Passagi ng and Harvesting Formul ati on and Method for Human Pl uripotent Stem
Cells INVENTORS [0001] Ying Nie, Jon Row ey, Patrick Wal sh, Thomas Fell ner
CROSS- REREBBMNOA 5§$39 RELATED APPLI CATI ON [ 0002] Thi s appl ipcatiseo2mbssens t he
benefit of U S. Provisional Application No. 61/487,087, filed May 17, 2011,
which is incorporated herein by reference in its entirety. FIELD OF THE

| NVENTI ON [ 0003] The present invention relates to a fornul ati on and net hod
for harvestppg %%%amaﬂgstmgqfohﬁam%tanamcfa%ll BumaPBEHdGRbl cdiRe present
i nvention relates to 1/ fornulations including sodiumcitrate and a net hod
of use thereof; 2/ nethods of identifying fornulations based on the Ca2+
chel at or [goReAR@ti on and osnol arity; and 3/ use of such fornulations.
BACKGROUND OF THE | NVENTI ON [ 0004] Hunman pluri potent stemcells (hPSCs),

i ncl udi ndg0MUhaingbieyon Rowhktyehataed Welsi.HES@s) Fehdr i nduced pl uri potent stem
cells (iPSCs), can proliferate indefinitely in culture while maintaining
the capability to differentiate into nmultiple types of somatic cells. These
cells aréﬂylﬁhREyERENGEdThBEbABEDdﬂﬁ@ﬂﬂhTKHited cell source in cell therapy

and rege |C|ne e cR FDA
clinical T@EO?LI is ﬁ%p lcatlon all’lm(s)lt’lhle%e% tem ct% ?m(/%lfg% tgg%u n Bm%ér apies are

progressﬁﬂgﬂﬂhpﬁlhéhbhmkm1£hp@pmam&mmemewrdémnaennmymﬂvalIable pl at e and
T-fl ask-based culture platforns severely linmt the scalability of hPSCs
production to conmmercially relevant | ot sizes. To unleash the potential of
hPSCs i n el armeiapyveNdigregener ati ve nedi ci ne, a scal abl e hPSC

manuf act uy i ocess nust, be devel Scal exi sting fl ask-based
processe§6¢g?a ?P@??%WV§¥@bﬁﬂﬁﬁ”§PgﬁE“WﬁmPF%L@g%?$ﬁﬁh@h?WBgP%ﬁ§§@ research
into cli pgpbiealiioh 6als! SPeciffoaBy, afe fri@nlh@AGSH refdilid ©NBRSBulkfont heRPM@bl i sh a
scal abl e passaging nethod for large scale multilayer vessels that naintains

hi gh i e|Sadlma|C&F3ﬁep%ltdéﬁ%eﬂaﬂﬁ1@£@§%@reofa?/dn%hwl}@f {snéyge dpmuiatigns hagesbss)

Tradi ti ongl dy cﬂéPMoﬁ’d’eﬁtrﬂﬁ)ﬁ‘éﬁ@ b&chiang RaspAYedsRE rGluRYnd ragment s by
mechani cal scraping with or without pre-treatnent with enzynes (such as

col I agenase or Dispase(r)). This process is |abor intensive and cannot be

appl i ed ighEkbkE opTPESINVENHDN | ayer cell culture vessels, the platform

wi dely used in producing commercial scale adherent cells. Cells growing in
mul ti | aydpOldel Hugah pluripetentyessells (hWahimoinclydingbomgs edbriyoric semapilng. 1 n

addi ti on, 6 ITLE:(?Q 185%06:3 ﬁfuﬁgf)t&gc S ?ﬁucsegg(lggcli% P%Q%?&Lte Trdefl 1Ee Mtcuﬁ&rlé pi ng,

cell via can |1 ncrease up nown e s related to
si ngl e- cethile peésaginp theanphbiay vmsffemgpaaﬂrletorrmﬂuplesypeam semdureceﬂlar Tesanpl e, to

concerns rel ated oW _post - pass n opr.eservation recovery and
conormal K goEy BB R el AR R AP S N LR R A ek RS
Al t hough andml&s mmembﬁmlrated has@ehtHD A} afmds\sal éﬂ?ﬂlﬁléall trikils Huban sl)nbfyame steeen

reported t Hﬁ@ ?Ie ta inmprove hPSC cl opi ng efficjenc t he mechanismis
ot T ut |y DABSr P S BREY G PEEE-rE Rt R B Tor Houh RESR D ture s
yet to bev&usleypieshd Thekefaeideulipe preimngsehE8¢sinashs sidagbeincelirsckn t he
presence of ROCK Inhibitors is not w dely accepted.
production to commercially relevant lot sizes. To unleash the potential of hPSCs in cell
therapy and regenerative medicine, a scalable hPSC manufacturing process must be
developed. Scaling up existing flask-based processes is a critical stepping stone in translating
current hPSC research into clinical application. One of the biggest challenges is to establish a
scalable passaging method for large scale multilayer vessels that maintains high yield,
pluripotent phenotype, and karyotypic stability.
[0005] Traditionally, hPSCs are harvested and passaged as colony fragments by mechanical
scraping with or without pre-treatment with enzymes (such as collagenase or Dispase®). This
process is labor intensive and cannot be applied in culturing hPSCs in multilayer cell culture

vessels, the platform widely used in producing commercial scale adherent cells. Cells

growing in multilayer cell culturing vessels cannot be accessed for scraping. In addition,



[ 0006] Recently, passaging hESCs with non-enzymatic cell detachnent
solutions, mainly EDTA (ethylene diam ne tetraacetic acid) solutions, has
been adopveadotzyisssswe hESC | abs and i s spreadi ng from acad@rmseoizabss2i nt o

i ndustry. One of the comrercially avail abl e EDTAcont ai ni ng sol utions for
cell dissociation is Versene(r) EDTA, which contains 0.55mM EDTA and has
been used for harvesting and passagi ng hPSCs. The typical procedure of

passagi NGndofRic] Widph MaL&E 0804 (FEIRA Wit Scripihd) cWRSHbNG dehhctddld e with

Ca2/ Mg2-free buffer (for exanple, Dul becco's phosphate-buffered saline;
DPBS) , f ¢f PomsernbyKnonaasaiadn eplaterblosingleciell prsasyes dWdepieyineErMdtor 4- 9

m nutes. d\clﬁfaf%%%é o e!?TQﬂ_Iﬁe,ité R fe@d?&?’t%%v@ﬁ&é-ﬁ%%ség? AR RRBREGH DY renmoved

fromthe surface as clusters by manual hosing I_Fle cell's wth culture
medi um virgeopérpend imgrmatiayaed agocipted mathdom vlening effigiency of hPSCs.

enzymat i coff.ealsent - - - RBS KB advant age
of this grr%el%hﬁg% I?@q%sﬂ%%lul( 1; %E’ Hﬁlgogtrg?sgt{%n- enfzgggrrg%]?aggg% E%I?Dg:r%hfo %eﬂaﬁée t here

i s no needinfigpveddSC-aiet modifaercywas hieclgimom ie eettiullf wglatsiood andthe kifert nht e

enzyne, A1 d t.r i re scraping = t cells. ed with

Ver Sene( KOEERRR ARl e R e A A IS B Bk PRt €1, ana
i |1 ust r atsaglei callfHh@uiRkrestnceod IO ATIE thhittitols ihk$Caddly eatpdd. Wi t h enzynme and
scraped he cul.turing s ce,, the hESCs t ted with Versene(r) EDTA
ot Dot actiog! WReRBlY Pepapt HE ot Migar oot SR domALin PRABRTY ) ang
re-attaclEINIo\ telis/lone diagdihd teitidabgicidid) adetionkltls baa hesptédBynisie HES.1laliour s) when
passaged.  Table 1. Methods. of Harvesting/Passagi ng hESCs vent i onal
Enzymat i @"ARdPSaYBHTHY AR 2R PR ?X%ﬁ?ﬁﬁ%&?ﬁ‘%“ﬁ lyﬁé%@e‘ﬂ%ﬁur e

medi um 1.cofi@ifg@okitbisUbecellRighkobiatidn id VGO ED TN, 6idha@enas 6.56mMEPpase(r) at
37C for 2-5 mnutes_ 2. wash once with Ca2+/ Mg2+-free buffer (for exanple,

DPBS) 3. aPehpvacrere idnasuing pnbraene(PCs. T mpisPRcidrar PasAIR) EDTA at
room t enpekat Wik VieRendd BDTANMLE Svith washing the culture with Ca>*/Mg>*-free buffer (for

example, Dulbecco’s phosphate-buffered saline; DPBS), followed by incubating the culture
in Versene® EDTA for 4-9 minutes. Versene® EDTA is then removed and cells are
physically removed from the surface as clusters by manual hosing of the cells with culture
medium via pipetting. Compared with the conventional enzymatic-treatment-followed-by-
scraping method (see Table 1), the advantage of this method is that (1) it uses a non-
enzymatic solution — thus, there is no need for post-detachment washing or centrifugation to
eliminate enzyme, and (2) it does not require scraping — the cells treated with Versene”
EDTA can be washed off the surface. As described in Table 1, and illustrated in FIGURE 1,
compared with hESCs treated with enzyme and scraped off the culturing surface, the hESCs
treated with Versene® EDTA and detached without scraping have higher post-detachment
viability and re-attach to the new culturing surface much faster (minutes vs. hours) when

passaged.



4. wash three times with culture nedium 4. renove Versene(r) EDTA 5. scrape
hESCs of f the surface in culture nediumw th cell scraper or pipette tip 5
hose t he woel2be/168%99t he surface with culture nedium 6. ceCiraskomriosssenl ony
clunps (harvest) or transfer into a fresh culture vessel (passage) 6.
collect the cell clusters (harvest) or transfer into fresh culture vesse
(passage) [0007] However, when applied into expanding hESC in multilayer

vessel s, ﬁggfe IVMeim(ofhaﬁ%'gﬁnggpgsgg@hggﬁggg vesting nethod is not ideal.
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[0008] THdMeY§reene@ a8 prd minped gieperpeieapahricchieis hbhy rufads #y passagi ng
and har veghicngid QHepinat Lofe 206 10mbhad ofdaf RS elinatoothidi shates1Qlne educes

t he drawbacks of nethods

known in the art
treatment time normally is controlled between seven

to nine minutes. After the removal of

Versene® EDTA, in six-well plate or T-flask culture format, fluidic shear force generated by

hosing with culture medium via manual pipetting is needed to dislodge the cells off the

surface. However, hESC culture in multilayer vessels cannot be manually sheared with

culture medium as pipettes cannot be introduced inside the vessels. Instead, in this culture

format, after Versene® EDTA is replaced with cultu

re medium, vigorous tapping is applied

to dislodge the cells. The mechanical force (tapping) has to follow the replacement of

Versene® EDTA with culture medium immediately

because Versene® EDTA treated hESCs

quickly re-attach to the surface once they come in contact with culture medium. In fact, with

the current state-of-art, it is only possible to harvest 40-70% of the entire culture in multilayer

cell factories — dramatically impacting the yield of these very expensive cells. One possible

solution to increase the yield is not to replace Versene® EDTA with culture medium and to

dislodge the cells in Versene® EDTA instead. However, in this case, the exposure time of

cells to Versene® EDTA is increased, which increas

es the risk of getting too many single



SUMMARY CF THE | NVENTI ON [ 0009] The present invention provides a
non-enzymati ¢ reagent formul ation and a nethod of harvesting and
subsequernwbyopasssgi ng pl uri potent stemcells as cl ust ePsTRiSeé12/0883R1 yi el d
and hi gh post-detachment cell viability. [0010] It is an object of the
invention to provide a scal abl e and hi gh-yi el di ng passagi ng and harvesting
formul ati on and nmethod for hPSCs that elim nates or reduces the drawbacks

of et hods)ddhaWtalnhd RSy oRpic uds@Bik thiohfes. | B 2adilivh, teh@4 stegyoeggst%a&mﬁent nvention

to provide a formulation conprising sodlun1C|grate 001 is a further
obj ect ofPrecEBinghaEhci felPY & rpneva daceralige Neisene &D%E{Ow@ 1 bveshi zed for

harvesti %1&1’\9111%?&?19 hfio RS hlﬂel{s{%{r Sﬁt%ﬁ%?mrd{%r (RBeaRAY GRL Sl I%S@‘ as high

viability, high yield, |arge post-detachnment cluster size, serial
passagealsiusietsy, and mai nt enance of the pluripotent phenotype (for exanple,

Soo e STBRE R R CRR Lor RS RRS it B PR SRR ™ 001 5
It is a flamtubioneh]j ecthodfor hABCY thatestitiimutestoo redneyy ittgalraviagksminzthcadn and net hod

t hat cankgg ﬁﬁngeln any hPSC | ab as routine lab practice to expand hPSC

cul tures ‘W Yh'readiced I abor intensity and process tinme. [0014] It is a

further object of the invention to provide a formulation and rel ated net hod
t hat doe r LI j scraping to renove cells fromthe surface
of the cEﬁﬁ%ﬁﬁéngQEeﬁﬂfﬁﬁ%ﬁgﬁﬁjﬂ is a further object of the invention to
provi de 00001 muhcalbﬂe@:nt anehtive bk rRds améhatywier ehdent foemiladonestl @thegieldl S do not
need to bﬁPmashed ri fuged to renove the %% ts used to detach the

Pod 6}

cells fré ‘[‘rﬁ"egtlg%u?‘fcg%gsefi‘f‘enflwa AR P BRI glpm ce stepy wilghigh ¥igld per

obj ect ofand high ipbytIBlatiRent Eclpfigiiile a fornul ati on and nethod, whereby over
90% of hPSCs grown in nmultilayer cell culture vessels can be harvested W th
over 90%[0/(?1§b| ftiig 3n oyggpafae inpention fo prgyide a pcagbicaint high-yiglding Risergineaidt o

provi de @.&kQs g@mﬁﬁ@hu%ﬁaxh@lka&tﬁom%{;ps“@snﬁmﬁmawaer RURGS 8% drdihasebreul turing
hPSCs in nultilayer cell culture vessels and by washi ng, concentrating,

vi al i ng @W@“@ﬁk@pwe@éWVth cel | harvest with automatic downstream
processi T&)ltl?cﬂ%)é R@¥er object of the invention to provide a formulation comprising sodium

citrate.

[0012] TItis a further object of the invention to provide a formulation and method optimized
for harvesting and passaging hPSCs in reference to hPSC parameters such as high viability,
high yield, large post-detachment cluster size, serial passageability, and maintenance of the
pluripotent phenotype (for example, expression of markers typically associated with stem
cells such as OCT4, Sox2, Nanog, SSEA4, TRA-1-60 and TRA-1-81) and karyotypic
stability.

[0013] TItis a further object of the invention to provide a formulation and method that can be
used in any hPSC lab as routine lab practice to expand hPSC cultures with reduced labor
intensity and process time.

[0014] Ttis a further object of the invention to provide a formulation and related method
that does not require mechanical scraping to remove cells from the surface of the culture
vessel.

[0015] TItis a further object of the invention to provide a formulation and related method
wherein the harvested cells do not need to be washed and centrifuged to remove the agents

used to detach the cells from the surface of the culture vessel.



[0018] It is a further object of the invention to provide a process of
expandi ng and passagi ng hPSCs from T-flasks into nultilayer cell factories
with a nowel2oromssnzymati ¢ harvesti ng and passagi ng net iroajustabkiosssed by
downst ream processing with continuous counter-flow centrifugation

technol ogy (for exanple, kSep(r) technology). [0019] It is a further object
of the invention to provide a nethod of devel opi ng a cell -detaching

sol uti on @) NRSCs el diedt $thBe Bl dRioAtShrblibdg tRRuRfiof iR HRIACKAE) Usters
and the percentage of the culture detached at given treatnent time can be
control | @dervﬁof%hquW@Cé groBing R Multilayey catlpdture Wéffsﬁlts 60 Redmeenied Fithewer %06020] 1t

is a furthgf;pbject of the invention to provide a nmethod for harvesting and

subsequent passagi ng of hPSCs grown in suspension as aggregates or on

m crocar M9Er$ ithaz furthed abghssofi thaimbention tp prvddhPEosedgad eqgiablediPOE hPSCs on

m crocar [ mul ation
|dent|f|e%ﬁggtghﬁ%ﬁﬁggggna%+osggh%2$g?%g”ﬁ%lgz%Qdﬁgﬁ%h$gg%g§?g$ for two to
twenty mwaeltleg cahdeomtmg tineghRSQyapgseegag edl taovedi vsithrauegnaic downstteamal | ow t he
hPSCs to (%g tntggt he mcrocarriers, with cell viability between about
85-100 pgrcen f&’ f% is a further object of the invention to provide a
nmet hod fanﬁarResaﬁm@mammxsmhmemuﬁmbnpameagémgun&shfémknmmmaﬂe t he hPSCs

d - or density of
el 1 8 o Taseur b b e hRbRs" a0l el Pk Sy BRE cul L or o

reaches cantidagnsepmbighigmaede olidays byafl(ivedstr&ﬂh piocesfid@ BJZth CblﬁtlﬂuSusa further
obj ect of the nvention to oyi de_a net i‘ﬂl}?qthgrve tlng and subsequent

passagi ng o] n%ﬁ@?ﬁotﬁﬁﬁ foggxan ? cy and nor nal

G bandi ngokay y atiyprird@br DRL ofake MAsHidE esprotid®23kmbl of Gevalopip hlaen- obj ect of
the invention to provide formul ations, and nethod of use thereof, providing

for sel eélttaelepgjwététoaéw WgCa Waerﬁestg%t@zerfgstuwawé thedieachted gl aad ﬂfe0024] | t

is a furthein@l de @fulkRBalMansivOirdaind Ak 45 & WraARdWaih diar vesting and
subsequent cryopreserving hPSCs wi th high post thaw recovery and re-plating
ef fi ci en®ymolppio2my Cpt' chelatgr ¢ape¢yaiiombj ect of the invention to provide a

met hod Ofm%@%“ﬁﬁé§%ﬂh8&ﬁ&%§&%ﬂ@m@&uﬁﬁ&Yﬁé%ﬁgaHE@@E%&@@R@&&.aﬂua cl osed
system includi ng continuous counter flow, centrifugation, %opnulat|on,

aut omat edubscalcnhigpssgtgof YOPIeery atsuevnyidn & ageresto] dred migoearfiereizer . [ 0026]
Accor di NGl qel Hm%%n%{ﬁ%%?sg%%e aft‘esfo? hB At R dcfiniRfs© 1‘6' fisd fo.?]nJ‘aﬂ{o}{ESt | ng
and subsequent passaging o PN uripotent stemcells wi thout scraping
and w t halisclosgldgteamor aaﬂonhldst@ndﬂenviﬁacbw 2 tgthodl dlsdnwdaslpec tn @il ctlhee enbodi nent ,
the formulation . in Iude for um ¢ nd a
phosphat eSS se errt\év o t emlg% S %Eﬁ( g t%% hl§§Ei ageres i, es &1smtf3gr5 ec())a% aﬂ%esv 1050
nOsnol / LItHifﬂtPS(]s o daernaoalftom tlhatnmtecaarwe mthtchb vrasnml laaltwéeyl absut 33100 Pdrdent.
nanDI/Ll the formulation is used

h di t
o nar veltiha! B ELRbE BEr YT uPtvbh R BP Rt AR BB Dot ont St em
cells. Thebse@re@ephtsfa@tng@nhraffcscwhasratte HPSCs ﬁerpaexgdwlmata@tosmlt utid 51 t©t0150

mvbl / Liter. is, for e , Na2HP 2 , K211PO03,
or K1 T2 PGB Wi EhRs iR geIF étﬁza@n??fwéoggﬁgé/ﬁer Srasdow P%QE%/%?N%%E le, about
1. 00- 140Qumm@hﬁ¢m%@6mﬂkﬁ@ﬁﬂaﬁﬁMﬁkﬂd%MBQQSPM£ salt is KCl, the concentration
is about 1.35-1350 mwol/Liter. In an aspect of the enbodi nent, the

osnol ari )01 {ihee fushernbiget ofihg wvertigp (eavids & methgd fir hanesire@ndros nol / Li t er .

| N anot hehagRACHas ki g%@hﬁs@sqme@mt hP$AEmARAR A do¥en8f addi®nb@rgrul ation is,
for exanple about 570 nOsnol /Liter. In another aspect of the

embodi memendipmlaryasynet arargp rassagsH buffered with, for exanpl e, bicarbonate,
phosphat o3 Nned Afh%bid! iGhORGH B oyl fottlﬁtaﬁ&ﬁ Tl RELOT the
formulation is, for exanple, out 7- I'n an alternative enbodi nent the pH
i s about URrefreviding f@ﬁelefae/pbcﬂetaﬁfmg mwﬁamequfelent@dedslmSCﬁe solution is,

for exa \ f ine (DPBS). In
sone asgg&gg]g?%{%ﬁ%‘gn% @§%98H%?geﬁgaﬁggﬁhgﬁf&ﬁkg%m%%ﬁn?he formul ati on
results |sanE¢[1@nMYQm$Ervofg,hPS@S wﬁharghlpe,st thdw teeasty @ﬂ%tptatmglefﬁcehctys fromthe
Sg‘l;/(]: aFg 02‘!}92% ﬁltg‘sﬁ alto e?r O\é‘ES? S‘Jtlrlreelrr]l%/en 10N It”rEQrPlVlge :a !rslt[e%llpg I(}ilf' dpw dls%ream rE%ce Sm%a Jl[,]gl SaSt
f or mul at iof harl@ted®STedisiengn artbssliysenuaditdipassagudug cafntdn dvan pIurlpotent
stemcells w thout scraping and substantial |oss of viability. [0028] In
anot her enbodi nent, a nmethod is provided for harvesting and subsequent
passagi ng of hPSCs conpri sing i ncubating the hPSCs in one of the
formul ati ons described in the preceding paragraphs and in cell culture
vessels for a period of tine to allow the hPSCs to detach fromthe cel
culture vessels in clusters with high yield and hi gh post-detachnent cel
viability of for exanple about 85 10096 In one aspect of the enbodi nent,

o,y S o



treated with the fornulation for about 2-20 m nutes. In one enbodinent, the
treatnent time is 5-15mn for hPSCs cultured in nmlfeSR a I n anot her

enbodi merwQ 20tee1s8s9eat nent tinme is 8- 20m n for hPSCs culPCusaoizn3g321
StenPro(r). (StenPro(r) and nleSR1(r) are exanples of comrercially

avail abl e defined nmedia for hPSC culture.) In aspects of the enbodi nent,
the cells are harvested in clusters with sizes ranging, for exanple, from
about 10180Rk0n, MRhBl1aRA, hiesh@l kzﬁélin%]ih%i Sopads@RarinZ@ SauwdRU raxanpl e,
about 40-500 um In sonme aspects of the enbodi nent, the nethod results in
the harvé®€zsf , for exanple, at |east 90%of the cells fromthe surface of
the cul t Ygeyeasahaifhg if eht etbhdi ¥ oRhulonliCABLiAAMA nLOQRRE ad anot her
enbodi ment addi ti onal “passagi ng and harvesting fornul ati ons are provi ded

i ncl udi nguipsequent passaging of bnnan MimptEDTAN el VAGDAL scerpkigranCahowhel at or s

besi des ' LT . - i < r Two
factors aroubhFuinl FARPLBRLPRe gAbo BEROHE iR LR B By

concent r akgpie.andivosipiiaristly and OIBBphaambEfrotdrelincesrhoidn e at osnmlargy hiod of
devel opi n L}z N | ut;ton..for. hp i oVi erein the size
ai str1 bueral 287 D3Ry R R s LB S P A Pe et tlre

det ached nadsngil &er. thn editive aspett afghecanbobieneno mterfotnhddiondit dsed hehapermindri t y and

Ca2+ chelator cqncentratign. [0031 hese and ot her_ objects .are. achieved in
Che pr oo @ISR Tar T BO32pd PET PADOCAL LU Ohe NG T har by oadl y
t he nor e citeois tfandxam@Rl aHo@s0. 0 tot 1158 niMeIahiet. OThel salt o, the exdnliad, Nag Kitaf ai | ed
descripti e f that 1o y be better rstood, and i.n order
that the @%@@hﬁ\ﬁg‘é@é% %b‘ﬁ‘%@%ﬂr R er.“t%%?ﬁbse’gggﬁ?@n%ﬁ?@eilﬁtf%. Ther e
are, of ceafse,abaddidol namM&aatir BBerddtiveiewhe@atdian Kidnake Wnbdntd€ordescr i bed
further hereinafter. [0033] In this resgect, bef ore expl ai ni ng at | east one
enbodi nent abopt kel IX0veMeVieieri B abesict of the emplodigensdhqpiaitneidhe hat t he

i nvent i ofoinfuldieh id, foFekBblé, Abbdt J0@PEY mORLbPM e Ot MBiheetspdck r @€ construction
and to the arrangenents of the conponents set forth in the foll ow ng

descri pt icaogiment, fhgopmalpdly of fhetipenwitianiin % cxarmde iahod i $-610 mOsealfalire of
other empdi fiRALS AW tRfcnldBlin@nR HRGL kiR WhIE B fdr&fw A for eE!aﬁ{ﬁiE,' ous ways.

Al'so, it Is to be understood that the phraseol ogy and term nol ogy enpl oyed
her ei n arbecafbonate phogphatp oxkanokmgws eicihprelyning v tromoiaingl. nBe phkofrtegar ded as
limting. - ski in t i | i at-g that the
concepti g%lgrglg%ﬁjll\l/ﬁoé%gat Ilg%ﬁ@ﬁ%%?ﬁ%ﬁ@gﬂa ?sgﬁo%@enwggm’ﬁp%gghg i7([a&|'zed as a
basi s f orn thweasges ihgmphosphat-bofitred sadine srdttimds formmampldsCanMgs'yisteens f or
carrying t the several .ourpose e present invention. |t is

por t antuttene pEFERI T BRUREREIPEe) dB BEF EER S hINF LGRS they do nor
depart f meamtcheofsiy deilt wath thefompatioh réshies jpniestemiesi dfyfentiaomle, arleasi 909 uded i n

s Opor At Mg i st SRR bRl S ] BT AP PR BBl A e Deee, "

ref erenceoghoul d be had to the acconpanyi ng drawi ngs and descriptive matter
which illustrate preferred enbodi ts of the inventign. BRI EF DESCRI PTI ON
OF THE YRGS mﬁeW®r%w1t%§épr%1 ﬁEPEOdP?lP%?‘FE‘Pg&O‘E & percent

vi abi | i t YhaRksihES6S subedq@e 9sshdi AgTd Bhudiah i ipB@nSwit a9l WidbhiQWapigg eRzyMat i ¢
treat nentsul%?a%tiglckr)sa;%@f gi%bi\llitsy.' non-enzymati c treatnment and non-scrapi ng.
[0028] In another embodiment, a method is provided for harvesting and subsequent
passaging of hPSCs comprising incubating the hPSCs in one of the formulations described in
the preceding paragraphs and in cell culture vessels for a period of time to allow the hPSCs to
detach from the cell culture vessels in clusters with high yield and high post-detachment cell
viability of, for example, about 85-100%. In one aspect of the embodiment, the cell culture
plates or vessels are, for example, petri dishes, multi-well cell culture plates, stacked cell

culture apparatus, multilayer cell culture factories, and similar vessels known in the art to be

capable of supporting the culture of hPSCs. In some aspects of the embodiment, the cells are



[0037] FIGURE 2 illustrates EDTA/ EGTA detachnent vs. sodiumcitrate
detachnment. [0038] FIGURE 3 illustrates hESCs continuously passaged with
sodi um ciwpave/skgyi ng typi cal hESC col ony norphol ogy amdTgrsea2io3s3p0039]
FIGURE 4 illustrates the normal karyotype of hESCs passaged five tines
foll owi ng harvesting with sodiumcitrate. [0040] FI GURES 5a-e illustrate
harvest of hESC culture in two-layer nmultilayer cell stacks (sodiumcitrate

vs. EDTAreat® Ak hehbiddRiod rbd dobsto &f @HuRpih ChZ@hbdaing, (BORHRE kb & e
formul ati on for hESC det achnent. L8042 FIGURE 7 illustrates the density

i ncr ease oM H5hBSGESHyredds prRSR O Jh geaBaicpyodinsniy the tiealgst inehis Sand t he

vi abi I tbo&ﬁ?ﬁgﬁpﬁﬁf&ﬁﬁreéﬂpit%b%@ ?Q%P&@dn@%ﬂfsﬂ@%é QYRYRs gpunt er - f 1 ow
centrifugation technol o 0043] FIGURE 8 illustrates the recovery

of cells camn@rcwgﬂww@waék;eieﬁmdurmdla {00DRS(] CuEURE 2gpects ofide embedimers Peat i ng of
NESCs postnCQotd DiRUS QIF%%%tth%&QQ%er B Norh GG 20-92600 (SRR ) ) and

post cryopreservation. rates the tren I 'ncreasi ng
detachnem@HMbMH%ﬁheﬂwmﬂBE@S@ﬂmﬁxmw@@mhwmﬂOﬁDﬁanﬂmhnwa%p@mgﬁdmiutlons of

sodi um ci ¥nbg(th%1e Fd Y ﬁ%od rﬁsults inIYEFl%a}%/\élt %(Lfo H) g}laméallegg Fas%éﬂ% olf 2 tcél?f?o%n t h

trend of |ncrea5|n I'ncrease o
vari ous dhdmmm@nﬁfmhmkmmnummhmﬂmdlea&hwnmhabmmao%n nTeSRIa [ 0047] FIGURE 12

illustrat ef fects 0 ar i and p oncentration on the
i 1ty 80Rb S Al o eelp S e s R e B APt P B P Aot T 00ds]
FI GQURE 13rividedsidlatigs fdrimelagsimboataining MAEmmmTAann@maF+aﬂlemm wkidsodi um

citrate aq? KCL of various fornul ati gﬁ%olutl sed |n(%he ex eri.nents

descri bed VT HMEfeaRE CARIRLIORY A8Fioys §atf&3 q factpet gra fdenilipd ¢ 'F’gct of
osnol ar i ty cQndetRBmah] thé ) 0helfOiod@BnGrh i dradng oﬁrﬁblﬁi‘#ﬂyatl ons to pronote hESC

detachnent and maintain | arge cluster size.

0030] In another embodiment, a method of developing a cell-detaching solution for hPSCs
is provided wherein the size distribution of the detached clusters and the percentage of the
culture detached at given treatment time can be controlled with the osmolarity and Ca*
chelator concentration.

[0031] These and other objects are achieved in the present invention.

[0032] There has thus been outlined, rather broadly, the more important features of the
invention in order that the detailed description thereof that follows may be better understood,
and in order that the present contribution to the art may be better appreciated. There are, of
course, additional features of the invention that will be described further hereinafter.

[0033] In this respect, before explaining at least one embodiment of the invention in detail,
it is to be understood that the invention is not limited in its application to the details of
construction and to the arrangements of the components set forth in the following description
or illustrated in the drawings. The invention is capable of other embodiments and of being
practiced and carried out in various ways. Also, it is to be understood that the phraseology
and terminology employed herein are for the purpose of description and should not be
regarded as limiting.

[0034] As such, those skilled in the art will appreciate that the conception upon which this
disclosure is based may readily be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes of the present invention. It is
important, therefore, that equivalent constructions insofar as they do not depart from the spirit

and scope of the present invention, are included in the present invention.



[ 0050] FIGURES 15A-C illustrate the effects of sodiumcitrate concentration
on hESC det achnent and on size of detached clusters. [0051] FI GURES 16A-B

i Il ustratwotzhe/essdect s of EDTA, EGIA, and sodi um citr at @ConShESC38321
detachnment. [0052] FIGURE 17 illustrates fornulations used in tinme course
studies. [0053] FIGURE 18A illustrates the effect of treatnent tinme with
various fornul ati on solutions on hESC detachnent; [0054] FI GURE 18B

i1l ustratgssi heosd l?eﬁeldhﬁ&rsﬂaﬁ&lﬁ% th@fnvélhr%nhﬁ%eﬁhh@a@aﬁa LACHE dpdific
treatnment of various sodiumcitrate formul ations, and the effect of the

t r eat mentobiCFBUERLd ydtsags feErensp shougl bathed futhp BFFONPEDSE] drpyiceRmd1 9
i I'Tust ratd@sccEBﬁ'@a rHét?eTr LARn Sl fsle &k ‘ﬁfé?e)frea mVBEc‘ﬁS&eﬁJs H?&éﬁﬁe&%ﬁef ated using

Versene(r) TA and various sodiumcitrate formul ations, and the effect of
treatnment time on the plating efficiency. [0056] FIGURES 20A-B il lustrate

det er m na{diep i ﬁ‘ﬁrrvest‘r'g%gﬁﬂ%WI&@%V}&ﬁbH@fEP@Uﬁﬂﬁ frame of treatment)

to achi eve optim uster size using cell detachnent
sol ut i ong003600BIFURE GURESAR2s1Ae Beridnlt u@blﬂl&t(ﬁ h!EISés d@mhad fremn aoftutinge

oper at | Onalface f&o V\?%&Tz% Eltl n?etn nO u O%'V? ﬂ/n%a %e%t Léﬁt %d%?ﬁiet ached

usi ng sodi um ci ron s ers
det ached susping EDTA and EGTA at high concentrations [0058] FIGURE 22

el 1 i a0 7ha P B e R PR BRRETS B e 5P g AR ot i on
Passag) ng' met hodol o lmd”%%mé?ﬁﬁﬁ““%%p?ﬁgﬁf??‘éf?i@? e chem cal
orpoat t 1 nﬂ%@‘? 8‘%&8@[1%18%% £M'St i i cati

conp05|t|8%‘§1 tics, and potential applications of
three soqoesyy CRIGERE 4 TiRsTbathe @A nBOkH b PRSof hES0SHssdobGIRGiR folibwisg I at es

the | eave-in passage" nethodol ogy.
harvesting with sodium citrate.
[0040] FIGURES 5a-e illustrate harvest of hESC culture in two-layer multilayer cell stacks
(sodium citrate vs. EDTA).
[0041] FIGURE 6 illustrates optimization of sodium citrate formulation for hESC
detachment.
[0042] TFIGURE 7 illustrates the density increase of viable hESCs post-KSep processing
(volume reduction) and the viability change before and after application of continuous
counter-flow centrifugation technology (kSep®).
[0043] FIGURE 8 illustrates the recovery of cells after cryopreservation.
[0044] TIGURE 9 illustrates re-plating of hESCs post-continuous counter-flow
centrifugation technology (kSep®) and post cryopreservation.
[0045] FIGURE 10 illustrates the trend of increasing detachment with the increase of
treatment time with various dilutions of sodium citrate formulation in MEF-CM.
[0046] FIGURE 11 illustrates the trend of increasing detachment with the increase of
treatment time with various dilutions of sodium citrate formulation in mTeSR1®.
[0047] FIGURE 12 illustrates the effects of osmolarity and potassium concentration on the
ability of sodium citrate formulations to promote hESC detachment.
[0048] FIGURE 13 illustrates the osmolarity and final concentrations of sodium citrate and
KC1 of various formulation solutions used in the experiments described in FIGURE 14A-C.
[0049] FIGURES 14A-C illustrate the effect of osmolarity on the ability of sodium citrate

formulations to promote hESC detachment and maintain large cluster size.



[0061] FIGURE 25 illustrates the nunber of viable cells harvested and

post - det achnment viability of hESCs followi ng "l eave-in passage" wth sodi um
citrate fwormi2atsggsm sol uti ons. [0062] FlI GURE 26 il | ustr &Cedaistére/ozd3nst er
size distribution, plating efficiency and the norphol ogy of re-plated hESC
colonies following "l eave-in passage” with sodiumcitrate fornul ation
solutions. [0063] FIGURE 27 illustrates the effects of Versene(r) EDTA and
various goshoyMFRIERS €54-0f it udte RNerRRlsW ks CiraRSSRAIABHnQh nEBsenchy nal
stemcells (MSC). [0064] FIGURES 28A-C illustrate optim zation of sodium
citrate flgweimetp Tswhrefachsl ghisigisat i ng ef fici ency after extended

t r eat mentygos POERIUIESHRE B2 RudulaleURE SRLBDE ERTAL BIHACLYE QERGITISHE Yo Of NESC

mar kers, as eval uation of the self-renewal of the hESCs after |ong-term
passagi ndBtdataglyakngm citrate fornul ati on. [0066] FIGURE 30 illustrates the
I rmunocyt ' - | i.fiter i ation. Qf hESCs, as

eval uat i (gﬁé‘s'gf ”}[Fﬁgﬁ%? ? ? gﬁg%t?sg{to]?%lﬁﬁgé%g%pFf@@ggéﬁ%é%@é&passaged for a |long
term wi t H0GGdi GHYIERE i 3 dlvsortethatifanof (f@O6A] Lk GUREaBdusifoinygttiont es t he

hi st ol og . ter enerated in imune-deficient mce injected with
hESCs pa}séglglé%ﬁo %?Egg%l%toa%%m ‘Srmwith sodiumcitrate formul ati on, as further
confi r mat[0@d] oFIGEIRE é8ke iltus@dtesahe sapdiaributiop of fthelh@RG-cluatem deEEShedyl t ur e.

DETAI LED DESCRI PTI ON OF THE. | NVENTI ON [ 00 MPLE 1  [0069] Prelimnary
Scr eeni nér[ggﬂk%ﬁkﬂfﬁﬁ%l{séf)ﬁl%t“i‘t@ﬁe 8?“%?‘%“%&@ %ﬁ%@ﬁ ttfe&tnjﬁéf "llml fié{hgchrrent
For mul at icaReBakadikeibsioand Met hods [0070] Discl osed herein is a

non- enzy j e formul ation.and_ a net f harvesti ng/ passagi ng

pl uri pot g&(ﬁgsit Eﬁﬁg%llg‘]ﬁ%ﬂ]éﬂétméﬁ’sdé‘f @?%ngvﬁ?@ﬂe‘}wﬁﬁg%qglﬂasuérﬁcgeﬂ?r@tﬁgngﬁ - det achment
cel | vi abididehdy® KIFPAUAd valdes@da@l ¢igae diimul@bnsh endAhOERE S8 reatndnt @k ohar vest

or seeded into new culture vessels to be further expanded. In one

embodi nerie PlitHe cffiddrysed fornul ation incl udes sodiumcitrate, which

di srupt s [4de] CeldurRLs H@CB L AR’ rERhlio T ihe FRBAGAAGIRBwRaL is, time
chel at i n%/ sequestering Ca2+, the divalent cation required for cell-surface

and cel | Tege|of geaienenfyto arhicye eignaliharegst angrcdusisasiegiusieg aell dtacbmerind process i s
speci al | Xoggéﬂs?ned and devel oped to address the unique challenges in
routine or scale up hPSC culture and nmanufacturing processes. hPSCs are

nor mal | y [ abKdURIES Ain-Biillewlaterthaeoneagsment shieapgrabopal wondownandihssagi ng
hPSCs as _si.ngl.e- e { - - : e iciency of
NPSCs and iR FeER AHSG ARG RELARKEURILA Rl RANAR SUkb VAR D

met hod i shaadtliht clostats|dytadptlivping EB THAemd kg Negthighgoasratrp@ssagi ng hPSCs i n

ref er encqoddy { RS ALK RALATELEND Blce RS naf ir SYRTPL ol DT 11 .

yi el d, post-detachnen cruster: girze, paspsageaﬁlqltay, and i ntaini ng a

pl uri pot evdl-jphensingeaher Muirené CFINUA at sodiunacidatp faoeision soluthe wisedDTA any hPSC
| ab as routine lab practice to expand hPSC cul t.ur,e with, reduced | abor

| ntensi 0 s pBRBL ARk adBe SR LD RES B iRl g pr ocess does
not requif0@INETCIIRE 2B iIEStiAg (AgcHemi@Btonifogitiond, baf@@nbndeRBaratiedstice arnd t he
cell harvest _%oes_ not n gld to_be Wa&?%hﬁed a1nd ceE{[_ri fuged to renove the
agent s uS8YNHY 2PRICALS PhRIEFPEigmE raphioemylalion SodtiPRy and process especial |y
benefit Iljeide- srabher bPIGseiadBe tiéninhiBtet h@e@eddiszyar € growing in

mul tilayer cell culture vessels where scrapi n% cannot be %12% ied. Using
this for el i BH ARG 2 rElupiEies thorunier ghvigdesdis Dapetsd e oat-deRehbignti | ayer

cel | cul tiyiRiy 658IE SRRyiRE1BRLVE LSl Mitih sSIRER clulR T acdohablidbdsy . [ 0071]
A variety of non-enzgmatl c cell detachnent solutions at various

concent r a0068hs FIR/RE 3¢ Hlwalivieh th ¢lpsiegrsize disjrawtipy @lapag pldicieacy angrlve t he yiel d
of hESCs : i - e S i : ning the
tﬂ&/@%l‘}()?q%{%@ rd-pI9Y HE%;@ k$1@b{1§{]foﬁ%ﬁlg ﬁ:ayeeﬁgfgsﬁ%m&heso %ﬁ@l%?s

si nmpli ci the VerseneC) EDTA harvesting/passaging net
scr eeni ndoinnddtigd eelutidner exanpl e, Versene EDTA solutions at 0.1, 0.55, 1, 3,

d 10 o J | - A
201 ut 1 ond e Fo R by ARSEA,ShOUNERG YokeRt (AL BRGRLS BEM AR | o
(10X sol uomoratiod sdlbtidvs 90 ghsgming ¢fimadsenchim@5iteh @dts @4SCum chl ori de (KCl),
di I uted t[80é4i( Hb[ﬁgbzé %&—Cfiﬁg&rae%%%nization of sodium citrate formulations towards

high plating efficiency after extended treatment.



[0072] Al of these reagents (EDTA, EGTA and sodiumcitrate) are Ca2+

chel ators and have been used historically for detaching adherent cells in
cul ture. W 20emi58g9ed previ ously, Versene(r) EDTA has beem/uss@d/osssat i nel y
for harvesting/ passagi ng hESCs in sonme | abs; both EDTA and EGTA (in
conbination with trypsin) were used to passage hESCs in a study published
by Thom;on et al. at Roslin Institute in Scotland in 2008 (Thonson et al.
(2008), b@mnFﬂ@fzm@nﬁw@t&%&eﬂrﬁﬁlo%@eemy@hﬂgc ERzvraLd Galkidags Retain
a Nor nal Kar pe an ress CD30", Coning and Stem Cells, 10 (1),
1-17.). ﬁrem@f tb%h@i@se@ei lengvtsrin asseztbe YishpediEn Biuglsifastaiondi t | oned
medi um (Iv&i‘as 10E2 36 1RAAE B fln SRLUBLANR LY BE LB 0A tliPafrARSELhDed above
as follows: (1) renove culture nmediunt (2) wash onCe with Ca2/ Mg2+ free

buf f er (fobhEStsaptvaluappBg)the difyrentiptiah aapability @ckllFéEs orssaged fagrengemper at ur e;

(4) remove,soliull e ARdutd, Soak the colonies in MEF-CMfor 0.5-1 minute
to let themhave a chance to stick back onto the surface. The col oni es were
t hen hos&doRi t RIGEURE at dlustedésuhe histolgp of feratdneny gemmatbbindetmohrddicianom t he

surf ace. i.on v e t 4-9 mnutes
is the nor m'ﬁi?% e?télél%%???‘;‘s ﬁor%ﬁong tz?mfelvrﬁglrl Cfdlluntl Fltrﬁtqur&nuﬁjattlﬁne%ul ture grown
i n undef ifmedr s@rfiummmtiom delrffunanmemﬂnaaaparmlnyoﬁmngmrmlhEQCrmﬂumm (for exanple,

VEF- CM) , r i fi medi um such as nireSR1C). Thus,
an incubmﬁmwT%?%ﬁ%ﬂﬁmeml ated. Treatnent for nore
than 9 mionsgesERaMIIgGsuUlt in the generation of too many single cells.

Tr eat nent ess. than 2 mnute can be to shor ) e resulting
in partla{ﬁ)&git ! *==” i pA¢larZagon : feach the cells

gr own InH&'@&B@;@)Fohﬂul@ﬂé’nS@Miéh@@dM&ﬂocﬁﬁ ach t he cel I s grown in MEF-CM in
3-4 mnutes. [0074] Related to step # 5, this step was executed in the

initial de97QkhREsloseddictrin 57 Ieeweéefmaﬁa reggepdyornyladaanghionetbed ¢he cel | s

re-stick h@ﬁ»‘eamyisessﬁgiﬁg @raﬁ dt@ht@ﬂé{ntdén@asrt@memvumr@h erd/ﬁatmgﬁg) o&el I's grown in
an open platform such % pl ates, the cell's are hosed off the surface

ri ght af tdeﬁaclrwwlh‘gattﬂﬁé @W%)- dbeschirein teabapraspssedeigkarvesor mul ti | ayer
cel | cul ki RS} Sulfl febleisdh 8L RIS AYincklendRt BRBARALNSAL HhlinRy the
culture nediumis poured rnto the vessel first, the mediumis leveled in
al | | ayedermudatign frlydnles spdivpeg ek, whick @ﬁpetdthe@eldiﬂstfawgend%mé celek¢ls in the

cul ture Wt 24t 5-1
mnute i h%%&;d gl?]n l%}g(i}lggﬁl\léggg%eﬁgbt’a he&lg&%&é éﬂecgtg?lﬁlggqu& %&J dleg%g{f&té?rﬁ(g may be
required celAcq:iblmm‘ilogl ‘Bifis sdulgine aikrhgtbesedgoinmarion aid ygroswakedecatlytdaggred! t ur e
medi um dur i and may re-st.ick onto the a As, nmentioned
pr evi ous lagc,l Hffq’h ogeé o a%idrg Set ?%nl}ﬂl%e allietnﬁes ip K routlne OF a]\/élpsgélée Cl?urttﬁlflA whi ch
results |mnmt1faetunmg:pmpds&tsehHﬁtmhm&maﬂhmsv@sﬁ as)ﬁlulnlttelleluﬂ ctlwtf&s/aggrergatetl -l ayer

cell culture vess Ther r onies in cult di um for
05 1% el B R Shg Pl s PR P iR af R iR s ER BT b
Sﬁr face. ah@MhénjghABkiok kzuy?(ﬁty}ﬂ& eshobyalfty. qiﬁEf(ﬂmuEfléﬁindtdiﬂtgodﬂE mehnh bRy f 85% of

t he Versene(r mM EDTA) -t r eat cul ture rennl ned on the surface

(FI GURE ?B?‘g"l%hré‘a%%‘r‘lgﬁn%]’ SSaeHe h&)ggf;?r& FFé‘C%ﬁOftﬂHlFFé( GOy REAMENTSPR sodi um

citrate (podi ysn e&hﬂh?l@t Batfi@ uéiat joerdetdchSati@ths@bhikdl hasddehKBilREa2b) . The

vi sual assessnent of the percent %e of the culture remaining on the surface
after t ré%&lrﬁeﬁtng@el%apeteﬂe&emﬁm Refopulatiph A gIRCEshFan Redfset linﬁeml SGodi um
citrate g Mth@Mheilsh pR4iiPE lodxPAladhPs R E Wal r@dRic@ RbREN LRIty LRASEALs conpar ed
to VerseneEDTA for harvesting hESC culture. Sodiumcitrat e formul ati on

di srupt s tineFeraxpmplay thig demnnien aryl Rrogpsedacs potagquaistmachacal Arapaed 8§t EDTA and
sodi um cigd @ei@offfa{e@ulféée'aﬁ&'tﬁe Pﬁgesbgég‘ﬁo%e %tberv%sﬁéd afﬁh c&&nﬁgé‘d gurface in
culture nediumas fast and easily as Versene(r)

f or mul at iremeverteatgsals Eg@s deth@0edulmywo Hl@rfnemdatwlnlayd ama¢s|s ameealéyobqn@ﬁtons wer e

tested a t 0, t el |
culture 3%8 S eﬁ%ﬂ: H%k‘;ﬁgduld& \Qhetn GP%W%% r&{)ﬁ%ﬁ‘ lﬁ@@ %chg @F‘er‘gyég ree Cell
Di ssoci atwhere sSmbungw@mibp bd drpehclt H@mgmas fOrigutetios aBametioEmryathakpée oCel |

Di ssoci a Sol uti ony.. Bot t he sol uti qns .cont EDTA ycerol and
Sodi um oo B0 b AllLag s <yt HEBC RGO kR Ri abt YV her Cone.of
t he sol utviabiiy.was able to det ach the cells effectl vely. [0077] Further
experinmentation was performed to determ ne whether sodiumcitrate

formul ati on can be used to passage hESC cultures; that is, whether hESCs
det ached by sodiumcitrate fornulati ohAlcan be plated onto a fresh surface
to start a new culture. In one exenplary experinent, hESCs treated with
sodiumcitrate formul ati on were continuously passaged six tinmes in MEF-CM
and three tinmes in nlfeSR a FI GURE 3 shows that hESCs passaged with sodi um
CI trate f or mul at| on for six t| nes | n IVEF CM reta| n typ| caI hESC rmrphol ogy.

o Y 1 L pemp N ISP A o, o T |




alternative enbodi nents, a clunp size of 40-500 umis desired. The
operational tinme wi ndow for sodiumcitrate fornulation treatnment on hESCs
was w derwohare/igesvseneC) EDTA treat nent on hESCs, whi chPC3/uysasiziosssear |y
beneficial in c@w-conpliant production when product quality consistency is
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medium; (2) wash once with Ca12+/Mg2+ free buffer (for example, DPBS); (3) incubate in
solution at room temperature; (4) remove solution; and (5) soak the colonies in MEF-CM for
0.5-1 minute to let them have a chance to stick back onto the surface. The colonies were then
hosed with culture medium to see if they can be detached from the surface. Related to
incubation step # 3 above, it is noted that 4-9 minutes is the norm for Versene® EDTA. Itis
generally longer with culture grown in undefined serum or serum replacement-containing
medium (for example, MEF-CM), and shorter in defined serum-free medium such as
mTeSR1®. Thus, an incubation window of 2-12 minutes is contemplated. Treatment for
more than 9 minutes can result in the generation of too many single cells. Treatment for less
than 2 minutes can be too short a time frame resulting in partial detachment. Sodium citrate
solution (1X) can detach the cells grown in mTeSR1® in 2-3 minutes, and detach the cells
grown in MEF-CM in 3-4 minutes.

[0074] Related to step # 5, this step was executed in the initial detachment-solution
screening study to see whether the cells re-stick onto the surface in culture medium. For
harvesting cells grown in an open platform such as 6-well plates, the cells are hosed off the
surface right after removing the cell-detachment solution. However, for multilayer cell
culture vessels, after draining out the detachment solution, the culture medium is poured into

the vessel first, the medium is leveled in all layers, and then the vessel is tapped to dislodge
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the cells in the culture medium. In one embodiment, the pouring and leveling take 0.5-1
minute in a ten-layer vessel. In the cGMP setting, additional time may be required. A
portion of the culture is inevitably soaked in the culture medium during these steps and may
re-stick onto the surface. As mentioned previously, this is a difficulty with the use of
Versene® EDTA, which results in the incomplete detachment/harvest of the culture in multi-
layer cell culture vessels. Therefore, soaking the colonies in culture medium for 0.5-1 minute
was done to evaluate the re-sticking of the cells onto the surface.

[0075] As illustrated by FIGURE 2, after this procedure, 85% of the Versene® (0.55 mM
EDTA)-treated culture remained on the surface (FIGURE 2a), while nearly all the cells came
off the surface in 1X sodium citrate (sodium citrate formulation) treated culture (FIGURE
2b). The visual assessment of the percentage of the culture remaining on the surface after
treatment is plotted in FIGURE 2c. Through this experiment, sodium citrate solution is
surprisingly identified as a superior reagent compared to Versene® EDTA for harvesting
hESC culture. Sodium citrate formulation disrupts the cell-surface bond to a greater extent
than Versene® EDTA and sodium citrate formulation treated hESCs do not re-stick to the
surface in culture medium as fast and easily as Versene® EDTA or EGTA formulation-
treated hESCs.

[0076] Two commercially available solutions were tested as potential solution to harvest
hPSCs out of multilayer cell culture vessels. One was from Millipore, the “PBS Based
Enzyme-Free Cell Dissociation Solution”, the other was “Hank’s Based Enzyme-Free Cell
Dissociation Solution”, Both of the solutions contain EDTA, Glycerol and Sodium Citrate.
When used on H9 hESCs cultured in MEF-CM, neither one of the solutions was able to
detach the cells effectively.

[0077] Turther experimentation was performed to determine whether sodium citrate
formulation can be used to passage hESC cultures; that is, whether hESCs detached by
sodium citrate formulation can be plated onto a fresh surface to start a new culture. In one
exemplary experiment, hESCs treated with sodium citrate formulation were continuously
passaged six times in MEF-CM and three times in mTeSR1®. FIGURE 3 shows that hESCs
passaged with sodium citrate formulation for six times in MEF-CM retain typical hESC
morphology. As illustrated by FIGURE 4, the karyotype of this culture was evaluated to be
normal after five passages with sodium citrate formulation. Further testing has confirmed
normal karyotype at 10 passages in MEF-CM, 29 passages in mTeSR1®, and 25 passages in
StemPro®. It is contemplated that a normal karyotype will be present at greater than 50

passages.
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[0078] Sodium citrate formulation was tested for harvesting hESCs in two-layer cell stacks.
This sodium citrate harvest was compared with the harvest using Versene® EDTA. FIGURE
5 provides images of the cells remaining on the surface after harvest. The cultures in
FIGURE 5a and 5b were both harvested using Versene® EDTA, but were handled by
different operators (with the strength applied to tapping of stacks to dislodge cells varying
between the operators). The operator with stronger tapping harvested ~70% of the entire
culture, while the operator with weaker tapping only harvested ~45% of the culture.
However, both the operators harvested more than 90% of the entire culture from the surface
when sodium citrate formulation was used for the harvest (FIGURE 5c¢). The percentage of
the culture detached from each two-layer stack is plotted in FIGURE 5d. The number of cells
harvested from each vessel was counted and the viability of the harvest was calculated
(FIGURE 5e). Compared with Versene® EDTA, the counts of the cells harvested with 1X
sodium citrate solution have much tighter distribution (2.64E8+5.1E7 with Versene® EDTA
vs. 3.46E8+1.81E7 with sodium citrate, (see FIGURE 5e), which contributes to a more robust
and consistent manufacturing process. The yield of sodium citrate formulation-harvested
hESC culture was 31% higher than that of Versene® EDTA harvested culture. There was less
operator-to-operator variance when sodium citrate formulation was used. This may be
because sodium citrate formulation disrupts the cell-surface bond more than Versene® EDTA
and much less tapping effort was needed to dislodge the cells.

[0079] Additional studies to further optimize the formulation and method were conducted.
In one embodiment, the optimal range for the concentration of sodium citrate for hESC
detachment was 0.1X-3X (see Table 2 for the concentrations of sodium citrate and KC1), or
higher. Surprisingly, sodium citrate formulations at higher sodium citrate concentrations did
not necessarily detach the cells faster or break the colonies up into single cells more than
lower concentrations (FIGURE 6b). In fact, when working on hESCs grown in MEF-CM,
sodium citrate at higher concentration (1X-3X and higher) tended to lift the hESC colonies up
as whole sheets. The size of the detached hESC clump was dependent on the dilution of
sodium citrate formulation more than treatment time (1-11 minutes tested). This adds to the
advantage of sodium citrate formulation over Versene® EDTA, which breaks the hESC
colonies into undesirable single cells at extended treatment (>9 minutes). The clump size of
the detached hESC grown in mTeSR1® was overall smaller than that grown in MEF-CM.
The effect of cell-detachment formulation on the size of detached clusters (clumps) of hESCs
was further investigated. As described below, the osmolarity of the formulation affects the

size of the clusters. In certain embodiments, a clump size of 10-1000 um is preferred. In
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product quality consistency is regulated and deviation is to be minimized. The operational
time window is further described below.

[0080] In exemplary experimentation presented herein, the solution included: sodium citrate
and KCl diluted in Ca**/Mg**-free DPBS. It is, however, reasonably contemplated that
alternative calcium chelators at optimized concentrations in formulations with optimal
osmolarity will provide attractive results. Similarly, citrate formulations containing a salt
other than KClI are contemplated. Such salts include, for example, NaCl, Na;,HPOs3,
NaH,POs, K;HPO3, KH,PO3, and the like.

[0081] In one embodiment, sodium citrate concentration has a preferred working range of
0.15-150 mM. In one embodiment for harvesting cells grown in culture medium such as
MEF-CM (Murine Embryonic Fibroblast-Conditioned Medium), sodium citrate concentration
has a working range of 1.0-50 mM. In an alternative embodiment, as illustrated in FIGURE
6, sodium citrate concentration has a working range of 1.5-45 mM. In one embodiment,
sodium citrate concentration for passaging cells grown in MEF-CM is a working range of
1.5-15 mM. In one embodiment, sodium citrate concentration for harvesting cells grown in
culture medium such as mTeSR1® is a working range of 1.5-30 mM. Excipients in the
formulation include, but are not limited to, Ca2+/Mg2+—free DPBS and KCl1 (1.35-1350 mM).
The working osmolarity of this formulation is from 31.1-2050 mOsmol/L.. In one
embodiment, the working range is 290-1015 mOsmol/L.. In another embodiment, the working
range is 299-781 mOsmol/L.. In yet another embodiment, the range is 548-781 mOsmol/L.. In
Table 2, sodium citrate solution of 10X contains 1350 mM KCI and 150 mM sodium citrate

in water. A series of dilutions was made by diluting the 10X solution in DPBS (without Ca**

or Mg™).

[0082]

Table 2: Formulations of Sodium Citrate Solution

Dilution | 0.1x 0.3x 0.7x 1.0x 1.3x 2.0x 3.0x 10x
Factor

KCl1 13.5mM | 40.5mM | 94.5mM | 135mM | 175.5mM | 270mM | 405mM | 1350mM
Sodium | 1.5mM |[4.5mM | 10.5mM | 15mM | 19.5mM | 30mM | 45mM | 150mM

Clitrate
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EDTA nOsnp 273 272 281 287 305 Versene -Based EGTA sol utions
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Osmolarity of the screened cell detachment solutions was measured (Table 3).

Sodium citrate solution in general has a higher osmolarity than all the Versene®-based EDTA

and EGTA solutions (solutions screened in FIGURE 2). This may be due to the high

concentration of KCI and other excipients in the solutions. High osmolarity of the sodium

citrate formulation is identified herein as one attribute that contributes to the unique cell

detachment behavior of the solution, which is further discussed hereinafter. Table 3

illustrates osmolarity of various solutions.

[0084] Table 3. Osmolarity of Non-Enzymatic Detachment Solutions
Versene®” -Based EDTA solutions
0.1lmM 0.55mM ImM EDTA | 3mM EDTA | 10mM
EDTA EDTA EDTA
mQOsmo 273 272 281 287 305
Versene®-Based EGTA solutions
0.1lmM 0.55mM ImM EGTA | 3mM EGTA | 10mM
EGTA EGTA EGTA
mOsmo 282 282 283 290 311
Sodium Citrate (Diluted in DPBS)
0.1x 0.3x 07x 1.0x '.3x 2.0x 3.0x 10x
mOsmo | 311 352 432 499 587 741 1014 >2050
[0085] Continuous counter-flow centrifugation technology can be used to concentrate and

wash hESC harvest. As illustrated in FIGURE 7, hESC (grown in MEF-CM) harvest is five

times concentrated with 10% drop in viability after processing with kSep®. hESCs processed

with kSep® remain as clusters and plate well with 10% drop in plating efficiency, compared

with pre—kSep® fresh harvest (FIGURE 9). hESCs formulated and vialed with M-1 filling

machine cryopreserve efficiently in CryoStor10 with more than 90% viable cell recovery and

50% post-thaw plating efficiency (FIGURES 8-9).

[0086]

As further discussed in EXAMPLE 11, in one embodiment, the process of

expanding and passaging hESCs grown in mTeSR1® from T-flasks into multilayer cell

factories is optimized with a novel non-enzymatic passaging method, followed by

downstream processing with continuous counter-flow centrifugation technology.
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[0087] In another embodiment, hESC culture in MEF-CM is expanded, with Versene®
EDTA passaging, from six-well plate into T-flasks, and further into multilayer cell culture
vessels. The final harvest from multilayer cell factories was characterized with flow
cytometry and more than 90% of these cells expressed pluripotency markers including OCT4,
SSEA4, Tra-1-60, and Tra-1-81. The final cell harvest was concentrated more than 14 times
after automated downstream processing, with only 2% drop in cell viability.

[0088] Further studies related to treatment time and its correlation with the dilutions of the
citrate formulation were conducted and are further defined below in Table 4. FIGURE 10
and 11 demonstrate the effect of the dilution of sodium citrate formulation on the trend of
culture harvest increase with the increase of treatment time. The study illustrated in FIGURE
10 was conducted on hESC culture grown in MEF-CM, and the study illustrated in FIGURE

11 was conducted on hESC culture grown in mTeSR1®.

[0089]
Table 4
treatment time window
in MEF-CM in mTeSR1®
0.1X 8min-10min
0.3X 4min-11min 6min-10min
]
g 07X 3min-11min 4min-10min
&
T 1X 3min-11min 3min-10min
£ 13X 3min-11min 2min-10min
@)
g 2X 3min-11min 3min-10min
23X Smin-11min
25
minimal treatment time (min) to achieve
85% detachment
in MEF-CM in mTeSR1®
0.1X 8
0.3X 4 6
]
g 07X 3 4
&
B 1X 3 3
£ 13X 3 2
)
g 2X 3 3
2
= 3X 5
25
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[0090] It is contemplated that with the sodium citrate formulations the cells can be
harvested from a variety of surfaces including but not limited to Matrigel-coated surface,
gelatin-coated and MEF-plated surface, and/or chemically defined surfaces. Examples
include, for example, synthetic plastic or peptide-bound surfaces (Corning Synthemax and
Nunclon (Nunc) Vita surfaces), surfaces coated with defined recombinant or native proteins
(e.g. vitronectin, fibronectin, laminin and collagen). There are two widely-used surfaces for
hPSCs: the MEF-seeded surface (Murine Embryonic Fibroblasts are seeded onto surface pre-
coated with gelatin), and Matrigel-coated surface (Matrigel is an extracellular matrix derived
from mouse tumor). Both Synthemax and Nunc Vita are defined surfaces available on the
market and marketed as a surface that can be used for hPSC culture. Sodium citrate
formulations can be used to harvest hPSCs grown in various types of culture medium,
including, but not limited to, regular culture medium used for culturing hPSCs on MEF-
seeded surfaces, MEF-CM, mTeSR1® and StemPro®.

[0091] EXAMPLE 2 (all the studies in Example 2 were conducted on hESC cultures in
mTeSR1®)

[0092] Determination of Optimum Sodium Citrate Formulation
[0093] Comparative Effects of Osmolarity, Potassium, and Sodium on the Ability of Sodium

Citrate to Promote Cell Detachment

[0094] The 1X sodium citrate formulation described above is 15 mM sodium citrate, 135
mM KCI1, pH 7.31, and 499 mOsmol/L. in DPBS. Further studies were performed to
determine the effects of osmolarity, KCI on the ability of the sodium citrate formulation to
promote cell detachment. FIGURE 12 shows the percentage of detachment of hESC in
cultures treated with various solutions of sodium citrate. The results indicate that the
osmolarity of the solution and the concentration of sodium citrate are important factors for
achieving optimal cell detachment. In addition, at nearly normal osmolarity, the addition of
potassium (KCI) to the sodium citrate formulation caused greater percentage detachment than
the addition of sodium (NaCl) (compare solution # 4 to solution # 5) suggesting that KCI may
be a better choice of salt in this formulation than NaCl. Not to be limited by theory, one
possible explanation for this finding is that the additional sodium (Na") inhibits the
electrolysis of sodium citrate and consequently lowered the availability of the Ca* chelating
citrate ions.

[0095] Effect of Osmolarity on the Ability of Sodium Citrate to Promote Cell Detachment

and Maintain Viability
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nmOsnmo 311 352 432 499 587 741 1014 >2050 [0085] Continuous counter-flow
centrifugation technol ogy can be used to concentrate and wash hESC harvest.
As i || ustwetzetk/isss89pl GURE 7, hESC (grown in MEF-CM har vest/usgoiRiosss2t i mes
concentrated with 10%drop in viability after processing with kSep(r).

hESCs processed with kSep(r) remain as clusters and plate well with 10%
drop in plating efficiency, conpared with pre-kSep(r) fresh harvest (Fl GURE

9) . hESCodo| Mitudics de RN ri¥indlaed abiindvhd efffdck bit RghoMGhdMBe EBiMQRITESEr Ve
effici entl% In CryoStorl0 with nore than 90% vi abl e cell recovery and 50%
}1

post - t hawP thqc%e t@fpfqr%qt@w (lqiqlc@gqgs S@dly)n citrate solutions/formulations of

various osmolarity were prepared by adjusting the concentration of KC1 and maintaining a
constant concentration of sodium citrate (see FIGURE 13). As shown in FIGURE 14A, high
(and approximately the same) viability was observed with all solutions whereas maximum
harvesting of cells was achieved after treatment of cells for 5 minutes with sodium citrate
solutions (15 mM citrate) having an osmolarity of between 299-781 mOsmol/L.

Substantially reduced harvesting was observed using a sodium citrate solution with an
osmolarity of 169 mOsmol/L. and an osmolarity of 1016 mOsmol/L. suggesting that there is a
threshold between about 299-781 mOsmol/L at which high percentage of culture could be
harvested. In fact, microscopic images (FIGURE 14B) revealed substantially larger clusters
of harvested cells from cultures treated with 781-1016 versus 169-548 mOsmol/L solutions of
sodium citrate. The images of the detached clusters were analyzed and the sizes of the
clusters were quantified. The distribution of the cluster sizes is shown in FIGURE 14C. As
demonstrated in images and the size distribution plot, The percentage of the culture harvested
as large cell clusters was increasing with the increase of the osmolarity. There was a
substantial increase in the measured sizes of the detached clusters obtained from cultures
treated with 781-1016 mOsmol/L solutions versus 169-548 mOsmol/L solutions {mostly 250-
900 equidiameter size clusters versus mostly 40-150 equidiameter size clusters, respectively).

[0097] Effect of Sodium Citrate Concentration on Cell Detachment and Viability

[0098] Studies were performed to determine the effect of citrate concentration on hESC
detachment and viability. Sodium citrate solutions of various concentrations were prepared
at about 265 mOsmol/L. and a pH of about 7.2. As shown in FIGURE 15A, high (and
approximately the same) viability was observed with all solutions whereas the percentage of
harvested cells increased with increasing concentrations of up to about 30-45 mM sodium
citrate. Only slightly improved harvesting was achieved using 75 mM sodium citrate.
However, there appeared to be a threshold between about 30-75 mM sodium citrate at which
“sheeting harvest” (hESC colonies detached as big clusters or sheets of cells) occurred. In
fact, microscopic images revealed substantially larger clusters of harvested cells from
cultures treated with 30-75 mM sodium citrate solutions of sodium citrate (FIGURE 15B).
There was a corresponding increase in the measured sizes of clusters obtained from cultures
treated with 30-75 mM sodium citrate solutions versus 1.5-15 mM sodium citrate solutions
(mostly 250-900 equidiameter size clusters versus mostly 40-150 equidiameter size clusters,

respectively) (FIGURE 15C).
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The measured sizes of redistributed clusters obtained from cultures treated with the various

solutions were similar (mostly 40-200 equidiameter size clusters) (FIGURE 16B).
[00101] EXAMPLE 3

[00102] Time Course Studies

[00103] Versene® EDTA Versus Sodium Citrate

[00104] Studies were performed to determine the operational time windows that provide
good percentage detachment and cluster size distribution. The detachments in the studies
described above were evaluated after five minute treatment with cell detachment
formulations. Here, treatment time is extended up to 20 minutes, and detachment and cluster
size are examined under various time points (2, 5, 8, 10, 15 and 20 minutes). Formulations of
moderate osmolarity and pH are selected from prior studies and the time span (operational
window) of treating hESC culture with these formulations that would yield a desirable
percentage detachment and post-detachment cluster size distribution is determined. Cell
cultures were treated with the solutions of FIGURE 17 for 2, 5, 8, 10, 15 or 20 minutes and
then tapped twice to dislodge the cells. For each treatment time point, cultures were
evaluated for percentage detachment of cells and cluster size in order to determine the
optimal operational window. Cell viability and plating efficiency of detached cells were
evaluated at the 5, 10, and 20 minute time points. FIGURE 18A shows the effects of Versene
EDTA and various sodium citrate solutions on hESC percent detachment at each treatment
time point. FIGURE 18B shows the effects of Versene® EDTA and various sodium citrate
solutions on cluster size distribution at each treatment time point. FIGURE 19 shows the
effects of Versene® EDTA and various sodium citrate solutions on the plating efficiency of
detached cells at each treatment time points of 5, 10 and 20 minutes.

[00105] Based on the results obtained from this study, and not to be limited by theory, an
operational window similar to that depicted in FIGURE 20A can be established and

19



0.3X4mn-1 I mnémn-10mn 0.7X3mn-1 | mn4mn-10mn | x3mn-1 | mn3mn-
10mn 1.3X3mn-1 I mn2mn-10mn 2X3mn-1 | mn3mn- 10mn 3X5mn-1 | mn
m ni mal tweabrersswi ne (nmm to achieve 0.1X 0.3X 0.7X | PCTABXN12M38X1 [ 0090]
It is contenplated that with the sodiumcitrate fornulations the cells can
be harvested froma variety of surfaces including but not limted to

Matri gel -coated surface, gel atin-coated and MEF-pl ated surface, and/or

chem cal lyypdpfidipafieh REES: selo¥RIR) R8ick O£ 44884 pdr@inta@¥ BNRIIRletaSMAEI8Ed C
pl astic or peptide-bound surfaces (Corning nltj hemax and Nuncl on (Nunc)

Vita surfCheEs)ize wavifdinesens odt egrmie s gdhominia 1GERBAbE Merriisie usit ve proteins
(e.9. VvilgLQRRGE M ’op&ja@(glﬁpﬁ%g%\g is {1 ﬂgih %%@elﬁl{g% oF Ol AG&Rched REVE 786 WO

wi del y-used surfaces for F-seeded surface (Miurine Enbryonic
Fi br obl ag®)shapacantge eticudinteslesghddzs 0peune olasterd isgviehd el /st indiyatedpidthe

Mat ri gel - - ri | - ' erived from
nouse tur?t%fr?;. gg@%é@%@ﬁ%‘r@% ﬂgnghtﬁgﬁgﬁ@ﬁﬁg{cge?gee‘gt #h%élg?%aﬁfg%%s avai |l abl e
on t he narck@tengnue malrthketlederage degensé b tehatreasant the regmentftiore. BR8Conul t ur e.

Sodi um Citﬁersfi‘{ﬂ%tsf t(%éa?l‘gé RELORS e"’kgiu?atr%%?%n{u?atu%ﬁbYs%§§ (B3 /g gwn i n various
types of culture nedrum Including, but no I'mted to, regular culture
medi um ugeegrdtionalotihdow) ivagldPSGSn deradiitese@ted thaurdl@aces mdviEFCOMe) AlFe SR1( 1)

g{;ﬁ dﬁt(::te ggb@épg %Eg%%gﬁl?ltqygé@%ak \I)Eviné?é/%%etaﬁr?ed%}nggi tﬁes saimrf]: c%e%g?(l)reothzer cl rrat%
formulations and Versene® EDTA are narrower. In fact, based on the plot, to meet the same
criteria with Versene® EDTA, the culture needs to be treated for exactly 10min (0 duration).
Wider operational window, which gives more operational flexibility without affecting the
consistence of product characteristics, is more desirable, especially in cGMP production.
Based on FIGURE 19, plating efficiency drops with the increase of the treatment time and
longer than 10min treatment time is not desirable because of this. Accordingly, best practice
(based on high percent detachment, desirable cluster size range and high plating efficiency)
for detaching hESCs with citrate formulation Dis2#3 would be 5-7min treatment, and 10min
treatment with Versene® EDTA. At their respective optimal treatment times, Versene®
EDTA harvested over 20% fewer cells than sodium citrate.

[00106] High Concentration of EDTA and EGTA

[00107] Following the same basic approach as used above for determining the operational
windows for various sodium citrate formulations and Versene® EDTA, experiments were
performed to determine the operational windows and plating efficiency for 22.5 mM
Versene® EDTA and 22.5 mM EGTA formulations described in EXAMPLE 2, as comparison
to Versene® EDTA and sodium citrate (formulation Dis2#3). The operational windows were
determined based on the criteria of “>70% of the culture is harvested and >90% of the cells
harvested are in the format of 40-500um cluster”. As shown in FIGURE 21A, the durations
of the operational windows of 22.5mM EGTA and Versene® EDTA formulations are similar
to that of citrate formulation Dis2#3, and are much wider than that of Versene® EDTA. The
starting time points of the operational windows of 22.5mM EGTA and EDTA formulations
are the same, and are earlier than that of citrate formulation Dis2#3. However, as shown in
FIGURE 21B, hESCs detached with 22.5mM EGTA and EDTA formulations did not re-plate
well (5, 15 and 20min treatment time points examined), and sodium citrate (solution Dis2#3)

substantially outperformed high-concentration (22.5mM) EDTA and EGTA formulations in
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[ 0092] Determ nation of Optinmum Sodium Citrate Formul ation [0093]
Conparative Effects of Osnolarity, Potassium and Sodiumon the Ability of
Sodi um Gvorat2#s8899Pr onot e Cel | Detachment [0094] The 1XCIasea2ioss3er at e
formul ati on descri bed above is 15 mMsodiumcitrate, 135 nM KC1, pH 7. 31,
and 499 nGsnol /L in DPBS. Further studies were performed to determ ne the
effects of osnoblarity, KCL on the ability of the sodiumcitrate formulation
to promtgnget &ematargfam@ncy E&@J&i&esl HIshaws: fiimoRelGaRla86 Qfnudet achment  of
hESC in cultures treated with various solutions of sodiumcitrate. The
resul ts itisaimeatEme peint noppaligedryith tat 9f ciirate fosmalation Pi6##3and t he concentration
of  Sodi Uhioh] AlCa A kMRt al BBRAT SurfieTorAGALEK RpeBll FRIACE! |
detachnment. In addition, at nearly nornmal osnolarity, the addition of

pot assi urPtKamge apd EGRA- epotining foimplatians ﬁmpaﬁmgarguhdiﬁceiugb@n@reemoérer per cent age
det achne 4 to
soIutionqgwégggaggggﬁ?%&&%%g?%EH?PQM' q%%#%ggggﬁgﬁge%k#éggpkﬁln this

f or mul at ihave lessaleleNaiCls efNots on@elbeﬂiluremtlnaecﬂlim tnhlé@)T& (Socrhemmxmﬂ ble

expl anat I 8 IRGS lJ.tSfrb1 aSS afnl lcgm %‘lpl% VaIIO tme8ra]1% % Oous Elél}dtg’hl% )FO{‘ nhl bl ts
the el ectro ysrs 0 Fum cit e an conse ?%

avai | abi lekggplafas tdva uCEXAMmeE @,tsodlgmc:lttarealbenulﬁnm so[uﬁ&&ﬁo nef fieecdsardlfy

Csnol aritv anbthe Abhl% é@t §E glmOtrate to Pronote Cell Detachnent and
Mai nt ai n WFaBiF Ty Ve Fodo6f 'St iuies were performed to deternine the effect
of osnol qr)(iltoy] bowt e, aabiubnatlpa@ﬁglﬁg)ﬁidummttnrgab@uﬂmopr aepdetiifcd Batiachment .
Sodrunrcrtr ol |ons/f0rnul +ons osnplarity were prepared
by adj ust?H “E%n o) E%Wtc%‘ﬂn&}% fkéid @‘fﬁﬁx 6Fit ?rﬁ%ﬁ]@t"&s Regiet s

concent r afta@) opéonﬂmhrluﬁﬁ SFivhifiads @ al'selafokSdRR 13)ors A8 ih@WA tBreftdAIRE 14A,
hi gh (and approxi mately the sarrez viability was_observed with all solutions

wher eas MaSRFIHIGRERET G s thelgerapreatitionzad odptirey-e Whap thecoRGeRERIPB AL LOBf cel | s

for 5 m na age MnkbeSReh HNCEItdhatiR rﬁﬁhyrsllerl@ffefc%lmle feli @hEhe havi ng an
osmol arity of between 299-781 mOsnol /L. Substanti aIIy reduced harvesting

was obserVElation aynat Ghaiive ¢dtachahceceds Whandhe coinentaROTOS st hagh thy bend 169

mOsnmol /L b %eﬁﬂlegéﬁﬁk @&éﬂ;ﬂﬁlsﬂi tejdogng s&@%ﬁ@ih/d!?tac?féggﬁﬁgfs'?lgcr&ﬂ@tanh %I’ eis a
t hreshol d bet ween about 7p mOsnol /L at whi ch hi gh percentage of

Sl ur'e ot e Ssilind pady disintegraositoipinduitiva jenlladr] GURE 14B)

| ed ial k. f
{reated WTRoySR Bkl bpRof HENTIRLR AR BEHTR: SRS MBI 2 o
The i magesmorfalitylven detlamhel dethchitent, sspeeinky amlad gdzedf tapdolbines. $lowewerghe t he

clusters uant.i f.i ed distributio si,zes, is shown in
Fi R 140 ek b Bl SR SRR MG A B SR o7 The

per cent agemolarityhietoo ti ghuthe céiravesit effe(mlSelly ar:tg&led éioln thé siafaes. SEXANIPLECY, easi ng

with the increas mol arit er subst ant increase in
the meastr B Fodis b f T B alhizeton JERLALIEE: BeRbaTHRB Bhishur oo eat ed
W th 781-d13@ﬂa§e(§ll HeEsim lofHer SdDILd&a}cﬁm@/pﬂﬁﬁgingSfoﬁﬁ&aMﬁlcﬂﬁlﬁmglvhn(ﬁﬁ|(lzlfd*1' ons (nostly
250- 900 ui di a Ssize cluster rsus nostly 40-150 equi di aneter size
cl ust er s,Cﬁ%%@ﬁéégg‘?/gqvﬁﬁoped[ ?5’69“7‘1 COEfITd"éE“fWHIFm%cFF?Rﬁ R REEEN ABYEEM 1 at i on on
Cel | Det q@@m@ptg;@mbﬂﬂ@br lity [0098] Studies were perfornmed to detern ne
the effect of ci trate concentratr on. on hESC det achrrent and Vi abr lity.

Sodi um cilfMd¢kOgdmize frifrg pHalRs 1 WIHE i

265 n&mf(egE%gd@m@tﬁgmabout 7.2. As shown in Fl GURE 15A h| gh (and
approximately the same) viability was observed with all solutions whereas

t he per cé@ﬁldébS@lﬂlehélﬁve@tfé@ﬂeééQ Heyerniee the SRIENWR sMliym eitrag Py lation et r at i ons
of up 10 Facﬁ%vfhg h{Q}{‘ ﬁ:R %fflc?én,E{ 6t fle h@,ﬁ Yusibds Qaﬁi%d LR Q¥GGghar vesti ng
was achi eved usi ng |um citrate. However ere appeared to be a

t hr eshol dreb@atenewith %@lﬁmm ClB@Iﬁ?@uw G Ciemtere ag treatet wighjadiiions pleeryingy har vest "
(hESC col t ig r : f d. In
Prraieg i Ly R I R R e

har vest edn(deﬂldl/a‘p aqhmwd:w ddjuseing thee:amcedtrartioh lof BOA)A6r VD sidd ki3 (oininni@s.eAt

sol uti On%he 1ng£11ﬁa(1%gci tlflga?tn%er;[tr glte%m(n't:s efrcenlt 111'315 Be}st Cilrllge selzewgr? 3 ?:ern [2;%?19' ng
increase In e meAslred"SiP28s ers tAfhel Tt &5 treated
w t h 30- Fereddngaciddon cath scatuen &thatsmlomm. Teqsmfﬂmeiala]tﬁlgmmdy,ammﬁ trate
solutions (nostly 250-900 equidianmeter size clusters versus nostly 40-150
equi di ameter size clusters, respectively) (FIGURE 15C). [0099] Conparative
Ef fects of EDTA, EGTA, and Sodium Citehte on Cell Detachrment [00100]
Studies were perforned to determ ne the conparative effects of chelators on
hESC det achnent. The Ca2+ chel ation capacity of citrate, EDTA, and EGTA are
1:1.5, 1:1, and 1:1, respectively, based on stoichionmetry. EDTA al so binds
|vg2+ and ot her rret aI s V\/nereas EGTA |s nore specrfr c for b| ndi ng of Ca2
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[ 00103] Versene(r) EDTA Versus Sodium Citrate [00104] Studies were
performed to determ ne the operational tinme w ndows that provide good

per cent ag&Odet2zassvent and cl uster size distribution. ThectasSacheesses in t he
studi es descri bed above were evaluated after five mnute treatnent with
cell detachnment fornulations. Here, treatnent tine is extended up to 20

m nutes, and detachnment and cluster size are exam ned under various tine

POI NS ( Ziabk ceBs deked Bor@Meh sRadti s RSplated Ok BhELE10HS: D WD HRlAbEed

osmol arity and pH are selected from prior studies and the tine span
(oper at i ovigy Mfrigel oty test atiaghedcpigvieavestadtand eowgiadrihe rrasdays dpseiting theins t hat

woul d yi gl GGRh aR! ?evpﬁrcféﬁl% %?r p@ﬁ&liﬁiﬂ%ﬁﬁn aRdiaP ARt re%&tﬁ&%%nc?' uster

size distribution is determ ned cultures were'treated wit

sol uti ons’va_@theFIC@REteQ?S the puipber Hf th8 Celltsch,arvﬁaed)ﬁlezgxtrﬁlﬁhdwei@d aﬂdxt(he‘hs tapped
twce to H#&A 2498 URRSsGEN ) dﬁusté:%’{ze 8ash, ésrv%ﬁtﬂgﬂlfcr 'ﬁaée'H% tRQleHmentiht W €s vere
eval uated 1o percent age achiment of cells and cluster size I'h order to
determ ne:htstwesioq)deicrmt;es opbriz ingpak ofwaddowsitr@e lchbnogntadsioh] anyd 3aeldstgisaki ng
eff|C|enc hed | | [ a d.20 m nute
e por et AR GRS E  Tae "B KPS HieRlych U Qo BES, Mouie

sodi um cmbltu&dnes tesadduthie dovs saiunh E6Qe penceaurdttiod edladdm@ mt Matvite high osmelatigent ti nme

poi nt . the eff f Versene DT arious sodi um
Dot et e OTLROBRE B Pk b S BT B i P e S P S Rt t1 e
poi nt . Fleﬁﬂﬁﬁci@ve&hﬁwﬁeﬁwﬂ&?ﬁf&ﬁﬁé@ (RGUReSBAE(Y. )Hdsavﬁf %@d o?tlﬁdslamys soﬂi um
citrate so n the at | i.ci enc che ce S at  eac

J( %‘?l}r)tt) 4PRgfires to i@s%@é YustsTHoE 48 a“{% B EUSEANSFUIAE results

>
t reat nent
obt ai ned utlﬂ@m:d fb&hsTobyr, th@fbdplﬁt@dl cdiGhi®@nll can & dViftdharition AmheReEeAt i onal

wi ndow sim lar to that depicted in FI GURE 20A can be established and

appr opr i &f BOpAMSer s can be sel ected to achieve a desired percentage of
cell det mepExanMpid gist er size (equi-diameter). For exanple, as shown in
FI GURE 2 the crlterla used to determne the operational windowis (1) the
per cent ad@l1dp] Hleg ¢ i A DingPasgaging70% and (2) the percentage of
culture Cﬂ@él%{‘ﬁ@ss%?th%@el@soc%%béﬁlr H&ﬁlfgrtﬁealn%nt)%ﬁﬁ cAPorachmesBRLGR Bls Ry the
experi ment in general, the percent detachnment | ncrease with the

i ncr ease befauschibe tylaut ieprked inthe sphelionkleried weatiaentgind hedelutiensaempied t he

i ncrease i - e cul ture
wiehe o ¢ PR oL RETE Iy IR Ll PARGE BRUARIR Bt Bl IO, A UL Ere
resul t i rwedepai@hnerbto*ing dmovhdiee theublutiorecaaderoddd apd (cr5ed ngmawesa@um
clusters The o a nal. wi eterm ne n S criteria for

ot hor C6; Prd g BERSILENGN MR AELELN Bk dRAea IR TR RIEL B TOL
on the pltetsoluiion PR efe ciluge safiee Crdryt @issagingl’ )t Mhe/ens@ne ¢y piobiifre it Hepiaed t ure

needs to.b f r exact } ura |on er.at j onal
nrrdon RFGIRE LAl S RBEHh ATt AR pr R b e bR ar BEEEE b The
consi st en\ﬁﬁbﬂfonmbﬁkdul@is QG arertlpsrrhtatel 8BC ih@biIor) evete®inipakti and@smeci al Iy in
cGWP productian ‘g Cﬂ%on Fl QU atln efficiency drops with the

i ncreasevc?FseP‘heE]?T fyate fqrrpg a&ﬁ‘deS Bpred &ﬁ farghis 4t aé?iﬁ’r‘i’ﬁﬂ?focf’ We is not

desi r abl g3hecaUBEcIOdtertshie HistrMuGiOsind HeYmaRE B rPpIAG LAR, i Ras@irMimedi gh
percent detachment, desirable cluster size gange and hi gh pl ati ng

ef fi ci ench “drypagtading rorgawESEsks Pk ot Vermeee 5 W%ﬁltr%sﬁfqanglzﬁel \ﬂb%l d be
5-7m n t RRAlRRhdiiSNEhsdP stk B BNy a Vb hiA ovﬁ{cﬁt%%ﬁ b roER TénpeRtuthei 1
respective optimal treatnment tines, Versene ) EDTA har vested over 20%
fewer celPgy paigagingddpuidrpe pdoppd éo a\[oebtizeetrvw s ookEenenaselatirngf ED TA and
EGTA [0 octﬁdfgh vg . for
determ n%%glz% hgﬁgﬁgﬁéaltb? %Itrltlgguvm n O%é%t%{&t@ﬁ{a?%@r g%é?@%tq%(?ﬁ?at& lg formul ati ons
and Ver senassfging BDYA]d kiglhdetiamments desapide plopteionzeeiistutide ped eiphsing he
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Ver sene( ﬂ)isE&TA and sodiumcitrate (fornulation D s2#3). The operati onal
wi ndows ?7?@%@? based on the criteria of ">70% of the culture is
harveste he cells harvested are in the format of 40-500lam
cl ust er " .[0Ad8F ieawr Sodiull GluiRfe iR 1gvetTh@®adagiad | ons of t he operational w ndows
of 22.5nmM EGTA and Versene(r) EDTA fornulations are simlar to that of
citrate fornmul ati on D s2#3, and are nuch wi der than that of Versene(r)
EDTA. The starting time points of the2éperational w ndows of 22.5nmM EGTA
and EDTA fornul ations are the sane, and are earlier than that of citrate
formul ati on Di s2#3. However, as shown in FI GURE 21B, hESCs detached with
22.5mM EGTA and EDTA formul ations did not re-plate well (5, 15 and 20m n
treat ment t| me p0| nts exam ned) and SOdI um CI trate (solution D| S2#3)
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[00112] Optim zation of Sodium Citrate Fornul ati ons Towards Hi gh Pl ating
Efficiency After Extended Treatnent [00113] Studies were perforned to

det er m newOhe120158899um sodi um citrate forrul ation to be wmegdstar/oasshi evi ng
hi gh plating efficiency of the hESC clusters detached after extended
treatment with sodiumcitrate solution. hESC culture was treated with

sol utions of varying sodiumcitrate concentration (1, 5, and 10 mM and
osnol ar i o104 As akQor aﬁ&gatlvzggpm@dﬁdo SRANTES R lab kehrdgbhRMAGaBYg adj usting the
concentration of KCl) for 5 0, 15, and 20 minutes. At the |nd|cated

t r eat mentPrecedEe pisi tﬁta§01d Jerles ol callgiay e remavpl sy cellideiachingplytionp | “leyhg
efficien R4 t ¢ ify

re- platlg% %?#ﬁgfgggémﬁgy%%%mgﬁggﬁggcelIég%g%géﬁegakg%m%$ﬁglgﬁr&gﬁé wer e
re-pl at edn wmlrtgnemely @fteraﬁoslﬂ&g theluliys wite thegall- delashingsobtion igel , and t he
attached ol BHELE I W8 SRRy A SOUNAG b e DB he Ao APRUTL AGHS N L e
re-attache eft's grem/to e r popul ation W thin one d%y he
re-plati mgltlat ﬁnctmeetrelyzevkmthtctﬂene osllionl. dhecllasretthm dmmiged frofn thehelrfeel lhs

har vest e% s%vbr Enf XE geexeddo%go ap%esﬁ % ace af‘érwsd e Cell det I3r|1E 20 ftion 1s/ cluster
si ze decrédses® e I'ncrease 0 e treatne iluster size
decr eas esleantt]ne ﬁﬂwecelrimr@alsamd@a‘la@odansfarmd imathe nempassmgerqitthamltumwﬂleﬁl cl uster

th th | t Resul t di d that
SR S RO, ST B
sol ution c()ﬂquilﬂ\éht Misbie belDdulasrmddanm, tye (eﬁﬁﬂnnmm@ﬁﬁldhbb h4et adueacusgood cel |

det achnen ar usters and high platin ficiency fter extended
treat nentﬁtfffﬁ @ﬁqﬁ% g %’Ch ?—B‘i%%?%lrpm‘ﬁ?ed A" %Ffi phyuse %‘7‘8%? Qr?@%‘?f/ thy

appear ed sb@ukdume: RNt $4reell 1Qhdhnidht. Bbr dehple NI RilutiodhiehoC@fuife@sul t i n
undesi red norp holqg of the re-plated colonies and cell death or

di f f er ent'? B e Vet eméhecalipre vessglfang Hpgins Obthg rwel is poseddy disledspibe 5

[00115] sk, @he OMHIMPoMAtoE abRict T {hall RS satthng (@l bagse Rimihe cells
can occur durlng treatnment with cell-detaching solutions. This is because

t he cul t gP@djalso g amdigd jm fqrigeanple. dpivesiing Geliisraiove akntayar, orgren 4hleysol ution is
removed REj Ol Ovl&IAGR I HRE h&ﬂ&lédtl{yefo%é R gC?Ju onfaHb EUI Fad?@r?' um In order
to elimnate this loss, studies were performed to find out Whether the

sol ut i on Mawipuorxdded and rempved right away at the beginning of the

t reat nent e residue of
t he soIu#gggaggm?ﬁgﬂgﬁﬁ%ﬁggﬁgﬁﬁ}aceﬁﬁwﬁg§n%§%§§g%%sﬁkpﬁqﬁgkﬁpégosed new

pr ocedur etdnglrd® piedivad Tha cHIGRE @R2ted Agthgive sodimd ictatedidrmuyatfinGyRIEL@R, t wo

Temper at dpand B ER R rms STLFL RO A5 R0 oA s ROV LORE IR B and

citrate fsbowrthaposodetbitsiziiOvine ecll esibetarfdgrerceii vsability aqﬂmagiimgleweemedur e.
Based on the.clus r size.distr tiogns a ' es . of re-plated cells,
t wms devsrihUah fivato SGpgh Shbledindnt s Sk ORISR PR sene -
EDTA and chisicr diedift@bimsnahd plgungaéfﬁcﬁeﬁte Jokistedaing ildav©th ﬂh&&gﬁlg @ithtthd Svo
experinment was, 5m i ncubation at rqomtenperature. assagi ng"

coul d be SBPEuE BrRYHIcE: e it pdsie FBLRoc s Chrr bt voney

Al t hough vadidintl bR aled @@hpmbz@ﬁegm &ﬁnpuén@d&achﬁ@ﬁ@céafdwlaﬁﬂ MO ﬁmutéshe
application in "dry passaging” to yield high detachnent, desirabl e cl uster
si ze di stfil b@?lﬂlb’rpoéh t%@émslpta*ﬁs ﬁ85 %f Hlpsisraess nearridage (X Mheosy one of

ordi nary deéabﬂdlenlt Belks KR ré@ihlihe BARa SXQIRERLY>IRNIMEREdiBRetbS <8 SR#S<acl 00117]
EXAMPLE 6 [00118] Use of SodiumCitrate in Leave-ln Passagi ng [00119] As
anot her aineinddhq Rast-egsgshmartlatpg stliiceeany warasthigh arash feft Ingdditipadhagi ng
procedur %a%r&fgotugh eothﬁjt oté?ﬁt {)Ioc%ﬁ d@{aclﬁﬁénlt §1t1§t§e sBllﬁﬁoﬂ ® gl?ﬂ(:lé?lft totc{e%ch Ithe
cel | -det achi ng sol uti ons, eave-I n passagl ng" procedure was eval uated.

FI GURE 24clepidthe sizhel mettdmbm@tgyﬂi&@ehmers wdre epleslvely spakier adien§'7SmBasi cal | y,
after so lture with the cell-detaching solution for a certain
treatnen?g%ggl&gghgysolutlon is not renoved fromthe culture; instead, it
is left i[00IZhEEXAMRIIE7 and neutralized with culture nmedium The cells are

t hen di sl geppn;gqato surface by a. yﬁrling notion, and seeded onto a
fresh su# ace - ching solution is left in the final
cell harvest and is Iater transferred into the next passage of the culture
when the cell harvest is seeded onto fresh surface. Gven that citrate is
sonetimes used as a nornmal conponent of some cell culture nedium the
remaining citrate should not have del éerious effects on cell cultures.

Such a protocol provides increased ease-of-use and scalability of the
sodiumcitrate formul ations for cell detachnent. For exanple, the solutions
are not required to be renoved fromthe culture vessel and tapping of the
vessel |s not used to dlslodge the ceIIs The protocol could be applled in

o r o o
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[ 00120] The study described in FI GURE 24 was conducted on hESC cul ture
grown in StenPro(r) nedium The culture was treated with two sodiumcitrate
fornul at iwo2p1216889pi on #3 and #13 descri bed i n EXAVPLE 2CTAatS241b®38801 une of
0.5nL and 0.75nL. FI GURE 25 shows the post-detachnment viable cell nunber
and percent viability achieved using | eave-in passaging with the two sodi um
citrate fornul ations. FIGURE 26 shows the post-detachnent cluster size

di stri butp@n3pRRidRl %fqurf&frﬁad% SREY 1RCIMBMR dodigth Rrale8BMRNATdNP AFHATI Ng Wi th
the two sodiumcitrate fornul ations. The data indicate that both sodi um

citrate MEFheNtatzedsr Moykdspenernt andpiqshingiabrpseisnsaydbl relumpigtionsonpl et e
det achmenf. OGeH 5 EDnMafel! OerZen%@ FR TR 1§1§i#3 Vit ARixb 'chY ciR@stgletachment was

>95% clusters were primarily |arge (20-75% post-detachnent cells were in

the for métndighted hugtae 3-308 an G0N ERLI2d)- awh@vn IndBOIRErE, sdpmypijrateand t he
post - det C %6 ddition,
Pho. dat a ahaar b Ble bl GUER AR O A AR RS B0l e
suffi ci erfoll(IV@ddbeztta‘:p@hlgtotﬁ élewei;s.‘bbwasanﬂlctehetosiweh &6% pbdit cdbt aclhawtied MESC

clusters AR I . on used. . [ 00121]
ExavpL e U Bo iR TE s EOE R R e P it & i s
wer e perhﬁmn&dmﬁbnmﬂ&ems the effect of sodlun1C|trate formul ati ons, which
wer e opt%@hégﬂggéiggggg detachnment, on detachi ng and passagi ng MsCs. Four
formul ati and conpared: Versene(r) EDTA, citrate Di s2#3,
citrate #G01aRHEedlhdith@f $ddk Cneir€ Bo@thi@Bnist Cal RBer@chendimdPdsskigingn FlI GURE
27). As s -mm |n FI G RE 7,. sodi jtrate solution #3 provided opti nmum
resul ts. SPHEEHEHY Sl Squdveit agte #13 for 10 minutes fol |l owed by

t appi ng q!(bmtsz m@a&ah fMﬁﬁlaﬁUﬁsfdeﬁdﬂbB& ald¥e d@feaﬁllﬂal%ef’dmfﬁea hgd §@inhiged fand
resulted in 90% post-detachnent viability and the best post-detachnent

repl at i ngPPicahigiRbrvEstiRe tPapeRes hERFe@ovB ititressran i closodgdirre EXAMPLE 8
[00125] Ruabuatd @Qo@fe iROGIY APt RlafndiP&Th iRtk RRStad@in Rl dioRe tacherent  and
Passaging Solutions in Long-Term Cultivation of hES [00126] The citrate
f or nul at Ve8!S deEAgithed buorag weidng i hpking ip thejemwerimpry oagraulagtheticded for
appl i cat ig@fshhdht B;%Eé’s@ﬁ%él&@d %qulr@@e%ﬁsgw&nﬂ'%%&é bEH AW ddkivaAEIE PSRk e 1N
closed culture vessels. To dislodge the cells after the treatnent with the
cel | - det @pti pwdtuggilaiforons,;g. siuiwalirmdateses Jeflaskwarceftagintedt and chls arapqsiesidle
swirling of, 1?1%5 19 'h@mhg%uﬁé&? &d'&*&hﬁu&ﬂ} ﬁuEHJE%a&e% ﬁd%ﬁ £Pldle 8 Ilﬁa%Ph”E”t
process 1n cC ose I?J] [tur vesse séa %enc -top cultivation of
hPSCs, opEDTésumth(p@ pla¢vbrweshe we gf ssliu gighte sqﬂhmrssn e smalf-kaskwpctar e of t en

Uoed, el ASETTRLEL B RSFaTP RO AR P o o

Under: o 'eval uat e
t he use ofES€editwmicsit- mﬂ@lmhmﬂao@mreldmheﬁﬂmﬁsn‘EAnbe A NVersbef &y 2o prhe
applicatio n d.to test rate sol ution #3
ane u1a oionead BaFpal bR D S G RSN G s PR Ih BT pert or mance
with Ver s@m&ﬂaru)onﬁtaﬁéwedTm(ﬁmgt(wtethwfsr Brewealé SppRtadRlUeRder redingin and was
treated for mnutes hthefo tions fol | owed b 0 (note that
f or Iargé‘r%gl g’“‘élp‘ﬂlF‘Y E%’i‘fl n T agpepe Pt i r%géﬁ“ﬁﬁﬁf wi Fﬁlﬂﬁ‘?d‘)lﬂﬁgﬂ% g!ﬂi‘g’ﬁeeded)
Tr eat rrentfoma‘weh%%oﬁhg WK gglp\m Ro WOR bndhith is0s o Rirv&ind dHdt es fol | oned by
hosing with a ette works wel| and _achieves 95% harvestee%()?tand

L}

appr oxi rré‘Plé‘WlmPG? BEVET % Fipkting §iTionre | 18n kaplating efficiepeyaficigt ienéhty of
citrate spkybdRNs#hdndPeaARWr vierXad® ghen. t han that of Versene(r) EDTA.
[00127] Long term hESCs cultures in StenPro n%l‘) and nTeSR1(r) were initiated
and mai ntl@Q1 éhLP@tembES%wuba@éag%n?@@mﬁﬂ cABhPREye Bitiagdipd nuousl y
passagi n 2#3, #3
i e A R e R e S S
conpari sdemtudations Seqhtlmamteatef wiviehabisdis #3 Aad #lBowne ¢valugledlgRE VRBenei ESCs
passaged di um
o 24 pARLbuE! BEhR BRI AR L Bt BERRARTIRE UL bl S

mar ker s, HIGUREWn@W$sa§d>@;h d\\laaw)gqlutfﬁﬁ%,for'BR@ﬁa@s iaSeniRA: hedln, The

mar ker ex Si ons wer rther | fied .wt torret r 80- 100% of
t he hESCS Rd gl? gass§8s eSth1|§ res ectlgel’f nefl Iposm e flgr assgrgselgcll %m%t enPr o ( I‘)

, and 30 (namSag;ezsNiamgrﬁﬁﬁRéLﬂ)RA ﬂeﬁ@p&&trR\Ael $1). “ﬁ]ﬁeamm;ek qupskdiongevekcor OCT4,
SSEA4, TRA-1-60 and TRA-1-81, and the percentages of positive cells were
conparable to those of cells directly thawed out fromthe hESC bank (the
starting cells for the long termcultéfe). The characterization results
fromboth i nmunocytochem stry and fl ow cytonetry shows that |ong-term
passaging with sodiumcitrate fornul ati on supports sustainable culture, or
sel f-renewal of hESCs.



[00128] Pluripotency of these hESCs was further eval uated for
differentiation capability. As shown in FIGJURE 30, hESCs passaged with
citrate swbuvi2onssgser 40 passages in StenPro(r) and 35 passaes2ioss3nlleSR1C),
respectively, were capabl e of generating enbryoid bodies (EBs) and
differentiating into all three germlayers, endoderm nesoderm and
ectoderm The differentiation capability of the long-term hESC culture in

St enPr o( 1)@ §udntifibh@iih AOR LI bAREY.b30- 1008, SRREhRS QR sQfed Biitpthe tRG0f these
cells in imunodeficient SCID m.ce (FIGURE 31). The results fromEB

di f f er entSPIAHPDIT AMBRsEaELRIDHENGEN e RBY POPRSHLEVEAN TR Chesrstiyds skged wit h
citrate sgliyld QPoaY, YIRS PR3- PAG 2R0BEAANY R OhOPIEG b & REiGvSLd | |
pluripotent and retain the capability of differentiating into all kinds of
somat i ¢ oed eomagdA9Thos: pfanals ditpckaiypeed pe i thih BESG hepkt(ErerrianE8Celdul t ur e
passaged (i I t i xam I - sanpl es
b hecs TP e RSl the Ayt RR TR Ao BN ER KTl R
passaged fogrcylneanydh@Bs hadsagesn passdgingheiticiodiat @trgo farubtioftd@poitn cont r ast ,
whereas thre ab%acr@l &S, 0Lt hERGR &gspor mal after 10 passages with Versene(r)
EDTA, one out 0 free sarrpl} es are abnormal and one sanple had energing

abnor mal i[00128f Plirip@bnqyad segelsE Stistwas Viariseaa(uaed B T ferbtiEBGsn caphbbilityedsi n

mMreSR1(r) . medi | karyot yped .normal .afte assaged f 9 times
o o he sk T e R B0 P S Pl RS ER R o s nge ¢ he
| ong t er i ESEasedgkt e BeSRAD), despdatit @y, WwedOcdphble of fedéraexbdibrgoid bedieéss har vest ed
from one N uld he split_into 15 to 40 fresh wells; in the context of
hPSC cul t(ﬁggtapgﬁ&}eiefnaglqggnteaﬂglfrg@eéla RicEnendodgy Ple?‘oéﬂF‘i%a‘lthéngm& Y in both
niTe SRL( r )i f@déh i@ &IRp&iLity of TRGorpUbIVEEST tyiRkCialSame@che tuirtenédntighae on day
4 or day 5 after split. In traditional hPSC cultivation, where enzymatic

t r eat ment®y AMECERUPT HRemaSAdnese cplids HpaurReliGe SETD fies EKFYRE PRk i o0 i s

typi cal | yrhd rukOrrdm &8 m&eﬁtﬂao&&Hdttwa%ﬁ@geh&ﬁldmr5&QMeﬁEmakstag&pe bet ween
day 5 and day 7. Conpared with the traditional passagl ng nethod, the
passagi ngViHetFsisAntive foswancras epsiagee sul rrelopgedrietirt g8k RvriRoigayl Binof t he
cul ture. g fhi,3aQy oPBi¥rRERELIAS IRAME ACLHLEO&GE! | s 1n large scal e, but

al so shortens thé waiting tine between experinents in bench-top studies.
One concd®H 2Pk lehaading saidtype &fphd long wrinESN Gulters passaged math grirajessotutien enmer gence

of abnor g - . i e, cul k. in both
R S R S R TR )

cul ti vat ikeryoygedupraieldifignpassdged toe 10 end2f pessages with thass@gisnlgtiso# U iron. [ 00131]
EXAMPLE 9 00132 termnati f OperatiQn W ndow. Sel Sodi um
Gitrate POMRTAPER Thoe iyt g R andih a Rt dles i Eiere
was condwat ed df chrelethmples ae sbhemaperdant englle duadengng gamoandlitgdferr 861 ut i on

#13. Versene(r) . A was a control i i s study. The exper.inent
e hod vaar P edn: PRES WESG v iERui oI e e o p B S Py
harvest wWasndldAatpaisagd thedethanwviaaht cicaurbiaismeBead of visual assessnent.
As conpared wth Versene(r) EDTA, sodiumcitrate solution #13 harvested
nore cel I[§01i3ﬁ/]I ?Efb?}ﬁ‘éyfa“?ﬂl ‘ragtageihrelongrigap @Esé@lﬂ’rrﬁfd’éars hodal é‘loirgb?1 9t cells
in the " 2280M8 ccBAk2@9MY oReihe Glcllcalle bs i@ N5 Wa®) MSEdellAGCOE dbMéket 0 t he
"Cluster Size" p result, citrate solution #13 ha i

lot. As a _ ( e s : d a w der
oper at i oRAPPHF RYBYEICB- 1110 S ApHjdereraiehveplieEe fpn EBTA N Poih peEPR 1P Had
" Oper at i qpahprYb AW LIRS &9&5@%-&@&@%&%@%% 4y &6} @R 9 dket gi® Thrame to
satisfy both requirenments ("% harvest" >70% and "clusters bigger than
40unt  >90gglitionH EPEE cylg valien el cngy DAt Cirqapagn: B SraREg 1T eiep & RASagC Preat i ng
efficien 1 : i th )i t hown) .
rer al | B i e e B e 0104
EXAVPLE 1otweend85] arDalan @ hi engpaagddv iBabs rgdinopaHpassagingokieet thelpassiging ent St em

Cells (iP i i : ni t I wi t h Sodi um
Citrate o&?rﬁ)ﬁl Icgsftg?)cs)ér\éﬂeﬁédrg %g'gF IF ﬁl%f ﬁaééé‘%w(ﬁé& dsu gﬁlﬁuﬁqﬂ% %roéﬁe

f or mul at ibemgitsweareifdcesing delbnn btrgpescalh BESCalko stosterfsi the welidng iima betwedil9) and hunan
| PSCs. S%%ii SO C.[stir gtn% —%(9 l "tllgcjion ﬁél' (::)’ V\elar% ré‘ia%teecg tot ? Ipsaflﬁr%gg 1d1fletaenda g‘l%%fé hESCs
grown i n HIESHIE TRTICRER P& 9UETE TP ST O PR ETQRIE RS SFPRTIEE S ¢t he

st arti ng tedntaugemse afabhdrhatikdydipbd. Ihackvarmaydestitedabor, we fehkireninibathed cel | s.
The citrate solution selectively detached and passaged nostly the

undi fferentiated hESCs, and left the stroma and differentiated cells on the
surface. Followi ng three consecutive passages with the solution, the

nor phol ogy of both the 117 and 1114 cultures was greatly inproved with no
obvi ous stronma or differentiated cells observed. It follows that the sodium
citrate formul ati ons can be used to detach and passage various hESC |i nes.
[00137] Citrate solution #13 can be used to detach and passage i PSCs. Even

Y R A== . n



human i PSC |ines for passagi ng and maintai ning the established culture. The
formul ati on can further be used to transfer the hPSC cells, including hESCs
and humarwpDRB2g158§9pom MEF feeders onto feeder-free surf&ceais2eizioas3dht ri gel ,
with reduced tine to clear up the renmaining MEFs (conpared with nechani cal
passagi ng net hods involving scraping). Application of citrate formul ations
inthe initial phase of human i PSC generation can hel p speed up the process
of est ablyiRiRIRNG DS chitré® hﬁidtﬂnéﬁ%ﬁﬁﬁl‘kﬁ%ﬁ@/ ek e ARG cORGadNdinki ONS.
[00138] EXAMPLE 11 [00139] Large-Scal e IFure and Downstream Processi ng of
hESCs UsisAgUBSHIaornlptEnes posiaing whgion] 00140] The study described in
EXAVPLE }oyiel exARasS: gvere harvested fromtwo-layer cell culture vessels
e.g. Corning CelT Stacks) using a sodiumcitrate fornul ati on was conduct ed
on cel | s [@UBELLPed inatyBry Cwe ratipet! Wieddwolonit!ettédoYodimasCisorpasedlagdn 15mv
sodi um ci Thel i - e i t he study
i ch 0 B B ) R 11 AP LE S AR RERETRRE I 2R 113
Pri or t o opealiompwindovhr cioltespmtibr Hip. Yewenwdl EDdlhavs used © anohtrol-ih tyer cel |
factorie cit.rat | utions #3.and #13. sesse ared with
Vor sene( s Btk ferBRTELLANE IR, i nlF Sy RERRE rRMMERTRUEL "os
fl asks i mstce@dhantsteranghdntifibdbased onfewdl dolBCinktembsf, visdhaBasseaenehl 146 wer e used.

The cul tures re eat i.th ci.trate sol uti for 10 m nutes and then
noubat eder ReET il VERR R St MG hls B E et el S G pped o
di sl odge ucheneaeliths Thdiaevak 8Rgét®pulagncaiceits ih litat >Rt saledbdyavien aiu@egood f or
| ar ge-scal e harvesting and provjde greater harvesting than Versene(r) EDTA
(for exanplEon %@%Sﬁﬁﬁ’dgcé%ré}%@ﬁh“\/éﬁ&%%e%ﬁ PL%T% afYB?‘“tlti‘ilg“atEé? PUony %3520%

hi gher t Rader¥péaena( #indERTA1 T ohind ihkd Veakhs) EWTANISiel haropdiisner Si ze
distributions (primarily 40-200 um anong both sol utions and Versene(r)
EDTA for Wotewcel Yersengs aesqngpsing averlapdp am#r.amerso SRS Y RITgauireIgnis &1F s |

sol uti on il 3 SRR thntl Oc18diér9 Blohd: (Kt AR 9O $ OF it deANHRnéPVRINBBie BRE VeSt ,
and bigger clusters with #13). Therefore, citrate solution #13 was used in

the st udyradrompasmbinplatng hiEgmey withyhess detphed mith MersepgfeEDE S (Hate et ure
vessel s. sL&in‘).“éLerﬁi%Qéz{iﬁ'fh%ﬁl%tel%fohﬁibﬁ#i?&d?pé#foﬂﬁseﬁel%&le@%@m hESCs, conpatible

downst ream processi ng technol ogies are al so needed to concentrate and
purify tHe0ldél EXAMPIHhE) fi nal harvest. As nentioned previously, current

t her apeut; ' and inf ] ' igb‘{ﬁ j ng open
centrif uég@%ﬁb!tetg\éﬁk%%dgé&?%%g:I%gnconcslllEJ)Clr%’lEl ﬁédr&]?}ﬁ%l l&ge ugg)gwﬁi g ) gr?docess risk,
and i s coastitige dmiehoft ot EnbrivimyhSoeolCaftewabahies CitAfie Bornpiaioessi ng Wit h
KSep, th i di strj jon.of .the.hESC clusters harvest di um

ci trate SoFabFuhBTRAHEL R 30 oSN E LRy R RS ER Ksep

pr ocessi rim addisionat H%)iagd huna@i®SCy. Seddak cingeuplutibie# 3 wistueedsto pddsegeiilabi 11ty of

the cells ep was a i . oyer.  80% and the plating efficiency
wns over B0 ShER e BTemt ARl B e RSt et beiSep The
i lmages Ofsﬁﬁrth@ c[ﬂlyrgﬁ.oﬂ’ Iﬁi]@idﬁlﬁd}aﬁ tahy Et@(ﬁlllaad)rf:‘di)ffér&diaféafcem. }Fhkﬁitrﬁtg_eolhlﬁﬁC_ ' g
clusters harvested with the citrate sol ytion, were not i sintegrate
into si ngPEcteel|dtaghedand prssgacd rosieihg “‘b‘wf?&’ét&te&r@é s%nﬁge.ft %’f/étf%{’Pa] andg o di um

citrate s@kditdiardelkdniite waRaDFSIGHing@RRIBHIDEIvE PRISles Glitd shcofutibRake sur vi ve
kSep(r), autonmated vialing and cryopreservation with Contrall ed-Rate

Freezer, RERHHOEYR GARABT 11kl Lvetvse 2Rt #ga BT MPETVEhEYh naRBVIpresemt nor mal
kar yot ype BRRtenBSdd e obRrvell 4P Astidlys HRAVInE So AW RARAD IR 0B ERWe@Rkadi ment s

of the invention, it should be apparent to those skilled in the art that

t he for egoRplyandpapageyayiops hijilingsi ve and not |imiting, having been

pr esent eqobiv ey R sofBHTRL PeHle Yised W HEE A ha RGiEE BRICs 930 ARh RlRE

enbodi maﬂts a}rNg % tsﬁﬁfrfll gﬁe %cogesebf one o (r)@d%a ary S%RI%P innﬁ?e asrt and
are cont eved @anstgrrad from MERpedgrs bitp Mdteges dlopastagfmanhwas gopdthientheand any

equi val e r i 2C | st iatl pr esent

i nventi o@%%%ﬁﬁg%sgvﬁré%d@ ?tgd’gg%g’?%f&itggﬁ%se S e%’{%ﬁge\gésin%p%%&éﬁ%&r ed and the
present ihanembi gbsdggentiyttendemed anta the FradheMuthigslsudihdeelnnbis Exesimeriutheher, si nce
numer ous ,modi fications wll readjl ceu t hose skilledein the art, it
ot adREL IS s o REE ot REFu b Pl P deB

oper at i ont pdskags i r mthectf@n dlides ciat the djtrasenfdrnad mtomel tangleyappléddlonsinatiatd e

nodi fications and equivalents may be resorted to, falling within the scope
of the invention. Wat is claimed is: 1. A fornulation for harvesting and
subsequent passagi ng of human pluripotent stemcells or human nesenchynal
stem cell s conpri sing:



sodiumcitrate, a salt, and optionally a phosphate-buffered saline
solution, wherein said sodiumcitrate is at a concentration of about 0.15
to 150 mwWuD/2niAes8g99and wherein said fornul ati on has an @smaisasiziogs3ef about
150- 1500 nOsnol /Liter. 2. The fornulation of claim1, wherein the
osnolarity is of about 500-700 nmGOsnol/Liter 3. The fornulation of claiml1,
wherein the human pluripotent stemcells are selected fromthe group

consi st i Mam@f irSO Vr pas3h M SRl hSn@iRthiRAUEBHHRE billuRO 8O forgbRId @Rl S. 4.
The formulation of claim1, wherein the sodiumcitrate is at a

concent r avihsh dopsed vinsier o i icells: ineluding GESGhndrhypin G solowMIET ai m 1,
wher ei n tf&%eé%ﬁﬂ_otfgad%#-héefstu?fa&e%, 1Bl MaB QDGR {eéﬁdlegﬂnlgfto algﬂlﬁ i rbmaffMp! / Li ter.

6. The fornulation of claim1, wherein the salt Is selected fromthe group
consi st i MEG (cou@red Wa1 mepjazisEpassapagmPd8ds ikpdl 1ipg scrapig) 2@ dicattmddfNaHCO3 7.

The for ' - ' o ' - |.S... in.the KCl is
at a co%gﬁa%ér%ﬁlg%mgl% ﬂ{a o%ltlawg%?&%ﬂm% %ﬁeia}ﬁ%ag%ﬁ#ahsg@ﬁfd&g? ation of
cl ai m 7, pwdvessaif pstatiishikChejcglogt irafeedendien anddtridonnaifcoadoonts. 203- 316 mvbl / Li t er.
[00138] EXAMPLE 11
[00139] Large-Scale Culture and Downstream Processing of hESCs Using Sodium Citrate

Solutions

[00140] The study described in EXAMPLE 1 where hESCs were harvested from two-layer
cell culture vessels (e.g. Corning Cell Stacks) using a sodium citrate formulation was
conducted on cells cultured in MEF-CM, and the formulation was composed of 15mM
sodium citrate, 135mM KCl in DPBS. The current example describes the study in which
citrate solution #13 was used to harvest hESCs grown in mTeSR1®. Prior to scaling up the
culture from six-well plate into multi-layer cell factories, citrate solutions #3 and #13 were
assessed and compared with Versene® EDTA in detaching hESC from larger culture vessels,
i.e. T225 flasks instead of 6-well plates. Two hESC lines, H9 and H14 were used. The
cultures were treated with citrate solutions for 10 minutes and then incubated in culture
medium for 2 minutes before the flasks were tapped to dislodge the cells. The results
indicated that both solutions are good for large-scale harvesting and provide greater
harvesting than Versene® EDTA (for example, 30% higher than Versene® EDTA for HO cells
and 15-20% higher than Versene® EDTA for H14 cells) with similar cluster size distributions
(primarily 40-200 um) among both solutions and Versene® EDTA for both cell lines (data
not shown). In detaching H14 cells, solution #13 seemed to slightly outperform solution #3
(5% more harvest, and bigger clusters with #13). Therefore, citrate solution #13 was used in
the study of scaling up hESC cultures into multi-layer cell culture vessels.

[00141] Regardless of the method used to obtain hESCs, compatible downstream processing
technologies are also needed to concentrate and purify the cells in the final harvest. As
mentioned previously, current therapeutic cell volume reduction and purification technique
using open centrifugation technology is time consuming, introduces high process risk, and is
cost prohibitive for high volume batches. After processing with KSep, the size distribution of
the hESC clusters harvested by sodium citrate solution #13 did not change significantly,
indicating that KSep processing was not significantly breaking up the clusters. The viability

of the cells after KSep was as high as over 80%, and the plating efficiency was over 60%,
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9. The forrmulation of claim1, wherein the osnolarity is about 418-570
nmOsnol /Liter. 10. The fornulation of claim1l1l, wherein the fornmulation is
pH buf f erw0 20i2138899car bonat e, phosphat e, et hanol am ne, Pcrassh@noBsai ne, or
trometanol. 11. The fornulation of claim1, wherein the formulation has a
pH between about 7-8. 12. The fornulation of claim1, wherein the
phosphat e-buffered saline solution is Ca2/ My2-free Dul becco' s phosphate
buf f er ed o38! 139€10BRBR) the ﬂaang @fﬁm%ﬁéa%f&é KBERAUE iishedoff @E BHY ]td-Hliefi O

harvesting ‘and subseq uen ssa human pluripotent stemcells
conpri si KBHUrEHAS 1ﬁ‘ihﬁ§e%f@é‘i tﬁ@ﬁ%ﬁf ?laftt%rs hﬁde%ﬁd Widphe cigte selytien Wi Rola | i quid to
have an Q&ﬁ@&?xﬁﬂeﬁrﬁte@fmt@gﬁ%% iRt lﬁ%%r%%t@ﬁ'b/ylﬁsteﬁw&‘!m@ SN LHLT at e

concentration of  about to 150 mwbl / Li
2012/ 158899RGPIutiSR 12 1038d1q of generatingyebusbelufters thapsuprese kfn?g eawd)nsatﬁﬂs equent

passagi ”gna%g Q:Ed‘@r? d}?és‘éﬁat@&} i ?éﬂ(i:tﬁl;ﬂle%%' teFrdE 51%?% UA‘I? 135% Oggbat ' ng

t he hPSCs tion o in cel ate vessel s
for abouteffilsi@l@ymlthgteefsxtnwmetleimtmimsmS@upet ach from the cell culture

plates on O(Yl%?ﬁe aV1 nowlcf'fj:§ r1 r e%vvémnl%d?rg ljll_li\lés.iln&%lbgt sthweig 'Bigpp%}]]eﬁ %5 100%

and V\/ner ave rage c ersize's a nmet hod
of cl ai mtiose¢ skihi@rieithe atrd”thatclm ﬂore:gmlng usrmerp]lya]ﬂlssamre anésstelirmuag, dadeg beehed from

St ackod STt e upln Pty NG s ol B and Glor it Bt o
within the scope of one of ordinary skill in the art and are contemplated as falling within the
scope of the invention and any equivalent thereto. It can be appreciated that variations to the
present invention would be readily apparent to those skilled in the art, and the present
invention is intended to include those alternatives. Further, since numerous modifications
will readily occur to those skilled in the art, it is not desired to limit the invention to the exact
construction and operation illustrated and described, and accordingly, all suitable

modifications and equivalents may be resorted to, falling within the scope of the invention.
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16. The method of claim 14, wherein the average cluster size is about
40-500 um 17. The nethod of claim 14, further conprising: downstream
processi yoabi1xisssper s, wherei n downstream processi ng i CTAISee2oE83Lr om t he
group consisting of continuous counter-flow centrifugation technol ogy,
formul ation, automated vialing and cryopreservation. 18. A nmethod of
optimzing a cell detaching solution for harvesting and subsequent

passagi ng of human pluripotent stemcells, conprising: creating a plurality
of cell detaching solutions, each of said cell detaching solutions
conprising at |east one Ca2+ chel ator at varying concentrations, each of
sai d cel yggtaghipgisol utions having varying osnolarity, testing each of
said plurality of cell detaching solutions to determ ne percentage of

cul ture det achddrmalatpndpiispvestingzandwspiscquentepasiaging vEhugps piuipotear stghze, and
selectin I j ol ution fromsaid plurality of cell
det achi ngelzso 61,[‘3{11%1?]@%Qnﬁ@nﬁakﬁ%%ﬁ?ﬂﬁ%g@%#%g sol uti on obtained by the nethod
of cl ai msé@um cRyte, A net hod for harvesting and subsequent passagi ng of
hPSCs, conprigijng: passaging the hPSCs with the cell detaching solution of
claim18, "at’ a split ratio of 1:10 to 1:60, wherein the culture reaches
conf | uenegtivatlih phephaabafysd atinesolgphj t .

wherein said sodium citrate is at a concentration of about 0.15 to 150 mMol/Liter, and
wherein said formulation has an osmolarity of about 150-1500 mOsmol/Liter.

2. The formulation of claim 1, wherein the osmolarity is of about 500-700 mOsmol/Liter
3. The formulation of claim 1, wherein the human pluripotent stem cells are selected
from the group consisting of embryonic stem cells and induced pluripotent stem cells.

4, The formulation of claim 1, wherein the sodium citrate is at a concentration of about
1-30 mMol/Liter.

5. The formulation of claim 1, wherein the sodium citrate is at a concentration of about
1-15 mMol/Liter.

6. The formulation of claim 1, wherein the salt is selected from the group consisting of
NaCl, KC1, Na,HPO3, NaH,PO3, K;HPO3, KH,PO3, and NaHCO3,

7. The formulation of claim 6, wherein the salt is KC1 and wherein the KCl is at a

concentration of about 1.35-1350 mMol/Liter.

8. The formulation of claim 7, wherein the KCl is at a concentration of about 203-316
mMol/Liter.

9. The formulation of claim 1, wherein the osmolarity is about 418-570 mOsmol/Liter.
10. The formulation of claim 1, wherein the formulation is pH buffered with bicarbonate,

phosphate, ethanolamine, triethanolamine, or trometamol.

11. The formulation of claim 1, wherein the formulation has a pH between about 7-8.
12. The formulation of claim 1, wherein the phosphate-buffered saline solution is
Ca”*/Mg**-free Dulbecco’s phosphate buffered saline (DPBS).

13. A method of producing a formulation for harvesting and subsequent passaging of
human pluripotent stem cells comprising:

combining sodium citrate and at least one salt with a liquid to have an osmolarity of about

150-1500 mOsmol/Liter and a sodium citrate concentration of about 0.15 to 150 mMol/L.iter.
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21. A nmethod for harvesting and subsequent passagi ng of human pl uri pot ent
stemcells (hPSCs) conprising: plating the hPSCs in medium aspirating
spent nmedvOorp1vAssywng wit h DPBS, addi ng the fornul ati onPofi/ush@izmsgs21
renoving the fornulation of claim1, incubating, adding culture nedia, and
col l ecting detached clusters. 22. The nethod of claim 14, wherein the
formulation of claim1l is not renoved.

14. A method for harvesting and subsequent passaging of human pluripotent stem cells
(hPSCs) comprising:

incubating the hPSCs in the formulation of claim 1 in cell culture plates or vessels for about
2-20 minutes, wherein said hPSCs detach from the cell culture plates or vessels in clusters
having cell viability between about 85-100%, and wherein the average cluster size is about
10-1000 um.

15. The method of claim 14, wherein the cell culture plates or vessels are selected from
the group consisting of petri dishes, multi-well cell culture plates, stacked cell culture
apparatus, and cell culture factories.

16. The method of claim 14, wherein the average cluster size is about 40-500 um.

17. The method of claim 14, further comprising:

downstream processing of clusters, wherein downstream processing is selected from the
group consisting of continuous counter-flow centrifugation technology, formulation,
automated vialing and cryopreservation.

18. A method of optimizing a cell detaching solution for harvesting and subsequent
passaging of human pluripotent stem cells, comprising:

creating a plurality of cell detaching solutions,

each of said cell detaching solutions comprising at least one Ca’" chelator at varying
concentrations,

each of said cell detaching solutions having varying osmolarity,

testing each of said plurality of cell detaching solutions to determine percentage of culture
detached at a given treatment time and average cluster size, and

selecting a preferred cell detaching solution from said plurality of cell detaching solutions.
19. A cell detaching solution obtained by the method of claim 18.

20. A method for harvesting and subsequent passaging of hPSCs, comprising:
passaging the hPSCs with the cell detaching solution of claim 18, at a split ratio of 1:10 to
1:60, wherein the culture reaches confluence within seven days after split.

21. A method for harvesting and subsequent passaging of human pluripotent stem cells
(hPSCs) comprising:

plating the hPSCs in medium,

aspirating spent medium,

washing with DPBS,

adding the formulation of claim 1,

removing the formulation of claim 1,
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incubating,
adding culture media, and
collecting detached clusters.

22. The method of claim 14, wherein the formulation of claim 1 is not removed.
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