I N VI TRO EXPANSI ON OF POSTPARTUM DERI VED CELLS USI NG M CROCARRI ERS
CROSS REFERENCE TO RELATED APPLI CATI ON 100011 This application
cl ai ns ben®bi2oosipderdt 35 U. S. C. 119(e) of United Stat esPCANA2IGTARZISIN
Nunber 60/ 865,558, filed Novenber 13, 2006, the entirety of which is
i ncorporated herein by reference. FIELD [ 0002] The invention
rel ates generally to the gromh and expansion of manmalian cells. In
particular, the invention relates to nethods for the growh and
expansi on of mammal i an postpartumderived cells (PPDCs) in vitro
usi ng surfaces or particles, such as mcrocarrier particles, pellets,
or beads. BACKGROUND [ 0003] Conmercial cell therapy products
are preferably produced in aseptic systens that are cl osed. However,
the gromh of many cell types used for conmercial cell therapy
product is anchorage-dependent. [0004] While stirred tank
reactors, shaker flasks, spinner flasks, uplift reactors, and the

li ke, are all useful for cells that grow in suspension (e.g.

hybri domas for nonocl onal antibody production, many cells used for
reconmbi nant DNA technol ogy, and nost insect cell cultures), the
options for growi ng and expandi ng anchorage-dependent cells are nore
limted. 10005] Included anong the anchorage-dependent cells
are many nornmal diploid cell strains, as well as nost primry cell
types. Options fN VITROEXBANSEON OFROSTIARTIMSDERIVED CELLSUSINGE
roller bottles, fiber beds, holl oOMICROEARRIERSNS, mnulti-plate or
stacked-plate culture systens, cell cubes, and mcrocarriers, each of
whi ch has advant ages and di sadvant ages. 100061

M crocarrier-based nmethods of cell culture provide many advant ages

i ncl udi ng ease of downstream processing in many applications.

M crocarriéR@S&MFWN@EmRM’ﬂEDA&WMCATHDNi n shape, and can be

ei ther nmacro- ) CLO- [ T carriers
for cell attac ﬁ@%’ﬂ Ac ?‘ﬁj{ﬂf &éé gla%seb eﬁesfl d utider {gteillgr éqﬁ %(E]M%;Pﬁﬂe‘{ %tf’t&? ed
reactors f@ppligati:ammmmﬁr GIVREH 56 & dideddNyemthe N8, 2004, kis enflley of @hich isdhdogmbatédo

the readil ! gf (quen1cropart|cles The requi renent for
suspendabi |% s'the physical paraneters of the microcarriers

t hensel ves. Thus, m crocarriers comonly have a nean dianeter in the
range of SOELIDOO microns. In sone applications sol i d- type

m crocarriers I

porous-type mi c@gggrﬁegﬁ%gg%]ageggentg& %%Héa Bout g%%r to gboﬁ{aglg‘é%’

m crons. TWB%én§m@@ﬂﬂaﬁg§§ﬂﬁmnéﬂﬂﬁﬂbH@@b@dbﬂbhgowmwmdpuma$muémQHWHMQh
are Iargefﬁﬁg ile
smal | enoug ?gn?ggﬂ?gﬁsp nS|o S Wt ﬂ%&@%&%ﬁ?ggﬁgﬁ?taEESﬁﬁﬁ&gﬁfgh
stirred remicesspellets, orbeads 00071 Bot h porous and solid types of

m croparticulate carriers are commercially available from suppliers.
Exanpl es ogacremyonvpl! |y avail able mcrocarriers include Cytodex 1(r)
and Cyt odex 3(@3 whi ch are bgoth dextran-based mcrocarriers from GE
Heal t hcare Lif 0083k crerarmercishiel) therapy progecsy 41 ereSraply prolacedin Reptiq syelPmele

CYTOLI NE agiatuR diosa® meeaomegfo»nmm%%@ @};e%qsefdrf&mo%e}é%l:ahﬁ@rﬁ Life
Sciences. Biosilo %§ng (NUNC) and Cul tisphér(r) (Percell Biolytica)

are al so dUpdvEriER adearndsn e. 100081 Al t hough for sone types
of cells, the pguoRhOWRNYstfed Gk kot ARkePRasRi thhﬁér kY & nﬁ%&@ﬁf‘aﬁ?
such as those prOV|ded by mcrocarriers, can an issu genera

m cr ocar r i ikesarpelbwse b foraelly thegiearamgierensian fege Mé)né¢masafplgeor®elanaé argfogdu h
i ncl udi ng LakeHef miay ééﬁﬁée@ﬁ)r?&“nﬁmarﬂ@ﬁme@aﬁoﬁ%y RPALA DY cHER tMJ.es% the
extracel lular products fromthe cells thenselv neea exl sts

the art fcwtians fararpwingand apendinggnchprase-depsedenindlls ase gnpmhnaﬁd har vest
anchorage depeq@@fl mehacd afidh S%mean&eag&@gpt-,x%aﬁm@lhé ave ﬁl B’n\()ﬁgal afpRoTd cenl

unbilical cord or ?Iacen a. rese
strains, as well as most primary cell types. Options for large- scale productlon of such cells
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[ 0026] Wien referring to cultured vertebrate cells, the term
senescence (also "replicative senescence"” or "cellular senescence")
refers to a property attributable to finite cell cultures; nanely,
their inabil I(‘?n% row beyond a fi n| te nunber of popul ation

doubl i ngs (¥ ?ﬁf‘msglref erred to as "Hayffick's Iim t"PCTRPRAYGGHS
cel lul ar sene t criped using fibroblast-1like cells,
nost nor mal ’}? Eréimﬁﬁf ébﬁzeqsﬂ&ﬁm& gﬁ“ BUStegs U -plate ensackedrnlate qulfure
gu:c ]E ure unde;lrslg:ﬁus,(xfeil buﬂeaﬁm'ﬁﬁiaﬂsdf@da@&chlﬁmlwhaw&éﬁgkd 4n@ 8RANarMges. .
ifferent ce ries. e an ist p| ca
fewer than 100 ﬂg@ﬁf apaé"ca’a‘(?ﬁ%ﬁdﬁ'beé (J{T‘%xglpu“ﬁ“f’ H’é""ﬁgﬁﬁ‘gﬁ dyn é"c?d%ﬂhi

for all theesebfdwhsteshgrocastingin enahyapphaene. MSm&@hreWallﬁuSgMﬁnder
the culture Senescence _does no

chr onol ogi C%%Q[?c?in@ S ﬁagu hy‘%ag%;sel%ra%aﬁfoéar BVt ?1°é°“ﬁ’L?rrrB°é'g gfe “é%?ﬁnmwm"amers
di vi si ons, fr cqllopedhaientdreilifaiesishe usgef, stutrehieankmhd elated kea@omﬁmlgrogrdnﬁanc"ﬁbmga-

cell s made t]

cel 5y e BERCil, b GOURUINGASSSEN ol AN o8yt
re-intr oduc@aoen@ﬁhditxin@#%bﬁnhémabmwtemﬁf ﬂtemcr%mrsrﬂunbévesoﬂtd,oubl | ngs
as equi val efierdefitibrs cEiRME HaPd hEM Aisledér in e éélsﬂsmzp cx%ﬁ.i, I1§ s

frozen in liquid nitrogen after various nunbéers of
doubl i ngs aAPElieHN selifhyRearigiReRéer range Sgm abmwouﬁd@prg?@mamw| ly

the sane nuipak-nRk mitPsta e igedsdnat Bbh abdﬁazsatt@abeﬁ@sMiuaﬁse rrhbga s&y{ahggs -

Senescent ce| | are not dead or dying cel t hey are actual

resi stant tDPBSMHCIEYPR offrigieeargss Which 45 e gr?ﬁéuowpmma%ﬁwny anc orage-
(apopt 0si s)depaideht els, Witle BiaalNdnagh @difotnd susbRkions MOH PiopérBdsRitable Fr@se in

i ndefi ni telsx d‘l'rtgmec e cells are very nuch alive and netabolically
active, but ’tT?l (0> not divi de. The nondi vi di ng state of senescent
cell s has not y[@ﬂﬂﬂeamtﬁpomdartdcsolbletypeevhmsﬂoiﬁrmume carlﬂyrs blie@bxﬁzgérexally

chem cal , ®
culture nE ﬂ)éblégljro?%g;lﬁ)g%rs xg}nplgi L%g@%%rﬁmﬁ* av\z’a\‘la%{e mict came&exl;ch%r §y¥8g?x|al
Gow h nedlaHW]ﬁP@Piér aish a&h@ﬁedeﬁsinibase@mwyhmewdmﬁﬁeﬁiealﬂmem& Stiervbali a

(DNEM Mor I Thducts also from
medi um pr eflgor ag‘ﬁj I%(E:%%% aoinrtlhg%!% Fﬁgb%}gﬁgg%% M@% ](?d C%"%C,l oé})enGE
Car | shad, dplth "EF PeiFheeH: @Fﬁ“ﬂﬂ“efh@‘l&g?’}d Gubsihar® (Rercalb Biglytich 596 s/ v)

serum (e. gcom,fnatgajlyb,@ayabrbe serum defined bovine serum. G owh nmedium

preferably cont | east one antjbjotic agent and/or anti| cotl C
agent (e.g., eﬁ*’@j %lﬁth"“ggfqéﬁeéﬂi?éf"lrfe“sa%ﬁ‘@fpg?li’%’ of cqfs xgwA Rk
nystatin; }aﬁ:efcwnﬁiﬂeg; such@s todelpaAitid &yﬂu“cfoearmda@ednajehﬁ 1sa.e@e§m umra&%eaf)
m crograns/m

[ stre n sul.fate dlum ferabl
Cont atne 2 PHe et |8 iteedyat BiThinclighe o SRR b 1
G ow h nedeasepLwoparaing gseBiVENMatabiwlagiroinos &pmslercalmthe}hsﬂmcam&miaanoﬁze
and an ant t andar d ons”
refers to g?&%éﬁ&ga%%dhl #?]%m%tggﬁgkog%ggo traf”5| i eaeﬁ%“%f‘gf%%ﬂ &Sgasa
terrperaturEoimaﬂwbeﬂlsdgyﬂggﬁﬂuwblﬂlealmrémeﬂmmw 37C and a rel ative
hum dity of about 100% [0029] "lsolated" refers to a cell,
cel lul ar conponent, or a nolecule that has been renoved fromits
native env%ﬁ ‘ka [ 0030] "Anchorage-dependent cells" are
cells, inc %ﬂ nmmal i an cells, that need to attach to a surface,
e.g., a tissue [mllJDI uﬂ&ﬁrésaﬁ hwerwnbﬁ ﬁ@ﬁd@rcorﬂpdﬂnﬁﬁs(lﬁd’-ﬁiéﬁl&fs fd? owiiE 4
surface, to reF)(’E‘ gate in 0031 Qrocarrlers

1°

refers to PAFE g‘amﬁ‘élgﬂgfso&eg'gﬁyIaéetparwbdfg]&ﬁ fhe AR SERREM O and
growt h of pesphuradeivedmentdadin cdBlid dird wtiliehf utfaces subh 8s MicRERERHEAIS HIS

have the f 1 Lii smal L _eno to allow

them to bRl BEEL HE natipih ok o Fro ALt PP GOy RO

does not cmesmalEngellsf foraminplsadilicd alemga cdlls of pleemilaeoeditliser s or t he
cells); (b) They are solid, or have a solid core with a porous
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[0053] Protein free mcrocarriers can be used to culture postpartum
cells. For exanple, mcrocarrier beads for use in manufacturing and
| abor at or yworzoms@s@&ar ch use sol d under the tradenane HI LACER{S2007/023846
(SoloHi || Engi neering, Inc., Ann Arbor, M) are nodified polystyrene
beads wi th cat i[BHi0t #riiethadrof cultnnparichorngetdeperidend pospatthm celiyif proeidédowhich
provide a LM .chan ) the mcrocarrier...The head
di anet er rgo%?éfgésfp?%\)r@lg %&%ag)ﬁé %L% u({e %fﬁ%osg?agﬁlg cf’l§1 paqvglil}gtaecreﬁ growth
[ 0054] M cmedamn firgroving thd posgiaktod selb broyading aclehst omeccapicopandtdeifonstyhment of

advant agesginchudi n f.downstream processing in nman .
appl i cati ong ?Eﬁ{?ﬁ%ﬁ%g?%?lﬁgtrpgﬁgﬁr@"} c;?%’i Ta ?@acﬁg%gﬁﬁvg%rﬁ%eé%??éf’micﬁn Wi s
and can becagiidripeticlp @r the presncesdltheggrowith eedism voler nbiciitdaaparmiting fitachneat dnd

attachnent _fagild.tat t he e. of. sti.rred,tan nd rel ated reactors
For "ot owt hEBRtarteAbE ind 1§ olifindine Shorols B aarRin B RA" T he
Ir_eapli |y f] us pﬁnd_e(dllhi Chopethdd fot @m?riﬂ%]mc}mjeagaidemt pcfsqoaglt_ﬁmsqm@dﬁblbi ity
imts the sical .par ters of. the. rocaryiers. us, ) .
m crocarri %u?tgxn ér%ﬁ:'r%erll yr atggaem A E G p&ﬁ’ﬁ@b{%’é?xamf% HBIFSHYE: Jfe Berocasisy
m crons. |endenem@izpd ofomturad ossysthbticdHy-ggizedrinatedatarBxamplss inelodpecofligembased
about 100 1o, Aboul, £30. MM CLONS, WAGLEAs AROUR LY RE I CrOCaL L) oT beads
range fronmaboat 2 g ARO Ut DB i °C FORE P TRETE LI FBP- 4R &S 255 P 5w
for sel ectietmiod poliroera@ameiar Thavnicedzamieecah d¢ pretemafoae@h ploimaardfodat e
many anchor age; dependent cel while small enou to f.orm .
suspensi on‘?‘aaﬂehwﬁ} Bpert g'%a @ﬁ"e{rﬁ%ﬂeg%edpw{?gﬁnﬁ:rﬁmg% GopREsed oL oF gpated with,
100551 Anpaugnpbinels tlacérbmse bodimg dethe ckll to theShitrgcanfist hnanhirice feldasadt sheaoll
the like e: Jatt.achnent efficiency. .l nogeni cj t . ..
bi ocompat | BT PRGOS Tl Lt finited 10 patmopostepbilelyosrids oo gussinie
t he gr owt hacplyy miyeb drlactat-cafgtyasifdedodiemlhyalinoadtel dolgenyfikionaetin dirhininnelbdtia,
density per .unit. surface. area,. detac nt techni.ques where.required,
o th Bry e aitep Y RS KERNERT DRmaleh BEPRSFE ThTacemife g gosess
condi t i onsa mirasedrdnt,aschiu Migedneickywidf a faeulate galvingic congilof sit@dmddopyier that
condi tions he .abi | i .0 sucgcessful Ly scal e-up detac nt .
procedur es® m‘ii‘ﬁﬁs 1% é?vﬁ%¥f ]%Iﬁlgglﬁé@&éew{ Eilélcfiﬂ? RIS Blltg%ﬁarqeﬁﬁﬁagﬁﬁezf?’iag'ﬁg“etm’
These consdudessyiataongnetianaliiemiabfiateanicwcartists.t e fathef Spect e apdiot povided a
the mcrocarri.er, beads, ;as . well. as by the rosit di anmet er,
onsi ty  REHIHPRRE o BRa N e et IneBRpEER b S 0 0561
For exanpl e, t h@o12lenThenyetiodd forhmltudgraadarage-dépepdent posthatunotellbprdides S a
consi derati qn. cessive densit cause, t.he, njcrocarr, e articles
or beads. e TR o G R TR et BN 6 SRS ishottaohiie S Es g Rl
conpl et el yTHeawetiod fortdoBurh@tahchioragé-dépemdeat postpiranyeils ployidéardltirngShenglls to
result in poor. byl k m xing of,th ells.. culture nmedj um and gaseous
phases i n T 1 &desrttPoltafin fus opt el Boyfition doubined oy Sbathiveny gt | ow
may result in ¢0asksCoepdsitiontdraygrodtied dompiizing MCkurage dependent pryiattym aélls
1.02 to 1.1 / i S,.t icehl (?.f nman m'.clrocarri.er beads.
[00571 Tine B B7 e R viles SRAF pRUFe0 6 Br sk wamar i iols CUBEMFe of
parti cl es rhiomtartietpahieleadoretadhtment tb @Rt Tiwd AnciwSagk depefilent pRRaMIR EQishR
contribute, substanti.al surface area jn vast excess.to.that found jn
Foll er bor RS IR s AR = B s e e, e DR AT s
e. g. on plmirkss CBOO, QI8 3NCDI 10 CRB4,IGH43, QDM CT3 8380, gDEER, €D1SUPDEEE,
area per unit volune o These _porous m crocarriers possess

r weight.,

| arge cavi 4 Pt AcB AT PR, s Peang Hit\olaeh In further aspect, the
anchor age-eRedpd 98enadk bSstpattins 56l GRMhbARHidaE CHABE COSL T3l 2eP3ar ea
greatly, and mity%rot ect cells fromdetrinental nechanical effects,
such as sHEH <R LDBECI04nBPE T ddhdi: RPHY-at HirdotgBkA Rl iArigh
Met hods f qfif A0DR-THIZABP- Sh@VELA- 18- ROBI nBridi L €S
is described in U'S. Applicat i%t?\ Ser?ﬂg?gt%gﬁrg‘gééggfégg%@ '%ﬁngg&géel
Decenber 19, 2005. [ 0058] The mcrocarrier surface may be
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[ 0082] Cel
and vi abi |

| Harvest Table 1 shows the harvest fractions, Cell yields
ity per passage fromUnmbilical cell |ine 050604B expanded

from passago 208meistb passage el even on Cytodex 3(r) m ACTIEZONTHRIS4G n

spi nner fl
Viability
+/- 2.65 2
100831 Cel
Ubi | i cal

el even on

ask cultures. Table 1: Passage Fractions Total Cells Avg.

{egendengpstpartunoeelld cdtu8 oxtgtierg@rticles:/ A c@npBitidn Br BeIBHAAD/ is 99. 2
Ly 9 + - 1. 008/06 541PCT/ US200.7/ 023846

pityleEith e onboode gepk i ol SR U R RE PEET R gARCle

cell line 05060413 expanded fron1passage nine to passage

BETAIekD DESCRIPEIMarriers in spinner flask cultures. The

tabl e shows thgj %gg%total doublings was 7.48, and the average hours

per doubl i
Yi el d Days

ng was 3 (+/- 17.52) hours. Table 2: Passage Seeded
Ex pdf¥lidb n Toopredentrigverkben ps¢ vidlss bérnprgitions2in@ Greth0ds Or growth and

I nocul at i O&pgns%q)ﬁ}gagm%agéf(cjeﬁsl. l\%etljrolhs §re%ro%?’de§ QO'IQD% growth and expansion of

postpartum-derived mammalian cells ir vitro utilizing surfaces such as microcarrier beads or
porous microcarrier beads. The mammalian cells are anchorage-dependent postpartum-derived
mammalian cells, for example, umbilical-derived cells or placental-derived cells.

[0015] A method for culturing anchorage-dependent postpartum cells is provided which
comprises providing at least one anchorage-dependent postpartum cell, providing a cell growth
medium for growing the postpartum cell, providing at least one carrier particle for attachment of
the anchorage-dependent postpartum cell, and contacting the anchorage-dependent cell with the
carrier particle in the presence of the growth medium under conditions permitting attachment and
growth of the cell, thereby culturing the anchorage-dependent postpartum cell.

[0016] The method for culturing anchorage-dependent postpartum cells provides
culturing the cells on at least one carrier particle, for example, a microcarrier. The microcarrier
can be comprised of natural or synthetically-derived materials. Examples include collagen-based
microcarriers, dextran-based microcarriers, or cellulose-based microcarriers, as well as glass,
ceramics, polymers (such as polystyrene), or metals. The microcarrier can be protein-free or
protein-coated, for example, with collagen. In a further aspect the microcarrier can be comprised
of, or coated with, compounds that enhance binding of the cell to the microcarrier and enhance
release of the cell from the microcarrier including, but not limited to,
poly(monostearoylglyceride co-succinic acid), poly-D,L-lactide-co-glycolide, sodium
hyaluronate, fibronectin, laminin, elastin, lysine, n-isopropyl acrylamide, vitronectin, and
collagen. Examples further include microcarriers that possess a microcurrent, such as
microcarriers with a particulate galvanic couple of zinc and copper that produces low levels of
biologically relevant electricity; or microcarriers that are paramagnetic, such as paramagnetic
calcium-alginate microcarriers.

[06017] Compositions are provided comprising anchorage-dependent postpartum cells
cultured by the methods which utilize carrier particles, e.g., microcarrier particles, porous
microcarrier particles, microcarriers that possess a microcurrent, or paramagnetic microcarriers,
for attachment to the cells. The anchorage-dependent postpartum cells may be phenotypically the

same as cells grown in static T-flasks as determined for one or more of the markers CD10,
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1 2.85x107 9.34x107 6 3.28 1.71 84.12 2 2.30x107 8.80x10' 6 3.83 1.94
74. 39 [ 00841 Live/Dead Staining. Analysis of the |livel/dead

st ai ned m W06t al i quot shows the majority of the MATEVIIBHRI3EE
surfaces covered with green stained (viable) cells with scant foci of
red stai ne€DigclRil, CB34dD44,[Ge45 ED73, GHYaj GD117nOPpHoPDGYr-6, HILA-AL HLA-B,

h h N i i it .
PR W S SR T R —
positive" pmst;ihrtumegl&takmﬁiéiwtﬁpﬁa]lgerJIOﬁmlaﬁe:Dmgr,kmm—, €xpuecpest, bp73+,

h Unbi Li ' - [ Ce UT. vested m.crocarrier
bonds i sPaRL Ci 2 ROEL MG B A TR BB W SR R Ko A e
T f ljas kg : biﬁna-m@b l1g oﬁémmginiwt, tHe Hﬁchﬂﬁg&iﬁp&%deﬁft%v\%ﬁa?ﬁﬁ dells 4r8 FhehftlpiSally

roauce e ods r consj stent, .

0081 060545 PR GB3BtrhidDasns LB BT ol ERFFRPIEMe, ey anghoragedependine
prot ei ns expiARsheaIshye e HRAGPEB 161003 3 Ml ath 13, 8bsd+ drddasks

or on Cytodex 30 mcrocarriers 1 n spinner flask systens and anal yzed

by flow cyteimdtltys+tddiA-Bdy Pl ade™ mud GRH SR €D$-F Rk sCRYGdelRN 730

M crocarri epssCRBO8(, BY-D2, HUA-&-, HPAISR, HLA-BPfard ERBH-( - ) ( - ) CD

34 (- ) ( [0018] Itis to be understood that this invention is not limited to particular methods,
reagents, compounds, compositions or biological systems, which can, of coutse, vary. It is also to
be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting. As used in this specification and the
appended claims, the singular forms “a”, “an” and ‘;the” include plural referents unless the
content clearly dictates otherwise. Thus, for example, reference to “a cell” includes a
combination of two or more cells, and the like.

[0019] The term “about” as used herein when referring to a measurable value such as
an amount, a temporal duration, and the like, is meant to encompass variations of £20% or
+10%, more preferably +5%, even more preferably £1%, and still more preferably +0.1% from
the specified value, as such variations are appropriate to perform the disclosed methods.

[0020] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains, Although any methods and materials similar or equivalent to those described herein can
be used in the practice for testing of the present invention, the preferred materials and methods
are described herein. In describing and claiming the present invention, the following terminology
will be used.

[0021] The cells cultured in the methods described herein are referred to as
“postpartum-derived cells (PPDCs)” or “postpartum cells.” Subsets of the cells of the present
invention are referred to as “placenta-derived cells (PDCs)” or “human Umbilical Tissue-derived
Cells (WUTCs).” In addition, the cells may be described as being stem or progenitor cells, the
latter term being used in the broad sense. The term “derived” is used to indicate that the cells
have been obtained from their biological source and grown or otherwise manipulated in vitro

(e.g., cultured in a growth medium to expand the population and/or to produce a cell line). The



-) 44 ( ) (+) DA (-) (-)aD73( ) ( ) CDW (1) (
) ¢CO117 ( - ) ( - ) CD 21412 ( - ) ( - ) PDGFr-a ( ) ( ) HLA-A B, C (
) () HLAWDROGSEAL ( PCT/US2007/023846
in vitro manipulations of postpartum-derived cells and the unique features of the postpartum-
derived cells of the present invention are described in detail below.

[6022] Various terms are used to describe cells in culture. “Cell culture” refers
generally to cells taken from a living organism and grown under controlled conditions (“in
culture”). A “primary ceil culture” is a culture of cells, tissues or organs taken directly from
organisms and before the first subculture. Cells are “expanded” in culture when they are placed
in a growth medium under conditions that facilitate cell growth and/or division, resulting in a
larger population of the cells. When cells are expanded in culture, the rate of cell proliferation is
sometimes measured by the amount of time needed for the cells to double in number, This is
referred to as “doubling time.”

[0023] A “cell line” is a population of cells formed by one or more subcultivations of a
primary cell culture, Each round of subculturing is referred to as a passage. When cells are
subcultured, they are referred to as having been “passaged.” A specific population of cells, or a
cell line, is sometimes referred to or characterized by the number of times it has been passaged.
For example, a cultured cell population that has been passaged ten times may be referred to as a
“P10” culture. The primary culture, i.e., the first culture following the isolation of cells from
tissue, is designated P0. Following the first subculture, the cells are described as a secondary
culture (P1 or passage 1). After the second subculture, the cells become a tertiary culture (P2 or
passage 2), and so on. It will be understood by those of skill in the art that there may be many
population doublings during the period of passaging; therefore the number of population
doublings of a culture is greater than the passage number. The expansion of cells (i.e., the
number of population doublings) during the period between passaging depends on many factors,
including, but not limited to the seeding density, substrate, medium, and time between passaging.

[0024] A “conditioned medium” is a medium in which a specific cell or population of
cells has been cultured, and then removed. While the cells are cultured in the medium, they
secrete cellular factors that can provide trophic support to other cells. Such trophic factors
include, but are not limited to hormones, cytokines, extracellufar matrix (ECM), proteins,
vesicles, antibodies, and granules. The medium containing the cellular factors is the conditioned
medium.

[0025] Generally, a “trophic factor” is defined as a substance that promotes survival,
growth, proliferation, maturation, differentiation, and/or maintenance of a cell, or stimulates
increased activity of a cell. “Trophic support” is used herein to refer to the ability to promote
survival, growth, proliferation, maturation, differentiation, and/or maintenance of a cell, or to

stimulate increased activity of a cell,
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medium preferably contains about 15% (v/v) serum (e.g., fetal bovine serum, defined bovine
serum). Growth medium preferably contains at least one antibiotic agent and/or antimycotic
agent (e.g., penicillin, streptomycin, amphotericin B, gentamicin, nystatin; preferably, 50
units/milliliter penicillin G sodium and 50 micrograms/milliliter streptomycin sulfate). Growth
medium preferably contains 2-mercaptoethanol (Sigma, St. Louis MO). Most preferably, '
Growth medium contains DMEM-low glucose, serum, 2-mercaptoethanol, and an antibiotic
agent.

[0028] ““Standard growth conditions” refers to standard atmospheric conditions

comprising about 5% CO,, a temperature of about 35-39°C, more preferably 37°C, and a relative
humidity of about 100%.



NA 175 [ 0089] Preparation of PLGA m crospheres. PLGA

m crospheres were prepared by supercritical fluid process (SCF). The
SCF unit WAO 280K 06834aved or wi ped with 70% et hanol and PHGICE00TAR6
the lam nar flow hood. One gram of PLGA was poured into the chanber
of SCF unit und@®29} hé&lselgtedt eferscomdill, tajinlar dduepoBEE, ovm inblews thel as Bstnwas
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2008/ 0605 P@g@?ﬁggfcg%ﬂ L~ )[0095] The day before

i nocul ation m crocarrier beads were hydrated
in 40 mM PBS for at |least 3 hours and autoclaved. On the day of
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[0098] Mcrocarrier Yield Calculations. Mcrocarrier yields are
cal cul at ed based on 39 hours popul ation doubling time or 2.46
doubling in a four day period (historical data of hUTC growh
kinetics in static conditions) The equation doublings = (Logl O
(harvest) - L¥Y 2003/0%8¥dded)) /Logl O (2) is used. WO  PCI/US2007/23846
2008/ 060541PCT/ U 04§)7/ 46 Table 5a. Final Cell Yields Mcrocarrier
Total Cells ViablfP3 1%%/5“ ioptdpyeqtisn dempnstrates for i first fime the T@thodslordsobitica

(50/50) |V @ndlditdre4BeeXls £0h MeaShsshe iBeliiln Mashta il x 10°
NA MGSA |11 2 el thle Tosgﬁnmqﬁ)?%%gx iRt Bt

99. 2 °"F[aﬁ%69’j V’L&F"\&)%fg"t DU P ORYRICESATF or PRIIFIEEOT RAIOYIBICIOERITSE BRrficles:

materials ( emsamhor@tdephaxensﬁgstpmmenﬁus@gﬂﬁﬂoﬂdiﬂe&n%ﬂ%mw aRddEdehih lod T ©
fl asks at a?(grc% mat ¢ %’d O cells per cmsq. The cells har vest ed
from al | erla r”S P é’feé%f upon re-seedi ng 101001

Expanded hUTCs v[eﬂrsél s@@hachomge-depaim,pomrtazﬁdeﬂ\s’% iRérfEioh RivS the G:Liyhézlyrt@d

ro- seeded | (b e sl B ob YR BRI el Sk L P s P
t he synt het sugh ps matare adipdse Hissuaybore, cantibige, 9@ ny tisaiws of thd huart (5, gedacdieg| | s
expanded in, Oﬁr}a ﬂn? eﬁlmgtaéﬁcﬁu J:aﬂil.\{]r&) ?gnch%}{x%r‘ gzﬁwgagﬂgueg?t nl%ggx}%t?_ltgv@thssue

of their er at capac exa
ability of %eywvﬁétﬁsweﬂe@mwﬂeﬁ, endpeyrdim, ussendaraslthwm)ommmpmns tifsog,

spi nner fl aﬁk@m@fé@@%@mﬁ@!\é&&ﬁsc@ o} VETAR ﬂ&@gﬁ%ﬂ mﬁﬁggm hidsG&

Ti ssue-deri ved on col l'agen coat €
M crocarri g ?‘W“%’pP‘HPF@F"OFIm&?R@d mcso-nephqqﬁ};gtg,lnem@hggﬁmmgphm, UgRECs t o

attach to nhdepéiab,SollBB6e tiules)y ErithefuinCof 1he B RAbHrEIubER IR cRids RasticWhaliiné
col | agen coatcfg t?ﬁ*\ﬁéa z|F.F§vestévgl<;1ted rLlacl udi n g the ability to maintain
viabi [ity i GEPRTES 10 yagmabmeofrarabpienduiar g5iust fefge o F’?‘Wﬁ%ﬁ“ﬁs‘é"sh@@dl ng
into stati cstromblttissues (efgx pardedoh) DOsune ifassRel ecthofisParts deAgaA rdomt ed
or uncoate ti col i d

pol y( rmnosg)ef%r o%fo(r%égélr%e ngdgmsctfggl Mﬂl OCHE ﬁf“i‘k'?egéﬁm%%l?ha‘&°é¥wwwa‘
The m cr ocdydiférentisting intcail dppropitepraulstricelb@.gi, A pspdipneete, Adrasiosytd, ar fi ve
days, harv%§ gg trypsi ni zation, and re-seeded into static

cul tures. 20 060541PCTI US2007/ 023846 Materials and Met hods
Table 6. Mecr océQPNlerPgstmﬂeméel&rorFe@ﬁ davered frque them ey By wedvdisvetehory Avg.

Size (M cr QR herdtlofdr Augémiion KoY aly thshe of the body. In addition the cells of the current

invention may be used for trophic support.

Isolation of Cells from Postpartum Tissue

[0037] Methods for isolating and collecting PPDCs are described in copending
U.S. Publication No. 2005-0054098 and U.S. Publication No. 2005-0058631.
To collect postparfum umbilicus and placenta for the isolation and culture of cells on carrier
particles, placenta and umbilicus is obtained immediately post childbirth. For example, but not
by way of limitation, following removal of the amniotic membrane the placenta or umbilical
cord {drained of blood), or a section thereof, may be transported from the birth site to the
laboratory in a sterile container such as a flask, beaker or culture dish, containing a salt solution
or medium, such as, for example, Dulbecco’s Modified Eagle's Medium (DMEM). The umbilical
cord is preferably maintained and handled under sterile conditions prior to and during collection
of the tissue, and may additionally be surface-sterilized by brief surface treatment of the cord

with, for example, a 70 percent by volume sthanol in water solution, followed by a rinse with
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Al kermes (WIIlington, OH SCF 158 MSSA | Ethicon (Sonerville, NJ) SCF
195 [0102] Mcrocarrier Preparation. Mcrocarrier Wtting-

Appr oxi mat Wiyzogsgéedth of MGSA and PLGA m crocarriers wa@E/@EReqonisad | y
suspended in 25mL 70% et hanol for 30 minutes to wet the

m crocar ri erdle, diftidedwitanwlisowai salesvbutien Ty umdilical abid@in B idictif Qored for about

m crocarriers re then rjinsed three. ti wi th PBS and re-suspended
25 of | n BAAUEA SR R LG PE o NEepge ot +<To TORD b get
Col | agen  cfraden)ydior WaixtredioMbdeNs, AmtbibticSor aRBR)colR ity B8 ke Rtk iR theedium to
centrifugation, t hg}_ﬁgg%g enoved., spiration, and the mcrocarriers

b
vere re- sulHRTIE© .%@)@!&8?‘?%5@%%@ cqliotsd fom the wpkilical egdand placenta

Cohesi on, hnter stéat eonbltions byGAY appPRialintekiRE &hdvEih She Wl fheis@%-agiesaﬂclhab
col | agen fgir I hut es. TEhe%sr esi dual col | agen was renoved

30 m ) : py .
aspi r at i on?'gFHot WEQEIWW%%‘ HPe Wlﬁc%&m&@g&]\%@P‘éa%HE%FCE“PWEe
times w t hmbiBg. Fellk@cells oMissueqietd r@h widdREdlk bio®Soutnedbe I LHLGSALE LET
MIligrams No. cells Seeded PLGA (50/50) uncoated 260 3.50 x 106 PLGA
(50/50) coBt¥EFS260 3.50 x 106 MGSA | uncoated 330 3.50 x 106 MGSA |

coated 330 3. 5Q0088[L0%he postpartum HiiOddy Betassd vAiH DAcAPSlafedbittngudg
material s, cell g%%/ﬁses%grovw h nedi a, spinner flask, inoculation and
) a3

cul ture colfrER PRDESIARPPOHEALIN SQIptRS ped or dnRortptng of Aegapsaised for

harvest mekdiggientation dudhias BxRERINE IV IMInSin YS 6Dl 0f P Sro @X AR BlntioResul t s
Tabl e 7a. Cell Harvest. Mcrocarrier Total Cells Viability (% PLGA

(50/50) uncoated 1.20 x 106 98.6 PLGA (50/50) coated 1.15 x 106 97.6
MSSA | uncoat eCultuBopPobPartdR €ells

[0039] Isolated cells are transferred to sterile tissue culture vessels either uncoated or

coated with extracellular matrix or ligands such as laminin, collagen, gelatin. To grow the cells
culture media is added such as, DMEM (high or low glucose), McCoys SA medium, Eagle's
basal medium, CMRL medium, Glasgow minimum essential medium, Ham's F-12 medium
(F12), Iscove's modified Dulbecco’s medium, Liebovitz L-15 medium, MCDB, and RPMI 1640,
among others. The culture medium may be supplemented with one or more components
including, for example, fetal bovine serum (FBS), equine serum (ES), human serum (HS),
growth factors, for example PDGF, FGF, erythropoietin and one or more antibiotics and/or
antimycotics to control microbial contamination, such as, penicillin G, streptomycin suifate,
amphotericin B, gentamicin, and nystatin, either alone or in combination, among others.

[0040} The cells in culture vessels at a density to allow cell growth are placed in an
incubator with 0 to 5 percent by volume CO, in air and 2 to 25 percent O in air at 25 to 40°C.
The medium in the culture vessel can be static or agitated, for example using a bioreactor. Cells
may be grown under low oxidative stress (e.g. with addition of glutathione, Vitamin C, Catalase,
Vitamin E, N-Acetylacysteine). “Low oxidative stress”, as used herein, refers to conditions of no
or minimal free radical damage to the cultured cells. Cells may also be grown under alternating
conditions, for example, in a period of normoxia followed by a period of hypoxia.

[0041] Methods for the selection of the most appropriate culture medium, medium
preparation, and cell culture techniques are well known in the art and are described in a variety

of sources, including Doyle et al., (eds.), 1995, Cell & Tissue Culture: Laboratory Procedures,
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MGSA | coated 2.39x 106 97.8 101051 Harvest Cell Re- Seed.
Cel Il s harvested fromthe coated and uncoated MSSA and PLGA
m crocarri WO - seeded i nto T225 at approxi mat el YWE/HHH07H2FHE
per cm sqg.  Foyr days after re-seeding the cells harvested from both
mat eri al s MBIW‘I’?@%?@H’ ¢hichsster anddig @gﬁ’f’fﬁlﬂéﬁi@é.1991,f4"fmaf 6a/bBipraastprnded
human Unbi Bigsvordil-BsandRIBosRM, Cel s (hUTCs) were seeded onto
col | agen coated PLGA and MGSA microcarrier, cultured in spinner
flasks for fivd0@isAfisaqultadnedbe sslated gabs prispustricses, formufiicient pasigd df fime.o
static cul Thies K t [
m crocarri Eoggﬁ\%ggeég%\?g? %gg/gfl\??éa%%l&g.pgs e %ﬁ?giﬁgﬁfe@gﬁhg Q%](%%%dg%%i“ﬁu tend
static cul todeee gpvmpyt ffogthe gyes eighentrrrsesultiof migration dhate foom orfeell Hvisfon, or
proliferaty i | i ki

JHf PoAPiHint Sktls FR) Be:PBABRbRAACATSLE BUER. Jc0E! caog{&&nﬁ el

synthetic biomaterials to be as mcrocarriers

cul ture. BEredimnpf the same or a@iffppanhtypd asihab ased éudtidHymelrerd tivb péputagibn of cells can be
Ti ssue-der | UTCs) on gelatin coated MSSA M crocarriers in
Spi nner Fl lI<'I;11‘1\s€‘1(itgca]%%)ép%dfzﬁo]'10.7] The ability of hUTCs to attach to

m crocarriers ré#d] oflteyaitvhlyt thediffersuirdolh bipes fvésemtan prstpatten visshéican be

gel atin coaf.:ng N85l | i i e /bl |i intai.n
viability ?%It@glltnnef’_lsﬁbgéﬂdt%ﬁ 1?%? ghgﬁg% & Ba%rr%{gicf @;rcg éé %cﬁ)%t%d'ﬁgqssr;é%&)leng
i nto st at i ascouglishedaisinExpedadtidchhidiasonsi ecpsmbidreideloding bgtalonlimiteddoat ed

or uncoate (AygsTa I i de. cO-. I ni i .
mat eri al s.&éﬁ%r Cl agﬁti}gg%%g%%gé%&tugﬁgg& é‘??ﬁ e %Ee%g?egl%’eé]s%%zbﬁ CIét)Flg &
used as a andmeleation pfspedifisced e ueing iter mophdegical drdrichuidl neeers saletiee
cul tured | dlsmREOE n%%cl(c%gﬁ @1':3 aftik/é./ ?elegé Iﬁ,’ se ?2{ bf %599 u%&ifferential cell

and ed T RS

trypsini zati on, re-see nto sta

2008/ 0605 4EEahrabdizy d2hOnBedBpMatiar dsafos cxamgleMeithogliseail agglwing,, freeze-thaw

M crocarri 1 S d AvQ. Sl ze

(i cr ons) TR FPERRf Sl bkids B ol b B3R ML BR A 58850 e
3 Aner shamoBrepBoiabimdggndleentrifBgation, centrifufdl @Bjriabbre(comder-siramity @pimifighticn),
See Exanpl e. e ] Lrler or ration.. See Exanpl e .2
For Moo rii ety sopkhRRE Kt kel S LGH (RARPRIAL, Ay TE8 eI R
coating. UeleatimgFMGSA Fona RPBSwwE clenal exldctivd angeed] sepiretidABShniqumsyed by
aspiratio n - su n i 5 of %.gel atin salution. The
i crocarr irbé?sgne irr{z ?ﬁ@%ﬁgﬁgﬁnﬁl n%egsé Fﬂa ‘f"r'fa?oér% ? %Fer%ﬁ'ﬁﬂ”feé’szl. hléﬁ?e rHuar-
gel ati n sd¥ewt Yok, 2088. r enoved by aspiration and the gel ati n-coated

m crocarriers g é'mes wi.th PBS and re-suspended i.n
s pos, 08 AR N Sk et o BRI s R b
m cr ocar r itkerdihe fod sxavgie witth d petsdl andreplOnithi@BEtf feesh mtdibredstub3tidedsir s and
aut ocl aved, q(g %ed a &(},I TNQeH g the P s.renmoved . .
) ) t b
aspiration an e(i e %6% ex J:?}g‘ lvvagltﬂlricg&é ﬁ%r%éa ﬁ%rgas i Oa?egl\gi\f %u%]gféé" g dishy
| east 30 roremtregle,ppprokintatelyi HWgewkatticowfiuencEafeari@mal evplantatissud sections may be
@antitiegﬁ}s .lbd\{lnr Eri MHSJ rams .No. cells, Seeded lVGSAgII
incoat ed 39880 s € EBERREERs 14 b2 RN waiy iR Bebaasel 775
9. 00 X 106craper. After trypsinization, the cells are collected, removed to fresh medium and incubated as
described above. The medium may be changed at least once at 24 hours post-trypsin to remove
any floating cells. The cells remaining in culture are postpartum cells.
{0045] Postpartum cells can be characterized using flow cytometry,
immunohistochemistry, gene arrays, PCR, protein arrays or other methods known in the art.
f0046] Postpartum cells can undergo at least 10 population doublings, One of skill in

the art would be able to determine when a cell has undergone a population doubling (Freshney,
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[0111] Inoculation and Culture. The microcarriers, cell type, growth
medi a, spinner flask, inoculation and culture conditions, nedia
exchange, WOaB#sfd6ex1 stai ning and cell harvest nethods UNEWUS2007EAP e
1 are used in this exanple with the foll owi ng exceptions. The
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Surface Area (cnmR/2m # mcrocarriers/gmH LLE>0) Il 160-180 515 5. 7x
105 Col | agen-coated 124-212 360 4.6 x 105 Pronectin-coated 125-212
360 4.6 x WO008/060541 [0121] Spinner flask vol une used H@QrUSDATARE836
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0.44 2.5 x 105 Col | agen-coated 0.63 2.9 x 10" Pronectin-coated 0.63
2.9 x 105 [0128] Constant culture conditions at *nitiation; 225cn®
total surfROSMHWLHher 50mL media 3.0 x 106 cel | s/ 225ck@/USpPHIZ3 46

37C/ 5% CO2 CBAT serial hlJTC |ine 120304 Passage 8 RESULTS
[0129] Obser vatP®ifd: Fpi pemperthe depsity gf thepraierocamsnaarticlps drdeadsdsd |

di stributi gshsaBEic. Tb&sivd Shne6ahdy @i IRIMEIbERL pmiupsi G PR é)@{of

constant stirring and intermttent on/off cgcl e. Col | agen-coate
m crocar ri Bf SEHEPSIpReY KNI imforpleivdeyardne battom af theulirel vessahging thus

M crocar ri ghereedfthpd&tulkhidhg 68k cdMs! dite ARbidftand Ea{sEJuis Ega%ses in t}ﬁ reafctor.
Col I agen-coated m Crocarrier "intermttent cycle ctlture for the first
24 hours f 8P thsdther eamdcadensibrtiat Bjen loyanaygesuliin grcesaive Boaginpof thymizrasamigr.

the aggr egatiesil bR foGalsl entSCH s iopﬂaﬁ)hf%cﬁ\)@&rher%.g@t S-

Pronectin-coated mcrocarrier cultures \Were unsatisfactory using
t hese cul ture d&#d] t Tessnglliaystos o@m@[ﬂggjner pAMcles and the volume of particles that can

2008/ 0605 44T L5200 oPARAA S TA ard 135 b Bl L AL AGIIRI o

M crocarriers r Const ant erm hr's
hrs Cel | afottlzat Frnpdhin rpilas bpitles ad ofieppetidsl oPEro@ingehdhom pe-dependegt cells, g
HCHC plates. Porous microcarriers provide even greater surface area per unit volume or weight. These
porous microcarriers possess large cavities that are available for the growth of anchorage-
dependent cells. These cavities increase the surface area greatly, and may protect cells from
detrimental mechanical effects, such as shear stress, for example from mixing or from gas
sparging. Methods for maximizing growth of postpartum cells in roller bottles is described in

U.S. Application Serial No. 60/751,550, filed December 19, 2005.

[0058] The microcarrier surface may be textured to enhance cell attachment and
proliferation. The microcarrier surface texture be achieved by techniques including, but not
limited to, molding, casting, leeching and etching. The resolution of the features of the textured
surface may be on the nanoscale. The textured surface may be used to induce a specific cell
alignment on the microcarrier surface. The surface of the pores within the porous microcarriers
may also be textured to enhance cell attachment and proliferation. Pore surface texture be
achieved by techniques such as but not limited to molding, casting, leeching and etching.

[0058] The microcarrier surface may be plasma-coated to impart a specific charge to
microcarrier surfaces. These charges may enhance cell attachment and proliferation.

[0060] In other embodiments, the microcarriers are composed of, or coated with,
thermoresponsive polymers such as poly-N-isopropylacrylamide, or have electromechanical
properties.

[0061] The microcarriers may possess a microcurrent, such as microcarriers with a
particulate galvanic couple of zinc and copper that produces low levels of biologically relevant
electricity. The microcarriers may be paramagnetic, such as paramagnetic calcium-alginate
microcarriers.

[0062] Both porous and solid types of microparticulate carriers are commercially

available from suppliers. Examples of commercially available solid microcarriers include
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No spreading H, PF,C PF,C PP H, PF,C PP PP
distribution HHHCHHH
PP PF

No attachnent PF PP PP PF
Partial attachment C C C  Uniform cel
M crocarrier aggregation C Cel |l aggregation

WO 2008/060541 PCT/US2007/023846

Cytodex® 1 and Cytodex® 3, which are both dextran-based microcarriers from GE Healtheare
Life Sciences. Porous microcarriers on the market include CYTOLINE as well as Cytopore®
products also from GE Healthcare Life Sciences. Biosilon® (NUNC) and Cultispher® (Percell
Biolytica) are also commercially available.

[0063] The carrier particles may also contain 2 bicactive agent. The carrier particle
may also contain a bioactive agent that may regulate the growth or function of cells or the tissue
milien. These factors may include but are not limited to fibroblast growth factors, erythropoietin,
vascular endothelial cell growth factors, platelet derived growth factors, bone morphogenic
proteins, transforming growth factors, tumer necrosis factors, epidermal growth factors, and insulin-

like growth factors. Complete factors, mimetics or active fragments thereof may be used.

{0064] The microcarriers may be inoculated with a second cell type and co-cultured
with the anchorage-dependent postpartum cells. In one embodiment the two (or more) cell types
may be adherent to an individual microcarrier in equal or un-equal proportions. “The two or more
cell types can be inoculated onto the microcarrier at the same time point or they may be
inoculated at different times. - The microcarriers can be treated in such a manner to preferentially
adhere specific cell types onto specific regions of the microcarrier. In a further embodiment, the
microcarrier with adherent single or mulfiple cell types can be co-cultured in a culture vessel
with a second cell type culfured in suspension.

(0065] Second cell types may include, for example, epithelial cells (e.g., cells of oral
mucosa, gastrointestinal tract, nasal epithelium, respiratory tract epithelium, vaginal epithelium,
comeal epithelium), bone marrow cells, adipocytes, stem cells, keratinocytes, melanocytes,
dermal fibroblasts, keratinocytes, vascular endothelial cells (e.g., aottic endothelial cells,
coronary artery endothelial cells, pulmonary artery endothelial cells, iliac artery endothelial cells,
microvascular endothelial cells, umbilical artery endothelial cells, umbilical vein endothelial
cells, and endothelial progenitors (e.g., CD34+, CD34+/CD117+ cells)), myoblasts, myocytes,
hepatocytes, smooth muscle cells, striated muscle cells, stromal cells, and other soft tissue cells
or progenitor cells, chondrocytes, osteoblasts, islet cells, nerve cells including but not limited to
neurons, astrocytes, Schwann cells, enteric glial cells, oligodendrocytes.

[0066] Also included are cells of cartilage tissue, meniscal tissue, ligament tissue,
tendon tissue, intervertebral disc tissue, periodontal tissue, skin tissue, vascular tissue, muscle
tissue, fascia tissue, periosteal tissue, ocular tissue, olfactory tissue, pericardial tissue, lung
tissue, synovial tissue, nerve tissue, kidney tissue, bone marrow, urogenital tissue, intestinal

tissve, liver tissue, pancreas tissue, spleen tissue, or adipose fissue.
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Tabl e 13. Results of Nuclei Counting After 74hrs. In Culture (1=
intermttent) cn2 Ni Nh PDL r PDT Col | agen-coated 225 3.00 x 106
1.66x 101 wWOLp0sps@B130 1 1.33 x 104 7.40 x 104 Col | Jerp2060GH233d6 |
225 3.00 x 106 6.00 x 106 1.0 0.32 74 1 1.33 x 104 2.70 x 104

H LLEX(r) |1 228067] 0Other ébodimentivnand @des RilD appadént BGone skilled in the art in light of

the present disclosures.
EXEMPLARY EMBODIMENTS

EXAMPLE 1
Growth and Harvest of Umbilical Tissue-derived Postpartum Cells on Microcarriers in
Impeller Spinner Flask Bioreactors

[0068] A goal of this work was to establish methods to seed, expand, and harvest
human Umbilical Tissue-derived Cells (hUTCs) on microcarriers in impelier spinner flask
bioreactors. The cells grown on microcarriers should exhibit similar growth kinetics and cell
phenotype as cells cultured using static T-flask methods. As an initial step to determining if the
cells cultured with these methods maintain their typical phenotype, an analysis of cell surface
markers by flow cytometry was performed and compared with the cell surface markers expressed
by (hU’.l:Cs) cultured in T-flasks. An additional goal of this work is to reduce the use of trypsin-
EDTA (an animal denved product) in the method, thus reducing the risk of transmitting

pathogens.

Materials and Methods:

[0069] Cells. Cells from CBAT lot# 050604B passage 8 cells were thawed and
expanded in a T225 flask for one passage.

[0070] Microcarriers. Cytodex 3® (GE Healthcare Life Sciences, cat. no, 17-0485)
microcarrier beads were hydrated in PBS for at least 3 hours and autoclaved.

[0071] Spinner Flasks. Spinner Flask with Internal Overhead Bearing Impeller
Assembly, 100ml and 250ml (Bellco, Inc.).

[0072] Confluence. Confluence is defined as approximately 90% of the microcarriers
observed in a representative microscopy field to have greater than approximately 60% of their
surface area covered with cells.

[0073] Passage. Passage is defined as inoculating 2 spinner flask containing fresh
microcarriers with an aliquot of confluent microcarriers obtained from a separate spinner flask
culture.

[0074] Inoculation and Cuiture, Cells were harvested from T225 flask by trypsin and
4.0E+06 cell aliquots were added to 330mg of microcarrier beads in 100 ml impeller or glass rod
spinner flask containing 40 ml media. Flasks were flushed with 5% CO, gas for 1 minute prior

to incubation. The inoculum speed-frequency was 30 rpm for 2 minutes every 30 minutes for 8
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1 1.33 x 104 5.50 x 104 HI LLEX(r) 1ii 225 3.00 x 106 1.26 x 101

2.06 0.67 35.8 1 1.33 x 104 5.50 x 104 101301 As a result
of this study, constant stirring for Collagen-coated and H LLEX(r) I
mcrocarrier culture initiation will be used. The interm ttent

stirring cy®O200806dt required for hUTC attachment and PEFAUSHET/RGSHN
serum cont a}1ni ng rreggi a. . 101311 Study 2 Experinental Design. To
det er mi ne ef'P¥St (4t et amanedly valume vet Barease to 100 miamdthg sriRersPRasaYas e to

two i cr ocass-ifd cogtiispsrowtisdand idchiaklist &g, group were initiated. Each

o 11 oL ake SR B2, B col g gt dhl o el Sscding, deneltco

time point Aftwieenmiteyfondthalibind flask afelebiledle@and aMed to separate from media by

2008/ .060541PC%J§%1(307/ 023846 Tﬁblie c14. hUTC _seedi g g nsity per

group: G ouf Ui MEEES FrERElynd ritipgmien et Pesiedin ol tespbin gty o

106 1. 4x 10pipetingBo gnsureb) Bvet didtributiocndSn).oPmedidlWith microcarriers were removed and
delivered into a 250ml spinner flask. Approximately 660 mg of fresh hydrated and autoclaved
Cytodex 3% microcarriers and media were also added to the flask. The media volume was
increased to 200 m! and the fiasks were flushed with 5% CO; gas for 1 minute prior to
incubation. The spinmer speed was set to 45-rpm continuous rotation and incubated at 37°C,
Remaining cells were harvested by trypsinization and counted by using a Guava® PCA instrument
(Guava Technologies, Hayward, CA).

[0076] Passage 2- (250ml to 250m] flask) Cells were cultured for six days. “All
microcarriers from the 250ml flask are collected and allowed to separate from media by gravity.
Media was aspirated and microcarriers were re-suspended in 25ml fresh media. After pipetting to
ensure an even distribution, Smi of media with microcarriers were removed and delivered into a
250m] spinner flask. Approximately 660 mg of fresh hydrated and autoclaved Cytodex 3%
microcarriers and media were also added to the flask. The media volume was increased to 200
ml and the flasks were flushed with 5% CO; gas for 1 minute prior to incubation. The spinner
speed was set to 45-rpm continuous rotation and incubated at 37°C. Remaining cells were
harvested by trypsinization and counted by using a Guava® PCA. instrument.

[0077] Media Exchange. Spinner flasks were removed from culture and the
microcarriers were allowed to seftle by gravity to the bottom of the flask. Approximately half the
media volume was removed by aspiration and replaced with an equal volume of fresh media,
The flasks were flushed with 5% CO» gas for | minute and returned to culture. Media exchange
was performed on day 1, and day 4.

[0078] Fiability Staining. A 1ml aliquot was removed from flask and microcarters
were allowed to settle by gravity. Media was removed by aspiration and replaced with 1mi
Live/Dead staining solution (Molecular Probes cat. no. L3224) and incubated for 15 minutes at
37° C. After incubation a 2(-microliter aliquot was applied to a glass microscope slide and
observed by fluorescent microscopy. Live cells stain green, dead cells stain red. Microscopic
fields were manually analyzed to evaluate the distribution and ratio of live and dead cells
adhered to the microcarriers. At least three microscopic fields were evaluated and the

approximate percentage of viable cells was counted.
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Cells/mcrocarrier 6 12 18 Col | agen-coated 675 4.5 x 106 9.0 x 106

1.4 x 100 1 6.7 x 103 1.3 x 104 2.0 x 104 Cells/mcrocarrier 5 10

16 Table 15. Metrics per 675 cnR of mcrocarriers: Mcrocarrier , W

used (grans) I/ mcrocarriers (appox) H LLEk* Il 1.32 7.5 x 105

Col | agen- coMPAE068YIg 7 x 105 [01321 Constant cul t ur ECTFEUOVIBHE at
const ant

Stirring at 55 GO PpmCebTaaRD VUSRSt Ui raaE dF Binpoi serigd tee
Hayfli ck nedinas inFBE/anb toetlydistribied bebwech i@ES0nid coitht tibie® E4RRbERAs incubated
cuspenston S8Rk Abgh M SBFRS AL Rl Bk 8l P 6 ¥t
16a. Count #icrocarriers were allowed to settle by pravity. Supernatant containing cells was collected by
aspiration and transferred to 50ml conical tubes pre-filled with 2.5ml of FBS (yielding a 5% FBS
solution to inactivate trypsin). This process was repeated four times with each fraction collected
sepatately. All harvested cells were centrifuged, re-suspended in serum containing growth ‘
media, and cells were counted by using a Guava® PCA instrument,
[0080] Static T-Flask Culture. An aliquot of cells harvested from the T225 flask are
used to seed two T225 flasks and incubated for four days using methods stated in U.S.
Publication No. 2005-0054098. The cells were harvested ar;d analyzed by flow cytometry.

[0081] Flow Cytomeiry. Cells harvested were analyzed by flow cytometry using a
Becton-Dickinson FA.CSCalibur’,” instrument (Becton Dickinson, San Jose, CA) to determine the
cell surface marker profile. All antibodies purchased from BD PharMingen {San Diego, CA).

Results:
[0082] Cell Harvest. Table 1 shows the harvest fractions, ¢ell yields and viability per

passage from Umbilical cell line 050604B expanded from passage nine to passage eleven on

Cytodex 3® microcarriers in spinner flask cultures.

Table 1:
Passage Fractions Total Cells Aveg. Viability (%)
Inoculation 4 2.85X10’ 99.7 +/-0.19
1 8 9.34 X10° 99.2 +/- 2,65
2 4 8.80 X10' 94.4+/-1.92
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Flask 1 HILLEX(r) Il Flask 2 Flask 3 Flask 1 Col | agen-coated Fl ask 2
Flask 3 Ni/675 cnR2 4.5 x 106 9.0 x 106 1.4 x 10/ 4.5 x 106 9.0 x 106
1.4 x 10" WO20080664Y X 103 1.3 x 104 2.0 x 104 6.7 x 108TIUSR007/028846
2.0 x 104 N1V675 cnml 4.6 x 10" 6.2 x 10/ 7.6 x 107 2.5 x 10" 4.9 X
10' 4.7 x 101 NO9Bhp Ggll &inetigso Falje 2 showsMle grovith kingifys fidmImbiliGulcell 1he x

104 6.9 x 6%0%p§nt%§ ﬁ%m7ﬁ§s£ge5nir¥e 3 %as%ag%%le@en%% Cytodex 3® microcarriers in spinner
flask cultures. The table shows that the total doublings was 7.48, and the average hours per
doubling was 69.53 (+/- 17.52) hours.

Table 2:

Passage Seeded | Yield Days Expansion | Doubling | Hours/Doubling
2.00x10° 0 1

Inoculation | 2.00x10° | 2.85x10’ 8 14.3 3.83 50.09

1 2.85x107 | 9.34x10’ 6 3.28 1.71 84.12

2 2.30x10" | 8.80x10’ 6 3.83 1.94 74.39

[0084} Live/Dead Staining. Analysis of the live/dead stained microcarrier aliquot shows
the majority of the microcarrier surfaces covered with green stained (viable) cells with scant foci
of red stained nuclei (dead). The cells exhibit morphology similar to the morphology of the
cells cultured in static conditions.

[0085] Fiow Cytomeiry Analysis. Table 3 shows the results (“+ positive” or -
negative”) for cell surface markers expressed by human Umbilical Tissue-derived Cells (hUTCs)
harvested microcarrier beads in spinner flasks versus hUTCs harvested from culture in static T
flasks. The table shows that the markers expressed by the cells produced by the two methods

were consistent.
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r 0.91 0.76 0.68 0.68 0.67 0.49 PDT 26 32 35 35 36 49 H LLEX(r) 11
Col | agen-coated Ni /225 cmi 3.0 x 106 3.0 x 106 Ni/cnR 1.3x 104 1. 3x
104 Nh/ 225WereRosio6ds4x 10' 8.1 x 106 Nh/cn2 4.4 x 104 3. PGI/UDRAOTRBIS4G . 7

1.5 r 0.57 0.47 PDT 42.1 51.1 %viability 98 97
Table 3: Comparision of cell surface proteins expression by Umb 050604B cells expanded in

static T flasks or on Cytodex 3® microcarriers in spinner flask systems and analyzed by flow

cytometry.
Cytodex 3°
Cell Surface Marker | Static T Flasks Microcarriers
CD 10 (+) (+)
CD 13 (+) (+)
CD 31 (-) (-)
CD 34 (-) (-)
CD 44 (+) (+)
CD 45 (-) (-)
CD 73 {(+) (+)
CD %0 (+) (+)
CD 117 (-) (-)
CD 141 (-) (-)
PDGFr-a L () (+)
HLA-AB,C (+) (+)
HLA-DR,DP.DQ (-) (-)
Conclusions:

[0086] Human Umbilical Tissue-derived Cells (WUTCs) were cultured on Cytodex 3%
microcarriers in impeller spinner flask bioreactors. The cells achieved 7.48 population doublings
over twenty days and had an average population doubling time of 69 hours. Cell viability per
passage ranged from 94.4% to 99.7%. Analysis for expression of thirteen cell surface markers
on hUTCs cultured on microcarriers was consistent with the cell surface marker expression by
hUTC:s cultured in cell culture T flasks. This work provides initial evidence indicating

microcarriers can be used to seed, expand, and harvest hUTC:s in bioreactor systems.

EXAMPLE 2
Growth of Expanded Human Umbilical Tissue-derived Cells (WUTCs) on MGSA, HA, and
PLGA Microcarriers in Spinper Flasks

[0087] Microcarriers used in conjunction with aseptically closed systems can
potentially produce commercial quantities of expanded Human Umbilical Tissue-derived Cells
(hUTC). Aseptically closed systems reduce operator manipulation required to expand and
maintain commercial cell products thus reducing operator error, contamination, and monitoring.
Microcarriers provide a substantially larger surface area for cell attachment as compared to cell

culture flasks, thereby producing higher cell yields.
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Tabl e 16b.

Count #2 Flask 1 HILLEX(r) Il Flask 2 Flask 3 Flask 1

Col | agen-coated Flask 2 Flask 3 Ni 1675 cn2 4.5 x 106 9.0 x 106 1.4 x

10" 4.5 X
104 6.7 X
x 101 1.7
105 2.4 x

WOR0B/0§05#1 106 1.4 x 10' N /cnR 6.7 x 103 1.3 BCTIG00Z/0E3846

103 1.3 x 104 2.0 x 104 NIV675 cn? 3.9 x 101 5.6 x 107 6.7
X 1070088D Fhe gility of/hXTCs@0 atidbif rm@ictocarriors hade of sBithetid Bedorbable x

lgigx%atgﬁegs éas]igﬁesgga%d,xinglgﬁngp tPé‘ab%l‘it} tozma6u£11tai% 'v?ﬁbﬁitygin spinner flask culture,
and to proliferate upon re-seeding into static culture. Expanded hUTCs were seeded onto
microcarriers comprised of poly-(D,L-lactide-co-glycolide) (PLGA), sodium hyaluronate (HA),
and poly(monostearoylglyceride co-succinic acid) (MGSA) materials. Commercially produced
Cytodex 3% microcarriers were also used as a control in this example. The material with cells
were cultured in spinner flasks for five days, harvested by trypsinization, and re-seeded into
static cultures. The re-seeded cells expanded in static culture within four days demonstrating
retention of their proliferative capacity. This example demonstrates the ability of synthetic

biomaterials to be used as microcarriers for spinner flaks culture.

Materials and Methods
Table 4, Microcarriers
Microcarrier Manufacturer Process Method | Avg. Size
{microns)
PLGA (85/15) IV 0.75 Alkermes (Willington, SCF 149
OH)
PLGA (50/50)1V 0.43 Alkermes (Willington, SCF 158
OH)
MGSAI Ethicon (Somerville, NJ} | SCF 195
MGSAII ' Ethicon (Somerville, NJ} | Spinning Disk 69
MGSA III Ethicon (Somerville, NJ) | Spinning Disk 104
HA NovaMatrix (Drammmen, | Torque 2000
Norway) Rheometer
Cytodex 3 Amersham Biosciences NA 175

[0089) Preparation of PLGA microspheres. PLGA microspheres were prepared by
supercritical fluid process (SCF). The SCF unit was autoclaved or wiped with 70% ethanol and
placed under the laminar flow hood. One gram of PLGA was poured into the chamber of SCF
unit under the aseptic condition. The SCF unit was closed was moved into the regular fume
hood. The unit was connected to an inlet tube with a 0.2-micron filter. Pressure and temperature
were 300bar and 35°C, respectively. The rotating speed of the blade was 250 rpm. The reaction
was performed for 15 minutes. After completing the process, the SCF unit was disconnected

with the tubes of the inlet and the outlet of CO; and moved into the laminar flow hood and the
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2.19 1.79 r 0.85 0.72 0.63 0.52 0.6 0.49 PDT 28 33 38 46 40 49
[0133] Study 3 Experinental Design. The purpose of this study was

t hr eef ol d; WO)20e8&6674 ne the grow h rate of hUTCs on HI LREDYS2907I0R383hd
col | agen-coated microcarriers in culture for up to 96 hrs. At

desi gnat edchaimier yasiopensdc bhe maters:] poduchd whd trepkferrédrio & lgendex witlpliquidusitregen
prepared fgr Eq‘lﬂ] nucl ei rel ease (CNR) counts. 2) Determne the

ef ficiency of € taypsinization process in renoving single cells
from m crocar r i[80%9] aRdepgetibn oGS bticonpheramMGSy mTarsphiees sveteamfpgred b? 4

m cron nes o used to
3) Result SPUSE' r%mﬁﬁpﬂmg\gﬁc%s cgljben C?Ougﬁé“%css\éﬁ?&ave AL gﬁ’?foé gd&a na[ng ol
conpar ed. &idghthe fararsk Sowdbral. pivegumehf MGRA waspoerd intga chapbertof 808 uﬁj) :

Thr ee flasks each ed, by, CNR at  desj gnated ti
oo nts.  oniert e ARG e 15t SRR3R vy MR Rl R
suspensi onTheamitfwas cemeded Wﬂa}bdrenli:t?tube\muh &bh2-edcrorGiled pRre@ni abl tenpaatue

T ke e IR e TR RS B ol in

Bell co was performed for 20 minutes. After completing the process, the SCF unit was disconnected
with the tubes of the inlet and the outlet of CO; and moved into the laminar flow hood and the
chamber was opened.

[0091] Sodium Hyaluronate Processing. Five grams of sodium hyaluronate
{(Novamatrix, Pharm 80) was weighed out and the dry powder was placed in full size bowl of a
Mixer Torque Rheometer (Caleva, UK.). After 10 seconds of mixing in the torque rheometer at
50 rpm one milliliter of ethanol/water (50/50 v/v} solution was added manually (using a syringe)
into the powder mixture. After the fluid addition, mixing continued for another 10 seconds at
the same rate and another milliliter of ethanol/water solution was added. This pattemn continued
until 5 milliliters of solution was added. The wet mass was placed into the horizontal screw
extruder attachment and a die containing 2.0 mm diameter holes equi-spaced on a single circular
pattern was placed on the end of the extruder attachment. Screw speed was 50 rpm and a hand
held ram was used to force the wet granulation into the screw. The formulation extruded into
discrete strands that dried quickly. Extruded strands were cut manually with a straight edge
razor blade into pellets of 2 mm in length.

[0092] Microcarrier Preparation. Approximately 1gram of each PLGA microcarrier
was suspended in 25ml Dulbecco’s phosphate buffered saline (PBS) for one hour. PBS was
removed by aspiration and materials were re-suspended in 25 ml of growth media for at least 30
minutes prior to inoculation.

[0093] Approximately 1g of each MGSA microcarrier was suspended in 25ml 70%
ethanol for 30 minutes to wet the material. The ethanol was removed by aspiration and the
MGSA was rinsed three times with PBS and re-suspended in 25ml of growth media for at least
30 minutes prior to inoculation.

[0094] Sodium hyaluronate (260mg) was sterilized in 25 ml 70% alcohol for 2 hours.
The ethanol was removed by aspiration and then rinsed three times with PBS and resuspended in

25 ml of growth media for at least 30 minutes prior to inoculation.
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included [0134] Cell suspension pool for seeding flasks Cells
suspended in Hayflick nmedia with phenol Red Cells suspended in
Hayflick nedia w thout phenol Red [0135] Constant culture conditions
for initiation CBAT serial hUTC |line 120304 Passage 10 Constant
stirring at Y5080 225 cne surface area per 50 ni s PSA/USHTIEE46d
Hayflick nedia 37Cl15% CO2 tp 4 Tinme points d2, d3 and d4
(expressed in hol¥?s! pdag day gefp lieéﬂﬂP'Hﬁym 7\7@3@6@%@34@»@:&@2@@3%@3846
Tabl e 18. Rﬁﬁi&t&&n@@nﬂl!’@@fdﬂatﬁ%t\lﬂm@% aﬁmﬁadveunoﬁ%hamkﬁaﬁﬁmﬂ%é
counts 47 hrs HIL g ti 8;53 hrsg47 hrs Col | agen- coat ed

95 hrs Ni/2258°€Wg™e Yésl’i{atmén pCyoded” gasgeguspapdedsn @TOMI@@EB’OW l@asm@
Ni /cm2 1. 3minuled frick taSin¥culd®ién. 1. 3 x 104 1.3 x 104 1.3 x 104 Nh/225 cnp
1.4 x 10" 2.2 x 101 7.3 x 106

Table 5. Microcarrier quantitj; used,

Microcarrier Milligrams No. cells Seeded
PLGA (85/15)IV0.75 | 700 9.00 x 10°
PLGA (50/50) IV 0.43 | 330 4.50 x 10°
MGSA I 470 4.50 x 10°
MGSA II 330 4.50x 10°
MGSA III 330 5.00x 10°
HA 261 4.50x 10°
Cytodex 3 775 9.00 x 10°

[0096] Inoculation and Culture. The materials, cell type, growth media, spinner flask,
inoculation and culture conditions, media exchange, viability staining and cell harvest methods
used in Example 1 are used in this example.

[0097] Cel! Harvest. Due to large amounts of biomaterial debris in the MGSA spin
disk (<75pm), MGSA SCF, PLGA 50/50) and HA samples, and the potential for clogging the
instrument, the harvested cells were not counted using the Guava® PCA. All harvested cells with

debris were re-seeded into T225 flasks. Microcarrier harvest yields were back calculated from

the re-seed harvest yields.

Results
[0098] AMicrocarrier Yield Calculations. Microcarrier yields are calculated based on 39

hours population doubling time or 2.46 doubling in a four day period (historical data of hUTC
growth kinetics in static conditions) The equation doublings = (Log10 (harvest)-Logl0 (seeded))
/Logl0 (2) is used.
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1.7 x 107 1.5 x 10/ Nn/cn2 6.4 x 104 9.6 x 104 3.3 x 104 7.7 x 104
6.8 x 104 PDL 2.2 2.8 1.3 2.52.3r 0.74 0.72 0.66 0.83 0.59 PDT
32.6 33.6 ¥6.24082808140. 7 Note: insufficient cells to SEAWSINT/023846
H LLEX(r) Il flask. In the H LLEX(r) Il group the first time point
(47hrs) wa¥ablefa.aEipalyfedll Yidldbl e 19. Results of trypsinization of
T-225cn2 cell control _at 73 hrs in culture expressed in whole cell

counts W bliétoeareier Red W PiemdlCelRed N Viakifityo® B. 0 x 106 3.0 x 106
Ni/ene 1. B s is Wb 7s O 1o S hge e 923

PLGA (50/50) IV 0.43 3.46 x 10° NA

MGSA I 8.51x 10° NA

MGSAII 3.31x10° NA

MGSA 111 2.30x 10° 94.3

HA 1.38x 10° NA

Cytodex 3 2.10x 10’ 99.2

[0099] Harvest Cell Re-Seed. Cells harvested from all materials (except Cytodex 3®)
v were re-seeded into T225 tissue culture flasks at approximately 5,000 cells per cm sq. The cells

harvested from all materials proliferated upon re-seeding

[0100] Expanded hUTCs were seeded onto PLGA, HA and MGSA materials, cultured
in spinner flasks for five days, harvested by trypsinization, and re-seeded into static cultures.
The cells that were harvested from the synthetic microcarriers were over 90% viable. The re-
seeded cells expanded in static culture within four days demonstrating retention of their
proliferative capacity. This example demonstrates the ability of synthetic biomaterials to be used

as microcarriers for spinner flasks culture.

EXAMPLE 3
Growth of Expanded Human Umbilical Tissue-derived Cells (hUTCs) on cellagen coated
MGSA and PLGA Microcarriers in Spinner Flasks

[0101] The ability of hUTCs to attach to materials made of synthetic resorbable
biomaterials with a collagen coating was investigated, including the ability to maintain viability
in spinner flask culture and to proliferate upon re-seeding into static culture. Expanded hUTCs
were seeded onto collagen-coated or uncoated poly-(D,L-lactide-co-glycolide) (PLGA) and
poly(monostearoylglyceride co-succinic acid) (MGSA) microcarriers. The microcarriers with
cells were cultured in spinner flasks for five days, harvested by trypsinization, and re-seeded into

static cultures.

-4 -



8.2 x 106 1.1 x 10/ Nn/cn2 3.6 x 104 4.7 x 104 PDL 1.4 1.8 r 0.46
0.59 PDT 52.2 40.7 [0136] Study 4 Experinental Design.

Det er m ne wbeomfobesai ency of hUTC recovery foll ow ng t heCT/US2007/023846
trypsi ni zati on process and whol e cell separation of hUTC from

H LLEX(r) Matexiath cdiMeeds- coat ed microcarriers. Four flasks were
prepared; two flasks per group (H and C). One flask from each group
trypsini zed was assayed by whole cell counts; the second flask in
each groupTasecasaayenrigs cell nuclei rel ease counts.

20081060544 PCFHUS2007/, 023846~ Tahl e20 \ariables: g‘_g,ufs,_g_ng__\ﬂ_used
# m crocaf Midpearrighe| | or PHARINAEEr  (gr ang Precsppdsthod Lave Sieer Y | |
675 1.32 [/.5 x 105 custom INone Col | agen-coatied 675 1 89 B(uficrondPd
Bel | co i ngluded

o

PLGA (50/50) IV 0.43 Alkermes (Willington, SCF 158
OH)
MGSA 1 Ethicon (Somerville, NI} | SCF 195

[0102] Microcarrier Preparation. Microcarrier Wetting- Approximately 1g each of
MGSA and PLGA microcarriers were aseptically suspended in 25ml 70% ethanol for 30 minutes
to wet the microcarriers. The ethanol was removed by aspiration and the microcarriers were then
rinsed three times with PBS and re-suspended 25ml of in Dulbecco’s phosphate buffered saline
(PBS).

[0103] Collagen coating. Wetted microcarriers (PBS) were pelletized by
centrifugation, the PBS removed by aspiration, and the microcarriers were re-suspended in a
2.9% collagen solution (Vitrogen 1000, Cohesion, Inc. Palo Alto, CA). The microcarriers were
incubated in collagen for 30 minutes. The residual collagen was removed by aspiration and the

collagen coated microparticles were washed three times with PBS.

Table 7. Microcarrier Quantities Used.

Microcarrier Milligrams No. cells Seeded
PLGA (50/50) uncoated | 260 3.50x 10°
PLGA (50/50) coated 260 3.50x 10°
MGSA I uncoated 330 3.50x 10°
MGSA I coated 330 3.50 x 10°

[0104] Inoculation and Culture The materials, cell type, growth media, spinner flask,
inoculation and culture conditions, media exchange, viability staining and cell harvest methods

used in Example 1 were used in this example.
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[0137] Cell suspension pool for seeding flasks Cells suspended in
Hayflick nmedia with Phenol Red Cells suspended in Hayflick nedia
w t hout PhwpabosRees4] 0138] Tinme in Culture; H LLEX(r) | IPOIS20N7H33896
his, collagen 72 hrs [0139] Constant culture conditions for

i nitiati onRes@BAT serial hUTC |ine 120304 Passage 8 9.0 x 106 cells
per 675cn2 constant stirring @55-60 rpm 675cn2 per 150 nls
Hayflick nedia 370 5% CO2 pll7.4 Table 21. Results of whole cell
counts and’l‘ﬂﬂé’fa rediidgswestuc| ei counts (NRC) fromcollagen at 72 hrs

Pre-filtrp-eon—Past—Fit+tratio |||\., ot ‘v’%"& gel |l NCR Whol e cel |
Recovery [V8O% 875 cnp 9]0 ‘“ﬁ'o‘g‘“" N AR (%), 1104 Nh/ 675 cne
2.5 x 10' | PLGA $50190) unto@ek 10 188xNMhY cnP 3. 7986104 3.2 x 104 3.2 x 104
PDL 1.47

PLGA (50/50) coated 1.15x 10° 97.6
MGSA I uncoated 1.82x 10° 09.0
MGSA I coated 2.39x10° 97.8

[0105] Harvest Cell Re-Seed. Cells harvested from the coated and uncoated MGSA
and PLGA microcarriers were re-seeded into T225 at approximately 5,000 cells per cm sq. Four
days after re-seeding the cells harvested from both materials proliferated to over 50%
confluence.

[0106] Expanded human Umbilical Tissue-derived Cells (hUTCs) were seeded onto
collagen coated PLGA and MGSA microcarrier, cultured in spinner flasks for five days,
harvested by trypsinization, and re-seeded into static cultures. The cells that were harvested
from the synthetic microcarriers were over 90% viable. The re-seed cells expanded in static
culture within four days demonstrating retention of their proliferative capacity. This example
demonstrates the ability of synthetic biomaterials to be used as microcarriers for spinner flasks

culture,

EXAMPLE 4

Growth of Expanded Human Umbilical Tissue-derived Cells (hUTCs) on gelatin
coated MGSA Microcarriers in Spinner Flasks

[0107] The ability of hUTCs to attach to microcarriers made of synthetic resorbable
biomaterials with a gelatin coating was investigated, including the ability to maintain viability in
spinner flask culture and to proliferate upon re-seeding into static culture. Expanded hUTCs
were seeded onto gelatin-coated or uncoated poly(monostearoylglyceride co-succinic acid)
(MGSA) materials. Commercially produced Cytodex 3® microcarriers were also used as a
control in this example. The microcarriers with cells were cultured in spinner flasks for five

days, harvested by trypsinization, and re-seeded into static cultures.
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1.28 r 0.49 0.43 PDT 49 56 WO 2008/ 060541PCT/ US2007/ 023846
Tabl e 22. Results of whole cell counts and cell rel ease nuclei counts
(NRC) fronwHdi2hasEeé:) 11 at 96 hrs Pre-filtration Post HGTlus2e7ioesssd 74
m cron) \Wole cell NCR Wwole cell Recovery (%9 N /675 cn2 9.0 x 106
Ni/cnm2 1.3 x 1QMateriabln€dFRetimd® 1.3 x 10/ 4.1 x 10/ 1.9 x 10/ 146
Nh/cm2 1.9 x 104 6.0 x 104 2.8 x 104

Table 8. Microcarriers

Microcarrier Manufacturer Process Method | Avg. Size
(microns)

MGSA 1T Ethicon (Somerville, NI) | Spinning Disk 104

Cytodex 3 Amersham Biosciences | NA 175

[0108] Microcarrier Preparation. See Example 1 for Cytodex 3% microcarrier
preparation. See Example 2 for MGSA microcarrier wetting and preparation.

[0109]) Gelatin coating. Uncoated MGSA in PBS were centrifuged, the PBS removed
by aspiration, and re-suspended in 25ml of a 2% gelatin solution. The microcarriers were
incubated in gelatin for 30 minutes. The residual gelatin solution was removed by aspiration and
the gelatin-coated microcarriers were washed three times with PBS and re-suspended in 25ml
PBS.

{0110] The day before inoculation, 775mg Cytodex 3% microcarrier beads were
hydrated in 40ml PBS for at least 3 hours and autoclaved. On the day of inoculation, the PBS
was removed by aspiration and the Cytodex 3% was re-suspended in growth media for at least 30

minutes prior to inoculation.

Table 9a. Microcarrier Quantities Used.

Microcarrier Milligrams No. cells Seeded
MGSA III uncoated 330 5.00x 10°
MGSA Il coated 330 5.00 x 10°
Cytodex 3 775 9.00 x 10°

[0111] Tnoculation and Culture. The microcarriers, cell type, growth media, spinner
flask, inoculation and culture conditions, media exchange, viability staining and cell harvest
methods used in Example 1 are used in this example with the following exceptions. The
inoculum speed/frequency was 30 rpm for 2 minutes every 30 minutes for 8 hours. At eight
hours media volume was increased to 100 ml for the MGSA and 250ml for the Cytodex 3® and
the spinner speed was set to 45-rpm continuous rotation and incubated at 37°C.

(0112) Media Exchange. After three days of culture the flasks were removed from the

stir plates and the microcarriers were allowed to settle. Approximately half (50ml and 125ml)
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were highly confluent as indicated by the high NRC counts. However,
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with a vi arl?lie‘giidty of 82% [0140] Study 5 Experinental Design.
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and CRN coliftSOYIIEY YEmp A CUF A BRI ency. Two time points were
eval uated. Cultures were seeded at the |l ower seeding density (6.66 x
103/ cnR). Tabl jﬁ% . Variables: Goups CVM2 W used # mcrocarriers

i mpel | er (gr ?ts(appox) H LLEX(r) 11 225 0.44 2.5 x 105 custom
Col | agen- costiledh.2@81 Bavast2. 9 x 105 Bellco [0141] Constant culture

condi ti onuwf.‘iccrgc;r!ritl; Aat-on C‘.a,l’—:\(';"taisg&iisa! hlVT&?;iI!itiy?%)190304 Passage 9
MGSA TII uncoated 9.71x 10° 89.8
MGSA III coated 1.05 x 10° 83.3
Cytodex 3 4,50 x 10’ 98.6

[0115] Harvest Cell Re-Seed. Cells harvested from the gelatin coated and uncoated
MGSA materials were re-seeded into T225 flasks at approximately 5,000 cells per cm sq. Four
days after re-seeding the harvested cells, the cells proliferated to over 50% confluence.

[0116] Expanded human Umbilical Tissue-derived Cells (WUTCs) were seeded onto
MGSA matenals, with a gelatin protein coating, cultured in spinner flasks for five days,
harvested by trypsinization, and re-seeded into étatic cultures. The cells that were harvested
from the synthetic microcarriers were over 80% viable. The re-seeded cells expanded in static
culture within four days demonstrating retention of their proliferative capacity. This example
demonstrates the ability of gelatin-coated synthetic biomaterials to be used as microcarriers for

spinner flask culture.

EXAMPLE 5
Feasibility of SoloHill Microcarrier-based hUTC cuitures for cell production and recovery
[0117] Growth of expanded hUTCs was evaluated on microcarriers manufactured by
SoloHill, Inc. SoloHill Engineering, Inc. (Ann Arbor, MI). The microcarrier beads are sold by
SoloHill in their catalog, and will be referred to here as collagen-coated (catalog no. C104-1521),
HILLEX® II (catalog no. H112-170), and pronectin-coated (ProNectin F, catalog no. PF104-
1521).
[0118] For hUTC production in serum-containing media, collagen-coated, pronectin-
coated and uncoated HILLEX® II microcarriers were evaluated for (1) cell attachment, (2)

spreading, (3) growth, (4) efficiency of cell dissociation and (5) cell separation from
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riumber at culture initiation (seeding density (Ni)), cell harvest at a specified time point (Nh),
time in culture expressed in hours (t), population doubling level (PDL), population doubling per
24 hours (1), and hours per population doubling (PDT).

[0119] In these studies uniform cell attachment to HILLEX® II and collagen-coated
microcarriers occurred within 1 hr and 4 hrs respectively. Pronectin-coated microcarriers were
eliminated from this example due to unsatisfactory attachment results. Similar to h(UTC grown
in gelatin-coated T-225 tissue culture flasks, spreading occurred soon after cell attachment to
HILLEX® I and collagen-coated microcarriers. The measurement of growth, based on Nh and
PDT values, were used to compare tissue cultures and microcarrier cultures; cells grown in T-
225 tissue culture flasks were used to seed microcarrier culture experiments 1 through 5. For
cells grown in T-flasks, Nh values were within a range of 3.5 x 10%/cm? to 6.9 x 10%/cm’ and
PDT values were in the range of 26-36. Using nearly identical cell culture conditions for the
microcarrier culture feasibility studies, Nb/PDT ranges were basically identical to cells grown in
T-flasks. The two outliers appear to be associated with the 92 hrt 4 time point indicating,
perhaps, that cells were in the stationary-death phase. Removal of cells from HILLEX® II and
collagen-coated microcarriers and T-flasks resulted in robust, single cell suspensions. These
preliminary results are promising and required for microcarrier culture scale-up of hUTC s.
Separation of cells from HILLEX® II and collagen-coated microcarriers yielded recovery rates
ranging from 72% to 146%.

MATERIALS AND METHODS

[0120] Reagents: All Studies

Tissue culture flasks - T-225 Corning, lot# 13005020

2% Porcine Gelatin — Sigma Corp.

Culture Media - DMED low glucose, 15% FBS, 1ppm BME, 1% penicillin/ streptomycin
hUTC line: Umb 120304 P6

Belico spinner flasks- 100 to 250 working volume custom impeller by SoloHill

Engineering, Inc. Bellco straight blade impeller.
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r 0.89 0.94 PDT 27 26 Tabl e 25. Results of whole cell counts and
cell release nuclei counts (NRC) fromIIILLEX(r) Il at 69 hrs
Pre-filtrawoansRestt1filtration (74 mcron) Wole cell BGRISMoNessee! |
Recovery (%9 Ni /675 cn2 1.5 x 106 Ni /cn2 6.7 x 103 Nh/ 675 cnR
8.9 x 106 Balle 20.10Aol6illEngint&ngMichivhemi@s 4. 0 x 104 4.0 x 104 2.8 x 104

PDL 2.56 2M?c7rocarrier Diameter Surface Area | # microcarriers/gm
(microns) (cmzlgm)
HILLEX® II 160-180 515 57x10°
Collagen-coated 124-212 360 46x10°
Pronectin-coated 125-212 360 46x10°

[0121] Spinner flask volume used for studies. Rate was 225 cm*/50mls and 675

c¢m?/150mls as indicated in studies 1 through 5.

[0122] Abbreviations.

Ni= cell number at culture initiation (seeding density)
Nh= cell harvest at a specified time point

t = time in culture expressed in hours

PDL~ population doubling level

r=population doubling per 24 hrs

PDT=hrs per population doubling

Microcarrier Preliminary frypsinization Method

[0123] The flasks were transferred from the incubator to the biological safety hood
allowing the HILLEX® IT® or collagen-coated microcarriers allowed to settle by gravity. The
media was removed from the settled microcarriers. The cell-laden microcarriers were
thoroughly rinsed by adding DPBS at a rate of 2x -4x volume of the bead pack to the vessel
being careful not to douse the microcarriers and dislodge the cells. The flask containing cell-
laden microcarriers were then washed at 40-55 rpm, room temperature, for 15 minutes. The
DPBS was removed and the wash step repeated. After removing the second rinse of DPBS,
trypsin (0.05%) was added at a rate of 1x-2x volume of microcarrier pack. The flask containing
cell-laden microcarriers was stirred at 40 rpm-55 rpm at room temperature for 15 minutes. The
cells were removed from the microcarriers using microscopic observation in a 50-100ml pipette.
The microcarriers were moved up and down gently in the pipette to completely dislodge the
cells. The microcarriers were allowed to settle by gravity and the cell containing supernatant

was collected by pipette.
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r 0.89 0.89 PDT 27 27 Note: the 25m post-filtration cell
suspension fromthe H LLEX(r) Il culture was transferred to a T-225
fl ask. Thiwocodstodesal represents all the cells fromthe HdIIERX¢a7)0238k6
culture at 69 hrs. The next day the cells were be trypsinized and
counted. The as¥urept Dorlowvas:t Segbgon SuadplibdeMidredatréer Celtdre; Tukine samslagbr
and spreadt bteforg rgﬁl.i C;fi‘ttj ng“thterefgre the cells rescued at 24 his
will equal “AHE RETPLIBEHRLHPTTEHOARERPL LEX(r) 11 culture. WO

2008/ 06054 1 PCTI[0122D 0 Th2iBB 6cshelwtas traG ferieid fromnttie: indubdtbrcto The Difogiaal datte

o, 247 SESISRAL I L0 VTG LT 10 Rl S gt
whol e cel | aliaointss obamed with a t ehbgEipate pxiedded tieighbee shleMRE)f it v&2e] it the
Col 1 agen S0 2 bt ST 360, G004 GhomlIOHE, ks P BARRRIRL S
x 103 conical tube. (Note: for cells/ml, the bead pack is part of the 10ml volume removed from the
culture.). The microcarriers were allowed to settle by gravity and the media was removed by
pipette. The cell-laden microcarriers were rinsed twice with Sml of DPBS. After removing the
second rinse of DPBS, trypsin (0.05%) was added at a rate of 1x-2x volume of microcarrier pack
and allowed to set for 10 minutes. The microcarriers were gently pipetted and dispensed
repeatedly creating single cell suspension. The microcarriers were allowed to settle by gravity
and the cell containing supernatant was collected by pipette, and the cells were counted.
[01251 Nuclei release method. A 1 - 10 ml homogenous microcarrier culture sample,
taken with the impeller rotating at 50-60 rpm, was transferred to a tube then centrifuged 200g for
5 min before the supernatant was discarded. (Note: HILLEX® II did not require centrifugation).
The pelleted microcarriers were suspended in Iml 0.1M citric acid (dissolved in water for the
hypotonic effect) containing 0.1% w/v crystal violet. The contents of the tube were mixed well
with a vibromixer (1 min} and then incubated for 1 hr at 37°C. Evaporation of the contents of
the tube was avoided by using either a humidified incubator or by sealing the tube with plastic
film. After incubation the contents of the tube were mixed again with the vibromixer before the
released stained nuclei were counted with a haemocytometer. The microcarriers in the sample
do not interfere with the counting, The samples can be stored for up to one week at 4°C. This
method of determining the number of cells in the culture is most accurate when cultures are
evenly suspended and when culture conditions have avoided aggregation of the microcarriers and

cells.

[0126) Study 1 Experimental Design. The object of this experiment was to define basic
culture requirements for cell attachment and uniform distribution of cells among three types of
SoloHill Microcarriers. (I-HLLEX® II (H), Collagen-coated (C) and Pronectin-coated (P)). Three
microcarrier groups with two spinner flasks per group were set up. One flask in each group was
initiated with constant stimng and the second flask in each group initiated with an intermittent
stirring cycle (i). After 72 hours in culture, the contents of each culture flask was prepared for

cell nuclei release counts.
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6.7 x 103 Nh/225 cnR 1.2 x 10" 1.2 x 10" 1.4 x 10" 1.2 x 10" Nnh/cn®
5.2 x 104 5.4 x 104 6.3 x 104 5.2 x 104 PDL 3.0 3.0 3.2 3.0 r 0.77
0.78 0.85 wonr8osRRIF481. 2 30.8 28.2 30.8 [0142] |IRCTVGBR605/023846
studies, uniformcell attachment to HILLEX(r) Il and col | agen-coated
m ccrocarriers [025Ur Vatbisst hin 1hr and 4 hrs respecti vely. Pronectin

lim d h
fosul s, 51 a0 EEobReS SPRRRR i bR S Blondi e B6AE R i

fl asks, spreadieachgagurred soon after cell attachment to 1-11LLEX(r)
| T and col | age@ cs‘s%ated '.%;oc 58r| ers. The measure of growth based on
Nh and PDT val (e 00T YR LY ssue cul tures and

mcrocarrier cubthstmesirringdt 56-60 tpmyor infernlitteit Stidring S ot $0460rpfnl ang 8BS min

were used tQ_.see crocarri culture experinments 1 through 5. For
ol 1 or oubf i R oS g Tap il oSt o range of 3.5 x
104/cn2 to 6.9 3 Iﬂzﬁﬂleﬁh@usﬁiﬁdmﬁﬂTer\ﬁﬁlthbﬁﬁLMX@IIInilcﬁobtﬁne’raﬂlgﬁesoﬁelﬂ:ﬁ-uﬁﬁeﬂer
Usi ng near%\é ent cell. culture conditions for the mcrocarrier
cul ture feREMGHYPP eré’[“ffafaégergﬁq?‘?‘DT ranges were identical to cells
grown in 1-flasks. The two outliers appear to be associated with the
921 nst 4 t i Teblpbl. Metritspera2beny’ of miiabeqreiehaps cel|s were in the

stati onar yyglgaldiribhase. ReRmvREd Of #Qﬁhio%aﬂrfe?ﬂabﬂ:d-x?tx(!’) I,

col | agen-foated m crocarjri ers, ang flasks resultgd in robust,

singl e ce| |l suspensions.| TK&Z8®Sk eqults were pronisiing and required
for mcromlpuuure ScylL- Up [afs:higTCs. Separatji on of cells from
H LLEX(r) and collagan-coated gicrocarriers yielided recovery rates
rangi ng f %aEQ%@EdMGOo B0AMPLE 26 *d%wt h of Expanded Human

Unbi |'i cal [P LSRG VEY Celgiag (MWhls) P Cytodex J(r) Mcrocarriers
in Wave BlLoreactor Systens 0143] Mcrocarridrs used in
conjunction with aseptl cally closed systens can potentially produce
conmer ci al [04RRnEPnsiaateuliiresamiitinaett itisten; unbi | i cal tissue derived
cells (hUTCsbSCés%pat & Ic(ltyreg%gé@: /5t ems reduce operat or

mani pul ati on“fequi rea rral ntain commercial cell products
t hus reducmgOap@?e&lleﬁMﬁnfor contam nati on, and nonitoring.

M crocarri ers rovi de a substantially Iarger surface area for cell
attachment 4B ?orrpared to cell culture flasks, thereby producing

hi gher cel | « yjoe} §%.CO, 101441 The current vvork provides initial
nmet hods for the expansion on_mcrocarriers in an aseptically
cl osed Wave® BPAtleepal hWiE ]‘“"oi%??%‘h%"tsi?ﬂe§ystem (Wave Biotech LLC,
Somerset, NJ). Using the bel ow nethods, hUTCs were initially seeded
onto Cyt odmgs@(jg mcrocarriers in a 250nTL spi nner flask system and
cultured for five days. The mcrocarriers with attached cells were
then transferr gsi2bnt Op2 MAYR: SYSLEXR T ONfudds Fhdhed Al BN BlstribREnAnd@ fole
cell free mcrocarriers and cultured for seven days., The transfer or
passage ofMErciEen cofiuphevithselisbodhist ponatantistiniag apdyin ﬁ@tfmomfféycé%t em
was achi eviegliapbnt db2tdl riidistattcduret ERoRSH BrifoFd ic8ll @btibitRA heSsiidle B3 Rters
derived product fromthe cell expansion process, The hUTCs achieved

3. 02 popul @nfigat wiskieall Wl sopstans stirEngs Gwa&méomlcww@wtemlﬁmw&t
the cells WRHR fEMBI it Jihdhsk it eRicRRadkds aFgng’a&wlm &S &@i‘ﬂ?hx‘%@nd the
MATERI ALS AND METHODS [ 01451 Cells. hUTC [ine 120304 assage

101461 Mechegrestien dsapatically deraasiedke octh gpusts: REveciincoNElicrasomgl qriiprgeyvere
15% f et al Mmsﬂ@toaﬁfsa t{cEERtureREMMittdnb In baHSdéupRt omycin (P S),

Bet amer capt oet hanal VE) 250nil SPI NNER FLASK Cul ture 101471

M crocarriers. Cyt odex 3(r) (CE Healthcare Life Sciences, cat. no,
17-0485) mcrocarrier beads were hydrated in PBS for at | east 3 hours
and autocl aved. [ 01481 Spinner Flasks. Spinner Flask with

I nternal Overhead Bearing Inpeller Assenbly, 250miL (Bellco, Inc.)
[0149] Inoculation and Culture. Cells at approxinmately 70% confl uence
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[ 0150] Mcrocarrier Transfer and Equi prent Loading. Mcrocarriers
with attached cells were harvested fromthe 250nl spinner flask and
re- suspendwo 2008/0660l nedi a. This sol ution was added t o RCTAIS2MAME3846

bi oreactor bag (cat. no. CELLBA®L/S-NU) containing 1L nmedia and 2. 4g
hydr at ed amlsbla2.ORésalteef ol AttdchmentOytMidacadiend crocarri ers. The Wave
bag was | oaded onto a Wave Biotech 2/ 10EH system to the Wave bag was
infl ated per manufacturers specs using 5% CO2- at nospheric. The
system's heating pad was sét to 3Censtant [O01%11 | nogenaictitn Phasge.
The 2/ 10EH system was set at a 2 angle and a focki ng speed, of 6 1pm
for approki mately 16 hours |( dV¥r nj dﬂ’t"f 24 brs 1 oddy1 |pdduRs| df BPhase.

The 2/ 10EfCayshemmends set 4§t @& 5 [angie png @ 1ocCk ng mpg@d efPEl@ | r pm
f or sevenidavs 101531 Viability Stalni ng. A ali 'um'r of

medi a and| AelEwEedPEi ers wele transfdired H al15nt conHSaI ‘t e and

the m cr ofRE hkRhmeier € al | QWepR T J Ssepar pt by [grgwi [[y. NVed[a was
renoved by aspiration, repllaced with Ilm 1ivelDead dtaining solufion

(Mol ecul arNPPR;Qﬁéslgcat no. L3BBES | &KL i hcWbat ¢dLFBE [15PFKi nut &F af
37C. Aft_e P rﬁ%ﬂ‘dﬁ’d&h o = FAVRRIIGHEC ter T quo 0{: the Tettsuspensi on
was applied to a glass mcroscopd slidel and observed by fl lorescent

m cr oscopyUnifdmeelt distributymailn §r egn dhd deHdC cel | H stjai fred. H
M cr oscoprgfietd Sranuatty janatyzed—to ¢vat vatie—tthe

di stri but Ighcr%cgh\%?%fégﬁédél |s adhered to| the mcrocarriers. AtCI eqst
three m cyOstaggicgationel ds were evgl uat ed| af# t he apprioxi matfe PF

Al al |l + A N1C 41 'al
per cent age—ef—v+-abte—ceHswas—counted: 01541 CcetH—Harvest:

M crocarriers were collected fromthe wave bag into four 250ml
coni cal t ubsifie 13Vvasd3alts dffNueRi Cowting iAiite PBfrs.dn Culterd(i-nackrinitteat)one 25001
coni cal tube. Mcrocarriers were incubated with 25ml typsin for 10

m nut es alt 37 Cwth agitiatdmn.| Tulpas wer e Ibnoughtpmp 200 ni ppal Uime

with PBS land—mcrocarriers—were allowed +10 sett 7| by grg‘\li tyl
Supenat an A3REn7AS eﬁg celll #4as| ¢OPFALt ed @ﬁ}“g’s ' onO-Bhd 30
transferrjed to 250mL conifcalj tubqesg,pr[e‘L IHOE‘:leM h 10l of [FBS
(yi el di nga-5%-EBS—sgolutilon to trvnsin) Thi.s prlocessl|was

repeat ed tyRilagsmioatedith 4l Izzlﬁra‘cv‘?ﬁOBP‘is!Ocon%‘?o;‘?]égo15 A 1-0hdr 08&tled’tel | s

were centffifuged, resuspendgd 1N |3€kUM COoHg Ty°Ng or oW i medi a, and
cells wer ed by usilng a Guava(r) PCA instr nt Tahl e 28

Resul ts: | MBLBES8Y 060541 PCTRREISA0894 838846l HasEhge 285ede@66/i [l 3 Days
Expansi onDoubf g Hour S7TDogbt TNy 33  J90 )x5‘;ﬁpx (h7 L 99 00X 106
7.29x107 {12 8.1 3 .02 95.43 301505 e {ra sfer iof cellls ffom
the 250nt| BBLEXEALF | ask to Xhe V&R x 40’5 elndbiad)’ ac 706y ¢d0.6f t hd6# 1 he
use of trypsrm—This—etrngtes agzanpT wed—proguct—fromthe
cel | expansion process. The hUICS :%.gl’flp $edﬂ§l jO0 opul at i on |doubl il ng
in 12 days in the Wave system At harvest, the cells were evenly

di stributed on al I Thi n t

the ability of [@13b]an}é gdpﬁ%'ﬁ{nglfrﬁﬁ%%% hémé l?'qtl ss%%orgg g\%gagageglo Ehiﬂ,ﬁgg I
seeded, empmmdadﬁr caritare liratiatios tvd tbef usein Tk ontemittent sgrringcpdle is medequired\or e

Bi ot ech bi ) LE 7 G ow h.of Expanded Human
Urbilical i ssue ernlyéslnedsPrT%eﬁhi1 Ngrméfmamm@}ed%ex 3(r) Mcrocarriers
in a Three Liter Bioreactor Systems [0156] M crocarriers used
in conjunction S caII sed t ens

pr oduce com*reré&g}mq%aﬂpﬂf: es" "’ft'%exp dls%lds ﬁu‘r%’ﬁeun{ﬁsq(%seegﬁ"gacnsstomhe
tissue- derHU/“EbIgme’rhl mdn(ds,Lm@)mcré@amr goapd \yutc.‘i feskehes yrotewere idithisgie Each of

oper at or ni gul atipn re U|r n Ci a
P otncts 10t BRI RN o R odrifmddy FABR KRR oD EBY PR TR oty oo |
M cr ocar r i eedaspr quantileive asepos oactimapdint betavegedaystiarddacia celtvea f or cel |

attachnment as conpared to cell culture flasks, thereby producing
hi gher cell vyields. [0157] The current work provides initial
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[0169] Harvest A 5L Labtai ner

no.

SH30640. 01) was sterile
The cont ai ner
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y drain.
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[0195] Inoculation and Culture in 100 m Spi nner Fl asks.
Cryopreserved vials of hUTC were thawed, washed and resuspended in
grom h nedwea.208/08654F06 hUTC were added to 1.2 g of HI LIFEXAIS2007H23846X
103 cells per cn2) in a 100 m spinner flask, containing 100 mM nedia
and pl aced on a{ﬂmsl nﬂmdy .ibE.&te&er&&l De@zgﬁomapmpomﬂrﬁmnwsmsdﬁedﬁlm)

Spi nner fl asks.o i 5% ssue
cul ture i n@ﬁ%m‘fng r s‘3 nd |HH% uénh%{—[%cgi For Iﬁflﬁk@@ aggo %ﬁf? smwmcamers ORI
Passage of fot Gﬁ)tolﬁﬁ hBpi Atrdesigriated sitne Guihts laoﬂeﬂtmfﬂ&(ﬂaﬂis 1iSthe axmrpld-'\bas ixrepared

Cul ture. n SpLemved from it nner a

and the m oF GauriebPleRRInk] A, 8 phETRaTHe ek bF e Rt Shaibim
was renovei rhyoﬁ@ single cells ﬁamdmtﬂoeaamc&mdmem gapﬂmtixrn(fmr micﬁfcarpam kxsmg ihd
adherent cells wa resu @ ¢ thresth Wi 3 H ?

ni crocar r i BFFEAPE Sﬁﬁar?er °8 f"l”“él S\XEFB PR RS est“ %?\fs‘ﬁdli’ $%ls
by pi pett ecdmtsancﬁ&ﬂ] réttasedriualeidoutits avste compdred. Bighy fldEOweatk pfepfisd) Bmoinkedth
rredlumand4 m crocarriers crocarrier
Cont ont - or SO Ot ASES PASET A P st o R gt At i s
flask was Ohefaskifsaciteron Wassypibiiedd apd &k eclbRikpehsiobRasfi@iedcont i nuous
rotation. Spinner flasks on spinner plates were placed in 5% CO2, 37C

tissue culture incubators and incubated for three to four days.

[0197] Paspage1nRfvisdlesOO n Spi nner Flask Culture to Five 500 m
Sp| nner Flask - Cultures A.500 spi-nner-fl ask-vwas-rempved-fromits

—S 1T

spi nner pl at €SEOMBS t he| ricEY ocaW‘l‘EF‘g Wemigroganrisgily impelies: { | RhenolRed
supenat ant medi um was| r enoved (Eam8s Pi I afappek) andf t he renpi ni ng

m crocarrij h—adherent_cells was resuspended i h 50 1 fresh
growt h nedi éﬂfl,gp;j?oﬂm alZyuol ¥4t he niztHihrri br S h| adH9ENt

cel I s was[ Ehfgeeqardd [Cal2ky t [ amsdaer 1 ed Dyx pof'pet € Rellcd 1 VE adlpanal §
500 mi sph nner flasksl each containing 490 nd esh grawth nedium and

4.8 g 111LLEX@| mcrocarriers (6 g final mcrocarrier content or 12

o/ L final s Oéé][sru'sﬁeﬁx31619}5}ﬁ)?fbtrﬁe%&hgmsks The spinner flasks were then
placed on a spinner plate set to m_continuous rotation. Spinner

fl asks on spf ni§els WW@W\HP@%@WFW@%]@@ 37C tissue culture

i ncubat ors apd [ 0198] Harvest
of Cells Adhgrgﬁpsc%ﬁ%?e %E%L{E%éwﬁ%‘?%%gﬁqeg@é% A spinner flask was
removed fromits spinner pI ate and the mi crocaniers with adherent
cells wer 0, The supernat ant nedi um was
asepti cal ﬁ‘y’ﬂﬁp%ﬁép U&% f}%s% %E equal to the working vol une of
t he spinner #| MTmsalmUd‘édmbdﬁ@ﬂéP&pngnrh@r flask ind the

m crocarriers [ | | one |l e by gravity. Upon settling of the
m crocarri er's,&ﬂsga“gggn% 5%3%8? ally aspirated and a vol unme of
TrypLETn Sel ect2®etiadurfice alh petotniisotdimsicttd Hagflivkmedies added to the
spi nner flask. _The spinner flask was then incubated on spinner plate
for 10 m nutés3?;1tc é%’q(f?m continuous rotation. The spinner flask was
removed fromipg7spinner plate and the mcrocarriers were allowed to
settle by gravity. Using a 25 nl serol ogical pipette, the

mi crocarri ery TRYPLERNS & 02and ddpiprasesd imbeursagptiinifigionby pi pet ting up
and down -10 tines to dissociate residual adherent cells fromthe

m crocarriers. The cell-containing supematant was coll ected by
repeated pipetting and transfers to nmultiple conical tubes fitted
with 100 mcell strainers. The tubes were filled with 5 m PBS prior
to collection cell suspensions. After collecting the cell suspension,
the tubes were centrifuged for 5 mnutes at 300 rcf, the supenatant
decanted, and the cells re-suspended in growth nedi um 10199]
Viability Staining. A1 m aliquot of nediumand mcrocarriers were
transferred to a 15 nl conical tube, were the mcrocarriers were
allowed to settle by gravity. Mediumwas renoved by aseptic

v

A\1”4
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Passage Seeded Yi el d Expansi on Doubling Total Doublings Tinme (Days)

Hour s/ Doubling O 3.75E+05 1.00 1 3. 75E+05 4. 54E+06 12.11 3.60

3. 60 3. 00 w0.20d8/080531 75E+05 3. 49E+06 9. 31 3. 22 6. 82 4. 0(PCAWBB 7823846

3. 75E+05 1. 68E+06 4.48 2.16 8.98 3.00 33.28 4 3. 75E+0S 2. O7E+06
Table 18. Results of growth curve expressed in cell release nuclei counts

HILLEX® 11 Collagen-coated
47 hrs 73 hrs 95hrs | 47hrs 73 hrs 95 hrs
Ni/225 cm® 3.0x10° | 3.0x10° | 3.0x10° [ 3.0x 10° | 3.0x 10°
Ni/em® 1.3x10° | 1.3x10° | 1.3x10° | 1.3x 107 | 1.3 x 10°
Nh/225 cm” 14x10" [ 22x10" [ 73x10° | 1.7x10" | 1.5x 10’
Nh/cm® 6.4x10° [ 9.6x10° [ 3.3x10° | 7.7x10° | 6.8x 10*
PDL 22 2.8 1.3 2.5 23
I 0.74 0.72 0.66 0.83 0.59
PDT 32.6 33.6 36.4 29.8 40.7

Note: insufficient cells to seed one HILLEX® 11 flask. In the HILLEX® II group the first time

point (47hrs) was not assayed.

Table 19. Results of trypsinization of T-225cm’” cell control at 73 hrs in culture expressed

in whole cell counts

W/o Phenol Red | W/ Phenol Red

Ni/675 cm® [ 3.0 x 10° 3.0x 10°
Ni/cm® 1.3x10* 1.3x 10
NW/675 cm® | 8.2x 10° 1.1x 10
Nh/cm” 3.6x 10° 47x 10°
PDL 1.4 1.8

r 0.46 0.59

PDT 52.2 40.7

[0136] Study 4 Experimental Design. Determine the efficiency of hUTC recovery

following the trypsinization process and whole cell separation of htUTC from HILLEX® II and
collagen-coated microcarriers. Four flasks were prepared; two flasks per group (H and C). One
flask from each group trypsinized was assayed by whole cell counts; the second flask in each

group was assayed by cell nuclei release counts.
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5.51 2.46 11.44 4.00 38.97 5 3, 75E+05 1.95E+06 5.21 2.38 13.82 3.00
30.23 6 3. 75E+05 2. 84E+06 7.57 2.92 16.75 4.00 32.87 7 3. 75E+65
1. 42E+06 3wo2ods/8@s418. 67 3. 00 37.48 8 3. 75E+05 1. 44E+06rCH/ 8200093846
20.61 4.00 49.46 9 3. 75E+05 1.91E+06 5.09 2.35 22.96

Table 20. Variables:

Groups cm’ Wt used | # microcarriers | impeller | Phenol Red
(grams) | (appox)
HILLEX® II 675 1.32 7.5x 10° custom None
Collagen-coated 675 1.89 87x10° Belico included

[0337] Cell suspension pool for seeding flasks
¢ Cells suspended in Hayflick media with Phenol Red
e Cells suspended in Hayflick media without Phenol Red

[0138] Time in Culture; HILLEX® II cultures 96 hrs, collagen 72 hrs

[0139] Constant culture conditions for initiation
s CBAT serial hUTC line 120304 Passage 8
e 9.0x 10° cells per 675cm’

s constant stirring @ 55-60 rpm

e 675cm? per 150 mls Hayflick media
e 37°C/ 5% CO;

e pH74

Table 21. Results of whole cell counts and cell release nuclei counts (NRC) from collagen at

72 hrs

Pre-filtration Post filtration (74 micron)
Whole cell NCR Whole cell Recovery (%)

Ni/675 cm* | 9.0x 10°

Ni/cm® 1.3x 10"

Nh/675 cm® | 2.5x 10’ 2.2x 107 2.2x 10 88

Nh/cm* 3.7x 10° 3.2x 10° 3.2x10°

PDL 1.47 1.28

r 0.49 0.43

PDT 49 56
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4.00 40.88 10 3. 75E+05 1. 05E+06 2.80 1.49 24.44 4.00 64.63 11

3. 75E+05 1. 77E+06 4.72 2.24 26.68 3.00 32.16

W02008/ 06 05 0LPBR6e3E2007/ 023846 Tab e 33. Conti nuous culROUIVES207/0RIFTC

i sol ate 120304 on T75 (flask 2) in Advanced DVEM F12 + 4.0mM G u
aMAX(r) + 7Tl PBResaltyeficmd: @NVEME M diced rd@seniolli oot NRC) TrdayHIEEX®
Fl ask 2 Paﬁ%?g§8§$6d6d Yi el d Expansi on Doubling Total Daubrings |ine

(Days) Hours ing o 3.75E+05 1.00 1 3. 75E+05 3. 87E+06 10. 32
3.37 Pre-filtration Post filtration (74 micron)
Whole cell NCR Whole cell Recovery (%)

Ni/675 cm® | 9.0 x 10°

Ni/em® 1.3x10°

Nh675cm’ [ 1.3x 10 4.1x 10 1.9x 107 146

Nh/cm* 1.9x10° 6.0 x 10° 2.8x10°

PDL

T

PDT

Notes: at 96 hrs BILLEX® I CBAT cultures were highly confluent as indicated by the high
NRC counts. However, following trypsinization there was much viscous material indicating a
massive dead cell population as indicated by the low whole cell counts. Cells that escaped the

viscous material were single cells with a viability of 82%.

[0140] Study 5 Experimental Design. The efficiency of CBAT trypsinization and
whole cell separation from collagen and HILLEX® II microcarriers will be evaluated. Eight
culture flasks were prepared; four identical flasks per group (H and C). One flask from each of
the two groups was trypsinized and cells filtered through a 74 micron mesh filter; the second
flask from each group was assayed by cell release nuclei counts. Whole cell counts and CRN
counts were compared for consistency. Two time points were evaluated. Cultures were seeded at

the lower seeding density (6.66 x 103/cm2).

Table 23. Variables:

Groups em’ | Wtused | # microcarriers | impeller
(grams) (appox})
HILLEX® II 225 0.44 25%10° custom
Collagen-coated | 225 0.63 2.9x10° Bellco

[0141] Constant culture conditions for initiation
s CBAT serial hUTC line 120304 Passage 9
« one cell suspension pool for inoculation

e constant stirring @ 55-60 rpm
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3.37 3.00 21.36 2 3. 75E+05 3. 62E+06 9.65 3.27 6.64 4.00 29.35 3
3. 75E+05 2. 01E+06 5.36 2.42 9.06 3.00 29.72 4 3. 75E+05 2. 21E+06 5. 89
2.56 11. 62W0.208/BF452 s 3. 75E+05 2. 04E+06 5. 43 2. 44 14 W3/6200/028460

6 3, 75E+05 2. 21E+06 5.89 2.56 16.62 4.00 37.51
e 225 cm? per 50 mls Hayflick medium with phenol red

o 37°C/ 5% CO,
e pH74
e time in culfure; 69 and 92 hrs

o 150 x 10* cells per 225cm’

Table 24. Results of whole cell counts and cell release nuclei counts (NRC) from collagen at

69 hrs
Pre-filtration Post filtration (74 micron)
Whole cell NCR Whole cell Recovery (%)

Ni/675cm” | 1.5x 10°

Ni/em” 6.7x10°

Nh/675 cm® | 8.9 x10° 9.8x10° 7.0x 10° 79

Nh/cm® 4.0x 10° | 4.3 x 10° 3.1x10°

PDL 2.57 2.7

T 0.89 10.94

PDT 27 26

Table 25. Results of whole cell counts and cell release nuclei counts (NRC) from HILLEX®

IT at 69 hrs
Pre-filtration Post filtration (74 micron)
Whole cell NCR Whole cell Recovery (%)

Ni/675cm® | 1.5x10°

Ni/em® 6.7x10°

Nh/675cm® | 8.9 x 10° 8.9x10° 6.4x 10° 72

Nh/cm* 4.0 x 10° 4.0 x 10° 2.8x10°

PDL 2.56 2.57

T 0.89 0.89

PDT 27 27

Note: the 25ml post-filtration cell suspension from the HILLEX® II culture was transferred to a
T-225 flask. This culture represents all the cells from the HILLEX® II culture at 69 hrs. The
next day the cells were be trypsinized and counted. The assumption was made that the viable
cells will attach and spread before replicating therefore, the cells rescued at 24 hrs will equal the
cells plated from the HILLEX® I culture.
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7 3. 75E+05 2. 17E+06 5.79 2.53 19.15 3.00 28.43 8 3. 75E+05 3. 09E+06
6.24 3.04 22.19 4.00 31.55 9 3. 75E+05 2. 39E+06 6.37 2.67 24.87 4.00
35.93 10 3wp3Busm60s¥l 71E+06 4.58 2. 19 27.06 4. 00 43. 85 PFPCTASZHEHOB46
7.57E+05 2.02 1.01 28.07 3.00 71.05 Table 34. Continuous cul ture of
hUTC i sol ate 120304 on 175 (flask 3) in Advanced DVEM F12 + 4. 0nM

G ut aMAX( r Table 76.5R¢sRBSofAble B32S culDIVEM R3b s seeded GGthrhd IGUTE ftolbothe HILBEX®

FBS- Fl as kII34L:ulture
‘Whole cell
Nh/225 cm® | 1.07 x 10’
Nh/cm® 4,75 x 10°

Table 27. Results of whole cell counts and cell release nuclei counts A(NRC) at 92 hrs

Collagen-coated HILLEX® I | T-225 control
Whole cell | NRC NRC Whole cell

Ni/225 cm® | 1.5x 10° 1.5x10° 1.5x10°
Ni/em* 6.7x 10° 6.7 x 10° 6.7x 10°
Nh/225 cm® | 1.2x 10’ 1.2 x 10’ 1.4 x 10 1.2 x 10’
Nh/cm® 52x10° 5.4x10° 6.3 x 10° 52x10°
PDL 3.0 3.0 3.2 3.0

T 0.77 0.78 0.85 0.78

PDT 31.2 30.8 28.2 30.8

[0142] In these studies, uniform cell attachment to HILLEX® I and collagen-coated
miccrocarriers occurred within 1hr and 4 hrs respectively. Pronectin was eliminated from the
example due to unsatisfactory attachment results. Similar to hUTC grown in gelatin-coated T-
225 tissue culture flasks, spreading occurred soon after cell attachment to HILLEX® 11 and
collagen-coated microcarriers. The measure of growth based on Nh and PDT values was used to
compare tissue cultures and microcarrier cultures; cells grown in T-225 tissue culture flasks were
used to seed microcarrier culture experiments 1 through 5. For cells grown in T-flasks, Nh
values were within a range of 3.5 x 10¥cm? to 6.9 x 10%cm” and PDT values were in the range
of 26-36. Using nearly identical cell culture conditions for the microcarrier culture feasibility
studies, NW/PDT ranges were identical to cells grown in T-flasks. The two outliers appear to be
associated with the 92hrs+4 time point indicating, that perhaps cells were in the stationary-death
phase. Removal of cells from HILLEX® I, collagen-coated microcarriers, and T-flasks resulted
in robust, single cell suspensions. These results were promising and required for microcarrier
culture scale-up of hUTCs. Separation of cells from HILLEX® II and collagen-coated

microcarriers yielded recovery rates ranging from 72% to 146%.
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Passage Seeded Yi el d Expansi on Doubling Total Doublings Tinme (Days)

Hour s/ Doubling o 3.75E+05 1.00 1 3. 75E+05 4. 08E+06 10.88 3. 44

3.44 3.00 w0.29M/080531 75E+05 3. 54E+05 9. 44 3. 24 8. 68 4. 0QABATR23846

3. 75E+05 2. 375+06 6.32 2.60 9.34 3.00 27.07 4 3. 75E+05 2. 10E+06
EXAMPLE 6

Growth of Expanded Human Umbilical Tissue-derived Cells (hUTCs) on Cytodex 3%
Microcarriers in Wave Bioreactor Systems

[0143] Microcarriers used in conjunction with aseptically closed systems can
potentially produce commercial quantities of expanded human umbilical tissue derived celis
(hUTCs). Aseptically closed systems reduce operator manipulation required to expand and
maintain commercial cell products thus reducing operator error, contamination, and monitoring.
Microcarriers provide a substantially larger surface area for cell attachment as compared to cell
culture flasks, thereby producing higher cell yields.

[0144] The current work provides initial methods for the expansion of hUTCs on
microcarriers in an aseptically closed Wave Biotech, Inc. bioreactor system (Wave Biotech LLC,
Somerset, NJ). Using the below methods, hUTCs were initially seeded onto Cytodex 3®
microcarriers in a 250ml spinner flask system and cultured for five days. The microcarriers with
attached cells were then transferred into a Wave system containing additional media and cell free
microcarriers and cultured for seven days. The transfer or passage of cells from the 250ml
spinner flask to the 1L Wave system was achieved without the use of trypsin, This eliminates an
animal derived product from the cell expansion process. The hUTCs achieved 3.02 population
doubling in 12 days in the Wave system. At harvest, the cells were evenly distributed on all

microcarriers sampled.

MATERIALS AND METHODS

[0145] Cells. hUTC line 120304 Passage 9

[0146] Media. Dulbecco’s Modified Eagles Media (DMEM)-low glucose, 15% fetal
bovine serum (FBS), penicillin/streptomycin (P/S), Betamercaptoethanol (BME)

250ml SPINNER FILLASK Culture
[0147] Microcarriers. Cytodex 3® (GE Healthcare Life Sciences, cat. no, 17-0485)

microcarrier beads were hydrated in PBS for at least 3 hours and autoclaved.

[0148] Spinner Flasks. Spinner Flask with Internal Overhead Bearing Impeller
Assembly, 250ml (Bellco. Inc.)

[0149] Inoculation and Culture. Cells at approximately 70% confluence were
harvested from T225 flask by trypsin and 9.0 x 10° cell aliquots were added to 660mg of
microcarrier beads in 250 ml impeller spinner flask containing 80 ml media. Flasks were flushed

with 5% CQ, gas for 1 minute prior to incubation. The inoculum speed-frequency was 30 rpm
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5.60 2.48 11.83 4.00 38.64 5 3. 75E+05 2. 45E+08 6.53 2.71 14.53 3.00
28.60 6 3. 75E+05 3. 84E+05 10.24 3.36 17.89 4.00 28.60 7 3. 75E+05
2.83E+06 7.55 2.92 20.81 3.00 24.69 8 3. 75E+05 3. 22E+06 8.59 3.10

: : +06 4.91 2.29 26. 20
23.91 4,00 ?‘%90 290%8‘!(%0534175E+05 1. 84E P CT/IS2007/023846

for 2 minutes every 30 minutes for 8 hours. At eight hours, media volume was increased to 250

ml and the spinner speed was set to 45-rpm continuous rotation and incubated at 37°C

WAVE BIOREACTOR
[0150) AMicrocarrier Transfer and Equipment Loading. Microcarriers with attached

cells were harvested from the 250ml spinner flask and re-suspended in 50mi media, This
solution was added to a 2L Wave bioreactor bag (cat. no. CELLBAG2L/S-NU) containing 1L
media and 2.4g hydrated and autoclaved cell free Cytodex 3% microcarriers, The Wave bag was
loaded onto 2 Wave Biotech 2/10EH system. to the Wave bag was inflated per manufacturers
specs using 5% COz-atmospheric. The system’s heating pad was set to 37°C.

(0151] Inoculation Phase. The 2/10EH system was set at a 2° angle and a rocking
speed of 6 rpm for approximately 16 hours (overnight).

[0152] Expansion Phase. The 2/10EH system was set at a 5° angle and a rocking speed
of 10 rpm for seven days.

[0153] Viability Staining, A 1ml aliquot of media and microcarriers were transferred to
a 15ml conical tube and the microcarriers were allowed to separate by gravity. Media was
removed by aspiration, replaced with 1ml Live/Dead staining solution (Molecular Probes cat. no.
1.3224), and incubated for 15 minutes at 37° C. After incubation, 2 20 microliter aliquot of the
cell suspension was applied to 2 glass microscope slide and observed by fluorescent microscopy.
Live cells stain green and dead cells stain red. Microscopic fields were manually analyzed to
evaluate the distribution of viable cells adhered to the microcarriers. At least three microscopic
fields were evaluated and the approximate percentage of viable cells was counted.

[0154] Cell Harvest. Microcarriers were collected from the wave bag into four 250ml
conical tubes, washed three times in PBS, and combined into one 250mi conical tube.
Microcarriers were incubated with 25ml trypsin for 10 minutes at 37° C with agitation. Tubes
were brought to 200 m] volume with PBS and microcarriers were allowed to settle by gravity.
Supematant containing cells was collected by aspiration and transferred to 250ml conical tubes
pre-filled with 10ml of FBS (yielding a 5% FBS solution to inactivate trypsin). This process was
repeated two times with all fractions combined. All harvested cells were centrifuged, re-
suspended in serum containing growth media, and cells were counted by using a Guava® PCA

instrument,

Table 28. Results:
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4.00 41.83 10 3. 75E+05 1.95E+06 5.20 2.38 28.56 4.00 40.36 11

3. 75E+05 1.03E+06 2.75 1.46 30.04 3.00 49.39 Table 35. Continuous
cul ture ofwhlJd#ssemat ate 120304 on T75 (flask 1) in growdr/veoti7a23s46
G owth Media. Flask 1 Passage Seeded Yi el d Expansi on Doubling Tot al

Doubl i ngs| Pasmee( D8¥é&ded HOUYigidDO UPDay’d ExpardiondDdablidg PHours/Dodblng’ JE+05
3, 12E+06 B-32 -3 (05 306
’ 9.00x10° | 0 1

9 9.00x10° | 7.29x10" | 12 8.1 3.02 95.43

[0155] The transfer of cells from the 250ml spinner flask to the Wave system was
achieved without the use of trypsin. This eliminates an animal derived product from the cell
expansion process. The hUTCs achieved 3.02 population doubling in 12 days in the Wave
system. At harvest, the cells were evenly distributed on all microcarriers sampled. This method
demonstrates the ability of expanded human umbilical tissue-derived cells to be seeded,

expanded, and harvested from microcarriers cultured in Wave Biotech bioreactor systems.

EXAMPLE 7
Growth of Expanded Human Umbilical Tissue-derived Cells (tUTC) on Cytodex 3®
Microcarriers in a Three Liter Bioreactor S;ystems

[0156] Microcarriers used in conjunction with aseptically closed systems can
potentially produce commercial quantities of expanded human umbilical tissue-derived cells
(hUTC). Aseptically closed systems reduce operator manipulation required to expand and
maintain commercial cell products thus reducing operator error, contamination, and monitoring.
Microcarriers provide a substantially larger surface area for cell attachment as compared to cell
culture flasks, thereby producing higher cell yields.

[0157] The current work provides initial methods for the expansion of hUTCs on
microcarriers in an aseptically closed three-liter bioreactor system with impeller agitation. The
hUTCs achieved 2.88 population doublings in this system. Glucose consumption and lactate
production in the bioreactor over time was indicative of metabolically active cells. At harvest,
the cells present appeared to be evenly distributed on the microcarriers sampled. The cells
harvested from the bioreactor on re-seeding into static culture conditions expanded to confluence
demonstrating retention of the cells proliferative capacity. This method demonstrates the ability
of expanded human umbilical tissue-derived cells to be seeded, expanded, and harvested from
microcarriers cultured in an aseptically closed three-liter bioreactor system with impeller
agitation,

[0158] Using these methods, hUTCs were initially seeded onto Cytodex 3°®
microcarriers in a 250ml spinner flask system and cultured for five days. The microcarriers with
attached cells were then transferred into the bioreactor system containing 1L of media and

additional cell free microcarriers and cultured for seven days. At day seven an additional 2L of
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media and additional cell free microcarriers were added to the bioreactor system and cultured for

ten days.

MATERIALS AND METHODS
Cells. hUTC line Umb 120304, passage 9

[0159] Media. Dulbecco’s Modified Eagles Media (DMEM)-low glucose, 15% fetal
bovine serum (FBS), penicillin/streptomycin (P/S), Betamercaptoethanol (BME)

250ml SPINNER FLASK
[0160] Microcarriers. Cytodex 3® (GE Healthcare Life Sciences, cat. no, 17-0485)

microcarrier beads were hydrated in PBS for at least 3 hours and autoclaved.

[01611 Spinner Flasks. Spinner Flask with Internal Overhead Bearing Impeller
Assembly, 250ml (Bellco, Inc.)

[0162]) Inoculation and Culture. Cells at approximately 70% confluence were
harvested from T225 flask by trypsin and 9.0E+06 cell aliquots were added to 660mg of
microcarrier beads in 250 ml impeller spinner flask containing 80 ml media. Flasks were flushed
with 5% CO; gas for 1 minute prior to incubation. The inoculum speed-frequency was 30 rpm
for 2 minutes every 30 minutes for 8 hours. At eight hours, media volume was increased to 250

m! and the spinner speed was set to 45-rpm continuous rotation and incubated at 37°C.

BIOREACTOR

[0163] Egquipment. A three liter closed bioreactor system with impeiler agitation was
used. The system parameters (pH, oxygen tension, temp, impeller rpm) were controlled with a
BioStat B-DCU (B. Braun International).

[0164] Pre-bioreactor harvest. Microcarriers with attached cells were harvested from
the 250ml spinner flask and re-suspended in 30ml media. A 5ml aliquot of the suspension
(containing approximately 100mg or 1/6 of the total microcarriers) was removed. The cells from
this aliquot were harvested using methods listed below.

[0165] Microcarrier Transfer- 250ml to 1L. The remaining 500mg of microcarriers
with attached cells harvested from the 250ml spinner flask were re-suspended in 50ml media.
This solution was added to a 2L Wave bioreactor bag (cat. no. CELLBAG2L/S-NU) containing
1L media and 2.6g hydrated and autoclaved cell-free Cytodex 3® microcarriers. The Wave bag
was then sterile welded onto an inlet port to the bioreactor and the contents transferred by gravity

drain. The impeller was then initiated and maintained at 45 rpm.
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[0166] Microcarrier Transfer- 1L to 3L. The wave bag methods listed above were used

with the wave bag containing 2L media and 6 grams of empty microcarriers.

[0167] Sampling. A 1ml aliquot of media and microcarriers were transferred to a 15mi
conical fube and the microcarriers were allowed to separate by gravity. Media was aspirated and
replaced with 1ml Live/Dead staining solution (Molecular Probes cat. no. 13224) and incubated
for 15 minutes at 37° C. After incubation, a 20microliter aliquot of the cell suspension was
applied to a glass microscope slide and observed by flnorescent microscopy. Live cells stain
green and dead cells stain red. Microscopic fields were manually analyzed to evaiuate the
distribution of viable cells adhered to the microcarriers. At least three microscopic fields were
evaluated and the approximate percentage of viable cells was counted.

[0168] Glucose Assay. Samples of media were obtained from the culture and assayed
for glucose and lactate content.

[0169] Harvest. A 5L Labtainer BioProcess Container (Hyclone, cat. no. SH30640.01)
was sterile welded onto an outlet port attached to the bioteactor, The container was positioned
below the bioreactor and the contents were transferred by gravity drain. The contents of the
container were then aseptically transferred into (3) 750cm? roller botfles (Corning LifeSciences,
Corning, NY). Cell adherent microcarriers were washed with PBS and combined into a single .
roller bottle. Microcarriers were incubated with 100 ml trypsin for 10 minutes at 37° C with
agitation. Tubes were brought to 1L volume with PBS and microcarriers were allowed to settle
by gravity. Supernatant containing cells was collected by aspiration and transferred to four
250ml conical tubes each pre-filled with 10ml of FBS (yielding a 5% FBS solution to inactivate
trypsin). All harvested cells were centrifuged, re-suspended in serum containing growth media,

and cells were counted by vusing a _Guava@_',PCA instrument.

RESULTS
[0170] AMedia Addition. On day 15, 500ml of media were added to the system due to

low glucose readings.
[0171] 3L Bioreactor Cell Kinetics. Cell number at seeding calculated from the cell

harvest of 1/5 of the 250ml spinner flask total microcarrier volume.

Table 29. 250 m] pre-3L Bioreactor

Passage [ Seeded | Yield Days | Expansion | Doubling | Hours/Doubling

1.10x107 | © 1

9 1,10x107 [ 8.10x107 | 17 7.36 2.88 141.65
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[0172] Observations and RPM Adjustments. On day three (total volume 11)

microcarrier settling was noted at the bottom of the bioreactor vessel. The impeller speed was
increased to 60rpm. On day 10 (three days after adjusting total volume to 3L) microcarrier
settling was again noted. The impeller speed was again increased to 85 rpm. On the day of
harvest (day 17), microcarrier settling was again noted at the bottom of the bioreactor vessel.

[0173] Harvest cell re-seed. Cells harvested from the bioreactor were re-seed at 5,000
cells per cm sq in a T75 flask and expanded to confluence demonstrating the retention of their
proliferative potential.

[0174] The transfer of cells from the 250ml spinner flask to the Bioreactor system and
the scale-up from 1L to 3L at day seven was achieved without the use of trypsin. This
eliminates an animal derived product from the cell expansion process. The hUTCs achieved 2.88
population doublings in this system. Glucose consumption and lactate production in the
bioreactor over time was indicative of metabolically active cells. At harvest, the cells present
appeared to be evenly distributed on the microcarriers sampled. The cells harvested from the
bioreactor on re-seeding into static culture conditions expanded to confluence demonstrating
retention of the cells proliferative capacity. This method demonstrates the ability of expanded
human umbilical tissue derived cells to be seeded, expanded, and harvested from microcarriers

cultured in an aseptically closed three-liter bioreactor system with impeller agitation.

EXAMPLE 8
Expansion of hUTC in reduced fetal bovine serum growth medium

[0175] The goal of this study was to compare the growth kinetics and cell surface
markers of continuously cultured expanded human umbilical tissue derived cells (hUTC) in
standard growth medium, which contains 15% fetal bovine serum (FBS), or a reduced serum
growth medium, containing 7.5% FBS. Production of hUTC cell therapy products in reduced
serum media will increase product safety by decreasing the use of animal derived products. The
use of reduced serum media will also reduce production costs and reduce foaming potential in
gas-sparged bioreactors.

[0176] Data generated in microplate format proliferation assays of hUTC in standard
growth media and reduced serum media indicated that hUTC actively proliferated in reduced
serum media. As a result of these proliferation data, the growth kinetics and surface protein
expression phenotype of hUTC were assessed over multiple passages in tissue culture flask
conditions. Cryopreserved hUTC isolate 120304 was thawed and used to immediately inoculate

T75 flasks containing standard or reduced serum media and were continuously cultured over
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multiple passages. The cell surface protein expression of the harvested cells from each media
was analyzed by flow cytometry. Additionally, cryopreserved hUTC isolate 120304 was thawed
and used to immediately inoculate spinner flasks containing HILLEX® 11 microcarriers containing
standard or reduced serum media and were continuously cultured over multiple passages.

[0177] Cryopreserved hUTC isolate 120304 was thawed and expanded in replicate T75
ilasks with reduced serum growth media for eleven passages. The hours per population doubling
for each replicate T75 flask was consistent from passage to passage, indicating stable logarithmic
growth. Statistical analysis by one-way ANOVA of all hours per population doubling data
points show no significant difference in hUTC growth kinetics for all data points (p=0.821), as
compared to the standard growth medium control. The.cell surface protein expression of hUTC
expanded in reduced serum media was consistent with hUTCs expanded in standard growth
media,

{0178]) Additionally, cryopreserved HUTC isolate 120304 was thawed and expanded on
Hillex II microcarrier containing spinner flasks with reduced serum growth media for three
passages. The hours per population doubling for each spinner flask was consistent from passage
to passage, indicating stable logarithmic growth. Statistical analysis by two-sample T-test of the
average hours per population doubling show no significant difference the hWUTC growth kinetics
between the two medias tested. (p = 0.424).

[0179] These data demonstrated the ability of hUTC to be expanded in static T flask or
microcarrier culture systems with reduce serum media over multiple passages in a stable,
consistent manner, while maintaining the phenofypic cell surface protein expression.

The goal of this study was to compare the growth kinetics and cell surface markers of
continuously cultured expanded human umbilical tissue derived cells (WUTC) in standard growth
medium, which contains 15% fetal bovine serum (FBS) and a reduced serum growth medium
containing 7.5% FBS. Production of hUTC cell therapy products in a reduced serum medium
will increase product safety by decreasing the use of animal derived products. Additionally, the
use of a reduced serum medium will increase production efficiency by lowering the cost of
materials and reducing foam potential during culture in gas-sparged bioreactors.

[0180] The proliferation of hUTC in a microplate format assay indicated the potential
for continuous culture in reduced serum conditions. This assay initially included serial dilutions
of FBS ranging from 15% to 0% in standard basal growth medium and in an altemative reduced
serum basal medium, in a 96-well format. After culturing for 96 hours, it was found that hUTC
proliferation for both basal media was best in the 15%, 7.5% and 3.75% FBS containing media.

As aresult, a second microplate assay was established in a 24-well format, using only the three
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3. 61E+06 9. @é%d %Bg Zon%el%thions for both basal medium types. Based on the observed proliferation in the
24-well format, a comparison of hUTC growth kinetics was initiated for standard growth
medium with 15% FBS and the alternative basal growth medium with 7.5% FBS.

[0181] Cryopreserved hUTC isolate 120304 was thawed and used to immediately
inoculate T75 flasks containing standard or reduced serum media and were continuously cultured
over multiple passages. The cell surface protein expression of the harvested cells from each
media was analyzed by flow cytometry, Additionally, cryopreserved hUTC isolate 120304 was
thawed and used to immediately inoculate spinner flasks containing Hillex II microcarriers

containing standard or reduced serum media and were continuously cultured over multiple

passages.

MATERIALS AND METHODS
[0182] Cells. Cryopreserved expanded human umbilical cord tissue cells (RUTC)

isolate 12034 population doubling (PD) 12.

(0183] Growth Media (Hayflick). Dulbecco’s Modified Eagles Media (DMEM)-low
glucose (Gibeo; Grand Istand, NY), 15% fetal bovine serum (FBS) (HyClone; Logan, UT),
penicillin/streptomycin (P/S) (Gibco; Grand Island, NY), Betamercaptoethanol (BME) (Sigma;

St. Louis, MO)
[0184] Reduced Serum Media (Adv. DMEM/F12). Advanced DMEM/F12 (Gibco;

Grand Island, NY}, 7.5% fetal bovine serum (FBS), penicillin/streptomycin (P/S), 4.0 mM
GlutaMAX" (Gibco; Grand Island, NY) _

[0185]  AMulti-Well Microplates. Tissue culture 96-well and 24-well microplates
{Corning, Inc.; Corning, NY) coated with gelatin (Sigma; St, Louis, MO).

[0186] Tissue Culture Flasks, T75 flasks (Coming Inc.; Coming, NY) coated with
gelatin.

[0187] Microcarriers. HILLEX® Il microcarriers (Solo Hill; Ann Arbor, MI) were
hydrated in DI water for at least 30 minutes and autoclaved, HILLEX® Il microcarriers were used at
a concentration of 12 g/L.

[0188) Spinner Flasks. 100 ml and 500 ml single-use, disposable spinner flasks
(Coming, Inc.; Coming, NY) were used as culture vessels.

[0189] Jnoculation and Culture in 96-Well Microplates. Cryopreserved vials of hUTC
were thawed, washed and resuspended in growth media. Growth medium was prepared using
both Hayflick and Adv. DMEM/F 12, supplemented with 15%, 7.5%, 3.75%, 1.88%, 0.94% or
0% FBS. 5.00 X 10° hUTC per well were added to two wells per condition. Each well
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contained 250 ul growth medium, The plate was cultured in 5% CO,, 37°C tissue culture
incubators for 96 hours.

[0190] Harvest and Counting of Cells from 96-Well Microplates. The cell containing
96-well microplate was removed from incubation and media removed by aseptic aspiration. The
cells were washed with 100 pl PBS per well; PBS was removed by aseptic aspiration and 75 pl
TrypLE" Select (Gibco; Grand Island, NY) was added. The cells were incubated for 5 minutes at
37°C, after which, the plate was lightly tapped to dislodge the cells. 75 pl of appropriate medium
was added to each well. An addition 50 pl of counting reagent was added to each well. The
counting reagent was a solution of appropriate growth medium + 2% Guava® ViaCount® Flex
(Guava Technologies; Hayward, CA) + 2% dimethyl sulfoxide (Guava Technologies; Hayward,
CA). The resulting cell suspensions was aseptically transferred to an ultra-low cluster 96-well
microplate for counting in Guava® EasyCyte® instrument (Guava Technologies; Hayward, CA).

{0191] Inoculation and Culture in 24-Well Microplates. Cryopreserved vials of hWUTC
were thawed, washed and resuspended in growth media. Growth medium was prepared using
both Hayflick and Adv. DMEM/F12, supplemented with 15%, 7.5% and 3.75%. 1.00E+04
hUTC per well were added to four wells per condition. Each well contained 1 ml growth
medivm. The plate was cultured in 5% CO,, 37°C tissue culture incubators for 96 hours.

[0192] Harvest and Counting of Cells from 24-Well Microplates. The cell containing
24-well microplate was removed from incubation and media removed by aseptic aspiration. The
cells were washed with 1 ml PBS per well; PBS was removed by aseptic aspiration and 500 )

TrypLE" Select was added. The cells were incubated for 5 minutes at 37°C, after which, the plate
was lightly tapped to dislodge the cells. The cell suspensions were pipetted several times and
then transferred to a 1.5 mL Eppendporf tube containing 500 pl Guava® ViaCount® reagent (Guava
Technologies, Haywood, CA) for comting in the Guava® PCA. instrument (Guava Technologies,
Haywood, CA).

[0193] Inoculation end Culture in T75 Flasks. Cryopreserved vials of hUTC were
thawed, washed and resuspended in growth medium. 3.75E+05 hUTC were added to T75 flasks
containing 15 ml media. Flasks were cultured in 5% CO3, 37°C tissue culture incubators for
three to four days.

[0194] FHarvest and Passage of Cells from T75 Flasks. Cell containing T75 flasks are
removed from incubation and the media removed by aseptic aspiration. The cells were washed
with 5 ml PBS; the PBS was removed by aseptic aspiration and replaced with 1 ml TrypLE™
Select. The cells were incubated for 5 minutes at 37°C, after which, the flasks were lightly

tapped to dislodge adherent cells. 5 ml of medium was added to each flask and the cell
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at 300 rcf, the supernatant decanted, the cells re-suspended in growth medium and an aliquot was
obtained for cell counting. After counting, an aliquot calculated to contain 3.75E+05 cells was
obtained and used to inoculate new T75 flasks containing fresh media.

[0195] Inoculation and Culture in 100 mi Spinner Flasks. Cryopreserved vials of
hUTC were thawed, washed and resuspended in growth media. 3.1E8+06 hUTC were added to

1.2g ofﬁHILLEX®II (5.0 X 10° cells per cm®) in a 100 ml spinner flask, containing 100 ml media
and placed on a spinner plate set to 60 rpm, continuous rotation. Spinner flasks on spinner plates
were placed in 5% CO,, 37°C tissue culfure incubators and incubated for three to four days.

[0196]) Passage of 100 ml Spinner Flask Culture to 500 ml Spinner Flask Culture. A
100 m] spinner flask was removed from its spinner plate and the microcarriers were allowed to
settle. The supernatant medium was removed by aspiration and the remaining microcarrier pack
with adherent cells was resuspended in 20 m] fresh growth medium. The microcarders with
adherent cells were then asepticaily transferred by pipette to a 500 ml spinner flask containing
480 ml fresh growth medium znd 4.8g HILLEX® Il microcarriers (6 g final microcarrier content or
12 g/L final microcarrier concentration). The spinner flask was then placed on a spinner plate set
to 60 rpm, continuous rotation. Spinner flasks on spinner plates were placed in 5% COy, 37°C
tissue culture incubators and incubated for three to four days.

[0187] Passage of One 500 mi Spinner Flask Culture 10 Five 500 ml Spinner Flask
Cultures. A 500 ml spimner flask was removed from its spinner plate and the microcarriers were
allowed to seitle. The supematant medium was removed by aspiration and the remaining
microcarrier pack with adherent cells was resuspended in 50 ml fresh growth media. A 10 ml
aliquot of the microcarriers with adherent cells was then aseptically transferred by pipette to five
separate 500 m] spinner flasks, each containing 490 m! fresh growth medium and 4.8 g HILLEX®II
microcarriers (6 g final microcarrier content or 12 g/L final microcarrier concentration). The
spinner flasks were then placed on a spinner plate set to 60 xpm, continuous rotation. Spinner
flasks on spinner plates were placed in 5% CO;, 37°C tissue culture incubators and incubated for
three to four days. )

[0198] Harvest of Cells Adherent to HILLEX®IT Microcarriers. A spinner flask was
removed from its spinner plate and the microcarmiers with adherent cells were allowed to setile
by gravity. The supematant medium was aseptically aspirated. A volume of PBS equal to the
working volume of the spinner flask was added to the spinner flask and the microcarriers were
allowed to settle by gravity. Upon seftling of the microcarriers, the PBS was aseptically
aspirated and a volume of TrypLE" Select equal to 1/5th the working volume was added to the
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Seeded Yi el d Expansi on Doubling Total Doublings Tinme (Days)
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spinner fl a%‘imﬁy h&sw %hepsgﬁtﬁeq'glgsk was then incubated on spinner plate for 10 minutes at 60 rpm,
continuous rotation. The spinner flask was removed from its spinner plate and the microcarriers
were allowed to settle by gravity. Using a 25 ml serological pipette, the microcarrier/TrypLE™
Select solution was agitated by pipetting up and down ~10 times to dissociate residual adherent
cells from the microcarriers. The celi-containing supemnatant was collected by repeated pipetting
and transfers to multiple conical tubes fitted with 100 um cell strainers. The tubes were filled
with 5 ml FBS prior to collection cell suspensions. After collecting the cell suspension, the tubes
were centrifiged for 5 minutes at 300 rcf; the supematant decanted, and the cells re-suspended in
growth medium.

[0199] Viability Staining. A 1 ml aliquot of medium and microcarriers were transferred
to a 15 ml conical tube, were the microcarriers were allowed to settle by gravity. Medium was
removed by aseptic aspiration and replaced with 1 ml Live/Dead staining solution (Molecular
Probes cat. no. L3224, Carlsbad, CA) and incubated from 15 minutes at 37° C. After incubation,
a 20 pl aliquot was applied to a glass microscope slide and observed by fluorescent microscopy:
viable cells stained green and non-viable cells stained red. Microscopic fields were manually
analyzed to evaluate the distribution of viable cells adhered to the microcarriers. At least three
microscopic fields were evaluated and the approximate percentage of viable cells was counted.

[0200] Culture Cell Counts — TrypLE" Select Assay. A 5ml (100 ml spinner flask) or 10
ml (500 m] spinner flask) aliquot of homegenous microcarrier suspension was obtained from a
spinner flask vessel and transferred to a 15 ml tube. The microcarriers were allowed to gravity
separate and the supernatant medium was removed by aseptic aspiration. The microcarriers were
washed once with 10 m] PBS, the microcarriers allowed to gravity separate and the PBS
supernatant removed by aseptic aspiration. The microcarders were incubated for ten minutes at
37°Cin TrypLE" Select. After incubation, 5 ml of PBS was added and the microcarriers were
allowed to gravity separate. The cell containing supematant was collected by repeated pipetting
and transfer to muitiple conical tubes pre-loaded with 1 ml FBS, The tubes were centrifuged for
3 minutes at 300 rcf, the supematant decanted, the cells re-suspended in growth medium and an
aliquot was used determine cell count using a Guava® PCAinstrument (Guava Technologies,
Haywood, CA).

[6201] Flow Cytometry. Harvested WUTC were analyzed by flow cytometry using a
Becton-Dickinson FACSCalibur " instrument (Becton Dickinson, San Jose, CA) to determine the
cell surface marker profile using methods stated in U.S. Publication No. 2005/0054098. All
antibodies purchased from BD PharMingen (San Diego, CA). ‘
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Seeded Yi el d Expansi on Doubling Total Doublings Tinme (Days)
Hour s/ Doubling D 1.98E+06 1.00 1 1.98E+06 5.825+013 2.94 1.56
1.56 3.00 46.29 2 5.82E+06 5. 10E+07 8.76 3.13 4.69 4.00 30.66 3
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Table 30. Average cells per well from hUTC isolate 120304 in 96-well microplate format proliferation assay.
Media used were Hayflick with serially djlut_ed FBS and Advanced DMEM/F12 + 4.00 mM GlutaMAX® with
serially diluted FBS.

Adv, DMEMIF12 Hayfliek
Percent Serum | Average Std. Dev. Average Std. Dev.
0,00% 2661.16] 1312,842734 1980.2, 937.425602
0.94% 5202.46| 3287.721263] 3091.395| 1430.884211
1.88%} 7868.305] 1155.451927] 4837.44| 1598.341294
3.75%| 13997.585| 3026.211963| 8495.72] 2900655154
7.50%| 22594.545| 3077.802473] 10S55.07] 4451.850442
15.00%)| 25934.625] 2867.961465] 19292.82| 7723.45867

Table 31. Average cells per well from hUTC isolate 120304 in 24-well microplate format proliferation assay.
Media nsed were Hayflick or Advanced DMEM/F12 + 4.00 mM GlutaMAX "~ with 3.75%, 7.5% or 15% FBS.

Adv. DMEM/F12 Hayfiick
Percent Serum Average | Std. Dev. | Average | Std. Dev.
15%| 91816.75 6584.55| 68708.03 3541.25,
7.50%| 60571.39 4648.66] 39028.80 5490.94
3.75%| 42613.14 2493.51] 2173138 760.79

Table 32. Continuous culture of hUTC jsolate 120304 on E75 (flask 1) in Advanced DMEM/F12 + 4.0mM

GlutaMAX® + 7.5% FBS.
Advanced DMEMIF12 + 4.00 mM GlulaMAX + 7.5% FBS- Flask 1
Passage Seeded Yield Expansion Doubling Total Doublings | Time (Days) { Hours/Doubling

0 3,75E+05 1.00

i 3.75E+05 4.54E+08 12,11 3.60 3,60 2.00 20.01
2 3.75E+05 3.49E+06 .31 3,22 6.82 4,00 29.83
3 3.75E+05 1.68E+06 4.48 2.16 8.98 3.00 33.28
4 3.75E+05 2.07E+08 551 2.46 11.44 4.00 38.97
5 3.75E+05 1.95E406 5.21 2.38 13.82 3.00 30,23
] 3. 75E+D5 2.84E+06 7.57 2.92 18.75 4.00 32,87
7 3.75E+05 1.42E+06 3.79 1.92 15.67 3.00 37.48
8 3.75E+05 1.44E+D6 3.64 1.94 20.61 4.00 49.46
B 3. 75E+05 1.91E+08 5.09 235 22,96 4.00 40.88
10 3.75E+05 | 1.05E+06 2.80 1.49 24.44 4.00 64.63
11 3.75E+05 | 1.77E+06 4,72 2.24 26.68 3.00 3216
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G owm h Media Advanced DVEM F12 CD10 ( + ) ( + ) CD13 ( + ) 1+) CD31 (
-)y (-)cCco34(-) (-)yesa(+) (+)yemas(-) (-) cor3 1 +
) (+) Q090 ( +) ( +) CDL17 ( - )(( ))(001;10(-)(-202

HLA- A B. O + FI LA- DQ DP, DR

Cryopr eser\(/gd)iqﬁ?%"é“ﬁ%ol ate 120304 was thawed and expand’@%i"[’?’r?“J"mf"46
repl i cat erah3s.fdoasdaSuswitte of GUTIC Bkt SROINVOL 78 \Makk 7B dRart QDMEMH L 4.0mM

passages. citamakBunsvpmss. popul ation doubling for each replicate T75
flask was consisivent:-fsomepassagerst-sspzassage, indi cating stable

| ogarithm clgges ged Led L cBopandan L LLelils 2 HpfsDoadub  hour s
ot douhl i n 3BEPSS] ANt & chow signidficant i i n

per popul at i “’.3-%5*?0&' LI T I AN GIE L S AN 17000 S0 BN I PN

hUTC gr owmt hrkt et as T phoabe | data JUI%’EZD D=0 824 e e e, Sth face

protein expl eSSl OBrsobs | ebifsosCX PaEs0C D, T COUCER SEr URITEUT o 7S
consi stent W tsh heikties bxpamdedsesn $t azselard garewt N e a arsz__ 10203]
Al so, cryop / SHEPA_ITEME®Y| o648 1) s tiawdd afd_expastledon

H ~ B L 3.75E+0S 406 _J. P ovl £ 11862, ~ ), 480 rhAduASH o
HI | | eX I I .rrl \J|'7U\J .5é+%‘_§§§%€a1_ﬁ-gﬁg: %ICI T 1 fiﬁl\a vur b.bbL : .auu\@\‘.asal :.::,r Um
growt h nedi @ FOTERESE] Pes&dJEsa: | WUT[S PEBY PYPULst T PTT GQEDT§ Ng
for each spinaer]| btsagk] sa8osdonswst b

U
)]
X.
ALY

ol bl 4

-

[$]

c
ntzsf r gm pagsagde &@ paSSie,
i ndi cati ng a.s AR ¢¥owph 215t at | sFScall amdl yEi s aay
t wo- sanpl e | 05 i 088 Rburd pdr —Buati-38-dbublithg :,how

] C Mnmouunrg H\.al Hul LA A NI A
[ ific Ezf rence t hUTC grow h kinetics betweenthe
no signi %5‘] Eﬁgﬁ ﬁure ct}EUTC isolate’120304 on T75 (flask 3) in Advanced DMEM/F12+4 OmM
S

nmedi as test

Advanced DMEM/F12 + 4,00 mM GluiaMAX + 7.5% FBS. Flask 3

Passage Seeded Yield Expansion Doubling Total Doublings | Time (Days) | Hours/Doubling
Q 3.75E+05 1.00
1 3,75E+05 4.08E+06 10,88 .44 3.44 3.00 20.91
2 3.715E+05 3.54E+Q6 9.44 3.24 6.68 4.00 25.64
3 3. 75E+05 2_37E+05 6.32 2,68 9.34 3.00 27.07
4 3.75E+35 2.10E+06 5.60 2.48 11.83 4.00 38.64
5 3.75E+05 2,45E+08 B.53 2.71 14,53 3.00 28.60
5] 3.75E+05 3.84E+08 10.24 3,36 17.89 4,00 28.60
7 3.75E+D5 2.83E+06 7.55 2.92 20,81 3.00 24.69
B8 3. 75E+05 3.22E+06 8.69 3.10 23.91 4,00 30.95
9 A.75E+)S 1.84E+406 4.91 229 26.20 4.00 41.83
10 3.75E+05 1.95E+06 5.20 2.38 28.58 4.00 40.36
i1 3.75E+05 1.03E+06 2.75 1.46 30.04 3.00 49.39

Table 35, Continnous culture of hUTC isolate 120304 on T75 (flask 1) in growth media

Growth Mediae Flask 1
Passaga Seeded Yield Expansion Doubling Total Doublings | Time (Days) | Hours/Doubling
0 3.78E+05 1.00
1 3.75E+05 3,12E+06 8,32 3.06 308 3.00 23.56
2 3.75E+05 4.72E+08 12.58 3,65 871 4.00 26.27
3 3.76E+D5 1.B7E+06 4,99 232 8,03 3.00 31.06
4 3. 75E+35 2.G6E+06 7.09 2.83 11.85 4.00 33.97
5 3.75E+)5 1.84E+06 4.89 2.29 14.15 3.00 31,43
] 3.75E+05 4, 23E+08 11.28 3.50 17.64 400 27.46
7 3.75E+05 | 1.55E+06 4,13 2,05 19.69 3.00 35.17
8 3.75E+5 1.97E+D6 525 2,39 22,08 4,00 40,11
9 3.75E+05 2 20E+HME 5.87 2.55 24.63 4.00 37.61
10 3.75E+05 2.04E+06 5.44 2.44 27,08 4,00 39,29
11 3.75E+05 1.69E+06 4.5 2.7 29,25 3.00 3315
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[ 0204] This data denonstrated the ability of hUTC to be expanded in
static T flask or mcrocarrier culture systenms with reduced serum
medi a over nmultiple passages in a stable, consistent manner and
mai ntain its phenot Pic cell surface protein expression.

Expansi on OWW 9)% HI LLEX3I1 Mcrocarriers in a 3L BIPSF@ﬁ%,“PE‘?‘”s“

0205] The I nbi.lical tissue
E:Ierl v!ad cel l Q%le h &{iﬂmkugﬁ@&%gf%ﬁU%@% E@? ?%i'gmqg‘r Bré‘z‘ityrl‘lérls in aI beﬁch

scal e biore multiple popul ation doublings. The ability to

expand hUTCLIis: Ll Epehsod | Poublisey pl [TolalPduitings | $) [ (faurs/Dogpiin

bench scal eHbiler %?é%g’ @gsgzgs Sm:l%_é__m'g_d_eL bi-oprociessi aglsystem o be
1 .F5E+ 4.27E+08 | 11,39 3514 b 351 | 300, ). 7 pos2

scal e- up f ot ary§7e8al Sellh0U UG O o THFE hH' TR Ala

appl i cati ong. aNUf GrsEsd)| adeeos N @24 Y0 SXPaNUEE; L O [aPREH0X nu@ggy 70%
confl uence sH| | B.rEstos ) pdsE+spiIcr @erar (i exos 10 azB00NL s@ nher adsk ask were
used to i noculsatp3HE | bESdactar Fomshi nj ngseddiltienal | mediza ahd

"6 | 3.756+05 | 3.65E+06 573 ) 2832, 14 & | ps2a
HI LLEX(r)I I Mt DG £8E b 23E505 | hca.é?C: v% ijoé?ul \.’4. .3'23 +he g’?':g;‘}' eqact or

for five daySsW | Brsebs [qU@-& [T k&N | O sl CUl ab @ a [T Ggl UT Tl cpunt s.
[0206] The hURC hefie:@viecmapdr oxemal elas SilX pepul dt | @m_dpUbkdefi | N
five days. Mwﬁemmrm i oh dsublli ng7xas (i nellecat i veesnf bt abl e
| ogari t hmi c—g-PeWE?"SE"* S de 2% Ludbmlnac®Rycdasa®ul [ 588 ni b ned
at 7.0 by a C»2 air overlay and wi thout sparging. The DOof t he
system was Tbieee Softindohscukpas diblICiokte 2I304§%7HJasd Vygeewtiahddiaover | ay and

wi t hout spar§| n% ek 3 [ 0207] This data dermnstrat es the ability of
de}l’)'

hUTC to be wei&L:’\g(d;n\élnni T E’:oubhng qﬁéjbﬁuﬁhnﬁ q‘mﬁoaysi ru:rgbcm}-blgg Th I's
nodel bi oprfOTESSI Y. Sy o375 CaTh P sear e-gp T or—= ction
of hUTC for[_cel T ihesdpseappl | oaf 1|oNn.azr s2f 0208 s0d NE[ OORbs OT| thi s
study was tlo expalibas astkeon Lundsi | icalsit i dsuesstier | veao cel | ssubeh UTIC)
adher ent t g—HEHEBRSP (RO oo Tip il 296 n 1o Wahonlscstr g lni o Factor

. "3 eS| eedeagb | T UFO5 T T[T Zpa 1D 9248 ] 400 3
over nul ti gt e POPIIE=s 1| OeRp VT T50S— bieqbi Lizt y o &xpand :g,wv n
H LLEX(r) I I_ower] sk || plseropOpud.at ijon selOUDl 1 s 1 N _awobencn smesal o
bi oreactor hwi 1| |S¥E06 | B9%8Fe| 39 ofr od®ssiing19yst em 3w He sl e-lup for
- d r\% Fo¥a Nl 3J$E+°5w ﬁE+D$\ l'l'rs-m Ok r\&ﬁal hnlz nrﬂ-op C. i

| ar ge- scal ¢—pi-oqueiTon 22 T L 4 ..\,.24‘%}\“ peiie t-GBE.HUTC
i sol at e CNJO @476 ERpINREERs |0 e PNoX, et ¢ty Zup Y vonfiugnce,

HI LLEX(r) | [—nm criccaros | e@n®+ws | a.sb00NLe8PI INEEsst | abK el § USess

i nocul ate a 31., bioreactor containing additional nedia and
H LLEX(r) | r Clifrea 1 A HLED k. Lhe bior !
for five ﬁmé@ﬁk &ﬁi@ji ﬁ%éljgl STE}&[; eﬁcllz!{t%lz\é%ﬁ gluf}.‘r I-HJ 7 n%&‘v &ﬁmxﬁm@cgﬁw@g

MATERI ALS AN[% IVDEM HODS e taw& )2 FBLF OﬂeqLLeg‘ i Cryopr eserved expanded
Advance mM Glu + 115 ip 5 cuture ) 4 e o
-SEG%W Al "‘l\l'l'h /|7Q |_n_f

human unbi FEg ‘eXgdndior [\ Dovbing/ | ToBiDoubings | e (Days) ]

Days) |, He Hing .
25126078 PP~T;, U3Ed: Toieod P2Le UVVLnIbIJ Orr—Pmeee owmﬁ%'\ﬁgu i ed
Eagl es Med[a 1 +08 DWrogthalC 0S8 WI[T Neddl __pheral T Ed sbdd QCO-sdad and
| sl and, NY),_215%,7§a5t08] 859En0T P"Cﬁll‘l m é€RS)  (IseCl ohe-+0d odan 2t5), (4. OmM
G ut aMAX( r }Co bhagEo) AREron by sany [ apygss 205 921 114905y 45padgent .

| X TrypLETh Sel ect (G bco- Gand Isl and, NY), 10x TrypLr Sel ect
(G bco- G anmk 3p.Stoatindgus MWyre of KUTC isolte) 3@ in shher eia nrgrodriameditdl LLEX( 1) | |
(Sol oH 'l 1RG tediaARcAkPQhe M) mcrocarriers were hydrated in DI

wat er f or Piasshge {STeadsdU] MG IE Bxp W8 O] TokAbdutidss™ Tk (obys) [ ottt 1] | €1 S

were used At oa ¢oncenf iaebsOn Qbo 1XQ/ L. [ OZ2[13] BH{TFm'. 3L

j acket ed blorieactepEoq ApssEpekion 294 n¢.  w8oster 1@ty DCU

control | er 4Sar{ &2E8S ?Bz:ﬂqe{—ﬁﬁehx;mﬂplﬂ 4.69 jct or
VB E+D7 | S.VBEI07 5,65

| nocul ati oh—6y9 &?2 ‘Tcrocarrers rfﬂ—at—t—ae-ﬁfgd—e mat el y

70% confl uence yielded froma 500l spinner flask were aseptl cally
transferred to a 3L bioreactor containing 30g =LEX(r) Il and
approximately 2L grow h nedia. Additional growth media was then added
to bring the final volunme to 3L. [ 0215] Bioreactor Settings.
The bioreactor inpeller was set to 85-100 RPM The pH set point was
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3.22 3.22 3.00 22.33 md-run sanple 7.47E+07 2. 88E+08 1.94 5.17 1.00
12. 34 harvest 2.88E+08 6.15E+08 1.10 6.27 1.00 21.89 [0218]
hUTC i sol ate CNTO 2476 adherent at 70% confl uence to 6g of HI LLEXell

were used tgQ | e a 3L bioreactor. The pH of the system was
successf ul |§'0r.g@ﬁsﬁa[%§§i‘ed at 7.0 by a CO2 air overlay anrﬁ%ﬂuls?‘?%?”““
spargi ng. The DO of the system was successfully maintained at 40% by
oxygen air overl a and V\Athou;é spar gi ng. Thbt; hUTC achi eved

appr oxi mat g m ﬂ?)% ‘%ﬁ“ ESUMSALSIRFEXHr ¢5sidn) by AUBG ppandTiin Aoused DNEM/F12 +
popul ati on ll’ﬁ%ﬁg jﬁ PEYE YRR Bf%st abl e | ogarithnic growth. This
dat a denonst | ate@Surlabee falBrdwitit | @fiva to be expanded on HI LLEXsII in
a bench scal g_bMatkeract lorMediih i isDMEMIEIZ bi opr ocessi ng system can be

scal e-up for|49840 ge- scal e () aduct (*on hUTC for cell therapy

appl i cation. %i* NPLE 1a1¢r¢\%are- otlof |hUTC on HL71., EX611

M crocarrier —Cone A S L uf; A4 24 G ans/Liter 102191
The goal of Bq_‘p study] wWets) ty Toityimousl y cul ture expanded human
unbi i cal tiEpwE derivjed (Cel 1[S (YTC)| adherent to HI LLEXel |

m crocarrier@da _ nul ti|pl @M groc@anrigr concentrations in spinner
flasks. The @BPe ity td exphnd hUFE ol m crocarriers at various

m crocarri er_.EW centrdtidns Jill{-drolide greater flexibility and
options for Lg ﬁcqua! e é;ﬁ et ,(L‘z hUTC for cell therapy
applicati O”SHLM FBPORTSTYS e ;)au. ate 120304 was thawed and used
to i mredi at ey Tnocurate spirnmer ftasks containing H LLEX ||

rnicrocarriers at concentrations of 12, 16, 20, or 24g/1. and were
continuously cul®20¥eCryrpesserid| HUTE) isolain28 ¥ avps thawed and fpaiRie] inteplicate T75

i sol ate 120304 vﬁfh)féﬁ%&éﬁ%%?ﬁ%ﬂwﬁﬁ mBPRt QEJBQHaSELQ&b%QﬂJugsﬁaeppog@?no%m)lﬂahhg

be thawed, and expanded on HI LLEX(r)Il mcroCarriers
passages. ‘Ifﬂ’éeaﬂb"ﬁl’lé’a‘ﬁ &> sk H’F‘%&OP%‘“’H BemB PssRge Werassrasy indigating siptle legasithniier

concent r at lg@d\thaStaﬁﬁiB&llaﬁélﬁ.&tbyfoﬁ@mmﬁ@ﬁGFalﬂﬂu@%&%ﬂﬂatmﬁ BAIbGERE daBGoints
stable | og i cal. anal

all hours %EVEB%%%}I W%ﬁﬂdf‘?‘hg&w&“ s fgr ai]r‘iié%{\lpﬁ‘ﬁtsg? 8%?1‘)1 ‘te];I

di fference snrlﬁaee pidtem eypewidn oRhHET éxpandbdin ralited cand nfelia Ras do@Gitad with
(p=0.277) . %@d%emgﬁéé%%qnegge ability of hUTC to be expanded

over seven pass €S on mcroctaniers in a stable, consistent manner.
[0221] The goal [0883]t Wilso, gyapebyerved$UTE ispiatet 120006 wab thawgadl ahd) exparebi arnlitiek

human unbi kj lﬁﬁloc&ﬁa%uaméﬁg bntiagh M0l it (O Tehe A BN e didCol thick

I,
m crocarriers at nul rD M crocarrier concent El%tl ons I n sp Ezgafggs
flasks. Th&haheurs neypqpa ationysignlding @r@cbﬁmmecﬂ@&ap&qoes«%enafromaassasw - 59 -

Mi Crocarri @ksskseNEREHH §tblﬂlé'l§ga\fﬂhlrdlc BERY] @%txﬂfsﬁ%ﬁﬁﬁsmfﬂly%é letﬂtea%@'the
options for |arge-sca od ctlon of for_ cel

appl i cat i oA¥era %%Peég Chlsgishasy npsignifiog differrpgs ‘h%@%@@]@é@l
to i medi abaweﬂtﬁmezulnﬁﬂiasféspém@eoatiql)asks cont ai ni ng BI LLEX(r) 11

m crocarriers ralon L. and were
conti nuously cﬁ?’%%fegﬁﬁbﬂ? an] g’ezgggé?@é@o(:ﬁ&? edinfatic fBHsHons
[ 0222] Cel kdcrod@trigopitesaysiad with painctd derivt FiRdia ummhlnfsla bas@afg’éﬂnhlsﬁslue

cells (hUurC ol ate 12034 DO uI ation d [0223]
Gowth Med’ %{’Sls%fﬁ Beces” sm '% R (E%Pd‘fcg ‘I\%&?‘%"% ’°’? ow gl ucose
(G bco- Gand Island, NY), 15% fetal bovine serum (FBS) (Hyd one-

Logan UT), penicilli n/ st reptonycin (P/S) (G bco- Gand Island, NY),
Bet aner cap (BVME) (Sigma-St. Louis, M), [ 0224]

M crocarri xp%nsmnlbk‘ﬁ.)l(fé Mﬁ?‘arﬂ\l}"ggﬁ%ﬁhr‘_’lﬁer Ses Ve rsirahé'reac ot ed in DI water for

at |east 3 utes auto mcrocarriers were used
at a concent rat[P%S‘ﬁ] ofhe ggal of figgs Shfﬂwwasaﬁﬂpﬁﬂgi/mmm(“mﬂﬂl Hisgexierived pdlls =

51 5¢ Inre sur tmxe:) anhaa,) to HILLEX®I][rQ2r3é_a}ne§EH dYfh sdileaﬁal@actéf@mu@ﬂgpémm
SI ngl e- use n
g 1S CanfliSD AR & B AT p R Bl o Ot Pl A

- 56 -

wer e




PBS, the mcrocarriers allowed to gravity separate, and the PBS
supernat ant renoved by aspiration. The mcrocarriers were incubated
for ten mnutes at 37C in TrypLE11ll select. After incubation, 5m of

PBS is added and the microcarriers are allowed to gravity separate.
The cel | coMCAMUH*Supemat ant is coll ect by repeated BCHEBINHEIHA
transfer to multiple conical tubes pre-loaded with I FBS. The tubes

were cent ri Pergletale bipremtontvillsenes madel Jogpesssingshremdubserarardetaratsedmt ed,
the cells 1 grSldSRORRELE fofcel thodbyipRdion. HentisdNe GNTOIMIE edptdbisied

determne cell co Si a PCA instr t .(Guava
Technol ogi &P PR BaY* Sl S LB A bt B R i B et
hUTC i sol at éod@3G4 byreact® géntaini#izladditiohsl medit andiHEYLEEA Hmiieeostriers. JThe edlls were

Hillex Il PagsgR ieeRe8dor Yir&hcha{omlaidis fohad caldQktbh 1aGe: it ¥nt. Days)
Hours/Doubling 1 5.15E+06 12.00 1.03E+06 1. 78FE+07 4.11 16. 11

4.00 23.37 3 3. BE606THe hPITE-RChicvEd GprokBuately stk fdPulibn HOublinglindivEdH6. The
2. BT 2. f Gredpbe gttt Uoiiling RasindcaRVe of SRb1d IoBATANG srbwh The pH of the
system was successfully maintained at 7.0 by a CO; air overlay and without sparging. The DO
of the system was successfully maintained at 40% by oxygen air overlay and without sparging.
[0207] This data demonstrates the ability of hUTC to be expanded on HILLEX®II ina
bench scale bioreactor. This mode] bioprocessing system can be scale-up for large-scale
production of hUTC for cell therapy application.
[0208] The goal of this study was to expanded human umbilical tissue derived cells
(hUTC) adherent to HILLEX® Il microcarriers in a bench scale bioreactor over multiple population
doublings. The ability to expand hUTC on HILLEX®II over multiple population doublings in a
bench scale bioreactor will serve a model bioprocessing system to be scale-up for large-scale
production of hUTC for cell therapy applications. hUTC isolate CNTO 2476 expanded to
approximately 70% confluence on HILLEX®II microcarriers in a 500ml spinner flask were used to
inoculate a 3L bioreactor containing additional media and HILLEX® Il microcarriers. The cells were

cultured in the bioreactor for five days with aliquots taken to calculate a mid-run cell counts.,

MATERIALS AND METHODS

[0209] Celis. Cryopreserved expanded human umbilical cord tissue cells (hUTC)
isolate CNTO 2476 10t 25126078 PD 7 used.

[0210] Growth Media. Dulbecco’s Modified Eagles Media (DMEM)-low glucose
without phenol red {Gibco- Grand Island, NY), 15% fetal bovine serum (FBS) (HyClone- Logan
UT), 4.0mM GlutaMAX® (Gibco- Grand Island, NY).

{021 1]' Harvest Reagent. 1x T;'prEm Select (Gibco- Grand Island, NY), 10x Trle_j_,Em
Select (Gibco- Grand Island, NY).

[0212] Mz‘croca'n'fer.s'. HILLEX®1I (SoloHilt Inc.- Ann Arbor, MI) microcarriers were
hydrated in DI water for at least 30 minutes autoclaved. HI_LLEX® II microcarriers were used at a
concentration of 12g/L.

[0213] Bioreactor. 3L jacketed bioreactor (Applikon, Inc., Foster City, CA) with a B-
DCU controller (Sartorius BBI, Bethlehem, PA),
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22.86 3.00 52.37 3.06E+06 1.30E+07 2.09 24.95 4.00 46.00 7 1.23E+07
3. 46E+07 1.49 26.44 3.00 48.25 Table 43. Continuous culture of hUTC
| sol ate 120304 on 16g/L I1JLLEX(r)lII mcrocarriers. 16g/L Hllex 11

Passage Seeded Yield Doubling Total DubHogs Tine (Days)
Hour s/ Doubl M#p088/06054p5E+06 12.00 2 8. 10E+05 7. SBOE+0BCTHUSZ00HEZ3%45

4.00 29.38 3 1.56E+06 ) . , ) .
[0214) Bioreactor Inoculation. 6g of microcarriers with attached cells at approximately

70% confluence yielded from a 500ml spinner flask were aseptically transferred to a 3L
bioreactor containing 30g HILLEX® II and approximately 2L growth media. Additional growth
media was then added to bring the final volume to 3L.

[0215] Bioreactor Settings. The bioreactor impeller was set to 85-100 RPM. The pH
set point was 7.0 and controlled with CO; addition. The dissolved oxygen (DO) was allowed to
drift down from 100% to a 40% DO set point and maintained by oxygen addition. The air
overlay was set to 50 ccm and no sparging was used.

[0216] Harvest of Cells Adherent to HILLEX® I Microcarriers. The bioreactor impeller
was turned off and the microcarriers with adherent cells were allowed to settle by gravity. The
media supernatant was pumped out through a dip tube positioned above the settled microcarriers.
3L of PBS was pumped into the bioreactor and the microcarriers were allowed to settle by
gravity. The PBS supernatant was pumped out through a dip tube positioned above the settled
microcarriers. 500ml of 1x Tryp[_.v]ETM select and 50ml of 10x Trprfjm select was then pumped into
the bioreactor. The bioreactor impeller was tuned on for 10 minutes at 65 rpm. The impeller
was tumed off and the microcarriers were allowed to settle by gravity. The cell containing
supernatant pumped out through a dip tube positioned above the settled microcarriers into a
transfer container pre-loaded with a small amount of FBS. 1 L of PBS was then pumped into to
the bioreactor to re-suspend any remaining cells. The cell containing supematant pumped out
through a dip tube positioned above the settled microcarriers into a transfer container pre-loaded
with FBS. All cell-containing supernatant was transferred to multiple 500ml conical tubes. The
tubes were centrifuged for 5 minutes at 300rcf, the supernatant decanted, the cells re-susperided
in growth media and aliquot obtained for cell counting.

[0217] In Culture Cell Counts- T:pr_Ej Assay. A 5ml(100ml spinner flask) or 10ml
(500m1 spinner flask) aliquot of homogenous microcarrier suspension was obtained from spinner
flask vessel and transferred to a 15ml tube. The microcarriers were allowed to gravity separate
and the supernatant was removed by aspiration. The microcarers were washed once with 10ml
PBS, the microcarriers allowed to gravity separate, and the PBS supernatant removed by
aspiration. The microcamiers were incubated for ten minutes at 37°C in TrypLE" select. After
incubation, Sml of PBS is added and the microcarriers are allowed to gravity separate. The cell
containing supemnatant is collect by repeated pipetting and transfer to multiple conical tubes pre-
loaded with 1m] FBS. The tubes were centrifuged for 5 minutes at 300rcf, the superatant

decanted, the cells re-suspended in growth media, and an aliquot is used determine cell count.
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8. 74E+06 2.49 17.75 3.00 28.97 4 1. 75E+06 1. 93E+07 3.47 21.22 4.00
27.70 5 3.86E+06 1.85E+07 2.26 23.48 3.00 31.85 6 3. 70E+06 1.54E+07
2.06 25.54 4.00 46.66 7 1.46E+07 4. 70E+07 1.69 27.22 3.00 42.69

Tabl e 44. Conti nuous culture of hUTC isolate 120304 on 20g/L BULKY)
.11 microcaMA8p068db/ L Hi |l ex |1 Passage Seeded Yi el dPOBUBIPHGISR6L al

: : i
Doubl i ngs TIRI’}E%U I;I)%ys) Hour s/ Doubl i ng

Table 41. Continuous culture of KUTC isolate CNTO 2476 on Hillex II®_microcarriers.
CNTO 2476 on Hillex Il

aliquot Seeded Yield Doubling | Tolal Doublings | Time {Days){ Hours/Doubling
innoculation 7.99E+06
mid-run sample 7.99E+06 TATE+QT 3.22 3.22 3.00 22.33
mid-unsample | 7.47E+07 | 2.88E+08 1.94 517 1.00 12,34
harvest 2.88E+0B | 6,15E+08 1.10 68.27 1.00 21,88

[0218] hUTC isolate CNTO 2476 adherent at 70% confluence to 6g of HILLEX® IT were
used to inoculate a 3L bioreactor. The pH of the system was successfully maintained at 7.0 by a
CO; air overlay and without sparging. The DO of the system was successfully maintained at
40% by oxygen air overlay and without sparging. The hUTC achieved approximately six
population doubling in five days. The hours per population doubling was indicative of stable
logarithmic growth. This data demonstrates the ability of hUTC to be expanded on HILLEX® 11 ina
bench scale bioreactor. This model bioprocessing system can be scale-up for large-scale

production of hUTC for cell therapy application.

EXAMFLE 10
Expansion of hUTC on HILLEX®II Microcarriers at Concentrations of 12-24 Grams/Liter

[0219] The goal of this study was to continuously culture expanded human umbilical
tissue derived cells (WUTC) adherent to HILLEX® II microcarriers at multiple microcarrier
concentrations in spinner flasks. The ability to expand hUTC on microcarriers at various
microcarrier concentrations will provide greater flexibility and options for large-scale production
of hUTC for cell therapy applications. Cryopreserved hUTC isolate 120304 was thawed and
used to immediately inoculate spinner flasks containing HILLEX®II microcarriers at concentrations
of 12, 16, 20, or 24g/L and were continuously cultured over multiple passages.

[0220] hUTC isolate 120304 cryopreserved at population doubling 12.8 was able to be
thawed, and expanded on HILLEX® I microcarriers for seven passages. The hours per population
doubling was for each microcarrier concentration was consistent from passage to passage,
indicating stable logarithmic growth. Statistical analysis by one-way ANOA of all hours per
population doubling data points show no significant difference the hUTC growth kinetics for all
conditions tested. (p=0.277). This data demonstrated the ability of hUTC to be expanded over
seven passages on microcarriers in a stable, consistent manner.

[0221] The goal of this study was to continuously culture expanded human umbilical

tissue derived cells (WUTC) adherent to HILLEX® 11, microcarriers at multiple microcarrier
concentrations in spinner flasks. The ability to expand hUTC on microcarriers at various
-59.
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microcarrier concentrations will provide greater flexibility and options for large-scale production
of hUTC for cell therapy applications. Cryopreserved hUTC isolate 120304 was thawed and
used to immediately inoculate spinner flasks containing BILLEX® IT microcarriers at concentrations

of 12, 16, 20, or 24g/L and were continuously cultured over multiple passages.

MATERIALS AND METHODS

[0222] Cells. Cryopreserved expanded human umbilical cord tissue cells (hWUTC)
isolate 12034 population doubling (PD) 12,

[0223] Growth Media. Duibecco’s Modified Eagles Media (DMEM)-low glucose
(Gibco- Grand Island, NY), 15% fetal bovine serum (FBS) (HyClone- Logan UT),
penicillin/streptomycin (P/S) (Gibco- Grand Island, NY), Betamercaptoethanol (BME) (Sigma-
St. Louis, MO),

[0224] Microcarriers. HILLEX®II microcarriers were hydrated in DI water for at least 30
minutes autoclaved. HILLEX®™ II microcarriers were used at a concentration of 12, 16, 20, and
24g/L. (1g HILLEX® IT = 515¢m2 surface area).

[0225] Spinner Flask. 100ml and 500mi single-use, disposable spinner flasks (Coming,
Inc.- Comning, NY) were used.

[0226] Inoculation and Culture in 100ml Spinner Flask. 100ml spinner flasks were
loaded with 100m] growth media and appropriate concentration of microcarriers to achieve 12,

16, 20, or 24 grams of HILLEX® I per liter. Cryopreserved vials of hUTC were thawed, washed
and resuspended in growth media. The appropriate numbers of cells were added to each 100 m!
spinner flask to achieve 5.0 X 10> cells per em®. Cell loaded spinner flask were placed on a
spinner plate set to 60-rpm continuous rotation, Spinner plates placed in 5% CO,, 37°C tissue
culture incubators and incubated for three to four days.

[0227] Passage of Cuiture From One 100ml Spinner Flask to One 500mi Spinner
Flask. 100ml spinner flask was removed from spinner plate and the microcarriers were allowed
to settle. The media supernatant was removed by aspiration. The remaining microcarrier pack
with adherent cells was resuspended in 20ml fresh growth media, The microcarriers with
adherent cells were then aseptically transferred by pipette to a 500mi spinner flask containing
480m] fresh growth media and 4.8g HILLEX®II (6g final microcarrier content) or 1.2g _Cytodex® 1
(1.5g final microcarrier content). The spinner flask was then placed on a spinner plate set to 60-
tpm continuous rotation. Spinner plates placed in 5% CO», 37°C tissue culture incubators and

incubated for three to four days.
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100m] spinner flask was removed from spinner plate and the microcarriers were allowed to
seftle. The media supemnatant is removed by aspiration. The remaining microcarrier pack with
adherent cells was resuspended in 50ml fresh growth media. A 10ml aliquots of the
microcarriers with adherent cells were then aseptically transferred by pipette to a separate 100ml
spinner flask each containing 90m] fresh growth media and 0.96g HILLEX®1I (1.2g final
microcarrier content). The spinner flagks were: then placed on a spinner plate set to 60-rpm
continuous rotation. Spinner plates placed in 5% CO,, 37°C tissue culture incubators and
incubated for three to four days.

[0229} Harvest of Cells Adherent to HILLEX® IT Microcarriers. The spinner flask was
removed from spinner plate and the microcarriers with adherent cells were allowed to éettle by
gravity. The media supematant was removed by aspiration. A volume of PBS equal to the

- working volume of the spinner flask was added to the spinner flask and the microcarriers were
allowed to settle by gravity. A volume of TrprBm select equal to 1/5th the working volume was

~ added to the spinner flask. The spinner flask was then incubated on spinner plate for 10 minutes
at 60 rpm. The spinner flask was removed from spinner plate and the microcarriers were
allowed to settle by gravity. Using a 25ml serological pipette, the microcarriers-TrypLE"™ select
solution was agitated by pipetting up and down ~10 times to dissociate resideal adherent cells
from the microcarriers. The cell containing supernatant is collect by repeated pipetting and
transfer to multiple conical tubes pre-loaded with 5ml FBS and a 100um filter unit inserted in the
tube opening. The tubes were centrifuged for 5 minutes at 300rcf, the supemnatant ﬂecanted, and
the cells re-suspended in growth media.

[0230] VFiability Staining. A 1mi aliquot of media and microcarriers wers transferred to
a 15ml conical tube and the microcarriers were allowed to separate by gravity. Media was
removed by aspiration and replaced with 1ml Live/Dead staining solution (Molecular Probes cat,
no. 1.3224) and incubated from 15 minutes at 37° C. Afier incubation a 20ul aliquot was applied
to a glass microscope slide and observed by fluorescent microscopy. Live cells stain green.
Microscopic fields were manually analyzed to evaluate the distribution of viable cells adhered to
the microcarriers. At least three microscopic fields were evalvated and the approximate
percentage of viable cells was counted.

[0231] In Culture Cell Counts- _Z?prEm Assay. A 5ml (100ml spinner flask) or 10mi
(500ml spinner flask) aliquot of homogenous microcarrier suspension was obtained from spinner
flask vessel and transferred to a 15ml tube. The microcarriers were allowed to gravity separate

and the supematant was removed by aspiration. The microcarriers were washed once with 10ml
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isolate 12 O%Qs%eaﬂelﬁaﬂreq%gfs)pypoﬁﬂén%ﬁ gc?u%fuggl v?ars %dnsistent from passage to passage,
indicating stable logarithmic growth and was also consistent with the T flask growth kinetics.
Statistical analysis by one-way ANOA of all hours per population doubling data points show no
significant difference the hUTC growth kinetics for all conditions tested. (p=0.988). Also the
cell surface protein expression remained consistent at final harvest for all conditions tested.

[0235] This data demonstrated the ability of hUTC to be expanded to approximately 30
population deublings on microcarriers in a stable, consistent manner that maintains the cell’s
surface protein phenotype. This model system can be scale-up for large scale production of
hUTC for cell therapy application.

[0236] The goal of this study was to continuously culture expanded human umbilical
tissue derived cells (hUTC) adherent to commercial microcarriers in spinner flasks over multiple
population doublings. The ability to expand hUTC on microcarriers over muitiple population
doublings will serve a model system to be scale-up for large-scale production of hUTC for ceil
therapy applications. Two hUTC isolates, 120304 isolated, expanded and cryopreserved under
research conditions, and CNTO 2476, isolated, expanded and cryo;ireserved under GMP
conditions, were evaluated. The commercial microcarriers evaluated were Cytodex® 1 or HILLEX®
II. The cryopreserved cells were thawed and used to immediately inoculate spinner flask
cultures. The cells were continuously cultured over multiple passages until the cell reached

population-doubling 30. hUTCs were also cultured statically in 7225 flasks as a control.

MATERIALS AND METHODS
[0237) Cells. Cryopreserved expanded human umbilical cord tissue cells (hUTC)

isolate 12034 population doubling (PD) 12 and hUTC isolate CNTO 2476 Iot 25126078 PD 22
used.

[0238] Growth Media. Dulbecco’s Modified Eagles Media (DMEM)-low glhicose
(Gibco- Grand Island, NY), 15% fetal bovine serum (FBS) (HyClone- Loéan U,
penicillin/streptomycin (P/8) (Gibco- Grand Island, NY), Betamercaptoethanol (BME) (Sigma-
St. Louis, MQ)

[0239] Microcarriers. Cytodex® 1 (GE Health Sciences- Piscataway, NJI) microcarriers
were hydrated in PBS for at least 3 hours and autoclaved, Cytodex® 1 microcarriers were used at a
concentration of 3g/L. HILLEX®II (SoloHill Inc.- Ann Arbor, MI) microcarriers were hydrated in

deionized water for at least 30 minutes autoclaved. HILLEX®II microcarriers were used at a

concentration of 12g/L.
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[0240] Spinner Flask. 100ml and 500mi single-uss, disposable spinner flasks (Coming,
Inc.- Coming, NY) were used.

[0241] Inoculation and Culture in 100m] Spinner Flask. Cryopreserved vials of hUTC
were thawed, washed and resuspended in growth media. 6.6 X 106 hUTC were added to
3000mg of Cytodex® 1 (5.0 X 10°cells per cm?) in a 100 ml spinner flask containing 100 m] media
and placed on a37°C tissue culture incubators and incubated for three to four days. Spinner plate
was set to 60-rpm continuous rotation. 3.1 X 10° hUTC were added to 1.2g of HILLEX®II (5.0 X
10? cells per cm?) in a 100 ml spinner flask containing 100 m! media and placed on a spinner
plate set to 60-rpm continuous rotation. Spinner plates placed in 5% CO,.

[0242] Passage of Cuiture From One 100ml Spinner Flask to One 500ml Spinner
Flask. 100m] spinner flask was removed from spianer plate and the microcarriers were allowed
to settle. The media supernatant is removed by aspiration. The remaining microcarrier pack
with adherent cells was resuspended in 20ml fresh growth media. The microcarriers with
adherent cells were then aseptically transferred by pipette to 2 500m] spinner flask containing
480m! fresh growth media and 4.8g HILLEX®II (6g final microcarrier content) or 1.2g Cytodex® 1
(1.5g final micmt;arrier content). The spinner flask was then placed on a spinner plate set to 60-
rpm continuous rotation. Spinner plates placed in 5% COj, 37°C tissue culture incubators and
incubated for three to four days.

[0243]) Passage of culture form one 500mi spinner flask to five 500ml! spinner flasks.

500m] spinner flask was removed from spinner plate and the microcartiers were allowed
to settle. The media supernatant is removed by aspiration. The remaining microcarrier pack
with adherent cells was resuspended in 50m] fresh growth media. Five separate 10m] aliquots of
the microcarriers with adherent cells were then aseptically transferred by pipette to five separate
500ml spinner flasks each containing 490ml fresh growth media and 4.8g HILLEX® U (6g final
microcarrier content} or 1.2g Cytodcx® 1 (1.5g final microcarrier content). The spinner flasks
were then placed on a spinner plate set to 60-rpm continuous rotation. Spinner plates placed in
5% COy, 37°C tissue culiure incubators and incubated for three to four days.

[0244] Harvest of cells adherent to Cytodex® 1 microcarriers. The 500ml spinner flask
was removed from spinner plate and the microcarriers with adherent cells were allowed to settle
by gravity. The media supernatant was removed by aspiration. 500ml of PBS was added to the
spinner flask and the microcarriers were allowed to settle by gravity. The PBS supernatant was
removed by aspiration. 500ml of DMEM- low glucose was added to the spinner flask. The
spinrier flask was then incubated on spinner plate for 20 minutes at 60 rpm. The spinner flask

was removed from spinner plate and the microcarriers were allowed to settle by gravity. The
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spinner flask. The spinner flask was then incubated on spinner plate for 20 minutes at 60 rpm.
The spinner flask was removed from spinner plate and the microcartiers were allowed to settle
by gravity. The PBS supematant was removed by aspiration, 250m] TrypLE " select was added to
the spinner flask. The spinner flask was then incubated on spinner plate for 10 minutes at 60
rpm. The spinner flask was removed from spinner plate and the microcarriers were allowed to
settle by gravity. Using a 50ml serological pipette, the microcarriers-TrypLE "~ select solution
agitated by pipetting up and down ~10 times to dissociate residual adherent cells from the
microcarriers. 250ml of PBS was then added to the spinner flask the microcarriers were allowed
to seitle by gravity. The cell containing supematant is collect by repeated pipeiting and transfer
to multiple conical tubes pre-loaded with Smil FBS and a 100pm filter unit inserted in the tube
opening. The tubes were centrifuged for 5 minutes at 300ref, the supernatant decanted, and the
cells re-suspended in growth media.

[0245]  Harvest of cells adherent to HILLEX® I microcarriers. The 500m] spinner flask
was removed from spinner plate and the microcarriers with adherent cells were allowed to settle
by gravity. The media supernatant was removed by aspiration. 500m! of PBS was added to the
spinner flask and the microcarriers were allowed to settle by gravity. 100ml TrypLE" select was
added to the spinner flask. The spinner flask was then incubated on spinner plate for 10 minutes
at 60 rpm. The spinner flask was removed from spinner plate and the microcarriers were
allowed to settle by gravity. Using a 25ml serological pipette, the microcarriers-TrypLE"™
solution was agitated by pipetting up and down ~10 times to dissociate residual adherent cells
from the microcarriers. The cell containing supernatant is collect by repeated pipetting and
transfer o multiple conical tubes pre-loaded with 5ml FBS and a 100pm filter unit inserted in the
tube opening. The tubes were centrifuged for 5 minutes at 300rcf, the supematant decanted, and
the cells re-suspended in growth media.

[0246] Viability Staining. A 1ml aliquot of media and microcarrers were transferred to a 15ml
conical tabe and the microcarriers were aliowed to separate by gravity. Media was removed by
aspiration and replaced with 1ml] Live/Dead staining solution (Molecular Probes cat. no. L3224)
and incubated from 15 minutes at 37° C. After incubation a 20yl aliquot was applied to a glass
microscope slide and observed by fluorescent microscopy. Live cells stain green. Microscopic
fields were manually analyzed to evaluate the distribution of viable cells adhered to the
microcarriers, At least three microscopic fields were evaluated and the approximate percentage

of viabie cells was counted.
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24.50 8 4. 00E+07 1.60E+08 2. 00E+00 3. 10E+01 3.00 36.00 8 1.60E+08
7.67E+08 2. 26E+00 3. 32E+01 4.00 42.46 Table 49. Continuous cul ture
of hUTC i soI ate CNTO 2476 on DILLEX(r)r( mcrocarriers CNTO 2476-

Hillex Il ded Yield doubling Total Doubling ' ays)
hours/doublln ﬂ% ‘%ﬁ@d 1. 68E+06 2. 26E+01 6 1. 68E+§gh%ﬂ§§é@%ﬁ&

2. 94E+00 2. 55E+0[1-)2¢f17] 09}1 %w@%el?calzmg-%cgz reéasg Qalrzfay. A gmloél&mq gpil%iez algk) or
10m! (500m spinner flask) aliquot of homogenous microcarrier suspension was obtained from
spinner flask vessel and transferred to a 15mi tube. The microcarriers were allowed to gravity
separate and the supernatant was removed by aspiration. The microcarriers were washed once
with 10ml PBS, the microcarriers allowed to gravity separate, and the PBS supernatant removed
by aspiration. The microcarriers were incubated for one hour at 37°C in nuclei release solution
(0.1M citric acid (Sigma- St. Louis, MO) containing 0.1% w/v crystal violet (Sigma- St, Louis,
MO)). After incubation, a 100u! aliquot of the microcarrier containing nuclei release sofution
was added to 100u] PBS. A 10p aliquot of this solution was then loaded into a hemocytometer

and released nucle: counted.

[0248] Jiz culture cell counts- TrypLE™ assay. A 5ml (100ml spinner flask) or 10ml
(500m] spinner flask) aliquot of homogenous microcarrier suspension was obtained from spinner
flask vessel and transferred to a 15ml tube. The microcarriers were allowed to gravity separate
and the supernatant was removed by aspiration. The microcarriers were washed once with 10m]
PBS, the microcartiers allowed to gravity separate, and the PBS supematant removed by
aspiration. The microcarriers were incubated for ten minutes at 37°C in TrypLE™ sclect, Afier
incubation, Sml of PBS is added and the microcarriers are allowed to gravity separate. The cell
containing supernatant is collect by repeated pipetting and transfer to multiple conical tubes pre-
loaded with iml FBS. The tubes were centrifuged for 5 minutes at 300cf, the supematant
decanted, the cells re-suspended in growth media, and an aliquot is used determine cell count
using a Guava® PCA instrument (Guava Technologies, Haywood, CA).

[0249] Static T-Flask Culture. Cryopreserved vials of hUTC were thawed, washed and
resuspended in growth media. The cells were cultured statically in T225 over multiple passages
using methods stated in 11$2005/0054098.

[0250] Filow Cytometry. Harvested hUTC were analyzed by flow cytometry using a
Becton-Dickinson FACSCalibur instrument (Becton Dickinson, San Jose, CA) to determine the
cell surface marker profile using methods stated in US2005/0054098. All antibodies purchased
from BD PharMingen (Sanr Diego, CA).
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3. 05E+07 1.
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RESULTS
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Table 46, Continuous culture of hUTC isolate 120304 on C_y_todex® 1 microcarriers.

120304- Cytodex 1

Passage [Seeded Yield Doublin TotalDoublings fime (days) Hoursldoubling

6 (seed) 5.32E+06| 2.03E+00 1.28E+01 :
6] 5.32E+068] 4.71E+07| 3.15E+00 1.59E+01 4.00 30.51
7| 8.96E+06| 7.30E+07| 3.03E+00 1.89E+01 3.00 23.789
8| 6.60E+06| 3.30E+D7| 2.32E400 2.12E+01 3.00 31.01
9] 6.60E+06] 3.90E+07] 2.56E+00 2.38E+01 3.00 28.08
10| 3.90E+07] 2.17E+08} 2.48E+00 2.63E+01 4,00 38.77
11} 2.17E+08| 1.10E+09| 2,34E+00 2.86E+01 4.00 41.00

Table 47. Continuous culture of hUTC isolate 120304 on RILLEX®II microcarriers,

120304- Hillex 1l

Passage |Seeded Yield Doubling |Total Doublings [time (days) Hours/doubling |

6 (seed) S5.32E+06| 2.03E+00 1.28E+01
6] 65.32E+06| 4.71E+07] 3.15E+00 1.58E+(1 4.00 20.51
7| 8.96E+06| 7.30E+07| 3.03E400 1.89E+01 3.00 23.79
8] 3.00E+05| 1.90E+Q7| 2.86E+00 2.16E+01 3.00 27,04
9| 3.80E+06| 230E+07{ 2.60E+00 242E+01 3.00 27.72
10| 2.30E+07| 2.64E+08| 3.52E+00 2.77E+01 4.00 27.27
11] 2.11E+08] 4.16E+08| 9.79E-01 2.87E+01 3.00 73.52

Table 48. Continuous culture of hUTC isolate CNTO 2476 on Cytodex® 1 microcarriers

CNTO 2476- Cyvtodex 1

Passage [Seeded |Yield doubling _iTotal Doublings Jtime (days) thours/doubling

€ (seed) 6.30E+05 2.26E+01
8] 6.30E+05] 3.44E+08] 2,45E+00 2.50E+01 3.00 29.40
7] 3.44E406] 5.20E+07| 3.92E+00 2.90E+01 4.00 24.50
8| 4.00E+07¢ 1.60E+08] 2.00E+00 3.10E+01 3.00 36.00
8] 1.60E+08| 7.67E+08] 2.26E+00 3.32E+01 4.00 42.46

Table 49. Continuous culture of HUTC isolate CNTOQ 2476 on HILLEX® I microcarriers

CNTO 2478- Hillex 1

Passaﬁe Seeded |Yield doubling |Total Doubllﬂgs time (days) [hours/doubling

§ (seed) 1.68E+06 2.26E+4D1
6] 1.6BE+06] 1.29E+07} 2.94E+00 2.55E+01 4.00 32.64
7| 1.28E+Q7| 5.30E+07| 2.04E+00 2.76E+01 3.00 35.32
8{ 5.30E+07| 5.60E+08] 3.40E+D0 3.106E+01 5.00 35.28
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1. 94E+01 3.00 36.00 9 3. 75E+05 1 85E+06 2. 30E+00 2.17E+01 4.00 41.69
10 3. 75E+05 2. 39E+06 2. 67E+00 2. 44E+01 3.00 26.95 11 7. 50E+05
3. 14E+06 2. 07E+00 2. 64E+01 4.00 46.47 12 3. 14E+05 2. 02E+07 2. 69E+00

2. 91E+01 3. 3 2.02E+07 1. 14E+08 2.50E+00 3. 16E+01 4.00 38. 45
Tabl e 51. Og‘pr%)pé%j‘%éﬁ%of cel | surface proteins expressi & By2itR%Es46
expanded on mcrocarrier and T-flasks and anal yzed by flow cytonetry.

Cell Surface Marker
Table 50. Continuons culture of hUTC isolate 120304 in T225 flasks.

120304- T225 flask

Passage |Seeded |Yield doubling Total Doublings time (days) hoursldoubling

& (seed) 1.12E+07| 2.03E+00 1.28E+01
6| 1.12E+07] 3.05E+07| 1.45E+00 1.42E+01 2.00 33.21
7| 2.20E+06] 2.03E+07| 3.21E+00 1.74E+01 4.00 28.94
8| 3.75c+05| 1.50E+06| 2.00E+C0 1.94E+01 3.00 36.00
9{ 3.75E+05| 1.85E+06] 2.30E+00 217E+01 4.00 41.89
10| 3.75E+05| 2.30E+06| 2.67E+00 244E+01 3.00 26.85
11| 7.50E+05] 3.14E+06} 2.07E+00 2.64E+01 4.00 46.47
121 3.14E+06] 2.02E+07] 2.68E+00 2.91E+01 3.00 26.81
13| 2.02E+07] 1.14E+08| 2.50E+00 3.16E+01 4.00] 38.45

Table 51. Comparison of cell surface proteins expression by hUTC expanded on microcarrier and T-flasks
and analyzed by flow cytometry,

Cell Surface 120304 120304 | 120304 [ CNTO 2476 | CNTO 2476
Marker T225 flask Cytodex 1| Hillex Il Cytodex 1 Hillex 1!
CD 10 (+) (+) (+) [+) (+)
CD 13 {+) (+) {*) (+) (+)
CD 31 (=) (=) (-} (-) (-)
CD 34 {-) {-) () {-) (-}
CD44 (+) (+) {+) (+) (+)
CD 45 {-) (-} (-) {-) (-)
cD73 (+) (+) {*) (+) (+)
cDgo (+) (+) {+) (+) (+)
CD 117 (- (-) (-) {-) (-3
CD 141 (-} (-) {-) (-} {(-)
PDGFr-a (+) (+) {(+) {+) {+)
HLA-ABC (+) {+) (+) {+) (+)

HLA-DRDPDQ {-) (=) (-} ) (-}

[0251] hUTC isolate 120304 cryopreserved at population doubling 12.8 was able to be

thawed, and expanded on Cytodex®1 and Hillex® II microcarriers to population doubling 28.6 and
28.7 respectively. The hours per population doubling was consistent from passage to passage,
indicating stable logarithmic growth and was consistent with the T flask growth kinetics, hUTC
isolate CNTO 2476 cryopreserved at population doubling 22.6 was able to be thawed, and
expanded on Cytodex® 1 and Hillex® IT microcarriers to population doubling 33.2 and 31.0
respectively. The hours per population doubling was consistent from passage to passage,
indicating stable Jogarithmic growth and was also consistent with the T flask prowth kinetics.
Statistical analysis by one-way ANOA of all hours per population doubling data points show no
significant difference the WUTC growth kinetics for all conditions tested. (p=0.988). Also the

cell surface protein expression remained consistent at final harvest for all conditions tested.
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120304 T225 flask 120304 Cytodex 1 120304 Hillex |1 CNTO 2476
Cytodex 1 ONTO 2476 Hillex Il Cole (( +) ( +) ( +) ( +) ( +) CD
13(+)(+)(+)(+)(+) Ca (-)C-)yC-)Cc-)C-)
CD 34 ( WO 2008/060541 PCT/US2007/023846

This data demonstrated the ability of hUTC to be expanded to approximately 30 population
doublings on microcarriers in a stable, consistent manner that maintains the cell’s surface protein

phenotype. This model system can be scale-up for large scale production of hUTC for cell

therapy application.

EXAMPLE 12

Expansion of hUTC on Cytodex® 1 Microcarriers in a 3L Bioreactor

[0252] The goal of this study was to expanded human umbilical tissue derived cells
(hUTC) adherent to Cytodex® 1 microcariers in a bench scale bioreactor over multiple population
doublings. The ability to expand hUTC on Cytodexa'r 1 over multiple population doublings in a
bench scale bioreactor will serve a model bioprocessing system to be scale-up for large-scale
production of h(UTC for cell therapy applications. hUTC isolate CNTO 2476 expanded to
approximately 70% confluence on _Cytodex® 1 microcarriers in a 500m! spinner flask were used to
inoculate a 3L bioreactor containing additional media and Cytodex® 1 microcarriers. The cells

were cultured in the bioreactor for six days with an aliquot taken at day 3 to calculate a mid-run

cell count.

[0253] The hUTC achieved approximately three population doubling in six days. The
pH of the system was successfully maintained at 7.0 by a CO; air overlay and without sparging.
The DO of the system was successfully maintained at 40% by oxygen air overlay and without
sparging. The proliferation of the culture from day 0 to day 3 was indicative of stable
logarithmic growth. The reduced rate of proliferation seen from day 4 to 6 was most likely due
to a depletion of nutrients (i.e. glucose) in the media by the increased cell mass.

[0254] This data demonstrates the ability of hUTC to be expanded on Cytodex® 1 in a
bench scale bioreactor. This model bioprocessing system can be scale-up for large-scale
production of hUTC for cell therapy application.

[0255] The goal of this study was to expanded human umbilical tissue derived cells
(hUTC) adherent to Cytodex® 1 microcarriers in a bench seale bioreactor over multiple population
doublings. The ability to expand hUTC on Cytodex@’ 1 over muitiple population doublings in a
bench scale bioreactor will serve a model bioprocessing system te be scale-up for large-scale
production of 'UTC for cell therapy applications. hUTC isolate CNTO 2476 expanded to
approximately 70% conflucnce on Cytodex® 1 microcarriers in a 500ml spinner flask were used to
inoculate a 3L bjoreactor containing additional media and Cytodex® 1 microcarriers. The celis
were cultured in the bioreactor for six days with a aliquot taken at day 3 to calculate 2 mid-run

cell count.
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MATERIALS AND METHODS

[0256) Cells. Cryopreserved expanded human umbilical cord fissue cells (WUTC)
isolate CNTOQ 2476 1ot 25126078 PD 7 used.

[0257] Growth Media. Dulbecco’s Modificd Eagles Media (DMEM)-low glucose
without phenol red (Gibco- Grand Island, NY), 15% fetal bovine serum (FBS) (HyClone- Logan
UT), 4.0mM GlutaMAX® (Gibco- Grand Island, NY).

[0258] Harvest Reagents. 1x TrypLE Select (Gibeo- Grand Island, NY), 10x TrypLE
Select (Gibco- Grand Island, NY),

[0259] Microcarriers. Cytodex® 1 (GE Health Sciences- Piscataway, NJ} microcarriers
were hydrated in PBS for at Jeast 3 hours and autoclaved, Cytodex® 1 microcarriers were used at
a concentration of 3g/L.

[0260] Bioreactor. 3L jacketed bioreactor (Applikon, Inc., Foster City, CA) with a B-
DCU controller (Sartorins BBI, Bethlehem, FA)

[0261] Bioreactor Inoculation. 1.5g of microcarriers with attached cells at
approximately 70% confluence yielded from a 500ml spinner flask were aseptically transferred

to a 3L bioreactor containing 7.5g Cytodex® 1 and approximately 2L growth media. Additional
growth media was then added to bring the final volume to 3L.

[0262] Bioreactor Settings. The bioreactor impeller was 65 RPM. The pH set point
was 7.0 and controiled with CO; addition. The dissolved oxygen (DO) was allowed to drift
down from 100% to a 40% DO set point and maintained by oxygen addition. The air overlay
was set to 25-150 cem and no sparging was used.

[0263] Harvest of Cells Adherent to Cytodex® 1 Microcarriers,  The bioreactor impeller
was tumed off and the microcarriers with adherent cells were allowed to settle by gravity. The
media supernatant was pumped out through a dip tube positioned above the settled microcarriers.
3L of PBS was pumped into the bioreactor and the micracarriers were allowed to settle by
gravity. The PBS supematant was pumped out through a dip tube positioned above the settled
microcarriers. 3L of DMEM- low glucose was pumped into to the bioreactor. The bioreactor
impeller was tuned on for 3¢ minutes at 65 rpm. The impeller was then turned off and the
microcarriers were allowed to settle by gravity. The DMEM-low glucose supernatant was
pumped out through a dip tube positioned above the settled microcarriers. 3L of PBS was then
pumped into to the bioreactor. The bioreactor impeller was tuned on for 20 minutes at 65 rpm.
The impeller was then turned off and the microcarriers were allowed to settle by gravity, The
PBS supernatant was pumped out through a dip tube positioned above the settled microcartiers.

1L of 1x TrypLE"™ select and 50m! of 10x TrypLE" select was then pumped into the bioreactor.
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The bioreactor impelier was tuned on for 20 minutes at 65 rpm. The impeller was turned off and
the microcarriers were allowed to settle by gravity. The cell containing supernatant pumped out
through a dip tube positioned above the settled microcarriers into a transfer container pre-loaded
with a smallf amount of FBS. 1.5L of PBS was then pumped into to the bioreactor to re-suspend
any remaining cells. The cell containing supernatant pumped out through a dip tube positioned
above the settled microcarriers into a transfer container pre-loaded with FBS. All cell-containing
supernatant was transferred to multiple 500ml conical tubes. The tubes were centrifuged for 5
minutes at 300rcf, the supernatant decanted, the cells re-suspended in growth media and aliquot
obtained for cell counting.

[0264] In Culture Cell Counts- Nuclei Release Assay. An aliquot of homogenous
microcarrier suspension was obtained from spinner flask vessel and transferred to a 15 ml tube.
The microcarriers were allowed to gravity separate and the supernatant was removed by
aspiration. The microcarriers were washed once with 10ml PBS, the microcarriers atlowed to
gravity separate, and the PBS supernatant removed by aspiration. The microcarriers were
incubated for one hour at 37°C in nuclei release solution (0.1M citric acid (Sigma-~ St. Louis,
MO) containing 0.1% w/v crystal violet (Sigma- St. Louis, MO)). After incubation, a 100l
aliquot of the microcarrier containing nuclei release solution was added to 100ul PB.S. A 10l

aliquot of this solution was then loaded into a hemocytometer and released nuclei counted,

RESULTS
Table 52. Continuous culture of hUTC isolate CNTO 2476 on Cytodex® 1 microcarriers.
CNTO 2476 on Cytodex 1
aliquat Seeded Yield Doubling [ Total Doublings | Time {Days) | HoursfDoubling
innoculation 8.99E+07
mid-run sample | 8,99E+07 | §.38E+08 2.58 2.58 3.00 27,89
harvest 5,38E+08 6.73E+08 0.32 2,50 3.00 223,21

[0265] hUTC isolate CNTO 2476 adherent at 70% confluence to 1.5g of Cytodex® 1
were used to inoculate a 3L bioreactor. The pH of the system was successfully maintained at 7.0
by a CO; air overlay and without sparging. The DO of the system was successfully maintained
at 40% by oxygen air overlay and without sparging. The hUTC achieved approximately three
population doubling in six days. The proliferation of the culture from day 0 to day 3 was
indicative of stable logarithmic growth. The reduced rate of proliferation seen from day 4 to 6

was most likely due to a depletion of nutrients (i.e. glucose) in the media by the increased cell

mass.
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(p=0.988). Also the cell surface protein expression remained
consistent at final harvest for all conditions tested. This data
denonstrated the ability of hUTC to be expanded to approxi mately 30
popul ati on doublings on mcrocarriers in a stable, consistent manner
that maintains the cell's surface protein phenotype. This nodel
system can be scale-up for large scale production of hUTC for cel

t herapy application. EXAVPLE 12 Expansion of hUTC on Cytodex(r) 1

M crocarriers in a 3L Bioreactor [ 02521 The goal of this study
was to expanded human unbilical tissue derived cells (hUTC) adherent
to Cytodex(r) 1 mcrocarriers in a bench scal e bioreactor over

mul tiple popul ation doublings. The ability to expand hUTC on
Cytodex(r) 1 over multiple popul ation doublings in a bench scale

bi oreactor will serve a nodel bioprocessing systemto be scale-up for
| ar ge- scal e production of hUTC for cell therapy applications. hUTC

i sol'ate CNTO 2476 expanded to approxi mately 70% confl uence on
Cytodex(r) 1 mcrocarriers in a 500nmL spinner flask were used to

i nocul ate a 3L bioreactor containing additional media and Cytodex(r)
1 mcrocarriers. The cells were cultured in the bioreactor for six
days with an aliquot taken at day 3 to calculate a m d-run cel

count. [ 0253] The hUTC achi eved approxi mately three popul ation
doubling in six days. The pH of the system was successfully

mai ntained at 7.0 by a CO2 air overlay and w thout spargi ng. The DO
of the system was successfully maintai ned at 40% by oxygen air
overlay and wi thout sparging. The proliferation of the culture from
day 0 to day 3 was indicative of stable logarithmc growh. The
reduced rate of proliferation seen fromday 4 to 6 was nost |ikely
due to a depletion of nutrients (i.e. glucose) in the nedia by the

i ncreased cell nass. [ 0254] This data denonstrates the ability
of hUTC to be expanded on Cytodex(r) | in a bench scal e bioreactor.
Thi s nodel bi oprocessing system can be scale-up for |arge-scale
production of hUTC for cell therapy application. [ 02551 The
goal of this study was to expanded human unbilical tissue derived
cells (hUTC) adherent to Cytodex(r) 1 microcarriers in a bench scale
bi oreactor over nultiple population doublings. The ability to expand
hUTC on Cytodex(r) 1 over nultiple population doublings in a bench
scal e bioreactor will serve a nodel bioprocessing systemto be

scal e-up for large-scal e production of NUTC for cell therapy
applications. hUTC isolate CNTO 2476 expanded to approximately 70%
confluence on Cytodex(r) 1 mcrocarriers in a 500m spinner flask
were used to inoculate a 3L bioreactor containing additional nedia
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m ar oo R b 45 B Lo R b R PR R0 o e e B oo

bi or eaetdriissupabsdtgitiallpsret vhigdodn for 20 minutes at 65 rpm The
i npel ler was then turned off and the mcrocarriers were allowed to

settle by.gravity. The PBS supernat ant . punped, out through a dip
ube POl ELEOE THE oL ot e B AP HRGe deEed ol TeypLET
sel ect and 50nil of 10x TrypLETm sel ect was then punped into the

bi or eagi@iding at &8t eahRAchOlerfbMAehaEnt Wathetafletagdnddpaiided® mM nutes at
65 rpm The 1 npeller was turned off and the microcarriers were

al | oned .settle by grayity. The cell containing supernatant punped
out thPB‘gaﬁalélsa‘i‘eﬁdeBﬁBgcgg% i oned above the settled microcarriers

into a transfer container e-1gaded with a small anount qf PBS. 1.5L
of szcwe'i%,mPﬁ?m&a 'é%f’“i?erli‘f”g‘geflbceﬁﬁ‘@“bthﬁr“@&‘@%}‘e‘i“bﬂ’ﬁéﬂ?&%‘i‘}éﬁ&h%ny

remai ning cells. The cel l.contai.ni ng supernatant punped qut through a
di p tu%@%ﬁlﬂ)gﬁe‘i"i"‘% e‘é\%\%“f‘ﬁ@“?’é’tnflggﬁa P%]grgt"‘i"’?é‘?‘sor}ﬁ?ﬁ%ﬂa transfer
contai per_.pre-loaded with PBS. Al cell-containing supernatant . was

{r anst BFBY cplrai s pichosgeApesdi: embiicabisuc- 4yt gpbavhssns e phenotype

cent ri pfige dmbaicabrisshdlddrBed aklls30ODAD+, ¢he3-sapelnNatanl, crrantess- ¢hes+,
cells re-suspended in growh nmedia and ali guot obtained for cell

count i k§90+, CDITF-2B1Y1-) FPEhr-aty - Aody . Hbduht sHLAfet.diLRdI RraHE AABB q gnd
An al i gt nef JAPIRIRARIR IS LAl £ I RUTRERT QR | m
spi nner agkavessgfJ an 1tr rtlsfer reeag %OL%&% nﬁﬂ{c\tﬁ%&&g’kﬁ%&a{%ﬂﬁg

m crocemarkest s were allowed to gravity separate and the supernat ant
was renoved by aspiration. The mcrocarriers were washed once with
10mL PBS; .t j rrifers. | owed t Q. aravjt epar.at e d the PB
super naveehend GRSRRY LEGSpThd GHReraBicR ¥ ol NERLR, dneatic bR Bl
f or ongrohduor fahctdAGTithe deilcl ei rel ease solution (0.1Mcitric acid
(Sigma- St. Louis, M) containing 0.1% wv crystal violet (Sigma- St.
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bi or eaﬁt ?urrbna'[gle pH of the system was successfully maintained at 7.0
by a air overlay and w thout sparging. The DO of the system was

fgl | ' i ned .40% b ir. I d with
Spar g1 g e PR e e RS R kS opu &t on doudl i ng

in six S. ..Ihe oli.feration of the culture fromday O to day 3 was
i ndi ca?’?@é n?)efthorsbtOaf%’atlamllovglzlierr I ngl%lcéﬁ%weﬁ}s C?FlthFVétEi'uced rate of
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providing a cell growth mediumfor growing the unbilical
tissue-derived cell; providing at | east one mcrocarrierfor
attachnent of the anchorage-dependent unbilical tissue-derived cell;
and contacting the anchorage-dependent cell with the mcrocarrierin
t he presence of the growh nmedi um under conditions permtting
attachnment and gromﬁh of the cell, thereby culturing t he

h nhi | | t
SR L R Rt s R AT
CD13+ 1
oL b oy TR P SRR P S ey B o
are phen chally the sanme as cells grown in static cultures for
each of° ﬁﬁé markers. 2. The method of claim 1 wherein the carrier

partlcl ontain i iLve ent that re u at.es growth qr
Pahct | By Mt Befpbl PRAHAEE KA ol G Eplel s FeSiPo i g
second %e I type co-cul tured mnth sai d anchor age- dependent unbi | i cal
ti ssue’derived cells. 4. The method of claim 1 wherein the

0T O3 £ Sk B4 APIRH $5etls B FRUSLEAL eleel st LEamape arov

con5|st|ng of th'an,
poIyst¥ﬁgﬁsg?&gly(nnnostearoylglycerlde Cco-succinic acid),

pol y- D e-co-glycolide, and sodi um hyal uronate. 5. The nethod
of cl abmﬂie 1&%&5&5&1%%‘?1 %&reﬂlctﬁé l:niicqgcailﬁer% Q%ng Us f r ee 6. The method
of claim n1crocarr|er I's coa

I
Pol 7 DD T S A BferER AT iR ey ea%oepnfe% o mes),
I I
col | ageaeftdibihe ITEIIPOSTSISP %?ﬁ%%%ﬂ%@s%‘h&ﬁhﬂ?e bR T e

a text EB?%;R:%]E @o@ﬁ%n&ﬁ&ﬂ%@%i&%d@%g succ%nc I&I&‘) g&&hﬁ’ﬂ Igétld(élc% %hd? age

wher ei car ner SSes a m crocurf 'S par
9. Theg HﬂgﬂﬁFnﬁéalnll wherein the mcrocarrier is a porous. 10.
The net od alm9 wherein the porous microcarrier is conprised of

2 Bt <1 ShneSelegt AR hhE A OHR0RARRIALENDiYhoks f0eN. dextran.

cel | ul ose ass, ceramc, neta po ystyrene,

pol y( r i
pol y- E?%Oﬁggﬁﬁgﬁi%%Mgﬁ;tgﬁ?gﬂf an b@% nhﬁi)e ﬁfgﬁg?SMh 11. The net hod

of cl ab A V%)taeu@@goo cimc%fagq;ow_em R RE-04- Efg@oﬁ(fee% lunIZ- The

nethod claim?9 erein the porous ‘mwcrocan-ier coafe
p0| y( R#E %1&%&@ Niuflfie Ql'a§t‘ﬂf; smec Dyl amylamlde vitronectin, or
pol y-D, L-Tacti de-co-gl’ycol i de, lum hyal uronate, fibronectin,

l'am ni gyy@k@stin, lysine, n- |sopropyl acryl am de, V|tronect|n or
collagen. = 13. The nethod of claim9 wherein themcrocarrier

CONpri $83r1R rh&XI LSRN PhRS IR LE s dnRfBes a éurelig Mt hod of
claim1 which results in at |east about five population doublings
over tyRRhY c8a¥Bsurfad®- The method of claim1 wherein the doubling
time for the population is | ess than about 100 hours. 16. The net hod
of cl ai e NRSEIMIAREG WakPldsmes 1§1'am%a§(t‘%oﬂt R ROPHARN RUbkifsle8s than
about 70 hours. 17. The method of claim 1 wherein conditions which
per m t nadntpgdigent and growth of the anchorage dependent unbilica

ti ssue-derived cell conprise a tenperature of about 37C. 18. The

net hod 9friglndinedlof cyhariewmer&e il ddu9ﬂ§g filME ?J}%ﬁe SEPURKIbS & léssstﬁ’dn“al%%ﬁt
flask or bioreactor. 19. The nethod of claim1l wherein the cel

gr owt hipeghdydn conpri ses a serum concentration from7%to 15% 20.
The nethod of claim1 wherein the mcrocaryier has a dianeter in the
range fé omeakendd Q148 130MHetei? BRATHIEAIRS B $he popttatidihB 188 HNAGLO
claim 20 wherein the mcrocather has a dianmeter in the range from
about 4%fot@ about 350 microneters. 22. The nethod of claim1l
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17. The method of claim 1 wherein conditions which permit attachment and growth of the
anchorage dependent umbilical tissue-derived cell comprise a temperature of about 37°C.
18. The method of claim 17 wherein conditions further comprise a spinner flask or

bicreactor.

19. The method of claim 1 wherein the cell growth medium comprises a serum concentration

from 7% to 15%.
20. The method of claim 1 wherein the microcarrier has a diameter in the range from about 50 to

about 2500 micrometers.

21. The method of claim 20 wherein the microcarrier has a diameter in the range from about 150

to about 350 micrometers.

22. The method of claim 1 wherein the microcarrier has a pore size in the range from about 15

to about 45 micrometers.
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