willebrand Factor (rVWF) having a specific ristocetin cofactor activity of at least 30 mU/ug. In
a preferred embodiment, the composition has a specific ristocetin cofactor activity of at least 40
mU/ug. In a more preferred embodiment, the composition has a specific ristocetin cofactor
activity of at least 50 mU/pug. In a more preferred embodiment, the composition has a specific
ristocetin cofactor activity of at least 60 mU/pg. In a more preferred embodiment, the
composition has a specific ristocetin cofactor activity of at least 70 mU/ug. In yet a more
preferred embodiment, the composition has a specific ristocetin cofactor activity of at least 80

mU/ug.

[0261] In one embodiment of the compositions described above, at least 10% of the rVWEF in the
composition is present in a high molecular weight VWF multimer of more than 10 dimers. In a
specific embodiment, at least 15% of the rVWEF is present in a high molecular weight VWF

multimer of more than 10 dimers. In another specific embodiment, at least 20% of the rVWEF is
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and zinc concentration according to any one of variations 441 to 880, as
set f ol8267] in Jizhingbodimd¢r® 265G cbmposnizons wbsdibedaiovet the cdkddnsiquébtthe eultmeclisum i s
suppl enent ed W th copper, €alciumand nicotinamde. In a specific
enbodi r‘?ﬁ‘ﬁ‘ftf‘m?w%t I%Sﬁ:ﬁﬂ%‘&eg’grgdf%pﬁ%@ﬁa ni coti nani de concentration of at |east
2 ng/ nL_and a copper_and cal cium concentrati on according to any one of
vari at i[4¢8] &Bane @nbpdiment gEthg spmpesitiqnsidgscribpgd gboge, thecelhdanpiby ofdpe eylivreis

embodi meRt.ithe 1&%&5@0{{6%&%%@ ni coti nam de concentration of at |east
7 mg/ L mM and a copper and calcium concentration according to any one of

vari ati 81 to0.,1320, ,as,set forth in Tab 3. In ot her .specifi.c

erboai 10! T uredipen AR Shmheuichs et PR Bt s So B Eray FBRE &t fisen 2
mg/ mL s 118k 10Dédk pangLa copper and cal ci um concentration according to any
one of variations 881 to 1320, as set forth in Table 3. In yet other

enbodi nents, the culture nedium has a nicotinam de concentration of at
least 2 mg/m., 3 mg/nL, 4 ng/ni, 5 ng/n, 6 ng/nm., 7 ng/nm, 8 ny/nL, 9

mg/ mL, 10 mg/ni, 11 nmg/ni, 12 nmg/ni, 83 ng/nl, 14 ng/nl, 15 ng/nl, or nore,
and a copper and cal ci um concentration according to any one of variations
881 to 1320, as set forth in Table 3. |V.Methods for the Production of

Bl ood Factors Having Hi gh Specific Activity



A. Cell Cultivation Methods [0160] The present invention provides nethods
for large-scal e production of reconbinant proteins (such as rVWWF and rAl3).
I n certaiwoentadsivent s, such | arge-scal e producti on net ireagaISattition3ass
stirred/agitated tank reactors for manufacture of these therapeutic
reconbi nant proteins. [0161] In certain enbodi nents, the nmethods of the
present invention can conprise the use of a cell culture system operated
under a batch or continuous node of operation. For exanple, when batch cel
cul tur eg7af & bhid dnhi%@merl BEMe KB RGH ARUEHBEL MRAE! thS FIFSs PatgitessEedidhat ch,
or repeated-batch node. Likew se, continuous cell cultures may be operated
under , récombeneanictor JEr(FISIDN In 2 spebifid eotbatinent, sheorsty af thesdeexpBatedh and
cont i Yy F&! e LR 10N, TRY DEPEREORAES DAL SR SHSREARHAN OF
adherence con&%?ions. en operg?e under suspension conditions, Re cells
wi || beoihpestion isuslpasnded. and m xed within the cul ture nedi um

Al ternatively, under adherence WO 2012/ 006591PCT/ US2011/ 043455 condi ti ons,
the celigBr1pid bnddgntRAHRGht bOihR c8RPb Gt RRASEribEPELRY AAPLENPRitInGE REALLR! , A
porous mcrocarrier, disk carrier, ceram c cartridge, %O||OM/flber, flat
sheet , fgaiharmgceitical adweinishratian. e a sp@ifB¢mbodyaenththe admpesgiongs fopminkagdd for a

|ar ge SEALENE LpSHbILE of I AHCRA fghdafiggul um i s cul tured to a imxi mum

density 1n a tan e , an arvested and processed as a single
bat ch. fed-batch culture it typically a batch culture which is supplied
wrt b ei04F B bttt A ee@ﬁagﬁmw&wﬁlﬁ PRAVErIGC SAUBRIsHionds yo WEHE ¢ ves

(e.g., precursors to products). The feed solution is usually highly
concentl 9248 dn Y& apetbérchspiick. i rascof invertiopiiegledes e digh meleenlarapaghited- bat ch

cel | aBehPREVE R ficR) B Lok ol MR A SRR el T O

cul t ur &) imrotltgng & hidi¢ie deidiséduco@nipl i doigr VWi ¢) soedingrhd edlsreerrying tlealukkid each

their i mum conc ration. . amou and frequenc f diluti.on varies

wi del y_a&lﬁde‘l}’éﬁ% a%cf c%ﬁe’fl?’iéssﬁﬁgdﬁmctﬁgF?:\lL*t“é‘B?rscte[léglLtl‘HF c%/ri“fg“‘&’élclomipflﬁég 4nd
convenicemegnRé meMemcdhipiBig Al BFRS SonctRBatRnQFasRaG 2 REL hEPSRIEL RS Many
times as required and, unléess cells and nedi um are discarded at subcul ture,

t he volsuprenatdnt corhpuisieg au drhmpmomeagecngbepwicssethas1 @adh vdictam theryWisismade. The
i ncreasi ng vol.unme. be handl ed by, hayi a.reactor of. ficient.size to
o e Bt S TR S RO SRR SR A%, A ES Sheh iR oGt gty o

sever alof ¥Ess&ehisout T@mU/@%i RRakRicRiool thet all YPthe@MmbeUinicdts@nt $od@nim@iont ai n t he
cells in an exponentially growing state. Serial subculture is characterized

i n t hadescnged il thereCk Celtlire Yhedia” gndy[ Matheds pfcredisingRecombitiagey WEhesctiorsan be
mul ti pl ' nefeN€ cells continue to grow and the process can continue
for asa/%%gkaSEQZSf%éd. In certain enbodi nents, a reconbi nant ADAMIS

2L Tk B BT P LS o B TR BB Do

r ecover@@dndidagf vWarpy&siihading Aeigiipesifiabaitity0fin anddahisdldikett g eWH R3] A
continuous culture can be a suspension culture that is continuously

suppl | @EFsHtRYcAlient isertighlpipultivaericprpaf YW desempeapedipesipdbehighlyhe” cul ture
vol U”Erﬁlﬁtnﬂéﬁ’@%oy of GRIF ﬁaﬂéésaa@ieaﬁxl ttQ%bcﬁRﬁ‘&‘aleé@Qﬁd ‘B%%Y@lnb%im%ﬁﬁ'&{ medi um
I n chenpstat and turbidostat net ogs, the extracted medi um contains cells.

Thus, tlidest upetblabout@@wlimemgln yet vther cebddiments, uhehigely smiltimersd fogmafv ermi nt ai n

Cont r or T8 Ry #5HE 1LY TRE i TR bt 65 PR R b A oo

medi umté Sboaelgie dimcF enGeoah Bmbadithedfs, thB eccoblnant vWF hxecobiatdibleto iy matic
controlled, for exanple, at a sub-nmaximl growh rate, by alteration of the
diluti dWkate. In contrast, in the turbidostat nethod, the dilution rate is
set to permt the maximumgrowh rate that the cells can achieve at the

gi ven PFShnisnlgsccibpdihtreionths peyeit imsniudh WOvides B 606692 PCFNIUBROMEIB%8455 and
tenperature. ln certain odi mepts, the r or, rAl3 i.s.r v d.after
nar ves et erisCufifioh b P RGH SR in ariiss W Role e By B U b ot ¢ o
cont i nypaesficatilityg UCEN Maturomedis col@psinde copper e aBhlibn) Lol Abedtéathdd dbuger et
al.), the content of which is hereby incorporated by reference inits
entirety for all purposes. [0164] In a perfusion culture, the extracted
mediumis depleted of cells, which are retained in the culture vessel, for
exanple, by filtration or by centrifu§@al nethods that lead to the
reintroduction of the cells into the culture. However, typically nmenbranes
used for filtration do not retain 100% of cells, and so a proportion is
renoved when the nmediumis extracted. It may not be crucial to operate
perfusion cultures at very high gromh rates, as the mgjority of the cells
are retained in the culture vessel. In certain enbodi nents, the r VW or

R AN O Y T . " oy 4 o - o o



[0185] In one enbodi nent of the nethod descri bed above, the basal cell
culture nedia is supplenented with copper to provide a final copper
concent r avpan12afo6iset ween 3 ug/L and 10 ug/L. In one enbedirmsedali/onisss cel |
culture solution further conprises an amoni um concentrati on of |ess than
10 MM In another specific enbodi nent, the anmmoni um concentration of the
cell culture is maintained at an ammoni um concentration of no nore than 10
mM for at least 7 days. In a preferred enbodi nent, the cell culture

sol uti HeTcTcle

anot he?rhs'%ég]gp?é %%I}n%qaég}g f%phe anﬁg%ﬁmgfﬁnﬁégi&r@zﬂt@g?@ ﬁe&wﬁea%f) cul ture
sol ut i epppes. hmwamlenéﬁdam(ensnﬂamnmaga @ﬁmu:lantenat/WZ of 'MW Fnoongrisingnt 5 M

compr i SUSCENmER i b BBt S0 Shech SRo e ey i et g efdy "

speci f i90%e e dhiremtsic 4iB@ibafiISH the WINGE BE bally R4 uSing kRABd4€ kdchhidhdswueh | S
mai nt ai ned at an amoni um concentration of no nore than 4 MM for at |east 7

days. Ph Setin gtremc eisgiephaispis gnderpensedueinggppdifienssol uti on conpri ses an
amoni um concentration of no nore than 10 MM or no nore than 9 mM 8 MM 7
mM 6 183765 AxivhovddadiVieredn, g re@omiithartt v puoduded@s.thd metheds elitlat presenenbodi ment ,
t he ammmoni um concent ion he cell c | tur ution.i .S mai nt.ai ned at a
o T oI} SR R B il B yielic Ik o e BV 1 P
cul t ur ené smbedimgntysededotnhbifa@EWE prdbiERd by the InddicRk OF R GrLBIARNSNESH cant he

recovered supernatant has a rVW specific ristocetin cofactor activity of
at | eadtclsly arﬁgmlﬁ@ Ristaggtin Cﬁfaatorrmteﬂtps o pleleasé 40 BB e prebintanothreerpladap et af

il ag voue Moo dh o RGBSy 8l KhER B Ll UMY bt or "

t he metbad 30 @80/ he tbouk 0¥EmUY eoRsAbb&R5h nAWhE W @odﬂl’ﬁd@(ﬁmU%éUpm errent ed
with copper to provide a final copper concentration of between _ig/L and

7.5 jig/L. In BPNRe ?M@ﬂhﬁ'@ﬂ fp§13c(%All3) culture solution furt her corrprl ses
an ammoni um concen I on o ss t 10 M I n another specific
enbodi nent, the amoni um concentration of the cell culture is maintained at

an ammb¥A ThThe AT & Praspinefi-en DM St higrA RAMI-2 Qrarest fanlysaf sgergfggginc| n a
preferr

Poncent oot PRRAGNIEDat b (bt bl ot g BRI RS G0 PTRAHE,
amoni UhR ¢ onee Biasat 2@ Jah 111HeS4ded9). Allof threeA DAV prowimsehdreat coann@tmmcm um

t,rat f th 5 f | 7 d .. f d
oo HaRen o edi R Rite S Sel pufisToupv aby nRiiin tateShebiitari on

of no mdlobRadinde Fihiytio denohhedisiapethilike dembiadi testhbosh&iel i@ fiFe Mirdpdht, a
concentration of the cell culture is maintained at an anmoni um
concentYHeingHchompnnpide spageh dampim(fpic - | Bid Chomg2Rpd Novn yet ot her

enmbodi q@@%@&%f ﬁ‘ﬁw@eﬂ)' AQlHitﬁoH{tl% §1‘PBﬁFA19R1\@T§TEEbr§t§1§ a@f&aﬁ%ﬁpﬁio%n concentration
of no notre or no nore 6 MM 5mMM 4 nM
3 nmV zhrmvbospomlmtme lIrepst ddnmanyemdamtfhéthemmTrﬁianbtelrtdmetaanmmrmnre
concentr |on of..,th mai_nt ai n d evel for

corat oGy R aBlinb] BaGEiny; RGlbi} § phpdRlio 005 BLABARES pRifR b8l 'ng
used t Qomamdllﬂte@stro\i%alcluhfblﬂdlﬁg siteemided 1 castad rite Bindidghttc | @ard evithih thy per nat ant
has a rV\ specific rjistaocetin cofactor act|V|ty of at |east 50

rWIF,  mstal Oﬁﬁtt‘enad?é?télﬁlééo%ﬂlﬁéépg‘@t‘i’t el qlpd Fretegyediss {ipet ﬁ%tt%th%?ﬂhé%&a r VWF
specific ristocetin cofactor activity of at least 70 mJiag rVW. [0187] In
one errtbQJHSIerlogi@&ieolpfr@sétﬁAMﬁS@mttioﬂhwe&@mdwoﬁed@t M@r@busdise@ﬂemndci ng a

[ ﬁgog?lenl%{] {1?n\slof31cl;{1\!1£ngegnt?n%10gg§ t {,na 1nI E%I‘Stﬁ a?? Brsols}s,n%(ate r%m?%egf%g rleaﬁgﬁ,: : rsllgng
t he ba%illcui&gdneﬁu|Athd‘rescﬂmd§1ﬁUmbgdmtﬁlo;hpéibpmérﬁ) arﬂr"hmttdillgl’tgmhﬂﬁn@dehﬂ@r e cells

conprisin cleic Cld encodi n rot ) | turj the one or
mor e cétPgl\?Hgthéﬁé%pﬁew%ﬁmét SRt %’%ﬁ Vit dama 0%@&}5 ADAM TRt T WE i S
expres %ﬁrﬂuﬁ@ A BXS58¢:84 s fne fl“eﬁdﬂﬁoﬁ‘aﬁly' (%DAMTS&) CAthA LU RbRatioaat ; and (e)

recovering at least a ortl on of the culture supernat ant, wherein the NH4+

concentARAMES-); rﬁeﬁ%@@ﬁwf%ﬁt Angiangipgenssindrammalignaneyl Aublitif. end at | east
7 days, and further wherein the recovered supernatant has a r VWA specific
ristocetin cofactor activity of at least 30 mJiag rVW. In a specific
enbodi ment, the copper concentration and NH4+ concentration of the cel
culture solution is maintained at a c8hcentration according to any one of
variations 1 to 440, as set forth in Table 1. In a preferred enbodi nent,

the recovered supernatant has a r VW specific ristocetin cofactor activity
of at least 50 mJiag rVW. In a nore preferred enbodi nent, the recovered
supernatant has a rVW specific ristocetin cofactor activity of at |east 70
mJ i ag r VW [0188] In one enbodlnent of the nethod descrlbed above t he

Y



WO 2012/ 006591PCT/ US2011/ 043455 contain at |east at or about 2 |laM or at

| east at or about 3 1aM 41laM 51aM 6 1laM 7 laM 8 laM 9 |laM 10 | aM
11 laM MolaMoos®d1l aM 14 laM 15 |aM 20 |aM 25 | aM P8@/Usamii/0e34550r €
zinc. In one enbodi nent, the culture nmedium contains a copper and zinc
concentration according to any one of variations 441 to 880, as set forth
in Table 2. In a preferred enbodi nent, at |east 2000 Units FRETS- VW73
activity per liter supplenented basal cell culture nedia per day is present

in the AiRGOVRIGS, @ VV@ URRhAN @SIBANI*I'S & D! ehBRBLEE IeshehRdEaent . at

| east 2500 Units 73 activity per liter suppl enmented basal cell
cul t ur @urpsch (a\%MT(SaM); andgxrgglanmbpnis/sthake (ADAMFRE) €oF tayieyv. sepéimanddat. 1 n a

nost pr ferred east, 3000, {dai t s, FRETSVWF73 activity per
s er BT I LR ResPbreb ST BN L2 RIS precent i nthe
recovered cul ture supernatan 16] In one ment, the present

i nvent il%m? bﬁaeﬁr%gané%%%l ﬁiﬁﬂ%@ﬁﬁéprgssregéﬁﬁfﬁ lﬁé?ﬂm%@ﬂwg{i% (r A13)
CONMPOS inbiyBr tff eHﬁE Q&Q/lt‘}Q/ﬁHé§ v'ﬂd@? (fepﬁldéﬁt%sth@éell &ﬁhre%ﬁ&hghﬂh RasiRe@l cell
culture nedia; (b) emsntllgﬁr he basal cell culture nedia with copper
and calf@undﬁhat(t@)lyppmmemlaib QyAida cuimrfem@@ums arsawwpsutbeiaef far enpedseipe ofici d
encodi (d) | t he copper
suppl e%ﬂ?ﬁﬁ%ﬁs@é&f?h@fgnﬁg %g%et:dh t a%‘p(?%g%%?“s& eng%rglgrgge%%ﬁ]aggexcret ed
from t NBWE® hssay, nd antigen uéﬁtm;eassiamﬁnmadi anELISNdIn @k aspeovier meagodtproddst a
portion of th Iture er nat ant, wherei t 1500 Units E T VWF73
bt i vi 5TepHe el pn SEsEH Al eRs A i dpt & Ay f%rc@?ﬁlél&}rsewsswaff% resent
in the hhEGEURFAGIOW Vs RoBURRIPBtiADhetivit). One enbodi ment, the cul ture medi um
contains at least 1 iag/L copper and at least 0.5 mM cal cium In other

enbodi r 4 iag/L
copper 10707 Ack{HinTRE LR, G B BholbBhfon B ERARS R PADARERS |
copper ,farmﬂl}eoﬁmbltetmdendmmpwmadtsm tlmntthoatss;)ra‘tldécbl@stﬂle prsentihveatian allow fon one

enbodi nt, the cul um.cont about . bet wee mM and 1.5

oy oal drkpraiy St ot X REMES B o el CRnge el elpernaan o W@yﬂ%dg%a. gy

| east at or about 0.5 mM or at |east at or about 0.6 MM 0.7 mM 0.8 nM

0.9 mvl0281p Impne appact. g presept vpntionromigles B, c@mpRpitian sorppising gegppinant7 mvj 1. 8

mvl 1. 4.0 MM 4.5
%W@g?ﬁmg)%aﬁ% %ec%ﬂ%@\ﬂs %\7\/71:5 Wy 3t 0 1IM 1600, 4- :

one enbo I men the culture di um cont ai ns

a copp cal ci,um concentration.accordin to a of var. 881
to 13235283??% ? g ordg camBo i Sy Lrerkaa Bwam et FREES- 2000
Units RRIEF Qe o3 atlehdt 800 g, | i ter suppl emented basal cell culture nedia
per day is present in the recovered culture supernatant. In a nore

pr ef ery AN Units
FRETS- \W%\Q‘act I wét%@ ﬁ%glgf Eﬁﬂé gupp(iq{eéfrdé%? lgdd%[% gg{?ﬁélé I%Slt 01?1 %?Ienpr?rlg%%a per
day i s cpites ewicrnatant.nkn o ealie lemﬁoahniehu the calipersnpdraaignt id mmammahan palkeferred

nmbodi 1 t. 3000 Unit. VW73 1 1 1t 1 t ed
RS AR S A R e R R O G i e S i

supern@fﬁmbeu{@g&ﬁﬂmﬂ n one enbodi nent, the present invention provides a
met hod for producing a reconbi nant ADAMTSlB (rA13) conposition, the method
compr i 534 WencSbaRiline of M B Y IR G & BAE Aoy Bld raGyll é&{p?esga%g,ceﬁb)
suppl e nt ng the basa ture nmedia w th copper, zinc cal cium
(c) pr ovitde agmpnengat least b ug/dl doppaoimpa slsacrfg canbodohaenit (Ihacnllcbummadmpgsa rAl3
protein; turing the one or r t he copper su enment ed
Per't Ccdl etn's sidaraefdn it “Foslly PR e bluhri RS b FIER P e cel 1 s
into aagdbo upe &ypar natant; and (e) recovering at |east a portion of the
cul ture supernatant, wherein at |east 1500 Units FRETS- VW73 activity per
liter ngB!: &thRasak £k o !)stlt'lj(yn% dR& 'b@d %eqﬁé/ (}ﬁ) ??cﬁ}ncrled' at he
recove ture supernatant. n one ‘enbodi nent, th ure medi um has a
cal ci urpgEnsdntcapncophadte.at alcembinaGorbthmivb finld aaspca)ﬁpemb@dlmelm the copper salt
concentration according to any one of variations 441 to 880, as set forth
in Table 2. In another specific enbodi ment, the culture nedium has a

cal cium concentration of at least 1.5 mM and a copper and zinc
concentration according to any one of variations 441 to 880, as set forth
in Table 2. In another specific enbodi nent, the culture nmedium has a

cal ci um concentration between 0.5 nM &hd 1.5 nM and a copper and zinc
concentration according to any one of variations 441 to 880, as set forth
in Table 2. In yet other enbodinents, the culture nmediumhas a cal cium
concentration of at least 0.6 ™ 0.7 ™ 0.8 ™M 0.9 ™M 1.0 nM 1.1 MM
i.2mm 1.3 M 2.4 "M 1.5 M 2.6 ™M 1.7 M 1.8 M 1.9 "M 2.0 nM
225mv1 25mv1 275mv1 30n1vl 3.5mM 40nM 45mMM 50 nM or nore,

oy e Y




[0247] In one specific enbodi nrent of the nethods described above, the
copper concentration is fromabout 2.4 iag/L to about 20 lag/L. WO

2012/ 00658 0RCID/M082D11/ 043455 [ 0248] In one specific enbedirmsealioizsshe

met hods descri bed above, the reconbinant vWF protein has a specific

Ri stocetin Cofactor activity of at |east about 50 mJiag. [0249] In one
speci fi c enbodi nent of the nethods described above, the reconbi nant vW-
protein has a specific Ristocetin Cofactor activity fromabout 30 nJiag to
about i | I £ g&ﬁg'ggﬁh
descri%g%kgkg5§91?%%aggégh%?ﬁgﬁf%ggﬁk%?g?iin cgnpri%ggmgﬁgﬂ?&%ﬁggéngéout 22
di mer s chlo0gs rpppan hpdrexidsmopper nitrese, pné senper oxidant i on provi des a hi gh

nol ecul ar wei ght, reconbi nant vWF protein produced by a process, the

pr oces$0286 i o15d dnghodiiRers behs compodfiondrdesdriBedgboie cttit tell @lfe is@lbhghconpri si ng
a nucleic acid encodi ng reconbi nant vWF protein; and b) expressing VW

prot ei §Ui#HCt he cells under cell culture conditions conprising a cel

cul ture nedi um conprising a copper concentration of at |east 2.4iag/L and a
cel | cu0287t én engrenbodiragnt ot hmseinpdsiigons nesombodh thave dbaedheultatd isa chetggiovhan 10
mM wherein the VW protein s highl |tinmeric VW .pr Ln.an onpri ses
s poc P LTt Rrbinlol orSro R SRk o B S A B TR one
speci f iagoteerpekifie abafimeftethe WWkimmonpasdiutd o psrfelasdrin pathsamaneale. t he

reconmbi nant vWF protein has a specific R stocetin Cofactor activity of at
least g} 10Ot g?é@kohﬁo%s%@%‘bé& SoREDAMI BN NH4 iR e MWre
conposi tions described above, the reconbi nant VW protein has a specific

Ri st océt pin@ofedet o pongentragiopypeloponmdbout 30 mJiag to about 100 mJ i ag.
[0254] In one specific enbodi mrent of the r VWA conpositions described above,
t he re¢e289| hanic arWodpmait ef the compsdits@s dakoibtd Abve thaotitof2AMH 4| ineresculthf2255]

I n one.asgect, t he present inveqi%gg provides a cell culture solution for
pr oduc TG RIAgIFdRbR eXerHFatigabgiow onbi nant VW protein, the cell culture
solution conprising: a cell culture nediun1conprisinq a copper '
concent9290] dnowsfenzrodireens pf ths sompgsitdons glggoribehakoare) the eglt dansitisefizhe prdtuants
conprising.. I € ration . lity of
col s italy ATHRAALR GA0CEH pBEOIE: B Sttt oMol i
conpr i seluraousinthéhetl at leboiiin 20x K welisspeand.. dnsapecdific enBidmhoaethe oelact i vity of

at least about 30 nmJ.iag. [0256] In o pect, the present inyvention

rel at edSFYY & ceﬁv%a%@g@%%ﬁtEﬁgth%?%ﬁf@&aﬁ% %n?t}ec TP AEAPCHigh mol ecul ar
wei ght cMBBditddat, theSeell chNig i Yhe Bl thicT® b ftdiQIdt Wist thad 13k 96° eREFdfrhIC. WO

2012/ 006591PCT/ US2011/ 043455 activity. The cell culture conditions of the

presenta4 10 i o I i it h an
ner cad B 1L S bR crR 6 Bom b AR B Bl o SR TR
anmoni tdion hikiddceatomat aiminatratiom. [Tk epg@ifEsentodimuenthe compdsg@nps tormdsedrfet hods
for cultivating Bells in cell culture condi.tions to express a high

mol ecul VUG CAHREISRIY R ﬁltrﬁ’f“&h““i%é PSR vity. [0257] In one aspect,
the present invention includes a cell culture solution for producing high
mol ecull@92h& vt embodinasmth iofdia compgsitias Wescribphapoac.dhe porapgsttiongs tredhilied.
conprising a copper concentration of at |east about 2.4 lag/L; a cel

cul ture sWper nat Rotmaglatipus si ng an amoni um concentration of | ess than 10
mvi and a plurality of cells expressing highly multinmeric vWF conpri sing
about %6&92&1@&%&5 @A, tHd R 8ladbeth RnRSHL fthCroEntifaR tohapReiid Molchsehvat of east
about 30 | ag. Pn‘one‘enbodlnenx of the cell culture solutions described
above, rAtl3 pethe presgugmientigrearg Inaphiligedypreas oy pdmpimisgratipry o ypphigafioaris geright  VWF
mul ti 3 . k clfic i . t 15% of
the. r Vi o PERinIE o FhTRE 3 b Pt iz QIR Bk b BB, {han 10
di nmer s devatorgd T ey et shdthafm Ree it ddil 901 (200¢) aneé &hanPG%. oPharineRas VWAE243s9 pr esent
in a higg ﬁglecular wei ght VWA nul tinmer of nore than 10 di nmers. In another
specifﬁ 8 odi nent, at least 25%of the rVWWF is present in a high

nol ecul ar wei ght VA multiner of nore than 10 diners. |In another specific
enbodi nent, at |east 30%of the rVWWF is present in a high nol ecul ar wei ght
VW nultinmer of nore than 10 diners. In certain enbodi nents, the copper
concentration can be at |east about 4 lag/L or the copper concentration can
range fromabout 2.4 lag/L to about 20 lag/L. In sonme enbodinments, the cel
cul ture media conprise a nedi um suppl €rent conprising copper. In certain
enbodi nents, the nedi um suppl enent can conprise a hydrol ysate or a copper
salt, copper chelate, or a conbination thereof. In sone enbodi nents, the
copper salt can include copper sulfate, copper acetate, copper carbonate,
copper chloride, copper hydroxide, copper nitrate, or copper oxide. In
certain enbodi ments, the cells that can be froma continuous cell l|ine and

o o ~1 1~ I T B "



[ 0280] Accordingly, due to the shared structure-function relationship

bet ween the ADAMIS fam |y of secreted netall oproteinases, the nethods

provi ded W9 2bte00pi9esent i nvention allow for the expressiPom/uskoialo345DAMIS
proteins in cell culture and recovery fromthe cell nmedium [0281] In one
aspect, the present invention provides a conposition conprising reconbi nant
ADAMTS13 (rAl13) having a specific FRETS-VW activity of at |east 1600
mJiag. [0282] In one enbodi nent of the conpositions described above, the
rAl3 hf{’@lﬁ REIRd 'onIF Bﬁ@%ﬂﬁ&%h‘[‘i’dﬂ %rﬁfﬂaﬁ&nsl BAScIRRAnEH | mBEE: oft@283] In one
enbodi ment " of the conpositions described above, the conposition conprises a
cul tur éolkwpeg ﬁapsanddmg mstabibpieg agdnt adtsofiaddtein torseld(mIXtuw prigifper natant is a
manmal A bhfif c#l It FeaRtiiie 0 a‘tta‘cre.'lt cte& ﬁoman_%rlkems en faln%sr%nf[a)lggrl r[cmlg the
manmal i-an ¢ fq& Ll?%we sup er'nat ant i & supernatan % ﬁgﬁ] I n one
enbodlﬁgﬂﬁzmﬁa&hﬂh@ﬂﬂp@ﬁhbf@hﬁhde&@mmbﬁﬁw&ﬁmvesm@ﬁnﬂﬂ&ﬁnmﬁKﬁWp@ﬁBﬁﬁﬁnIn a

cel | c lture.c |l east 1 iag/L cop n a specjific_ enbodi nent,
the coPt DERHtig0 wﬁﬁm%s%gn qpe pesdt a@eg%fa@ﬁuor@%c{)%@m Of {pose ﬁﬁfr@f@fyé}c. fic
enbodi BRking doB, Sidl 4 WERIIEL M thReSpREtNeRNit? of AfacRNs 2Palh A 4ndGORBELY -

[0285] In one enbodi ment of the conpositions described above, the copper is
pr ovi deluca&ss where pg@ﬁgaélan during de hysehilizaédnatey, orgluring respmitingion dacamesragof . I n a
speci fi I g}{) a?te Blﬁ?@rl g%g&{t 1ss@1!:ﬁ1 MOQMB.BQ?%%}E% H’ﬁ&/ﬂﬁl:h/ sQa%f’A’%)geg S

sel ecte group co ing o copper su copper acetate,
copperoﬁaﬁbmnagempmmmp@m chl oride, copper hydroxide, copper nitrate, and
copper oxide. [0286] In one enbodi ment of the conpositions described above,
the celd298yiTheE@ndapd RcORtERi08 PrdcHEE or [YOBBiTiked MaRNS iefRRMIVABINS valimt RE
conpositions described above, the cell culture is a continuous culture. In
a speciPRiccvaeRns dictmvatcr faeinieskon hWBDétY@matln eeuiydeiaq thevabind iamerkdhost at i ¢

' por {HRE RO Rl AR FE s foef IR R dRBRTH[HEHE ootk SRR 1o

above, ptdiacti@va] phafmaskitiealsfort fagentarhlt admenistsativni] Ohan, Dedk Btvadopnomecant r at | on

bel ow n t i tions. described above,

Phe 1 evuliii Rimhon, T aP PR BE" Aford oo Re s SRt T R R o 4
MM [ 038 ohshinRaErcEsBIdATBIVF @bmphgti iR EPASI§ihQ e sepTEhildifda abeeto 4 he cel |
density of the culture is maintalned at |less than 4.0x106 cells per nlL. In

a specil¥arbilegahesgpmbinant YWE cemppsienefi thy ingentide cul ture is nai ntai ned at

| ess than 3.0x106 cells per nm.. In a specific enbodi nent, the cell density
of t he [@29i61 Ehelyiophiﬂiaédmweriddnewtbd reemlstﬁﬂua:ld aﬂaﬁ)x@@ﬁu&@ﬂutbnpe\rvamw dfn a nore
speci fic enbodi. } densi t | ture tained at | ess

Chan 1 °83PHRCHEf P %esrterﬁf we eéﬁ‘ﬁﬂlje?t oW&te&WHBBF%%rP{%‘“Vc?F %%rﬁ‘é“l ottt ons

descri hegrahoMgpriphigte @ABROS iof k@ thctahtsf(r rémtﬁtme ChnfaQUedqub SiigpaaRdH tlh@tadontalns
adm nistration. In a specific enbodinent, the conposition is fornulated for

i nt r avéiforsdye Wﬁﬁb@fﬁ@m&w%ﬁ%ﬁﬁ@é ﬁﬂl@bleafamhﬁiﬁ@w%ﬁubw HABKYS] I n one
embodi (RRknGlns).NG GATRASHL:Q @échde%]fpwngeﬂe aRPYURing e IBPAH Ofhd! Bithout

| yophi | yzed. Formul ations [0293] I n one aspect, the fornulations

conpr i shnrm‘@tlomeocﬂlemmaﬂqommtthvhelﬂldp@umﬁ&lybcmleﬂenhydrwmrmylmﬁmcaifuIQShe pr esent
inventio L A ? I‘Ipild or. | drral1 gl on.. 1% lnzatl ogl

carri ed*oll %poe‘/vh Tyl Bt ‘ﬁ 1g“ S5 b B et ed f or
t he Com@ﬁﬁsMt@mahﬁﬂngﬁﬁwmg@bﬁ@h&T&nﬂmehnﬂﬂeamPWﬁmﬁnBﬁﬂmU&&I&ﬁﬁnﬁﬂﬂ (2004)

d Ch t al Ph R 13: 243- 1996
3312/ ogg@@%fé%ﬁ B@ﬁ@it?/rog]@ggu@slﬂp%%ﬁq W%%%@%l)ﬂléffob?’@ﬁﬁ%lq HY P hiREd e al

for mul ablyBRyctiAhel sRGH4I8r BRI IPPBdts sﬂ‘v&hﬁa{é MNP I0RP Shai AHGPHAAC 2
stabilizing agent as described herein to said mxture prior to

| yophi lalcghelg, fom@@m@e and withwyt limiieticagkptadsededyl-eeeoky entangl. lon biidegsatigent ,  an
osnnlar n te, f1 escri bed
hereln dﬁm%%@%% g¥g9§$%8?%?H3?§%%%R?§§§FI %fgﬁgiﬁbﬁﬂﬁ#ﬁgega%%?nulatlon
is, in polyexﬁalné@ie soﬂiltol masdolensypr taeldnatioopedouts ofbiteylafe aideudittepartial bul ki ng

agent, and a ilizer i S aspect., the utility of a surfactant is
val unEat s irue f60 %‘Wséaég%’“%ﬂ@ﬁ’éﬁ%{%r g@ﬁ%ﬁnaﬂe A6 Vit b | zat i on
step or during reconstitution becones an issue. An appropriate buffering
agent is included to maintain the fornmulation within stable zones of pH
during lyophilization. [0295] The standard reconstitution practice for

| yophilized material is to add back a%Yolume of pure water or sterile water
for injection (WI) (typically equivalent to the volunme renoved during

| yophi | i zati on), although dilute solutions of antibacterial agents are
sonetimes used in the production of pharmaceuticals for parentera

adm ni strati on [Chen, Drug Devel opnent and Industrial Pharnacy,

18 1311- 1354 (1992)] Accordlngly, nethods are prOV|ded for preparatlon of

. o " - .



L- Al anine 4.45 L-Arginine HCI 147.50 L-Asparagi ne-H20 30.21 L-Aspartic Acid
6. 65 L-Cysteine HCl-H20 32.55 L-Cystine 2HCI 57.35 L-Gutamc Acid 7.35 WO
2012/ 006590RCR/0082011/ 043455 A yci ne 18. 75 L-Hi sti di ne- IFR2O/USA11813448

Hydr oxy-L-Proline L-Isoleucine 54.47 L-Leucine 59.05 L-Lysine HCl 91.25

L- Met hi oni ne 17. 24 L-Phenyl al anine 35.48 L-Proline 52.24 L-Serine 26.25

L- Threoni ne 53.45 L-Tryptophan 29.01 L-Tyrosine 2Na 2H20 55.79 L-Valine
52.85 Vitamins Ascorbic Acid 3.499 Biotin 0.0035 Choline Chloride

polyethylene sorbitan monooleate. In various aspects, the aqueous suspensions also contain one
or more preservatives, for example and without limitation, ethyl, or n-propyl, p-

hydroxybenzoate.

[0297] To administer compositions to human or test animals, in one aspect, the compositions
comprises one or more pharmaceutically acceptable carriers. The phrases "pharmaceutically" or
"pharmacologically" acceptable refer to molecular entities and compositions that are stable,
inhibit protein degradation such as aggregation and cleavage products, and in addition do not
produce allergic, or other adverse reactions when administered using routes well-known in the
art, as described below. "Pharmaccutically acceptable carriers” include any and all clinically
uscful solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and

absorption delaying agents and the like, including those agents disclosed above.

[0298] The pharmaccutical formulations are administered intravenously, orally, topically,
transdermally, parenterally, by inhalation spray, vaginally, rectally, or by intracranial injection.
The term parenteral as used herein includes subcutancous injections, intravenous, intramuscular,
intracisternal injection, or infusion techniques. Administration by intravenous, intradermal,
intramusclar, intramammary, intraperitoneal, intrathecal, retrobulbar, intrapulmonary injection
and or surgical implantation at a particular site is contemplated as well. Generally, compositions

are essentially free of pyrogens, as well as other impurities that could be harmful to the recipient.

[0299] Single or multiple administrations of the compositions are carried out with the dose levels
and pattern being selected by the treating physician. For the prevention or treatment of discase,
the appropriate dosage depends on the type of discase to be treated, the severity and course of the
disease, whether drug is administered for preventive or therapeutic purposes, previous therapy,
the patient's clinical history and response to the drug, and the discretion of the attending

physician.

[0300] In one aspect, formulations of the invention are administered by an initial bolus followed
by a continuous infusion to maintain therapeutic circulating levels of drug product. As another
example, the inventive compound is administered as a one-time dose. Those of ordinary skill in
the art will readily optimize effective dosages and administration regimens as determined by
good medical practice and the clinical condition of the individual patient. The frequency of

dosing depends on the pharmacokinetic parameters of the agents and the route of administration.
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8.980 D Ca-Pantothenate 2.240 Folic Acid 2.650 I-1nositol 12.600

Ni coti nam de 2.020 Pyridoxine HCl 2.031 Riboflavin 0.219 Thiam ne HC 2.170
Vitam n BAO 201288659An0r gani ¢ Salts Cal ci um Chl ori de ( Ca@CZ)us2d16/0685 Copper
Sul fate (Cu504_5H20) 0.0013 Ferric Nitrate (Fe(NO3) 3-9H20) 0.050 Ferrous
Sul fate (Fe504-7H20) 0.417 Magnesium Chl oride (MyCl12) 28.640 Magnesi um

Sul fate (Mb504) 48.840 Potassium Chloride (KCl) 311.800 Sodi um Chlori de
(NaCl) 6995.500 Sodi um phosphate (Na2HPO4) 71.020 Sodi um phosphat e

NaH2P 204 a n
(el eni t@glz 89%lggﬁaﬁﬁggg&ug%hg%gggfsg%%ﬁ%}ﬁg? g?%%%%gg gﬂeoﬁtz ?p%?éci ISA{\JcHl d

0. 105 Fhaoviseif adm@pd@lation and desired dosage. See for example, Remington's Pharmaceutical
Sciences, 18th Ed. (1990, Mack Publishing Co., Easton, Pa. 18042) pages 1435-1712, the
disclosure of which is hereby incorporated by reference. Such formulations influence the
physical state, stability, rate of in vivo release, and rate of in vivo clearance of the administered
agents. Depending on the route of administration, a suitable dose is calculated according to body
weight, body surface arca or organ size. Appropriate dosages may be ascertained through use of
established assays for determining blood level dosages in conjunction with appropriate dose-
response data. The final dosage regimen is determined by the attending physician, considering
various factors which modify the action of drugs, e.g. the drug's specific activity, the severity of
the damage and the responsiveness of the patient, the age, condition, body weight, sex and diet of
the patient, the severity of any infection, time of administration and other clinical factors. By
way of example, a typical dose of a recombinant vWF of the present invention is approximately
50 U/kg, equal to 500 pg/kg. As studies are conducted, further information will emerge
regarding the appropriate dosage levels and duration of treatment for various discases and

conditions.

VII. Methods of treatment

[0301] The present invention further contemplates methods of treating a patient in need of r'VWF
or rA13 produced according to the methods described herein. Such methods of treatment can
include administration of pharmacecutical formulations comprising the recombinant rA13 or the

high molecular weight, recombinant vWF of the present invention.

[0302] In another aspect, the present invention provides methods for therapeutic or prophylactic
treatments comprising the administration of an rVWF or rA13 composition provided herein.
Generally, for therapeutic applications, formulations are administered to a subject with a disease
or condition associated with ADAMTS13 or VWF dysfunction or otherwise in need thereof, in a
"therapeutically effective dose." Formulations and amounts effective for these uses will depend
upon the severity of the disease or condition and the general state of the patient's health. Single
or multiple administrations of the formulations may be administered depending on the dosage

and frequency as required and tolerated by the patient.
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0.081 Thym di ne 0.365 Hypoxantine Na 2.390 Sodi um Pyruvate 55.000 Table 6.
Conposi tion of BAV-SP Suppl enent Conponets for final fornul ation

L- d ut amwe 260006801 Et hanol am ne 1.530 Synperonic F68 25@C00G201MD43455

2012/ 006591PCT/ US2011/ 043455 Sodi um Bi car bonate (NaHCO3) 2000. 000 Soy

pept one 4000. 00 Total fornulation 18596. 8 [0310] GD8/6 cells
expressing rVW were grown in either | ow copper nedia (Table 7) or high
copper nmedia (Table 8) for 7 days. After 2 days the cultures were

subcul tyeaf 1 SnREHT AR, ttq@f)&ttn@mvtmo% Jratlda RERSRDF AEattodRYovemaR] es of

t he culture supernatant were tested daily for rVWWF content (VW ELISA),

t ot al {Rcsscoc etndif)jonzasebcsadestwith an (%Qg‘é‘dTSl%orA‘\éWF\dy’s@l)lctmna Ia arfmﬁteoc etin

cof act Or bag Saét tlyarhlaprrlilasce&tlljca E)r ulo cr)r?‘snc%t errfgl’n Iré]c% 1na,n€v a gouc?m 1s?ereci

vi abi | i fn amtoni um concentra Wer 8 al'so honi t or ecf aar except for
bat ch dt&’gtSatﬂlsazlisds fé)atec{t@&mlf shﬁemt\@ﬂlebnan(t@disembtr teraspiilioWh mdﬁ-r hi gh

copper c entrati.ons roduc tants containing.significantly higher
t ot al @B@BH ednYWn B’EE’tVf Li’@g% 5L QERIFYting a Pint %Wg“’t"abl e 8).

For eX%@H@ki@ted@&lthQﬁ& £HmaBdh é‘nd/Jer?cs@ﬁJe of 6H S ErcThOWBUY Q@Jﬁbnﬂhg hleCOpper
concentration contained 1.52 U rVAF activity/nL, as conpared to 0.2 IU

r VW aedinpigtptipn of @tAt%r@mp@wU@epwerdeé detetr dn ampthey dqnibogdsrgst.ttiee tnM@ltIOact t hat
the lo as the
i gh o SRORe FfR b bR oRE USRS Il 6B REPHRloo B KT

super natlantmbdiﬁlmemte,dhé rncmttdneprdsmqm nop@Brof (ruztttmgroe prexsntingraa 1hifaa:moﬂ31 times

greater t.han th t of th’L% u ture, supernat ant (831 mJ 10lag r VW
O e e b nror Peaaralh AR B o) B B I A seie (T T or ol and
SpeCI fIa@mrmatmg%lrttmqfﬁtstpéoxﬁﬁdsittbhtayp@fwdeheetéhgtb aGABRETin Gbdd tHEBofNas tw ce
that of the | ow copper culture at batch day 1. Furthernore, in contrast to

the S“ff&ﬁﬂg%ﬁ Htﬂﬁﬁg%ﬁﬁﬂés%ffﬁ?s%f&étst XsRDR&S f%ﬁ’t}fe'}oﬁqba‘?mﬂh%o%@%‘e"sen%' ;‘” e,
no increase int tof Tistocetin cofactor activity was seen after
bat ch day Orlmf)mrthltol’ré)uk anwhemﬂpaw timemboguthtamlsacyGpast ptugnta (WTP)) atdniisedr esul t

h I f. t t t | ed
Pt o BB P Ro s mhrart g et ) S W PG Rl e

concent;ﬂtaat,h@ma@todggmlgptm@;I ar wei ght rVWW species, was present in the
supernatant of the | ow copper cell culture at batch day 1, and that the

rel ati re 1B). In
cont raiﬁﬁg%gq%ﬁﬁgﬁ at |n{£és Ofrf%ﬁsofaa?%u tgoﬁ?dge%gl? ﬁﬁn%n\?\}lﬁ Ctéldﬂ(]gjlga F gﬁt&?@gd in a
consi stientatifip mmyicamdml offarciiet (eat atackp palptamary( dRGhF), arthroesanir egemts t hr ough
the fourth day. Consis tly, no loss in the a

ol ecuu eTgR: PRt e e Bt SR P B o dER ey P R fatch cul ture
(Fi gur gydddoafGepd®), giahhecldgnrsitit QGEAY,ihernieahd tslvahs.t he agar ose

el ectrophoresis gel shown in Figure 1B reveal ed that under |ow copper
conditions the culture WD 2012/ 006591PCT/ US2011/ 043455 was only able to
produce a r VW popul ation in which nore than 10% (i. e. , 16.3% of the

r VWF \/vasz[EesentE rrEI ecul es having nore than 10 diners for one day of the
bat ch cu re (i 8™MP¥8y3" sanple in Lane 2 of the agarose gel of Figure
1A), and notably, this popul ation fell to only 4% at day 5 of the batch

cul t ur 40306} IYe presem iyrrtiqnvillyesy ) further ilpviatedde thedaldewing grenpRip atithout

condi t iyQi h‘irﬁt%d'ﬁ?e'rﬂ%.‘ ve amount of vVWF nmultinmers with nore than 10 diners is
consi stently around 30% t hrough day 4 of the batch culture ("day 3" to "day
6" In LanesE 10, .28% to 31.49% . [0313] Notably, beginning at batch day 5
of the high 5%’%18/ bat ch culture when NH4+ | evel s exceeded 100 ng/L
(greater_ than about 5.0 , the expression of additional antigen (18.3 to
35. 4 j l$07) C@@Wﬂecqih%tqreﬁyeﬂme@wee neffomags wsing)cufpggs ALt rce@hingnt n a
concom toi

Conai ot et co PR GRRENDECKITE ey BELL b DUASET 2o Ty T eI AL

mul t i mpgd et Cugat the gadium v(za:iasyplieméntedtmth sbyt hydec)lysﬁ&:zrrﬁaxappbrrsellﬁ&tl ve to the
concentration of |ow nolecular weight rVWF nultinmers. Al so only on batch
day 5 ("day 7" sanple of the culture in Lane 11) the relative anount of the
VW with nore than 10 diners is reduced to 21.4% [0314] Taken together,
the data provided above denonstrate that the suppl enentation of copper
concentrations in cell cultures expressing rVAF dranmatically increases the
total and specific rVWF ristocetin cofhctor activity, as well the stable
production of high nolecular weight rVW nultinmers. Furthernore, the data
show a correl ati on between the presence of high NH4+ concentrations in the
cell culture and the loss of rVW ristocetin cofactor activity and high

nol ecul ar wei ght rVWF nul timer production. Table 7. Expression of rVW in
manmmal i an ceII culture perforrred |n batch rmde u5| ng BAY-SP medi a W|th a

F A 7/~ o



n.d. n.d. 1 0.78 43 n.d. 6.3 0.23 365 2 1.24 64 99.1 12.8 0.23 180 3 1.86
n.d. n.d. 22.7 0.21 93 4 2.49 n.d. n.d. 32.2 0.20 62 5 3.11 106 98.3 44.4
0.20 45 WO2B2I@6PD6591PCT/ US2011/ 043455 Tabl e 8. Expre®sirars2afi/ond45¥ i n
mammal i an cell culture performed in batch node using BAVSP nedia with a

hi gh conner concentration 4.3 /L . batch day Cell Count [10E6 cells/ni]
NH4+ [ng/ 1] ViabilityvW [% ELI SA [ag/ nml] R stocetin [1U nL] Specific
Actifity mJ10)tg O 0.40 21 99.3 n.d.

(CuSO4:5H,0) to bring the final copper concentration in the medium to greater than at least 2.4

ug/L.

[0308] Recombinant CHO cells expressing vVWF were cultivated by continuous cell cultures so
that the ammonium levels (NH, ") were kept at a concentration less than about 10 mM. It was
found that production systems providing a continuous supply of medium (e.g., perfusion or
chemostat cultures) were preferable because conventional batch or fed batch techniques
produced high NH," concentrations at the end of the culture. At the end of the culture, the highly
multimeric vVWF was isolated and the specific Ristocetin Cofactor activity of the vVWF was

measured.
Example 2

[0309] Recombinant Factor VIII (rFVIII) and Von Willebrand Factor (rVWF) were co-expressed
in batch cultures of GD8/6 cells to determine the effect of the composition of the culture medium
on VWF expression and activity. Briefly, GD8/6 cells were batch cultivated in BAV-SP medium
composed of a modified DMEM/F12 basal powder (Table 5) and additional supplements also
containing 4 g/L of soy hydrolysate, see Table 6, with and without additional copper
supplementation. To test the effect of low copper concentraions on rVWF expression and
activity, basal BAV-SP media was used. The basal media contained 0.3 ug/L copper and was
supplemented with soy hydrolysate, which contributed an additional 0.7 pg/L copper, as
determined experimentally, providing a final copper concentration of 1.0 ug/L. Asa
comparision, the BAV-SP media used for the batch cultures was further supplemented with an
additional 3.3 nug/L of Cu®", providing a final copper concentration of 4.3 pg/L, to determine the

effect high copper concentrations on VWF expression and activity.

Table 5. Composition of BAV-SP Culture Media

BAV-SP-Medium

Components mg/L
Amino Acids

L-Alanine 4.45
L-Arginine HCI 147.50
L-Asparagine-H-,O 30.21
L-Aspartic Acid 6.65
L-Cystéine HCI-H,O 32.55
L-Cystine 2HCI 57.35
L-Glutamic Acid 7.35

94



n.d.
n.d.

n. d.
n.d. 15.0 1.07 713 4 2.54 n.d.
1. 55 438 waxarploessd [ 0315] Reconbi nant Factor VII|

1 0.71 42 n.d. 4.8 0.40 833 2 1.23 63 99.5 8.7 0.62 713 3 1.85
n.d.

18.3 1.52 831 5 3.32 109 98.9 35.4
( r FVPCI)USa01d/03ans

W | ebrand Factor (rVW) were co-expressed in continuous cultures of GD38/6
cell s operated under chenostatic conditions to determne the effect of the
conposition of the culture nmediumon VAF expression and activity. Briefly,
GDB/6 cells were cultivated in BAV-SP nedium containing 4 g/L of soy

hydr ol ihe Wi Th and W thout copper 15@ppl enment ati on as descri bed in Exanple
2. To [tLesdidhbe.@Atect of Tow copper acamcentrai ons on r VW expressi on and
act i vi| HydrobaserolirdBAV- SP nedi a was| used. TThe basal nedia contained 0.3 jug/L
copper Lasutbuvias suppl emented wit h| sop4hxdr ol ysate, which contributed an
addi tibrghci® 7 jug/L copper, providbhes a final copper concentration of 1.0
j ug/ L.|LAysiee Wenpari si on, the BAVE SPO9h@%| a used for the batch cultures was
furt herL'MﬁE inerent ed with an additidhad|3.3 jug/L of Cu2+, providing a
final "fag.---.é'a'af‘mﬁcentrﬁti onof 4.3 ;g%f*z to determine the effect high
copper Lkgér%(_;%n_trati onrs—on—\AAF—exp es%'ég and activity. Cultures grown in the
pr esenyey by ég.‘* atrd—ow copper onggps{ations were cultivated under both
hi gh f=1%fo‘r5?ar+’e' ' /n‘l_) and—tow (appg g L. 4Xx10E06 cells/ L) cell densities.
[ 0316] [ Ajrodht NE2nZANPI €S Of The[CUkk g e supernatant were tested for rVW
cont enTVaw¥8F ELTSA), total (R stpcegppg|and specific (Specific Activity)
acti vi[ilwtaming a ristocetin cofactpr assay. Various culture paraneters,
i ncl udiragpriseAdid count , cel |l viabi]1tg49@and ammoni um concentration were al so
noni t oBetn _Data were generated frofdoBe| steady state phase of weeks 2 and 3
of theChpimabsiodde cul tures (Tablel 9 8880able 13). WO
2012/(@6@33%%61@9011/04?4% Tabl e 824Qkan data for rVW ex ression in
chenos id 50l and 3. Cell Count Copper
Concerﬂ] M$Itol\n ("nl | Count [ 10E6—¢ | |1215QQ

"Nicotinamide ~ L 2.020°

Pyridoxine HCI 2.031

Riboflavin 0.219

Thiamine HCI 2170

Vitamin B12 0.680

Anorganic Salts

Calcium Chloride (CaCl2) 116.600

Copper Sulfate (CuSQ,4.5H,0) 0.0013

Ferric Nitrate (Fe(NO;)3-9H,0) 0.050

Ferrous Sulfate (FeS0O,-7H,0) 0.417

Magnesium Chloride (MgCl2) 28.640

Magnesium Sulfate (MgS0O4) 48.840

Potassium Chloride (KCI) 311.800

Sodium Chloride (NaCl) 6995.500

Sodium phosphate (Na2HPO4) 71.020

Sodium phosphate (NaH2P0O4) 62.500

Zinc Sulfate Heptahydrate (ZnS0O4-7H20) 0.432

Sodium selenite 0.0131

Others

D-Glucose 3151

Linoleic Acid 0.042

Lipoic Acid 0.105

Putrescine 2HCI 0.081

Thymidine 0.365

Hypoxantine Na 2.390

Sodium Pyruvate 55.000

Table 6. Composition of BAV-SP Supplement

Componets for final formulation

L-Glutamine 600.00
Ethanolamine 1.530
Synperonic F68 250.000
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NH4+ [mM Viability rid vWF ELISA [1.1.g/ml] Ristocetin [111/m] specific
actifity [mll/10p.g] high low 2.88 3.88 97.74 44.56 0.10 21.62 high high
2.79 4.04v02027088138 0.19 53.11 low | ow 1.55 3.33 98. 6BCTRIS2E 1043485 50. 16
|l ow high 1.43 3.17 98.59 11.76 0.70 598.76 Table 10. r VW expression in
chenostatic cell culture under high cell count, |ow copper conditions
during weeks 2 and 3. Day Cell Count [10E6 cells/n] NH4+ [nM

Sodium Bicarbonate (NaHCO3) 2000.000
Soy peptone 4000.00
Total formulation 18596.8

[0310] GD8/6 cells expressing r'VWF were grown in cither low copper media (Table 7) or high
copper media (Table 8) for 7 days. After 2 days the cultures were subcultured to perform a
batch culture for a period of 5 days. Samples of the culture supernatant were tested daily for
rVWF content (vWF ELISA), total (Ristocetin) and specific (Specific Activity) via a ristocetin
cofactor assay. Various culture parameters, including cell count, cell viability, and ammonium

concentration were also monitored daily (except for batch days 3 and 4).

[0311] Unexpectedly, cell cultures grown under high copper concentrations produced
supernatants containing significantly higher total and specific rVWF activity (compare results in
Table 7 and Table 8). For example, at batch day 4, the cell culture grown under high copper
concentration contained 1.52 TU rVWEF activity/mL, as compared to 0.2 TU rVWEF activity/mL
for the low copper culture. This is despite the fact that the low copper cell culture produced
nearly twice the amount of rVWF as the high copper cell culture. Furthermore, the specific
activity of the supernatant obtained from the high copper culture was more than 13 times greater

than that of the low copper culture supernatant (8§31 mU/10ug rVWF v. 62 mU/10ug rVWF).

[0312] As seen in Table 7 and Table 8, the total and specific ristocetin cofactor activity of the
high copper culture was twice that of the low copper culture at batch day 1. Furthermore, in
contrast to the subsequent increases in activity observed in the high copper culture, no increase in
the amount of ristocetin cofactor activity was seen after batch day 1 for the low copper cell
culture. Consistent with this result, agarose gel electrophoresis analysis of the rVWF multimer
state revealed that a low concentration of high molecular weight rVWEF, relative to the
concentration of low molecular weight r'VWF species, was present in the supernatant of the low
copper cell culture at batch day 1, and that the relative concentration further decreased over time
(Figure 1A and 1B). In contrast, supplementation of the culture medium with Cu?' resulted in a
consistent formation of ristocetin cofactor (RiCoF) active antigen through the fourth day.
Consistently, no loss in the amount of stable high molecular weight rVWF multimers occurred
through day 4 of the batch culture (Figure 1A and 1B). The densitometric results of the agarose

electrophoresis gel shown in Figure 1B revealed that under low copper conditions the culture
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Viability [omvW ELISA[1.1.g/nl] R stocetin [111/nl] specific actifity
[nl1l/1014] 8 2.54 3.7 98.20 39.8 0.095 23.86934673 9 3.02 4.2 97.40 10
2.97 3.9 W0.200/008593 0. 095 23. 00242131 11 2.78 13 2POI/B2@1073469 41.7
0. 095 22.78177458 14 2.90 3.8 97.40 15

was only able to produce a rVWF population in which more than 10% (i.e., 16.3%) of the rVWF
was present in molecules having more than 10 dimers for one day of the batch culture (i.c.
“day3” sample in Lane 2 of the agarose gel of Figure 1 A), and notably, this population fell to
only 4% at day 5 of the batch culture (“day 7” sample in Lane 6). In contrast under high copper
conditions the relative amount of vVWF multimers with more than 10 dimers is consistently
around 30% through day 4 of the batch culture (“day 3” to “day 6 in Lanes 7-10; 28% to
31.4%).

[0313] Notably, beginning at batch day 5 of the high copper batch culture, when NH4 " levels
exceeded 100 mg/L (greater than about 5.0 mM), the expression of additional antigen (18.3 to
35.4 ng/L; compare batch days 4 and 5 of Table 8) did not result in a concomitant increase in the
RiCoF activity present in the supernatant. Consistent with this result, the level of high molecular
weight r'VWF multimers at batch day 5 (day 7 of the culture) decreased relative to the
concentration of low molecular weight r'VWF multimers. Also only on batch day 5 (“day 77

sample of the culture in Lane 11) the relative amount of the vWF with more than 10 dimers is

reduced to 21.4%.

[0314] Taken together, the data provided above demonstrate that the supplementation of copper
concentrations in cell cultures expressing rVWF dramatically increases the total and specific
rVWEF ristocetin cofactor activity, as well the stable production of high molecular weight rVWF
multimers. Furthermore, the data show a correlation between the presence of high NH,"
concentrations in the cell culture and the loss of r'VWF ristocetin cofactor activity and high
molecular weight rVWF multimer production.

Table 7. Expression of rVWF in mammalian cell culture performed in batch mode using BAV-
SP media with a low copper concentration (1.0 pg/L).

|ba tch day Cell Count INH," [ViabilityvWF ELISA|Ristocetin|Specific Actifity]
[T0E6 cells/mL]|[mg/1]|[%] [ug/ml] [TU/mL] |mU/10ug

0 0.42 21  [98.8 n.d. n.d. n.d.

1 0.78 43 |n.d. 6.3 0.23 365

2 1.24 64  199.1 12.8 0.23 180

3 1.86 n.d. |n.d. 22.7 0.21 93

4 2.49 n.d. |n.d. 32.2 0.20 62

5 3.11 106 [98.3 44.4 0.20 45
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3.05 3.9 97.70 44.7 0.095 21.25279642 16 2.99 3.8 98. 30 17 2.76 3.9
97.40 55.3 0.095 17.17902351 2.88 3.88 97.74 44.56 0.10 21.62 Table 11.

r VWF exprwenmmosivichenostatic cell cul ture under hi gh eeriuSeaufy34shi gh
copper conditions during weeks 2 and 3. Day Cell Count [10E6 cells/nL] NH4+
[MM Viability [omVvW ELISA [1.1.g/m] Ristocetin [111/nlL] specific
actifity [mll/1014] 8 2.52 3.9 98.30 31.8 0.35 110.0628931 9

Table 8. Expression of rVWF in mammalian cell culture performed in batch mode using BAV-
SP media with a high copper concentration (4.3 ug/L).

|batch da Cell Count INH," [ViabilityvWF ELISA[Ristocetin[Specific Actifity]
y[10E6 cells/mL]|[mg/1][[%] [ng/ml] [TU/mL] mU/10ug

0 0.40 21 199.3 n.d. n.d. n.d.

1 0.71 42 |n.d. 4.8 0.40 833

2 1.23 63 199.5 8.7 0.62 713

3 1.85 n.d. |n.d. 15.0 1.07 713

4 2.54 n.d. |n.d. 18.3 1.52 831

5 3.32 109 198.9 35.4 1.55 438
Example 3

[0315] Recombinant Factor VIII (rfFVIII) and Von Willebrand Factor (rVWF) were co-expressed
in continuous cultures of GD8/6 cells operated under chemostatic conditions to determine the
effect of the composition of the culture medium on VWF expression and activity. Briefly,
GD&/6 cells were cultivated in BAV-SP medium containing 4 g/L. of soy hydrolysate with and
without copper supplementation as described in Example 2. To test the effect of low copper
concentraions on rVWF expression and activity, basal BAV-SP media was used. The basal
media contained 0.3 ug/L copper and was supplemented with soy hydrolysate, which contributed
an additional 0.7 pg/L copper, providing a final copper concentration of 1.0 ug/L. Asa
comparision, the BAV-SP media used for the batch cultures was further supplemented with an
additional 3.3 nug/L of Cu®", providing a final copper concentration of 4.3 pg/L, to determine the
effect high copper concentrations on VWF expression and activity. Cultures grown in the
presence of high and low copper concentrations were cultivated under both high (2.8x10°

cells/mL) and low (appr. 1.4x10E06 cells/mL) cell densities.

[0316] As before, samples of the culture supernatant were tested for rVWF content (VWF
ELISA), total (Ristocetin) and specific (Specific Activity) activity via a ristocetin cofactor assay.
Various culture parameters, including cell count, cell viability, and ammonium concentration
were also monitored. Data were generated from the steady state phase of weeks 2 and 3 of the

chemostat cultures (Table 9 to Table 13).
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2.92 4.3 98.50

10 2. 80 4.2 98.60 37.4 0.32 85.56149733 11 2.57
2.81 3.9 98.50 37.6 0.095 25.26595745 14 2.92 3.9 97.80
97. 80 43.WOoQ0aW6322. 09302326 16 2. 72 4.0 98. 30

15 2.77 3.9
17 3. ®¢TAIS2019843285

Table 9. Mean data for rVWF expression in chemostatic cell culture during weeks 2 and 3.

Cell Count vWF specific
Cell Copper [10E6 NH4+ Viability ELISA Ristocetin actifity
Count | Concentration | cells/mL] [mM] [%] [ng/ml] [Iu/mL] [mU/10pg]
high low 2.88 3.88 97.74 44,56 0.10 21.62
high high 2.79 4.04 98.25 38.38 0.19 53.11
low low 1.55 3.33 98.63 18.96 0.10 50.16
low high 1.43 3.17 98.59 11.76 0.70 598.76

Table 10. rVWF expression in chemostatic cell culture under high cell count, low copper
conditions during weeks 2 and 3.

Cell Count specific
[10E6 NH4+ Viability vWF ELISA Ristocetin actifity
Day cells/mL] [mM] [%] [nug/ml] [IU/mL] [mU/10ug]
8 2.54 3.7 98.20 39.8 0.095 23.86934673
9 3.02 4.2 97.40
10 2.97 3.9 97.90 41.3 0.095 23.00242131
11 2.78
13 291 3.8 97.60 41.7 0.095 22.78177458
14 2.90 3.8 97.40
15 3.05 3.9 97.70 44.7 0.095 21.25279642
16 2.99 3.8 98.30
17 2.76 3.9 97.40 55.3 0.095 17.17902351
2.88 3.88 97.74 44.56 0.10 21.62

Table 11. rVWF expression in chemostatic cell culture under high cell count, high copper
conditions during weeks 2 and 3.

Cell Count specific
[10E6 NH4+ Viability vWF ELISA Ristocetin actifity
Day cells/mL] [mM] [%] [nug/ml] [IU/mL] [mU/10ug]
8 2.52 3.9 98.30 31.8 0.35 110.0628931
9 2.92 4.3 98.50
10 2.80 4.2 98.60 374 0.32 85.56149733
11 2.57
13 2.81 3.9 98.50 37.6 0.095 25.26595745
14 2.92 3.9 97.80
15 2.77 3.9 97.80 43.0 0.095 22.09302326
16 2.72 4.0 98.30
17 3.04 4.1 98.20 42.1 0.095 22.56532067
2.79 4.04 98.25 38.38 0.19 53.11

Table 12. rVWF expression in chemostatic cell culture under low cell count, low copper
conditions during weeks 2 and 3.

Cell Count specific
[10E6 NH4+ Viability vWF ELISA Ristocetin actifity
Day cells/mL] [mM] [%] [nug/ml] [IU/mL] [mU/10ug]
8 1.61 33 99.10 19.3 0.095 49.22279793
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42.1 0.095 22.56532067 2.79 4.04 98.25 38.38 0.19 53.11 Table 12. r VW
expression in chenostatic cell culture under low cell count, |ow copper
condi t i orsodarzmgameeks 2 and 3. Day Cell Count [10E6 celrasseasi/od44s [ mV]
Viability rid vWF ELISA [1.1.g/nl] R stocetin [111/nl] specific actifity
[mL1/1014] 8 1.61 3.3 99.10 19.3 0.095 49. 22279793 WO

2012/ 006591PCT/ US2011/ 043455 9 1.65 3.3 98.00 10 1.49 3.3 98.90 18.6
0.095 51.07526882 11 1.58

9 1.65 3.3 98.00

10 1.49 3.3 98.90 18.6 0.095 51.07526882
11 1.58

13 1.58 3.4 98.10 18.1 0.095 52.48618785
14 1.56 3.3 99.30

15 1.52 3.3 98.50 18.9 0.095 50.26455026
16 1.50 3.3 98.40

17 1.50 3.4 98.70 19.9 0.095 47.73869347

1.55 3.33 98.63 18.96 0.10 50.16

Table 13. rVWF expression in chemostatic cell culture under low cell count, high copper
conditions during weeks 2 and 3.

Cell Count specific
[10E6 NH4+ Viability vWF ELISA Ristocetin actifity
Day cells/mL] [mM] [%] [nug/ml] [IU/mL] [mU/10ug]
8 1.46 3.2 98.80 11.6 0.73 629.3103448
9 1.45 3.2 98.20
10 1.37 3.1 98.90 11.0 0.7 636.3636364
11 1.43
13 1.33 3.2 98.10 11.1 0.68 612.6126126
14 1.39 3.2 97.20
15 1.51 3.2 99.70 12.4 0.69 556.4516129
16 1.49 3.2 98.60
17 1.43 3.2 99.20 12.7 0.71 559.0551181
1.43 3.17 98.59 11.76 0.70 598.76

[0317] As shown in Figure 2A, supernatant harvested from continuous rVWF cell culture grown
at low cell densities and high copper concentrations contained high specific activity (average of
600 mU / 10 ug), while supernatants harvested from rVWF cell cultures grown at high cell
densities in the presence of high or low copper concentrations and rVWF cell cultures grown at
low cell density in the presence of low copper concentration contained low specific activities
(less than 100 mU / 10 ug). Consistent with the results observed for batch cultures, Figure 2B
shows that continuous mammalian cell cultures expressing rVWF with high specific activities
have lower NH, " concentrations than do cultures producing rVWF with low specific activities.
This data further strengthen the correlation between NH, " concentration in the cell culture and
the specific activity of rVWF produced by the culture. Notably, the combination of high copper
concentration and low ammonium concentration in the cell culture allowed for the production

significantly improved rVWF activity.

[0318] Consistent with this result, agarose gel clectrophoresis analysis of the rVWF multimer

state of chemostat cultures (Figure 6) revealed that only supernatants from cultures operated at
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13 1.58 3.4 98.10 18.1 0.095 52.48618785 14 1.56 3.3 99. 30 15 1.52 3.3
98.50 18.9 0.095 50.26455026 16 1.50 3.3 98.40 17 1.50 3.4 98.70 19.9
0. 095 47.wB2623g5911. 55 3.33 98.63 18.96 0.10 50. 16 TalpCe/uk3011/043AF5
expression in chenostatic cell culture under |ow cell count, high copper
conditions during weeks 2 and 3. Day Cell Count [10E6

high copper and low cell density and thus low ammonium resulted in a consistent expression
high multuimeric vWF (about 23% to 27% on CST day &, 17 and 24 in Lanes 4, 8, and 12,
respectively). All other conditions do not reach consistently high amounts of more than 10% of

vWF with more than 10 dimers over an extended cultivation period.
Example 4

[0319] To determine the effect of culture media copper concentration on the expression and
specific activity of rA13, mammalian cell cultures expression rA13 were grown for 4 weeks
under chemostatic continuous culture conditions in ADAMTS13 medium comprising a modified
DMEM/F12 basal media BESP845 and additional supplements (Table 14) containing copper
concentrations ranging from 0.66 pg/L (without additional copper supplementation) and with
additional copper supplementation to 4 pg/L. As shown in Table 15, increasing copper
concentration in the cell culture media resulted in a significant increase in volumetric (P) and
specific (q) productivity expressed as the total rA13 activity produced per liter culture and day
and the total rA13 activity produced per cell and day, respectively.

Table 14. Composition of ADAMTS 13 medium.

DMEM/F12 BESP845

Amino Acids mg/L
L-Alanine 13.3500
L-Arginine HCI 147.5000
L-Asparagine-H,O 45.1600
L-Aspartic Acid 19.9500
L-Cystéine HCI-H,O 32.5500
L-Cystine 2HCI 102.3500
L-Glutamic Acid 22.0500
Glycine 26.2500
L-Histidine-H,O HCI 51.4800
L-Isoleucine 74.4700
L-Leucine 119.0500
L-Lysine HCI 146.2500
L-Methionine 100.0000
L-Phenylalanine 60.4800
L-Proline 63.7400
L-Serine 36.7500
L-Threonine 53.4500
L-Tryptophan 29.0100
L-Tyrosine 2Na 2H20 75.7900
L-Valine 82.8500
salts mg/L
Calcium Chloride (CaCl2) 116.6000
Copper Sulfate (CuS0,.5H,0) 0.0026
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cells/m] NH4+ [mMM Viability [omVvW ELISA [1.1.9g/m] Ristocetin [111/m]
specific actifity [nll/1014] 8 1.46 3.2 98.80 11.6 0.73 629.3103448 9 1.45
3.2 98. 20Ww0 20083937 3.1 98.90 11.0 0.7 636.3636364 11 PC437S2011/043435 1. 33
3.2 98.10 11.1 0.68 612.6126126 14 1.39 3.2 97.20

Ferric Nitrate (Fe(NO;)3-9H,0) 0.0500
Ferrous Sulfate (FeSO4-7H,0) 1.0170
Magnesium Chloride (MgCI2) 28.6400
Magnesium Sulfate (MgS0O4) 48.8400
Potassium Chloride (KCI) 311.8000
Sodium Chloride (NaCl) 5495.5000
Na2HPO4 Anhydrous 213.0200
NaH2PO4 Anhydrous 54.3500
Zinc Sulfate Heptahydrate (ZnS0O4-27H20) 0.4320
Sodium selenite.anhydrous 0.0087
Vitamins mg/L

Ascorbic Acid 3.4990
Biotin 0.2035
Choline Chloride 26.9800
D-Ca-Pantothenate 6.2400
Folic Acid 6.6500
I-Inositol 36.6000
Nicotinamide 7.0200
Pyridoxine HCI 6.0310
Riboflavin 0.6590
Thiamine HCI 6.5100
Vitamin B12 2.6800
miscellaneous mg/L

D-Glucose 5000.0000
Linoleic Acid 0.0420
Lipoic Acid 1.0050
Putrescine 2HCI 3.6810
Thymidine 0.3650
Hypoxantine Na 2.3900
Sodium Pyruvate 55.0000
DMEM/F12 BESP845: Total 12738.3
ADAMTS-13 Medium Supplements mg/L

L-Glutamin 1300.0000
Pluronic F68 1000.0000
Etanolamin 1.5300
ZnSo04*7 H20 1.0000
Na-Hydrogencarbonat 1500.0000
Supplements Total 3802.5
Total amount of Ingridients 16540.8

[0320] To determine if increased copper concentrations affected the integrity of the expressed

rA13, supernatant harvested from rA13 cell cultures grown in media containing 0.66 ug/L, 1

ug/L, and 4 ug/L copper was examined by SDS-PAGE analysis. As seen in Figure 3A (silver

stain) and Figure 3B (anti-A 13 western blot), no obvious change in product quality by gel

clectrophoresis was observed. Specifically, no increase in the level of truncated 170 kD or other

low MW rA13 variants and no other additional or increased HCP bands resulted from rA13

expression in the presence of increased copper concentrations.
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15 1.51 3.2 99.70 12.4 0.69 556.4516129 16 1.49 3.2 98.60 17 1.43 3.2
99.20 12.7 0.71 559.0551181 1.43 3.17 98.59 11.76 0.70 598.76 [0317] As
shown i n WOQor2#og®1 supernatant harvested from conti nuoRETOSYH 103455 cul ture
grown at |l ow cell densities and hi gh copper concentrations contai ned high
specific activity (average of 600 nU/ 10 jig), while supernatants
harvested fromrVW cell cultures grown at high cell densities in the
presence of high or |ow copper concentrations and r VW cell cultures grown
at | ow; gl TIRUShiY ah Bptrlrﬁﬁ BhESERGH &fcohﬁwoﬁ%'ﬁvﬁ}pmqwﬁ{éx%ﬁ pOHAI ned
|OM/Sp€CIfIC activities (less than 100 ig). Consistent with the
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concentration in the cell culture and the specific activity of rVW
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HCI - H28p& iAo Productivity expressed as the total rA13 activity produced per liter culture and day

and the total rA13 activity produced per cell and day, respectively, over a period of 8 weeks.
The specific data for cach week of rA13 production in the two cultures is shown in Figure 5.
From these data, it is clear that copper supplementation has a measurable beneficial effect on cell

metabolism, specific growth rate and rA13 productivity.

Table 16. Expression of rA13 in mammalian cell culture performed in chemostatic continuous
culture mode using media containing variable copper concentrations.

7.7 - NC P Frets |q Frets Spec. Activity|
10 L Scale

Mean of 8 CST weeks

[10E6 cells/mL]([U/(L*d)]|[U/(10E9 cells*d)]|U/mg
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L- Cystine 2HCI 102. 3500 L-dJutam c Acid 22.0500 G ycine 26. 2500
L- Hi stidi ne-H20 HCI 51.4800 L-1sol eucine 74.4700 L-Leucine 119.0500
L- Lysi ne WQI20248632500 L- Met hi oni ne 100. 0000 L- Phenyl al amCmaSe@.148285
L- Proline 63. 7400 L-Serine 36.7500 L-Threoni ne 53.4500 L-Tryptophan 29. 0100
L- Tyrosi ne 2Na 2H20 75. 7900 L-Valine 82.8500 salts ng/L Cal cium Chl ori de
(Cad 2) 116.6000 Copper Sulfate (Cu504 5H20) 0.0026 Ferric Nitrate
(Fe(NGB) 3-9H20) 0. 0500 Ferrous Sul fate (Fe504-7H20) 1.0170 Magnesi um
Chl ori pe(tMOCIZ) 28 6400 IV&gneSWmU4) 8. 8400 POfassi um

lgapi de

Chl or i Pese(ted ruy311. 80009Sodi um goNaCl ) 5495.[p630 Na2HPO4 Anhydrous
213. 02p0

2 ug/L Cu?* .17 2470|1146 1749

[0323] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this application
and scope of the appended claims. All publications, patents, and patent applications cited herein

are hereby incorporated by reference in their entirety for all purposes.
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NaH2PO4 Anhydrous 54. 3500 Zinc Sul fate Heptahydrate (2Zn504-27H20) 0.4320
Sodi um sel eni te. anhydrous 0.0087 Vitamns ng/L Ascorbic Acid 3.4990 Biotin
0. 2035 Chwbizne/0bd%ri de 26. 9800 D- Ca- Pant ot henat e 6. 240@CFalsee11M¢34d5 6. 6500
1-1nositol 36.6000 N cotinam de 7.0200 Pyri doxine HCl 6.0310 Ri boflavin

0. 6590 Thiam ne HCl 6.5100 Vitam n B12 2.6800 m scel |l aneous ng/L D d ucose
5000. 0000 Linoleic Acid 0.0420 Lipoic Acid 1.0050 Putrescine 2HCI 3.6810
Thym di ne 0. 3650 Hypoxanti ne Na 2.3900 Sodi um Pyruvate 55. 0000 DVEM F12

BESP845: wWaicl 18 ¢i38nEDp IAPAMIS- 13 Medi um Suppl ements ng/ L

1 1. A method for producing a recombinant Von Willebrand Factor (rVWF)
2 composition, the method comprising the steps of:
3 (a) providing a basal cell culture media;
4 (b) supplementing the basal cell culture media with copper to provide a final
5  copper concentration of at least 2.4 ug/L;
6 (c) providing one or more cells comprising a nucleic acid encoding a rVWF
7  protein;
8 (d) culturing the one or more cells in the copper supplemented cell culture media
9  such that rVWF is expressed and excreted from the cells into a culture supernatant; and
10 (e) recovering at least a portion of the culture supernatant,
11 wherein the recovered supernatant has a rVWEF specific ristocetin cofactor activity
12 of at least 30 mU/ug rVWF.
1 2. The method of claim 1, further comprising the step of supplementing the

2 basal cell culture media with a hydrolysate prior to culturing the one or more cells.

1 3. The method of claim 2, wherein the hydrolysate is a plant hydrolysate.
1 4. The method of claim 3, wherein the hydrolysate is a soy hydrolysate.
1 5. The method according to any one of claims 1 to 4, wherein the basal cell

2 culture media is an animal protein free culture media.

1 6. The method according to any one of claims 1 to 4, wherein the basal cell

2 culture media is a protein free culture media.

1 7. The method according to any one of claims 1 to 6, wherein the basal cell

2 culture media is a chemically defined culture media.

1 8. The method according to any one of claims 1 to 7, wherein the final
2 copper concentration of the copper supplemented basal cell culture media is at least 4 pg/L

3 copper.
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L-d utam n 1300. 0000 Pl uronic F68 1000. 0000 Etanolam n 1.5300 ZnSo4*7 H20
1. 0000 Na- Hydrogencar bonat 1500. 0000 Suppl enents Total 3802.5 Total anopunt
of I ngridvenve/me®40.8 [0320] To determ ne if i ncrease®CTaSPEn/ 043455
concentrations affected the integrity of the expressed rAl3, supernatant
harvested fromrAl13 cell cultures grown in nmedia containing 0.66 lag/L, 1
lag/L, and 4 | ag/L copper was exam ned by SDS-PAGE anal ysis. As seen in
Figure 3A (silver stain) and Figure 3B (anti-Al3 western blot), no obvious
chapge in product quaphd ¥eyd Q&Jorcﬁﬁge&)taﬁ@raia@f)ﬁaalﬁls% RORAEEMEHe final
Specifically, no increase in the level of truncated 170 kD or other | ow MV
rAl3 vaopmnt:@lcamtm o theesopead dimplanciteddrasalizell evlgmed medi ibbetaser b4 ubtled from
rAlg @ggiﬁa$/ n the presence of increased copper concentrations. WO

2012/ 0 (ﬁ§%311/043455 [0321] To estimate an optinmal concentration of
copper on the activity of rAl3, an extrapolation of data from Table 15 of P
Fretts versus copper cBhtmnmpaaamnﬁmqumyend¢fdhomdtbﬁamhmpmnhunnmmﬂect IS

i kely reache t /L, W.th a c nservatlv estima

neglt | VWTTTEUPS dischpectapBeb R Faghi ModigFans SeorBx Pl S o '
mangal icgmbielidn Gulcbfir e perfornmed in chenostatic continuous cul ture node
usi ng nmedi a containing vari abl e copper concentrations. 10 L Scale R&

Experi ment Mean 4 CST weeks NC P Frets q Fr pec, .Actjvity
[ 106 cel | s/ ] IJ/(LT]%F) m@ ﬁéggll;%mhgﬂea)fhewmr@a S“r§ ged fremslie 1. 35 1322

1028 1¢RSipkoh@éins Pddipel sifithtcl 9hel & tatdl 8heft cArBGiake, €Mkt ghlgl@dez 98el 338 1768

[ 0322] Based on the results obtai ned above, an addi'tional expérinent was
per Bor mEdroxighi whpaontpe.edd corpcespdessi on of rA13 in cell culture nedia
containing 0.66 iag/L copper with 2.0 iag/L copper. As shown in Table 16,

SUDEl ement ati on ; % t h?hfpl?ﬁl@lt)d Q&:lolrdlﬁg 'aﬂ \Mlé Qf q28R9" o ltl Owﬁ‘er!:lh@l?é one or

concentration o copper esufted i n a significant 1 ncrease in
voIanemﬁnccﬂE%ﬁamdnmpbm1&ﬂb (q) productivity expressed as the total rA 3
activity produced per liter culture and day and the total rAl3 activity

proguced per cel|;andyg a%et}goc?ﬁf’&iﬁﬁi’f iroty rn%ngg%lﬁg%le?s argcﬁ?ﬁceﬁls The

specific data for eac quct i'6nam res is shown
in Figure 5. Fromthese data, it is clear t hat copper suppl enentation has a
nmeasur abl e benefﬂ@iaIThﬂﬁe@bdmmwnﬁmgKmmyabebfdmmmngdBIwmﬂgnQMHMh@ahe and

rAl3 productivit Tabl e SSi rAl3 in mammalian cell culture
per orﬁBﬁOf%O@H@ﬁ%%F@FP&Sé%ﬂ{%ﬁﬁ@dgn8ﬁﬁﬁﬁ¢& node using nedia containi ng
vari abl e conner concentrations. 10 L Scale Mean of 8 CST weeks ZZ - NC

1 15. The method according to any one of claims 1 to 13, wherein culturing the

2 one or more cells comprises continuous cultivation of the cells.

1 16. The method of claim 15, wherein the continuous cultivation of cells is

2 performed in chemostatic mode.

1 17. The method of claim 15, wherein the continuous cultivation of cells is

2 performed in perfusion mode.

1 18. The method according to any one of claims 1 to 17, wherein the one or

2 more cells is cultured in at least 100 L of the supplemented basal cell culture media.

1 19. The method according to any one of claims 1 to 18, wherein the cell
2 density is maintained at less than 2.5x10° cells per mL during the step of culturing the one or

3 more cells.
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P Frets q Frets Spec. Activity [10E6 cells/ni] [U (L*d)] [U (10E9
cells*d)] Ung WD 2012/006591PCT/ US2011/ 043455 0.66 iag/L Cu2+ 1.29 1049
821 1862 woiagp/do6Bu2+ 2.17 2470 1146 1749 [0323] It i sPromdsestioedss hat t he
exanpl es and enbodi nents described herein are for illustrative purposes
only and that various nodifications or changes in |light thereof will be
suggested to persons skilled in the art and are to be included wthin the
spirit and purview of this application and scope of the appended cl ai ns.

Al'l ypublicationspg pat ef Sieth8ddr AZLETY, vRRYA ﬂﬁ@tcbl@ﬂélsﬁj{/ {sGHaiR@IRY Bt RESHAILT eby
incorporated by reference in their entirety for all purposes. WO

2012/ 0@6394 et P20l dnuBhs Stey\wAguliugngithx dvedr here ceili A met hod for producing
a reconbi nant Von WI | ebrand Factor (rVW) 2conposition, the method
COWE_)I‘I sing the SHEPS ﬂ{l ét?z?a Qildfb Q&gl fbi %%hﬂﬁ%slty%%&ﬂf{aﬁle gle?sth% b)
suppl enent i ng the ‘bas ture media Wt er to provi i nal
5copperl. 5<xd)0|c<eﬂ5patmbdumligme sﬂepaﬁ‘cul@rmgjﬂmgiﬂe orﬁ(ooe)cqblsow di ng one or nore
cells conprising a nucleic aC| d encoding a r VW 7prot ein; 8(d) culturing
t he . one or nore I'ls ene ted t ur di a. 9such
thal TWWE i 5 exprasselramingy ECRREte PR eEREraEeaThar oYt i RE &
super nagcadRéringadd tbadiQ(i@)tisresfanesiluge Qipelne@st co:'mp@@ést fileati@f ortdotriCuatii &

super nat ant , E[ %/nerel n the iovered supernat ant has a r VW specific

ri sfoc&tPeyecsintpgrherqrion ?{ﬁ WIeotPgPatp¥ast 30 myiag r V. 12. The net hod
of claim1, further conprising the step of supplenenting the 2basal cell

culgure nmedia wbth a hy@lﬁl@ﬂhmaéc@rd?ﬁ%]@rany@n@ufélwﬂanotzbew@é}@in@ﬁe eeser&el |s.
13. The nethod of claim2, wherein t drolysate is amigant %%/:drol ysat e.

14. The SHRECHFENT Bps %w\éWﬁwssemﬁm@sft@qeﬁnm@cu@y@rﬁww95@@64554% ye iYWrol ysat e.
15. The nethod according to any one of clains 1 to 4, wherein the basal cell

2cujture nedia isgan qp H@tlllocﬁ’f)?él@ihp2j "w%%re%ﬂh% ‘ﬂéc%vé%&' blﬂyerrﬂa@mirﬂz% J®hpd
according to any one of clains o 4, wherein the basal cell 2culture

medRa isgecaliquissecsiin cofaeter @QﬂthtupéatMIﬁ)mWMgﬁéWﬁet hod according to any one
of claims 1 to 6, wherein the basal cell 2culture nedia is a chemcally

def -ﬁn?d cul t“.r € di ar éﬁetﬁ@&oﬁa& ?3 %%ge?rgfhﬁgectoger@@yup%flﬁtaﬁ{ hé:sla - 1to 7,

wherein the fina ZCopper concentrati’on e Cco suppl enment e asal
cel b cupdceificeristediia cofsctat adtioag bf 4 1eaagblLmBopPEWF. 19 The net hod according to
any one of claims 1 to 8, wherein the final

1 26. The method of claim 23, wherein the recovered supernatant has a rVWF
2 specific ristocetin cofactor activity of at least 70 mU/ug rVWF.

1 27. The method of claim 23, wherein the recovered supernatant has a rVWF

2 specific ristocetin cofactor activity of at least 80 mU/ug rVWF.

1 28. The method according to any one of claims 1 to 27, wherein at least 10%
2 of the r'VWF in the supernatant is present in a high molecular weight VWF multimer of more

3  than 10 dimers.

1 29. The method according to any one of claims 1 to 27, wherein at least 20%
2 of the r'VWF in the supernatant is present in a high molecular weight VWF multimer of more

3  than 10 dimers.
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2copper concentration of the copper supplenented basal cell culture nedia
is between 2.4 iag/L 3and 20 iag/L copper. 110. The met hod according to any
one of clwprER1210065919, wherei n the copper 2suppl enent i ngPChashasalsssel |
culture nedia is provided as a copper salt, a copper chelate, or a

3conbi nation thereof. 111. The nethod of claim 10, wherein the copper salt
is selected fromthe 2group consisting of copper sulfate, copper acetate,
copper carbonate, copper chloride, copper 3hydroxide, copper nitrate, and
copper oxide. 113 Therhetbadg 36oRlifl £6%ny @n@bYcIBRR 196 29! @hdFBinht felst by, _
wherein the one or 2nore cells are mammal i an cells. 113. The nethod of claim
12, 2whef gien ViXieinrthersmicinatant sIprescririe a Gigh reedbdudar wicight THEF medtod deede di ng to
any3on%R8HOch%Hgs 1 to 13, wherein culturing the 2one or nore cells
conprises batch cultivation of the cells. 115. The nethod according to any
one of clainms 1 to 13, wherein culturing the 2one or nore cells conprises
conti nuous cul ti 9kt i ofhomhethhéaceldisg tokb§ ot ef ¢hetisddo 8D, whatimtiss, wherein
the_continuous cultivation of cel .S 2 perfor [ henost ati ¢ node.
11727 aunsdnesh ctaien KRhleedlan SRt VI R B OB B ERGRT s on of col s is
2 perfornmed in perfusion node. 118. The nethod according to any one of
claims 1 to 17, shereThe inbo®B&oatin@ g oae€bf ains 100131 UwkdcinnhalH), 'east 100
L of the supQIenthed basal cel | culturg medi a. 119.qu ﬁéthod according to
any 2on&OHPIA Aiahell puliye sgperpgianyt & aipiance @l 4 codeHEliey bPewndimMai ned at I ess
than 2.5x106 cells per nL during the step of culturing the one or 3nore

cel ks. WO 2012/ 996591RGhEHSE OLIARABA WheAeDithE N1 MBbMOH 0P theClRICHMEY, Wherein
the cell density is maintained at | ess than 22.0x106 cells per niL during

t he2st eppepmatan it mpintagned mea eppscratinp pelowed m¥. 121. The nmet hod of cl ai m 19,
wherein the cell density is maintained at |ess than 21.5x106 cells per nL

during the step 9f cultdhiMgd E&D%I'Ctﬁlglfté)%lhy RE 8f Q&ihdsS- to 33 2w E6n FRWIOA co-

according to any one of clains 1 , Wherein the step of 2recovering at
| eadt axpossed prthafconthenaptiFactoreV I8l pleY WAt ant conprises filtration or
centrifugation to 3renove cells fromthe portion of culture supernatant.
123, The net hod aggor di- ol nespP ai . 8k

rec%vered Zsuper%%tant aé 339%%§ s%égwﬁ#%hg?%%%é%%ﬁéj%@@ggﬁogfg@?}vity of
at PeastvadGonlitilag SOVNWL thd PVITheeseat inabe wtocral swp@Batamher ei n t he recovered
supernatant has a rVW 2specific ristocetin cofactor activity of at |east
50 i ag r V. 5T met hod. gf. claim 23.  wher ei r ere
supgtynat ant has éoz'r Wﬁﬁ%ep%?:‘?? f@al}r}i’s ’(\)szﬂgﬁlﬂnth&r)%gc%fgy%ﬁ r\%m af)t?r }all | east
60 olJ ipagficaidk step 26at Tdret reet.hod of cl ai m 23, wherein the recovered
supernatant has a rVW 2specific ristocetin cofactor activity of at |east

70 mJiag r V. 7. The nmet hod of .claim 23, er ei e recovered

Suparnat ant has &+ WA Recaraife Butkero FraS e ShorPErRS TR ted | cast
80 plJ if@ghet YoMNrpriskd 8 + W dieich@entagpor ding to any one of clainms 1 to 27,
wherein at |least 10% 2 of the rVW in the supernatant is present in a high

nol ecul ar wei ght VW nul tinmer of nore 3than. 10 diners. 129, The net hod
accérding to any3dne oOfcck califtHg supcngtapy conppizying rscoppbingng on Mhokebragd Fagier r wre

in phe SURET MHAM the SuRTRIERTS pripRed b9 mEBbLE GoAdin MR B tonY¥F R ptdcLags Of
more 3than 10 dinmers. = WO 2012/ 00659IPCT/ US2011/ 043455 130. The net hod
accdr dickgms.o any one of clainms 1 to 27, wherein at |east 30%

1 39. A cell culture supernatant comprising recombinant Von Willebrand Factor
2 (rVWEF), wherein at least 20% of the rVWF in the supernatant is present in a high molecular

3 weight VWF multimer of more than 10 dimers.

1 40. A cell culture supernatant comprising recombinant Von Willebrand Factor

N

(rVWF), wherein the supernatant contains at least 0.5 IU ristocetin cofactor activity per mL.

108



2 of the rWIF in the supernatant is present in a high nolecul ar weight VW
multimer of nore 3than 10 dinmers. 131. The nethod according to any one of
claims 1 WO 282/0064%¢rei n the 2 supernatant contains hi ghrPebltscuhans4sdgei ght
VW multimers of 14 to 22 dinmers. 132. The nmethod according to any one of
clainms 1 to 31, wherein the NH4+ 2content of the cell culture supernatant
is maintained at a concentration below 10 M 133. The net hod of cl ai m 32,
wherein the NH4+ content of the cell culture 2supernatant is nmintained at
a cencentration hel owa4eMbidedtv IRy iBEHAIFASE I AVRY SRy AMbn PG aRld tl Al M5 1
to 33, wherein rWIF is co- 2expressed wth reconbi nant Factor VIII

(r F¥ | methoti3gcardmg hetmoeheoff ckims hiB3]. further conprising a step of
purifying rVW 2away from at | east 50% of the rFVIII present in the

recovered superngt ant . I: el i.Q. of
rVV\E to rFVI I ag%er ?%eégbg?&? 1?119 ?‘égtalg%}lgis’t@g?%u?hg? ongsg{l&llgm%E&ecf@h?%e

met hod ravobimcinniacta VAHY(rkI@)of clains 1 to 36, wherein the nethod 2 further
conprises a rVWW enrichnent step. 138. A cell culture supernatant conprising
reconmbi nant Von WI | eby and Fact or r wherein t er, ant, i s
bregared by a method Meonmngot s Sut Snstisrett fE SR RE RSN 130 A
cel b cudakwroel.super nat ant conpri sing reconbi nant Von WI | ebrand Factor 2
(rVWF), wherein at |least 20% of the rVW in the supernatant is present in a
hi gh nol ecul ar 3 ight VAF nultiper. of nofe than 10 diners. .140. el

Cuf Lure supernar &t CEHRIBIONGOR BB Rt Vheam FESPaRG dt SPTBTE) |
whepei fod gharnsdépeidapidhisGndi Ns at least 0.5 | U ristocetin cofactor

activity per nL. WO 2012/ 006591PCT/ US2011/ 043455 141. A reconbi nant Von

W | ebrand Factor_(rVMF) conposition prepared by a 2nethod according to any
onelof clains 1 td 37Iheepmppition aereading foonyone of dpimss? to dfevhirein e
CONMPOSichhBSkifidt it R nubRAPh RESva8S o RaRtofactor VI (rFVIT1). 143. The
conposition of claim42, wherein the ratio of rVWWF to rFVIII is at 2l east
10: 1. 144.The conposition of claim42 or 43, wherein the conposition is
fornul ated 2for pharmaceutical adm nistration. 145. The conposition
according to any one of clains 42 to 44, wherein the 2conposition is

formul ated for intravenous adm nistration.
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