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REDUCTI ON AND WASHI NG OF THERAPEUTI C CELLS USI NG TANGENTI AL FLOW FI LTRATI ON
FI ELD OF wbBoi1iMvENMSI ON [ 0001] The present invention rel ateastaimeiohods and
apparatus for manufacturing somatic cell therapy products that conply with
regul atory agency requirenents, such as current good manufacturing practice
(cGW) reqgul ations f HIGEVYAEL, DIME DHIOB AND APRSRADUS i n particul ar,

the present invention relates to processes andqrgigE rati_for aselgtl cally

concentrat i EQRBXQW REDUGEION AP WA SEENG |ERARPEEHC G ERLSw
Filtration ("TFF"), m sRIAS N at are used in a
t herapeutic product. EW%NXS? he yDﬁ negﬁgell therapy as the
prevention, treatnment, cure or mtigation of di sease or injuries in humans
by the adm ni stration of autol ogous, allogeneic or xenogeneic cells that

have been mani pul ated or altered D& i | of cell therapy,

over | appi ng that of regeneraF bk réﬁ}fﬁlﬁéN%%epair repl ace or restore
damgegoooﬁsm FesRnganSenti @PQ3]at&EX ty IO hYPAN QPp Hat€Llfds nihludh f@dinfr om
human donors is el ng used, for exanple, to increase the nunbers of stem
and pr csgmtltcmellc@ler@yapmdluabl thaf gpmp mtbgr@gglaam' agoney eneyiccraents, suvdraspy.
For instanc nt _nmesench e cu ntly
excpl of el rh ealhul el B Eind BRROET g s i B lprs IR o e iy

i mrune Nieguimpheitulahe it p@mxﬁsms@nt@ndreuatemte pr&@edeer aldi @p’paréfh@oﬂ @;Wptwauy
frequency of NMSCs necessitates cell expansion to achieve transplanta

number CONF@GBUPE PRE FHAINZe He Magmalfan ef‘élS| usinpge Tapgential Flovg ddltfation éfI:FFaﬁd
hi gh-q essi ng under current
Good I\/gﬁl—tltlcg%atr |\lnegIH Iglgtﬁ%ﬂcgéql %@gﬁ?%{é%g{egagﬁgﬂﬂé Pﬂg)ﬁ]g&l s mandatory for the
progress of such advanced ceII t herapi es. For all ogeneic therapies, the
econom cs of testing and certific x Qn_qf ocesses and products for GwP
conpl i ance are a significant costP %@Bq Rell manufacturi ng, strongly
encour PFRAREIA QBrifks m't%%?%%e%régeﬁ% M U AR, DAL E R T H i g at MR
2011/0 12 PCT/ US2011/ 022054 [ 000 timal Iy, therefore,” therapeutic cell
manuf actfudispgse or iglurieisdal hmanengqharmimmlmwldn lod aaqukugotu@d allpganeic or

co IeteI aut.o ose ocess fr ol |l ecti n thro

post - oulENREMSF SELs Do v Eheht oG uel fratiseed Ry e don] BF 8EM therapy.
CGVP- coivRHhyihg oreun off & éﬁéfraﬂge hededhd, it h@"r@;ﬁﬁ/r REREHLCSSrektdra A gBdStikish@bbe
for storage and ready use in a clinical setting, with mnimal risk of

m cr obi%@gansont am nati on and viability | osses due to nechanical or

physi ol ogi cal stress. Some systens for such cl osed processes have been
devel oped for relatively small-scal e production of autol ogous cell therapy
product[80@3e&x @@ exphriSiofalf. cpobRiibed Neom 200840 HOPBZS Db chaymsed, ir
al.), but for various reasons such systens are not readily scal ed for

| ar ger PrEpr 4Q ilorigase fthe nilﬂ@?@n‘éfem@sa@nl’lioé?lﬁ&feceﬂ%ra"élllqb(lf‘g&fe?%dﬁg%u@%ds
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PRl ot I g R e S bR R RO
Howevercurromsly siypdbitpd oc assesoay elides] gned tbanvetmaee tleeippotesitial pi oohmatneand
di scard the.cells under .con |t| ons Ieadlgqgj,#o cel ] death, ﬁ\HQer :

i nt ent i"6RAAIYN. hemajppadesiviang tissur thesnoptiory ths low) Laaiengy of MGy arqeatitptes
productgy eg?aﬂsﬂﬁltgggﬁlgé,éTyansm%abpcq{ulng,ege separated from secreted products
by harsh nethods such as high speed centrifugation. In contrast, processing
of therapeutic cells after expansion typi cal ly requires cell har vesti ng,

of ten. WFOHEECFUFEK G eRE T DabEiracty 8 Mo SRR ABITTADT AT

mlsu nt alplirbdlfafnaﬁl In Yr@Qildd el pRicedsa Gler w@@ﬂtl(gmﬂ Mah&fctaffg Pédcdicepe@Up)-
clinical efficac
graded condltl%ns is mandatory for the progress of such advanced cell therapies. For allogeneic

therapies, the economics of testing and certification of processes and products for GMP
compliance are a significant cost factor in cell manufacturing, strongly encouraging production

of maximum batch size and minimum batch run.



[0007] In addition, therapeutic cells may not survive known processes for
handling cells used for protein production because the latter typically
repr esentwbi2ghi/opi2sani pul ated cell 1ines which, during efCers2aa/oe®pdi cation
in cult .ha under gone sel ecti.on f | ess.sensitivity to chani ca
shear OMs BRI gl Qerdeclid® ol miRRORTAE N o' (elbtigARecaty

pr ogenidkpiinsidn SoelN etdrdlutise dn iancoalételyn@it@patesd clobbdiprocks fréhadell @ikétaacy,
therapeutic cells typically are minimally cultured so as to maintain the
ori gi ndhroygh eppskrulie ngegiseingi SPehyelaspbprpesss aveda Redimte rMProosyliant and
hence, i I ar t I Yeice

engi e e B e R o s e s e AR i usedn o,
devel opgnhi¢ad ssttalge witie mieinhal aidkt off mi@obze seemMihiéort ecdradbolly Fosspsi duedtof or
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cel | \ive@pdd @q‘%lr%fb%g}/ SH%IQQCJI{G g@&ioitb?f%&ﬁbg&% MGy pRfuckaclNQl Lg1 es

are time consum ng and not scal abl Current technol ogy, such as open

cent ri flgatlaonpreBuly. gui 20840 B/ X63a0rty Bymps@0 chabhlbuttfpaivmgdus exikoncserhs
! pulSERBASTENE FROR SISOt TP ol R Re. 15 e FE SERERapy

utilizeggosw.! scale blood processing equipmrent, which cannot be scaled to
nore than about ten liters per process. Thus, processing tine and | abor,
and production costs are major constraints to be resolved in therapeutic
cell v re ti n {n d re are further fits

o oces O, IRENE 1R Wp MR o ftop B RS F e THr il PR el by o
hundr edniidfeétare Yotbidsasudhng Siakeeripdiricipadt welhics@blibieed HaWw&ak, thdsl siich
paranmeters of the process and resulting cell product. Such critical quality
par anetREPECspeicigdiesigngdl |to $eeqyshaimsatele AEduckand discpid Batcetls nndpresisbiionse

f ormul gt.j, © e. g1, . t: iJ 10 I i at

| cast 300 GBR o PR e BUR Bl il dORERICoPlah) dsMBRbd 1B RReasBE B
pr oductin{recedlulargpredtes, dhamcid4llyt ovirai aellaiane Sepuciticd fedm tsycrand s@idetty :byhi gh
yield qof cell e.g., greater than .90%.of the starting cell to m.nimze

| oss oﬁlaf%i‘emﬁﬁ’@és @‘é‘fhujés E@%I Peeq SNt BEaLeT- o ‘Eﬂ‘ltrf‘_%ts PHiaS et %@T@Fwﬁ% t

r eagentagict @xPansidd ¥Pdallyteq R OEEIERZNERINARG IRt Qe RIPOREMH: Sy, (Brifulatis gl UM
conponents, active gromgh factors, and the like) to acceptable levels for

r egul atfollpgpalr goses. cdn@O08is Auk efttinngryopresravaion o tiepbdust ceipral edder
processes [for manufacturi t her. utjc.cells, .fr cel |, col.l ection.t.hrough
oot - curondr s Bee R bR ialalRG SHbloeiSE duReridt S Cindnd RN DUiEEL  on
and wasdffingyof cell suspensions with high yields of viable cells and | ow
residual |evels of culture or processing conponents that are detrinental to
t herapeutic use of the cells, particularly such processes that facilitate
manuf a jng..i t 0 .S, P . 334
("the ﬁggélﬂpafl eﬁﬁﬂggﬂﬁf?gﬁugi:ceggﬁ ?)%la%;Pfggga%]i[Vggé%%& cI)lgP{:oaCI%%syes,lzf:)otri lgaél%%g

Pl asm negemusée forvipoadin ipho Retiontbcoane GGl dypickli nrgprSuananghlominiptilatel and

Renovi ng Detrinmental Conponents from Medium "™ issued to Arathoon et al. on
Oct obercell limaygyhich; dwingsedensikeapdigation bt sulieicn grayihave gindargope aekertien fefman
tissue ' I . | 1 e 1l Vi [
Feconbi nant e Ao RELAEN o HRETShE BnFbldtit el QbR S HOFE, For
conponanstandet by peogalitdroor eteaveclys aned bhn akdgihcadpiact Thug, ytoarceainerfbicedy.as a

cell-free filtrate by .cross-flow filtration. The ' 334 patent exenplifies
the did ?@Q%‘“b%ﬁ%&)élwl Shate BIRBEHY; GHIUSE é?ié%@l@%@ﬁ%‘r&%li%ﬁf%r?ﬁﬁ%%g

fetal bmeh&x§psaIsPMyEEYpdh YoblafonardRMuh@h 1R85 @RS hbXccOthahRitic @Bl Firdckd1Rn
cells/m.. Sée "Exanples."” The cells were subjected to nedi um exchange

bef or e dvenoigeleetsd op gambtidaliynendnBepallto fO9li2ASPETHS SR plcOBAGS4 serum free
production medi um for about 90 hours. The nmedi um exchange was effected
using a hollow fiber tangential flowfilter with 0.1 mcron pores and a
filtratjipgesjarea t6hflolbitd a2cWidJribppBVRl s@dlcl thd Icalle caltude iR c0fc aboist
211 nmL per mnute, thereby reducing the culture volunme to approximtely 5.2
|i t ers.tedhmotogy sreqpipsl for edohvnstrean [peocsesingnhpy geicklydbasm evgsvipimsedSpastieratlie

et ont SRR reAR i PR Sl B R et PR Ele TR AR ATHRHEM %A

liters of fresh serumfree nmedium were punped through the systemto give a
cal cul ated reduction in serum concentrdtion of about 190,000 fold (or Iless
than 0.0001% by vol une) when an aliquot of the cell suspension was added to
fresh serumfree nediumin a separate 10 L stainless steel fernmenter. The
size of the aliquot added to the 10 L of fresh nedium (and hence the
associated dilution factor) was not disclosed; and quantitative viability
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[0013] U.S. Pat. No. 6,068,775 ("the '775 patent") on "Renoval of Agent
From Cel | Suspension," issued to Custer et al. on May 20, 2000, discloses a
met hod ofwepentowvidmp8an agent (e.g., DMSO from a suspensiPOm/UsRo1a®k1084 usi ng a
ser - per IRl s, TRIRT ACen | ReRNfoARPCSt Bt DELAMEPTLOD. nd e B8l S (AR, uised
to bi ops}l%%e "% Bl 816i cal I et t€r réfoval G nd agent . Vol Une \?\]B
2011/ 09224ivP6dy, o0 1al/ $et0bchtf i@ttt ion0 mDf raqutel 4-8Skspensi §20i Bighof trained

di scl osed. [0014] U. S Pat. No. 6,607,669 ("the '669 patent"”) on "Method and
Appar att@ghHisransnkangitags (9 Ihupdegdsnofvindividuah praspsts AFSSelouhes lipeeses, -

i ssued . ?H‘?lts i |Gk i t I +RLQC i W th
filt rattﬁ%ﬁﬁg I qaélgcfg%i %%gh%anﬁﬁﬁlr&h%&%;&letﬁﬁgﬁgof %:/eglnt?l??gpygﬁgg%csﬁlg% %’?llecs

i n whi difood plodsssmipgesgagintbnt,ovltieh eadnbdedcalSe e Aosd thaa tabodihten $iyst pon prodess.

met hod ¢can be used to maintain substantial |l y constant trans-nmenbrane,

pr essur BUSYPORCSTES; t1ag and pehor.idsRIaAHCION o8t fEhaifT e oprEaalg e besrealpekinal | y
vel | - syhtedeti@c ¥Eg a1 EROROSRIBALardfOh alBe PATd ikt afe kbt theReFRGtof plokessed,
concentrated or collected, while mnimzing a risk of danage to or | oss of
val uableguponmpbtentcsn seudidipinothal 3-1A) liter corpsttanevdreleltindatdeliters, plmtp ap thepsamec an
be maint ai ned. The ' 669 .patent further dis ses that one object. of th
vent 1R FE T Re e bR o) BT s a8 Brer e ent ey Srhe i froditt
filtratqRR @ftichl qualds padiRMeR AckesstantuPeesstidendiideswtiticht erhapsmpsutd el d
of collected conponents. [0015] Use of the systemof the '669 patent is
exenpl ifpiradlabgns(cTEFeisate s FbmildiepacHs/ginepptaeasey, ahdet past ¥-#0 mijon

froma susp i on_of Js. .Se . re in rticular, Q. iter
cuspenst IR EORR o Besf AipR s BLCST T g el ol il fitaRi i PR g
concentrmaheth Witdtioaalifyl dndadafen: bightyibldver lIFEB1R!,afteatbarianP(ds 45 the Stafthg

pores and a surface area of 0.6 n2, with a constant trans-nenbrane pressure
(TMP) orlls) tp pdnimigplgssiofdhe higl walwg scis) anscicdyctaan pereraditad levghs pEharysst

ret ent I n e I j ' [t

et cadr T Cokeanpr it agbier SHRAOFMALmaY bR rtl s | ReRAT R poncty o
cel | suspengioonh Wwesors,add tled i) @ sdcoptabledowts foorcgulbitdrypermsaver a 3.5 hour
processing tine period, with an average system flux (perneate volune fl ow)
over the 3.5 hours of 237 liters/hr-n2 at the TMP of 5 psi. The '669 patent
report 9o} AlChRdiGRPEEM Rt is0n Redt hsr %:pko%bﬁ@%@és%svm RAGEARR L singd

wi thout affecting the viability of the cells, which was confirnmed by the
successhehpauticl dedat fram il dobectmal thgouigh ostabBee pewessprmd cedudiag 'bradovwey dor, no
dat a on .yi el f cells or quantitation of viability.are repqgrted. [ 00
TRt drEn b G Re TP Bk op Asl suiiRont B ERER o Sttt SN

€. 9., Wnd IRAtesidRl 1D oNQult0Or Gké3SskdPg Ronfpddd hitsStRMageldcsrifddntal f3at .
App. Pub. No. 2005/0189297) from bl ood or bone marrow. These processes use
TFF nertbeanestiotse of gbe solle mirtieulatly. spchiprogesses tlaisfagil datel mpmel@ytuiier @ t he
raw mater | I r_bone marrow) are run through the filter and the
cells oaﬁolngéttgdr’%gotsg)&;?}ésg)elnﬁsgr eased in percentage in the retentate (4.2% CD34+
cells increased to 18% from bone marrow, 32% nonocytes, to 71%in WO

2011/ 091248PCT/ US2011/ 022054 bl ood).. These cel |l - based“Fprocesses separate
cel I's dO0A}iGSs Ratzd¥ousileg - THE ( WS woterti s Qrode TP APT Buadneipne

par amet ek l-ha f Ck S h. a -ent.a icadl it at ed
cells, Efﬁgtﬁ)gﬁjaw a}t\)l&ll‘%%t gﬁg?lﬂj.o%gfﬂféﬂgﬁ%geﬁ ﬁgﬁ@%@ﬁ?{lﬁtog?{% rcaeglk oqj%)%{% (?EEaUISE&R?Jn
funct i dndtur¢ yndRehtoese Betparcatad Canglonsnts Fromh Medmomg’, istued yto derathobn dit € uss
the yields. . fromthese.processes in terns of percentage of initial cells,
and § nHPBET dedopr GLELSES Smietpidicamebeite bilpir St et buBunmg v y.
wher eaSplQirﬁﬁl%%éh N ti9htor SRSsulsPe KIS BASr Ofs hidvBI&d Mhef&h! re8d®BANSK WEnég NOt
taught.” SUMVARY OF THE | NVENTI ON [ 0017] The present invention provides

pr oces dagistndvanpeEEO) ctlly amsepturashind catme enmpandntsy detrichents e mepolveryeand

mamal i.an cells using Tangential Eloew Eiltration (5TFE," alsq.kn S

& oser HBREER Soiiy ofe (HRRRN A oL ALt By Pty Py Y usost LroE:
live nmegxembiifes Geldisldsb@iprotess WRRBG dulpéhsioResfapieot dells P @tbdfifm cSMPAsiAS QI
vol une reduction and washi ng of suspensions of such cells for formulation

for cryspiieeeetauni @i or v of 2apmiuipsenadanstyt of abeubpeemiliiopisyls/mL. Sece
parti culg,, e huans s erBrsﬁBLe%‘?eSdf?o g 'egkl‘i’a R 1}8@%&%9@&&*& ows
wasning o un S O |

for vol une re%ucti on an tens or e rso arvested
manmal i an cells to create cell conpositjons suitable for pharnaceuti cal
formulation at least about 5 million cells/nL with at |east 90% yi el d of
starting cells and at |east 90% viability of the final cell product. The
pharmaceutical conpositions fromthis process have residual |evels of
conponents detrinmental to therapeutic use (e.g., serum conponents,
harvesting reagents such as trypsin or other enzynes) decreased by at | east
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[ 0019] Thus, one aspect of the present invention provides a nethod for
aseptically processing live mammalian cells in an agqueous nediumto produce
a cell suafpenlslvu?mmaw ng a cell densi ty of at | east abomCTElemﬂlm'amm
ceIIs/nL and cel I ab|I| abqut 80% rises a
tep of FRer R qetioT ety B Bhu’ SRR R I Mgt R AR R
(TFF) h@\ytbwgﬁtaernatgenﬁalz@o@fﬁlgf eatheg. 1 trhiafonOpokedvhied @fﬁltrzfﬁtfnl dtga bhitg 5t pitht 0
mai ntai n desirable trans-nmenbrane flux rates, the trans-nmenbrane pressure

(TMP) itsmeurlrfdiliate o el rats fcibpul dl BdnprarBiaUico therebyr redpeing St fepgolgie TFF
proces t

east rantoRifh@ye 2 RELA M5 tint Thesh QEAT G 38 bR R BLE RO B
pref er ahlityratedselss 4 tanoflapmit.2 IDunLnget thutp tiocemsinng nisigethe ottehtage volume
invention, to nalgbgtn cel | |a ility ear ratg is also i nt aj.ned

rel ati VEIYC PR RpHIEING Ut F& d ateel%nﬁtefty ¥ litegs ob FERSRiSATWR If{FEi BE UMY or
i nst ancﬁere%tunlq?e?isth{f(r{?g‘ﬁ t‘ﬁ@%%teﬂpgog@@% dalcRERHGE R onAh JeBSR Joﬂ@éht?&ﬁfb‘ﬁtotsooo

sec-1, and nore preferably at |ess than about 2000 sec-1. [0020] In this
met hod abbut h0,00( &nd |(@tnl,esst thml@t%%%ib}s ivp biph & wheamas’lnﬁrmuoanétlfel agkl suap@stonl t

i s general | geous for the pore size FF t e at st .about
0; 17 SroniddgR ey SRBRSET B¢ et miS o oA BhLatianlior o5 8T Br BTy TRbUeh

0. 65 MgTtR alifist aﬁlaEd it Rl G LNt Heth MBYiuBL (@l RAYe e dsesihRt! BRtRHI ftaaet)e
for the desired processing volume, such as hollow fiber or sheet

conf i guvastriodAisclowte: end avantigpsive viability oA harel ln wahsotaeported ef er abl y, f or
processi ng about 10 L to about 100 L of cells according to the invention,
the TFF is a hollow fiber filter with a surface area of about 0.5 ft2. The
nunber [0D1¢¢lUV.S. PaocRoS R 315294 qutdice 20a0iateht T b ardangecdsldFliogy Folttabtdn
present invention may be at least as lowas 0.75 billion cells and at | east
as hi giPrasesasadtAnmpiusy i issredeio gn Reis 08 QefobEr @i M%) Missdosen@reressgsand
operat| ASVER-Tals

[B021] a8 AR, SHE T, Bfrcet M o B CARERETREA \PhLh WEphfikes

pr esentsubmeentg tre met tuoel tdaamgxtntraésﬁhd)w fihrdtadnggghergin dic fiterafioh treembrahe

t ead hi ghly d ble t nb fl h
| east - dBEGETBONEY hDE Secl B GG HCCasat ABGGED loBbe ABHTCHI e Beafabl y
at | east nabashe 2B (R hei N HomRbB U8 LE t PO F thf@8dn ARAMUAL300 to about

600 L/ nkh. Such fl ux rates greatly reduce the processing tine for cel
batch vol unes of about 10 L to about 100 L, or even | arger batches up to at

| east 00 L onygntional gcentrifugation

t hor eby SMLZhC R g g SEaRe R b B or BT Ao A St Ty ST Bol3 riber
2011/ O9ARASMEEHUR208 11 OF20P Bib Q2 2R (Hud1h805 (1995)2BRVRSTER iR6EFS media
paraneters of the invention surprisingly provide excellent recovery of

cel | s isspaEiopedd| qulngoltﬁetuonsfaweh@‘yeﬁc cedp growingnivesusgenyiesthapwihodow t o
about Y L 2026 92K re f |y
a1 casioh B G A hh sy SRR bird i bR het Ry R n e Y
Dependidogfigivatitie Scgpebsdfactc @ckt fnaltst (rtﬂaghesnt pﬂd@@mgsthlx talt‘EQ fbepullysmlﬁgledailllow

suspensjon may contain at |east about ion, 10 mllion, 25 mllion, 50
m || i orfiRSrs HCTq ERettcapsing fasrevith latprt}tlafhﬁ@e@é of §/mLmma 9y MigBRPOERSiES:

densi Ui OLcIPYRHeADONIIOROR STt AR BFILOITL 13093095iber ripA92Phe hitnsRe

enbodi nent s Invention net urt her conprises a ation step in
whi ch trhporfddrthias afhedratoofa8h Litéh cal bs obnaitddeby emidtsinhg ﬁmsquefase arcavdeilh a

vol une of. an sh medi um equal. to st .apout _ 2- abl
{cast dgtuet 008 A pol ey B & Fatseyiation e60s fB Bl Forairehre b

the celihsRUsBRRIOthe td BE ciBhirhtbd 80 KD S 2@ RiR WvithB& dff&(eﬁg QiR educe t he
residual |evel of an undesirabl e sol uble conponent in the cell suspension

by at |east about 300 fold, preferably by about 1000 fold, and nore

f 00 | | e i nal
DL et ot D209, 8908 R s, BPR2I T SPGB LR
reduce SiRferdsinl Ulddled! 16 RisteP bt AlUbE MK 2R dDOON cﬁ@me@eat&h&wﬂteﬁ@vﬁ@rdmgem
protein (eéggﬁBSA or HSA), or of harvestlng reagents such as trypsin, to
8

| ess tHa D) fiee fparsvelts&n ofiqells Byingp semhagrmeable eqmisans ene avcstedtia ed,

for | ”Sﬁ%f@‘é% %19 Flg{)érg]ugetpto%lg gl a%&%?fcﬁ‘lt ﬂ&ﬁ%ﬂeﬂe{ﬁ&ﬁf GPRY 'g&nt“%lu%l

CFR 61 nanot her as rovi

conpl ete process for manufacturing nannallan cells for use in a therapeutic
conposition. This nethod conprises the‘#ollomnng steps: expanding the cells
usi ng any known | arge scale cell culture nethodol ogy, for instance, 10

| ayer or 40 |ayer vessels ("Cell Factories"), or a "wave" agitated bag or
stirred tank bioreactor; harvesting the cells in a aqueous nedium and
redu0|ng the volune of the ceIIs |n the aqueous nedluntand mashlng the
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DESCRI PTI ON OF THE FI GURES [0028] Figure 1 shows a schematic of an

exenpl ary Tangential Flow Filtration systemused in nethods of the
inventionNOGnnﬂmmnentrating and washi ng nanmal i an cel | s PCrQG2@/0EI0gur e 2
|IIustr shear on cell viability and recovery in the

a :
process %o 8% SELSRb ST S0 IRYE1 S hsreT UsootL) 023004 [0030] Figure 3
Illustrates the effect of transnenbrane pressure (TNP) on cell viability

and recover in the process of the invention. Panel A Viability. Panel B.

Recoverl{01#h &S Bat. iNen. @089 df thevid &% pesant’ peaoxl\éﬁgh%andfﬁamqraw o
mul tipl ﬁBﬁ“ ?ét?qn v agsl} 'flaﬂ 1a11 FIaW Y5 HFR18S 188 £5h 8l grf 1% AGR tPOr €

si ze on |ty recovery in the process o
i nvent i&):thcl{ Qﬁ&ﬂ])sd%l guyecm folrlprewealheg mdnﬁdammat bbhiquidscel 4 snaameohdiing t o

the process of the ventlon 0033 ure strates renoval of
undesrr r%ceéo%?agﬁéﬁ AaClERfiGH %N%la tyr.% w@c%éé F’e gRlncad-eRe ﬁstrqcbd%hﬂ
Fi gure Jehl 43t ﬁl@tthsé 09@ Ik QMR finkMh abiubkth¥dalBf doRktaR Qﬁfssrﬁérﬁgraﬁg GRIHiRg to

the invéention. [0035] Figure 8 illustrates functionality (proliferation) of
cells ﬂWbces@edeadmetdom@aMbUam%nmmdueespoﬁmuhenuﬂﬂenmﬂanweﬂ&mﬁeﬁtEngeMb 9

i |1 ust fl d, TMP .a.l ted . cel
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cel | ragRY@IAnEYHsRBf damds IR &qekseofrramua(bze%cém?énéﬁ@sr %ﬁ%aﬁ?' 4 sonsednttrogl
process of the invention. [0038] Fl%ure 11 illustrates use a flat sheet

filter ety ansemppul e be ncaemtlameéc be dhafypatentt fivethpr dﬂ@el@gesOrhat pee phigenef on,
| ncl Udltﬂg %fve Q olnI %s%oi{rgvir(f%taﬁi 1r§81lovegi)ea%% }a\{us( II%)Hle%EOC?f(EI‘UQ actl%'é f?ltra‘ilogeof

during cel'!Veoncent r
liquids through a constant pressure mode which enhances yield of collected components.

[0015] Use of the system of the ‘669 patent is exemplified by a TFF process for
separating extracellular protein (IgG) from a suspension of cells. See Example 1. More in
particular, a 500 liter suspension of Chinese Hamster Ovary (CHO) cells at 3 million
cells/mL was concentrated with a filtration unit have a membrane having 0.45 micron pores
and a surface area of 0.6 m”, with a constant trans-membrane pressure (TMP) of 5.0 psi. Cell-
free media was collected as permeate, while the retentate contained the cell suspension,
which was said to become increasingly concentrated as the filtration progressed. The volume
of the cell suspension was reduced 250 times, down to 2.0 liters over a 3.5 hour processing
time period, with an average system flux (permeate volume flow) over the 3.5 hours of 237
liters/hr-m” at the TMP of 5 psi. The ‘669 patent reports that “[t]he concentration of the cell
suspension was accomplished without affecting the viability of the cells, which was
confirmed by the successful utilization of the cells in a subsequent procedure.” However, no

data on yield of cells or quantitation of viability are reported.

[0016] TFF also has been employed for size-based separation of monocytes (see e.g.,
U.S. Pat. App. Pub. No. 2005/0173315) or CD34+ stem cells (U.S. Pat. App. Pub.
No. 2005/0189297) from blood or bone marrow. These processes use TFF membranes of
large pore sizes (e.g, 1-10 microns are claimed) where the raw materials (blood or bone
marrow) are run through the filter and the cells of interest are increased in percentage in the

retentate (4.2% CD34+ cells increased to 18% from bone marrow, 32% monocytes, to 71% in
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[0039] Figure 12 illustrates use of a hollow fiber filter in concentration
of cells according to the process of the invention under conditions simlar
to t hose worotihif4Bat sheet filter in Fi gure 11. [0040] PEIrgise@ 1032054
|IIustr e of tratio cordln to t rocess of
the 't vaRETor o er T aanel PlERe i R r e kL BOSRY BAE ek Res R Ry

Vi abi | idigclevaderitatatl uﬁler.ly @ematetsy of TeMbassd prddubst sueh & bﬂc@i&agw Mdb@lt?ed)ff
concentration. WD 2011/ 091248PCT/ US2011/ 022054 DETAI LED DESCRI PTI ON. OF THE
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cells/nL and cell viability of at |east about 70% the nmethod conprising a
step of reducing the volune of the nmediumusing a tangential flow filter
(TFF) having a pore size oSUYNHARY OMEHINVENIHON wherein during the

step t menbr ane. pressure (T i S mai ntal ned at than

ot P and D00 AP PR TREAC Y GHPRE bty Trelethanndnutheabodo b et o eRHY, o)
The celdonvélﬁkutim tebhdu'&hﬂﬁlné Nec PhAsRAtiaBeINOGsihS TahgbRas tFIeR qultrafR% @rgrean
be 80% 90% or nore. 0044LaThe shear rate of the nethod is maintai ned at

| ess t Hdio ko agd0ossElowl Famgtiame CHP)) I heainrendioneld mﬁlcruéfsréy uprdl ﬁﬁolme
psi. T r i ro | | ow
Frber mivRaRPaliEfly Mo F ol S f iRl SRl ehed A Ry olubs et oty
[0045] Wihshihp s@dp%nacdrfsssf tsheh fdell kseforofo rivhela tieh hag ¢f:yo@tedeea5tloﬁlmuf0150
L/ n2h, and can also at |east about 300 L/nRh. [0046] Where the recovery of
the celddgupistratipn te@|spb J§€fspen3| on is at |least about 70% of the cells in the
aqueous nedium the recovery is determ ned as a percentage of starting cell

nunber versus the final cell nunber.. In the present nethod, the cell

sus pens[ioomspdntlairtmulae,t v@e'mvahduh pkOvidek la bight pichkbudccas for MFFothay iadlloles
cell s/ bet ween. abot 1 ion vjable Cq)tJlSt about 200 mléllo%

vi abl e BEYPRMECauGin ANt tén%/% e %ﬁ fliteet haryested mamag Fis

at | eash @bQuicell QYmpadidioly @hl%hé Yo@ﬁhdrﬁ@@éutlgg%orﬁﬁla%&@a@rleem)raﬁout[9%?11011' n

anot her enbodi mrent, the nmethod conprises a diafiltration step wherein the
TFF is q@ﬁefdnlt Mtbadﬁetsh@O&/eyiei;d phstartengsed peansl asicast OR%aviabiluyef dlic &nalamhleous

h di t bout. 4 t h | f t he
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2011/ 091248PCT/ US2011/ 022054
as trypsin or other enzymes) decreased by at least about one thousand to ten thousand fold
compared to starting levels, allowing reduction to final levels below one part per million as
required for serum, for instance, in certain biological preparations for therapeutic use (21
CFR § 610.15(b)). This process has been reduced to practice, for instance, in a single use
apparatus using steps to minimize shear rates, maximize flux (volume/surface area x time,
¢.g., L/m*h or “LMH?” herein), and to minimize processing time — which all contribute to high
quality cell suspensions suitable for human administration. The process is dependent on filter
pore size, and is relatively independent of filter type (hollow fiber versus flat sheet), filter
material, and buffer formulation. Other process variations have been employed and optimized
to obtain cell suspensions ranging from 5-60 million cells/mL, within processing times of 1-3
hours. Operative variations are described which can be utilized to obtain very fast processing

times (maximized permeate flux) and very high cell concentrations (e.g., greater than 30

million cells/mL).



| evel in the aqueous nedi um and can be reduced to | ess than about one part
per mllion of the cell suspension. [0048] In yet another enbodi nent of the
i nvent i orlwohe/0¥r i si ng nmeasuring a viable cell concemtmﬂﬁhmmmm%$09 a
sensor. t hod provi des feed nmechani sm t.0 contro Si ng,
aont1 1900 ie SaBrReRCE Te PR A PRI ST G A Bk JOraBERTS

proces Sprsdse@ang cpwbemﬂﬂmaleaxgceu@nd afi QG maddi@n talpebdmeg lara;enlsaﬁpelnhlbﬁmlamg a and
elimnate the need for verification sanpling and t eregg prevents risk. of
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el i m nat processi ng the sign etermne processing s age provi
f eedbadH FFp hevidg 'EFforp rsbeesSgishiepshansh@h raictar: ghtringethss $typ,ob maiatilie degfabk i s

reached. The sign nmeasured by the sensor used_jn.the ne

transni f%néanetni*hr%@f‘g Fu% falghml (PAdp-TRpBRC PrAsTe (RS riaeﬂiaﬁeﬂ rﬁfaewlaclew t he
si gnal &ahab&d E%Pﬂﬂ@rr éﬁ‘éoh@tl‘dnﬁ £ BpF %r&&lsﬁmg%@%'r&ﬁén{ Mm&jsa%r 1J§?§ncfeufﬁeher
conprising analyzing the data to deterntne optimumfinal cell density
and/ or TAdikcie maiataiosd ataI@SSJthaan’nosn V3R datcécrably #llsss then @bapt @gsiiankd moteal
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of nanufacturlng cells for use in a therapeutic conposition, the nethod

conpr i dirpgin heluGpepgoninseansand kess thae abeni 4000 pery 1) picfrsablyaitdessethpn about
cul tur t|n dium reducing the volune of
t he cel QOF%{¥ fid (%egggaﬁghwﬁk%gﬂ%n%ﬁgﬁgﬁﬁogﬁeﬁceIIs using a TFF as

di scl osed hereln fornulatlng t he resultlng cell suspension in a

cryoprotective ned and freezing and storing the formul ated ceIIs under
condi t i[§A30k dntthm eefltﬂd PHARL tOICREIRET HR eh&neéieélrra@a frangmginprang flygn sptepn

the fr t r II
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practice the nethod as di scl osed herein. 0051 To address the chal Fenge of

processnngmmaggbmbdwdhesabﬁud@DHsOﬁaﬂkest@dnﬁxmmhcmbmuneethnTFEasedawbw

time ( 0 about,. 100 i ss_than the nvent or s. have
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i nstance, a Holl ow Fi Fi (HFF). This TFF system can process

(separ dtdeastlaarhigly as rae@bt/é8 balrh@anﬂIISe@whﬂ@estﬂ!; nfaipiining the desirereaperptipatlge
vol ume N nlng high cell viability and
functid%%?ﬁ%%%s?ﬂl%(%ECEVS gﬁ??ﬁﬁﬂﬁ@%ﬁﬁggﬁgééﬁ Ic qui ck connectors attached
such that system assenbly sinply requires three quick connections and

sterile welds of plastic tubjng (depending on batch size). [00Q52] Flgure 1
bel ow JABHY aﬁvre&emﬁlar yhepelad Dl e Pyt shed présiie pwerrﬁt%%of VAF g epent

COFTD' et ﬁ}%nt‘fdxp bl ¥ it $POF %%ﬁl ”T@Ftﬁe“ﬁltgﬁ%a § 7 %%%ﬁbh?ooﬁl%@ﬁ%ﬁl P1,

gure R and processi eservoir I gure
custonuhssdﬁbMQdmamdbsmedhknzeﬂ suich anhaynﬁdmaﬁodmmiihedﬂn$ppsehhﬂzmohﬁer
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system of the invention also may use a flat sheet |ter instead of

hol | ow dfiabeunt ¥Q Ltterabo@ton)BSI} ox avgpilargér Haﬁcﬁlep)mpdeas le@ﬁt gbost 1 0R0eht ¢lepaa:@h®| sts
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t he peryigsli§. side of the filter unt|I a deS|red ceII concentration is
reached in the processing bag as shown in Figure 1. In a diafiltration
stage follow ng the volune reduction stage, the concentrated cells are
washed with a fluid, such as a buffer, to renove cell culture or harvest
medi a conponents that are undesired or unacceptable for human

adm ni stration. Further volunme reductigon may al so be carried out after
diafiltration, to reach a desired celllhensity for formulation of the

t herapeutic product. [0054] [In another enbodi nent of the invention, as
shown in Figure 13, the closed and fully disposable TFF system as di scl osed
herein further induces a hollow fiber filter and Viable Cell Density (VCD)
fIOM/through sensor. and detectlon (FT Sensor) The VCD FT Sensor may be

Y T T - I Y M



[ 0056] Surprisingly, the relatively | ow sheer and TWMP paraneters of the TFF
process of the present invention do not result in "clogging" of the filter
and, i nstwaaoipedace hi ghly deS| rabI e transnenbr ane fl BXTABR@EI/0208¢h as at

| east Q,.L/ ref east abo and re .
br of er dBPe2 LTyt RO R TER RS AR eROGH Ine” B e ey P el b e
pr oces sgxB@ldnt Bl &f oFelells hattet*remqtmg"real ats aldet, fdOinktahee, alb Qdabt élkﬁﬂt 80%0to
even | arger batches up to about 1000 L, r’rgared to conventj onal

cent ri fabgat Pon: REaferal attlﬁ@%t@bgutrr%%ttauahpﬁ W ghnEBIOFe gLeariably atriesshaba
bi | f
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surprisingly provide excell®nt recover esul t1
suspensindrnthe ﬁmendiemistmh a:t&a, reatilting astl ﬂlbm]fsldﬂl()t%y porfa@r atb]eystaetbohe Aghilladog Uitd

90% refer st abot 95% or _99% . of th rtin ells in
the aquBd&n. bt iR cBritlpest aﬁatét relion Kb ?%/lﬁ%%aédnt%&e the
resul t'd&%s%hiltlm%wﬁt M8 @6k /AL a'r@ﬁc%"slb?@om 3 m I'lion, 6 mllion
or even at least about 10 mllion viable cells/nL. [0057] It will be

readily apparent to one of ordinary skill in the relevant arts that other
sui t abl dification nd ada t|on to t sanda lications
doscri HIMTanbiNe s SR DedMBeE A i hismatiad Tt ssapar oty Ora bl e
scope Qfierf MEwhitH 8RS TOR iQhs@MH wtlt@ B0 %éﬂ@%ﬂ%&@ﬁ[ﬁﬁ@%%ﬁ%z%&l £rhReient

t hereof. The present invention will be nore clearl zﬂ under st ood by reference

to the aﬁloaq%wmgaféym@mas cquehite lat &nast dbewt dofe ddreferably athlepsirabputr hésasl wpre

il ustr n n in e
B T e S R e
fol | ow dfghmeﬁﬂlasmaprrbdtﬁeyhétwsfmmalclelvtlsof(atnytmdealrdbye aslu%lb cﬁﬁ@@ﬂ@h){ﬂﬂic &lem
cells or human dermal fibrobl asts) were [tured in " Factori es”

( Cor ni MYSREDSIRAMY0Yt ladrd 2herrt\A08t felyl, |pt‘ﬁf6fahh4 l?y fb‘PQélt H484 f@@oﬁ&thﬁlorqbpreétratla Bhe
start [ o) |

or ocesaan B RAE' SR ROTeClevDHL B3RS, SRlb, MELRTPLAAFIGR IS IS In
connectprastse( B&gn#?maen 14313 gwpecah)reammk ﬁhla gcudhd] lswd pé maltm mediubhr mlﬁc&relnesd
into the rocessm (Masterflex L/S) as shown in

Fi gure Sfcgthéerb‘%ﬁ gg%/\%%ﬁggg’l &&%%rhe%@glre%b%ﬁgglb?ﬁ rEPYREOHEIS t o
two thighgds0duttdig ﬂ%@tg &%Bﬁﬁbﬁ %f fiae cél?%hsrp%ﬂil@ﬁ I QNreQi3Y, (RN MaL| Qain323E
or Spectrum Krosflow) (as shown in Figure 1) was started slowy and ranmped
up to ttheogictlgnmdedatame def. thdiapeutisesetdlt EFREIO(INEBN.erfl ex L/'S) (as shown in
Figure 1) was started slowy and ranped to the intended speed. The feed
punp and perneate punp were operated at the same speed using the sane size
t ubi ng (082446 " In0RnbtKer |ddp clc@, MRAINT AL Bn B o@OPFbaNY c ¥ ol W pletlel PirdckHs the
processing bag during the vol ume reduction step of the prrocess The

reci r cungnruferiupugrampp liea) qetls deretbedn B/ therapguty e)mpqalttqmbl hip raﬁtétowagnmﬁé%at ed
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t echni ques 0059] Typi cal ly,. when the bulk volunme was reduced tg within
about PE0RETODAE OF dEpEHdiaRg RiArastar @ar\@étlpgctaﬁ@@Hﬁrlaﬁ phycougimediuey Andon
was st re
washed T Fin e QY BN e (e b WG REE RRNM: BEPecll Rty FHE" 2
r educt imoethod off ¢lsd dmahtlmumuhraeﬂammehaon/hxsltom@ibeo p&nenfigurafioa. Ybisumeentiont he
proceSS| g ﬁ then be further rE %”i b% ltrati on as descri bed.
hbove, MBCSEHIEPE! SORBEISFo i PRl ing {RE RTTAURS FeH GHSP IRl 28 Pty OMALSF e
desi r edp&fhin éh@.rt?@é% Tgafiﬂdoéioﬂ{‘l?gs ttfécﬂ%hﬁﬁl%tédaéells RYARScoNRIRNS LERARY foraBAs &8
suspensi on fromthe |ter and tubing were drained into the proceSS| ng bag
by gr avitiptenant¢ edlccHanpbidity renmg heyanetﬁes@tumgtet@agom lobatven frethd ort (cel.|

count, .and the cel uspensi orrrulatedad ildled jnto via

cr yopr dBUPVATE difeing IR0 dDMSRe AR Seb B30 esor e Hifefeae
qual i t Yopailai®! 8h§ Rf frézcatnd stdied ap)nP cosRaEohD rcoﬂt@mb@@néw@ffoﬂ'@fcﬂgﬁt irgstecel |
suspensi on i ncl ude: maintaini tr;g cell viability of at |east 90% an h|

cel | fumekiapatpitic baghe slasorebrindatipied feelshert perigdeat @ ferppriatu1o oft | qa@)tn

out ) 7 carPa ) st BRE R St "EEGTPY ARG 3 AFL bR esi Gual s
such as bovi ne serum al bumin (BSA) to |ess than 1 ug/nm (see, e.g., 21 CFR

610. 15); and mai ntai ning cell processi r?g times that Iimt cell death for
i nstance, |ess than about 3 hours. Exanple 1. Effects of shear rate



[ 0061] Hi gh shear rates are common in TFF processes as they help to
mnimze filter fouling (keeping cells fromadsorbing onto the filter
mat er i al )wotzhugonaRi m zi ng fl ux and m ni m zi ng processi RGTIUSAEI/022Dhe goal

f hi ) i ] i m h h il ]
it o PR DiniS ERRIAERNG piBsd 8 AR inhfor BaRRS Yok Sy Sells nayct,

Smal | s&alber thefdlowinepipemnt @t wWabiitper framiBdofas tartibogt 80%1 9.t ypi cal TFF
procedure, above, to Investigate the effect of shear rate on TFF process
per f or nth@é”andapleathlt eorfsatiatipn mgater than abquis! aaillionad syillagn or 6 milkjesr e r
Is the I UnitiS, 5 = [ i a0l I gh
the f1 Bor e ContPal Bvefs pE3n bhdedrife pofyih'cplntdl Bluccdt SlcRs wBb
Wt h any0gifulkkncoappacdatouhe ileel irdihrgingijaé aqidoas nfadiunerts aaledeltafiessghas hsarn Ir at e
was controlled by the filter inlet flowrate (i.e., flowrate of Feed punp
in FigdiP8-1). Approximately 2-3 billion human dermal fibroblasts were
harvested from2-3 cell factories (40-Layer Nunc) and processed with a 0.5
ft2 size filter (GE PN RTPCFP-6-D-4M . The cell concentrations at the

begi nnilAgRdf Anheddntperl perecs of dhgedesenomyZnbior 12B8es a Koxpl OBy elosed,nfulland

vol umes,.wer e, concent r at.ed. accoy.dj to.the typical TFF process, for 62. 9

i nut edtirgpBoRTE R IR RS AL R RatSin (5D s fene P P ESH i eemingases
(excesshimBod bedic mdb/od RBind, &d iﬁl&ﬂaﬁ&é,%nHM\H@wfIQbemEtEf)gHFFj). THRETHRE stk
Table 1 denonstrate that high shear rates negatively affected cell

vi abi | i%ep. praedsh éscparaghedirifRarecovseand yolfgay gelloiiom ticalbiidi medif) Hage gelume
Recovery, AVEiR98ss ik PARCERAL MhidlaBng Midh kell viability and functionality. In this
system the HFF has aseptic quick connectors attached such that system assembly simply
requires three quick connections and sterile welds of plastic tubing (depending on batch size).
Figure 1 below shows an exemplary TFF system of the present invention, completely closed
and fully disposable, comprising tubing, disposable sensors (P1, P2, and P3 in Figure 1) and
processing reservoir (Bag #1 in Figure 1) as well as a disposable filter, all commercially
available. The TFF system of the invention also may use a flat sheet filter instead of a hollow

fiber filter. Peristaltic pumps suitable for such as system are also commercially available.

[0027] These and other aspects of some exemplary embodiments will be better appreciated and
understood when considered in conjunction with the following description and the
accompanying drawings. It should be understood, however, that the following descriptions,
while indicating preferred embodiments and numerous specific details thereof, are given by way
of illustration and not of limitation. Many changes and modifications may be made within the

scope of the embodiments without departing from the spirit thereof.

DESCRIPTION OF THE FIGURES
[0028] Figure 1 shows a schematic of an exemplary Tangential Flow Filtration system used in

methods of the invention for concentrating and washing mammalian cells.

[0029] Figure 2 illustrates the effects of shear rate on cell viability and recovery in the

process of the invention.
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[0030] Figure 3 illustrates the effect of transmembrane pressure (TMP) on cell
viability and recovery in the process of the invention. Panel A. Viability. Panel B. Recovery.

Panel C. Trend curve of TMP vs Cell Recovery and Viability for multiple experiments.

[0031] Figure 4 illustrates the effect of filter pore size on flux and cell viability and recovery

in the process of the invention.

[0032] Figure 5 illustrates concentration of cells according to the process of the invention.

[0033] Figure 6 illustrates removal of undesirable components according to the process of the

invention.

[0034] Figure 7 illustrates cell quality (viability) after processing according to the invention.

[0035] Figure 8 illustrates functionality (proliferation) of cells processed according to the

process of the invention.

[0036] Figure 9 illustrates flux and TMP during a large scale run (25 L of harvested cells) of the

process of the invention.

[0037] Figure 10 illustrates viability and cell recovery during a large scale run (25 L of harvested

cells) of the process of the invention.

[0038] Figure 11 illustrates use of a flat sheet filter in concentration of cells according to the
process of the invention, including Viability and Total Cell Density (TCD) as a function of

time during cell concentration.

[0039] Figure 12 illustrates use of a hollow fiber filter in concentration of cells
according to the process of the invention under conditions similar to those for the flat sheet

filter in Figure 11.

[0040] Figure 13 illustrates use of concentration of CHO cells according to the
process of the invention under conditions similar to those in Figure 12, including Viability

and Total Cell Density (TCD) as a function of time during cell concentration.
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2500 96 95 115 70 [0062] Trending anal ysis of shear rates over several
experinments denonstrated the effect of shear on the viability of the final
concent r aveaotaldi24pr oduct (Figure 2), in which "viabilitgTdsep/oexsdef i ned

as the difference i nppHhe- Ik = VA Al ] as WO
D011 o1 2abmcy Ue201 PRISILED PRSI I@Eﬁ&r&?ﬂe{&% éuén@glrﬁgssay. [0063]
Concl ugoogt] TiHespastnOinhtidhesrodedmnisifrates mbbds, mad as&Idiated adpiplatdtsi s

dependent on the fluid shear rate of the process, which should preferably
be mai ritndi HEEC B fOC bt ra3Epoask#ashingintve mamprlisgtcdls, prEigHatyor

Qual it %r@@a’%@tﬁto@hﬁnﬁfl cEf kﬂer@"}sﬂ?&ﬂ&kso ns

[0042] The present invention relates to a system and a method for aseptically processing live
mammalian cells in an aqueous medium to produce a cell suspension having a cell density of at
least about 5 million cells/mL and cell viability of at least about 70%, the method comprising a
step of reducing the volume of the medium using a tangential flow filter (TFF) having a pore
size of greater than 0.1 micron, wherein during the step the trans-membrane pressure (TMP) is
maintained at less than about 3 psi and the shear rate is maintained at less than about 4000 sec-

1.

[0043] The cell viability using the present method is at least about 70% and can be 80%, 90%

Oor more.

[0044] The shear rate of the method is maintained at less than about 3000 sec-1 and the TMP
1S maintained at less than about 1 psi. The pore size of the TFF is about 0.65 micron and the

TFF is a hollow fiber filter having a filtration surface area of at least about 0.5 ft2.

[0045] The flux rate across the filter of the method is at least about 50 L/m2h, and can also at
least about 300 L/m2h.

[0046] Where the recovery of the cells in the cell suspension is at least about 70% of the cells
in the aqueous medium, the recovery is determined as a percentage of starting cell number
versus the final cell number.. In the present method, the cell suspension contains between about
10 million to about 75 million viable cells/mL or between about 10 million viable cells to about
200 million viable cells/mL. Additionally, the viability of the cells in suspension is at least
about 70%, and typically at least 80%, or 90% or more.

[0047] In another embodiment, the method comprises a diafiltration step wherein the TFF is
used to wash the cells in the suspension with a volume of an aqueous wash medium equal to at
least about 4 times the volume of the cell suspension. The residual level of an undesirable

soluble component in the cell suspension is reduced by at least about 1000 fold compared to the
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[ 0064] Trans-nenbrane pressure (TMP) is a critical processing variable for
TFF. During processes wthout perneate control (such as in the '669 patent,
above), “MBZDHﬂDhEsnain driving force for perneate flowramdSecantoeawbs fl ux

her o a3 ot o edilin fharlafiberiittel 86 £3 A ot ALeRESH Ml G e UF

of proqeﬁgeqmﬁﬁbﬂs usi ng the speC|f|ed appar atus. For thls experi nment
approximately 2.9 billion human Derrmal Fi broblast (hDF) cells were
harvested fromcell factories (40- Layer Nunc) and processed with a 0.5 ft2
size h fil 4 I ar
rate orﬁhg@glo Ib q%égéétlsléelﬁé?ééﬁm g“h%ﬁgﬁ\eegﬁl&rl a% d\%/a Lgsrg%isgﬁh%aml%‘?e 306
filter doacdntragomtuising areetisot. ziTihg raethod \prakiddsi 4 YeedbMX weshading ud abedolaSFIMP =
P2 P2 P3 where P1 js the filter inlet pressure, is the filter outlet

pr essurfEoseneddyndity ndep dieeHpi s da tedrogesy S%?ugiz Pekfndimathat prOCesFIMSPR s
controlyeefh {y% \é%ﬁydoﬁgenalatlol? 2nd vage/ (ﬁéﬁlﬁ%tl(\/ﬂ)aaﬁd) @fll’hﬁlalté e r@ém%lf jv@r’ﬂid’aﬁ%ﬁs of
t he Recircu ion and Perneate punps shown 'in Figure 1. The cel
concentsaapliog and thdnebybprgiems nek of cottemexpen idmeng cvlrhproﬂ;mmg iHbB m@thdsfhmtﬁ

and cells were  co centrat essent ccor di ng, to. t he t ess
Sbove dempives 1SRN S RE it Dl ot (RS OB eV tren i B e TRE RS
on TFF {dihaeass, p@@defsﬁﬁgrﬁfmg@mt R&eigd ﬁu@ésintgxstag[eoﬁé%u%:rebmcp kPERESFRY,
as TMP increased fromfilter c og It3 viability and

5
ol 1T oS domon b miasast dasimary bl i yadhed cHRPiE owesTod tifHerignne
| d
v TGRSR IR ROP R, OB TR AP (sl Bl b WA AhHER REFLALT™

conti nuﬁe)sl,gnu\Maﬁlhbérayndaaw ulixeenvﬁble el dd"meltﬁ leaD)r ah@. diiid AGther Q6RPHLIAG.
However, | rrportant al rost 90% of the cells were | ost during processing
due t o aAEZHIEdhE VR stnter detempne eriinem ikl call dlepvily mdrqreqonfcemrarlﬁg factor.
reduci

Cxcper 1 e VoL it oo 68, BTG iEA SHEBRRIy SEEB SEPR o I, ol el
r educt ivaabiBtye@ (BNl whidhi iafanbtheattitoral qoaiitg pacimdie fp@nfvdtmtegrodem demspm@rcan
procesz%eper ormance) and a significant portion (88% of the cell product
was | o 2011/ 091248PCT/ US2011/ 022054 Furthernore, the ability to
obtain cell suspensions for formulation of > 10 M niL was unattai nabl e
(final concentration was only 0.5 Mcells/nL) due to the filter fouling and
poor ce[0049]ed0\yer anothEn ggbodineneaiibe iinrr@ntiomj soodtle aneshadeftmapivifstymeateds

than 5 negat.i vel act .cell, vi abi fina oncen i on,, and
cort ¢ dBoyst 5T et et EPRPREThny G ebtoriiolhe Sor o6 P SRLLE s s e
(via flugxg M%@c@l& hen cnft@r%ﬁﬂ’ﬁamtlﬂg'ifrfér@ﬂlﬁ?ﬁﬁ alaQu&ud eficdign "RURMIAL the Wume
quality attributes of a therapeutic cell product. [0067] Further studies
showed aftihe ca&&teptk@br@e@w micigst al@}bﬂ)@aslrlegcsbfepr:l@suemea RBian disclgisech hauom,
equal th t e 5
oS df8r18ula é{% e reﬁlntn%?e"lll sujs%%ﬂdnrlﬁkéoé : >}r,ote %%%uﬁl %Qc? ‘f']fge%irslg ﬁfﬁ% gﬁlg

si gni f itb@rforome@ad i ocHs elfnﬁecbommel iulraeleofoermng-ﬁrglumuﬁ@lan& @ftd’eﬂndhhilgty(; har t

of TMP (average during the run), cell recovery and cell viability

mul t i pligherep tg& feranniomulated,cepeshibit the following pyametesy sell yrbity, Qn ﬂ[wm‘}ee]
Smal | S5 GedsPatouk oZKRRIHTEON Sl SarPRLS ALATHolCs hANGR!LHONE  Lhg eidast of
filter pore size on process perfornmance and product qua |fy.

Appr oxiloed ebdfyarBuriichikdbbmsdivbianomipomaat irf fopmolateastels warcdudvd ity edtvetiof fesmher |
factori % 40 Layer Nunc) and processed with 0.5 ft 2 size hollow fiber
filter P8Pt DPRB: ni cron pores (GE PN RTPCFP-6-D-4M or 0.1 micron pores
(RTPCFP—l E-4M . The cell concentrations at the begi nning of the
experinments ranged from4 x 105 - 5 x 105 cells/nL and were concentrated
essent i[8056] Fowohrati agbodinteht afy pha dahventios esempratssve. sybtdoh eingludelgowpparatii des

LR MIREA T OORNE S E R TR TR

[0051] To address the challenge of processing large batches of cells harvested from cultures in

reasonable time (e.g., about 10 to about 100 L in less than 3 hr), the inventors have developed
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a completely closed, fully disposable and scalable Tangential Flow Filtration (TFF)

System using, for instance, a Hollow-Fiber Filter (HFF). This TFF system can process
(separate, clarify, recover and collect cells from the fluid media) large volume batches in less
than 3 hrs while maintaining high cell viability and functionality. In this system the HFF has
aseptic quick connectors attached such that system assembly simply requires three quick

connections and sterile welds of plastic tubing (depending on batch size).

[0052] Figure 1 below shows an exemplary TFF system of the present invention,
which is completely closed and fully disposable. The tubing, disposable sensors (P1, P2, and
P3 in Figure 1) and processing reservoir (Bag #1 in Figure 1) were custom assembled and
sterilized via gamma radiation. The disposable filter was sourced from GE (RTPCFP-6-D-
4M, RTPCFP-1-E-4M and PN:RTPCFP-6-D-5) and assembled aseptically. Multiple TFF
runs were completed with this or similar set-ups. In addition, feasibility studies have shown
that TFF system of the invention also may use a flat sheet filter instead of a hollow fiber

filter.

[0053] A typical TFF process of the invention consists of two stages: volume
reduction and diafiltration. During the volume reduction step the bulk volume (cell culture
media) is filtered out through the permeate side of the filter until a desired cell concentration
is reached in the processing bag as shown in Figure 1. In a diafiltration stage following the
volume reduction stage, the concentrated cells are washed with a fluid, such as a buffer, to
remove cell culture or harvest media components that are undesired or unacceptable for
human administration. Further volume reduction may also be carried out after diafiltration, to

reach a desired cell density for formulation of the therapeutic product.

[0054] [In another embodiment of the invention, as shown in Figure 13, the closed and fully
disposable TFF system as disclosed herein further induces a hollow fiber filter and Viable Cell
Density (VCD) flow through sensor and detection (FT Sensor). The VCD FT Sensor may be
preferably joined on the joined on the alternate line (S1). The use of the disposable VCD sensor
eliminates product sampling during the TFF, thus minimizing risks and improving product
quality and safety. Signal from the VCD FT Sensor can be transmitted with a human machine
interface, e.g., a Human Machine Interface by FOGALE-SEMICON. The VCD data can thus be

used to determine optimal cell density and/or concentration factor during TFF operation.
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[0055] Membrane filtration processes generally fall within the categories of reverse osmosis,
ultrafiltration, and microfiltration, depending on the pore size of the membrane. See, for
instance, the ‘294 patent, supra. Conventionally, ultrafiltration employs membranes rated for
retaining solutes between approximately 1 and 1000 kDa in molecular weight, reverse
osmosis employs membranes capable of retaining salts and other low molecular weight
solutes, and microfiltration, or microporous filtration, employs membranes in the 0.1 to 10
micrometer (micron) pore size range, typically used to retain colloids and microorganisms.
Id. In TFF, the feed stream is recirculated at high velocities tangential to the plane of the
membrane to increase the mass-transfer coefficient for back diffusion. The fluid flowing in a
direction parallel to the filter membrane acts to clean the filter surface continuously and
prevents clogging by non-filterable solutes. /d. In TFF, a pressure differential gradient, called
transmembrane pressure (TMP), is applied along the length of the membrane to cause fluid and
filterable solutes to flow through the filter. Flux is independent of TMP above a certain
minimum value that can be determined empirically. /d. To achieve maximum flux,
ultrafiltration systems are typically run with an outlet pressure equal to or greater than this
minimum value. Hence, flux is constant along the length of the membrane, while the TMP

varies.

[0056] Surprisingly, the relatively low sheer and TMP parameters of the TFF process
of the present invention do not result in “clogging” of the filter and, instead, produce highly
desirable transmembrane flux rates, such as at least about 100 L/m’h, preferably at least about
200 L/m’h, and more preferably at least about 300 L/m*h. Such flux rates greatly reduce the
processing time for cell batch volumes of about 10 L to about 100 L, or even larger batches
up to about 1000 L, compared to conventional centrifugation methods, thereby maintaining
high cell quality including viability. Further, the above TFF process parameters of the
invention surprisingly provide excellent recovery of cells in the resulting cell suspension, for
instance, at least about 80%, preferably at least about 90%, more preferably at least about
95% or 99%, of the starting cells in the aqueous medium. Depending on the type of cell and
the intended use, the resulting cell suspension may contain at least about 3 million, 6 million

or even at least about 10 million viable cells/mL.

[0057] It will be readily apparent to one of ordinary skill in the relevant arts that other
suitable modifications and adaptations to the methods and applications described herein are

obvious and may be made without departing from the scope of the invention or any
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0.65 u 96 95 1 280 30 [0069] The experiment with the 0.1 m cron pore
filter could not be conpleted due to poor perneate flowrate (flux). Thus
cel | recoweryliat4pr ocessing time data are not appli cablP€T(USB¥1A022054 0070]
Figure 4 shows the fl rate and TMVP of..the _experiment rfqrmed to

| nvest i guta Rl BFrky T eferdfvba b B i R TF dbBeBRSaM Rkt © vo
2011/ 098248 Rhh SR AIO2RBRH af OhéldcEdBEMut R putdoisss Seillustatfonushi@and are
denonstrates that reduction of pore size fromO0.65 mcronto 0.1 mcron

| eads tH9ttended te beilimiing ofdes B8R f 1 ux, increasi ng TMP which eventual |y
has a negative inpact on the critical quality paraneters of the final cell
product, often leading to product failure (viability < 80% . Exanple 4.
Effects of high flux rate [0072] &AMPMdES e (3-5 L) experinments were

per for o investigate the effect _of high flux rates on TFF process
per f or ﬁﬁﬂ%ﬁ al?iam&@le velgpment 9{ %aﬁégxﬁrﬁ%@r@ 3t fflpzyﬁlaqﬁﬁﬁﬁ&a%rmaw

f'i brobligsts w[se(tgﬁigé(?ftaggltfrh%‘é thall @EHOEdIRSoll APmMbAXRFMMNURE ) LRNGE)

cre
processed with a size hollow fiber filter (CGE PN RTPCFP-6- [§v4l\/p.

The celdulwontent fGeli drestates’heComgnnmirnduot®) hende kpercstednisor mmdteplef bagn 2. 5
x 105 -5 x 105 cells/nl and.were concentrat essential ly accordi o the
¥yt cal LEFERe LEOF T e G b e RER D oea oy R B g R BRPSHLTR B | ow
rate Wyrb&estHagi ik REErll &l BR) bE platit Qurbiﬁ%be othk2Rks&ptt Qfine¥idsqBagdes fnhe
range of flux rates achieved and correspondi ng product quality paraneters.

Fl ux rdfiged Hreoch thegell sgeennpn avd tsneterred antesthe prepsasing bag 2000 a tred oo

sec- 1. (Masterflex L/S) as shown in Figure 1. The processing bag was filled with cell suspension to

one half to two thirds of the bag capacity. The recirculation pump (Watson-Marlow- 323E
or Spectrum Krosflow) (as shown in Figure 1) was started slowly and ramped up to the
intended speed. Then permeate pump (Masterflex L/S) (as shown in Figure 1) was started
slowly and ramped to the intended speed. The feed pump and permeate pump were operated
at the same speed using the same size tubing (3/16” or 1/4” ID) to maintain a constant
volume of fluid in the processing bag during the volume reduction step of the process.
The recirculation pump typically used a 1/4” or 3/8” ID tubing and was operated at constant
speed to achieve desirable inlet flow rates. Cell suspension samples were collected
periodically to measure cell density and viability using Nucleocounter (New Brunswick

Scientific) or other cell counting techniques.

[0059] Typically, when the bulk volume was reduced to within about 100-800 mL
(depending on desired cell concentration), diafiltration was started by attaching buffer bags to
the processing bag. The cells were washed with 8-10 volume equivalents of a diafiltration
buffer to achieve a reduction in residual culture and harvesting components. The volume in
the processing bag may then be further reduced by filtration as described above, to achieve a
desired cell concentration for formulation. When the desired cell concentration was achieved
all pumps were stopped, and cell suspension from the filter and tubing were drained into the
processing bag by gravity. A final sample from the processing bag was obtained for cell

count, and the cell suspension was formulated and filled into vials for cryopreservation.
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Tabl e 3. Average Flux (LMH) Final Cell Viability (% Final Cell Recovery
(9% 150-200 91 99 150-350 96 91
WO 2011/091248 PCT/US2011/022054

[0060] The critical quality parameters of a cell therapy process for 10-100 L of
harvested cell suspension include: maintaining cell viability of at least 90% and high cell
functionality, while concentrating cells to greater than 10 million cells/mL; yielding overall
cell recovery (defined as (cells in — cells out)/cells in) of at least about 85%; reducing culture
medium residuals such as bovine serum albumin (BSA) to less than 1 ug/mL (see, e.g., 21
CFR 610.15); and maintaining cell processing times that limit cell death, for instance, less

than about 3 hours.

Example 1. Effects of shear rate

[0061] High shear rates are common in TFF processes as they help to minimize filter
fouling (keeping cells from adsorbing onto the filter material), thus maximizing flux and
minimizing processing times. The goal of this set of experiments was to optimize the shear rates
while maintaining the critical quality parameters of the final cell suspension. Small scale (3-5
L) experiments were performed according to the typical TFF procedure, above, to
investigate the effect of shear rate on TFF process performance and product quality. Shear rate
was calculated as = ~ , where r is the shear rate (units = sec), q is the filter inlet flow rate
through the fiber lumen (units = m*/sec) and R is the fiber radius (in meters). With any
given apparatus including specified filters and tubing, shear rate was controlled by the filter
inlet flow rate (i.e., flow rate of Feed pump in Figure 1). Approximately 2-3 billion human
dermal fibroblasts were harvested from 2-3 cell factories (40-Layer Nunc) and processed with
a 0.5 ft* size filter (GE PN:RTPCFP-6-D-4M). The cell concentrations at the beginning of the
experiments ranged from 2.5 x 10° — 5 x 10° cells/mL and volumes were concentrated
according to the typical TFF process for 62 + 9 minutes. Processing was performed in hollow
fiber filters and in some cases (excessive shear rate) the diafiltration was not performed. The

data in Table 1 demonstrate that high shear rates negatively affected cell viability.

Table 1.
Shear Rate | Final Cell Final Cell Average | Processing
(sec™) Viability Recovery Flux Time (min.)
(%) (%) (LMH)
5100 70 90 130 62
1750 95 100 100 53
2500 96 95 115 70

[0062] Trending analysis of shear rates over several experiments demonstrated the
effect of shear on the viability of the final concentrated cell product (Figure 2), in which

“viability drop” is defined as the difference in pre-TFF and post-TFF cell viabilities as
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[0073] Conclusion: this set of studies denonstrates that the flux (in LMY
can be achieved in the range of 150-350 LIVMH using perneate flow rate
control WNDI2e1wM9md4/i zi ng shear rates and TMP, and nmai nt RCMIUSG01aM21054
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mai ntaining cell viability of about 95% and recovering essentially all of
the cells fromthe process. See Figure 5. After concentration and
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fl ux pdpalmg, eeducwigdbnilionrafatyl dmastwlicch al so shows the product quality and
process performance paranmeters. WO 2011/091248PCT/ US2011/ 022054 Tabl e 4.
Process Vol une

[0066] Conclusion: During this experiment the cell viability decreased below 90%
(during the volume reduction step only, diafiltration could not be performed due to poor

process performance) and a significant portion (88%) of the cell product was lost.
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WO 2011/091248 PCT/US2011/022054

Furthermore, the ability to obtain cell suspensions for formulation of > 10 M/mL was
unattainable (final concentration was only 0.5 M cells/mL) due to the filter fouling and poor
cell recovery. Thus this experiment demonstrates that TMPs greater than 5 psi negatively
impact cell viability, final cell concentration, and cell recovery. This underlies the importance
of balancing processing time (via flux) with other processing parameters in order to maintain

the quality attributes of a therapeutic cell product.

[0067] Further studies showed that acceptable (at least 90%) recoveries are obtained with
TMP equal to or less than about 1 psi, whereas TMPs above about 1 psi up to 5 psi had a
moderate impact on cell recovery, and TMPs over 5 psi had a significant negative effect on
cell recovery. Figure 3¢ is a trending chart of TMP (average during the run), cell recovery

and cell viability from multiple TFF experiments.

Example 3. Effect of pore size on flux

[0068] Small scale (3-5 L) experiments were performed to investigate the effect of
filter pore size on TFF process performance and product quality. Approximately 3 billion
human dermal fibroblasts were harvested from cell factories (40-Layer Nunc) and processed
with 0.5 ft % size hollow fiber filters of 0.65 micron pores (GE PN:RTPCFP-6-D-4M) or 0.1
micron pores (RTPCFP-1-E-4M). The cell concentrations at the beginning of the experiments
ranged from 4 x 10° — 5 x 10° cells/mL and were concentrated essentially according to the
typical process, above. Table 2 below provides range of filter pore size tested and

corresponding product quality and process performance parameters.

Table 2.

Filter | Final Cell | Final Cell | Average | Average | Processing
pore Viability | Recovery | TMP Flux Time (min.)
size (%) (%) (psi) (LMH)

(micron)
0.1, 95 N/A* 8 47 N/A*

0.65 4 96 95 1 280 30

[0069] The experiment with the 0.1 micron pore filter could not be completed due to
poor permeate flow rate (flux). Thus cell recovery and processing time data are not applicable

(“N/A*”)

[0070] Figure 4 shows the flux rate and TMP of the experiments performed to investigate the

effect of filter pore size on TFF process performance.
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(LMH) 25 96 97 0-0.6 100-235 128 [0077] Figure 9 shows the flux and TMP
of the experinent perforned to assess the TFF process performance and
product qweal2ntyovards| arge scale (25 L). [0078] Figure 10Pshasgotioe2ose] |
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40- LayeiX 14_ Qo essed with either hollow fiber filters (0.5
f12 or [dofd] 2ssiadesddil (8l5 (G xBMRIRE R fe PefMrn&f tof IrdlesBRSRT thel dfr&dtSo
ranging fromO0.1 to 0.65 pmfrom Sartorius and Pall. The céll o
concenthigh iflomsrates arh€Fbegoeass pgriof mames @xppriduengelitangedrdximatedy 3 billids -

gr )(; Cég q%??!ﬂ@%lé%} g-‘tl)-%%lé:s?sl \l)vgrev\ﬁarrses?eo({' frgr?lt cre{f‘lt ﬁgto%ség %4% igyllelr%\h%:c %Elgip?gcetsgedt he
with a 0.5 ft ? size hollow fiber filter (GE PN:RTPCFP-6-D-4M). The cell concentrations at
the beginning of the experiments ranged from 2.5 x 10° — 5 x 10’ cells/mL and were
concentrated essentially according to the typical process, above. Flux was controlled by
increasing the permeate flow rate while maintaining the recirculation rate. Table 3 below

provides the range of flux rates achieved and corresponding product quality parameters. Flux

ranged from 150 — 350 LMH and shear rates ranged from 2000 to 3000 sec-1.

Table 3.
Average Flux Final Cell Final Cell
(LMH) Viability (%) Recovery (%)
150-200 91 99
150-350 96 91
[0073] Conclusion: this set of studies demonstrates that the flux (in LMH) can be

achieved in the range of 150-350 LMH using permeate flow rate control while minimizing
shear rates and TMP, and maintaining cell viability of at least 90%, and cell recovery of at
least 90%. This high rate of flux allows for minimization of processing time for large

volumes, which has an overall positive impact on product quality.

Example 5. Large Scale Bioprocessing of human Mesenchymal Stem Cells (hMSCs)
[0074]

Using the above typical procedure and the TFF system in Figure 1, human
mesenchymal stem cells (MSCs from Lonza Bioscience) were expanded using multiple Nunc
or Corning 40 layer culture vessels, and concentrated from a harvested concentration of 2-4 x
10° cells/mL up to 4 x 107 cells/mL, while maintaining cell viability of about 95% and
recovering essentially all of the cells from the process. See Figure 5. After concentration and
difiltration using 8-10 diafiltration volumes of physiological saline with human serum

albumin (HSA), the concentrated cells had final BSA residual levels reduced to less than 100
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[0081] Figure 11 shows an exanple of a flat sheet run and Figure 12 shows
an exanple of a hollow fiber filter run. [0082] Conclusion: this set of
st udi es dwounswmms that the type of TFF pl atform hol IPCWUSRdnaf022954 f | at

sheet , nt i.al a he criti par aneters of th
oot em el @Ryl TRORUR v MBR S BELSbE Ring dRbihit BRIETRS Stdedb i ne
to the Afvendluai, reﬁ&@t@(ﬁtd hes Sva@fnnEEthDhMS‘&l’Wbre d@nted using a Nucleocounter to

2011/ 091248PCT/ US2011/ 022054 Exanple 8. Final cell concentration [0083]
Smal | setblish gonpeptyatiopnwnd shildy.wier estabbish Jriike arocessingy wistds gt well 198 to guide

feasib t b,
nopr oxi oo S R e R A P Sl BT v dPAGRAS S i
cel | fe(ﬂMSOQSn (P46F tcayet” (\llmtz)a) andSp]rZ)k/Esddmlnm ﬂhleafoemﬁla‘téd AMS Cewhad thmw

fiber fjlter RTPCEP- 6- a second experine appr oxi mat ely

10 bil | l%mneﬁﬁ Wé%gb\' Mtaé%u@%ﬁ m BEpp R %n ﬁr“é%%“t P ERTRIAE] 191 &

shake fth@%ﬁn@lﬁﬁoﬁrHA%?ﬁ@Qzlé(}’st\J?er%rfré)&%nﬁﬂ Kk (Q2§0 fia1¢ t§1saRuRAd LQnge's%fe
filter. The cell densities at the beginning of the experinents ranged from

about éfre@zt]nﬁn a c@nkr01l©5 ret fre¢zelr, amhd ceebloscdviore’ ddndantinatepdr ebssntiijald y
according to I cal roce e. ,Figure 13 shows Total Cel.l Sity
(7o) attpadec it AR RENTIER Ty TERRAG: 75 o EelE Pl B¥G iy, Fayintamicd
exper i npgt ov@r@b%aﬁltﬁ‘e finpr eodtgasr. fion@sesT FRsthae M YER pasdss Ahd asPaphdBn

pr oduct quallt}/ paraneters for both experiments. Table 5. Final Total Cell

Densi t ythe @entrs] realjh Fdhalabdatyl oRpraseesed yollsg pcpssed @arlunprocessed cells were
seeded at 30,000 cells per well in a 96 well plate, and 24 hour viability and cell functionality

were monitored using the Vialight® (Lonza) cell metabolism and viability assay.
Importantly, the TFF process had little to no impact on the cells harvested from the large

scale (40 layer) culture platform (Figure 8).

[0075] This set of studies demonstrates that clinically relevant cells (namely, human
MSCs) which have been expanded and harvested in large scale culture vessels may be
successfully concentrated and washed using the TFF processes of the present invention,
removing residual proteins while maintaining the critical quality parameters such as viability
and yield of the final cell product, even after cryopreservation. These cells maintain
biological functionality in culture when compared to unprocessed cells, and may be
cryopreserved at high concentrations with excellent recovery after processing. In summary,
these data demonstrate that TFF is a reliable method of volume reduction and washing for

large scale cell therapy manufacturing.

Example 6. Large scale (25 L) processing run

[0076] This experiment was performed to assess the TFF process performance and
product quality at large scale (25 L). For this experiment approximately 18 billion CHO cells
were harvested from multiple shake flasks (Corning®) and processed with a 1.7 ft * size
hollow fiber filter (GE PN:RTPCFP-6-D-5). The cell concentrations at the beginning of the
experiments ranged from 2.5 x 10° — 5 x 10° cells/mL and were concentrated according to the
typical process, above, using the TMP and flux parameters shown in Table 4 which also

shows the product quality and process performance parameters.
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Recovery (% 45 x 106 97 100 54 x 106 90 100 [0084] Conclusion: this set
of studies denonstrates that cells may be concentrated at |east to

densi ti eswgresnt®@i248han 50 mllion/nL, while maintaini ngPCelUS2MnARIS4 ty and
recoverﬁ\{zi IIQ other simlar experinments, TCDs in excess of 100 million
cells/ lh%tv'e been achi eved by the present invention nethod. Exanple 9.
Filter |Lpadestd (FapacCély | Hil@BEeN FomMPbese skugi es PMeesgift| s|were harvested
from 11/ §lahle Haviapiligs |(Récoveryel (Psipc) | amdngkO| cHbles(mtingm frul ti pl e shake
fl asks.[ T TIvBC C@%BS uere((%oceosed Wi h(LGNIlﬁ)5 ft2tottowtiber filter
(CE PN F(Tr’Z{P- "-D-fj)i‘gy ard—the CHO bﬁ'i—dé- r _ﬁsutebbe(fz wth—=a 1.7 ft2

hol | ow-H¥Ber—+t+ter—(GEPNRHPCFP6-D5)- re—cett—ecof lons at the
begi nning of the experinents ranged from2.5 x 105 - 5.6 x 105 cells/nL and
were cqoeert rag@d 9anes dhdigut Shd NRIPEABE 82pdritndaX PEIb @k to[[9Q86IheTRHH € 6

bel ow provides the range of cells per area of filter processed and

cor r es Jupkiishperfuravnes anguupiuoy qpalita geleegesscale (25 L).

[0078] Figure 10 shows the cell viability and recovery of the experiment performed to assess

the TFF process performance and product quality at large scale (25 L).

[0079] Conclusion: this study demonstrates the scalability of the process to commercial scale

while maintaining the critical quality parameters of the final cell product.

Example 7. Comparison of hollow fiber and flat surface filter types

[0080] Small scale experiments were performed to investigate the feasibility of using flat
sheet filters to process cells. For these experiments approximately 1-3 billion
mesenchymal stem cells or human dermal fibroblasts were harvested from 8-12 10-Layer cell
factories or 1-3 40-Layer cell factories and processed with either hollow fiber filters (0.5 ft2
or 1 ft ? size filter (GE PN:RTPCFP-6-D-4M)) or flat sheet filters ranging from 0.1 to 0.65 pm
from Sartorius and Pall. The cell concentrations at the beginning of the experiments ranged
from 4.5 x 10° — 5 x 10’ cells/mL. The cells were concentrated essentially according to the

process in Example 1.

[0081] Figure 11 shows an example of a flat sheet run and Figure 12 shows an example of a

hollow fiber filter run.

[0082] Conclusion: this set of studies demonstrates that the type of TFF platform,
hollow fiber or flat sheet, does not substantially impact the critical quality parameters of the
system, and that cell viability and cell recovery can be achieved according to the invention,

regardless of TFF platform.
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WO 2011/ 091248PCT/ US2011/ 022054 Table 6. Total Cells per area of filter
(cells/ft2) Final Cell Viability (%9 Final Cell Recovery (%9 TMP (psi) 1.4
x 109 WO 2011/091248 PCT/US2011/022054

Example 8. Final cell concentration

[0083] Small scale (3-5 L) experiments were performed to investigate the feasibility
of achieving high cell concentrations using TFF process. Approximately 5 billion human dermal
fibroblasts were harvested from 4-5 cell factories (40-Layer Nunc) and processed with a 0.5 ft
? size hollow fiber filter (GE PN:RTPCFP-6-D-4M). In a second experiment, approximately 10
billion Chinese Hamster Ovary (CHO) cells were harvested from multiple shake flasks and
processed with an identical 0.5 ft * size hollow fiber filter. The cell densities at the beginning
of the experiments ranged from about 4 x 10° — 5 x 10° cells/mL, and cells were
concentrated essentially according to the typical process, above. Figure 13 shows Total Cell
Density (TCD) achieved as a function of time during the course of the CHO experiment, and

Table 5 provides final TCDs achieved and corresponding product quality parameters for both

experiments.
Table 5.
Final Total Cell Final Cell Final Cell
Density Viability Recovery
(cells/m L) (%) (%)
45 x 10° 97 100
54 x 10° 90 100

[0084] Conclusion: this set of studies demonstrates that cells may be concentrated at
least to densities greater than 50 million/mL, while maintaining cell viability and recovery. In
other similar experiments, TCDs in excess of 100 million cells/mL have been achieved by the

present invention method.

Example 9. Filter Loading Capacity
[0085] For these studies hMSC cells were harvested from 1-2 Cell Factories (40-

Layer Nunc) and CHO cells from multiple shake flasks. The hMSC cells were processed with
a 0.5 ft* hollow fiber filter (GE PN:RTPCFP-6-D-4M) and the CHO cells were processed
with a 1.7 ft* hollow fiber filter (GE PN:RTPCFP-6-D-5). The cell concentrations at the
beginning of the experiments ranged from 2.5 x 10° — 5.6 x 10° cells/mL and were

concentrated according to the process in Example 1.

[0086] Table 6 below provides the range of cells per areca of filter processed and

corresponding product quality parameters.
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96 98 <1 8.6x 109 96 97 <1 [0087] Conclusion: this set of studies
denonstrates that filters may be |loaded as lowas 1.4 billion cells/ft 2
and as hiwyb2as/@188billion cells/ft2, while maintaini ngPataspeialorwscel |

vi abi | i,{“%lggd recovery. In addition, theoretically the filter |oad nay be
at least " asS ' 1owas 0.75 billion cells/ft 2 while naintaining acceptable
process mﬂf@a%e parmaeCens. |[ OOBfal IGenw | | be pwiger st qod that the

embodi Megi& of fikde [Pr esemilinver|ti oWV haye begpjdescrii bed are
illustnat i(yalsgftz)some of E%«; appl|i cati S, of the principleg of the present
i nventi om-; h\i%l(nlr(')puu> mochT '6L.ati oS Ry {3 mader by —those—skillled in the art

W t hout—dep rtiop“-g from-t % truesptritand—scppe uf< the—+nvention. Exanple
10. TFF : H-R—F—Serser—f0089—F+gure—13—shows—a—~<conpl etel y cl osed
and fully disposable TFF systemw th hollow fiber filter and Viable Cell
Densi tyof¥3Dic feuibhr Aol sensaiulded ahl QhrkETnRemasi tiipbe wBsidies] gned at
Lonza. The tubi ng, disposable sensors (P1, P2, P3 and 51°n Figure 13)

i ncl udiasd .4 halivcoelsfisomdandigr oc 8 $shiHpmr edleoiwhile Bagintaining aEteptatde ¢§ll wer e
custom assenbl ed and sterilized,via,. radi ation. The use of the

i spos AUTRTGsRSEROgr IR i e e RutaB Re it Mo Prg: 158 SR RLe7s

m ni M z288iohicskst ARl MRMYRH IOl c Arrbistpérondardipetametcthie di sposabl e
filter was sourced from GE ( RTPCFP-6-D 4M RTPCFP- 1- E- 4M and

PN: RTPCFP6- D-5) and assenbl ed aseptically. Miultiple TFF runs were conpl eted

R e A T A

sheet Instead o |'ow easi bi Tl I'es were
per f or Mg cWickh dekatibaheet ilfustrb @y s of Aoty pifahk apphic i @oesStheoisindp ks @ff thywo
steps-vol une, reduction and diafiltration. During the volunme reduction step
t he bullEesg8l Bentieie Yurpgipysy Pedifisgtions may thm%c%ee% e shlsdgn theartpeithauht e
si de of i ik { | entration is reached in the
processqehgrﬁgggﬁlogg{hseﬁlgl&ﬁbllrﬁa I gdl?ﬁ’ggig‘% lh]egfﬁeft artion step follows the vol une
reduction step. During the diafiltration the concentrated cells are washed
W t h a Ixs#ohsle 100 TRINSyeerh With FTiSeasorf 0090] For a typical TFF experinent,
pri mar yoosoTaFigat!1s Hmatd YorBISRNEC BEE asd GITCelspSsable TRETBIstER Wi hollow
fibrobl ast%) are cultured in cell factories (Corning or NuncO) and

har vestfgdwr ififiepand Viable Cell Density (VCD) flow through sensor/detector (FT Sensor) that was

designed at Lonza. The tubing, disposable sensors (P1, P2, P3 and S1 in Figure 13) including
the VCD sensor and processing reservoir (Bag #1 in Figure 1) were custom assembled and
sterilized via gamma radiation. The use of the disposable VCD sensor eliminates product
sampling during the TFF thus minimizes risks and improves product quality and safety. The
disposable filter was sourced from GE (RTPCFP-6-D-4M, RTPCFP-1-E-4M and PN:RTPCFP-
6-D-5) and assembled aseptically. Multiple TFF runs were completed with this or a very similar
set-up. In addition, TFF system may use a flat sheet filter instead of a hollow fiber filter.
Feasibility studies were performed with flat sheet filters. A typical TFF process consists of
two steps-volume reduction and diafiltration. During the volume reduction step the bulk volume
(cell culture media) is filtered out through the permeate side of the filter until a desired cell
concentration is reached in the processing bag as shown in Figure 13. Diafiltartion step follows
the volume reduction step. During the diafiltration the concentrated cells are washed with a

buffer to remove impurities.

[0090] For a typical TFF experiment, primary human cells (mostly mesenchymal stem cells or

human dermal fibroblasts) are cultured in cell factories (Corning or Nunc®) and harvested into
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WO 2011/ 091248PCT/ US2011/ 022054 mul ti pl e bags (Lonza). Prior to the start
of the TFF experinent, bags with harvested cells are attached to the
processi yokrag/ovimsst eril e wel di ng or other aseptic conRETILSNMI/OEBaY #1 in
Figure 13). and t celly su nsi.on i-S, t sferred into the, bag. . usi a feed
ourp. (viDtRRe (ErE) LR IB IS 1 it EPRSPEI G Rt n O B R r
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t he vol reduction st f the process. The recircul ation punp typically
used' = SEPorcopeginghi i Bty Sonf PEF Bt B B SR aeBian eBueh Wi eve
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Gata s SRR e R nfiRs mePRERIERL pPRod AR, ARl liE oD
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The critical quality paranmeters of a cell therapy process nust mai ntain
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and cel| functi nality nqgt be n%inlahﬁed.lgpQQZl Thi s ehwgf ztructu es
show ( FIUSIGF d° P51Vt TOTHETGN FY e @ust SHINES) 178 BUNCH & SR A aYRE™E B

2- AX109rb&estiRg thag -mxXA B rédRlck® hiiktheandl abhigyd/ClAcSRas 6¢ll shiatratideba¥ed ohVthe Y)
correlates with the |ncreaS|ng VCD that is neasured using Nucl eocounter

met hod. V¢Rpéate dimythe t WD Bloseser dery fyaubpsiono s dasired selptoacatiation is

di spos { gl S : 0] us201 . 00 he
For egor R aeLr PRrP S i oPrs e cu QPP R e R St Bnalhnd

i nf or mgdro@RsihPdig by pek By cAfinalyandppiryinnibe plocesine tapanbdiaaiged foreadicoyntamdi fy
or adapt for various applications such specific enbodinents w thout

depar t 155 ths BPemsionge fapulateanddpicd igiogvials facsygreseratien adapt ati ons and
nodi fications should and are intended to be conprehended w thin the neaning

and ra f I e I s¢l 0s€ i . s

under s[[gg%ﬁt F?Z}%Lgt YfgLlpﬁ}ragltsspe%a[r%ggte%r&faeér)% tn 8%@8@ gc;ec %ﬁ%@s@étﬁ #%Ié{ra Ijehl %e(ﬁi ‘ggl?ltl)lpl ? he
pur pose00f wislkcednptnteutingnadlinad @éatéd titah BN arells/hil, tdnd ebilafnog@enadind nilke be
description, there have been di scl osed exenpl ary enbodi nents and, although
speci f iBPBHIRE- may have been enpl oyed, they are unl ess ot herw se stated
used in a generic and descriptive sense only and not for purposes of

i mtat ch al 1 her r.e .not [ | m_ted

vor covd?nd i AFFEE Rhuchitfs ShPbRrbE L Bepet bl Bl TS ancpe
met hodscodtatraagefbrhereilos mayphe . Saquesttehli mdatht er@Rtsevser Ofggelr (pormisthers nmay

be conbined. Therefare, it is intended that the afpended cl ai ms not be
| i mi t edofiglatasevightheiiparasinge Wb Bdihakls megrwed ysiag Misteererntgrgaghed. dapartentt he

appl i cati ggga &nﬁh' I I ach docunent or
refere%%%%@??e |£B%E§E 0 ?ﬁgCg%BF?%ggﬁgﬁ%mgﬂ%ﬁ%g%%ﬁggmfincluding during

t he prosecution of each issued patent; "application cited docunents"), and
each of the PCT and foreign applications or patents corresponding to and/or
claimng priority fromany of these apﬁ%ications and patents, and each of
the docunents cited or referenced in each of the application cited
docunents, are hereby expressly incorporated herein by reference. Mre
general ly, docunents or references are cited in this text, either in a

Ref erence List before the clains; or in the text itself; and, each of these
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3. the method according to claim1, wherein the cell viability is at |east
about 90% 4. The nethod according to claim1l1, wherein the shear rate is
mai nt ai nesloap11@sx8t han about 3000 sec-1. 5. The met hodPe:tmlsmjjlmgzoso claim

1, wher i s. mai,ntained a sstha t hod
accor i o Theateeoing APERRITH 5 opBRS; ety “PREaibeRRL nagye GufiEictt
m cr on.informdtién et taeks 266, ByHppy ittt Rhdwledds Feidily tnﬁtﬁilﬂ}ﬁﬁ ald§ to@lrlcaw
fiber filter having a filtration surface area of at | east about 0.5 ft2. 8.

The rretqﬁaacaél@e@)rsmh@p%ﬁ%|efmh%ivne%ém€10ﬁt (dRBaTfing T tBe ANEEE COREPi Mder i s
t | t L T 7
Fl ux 7 an R eh ddaftons and BOGFRLAGH, SRER Bh? Ryl b WiFEhAA®

cl ai m lyithihethei medringz raad ondegy obfequhalael bf the dﬂm@sedaldm‘tmalapensi bnisi ® at

| east about 8 %.0of the cells in the a eous m wher ei recovery is
det er mlwéarsa&)@ tha&rtﬁ%rﬂhaﬂsolegy Qabem %’éﬂ Fmﬁnﬁmﬁrh%msﬁs ?qrh@ef PHAPSC & |

number degénptl-gﬂ%nH%Bh@ﬂlrﬁftatfdnahmh@ dré%iﬁ@@ hiY thB Qe tphoﬁ Ukt ﬁﬁﬁb@ﬂeeﬁ%&‘%s@é
bet ween about 10 mllion to about 75 mllion viable cells/nt. 12

met hod eafmplaay pmbodinentsiands dthough Bpemeenm oAy baove en @ntpmméeuhe)ab@umle.‘s@
s .to about 200, m |l

[ 1 bl .m.1.
ther o MR RS 12g' i r SR et el s Bt S S o s L 8T

about  %00%optdef thBe1d1RE hRdeRe€ abdbaHg k6 IphitddMMorbéNdrNede SQNRY irS teGarB will
diafiltration step wherein the TFF i s used to wash the cells in the

suspengiporecigita thah cerstinpisps Wottrongthods) dagpet ugoip1mppbo eeqenced in alternative

order or steps may be combined. Therefore, it is intended that the appended claims not be

limited to the particular embodiment disclosed herein.

[0094] Each of the applications and patents cited in this text, as well as each document or
reference cited in each of the applications and patents (including during the prosecution of each
issued patent; "application cited documents"), and each of the PCT and foreign applications or
patents corresponding to and/or claiming priority from any of these applications and patents,
and each of the documents cited or referenced in each of the application cited documents, are
hereby expressly incorporated herein by reference. More generally, documents or references are
cited in this text, either in a Reference List before the claims; or in the text itself; and, cach of
these documents or references ("herein-cited references"), as well as each document or
reference cited in each of the herein-cited references (including any manufacturer's

specifications, instructions, etc.), is hereby expressly incorporated herein by reference.
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of an aqueous wash nedi um equal to at |east about 4 tines the volunme of the
cell suspension. 15. The nethod according to claim 14, wherein the residual
| evel of w0 20ndwsi4gabl e sol ubl e conponent in the cell swrEpA2I10/0232084 r educed
by at I\?fﬁgtti ap%%dilooo fold conpared to the level in the aqueous medi um

16. The' fiet'hod accdr di ng to claim 14, wherein the residual |evel is reduced
to less than ab@uictiiefopasehti@ely proddsiing1iod mahendtiah lcelfdinpangueis rediunt e

met hod according to claim1, further conprising neasuring a viable cell
concentration uBPHHca s sagensigghavipga ﬁglf ARty OF 6&16@%@@13 Sapidlian cellsingly t her

compri si ng_measiyyl g1 fiabflldlarGEkast WBBIL 10%, HRI AGHBIERRMsind % ID6r Mot hO
of claim17, further conprfsing det ecti ng a signa romthe Sensor, wherein
sanpl i ng duri nged&dingsheloinradfale m2@iunThengre tdropdnad drvdfittgr (TFF having 28,
further conprisi ng ,progessi nﬁqt&e si.gnal Elo det er.rriggqﬁrocessi ng stage. 21.
The nmethod accdidf Nge PbEERis Hapd): | fiieioa: wherrn AHdR@ & Hep i P MEBRRICs es
provi di ng feed%@i‘sﬂ@%ﬂb?i%@ﬁﬁeﬁﬁb@% RSSBEF Lt 394 antinfe MRhPRg Accor di ng
to claim13, wherein the signal is transmtted through an anplifier sensor

into a human navd@ihecdnt Bss dee ab@B 400hecorkt hod according to claim 14,

further cgnprisjng converting the,.signal. intq a.variahle .cell. density (VCD)
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about 3000 sec-1.

5. The method according to claim 1, wherein the TMP is maintained at less than about
1 psi.

6. The method according to claim 1, wherein the pore size of the TFF is about 0.65
micron.

7. The method according to claim 1, wherein the TFF is a hollow fiber filter having a

filtration surface arca of at least about 0.5 ft2.

8. The method according to claim 7, wherein the flux rate across the filter is at least
about 50 L/m2h.

9. The method according to claim 7, wherein the flux rate across the filter is at least
about 300 L/m2h.

10. The method of claim 1, wherein the recovery of the cells in the cell suspension is

at least about 80% of the cells in the aqueous medium wherein the recovery is
determined as a percentage of starting cell number versus the final cell number.

11. The method of claim 1, wherein the cell suspension contains between about 10
million to about 75 million viable cells/mL.

12. The method of claim 1 wherein the cell suspension contains between about 10
million viable cells to about 200 million.

13. The method of claim 1, wherein the viability of cells in the suspension is
between about 90% and about 100%.

14. The method according to claim 1 further comprising a diafiltration step

wherein the TFF is used to wash the cells in the suspension with a volume
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compared to the level in the aqueous medium.

16. The method according to claim 14, wherein the residual level is reduced to less
than about one part per million of the cell suspension.
17. The method according to claim 1, further comprising measuring a viable cell
concentration using a sensor.
18. The method according to claim 1, further comprising measuring a total cell
viability using a sensor.
19. The method of claim 17, further comprising detecting a signal from the sensor,
wherein sampling during TFF is eliminated.
20. The method according to claim 18, further comprising processing the signal to
determine processing stage.
21. The method according to claim 18, wherein the processing further comprises
providing feedback to make processing assessing.
22. The method according to claim 13, wherein the signal is transmitted through an
amplifier sensor into a human machine interface.
23. The method according to claim 14, further comprising converting the signal
into a variable cell density (VCD) data.
24. The method according to claim 15, further comprising analyzing the VCD data
to determine optimum final cell density and/or concentration factor.
25. A method of manufacturing cells for use in a therapeutic composition, the
method comprising the steps of
expanding the cells using large scale cell cultures;
harvesting the cells in a aqueous medium,
reducing the volume of the cells in the aqueous medium and washing
the cells using a TFF in the method of claim 11,
formulating the resulting cell suspension in a cryoprotective
medium, and freezing and storing the formulated cells under conditions
suitable for long-term maintenance of cell viability,
wherein the frozen formulated cells exhibit the following parameters: cell

viability on thawing of at least about 80%; viable cell density greater than about 5
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million cells/mL; and residual levels of an undesirable soluble component in

formulated cells is reduced to a level of less than about 1 ppm.

26. A product made by the method of claim 25.
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