AUTOVATED FI LLI NG OF FLEXI BLE CRYOGENI C STORAGE BAGS W TH THERAPEUTI C CELLS
FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to nmethods and
syst ens WO 20a4b@6t uri ng, storing and distributing someCirwseallo34Rer apy
products that conply with regul atory agency requirenents, such as current
good manufacturing practice (cGW) regulations for devices, biologics and
drugs. More in particular, the present invention relates to partly or
whol | y aut omat ed, cl osed systens apparatus and nethods for filling

cont ai ners, artlcu aGJéJf exi bl e cryogenic stora ba%E wi th therapeutic

product s céHt QWW&Q K Y& OE FLEXHR BaESETH g |

t herapy as the prevention, trqqhmgﬁpEUqu@ngJjnltlgation of di sease or
injuries in humans by the adm nistration of autol ogous, allogeneic or

xenogenei ¢ cells that have been nmanipul ated or altered ex vivo. The goal of
cel I therapy, overlapping that of regenerative nedicine, is to repair,

replace or restore damaged t}$3YP6FrFHPINORRT bg003]Ex vivo expansion of
cell s obtained from human donors 1's elng use for exanple, to increase

the ”U”b%(ﬁ) f stepa El%sé?llg%%ﬁhéno‘}eléigs' wnﬁh;%hé ap) Sydi@hs Wt 85:919&%% nd

al | ogenei c t hera I nst ance tent  nmesench str
cells ( I\/S@sl)lg ané dpsurbugng bymasicpdedi thaepi nrormmaeth@Usomlbly n’vltbaltegulauoad sgehay

i nvest | gafé%m&g%g ﬁ&t gsn ull‘l%llt o%d ngagu %Et&slgg Hla?ttlée @(e}l\/ﬁﬁc u?art} 8h eﬁor %iew ﬁ@d tissue

regenerati ow frequenc Sitat es
expansi omidlegiacinidedregt MNwrs ph @alttlahihe thnu pleeans m\{e@tﬁlﬁﬂieﬁm tormhl}emgwh{)lm any

cell thera re saf e and hi al e

par t cur dnnglst ARl SBHER ShamaBrR e EirtiR el ST Best o
(cGWP) - grcadgehic andipd bagnsvitistherapaisit produdtocontdiengliagiess of such advanced
cell therapies. For allogeneic therapies, the econom cs of testing and
certification of processes and PLQ QH§% GNP conpliance are a
significant cost factor in cell man C ng, strongly encouragi ng
producti d0003f naxi Thenribatdefinesiczle theraghy ras themnemebﬁmlc kreatonpnt, cure or mitigation

of disease or injuries in humans by the administration of autologous, allogeneic or
xenogeneic cells that have been manipulated or altered ex vivo. The goal of cell therapy,
overlapping that of regenerative medicine, is to repair, replace or restore damaged tissues or
organs.

[0003] Ex vivo expansion of cells obtained from human donors is being used, for
example, to increase the numbers of stem and progenitor cells available for autologous and
allogeneic cell therapy. For instance, multipotent mesenchymal stromal cells (MSCs) are
currently exploited in numerous clinical trials to investigate their potential in immune
regulation, hematopoiesis, and tissue regeneration. The low frequency of MSCs in tissue
necessitates cell expansion to achieve transplantable numbers.

[0004] The challenge for any cell therapy is to assure safe and high-quality cell
production. In particular, cell processing under current Good Manufacturing Practice
(cGMP)-graded conditions is mandatory for the progress of such advanced cell therapies. For
allogeneic therapies, the economics of testing and certification of processes and products for
GMP compliance are a significant cost factor in cell manufacturing, strongly encouraging
production of maximum batch size and minimum batch run.

[0005] Optimally, therefore, therapeutic cell manufacturing for clinical-scale
expansion would be conducted in a completely automated closed process from cell collection

through post-culture processing. Such a closed process would facilitate cGMP-compliant
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[ 0005] Optimal |y, therefore, therapeutic cell manufacturing for

clinical -scal e expansi on woul d be conducted in a conpletely autonated

cl osed prwoess/f4p@m cel |l coll ection through post-cultur@Cprusces®s4sgz Such a
cl osed process would facilitate c@Gw-conpliant 1 manufacturing of cel
therapy products in a formsuitable for storage and ready for use in a
clinical setting, with mniml risk of mcrobial contamnation and
viability | osses due to nechanical or physiological stress.

[ 0006] Larnggumemlify stlaBash polRsed PHARLTERR HPLioHse afl rdd®MRhian £ells to
manuf acture proteins, such as biotherapeutics, are well|l established.
However, chiistl sstith, prthdeigiesd rigk of deigiohigb dontgminateasyvand walligt lessas groduct and
di scard the &ﬁhl&T%ggg% ﬁ@@ggﬁions | eading to cell death, either
intentionalr , as en %e I's are disrupted to release of intracellular
product s,[0M6] i nci dengatdale, awthmatedetlbsedaprecesepafoatwsd §fr mamgebrerceld pr oduct s
by har sh JJELAOKR. SRSy AT SASAHLEED L LHABKIBRNeE TSR, ARl REPCESSI NG
of therapeutic cells after expansion typically requires cel arvesting,

vol unme r edwesstome desigimdntg, redovema pattdio prodiigtl dnid nigscakd th¢ oclhgmdenernditioay s and
cryopreservati on pr.oduc ells, all under conditio maj _nt ai pi ng

el Pt s, Rl s RERSI Glenfeb ol sl oo it Pyt POdR TEIeR et £ Pon,

t her apeutinteacelllldrprodaygtsnot insidemaie Wrrowellprecessasd fiom fraretid prgdweeal bys used

for protein praducti on because the latter typically represent .
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CE| tur ]?’ aﬁ&ye;dpameod dﬁ@ﬁ'ﬁﬁl?oquuisiﬁlc%ﬂtﬁaﬁ@stﬁﬂg[ Kd)lﬁﬁls rﬁﬁgﬁd)d, gvéisf]giyg,tfbrnﬁiﬂﬁmm C‘Q'
shear forgces ysi ol ogi c stresses than exhi bited, for instance, by

pr ogeni t SHling A AR R R e e BF ng.d“*‘i*rﬁ?ﬁs,’ aflgunder CAnAitigRs i cacy,

t her apeutnh£ntgigink Sell YiBbiG&! dnl, AiBatBly NdliiRkl fin&ldhiiuyed so as to maintain the
ori gi nal parental Phenoxype di spl ayed upon isqlation from human tissue; and

hence, tH¥8peut i cincdditigngprapatic iy Banset Seyieckrayoprogisifeipchanding _
engi neer egdyd @cl a6 {n!ojéeﬁi BrodQWOR tcEALR afqu@é%yﬂgauy[@%&hﬁh@hgtmmﬁd@f@d ex vivo
expansion of manmmalian cells to obtain increased nunbers of functionally
usef ul c&Fll dineraghichyrdyeing ciervivepieplicstipmdn prifvtrainay, haky usdrsedna selsetiostfar f usi ng
i ghly ¢ QuplEinTAG! BUhahhABS untBHENLAY phhddlodth QRENABARTRhe,
speci al skills are highly |n§|V|duaI|zed, making many such nmanua

t echni quesstagicd, f by wragenitorr eprtoruedls arvdd av exell ntberapids. f Thusulte reteinsefficaeyand

fgg‘éﬁgf Oé]?eé%':éﬁt?mlﬁdtypigélgrsﬁg RABEASSaTuH! 0% 2% ahhiRRle 1S & gifad phidh i
phenotype displayed upon isolation from human tissue; and hence, therapeutic cells generally
are not selected or genetically engineered to facilitate downstream processing.

[0008] Historically, ex vivo expansion of mammalian cells to obtain increased
numbers of functionally useful cells has largely been performed manually, by specialist staff
using highly complex manipulations, frequently with an open apparatus. Such special skills
are highly individualized, making many such manual techniques difficult to reproduce and
even more difficult to scale and convert to automated, closed processes using available cell
culture technologies.

[0009] Yet, after ecarly stage clinical trials on a proposed cell therapy product have
been initiated, there is a substantial incentive to maintain the same basic manufacturing
process steps throughout the trials. Thus, process changes made prior to license approval are
submitted to the FDA via an amendment of an INDA (Investigational New Drug
Application). The degree to which comparability must be established depends upon the

scientific basis for predicting any product or process changes, the extent of the process



[ 0009] Yet, after early stage clinical trials on a proposed cell therapy
product have been initiated, there is a substantial incentive to maintain

t he sane wa0n/@e0Taf act uri ng process steps throughout tRETIUSR@IH3498NusS,
process changes nade prior to license approval are submtted to the FDA via
an anmendnent of an I NDA (Investigational New Drug Application). The degree
to which conparability nust be established depends upon the scientific
basis for predicting any product or process changes, the extent of the
process ghangesmd MR, emeﬁﬁ&ﬁh%v@bﬁﬂMﬁtTﬂ@%ﬁhaﬁﬂﬁﬂﬁmwﬁhﬁ @eaehaln
approach is to establish anal ytical and biol ogical product conparability by
in vitroandsies! aphehiolorigri produgit camurarabilisn devs imnérappreneniVher ndgnifiqanf s ysual
to conpa d‘?ffé?ér% 53'%}? Q&%nprtgglbﬁﬁsa,)shﬂ 3 BbiRre HBda%h%le %%Qﬂlﬂaﬂﬁ&e@é

t oxi col ogy an acy, depending on their avail Ity and rel evance.
Finally, of Dhajmfatﬁ@mremﬁe@wéogaepaﬁﬁ”mcyb Aergndingbn slteuohvelslablhty apdycldyenagecessary

to perforpy Gl E‘hﬁﬂenﬁ&%‘ré’ %Jggﬁﬁ? Shitdh & d J‘Mﬁ'gﬁﬂe ﬁ#ﬁésgﬁt@ B&%rﬁls f?ﬁ)éal sh

eqU|vaIent safety, ar ma Inetics an fi1cacy. re an ent of
such cli rwqmadtleltcmsaidgs rne¢}wma1eehbuemtssthmmablhsihmquarhlemowfnw ibidmatgkifiapics ancgl ven
product a basi.s d|t|

ﬁdcac atnauCirrc]e a]?ir ext!e%k oq such cqlnlcaf:trlaf3 r{eé1 TEshaw chmcalAd mpara
precllnlca &? clhrnrca tes IS a very Yy Pprocess an 'S av8lded

whenever fmoasgvdnl Iﬁoduk%ﬂ(a]tﬂ'dmen Efél}udmé of ecasgmymmb Habkiat Additiosl prplided bcal to
| ock a pr ﬁ ﬁhen a ct first ente%ﬁ eFlnlcaI E%ials and to refrain
from i BISUBES o el orentes” EHh S b et s comrer ci a1 7o
cycle for[odlear of mmthe@ogﬁeedthmt fsiilBraatidabwy 1gkaditedesd WS Roduct
appl i cation. For CerLgi bi ot ec nologbw»roduced products, §$ch as

monoc! ondIStERET IS Mafsad ppActrur fioRemaliRs BIOGET AgPIoXFRet, Brepehotdhs i ed
approachgsoduers elpmashr Blel dy8letthteat HEpiVEXEHACS ﬁeera[&eqn@x neReroddt BOEshew

schenes are_ conparabl e, through process validation % virus. cl earance
st udi es, 2PRlifaiel Fercexainbigisahaslipsy dewceaewéweaychfa@rmoam ongyl pighodigs. phocess

steps. FeipA hgg %@Iptd'e%l@ﬁﬁé $elath@l@ﬁ‘s’i%{p:llﬁ5(h%p§1%h&1@§ i gelﬁ@%'tr&nfgofhaprtﬁéj' cting
effects of any process change on human efficacy is genera rdnuch | ess

est abl i stedluethapde by thewéc%awerwe PReStaE] ersmpachble. theoush@raseghiehdatiompr-exi ty and
fragili twlrﬁi clEJ}%lcTefa&‘lﬁ% Ef%b&al Bﬁécjnﬁnﬁﬁﬂtsoctrtl%ha{b?e%§fo‘i‘l\éﬂ"a{‘f?cl? dﬂrB s§)§teﬂsn vitro

and ani nmal nodel s of |cac Hence, as pre- approva nlca trials
pr ogr ess For @hﬂrmqatscecerltsohmlvia@e the IscientHfisr basissfoa psediasinarefieets ccomaNbeEss

| ncent | V%h{n%e %ﬁ%nfaﬁ%ff?éa%ﬁﬁ doferfhf i '1&3? eQ@dﬁl%ila thal b Ql‘?cfrﬁa%ﬁt‘ﬂct gl% 52{\;00'““ by

simply scali°™ng up or out t asitc manual manufacturing proces el oped
for the ebckﬂhshghumampbe&ﬁmm@mgﬂm@¢m$$dmmpdnmgﬂwangwﬁenwwhaa@mdmyn@ numnber

of therapeutlc eII c sta $S ni mze
Chadver ¢ dnt gl RS o eRaSF ko W BR bl Bk bt e e afe

human sulBheetise Phiven, tihsre as naddtahtinl cc@hRiciaoglivatut meaﬂtecsmﬂﬂsdmcﬂecm@
oduct s,

processes th@t can roduce I es of therapeutic c
ont a nt dgmas, G B de St HagmBuaa e bt e PeHa ARG S p R y
manual tmadk@kﬁnﬁ@xﬂﬁ@ﬁﬁeémﬁenNwﬂﬁnmamgnal changes to the basic principles
of traditjonal process. steps. 3012 C} reservation fo ter storage
of ani nral[b‘?:‘gfl s, "%&qoﬂﬁ‘i‘%}j FYEr aH & Itg‘&‘g"l‘tfes of H?WF‘H@ rPéOfg‘g’ér’r‘ble%r Yof a key
downst r eapke ellldlcalmmsf @Cth kfrhiRg inRAReBHrodust chaﬁg?es @ 1|r@€1ﬂ1|1daye(§m16‘ﬁb'@d
| abor -i nt ensi ve nanual techni ques. Thus, U S. Pat.

studies in human subjects, there is a need for cGMP-compliant, automatecf closed processes

that can produce large batches of therapeutic cell products, containing several orders of

magnitude more cells than made by largely manual traditional processes, with minimal

changes to the basic principles of traditional process steps.

[0012] Cryopreservation for long-term storage of animal cells, including therapeutic

cells, provides one example of a key downstream cell manufacturing process that has

traditionally employed labor-intensive manual techniques. Thus, U.S. Pat. No. 6,136,525
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"the '525 patent”) on a "Method of Cryopreserving Hepatocytes," issued to
( p yop g Hep y

Mul l on et al., QOctober 24, 2000, discloses cryopreservation of hepatocytes
by di spersOngitideimi nt o freezi ng contai ners, freezing tRETASAAI0MIBE from
between mnus 50 to m nus 90 degrees Celsius and storing the containers in
liquid or vapor nitrogen. See Abstract. The '525 patent further teaches
that in the disclosed cryopreservation nethod, nost preferred is a
cryoprot ectant medi um conprising 10% FBS [fetal bovine serumi and 10% DMSO
[ di met hylsud foxidehe) SRE (Mgthod?’of ¢r§}0pr§se§wn TH@pa%He§ » &fsGedioMBINHEM ol N O
freezer re5| stant contai ners, preferably CryocyteTM plastic bags from
Baxt er | rlc&bani4. ). disglages cryﬁavsqﬁgatlan@émmye&lafr@mgsmg@ﬁmam@teew to
about 500Q. . PN (VA WTeloT: 8¢ 1Pﬁﬂ§1 nt Coof | s being
nost pr e?grrggw S%é %ﬂ?é"&b aﬁﬁ% Eﬁ%ﬂieél nt :Sgt%rélguesssgg& S5 géglﬁlse ]?[%nnel ed
t hr ough tsteeing ythg ngéalmys ar émlﬂyorovap@ti Birepee bed yA byt | Hlepr5é§snateet further t he
bags. L0t r so be
advant agg%ﬁfé yth%s edtﬁ% ?Esrglg%vge&gﬂgsggghﬁ %e{ %8 ﬁ%ﬁaqr&l@ﬁec?%sn%? g’%pwtaﬁam ng
process. niddembegepraimg 10%efRAfftterbosmakeadn] MG%@M%I Nudshytayfomdﬂb Sese
mechani cal, al um eal t erma se_heat eal ers, lLuer |pc | ugs,
mnd the. trke: 1 R RSP S AR5 et P S Jedlal RBntby B woBibebe Fac
that succagsdte™ pla;muragsﬁomalakt@nlnmmhnbﬁm,dme[Iyavltr%qwap:&sty lra&igmga‘fonoiboai r from
cont ai ners i n cryoprotectant ne freezing, is
Goneral Ty Orbpfh S & kb S NET B RRLE et e s oo B IEA| o
above di pedfasddr Sedtolt Blllffa D@Bmtlnltﬁlstﬁﬂ@:es§25ﬂspﬁé€ﬁl{nﬁlewtﬁougﬁﬁfhe sMangeSh 64, 279

("the '279 pate Freezi ng Bags i ssued to Thomas et al .. on Cctober
15, 1996 SIEGF 3@@%1 o by gaip .95:8%5 "?%ﬂletbﬂ%i gy gy 2rpimgEgucediipg hnd,
further, vag s {@eOMmay bIREBE BB/aht@E0RIP AGkIGE kdrfovd Thétds AiR@hith $ﬁérq5$&ﬂ0t@s'ﬂlg,
conprising, after filling the bag wwth cells and cryoprotectant t hrough a
tube conicthying Pf%éssbégl bagd %%ftb?réaf?éaﬁe?lﬁ‘b PEréing upghodya My ACHPTIMy t he
bag to exRehani@$aliRinu@Sschl, BERGH hﬁ[ﬁhse bt sedbfs, fubelhal 519%@ aEfhe 1Re vith G ai m
11, col. 5, In. 45-col. 6, In [ 0014] Accor di ngl y, ere is a need for
|nproved1@@@@%§§é§ng6pﬂﬁﬁﬁh$%hﬂﬁ¢|ng t herapeutic cells, from cel

col l ecti roug I f||||ng
Col | A ouahy RS ERE RS on BRI AC AR ey

pr ocessedronhaentératidicd wikecddlasin ccryapiratesitgit emcdofm, t edore rfeedzmg,dﬁaenmlhual

il t
00157 U SR PR A TYS, FERhAE L "o @O IR S8 G AP ek ng
Aseptic ﬁladicagzsmy,téht iSudd No S\A6HREY (“Wrﬂ%pat&t”)b@?‘l’reedng Bhgseissuad pr ocess
whi ch | n(:[Ihlélr(iil(a:{Setrri51 ra%to% 1955?@6; glsc%lye OSCs a]}reezu%%ag)for tile s%grabl %00)8 cells anﬂg a

conti nuous, ¢l 6ded erm)pl’ ast hon-contam nati ng g
d| vi di ng ftﬂtler Jtaubehdalyofifecarisg okl badtcel ysitgrthndiveosse bhg @bmpedhs aftﬂtfﬂh@ serl es

i nter nect. s, interc c ng with eac ther in.a cl sed
oyt om by HBERU TSR Eaa LRt (Fk sty e el ter B P Ro L s
ang tpegthe/\kmb$ a?fmpmﬁtalﬁnhmgag ’ftﬁe;@ﬁl)&@darad@dls Ipmaﬁ@é Al &F hﬂdeeefmlf](ﬂeélé)%‘l oL t he
web o s, filli t he S Wit asteneprouctan seal i ng the bags,
to produ Al %‘H éBTCP]Eggﬁcﬁ(ages See Abstract. The ' 283 patent
evi dent | yogaes nOtA@d@Fﬁn@gHD' bR [eaDMRlN Of imbfoved RédA&Es fbiuinthnhfagititdre
di scl osed bags, either before, during or after filling. [0016]U.S. Pat. No.
4, 964, 26 theranchiis echg fragneclpotigctign thiou &estrqultmeﬁgocvétnﬁo@da g pgsereEtios for
Prepari ngmlf’rigaédﬁ%% 'w%' ce§§ @ﬁ@k&w@% L&}"O%ﬁﬁectan't sfwﬁqlatdg BN prRRssEL that 23,
1990, discloses a | i ng nmet hod apparatus fofr preparing
phar mace@aiEan ﬂsq@ﬁicmém@elegp? Hadrajligoral mawadmrqcyssgf v fasilitpte nfapsREWIE bags in
a non- St%hdt&nﬁgd"cf? Et%msv‘h' ch method and apparatus conprise providing a

pre-sterilized tubu having a single inlet, introducing a solution

t hrough d0QSeri | i zUr$gPat| Npe4 021|3r8t3r(c‘>th@|c28ﬁg>atehte) an af"Meghod of Makeng Asepiés t he

i nl et of b . i r bag
artor 11T g Eo Taraup, i) BEEn A7 ARG RERL AR BB phtiAr

pl ural i t ysapfic s&@pamf aug, byf firstxhlol extrediey @ kentinags, clSed timbplagic. tubthesidg26 1
patent evidently does not contenplate renoval of air or other fluid from
t he di scl osed bags, either before, dur4i ng or after filling.



[0017] The ' 261 patent also alleges that U S. Pat. No. 4,610,790 ("the '790
patent”) on a "Process and System for Producing Sterile Water and Sterile
Aqueous SEDuPi1OKR8N76 | ssued to Reti et al. on Septenber PCTABB@,1/08498Z| oses a
met hod and apparatus to ensure sterile filling of bags to a high enough

| evel that the bags wll be safe for containing intravenous fluids for
human use. See '261 patent, col. 1, In. 20-58. According to the '261

pat ent, individual bags of sterile solution are produced through using a
bag set qleﬂ:éblﬁtmngug 24 8dividtovind ue: b gfhleaqtstt!fepamamwtanm 1Rhi @aRGRDY Means
of tubing to a mani % cont ai ni ng valves in turn attached to a

sterili ziseresfaf] lpercon%ﬁCteddqﬂes ﬁteﬁ@mmzleeategtwh aasheqthdryinjnelosed fysigmstdt at t he
factory ﬁﬁﬂE p ses

t hat : thgﬁﬁggjgggngg% tﬁhnﬁufﬂ?% so%ﬁ??%%% @@%M§Q§3é3? %ﬁ%ﬂﬁ?%%%er and
t ubi ng wihhatlotedveand dwage, steulei ¢qnde1dnwt1@nvelwﬁbwst fidmgl therbagyswith hetasidnt ai ner

and tub| f.0 g,& filter
whi ch al goa(’a%e ngr%ﬁﬁ%e‘??f‘ﬁ %egjl b%ﬂl\me Tudy bi rigslpgl(8 p&g% (r§g% o%%%g{?ﬂl tegS housi ng
so that tohentkividenty dodsuot mntqmmmzdeto@nbvbyoftdmorsylsiré}mdoifromhhesdlsqh%edlbagsn can be
dellveredihmtﬁmﬁyg ooqﬁahmeﬁhﬁhrough the filter which is adapted to retain
m cr oor gani sns, a nd 5 ou5|ﬁ§ can be connected to a plurality of

cont ai nerfél16guch desfPeM}hie&%nansﬁamenmlhﬁgeﬂjonneﬂ%@ﬂhpthMfmodand

aubous. <Pl PRERRh Rt By SIRRY iR i0n H4Rh ofider &7, FR0E" cor

7, In. 1tdRses g il pah@&nindeypaent foy pepasngsharmpitaplatiesdaiaval of air
or other fluid frontgéf QJscIosed bags , ei t.her bef 5@ durln or after
filling. ARIGYEYOf gerilegiexibigbags g jonygarile epyEonmGi4 %) 3 &rithod a9f] agpargippcess

for Fillich@pasegnatigss Rasentascice tﬁ%@b@fba@%@@ﬁg & sﬁ@fédhl%i Qtﬂﬁ»dumhéﬁld@ldtlorp Py on
June 24, 1987 di scl oses an autonat ed @éocess for filling a seal ed

receptac Iteropghep stesdigingfilicp idfodpging tha sterilewalution infp thaindgt phihe @é’ﬁh‘bP@ 81d bei ng

pi erced hyiidghehh@weesdl g Bhdibanf bis bettding t@%'d@ﬁ&dt\%lﬂ@eﬁm’ets%@ﬂlé up
again after renoval of the hollow needle. See Abstract. In the autonmated

process, SpMEOR foeformaglysality obfeners. desibledsterale bpesaSpeAbyrag dhe &30l sicAy a

hol | ow f el ddbmg, cib%f/‘%tecomhﬁﬁté RrloDalC2Rrast o bibial fsn fleWigidsa Pé‘gs chappel ed
into the receptacle ring the process of filling the receptacl e, the
perforatmn@ﬁedWHaﬁH@ﬁeﬂﬁbngOM/f|II|ng needl e i s maintai ned under aseptic
conditio mea of ] T -her
discloseQ&Fﬁgt thgﬁgeéP gﬂbgggﬁgg% %tﬂ%ﬁ%%q%?Hf%gﬁgg%ggqu%?@gfgﬁgle and
preferabbyaéPhagﬁahdByﬁﬂmﬁn?hx@asgSmn&nWhhemmbh@ﬂaAMu@maSuau@m”oﬁughs
Zgnztzl) t u;ﬁgettl% atef on §eﬁtembeh@81t9§5 Ida sclo%éjsc nn‘:f‘tﬁodle an gﬁpg‘? ! O”‘f%enggrg%terf ﬁlhngdS t hat

ol "ow evacuat i on nee
used for of hessfto hlhlghg:nmmghl lead thawtht begsfwillibd safle feradyitagigSihiragnous ﬂdm for

CTatos APt I dabrrateot i S 0t aderie e 5Bt outhl e GoEE0t o' °°

sinmple i rsteetzt todnioafaré perdhédd! thggl litihg ai bag Get Ji‘tﬁlsﬂ’s'@tige@ﬁ 8¢ ilividufal, nBgkibdd SO be
preferred ? aSSI%%>% i s eva o&ﬁion usi for exang an. evacuat | n devi ce,
prefer ablVgPY Ress gHRRPORY 2511 0h tRimeHo @ rntpld copfgining, |Sryalyes in tyippHac

evacuat i nicifiging filteK el @teaﬁ@ﬂtaed M assdpblyNBtoQr bai %fstte& tHeBotdiy | WHeRGthe btgd
[0019] U. S. Pat. Nos. (i ssued on Marc 2004 and 7,052, 603
(i ssued Nﬁylswen@@édbld theh 79% PS‘@Pﬁ diRclosgh thetsj the packpgce fauha fidwte selgtion

Aut ormat ednctﬁﬁt)tttenmcaﬁt&tleranetu mlbpme'been@t&@l&&n%saﬂgrtgneaﬁtﬂa@ﬁtmns " and
U S. Pat. App. Pub. . 2006/ 0118472, published Jun 2006 by Schick et
al ., on g mtaelew@ tvhwgfatﬂ f@rresiinsery mathiaoiitcalipusing eatamingt fikervhighst er of
Sol uti ongg, rtr@BbleQ PRESIS 'tHéQulﬁRQ i aﬁfﬁ& QNS ’the fﬂtér h@ts‘é&g S BaPhEFNEE isbi hhﬁ&fj
mani f ol ds desi g 5 for steril agi ng d singl/e-use approac

Abst r act @rOdeeioUsthM)etemtf thig lrazn@twfnl cax boﬂewmﬂ lintg dntcantnemsthtoeglgthe ﬂbfalgs) are
assenbl e I h east
one renDSgﬁ%ﬁ%g%§E%|§n§?€?ﬁ%(Q%EPHE aﬁﬁhﬂﬁﬁﬁg’égib%&#ﬁ&: Lﬂm@% turfaoe
of the nennthiotrd, sudlb anfiexite chnspamantftakdfoamed pﬁmme\waﬂnpfeltsapswe}mpmapnam used
in conjunction with a peristaltic type of punp, which, together with the
renotely operated pinch valve, can befpperated by a controller whi ch

provi des aut omat ed and accurate delivery of biotechnology fluid in an
aseptic environnent while avoiding or reducing cleaning and quality
assurance procedures. Each of the collection/storage bags of the disclosed
mani fol ds has three tube connections, including a primary inlet tubing, a
second tubing that is used to relieve any gas and/or pressure buil dup
inside the bag during the filling operation, and an auxiliary inlet/outlet
for reC|rcuIat|on of the bag contents SUNNARY CF THE INVENTICN [0020]The

oy . e o S r o "



di spensing live manmalian cells into sterile, flexible bags in a
non-sterile atnosphere, said nethod conprising the steps of: (a) providing
a plural iwg20ft/mo@Esi | e flexible bags; (b) providing thePCIraus2omauoseB: an
cells suspended in a liquid contained in a sterile cell source container;
(c) connecting the sterile bags to the cell source container, a vacuum
source; and a sterile purging gas source to forma sterile systemthat is
closed to the external environnent, such that this system sel ectively

al I ows flephigh EdnQutiBRS WeBR diNRatst &rahhc—‘?oué)@&ﬁmﬁlrtﬂre@ﬂe& Rekach BEe NACGUURLRGUT CE,
the cell source container or the sterile gas source; (d) evacuating air

from at Itesf@er.dive colf 7,t1ne17f40e%h%1780 batg ewlelstbr I bRAE F1 ow

bet ween spensing a desired
vol une o?&tﬁgﬂ?%%gpﬁ'?orxggg ﬁgégﬂ%%g%gﬂ%§%§E%§”g%f%%@%y al | owi ng t hat
desired \(#1he fl oWSbBtt\AHerﬁ oH0410the {10d patert”te & “Rrocrse borddhngp Bedled and (f)
forcing igy g »t i % o] enmi ni ng
in the sys%gn&%b}&géb egcgﬁﬁmgﬁgrcgsggﬁﬁa#ﬁg?’g%gn%%eﬂ?b §§B%§ggp

sel ect i veltpmated pwicasy fot Blting e @nlﬂdgnecﬁgtagasthatt das dtdeasf oremaganade gﬁs noemiahi ner

t hrough t temto t ne ba nt .of.this.method
o the i SRR S meirlerte i Ry ¥ pecq P 88 el B R EBh  R0r Wil P
vacuum safieiciemand o$ tlerholllewpmcge rige gdstraeoln de aattcenaftddtprobeys d@rﬂ@dﬂcephrt

toget her, .at | east i art, b exible t

| oast one" Hleered teydedaltaalaping g B ens ik af bt ng e

provi ded flu@l Sseﬂ)eeéfﬁainﬂeﬂécynﬁd tiewetdpticl. Dufing iRt precess bflﬁllﬁlg&lid teeeﬂiaga tend

ei ther the cell source ntgtger or the vacug aource or(ﬁ as source. In
Chis met MEHomtng ST aligediling preieds mepsiimediarsy SECOHE R DY "Blhp t he

l'iquid froemmihe SOWRe s@NtRI 06 pdiétt FwalRr R0k endt lcBsche®irdigpthdlt & bdre
flexible bag so that the entire ;%stentrenalns closed to e outside and
no movi ndillsdirt GsP scampleand pRlrbly akee lled with epseorginihg @atrtweaa%lﬁférl Pfize,
contact tohhe cbhs%litéh by® indLibfeNBatSi® K dnCas SHSURMmek e @O 2ebaglupatfmaf this
met hod, either the punp unit or at |east one of the ElnCh val ves, or both
the punp uaing adwBow cvargptionagrdieof hs sprppips(ay theparediprethp|illinesoHaflow |ty
[ 0023 I'n £Ri PRl ¥l Rhn CROAL1 BRBhcIO to b0IcSaHaRBee LT heXhBLE 1hiUDD@O 10 the
cl osed sterile systemconprises a main |line an | east one’ branch |ine.
Thi s mai rpatentnelw stages | tbatgt hif ofesifddethib lezaquatiionepnhbe obiginehalue e thonmwde ed t o
t he cell t n ur, 0,1as cti | ow
fluid flo 9#%1? 0 ttﬁg fﬁhﬁ%?lhflﬁnfeﬁt&f lra%ml%tglﬁ) telsC?ecd{r:tt&.;}m A naelgr30 toér %rﬁ%egaéo éslsglﬁt)r/&hg4 for
i nst ance ebgpuatlctnvmlnm@)r vwmpée ar cipgugio¥ deonagotiorablynd spinahodnizagibv esth tha t hi s
ermbodi maqll nee & a%) tuhe eé algua 1obag§1d ta flal’cle%e% Qr'?em e tﬁlet llen fmin |ine
by a branc%gtlne wit ifead ranc i ne ng a t?? T E%'h é;tublng
havi ng oré end fluidly connected to one erX|bIe bag and t he other end

fluidly cted he in i S s t qur | ow
from mai ‘ri&ﬂlgﬁe i nt%%t %@t' ygg.éhlﬁ’gggdtsﬂegr?n @th é@f %7@82 8@35 ITSHT’ ly

conn ?Ct ed/[at}o3h(t, b?()wﬁidmb tol smlosoOra‘sslﬁgJe akd mﬁ&agowﬁﬁuum@ awdptie Trasidt bhdr aw
gas fromeach o e bags t nmgj t he e vacuum
sour ce céﬁ‘b@n%db%%%tedgﬁﬁ%Qﬁ g tﬂeiﬂgr 4t AEp- E qﬁ%cé@%ﬁ“ﬂ&& close to
the conngeblisABEI AL 8t W6 BLISChiSIO bt aF ot Ik BE-NRE M&Hﬁ*olﬂaﬁd sé?llddh@ €or Aehndtee bags
may be evacuated all at the sane tine or selectively y the use_of

addi t i ondtseRicnEnylar vESofusione i dtipRFeteysing SPBligtigneh atll %@éosefpr%ﬁtqrrhérde nt

bags. [ O0QgMhlfhRs S@REBn&TIeM sfBint %acﬁa@%g”@ﬁd@%g%f usk NEpRERRQNT S NUBLAcRN for
aseptically dispensing |ive mammal iran cells into sterile, flexible bags
further dYferabiedubingend dixibiewril rgniagrsdisEoRp tirn gsiambladr slciscPiie of a
bag that pas.BReMd blnlaﬁﬁ[oldg fﬂ'teréc@%tltﬁ'af:f%ast %Xe heatel nqjoﬂ&i ﬁflcht\ml?vetmcﬁqg
[0025] I n the netho 5 e present 1 nvention, Via l's 1n the

| ast bag chgpgbe onlrylthe@utﬁlde atlrfttceaéttho@r%nf@ls%lb@g%mbrmegl ¢ndt MeCh walvd al
viabilit re e or.e. di y of
tho 11 quitirs iR R SR on S ER AL RO ik SR WL ALY 01
70% BOW&mQQQWC@GﬁwdQB@deVe98@b¢ﬁpﬂdﬁdhmﬂdommdhewhmhbhemh$ampmMagamdII|ng.
The met hod maintains high viability when the filling flowrate of liquid
through the tubing is fromabout 10 nb{ntn to over 1 L/mn, the density of
cells in suspension is fromabout 1 to about 30 million/n., and the liquid
conprises fromO to about 10% di net hyl sul foxi de (DVMBO) which is used as a
cryopreservative as well known in the art. Another aspect of the invention,
therefore, is a nmethod of storing live manmalian cells conprising

di spensing the cells into sterile, flexible bags according to the invention
met hod for aseptically dispensing |live mammalian cells into sterile,
erxrbIe bags and after dlsconnectlng a bag that has been f|IIed



providing the cells suspended in a liquid; (b) providing a plurality of
sterile flexible bags connected to a main line of sterile flexible tubing
by branchwbi2augi40q76) evacuating air fromthe flexible baG3/Usgoiappiog: ng a
vacuumto the main line; (d) preventing fluid flow through all branch |ines
except that of one bag to be filled; (e) dispensing a desired volunme of the
cell suspension into the main line; and (f) forcing purging gas into the
main line to drive any residual cell suspension liquid fromthe main line
through tB&hE Qﬁﬁ% 'dTeblbt@&}Qlofoaﬁ ih Canb &schiid |e§§ironﬂ1QQ12z\]h|1\erﬁfoidﬂlg or
particular, the cells used in the present invention are pically manmmal i an
cel I's, usedicing chaniag aséapality esswn@slérdcealyrea Kaeh rod pleaueqliectipnotiiee bagueh as
human st e Gehdssq maiRlEaak Yored 6 GBhdcio. fhcRidRRE! RIR ulohfih hoBRgl um
fornulatgg;§orSstgrégéﬁg%'¥ﬁ% c§1§g,(%8r ?ﬁsta% gggg%$ cryop esefvatlon in
| i qui d nitebiegydat iygiaddo DUBO oy g9¢ Ak orkneypwic bulycblpmesg@rthabagcﬂvrlagémfdllng 0028] I n
anot her ® t. I r.Qvj ~Zed flexible bag
sets or anrr shlR AR f‘fgﬁ%‘ﬂlsf@# e %éffﬁﬁ%bﬁ%ﬁ%ﬁnaccor ding to the
invention method. These bagusfh ?N (?klty of sterile flexible
bags fluidly connected to a naln I|ne urality of branch lines. This
main lin a stef
avai | abl 30(?(? fl ui dll‘ v %és%?%ﬁ%?@%lu%ﬂog%%ph hgﬂétﬂ?la%w& esgsnfqga(r% gbetﬁgl of the
main |i nelism;slﬂgdl\@emrmdalm celbnmectterde.t fexalbbapaah alnoneterlﬁaﬁmomhamcﬁhd ine is
a steril (tupi 0 f d to one
of the bgﬁggln ? @Lm&%ﬁ gkﬁhéggyheﬁagﬁhﬂgPdggT3Qg3ﬁ%§% %Qﬂ$ﬁ§£§
i ne. | npsaluet, ﬁmhadfolrrewybgemxfpredeszanmémm}owns mul ti pI e main |ines nay be

i ndepend con cted to o el | source contal | e bag
ipdtin (1T Atk e A R A O R R e N
single | alﬁsgalsb@tlm mdmadiahsell{ MO29¢ridaofexidd Bags th ha]bheteﬁ&ratmsg)hem talne
present invention are disclose for jnstan 6,712, 963
and 7, 0527618, CUMySesthe piips %ﬁ&) pigiidingy2 PE%‘&V O?Lflgﬁ“il? f?eé‘?br‘eeNg’a%?bd% and
be assempk@@hm@tmgu@mﬂiaalckus axgdnldébinea fidadicbhtgin&pmh BBk Qksossch as
PEDI PAKO Quad 75 nL Transfer Packs, from Genesis BPS, 65 Commerce Wy,

Hac k ens a SRR (77 §BANCCiigdhe gprdle Spastn dhojosl) SpHreoTpniines RS AESetit d by

connect i RErigPur@hd eds sole¥ kdPloem hagsiisHkicabhs if Obs<arty aeRictnas tiRER RS
manmal i an cells with main and branch |ines conprising suitable |engths of

appr opr i ate thpiethishivstemyssicativedy alowseflyid \{lomaeiwednt e sisaledieagh pad) citkgiitho| d

ar r angengit,nf QARA] hie ear Pup@ dofrafnbord tﬁé/@teﬂlle%gs sduRit (d%yacmm%%vi%&ﬁl pnal

met hods, air is evacuated fromthe flexible EFIOF to filling wth the
manmal i arieaétecrnle of theftenilobrgs by bdeativgly pHewiag Vgl flawm bgaeen & dagironetbag andet hod

i nvol ves ( f f

nanifold Hﬁ#@?ﬁE&% vé% E%ﬁ%%ggﬁﬁkgggﬁngﬁ)tﬁfhéﬂg%%géﬁe ?géab#agfcally,
vacuun1i§dappbbeﬂowsgnyudmm@baohU@dMWQRaWQnMambmmmpuhpamﬁh@rbem@ﬁnand
duration i valri S
suff|C|en§£1Z§ﬁgﬂghgfﬁefﬁg§Bgﬂm%%%&%ﬁ?%% §ﬁﬁ§(%§§%9?$n%§% JM o t he

i nvent i obetwasn fherdeHapurcd bagdinataed therﬁltekiéagxwmﬂeesvdhyehklxvmng/atenlemur@}g be
applied to ingle b prior t advant ageously, to
2P bags S SR P ate Bl enfraeh LSRR e B ¥ om the bage. vi & the

mai n and [@02apch | i mese dnfvedinitveot thanmemrddotithe nmhnr@s tha vty ¢tofleikible d f | ow
through all branch |ines.except that of qne tqQ be fill ed. G@ne al

the flui @28 SR i WL @M RSP HCHHE HOMCh s St Flt o Ped by H vl Ve

sel ecti vebiynedlel @48ther, aSlkaps fartib@ fIEdiBWtibing Methisl catolingnt, Wbleig onePplﬁélh val ves
are advant ageously used for this purpose. because such val ves do not breach
the ster VRRCithat sgFmelly sreageicthe ﬂé&lglﬁl%blfl%u!ﬁ mgvide 19i elertiyely pilaw Huidi i i s
prevent eGeiwte tHRrs@Mldbdgl BRI MhcAPRlcYil REr@ dBhRRr & BEPacidh\4Bule® of ME ghdIbi Ng
near its junction with the main line, thereby advantageously prOV|d|ng

m ni mal  AYES lpfthis methiod if Mg vanREeusde dise BIPSHEHUE PHED uNIOGBPYRP thsrliqgwidyent i ng
flow in aldm fiF G ddnBGRr ﬁ?f&%ﬂ%tthet ﬁé&bl@fubiﬂé%t@ﬁﬁ‘e RAEbH1E Qaggesofthit teerfigcor di ng
to the invention nethod, a desired volune cell suspension liquidis

di spensedyitem senaes Cémefhweth@lomldq el neenving menp it 9T the Ipume. Wiigh paldibs pensed,
for instance, manually with a syrlnge,pr by any notor-driven punp.

Advant ageously, the desired volune of ‘cell suspension is dispensed with a
peristaltic punp so that no punp nechanismdirectly contacts the
suspensi on, again mnimzing chances of mcrobial contam nation by

mai ntai ning the flow through cl osed sterile tubing. The flow of liquid into
the main line may be stopped after the desired volune is dispensed by
stopping the punp and/or closing the open end of the main line with a
valve for |nstance a plnch valve The punp. nDtor or nalnllne valve may be

. r e . . a "



[ 0033] To reduce waste and provide better consistency of filling volune, the
i nvention also provides for purging of residual cell suspension fromthe
mai n and woanti40d7nes after the desired volune is di sp@asas2emiossshe bag
set via the open end of the main line. Thus; in this aspect of the nethod,
sufficient sterile purging gas is introduced under pressure into the open
end of the main line to drive into the one bag to be filled any di spensed
liquid remaining in the nmain line or the open branch |ine of that one bag.
Conveni enfkiyult fohrdik& rcbllltﬁct%{’f 191u'ﬂ91n§@§ theStckild styﬁ’t'él%dlrlaéoﬁre e%todl%% rof kRer t
gases, such as nitrogen, also may be used, as known in the art for

cryogeni éngsradseithgithe ghmpunit ox/et lepghengl of die m@hlvglvesmébwh@w PR gnegt gas nmay
be stopp liquid is forced into the bag to be
filled. T rp??gﬁﬁ%kﬁgﬁﬁgﬁﬁgﬁgégﬂﬁﬁhgﬂg%controIIed by a val ve between the
purgi ng de&3%our celnanpearti¢rdarremibotlinmat obthis mythpd ghd flevible dtﬂnmg ol the@ldssd pi nch
val ve on {eﬁ Elﬂ 08{11 nggﬁq’lﬁml %1&ean8fat lteg's? opeaigraﬁc(ﬂ 191% Hl% Jnglq 11n V%Plé%ﬂgp usly,
the val vé s pIng R ow of purging gas Is reno cont rol

controll é]exmhaubldgh:emtgsoneembvmnemd @lthe ¢eﬂ$ouiuatonltampn lanid the @m fobhee nman and
branch I|ne the b be fi]l ed. ht of, the fill bag or
pacs ng of araey ey Aid Bar Sub e P et R At & s Sf ittt or

| ocat ed ammmmebpahheWepmﬂeﬁmﬂgnrﬁbmhhaobmmthhhthSﬂmﬂﬁhamhﬂgnamchd1f|IIed

ener oy O TR AGRIOREN X M RoRe b B8 Hsftin 163 Rrdnl b kB brgdtiest e

ibnvenL [ f)r]mHBéng)Qlelﬂgt@\ﬂfﬁeﬁblﬁwbllﬁgtlﬁwin:cge)h?(erﬁﬁ&d l1d1§1@01ﬁd|&lde&1t)08(ﬁ1@fﬁl@ﬁlﬁtelt1élg aﬂichled

ranc Ine o ag, t hat een, e I ca y st ely wel dlng

cl osed artf QE’EﬁrtePﬁHg RiveeoBtogrdrc fhe gasin § NG tof?iﬁgv e Bees rffoyy ‘%r?}n Métoved

after eagfeirso fuelbbg Un a@fitiére ARUAELINPGREDRE! fladlik@onflcled RGBS ndfielifd dolag €

[ 0035] Al t hou pi nch cl anp val ves are advanta eousl used in_the invention

met hod aﬁHO\agl&éwacﬂwgl TOH1CK1 i ivshdreWhgas diome sach of pughZBnKnsEAghe ¢ he

i nventi omAkR Qi@ NTRIMRAAKAS shi& @fn ibR- édnﬂ@ctéaabmew oR OB rRdif QURBLBNCES.

For instance, it may be desirable for sinplifying automation to use a

singl e tmﬁ@ésawwlm -9 theecoynactensiad thescs]l seurpe eqniaines Arkssisag e ad ghebags

SUSPeNsi Gf), SAUK Liate 36 YL SN (e B soRUE LI By GRSusS QR i1 fikh (HRIQL e of a

bag set, grtlcu | ar were a di sposable pl'astic in-line valve is avail able.

[0036]InSdﬁUthmkasbgndlthOfmﬁ@WmﬂmlSnethod of storing live mamal i an

cells co 451 Ng I S S C cordi ng

to the a ve nethg@’%ﬁﬁfﬁ@&ﬁﬁggﬁ%ﬁ%%ﬁthQQﬁﬁgﬁkkmg%léﬁﬁégfkg2%%g§g$5|ng t he

cells indmphmaglb@gmumséahedhbm@$mnm0@Bﬁpwémgaﬂmhhemnasgm@uxﬁﬂy$¢mmg

i nvention rOV|de a1 us f tica di spens Lve nmal i an

cells |ntogs§%wpﬁnng$Fg§?Cp]nﬁgf% |ﬁl1 ﬁ%%em%ﬁagﬁlbraﬁan %mﬁm‘w%c%ﬁding to

t he |nyemﬁHQWMnm;hod In sone enbodlnents this apparatus conprises: a

Eloﬁ{ g: :,]t %ﬁl‘@ﬂ ?E/gr I the Ll% 0 s of tﬁ 8reéen?1nvent10n vial 1f:ty ocf nﬁ rlhe las%%nf Itogur ed to
filled is at least 90%, 95%, 98%, or 99% of the initial viability of cells in the cell source

container before dispensing any of the liquid to fill the bags. For instance, in filled bags at
least about 70%, 80%, 90%, 95%, 98%, or 99% of the cells are viable after bag filling. The
method maintains high viability when the filling flow rate of liquid through the tubing is from
about 10 mL/min to over 1 L/min, the density of cells in suspension is from about 1 to about
30 million/mL, and the liquid comprises from O to about 10% dimethylsulfoxide (DMSO)
which is used as a cryopreservative as well known in the art. Another aspect of the invention,
therefore, is a method of storing live mammalian cells comprising dispensing the cells into
sterile, flexible bags according to the invention method for aseptically dispensing live

mammalian cells into sterile, flexible bags and, after disconnecting a bag that has been filled,



manmal i an cells suspended in a liquid, a vacuum source; and a sterile
purgi ng gas source. In these enbodi nents, the plurality of flexible bags,
cel | sourwe0uonei7aer, vacuum source and gas source ar ePCITaiSAd1/03498nect ed
together to forma sterile systemthat is closed to the external

envi ronment such that the systemselectively allows fluid fl ow between the
sterile bags and either the cell source container or the vacuum source or
the gas source. In sone enbodinents, the plurality of flexible bags, cel
source CQRIBLN&Nly PHASHMY HOULIELInaMd bed &0 LanPW, G NGuidasrceh6@r@hgtd | ui dl'y
connect ed together at least in part by flexible tubing; and at |east one
pi nch valkpewe mathodsct ernal | y engages the flexible tubing is prOV|ded to

sel ecti veppaef! | ow fil Hicthel | AWBRIAERR fHD&RE Shith& %ﬂ?rm@é“?het be sCSf @ ource

contai ner or the vacuum source or the gas source. appara y al so
further oompingéeeceferisperaked iic agiam; (ni prooding iagelritityt o spaump ﬂbmbﬂalhaga‘ romthe
source C%ern% A&t % Elra(PlLl orf Etgn lfﬁ%ﬂ:)?'t&blﬁ%ﬁ}" ngnéhnﬁn%s g)evfa %ﬁﬁ 411? frgﬁgh?e and
advantageous y el uni e nor € ves or bot h,
are rennﬁbkykd@gsbeembmga‘momnnmiﬂennmﬁmﬁgaﬁ)pmampmgﬁhmhﬂewtbnmydﬂhent of
this apparat the flexible tub| es a main.line and st one
branch I?ﬁgwﬁﬁ’gfgc tgwﬁgfn e ?%fgggngbﬁhpm§mglé%%gﬁ‘m%u |ni§}1 g@?ng one
end connec@eﬂn@omkhacamhhhﬁaumGQﬂcbnmq;pﬁgmg@ﬂshheﬂmuhgnngegaﬁnsoumpe SO as

to sel ectivel | 1 ow nt 0. t e ne framthe cont er or
the”gas shufekeihéniot Lo GPRhE sk BRudh e Bkt Bt IS S B BT ofy
connect ediltt@ the main |ine by a branch line, with each branch |ine being a
| engt h of &geX|ble tubln% aV|ng one_end fJU|dLg connected to one f the
bags and [Pl ot her M8Hd ™™ PHEGHS dbhrett Bt B thRePTRieh INEHE s §ealPIeNal | ow

liquid Ofmdghdfalfaf CEIIISOWSJa[l?']ihanE cOmi 0 Hel REd bk Qhérijféuthﬁﬁkod&lﬂrgubl%s hiiig vacuum
source is fIU|dHy connected to the main line so as to allow the vacuum

sour ce t Atell eHy Tawcahs thecsll aaekperded Her lsmikmedipm dgmuiatd feasterres e thind
branch | icgeS . fol B0@RAld ergléﬁ&ewau&y if 8G@E Bhodell RindPBRISAE BS ofnbAkn&ATE I N
contact with the liquid ffomthe cell source container are pre-sterilized,
and t he &ﬁﬁ@ﬁ@@ﬁﬁﬁm§g@@%lgned to exclude non-sterile air fromthe

surr Ound' MSft oS pﬁ%ﬁlgﬂlel]: agﬁec't @l%:tlﬁ%ﬁon Qis@fil%(ffdh I;rb @erflieldtﬂ%%b?:)ég R&s Hlsed in
any opening to the outside o e apparatus that may be nee to all ow
entry fr amnifelds tfor flling steebecﬂecrrtgeb%gs agepsdieg to the itiventivormathal iThese dag batonment
of the a S t I f lized,
i sposablt o Bt o p i, R AR PRSI  oR  Faoh RHL BER oL

cont am nétdnom]indsoThawyyt ligak hyteﬁ]elld:ngﬁgoﬂﬂeebbiebhbn@hgsngmntdpeh envdeavadabhal | an

cells nce, for ogeni;c rvatjo

D011/ 1400t RS o G5 45 B SRERABr RS LB B mallbling ey bg sgpled or

cont ai nercousedd itaa bhaech tivee Rhdhdranch lﬂhesg,)mstalblleeengﬂyd fealblleytubinghevisg end | | zed
flexible b ich c aseptically fill by steri]e wel di | exi bl e
Lubrng ¢ st RutBiiiuiRd © SpaeRE bis i he st oSt FmENY sdReGil 8t gt o o
main |i ngnaMnu@dwh IhSorde bab@liferal oiI]theM&/brltR)nI liliblﬁlp@ némﬁ hin@neayesedndebetiddhtyy )
connected to the contajner, either direct r conne o anot her

| engt h ofCO‘E‘}?B‘ie?‘néo aP5 & §P“E‘°8rFHBtétn8‘d to & ltfH%‘t%ISg’Fél %térm P‘I‘rﬁﬁetalen@gré B iee nain

l'i ne t ubichghnkg @RMALENIRG rﬁt@fdrmenfgma@beeﬁh SeBs to allow liquidin the
contai ner to fFOM/IntO the main |ine. 0041LThe invention aEparatus al so

i ncl udes (23] set  oPearaps pwitadle fRhprehnite pressplinygentioy 2t disqlesgd- HPeinpaRss: t o be

filled wif [y ¢ehi N%ym@%9 Ind 2856®3f al’M"U(ShPétsAﬁﬁ’ mecme%t)@ommmhéu line by
a branch |ine. Each branch line i's en | exi bl'e tubi ng havi ng one

end fl ui dbgveeenthiscrebled wivg cpmeserqiﬂllé oy b&ﬁ&Xt%b@twfowﬁ@u®laalP@11}

connect e Ae bl %%iln'ﬂ qlramer P§&s &orh eealb sksa¥pd, 8 @ogn{epcefdvgwﬁaﬁe%&i@ &Ny
container into the bag. The nunber of bags I'n sets e invention may
be from 276d. diiaersetm@@he myetiion sy, may, b%assenblfml)by zonnesmlg 4y, othg, flegible 70, 80,
90, 100, r y b t b t tabl e
bag setsbgsaswégﬁ dg %?&%gge%%ﬁ%%gksﬂ%%9$¥%h?%%n%§Pc@% |§Ma3%9%56ﬁ&
material s are described herei nabove. [0042] The invention apparatus further
conprises a vacuum source selectively
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connected to the bag set so as to allow vacuumto be applied to each bag in
the set, either all at the sane tinme or individually. The vacuum source is
used to ewacoHr®oGhe bag set prior to filling, for inst&OTAIS2010/034982 d
problenms with cryopreservation of cells in filled flexible bags containing
too nuch air which interferes with achieving a consistent cooling rate

t hroughout the cell suspension. [0043] The apparatus further provides a
sterile purging gas source that is fluidly connected to the bag set so as

to al | ow gHphsifasuiaBlcl1biMmsl SroiFbiodpRatd AR xDRUNLER S (sRrikdE NeRiEd 16 1RAGSRiredr i Vi Ng
any dispensed liquid remaining in the main or branch line tubing into the
bag to benapifpldaganggsegiescri bed for the filling nethod of the invention

above. Aqymg ageouglygihd' ¢ yél‘?i%!ﬁ,cc%nﬂ'ra?{ %@&&%ﬂ%ﬁm&mgﬁgi@gvafcﬁa[tédﬁe bag

set, for Instance, to a fmin [ine, near the connection of the cell source
cont ai nerftons ghe HExibldhdagumgiongo galing nwih sthe | mgemelianwhell esusiivesion dai bk ent er s

th t f t. i J
the ool DshRveb eI Byl SR el ip Rl W B Bkt B O AAL Lo Yo
appar at udlegiblettags inrmvemtifotibyf applyireyra \aiompn tostbs open\eall véthe Inain lsrel Eypicallg| y

allows or _stops fluidflowthrough . one of the nat s _of 1l exibl e tubing.
o of or apraS DR abiytts by 8 MroBAaty BRa@ S R, TEORLD B bkl Rt 19

t ubi ng ofapplivetibagasid varicd asededat fovpedwdeadufFfigno rensivalpoffairin d chbhvewientrtinidhe
tubi ng wi t hout breaching. the steriliz tubj.ng. Further, the apparatus
v aobuad bR bias CudinkMEabt S et Bt fie S byobnTadRRARE 15,
Eurrpi Egl ok appirdkd geihge Ed{g);mdr |tfteﬁl$iﬁglﬂ1ﬁeodg®m,taaifﬂﬁge@dﬂy9tbgﬂl Hagﬁatrmi;] méqb,i Pe ﬁnd
ranc ipes into e bags. [0Q045] The entire apparatus an t.hod .of the
i nvent i oﬁﬁ%li ow fi %R?rﬁga%lﬁtnwéﬁ@f]@ ﬂ}ﬁiggs yip th %ﬁﬂr@%m ligps Gedmeptien | e
system aighqrifval S Gréventlig Yui@daRtiBduiiPalPBlahdheline®exdcpt Aht FWnemag kPke USi ng
renote control of punps, valves and sterile tubing weldin%%1 according to

met hods iblef- Gersilyi shee Faidailqw o apmaiaeasbrargh ks isaerutrabindo B whve thak

i nventi onctARERYIONE 8A%thYs AUIP ROV ES (HRITRAME 1B s Bh& BN daldlintageOitRar ed to
previ ous, largely manual processes for aseptically dispensing I'1ve

manmal i ansedefor iy perpossthepquse such|vakiep He npfalyysachithy steirgtinpgrty of die flexible

A28 eSSl Al AL My i SESTL T\ RS

i nvent i onhe tubing near its junction with the main line, thereby advantageously providing minimal
entry of liquid into the closed branch line.
[0032] After preventing flow in all branch lines except that of the one bag to be filled
according to the invention method, a desired volume cell suspension liquid is dispensed into
the open end of the main line. This volume may be dispensed, for instance, manually with a
syringe or by any motor-driven pump. Advantageously, the desired volume of cell suspension
is dispensed with a peristaltic pump so that no pump mechanism directly contacts the
suspension, again minimizing chances of microbial contamination by maintaining the flow
through closed sterile tubing. The flow of liquid into the main line may be stopped after the
desired volume is dispensed by stopping the pump and/or closing the open end of the main
line with a valve, for instance, a pinch valve. The pump motor or mainline valve may be
stopped, for instance, by a remote controller that detects the weight of liquid dispensed into
the bag set or remaining in the cell source container. Alternatively, the controller could
monitor the pumping time to stop dispensing after a desired volume is pumped.
[0033] To reduce waste and provide better consistency of filling volume, the

invention also provides for purging of residual cell suspension from the main and branch
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for filling a single final product bag; [0047]Figure 2 shows a schematic of
an automated cl osed bag-filling apparatus of the invention, for filing five
final prodocoibagsei n a bag set or manifol d-unit (PD = PCOAISCe11/08498) ;

[ 0048] Figure 3 shows that residual air volume in a filled bag depends on
the |l evel of applied vacuumprior to filling according to the invention;

[ 0049] Figure 4 shows the effect of vacuum duration (conmercial vacuum punp
attached to a | aboratory house Iine) on residual air in a final product bag

filled aggar Qie?%etdésﬁéaeifoﬁfn?esiﬁfGfspén@é’cﬁlmo' tﬁ@ba SQQVF’lQ]t}Fe' ﬁ%n(ﬁofsthé)i’iﬁmtlhﬁ ef fect
on packag@ﬂ fluid volunme of purging resid fl UId line into the

final Bin Bagaspedt ﬁ@thalmetfmde%ﬁq@t SIeoba&l}gnilgggﬂses @t@ﬁm utlch‘faprep?equ staltic
punp speq&o% rp%g th“ f{m BASURSS ABhaba {]fb%cﬁlleﬂ ran% Hg%vlg&lbﬁdg;]& y of

cells during pro uct ng accordil ng to e presen vention, over
t he test eéenginingen e nrm;mbna/@ﬂ the ppop Wraed 100 0f thphyncdnd. Cubiemgntlyi Awsstefilde 8 to 3

2 mm | D) &)11{5{&@5%155 3 ARG alPoR IS i NGa&L G & Ao MPsSREESE R0F of KRG ST ze

(i nside
in the art for cryogenic preservation of live mammalian cells. The flow of purging gas may be

stopped by a valve when all residual liquid is forced into the bag to be filled. The flow of
purging gas may be controlled by a valve between the purging gas source and the mainline,
but typically is controlled by pinch valve on the main or branch line of the bag to be filled.
Advantageously, the valve stopping the flow of purging gas is remotely controlled by a
controller that detects removal of all residual liquid from the main and branch lines of the bag
to be filled, e.g., by weight of the filled bag or passing of the trailing meniscus of the residual
liquid past a detector located close to the connection of the branch line to the bag to be filled,
thereby simultaneously minimizing product loss in the tubing and undesired entry of purging
gas into the filled bag.

[0034] After filling, the invention method provides for sterilely sealing and
disconnecting the branch line of a bag that has been filled, typically by sterilely welding
closed and cutting the branch line tubing. Bags may be serially removed after each is filled,
or removed together after all bags are filled.

[0035] Although pinch clamp valves are advantageously used in the invention method
and apparatus to minimize breaches in the sterilized tubing, the invention also contemplates
use of in-line valves in some circumstances. For instance, it may be desirable for simplifying
automation to use a single three-way in-line valve for selectively connecting the cell
suspension source, vacuum source or purging gas source to the mainline of a bag set,
particularly were a disposable plastic in-line valve is available.

[0036] In another aspect the invention method of storing live mammalian cells
comprising dispensing the cells into sterile, flexible bags according to the above method of
the invention, and then cryogenically preserving the cells in filled bags, sealed bags.

[0037] Yet another aspect of the invention provides an apparatus for aseptically
dispensing live mammalian cells into sterile, flexible bags in a non-sterile atmosphere,
according to the invention method. In some embodiments, this apparatus comprises: a

plurality of sterile flexible bags, a cell source container configured to contain the live
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on viability of cells at 3.0 mlIlion cells/nL; [0053]Figure 7B shows the
effects punp speed and tubing size (inside dianeter) on viability of cells
at (B) 10wO2mriwi4bonm cel |l s/nlL; WO 2011/ 140076PCT/ US2011,03AB3™1[080821] Fi gur e
8 shows that maintaining a uniform suspension of source cells during the
filling process of the invention may be readily acconplished by nmechani cal
agitation of the source suspension; and [0055]Figure 9 shows results of a

| arge scale test of the filling process of the invention, with 20 product

bags bei %rﬁrbilﬂaﬁ‘éelf@%ﬂﬁﬁﬁ&&i‘11\{§|l1kjuﬂdsd %umwu&mn&ya&%tph%m%ag sQiEIINY steps
of the process. DETAILED DESCRI PTI ON OF THE I'NVENTI ON The present

i nvent i orthgse emberbmentyhoplatlieethitadle by, @élsﬁ@@rcap@rdala@paacaum%m@ ard/ st errs
for auto fo%rote%fef arg effd Bgerﬁ& IR rnlqﬂﬁi?rllé Qs stefif thhGl 8g§e|d¥o e @kieAll y and

safely f Ing fina uct gs wt rapy products contai ning
| i ve nmameayireumegeduck thay ﬂlecsumlerwlegrvoky@b@s flugk flovahevaert Ue istegledaieh ancher apy

product S1e1tf1<1t o h'e”QeubQ@urEé %lltnﬁl%p%y e GABHA) 'k%{mceté’rp'tht%?lrgisy &kéé exl Bl

cryogeni ¢ storage cur rent production b enec even at smal
| ot si zes:m(bbdlhests thhahitaﬁh@f 6fi fiaxibl pbagpdLest] sbargs corfdeermeicnurh smca:mdsstelrléﬂ nt at

this sta%e of domstrearghpélocesm ng is.the [|i mted F‘I fter gld{tlon of
bl

the cryoprotectant, DMS PRl Ry %telF?St I G i &P P

accept abllasvombpihdht yalvenhiicextérsallyyqnigages lthe fediyle mmg 1s&ﬁoxt1¢ed91(a selentinte®s .
allow fluid flow between the sterile bags and the cell source container or the vacuum source
or the gas source. This apparatus may also further comprise a peristaltic pump unit
configured to pump liquid from the source container through the flexible tubing into the
flexible bags, and advantageously either the pump unit or one or more pinch valves, or both,
are remotely operable by a controller.

[0038] In a particular embodiment of this apparatus, the flexible tubing comprises a
main line and at least one branch line, where the main line is a length of flexible tubing
having one end connected to the cell source container and the purging gas source so as to
selectively allow fluid flow into the main line from the container or the gas source. In this
embodiment, each of the flexible bags is fluidly connected to the main line by a branch line,
with each branch line being a length of flexible tubing having one end fluidly connected to
one of the bags and the other end fluidly connected to the main line so as to allow liquid or
gas to flow from the main line into the bag. Further, the vacuum source is fluidly connected
to the main line so as to allow the vacuum source to withdraw gas from each of the bags
through the mainline and branch lines.

[0039] All interior surfaces of this apparatus that come in contact with the liquid from
the cell source container are pre-sterilized, and the apparatus is designed to exclude non-
sterile air from the surrounding atmosphere. For instance, a sterilizing filter may be used in
any opening to the outside of the apparatus that may be needed to allow entry from, exit to, or
exchange of gasses in the non-sterile environment of the apparatus. The invention apparatus
therefore provides a sterilized, disposable system that is completely closed to external
microbial contamination, for aseptically filling flexible bags with live mammalian cells, for

instance, for cryogenic preservations.
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[ 0057] The traditional bag-filling process is a conplex nulti-step, manual
process, requiring use of a syringe for filling and evacuation of air after
filling. ®eetgdm7s U. S. Pat No. 6,136,525 on a "Met hodPofi/USe§10/984982r vi ng
Hepat ocytes,” cited above. To reduce potential for mcrobial contam nation
whi | e connecting and di sconnecting the syringe fromthe cell source and the
final product bag, the source, product bag and syringe nmay be provided with
integrally connected pieces of tubing that can be spliced and separated via
sterile tpguong mlgaegtag%e ﬁlercen Rk RNGRtaint ﬁ'sreulnethwmeﬂgoﬂ/\eld@ébmw ocesses
and deV|ces di sclosed in g App. Pub. No. 20070142960, on a "Sterile
Tubi ng \/\éymeﬂﬂlya/elteemﬂhziduﬂ@il@héﬂg Gﬁncjlum tepasepigolty Thpd Byl sarigieveidingl . | and
ot her patﬂ%%oledtgﬁﬁg‘?@hl% Shlafidr, RS L ara§§ et 'csntm+ﬂg WRLERLES nififlihd €

t ubi ng connection | e mai nt ai ni unctionally closed system thereby
m ni m zi ndudiontadeigiab! Gexiele avbingwitbens ted flhidlyerpnieatadnte rthe contd@s8dithar a
traditio 0 i r Laventors,
For 1 nst aReay & tdenhBPPGRRR: ML, (AT BRER, Bihb ey B 68 Ehab iR 2
liter oranpme&nﬂmanmndmbtd@hgnihemapyimrmdumnmmmmpraskn@kWheqapeuuh@ cells
suspende%ohngWOﬂ%%g&p%lctHgﬁnnedlun1conta|nlng DMSO. The cells in the
source bag are suspe hded at"a pre-set density, and the syringe is filled
with a pr[m}4sl]3t vol Tinenpvdadbinagparandsiatso idnelep baiec br wpefid, whichEag hlusyityi nge i s

th f t ached, t.ubi i t.h
Lubi ng- SabfErble S At BEH RGP spRERh e bl S R FRATs IR Tl g °
att ached by BrahéinBhe. [Fa0ll BEdnclE iR & BQEngth yspﬂe;abllemulﬁngaaﬂhg %e/@ﬁd/ﬂaﬂl}f | exi bl e

freezi ng bag axt er | t hcar e Cor po i . The final
product , CPVEFP%EF‘? 9%@69%%%%%%? Pthgh%@eﬁlfg%ﬁonnegteﬁ ﬁ%ﬁa SR pedORH{D t he
bag, the anag liqgidi tb ¥R B ATedntathed Hid Hdak STHESREWDePof webaagn@,étsr&%éiual air
pocket or bubbles from above the cell suspension, car avoi di ng

i nadver t éRENHENBYRAPC BPmanly FPREI00pTsHEE S éséeH%@Bh“)ﬁ?§§ké%7otﬂe Qyringe

tubi ng i §0b.%0, S40SGRO0SGERALK frdin @bd;u‘t‘ b RORGR] @Y suide SL&cQa8d hembgady for
freezing. Throughput of such a manual process, using siX trained

techn|C|éﬁg%mﬁ@“gwﬁﬂtﬁ@OC@a@@mﬁ@Vaﬁb@WﬁmmmHﬁM%ﬁﬂ%ﬁr ebermgbQe. a batch size
of about 604% i ter’?hef %Veﬁ‘nc%o aﬁﬂéé?l?sg f&ﬁl%@g:%mpﬁ&g QN&?IRBP%HEI‘CQ s%lekt'nte%f s for a
5 nL dosage within the preferred 60 mnute w ndow tor freezing cells after
addi ng DWS@GC{@@@B@]% Wgsepse%tntallowwecrwmtg bhapplicdrakachddg ithhe afiouther all

traditi ong he@gﬁg ﬁg‘l% i‘%dl\fléhlahg nﬂle%glﬁ\d\@&uli]ce 1?%6%9? l&f’c{c at?ﬂ# s@t prior to
cryoprotectant an di scovered severa rovenen Itate

ef fi ci entfilling dorabstowe,ab am@rpoﬂﬁs& wrhlnrpltyepled;eyva@bmsédeltson é’nklbceﬂnable bags

cont ani nat ) oy C2dL0%E Qneh SALELL DrOLGARL, ADd.LERT OS] bl Ly et 1 nal
product d3$5geS Th" ATt P npts 1o enapiee au onat|ong%P $08t ant
process, tlowHsespendidne present |nventors di scovered that using a peristaltic

punp to duce the ceII ensi a |nt onvent i onal eni.c. freezing
bage (o, J0BEC 80 ICaBipe B O Mle * ahaboBERs &7 ShuEndBva Pidy T  he
bags, cowbm@cﬁed mehlaQiaQ s@tag avan ui e tuthigag tancly fae the lgum@uueed ehddroffthd | i ng.
In the prior nanual roceﬁﬁ. %scrlbed above, this 6 SidE air was renoved
usi ng t h&2§y fiyipg? ﬁ?ﬂ‘ﬂjsé’ iqwd feypaiging s Bgmaeer hemeh fine WRRS ip el of ajr
bubbl es ok fineg Iﬁehescmr)bda‘opﬂay@nﬁl@rﬁetﬁddezﬁfznmv&agn iaBowvel A antdBERE halhe. For
i nstance, the CryocyteO bag filling instructions (found at
VWA, CF Y OHIES eeﬁfcty?lé{tcenrﬁmeg (pihe b%g b dor iRRnCce dp @ mpifstiney Beaf eCRnpestivenove
al'l air foramdeodid dogfiRado Blat BF p{u%n%@é@ BEE:S @To¥ Aol Pifere Ak 'Ilqllﬂl?! RRLRShOT
pockets can cause non-honmogeneous cell volume distribution | eading to |ack
of cont r 6¥ited and Betefarg cleamdndst ofcthn ﬂaﬁr@@ tubangipatlh beragert tha eell pairgeranghthe
mechani cal, adiltfflon at very low tenperatures obtained in liquid nitrogen
storage systens 0060] Anot her problemthe inventors found when filling
f1 exi bl e [B4gs wi t hinfspmakembedimes, delappataips plithp inygntignt fhrtker pempresesd vélee punp
was t hat S I r | 44 1t hin the
ubi g coRhaEEAREhPIANE e MBS Rl SETHIENRRhQ Lt Bhblle?,
Preferably, such Valve is a pinch valve that externally engages flexible tubing of the bag set
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froma |large product source generally will |ead to nore product being
retained in the tubing conpared to the prior nmanual nethod, as practical
consi der awpans/1a0E6l i kel y to dictate | onger tubing to c®amasSkoIa/0B48Yye
source to a small filled bag than to connect the previously used syringe to
such a bag. Thus, sone loss of final product in the filling tubing is
inevitable in a peristaltic punp-based filling system but mnimzing this
| oss is necessary for efficient production. [0061]In addition, the present

i nventor g, @lél&wwraﬁ@lwto@@{opmmﬂ% ifl #eBubihfnlith 8 RGLAME e s!téhhtz&Ptu%Ql%Ve

manual bag-fillihg process is the necessary performance of nultiple sterile
wel ds t o Hurthgr, the apneratgedeant ceorsbycomprisestagetistalin girep priglocaied sous tertovst eri | e

wel di ng S Sl YREC R ¥nd & SiEveh Al HYLES 11hO flifcCRGN wel d.
[0062]Ac@ Bﬁ% ? © (§ éﬁ%&ess tﬁ%ccﬁlﬁgengeg%} q%ﬁlé%e%t aufbna?e%’fllllng
of cryogéhﬂ®g$reezer bags with cells, including reducing residual air in
the bags,y le m [ f oss
e bags yaa} | o Sk o TH T o S B B ADE LBl 053,
about 95@@0&c@m@maWrdbwatM@ﬂpwyahhyambnaambowﬂKMyfmbwzénobagmaktepmf||I|ng
with a syr or .pu mntho eni ng. the s or pQrat.i ng nore
sterile \)/%e# 31% figt usf"IE)ﬁ %OFGO%Oélgg < l?rpnilpf Yeﬁeﬁlarn gg%gneetn%élfl%rwe?&n%%)rémg e final
pr oduct bmguﬁawwﬂdhbem1ﬁnhéangﬁqmﬁzseahﬂngmmthmnba@ncam:nwmﬁdmahemmzbe

packaged for cr preses v atio ld stor one enbodi

Pher of or éraity SiEBa SR8 R0 afdilcFhRAANS pryRa® ey R BEEosRy (o o,
a Cr yocytfeQasepticaye dispenking @&t rm@nbﬂeg])an \eids ﬁtcﬁitaﬂH @exﬂil@-ﬁitgsCfdr UkNtdnge, et Wor k to
at least (a) a cell .squrce container, preferably a flexible bag containing
cells su$ éﬁﬂ%ﬂVﬁFmﬂ$B@F$ﬂ@Pg%koduct density in cryoprotectant medi um which
is delivered fromthe source to the product bag via a di spensing punp; and
(b) a vacuum source. Opti ODESCRIPTION OFEHE PIGURES bag is al so connect ed
via the sterile tubing network to (c) a purging gas source, such as a

sour ce of[0Gtoer i I e Engeﬁeswhomd salhgmatié o6 ehgppatans vedd ia medtingak ef aepaveatiols f or
perfornlgg.lr f rocess of the invention for filling a single final

pr oduct d; %g% 1?1p dYelb8%1. The sterile tubing network of this

appar at ugoef7] t he i pigerdt2 mwSrmiouahm dha d@wr@tdmgcl@@a bsglﬂ[lﬁ‘ag appsatal of east
t hree val ves, such nch_val ves, which can open and, cl ég t he vacuum

a
purge, afdf QEMUOBGF by Pyl orod Hﬂgmab%go%elt mypl4-gnis ddligderdet y: (1)
remove aigoséf omthe final product bag and tublng network; (2) fill the
final product bag with a desired anount of fina roduct; and (3) purge the

t ubi ng né9%§}k of F]étl%ﬁ%@@W@F@ﬂ{?@l@uqhammlum@dveuﬁrlmlef bagedepenidgio thedevs! phe fi nal

pr oduct Q@@ %gphm@fml hddgr A0 Welind@BSn;i N the tubing. WO
2011/ 140076PCT/ US 1/03498 [ 0064] Usi ng the apparatus in Figure 1, the

process d9049he i nvEigureoth shewys Be disaidelcvasdum clstion r{gommemhbvmumowrmg
ui dance: , ur ge
g att Iﬁ‘f? Elgpljag)r}f E%HSEI n%ﬁogl reg Pgﬁl?ﬁ Q%n?%@d&cy @a% [@dpa%mdlﬁg purg

pump; (2) Sterile wel Product Bag; valve 1 and open
val ve 2 tthe mbdeotinesnsicuat i on of air fronlthe flnal product bag and tubi ng

for 2 DU SBRE ™ "oHgh LTLAGHD kb pleo AR NG FrIh OB ALVE T O

di spense ‘product spécific-volu
aIIom1suﬁﬁmnﬁbhnemmw@@ﬁﬁmpuﬂu@émgumn§MEme%ema|r) to force resi dual product

1 ui - ontd (e ifure Eythl T BEGRIE thpoe nd ARG eI BTl P 27
t ubi ng t@ﬂkh&mﬁhéke&hbagkmh$d@n@ayothWQUEhmamkagEQg%ahepmympnﬁaﬁﬁmat|on or
(t:)glgf:if ;slt F{oﬁ% %{e%gcgga]n%ef 0 [ﬂgﬁ)%% ocms 880 486 O% BH Eub?rfg stlzrés? (Oaéjt%a})r.f rtn}JnSID%;nd

[0052] Figure 7A shows the effects of pump speed and tubing size (inside diameter)

on viability of cells at 3.0 million cells/mL;

[0053] Figure 7B shows the effects pump speed and tubing size (inside diameter) on

viability of cells at (B) 10.0 million cells/mL;
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invention, for nore efficiently filling nultiple final product bags, the
present inventors al so designed flexible bag sets (also referred to in sone
enbodi merw® 20yBdeT6as "nul ti-bag manifold units") in whiPCh/USaeih/obg2 | s
connected by tubing to a conmon main tubing section such that fluid

i ntroduced into one end of the common main tubing can flow into each of the
connected bags. A schematic of a sinple apparatus for conducting nethods of
the invention to fill five final product bags in a multi-bag manifold unit

i s shown [pgsafi gur eF%ure[ HORAL | that FnadiHhihing laetﬁtlfmtltdsgélgloﬁmftsoaée &mowind) Figure
2 for the filling of multiple bags, theé process na% be conducted as

fol | ows: tlteiﬁlhag pEosds of disupveatipngay @k wéﬂrs rergmplishsd by araghaniqali pgitatiei obur ge
punp; (Zlmﬁ%%kkbﬁ &ﬁkﬂ E{gnal Product Bag as shown in Figure 2; (3) Cose
valve 1 open Val’ve’ 2t o al | ow evacuation of air fromthe final pr oduct
bag and tl0Shg forFlgum 8 dboes misnkd of epieigni szeld)test jofghe fillingproeass wélthe 2 and
open val S r | fc- ) and
open valégmﬁm%o a1 ﬂﬁﬁ IB'yBln%g?%%C@ﬁﬁ%%k%gﬁmm%qﬁpgﬁgf%aéﬁr¥93%1force
reS|duaIppmmﬁummsbfmnpuhamtublng into the final product bag; (6) C ose
valve 3 before purge fluid enters the final product bag; and (7) Sterilely

Tor cryopr eser vat | on i A D BSER B 1g EV ONY ve steps i o
r epea_t ed b(f%ﬁequenfl% %rggen{sﬂzgf&ltﬂtl rp?tl}\ffdefs J'OVQ({ ﬁgh%gf agg‘g%mlht@d %p[ﬁagﬂﬁsr

enbodi rre e fil e pe or med n para suc pr oduct
bags ar e aadl bystanis| fedavtomysed pdrfoghangs 06ﬂ@smmstéddsafmvéicamdy,trhmbéamdesrafeseaI ed

i ng. e EAFANEDERE il PupPAby o bRABHLIEHY [ fiBhul SACSRY ©.,

net hods wsiray peocpses Bt aianlitfacturqueﬁfthqm,pymrodwgeﬁllhag that firfal gducd comone,

renot el y oper.at J nch val ve(s that are ope ontroller

b ovi de” Abeg e bR Fher e §5HE piss N dbFuiRRoRhe B o Shaby 1 ui o
in an asegtsi®s efl}eissrnhﬁmﬂﬂtfmalafreddcnwgg THzemain ftidie domstaan@ethlstbt@e dPabwnNoS.

6,712,963 and 7, 052, 603 b, No. 2006/0 2, cited
above, ditSEDEIIRE S HES dhe f1 ? F%?#JQF%O(J;%%@ n@ﬂﬂ%lo ttwtygprogtgea%ﬁ@%}g hat asepti ¢

connect Omfamrhdliad WéIRNBh @A yeillreds steptaBicspangy nehikh ©teedane bagybddt 6o es such
as chromat ogr aphy el uates. Typical, flexible bags known as PED - PAKO Quad

75 mL Tr dASFB¥HPacks, are commercial |y availabl e from Genesis BPS, 65
Conmer ce [ywyr) Hac kﬂ%ﬁ%ﬁonﬁ“b%?@l@ﬂg ptdeeQ 94 IQOQ@[&%&I&%&? Rl pRicegoncept
for adequate air renmoval fromcryogenic ba%s bef ore ing with cells, an
appar at ugCHEES P AG? DEINE? G fiding, anwet%fatttont air gfien fBHeg: Spt ﬁ@e WAt Neas
initially kgsbedy aA%Qﬁ&Féﬂ @?Qpﬂeé?:r@f@ﬁ%aﬁoc%es bekioabdvieTd RBEE Rltdnthpund
that the anount of air left in the bag is dependent on the |evel of vacuum
appl i ed pen oicrebial tohatamjratipn gyhde é@lnemw@sdlsomﬂqtlm ﬁﬁcﬁﬂl@@t fom rthgreell
experime ¥@ﬁyﬁ of, Vs
quantlflg%ag te ?hﬁﬁﬁﬁgﬂ#gﬁtﬁ hﬁ ramn gc?ggf ua a| in (o] ggggggnge. The
resul ts dergaibt camectehatecesarf obivg et wambs splicdsanddpappd iveattérdn tgerg ods can
suffici er.\kt)ellc}{ \é@g Y, 1§st ck s'teipll tnglng@\%fdlr% ed ?Jessteg %d (ielvlc Hdis Ema@%l Pé‘tatl on of
an ordlnary &bora ory duse vacu ew' seconds bel ng suffici ent
to renovelppt Pileast 2a0ﬂ§l]t12%ﬂ%roﬁ “Stes]edna)tngawleldelASyslmnugbubtmhedgemémalzlly
necessar y. fillin by
appl yi ng%goég) oétoglgrger culliur"rltn(g(?u Eatg{% rJ%f‘p%l %}t%ﬁ%hetr‘ﬁn gt 941%% Crle%t Sq

times (b@tehler eﬁmn/g I’tg)nﬁ?dctlortﬁnwﬂnlef frﬁmtameg y9 , fundtioadltyercldaed) sfystbllnt rtge;retl's}or

i nst ance, furt | i cat.ion of yacuum ejther with or w thout
nanlpulafWﬂénFﬂ%c me ARG Y 8PS RUHIMRY) means, to drive trapped air
bubbl es tigosshe t opmnof trédigotanBag-filad Bldsegarelinglyl @ss b9fth@p1@@lmctnveﬂbﬁl ned in
the filling tubing, in single bag tests with

for instance, a syringe 1s sterile welded to a source bag containing a liter or more of a final
cell therapy product comprising therapeutic cells suspended in a cryoprotective medium

containing DMSO. The cells in the source bag are suspended at a pre-set density, and the
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an apparatus of Figure 1, the inventors observed that over 1 nL of product
was |lost during filling, which represents from5% (for a 20 nL dosage) to
up to 20%ofReorv/@ao@enl dosage) of final product |oss, whiP€Ch/USg01MMI8EPLt abl e
for these inherently expensive products. See Exanple 2, below. Wile such
product |oss can be reduced by m nimzing tubing | engths as nuch as
possi bl e using readily available conponents of the apparatus, as
illustrated in Figure 5, this product |oss also can be dramatically reduced

via the adgideliofined wahwrg_@etlaonr‘me bb& cﬁt@&ihé}f Q@@tod%tesee&ﬁc RAED Aot e tubing
with air was found not only to reduce the |oss of product, but also to

decr ease thatescnasptpd Bpmi thy squateahydiay dingetyiatieqhe yubate widea oo retled gshiet i n t he
final pr Qﬁ&*&% is t?l?eg’stegipe \ge?lde%]cptWﬂ?estuﬂ'ég {achb &%%a%@ﬁmrlt Sor%)mer{/%ﬁircﬁgfya & eating

a nore robust process wth tighter dosage spec cati ons '

2011/ 14007V6OCPLSR Gle1ibBIN98 g Pa’g)(m}tmnlﬁ;@ﬁlth@m Cyrporahps lyyinegEaldt) epheifmaki npl y
aut onat e S upl ed
i th contrancy GBSy B ATt Ph R B M LAt BB, SELnEE e
val ve soaaé thmsyplngwemseéX@mvamglrcsgdtrhl ur @ocfkret)m bmttbmﬂfmgn bheefthd gl bag,
for I nst alljlls(f)e SlOIIy 1I¢ ﬁlﬁCtVOI% 1nag ! I%l’?t rga? a(fOPt al lp 190 uSeter?ldOSf‘algd%

wei ght) or the T he de {ween tHe gl ng PN YA The ! prgduct
fluid pasl“a@magqombmg 1srthafd1i;doﬁna‘ctekilveﬂh atla@ng smlem,gmsmws:(agss rtekraztfoafre:ziﬂgom and

readi | ai l abl e for auto Si ng process Thus, the
by ocesy dEruR R ot B nsaern pripe Sk STy st bR Rt R g
appar alt UhoG ﬁlwvdhg\grot:@mgg OfH Batch sifeQst ab&IB 1 2NB&s fomatd0 ﬂmﬁgagadosage SNbL elr |
control o e vacyum _dispensin e pu and v as_wel | as
ot her dedpeidHHERdD s EHnfeess K HihindhSorabes 89@%11&%%@ ar ¥?ﬁ%@ﬁﬁe% to
provi de Gespldgine ohagofilling systems. Conputer control of all valves and
punps would be operated via sinple control |ogic software, and woul d be
parti cul dP491 usef ul'hq Bresen inveigors &Ry BrbBag de oveaenlitigmakeigesss fori fHimg, i dual
mani f ol d gl 49 dbihSeunOWerk G %atob%técaﬁ{ QRS Aisbhrrddagviial ihgvddimauaiput  of

t herapeutic cell manufacturing and further relieve a critical manufacturing
bot t | enedieilitpooFRgiqH caubnamption | ofi an grogese ceempleipid clpprhtarismal cangningipant i on
provide %ééﬁﬁﬁg%%fe%ﬂ& er @&%d HM&M&BHW of il p}o%c% éﬂo?agQr 1l fitfal hitd

cryogeni c bags wt erapy products, conpare e previously used
manual procesds atmn%d@gcp_rf ithyeidstalsavesess Ihowei@hp_h@ prsfent hventandissbvgpedtess,

usi ng si [ - [ P oW ng
pr ocessi )r?gtng? pgﬁ‘ %%{%ég |{zz)e1 o?sd’ua ou'? Qg%p%gﬁol;é#l{st&?%}@%%%ﬁlc /gltg)ﬁ}wﬁgezqlll e, and
only abowbg0(eZ..ld @nmd. €nncye® bak) kitismgecptablt hinoutthef pn‘elﬁ ehrerMS 6c©rrmng1ut e

wi ndow f eezing ce afte d or.the i ,
el o ¢ nenhPEE & eiflak et WHLRLLPR wRERr e ShoeiPd Bk 0T Fo
i nst ance desclmbahﬁ)ohaums acsslualgdiewtechol el @mgctbu fitlingisylingenAy nébd slsevgiees bags

d.t 13 fol.d. Ath th t. d
ot nct Gagaithe drFOPE PEATT MRS Rich oK URie SGROL MSIPEDREE i G [t 1 s

cl ear thalhdéshaalﬁl’eﬁ&ntln!;tﬁh(ﬁ,nt then CaBcyd¢@matap catlliyg | NGreanas t foornghput per
hour of technician effort, mabo t 10 filled bags to over .100 b gs per
hour , thé*f“é‘ﬁf/ryﬁﬁt%wni’?g“?t%fm H’ E’%‘E“‘i { e muyt by tpkepdp rgnverpllpir Hom;t

t echni ci 3@ baPhrRGes styDreQhvaiiue il BRI ob@b&'é@%albyau@yhéﬂ RbrRodeREhNtLAI ans
each using a separate apparatus (particularly and tubi ng wel der).

[ 0073] Theolumpetitiahudion apding e lgck m%rP]&‘&tféﬁ‘Gﬂég H‘é?‘ “c?ﬁ’é plae feathin bagdrasivet er s of
the bag- ffonl hicBEhinRAPEEESi0RTat VR 1oAY & egaﬁlresl:%tath@tn@ml@l@ld Iﬁﬁfa%@l Sorge
describes test results, presented in Figure 6, show ng that the perlstaltlc
punp speé?ﬁt%m%l tubing size has no substantial effect on the viability of
cel I's durpgyg) pr odugﬁotp&%pctmérﬁ {h@gn\%ﬁ&%rféhﬁtgwﬁé?l fulify, REGSE Bhod AULAL 001 Over
the teste raneo vel ocity rpm tubihg sizes (0.8 to
3.2 mm | Dyoduhdanpingig @Iélsepméeétlmmrr@ wft @ntsaub@artt@hkosmgf ropdust ¢audd eccon cel |
viabilit a range
¥ epr esentsf 1o AHEHARShE pind A KL blodpER b G ATRE TR R

cel | s/ mL)fromAs lasgmmducnsdﬁlr@Lgee@raIYyAwdhk&aWB more peodutt hcine eesicd dn martm ers
significantly affected cell viability over the tested ranges.
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[0074] In addition, testing in Exanple 5, with results shown in Figure 8,
denonstrates that maintaining a uniform suspension of source cells during
the filliwg2prioeess of the invention may be readily acc@aplisseian34yg2

mechani cal agitation of the source suspension. The inventors have al so
exam ned the effect of the cryopreservative, DVSO, on cell viability during
the bag-filling process of the invention. Tests described in Exanple 6
showed no significant affect of DMSO upon viability of human der nal

fi brobl aghmpiRElo ®Ebls hiRkl ﬁétﬁodii'a@ Bﬁa@%ﬁc&%ldgﬂdﬂ&{s@% flltbrl}p’fbg(hctﬁt@%ﬂ%gr ina
timely manner, according to the bag-filling process of the invention.

[0075] I t tlting toheonpecs @i lnge apwee &ne small GiHed big denlitn spypestitn IpfeinuﬁlﬁélS?!del evant
arts thaty, o{Rer sl 38! Phtodinfd 1I6&Lr ¢ 0@9&@%@9@ ﬁﬁfgg%%golsa&% s and
applicati dns descri be erein are obvious and may out eparting
f r om t he psuggtc phmpipasddniiiéng ispiteror b nyinentsiodi this nlpsst hetrceesbariaor nficivotv

descri beg’(ﬁ“ﬂ Jresent invention in detail, the same will be nmore clearly
understo y réeference to the follow ng exarrpl es, which are included
herewi th [OQﬁil pur polsedditbn,ithd prs$emamlv@11lore)disg/0vawd tizat @ nrgdr ratpdlientttechctiaitybe

I|mt|ngo e inve Iel Renova ual,,air from
f1 exi bl e "bag b g OVe[‘%aé‘?g]bf‘% ﬂlmgl?ﬁ%c\%%s T h 3 PO Pﬁmal“ fe Sieélgen‘iv%ld% reezi ng

bag has ao ﬁﬂgastynn@ dndpapty Ointy Iaablglel tay, ofcufreazenilcetiimgpnibetshetypleylbi cal
integrity of ags after freez n liquid nitrogen. The follow ng
tests mer“équbrgrs‘fvcgfa?rg’gm’tt%t%l‘é?lwlﬁf Eht é‘i ef fectiveness of the present

i nvent i onoge2pcess AeordigiRpval a@dreé’seﬂiedbtadllelfgel’ of fe@iBichE y@gﬁmtem finegzbnhg bags.

Mat eri al s and _Equ rrent Pedi k flexible 75 nmL sanpl.e bags .(p/n 402-04,
Genesi s Bﬁ@,g%%ms%%e A3 W ltweﬁsenlggle%ngws dygingoicyid ng A 1§yt%F riﬂ@gs (BPHF 06009)

18 ga ne@ﬂhﬁliﬁlﬁé rth@&aﬂ'lﬂér of sterile welds and product loss, the present inventors have
developed a novel process that removes at least about 95% of the air that typically remains in
a freezer bag after filling with a syringe or pump, without opening the system or
incorporating more sterile welding. This process simply requires one sterile weld to the final
product bag, and after filling and sealing, the bag can immediately be packaged for
cryopreservation or cold storage.

[0063] In one embodiment, therefore, the novel process involves connecting a final
product bag (e.g., a Cryocyte® cryogenic freezing bag) via a sterile plastic tubing network to
at least (a) a cell source container, preferably a flexible bag containing cells suspended at the
final product density in cryoprotectant medium which is delivered from the source to the
product bag via a dispensing pump; and (b) a vacuum source. Optionally, the final product
bag is also connected via the sterile tubing network to (¢) a purging gas source, such as a
source of sterile pressurized air. A schematic of a simple apparatus for performing the novel
process of the invention for filling a single final product bag is shown in Figure 1. The sterile
tubing network of this apparatus of the invention including the purging gas source has at least
three valves, such as pinch valves, which can open and close the vacuum, purge, and cell
source lines to the final product bag to sequentially: (1) remove air from the final product bag
and tubing network; (2) fill the final product bag with a desired amount of final product; and
(3) purge the tubing network of retained product fluid, forcing that fluid into the final product

bag, thereby minimizing product loss in the tubing.
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Henostats Water Top | oadi ng scal e Low pressure vacuum (conmerci al vacuum
punp) Hi gh pressure vacuum (sinmulated with syringe) Flexicon Peristaltic
Punp- DFewpQO74TiTe t esting used 75 nL fl exi bl e Pedi - PaleCT)USBag®34982

sinmul ate final product cryogenic freezing bags. Control bags were used
directly as received fromthe manufacturer. Test bags were exhuned of
residual air by one of two neans. The first consisted of attaching a 60 nL
syringe to the luer-lock port of the bag and manually pulling on the

pl unger ypgds] NO NDLiRs ahd o @Atgs ke Fi?ﬂ@vl?dthe Théceseepntt GRRAGH @fhyObe
attaching the luer-lock port to the Taboratory house vacuumline

( conmmrer cicandugigd aeaprgngry) the fdlosinoiidnges Hb) Hugablesowee bagadisatnedepympnot

| onger t ) r : i e sanpl ed
For r ermi D DR A SR R R ) €D Lo,

i ntroduciongn ¥8lver2 ¢f alkew eavaduation vheirbfigm thhifohl wemlugubde eide fubingofald ow t he
remai ni n i 0 I J: 1 he i r i ifh 18 ga
needl o corsephfed KARALP ablP (3T PGS hy RHETIPTY & b RdRltd o
air in thpecfagvobese; @St Cimt edvé rlomdtdpen welvadetot Alatv siiidicht Ipergeehmod ¢dg.i n t he
tosting rebae R RGe oo rbn YOHATe bR EREUES e BULR AT of
cont rol Bagsoré pargaiflnidreanpyvidd finZlgraduealcagyagd @Y SteapgdsedBand cidave the Sulyithg

whereas the residual,.air after | ow vacuum (syringe; m.niml vacuumn

e aged 14 thg IR B il i pRfoat it ek T TR e BV e mu

\t;acugm)h , [006825 anT@nil«rdmi thIPBroﬁgﬁjudUﬁlheadp[)arbt!ﬂs @H@@)_b@ﬁﬂiﬂgbfgﬁodé\@f tﬂk,e?rreﬂ to
e within acceptable els r cryopreservation, with application of the
hi gher vaREHIHETHEBC fedintty e Y0Pl fi06 LRrodist HiesothoERCRHEY RIS Himl i 1

r emai Ni NGledifne@OMxil bARGSs t(BIRS WeFE! AOtn QYAE WalbedimehQOnERdilruk thantibast i ng of

the effects of evacuation q%éggplylng vacuum via a comerci al, vacuum punp

for vari ovpdifpldpwithain whigh ep 0 ¢ognergedyBbing to BeRsHReN MRAAIURHBK TR r enoval

of resi dygdh @i IkERAYECRT Hto WRSendGRHRUSHNIA RRPHbing G ABRIS0 cREfoffhgur e 4.
[ 0080] The above tests denonstrate that performng air renoval prior to

filling Isagpsciai bpespriotRhiematicoppodigle aprprat foependpetinetnatkgds ofiiergventien il i ng

process Qf fifi g iﬁﬁM%mdiu@[rbagg i rfulti-bag manifold unit is shown in Figure 2.
[0066] In a multi-bag manifold unit as shown in Figure 2 for the filling of multiple
bags, the process may be conducted as follows: (1) assemble source bag, dispensing pump,
vacuum pump and purge pump; (2) Sterile weld Final Product Bag as shown in Figure 2; (3)
Close valve 1 and open valve 2 to allow evacuation of air from the final product bag and
tubing for a predetermined (optimized) time; (4) Close valve 2 and open valve 1 to dispense
product specific-volume; (5) Close valve 1 and open valve 3 to allow sufficient purge fluid
(e.g., sterile air) to force residual product from the tubing into the final product bag; (6) Close
valve 3 before purge fluid enters the final product bag; and (7) Sterilely seal and cleave the
tubing to each of filled bag which may then be packaged for cryopreservation or cold storage.
[0067] Each of the above steps in repeated in sequence for each of the final products
bags. In another embodiment the filling may be performed in parallel such that the product
bags arc all filled in parallel as discussed above and thereafter secaled and cleaved, in
sequence or in parallel.
[0068] Manifolds of disposable tubing and flexible bags, suitable for practicing the
present invention methods using a peristaltic type of pump, together with one or more

remotely operated pinch valve(s) that are operated by a controller to provide automated
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closed sterile system provides an adequate nethod of air renmoval to
prepare the bag for closed systemfilling. Alternatively, according to the
present iwoOentyw@m7eéai r coul d be renmoved from bags by theCwarsedians4sszr and
supplied without air for filling without the integrated vacuum step of the
present process. Exanple 2. Purging of product fluid fromtubing used to
fill bags. [0081] Product | oss during production occurs in many stages
including fluid remaining in tubing during product bag filling. Relatively

smal | amuicsy of refd itd @&ha&%ywlaa&stewﬁmg§tfhﬁa b AlepBb MHvivhgRnPreduct i on
scales are increased to commercial |levels.” Furthernore, every nL of final

product ikowstSeentor josiaasaabs-eat. g¥osi Ak 4% and LOB03i and G| Patt Aep- db‘ibes and
even a 5%%)3 Qmﬁgﬁ%ﬁ §1t&1%o$@%fsc]{8&lﬂ§ﬁ§do? ff%§<1b1eh5%g%?a!ﬁﬁ‘§ld(ﬁn1ty§6s@ﬁlbleﬁr

final pro | ost ring large I ot” processing (e.qg., 00 pro uct
doses) . Thtic mperictrrs inawgomdted efedrods dew disoprathgabipiconetigy f Buidp v ay

progect EAILERM L8 U008, L0 R S L R emPr el

mm i nner Pdclarra'eepm(ﬂem)lalrywalllacb@dfrolg GoedieBPed 5> Pakiherice Bégys HaskeasaEk.aipl e 1)

60 nL syripge with 18 ga needl e
[0069] To demonstrate proof of concept for adequate air removal from cryogenic
bags before filling with cells, an apparatus according to Figure 1, without the optional purge
pump, was initially tested. As described in Example 1, below, the inventors found that the
amount of air left in the bag is dependent on the level of vacuum applied prior to the filling
step. Figures 3 and 4 show data from experiments where the amount of residual air in an
evacuated bag was quantified after filling by withdrawing residual air into a syringe. The
results demonstrate that various vacuum sources and application periods can sufficiently
evacuate air in the bags prior to filling, with application of an ordinary laboratory house
vacuum line for a few seconds being sufficient to remove at least about 95% of residual air.
Although not generally necessary, additional air removal may be achieved before bag filling,
by applying a stronger vacuum source or by applying the vacuum for longer times (both
removing air more effectively), or after bag filling, for instance, by further application of
vacuum, either with or without manipulating the bag, manually or by mechanical means, to
drive trapped air bubbles to the top of the bag.
[0070] Regarding loss of product retained in the filling tubing, in single bag tests with
an apparatus of Figure 1, the inventors observed that over 1 mL of product was lost during
filling, which represents from 5% (for a 20 mL dosage) to up to 20% (for a 5 mL dosage) of
final product loss, which is unacceptable for these inherently expensive products. See
Example 2, below. While such product loss can be reduced by minimizing tubing lengths as
much as possible using readily available components of the apparatus, as illustrated in Figure
5, this product loss also can be dramatically reduced via the addition of a purge line. The
additional step of purging the tubing with air was found not only to reduce the loss of
product, but also to decrease the variability (standard deviation) of the product dosage in the
final product bag, to as low as +/- 0.5% (see Example 2), thereby creating a more robust

process with tighter dosage specifications.
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Water [0082] Testing of the purging process consisted of using standard
conditions on the Flexicon Punp to dispense 10 nL of water into 5 single
bags and woreiageseéi n a 5 bag mani fol d. The control con®#CTiuseél1m8498t st ed of
no purge or rmanipulation of the fluid in the tubing. The test conditions
consisted of using a 'Y connector to add a 60 nL syringe to the fill line
with a clanp to close the line to the syringe. After each bag was filled,
the clamp to the syringe was rel eased and sufficient air was expelled to

push f 1 uiigo7igmai ni MghotttnthyNenil iphtge! didpeist Gmpiyt RitknaLP YR SokTFURb1c theu@l oduct
bag. The tubang tolrﬁg)r?e gh v%/asp gﬁ &)els mWé/ and the nex? bag Svas uQ{I ed

wi th t he d&sapab rtuhz@gmrdéoag/&etgywm@ewm mtrﬁbk@am@nd/a@lvméhls ssers thyt elefove t he
fluid fr t i ghts
were r ecodanE pRReallESo kBl AR Bl ARIAR R A ERRE gL P S
bag. [ 0088}aase,diyodateciing Fihguthe B qonring\eeeandetodpgpiae (lyf wsighiglo VBagshewi th no
purge was, g, a%% tweln ?h% &r@ﬁ‘%ﬂ@@%né\ﬁger g&c‘(‘%‘;ﬁ%ss%% %Spn?g%a& tﬁ’é‘hﬁéﬁ% Ive bag

mani fold wth no purg n -con e averag " wei ght
of a singhiagbagson that tahﬂekgam pod g@dﬂpM@@l@b ﬁasau@m%mg of Oflwid cgspnmnhg t he

average W?olc SSte Oljhu ts 09”?1 ! l‘rllgen n an %ngl Olor»([j 1?{*?%15 au?omagedt %smg( Urgl ng

[ 0084] Th resul t's df &G NEFEPE e § ur gl ng
| i nes canpgsaates acm&hngl tcn1E1gu0er 2,1&1%1ns1ﬁnqar editicihapelr obagmpilttr abmsiol sfiaked t he

deor e, of 03 800, 08PSS SOnel ST oL 1o 85 vt sy R (315,
lines W lthat attb&dsaitd alobyd thachemgen &f piotiderRompRRtbapefllse S}i‘s&SﬁsS Camgutet Me
noney for larg e production. npl e 3. Analysis o ess ties and
effects 6ﬁntf9%r0§&§hvahﬁs oo BBe) Hied E?&@srggedo@a SRt loefi RGSaRarw dua
product Ragkl BOPSHEBSTYSHREN TRk tens of bags on each of several individual manifold
units. This would greatly increase the bag filling throughput of therapeutic cell manufacturing
and further relieve a critical manufacturing bottleneck.
[0072] The bag filling process and apparatus of the invention provide substantially
greater throughput with less labor in filling cryogenic bags with cell therapy products,
compared to the previously used manual process. As described above, throughput of that
manual process, using six trained technicians, is about 60 filled bags per hour, allowing
processing of a batch size of about 1.2 liters for a 20 mL/bag dosage, and only about 0.3 liters
for a 5 mL dosage, within the preferred 60 minute window for freezing cells after adding
DMSO. As set for the in Example 4, below, the present inventors have estimated that, with a
18 mL dosage, for instance, in one hour a single technician could fill only 65 single bags
compared to 139 bags using a 3-bag manifold. Although this estimate does not include all
effort required under actual production conditions, it is clear that the present invention can
dramatically increase throughput per hour of technician effort, from about 10 filled bags to
over 100 bags per hour, thereby allowing for processing of a 1.2 liter batch by a single
technician or processing of much larger batches by multiple technicians, each using a
separate apparatus (particularly, pump and tubing welder).
[0073] The inventors have also investigated other operational parameters of the bag-
filling process of the invention. For instance, Example 4 describes test results, presented in
Figure 6, showing that the peristaltic pump speed and tubing size has no substantial effect on

the viability of cells during product bag filling according to the present invention, over the
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anount of effort by highly trained technicians. The inventors have
separately analyzed the effort required for individual acts of sterile
wel di ng awbagitridoi’ie punp assenbly, filling the bag, se&Cirag2eihe34ay, and
renoving it fromthe fill |ine. Based on these anal yses, a strategy has
been devel oped for efficient bag-filling, using multi-bag manifolds to
elimnate many of the sterile welds required in the manual process.

Mat eri al s and Equi prent Fl exi con Punp- DP6 Teruno Sterile Tubi ng Wl der

Hand TUb't&%d%@e%‘fplﬁrh]t? (Tomm"o rgﬁgiand%a&ﬁg m&a@% tYoem [OPERINHE 5

estimated total each in a Single bag systemversus a

mul ti- balgscrhen m@mxmvecta&tmawét:@@tw Gdtvesbiith Phigbmp sizevraimpgelasitapakd ti me
for indiy.g LERS r A ? egti e the
t ot al pr\égelséglllctelﬁrreg Cﬁ'te %hﬁlgg i %g%é Pg E?%ﬂ?n%?dn@gt é@\@/%ﬁrgﬁ&s (2 Onﬁ sted
bel ow. Wahildiongeelsingnmewst slofvnt ub|FrI@1r¢sn7$eh@er7B none of the tested parameters

significantly affected cell viability over the tested ranges.

[0074] In addition, testing in Example 5, with results shown in Figure 8, demonstrates
that maintaining a uniform suspension of source cells during the filling process of the
invention may be readily accomplished by mechanical agitation of the source suspension.
The inventors have also examined the effect of the cryopreservative, DMSO, on cell viability
during the bag-filling process of the invention. Tests described in Example 6 showed no
significant affect of DMSO upon viability of human dermal fibroblast (HDF) cells that are
dispensed by pumping through tubing in a timely manner, according to the bag-filling process
of the invention.

[0075] It will be readily apparent to one of ordinary skill in the relevant arts that other
suitable modifications and adaptations to the methods and applications described herein are
obvious and may be made without departing from the scope of the invention or any
embodiment thereof. Having now described the present invention in detail, the same will be
more clearly understood by reference to the following examples, which are included herewith

for purposes of illustration only and are not intended to be limiting of the invention.
EXAMPLES

Example 1. Removal of residual air from flexible bags.

[0076] It is known that residual air in a cryogenic freezing bag has a negative impact
on viability of frozen cells and the physical integrity of the bags after freezing in liquid
nitrogen. The following tests were performed to determine the effectiveness of the present
invention process for removal of residual air from cryogenic freezing bags.
Materials and Equipment

Pedi-Pak flexible 75 mL sample bags (p/n 402-04, Genesis BPS, Commerce Way,

Hackensack, NJ 07601)

60 mL syringe (p/n 06009)

18 ga needle (p/n 08344)

Hemostats
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Vel di ng of tubing Inspection of weld Heat sealing of tubing Detachnent of
tubing frombag Filling- the actual tine of dispensing fluid WO

2011/ 1400¥6RCII/14BZ611/ 034982 [0087] The filling tine doe®CmaiS2@hasdys2 per bag
whet her single bags or nulti-bag manifolds are used. For per bag wel di ng
time of nulti-bag manifolds, the alignnent, welding, and inspection of the
single weld required between the cell source line and the commbn mai n i nput
line of the manifold is averaged over the nunber of bags on the nanifold.
Seal i ng and deigghing tinmes per bag are the same for each bag, whether
single or in a manifold. These average step tines are then added to

cal cul ate t heTawbediggscatexpected tine to fill one bag separately or in a
mani fol d. [ 0088}, The 50! d66H D nat B l.L0HE he foll owi ng averages: Align:
8.0 secSeal : 1§L§ sec v£|§5%19.6 SSCSEtacﬁgm@.O sec

High pressure vacuum (simulated with syringe)

Flexicon Peristaltic Pump- DF6

[0077] The testing used 75 mL flexible Pedi-Pak® Bags to simulate final product
cryogenic freezing bags. Control bags were used directly as received from the manufacturer.
Test bags were exhumed of residual air by one of two means. The first consisted of attaching
a 60 mL syringe to the luer-lock port of the bag and manually pulling on the plunger until no
more air could be removed. The second consisted of attaching the luer-lock port to the
laboratory house vacuum line (commercial vacuum pump) and allowing the bags to be
evacuated for not longer than one minute. After evacuation, bags were sealed and then
sampled for remaining air volume. The volume of air remaining was measured by introducing
15 mL of water into the bag, which was sufficient to allow the remaining air to rise into the
sampling port such that a syringe with 18 ga needle could be inserted into the port to
withdraw the air. The volume of air in the bag was estimated from the volume that could be

removed in the syringe without removing water.

[0078] As illustrated in Figure 3, the testing results (n=5 bags for each condition)
showed that residual air of control bags (no air removed; zero vacuum) averaged 13.5 mL +
6.5 mL, whereas the residual air after low vacuum (syringe; minimal vacuum) averaged 1.8
mL £ 0.8 mL, and after high vacuum (house line; maximum vacuum), 0.425 mL £ 0.1 mL.
The residual air in evacuated bags was deemed to be within acceptable levels for
cryopreservation, with application of the higher vacuum being preferred as it removed about
97% of the residual air remaining in control bags that were not evacuated.

[0079] Further testing of the effects of evacuation by applying vacuum via a
commercial vacuum pump for various time periods, from 0 to 20 seconds, showed that
maximum removal of residual air (about 97%) was achieved in about 3 seconds. See Figure
4,

[0080] The above tests demonstrate that performing air removal prior to filling bags
with product (opposite to current practice), using the filling process of the invention with a

closed sterile system, provides an adequate method of air removal to prepare the bag for
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Bag Seal Test: 3.0 sec [0089] These nunbers indicate that the conplete
tubi ng connect and di sconnect process for a 3 bag manifold would take 31.2
sec per b¥Q,20f1o0E65- bag mani fol d, 27.12 sec, and for aPCZTh®gommsdiIRdI d,

25. 37 sec. Wien conbined with the fill tinme (- 2 sec for 5 nL and -4 sec
for 18 nL), it can be estimated that, with a 5 nL dosage, in one hour a
single technician could fill only 67 single bags conpared to 112 bags using
a 3-bag manifold. Additional estimates for other fill volunes and manifold
sizes ar %lﬁmé%ﬂeﬁﬁ ﬁlhﬁ‘g f QkdrQMivEg, -E@@rh%glo thk QR Takh&onl a1r E&Ildl H@fe%v&ﬁgs

filled in one hour by one technician ol ume D spensed: 8nL Single Bag
67 65 from bags by the manufacturer and supplied without air for filling w1th0ut the integrated

vacuum step of the present process.

Example 2. Purging of product fluid from tubing used to fill bags.

[0081] Product loss during production occurs in many stages including fluid
remaining in tubing during product bag filling. Relatively small amounts of solution
accumulate into substantial sums when production scales are increased to commercial levels.
Furthermore, every mL of final product is extremely valuable for inherently expensive cell
therapies, and even a 5% product loss can cost hundreds of thousands of US dollars in final
product lost during large lot processing (e.g., 500-1000 product doses). The inventors have
therefore developed a process for purging product fluid from the tubing lines into the filled
bags prior to sealing.

Materials and Equipment

Flexicon Peristaltic Pump- DF6

Flexible tubing, 3.2 mm inner diameter (ID)

Top loading scale

Pedi-Pak® Bags (see Example 1)

60 mL syringe with 18 ga needle

Water
[0082] Testing of the purging process consisted of using standard conditions on the
Flexicon Pump to dispense 10 mL of water into 5 single bags and into bags in a 5 bag
manifold. The control conditions consisted of no purge or manipulation of the fluid in the
tubing. The test conditions consisted of using a ‘Y’ connector to add a 60 mL syringe to the
fill line with a clamp to close the line to the syringe. After each bag was filled, the clamp to
the syringe was released and sufficient air was expelled to push fluid remaining in the fill line
to within about 3 mm of the product bag. The tubing to the bag was then clamped and the
next bag was filled with the same procedure. A syringe with needle was then used to remove
the fluid from cach bag. The fluid from each bag was weighed, and the weights were
recorded and analyzed to determine an average delivered dosage per bag.
[0083] As shown in Figure 5, the average weight of single bags with no purge was
9.09 g £ 0.26 g and the average weight of a bag from the five bag manifold with no purge
was 8.76 g = 0.33 g. In contrast, the average weight of a single bag with the gas purge
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3 Bag Manifold 112 110 7 Ba Manifold 140 139 [0091] Note that the above
estimated process tines do not include tines for preparation of product
cel | suspEa2on4m76set up of the apparatus. Nevert hel es®CTOSR010/034982t i - bag
mani f ol ds according to the present invention can greatly reduce the tine

and effort required to fill final product cryopreservation bags.
Alternatively, multiple fill lines froma single product source (manifol ded
or not) could be utilized to increase the throughput of bag filling to

several hupdieds ¢85 & hasaRdmhilPele HRMEe weight of one bag from the 5 bag manifold
was 9.97 g+ 0.05 g.
[0084] The results of this test therefore showed that purging the tubing lines can save
over 1 mL (or 10%) of product per bag. It also showed the degree of inaccuracy dropped
considerably from as much as a = 0.33 g (3.3 %) to as low as £ 0.05 g (0.5%). Such savings
of product retained in the fill lines will substantially increase efficiency and reduce costs and

time money for large scale production.

Example 3. Analvysis of process times and effects on throughput.

[0085] The process of manually filling individual product bags consumes substantial
amount of effort by highly trained technicians. The inventors have separately analyzed the
effort required for individual acts of sterile welding a bag to the pump assembly, filling the
bag, sealing the bag, and removing it from the fill line. Based on these analyses, a strategy
has been developed for efficient bag-filling, using multi-bag manifolds to eliminate many of
the sterile welds required in the manual process.

Materials and Equipment

Flexicon Pump- DP6

Terumo Sterile Tubing Welder

Hand Tubing Sealer (heated)

Timer

Pedi-Pak® Bags

Water
[0086] The estimated total time to fill each bag in a single bag system versus a multi-
bag manifold was calculated by determining the average elapsed time for individual steps of
the process and then adding these to estimate the total process time. The fill process is
broken into several steps listed below:

Welding

Alignment of tubing in welder

Welding of tubing

Inspection of weld

Heat sealing of tubing

Detachment of tubing from bag

Filling- the actual time of dispensing fluid
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Exanpl e 4. Effects of punping speed on cell viability. WD

2011/ 140076PCT/ US2011/ 034982 [0092] As current bag filling operations are
per f or redwoaaual4bgrewi t h syringes, the inventors have i nPeSIUSQ@ELOUBhe | ssue
of whether dispensing cells into product bags at high speeds, through
flexible tubing with a peristaltic punp, would decrease cell quality. A
full factorial experinment testing the three nmain variables governing cel
qual ity post-di spense (punp speed, tubing size, and cell concentration).
Over the p@gfed rangerhg RHPIRPEHShaa B pbiuRisNOhSlef @hglcl s RYMRIlfPav el oCi ty
was shown to have little effect on the viability of cells (regardless of
cel | concentiplds jashpsedur Fargper baguweldinggtimg |of j agtideg opatifalyst et Aignperds ent

cel | c . e g e o ent
Pl asmal y s e BT Sa ol R e R BN a S 6 B & con
Punp- nodemmDRendlabnmy 1get of the. @anifbldisamgraged oven D @arter iof bged on ubes-

var i ous NiGHeAOQUh Lk MUEhSLRRISENHES e BHILRE o628 b/ MR LARR or in

a manifold. These average step times are then added to calculate the average, expected time

to fill one bag separately or in a manifold.

[0088] The collected data produced the following averages:
Align: 8.0 sec Seal: 19.0 sec
Weld: 19.6 sec Detach: 2.0 sec

Bag Seal Test: 3.0 sec
[0089] These numbers indicate that the complete tubing connect and disconnect
process for a 3 bag manifold would take 31.2 sec per bag, for a 5-bag manifold, 27.12 sec,
and for a 7 bag manifold, 25.37 sec. When combined with the fill time (~ 2 sec for 5§ mL and
~4 sec for 18 mL), it can be estimated that, with a 5 mL dosage, in one hour a single
technician could fill only 67 single bags compared to 112 bags using a 3-bag manifold.

Additional estimates for other fill volumes and manifold sizes are show in the following

Table 1.
[0090] Table 1. Estimated bags filled in one hour by one technician
'Volume Dispensed: SmL 18mL
Single Bag 67 65
3 Bag Manifold 112 110
7 Bag Manifold 140 139
[0091] Note that the above estimated process times do not include times for

preparation of product cell suspension or set up of the apparatus. Nevertheless, use of multi-
bag manifolds according to the present invention can greatly reduce the time and effort
required to fill final product cryopreservation bags. Alternatively, multiple fill lines from a
single product source (manifolded or not) could be utilized to increase the throughput of bag
filling to several hundreds to thousands per hour.

Example 4. Effects of pumping speed on cell viability.
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[ 0093] The testing used HDF cells suspended in a mai ntenance nmedi um (w t hout
DVBO at a density of 10.0 mllion cells/nL. The punp paraneters were as
fol | ows: wol2an#146078 L, accel eration = 100 rpm rever se PETAISA11/DBHIBNG Si ze
in separate tests was 0.8., 1.6 or 3.2 mminside dianeter. These tubing
sizes were tested as they are appropriate for the range of filling vol unes
rangi ng from hundreds of mcroliters (0.8 nmmtubing) to >50 nL fills (3.2
nm tubi ng). The punp velocity was set in each separate test to 100 rpm 250
rpm or 4662 Pm rESUhtdnR8ad ﬂllﬁl@eopfsﬁ{id)rg\’\dr@geﬁ&%g%aﬁﬁilgrn@itﬁ Hapel Qhe the
0.8, 1.6 and 3 2 mm | D tubing sizes, respectively, of 25, 50 and 240 nL/mn
at 100 r piieniridhage invesizated dhey penenaf/ whotheadispopingmeils e prodididprgs attiigh t est ed
range of i : bout.. 25 mnto
but 720 T e e p DB b L RERNES b B gy s ey DM b

t hat was fertorizghlckyeriagint sesien tharthreg mdve vpriabdes sgveminge¢ett aiahtyapashilifeanp densi ty
of the c I 0] e t.al trifuge
tube. - ThaibNg P SERRSLCth dllBoRnlsihl "0y S ELEPan 0T e dplles GRT

col | ecti awbind sieacthegmnping, vebcdpses shere tadhapdidediandn diesoaribiigchf cels cl ear

t he tubi of. cel L.s_t hat .have adhered. qr c ed durin auses jn
di spensi ngfshopb el ey But 1o8hs e R ie b r® B SETmLe. cer)
qual ity wasntmal uat ed by assaying for cell viability. 200 ul of each was
transfer rﬁq tQ a!g cro-ttube contai ning 400 ul of PBS to provide the cell
concentr : viability testing. Each sanple in PBS anal yzed on
a Nucl eoCount &lifhaf Betmd ObAbR4sts4@DFAbi | ity. In this instrunment cell
viability is determned by propidiumiodide dye exclusion, The cells were
reused for eabld iﬂf‘s@@g%?gsa)&&ﬁﬁ‘qJthiPBl‘ili‘aé‘sseél-nB,gmﬂ YE%&HW g data
showed | ess t hRRicOn Bubp skl DFcaverage % viability across the three speed
vari abl es over a range of tubing sizes (0.8 - 3.2 nmID), with a standard
devi ati on of TBR8St#GR-%018 2/ PLiMYARRel Is. Sinilar results were obtained
with the smal efiy ik (RGIS- vaeaer di ngly, this evidence indicates that the
punpi ng velocity and cell concentration have no substantial effect on HDF
cel | viabilit)ugleseupfgifped t hrough 0.8mmto 3 2 mm I D tubing during time
periods typical takagefi11ing operations according to the invention.
Exanpl e 5. Effect o? source container agitation on dispensed cell
concent r at i onBuffprg8B8] WNd 3134619t ent concentrati on of di spensed cells in each
pr oduct is a wtal.:.as t oy dl I . uct .
The duraﬂlﬁb(?%] of thgﬁef %th@nlgs%gr%@%ggﬁsf %Jrsgégﬁgdo%lp?g{lagnt%%gaiﬁeh@% g\wﬂ{r?gg al | ow
set t | i ng WVISQgitlaglengitytoli 0.8 oulioe cafsdnldi Sipapunipyparamates vercon f@lotvs atalome f r om
the beginning to the end.f the run. . Fhe i.nventors hav her ef or

nvest ! oat eiugekafofg ol mbrS s o TR RSl S e B s o

provi de &.2mmenddndibaetr. CElcke wbing 8inty wére aasteidras theg aseappaiptiyte fforl thetngmags .

Materi al 2f %ﬂ%g'%%hﬂ' eg'rsarr]ltging }ogleﬁuendg%grg% r%{croca{e%g YO&?renlml %bﬁl819)>50 mL fills (3.2
mm tubing). The pump velocity was set in each separate test to 100 rpm, 250 rpm, or 400
rpm, resulting in the following pumped volume rates for the 0.8, 1.6 and 3.2 mm ID tubing
sizes, respectively, of 25, 50 and 240 mL/min at 100 rpm, and 60, 140 and 720 mL/min at
400 rpm. Accordingly, the tested range of pumped flow volumes in the present example was
about 25 mL/min to abut 720 mL/min.

[0094] The source container was a 50 mL centrifuge tube that was manually agitated
during the process to maintain a uniform density of the cells in suspension. The collection
container was a 50 mL centrifuge tube. The tubing set was primed prior to start each run.
Prior to collection of each sample, 5 doses were dispensed and discarded, to clear the tubing

of cells that may have adhered or clumped during pauses in dispensing. Samples were
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Fl exi con Punp- nodel DF6 Orbital Shaker- nodel E2 Nucl eocounterO
Nucl eoCassett esO Nucl eoViewd software R ng stand Cell Source Bag- P/'N
84-711- 03802011/M7gene Bottle- P/ N 04443 Centrifuge tub@ET/US201i1084982
[ 0097] These tests used CHO cells at a cell density of 1.6 mllion cells/nL
inal6 L of liquid culture nedium (Power CHO-20, Lonza) The punp was
configured with volune = 10 nL, acceleration = 100 rpm velocity = 400 rpm
reverse = 1.0 nL, and delay = 25 sec. The flexible cell source bag was a
Confi gur abi@RdBn gep'aralﬁéagi @L%tﬁﬁfg‘e e €l @fanty%srwma&tb@ﬂy asm%n%fz)k karetion
contai ner was a ene bottle. Sanples were collected 10, 15,
20, 30, 4mbilgy %ﬂwl@@eaﬁ%m &gnsferrpd 16 2 micreduherdonaenct 9B e of RRRitosedde est ed
for cell tﬁ&@é‘i?@&ﬁc@ﬂtk Bn 3Aael Wk bﬁtwes%?% Pacthhfagﬁﬁ@&’d BT S%AIP 0F:a EACh
test was run for one hour to sinmulate a production run. "A control run
was done NwctehCountai eelltdonnteinto tidulitsolr e ibsigpmeThecll wahilityusn detsmdnel our ce
bag t hat I i a ring stand attached
to an or@y&ﬁ %}Edel:&% {(M]flsgtgflggé geqllsméﬁehg&rg??l&ées{ha%% was clanped to a pole
attached[WMEIzontaA$ymneamIﬁgme$é§eﬂmﬁemMHng@1ﬂmwpdémsdend)&ﬂbUMsn@ action

during t h(:"erglmt‘l Vlabllatpltarclr%ssr g lér%% %e%d V'rlplirla{b?ers thI' £ ?‘a%he rofl Elibmt hezeg g(ﬁr' RC& %) ag was
i nverted '8 thor ou y suspen ce € sou ag onplétely

dr ai ned amhéD)ammhsueSMdaadmkheﬁmmmﬂmmosrmﬂmﬁcd@nﬂmnhdnmmmhmnmmﬁmhﬁﬂ
sanpl es fo in.the run. The ntration in

eus ext t conce
cach ¢ oot ARG HaIeF B TES GRS AT ik 1 i i i ey T P |/
cell concentration have no substantial effect on HDF cell viability when pumped through
0.8mm to 3.2 mm ID tubing during time periods typical for bag filling operations according

to the invention.

Example 5. Effect of source container agitation on dispensed cell concentration.

[0096] A consistent concentration of dispensed cells in each product dose is a vital
aspect of providing a safe and reliable product. The duration of the filling process for a
complete product batch may allow settling of cells in the source and disparity in cell
concentration from the beginning to the end of the run. The inventors have therefore
investigated whether agitation the source bag throughout the run would provide a more
constant cell concentration in the serially filled bags.

Materials and Equipment

Chinese Hamster Ovary cells (CHO)

Flexicon Pump- model DF6
Orbital Shaker- model E2
Nucleocounter®
NucleoCassettes®
NucleoView® software
Ring stand
Cell Source Bag- P/N 84-711-032
2 L Nalgene Bottle- P/N 04443
Centrifuge tubes- various
[0097] These tests used CHO cells at a cell density of 1.6 million cells/mL ina 1.6 L

of liquid culture medium (PowerCHO-2®, Lonza) The pump was configured with volume =
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[ 0098] As shown in Figure 8, the control run with no bag agitation
consistent maintained the initial cell concentration for about 30 m nutes,
wher eas twoeelicgnyecuti ve runs with ("rotary") agitati oRC®fUSRé18/034982 ce bag
showed no decline in cell concentration through the entire one hour run.
These results indicate that maintaining a uniform suspensi on of source
cells during the filling process of the invention may be readily
acconpl i shed by nechani cal agitation of the source suspension. This exanple
support s 1hheL aRcSTRRA T80 A, VEREity DB IHA T CQIPRE i DI AD, Mddeflyid & Glcosed
system from the source bag (that nust be agitated to support consistent
product flibe| flexiploveel fourceibag winhes ConfgyrarionuBed)L thggtmevilehdy Peveuct bag,

with inli u f cel
vi abi | i tydz) UOX‘?*E?B ?&ﬁ%%ﬁ“&gfoooﬁ‘gﬁgﬁ? ﬁ%g%ﬁq%gﬁr%t?‘% %ﬁ?‘% hyﬁr%?oxu i ( DVBO)
can r edudeSmiOabl, RD13p, 64, S0 end 60 mﬁrm@eSJ ln\lémlo%ytrifagﬁetubqw@sltweg%meg@ld fenecther DVSO

Kk I
pag- 111 R LRn RGP F B Skl L I LB ELE O AGr T o,

DF6 Nucl socdauntdnll andugmoass ok cesroCom wal dana lyveth- novagithousofsthe emirddurmgn  Der mal

Fi br obl as[th %l[_' Dlﬁ)use%vs %(Il_y}rcl%/ Wﬁgaé)gw%[s %eghinﬁ%ﬂ’ 1@ed Yt eco'ﬁ‘nécltallorll\l tooa7 rzqu 4gtand 5%

Human Serun1 eX|c Was® Set up using

t he settmngﬂmdvnmumﬁnﬁsmﬁfnkﬁuﬁnnebewaﬂwomg%mhﬂ&msphnmm@kompMymmwnﬂD rpm
reverse = sec. .HDF cel.ls re suspended diun1at
10" Tt SR EDrg R e e ratets S Shurali 1 uo0ng i CuREE AR a4 006 10
mL of Ce|ring58thﬁ@elpl$erﬂ ewﬂlSrudl ﬁlpea@e@lb&ywwm}oém tatthczeu@gi:suspérﬂrmab@ls

basel i ne _sanpl e mas t aken r.t i spensin nd 10 sanpl es were recorded.
The sanpl’ The S boerassamlol g @aggrseéfl} 53 agéaﬁ}efﬁmw Ve pRIRuRqd Withyi t h t he

first beiyag@sttd Birsh@dforteude M t'ﬁélfn@;& R0 %ikn. atieh iR 6dll EVBGtaneh Inh@ch ast bei ng
finished at 18 m nut es post addition. The sanples were analyzed during this

process Wk fiRe 1 ofpilligmechiumbdo { ShiOH¥mifiaemo i nut es. These tests
reveal ed [ggvgpver aggs GRangen iMate W akd kbinol Afn Ivith! no Ooaéﬁag%tfl&lr cdfiRtchen test

sanpl es, conpared to the control fhat was not pu . Hence, these results
show no_gwagpinedthninita pelbeonetmividion poat 30 Biurdst masﬂmﬁe Q@PICE i RN g

processi th%fowya} %Rﬂﬁh%‘i‘t&uﬂﬁce%g BRI dLaeliRS el UBhRGrANA RN EN

processe In ati y manner according to the bag-filling process of the
i nvent i onthe entire one hour run. These results indicate that maintaining a uniform suspension of

source cells during the filling process of the invention may be readily accomplished by
mechanical agitation of the source suspension. This example supports the an embodiment of
the invention comprising a sterile closed system from the source bag (that must be agitated to
support consistent product filling over filling times > 30 minutes) to the final product bag,
with inline vacuum and purge sources.

Example 6. Effect of DMSO on cell viability during pumping.

[0099] Since exposure to dimethylsulfoxide (DMSO) can reduce viability of cells, the
inventors have investigated whether DMSO makes cells more susceptible to shear during
pumping according to the bag-filling process of the invention

Materials and Equipment

Flexicon Pump- DF6
Nucleocounter and accessories
Conical tubes- various sizes
Human Dermal Fibroblasts (HDF)
DMSO- P/N 07198
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Exanple 7. Conplete systemtesting. [O0101]Wth all of the conponents
optim zed, a large scale filling run was perforned using bone marrow
derived pwogenimoriécel |s formulated at 10 million cel | sPeil/tispo1Rloa9Rnl yt €0
cont ai ni ng 5% HSA and 10% DMSO. Over 4 billion cells were formulated in
about 400 nL and transferred to a 1 L bag (the "source bag") for

di spensi ng. The source bag was steriley connected to a pre-assenbl ed tubing
set in the configuration of Figure 1, and 20 bags were filled sequentially

with 18 nmi of h/Fé!Eif&QP'EEmM?tiemﬁPm©7ﬁ4?¥i5¢@HulﬁMﬂ$Erﬁ}9 ASYBEETPRN EMigops| y
described. To mmc a nuch larger run, a 30 mnute tine |ag was introduced
after bad0M§l was fTha &dexicandrumhieivasasesupl uspg ther ecttings] edlugiet er 19 hal3o

m nut e kb ng: peri il ed;w thi i S
W%Eée'lé?zglr?g fd@g'gmf%elloclﬂgg:sm ) rﬁ, Ife{férée I.Wn}lLe, éﬂd Z(Qa)nl AYL&S HBfF cells

formul ati on, cryopreserv using a control rate freezer. Bag fil
vol une waerqeesparded ibymediighitnl) mhbiobaagds/mbstand i PMSOawes afldedr tot dwiahg by

nmeasurin . VO r d. . §h Aq iy tilized
to quant %19 II;/C%E%WOKCAO#;@A’M (ralg':) %gnoi%r?y Sclzlgﬁ)ﬁ%yl\?l ggd?lc}lsﬁé?s\égnby ]E ﬁlisﬁ%\gtswggﬁésar ed to
t he sour agetyaly. pY bastlireemmpteowasathloml atoe td dispdnsmg abd 0 sghpley wemwreqoyded] 0102] As
shown in Fiqure 9, total .fill, volune was accurate and pr.ecise.over all 20
bags, Fi /e agrhiee v e fiede i Nt AFRAHER, REGHE B Boliis RIBSOITHRY Bindly of
vari at i oin{s@xf atd¥ mbhu69 Yost bdtizibn wd DMED meimbe édt bdib e finikledwit g mvimgesdposd9 0. 17

m., with g,.CVvV of.0.94% The tarqget fill, was 180 mllion cell.s/ nd the
Cotal vi 080l SR A0E e Hobbine iR e el ehg et TB%ed | on
cel | s ( CWithir3BHnutew Thascxedtd @bédlddian a0ralchdfiae id Yo¥mbilintdll. 1ged 0.sc@uvt per
bag averaged 183.6 mllion cells/bag. This experinent denonstrates that
this aut %t?ﬁfeiaﬁlpg'&égglpa@ FPgthscgltt%# EEWEY 7Y BYMRSFs tHERRC: etreed MY%a source

bag and fibnakniREMEUglectdag CISM dfoni Viabilifye o HIMU RN dudhl PeocERCRENd Or t he
filling of final product bags, i r obust capacity of both volunme and

s: 1
cel | concgiepried mps Andsyierde sloed tqhif?gcmwwﬁsn pFsevsdiihg Wingysmapner

di f f er entycddrdTRS 1o ROGhBGIHhNSodRs tthoMEARLE purge step for mnim zing
product loss. [0103] 1t wll be understood that the enbodi nents of the

present igyy&pki7o0MPiecRya &sigen described are illustrative of sone of the
applications of the principles of the present invention. Numerous
modi ficatip@is My WemaBAe tYcohpOR@tsSdpidiRd, 4 RrdenBadkillingirb QW pelRpasd i ng
fromthe true spirit and scope of the invention. Wat is claimed is: 1.A
met hod f GFiNEskYCi ERITPY dPésdnBioagnitor vesliralerraylptah el smillien cstiemi &
]‘: lolef(lmt/)v: ﬁéﬁ@%‘tﬁég&s&) EontRing 5Gr S £ oAl TRI IS, Rl 4 blTBENQMs GRAPH RN e
about 400 mL and transferred to a 1 L bag (the “source bag™) for dispensing. The source bag
was steriley connected to a pre-assembled tubing set in the configuration of Figure 1, and 20
bags were filled sequentially with 18 mL of product using the Flexicon pumping system
previously described. To mimic a much larger run, a 30 minute time lag was introduced after
bag 10 was filled, and then bags 11-20 were filled after the 30 minute waiting period. All
bags were filled within 70 minutes of formulation, and cryopreserved using a controlled rate
freezer. Bag fill volume was measured by weighing the bags post fill, and after thawing by
measuring total volume removed with a syringe. Guave Viacount® was utilized to quantify
cell concentration and cell viability, and this was compared to the source bag pre-freeze to
calculate total viable cell recovery.
[0102] As shown in Figure 9, total fill volume was accurate and precise over all 20
bags. Fill volume pre-freeze was 18.24 &+ 0.13 mL, and had a coefficient of variation (CV) of
0.69%. Total volume removed after thawing was 17.49 = 0.17 mL, with a CV of 0.94%. The

target fill was 180 million cells/bag, and the total viable cell count average post thaw was

29



(a) providing a plurality of said sterile flexible bags; (b) providing said
live mammalian cells suspended in a |liquid contained in a sterile cell
source comDanmerpo76c) connecting said sterile bags to s&Cu/tsSed1/034982 ce

cont ai ner, a vacuum source and a sterile purging gas source to forma
sterile systemthat is closed to the external environnment, wherein said
system selectively allows fluid fl ow between said sterile bags and said
vacuum source or said cell source container or said sterile gas source; (d)
evacuat i ng; giginfohom. @deh%ﬁl%éllsqw o, 3%3' Wit b%bmt}eoio@gm by> sl g6t ¥al v
allowng fluid fl ow between said at | east one bag and said vacuum source;
(e) di sp@ﬁwmjr aglaseraged LGIoumelli celisibag] i Hus GXHe@megtaﬂ@n%tmt@aﬁl@t gie bag by
sel ective %ma abf%ﬁﬂr&gsssl%i ads‘?érllé agse\ﬁ%gaém &Bnéchg%ago&ge dsQa BRI MRS al d at
| east one bag and said sour ce contal ner |ng Into sard at

| east ondagagwihyn-bfic gmudmd@sll pusgk vavkassrdorothe Sain: Dﬁ ﬂm@w@nhbargs,ng ilh said
systemb I r i by

ol cott varyrarp A e B AR pGPERBLGE0 T REL e, BB G:a3

cont ai nerstepmt@l;l@wrersanﬁts,slyéackimgm asginthtabic fuegestepdineminargizing pﬁoduettltmd of claim
TP (1) o IR O s el N o R S R
vacuum s urc and salé Stertre purgi ng gas source ar2 ¥l H?y connéct ed

t oget her hate be:asdesmbenaalret ilhytrétlve xifbdoenet efbiha gpplivdtiosesfeihn paﬂhmbbasif tne pi nch
val ve that ext.ern id flexible R ovi de

sel oct i eIy S ERRRe RS S @%%Lhwﬁgssggg BURegrader sour ce
cont ai nerdegHitigatirén WRGKI RPiSIOAHIGEoMRIof SRl iflvegasn. sour ce. 3. A met hod of claim 2
wherein a peristaltic punp unit is used to punp said I|qU|d fromsaid
source contai ner through said flexible tubing into said flexible bags.

4. The nethod of claim3 wherein at | east one of said punp unit and said
valve is
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renotely operabable by a controller. WD 2011/140076PCT/ US2011/ 034982 5.
The nmethod of claim2 wherein said flexible tubing conprises a main |ine
and at | exetoongosanch |ine, wherein: said main |ine i #Ca/usergiobuost

fl exi bl e tubing having one end connected to said container and said gas
source so as to selectively allow fluid flowinto said main line fromsaid
contai ner or said gas source; each of said flexible bags is fluidly
connected to said main line by a branch Iine, each of said branch lines
bei ng a hep@tdtiffed Isexi bl e tubi ng having one end fluidly connected to one
of said bags and the other end fluidly connected to said main line so as to

all ow saiyd |'%Hh&h&fﬁ?%kﬁu9ﬁ§dkﬁxﬁngmhéﬁﬁﬁhﬁﬁhﬂamﬁhﬂobwﬁ@ ﬂéﬁm%§£$d1b89
and said vacuum source i s connected to said main line so as to

al | ow sai d vaeamrﬁt%le@e@splaﬁrwselﬁawﬁwd@a@pmaaw@&&lﬁwmg s&pb'd bags t hrough
sai d mainlinegnd 1Qm9%%ﬂﬁﬁn§bﬂ$§hn§ﬂeﬁbﬂﬁ%@&%hOf claim?2 further

conprising sterilely sealing and di sconnecti ng e branch line of a bag
that has been(i | | prdviding saldnstchodmofaligl aélin suspondedeima \tiqaldi ¢antaynedfincel |'s i n
the | ast bag to be t&hék%ﬂmh&e@1ﬁ%ﬁ§3t 90% of the initial viability of cells
in said cell source contal ner ore dispensing any of said liquid to fil
sai d bags. (©) connecting said sterile bags to said cell source container, a vacuum source and

a sterile purging gas source to form a sterile system that is closed to the
external environment, wherein said system selectively allows fluid flow
between said sterile bags and said vacuum source or said cell source container
or said sterile gas source;

(d) evacuating air from at least one of said flexible bags by selectively allowing
fluid flow between said at least one bag and said vacuum source;

(e) dispensing a desired volume of said liquid for said at least one bag by
selectively allowing said desired volume of liquid to flow between said at least
one bag and said cell source container; and

() forcing into said at least one bag any of said desired volume of said liquid
remaining in said system between said cell source container and said at least
one bag by selectively allowing said sterile purging gas to flow from said gas

container through said system to said at least one bag.

2. A method of claim 1 wherein said plurality of flexible bags, said cell source container,
said vacuum source and said sterile purging gas source are fluidly connected together
at least in part by flexible tubing and wherein at least one pinch valve that externally
engages said flexible tubing is provided to selectively allow fluid flow between said

sterile bags and said cell source container or said vacuum source or said gas source.

3. A method of claim 2 wherein a peristaltic pump unit is used to pump said liquid from

said source container through said flexible tubing into said flexible bags.

4. The method of claim 3 wherein at least one of said pump unit and said valve is

remotely operabable by a controller.
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8. The method of claim3 wherein the flowrate of said liquid through said
tubing is fromabout 10 mL/mn to about 1000 m./mn, density of cells in
suspensi omoi281fmmabout 1 to about 30 mllion/nL and s&Cad/US2euiosHI8LNPTri ses
fromO to about 10% di net hyl sul foxide. 9. A nmethod of storing live
manmal i an cells conprising dispensing said cells into sterile, flexible
bags according to the nethod of claim6 and, after disconnecting a bag that
has been filled, cryogenically preserving said cells in said bag. WO

2011/ 140076PCT/ US2011/ 034982 10. An apparatus for aseptically dispensing

live mamal i afpCRkihgd bP&inSS @flérkﬁ’salﬁlf@%ﬂbp&ltﬁblpggoﬁnﬂrﬂeﬁa RO 1AL 8hd hQeast
at nosphere, said apparatus conprising: a plurality of said sterile flexible

bags; a cell seuprerchdoptvdiersdt: configured to contain said |ive mamualian
cel I's suspended ingg Lhigyidis 2IKREE S RSB Gfine ARG PorteRl ichihcPbl & B 9as

source
container and said gas source so as to selectively allow fluid flow into

said main line from said container or said gas source;

cach of said flexible bags is fluidly connected to said main line by a branch
line, each of said branch lines being a length of flexible tubing having
one end fluidly connected to one of said bags and the other end fluidly
connected to said main line so as to allow said liquid or said gas to
flow from said main line into said bag; and

said vacuum source is fluidly connected to said main line so as to allow said
vacuum source to withdraw gas from each of said bags through said

mainline and said branch lines.

6. A method of claim 2 further comprising sterilely sealing and disconnecting the branch

line of a bag that has been filled.

7. A method of claim 1 wherein viability of cells in the last bag to be filled is at least
90% of the initial viability of cells in said cell source container before dispensing any

of said liquid to fill said bags.

8. The method of claim 3 wherein the flow rate of said liquid through said tubing is from
about 10 mL/min to about 1000 mL/min, density of cells in suspension is from about
1 to about 30 million/mL and said liquid comprises from 0 to about 10%

dimethylsulfoxide.

9. A method of storing live mammalian cells comprising dispensing said cells into
sterile, flexible bags according to the method of claim 6 and, after disconnecting a bag

that has been filled, cryogenically preserving said cells in said bag.
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wherein said plurality of flexible bags, said cell source container, said
vacuum source and said gas source are fluidly connected together to forma
sterile syeremmbes i s cl osed to the external environnmeRCTASeH10B4982 sai d
system sel ectively allows fluid fl ow between said sterile bags and said
cell source container or said vacuum source or said gas source. 11. The
apparatus of claim 10 wherein said plurality of flexible bags, said cel
source container, said vacuum source and said sterile purging gas source

are f1uidhy CORNGPLERs tf@tgﬁ'sreﬁﬁrallﬁtdlsh@lﬁﬁfg E Rahnah ééu@qhtelseerﬁ@meam@nd
wherein at |east one pinch valve that externally engages said flexible

tubing is probigiéea pen-yetleeatmoseioye. siid anparatugicampligngbet ween said sterile

bags and said cel |, SouiRS QHFQhE%EXB¥I§' i.d vacuum source or said gas
source. 12. An appa atus o alm 11 further conprising a peristaltic punp

unit configured toa paldrpomﬁ d:ontnaupall doffravradsti dodoursed Bontmammealian leebugh sai d
fl exi bl e tubing |q£g(§@é ﬁﬁdble bags. 13. The apparatus of claim 12
wherein at |east ong puirp unit and said pinch valve is renotely
oper ababl e by a comeomhe@mchmiThe apparatus of claim 12 wherein said

fl exi bl e tubing conﬁrtses n Line and at | east one branch |ine,

wherein: said main ?H%pwgngg?%%agﬁ of flexible tubing having one end

connected to said wbmmlsmépluaanniy sﬁﬁlahtgasagscsurd(xellsmreescmamr&:ﬁlsadtvammhy al | ow
fluid flowinto said mai 9 i.ne ron1sa|H gontaln r, or as_source
source and said gas source arc tluidly connec ed toget er to form asterile
system that is closed to the external environment such that said system
selectively allows fluid flow between said sterile bags and said cell source

container or said vacuum source or said gas source.

11.  The apparatus of claim 10 wherein said plurality of flexible bags, said cell source
container, said vacuum source and said sterile purging gas source are fluidly
connected together at least in part by flexible tubing and wherein at least one pinch
valve that externally engages said flexible tubing is provided to selectively allow fluid
flow between said sterile bags and said cell source container or said vacuum source or

said gas source.

12.  An apparatus of claim 11 further comprising a peristaltic pump unit configured to
pump said liquid from said source container through said flexible tubing into said

flexible bags.

13. The apparatus of claim 12 wherein at least one of said pump unit and said pinch valve

is remotely operabable by a controller.

14. The apparatus of claim 12 wherein said flexible tubing comprises a main line and at
least one branch line, wherein:

said main line is a length of flexible tubing having one end connected to said

container and said gas source so as to selectively allow fluid flow into

said main line from said container or said gas source;
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each of said flexible bags is fluidly connected to said main line by a
branch line, each of said branch lines being a length of flexible tubing
havi ng orwoend/fbarsdl y connected to one of said bags an@CThisS2@iiioa+dsznd
fluidly connected to said main line so as to allow said liquid or said gas
to flowfromsaid main line into said bag; and said vacuum source is
fluidly connected to said nain line so as to allow said vacuum source to
wi t hdraw gas from each of said bags through said mainline and said branch

l'i nes. each of said flexible bags is fluidly connected to said main line by a branch
line, each of said branch lines being a length of flexible tubing having
one end fluidly connected to one of said bags and the other end fluidly
connected to said main line so as to allow said liquid or said gas to
flow from said main line into said bag; and

said vacuum source is fluidly connected to said main line so as to allow said
vacuum source to withdraw gas from each of said bags through said

mainline and said branch lines.
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