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CROSS- REFERENCE TO RELATED APPLI CATIONS [1] This application clainms benefit
of U S. RAvowonsywanmab Application No. 61/475,761, filed ApcriBmiZpoo2ssll, the

di scl osure of which NETAOWPANDIRGTEMS FORHARYESTANGCEDLSt S entirety.
FIELD OF THE I NVENTION [2] The present invention relates to nethods and

systens for harvesting cells grown in culture. Mre particularly, the

invention relates to ﬁRUS@GﬁEﬁEﬂEW?@EpATEDrmIUMIWS s grovvn in
vitro on a three-di nensi onal %jgsu strate )& g a vibratory force
8:)

of sufficileHd Tmfap@leﬂatemglamérbpmfﬁe S Bmwwaﬁla‘wpélﬁattoa HA5274ndled éipris
fromthe 3B %ﬁtl I ﬁaostul?ee% V%’}bi@%c'bﬁﬁpa\f&irﬂae%n’{‘b}t R invikedndrety@and hi gh cel |

viability ah V|ta|ty rato force ndy al so be used to seed cells
onto the matrix prior to groMEIFeId@I()&]EHEtIUVM&N vely mi x nmedia through

the 3D maﬁ()(bg Tﬂgr en&t i grm]orﬁ rglfateE Q)qn (Ldssan&l @sﬁm’é I?ortHa e?t?rfgtcgﬁs %&S@E &{Qul iRl

Popul ati o I'an or “human are becom ng
i ncreasi ng¥lyre b&ﬁanﬂenﬂy almlnvantmmchlatq:srte meggholds md@gﬂ@na@eh@@ewseﬁ@ls gfyn ior eat i ng

a variety of different rred r been
consi der abf’& 9ht GFEHFE Oﬁlge@gl) ﬁtra eongsag%g% |a§%bg%§ E)rlcglt}% ﬁ(ﬂ%ﬁrran cells
for vari ousqu@&dy Ca’ﬁ{pllaplpl andaihranmstd mkeha@dlnerrglm fremulee 2 pairix softheyamerded or gans

such as the brain, on t.0

transpl ant'8$VgHd (ng‘/ﬂ“ yéﬂ‘é a@f] Ekgg cdlfl V‘ﬁl&l q?hty §%0Tp€1ra{o{);e)f%pc%e sals(%vMe

been eval ugéed stdircetls @abd thegnatid pearrd g@wﬂOuﬂraﬂans eif@ridely inox sedia chrowgh the

hemat opoi eti ¢ di sor.ders, %ta&it ﬂi sea%s[s Partkl nston s di sease, Al zheiner's

di sease, sttBREX dLiRHEOVH si1s BUATY BISRGCOLuE S mune di sorders, di abetes,
and arthrifpes Poptﬁléﬂon@\ﬂﬂ&éﬂ@rsuﬁﬁ aSsardhaliroafua el desls,afe bdﬁbtﬁfn@ﬁﬁcr@&ﬂg]&dher ent
stromal ceIIs ("ASCs"). ASCs are heter géneous pogul atgcg@s E(E:Sj? Ls t hat
may be %btlﬁlpﬁ‘é@tfnr%?ﬁ‘ﬁﬁ"n%g nglgagenmsgfﬁ rrealiag @ vansin PLUBRER MEGPCeh)| ood.
ASCs and tdghifiottS € of EkaRipRDBRALHAE GedAQOR @RM Elnteteslotied 6h the tlhel’ﬂapéuﬁd o are
described in U S. Patent No. 6,911, 201, which is |nco or at edf%/“@igi? erence

inits enthofatiglof Bupanesls & vereismegicpbanplicatiops ipglpd ‘ﬂ%@ f 51258 i cal

and resear b, RUIROS B8R briil GeSrt, ton@atll 1R, A8d R&AFHJrFoné\Pefrow frahspl@ution
quantities. Qbstacl es to using these cells liein the technical difficulty

of i sol at i BYITaPerclepsahhimancesllpfadwibstema(cEhs. brvebesn fi‘f@luﬁ%ﬁﬂré&eﬁtawsanéﬁur%her ent
stromgy, Ce\latﬁusdcléﬁdlhgn Ii]@h Mehﬂo@ggtlgﬁﬁé‘&ﬁé& Vet dkDES Pafk@ish®s HiBeaB®St ti ssues,

and the disconfort risk 1nv in the procedures for obtaining ASCs.
1005] One fsl@lhamtﬂcriﬁrdlieaset sieokprhoiyisemuestlay fystrplty. AupipERue disopsssdipletaspandyl t ur e
the cells jin ﬁ}tro in a 3D culture systemunder conditions that permt
expansi on gfh ie cells. WO 2007/108003, which is incorporated by reference
herein in [004 Aemntlicr el’agp of inpen odleof imrésoats aﬁhwene%pmwébdg (OASAELsA Hys are

35cul ture in a 3D bi or act or % 6& % §§ggn5| on of
ASCs by culFPEENTHS 9?}% loan Cfgi s élJ 4051 Q%Eﬁ"%dg% %}n&ggg g/r ?cﬁy%lse natrix is
al so d2sclmseakta) ¢ bWOd2 (A]S@Ys QAGMHED usanhipedpagsing mcmatpmatcestbnbgel 5 eff eirepce herein
inits ent y ﬁo H rei} ences % 0of the ASCs
ina 3D n¥ ers‘?rltpeii H’e{} éeﬁ tent e%’ gfg%lsf’v Hadssllnﬁ)dp%{atﬁ?] uiglggtuh &t erltlrf;ttal l's
mul tipl e We&h@s odfhetrig/efsentedicangen@t botk cilitd ahxllifefsﬁrc,h puedokeyderebiya grevvegse of
the cells fromthe matrix bg/ p8€ t he .ce ? %L{UOI’IIOJ fln5
EDTA with r&éql'fql’ @Sgéluf gegpyantities. stacles to using t ese cells lie in the technica 1fﬁcu 0

isolating large quantities of normally occurring populations of adherent stromal cells due to the

30 limited quantity of these cells in most tissues, and the discomfort and risk involved in the

procedures for obtaining ASCs.

[005] One solution to the problem of limited numbers of ASCs is to culture the cells in vitro in a

3D culture system under conditions that permit expansion of the cells. WO 2007/108003, which

is incorporated by reference herein in its entirety, discloses methods for expansion of ASCs by

35  culture in a 3D bioreactor, and use of the cells in therapy. Expansion of ASCs by culture in vitro



[6] While the harvest procedure described in these references permts one
to recover expanded ASCs froma 3D nmatrix, the characteristics of the

mat ri x | eslo 20/i408Pf i ci encies in the process. An advant age/1Bf0120®BB3Tat ri X
is that ity RBP\AESisaldhiiSRsE iBNS 20NRO2637 S aRdhVE [HosEBiated ibY rfbiesdt Hekegn cel | s
being cultured are better able to mimc their in vivo counterparts. ile
the 3D 10rih &5 ouisty.r brazemekthess refpiengent ipllovipg gioptieol theAgE il ay A Ratrix the cells

proliferat] I &l dnBils HURM 1A SR Q8 adit BAiQWviERagas from
which it iag%r%%tleggﬁ?g% Oglés o‘cfilgencélsl S ibbn the_e harvestspr oc_esls. Thi s

di ffi cul t yfolloveddypeleasd efithopelisfeonpthe suatidebyofxpesitg he e¢llsie apolpprdiminsdul es
secret e.cul tur |ls that serve to attach the cells to the

surfac o%tewﬁrtg%?ét%a%ﬂa&%' [ 7] Accordingly, there is a need for cell

har vest ngbbg)dBhitelthd hdrngst proesdutealeadribed inghesy raférenaeh pertiits enoiparspvénespangl

matrices u i n biLareactors.. SUVIVARY THE. | . . Wals PN o]
one aspect‘iése(ssrfé%agﬁén ?’83%’%%13” ef‘ﬁbcagflggfn 2 rgirl\%%égw Aneggfl\é é%r{cﬁéngﬁgg{?g%sﬁ ah
cul ture copirtsienda @Daomdtigistthe itpedides anhracidiadhsoeh thicredne irdiathent whelrigh the t he

cells are attached to th dherent .mater.i al, dissociatipg.,t ells from

t he adher ecﬁbs ‘?Fé’%ge‘i’“iltaﬁedﬁvetl? Bl gentﬁ W‘Wécntg?lﬁmé’, ’Vf(fﬁplétgrgét?sat\?%%e tﬁg%ﬁt, vi brating
t he adher enterddBtifhinghts fidthe aapes proglowfihd drowthamd arolifeeajioant theanduraddili tthgye
sufficient to release the cells from.t her.en erial, and recovering
the cells.2oPregdrenEHAGWRATRS Hog Whi lé‘tr’rse‘{}ﬁﬁﬁgmf {l?ﬁ?‘ﬁﬁgrce DTS B YRS ng t he
adher ent n‘ﬁ{iﬁdiffﬁhlt{l RicompP@ide@8y e pdstiee af exrat ¢l R ancymdRdulanikictadde the
sufficient to flush the rel eased c% material. In still further

s fromth
enbodi ment@itued gellsdhad serwe torpiipe the e {ﬁrt‘b@‘Fd‘ér Cﬁogthapﬁgﬁ‘si onal surface to
whi ch the [@@hlﬁcc&%ﬁfgtﬁﬂfére MRiInk& fonctHAB/esteRdIRAs MRNInSrovelie efbienanif cerat eri al
provi des a 3-dinmensional matrix to which the cells attach. [9] In sone
enbodi Fentrecoverydrom 3P magises higd InBIerPYois encl osed in a packed bed within a
bi oreactor. In sone enbodi neRiaaviAiey OFOTHEINVERAIIORRL i X conprises a
singl e-pi ece scaffold, nultiple beads, nultiple carriers, mcrofjbers,
nanof i ber sl00&rAcsoirieriapnoassedttibere ate.provided grathoge fos hpygiting felds erevpin culture
mi crof i berg ot I ’ RRAMRYEEN thdkell hehusiboitENt S, the
beads are %@%ﬁlﬂggﬁwﬁoﬁ;ggarsﬁ)ﬁvég;é?ﬁ&g{xﬁera’enbodlinm_entes, tf{e m crofibers or
nanof i ber sadaerentmeateriab\déasociating[theddelly fromdhreadbprsaidnateriad By exneaing diserte At
mat er i C [.i.ses e .nr . A . ad
pol yal Kyl er%serg,emaat?n&oalgg% Y}g{agc {hgra glgaetr ﬁlf/F‘g{ﬁégﬁgﬁé%ﬁrgsp%%%ﬁ%%ﬁg@ aa ol yvi nyl
35f | uor i deann@ide suficizol tpstlyase the, celis fpoh ylerdheers materiob bydirceevssingthegells. In
pol yet hyene t erepht al at a 12/ 14 | ul. a
o1 acs 11 pepmeamiyu foplnafChAld tobpaatilly GEpher it S e
conmponent , tife stalfreggany asd gopljude dufftfidne toaftiishl theaelebmgd cedls fromnthé metetialimdn il

fiber, siljica, natron gl ass, borosil.icate glas chi tos or bl e
sponge. || VG ETeanaen SrBoaisanl Saerderanf oratmer it SRRl -
ot her gyrbogige Mhsle it fiBerexiboaiarhisithahdiFRint mitedd PRoidest 3idmensinal matox @ of
fibronectin, bvitronectin, chondronectin, or lamnin. In sonme enbodi nents,
t he adher eWhichihe&plisAtass e| ectrostatical ly charged. In some enbodi nents,

t he adher epo|TRESHE &hbddEmERAIRMB-WinteRsieRll IAGRNs éicl@ed iatal gacked bed dithinlan sone
enbodi nents of the nethod, the dissociating agent is,trép,si n, .pagaifn,

el ast ase, MYEIIPToMNR ERIREEMbogIMele HgSadimgpsionsl matgK coypiigs & sipglgpicse scaffold,

col | agenasg ¥R @eais, HOkDRIGHREE mifPRvefs, naHBHbSR RS BomBIhatRnS BeRbNahisée
thereof. In particul ar enbodiments, the trypsin is reconbinant trypsin.

[12] 130 sovmebedinhanés hemigrofibera oranpibess e MakelyProereven. inofiveembasibient s,
the human t‘ﬁ?kéaﬁs glre%mgﬁtlﬂ%'}g&tou&%lsﬁkl ofhBr Shiod|m D@ nRABR BN aRofibeR@re
adherent cells are adherent stronmal cells. In some enbodinents, the origin
of the adhememtvestromal cells is placenta, adipose tissue, or bone nmarrow.
In particu ' - La] : FBolyehikl § 1S

pl acent a. I:Ogélslggﬁgéggn(g%ﬁfﬁgéggesg%lﬁgﬂ%% réatrl gﬁ?ﬁggs?%%;b}r “@téﬁﬁ S gr}g@[obt ai ned
from ei t hepolyroyddnk, aofolyatieyldnet mpolpituonechkreetiylqpara mlofiny pldopdeas eplywinyl [ 13]

I n sone. enpodi.ments, the adherent erial | [ tantially
| i neap? } egﬁlbof‘gfé éetslnn%p%g?'rgﬂe.’ 4PR Blglt‘lﬁ%%’ aoé(%eu r ét@"‘ b%llgo%ﬁrg’se?ytteﬁegﬁt?g%f %r ocat i ng
notion has an anplitude of between about 10 mmto about 750 nm and a
frequency of 3 to 6 Hz. In other enbodi ngnts, the 20duration of the
reciprocating notion is fromabout 1 second, 15 seconds, 30 seconds, 1
mnute, 2 mnutes, 5 mnutes, 10 mnutes, or 20 mnutes. In still other
enbodi nents, the frequency of the reciprocating notion is about 5 Hz and
the duration is about 30 seconds or less. In sone



enbodi nents, the anplitude is about 25 mm In other enbodi nents, the
anplitude of the substantially linear reciprocating notion is a distance
that i s MMor0MHafiot he hei ght of a basket 25cont ai ni ng Phe/BZh2p@n:3

mat eri al . ce{lﬁ]lége al@as%qm@r abamidRRiSe, ahR@idf Ly egtRe e adriasgngohadtact eri zed
by one or nore of 'éast 50% of cell viabili ty; b) at |east 50% of

har vest efcbuzcgeemiy bjacac wmdewari, arlisgrt gretal 8B4, fikpannasion glpgalborogilierts: or d)
a heterogej I Ot hgoddar vest ed
by any of BG TR gr P B e o e ©s
provi ded acetett hbl:btbﬁfr embediimegtsctbt b?&trapﬁlwrﬁlaﬁlwn@pmﬂals Qg PF igrej gh fironectin,

bi or eact or risin i fluid

Wi t hi n%a cétﬁ‘%“ﬁ lr{lé(r:hoél m%%ce%b?ljolfglggﬁ &ﬁ%g&rl 0 uc%lﬁp%ae aggé rélg)sf?%t%}gﬁlsconprl si ng
cel | s i nt gldchiestaaliyatchaesed. msmrmtmrbgdnrrtwetsnm admrehbmatarlqies¢0@t¢do’f1thtcpH@eapr a
frequency aPiﬂ anplitude sufficient to mx the cells throughout the matri x,
and di scorﬁe ing the vibration to permit the cells to attach to the

mat ri x. | rosQmescxeshadin@ind o thd ethdd, tiedlidssciatingragent i trwdlmupnpalhmlmdﬁer

enbodi nents, the nmethods furth 20 40519PCT/ 1B 9 nprise
growi ng t Hyalwgnfdass, ﬁ‘r’] ARENABT B’P%i’cctog?geﬂ?sei’b"ﬁ]zy Cﬁég‘?nﬁfe ks gggasgf%'gfg ?on to
the maty i Xidpase, 6 P@ibAchtioh tHetasdt Iatpaﬂlcﬁlﬁeam&ﬂmyewmeawpim isud&mﬂmfaht eypsint t o
m x the grovvth medi um t hr oughout _ t he mit“ﬁﬂl% drrent the

3- di mensi dAKA] Iieams smbadimeiity Geesglly 45° BUpapde ‘E“R?ﬁnqgmg IR D

some furt hgs ,dmeRAHNE NhStill bbRr Snslidimeasd, aralhdrait ik aMEﬂesmOmamenglle p| ece
scaffold, nul t:a?gl e beads, nmul thﬁl e carriers smt;ﬁ i bers, nanofibers

. or
conbi nat i RECCREPEBENt. iy figin e{ihe AdheragbeTomeh edls is HareRPATHOSHETUCS. SF boie

nanof i ber s,argy. Vﬂ‘b@ﬂlcﬁ’lﬁr SRELdMRME) thelo?lgﬁlt&%{e a@ﬁ@@d'sﬁ‘&ﬂ&l&elli 1|§(plab@ﬁkdslnad5@e
smooth or porous. [17] In sone enbodi ment s, 3-di nensi onal

conpr i Ees eabodittrarseihe agherant ptggmal Fﬁlssﬁﬁr@t%’@f@rfﬁ@ﬂi“ﬁ@h?rsbm}t Hhieid P%‘Hi‘temal

mat eri al g&gp()ftﬁgga %@a or nore of a polyester, a polypropyl ene, a

pol yal kyl uor ochl or oet hyl ene, a pol yvi nyl chlorlde a pol yvi nyl
fluoride rl@&Inn S@n@@hmrwréﬁa@e aéhqymtmrmbﬁélbrﬁe%@l g anbgientiHe nger pol yet hyene
terephtal g F? ogatﬁlﬁéxiolﬁog Sfir stifl &le@@ﬁb(@dnggrft ik x@ﬁfn‘%lﬂtﬁl %’thbh fhEan dnpRRIE bge|

an extracel i r'i'’x component, a co fagen }?/ lactic acid,
dextran, drtwarerboutrd alm fo dbevt 758inm erd a fieguenny of I3é@§ zh &t efben qn&%@@@*’@ﬁa@%

chi tos r.a v a r |ul ose
oI Lo (BB PARL AR AFRRPIAEY S BRGL1 SULGE | ETOHTR N ond ik
conponent miuenE, mnnumarmmfnufes tmdﬂaunutﬁ;, stttllr gherctibadimshionide Ge@eneyrof ther

| am ni n. d ment s erent j ' ically
char ged. rﬁmgt@ﬁ%m&% @phsee}l?pgf %ﬁ%ﬂ g err%trllmggliog‘ﬁ(g% CJ|”§dsc a?ﬁt c}%&% col | agen
or gelati mmdoaﬁﬂentsnthsamlxaﬂbadbmmssnmtheothmeﬂheculmemtls srheaar@mudmﬁtt@el l's. In
sone enbodi nts | s are a |II er

- enbodi ment¥Ps i“l’i’élléhﬁe@f Eﬁﬁtpr%“é‘f”i‘%mﬁ?%l léaﬂlﬂa&?ﬁtﬁ%t '$ %Sng(ﬁ)l) ?:8“16 Eelg ngl)rbrzrlsss“El
enbodi PENt Sntatdie; Q€ b@nenano{naﬁeha adherent stronal cells is pI acenta, adi pose
tissue, or bone marrow. particul ar enbodi gents Iﬁe ori

adher ent st Hman seeq ?r%qugn‘iﬂt%aé\@rli‘?‘a’e“?%cegéﬁr@ CAHRIET §ne @1 Orgaﬂeati Zeﬁ?t

stromal ceddopofdeh vaIRLIAY; rbgdt £4080BIok REVesOEffibRRdY; O a FilaBtyfifdexlof (yss Mk 6 nal
parts of the placenta. 019] In sone enbodi ments, the 3-di.nen |onal

matrix is sAubrtafsdond) aéle@%tl%‘ﬁ Fedl rrqyuhafl%é?th?réi&bﬁiilg@aﬁcﬁ@pfrﬁﬁqe wharyested ¢

ot her emﬁ%{iﬂ'g%?gmxﬁé?&dﬁﬁﬁbl%e@%kﬁﬂ‘g motion has an arrpl i tude of between
about 10 out 750 mm and a frequency of 1 to . .I'n other

embodi 3ent B151tThenetberasiesh thste is peovidsd p grediogiof Ff‘ﬁdlr‘?SP?15r1n Pé dﬁmﬁ}ﬂoabldmtmim
second, 15 l§§x%9 gscomggsﬁ? ﬁﬂ)@lgﬁrrgl AthPBeith ErsioRal At By flird withAWBftaindPof the

m nut es, m nut ot her enbodi nents, the frequency of the
30r eci pr oclalt>nema;]orlrrmtrpdmzmg!%1 colasition sempisihgicplds intertha Goniines wibigting o meEionds
or less. Ip sone e thé el ol sholt ET

enbodi rnent%s(}raf)?'lur dowﬁ’l H%ﬂg@enﬁ}hhe su sll{ugﬁtgﬁg ntq{??ﬁéar eremrp())r%hgatl ng notion
is a dist annsmx;dnatmscmtﬂaﬁmg@m/mmtmm phenigtht celfs taaﬁmb kaethe mtrtXallmﬁcﬁge t he

dh t I 020 t.h
Conpr 1 31 ngP ey Ui Sarar R4 JPERH S g, PLRRACTIS,

inparting a reciprocating notion to the adherent material, the vibrator
conpri si ng 3



WO 2012/ 140519PCT/ 1 B2012/ 000933 one or nore controls for adjusting
anplitude and frequency of the reciprocating notion, wherein the vibrator
i s confi geoedi@osmpbrate in a manner causing cel | s att aekh@dBoo2/bdesadher ent

nateri al tdém‘ﬂ%@%?bwfn"g%@ del1®inafBioRA¢ o B Dplyais. mﬂeﬂmﬁmlmﬁm thiElﬁtamx fohe
adherent materia

is a 2D matrix or 3D matrix, and in rticu
enbodi mentpsripdofimantggfeapsacy Bf‘b@ﬂlfllt‘f‘qa? %anEWB%FW?‘gt ﬁ% é?‘ﬁ%he’l s a
bi oreact or,Jip particul ar enbodi ments, the bioreactor is a pI ug flow
bi oreactor, a continuous stirred tank bioreactor, a stationar

bed
bi or eact or[01@rn atme ¢rnladirpergs: dec Gmensinahmatai|is esloasdi a;?é‘“r‘?ﬁ??%wlthlpﬁ sone
embodi r’gen'fjbq cdcif. Bl %T?eatﬁlttﬁ)ér ehBo@m t’s'ghé 3 QWh ALiBHE At coRIRBES| aSidpl-Fece
packed-"be Y & hensi onal matrix and the reci procating device conprises a
basket t hatafSudstatiple béddy, neritiele opesrsthisrqfifeicetnbleers, 20foomaatipys theypel. In
o e el P AR Sl chfHBerd o ABARLOARL B b donSRARA! B
si ngl e- plep S&ar nul [°€ beads I'e carriers, m-crofi bers,
nanof i bersemhmdmmtsblhaat:adslasa shtmethemfporohm parti cul ar errbodl nents, the
m cr of i ber r. nanofibers ar en o n i , the
oo e e RS e e U RO B Rk ARG PR,
di mensimnadmbvdinienis, meﬁﬁl[drﬁﬁﬁlammel az»rnpmserse)n@br morp@lfy@slbfeate;r apguirgmiapyd ene, a

pol yal kyl 15pol uor o hl r th I d
pol yvi nyl HQ?XE‘BYY 18 & 3f or%% XFCS’ 99 ea?lpé) yvé{iyl %Tlgsuf Boqévmﬁrﬁugflheursel hane,
pol yet hyengfsgir@iehd pdlautfon a(pelyhtd:ﬂﬁﬁ@ a p&ly@ﬂh@ﬁﬁ térbﬂﬁﬂﬂla’ce a oceﬁulam e gkawﬁhecl e, a

matrigel, an extracel |l ul ar a _co C
acid, a dekIFHRC ngCIFT%W?trlﬁga el exfria i’n],%r glia{]'ixc,cgmp%f’{' ﬁeléﬁgg !%r(l?gl |C'(i:dat e
gl ass, chi 4 @8, aRlinedt g gibah kigics lﬁ@tﬂgﬂglass [bda]silichte Rkt ichtltdsaf oewbﬁgdtab’lent S,

t he cellulose is cellulos g acetat ot her _enbodi ment s

ext rachl | uiPaREeaR PRHCHY, t?lf)ﬁ%l ulgse W%ﬁiﬁe aF?tBtFohE@?‘?rﬁmboﬁ?F’FBtﬁ’ RS in,

chondr onectyifceliQfar lnﬁmxrb'oﬂxpoﬂldﬁt SQAE oAb ABRhEtin] VIRorRIE cBSHdronaE®Y, bal 1 s
el ectrostatlcaII% charged. In sone_enbodi nents, t he aﬁ@ﬁrent rrglterlal is
§ fih

coat ed wi tlamidn | Ageme é‘fnb@ﬂémﬁlﬂtﬁ rihe adhorgnt materda fpeflccirpRiaticabnehereet n I SoB¥ar at us
further c madmtsc@elagher&nn%ml@e@gafm@@a &hg gerlihs are human cells. In
some enbodi nent s hunman cells are adheren% cells. In still other
25enbodi melfi 8], Intseree eibediments, dled eaded cellsunraaitcels rigramne gabedimenty, thegyyman
enbodi ﬂ?nté s bR bdIsOfn Ethﬁotﬂg@ﬁfbg&%eﬁﬁrtﬁ?@dhe&ﬁ! defls hi® aPhRGR Bt @nal @€isPOSE
tissue, eb one marrow. In particular enbodinents, the origin of the

adher ent stnrsoma kmbedimgnts.ghpbrigie af the adhsresbsiomahesdidisrrizneata, adioseRses: hone
stromal cells ar [ t B8R
parts of t]ﬁarro El % cﬁlaggnﬁg%cjﬁ&}t? tﬁeh(ﬁnfgng%géé%drﬂrgﬁfltsstnjaﬁlﬁfe&y?lsrpg{cgtffﬁoﬁ s8 l:
appar at us e:mtpmﬂrmemtsatlﬁmbmran tsirathalyelld ameabtaingtirgn oitlar onpthof the fetal o mh@mal
adher ent mater¥&8 In still other enbodi nents, the reciprocating notion has
an anpl i t UtfE®§ {A%4H about 10 nmto about 750 mmand a frequency of 1 to
6 Hz. 25 ofoherinesie dinb@&binsnts, tthes-dinteasibmh mafrix ik eibrate qyrmhmmlgllyrbmqaon is
from about 1 second, 15 sec .3 econd 1 mnute

M nutes, 1ECR{ARHTEIDOtHN. Stﬂ{]%ﬁ?rgg‘%o‘?lﬂlegtf’ﬂﬁ? re8lﬂ°ﬁ°§?m§§iéo S a ef@pllt‘ﬁ? of
frequency pdtwtdabs@a0 R ERibong7300hmand bk Sreqleacit ofd thid Hmdn bﬂner clobrcaltmans, ths
about WO 2012/140519PCT/ 1B2012/ 000933 30 ecob‘gﬁrﬁ ZO ,mcgtq ¢
enbodi ment Quratianef fhedeqipieaiing MAtigR I iEqm phayt Lssen 15‘?°8ﬂ 5 3 #69 miggte, 2
some enbodj R Ss, nlif\Res2 MPhifudi€or 29 naR@LE. 133tiMMBThed @nlﬁ)ﬁhﬁntsﬁﬂib(ﬁféqmaﬁ sf thé he
anpl i tude of the substantiall Ybll i near reciprocatin ion is a distance

that i 80 15te¢ipumgisne mofonHaibynt 1 b aad thy dristionsis Ayt AY %OP%@%MMW materi al .
SBRI EF DESCHRLJATh&m, &fe aﬂﬂlﬁa@%\/&msh{%ﬂn Jth@f ehib¥@iffeh@thé §mblﬂ[1@d csftmkescr i bed

by way of exanple only, th reference to the acconEe})nyl ng . draw n
speci fic rebepeins llnmrftc@rt)%éﬂ&im&w”h@§ dissangethag 1p 154190% of die hgighten] a{ ﬁ%\‘f’t t he

particul arg, ?Mﬁ%th@%&&%t%&rﬁf exanpl e and for purposes of illustrative
di scussion 0

[020] Another embodiment is an apparatus comprising an adherent material in a container, and a

35  vibrator for imparting a reciprocating motion to the adherent material, the vibrator comprising



preferred enbodi nents of the present invention only, and are presented as
provi ding what is 10believed to be the nost useful and readily understood
descri pt iwo 20f2/t4b9pri nci pl es and conceptual aspects of PCmaBmyemdson. |n

this regarge ofiQoRchRAIN for 8djIRME alPli@AOM St U@tfcyroﬁ{he(i’ d@bdaﬁn@ﬁaoﬁé’lﬁvﬁhﬂt\éﬁntl on
in nore detail than is necessary for a fun arrent al erstandi ng of . the

i nvent i on,the Yibrage isconfigureshtotvaiate ing MANMCHeAUSINE Gf Hg‘%‘a“r'f*ﬁ foffe aghssnbmetetid )} hose
skilled in {abligr%ghﬁ'aq%rre ﬁYaGr‘ e so?fn@ eABo@iehtt8hd ARERAT ARtefiRYs L8 pARRAI ed

in practice I'n the draw n [ 28 Flgures 1A and 1B illustrate an
enbodi nentor eBDanatéaendm pertidwlar geb @R@ﬁ Ist mé“(!’)lﬁt ains the 3D matrix.

Thi s- RN | ﬁ%ﬁjﬁf nff@%'dmt?%&s bR o nggaggus%%m}&% ﬂfcuﬁﬁsmmnﬁérﬁpthe [ 29]

Fi gure "2 es ano I ment actor with the basket.
Thi's cl osedersacsir ém gup O fremeacios, auwseidhubos stipwd Itankﬂwrwtorwiaﬁlgn@mehar vesting

Pt e o el iy i3y B08Y BPL o SROM TR bl ! HALRRYRAGOG,ACT Of W 1

t he basket™{" osed ustrates an
enbodi mentbi@éactdnés et);ﬂsg(ﬂbw(l’l»emagmr sbropising aepadeaslld&ﬂ 3vd1mht$mnaltrh®rlx atee al out er

wal | s. ures 4B i.,s .a cut-awa f Fi OW. N her

enbodi rren?‘e%‘?mcaa“ﬂﬁgﬁvé?e WG %/kiaflifg% PN 13 %env & esvxﬁwf Png%( E@Qf‘itdnt egral outer
wal | . @25[ q82)] lirkay @ntodisenss titeapph@ivs,ahe adm&mimﬁhl mentx @inptibe arsgmbtwece
illustratin rod nd hel | ows at ¢oan erate in

reci pr ocat%’%&’ W&‘éﬁgeag ‘ﬁ%&f)&%rféﬁrts it ?lrs’t“r?go f‘ &8eto Omblrtaé%’]“ i & 6

i 1 ustr at gsrtRuBHEmBRMes, @W BicrcibP@ bt hab{ibdrs d8evok epatmh-wivtin ]lnaﬁﬂeet
denonstrating one enbodi nent of a seali 218 mechag m L34r]é> e 71s
anot her erfFBQHmsAt: Bf beads AesHIOPHOr BRI H AL RYPC HA ?@ﬁew phga G‘Eat 3Vi ew
30i I lustr a&llh@&lénglemz[tﬁg cSfRlises8i%d @Mndrbatta SONRPEH, @tpﬁ@pi/@ppiéné Agolyelkipfigaat i ng
means for noving t basket. [35] Fi ure8 i.S an odinent illustrating

the red er@M@PW@hIH@WhQ@H? SrPOBEY ?IB%Y&’FI hePly ey @&@‘R‘?—fr resinygolystyrene, a
2012/ 1405 &%‘B@Iﬁ’fdn@@ﬂcﬁm&ﬂﬁ% pc[)l?&ilye'r:)b i phfB\a cORIl0s8Ga @E‘s@ fiBE, @-E@aﬂdf&r i ous

over head of an ‘enbodi nen he reciprocating device. [37]. Fi g‘lb”e
10 shows autticle anebigel an Pﬁfﬂcﬁléltlai maérrlx gasmoge g spdlageade PRIY Vilertigriget et

di fferent %qgk?forg%t?lrllﬁ_zepf51leMatrglﬁgﬁsﬁﬂcqogllﬂ&wﬁgych%sai{'&%@Egé@dbl@ﬁ)oﬁ forth

in Table 1 ure ows cell concentration data for | s
har vest ed [02dm B@a@muﬂar@mboqbyaew,bhmqllgwlzselinhsaﬁfﬂtate ukreotheg eppodiments, it )

in an gpen g sglﬁlg} mLth%EmE&g:lﬂ{ & oﬁgoﬁrﬁ&%f iendeah Vﬁ@&ne@tﬁrf 'cﬁdnﬁﬂﬁxctfnr &m

carri efrs as on optical density using t MIT assay. The
carriers wemnginilo tsemednmdlmaitmeaﬂdbtrﬁmtun@erlaﬁISHiGCfr@?tat@@UWhﬂtﬂeésInt sem@et ach

e ol SRR R L Sl R RO, e 35 shone
(25 mm arrp[lOM]le@orﬁ@dSmlﬂodliI‘nmi, e apparhtue fuhexcdoeprieds c8llsorin orkzembodiments, the
cells are human cells. In some embodiments, the human cells are adherent cells. In still other
25  embodiments, the adherent cells are adherent stromal cells. In some embodiments, the origin of
the adherent stromal cells is placenta, adipose tissue, or bone marrow. In particular
embodiments, the origin of the adherent stromal cells is placenta. In some embodiments, the
adherent stromal cells are obtained from either or both of the fetal or maternal parts of the
placenta.
30  [025] In some embodiments, the vibrator of the apparatus imparts a substantially linear
reciprocating motion to the adherent material. In still other embodiments, the reciprocating
motion has an amplitude of between about 10 mm to about 750 mm and a frequency of 1 to 6
Hz. In other embodiments, the duration of the reciprocating motion is from about 1 second, 15

seconds, 30 seconds, 1 minute, 2 minutes, 5, minutes, 10 minutes, or 20 minutes. In still other

35  embodiments, the frequency of the reciprocating motion is about 5 Hz and the duration is about



[41] Figure 14 shows the harvest efficiency fromcarriers as determ ned
based on optical density using the MIT assay. The carriers were vibrated at
25 nm anpvototé4bp 1 nminute at either 3 or 6 Hz to det ach/iBia2/e@wss. The
harvest ef{j £iGRCY: 8. In btherBbot Bibnis Rk lf@qdehgy mﬁe«%abmm{ th&loRNEMoat1 6 Hz
was 79% [42] Figure 15 shows the vitality i'ndex for cells harvested from
3D car ri erldz.bip synbembodiments itiepnapltvdsdueheni2Sonm3 Ippther qpbodimen(sqthp amplifude 16
shous t he bl &h & NeehoPaSRIn QB P4 | cal
density us(lt}?l.}qes‘ﬁﬁ}ta §’ﬁhe%p%\élp%e?ﬁasgc%édenq g?%%g%eh from t he car r‘? rs either
by agit at |bmke(c Q@%lmﬁgfﬁeladh@myl)atamal vibration (87%efficiency). [44] Figure
17 shows the viability of cells harvested by elther agltati on or vibration
foll owng cryopreservati i pRst-thaw vitality

i ndex fsgr cells that were Igrl{/]gg%gghggf %? on or VI bratl on. 25[046]

Figure 19 deqomstnah@s idhoemi dei;dﬁbe@(b&r\)@kl@f&)@&ph&m{ﬁeﬁth\tbtbfea&d ©mhe r equency
and harvest efficiency as neasured by capacitance val ue est

harvest ef®rnRReye dEdvingst AY HetpeeiSr Fricrance pay G he ylrasyings lwéetalﬂ ow%ftgqﬁfeaa% 20

shows the th@{;é&ﬁéﬂarﬁlfo‘vﬁx'a@@@fwﬁ}géf &BhbIe ah@foY BSheRs BYilMéthikiaé Hisdusibit &F thanpl i ng
of carriers taken fromdifferent positions w thin the basket hol ding the

carriers. BoPoaBmimdguenes ofthepressat inpatiny prlesnd grerresedad 35 RIBYIANERAFDr cel | s

har vested Ryiewddhs %fh@?no@tsds@ﬂll EMthPfu%H&BBOM&%@n b Pthe bhfcidR #rriers.
[49] Figure 22 shows cell concentrafions (neasured as capacitance val ues)

as a funct9oseepafl @spmt%@ftmllnaﬂﬂ@m thsé?gaffbl’? 3ttt g adsdo EJ}PVW%‘P%M #efailfsi ng

a frequency (f invent#n in more defaf? Yan @désgarg%rsdmnﬁﬁﬂal uRkBREAMHE 8f hens as a
function of vibration duration for cells harvested 35by vibration using a
frequency iofengoiizhe deyynippion mken oysh dpdTevipoakigrpoaent tp §ippe willpdiwtheartshows
t he harve : [ on with sanpling of
carriers fﬁaﬁhgtfrqg %%%F%qu% gﬁtgﬁtﬁlvﬁﬁé"?ﬁ gogéte\%@%) %{c}]}ﬁtdﬁée&%%sket hol di ng t he
carriels. O{Z'E]Z]ltﬂélcgzumegQS shows a vitality index for cells harvested by

vi bration t 0 D
beacr po Al Mlﬂ%&@%é St iet e %"E%%%??a%gﬁg%ﬁt? TR
descri bes 3D metrixothif-openystag ewibodiatentis psdd@mlydhﬂ.ﬂtphavesﬂn@sfap.i on resulting
froma co ll.ed bst anti al | i near rocat t] arvest
ol or oV gt SNSFEDkp Rt b5y of BE RLOETLh P e 1 ShBHERY
surface, wmnedinicnt Bos®l foasas thexuburtgdindbasesingbteprat ri x. The inventors have

cont rott ectopU st oot Sai<aer ARsEuERay Bl PSRk et Ao e

adherent n@ktemi al are detached with high efficiency, resulting in recovery
of greater quantities cell s conpared t xi st.ing nethods for harvesting
cel s thatl® g]r Id gt ‘lihﬁtrf“ﬁ%arh‘?‘?bo‘jfrﬂe“éﬂgqlﬁE?SE%tr‘Pﬁﬁﬁl‘? Wing g haslket witheutthec at i on
descri bes HgbAgow@Wde! FrdreduBral b@awhp vieadiFiduad £ SReMdGomel dnshodiient an
adherent material prior to their culture in an in vitro system for

exanpl e, aIpSBskst dasten dHustrafingy brsket iithdlep intssih@giaellof control 1 ed vibration

to facyd i t@sgy purt 5% aosfxd@\rla%hama%ddmlénhaﬂuatw@tbr A0stAARE e BhskBBbE drdl Whi | e
culturing cells in vit Thus, one enbodi ment disclosed in this

speci f i catbedaws éﬂa@moaﬁfsatarnathegecmrmﬁlag mgvenest efstbeibasiieftrdiiin ﬁl@?ea@tﬁhrrpl e, a
bi or eact or 0§ﬂ%$nﬂé‘6ﬁﬁxsﬁ‘ét&§1a ﬂnqg‘vg%@fsw &5 pb %ﬂ%%%hggea@to}: %ﬁh BAREAABstARES On on

a cont ai ne contains t er ent ter| a such that the nethods
descri bed derabndimayt die spaingorashanistn a 20si ngl e device. | n anot her

- enmbodi ment [03“]%&11?6 l7 % aglgélglr ér@t%glir@eqlt BPER rea¥ st ﬁx@bami[ &J%iginavifﬁsae&t—gxgay view
' 30  illustrating the rod seal design that cooperates with the reciprocating means for moving the
basket.
[035] Figure 8 is an embodiment illustrating the reciprocating device for reciprocating the

basket.



harvest cells that have been grown in vitro on an adherent material. In
anot her enbodi nent, the specification discloses an apparatus for performng
t he net howe 2des@nitbed herein. [54] The principles and epenBi1wmoas3 t he
present i NyRNFigars SRYIBDOMAIRY art RERIUS bORBeativich s beiiesRbRiimém of fhe dr awi ngs
and acconpanyi ng descriptions. Before explaining at |east one 25enbodi nent
of the i nvearp@HNg Aev€t ai |, it is to be understood that the invention is
not |imt h B . . i i1 Sars@tedft9ittatioh nber dif@rb@W Ng
descripti g%@?‘%@r?%’??‘% gﬁ”ﬁ’g%ﬁ@‘&%ﬂ?@ LThe i _nvbgnti on i s capabl e of

ot her enbaedidigensof anplgfddnaiddgapangy of vbgtion assgrfertei table I-n vari ous ways.
NS0, st Iidadh i HAEHSLANLIRhdiT\fOF AHE RAACNCAaRI BTRABA LGN rAIR! Oy ed
herein’isfor the purpose of description and should not be regarded as
limting. (30meGEm)pliNdeh@tE, minute) in an apewlsisient. heory, the inventors have

di scovere t th orce i ted. Lhr.ati @559 :

r eci procaﬂ?%%}%‘ﬁ %ns %Vcsaﬁleith’%%tr?ﬁ%é%ﬂ&g&gﬁ%&fseﬁ%gtdgatg{nlng y %aforgle P?almay be
used to relemiusiagtHeMTT asny.oTheanrridirecre mibratert 25 aim smplitudes 6 41z3Dr Mt ri x as
conventional ly used in bioreactor .systens.for ofuring cells in vitro.
They have “EI‘P%%%R?&F@&*‘ {?‘ﬁﬁ?ﬁ)st %lgﬁ%?@catpﬁﬁiegae?&sleé%%?g |)é)'n of the cells from such
carri ems i[640fFigaed Ekhbys talbcomeéntrafi@r dagsfor caOh20ARYdIADH 10 RATIetBYOUZABD0933
1. High freguency vibpratjon -6. Hz), .whi.ch erates hi gh nonent on the
carriers t(ﬁ%eraé%éﬁ%‘gsfortL‘@‘”c‘:‘@lagﬁ‘?qt”%‘?ﬁmtsﬁggBﬁgglg's matrix of the carriers. 2.
Low fr equgm FYdubd BE dhots (hk-harve)effididne] fig@nefiatses dstfifiinel lenstd @i aptivdlat i on

i nside and outside of the carrjers.t hereb%g a[%JnO\gi ggﬂforl.tvgfary Ef fi gi e[nt

m xi ng wi tdnsigwsiegdieMIbaay. Ty GEEYS YHE VIRIEH 67 SR AVBIHISET §MUeEREr ed
that the WihéardnemioRBtatht cEI8S tiht Sark 0BT RMET dt 8 GLRGYA6Yd, bihilé thehamkdtows
for seeding cells onto carriers and also for efficiently growng cells on

t he caldri eldciency gt Hr pvas O%onventional in the art to use an inpeller or
simlar dyifeidife Py QBhdecAaliBlihRR fGNdiSRreteld GBmeD tsridrs Bynvidftiad hanent
mat eri al . However, shear forceS inparted by the circular flow 10 arising
fromthe uiauarcyah3 pipEEl er can damage cultured cells. The inventors have
found thatoly .F?%llrfp% o%Q Ble ke 8L i EGIP OmAkiRE: dARklRRintd B eLaopticall M ze the
shear forces ‘inparted to the cells while increasing the efficiency of

har vest i ngleasitylusing tlerVIAR astdhe Celi werphasvestad fropmthe graers sisksdiviagitasion ([¢Vhg a

| ar ger, . anplg: t. f . Odl?@cﬂ%' .ped with a | ower frequency provides the
nost e O?i ceif%éﬁ%h%?)e gégggyogﬁzt%ale s rcg)‘ri the adherent material while preserving
t he i nt egr[D44] Fagude IBshoabittici viabilsy of prdls hetvessesidyy edth¢r|agitatipheor @@rqﬂﬁﬁfolgwa t ude
and frequenc%, Ogrvgtilol%r ation to use for a particular cell type, adherent
material, AhE Broreactor will vary, however, the skilled artisan can

readi |l y dgoes)minee stishoablte peritlaw ivorgy fndex foaralsshdt mgredeiiestediby agitatioroerat i on
by routine.trial and error given the teaching of this specification. [58]
I'n additi ofi®#&™ heir use with 3D adherent nmaterials, the nethods described
in thiz 208pgdidire 8 d@ibnsmyedepdsiind cordldtioadhmeentibratbe frie@lescyt dne thaaese

2-di [ .. Th diti ired St | LS. usi ' it I
ot on wi 1LY SHEGONRY BrRelHE HbtY d 61 S arer hi e o <t Shk To0

be readil y, gefuekdyionsdizbased on the teaching of this specification. For
exanple, in contrast to cell harvest fromﬁl 2D adhﬁkréent t.mat etéi al 1in \@,hi ch
the only p8FAtEsws Z%shose fhedirvesieihigensy Suehlishasvepist R Shraton "asparidis ' he

vessel in WhigdkakddGrdnebiferedt fosdloRivitBin thebadih BlMRE then@rreed. | s froma 3D
adherent nmaterial one al so needs to detach ﬁ&lél s fromth e%t racel.l ul ar

mat r i x30hi [8IFdguie2] shows sherfiveyest aibigiency obe et e Se!IsdRr P Ehe N VBEHAMEY - W0 n

the cul t ur ges¥siteaRetsTOr th€%¥B¥RIrRrs. @n el ongated growth period will result in
the formation of nore extracellular matrix and will require different

harvest coifd?ltHigne2ashopis pplaseyentatiansmeriuead a3 cameipnseraieRg) as @ function of

vibration duration for cells harvested by vibration using a frequency of 5 Hz.

[050] Figure 23 shows cell concentrations as a function of vibration duration for cells harvested

35 by vibration using a frequency of 5 Hz.



Accordi ngly, the apparatus used to inpart the reciprocating notion on the
adherent material 30nust be controll able so that the anplitude, frequency
and dur atworzof14031@ reci procating noti on may be adj ust e#CTaBIM20G0ds3 f or

ef ficient [0&1)8ake 2f sho®k kife Haflestfycidcy &t cElRdivebtodBy Oibragio®with sanmplinkef al so
limting the potential for damage to the cells ari shl ng fromthe forces
gener at ed Byieftiakendampdiferent pRgitiont vihkin thgybasket %@%B%f SCAS6t enti al cel |

danmage, t hgsi et hedss §8%shivhady iddek W ScitnRRilibER ViRtipk Aith deibaiioadvansmge
over conventional nethods in the art because forces are WO

2012/ 1405 1lawiag bp B2GD2£@0d933 applied to the cells for a shorter duration
thereby, reducing the a”PE'TEAI%ED%E&%IQH@QUI\SOFrEeMﬁémﬁﬁéNTS) during in vitro
ular, during

culture, and in partic arvest. [59] The "closed systent
enmbodi ment[08/s ¢ pizeuhtedinednh thinkrieciiicgonmescsibesrremethod e dsingyyibiatiomAd, har vest
the cells in one. r of  bi r BN |; Lides. oS @il fih cant
advant age elx%m&g,rvn@l%@g} '%Ee‘ﬁ‘?‘?gc’?%‘ﬁé 3612[?10?11%?’ A u%‘lya?]l%%mzlflﬁéﬂ%ﬂgt%p%t g nt i 1aI ’ for

cont ami nathaowstaklls grewhar viest bopartidulas, thycable prgigravwmen @l ddherentishisacst whvsh ino be

performed in one devjce. .[6 n e.e Lment there i ! t hod
bF " hatr vestog 08t 18 s et byt ARG rSORGS LSl B o R BAM e

par ti cld arreyiproeaipgmeteidn sdharcentol led fiortoiheamptielde apd frequeroyaneil$ hat grew kgachedom

pl acenta, adi pase tissue, or, bgn rrQW...l.n sone . enbodi t | s are
seeded ont%%"l‘?@ﬁﬁf@‘gﬁl%ﬂﬂ g dﬁ%@ﬁ’g W}n%kng‘teifgcﬁen%’ grLne lﬁfﬁcgy e?%éf%re%rs Wi t hin
t he mat ri xquahtitied BEccHFbathaIBRND exi¢iify @tthods forshansethgatktiethat ekeein is tharag. Seeded

within the trix to circulate culture nmediumthr t.he trl X, . [ 61]

Ao Used herBi s Rainis bRt g g et B FhrPE SRk seedpb e
that is, id@seasen &fherRntRblerifi@pivt Rith@nculthRrin exanakesysem, feasimie,faol d) with
or without differentiation 15}?000 anéi q@ s%ch. i HC{ e.?ts?? B‘IEESSJf As tused

her ei nl3 " dpreaotor, ddsordesqribed iy cpatrplied vibratigp Spteciligfe BNt SIMHr ed i n

vitro. In g&fitdiitoRKoadinmemdrént ntdk@ialRhileScutl@nd W@ virro. T188] onbembsdithelier ei n
t he phrase "adherent cells" refers to a honogeneous or het er&ggneous

popul at i ordigsfosedin this ipaciisatienels am arnsrasyPraePhieAted sysfigh: fpsexapBlud r e

at t achmenty,;t,0, 30, UhhAFE With 2085466r hidad@Wrddibr¥datih®motibPéd a Antdigethaher ei n
the phrase "adi pose tissue” refers to a connective tissue which conprises

fat cells qoatinsdreyadberynt mesy, speh haldee methedsrictariged kerein gy £E 8ATAMEH E5te”
refers,jo gy AQ5d! Alalhet Qﬁbd’ﬁ‘?rﬂﬁﬁ] th@ﬁ if RERIbEd B %ﬁ:ﬂ s%%rﬁ,hvﬂiéﬂ@%se@h@ uterine

wal | and during pregnancy envel opes the fetus, to which it is 25attached by
t he unbi | i lwatesicestislithatmive besinrggov o ethan dherertmeaierial kaapethpresmnbogdimgent, ghe
referred t : - par, - d &l gk t he phrase
"three dini ﬁ%ﬁ%aﬁlgﬁagglpgegﬁ %’%@ag%%glg{]ﬁgegﬁgmmke enrlés%ﬁ%dcg)%g culture in whi ch the
cel | s are [Of4]tTheedncipéeandapeditivh ofitbe preatnt aventivo mpatbe theier whddnsteas! Wittyr owt h
and that inc¢clude trix that allo . ' ; ' jons. It
B L L L et
or gani 3m (@ibodirhdns sitey inzsntntideeid, di iserts wdaktoad tht thettventieon iGet limited @ its
surrounded by other cells. They.are ld in a complex n I

ext racel | (PRAC3gR fq the ﬁgﬁggssghﬁ%gxfrf {?8fg%fvﬂ%\gtdgéﬁripg%ngﬁ%gmgfs?/[ﬁ%%y&%ﬁn%ampl%f
vari ous | oti@ inVin€60RRYpabRIUTREHeS em Bdtirnéntextof deiag brabiived boi ganesoutrbdiazives not
only the attachpent, to the but .al so access to .a variety of

vascul ar aW@ys| 4 1EpHals it%bw@&{gfaozgk@%ngﬁggﬁ%@ﬁ%&ﬂ%@awa%ﬁ%F?P@%‘Edsheéer‘%‘sff%fr ri ed
to cells 3hapapvasracRfipeiicing sidudd SRME kdrdadaylimiting.
30  [055] Without being limited by theory, the inventors have discovered that the force imparted by
vibration, for example, a reciprocating motion that is controlled and substantially linear, may be
used to recover cells grown on an adherent material such as a 3D matrix as conventionally used

in bioreactor systems for culturing cells in vitro. They have discovered that the mechanical

separation of the cells from such carriers is affected by two main forces:



WO 2012/ 140519PCT/ 1 B2012/ 000933 [67] I n sone enbodi nents, the adherent
material is configured for 3D culturing thereby providing a growh matrix

t hat subswenvi2al4b319i ncreases the avail abl e attachnment secfraBmit/orooshe
adherence ofyt f}ﬁ l?ﬁlacﬁ@n%pv@%tlérpﬁm AL whith gbﬂéﬁe&@ﬂﬁ bHER ofthetchriets thgue
(e.g., placenta). I n ot her enbodi nents, e fibers in the 3D matrix
forma pore voFQ!ﬁ@éﬁSéhe%?“E)@P@éh‘%@@j@usd‘flat%éfth?cax%?rﬁrne of from40 to 95% and a
pore size of, ft&mﬁﬂeg Jﬂcwgm%or,@ 490, Whﬁﬁ%%ratés@uﬁﬁ%h&i‘cu%ﬂ@@%ﬂ@ﬁﬂd the
matri x has a pore v 'Il percentage of total volume of from60 to 95%
[69] As used heutemnofthsezerdﬁnq@%ra’maﬂgwmaéor;yﬁwéﬁ@enﬂmmﬁg il Y phgacierces i nt o
t he adher l1's can
att ach@t o?ﬁ% %&qu th’Jal?&éﬁng%%% ﬁepen@ow)&elxég i f)e?‘ﬂéseﬂ:edﬁ?lr?get he cells
into the b’reqncemy.vmrqtloh ahom@rrpﬂeémgaelstoatq c@n&rgﬂﬂéh&@@@(ﬁ@l@@@ﬂ%@ cells

bi or eact or s effected while flowin the bioreactor is shut off for at

| east 10 t%lﬁ UG o ng the seeding. In other enbodi nents, seeding of the
cel I's is [josnyotiecdortvyntippl iyithegriao Iusn/\arflmthaencymvlhtbdeatcb @mprovidqc agitationpdng, so at
about 1 to Hz, t.o the container nt ai ni uch
Chat the. dsapbrite fom a8 AEE R AL RGP ol REPSHBY el Aond

[ 70] A9 useeinp@omithe useimaalveﬁ;idllalg;anrdmaﬁga cokured cally. The inserftors haa Rurdithatbgi onal
or a 3- 15dj nensi or? carrie 71] In sane.e qgne ts for h {Otgstelung t he
el st nasaReruR e Brocaies wetiSy e Pr BN oSy D13 g offigishs

sal i ne solwHile@ftr&king GRERAIAEIcE of PArvdstinnceISRomenEndredt enatdiial Washinelg step, a
di ssoci atl ng step may be conducte Cgﬁgn t he adher.en

terial.. In one.
exanpl e, ?WBTSe“SH}gs"sl%F‘éat“i‘@ﬁu Jipeement sofphi ‘ﬁ‘rt%ﬁﬁﬁwﬁbh?%ma'i RS at i ng
step. 20[ Ql?e’—lllo:it RerRnat Q%raseedft%@ﬂisl i the dih@etambeidl weleirestvinBthe miagtisy e
washed in the bioreactor. al ready rrentl oned, this | referred {90 as

cl osed! Ssystiayty phthg éﬁtleaé‘?fb‘teﬁér Theapbaieheprlitdeiad Gagenene Vr‘rléff“é?“i JIME 19pdn V\/m ch

the cells cﬁaﬁ}éﬁlapge@ﬂy&' Qéﬂ'ﬁrc"i‘lf ﬁlaieﬁ@lnéfded'lér@éizt&(%ﬂ h@ryb:ﬁﬁ\lé%r Bk skined 4radan st
system and the basket placed in a vessel containing a suitable

di ssoci at irealilgdgtprmine &Wtab]é copflitiens dordwrvesting el wug iR BPYE AR endidded.
This i's an,..ppeg, ﬁgge%@fgh ¢ ol Qg3 fidflorgnot her enbodi ment, the adherent

materi al s are-was rior to and/or during reciprocating_the basket of the
bi or eact or[038}de adybtmnatp theintuse with P adheyentmptsyiats, tipsicHods daspidkediietis, t he
basket,q s sE)gccffi [1819@1%? fe '\&ﬁ@l Ah& ﬁ%rﬁk%a\@@é@ cﬂglef?stl@rf%l THtShARiddsent |y
during the vvas or at The start or end he wash cycle. In yet
anot her errqulnedm"lmaxvetsmllbaskga vibgatipead mtloltcmle‘chrﬂé?nen@ng prethe patpTee ghe

di ssoci at i ste term or
2 or 303 gireroiginiy s ek bE Rl St bNGy th ARRGL B BBk R RoRon, P
cycl e. [ O7&hmpla, mraentez@ﬂttodelmvcst frive apPdridbercinaghtersl ireehiph the atkygointts dfe

si mul t aneousl ng th ked.bed . n a subst.anti al .

condi ti on aétﬁcg??g?@ 2’5(8?? gferPe§’¥e%P§1§°F11 s vepRLIneE 16}10% ﬁedsgre)grg\kmgelgst 80%
of celds viiabicktidgeldrorh A8 DnRihbreat rlastal bikedsd meddte detxarmllleﬁoﬂnehmz)racdli)llaat

| east 80% of harvEst effici enc;{; (t y. the net hod lcliescrl bed n the exggpl es

bel ow); c)M¥tEEhichAemsrn BENRARCr gt i PSR I YN PHABKFUY hf’ﬁ}é HeRey"

descri bed B ckdheh1&%ABRhESDOGHAW) feridd GhiDfesul) in kit fainiitiog of Mere dfhcellular matrix
2012/ 140519PCT/ 1B2012/ 000933 het er ogeneous conposition of the cell

popul at i orfnd 84 FeapiEadifiersat nsysst GyiiesiAs °pEpUr 1 aoorer e vgh R&Id- nopul at i on

at the cul A4bidiHpls iRRiphsra®y Rt ad ihakd e BEiflok@nglnfotioh ©n gt AhQ 6 RLeLE]
popul ati on of the cel Ip ul ation at the harvesting stage.. I n another

enbodi entmust h@c%ﬁékﬂiﬁlﬁ atjtke gnaRlityleotiequstryiand Q“@H‘Hb?féh? fegiProgatingiedion not i on

at an anpl | ead dsfe8 GHGBGMe f&@ﬁi(ﬁéﬁ'ﬁ ﬁér\l&ﬂoﬁféfli fo@h&%wéﬁ&nﬂﬁb@s&ﬁ”@rdml@ cells
fromthe adhere mat eri al . 75] 1n another enb ment acke bed is
recipr ocat\eldlewﬂﬂOIheﬂelilmﬁhﬁ petaeién &irglamagate diesehgarising f?&bﬁé@r%cgei“?ﬁatﬁd by the
substanti [ n [ el |

vi abi li tya}% %)%/{m%%@tgnn&tl%gdw tt]eqsrg Qo ﬁ;&%ﬁtﬁ]‘ré&?%ya é Hle%eth&?\/)%lgsclzﬁe@z;gg}?ﬁer
enmbodi nentspectlﬁcemplapﬂoedleIaeddvastagequnpwantemak/m<rth®ssm thalattdaergessiosees@ie nt ai ni ng
t he packed bed in a substantially static condition 10so as to result in at
| east 60% of cell viability (by the nmethod described in the exanpl es

bel ow). In another enbodi nent, the packed bed is reciprocated while

si mul t aneously maintaining the packed bed in a substantially static
condition so as to result in at |east 50%of cell viability (by the nethod
described in the exanples below). [76] In still another enbodinent, the
packed bed is reciprocated while sinmultaneously



15mai nt ai ni ng the packed bed in a substantially static condition so as to
result in at |east 70% of harvest efficiency (by the nethod described in

t he exanpve=oteeil4adp. | n anot her enbodi ment, the packed Ipeu/1B®12/0@P§x ocat ed
whi | e si myhtiagous oyl Nirdke: dlﬁattdﬂ@he@@dgi?étdlcﬁig%ei dncanSeiEt Rt dxpsiedt i C
condition so as to result in at |east 60% of harvest efficiency (by the
met hod dedefyrisgdn vigrornbureanein patigdarodyring herveshot her enmbodi nent, the packed
bed is reg; t j 20 J I W hBemdtstone tdrekeehviesd i n a
substanti j?ﬁ]/qg?a‘??%wg%#ﬁ? tz‘?lggr%%ngg@st@g%r%gﬁ?% Q’?ln gt, | east 50% %f, har vest
ef fi ci encyhagviost therpslisrintane dprieates dribitedcior sysent REAYjsice 3 sigaifigypt advantagg inlgrmsone

enbodi nent P [ Rt mineonRaskeatanetied B8Rl or eact or
is an genplai’{efuﬂg[e%g%g%gﬁg&ft%%il%hggggig%?ﬂ%o% gr any irnt ggralS \s;al ue

Wi t hi n t hiperonigiing@)l.of the siees todegetfermedrib ot demist., t he reci procating condition
for the b of the bioreact.or. i r . (& 9
a5, or Mg pre srtgPhERRaRhskRegn ke IR POl Bule ki B
liters wi t3D altdicangéermok pabioulhrli 48pantedaiiicantheinghsliapfce B0 fomexanime, aelést her
enbodi nent, the bjoreactar dinensions c be 14, ljters wth ' t of
about 200 TAH gﬁ%?”ﬁ" ?‘ﬁﬁ?‘ssﬂ)‘f” ({IT%S"W”?V‘H 3@8‘??\8?“[)%&1 Srgls’r(r:\é\frllstafre %ﬁgé |00rt§éct or
di mensijoon 3pamathie ufidg ibk#ios to diriame teeelewhidd imentsy. hivee binbodaeitovibration

di mensi on can be 150 liters. | n.another enbadi nent, the reciprocating

condi ti on if Bid Sgertﬂﬁeecebé%rl?éf’ed(‘?? Wt‘tﬁ@ th? BPEEA ‘8F°u[£§e C&Hurgr{%ﬁd’l“fnﬁl[ e '6f "f5- 100% of
t he basketypdigy.ght. I n one another enbodi nent, the basket was reciprocated
for about 0.25, 0.5, 1, 5, 10, 20 m nutes, or |aonger. 78 ,

Pl acent a- d8elVsdseiitesi e t"srfnrsoﬁﬂ’l"”g?ég | @drgypaggon, b‘%%lr FPe‘ifhfgrr %)"FH]’stTtHS’ fetal
(i.e., a”ﬂh&éhs%f&Mrﬂoﬁmhti&ﬂ%rmarﬁﬁle,adt Icait 260ld) HRE bewahdeadicicatiathnd deci dua
parietalis) parts of the placenta. Thus, "maternal"” adherent stromal cells
from alSpl ACEMPNEBEPINIRTERe | east about 70% 75% 80% 85% 35 90% 92%
94% 95 %JO %s 2EMerdD Xcis» ¥ ER td A ShmeIghnl 81l E4aBlk df BBALENRtedpRTALOM Of
WO 2012/ 140519PCT/ | B2012/ 000933 pl acenta. Simlarly, "fetal" adherent
stromal cedeftain gphptimgeis.dhe ¢edlagee pdlit 709 75% 80% 85% 90% 92% 94%
95% 96% [8?330 Sq%g/& l%elg‘t’}ﬁg)h;agg%cﬁtg%f &b G 8 ahbRBL @b @R hetB@Eércon Of

pl acent a. é%] use rein, a "dissociating agent" is any conmpound t hat
serves to mpslipiigtofgollswkiclofire Baghomeh Aenendens tthob isnrequiseatiackipent ¥ SyFfpEdB t o

whi ch iohe Og%!rlto %{%W%tvﬁ%;ohed. In sone enbodi nents, the dissociating agent is
an enzyne. 1n particular embodi nents, the enzyme is trypsin, including

r econbi narp64]rAspsedhergnpai phrase 'edinoas dssubl\rafetsrto picoznsetivedsbucaeHeeomprisgse 1,
col | agenasg, t 2 ol | agenase type 3, collagenase type 4, or dispase.
[80] Met hofgtscegg&swg%?gers:)‘ng and characterizi ng naternal -derived and

f et al - der i [065] fadied lentin LRstmotpddceatltissieiraers wsny ipbeticn ohth@@ag (il ik0 84669,

which is incorparated by reference. Ln sone enbodi t .and fetal
pl acent al Qé%ﬁ'i‘e"ﬁléﬂ}ahréef FSTHIGTng & aﬁsangfl%r"}gopé?ﬁnf‘%yeeav%ééé%& egf%‘“gg‘%%[‘ fégket lsgnd/ or
kar yotygpe ditact@d by HeSithbilicaGedvartbillog)ngdirdl, yiwiptaceftois espellep (and indfeerce atasst r onal

cells froma pl ag}ggta of a male enbryo can be separated into fetal and
mat er nal  ROFTRAMYIRAFYA) kar yot ype analysis (i.e., XX cells are maternal

\évhi le (>j<Yf C[de]SAs?Is@d llflaiéialtﬁe_.phkaae fsmmﬁ dﬁﬁbﬁihl inaBdlaring devlligoehiefss focarmf ltureéx | s
erived froma fetal portion of the, centa (e.g., consjsti or
conpri si ngViEebihe eelfs@rssultprey uéﬁﬁrcé’é‘gtl%ﬁg%?m?ﬂé?atﬁ’k wigh ¢ ilegé%‘f’tﬂgﬂgﬁ‘f‘t 50%
55% 60% ifGade o/ M%ix tRYalRR%e1 8R¥th #Hece ARIonsiBRL01t B W4 285 %iaB9 Wudthe #00% of
the cells express 00 as neasured by flow cytonetry using %n |sot%|ge

t han

cont r 030 t ositdenyirpamsaigiioplh ik Hyiag ergamsm (9f adistHe) evabeebmensionplgrchipst
3. 5% not Anf&ddAD xﬁloe/ﬁi fb? Bthe RIS THBARre AU iRh cARPlcIRt R0tk ARx e Aflar Ahtph e
cells

adherent stromal roma maternal portion express CD200 as neasured by
f1 ow cyt onmnesgaladiberg thahalioysttypestabliptiorest oft ariglestlped mitsey frornekp T BLS| on.

extracellular ligands mediate not only the attachment to the basal membrane, but also access to a

variety of vascular and lymphatic vessels. Oxygen, hormones and nutrients are ferried to cells

35  and waste products are carried away.
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[81] Irrespective of whether maternal, fetal, or m xed maternal and
fetal -derived placental adherent cells are being prepared, tissue specinens
are washewoi2ni2a14p819si ol ogi cal buffer [e.g., phosphate- beCraszd2/s@bine (PBS)

or Hank' s (hg#f] [iffome erio@InRmtsCH ladifsP 8RARHANS canfigudBae 3Dycultueat thaighy25 t he
tissue W|th a digestive enzyne (see below) or/and m ncing and flgoﬁhheng t he

tissue parreyiding deighamalyix dt ﬁlihstaé‘i*a”drm%?ﬂsiféh‘t prailgh! %@f"‘ﬁ“ﬁﬁf‘t eiace Bect on,
Di ckinson,, r?e%hcﬁ BPe o cgﬁ)so% thnﬂ’(ﬂ§hfe@&r£§9dtﬁ%@bfth[@ a&he&dg PRs@nta. ssue deri ved

adherent strona e 1solated by a variety of rret hods known to
t hose Skl I[O@dl In oth@rrmlb@dnnenrsmheékemm the 3B A hBA 8 derearoliFAs @rbereRage P, S,
Pat . 398 \;Oﬁl:?neél&%rom-rmtoaﬂl%pﬂ@%l ;;okesﬁiéeof ¥R ltbemféteorn's YO hiefPhs. In another
oment aIIV| scera or other adi pose tissue sites. A
preferred eaﬂmmmnofheanhtxpvolses atposes‘wéum@asmmmeaihgfad‘ tpfalse luneofiftpmnesto ite

adi pose I 4 8?%# Ner | i Q‘Isg n%é’l?ﬁ/eallé R Bn!’bégésggpmtm(gch 3kid 1?19)' Al &ﬁilel%gther ent

st ronal di"hode sue may treating the tissue
with a d| gﬁaérlawe‘omzmpb ®1I0 maa, <~:lalhltlzeec‘t;é’r&t&;s%s cat piygeditmthamebtasial. dnspase; and/ or
effective 35cC ncent t|o h a [ DNAse d . 3

et hyl enedi® Hﬁﬁoﬁl eB‘tS’r 58%? Sc?e%% thqorg%r’ oF Exanfplt, a stationary-phase

2012/ 1405 Wéﬂ%&k&bﬂ@ﬂ%’ceﬂ emle ﬂ&WUlﬂ t-:hs bhedanteeis sBE off H0at@asf Brhopesr i ods of

bet ween 10 m nut es ours. na ass thr yl on
or cheesecfPléct"H“%g@ﬁeqdi‘qgt E‘? other ?5‘3{ ‘ﬁlts2 W%P%ﬂ%c?lp ﬁmr(ﬁeegb y%e%@gl l's
are thleln mh@@peﬁrgt@nokbf %@hﬁblﬁ; htaiboﬁllal’thleug)g;hd: Mtaﬂmdfemthlymgmemﬂhhra}tor gver
a Ficoll or Percoll or other ticulat radi.en are centrifuged at
speeds of 'PRigtHbeteh I‘E?ét}led“@m&é[‘@"ﬁ%f’lr "H‘gmb*;h B&%\f@gﬂqa% ﬁjicnut es to 1
hour at t qpRATALMELR&h ‘Qﬁ?%ﬁﬁ‘g’%eaﬁ@re%dvﬁ@%ellﬁrcﬁna2ldnﬁensl%ﬁhbl or NG-
7,078,230). [84] In addition to placenta or adipose tissue derived

adher ebit ﬁlm@mnalcférrf% one may use of adherent stromal cells from other

cel | sour G851 If %m@éﬂﬁ‘lmakrﬁentd f3r REVesBhP e BRdihFRMcFont AR ridld BRIREtwaskddqag
cells are obtal ned frombone marrow. O her tissue sources from which

10adher ent2-$timenhatitheesaline solrioper papnarableeyltine| Whg gt {0 tBF ¥aiie $9Pnf t ed t o,
cord bl oo ! d ﬂ%he%ﬁ&éﬁ@@a@elm%nep@(b 26960172304] ,
testicl esdctlssga%t,gngasgpéﬁ %cl%?(){ggmlgno K., tet e{Ia , Naturlgp}%%g%lé Apr 27,
440(7088) dlsm@@oz@s;ymmwmnlom sémrxgr’dys HEpeo3EngePg. , as described in

Mar sha j 2héBh 183 ordakor. A
enbryonl c [36/?% lgngltéoéﬁ][r emb&!,hﬁl%ﬁ)ﬂ ¢ gsia%%g gﬂé?ém n%%gigg%% Nat urte %00 > ash 8;
427(6970) : dlet8dy5ddntiana, axmsmﬂ:rmedftb @b alclprideysemeln ygt anothes gmbodimegghe St em
Cells 22: dh S can
be isol at e%ﬁ%re&éﬁ%mls ur? i} %gthct eﬁl {eﬂmévegogéda ‘téqtr’1 gﬁt&gu?f%%:tg%&ﬁa lsj%?yﬂ;tgi@atl ng
adher ent sﬁah&ﬁteslyste:e lahé thfe baskeits Ipmcecbmlalxssserpontammgm quitalle pxsmiaaon eymedvr ch
are then har est ed, rding to the t escl gin. [85]

Regar dl ess® %%Wéuﬁﬁqﬁgﬁsoﬁé @enzﬁﬁngésergﬁfi dlshdS B 8nse0‘}% %gssl?uezt or bone marrow),
cell retri@v3aln laﬁot&@ c@®odmahi, meaﬁlﬁ@mtedtamaﬂare vedshed pror coandicr dorir,. Once

isolated cells are i ne to adhreto

material (&Cigrocating g f&@f@éagﬁg% %"“)0“?315?’}? PRI i gg? afqgt%er mce{mglﬁ%eng
stronmal cehé Baskdihi &mwatb@dﬁmgaﬁé &dnppéth Qshing $ip, honeomrhtipdiringithdwashlcyae i ng
in 3D culturing conditions.

d t t
refers to #d&yatthestpeor ‘ﬂ”‘gtquf@l"l’%? 8@%:f‘??‘f’i@n(’%‘;leglbecgﬁ‘ﬁ?tng’grbg%etog?egg’%’e@@categf a

non- cyt ot oy He- c%mplelﬂ:' AL08hGR didp, GRFRATch &)rm@ﬁﬁd&ﬁés@haﬂﬂ@vdyﬁl@ (8g.25¢hemni cal
structure (e. charged surface exposed which nmay retain the cells

on a s¥ffater i m[IE‘P]CYEféﬁﬁﬁWéﬁatélﬂe %@h@reéﬁpf%ﬁflﬁchqﬂggmf‘ch may be used in

accordance ()Wl o ft@étﬁb&ﬁﬂ@rﬁtth@%acké@bé?lr@l%@iﬁ?ocht@& RRAflé Qﬂlultéﬂ{éb&@}emaxlﬂtﬂmrﬁgr the NOt
limted to a polyester, a po

ypr ene, a poly yl e
pol yf | uor omﬁhk@rlmétﬂhgl$lé9ﬁféntlaé1y|ﬁwlyv@ﬂ€§/‘l0ﬂéh polojreRult Haatdféﬂswerﬁf f‘heffPlﬂRilellgjé‘) #esin,
a pol ystyrgne 80‘@ o?gé?f)\l Xlﬁ%f(%nﬁle n%tﬂ%gld)‘,é&'flgéchﬂ% ex@mﬁl@!; M&@W %Pﬁ 1d8r ophdl at e,

a cellul ose, a ceramc particle, a natrigel
extracel | ulhaavestrﬂﬁmncy({bmho meftitod dasceibbd adlsexamplspbglow); Ph’@@ﬁtba“&féleﬂual 805

chi t oath, DR hhesTRh fe ol Bssopd i, PARRT AL In BOOTREMIEMS, sa s

cel | ul ose acetate. In ot her enbodl ments, the
11



WO 2012/ 140519PCT/ 1 B2012/ 000933 extracel lular matri x conponent is one or
nore of fibronectin, vitronectin, chondronectin, or lamnin. In still
further ewbadizmniig, the adherent material is el ectrostaciraptdiyo@bs ged. I n
ot her erm@i@ﬂef%@ﬂe%us 5%0@@9&‘5@% cémﬁc@[llaﬁdm %&h&ﬁ’a’i&l%dw%régf&nmls b@;gmﬁmﬁ) bf the

gelatin I n one specific exanp e adher ent materi al |5 Fi bfra CelO
di sks ( Newellspwimm Rt tBeyligpipg SR is. Sulvﬁtaélfla”yeéml laita fhe hefepogersinbRPYagen o

pol yest er t&%ll?@;{y ﬁlofn'apﬁl'é héﬂzéstﬂg'sbégé PPYASRRE embddihan GaE pabikskBedas e al so
treated electr ati cal facilrtate cells adhering to the disks and
beconi ng tr¢caprp@@d| ima Slhietaml%ib/rllf@gfsm@mn appregiep ity IreaugRgynandiugligh stificiee
proces face area per gramof 1200 cn2 and a
di sk dl%a Q’ie%se%%ééﬂ)sﬂ%trgégf (?]\%Ye% ﬁlﬁlt%tifglng exanpl es of base nedia useful in
cul turi ng [ex5 & ghiotigr t:mbcbdmeelprtes pavked baddnteciprocated vhdé sitheltvicai humpiBgEdte | al
Medi um Eagl e oHAM) HAM) ,
DCCML, DC%\iEp %B:\;ﬂed 1% st%@\ﬁk//g%lng%n%ﬁmopﬁg ngr}esﬁlg’cﬁg%}tlea@ﬁ oo el] g(%%gl(t)}f]

Modi fi cat i(oyihe nﬁa&aldewbdednmtlﬁ&gdamp(emﬁew frhartother erdleidirent, thé paekied kedds sal t

[ vEM 20, g aEFroR e E e Cober ) AT e R

McCoy' 19 5A0 Mehiresult iVedleasnsoes ML x(lawag By thé mhthﬁadésehbr:dsaﬂe ehas@ys beMrdi um M

199 (M 19 H S sa sentlal di
(VM B i dh st amESQiiet. B2 ot e Bt atrinretanmne oo P En e e i
Hank' s salgaciRa®eq inasdbdvhiitialty Bafssmitionko Adxdirastit Foeg least(SVBEMYMAA wiabitityn(bn
essential am no ids), .appong n rous others, including nmedium 199, CVRL
1415, CNRIIhel%tb(,’da Egeﬂ%%?egﬁﬂ%ens‘f@g’,ws)ws 75261, MAB 8713, DM 145, W]l i ans'
G’IVCD§04TEU NDé%l %—fggﬂogher Hh&i&hf éné tmd kéBed idMetiBrodhied leBDBmﬁfﬂa]tLGOM_ GDB 401,
reerrerre mfaqr use. in th resent inyvention is
DVEM  [Phegdeainiaiginghegpac diin Frapsiantally stahe pongpijon sp F‘%trch %UECE)% 1@9@4)({1 ?tlsl and,
N. Y., USAaRé Bidneg(thahe hBiieg tiddcBbed iBeie ekBﬁb'[Es}%eldvﬁ)f Hleinothal’(ﬁhﬂg)deﬁe e A
number of these nedia are sunmmari zed in Methods in

Vol u
LVI 1, " Catapkegird isrreciproggied wiplepsmulgsgpqusty npapmigiping |ﬂ"aerﬁ edgggfi Bb%/lsuaﬁa“tlaﬂg H.
25Past an, Pa(ltj}lp Ic?xﬁf Nesh BY%s ﬁﬁ@gﬁﬂ 'ih Qt [BAL 86 of Rfrvest EBOEncENBy RGBT Y riBE] in
suppl ement e or exanpl e, serum such as fetal serum of bovine or
ot her spedhesxamated belpwi. dmalllqﬂw Gmb%lltnémn@? PYRkpq badip preiresated ViE t h gr owt h
factor QY RRn sEhybhEQAR@Litt i N,
thr onb%o'pm 'ﬁa&h&%%plen@%@{nﬁ I?%J&‘leﬁ%:oreﬁ?uglsur? Stgl?t%:%'? té‘?‘?é‘f?% nn7s, macr ophag;e
col ony st ilmst $2% n@ha’r‘eﬁ'@t dffigicncylby theingpghred/dsscaihetialthe examplss beld®bst eopr ot egeri n
| i gand, n I tQr,
fibrobl ast r\[ﬁz;%r]owtg Nl eerl%Odqnér{ﬁ%%\? gEchfr%%t.tﬂQ ? ét@ltitg)}n f&%?g%@‘ r? gg{reg);{grrghcﬁlo?gs a19 actor,
pl at el et deiplineld ogatmu/t o tﬁqaclb(aboutdﬁ@mbomeanmnp@t@gmh@tw@lpﬂmﬂt reige).aln yet

concentrations of ogr.am nl . It is
further rdC8YR; U bél’B e\:gf%éd‘gf ? oEHAe Condl{lon@l{he bk @ﬂg%e %dr%%!t ot ﬁeeclugﬁc%yt ure
medi ums Sughbensponents. ey, dmxgnmt|Iblamcttherembemmlewmetblomcsmtoaﬂxbwmlms cambho

d d. oth ts 3 th f Il
W0 2012 14O PEHABBUAS bobIRS Y 0 A Eiioafh ot B thofgthy B8

pr opagat edibrBacidridirlerRions e iilsralyith Waiagherse ﬂEabDﬂGlOO(rﬁD)an(d:alhd:lgll’(t@f t¥ndint | ons
or under three dinmensjonal (3D) culture condit The phrase
di nensi onaf a&?}hﬁtrﬁrf\é’egwnﬁ i biqreaelqr dpepsign &3 e Ljrsglt?rﬁ Wﬁ“é}‘ﬁl@ft“ﬁ@b ggxﬁwg » UF ow

primarily fifeR® dithé3Pn c@sbé rsoaltéﬂssmomuJ dnttiodingking ihe @él%&tln@wﬁhﬁdhéﬂ' ent
stromal cells are at hand they ma ass%qgedﬂéo thrtgle}gg I’ISI on
settinys. the bagketiof Hie bigspacks isAngn ‘H@GQ 13K © baske G 'BEnE 9 fer red

to a 3b COs,;MBth&Ee%Q tiBaS ke wha SRt RELH YorabbiR 0.2 55 at 501w, 20 Mitfutes! digorpeher ent
mat eri al D aspect of the present i nvention is. confi %ured for 3D

cul turing [ﬂﬁfarPéawntpwdemMuaﬁberémgmmlwe%}mﬁb@qblt?a@edsft?@s?%hf‘it%{ 44 FHEP s es
the avai | afy, ﬁonﬁta}lé‘ﬁﬂgﬁﬁ § (SULEAGR dadiis! h8 d@&&l%&ﬁﬂ&@ll%a&m tl@é%]ﬁfe@tﬁtﬂﬁ&r onal
cells so as to'mmc 10i nfrastructure of t etlssue% . Iacenota)
Furt her detnaatetrsal’f adhatenhsgromal edile ffoaty placeniasamprisset keaglabeut Z0%art%adi9%e. 8%t he
gr owt hamat d4, % ) RS frdnY R RN pdrBobaCt i ce
are de%%irall %d %I%’V@S%/ Nogtg/’g %gg‘g’té‘g%o(p 5, 26% 476, botﬂ a(r)e

i ncor por at ed here| n by reference I n sone enbodi nents, the 3-di nensional
matri x conprises a single-piece scaffold2 nultiple beads, mul tiple
carriers, mcrofibers, nanofibers, or conbinations thereof. In certain



15enmbodi nents, the mcrofibers or nanofibers are woven or non-woven. In
ot her enbodi nents, the beads or snooth or porous. [94] In sone
errbodi merwe,20ikosidherent material is in a contai ner. APCudBzhibreroedn, a

" cont ai netyi; Led edimilhidy, aR¥alt ¥dRreAt stFoRf@EII 18 64iBprish aviehst BodvRYy @ B, 58, @33‘/o,h6| d.
In sone enbodl ments, the container holds |IC]UI d, such_as %gglgopp:gﬁ%gl um in
t

addi ti on 198% Weﬁﬂﬁeﬁém 9P rerI0O% or even Kierdherantcetingom g t he
cont ai ner pibl% AN inlet and an outlet for passing liquid into and out of the
cont ai ner n ot her enbodi nents, the adherent material is held within an
basket thd€7%] éxswsetdrherﬁm,hé‘dcsmcmng@gentf’n; asp aempavbe Hiakantes to diEpeitetf i s
oper at isvel F L BcdiQs bflRRCL mg&ﬁ@émm% RDfON to
t he basketa%aChaq%tteo%t‘;é%ﬂ'? eC% Qﬁﬁ %@f@@ th%hxtg%%etl es t?% growt h mat relnx of 0.5
mmin hei gilmtsocletting agmtrseaasaezyrme Hy partit@ert eprbodimeats, tlheawn@M rprsins inckyd®e t i mes,
cal cul ated b ection ont b e [ sl ncrease
by a fact df® tmpS'g Qagalﬁoa?&se %'g]'upom&ape C&fa %?etgp“ c’éga%%‘zfst:‘ t}gjlgur ality
of such |&)6Mgﬁnas€t}tpber0(ﬁlhmkmiypﬂ4 swemapaat ed by spacers or the like, is

used, the lles eac S t When t he
matrix isl E@ié/? ﬂ?‘f’dé ﬂg%r?p?rﬁlgﬁi‘é %363‘9% g na\z\gsrévr?gfa | %eta d%”ye% aHf’“%c?msheet s

of 28816@)— ggfr&nﬁlcb@l’l%zgg (ﬂ)éﬂcMmﬂnﬁ %(g hel 1U(bﬂ46K9]®\81$ch0§ mﬁdﬁpomg:ééy referandze élamd etd 50 um
to um to um um t here be row ed adequat e
porosity fegpodigieptsgnitrgalan ﬁltﬂ?"}fﬁ‘&t@l erﬁrﬁts?ﬁ’rg?}tcgnsaar’ia 4@81%65 SI80 of wast e

products fgreﬁlfﬂfﬁé‘h%dﬁ)hﬁﬁyotyﬁ@(@cgr I8 of G-banding g Erdr exdninde, pokiceant kavneal an
effective dianeter of 10 umto 400 gﬁ% Such aheefsl ‘ﬂ be pé Haﬁed from
fibers of cghyigjna plareniaplraals empryocanBe RHEET iR el 20 BaEsmBEeEly PSeddibss or

fiber di angtefyp Emlsf('f@n)(ﬁbféui ar® niatddiBl WA RY ddR arE BtalRXARPhE embdtmérther s
can be in the range of 10 WD 2012/ 140519PCT/ 1B2012/ 000933 0O mto 15 pmin
di amet ©r . afbrens stipppleclls draived p @ fetalPorion; of thefplac i s 0@“@@?‘%& fb 40 pmin

di ameter Fg ﬁiﬁﬂé}%o‘ﬁonf‘c@ﬁhf HBEESCHaN0. benat R, 4t NATBHES 094, 554, 60N, 1639683%0%M i n
di aneter. 86 he structures of the invention may be sup orted by, or

bonded t 0,754, BB¥o86. AN 8 o, %Wee‘)c7%l989§>c?%/eﬁf H0&%oTd %%F”FSSWYEES@?QP ghal
stability an rQ&%éh&%yt%ﬁlE@?Q :tfgansl's'&pper@hfrél)%o SRR LS AIRY er&QioR. Rsofidt |
punched, or s to provi ée particles with projected area of the order
of about GnodinRntsoncdbwue than3. At notgnare fap 3tenaieie thend”arfipnot grope thep! % gf
about 400, he ttstt}o Pce?lg%m rggtérnglf ﬁmrﬁ& CH AP IneaQrdd 4P iy 3000 p. M .
[ 97] e a urtace may ave a's ape ect ed fromthe group

consi sti ng:ym[meggulamgan lspiypgsqntrdl @cbﬁneama‘@femplﬁsﬁmm I n some enbodi nent s,
culturing | ffected e . gﬁgf{g%

bi or eact or@g%]ﬁ%?sé’ac ve Buwh‘gﬁPeé r?lao?rg{l é&i glmtl%%%%%}a&g g%rlj‘% gdg%tgarl

cont i nuousadsérentricelts atrabédngaprepaeed; tiesue apedingens axatv@aemma lpbyjsld:}q)g)craéh@ﬁfan fe.g. For

exanple, a three-d si.on ctor s d N

05 pat . MEEPIECTIOEE 31ne SR SRt Rk ke Bl PR b e P R M gea

mai Nt ersncRe Gfsu@dhies aiestbe epiale (Sl deow) loﬂaﬁdhhﬁlcﬂﬁg emceamamg theetd;bm:r}mrm st romal
cells are seeded qn porrosive carriers C trix of
15pol yest éhroughg Reen ﬂﬁer&fBY gentle phrefiing (Fel @?ﬁ;(’”eP ‘]Sﬂlb\étaﬂéosﬁ’r%@a‘&%i i on of

| arge cel lyHBlegiu) a rel atively small voI ume. [099] Orher 3D bioreactors

can be used with the present invention. oth limtin e is a
cont i nuousl08}]iAdirage f‘%?ﬁ?(d?ﬁ"(ﬁfié‘él%?f%‘tt StrW?éF@ Eﬁet“i?? ed by meglé)? ﬂ?’fi%uousl y

fed into tBgwhi@meackled &Nthe artPrRAMGhpIE, %u&ﬂﬂéthdﬂd@t&ie}z’cr%éﬁw SuPat. N&@
maintain a tinme-constant steady state 20within the reactor. A st(irred t ank

bi or eatt or6, 1{i3i432 altiei agingerstissesimpyn kdarived irer ameaiBl Wsaet TeArARHY-<2oardally

Brunswi ck Oﬁférg S)bsfe tesueRites, ?rétgﬁed Mdrce F BPos€ K AIP Is@indnRE hdipRe. IRULmATsEthBot
limted to, ationary-b bi oreactor, an air-lift bioreactor, [vvhere air
is typi calddypOfifedtmmtaBYﬂSQ@t@dmlWL@ﬂOla central dr aught tube flowi ng up while
form ng bU[G?}’]eI&Jl @dqghhglleﬁtesrﬁ%ﬂﬂl s %H}aaﬁ%seg@s%uea&a}l Bt Wtréahﬁ‘g mekiwap] , a

cell seedin $UsTon bioreactor pol yacti1 ve foans described in
Wendt , w1th a dlgestlve enzyme such as collagenase, trypsin and/or dispase; and/or effectwe

35  concentrations of hyaluronidase or DNAse; and ethylenediaminetetra-acetic acid (EDTA); at

13



25D. et al., Biotechnol Bioeng 84: 205- 214, (2003)], and tubul ar
poly-L-lactic acid (PLLA) porous scaffolds in a Radial-flow perfusion
bi or eact owO[2ar/dexderi bed in Kitagawa et al., Bi ot echnol @gy/1Bzd2/000933

Bi oengi ne?@d\ﬁ%ﬂ%@& BorwedBh--Fo4c( RPP&1US ogeh@denb()(ﬂﬁﬁﬁ@stt@mhoml Tﬂé Sl mpe used

in accordance with the present invention are described in U. Pat . Nos.
6, 277, 151 theg begassedthrough aaglog pgchegsesipth mesh filtsr ofptween 29%“8“56‘9@0‘1%r0f15

anot her enrfodi rent me@s@#’e@{eﬁ kd 31Yfef%t1tu§ 'c%tﬁﬁl%&t%%n@@f}& iR Sned AW bl dragtediinor
parallel or in series orientation. he matrix used in the bioreactor
can, for é’xemﬁloeothtreaartwutamrﬁdﬁnh Qﬁllsaresqq@éfugecraﬁ speaglh aBbetyregp 1@8 3008 %-8voven
fiber she [T kngsg of the
sheet |%s %Brrpegg%sgof%%%gl nen{mgsr{?rom aﬁ[)out %6L9&gn(¥t 0 38%%'h§)| ogrt(g)éré ﬂgre t here
bei ng pr O\Badw adﬁqmﬂ)e porosity for cell entrance, entrance of nutrients,

and for r roducts fr t
2012/ 14051@% i%é‘tﬁf‘g BB UL {okt il dgf’gtrvr%?aengr%g‘smm\fme” f2Leiclg i s
ef fected Lﬁhd’t@tlﬁr@ﬂﬂc&lﬁhiﬁﬁﬁ)omeﬂ dd;l/somﬁesatFose«adiptegm c[eﬂalﬁzﬁnb@mbnts,lthrg of the

adherent ce|Jls int ur e.can effected under a ceontinuous fl ow of
a cul tur e eI ﬁ‘iro‘ﬂag§§§ggalr?18 ?/‘F% 8 RO m%rf?wec({)tglar 5895 Sr?grrcgsas%m (‘:Né];ilcl nunmber .
It willp bedepeiteesniledlld daaibe edstidved énciuzie] tumeayt lbﬁtedhamgebblmd baidfilictes

prol ong and |nprov ul in 5 [ 3.0.0ns. rdin a ment of
the presenf®gidhesi 8@ [§ 58%8'%?§ﬁgmﬁ ﬁ% tecte W&gw(ggpfu3|on of

t Ihe cul't Ur}%tlﬁ?@fﬁOU?l’\pﬂ-Ypﬂﬂ?){]d%) 1|t1 ?%2@Bq,rlfdﬁ‘£aln©[fa¢t&tyenuwsa£[etge as:mafsaebebyn t Ee

gl ucose concentration in the cultu rent ce us,
accor di ng MashalleCpy gidntlisil isionagrel %pﬁiﬁeﬁﬁnﬁpé§g§h ﬂ%ﬁyﬁgs%ﬂgﬁgéﬁ when
the gl ucosRs&PRERNG J@éﬂ NmétﬁreamutJaﬁ@@me 148091 tan S Bldnioé ﬂuld([)lf’letabl@llbt et600
mg/ L. I n another enb nt the culture nedlun1n? be 10 chan ﬁ%ﬁ%ﬂ t he

gl ucos® cohd2ith §'{elr’cﬁf~lﬁsgzﬁé§§/¥é%4ﬁ] Fotherenotromg) ¢ells fromahgse fissug & ceé i ments,

the cult urlk(ﬂﬁecpl;y 5uht§rn?§ihle %ells%neaquaﬁﬁérﬁfi' sirPle, Qﬁushﬁﬁa‘ifh 3dhe46nt Sronal cells i®m 9,
10, 11, 12, 13, 0 days, or longer. It wl % preci ated t hat

cul turing qthﬂ aelbllwhéa%lt@rpoﬁﬁ%l% b’hk‘}h@retth‘f@ab‘@ﬁtP‘béFco{d@EﬁﬂfhelWt]%ﬁ?]éfjfsfé‘fl ed
enbodi nent fe adherent stronmal cells of the stromal cell culture are
grown to 1q§a density of at least 1,000 cells per a cubic centineter of the
adher ent rif88Reatrdlesofohdwigintemdilarenia.adipopeisaher kore metrowinsrll eaiaval ivf ¢ he
stro cel | | tdr d r a
cubi o Sentd bt iR Felhoh Rl BRR Lofyel ot e OBt Al e RRIRET D
stromal celdhere af antddbersttmpateial ()ﬁ | copfigured & aaﬂuefaf@b tviherely igoldte adhergnt gifomg

| east 10, 00 bi. ¢ nt.i net

still othef ﬁ%édna%e ﬁad?% ”%rtt? onal ¢ Falm&ﬂ? E'{Iﬁgﬁgp re{)lfrg\lhmggégﬂdﬂlmfture
are grown [D%]asdee‘dsmdrg/ln()&n Mhekmgtatezml"oe@rsceh kwthpeic, mtwwalli @cweng.ionet er of
t he adherent t her enb nt s St .cells of the
st romal ceﬁofnbaﬁfl?rh?fgsagf” Or}ér“(?{}\ﬁyttogoxé? (B%Etél %w%f Y St pﬁtétgg)tmﬁé?%g%vngge% s per a
cubi ¢ pentdhemicerstattutehe gadhegeinirhateaposad grobips) sthidhimaytrbein thevizdidoment s, t he
stromal cells of the stromal cell culture are grown to a density of at

| east 40, 0UHCel | s per a cubic centinmeter of the adherent material. In

ot her enmbgggnaRhsplet BLadhblehtSmatalLOBIcRWAY UPuded irPadderdsice yvitfthit @geQ@bteel | s
per cubic centimeter. [0105] In another enbodinent, cells are CLHftUI‘ ed for
a period dresentiaventien inpkude ibHgare netdingited & ja PolySSISTaE PYWPIABUIBNS HEXYIREIH6] 1 n

anot her enbodiBRREIordRflylcde, %r&lﬁﬁfy\/@fﬂ&% ApOViENIMBoLi ©6h/ a sleRsiréng, £val uat ed
according to capacitance eval uated by Bi omass nonitoring. 30[0107].1n

anot hed0 ensdishifenst 2 perirpi§ang & polxpth¥ese SaePhEdds: aicRliless %%IP%S fYemaregmisval uat ed

according particle, a matrigel, an extracellular matrix component, a collagen, a poly-L-lactic acid, a
dextran, an inert metal fiber; silica, natron glass, borosilicate glass, chitosan, or a vegetable

sponge. In certain embodiments the cellulose is cellulose acetate. In other embodiments, the
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to G ucose Consunption Rate (GCR). [0108] The cells seeded, grown, and/or
harvest ed by the nethods described herein nay be adherent stromal cells
(ASC). Thwe2ofxwrozganpl e, the cells may have a spindl e ®hapB2o12btesnatively

or additi %Q@chlebfulﬁﬂﬁatﬁﬁ LbifipdiRMt i§ ¥R &Sﬁor@ofﬂﬂﬁ&%m@r\/nﬁm@ainl ﬂﬁ)ﬁ]ﬂl@ﬂecﬂh arar kers

(e.g. 35surface mar er% typi cal to adherent stromal cel E%n%aﬁ tﬁ

adher ent damipipalln g@] fu %Frqn&@élm% o ade1d g ey @@@i@?‘%’@@@ S9far k8E
ositive t 0 CD105+, CD29+,

g:IF:)M 4+, %ﬁgm%g% thy g(}hekeﬂf:}n'étgﬁalt?é’&oa%@wﬂ%%lligemoﬁ %agfn &0 cor1. |

CD14-, CDJ[988 Imregspemﬁmcampﬂ% theadbprmmmierlab@ ﬁéwra-ﬁal@&léﬁt(Néwﬁéww%l |

mar ker EBEY; 8} hd) and

e L e e S B S e Tl B

cel | s ar e Ritrow! d15ksa1r8:[bsa:tmateldre®csrysatwnhl)amcfadﬂaaw@sllse?dh%rmgd@ diersésks enck he

met hods di scl ased herein 0 edure.

For exarrplbg g’%‘?ﬂe‘i i theﬁ e S%%? ai ned rgﬁ%ﬂgﬁs@#@ggh (gly ncggln%\rria rra(E)h\?/vé?(%

hemat ol ogidisk hyvehﬁaffhdewﬂmeogmmnwmog@mﬁgmépérsk dheater Oﬁ@mger y or BM bi opsy.

Ma dilu fol d d
N 0 oy DB b PR Rt e TR B B0 o6
subj ectoed ih@udel Mmﬁdmdrmp@qﬂﬁ M3 Engle, SAD@4ht LM ¢B SieSerBul mtb;manéree)CA)

(<1077 oroEP a2 BhNICBERRA, peRER B ol B AR LB Sl iR i

growt h mediagksbOMaMIicBidh, agisglaedivitl Bagle (BEE- vBeu the Hiffittomelt Eatlss sadibhse),

suppl enented with % F r Mer ck,

Ui Lo Houdeetas s MRtk Fepfrat SRV e A0PH TRT r e e YBO P a0

ug/ mi: 1. 25\/[H<ﬂﬁ&1tlon Beb it MARAETRIVEMS, Ddbdvitd Lutsavizdien (Nﬁeﬂidiysl‘h\ﬁa‘&ﬁﬁ)nl Me@ehl s
fromindivid donors are i ncubat ed separ at el tiss g:ul ture flasks

( Cor ni hy, M&?WWIQ/E)W&IP Earje'safespagg) AdpyiuspiM %\g%ll?% ]3 kopsa '(EETSFhre medi a.
Cel I's are gRlihim &¥&hMaIdiintRY:aglt eN1BS-B-vifh BArik's ¥AShate) BTG Baistentia Emek) .

Fol | owi ng 2-40 passages, when reaching 60-80%conf| uence, ¢cells a

col | ect ed ¥edum lﬂagler(MW%Wﬁh Blanlgy iﬁffté’&%’? &itd Mo Fateniia] Nigdingm E%Qﬁ?% nts,
cel | s obt aiRg {hrrf?)me% gﬁﬁ@ﬁq%oaarcﬁlsﬂ HRBRL huhefoud Beifery, tnuruam?y&mm adchanyest ed

according to the net di scl osed herein. Placenfa cel Xybe obt ai ned
by any metHds Bl 9% QM%LéF)% NEJIC B3éalvR B26 b\IAB 87hds M 14 W liéanst Fom t he
| ner PR {Neflank THELTHELL AREDEA0Y. MERESIbAMCBISAPHCIRasiesIdmBg | of the
pl acenta are cut ug er| e conditions, washed times wth Hank'

Buf f er, anMDBﬁ?clﬁBaA@ueférmd rBediuna for3e @ the preseot lmv%@msll%bé@h% Besg 31n<h@fh¢ﬁ

(1 sse 2o AT e R b hCo, e LOBUNG, 0200k og LR BSInipendec

Pen- St rep- MSIaEtﬂeh, Imaedt ameng(ctigds. W miinbkO6 thept mikd b aRSsupmianizyd iaddetRodsiin

L- gl utam ng, s _and t . i i

cultur o' notROBE Wl R Gk E3RaRah R SR by RS ihed ahd fighe
cells zge Bdsiaﬁvlﬁdhi}ﬁdagzllAeﬁc&nﬁ@Px&sqolrast| c surface for 72 hours after which

t he nedi a was changed eve 3- 4 achln nfluence
(usual Iy 119241 hg gechyum may F’gs%??@m&@leiéﬁre a'i”PGn‘fv {}h%er‘ﬁ?g\’/ﬁlﬁsgg%{gﬁmﬁ’sq ng' 0 25 %
trypsi n- EQJARRP @be@i@@tiﬁ@l optithelly\evilttnas ey s@llemldﬂite(ﬂwﬁb blosvtiafaetobsheytoldmds) ect ed
for culturi n%ﬁhn a 3D bi oreactor. lelle]é qr ot her le‘g% ?I ment s,
adher ent sTHGHAPIIONE (€ Lol AV ASEMIINGRIEBIoBRLEN fira ‘éootf%‘in’rfatefg hiques known
in the arti,aneles OWkeHukdh BBhdktphilie@om)$ b@fulang fhasry kit tidaritstan cilinfgetdro t he
35nmet hods di scl osed herein. For exanpl e, adherent stromnal cellsggﬁglast

i sol at &Y fostRePIptRgaIn hw,zlo&@m%émdﬂf@rm@f@f%%é%‘@%%ﬁ’%s%ﬁ?n

obt ai ned f rQMhl f’jﬁ(ﬂ&s HG L QIIBWB{ f&@t%gléﬂﬁ'tz net]?@@opﬁﬂ! @&&eplateﬁ U&rived Wﬁ%tor and

ext ensi vel equal vol unes of digested at 37 C or ?n(i mn wth
col | agenaskong mrm@gme)w POin & capeenrafions ﬁ&@qﬁwn\maoarammwd@mg&fw §VelBos Fcs,
Pen- Str ep- Mg] 1! f@t’t%ée%%rﬁze(i]tﬁ’ag awl%ai%&géﬂmgy g@add@c{ 18 the @Mdrelm&dih.am n
and centri m f or resuspended 5 with lysing

sol uti on (Suc]h@mevrmhtsgnacfdde ahmhiqtsstsrar@m}’c@@ﬁ taluqamemno 4C§15a@ld othepCqmypagents
red- bl t suspended wi th DVEM cont ai ni ng 10 % FCS,
Pen- St %tha s a%fgr)(rtthgg‘ﬁ%i‘%%lﬁﬂ 100 ug/nil:1.25 un/mM) and L-G utam n.
Washed ceI | s are then seeded in a sterile tissue culture nmediumflask at
3-10 X 107 cells/flask. The follow ng days cells are washed with PBS to
remove residual RBC and dead cells. The cells are kept at 37 Cin a tissue
culture



10 i ncubator under humdified condition with 5 % CO2. The nediumis changed
every 3 to 4 days. At 60-80 % confluence, the cells are detached fromthe
growt h f 1 aeko1egi4ngy90. 25 trypsi n- EDTA and seeded i nto newrCTIIBBW%000638 | owi ng

2-40 passagns Adiben s&%élscen@ﬁ%?e&lpr@% 804 % GRHbY BaveRichhiayoaiaensiohdlezided for
culturing 1n a 3D bioreactor bi or eact gr. sy%gem is suitable for

3D cul tur sultire condlitipgh e ender Bge dgn%vélentlé Disultygicppdiionss d8¢ Puage 8%t i bed
above. For h nged| WHEh thS& 118 gRwWigindrMMnine hRagt or  as
descri bed mrﬁéﬁlﬁ%{l%ﬁlt\hr@ &n%oDe 6, QEJFEZ%TM'?'M S btl or ea%tob)&t&glrra;%\&en Inogded for
exanpl e, b tra tissdc0Biltpte digh. packed 3D porr osi ve carriers (4 mmin dianeter)
made of, a ve BESi&apbl e the
propaggtl cﬂ’ﬁép nf’ardﬁgfeﬁg U:Oﬁlarr%be Rséa?&ang(hlr)% I"&¢i Vel a;rﬁga% E{?%{E/e(r)dlune1 The

bi or eact orsctinys. bevﬂtrhe appa¢aiect thoughrihdt iewobs way bﬁftr@‘ﬂfe@ed tqi & 3D-gorffigoigd matrix
regul ated .20 |tored & 2N i tor
may cont ai ’ﬁmﬁgl ehﬁolﬁhﬂl bﬁ“‘% i onerﬁﬁ [gh%tg ﬁl Pﬂhgbb ? peQP{fﬁlée l;sqg&ﬂtghﬁngﬁr?
seedi ng ofis &ﬁ,ﬁlﬁgﬁred faxlsuﬂuaumgjmummvm@lgmpcphh edttrattharsybmmml&bllnerem%{s the or
exanpl e, fro oi r k by a
filtered g’a%lght%ftﬁ@’eeb nﬁ&?‘?’n{oh l?efe(’ffﬁ?ﬂ% 6@eretn %’gro 2%\( lﬁggﬁsftg%glrntlcﬁg%s
dependiong iRfastedthire @eMSitisyuei(@gl bﬁcdﬁta@l’&&dieﬂdetatl'ﬁhdatﬂ% tp [t&[fdrrtciamml nweyeniyer
R N R e A L LT o
Leser KOI r dgs&#bed inl@gm%lttN&% 168,083 dﬂﬂFﬁﬁG_@% b@hraedhhairt])-(gmted)heréllné)ymﬁdnegm ma%/

e achi eve or exanpl e, a pe altic i men
non- conf | Jéﬁ‘tmfp?flﬂ?ﬁﬂiﬂr?e‘h%ﬁlﬁrg %\‘Hﬁ%sr‘%‘ﬁfm?trtx&ﬁ‘ﬁ 1{;:8?'5&%% pé%?fzﬁ‘iﬂfpgde(“fug‘r%?exanpl e,
the BM p't@&&%@tup%aﬁfttd@mom& SardE66E, d esnBibRAIR) the@HOVIA casaitlescr i bed
above, are 30 trypsinized washed, resuspended in DVEM. su %&gﬁpt ed with

10% FBS, Rethodinmess- thy HEPTREr PRI IbC(s BV YR PT O™ Y2 B9 and 2
MM L- gl ut ad g @rqqlogg,qg%gm(l;os 105 cells/m) via the injection point onto
the 3D carriers in a sterile Plug Flow bioreactor. Prior to inoculation,

the bi or ed894dn pand ¢mbagdiments, Hlealdgwrtt avtesiabig iy %tont%%hAagseﬁeeeEha My,

aut ocl aved. ) 1R hgrdoq\ﬁ tbnieedi um

cont ai ni ng é’ég@erheaf% Q|t Jr%@ttr'\?/er&e%?gﬁglmwé%ﬁ Hgdgﬁﬁm 5and

Pen- St r ep-diyttiiatents, timorumeer(hp@ts lighiclsugloas g dramerips Hmmdrww to thegdhgsentt he

medi umg trrrtlalttgrlalv\fr)ls% &1%9 :i‘gtﬁgc{u;léﬁg :h?e/ ﬁ%%%%r”hés*a& uhét%l@gr?&ﬁfet fm}fas@iﬁ%_

adj ust dto era a rat he
process of lxcmmedtomgd oeﬂ df $ha crmntaher nhatorthex ern’aqdnbeltsa@m aéh@@ht l’liﬂéﬁf lae% apidIvathirpy

st oppi ng ne i r.cul I title on
the carri eﬁng’agl%h%‘atﬁf BVII o(rml asm f%’tsoat %réltog%ﬁlte Jrltg%g%sw% %r%glttlﬁ$l§ 9?%? t(gc%l and
pH condi t i @katof pdrifipued o 1711;8)‘[ vﬂn&lomgl raasthnnethbamsktetzmdpmlcmedlts with sterile

2.3 (1 mes OBaRO A (A ORI | S PCRI G i tAs BaR B hadrar™

every 7 hridgs o SBises, Enegattdiey @ejebﬁonhmvea grsovftht grosvtismirtriab$eheocenta at i on
they may be harvested according.to the nethods described herein., [0114] As
used her ei 2 factosQfigpaytorte 39@‘%3 PRy UL IR B ng? pﬁéa%@'a%‘z}ﬂ‘f}e By g%tt}llfgri ng

vi brati on. gkQedbrRegrat@by é’&@d’l@oﬁfﬁ&hﬁl’llsﬁﬁéd Qs Ghdtdratis amn30 ﬁdﬁ@sﬁpphﬂ; regetchi bri um

point. The oscillations may periodic ar rando In one di rent, the
vi brati on jush gsturs W@@l%ﬁ"ﬁ%‘&f‘l‘%‘@e‘i‘ Wr?@%ﬁt%?fg‘eftlnfaﬁt A% Wt"h%[tfet?ff ghefftﬁhctrr ol | ed

Wi th respegled &@@%bk%@%l%&g UBRGNickdes SToREshestadbamatsso e wopl i t ude
and frequency of the oscillations are constant, while in ot herﬁgrrbodl ment s

ei t her3br oith 2690 #ih &0 30R91Hne. o0 81083 thepechpinerigVidadypderuiateorasiy K celbeiaRe: ¢ o
achi eve a ngr%ltxde%lﬂ hé 1eﬁt§§1“ty for reh“rﬂ)v§ltdf Wastd PRIINAS rEARRANERNA Sordimtro@uE at i on of

t he period tinme brations is also controlled using nmeans and
“devi ces thqmbOdn‘@nmlmM‘tSﬂ@M%ﬂm ¢ffectiveediameter af 40 gante 48%%5'#“6‘&?%‘3 s gfdevi br at or
is an el eggg r%&?ﬁk@r@éf 9&?1‘6\1 ckfu%%esem SomtRBinRhBCHE 'ﬁﬁerrtﬁ’ikﬁl{esé’\értmelan
unbal ance Ss on i r|ves . I'n other enbodi ments, the vibrator is an
el ect ri cal dislesteroengeDeonm alest Qéplabtloeioﬁfum rfoa exampig, ﬂtetfrbatslceliithe artee eagaM 10n t he
art and it is well within the skill in the art to adapt existing

20vi brators in a manner suitable for use in the nethods described herein.
[0115] A vibration harvest system was devel oped by Pluristem This

particul ar enbodi nent of the vibration hgvest systemwas designed for a 5
liter bioreactor (New Brunswi ck Scientific) and is conposed of a vibration
system (as shown in Figures 9A-D) and new y-desi gned basket (as shown in
Figure 6) that will hold 100g of FibraCele. In this enbodi nent, and
referring to 25Figure 6, the basket includes a wall |ocated perpendicularly
to a top screen and a bottom screen, each screen having perforations

t her ei n. The 3D ITB.tI’IX |s cont ai ned W|th| n the ‘space for rred encl osed by the

T . o o o o, 1 - o



[0116] Attached to the basket are a plurality of basket rods extending from
the basket to the exterior of the bioreactor vessel or container through
which a fwoa’oimmeﬂwconnecti on is made w th 35t he vi brat ®CT/IB2012/ni0933

enbodi ment GO RS, IFOr &@ﬁip&dthw%&saarp&eahﬁqehawger@ 30@hes 40 oiugh whi ch
T 20 15; 1 ABLE08 PRI, 1S SRBRE YTt rods pags AL the exterior of
the pl at e diantréer Sarerapalsk e fber cpplsiadharares g O élmtfel S S ur ed t o

accormodat g e LREIRLAFA iR 1af1bé SRGcaby b HohBeath br @ 6s sfpdrtsheet

provi de a‘’s preventing contam nants fromentering the vessel
cont ai ner or E@d@b}OVA@nﬁﬁﬁdlm@hﬂ stahiity andrphy signd sirengihe Pushdnatipx ﬁheitém%agf’mw]

The terns \E) edS g &BE@{ d}%\n@e artlélég%lﬂlﬁﬁéjected ér@&éf‘%ﬁ'é &der of@cl%ix} dhavi ng,

mean i r?cl J?&““" | mte 0119 Eer m "consi st ng rreans
i ncl udi ng rmﬁtolabmtsemm 00. 2[11011?2t01abms 10G&moh - Hermeinhto abpet 280 mga. aith thsrsaime g

"an" and ' %épwgc es& bBut"BrO [oej‘oﬁgggﬁes unI ess t he cont ext clearly

di ctates of r exa erm"a conpound” or "at |east one
10conpoundboryaye hdietandeurfaceey héuetaysha:p‘e scloagbfucmd he groupl Q@dwﬁglgm‘f Kquarees

t her eof [0121 Whenever..a n umerical ' r I s meant
to incl uddmghyliscs taﬁcgcrﬁﬁ‘ifrcg?’& nf?@%&ﬂ’%ﬁnﬁ or %‘ﬁ@g lscéilfe;é ?1?1%%0 éélt:tiondl cat ed
range. 10Th§09ﬂ]lE&§1ﬁ§Ies s bigfeaangéscliies v e’ noalnflltd'cbfb anﬂlu& ﬁa\tvélommtbela and a
second i ndi cate nunb '

nd "rangi pg/range oM a f di ggte number
"to" a seé@ﬂ@“?%‘?ﬂggs@“ﬁ@%@c&’ég@({]ﬁggﬁmﬁé& | E?lolrer? oF gﬁg‘%}ae Ehld and are meant
t odi ncl Ud%ll}l%l(ﬁihlr@%)) 182 A wREredtehr i( @3 clie sopibertlinril S, sxmmmlz«n)nmmmmﬁ i onal
and integral nunerals there bet . 22 Ref n made
to the folSUpRATRE Bssiptedd RiplPRIs WTI}?BYC({IB @WI‘?‘%&“ liesd nsn[ glrs |blotr ffa(%t(é}év
i 11 ustrat eghfentlsRYBALe Bark BecBed\@NpdrioBive tatgert anlbié @ﬂhnc{n@vio’&@]l fa(BﬂnmaerM (}f t he
nonencl ature used herein and the | aborat %{gﬁgr ocedur, ES%HtI I | gd |bn
20pr esknt Hohigatas Perked i glers calgmacthpisby e HPIORIEALON 8P SF LYK ”&ﬁd
recombi nant, %grﬁzgmlgg@s Such t echni ques are thoroughl y expl ained in the

literature. See, for exanple, "Ml ecular Coning: A labgratory Mnual"
Sanbr ook eP9YIOther3DYgapactorsgay kertsedrEh B”Ed’lr%e‘ith“"%"i‘%’ctﬁ“ﬁ RGP BYIRE Vol unes

I - 111 Ausu%ﬁrlnf)le% Mntmﬁ%s st(qu'&igtéﬂk bibdsuRelvh&t a Bhiture m@[ﬁﬁ@@&onﬂhﬁﬁt@@(ﬂ:c&moﬂ

Mol ecul ar ogy , JO | ey and Sons, Baltinore, yl and (1989)
Perbal , " AhPbiaraéternd25@dugeis contigpusbidrayn @totﬁum?gmamwﬁw afnpia seadicie New

York ( ﬂq(z 88\%&}111‘%% %Qatrato? ta Qt}rreél tiﬁe&%&%{h AAWous bed bERbd if haildbB fdr cdinfRomks,

New Yo i'rren nome Anal ysis: A Laboratory 30 Manual
Seri es”, \WévsBrubswick GolenlifBpEe.nidisams Nor Othabryemplse jnchdedut arxag livgited to. £998) :

hodol f h , ic e ofa
h 801, 335 vopgS-oEEhiclLbE ob Disiniortitior PAFre shiCHRi AP ORI ot L

Vol unes | - dehiral@&iughtstubdﬂovﬁng upGbie fotrﬂxﬁgtb)lbblémdr cbmgagrntgt@b@lsggas @t the top of

! ey SHRER kel Bl My RS bR )
CT (1994) ; DMishalibieatndl Shingi4: Qesio) 4, QGBI)}eemcﬂdeﬂwdb -lictic @il I(RI_LIaAﬁ) porous
TS 00 BP0 P S bR BN PR
exanpl e, Upg. Blg’éﬁ inei3®. 9335)7%;—95322065)]869}6&513:&:&39185@1,1071521;1 b8ueB Dy &EGdance
2589252428\11@ @13 @rngrg :1Ln7vent:1))on8a7reg dezsgr%bed in %OS]' Pat 511\1105 % 2%§§SP ’97,%7?,%1 ’35,?5:;8,

6,132,463, 5,902,741 and 5,629,186. In another embodiment, a plurality of bioreactors may be

30 utilized in parallel or in series orientation.

[0100] The matrix used in the bioreactor can, for example, be in the form of a sheet. This sheet

may be a non-woven fiber sheet, or a sheet of open-pore foamed polymers. The thickness of the

sheet is, in some embodiments, from about 50 wm to 3000 pm or more, there being provided

adequate porosity for cell entrance, entrance of nutrients, and for removal of waste products from

35  the sheet.
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WO 2012/ 140519PCT/ 1B2012/ 000933 4, 098, 876; 4,879, 219; 5,011,771 and

5,281,521; "digonucleotide Synthesis" Git, M J., ed. (1984); "Nucleic

AC| d Hybrwoizaetises1y Hanmes, B. D., and Higgins S. J., ed®CTB88%)(0933
"Transcri mmnaseﬂlle %le&nxaﬂaﬁds ademaébdldglamsactea usib |, 06010 B @l Hem3at sdeding=ds .

1984 t F b d
(ce| | s) and [Mﬁ@ﬁmng REﬂPrag]gfgem eé@gmhe 3DA€“§P*F’£&‘E ﬁ%%ffe%a ua@%&%&%ﬁ i

G oni ng" Ren Bﬁ{u,re ﬁedml(q 1}9a%§9)g1r%ﬂﬁlay MtHRQEScted o ERENHIBEDNIMbYR NIt will-be 317,

Academ c Press; Protocol's: "A Guide To Met hods And Appl i catl ons"
Acadeni c RpHS(Sate@éJﬁt qyllté@dned@)ﬂm (@%thanﬁi’é’r@ Reder ©rprelpng andS’E“P‘é?t"%@‘r‘ BENEor 15

Protei n Pyr l h.ahOfeYl hRuiRas dadewal
oL Presd ‘é%@g WERE i ARG Gf B h Ofbesonfhnk RO AOSN chittrgts o 10[0124]

Cel | s wer endergariusion GThecaltiigrmeedinm.(iypigalRALT psfforiebistedp deferatinseh by 2! veRss
bi oreactor 1 s afQung %gﬁl}rg%@ i a%hér%%@lﬁ&%hgg %@&)rd’iﬁé%@he Wedd a total

vol ume of 'Y Her's e ngi neeri ng. 25] Prior to seeding in the
bi or eact orteathB@s tlf&@ubtur&ﬁﬁ:dmei gy berdlangeldevhzﬁ)t@tg&geSWV@ﬂ@eﬂtrhmmﬁa‘%ﬂ‘?&ﬁQﬂ’i | ut ed

13 WEh gl (AL %65(?%;/1” n AR e IEE SR e SRR fedf

ken
15and cel I“%g |ng ue stain to determ ne cel ? nunber
and viiabi lchinged il\'zhaa theglucsses:pmmrﬁmnmlsatmmﬁﬁﬂéﬁ@Qemg/lImder a lamnar flow

hood i ing b
Cuspensi o0 W Py aRerEPh BBy s FUUTT L S BET TR A S 6%

bi or eact orig, [Q126]3, Ther bi aayeasti@igec dntidibaepprdci@ed maﬂcuuummn arbio(rMNnWt h
10% FBS and 25 nM 2Q HEPES) and 30-40 granms of carriers (FibraCele disks,
New Br unsWQlRNESRISEREPG i c) . These carriers are made of pol yester and

pol ypropyl [ﬁﬂﬂ]i InTi]@tHéEélhbﬁﬂlméhtttheadlk&hE@@hﬁr callasf the pirornad] ctlheulfuc drogvong to
condi ti ons

0 % di sso] ved oXy H 7.3. R ltered gases
(air, aCNQS"é(rﬂf ab‘?ﬁ“ Mp%cgiﬁﬁﬁ‘iq%@ tﬂé‘ftgr%)ﬂf‘?e?gﬂ?{ tn?‘uaéer%nnrog "syst em of
the bior eae%b%ﬁnﬁegtsktﬁgﬁdﬂe%t PRnvALR ofithe 6Roalanl cliliee ﬁHgkb&dnue adensity 8f atvedi a
circulates in the bioreactor by means of a 25 hol Lﬁpa&lwfﬁl | er. tube %th

di schar ge lpast 1800545 pr@rrabic spriecterol thsadheaent fakria & cnhofiments,

with the (gliy def1§ of RGNS cell Qlidtd #OgBn thL8&sTY §1tdﬁeeragaom)oo t:alscpeeaams; a
|l ow di fferential pressure at the base of the inpeller tube,

ci rcul at escentiéter afirecnderenitmaterial.slpsill gfher m@?‘}mm theysomplcsils Yttlﬂ%i'i‘iog‘al t he
medi u Was gghltt\gé grg gﬂ}wrﬁrg alelQ tythf'aPlQé?st PEH00ENYULES cﬁBE’Mnt@&%r bhhe @@eRsht UP t O

200 firs the cells were grown in batch
node. 3opemtm;a1 o a\rsﬁs}thenpmb@ml@@lﬂtm@ﬁtl@ml etlelPthe gramadsel Qo $1aTP dhe

decreased Del.ow 20,190 bbd (Eeells e BRIEMELRD MaR BflR hitran 18 sd@bthyr basi s

to keep the'g Ucose corcen P¥'on “constant  at approxi mately 550 50
m\liter. e@nlﬁ)dﬂfpﬂn& 0 stréreal gelbsvfthauing heohleestura kesrerevieioy dengitydigilegsor

gl ucose, I ut am ne n i

det er m nat‘ﬁ)od?% F%Fﬁl ¢ 0%5]% aeﬁéﬁﬂ%&fe?%o g Ihy &% %&Meﬁsstgaceerué e

cul turzd lgtowmepbja)deaaqurmot)om c@ls perdayi. centmthOlZ/ 140519PCT/ | B2012/ 000933
Har vest Fr rs Usi,n I n) .
[0128] Thel% "@?nﬁ}ﬂ ég?E%‘ﬁ%‘E‘ét %euég%?r‘:%lg%eé? é‘p"edn rm}ee flf‘ﬁgtag%ivﬁoﬁgtdﬁ ase (6-7
days) . Thepd@hmﬁ&a&dueﬁngsessel was enptied by gravity via tub| ng to a waste
cont ai ner. The vessel open r enpv t.he he

carriers weigol{p apde e %d”Eant ﬁ%’s BgvﬁthtaB’ﬁf’tS# Cgﬂrélm@égge Fdepl ntgd gcgﬁrldﬂg

i mpel l'er vWgga dﬁa%@ir@@@@l%ﬂtédrby@@ﬁl@{slnk(ﬁntﬂﬁﬁg ne-type i npel I er The marine-type
i npel l er produces an axial flow for J}?}F\Pﬁt[? atl ons th ui rl%atggntl m Xi ng

wi t hou?0 cal949Hgn arather a@hﬁ@@e%@llts gre %,thPrSH]ﬁltof n51 eva according
to Glucose Consumption Rate (GCR).

[0108] The cells seeded, grown, and/or harvested by the methods described herein may be
adherent stromal cells (ASC). Thus, for example, the cells may have a spindle shape.
Alternatively or additionally the cells may express a marker or a collection of markers (e.g.

35  surface marker) typical to adherent stromal cells. Examples of adherent stromal cell surface
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[0129] The bioreactor vessel was then closed and refilled with 1 liter
pre-warned (37 C) PBS. The agitation speed was set to 200 RPM for 2
m nut es. WbeoPBSoswas t hen drai ned via tubing by 10pressece/1Bo1gp@93xy to

the wast e ptdd GosittEaniBSRIRG) REINGESH LR BB AQREARG{ eD2YRrE®4H 0B33+,
[0130] To release the celTs fromthe carriers, 1 liter of {)re var ned (37 (@)

r econbi narfiDX0rryEB3 4, SBFI CBI’0(L ERY P EDSCIBES). Gl Baddld- P theCBT%r Bt or
vessel angyd he, Ganes ebﬁle}‘\@(fh%re'npﬁ%%s %uqll xﬁﬁker;ﬁcﬂhpwﬁteﬁe ndPHMitBP ol tHoSine

i ncubation the carriers were agitate mnute at 200 RPMinh every 5

m nut es. THydrogdhde, sasEpankiloff.-was t hen coI I ect ed intoa 2 liter sterile

cont ai ner i ni.n ) i : war ned
(37 O g Iﬁ@% “Ce“i% e#?’ﬁ%‘ eg{%bca?rﬁfaér;g “@tﬁg}pﬂ%"\{?&{g@ﬁ?a}ﬁ% #‘)‘tr’fﬂt"ggg? 200
RPM every odltive Bystedsand hhevestad hccbhmlgietlwohﬁhbdselisbl@sa‘drmrmrt HeMeallsmaerls 1 liter

of medi um ded to the bi.oreactor v I t [ L agitated
at 200 RPM\Q?BIeggyﬁ? JhRo9d procedure g‘fﬁfm&gﬁ?ﬁ Cﬁgsprgas?eo%b??régn%? nlie%?%]tr%%e st eps
was conbi rs&snaaﬁdrd“h@ﬂhediawl@e@uy macbthﬁa&ldfd urslegbing@pa0 heant surdanger BMlbéspsy. The

cells were concentrated r i on 0 he 3D
Carriers USHHY ?ﬁﬁgat%qreg@{te‘% eflﬂ{dliggf%)‘b?xﬁfﬂ?@%%’ﬁ(r ;E?%tl%lﬁid %%@%}lo%e cstél I
harvesty preBessBRLAfiteskeat Geilﬁhers&lil@ Mib) atnheulgécﬂmttb FidoH &y padire {Rdbbiss) Scichtific

bi oreact or , vessel was e tied ﬁ‘@’%tr avi hé Vi a to a waste container.

The vessel %sg“B‘b‘/é(ﬁ]édcﬁg/ Tstin grafigntoRpr ﬁté"“pngfirEaﬁe? FREATERIRUOIYTA SF'Ri ng t he

carriers vas 0@%@@&3) AOEblebed s T firfésSin WBSS 238 tdsaupsi Rl iieghowtitieda st eri | e
forceps, fromt

e basket to.a sterile gl ass beaker. The carr
washed 2- ﬂDMﬁMéBIR}({gI?allIHFiI‘%“’éGIS Beit He'emdla fssael) sprpiompsnigdggth }I%Oré’ ﬂ\fés@é}gﬁa@ar riers
were tr ansﬁl@L r et M%ér%t&@ﬁk&t(l\@fckt Daich %M@%atﬁﬁdﬁqﬁ n["e(nFB’thQ‘I}Béﬁﬁ}l miat@d the
basket cont ai n| ng the washed carriers was placed in iter vessel

cont ai K ng140 @/mlllt()@ﬂg/“éfl 25rve mpka Big Ha Egiek)c WMEﬁmmﬁKB%Hﬁ ﬁfr@ Kilfcelipat i on
in TrypLE (s 34;vidud) dc;n?t% a%&%teﬂ@&aﬂt@& ﬁ{t%gueaéultht‘é‘ﬂagﬁs?g%ﬂ@%Aétgn Wat to

ensure 30even m XI n rypsin solution throughout th asket .
order to r¥gl°edsé @ﬁé veigh weaekfyrquewéc@aw inedtis. (eha presphit cyeryged d%YﬁéSlb&%%t was

vibrated f, . A 5 mMm
and a freqﬁéﬁ% P lf%e(ﬁgﬁgayﬁé& h? Fme{gw% Zcﬁoﬁké%gesg%%nr{g&? ﬁlegﬁé;ré%eﬁ%g{ngge
sanpl es ofceBszmacaz:IéIcIedﬁsz;pbmrmgona\&@rleoreaﬂtdrect ed, at different tine points,

to a E I

cent r%ugelgfﬁ)ﬁle tgeerI Fnbo%illlt?r‘en é\}gg é’thlggde%r dxmglacgl% ﬂ%@ﬁ)vﬁﬁh a 3%&9@%&&%%
2012/ 1405 ﬂﬂﬁxaa'tbd&zerﬁﬁigﬁﬂﬂ&aﬁetnodﬂdlsnbshdmeancleuﬂatcelﬁ oy Wehnbtainsddly agel |
suspensi on was di v terile centrif

centri f ugdtfty d&“@‘ﬂ@b‘é&‘ﬁ@g gﬂrdexég‘tﬁ’% &S m@é% d S I%% t&é‘]p‘lggrrpggg%)lta; Yﬁ&%

[ 0133] CeldefivarepRednfay QWp@@ﬁi’atb&éct&ms obhe ﬁllaternaiar@cutmﬁdel@beﬂx@&oméhdns! wﬂshedﬁ 3D
freezing sol uti 5 (Pl asmaLyt e, t t, ] €. GVBH)
and 5% Hurfﬁ‘ﬁesgég‘[}ﬁ }S\ggﬁ.‘l‘%%h ap n8'fbé‘§g>%‘a a ?’Fg7 g@ﬁ%}(ﬁf Il:" Ef‘“%%?’taset 5\%)'@“‘5%% ity
and vitsl idiym@3s@RE BN euiRIb). Neiip@Eitle pifcddgd4lsperied celtidethenivhsicd Iwahvestl ng
was neasured by the Trypan blue excl usjion_pet hod i &Eﬂng &e (3 " E{g)che
Aop! 1 od SATBRALSIDRRAVRARTEN0 5t FEha eRE S0 T 6 LRSS PEees

| nvi trogeny/miQhnsi ﬁqmrgtlﬁamh{badabdeuwvs EPLBREs Mdamiubhtty atsascC rifeaﬁsmedntaw the
Trypan Bl ue excl usion nmethod, using the Cedex instrupent or

henocyt orepebatorgdgekymidffie epraida: W‘lhc'ﬂ 198y Thereatistnepley ar%?”%’@dlt% adheredRfed to

the Fibra WASur8 SRESHEh thOBESE & 2@ Bithnadd &Ery BT V@S, Whis rBgthine
344, 5- Di neqt?éﬁ;/lgtaﬁfagggol??Z-yu -2,5-di pt I tetar azg?é ium rbyr om(gagy (NII'T)r assgy

O. D. Hr vedt8iehicprefiusnes (usuady éaﬂ% dpy: éé wre eeterhad e thagovty flaghwsiee §-61 Hul a:
D val ue b[?)f gll;l%ﬂ]ﬂ Xr?dsgeecga nYt@lnE'@ fﬁgﬁs%ulﬁﬁé'dvc%% are then collected for culturing in a 3D

bioreactor.

[0111] In still other embodiments, adherent stromal cells obtained from adipose tissue using
techniques known in the art are grown in a 3D culture system and harvested according to the

35  methods disclosed herein. For example, adherent stromal cells may be isolated from human
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frequency , as specified in Table'1. At each tinme
WO 2012/ 1@&11@12@%@@%@@@@%@ D@@EMtcoetamm@ﬂDéé BES et SteepiNystatin pexidicon was

ﬁg: IneCt ed 5:e e/nﬁq Omugﬁnqut%S Jnfi{gﬁ fiﬁd"l?%lﬁaglgmt %sﬁ%‘d%@ﬂar@fheﬁ Slebied @S, _Ffeﬁﬁnt ed
gt he dex instrunen rvest system paraneters
(m nute) 4is8uekItdr6 nRAiuAA1R8 aB2-10 X 107 cells/flask. The following day cells are washed with

PBS to remove residual RBC and dead cells. The cells are kept at 37 °C in a tissue culture

10 incubator under humidified condition with 5 % CO,. The medium is changed every 3 to 4 days.
At 60-80 % confluence, the cells are detached from the growth flask using 0.25 % trypsin-EDTA
and seeded into new flasks. Following 2-40 passages, when cells reached 60-80 % confluence
they are collected for culturing in a 3D bioreactor.
[0112] Any bioreactor system is suitable for 3D culture of the adherent BM, placenta, or adipose

15  cells described above. For example, in one embodiment one may use a Plug Flow bioreactor as
described in U.S. Patent No. 6,911,201. This bioreactor may be loaded, for example, with 1-100
ml of packed 3D porrosive carriers (4 mm in diameter) made of a non woven fabric matrix of
polyester. These carriers enable the propagation of large cell numbers in a relatively small
volume. The bioreactor may be maintained in an incubator of 37 °C, with a flow rate regulated

20  and monitored by a valve and peristaltic pump. The bioreactor may contain a sampling and
injection point allowing for the sequential seeding of cells. Culture medium may be supplied at
any suitable pH, for example, pH 6.7-7.4, from a reservoir. The reservoir may be supplied by a
filtered gas mixture containing air/CO,/N,/O; at differing proportions depending on cell density
in the bioreactor. The O, proportion may be adjusted to achieve the desired level of dissolved O

25  at the bioreactor exit, as determined by a monitor. The gas mixture may be supplied to the
reservoir via silicone tubes or a diffuser. Circulation of the medium may be achieved, for
example, by a peristaltic pump.
[0113] In one embodiment, non-confluent primary human adherent stromal cell 2D cultures (for
example, the BM, placenta, or adipose cells described above), grown as described above, are

30 trypsinized, washed, resuspended in DMEM supplemented with 10% FBS, Pen-Strep-Nystatin
mixture (100 U/ml:100 ug/ml:1.25 un/ml) and 2 mM L-glutamine, and seeded (103—105 cells/ml)
via the injection point onto the 3D carriers in a sterile Plug Flow bioreactor. Prior to inoculation,
the bioreactor is filled with a suitable buffer, such as PBS-Ca-Mg, autoclaved (120 °C, 30 min)
and washed with Dulbecco's growth medium containing 10 % heat-inactivated fetal calf serum

35  and a Pen-Strep-Nystatin mixture (100 U/ml:100 ug/ml:1.25 un/ml). Flow of the medium within

20



Voltage (volt) 24 24 31.1 7.1 13.4 14.2 14.2 14.2 Frequency (Hz) 6 6 7.8
1.8 3.4 3.6 3.6 3.6 Anplitude (mm 12 12 12 25 25 25
WO 2012/140519 PCT/IB2012/000933

the bioreactor may be adjusted to any suitable rate, for example, a rate of 0.1-5 ml/min. The
process of seeding cells in the matrix may be achieved, for example, by stopping medium
circulation for 2-48 hrs to allowing the cells to settle on the carriers. The bioreactor is kept at a
controlled temperature (37 °C) and pH conditions (pH = 6.7-7.8); using an incubator supplied
5  with sterile air and CO; as needed. Growth medium is replaced as necessary, for example, 2-3
times a week. Circulation medium is replaced with fresh DMEM media, every 4 hr to 7 days.
Once the cells have grown to a suitable concentration they may be harvested according to the
methods described herein.
[0114] As used herein, a “vibrator” means any device that is capable of causing vibration.

10  “Vibration” means mechanical oscillations about an equilibrium point. The oscillations may be
periodic or random. In one embodiment, the vibration is due to reciprocating linear oscillations
that are controlled with respect to amplitude and frequency. In some embodiments, the
amplitude and frequency of the oscillations are constant, while in other embodiments either or
both of the amplitude or frequency may be varied as desired to achieve a particular result. In still

15  other embodiments, the duration of the period of time for the vibrations is also controlled using
means and devices that are conventional in the art. In some embodiments, the vibrator is an
electro-mechanical device, for example, an electric motor with an unbalanced mass on its
driveshaft. In other embodiments, the vibrator is an electrical device. Devices capable of
imparting vibrations are known in the art and it is well within the skill in the art to adapt existing

20  vibrators in a manner suitable for use in the methods described herein.

[0115] A vibration harvest system was developed by Pluristem. This particular embodiment of
the vibration harvest system was designed for a 5 liter bioreactor (New Brunswick Scientific)
and is composed of a vibration system (as shown in Figures 9A-D) and newly-designed basket
(as shown in Figure 6) that will hold 100g of FibraCel®. In this embodiment, and referring to

25  Figure 6, the basket includes a wall located perpendicularly to a top screen and a bottom screen,
each screen having perforations therein. The 3D matrix is contained within the space formed
enclosed by the wall and top and bottom screens. Either or both screens may be configured such
that they may be removed from the basket to permit access to space that contains the 3D matrix.
The basket also includes a basket seal for providing a seal between the perimeter of the basket

30  and the inner surface of the bioreactor vessel or container. As shown in Figure 4A and 4B the
basket may contain one or more passageways, either centrally or distally located, in which
components of the bioreactor, for example, a drain tube or impeller, may be located.

[0116] Attached to the basket are a plurality of basket rods extending from the basket to the
exterior of the bioreactor vessel or container through which a functional connection is made with

35  the vibrator. In this embodiment, the container is sealed with a plate having holes through which
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EXAMPLES

[0122] Reference is now made to the following examples, which together with the above
descriptions illustrate the invention in a non-limiting fashion.
[0123] Generally, the nomenclature used herein and the laboratory procedures utilized in the

20  present invention include molecular, biochemical, microbiological and recombinant DNA
techniques. Such techniques are thoroughly explained in the literature. See, for example,
"Molecular Cloning: A laboratory Manual" Sambrook et al., (1989); "Current Protocols in
Molecular Biology" Volumes I-IIT Ausubel, R. M., ed. (1994); Ausubel et al., "Current Protocofs
in Molecular Biology", John Wiley and Sons, Baltimore, Maryland (1989); Perbal, "A Practical

25  Guide to Molecular Cloning", John Wiley & Sons, New York (1988); Watson et al.,
"Recombinant DNA", Scientific American Books, New York; Birren et al. (eds) "Genome
Analysis: A Laboratory 30 Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press,
New York (1998); methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531;
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-I1I Cellis, J. E.,

30 ed. (1994); "Current Protocols in Immunology" Volumes I-III Coligan J. E., ed. (1994); Stites et
al. (eds), "Basic and Clinical Immunology" (8th Edition), Appleton & Lange, Norwalk, CT
(1994); Mishell and Shiigi (eds), "Selected Methods in Cellular Immunology", W. H. Freeman
and Co., New York (1980); available immunoassays are extensively described in the patent and
scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578;

35  3,853,987;3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345, 4,034,074,
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8 70 2 4 carriers, 1 liter of medium was added to the bioreactor vessel and the carriers were agitated at
200 RPM for 2 minutes.
[0131] Cell suspension from the three steps was combines and then divided into 500 ml sterile
20  centrifuge tubes. The cells were concentrated by centrifugation, and counted.
Harvest From the 3D Carriers Using the Harvest System Prototype (Vibration):
[0132] The cell harvest process started at the end of the growth phase (6-7 days). The bioreactor
vessel was emptied by gravity via tubing to a waste container. The vessel was opened by
removing the head plate, the basket containing the carriers was opened, and the 3D carriers were
25  transferred, using sterile forceps, from the basket to a sterile glass beaker. The carriers were
washed 2-3 times with 1 liter of pre-warmed (37 °C) PBS. The washed carriers were transferred
to the basket of the harvest system (prototype), and the basket containing the washed carriers
was placed in a 2.2 liter vessel containing 1.8 liters of pre-warmed (37 °C) TrypLE. During this
incubation in TrypLE (1-32 min) the basket was vibrated at low frequency (0.7 Hz) to ensure
30  even mixing of the trypsin solution throughout the basket. In order to release the cells from the
carriers (harvest stage) the basket was vibrated for 1 minute every 3-8 minutes, using amplitude
of 12 mm or 25 mm and a frequency of 3 Hz or 6 Hz, as specified. During the harvest stage,
samples of 5 ml cell suspension were collected, at different time points, to a 50 ml centrifuge

tube containing 1 ml FBS. The cell suspension was centrifuged, the cell pellet was suspended in
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ﬁt t ached t[o13s e/iﬁiillity ake nebusdd-ane TP Blas catskasedhodedins e @adbxaf t er
arvest, using the T assay as previously described. Harvest efficienc
was cal cullait%’g‘eaﬁ@dagl?%q@g‘?ﬁé foll owing formul a: OD val ue before har v)e/st
- 0D val uegahtRlefitddnegst x100 OD val ue before harvest 30 WO

2012/ 140519PCT/ 1B2012/ 000933 [ 0162] The val ue represents the percentage of
cel |5 FonulVbthl B HTERS e R FEIGed ey A TLSHoC S G DR S5 High
harvest efifaiekeRGYy thaB g4 ¥imsimetliBialol-2GALL,b-Aipheyie@a oM IbRGhIAE (MT TR yest
fromdifferent depths in the basket in order to evaluate harvest efficiency
and uni f or @D Jlarvesiefiicigney sis safenlaiekasgordwg & the fllovi)e 9HE ar vest ef fi ci ency
(%9 in different depths of the basket are 5presented in the next table:

Bef ore Harvest
OD value before harvest—OD value afier harvest
x100

OD value before harvest

20
The value represents the percentage of cells removed from the carries after harvest (high
value = high harvest efficiency and vice versa).
Vitality:
[0137] Cells were thawed, seeded into wells of 24 well plates (10,000 cells/well/ml) and grown
25  for 1 and 4 days. Post-thaw vitality was assessed using the MTT assay O.D. Each sample was
tested in triplicate.

Experimental Results:
Example 1:

[0138] At the end of growth phase the cartiers were washed as described above and transferred
30  to the harvest system basket. The carriers were incubated in TrypLE for 32 minutes while
vibrating the basket at low frequency (0.7 Hz). Every 3 minutes the basket was vibrated for 1

minute at a different frequency (Hz) and amplitude (mm), as specified in Table 1. At each time

25



After Harvest Top After Harvest Mddl e After Harvest Bottom Average 0.D
0.557 0.048 0.080 0.096 STD 0.161 0.010 0.030 0.079 Harvest efficiency (%
NA 97.6 MO2R0BB44519] 0163] The harvest efficiencies at tireTHBW12/0000d38 e and
bot t om of ,the, bashkedt War &1 QhspBibiorddas YR 188 58 % cERERGE bl ehd/thé SaRbdri gur e
20). This |nd|cates that the use of vibration provides an effective and
unlforn1hafvébwmﬁpwééﬂuﬂéthhcﬁk%1@ﬁpﬁ$@ibasket under the specified harvest
10condi tions. [0164] Carrier sTMT1.a850%: &asHlphameReP) and harvest
efficiencies for the designed (harvest by V|brat|on\ and original (haryest
by ag|t$ﬂhmm¢mbmsketﬁ wer e |corfpared 12n prdeér fo 2Vallualé har st | 32
per f or mangRage (b8l  Or i gi mal " bagket 3151 an offf - the3ghel f14m odutt.2 t hatl4.2

{nclﬁdestﬁQmﬁgiﬁéontalgy Hosid 1 oned,g pprﬁq;ated;metal3gcree@% t hatz @xt end
o] e imm v t P orgact or;,Vess (as sho I N[ Figur € ;
Enclose(Amgghgzé thos jf" cn%Ea cézu. %b auc“%?U|>r@5 v:% as ;£20|id
suppor t | Basket Bosttign ¢ | hlghrr\MhaghT chigliodi higha! Howrdr B8Ge o8y by 1OV

Pluristemis an |nprovenent on the original basket in that due to t he

basket 'ss gﬁﬂ@j‘?h@é}%d 85 thShdMdstih e HRUAS Hinkd, ToqucRey, aid ﬁﬁﬂ)lﬁﬁde\}\@h the@éll t he

gl ass ves acitlitating its reciprocating novenent. Al's as shomn I n
Figure 6, colrentdwion gnide hiyastiag linvids yesove 1555%&103&@09%%“1@}“&?&@% weefl a

from fl Owdﬂxgné)tﬁg YWe&bhtion period (after 16 minutes), the results show that using an amplitude of 25

mm, compared to 12 mm, was more efficient in harvesting the cells.

Example 2:

10 [0140] At the end of growth phase (6 days) the carriers were washed and transferred to the
harvest system basket. The carriers were incubated in TrypLE for 20 minutes while moving the
basket at amplitude of 25 mm and low frequency (0.7 Hz). Every 4 minutes the basket was
vibrated for 1 minute at amplitude of 25 mm and a frequency of 6 Hz. At each time point, a
sample of 5 ml cell suspension was collected to a 50 ml centrifuge tube containing 1 ml FBS.

15  The cell suspension was centrifuged and the cells resuspended in 1 ml of medium (DMEM with
10% FBS and 25 mM HEPES)and counted using the Cedex instrument.

[0141] The effect of harvesting time on the cell number in the 5 ml sample is shown in Figure
11. It can be seen that when the harvest system was operated in amplitude of 25 mm and
frequency of 6 Hz, the number of cells counted in the solution after 5 min was not increased over

20  time.

[0142] In another experiment, the carriers were sampled at the end of the growth phase (before
harvest) and at the end of the harvesting procedure using the harvest system prototype
(amplitude of 25 mm, 6 Hz frequency, duration of 20 minutes). The number of cells attached to
the FibraCel carriers was assessed using the MTT assay. The harvest efficiency value represents

25  the percentage of cells removed from the carries at the end of the harvesting procedure based on
the O.D. results of the MTT assay.

[0143] The MTT assay results of carriers before and after the harvest procedure (Figure 12)

show that the harvest efficiency was 98%.

30
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20t he bioreactor vessel and the basket walls. [0165] The results are shown
in the follow ng table: * Data present average values of carriers
sanpl ed fwormndifsbapent depths of the basket 25[0166] OvecalB2agdioatd on
Parveﬁt effxhfmp fe:133l es were 92.5% for the desi gned basket corrpar ed to 88.9%
or the original basket (see Figure 2 WD 2012/ 140 19P / 00933
[0167] | n (641 Atthe é&‘b@ffth‘?rérﬁt”th %S%MW%MH%C%‘F“%’GWQQ %19%

vere used htclﬂle§t%§§tentn B%k@cf i‘ﬁ'é:éart‘i%frs YERNRubAN © U ASLIE0r Qﬂqllhﬁés\/\ﬂﬁte sﬁszﬁﬂg(lh&nCy
and cell quality. The effect of incubation tine before ap P 8 t he
lﬁ‘%

vi blr at i on bhgketas amakituds afd e aiovalesnvgned0 gl Aften bnkutcs A omyihe

anpl i t ude abd Ags of the
sol uti §ns ?{ﬁgég %Q%%H%{}Lﬁ%d 01685)1%%%g n?ﬂe eﬁ%cﬁlfregdyﬁdafr@\r}iezs{p@g? ogsess
on-1ine bisperifssl. Abevich ommglnm/warapﬁglofémlaﬁdsw@@qnlslogM@p@%%@l@ aeltal sanpl ed

for cell ¢g fuge ?L&ia%glgtalgln tlprﬁ)f% Th-grlgll Eﬁﬁws&??‘rﬁgfa{&?ﬁ &f' &k ﬂhQCéIB%\’CTG

fol |l ow ng tab pacitance concentration
(Cell sx106ésmﬂ@en&édab|lImltojn(e@l@mﬁnds:pulmwr(glmmumsvimwtSecond wash ( DPBS)

0.0 NP NP [E{AFS] Tilg gflflel%? ét)fl Rave t?;lrgytpelq@nc% 'an ng‘gl}the cell number in a 5 ml sample is shown

10 in Figure 13. It was found that during 1 min. in amplitude of 25 mm, frequency of 6 Hz was
more efficient in harvesting than frequency of 3 Hz.
[0146] In another experiment, the carriers were sampled at the end of the growth phase (before
harvest) and at the end of the harvesting procedure. The number of cells attached to the FibraCel
carriers before harvest and after harvest using frequencies of 3 Hz or 6 Hz was assessed using the

15  MTT assay as shown in Figure 14. The harvest efficiency value represents the percentage of
cells removed from the carries after harvest, using frequencies of 3 Hz or 6 Hz, based on the OD
results of the MTT assay. In correlation with the cell number, shown in Figure 13, it can be seen
that harvest efficiency with frequency of 6 Hz (25 mm amplitude, 1 min.) was higher than with
frequency of 3 Hz.

20  [0147] Cells from each group (frequency of 6 Hz or 3 Hz) were sampled at each time point and
were cryopreserved. Cells were thawed, seeded with a concentration of 10,000 cells/ml/well in
24 well plates. The plates were incubated in a humidified incubator at 37 °C and 5% CO; for 4
days. The post-thaw vitality of the cells was assessed using the MTT assay O.D. (Figure 15).
[0148] According to the post-thaw vitality of the cells, higher frequency (6 Hz) applied during

25  one minute did not harm the cells more than the low frequency of 3 Hz.
Example 4: |
[0149] At the end of growth phase (7 days), cells from each bioreactor system were harvested by
agitation, using a marine-type impeller, or by vibration (8 minute incubation in TrypLE, 0.7 Hz
in amplitude of 25 mm, followed by a 1 minute vibration at 6 Hz in amplitude of 25 mm). Cell

30  suspension from each harvesting procedure was divided into 500 ml sterile centrifuge tubes, the
cells were centrifuged and resuspended, and the total cell numbers were counted using the
Countess instrument. As shown in the following table, the vibration procedure of the invention

released more cells from the matrix compared to using an impeller to agitate the carriers.

27



95 I ncubation of 8 mn (TrypLE) 1.5 0.208 84.3 Vibration of 30 seconds
(5Hz) 3.7 0.775 95 Vibration of 60 seconds (5Hz) 5.1 0.825 92.5 Vibration
of 90 secwodsi@bmy 5.5 0.75 89.5 Vibration of 120 secomd3/18H2zP00836 0. 766
91.6 Wash with DPBS 1.6 0.238 88

Harvest method
Agitation | Vibration
ITotal cell number | 421x10° 1,045x1 0°

[0150] In another experiment, the carriers were sampled from each bioreactor system at the end
of growth phase (before harvest) and at the end of the agitation or vibration harvesting

5 procedure. The number of cells attached to the FibraCel carriers was assessed using MTT assay
0.D. The harvest efficiency value represents the percentage of cells removed from the carries
after harvest by agitation or vibration based on the O.D. results of the MTT assay (Figure 16).
The harvest efficiency was higher using the vibration system (87%) than the harvest efficiency
using the agitation method (14%).

10 [0151] The cells harvested by each of the methods (agitation or vibration) were cryopreserved.
The cells were thawed and the post-thaw viability of the cells was assessed with the Trypan Blue
dye exclusion method using the hemocytometer. The effect of harvesting method on the post-
thaw viability of the cells is shown in Figure 17. The post thaw viability of the cells was high
using both harvest methods.

15  [0152] Cells harvested by each of the methods (agitation or vibration) were cryopreserved. The
cells were thawed, seeded with concentration of 10,000 cells/ml/well in a 24 well plate. The
plates were incubated in a humidified incubator at 37 °C and 5% CO; for 1 or 4 days. The post-
thaw vitality of the cells was assessed based on the MTT assay O.D. Each sample was tested in
triplicate.

20  [0153] The effect of the harvesting method on the post-thaw vitality of the cells is shown in
Figure 18. It can be seen that no difference in the post-thaw vitality of the cells, harvested using
both methods, was found on day one, whereas the post-thaw vitality of the cells harvested using
the vibration system was slightly lower at day 4 compared to the cells harvested applying the
agitation method.

25 Example 5:

[0154] We used a dye method to evaluate the circulation and mixing time of fluid within the
vibrating 3D matrix packed bed. The circulation efficacy imparted by the vibration was assessed
according to the measurements of the two following parameters:

Circulation time: The time period between initiation of vibration until the red dye

30  introduced into center of the packed bed is observed outside of the packed bed.

Mixing time: The time period between initiation of vibration until the red dye is
uniformly distributed throughout the bioreactor vessel.

Procedure:
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Second TrypLE treatment 0.6 NP NP 10 [0169] Capacitance values as a
function of vibration duration at a frequency of 5Hz are shown in Figure
22. [ wGCp120abi19oconcentrati on and viability were det @CWIBREdA2/0®P38y t he

Count ess  gb1450€h&RBralbn BAGH SlsRh bib@hdtoreaidbEEiRchdch@1Bsedasy Furfstncini on of
vi bration duration at a frequenc

| of 5Hz are_presented 15in Figure i
[0171] Theoprsrajies thephReNdkesgaath & Develejrasit ?e%ﬁ%s*l%? a%%A-JingVS@P%W'i‘ 5,2 L
Wi thin the i (i3 13013 42N IBne A3 oMBAGLE EdmYusRl Hy@@ﬁ@iﬁ{%ﬂe@-héi@@an ARekiod t hin
the first 60 seconds as neasured by the capacitance values of the
s]tcjfspensi orlevignintd theimidylle plethe baskettar byp dideren{dies 9 dmalof e egihditiot have nuch
ef fect on | di : : | et ance
val ues S 20 B S B B e B g e At e 50
seconds dia2fotm hengefraqusnaesiof il caiot 3 iHrp Blust reswits gigpresertedbinl the fpllowiie sablonas
above 84%in all cases. [0173] Carrier MIT assay results (0.D) and harvest
efficiencies (%9 in different depths of the basket are presented in the
next tabl e: Friifler®12/ l¢dsdBRGT ThB2012//0d0@83linef of e Harvest After Harvest
Top After Haawest M ddl e Af¢Se¢) Harvest| (Baht om Aft ey Harvest AVG Average

0.D 1.059 0.081 0.206|0. 0648 70
2 4 55
3 3.5 30

[0157] The packed bed circulation time and mixing time that were measured by visual inspection

10 of the dye indicate that the vibration motion will generate circulation of liquid inside and outside
the basket of the bioreactor. The Packed bed circulation time and mixing times are sufficient to
have uniform flow inside the basket and in the vessel to enable seeding and growing cells
uniformly without using an impeller to generate cell suspensions and circulate medium.
Example 6:

15  [0158] In this experiment, a 5 L harvest system was tested for cell growth and harvest efficiency.
The harvest parameters that were evaluated were: the vibration frequency and the vibration
duration (using an amplitude of 25 mm). During the entire harvest process biomass was
monitored on-line and the cell suspension was sampled for cell counts at certain points.

[0159] Capacitance values, which correlate with the number of viable cells, were measured in

20  order to monitor harvest performance using a biomass monitor from Aber Instruments.

[0160] The capacitance values as a function of vibration frequency are shown in Figure 19. As

seen in the Figure, a correlation was demonstrated between the vibration frequency and harvest

efficiency, as measured by capacitance values of the suspension. The highest harvest efficiency
was obtained at frequency of 5Hz, which is the technical maximum frequency of the system.

25  [0161] The number of cells attached to the FibraCel disk-carriers was assessed, before and after
harvest, using the MTT assay as previously described. Harvest efficiency was calculated

according to the following formula:

OD value before harvest—OD value after harvest
x 100

OD value before harvest

30
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0.117 STD 0. 266 0.057 0.147 0.065 0.115 Harvest efficiency (% NA 92.4 80.6
94.0 89.0 * Data present average values of carriers sanpled fromdifferent
dept hs ofwoheidsasiet 5 [0174] The harvest efficiency at pCimaBrppoossddl e and
bott om of [§1%2) PRSKAie réfELnB2hedfrceBRe68b @NdrefbyProh ﬂ&pﬁfrtersvzfﬂeyhz(rme(aFl gure
24), whi ch i ndi cates an effective harvest procedure (>809 t| re

basket undiégh vehis =sijush haruest HAFIFRSH AOHER YerBhCaree WeFepRpied ﬁg‘?r\}“é%VFSt rom

ef fi ci encyim@s 8&ihs Ml hasitet itbra&tes e\ﬁam& Kah@st%‘ffﬁdléﬂc?@ﬁd’urﬁfor&hﬁ The carrier
currently-used agitati on harvest neth re al so seeded at

a concent MIT anapfesdd, (0dd) asd |hPr§P%1effw@my ﬁ%? la dz‘ﬁ?r%ﬁpﬂﬁwéf*@ brget gict al ity

testing. }lpﬁergé@ﬁ]q Y&I @plencubated in hum di f ied incubator at 37 C and 5%
Cx2 for ours eV|ta| test n the MIT assay, with each
sanpl e tested in triplicate. "‘Ptf@réimvettt Aftenfilvet | pAfigUHavestn | on t he
vitality of (fresh) cells is|Heme#nt dipi n the hdbiddle abl e: | BsttorPre-

Average 0D ' 0.557 0.048 0.080 0.096

STD 0.161 0.010 0.030 0.079

Harvest efficiency (%) | NA 97.6 91.5 88.4

[0163] The harvest efficiencies at the top, middle and bottom of the basket were 97.6%, 91.5%
and 88.4%, respectively (see Figure 20). This indicates that the use of vibration provides an
effective and uniform harvest procedure in the entire basket under the specified harvest

10 conditions.
[0164] Carriers MTT assay results (O.D) and harvest efficiencies for the designed (harvest by
vibration) and original (harvest by agitation) baskets were compared in order to evaluate harvest
performance. The “original” basket is an off-the-shelf product that includes two horizontally
positioned, perforated metal screens that extend to the inner walls of the bioreactor vessel (as

15  shown in Figure 4A). Enclosed between those screens a bed of Fibracel® disks serves as a solid
support matrix for cell growth. The “designed” basket developed by Pluristem is an
improvement on the original basket in that due to the basket’s dimensions it is not in contact with
the interior wall of the glass vessel, facilitating its reciprocating movement. Also, as shown in
Figure 6, the designed basket includes a basket seal that prevents media from flowing between

20  the bioreactor vessel and the basket walls.

[0165] The results are shown in the following table:

Designed | Designed | Original ]Origmal

Before | After | Before | After

Harvest | Harvest* | Harvest | Harvest
Average 0D . 0.075 | 0.568 0.101
STD . . 10.161 0.052 0.108 0.022
Harvest efﬁclency (%) 92.5 88.9

* Data present average values of carriers sampled from different depths of the basket
25  [0166] Overall agitation harvest efficiencies were 92.5% for the designed basket compared to
88.9% for the original basket (see Figure 21).
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| ncubation 0 sec 30 sec 60 sec 90 sec 120 sec AVG MIT 0.D 0.147 0.195 0.216
0.192 0.206 0.181 STD 0.016 0.014 0.003 0.009 0.008 0.013
WO 2012/140519 PCT/IB2012/000933

[0167] In another experiment, an amplitude of 25 mm and frequency of 5 Hz were used to test

the effect of vibration duration on harvest efficiency and cell quality. The effect of incubation

time before applying the vibration force was examined by applying gentle vibration using an

amplitude of 25 mm and frequency of 1 Hz to enable efficient mixing of the solutions (DPBS
5 and TrypLE).

[0168] During the entire harvest process on-line biomass monitoring was applied and cell

suspensions were sampled for cell counts at certain points. The result are presented in the

following table:

Harvest Step Capacitzance Cell conc%ntration Viability
(pF/em?) (Cellsx10°/ml) (%)
First wash (DPBS) 0.7 NP NP
Second wash (DPBS) 0.0 NP NP
Pre- incubation (TrypLE) 1.0 0.131 95
Incubation of 8 min (TrypLE) 1.5 0.208 84.3
Vibration of 30 seconds (5Hz) 3.7 0.775 95
Vibration of 60 seconds (5Hz) 5.1 0.825 92.5
Vibration of 90 seconds (5Hz) 5.5 0.75 89.5
Vibration of 120 seconds (5Hz) 5.6 0.766 91.6
Wash with DPBS 1.6 0.238 88
Second TrypLE treatment 0.6 NP NP

10
[0169] Capacitance values as a function of vibration duration at a frequency of 5Hz are shown in
Figure 22.
[0170] Cell concentration and viability were determined using the Countess at the end of each
step. Cell concentrations as a function of vibration duration at a frequency of SHz are presented
15  in Figure 23.
[0171] The harvest process (at a frequency of 5Hz) was \;ery effective within the first 30
seconds, as measured by cell concentration, and within the first 60 seconds as measured by the
capacitance values of the suspension. Continuing the vibration for additional time did not have
much effect on cell yields according to both cell concentration and capacitance values.
20 [0172] In addition, extending the vibration duration up to 120 seconds did not have a significant
impact on cell viability, which was above 84% in all cases.
[0173] Carrier MTT assay results (O.D) and harvest efficiencies (%) in different depths of the

basket are presented in the next table:
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[0177] The data are also shown in Figure 25. The vitality test results
denonstrate no significant effect of the vibration duration (up to 120
seconds) wo20ell4851vitality. These results denonstrate treTaBioizb@usdyy of the
ability of the vibrations harvest systemin terns of cell yield, harvest
20uniformty, and cell quality. Exanple 6: [0178] This experinment
denonstrates the effectiveness of the vibration harvest rret hod in
recovering cells grown ofgg:id EMNH

of the vibration-based hegyesh

mat ri cgsy—hun racentar g VA ()
adheren'A “g' L?_E_cesn rﬁ'é\duq g 8L [ . ~|:r1_\§R/f:-n fifﬁﬁl‘z‘ntrly
and a 700N woven fiber p®266 x. |AMW&r seed|Bé*hAnd a pePP6H of celillgrowth|
(3 or 1§ Htays)efficeldys%aner e Nrar vegoed from t hpgo.ératri ces| by0 WO 89.0
2012/ 1405T9PCT/ IB20127 000933 Vi bration. The MIT assay, cell staining, and
cell counts were used to determ ne harvest efficiency. [0180] The 3D porous
gel atin sponge *U¥épresent fietage xalhgsl of cowisrsstraplahtiomg oty depbrfhe i@kt con,
NJ). The sponge was cut into 3 cmx 1 cmpieces in a biological hood. Ten
pi eces of 5 the sponge were hydrated in 45 m of Dul becco's M ni nal

Essenti al [WEHH Uhe (arDENMIpicgeps ithertem naddlnatdbotomivif thediasitcawerne2. 4¥0$9 BBS, and
50 ng/ m i

Cotal) ovararants oGeiyis e FRSr AT i Ba B Bk ERaGh el IR NEEERD)

pl ate, w tih t@m&@ﬂmﬂdeﬂurdiehme|sm1fbdéwveﬁnmdambnfs rijotvhell bpoergelicieiicy waed t he
sponges, t he ce entrati s adj usted
to 2 x 102;X Q%él“i(?nc}] Ee\gg%anstﬁ%%ﬁglen so(%lgheeeC g lfsﬁ %&)r} lilar mgtﬁ)@suspenm on
(200, 0DO qel*ls:];)CcllsTherespon@elsd We\ro@nq:dnaaimﬂ af a0,a60 ¢dﬂs/ub/&\teﬁnn(1347®p115%e@@2) for

the spongedefiiiest g FE sl SR Re bR AR G b i St oomed 12 o aodo o

cel | s) vvashoseeﬁi&dmamyeest b/asb@e@enthIMBrmsy fnith leaakesdmple tasredtih etpliddie.m nut e
i ncubatio r S s cond i ncubat | s. each re 15 pl aced
neo a0 oot EE ol B ES R i B e S RN Bt i b o

t he tubes wwge.e Ieft slightly open for gas exchange and the tubes were
i ncubated (37C, 5% CQ2) for five days to permt cell growh. [0182] The 34
1.tmwbven fiber matrix (PETEX; Polyester precision woven screens, fiber

dianeter 34 1[Tm SEFAR PBpjlzertand] and the 70 [Ttmwyven fifber matrix
(PES; Polyester, fiber 20:11@{][%&1@5 70 p|s,50 sgseaggc I@gq&y) oWeLE qg@:&ccut into

1x 0.5cm pi e%@ thﬁces or [‘ﬂ§5 551.3( @r@zm 9 @sygllgiuo a
BT Rl VM R 4140 ORI S N X0 M IR D 1 D

A= =] VVUI A “ul oo

[0183] To seed the PETEX and PES fi ber matri ces, the DVEM was repI aced wth

150 M of [bresTheanphetaio DM inTogeazs "ﬂ{é‘vﬁ@@t& st RSl ts HethoXstrhR hoARREicHR! €
added and the Spl nner flasks 25were placed in an_ incubator (37C, 5% CO2)

for four HOGFOHetibratind dimtiondpstorlgd é‘tCPW&) ait cells vigley- oTheaereﬁﬁmdeﬂPPSér@ter our

hours, thepd ghigbaQmns mta%uw& thel Befiohthabdlt FEMhANEhher LECRIIMBERQeREr M tted
to growfor five da [0184] ASCs grown on'the carriers were harvested by
vi br atilon wwgomyi e”ﬂﬁé‘l%pl nner flasks and the 50 ml tubes were renpved

fromthe |,%3& ? Ten woven carriers of each size (34 [tm 30 and 70 p.m
wer e used r ‘cell staining and assessnent using the MIT assay. Simlarly,
two spongd0t7 ffhiélesr)e(ri@mhd@wﬁfgéwm effagtivenpdsrod thepitwation)hagyestenatinddn f or cel |
stai ni ng ar&%vm% %Xdlf{cqurﬁknyé% gul ture medi a was di scarded and the
gel sponges wer tWI ce wt

[0179] To test the ut111ty of the vibration-based harvest method with different types of 3D

]

I—A

25  matrices, human placenta-derived ASCs were seeded onto three types of adherent 3D matrices:
a porous gelatin sponge, a 34 um woven fiber matrix, and a 70 pm woven fiber matrix. After

seeding and a period of cell growth (3 or 5 days), cells were harvested from the matrices by
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sponges were cut in half and placed into a spinner flask packed bed and the
packed bed was 35placed into a container filled with 800 m of pre-warned
(37C) TrwsbBo12liaesisponges were then WO 2012/ 140519PCT/ PBZORAN D0@IB3
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confirnmed MI'T assa | ues. e ts Wven 70 njcron BV
Doven 7o irUPi TR G saness Thicrd e B tanardh. Sevenesd et pbh AgTh 00125
CGel ati o spmﬁgﬁtrB\bnszaSQBJuﬁedi atl 016 engal. ABécB‘s/pongbe/ﬁmeedadivbirratdoqn of & - after
vi bration 15[ 0187 of 3D matrices result [ ' entages of
vert o enovamend el BB Hr s Re s bRt e b 0o PR A Mo ous

gel atin spoinges, ahdtheRES s@¥ERTO FRBheld RA ict %@ﬁpme%ﬁnm&?t%@p@@éd Wire euriidae
vi bration char acteristics, for recovery fromt hege specific

matrices, Wodpdowmgnda ﬂ&sg@wrléorb@é}%%? rr?léx/%frf SRFcgM &R Scdisponesc Glie s
ef fi ci enci @Bowdddbl88bth&edsl mmekenhdubsticAN A ¢t AR sbddnd nﬁcﬁﬁéﬂo‘hsm@rsﬁor%re@@a@HWQ in

w)e f ollﬁgowrlng tabl e: 20Cel | counti ng and vi abi | i t% results Cell's renoved
ven e it S0 g Ephes (5 tubes total) with 20 ml of complete DMEM. The caps on the tubes

were left slightly open for gas exchange and the tubes were incubated (37°C, 5% CO,) for five
days to permit cell growth.
[0182] The 34 um woven fiber matrix (PETEX; Polyester precision woven screens, fiber
diameter 34 pm, SEFAR, Switzerland) and the 70 um woven fiber matrix (PES; Polyester, fiber

20  diameter 70 um, SAATI, Italy) were each cut into 1 x 0.5 cm pieces. The cut pieces of the
matrix were dispensed into a spinner flask basket and autoclaved. Afterward, 150 ml of
complete DMEM was added to each spinner flask and the matrices were hydrated overnight.
[0183] To seed the PETEX and PES fiber matrices, the DMEM was replaced with 150 ml of
fresh complete DMEM. To each spinner flask 1.4 x 107 ASCs were added and the spinner flasks

25  were placed in an incubator (37°C, 5% CO,) for four hours with the spinners rotating at a rate of
40 RPM. After four hours, the rotation rate was raised to 120 RPM and the ASCs were
permitted to grow for five days.
[0184] ASCs grown on the carriers were harvested by vibration as follows. The spinner flasks
and the 50 ml tubes were removed from the incubator. Ten woven carriers of each size (34 pm

30  and 70 um) were used for cell staining and assessment using the MTT assay. Similarly, two
sponge carriers (each sponge cut into three pieces) were used for cell staining and the MTT
assay.
[0185] The culture media was discarded and the gel sponges were washed twice with PBS. The
sponges were cut in half and placed into a spinner flask packed bed and the packed bed was

35  placed into a container filled with 800 ml of pre-warmed (37°C) TrypLE. The sponges were then
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Wven 35 mcron 1. 70E+07 Gel atin sponge 6. 20E+06 Viability (Trypan Bl ue)
87% 1 85% 88% [0189] Based on these data, the vibration-based cell harvest
met hod i swefzheet4daae in renoving cells fromeach of the PestB1IZMOIBB ri ces
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i ndi vi dual ]? i‘ ation, patent or patent application was specifically and

i ndi vidually i IMTTEReeﬁitsI o be incorporated herein by reference. In the event
t he mat er i-al-~i nr\nrpnrnf ed h\/ r-ef-er-ence--copnfli-cts-w-t-h-t-he-di.sclosure in the
speci fication, the speci i 1| A8t PBreei n éﬂ?&‘i‘alr‘% || Ressapfiof i on. citation or

i dentification of any 15r &PaSK&REE i n t hi s QEY}PW‘QPatl SR Vel not be

const r ued.as..an. adni ssionsStweted)ch reference is.available as prior art to

t he presenyovenBmiceon BV W0 12037/ 140519PCT/ 4832792/ 000933

and
ent

Woven 70 micron AV | 0.012875 0.013569 91%
Woven 35 micron BV | 0.08725 0.025949
Woven 35 micron AV | 0.00125 0.004062 98%
Gelatin sponge BV 0.305 0.088019
Gelatin sponge AV 0.091625 0.018419 69%

BV — before vibration
AV — after vibration

15 [0187] Vibration of 3D matrices resulted in high percentages of cell removal, above 90% for the
woven 3D matrices, and 69% for the porous gelatin sponge. In this experiment, no attempt was
made to optimize the vibration characteristics for maximizing cell recovery from these specific
matrices, so it may be possible to obtain even higher cell recovery efficiencies.
[0188] Cell counting and viability results are presented in the following table:

20  Cell counting and viability results

Viabilit
Cells removed (TrypanyBlue)
Woven 70 micron 2.18E+07 87%
Woven 35 micron 1.70E+07 85%
Gelatin sponge 6.20E+06 88%

[0189] Based on these data, the vibration-based cell harvest method is effective in removing

cells from each of the tested 3D matrices while maintaining a high degree of cell viability.

[0190] These results demonstrate that the vibration cell harvest method is highly effective with a
25  wide range of 3D scaffold types.
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We claim 1. A nethod for harvesting cells grown in culture, conprising:
a) growing the cells on an adherent material, wherein the cells are

att ached wo 2oteei4e8iber ent nateri al ; 5b) di ssoci ating t hepceliB®1E/0@a3x he
adher ent oty itah a@eo@)ﬁ@ﬂﬁﬁtﬂ@ﬁilh &aire of thdi iswatora ivhivd agg ttclarity, descrigdd in

vi brati ng he adherent mat for |od f . ti .at. a. freq ency and
anpl i t ude 8Pt ﬁFWFGeF@ggégﬁn?rﬁ?y §prw {ThePmipALion i 2 S %rral and

d) recoverdi@dintiat. Q%H&selﬁ-@&lou-ghf@uﬂ‘&tdf@dﬁ idVenGbmiwhich, ard, dsrtoadHity COREbeS iy
vibrating the adherent material for a peri od of time at. a frequency and

anpl i t ude BeFaTeXt it singde emiprimenianyyey! %)abse@aove%qdrsgparartawf Renyatigpleal . 3. The
met hod f Gha@dPiskiiowherei n the adherent material provides a 2-di nensional
surface to which the cells attach. 4. The nmethod of claim1, wherein
the adher dA192idvipyah thpinyentin Sasbegn deserbesiip peruncien with srecBwATEHEAE cel | s
attach.  Spedfteir mnﬁgt tReIt ngn I R rfative Gl R ati IR asd ddrﬁﬁ&%' WAL apfdn o 1S

encl osed in a gac ked bed in a bioreactor. " “The et ho of claim 4,
wher ei n t Hbosgs ilnfbméhwalAcmﬂmgiy i dniptendeddo anbria?rgalbwph alecenatiyes moidications

mul tiple : r M [ i ons
her cof - 2007t Uy Fighos 0 SRR B PR ga P TEURAL
nanof i Ber spatents andyaentepplivetionsonaationedgn thirpedification al@fmqwlrrmrem:csl,n thetresngiety t he
beads are T >4 ai - [0

i of 1 ber s Pt eRRE Bt on A B el R P b R e
t he adher emtennamhcatlah vaoHprifseldy mdencbwdmblwmcmat@i tpoé yrestpenatedarerein by

pol ypr Opy'r%%%re’n & IR?h 'iéﬂueerrﬂ%m ifQr ofraltelrj ryor% e!re%ré’ceén c'tse\i}l%r 0F d%glf)%/u\fel: m%e

chloride, a po yvrny uof T de re yrene,
pol yur et hasrpeqrﬁ@tlpmltl)eastphcyrﬁmloh eerepmralaai el,n aadmed |cll211t@ﬁ@),r wamgfﬁcassn of alngr a
ceram ular mat.ri

par e xtra
ol auEn P HeeisBpen s ARl oy B G RRG af e BrDn MaC QPP RASRIS 1€ 11 ca
natron gl assilabois@sibt irc@itke geadsinvedtioh.osan, or a vegetabl e sponge. 11. The
nmet hod of claim 10, wherein the cellulose is cellul ose acetate. 3012. The
met hod of claim 10, wherein the extracellular matrix conponent is one or
nore of fibronectin, vitronectin, chondronectin, or lam nin. 13. The met hod
of claim9, wherein the adherent material is electrostatically charged. 14.
The method of claim9, wherein the adherent material is coated with
coll agen or gelatin. W) 2012/ 140519PCT/1B2012/ 000933
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15. The nmethod of claim 1, wherein the dissociating agent is trypsin,
papai n, el astase, hyal uroni dase, coll agenase type 1, col |l agenase type 2,

col | agenawo 201200839 col | agenase type 4, di spase, or a cecbilBzm/oemther eof .
16. The meybhog,pf claim 15, wherein the trypsin is reconbinant trypsin.

517. The method of claim1l, wherein the cells are human cells. 18. The

met hod of leAanathorior hameasdngcellparonirinaulbes. panpisgadher ent cel I's. 19. The

nmet hod of cl a| alhe, e I | cells.
20. The net hod 0 rgltﬁé %lﬂ O\E/\lk%gra el n E ﬁlg{eggll lg%lﬁelgfﬂ% &gb%ﬁgécg%{ogﬁoml
cells is ptﬂmr@mmterlabll pose tissue, or bone marrow. 1021. The net hod of

cl ai m 20, wher i : I

22. Thé met hodgo¥l ISE(P%tIﬁéE%CQI\Aﬁ%?%F‘% a? ﬁé}g{t téerr%&%}ps F%ﬁ&hk@et ?SE%O?%EO t ai ned
fromeithegewy both of the fetal or maternal parts of the placenta. 23.
The met hod of aim.l t he. Nt ter | ' 1 br a
substantially C% Hlé’éallmg éc?laglé%rgrgtr?art\%qaﬁg %&Odlcggh{.% al‘rrﬁlgezllr%{l %,o%d%bﬁﬂ ugigm 23,
wherein thefﬁrc&ﬁltpﬁﬂeaéth&@en@ﬁrmmmeh@iherammmial todle of between about 10 mmto
about 750 mm and a fr@g ency of 3to 6 Hz. 25. The nethod of claim 24,
wherein the dufhfiegKr ulfehcg t'eci procating notion is fromabout 1 second, 15
seconds, 30 TheaRdd of dlaii NUlGher 2oMpridiigedbrafing the adleest maWristiforut esipd of tirRO

m nut es. 26. The ne d of. clai erein t efre ncy of the
reci pr ocatd HFeHSPSordia@p lfﬁ‘gﬁfuffg‘:‘?&“%g]ﬁﬁ‘&h‘i% f‘fﬁrcsltlslfg qag l?'f 30 seconds
or less. 327he hehod®F biah Ofwitdréah e 2Bherddd @latttial groedand- dilhiédﬁonaSSLﬁlbouto 25 mm

28. The nethod of claim1l, wherein the harvested cells are characterized by
one or nordigrthe gallsplagdy 5006 of cell viability; b) at |east 50% of harvest

ef ficiency gk nﬁttlﬂ}b'dto@l:l'aﬁxy 1] Wigkeein e aiRSént hldfehiaOfro@8dsa 3-8iteBsi&ial Matridtlo @
het er ogeneous cel | popul ation. 2529. A conposition conprising cells

har vestoed Wyichethg cdlp att3d. net hods of clains 1-28. 30. A nethod of seeding

cell's in & 3di B3P eRIm MR drein tHe 3%191%1%’1&1@%9(&){ iCROREdASh BPacked bed within @)
providing a three-dinensional matrix in a fluid within a container of the

bi or eact orabigypackast r oduci ng a composition conprising cells into the

cont ai ner ;¢ éne metl]od of cfaim M'\?{e@élhﬂgﬁcnﬁeﬁ%nﬁl MathiQCofpRE h Sitlgiedpidct BRfBL, a
frequency an tude sufficient to mXx he cel Fs throughout the

mat ri x; amoultiple beads multipfy c@rwantmﬁbpﬁsglamwébwﬁ, bt eomibdpitions theEofi t the cel | s
to attach t 1 dis a
ﬂﬁ d?t 81“%% rﬁ%t@'o%%gn ﬁé?ﬁ%—%ﬁ OtF@ﬁ]r&%:hbgl% ](_'_)9 h?‘luo ﬁ'g are%rel‘? btnnotnhﬁovfeh ui '

grow h" ne clarm 31, r conprising grow ng the
cells in tihé“hbirrmtl@d@tfo}aimﬁ \almmiythw@eadstammqotle(nmomum ation to the matrix

e A T T DM
10. The method of claim 4, where the adherent material comprises one or more of a polyester, a
polypropylene, a polyalkylene, a polyfluorochloroethylene, a polyvinyl chloride, a polyvinyl

25  fluoride resin, a polystyrene, a polysulfone, a polyurethane, a polyethyene terephtalate, a
cellulose, a glass fiber, a ceramic particle, a matrigel, an extracellular matrix component, a
collagen, a poly L lactic acid, a dextran, an inert metal fiber, silica, natron glass, borosilicate
glass, chitosan, or a vegetable sponge.

11. The method of claim 10, wherein the cellulose is cellulose acetate.

30 12. The method of claim 10, wherein the extracellular matrix component is one or more of

fibronectin, vitronectin, chondronectin, or laminin.
13. The method of claim 9, wherein the adherent material is electrostatically charged.

14. The method of claim 9, wherein the adherent material is coated with collagen or gelatin.
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33. The nethod of clainms 30 or 32, wherein the 3-dinmensional matrix is

encl osed in a packed bed within a bioreactor. 34. The nethod of claim
33, wher ewo 20tee14851di mensi onal matri x conpri ses a singl epPpiras®i1yo@biol d,

mul tipl e heagge mBMbA bmlﬁmclaw}ﬂel%hﬁthe BissocRfihdRlest is B, ipRlis elasthseconbi nat i ons
thereof. 535. The nethod of claim34., wherein the microfi %Ers or

nanof i ber &yalrenideserrlisgenassiyopl callagenise typd. sodpgraarcdyPed SPlRERMse Whstei n t he
beads are j %E?Sgt(g}agq)mggl L @MStheres - The method of clains 30 or 32, wherein the
3-di nensi on matrix conprises an adherent material. 38. The nethod of

cl ai m 37, lah&hemethed atilaimel wmertheqrymmnwepee@nmeywn more of a polyester,
10a pol yprl9p¥h$&§t’h0&1 P(?%l}{la %‘g\el%meﬁle Qelﬂ%emu praghl or Oet hyl ene, a pol yvi nyl
chl ori Vi nyf uori de resin, ol ystyrene, a polysulfone, a

pol yur et haﬂeThampthbglefchgaenH vvecteplhhallnamae ce%s sgehdhgrenseclisa gl ass fi ber a
ceramc p

col | agen, al B‘gff {/neiitloii 8C<ilelugxggécwé\gremq§é 5(@&%1 clégﬁgrle gﬁ’i%e%én)rfﬂsetf ?‘QE Sl lica,
natron gI ass Thbortsd bf daitel g hassin thchomgmsa;ffthe mdhea:nve@etahtﬁlllelss@@nge, adip9gn.

The net hod, of clbal m 386 wherein the cellulose is cellul ose acetate. 40.

The net hodS$ YIPAPH"48°% wher ei n the extracel lul ar matrix conponent is one
or nori@ of21f ll“hé maeea bfclaiti 10, oheetn the oidiontthe adbetentstrooral tedlyiisplaventad 1. The
met hod of cI a rein the adher ter [ ectrost

char ged. eﬁlﬁt OGI'WESWB“L o&'hSrF’mctF%f‘ e??‘?{n% lrce:llﬁarteﬁ’g AR &p renna&l‘!rzrré)t?Ie)%’%aI i's
coat ed W tdeqGtthiagiht@hal gettdétithe pl2@4@8. The nmet hod of clains 30 or 32,

wherein the cells are_ huma ells. 4. The t.ho f..claim4 erein the
human cel 1% éfhematﬁlﬁé%ﬂemb I"fﬁ?re”h%‘e aéflkﬁée“ﬁ’é‘?tﬁﬁ l%¥lg@?e i%aﬂi{,;gt?ﬁﬁ%“ V\q]nr?art he
adherent GglihScanendberent stromal cells. 46. The rret hod of cl ai m 45,

wherein the origin of the adherent stromal .cells |s acent a, .adi pose
tissueld or24b§hen%‘?ﬁ‘9138§\?1a12‘52137w FRE e FRBEPCaingdPg o hagan %Wg (Fr?fgﬁte’p%ﬂi gin of

the adher eghySHHR® atkll 159 dma ARl AE8RIAey 0480 6 e met hod of clai m 47,
wherein the adherent stronmal cells are obtained fromeither_ or both of the

fetal or ridt dhnatethodof aigt 24, mdeisinaibe Ayration of the regipropaiing grpLigh isdfog pRovs
32, wher el 4,18 s3edindE %@'s@cﬂﬁhsh rﬁﬁlﬁﬁté deﬁm\ﬂep rSaﬁl‘?rﬂlteQ)/ 1BmMmURS IoAND hidhures. | 1 near

reci procating notion. of claim49, wherein the
reci pr ocat6nghemicihod ofelging?s, a‘fhptemth@léfewnwetf\%efﬁma@éﬂtngI‘l‘f’“ﬁﬂﬁa@("éﬁ&ﬂﬁ 750

mm andzoa fr ﬂ%ecf&?a)(loﬁ”is a%oﬁtcgo%eg&ds ofdss. The met hod of claim50, wherein the

duration df reci procating notion 1s fromabout 1 second, 15 seconds, 30
seconds, DR7niThatmethod ofitlait 2% whereimthe ampludelig abruhdd @81 or 20 mi nut es.

2. The m32t8 e (r)n%tl'nlcci)‘l(zi % ? oy "}42:%3;? I phREstdd c%ﬂ%ﬁ‘@ %P{aégctterfzg(? by b 65 d?rrrgﬁ@(t)t’ @g

1
notion is ‘ab an d uration 1s secon s or |ess.
2012/ 140516RCIVA B2RURADAAYAD at Bast STHef hevésdeffiofengl; ) avigdity nfrxradilass thhleor
anplitude is ab at us conprising an adherent nateri al

in a cont &9 8311?{ dia\li'FtS?%?lbePu? %eﬂlap%ﬁg‘%tr‘ ing a reciprocating motion to the
adher exst Bt &Y éambpositibe cothfrisiigarel € hamprsied ibp gnpmfeh@memse)f@tamsr bk& for
3 ldjblrjz_z Iopgi arrpl met'flxgc? ofa sre]:gdlgé gecllllél ?nnz(i: ¥ d?rIxentmr(])galr e?rl in a%?‘(grlea% rnc%'%r{p%rsllhg wherein the
a) providing a three-dimensional matrix in a fluid within a container of the bioreactor;
b) introducing a composition comprising cells into the container;
¢) vibrating the matrix for a period of time at a frequency and amplitude sufficient to mix
30 the cells throughout the matrix; and
d) discontinuing the vibration to permit the cells to attach to the matrix.
31. The method of claim 30, wherein the fluid is a growth medium.
32. The method of claim 31, further comprising growing the cells in the bioreactor by applying
intermittent vibration to the matrix for a period of time at a frequency and amplitude sufficient to

35  mix the growth medium throughout the matrix.
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Sconfigured to vibrate in a manner causing cells attached to the adherent
material to detach fromthe adherent material. 55. The apparatus of claim
54, wher evo 2oiri4e8iberent material is a 2D matrix or a 3PCERAB2G1X000986. The

appar at us 39f Ted @i PSr cIMAEBE bIBA RBcRHNRE RatmdMBibAI infukrid iS efcl@Y MBd packed  57.
The apparatus of claimb55, wherein the apparatus is a bioreactor. 1058. The

appar at us b@fthﬂlllalarl?l%ePCtOMerel n the bioreactor is a plug flow bioreactor, a
conti nuous, st d &4 @fr};‘falm'ﬁrﬁﬁ&&wthe ﬁdl%ﬁélbt%ﬁ‘ﬁ‘lﬁﬁhxtl%ﬁlnpm&ra%ﬁlcgteofﬁecean

air-lift bioreactor, or a cell seeding perfusion. 59. appar at us of
cl ai m 58, swdfiokiemmltiphebehisomeiiiplerartiass, angpﬁ@erq, Fléiwﬁlbi?réar(é&@‘ﬂ“bma’(‘%’ﬁﬂﬁ@fng a

packed begg I@e Hgtﬂ@ 8&%1 nﬁt (iSre Fx{]ﬂ flk%?&l dHn g&ﬁ%b%glréj@weﬁ%r FHMEVHES @

basket "t h ant1ally’enve &3 1 he packed 60. The appar at us of
cl ai m 56, 3eh@heinethdhef c$aml|3r4ewh¢romalhe hmdsrar«smmﬂpon meeusa si ngl e- pi ece

scaffol d, e | .t4pl r i f , or
combi nat | as "bBr Bef S ¥iimg Vb MRl b} Eangr Pl Bt B upe RENARFE

m cr of i bemsitedial. nanof i bers are woven or non- vvoven 62. The apparat us of

C1 ai m 56, BnSrEmRLAe S8 AL ARy R ERah a1 EE ! BP-RREOREE,

pol yesper ,apalypﬂipyllaﬁém)pb@/amyleﬂe p(pbmhkmbl&methﬂemhptllyumyhmtmxde maioﬂwllrahe a
pol yvi nyl chl%rlde b{g |n I1 lfuorlde resin, { g ylene,

pol ysul f oA¥Orie IEHPA RO OLGBHgRT AP hans Bﬁ?gFt %/eéle A af?tUI ose, a
gl ass fi b%EHul@seCﬁglwf@elpabérhﬁlc%art&,ld‘fahfatrge] an a;nraeedhﬂeamdtdlmOmponm ra X
conmponent, a colla | actic acid

fiber, silcpdagen rﬁ‘dl(’?o[n ‘il%I%Céd atﬁlﬁ?‘tﬁaé‘r pr} ioggt gletfkali’eé’sséhca ‘?ﬁtrto8§§ﬁ g%rPSIHC eget abl e

sponge. %SS Iﬁq@osgrpgaga@g@bgf ghoal M 63, wherein the cellulose is cellul ose
acet at e. The appar at us 01p claim 63, wherein the extracellular matrix

conporiént 3i95Tb¢1@e‘t13P poTEME¥S, WPHF@&B%??“HI,OSQ/‘Ff?lﬂ‘llfgéla?eﬁae ‘chondr onectin, or

lam nin. 4o §fe myﬂgd @p&ﬁfrﬁfy%h%m(%h@é%aée@lulam{r&'d@ B&n&sdﬂnﬁﬁﬂ’ﬁb@@w mat ri x
is electrostaticall cha’fg18 @ 067. The apparatus of claim56, wherein the
pEgn

3- di nensi dibveineetiy Fitrengesin Wlt’wré%‘?lmégen or gelatin. 68. The apparatus
of claim 54, Tﬁﬁ&%‘é& of:fi%m{ i 'w'ﬂgreﬁnethé §dhet@gt matea] IR RQdstAfcaly abged8, Wherein

the cells are hunan ce he met hod of cl aim 68, wherein the human
cel | s ar e 4adAbe wathod ef ¢laim %Wheremﬁbﬂ pbetsamaerial sopied vith\wplkagen pr gefasin.

adher %t %l lTﬁe Ak %oé‘gf‘c%ﬁﬂ%o%? gfwere(ﬁ’?éhlaéells a}’éQn%Qa%%éﬂ#%wPCT/ 1B2012/ 000933

44. The method of claim 43, wherein the human cells are adherent cells.
45. The method of claim 44, wherein the adherent cells are adherent stromal cells.
46. The method of claim 45, wherein the origin of the adherent stromal cells is placenta, adipose
tissue, or bone marrow.

25  47. The method of claim 46, wherein the origin of the adherent stromal cells is placenta.
48. The method of claim 47, wherein the adherent stromal cells are obtained from either or both
of the fetal or maternal parts of the placenta.
49. The method of claims 30 or 32, wherein the 3-dimensional matrix is vibrated by a
substantially linear recipfocating motion.

30  50. The method of claim 49, wherein the reciprocating motion has an amplitude of between
about 10 mm to about 750 mm and a frequency of 1 to 3 Hz.
51. The method of claim 50, wherein the duration of the reciprocating motion is from about 1
second, 15 seconds, 30 seconds, 1 minute, 2 minutes, 5, minutes, 10 minutes, or 20 minutes.
52. The method of claim 51, wherein the frequency of the reciprocating motion is about 1 Hz

35  and the duration is about 30 seconds or less.
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72. The method of claim71, wherein the origin of the adherent stromal
cells is placenta, adipose tissue, or bone marrow. 73. The method of claim
72, wher ewo 20tret40310gi n of the adherent stromal cells isPplraBEn2/en0sss  74.

The et hod30fy,Ch@ihil #Rolaithe! Rhbtelfe ARNRERNS abshf k. cel | s are obt ai ned
fromeither or both 5of the fetal or maternal parts of the placenta. 75.

The appar atudn@ppasita sansAisingtan pdhcrent pateyiplyp aﬁ@}?talpﬁpﬁ}dtasv‘bara@ﬁg’ét‘%wlr’eﬂ qy
| i near qmg&ﬁhé {?%tlgfp{o'tﬂ@a&h@reﬁhﬁat@qmecﬁ@ﬂ'[oraf@%&ﬁb@ém% oné®r mbRecoARPIR ot Us of

cl ai m75 e reciprocating notion has an a i tude of between
about 10 nrdjustngabplitudz 5ad frequaney of therreejpropating motlgznatvzheefﬂrrﬁﬂe VIRGRtQr. is The

apparatus 9 ﬁggllre%lt %@q%merﬁﬁn éalﬁggg Uélgtaft%ﬂecpﬂco thQInERA REOGAL MehcHBbioN 1S

from about™1'Second, seconds secon mnute, 2 mnutes, 5,
m nut es, 1k adherattesateral. 20 m nutes. 78. The apparatus of claim 77, wherein

t he frequency, of th rocatin on ation is
about 30 ggc%ﬁﬁeagppg?a éjgglagn 5 Whe%‘ &ghdheéeﬁgglﬁgﬁﬁgg O?D %t&p&ﬁ wﬁﬁjl ?(el n the
flrequency 56f Théigppaeaispi ol 55gvirndin b adleraboateridl itz 3D 1E@Xx. The appar at us of
O e e Bt e DR T vy T e ot e o Tt Ton
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of the heightsi@f. a basket containing the adherent naterial.
59. The apparatus of claim 58, wherein the bioreactor is a plug flow bioreactor comprising a
packed-bed 3-dimensional matrix and the reciprocating device comprises a basket that

15  substantially envelopes the packed bed.

60. The apparatus of claim 56, wherein the 3-dimensional matrix comprises a single-piece
scaffold, multiple beads, multiple carriers, microfibers, nanofibers, or combinations thereof.

61. The apparatus of claim 60., wherein the microfibers or nanofibers are woven or non-woven.
62. The apparatus of claim 60, wherein the beads are smooth or porous.

20 63. The apparatus of claim 56, wherein the 3-dimensional matrix comprises one or more of a
polyester, a polypropylene, a polyalkylene, a polyfluorochloroethylene, a polyvinyl chloride, a
polyvinyl fluoride resin, a polystyrene, a polysulfone, a polyurethane, a polyethyene terephtalate,
a cellulose, a glass fiber, a ceramic particle, a matrigel, an extracellular matrix component, a
collagen, a poly L lactic acid, a dextran, an inert metal fiber, silica, natron glass, borosilicate

25  glass, chitosan, or a vegetable sponge.

64. The apparatus of claim 63, wherein the cellulose is cellulose acetate.

65. The apparatus of claim 63, wherein the extracellular matrix component is one or more of
fibronectin, vitronectin, chondronectin, or laminin.

66. The apparatus of claim 56, wherein the 3-dimensional matrix is electrostatically charged.

30  67. The apparatus of claim 56, wherein the 3-dimensional matrix is coated with collagen or
gelatin.

68. The apparatus of claim 54, further comprising cells.
69. The method of claim 68, wherein the cells are human cells.
70. The method of claim 68, wherein the human cells are adherent cells.

35  71. The method of claim 70, wherein the adherent cells are adherent stromal cells.
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72. The method of claim 71, wherein the origin of the adherent stromal cells is placenta, adipose
tissue, or bone marrow.

73. The method of claim 72, wherein the origin of the adherent stromal cells is placenta.

74. The method of claim 73, wherein the adherent stromal cells are obtained from either or both
of the fetal or maternal parts of the placenta.

75. The apparatus of claim 54, wherein the vibrator imparts a substantially linear reciprocating
motion to the adherent material.

76. The apparatus of claim 75, wherein the reciprocating motion has an amplitude of between
about 10 mm to about 750 mm and a frequency of 1 to 6 Hz.

77. 'I'he apparatus of claim 76, wherein the duration of the reciprocating motion is from about 1
second, 15 seconds, 30 seconds, 1 minute, 2 minutes, 5, minutes, 10 minutes, or 20 minutes.

78. The apparatus of claim 77, wherein the frequency of the reciprocating motion is about 5 Hz
and the duration is about 30 seconds or less.

79. The apparatus of claim 77, wherein the frequency of the reciprocating motion is about 1 Hz.
80. The apparatus of claim 76, wherein the amplitude is about 25 mm.

81. The method of claim 23, wherein the amplitude of the substantially linear reciprocating
motion is a distance that is 15-100% of the height of a basket containing the adherent material.
82. The method of claim 49, wherein the amplitude of the substantially linear reciprocating

motion is a distance that is 15-100% of the height of a basket containing the adherent material.
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