1 M CROCARRI ERS FOR STEM CELL CULTURE FI ELD The present
invention relates to the fields of cell biology, nolecular biology
and bi ot echnol ogy. More particularly, the invention relates to a

met hod of culturing stern cells on particulate carriers. BACKGROUND
Stein cells, unlike differentiated cells have the capacity to divide
and either self-renew or differentiate into phenotypically and
functionally different daughter cells (Keller, Genes Dev. 2005;
19:1129-1155; Wbus and Bohel er, Physioll Rev. 2005; 85: 635-678; WI es,
Met hods i n Enzynol ogy. 1993; 225: 900-918; Choi et al, Methods Ml Med.

2005; 105: 359- 368).  MICHOORRRENRS YOR STEMECELE!AIHL LUREC) are
pluripotent cells with the capability of differentiating into a

variety of stein cell types. The pluripotency of stemcells such as
enbryoni c &mbn cells (ESCs) and their ability to differentiate into
cells fromall three germlayers nmakes these an ideal source of cells
for regenerative therapy for many di seases and tissue injuries

(Kel l er, Genes DewrespgOsvendoritRees 101156 fieobirs|l dindeggoheleerlar biRhysyi 2ot

Rev. 2005 géte@%ﬁ%&%ore artlcu}aﬁg RW&LQ‘J@IOQ telzﬁésqg 9 n'fémoh 3f Elﬁtu g‘% &8}1 cells on

gquantities, requiring o e of re passages, IS a prerequilsi

cel | ther apsticulate carri€@sir rent |y, stein cells (including human enbryonlc
stemcells, hESC) which grow as colonies are routinely maintained on
plastic culture surfaces in 2 dinensional (2D) growh. Expansion to

| ar ger quaBAEKSRAUNIL 2D cul ture woul d necessitate the use of |large
surface areas. The manual nature of passaging the cells by repeated

pi petting or e tre nt, t g ak t hese éD col nles t

smal | er sizes mf}élmef oUtke Cripsrliges el oyl g%pﬁﬂa tndidegudersr selfrenew
or differentiate into phenotypically and functionally different daughter cells (Keller, Genes
Dev. 2005;19:1129-1155; Wobus and Boheler, Physiol Rev. 2005;85:635-678; Wiles,
Methods in Enzymology. 1993;225:900-918; Choi et al, Methods Mol Med. 2005;105:359-
368).

Human embryonic stemn cells (hESC) are pluripotent cells with the capability of
differentiating into a variety of stem cell types. The pluripotency of stem cells such as
embryonic stem cells (ESCs) and their ability to differentiate into cells from all three germ
layers makes these an ideal source of cells for regenerative therapy for many diseases and
tissue injuries (Keller, Genes Dev. 2005;19:1129-1155; Wobus and Boheler, Physiol Rev.
2005;85:635-678).

Expansion of stem cells to large quantities, requiring one or more passages, is a pre-

requisite for cell therapy.

Currently, stem cells (including human embryonic stem cells, hESC) which grow as
colonies are routinely maintained on plastic culture surfaces in 2 dimensional (2D) growth.
Expansion to larger quantities on 2D culture would necessitate the use of large surface areas.
The manual nature of passaging the cells by repeated pipetting or enzymatic treatment to

break up these 2D colonies to smaller sizes would become impractical. Preparing numerous



pl ates for seeding |large surface areas can becone subject to handling
errors. Furthernore, very large surface areas such as Nunc trays for
exanpl e, woul d be needed. Accordingly, the current nethods of
growing stemcells as 2D colony cultures on coated plastic surfaces
are not amenable to scale up and the experinental conditions under
which culture is carried out is generally not anmenable to good
control. The prior art includes a nunber of attenpts to culture stem
cells in a 3 dinmensional ("3D') enviroment, such as on mcrocarriers
in suspension culture. Except for a few studies of nbuse enbryonic
slt em ggg;ﬁﬂaﬁ&% fo ﬁécﬁﬁ‘glﬁ\\lfilfg}e @1!ir$ac(2: E@%’k&ﬁ @&f@gﬁ}s?lﬁibct to Qg e%fsgfémﬁean@é,

al ., in er an ifferentiatin in
suspensi oY RUM EuF%gaa"saréﬁf'ﬁf‘vbﬂrsg?%w?@gfo'(%&ﬁﬁ %{3 E’e “9%6 4, Fok and
Zandstra, 2005; Camsron et al., 2006), there |s no robust nethod of
long term seri n._susp

is known in th Cor '“%%’r "% ?%%Ifei/tonﬁ?[gsagto&gmwm ﬁem fe(?l *Be dl(%{?rgrcultfl Fape ed as
"enbryoi d cbaed ﬂsS’nclsﬁrfeﬁzassq}e A&t agienaild toyesde uSaelhhesdpeyndnth] badiit@ss under

conprise a of .alre dlffer ated cells

et oo e S © it TS Mot SSRE IR sohg otlfon TSP LgRS E
cul ture enfamped cdabégﬁbtﬁﬁa caﬂ:':m’s Eﬁémloﬁllm(iyi dimbdsithel (We3 ”)ahxlﬁﬂmﬁhﬁty\gucu st 6y
agitation systens Zandstr 00 et a 2004

D01 | anbor GULBUET Pea R Ry GABENg T de SO e Ayt e BV GsEn g
been r epordhesicldyarfies (Feptatldesansls Lo@; (BRAEes andl, KI0TgK Mg dndMilleer20020ad) -
Such techgi@_gﬁijes are suitable for culturing thsﬁ?e tissue-ljike e rgoid

body aggr ’@ElaE'EﬁﬁﬁsiCs‘F‘ﬁbspa?SFWEWF|a%?‘EW%‘Pé? igtiang etgd 2406¢ T

undi f f er enfah @@L 09s aMantedd & al., P06\ aiMere 4AMOG bR MeHBEY lofeREh,| 064 culturing
stirred- susgenm on culture systens for the propagation of

undi f f er erff PEPed TYRFEEORAMFoni ¢ stem cel | s (MESCs) . The
stirred-suspensi on cuI ture systens conpri sed m crocarrier and

aggregate cult e nic. s em | t on

m crocarriers # [5'1]? aggb ci‘”hcgs f‘ﬁig @ﬁﬁ?rﬁ%f ge% i) elgbrym
tissue-c uIHotIBEE’ ih kdspknsaruiat SSuch Hpmclﬂebﬁmwéoannsé enkendf alréadhi bi tory
factor, nESC at es oi.d d| es

capabl & of Tl A Lo TP o | QDRI B st PO hsryale
ESCs are ail&@acdﬁ&%uhb&(imb@dﬁl @i Enibdsbitl @6dy AM0R)was HRBEME, uskigngitaiod
Miter ( 205985tgms by Zandstra et al (2003), Dang et al (2004) and Wartenberg et al (1998). Embryoid
body suspension culture has also been reported by Dang and Zandstra (2005) and King and
Miller (2007). Such techniques are suitable for culturing these tissue-like embryoid body

aggregates comprising differentiated stem cells, but not for undifferentiated stem cells.

Fok and Zandstra (2005) described stirred-suspension culture systems for the

propagation of undifferentiated mouse embryonic stem cells (mESCs). The stirred-suspension

culture systems comprised microcarrier and aggregate cultures. Mouse embryonic stem cells
cultured on glass microcarriers had population doubling times comparable to tissue-culture
flask controls.. Upon removal of leukemia inhibitory factor, the mESC aggregates developed
into embryoid bodies (EBs) capable of multilineage differentiation. Suspension cuitures of

mouse ESCs are also described in King and Miller (2005). However, King and Miller (2005)



3 state that "expansion of undifferentiated human ESCs (hESCs) is
nmore difficult than for nESCs and has not yet been reported in
stirred cultures”. US2007/ 0264713 (Terstegge) discloses an
attenpt at culturing human enbryonic stemcells on mcrocarriers.
Human enbryonic stemcells are introduced together with Cytodex3
(Amersham mcrocarriers into a spinner or a bioreactor together with
condi tioned nediumin various volunes. The culture is agitated at
20-30 rpm 30 minutes in an hour. The cukture is maintained for
various tines between 10 days and 6 weeks. However, at no tinme were
any of thesgllHat¥R5aRdR SAARGEIEnt A hEMbd yé@sd(hﬁm)%mbé ARcasRaot al
requi rement for |arge scale continuous production of stemcells.
EEnDnstratmgﬁcbwﬂﬁﬁﬁﬂ@dﬂﬁﬁ@ﬂﬁﬁ@?&gnﬁy“&ﬁH“Wh% ability to sub-culture
along with 'good' (exponential) growmh rate on mcrocarriers are
essential requir or |large-scal e production of stemcells. This

was not denons tlﬁ%@ng?fbfﬁj”%g efsbRRe)ghscipggsan éaﬁgpt@f culjuring human embryonic stem

W02008/ 004990 ofl 8%G6daReSs. BulBABHErybRic Sidhntcel Lars 1B oHeRH tozethtt WileCahRanCe
of feeder cells and _contenpl ates the use of mcrocarriers, It is

concer ned \{HESESHAE MiFTRLRITSES 1 TIRIVEL Friadiqredcir fgethaswsid) copdiviond g iy
describes {ppugidifnds. Ple RATt ¥5hikd Qﬁ'@f ﬁﬁ‘ﬂm%@ﬁﬁlﬂﬁt%ssm an hBL}eThé%'thﬂetaé on
of stemcell differentiation,. ES et al 08 (Journal
of Bi ot echiaingipd fBgagiapdig)s between 10&1@ymrtde‘>mpfte § @wwu%télo WES@’WHY of
m crocarrigg %uim‘esspggg&e’a%r ALY RL EFhidS isWR leésexﬁﬁai ﬁe'qﬂl n?en?f%'rl d Bale
reported. Initially, 3-fold expansion was achi eved over (ﬁ

however wi ¢dntinunsh pioduatin of srem pelbss Rgmonstshifone periiwhons mglp@@r@dé@amﬂm it
cells coul : ts to
use conner%?gﬁrwgggg E?@Qﬁ?&%ﬁ%&y&?%@g@gﬁgﬁméngEﬁMggHQfﬁghﬁ 3 for
scal e up c@Fmlm@ﬂ@ffOMprWﬁbmofﬁw@eI"Iﬁw \(/atsE@Céf)mqmetrfeed by the work
unsuccessf i e;%g <BEPC cultures died or differentiated on the
carriers andrco d not be propagated (Ch & Choo, 2006). St abl e
and continuous growh in suspension of undifferentiated, pluripotent
cells frompri Wb@%S/GO@%G@%&QjeD&%ts&B %m&@étéxﬁ cellAR tH%%BseQ@eedT feeder cells
achi eved so far. No one has_previousl denonstrat ed successive
passage of arﬁquomamela@fs theyaeef BicwRireians| §,is mﬁw@w@? qWiueaby oeh Magigal ip
cells, in ot Rkl S ARV 0RMEIYD R escribestNE oY 9@}30%1@1%19 cﬁidrggdesﬁﬁgbteé Richon of
stenlcells into other useful cell types is also of nmjor Inportance.
For exanpl @hibjtigngésten plediffofenidatiodi omyocytes are required to conduct
clinical trials, drug dlscovery and al so to devel op potential future

cell therapies. Since human enbryoni c stemcells (hESC) are
pl uri potent and® ? B‘H”Hlef ?le FeH Uﬁ’t‘ré'altoé Bigtechyelpgy l%é?%fi) ZHESEn@gFmpt to

provi de a &oufeafESof onGRCACAYQGY L&indRdaRtMlas GRll ks §iNpese ik ¥ repdrREE
uses. So far, few hESC derived cardi onyocyte differentiation

protocol s Miirdypistoll ereansiqnyeag aghicyer @V S daihs pweve withgathsyccessiye passage
scal abi | i t ¥11QfkpdiRn N2ORASEH Wi QRIOCRRSRR bé SasBiRtd 64y8RE week 6.

Previous attempts to use commercially available microcarriers such as Cytodex 1 and
3 for scale up culture of human embryonic stem cells (hESCs) were unsuccessful. The hESC

cultures died or differentiated on the carriers and could not be propagated (Oh & Choo, 2006).

Stable and continuous growth in suspension of undifferentiated, pluripotent cells from

primates, including human stem cells, has not been achieved so far. No one has previously



The invention seeks to solve these and other problens in the art.
SUMVARY The present invention provides a nethod for the stable
and long termculturing of human or primte enbryonic stemcells in
invitro culture. Using this nethod human enbryonic stemcells can be
continually expanded between each passage and the pluripotency of the
expanded human enbryonic stemcell population is maintai ned beyond at
| east passage 5 and regul arly beyond passage 10. | nportantly,
the inventors have found that culture and differentiation of stein
cells on mcrocarriers can be inproved where the mcrocarriers are
coated i N RmARitfated sﬁé@@s?sw@'b@gsﬁfe%@bﬁmﬁt@@ﬁﬂnﬁeﬁﬁst&ﬁ%é’ll@ &ﬁ'cb]ﬂl‘lf’%m Bﬁlb Xtem
conponents. The matrix may conprise one or nore of Matrigel T

Bi osci ence$lls, imspapenpighpWtugei d, | anminin, fibronectin, V|tronect|n
col l agen, el astin, heparan sul phate, dextran, dextran sul phat e,
chondroitin sulphate or a mxture of lamnin, collagen I, heparan

sul fate prot abglyganss ddRenamtodet ktBmlcells ibto other usefiff o¢ll GVt Flscdfdnajor
prollferatlon of stern cells a prefe ‘g matri x conprises o n5|sts
of “one or RBPEGE. RAEEHTERSHIES BURRCEP RO BYCHES RO 5RO R S G

of | am ni nriale,QlrlB@@Bvdry altBNSY 18 Aewellpf patetifl ORI e adpss. S hembact i n
l. For dlfferentlﬁilon of stemcells aﬁgreferred mat

conpri ses G bryogifsitest eells {hi5d et P el nipnd camiliffiersntiats 19r2 sset [aﬁers hESC

vitronectidan Mﬂd@, |a9&lr3%%rd@onﬁ?o&§tb§ﬁd@fhel' @émwda,fmqﬁask a@emkolfar, RepESEN
sul fate proteo ycans, and entactin In one asgect f he

present i rfiFENE %Fﬁim@roavféélffeéer%'h@nq:}rmqks hevie besngleseribedlty t8msHmtilit er n
celI's on MdogiR@aY,Huethe sdatbiits BRAS hidPosed bibprotest 3O Bles. Pl ural ity of
passages whilst retaining the pluripotent status of stemcells in the
culture. The mcrocarriers are coated in a matrix, preferably having
an extracel | Ulhainvefipeeskhto sohrdhadé Bndsifed @ebbidntistin tHaertst em cel | s.
Preferably, the mcrocarriers are positively charged. The stemcells
are cultured in suspension culture, preferably to expand the nunber
of stem celUMMARY t he culture. Cultured stemcells are then passaged
and passaged stemcells are seeded on mcrocarriers having the sane
or different matrix coating. In this way stemcells can be taken

t hr ough a pl ur dihg pipseyf inyedion geoyidepa glethaél fqrdhecyiable g9d dangdera culfpring ofhe
cul tured apth.RassRdad cfbSohiE ki eli€h ! AP Yuild! TRAE B mSthad MinanlUsi Ng
this net hod prollferatlon of stemcells is seen during each cycl e of
cul ture betwhremiqdas eglle sambrrosdrnaie xandrd dictiean eark passeanyangd e plusipstency
10) PasSag{ne expanded Fﬂﬁ}ha% &1’rﬂr§dﬂ§cesté?ﬁaw1% QI%JH i %ahl@a‘?neg%%dn'alépfé%t 9539&%“
and passaging of stemcells 1n in vitro culture thereby providing a

met hod f or> adpegwdirlydexerdpassesd ¥. havi ng pl uri potent potential to

t herapeutically useful nunbers. Al t hough conti nuous passage of

stemcells on nmicrocarrjers will often be preferred, as part of the
method of the PPBYERLYH/BKITGHITEE S drf eﬂur%aw&gff%@“@?%&fﬁ@rwas on

from cul t uhRrRRATIsCROEANTF &8 where M BicroeatibMLR: @YRH B PBmatfix that pl¥erably
colony culture, followed by return to suspension mcrocarrier
cul ture. comprlses extra cellular matrix components. The matrix may comprise one or more of

™ (BD Biosciences), hyaluronic acid, laminin, fibronectin, vitronectin, collagen,

Matrige
elastin, heparan sulphate, dextran, dextran sulphate, chondroitin sulphate or a mixture of

laminin, collagen I, heparan sulfate proteoglycans, and entactin 1.



6 The nethod preferably involves the steps of attachnent of
stemcells to matrix coated mcrocarriers during each cycle of
culture prior to passage. However, it is permssible for sone cycles
of culture to be undertaken on non-coated mcrocarriers, although an
overall total of at least 3 culture cycles followed by passage w ||
preferably be conducted on matrix coated mcrocarriers. Mre
preferably this will be one of at least 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22,523, 24,25 or nore culture

cycl es. The nethods of the present invention therefore provide
for the long t &f dN: PR A n[:]ﬂghfglfat:&{ o, steﬂpé @F p&? &xsco ra!se@ OYE(;nr R of
cul ture, wherein fhe ste are stably cu ture passag ed t

preserve t e or myrepf Mettieelt” . dyalunggic acid, lamink pua miwure a’ékaafmtm @bliftghel
present iny rentiation of pluripotent stem
cells attacﬁ)Ia h@&ﬁﬁ@%@&@@y%@%ﬁgfeﬂ&£$? I n sone enbodi nents
pluripotent stemcells may be grown to a required cell density for
differentiati orrobmfﬁmh%rw s&emem zﬂ%r@fcﬁ%c{ hl@t'hx(éb'llnblf{e? o &hBALof one or
described in the aspect above. ui red density 1s

obt ai ned t mereciilanipia. Bypwictiy, dﬁ@nﬁﬁyﬂ, M@tr@hbnge@lm@um nﬁlawm,we agen L,
d|fferentlﬁ&hgﬁsgﬁméﬁgkgg9§& ?&ﬁﬂﬁqu to the mcrocarriers. For
differentiation the sane or erent mcrocarriers may be used
conpared with those used for gromﬁh of the stemcells. Simlarly, the

sane or differ entondBEptdt theGRALANG B BRted TEle gl®kh SN Bratich Jf'sfeﬁltcelis
m crocarrier having a first coatlnggng% be used for the gromﬂ and
P4

prol i f er at PORIGICAFICHIP Sepesionst by aphyelly ebrastigesividsbetuiningthe

having a sgeapder S@tuk egstérﬁyeziaenﬂh@%ﬁlmfr@rTﬂehﬁm%bérh@Js%&tdo%& o, Riuik hose
stemcells. For differentiation the mcrocarrier nmay be uncoate

The use of PisfeEabbchvinean extacelia cogponsst Andyre biefest with B stom cgilse Rreferably,

and for thgk 'iméib@an@é’r?ﬁre;p@stlﬂn%ﬂf Hased. h@xe@ﬁl&ac@r @Q@%ulﬁfredai}{% Efhn chﬁur@eed
to re-seed the differentiation culture, of proliferation culture
provi di ng Brefragly imad thefnuptberafstsmeastls inghg @ltﬂ@r Cypltprfed plentce g dro theand
the convenh RGEd Ald LHARG g L éem@ mer;e&#ea f)l@fn%rbc%ﬁletrﬁha%nfﬂzg Gk oAl loALirARnPY
changing the culture conditio odi nent's

pl ur i pot enmaixepyiinge [ disfvery Smﬂf ffeélﬁ @Emthed@heo threngh abéurglﬂtmwﬁpassﬁgas e.g. at
required cg TR

col ony Cu|t%#g%ggﬁgéQNQ§F?EH§%§QEREM£§? ﬁq%ﬁ%%kﬁ§%? %ﬁ%géu%qu

a matrix ctb@tmﬁ@)damlhfeml@wf@wm ¢ells wpen@ma eghlcyde ef uﬁtderben@nui p:tssacgas
t hat i nducg,t t ells. In sone
enbodlnentguggﬁPghL& %&%Th%péﬁ iéﬂﬁ%é%g%%% differentiation (but
preferably not termnal differentiation) may be attached to
mcrocarriers hayi AR hBidd pérEiRahd A%tRolY BEIRN B ;{M@fﬂg af gt.s;ﬁ' Eéls%ga
cultured in suspension culture under conditions that ©nduce

di ffer ent i %P 6nltuse thesshy grogiginge| meghod for expanding stem cells having plurlpotent potential

to therapeutically useful numbers.

Although continuous passage of stem cells on microcarriers will often be preferred, as
part of the method of the present invention the stem cells may be transferred from culture on
microcarriers to other culture systems, e.g. 2D colony culture, followed by return to

suspension microcarrier culture.



According to one aspect of the present invention there is provided a
met hod of culturing stemcells in suspension culture in vitro, the
nmet hod conprising: (i) attaching stemcells to a plurality of
mcrocarriers to formmcrocarrier-stemcell conplexes, wherein the
surface of the mcrocarriers is coated in a matrix; (ii) culturing
the mcrocarrier-stemcell conplexes in suspension culture; (iii)

passaging the cultured cells from(ii); and (iv) repeating steps
(i)-(iti) through at |east 3 passages, gsherein stemcells in the
culture after step (iv) are pluripotent. The stemcells are

preferably e”b;r)bé? Rlefhod h%@ér&?} tnSoivind &%%@Qﬁgﬁhlﬂéﬂt BP&&HEe]EH@%@% chited

and are preferably prifmte or human. e matrix prefera
conpri ses mwrogxricadalitadagh cyvi aficrltico pwrie passaghb Hewpreafieis abiWSStbh:efor

mat rix Cor%rne%gaesoo@%ulﬁ{re gnolfe%gﬁ)érta (Ifninrgﬁlc %(IL’:A ﬁBr&agﬁ% Qﬁ%ﬁtﬁ) dn overall total

hyal uroni ¢ aci onec

el astin, hdpalean3 sulhphatc@s tdlxed &y pasehgx twilh preSudbiyhizet ®ndtc:tfdmdmmtmx cmated
sulphate The matri r nlxt r | apini II ,
nepar an- sul FRER bro RRoRERR b Ruffubdltpfiefla) S8 ety 15000 BORR ta,
may conprikel@r7cidnsd, 20, Af 2118, Zalrzimrlmoreaﬁulumé twele@se, dextran,

hydroxyl ated nethacrylate, collagen, gelatin, polystyrene, plastic,
glass, ceramc, silicone. 8 Alternatively, the mcrocarrier nmay be a
macr opor ous or The tethpdy Juke mesehiosewatomtherceaprovide for tHedona teropagsagingrof

may be CO%&%te‘M Ll Qéigt;fi‘m VMo Qfltu%g)ln/){ér&%' thtstem cells are stably cultured and

passaged to preserve their pluripotent status.

A further aspect of the present invention relates to the differentiation of pluripotent

stem cells attached to microcarriers.

In some embodiments pluripotent stem cells may be grown to a required cell density
for differentiation by employing the microcarrier culture method described in the aspect
above. Once the required cell density is obtained the culture conditions may be changed to
induce the differentiation of stem cells attached to the microcarriers, For differentiation the
same or different microcarriers may be used compared with those used for growth of the stem
cells. Similarly, the same or different matrix coating may be used. For example, a first
microcarrier having a first coating may be used for the growth and proliferation of pluripotent
stem cells and a second microcarrier having a second coating may be used for the

differentiation of those stem cells. For differentiation the microcarrier may be uncoated.

The use of microcarrier culture for both proliferation of stem cells and for their
differentiation has the advantages of avoiding the need to re-seed the differentiation culture,
of the proliferation culture providing a high number of pluripotent cells for differentiation and
the convenience of changing from proliferation to differentiation by changing the culture

conditions.



The mcrocarrier is preferably positively charged and preferably has
a positive surface charge. It may be hydrophilic. The mcrocarrier is
preferably rod-shaped, e.g. cylindrical, or substantially spherical
i n shape. Preferably, in step (ii) the stern cells are cultured
for a period of time sufficient to expand the nunber of stemcells in
the culture. In sonme enbodi nents, in each repeat cycle the stemcells
of step (i) are obtained fromthe passaged cells of step (iii) of the
precedi ng repeat cycle. I n enbodi ments of the present invention
steps (i)-(iii) are repeated through one of: at |east 4 passages, at
| east 5 passageg ot} ehGRiSherds 19@1?’&%@?&111%&113' f@:acﬁﬁ”fe@ntﬁﬁ&? Q‘Qfﬁe @bn |t(?§-5t
8 passages, at leﬁ%t 9 as%a e? %gaiy pﬁzsg es, aghm .
passages, Erquiresics ity 4% hgreturgimdthogs torie3appls $a §ocarc¢émgt e cells
passages, the tihe‘ﬁ%ﬁ&cllwtog%%l%@ﬂﬁ&s hg'\trm% ?ﬁlﬁttnxjcgat&g%ﬁ@glﬁﬁlredq}x 4 g@]ﬁ}on %lglture
passages, d ggét hpa;;ggg;diﬁﬂ eas o s;g@es ast
passages, amer itiopy thpfdndimg iffgrertiotet of 2R ghars es, at |east 23
passages, at |east 24 passages, at |east 25 passages at | east 30
passages, at |east 40 passa at | east 50 passage at | east 60
passages, at | e‘a§9m?9n§%d§ ag%%e‘lls thet haya glready urﬂf&@agéé’fem&tlatloeé@{t peferably
PaSS?ggg % ﬁ%t t%rﬁﬁ’iﬁﬂi dlkggn%fﬁwﬁﬂtg%ﬁbe a&ttac):he? 14 B;o%c%ifrﬁ:?é’ #ading m%%%lfgedrn at
eas o] e cycles of steps i e mcrocarriers a
coated i n0 anGeaed ITRC¥0Wfteé‘5r%ﬁldtCP\P‘gf“%/mtsﬁfmnﬁﬁwuﬁéfedlﬁéﬂéf’mb%OHIS dusindpgghe
80% 90% QffreRAhiolE i Geieagessi ve cycles of steps (i)-(iii) the
m crocarriers may be coated in the same matrix, or the matrix may be
differ ent or ab&&ntdmgto bhe sbedpflths eredid invan®a citrd ¥ rajdel @ snetod 9t eps
(O-(ii erred enbogdi nent s, fte jv) at |east
609 of 1 hecWEhe EBRREN I SREsER R e Py B gh et @qﬁmgvxst ernativel y
this may be one of at least 70% 80% 90% or 95% I n
preferred entibdi netfacking stmeellste eplyraliy O%mICtOéQJSIﬁYSG@%rmflmpihears@reﬂ’fm Celf
cell's in the cul t%lﬁpA?)ZEPrvﬁﬁ%npm iy \éQofthQ{n? oc%l:r[e% I|S d%taé“nan%?
TRA-1-60 and Mab84 ernative %IS nay‘%e one o east 70%
80% 90% or(95@6cMHﬂmg&wmnmsaneéémbmmHWBWPEX@ﬁeswamhamcnwwemonpr|se
condi 11 oned nii arhsifie e AT AGERYTRE & 00 STEM S ot her
enbodi nent s Kwédempwéhgswﬁﬂw(bétabugnhédﬁﬁqmmhgmnlcrocarriers. The
f eeder cel i rr| ch are different to
the mcr oclgﬁ?r?%rsgeg} Ceﬂv\ﬁﬁﬁ%&ﬁ%% Ste SC[g Iarequlér%peo é# t ached. The
present invention includes a plurlpotent stein cell obtained by the

met hod of the prRSEA PN Pr@Hbly embryonic stem cells, or induced pluripotent stem cells,

and are preferably primate or human.

The matrix preferably comprises an extracellular matrix component. More preferably
the matrix comprises one or more of Matrigel™ (BD Biosciences), hyaluronic acid, laminin,
fibronectin, vitronectin, collagen, elastin, heparan sulphate, dextran, dextran sulphate,
chondroitin sulphate. The matrix may comprise a mixture of laminin, collagen I, heparan

sulfate proteoglycans, and entactin 1.

The microcarrier may comprise or consist of one or more of cellulose, dextran,

hydroxylated methacrylate, collagen, gelatin, polystyrene, plastic, glass, ceramic, silicone.



In further enbodi nents the nmethod may further conprise the step of

i nducing differentiation of the stemcells obtained after step (iv).
This nmay be achi eved by placing the mcrocarrier-stemcell conpl exes
under conditions which induce the differentiation of the stemcells.
Alternatively, after step (iv) the nmethod may conprise the step of
separating stein cells fromthe mcrocarriers and culturing the
separated stemcells in non-mcrocarrier culture under conditions
whi ch i nduce differentiation of the stemcells. Thus, in some
enbodi ments the nethod may further conprise the differentiation of

pluri pot endtesi8 0816 8hd Sicrde HRF a'n%‘ :0 mﬁé@po%tfs%?ﬁl’idq(ﬂm%u's' ABREEhicRIcEMer.
cells obtained after step (iv) to a plurality of second mcrocarriers

to form nilbessapearis gy dacewldd widnppiexes or pplebeire the surface of the
second mcrocarriers is coated in a second natrlx or i s uncoated; and
(vi) culturing Ehe m crocarrier-stemcell conplexes fr

m(v).in
suspensi on cul £ BIGRFABIE" BPRdPRIYRSIEE A chargad, H"?f&fal%l‘iyg’ﬁ%fr‘ %‘%?t‘i"ats‘i“&‘ie

of the st emgel ksay bd Bydrophilic. ThBéhidrbdasdier ¥HcBRABQNI-DRbE, ¥ c'BYindtRal B
sane or different. The first and second mcrocarriers may be the sane

or di ff er @Hpstantially spherjcal i shapeenbodi ments a further differentiation
may be induced, wherein the nmethod further conprises: (vii) attachlng
differentiated

) cel | tained fromste vi).to I aht
Chird nicrocar FRET@yas ot (0 MeckBrsts repuBraniot bptire bttt o n
t he surf acepal thidraintbbi sfdtem @110 Bahd d@iute. [Ssof@aindadiingntd, ih Bich depdBicktlx tHer
I's uncoat esgem ceﬂs of step (i) are obtained from the passaged cells of step (iii) of the preceding repeat

cycle.

In embodiments of the present invention steps (i)-(iii) are repeated through one of: at
least 4 passages, at least 5 passages, at least 6 passages, at least 7 passages, at least 8 passages,
at least 9 passages, at least 10 passages, at least 11 passages, at least 12 passages, at least 13
passages, at least 14 passages, at least 15 passages, at least 16 passages, at least 17 passages,
at least 18 passages, at least 19 passages, at least 20 passages, at least 21 passages, at least 22
passages, at least 23 passages, at least 24 passages, at least 25 passages, at least 30 passages,
at least 40 passages, at least 50 passages, at least 60 passages, at least 70 passages, at least 80

passages, at least 90 passages, at least 100 passages.

In preferred embodiments in at least 60% of the cycles of steps (i)-(iii) the
microcarriers are coated in a matrix. Alternatively this may be one of at least 70%, 80%, 90%,
or 95%. During successive cycles of steps (i)-(iii) the microcarriers may be coated in the same

matrix, or the matrix may be different or absent in first and second consecutive cycles of steps

(i)-(ii).

In preferred embodiments, after step (iv) at least 60% of the stem cells in the culture

are pluripotent. Alternatively this may be one of at least 70%, 80%, 90%, or 95%.



(viii) culturing the mcrocarrier-stern cell conplexes from(vii) in
suspensi on cul ture under conditions that induce the further
differentiation of the differentiated stem cells. The third
matrix may be different to the first and second natrix or rmay be the
same as one of the first and second matrix. The third mcrocarriers
may be different to the first and second mcrocarriers or may be the

sane as one of the first and second mcrocarriers. The present
invention includes a differentiated cel$ obtained by the method of
t he present invention. Differentiated cells obtained by a

met hod of the ijpyeALiQ @mg@é{lngﬁs Gk éigp%%tap[eésf)éd% @f‘th@ X:Qf-lsdia lﬂ%@élturlh e

enbryoi d body nay be attached to a mcrocarrier ry0|' ody so
obt ai ned f oSS pigs twopthraetne aly pEQetAt SSEAAe AR Aoln60 and Mab844 Altenatively trag may

aspect of ﬁgg%e%@gﬁﬁggﬂhn%ggtb@y JRese is provided a nethod of

culturing stemc I n"suspension culture in vitro, the method
conprising: attaching stemcells to a plurality of microcarriers to

form m crocarrigkasd §ﬁ3cﬁﬁ'}1éntsctﬁmleﬁﬁ@§1ay whes el Bultbge ﬁﬂ:rs{eﬁp&llmn SR free
microcarriers is coated in Nhtré? (ii) culturrng t
1,

m cr ocar r i BediarospeRsell cauditipnedaasgdip. g :éﬂﬁéqsé fresreoadition: e; ( iii)
passagi ng the cultured cells from(ii); and 11 (iv)repeating steps
t hrough at | east 7
(0-O) g In other embodlments fegd%r cells may be attached to the microcarriers. The feeder
cells may be attached to microcarriers which are different to the microcarriers to which the

stem cells are attached.

The present invention includes a pluripotent stem cell obtained by the method of the

present invention.

In further embodiments the method may further comprise the step of inducing
differentiation of the stem cells obtained after step (iv). This may be achieved by placing the
microcarrier-stem cell complexes under conditions which induce the differentiation of the
stem ceils. Alternatively, after step (iv) the method may comprise the step of separating stem
cells from the microcarriers and culturing the separated stem cells in non-microcarrier culture

under conditions which induce differentiation of the stem cells.

Thus, in some embodiments the method may further comprise the differentiation of

pluripotent stem cells, comprising:

v) attaching pluripotent stem cells obtained after step (iv) to a plurality of second
microcarriers to form microcarrier-stem cell complexes, wherein the surface of the
second microcarriers is coated in a second matrix or is uncoated; and

(vi)  culturing the microcarrier-stem cell complexes from (v) in suspension culture

under conditions that induce the differentiation of the stem cells.



wherein stern cells in the culture after step (iv) are pluripotent,

wherein the culture is free of feeder cells, wherein the nunber of

stemcells is expanded between each passage and wherein the stern

cells are human or primate enbryonic stern cells or human or primte

i nduced pluripotent stemcells. In a further aspect of the

present invention there is provided a nethod of culturing and

differentiating stemcells in vitro, the nethod conprising: (i)

attaching stemcells to a plurality of 1first mcrocarriers to form

m crocarrier-stemcell conplexes, wherein the surface of the first

mcrocarriers irfe fRAIRAedAd hafrly :ﬁ& yeahd §aﬁ‘pe 0(* birferetib | fHd Hr9nd R€ond

m crocarrier-stemcell conpl exes |n suspension culture; (111)

passagi ng mik@catiers magde delsime erdifigrenti ) ;. and (iv) repeating steps

(i)-(iii) through at Ieast 3 passages wherein stemcells in the

culture after step (iv) are pluripotent, the nethod further

conprising: (v weémmgﬁems arfwﬁhsf giffereatiation may be indhged; Tergeinthedretiade

(iv) to a M ebhfrkepf second microcarriers to formmcrocarrier-stem

cell conpl exes, erein the surface of the second mcrocarriers is

coated in a @ai:omdammgrdlﬁferem:ateﬂ summ edainainftbn viep (vi)ub & pluraiigy ¢fhiieird

m crocarri er. stemeel ) coplexes. from (u), 0 SUsPens! on cul.Lure. upae"

condi tions that |n83 ?ﬁ dr ?f&f%ﬁ? Y| f TH §tenlce1

The first and seamnmnmakmn%mﬁﬁymbﬁxﬁhemﬂamanMIdmhbﬁbemhd The first

?E?t I’S]::’:O{:]gn‘p %rggCC%{UErlineUrtﬁe mlc}locarrler-aem cglpeongglex%s I'r&%r(\%qtm SUSpCl’lSlOl’l Cltl]] Uq'e may
under conditions that induce the further differentiation of the differentiated stem

cells.

The third matrix may be different to the first and second matrix or may be the same as
one of the first and second matrix. The third microcarriers may be different to the first and

second microcarriers or may be the same as one of the first and second microcarriers.

The present invention includes a differentiated cell obtained by the method of the

present invention.

Differentiated cells obtained by a method of the invention may be cultured to form an
embryoid body. The embryoid body may be attached to a microcarrier. An embryoid body so

obtained forms part of the present invention.

In a further aspect of the present invention there is provided a method of culturing

stem cells in suspension culture in vifro, the method comprising:

i) attaching stem cells to a plurality of microcarriers to form microcarrier-stem cell
. ) . . . . TM
complexes, wherein the surface of the microcarriers is coated in Matrigel ™;

(ii) culturing the microcarrier-stem cell complexes in suspension culture;

(il  passaging the cultured cells from (ii); and



(vii) attaching differentiated stemcells obtained fromstep (vi) to
a plurality of third mcrocarriers to formmcrocarrier-stem cel
conpl exes, wherein the surface of the third mcrocarriers is coated
inathird matrix or is uncoated; and 12 (viii) culturing the

m crocarrier-stemcell conplexes from(vii) in suspension culture
under conditions that induce the further differentiation of the
differentiated stemcells. The third matrix nay be different to
the first and second matri x or the samgjas one of the first and
second matri x. The third microcarriers rnay be different to the first
and second ny;¢y O%ﬁéaﬁﬁ%&eps(zf)-(hﬁﬂar&.@%‘c Rekt 9 sl ! he first and second
m crocarriers. I'h & farther aspect o e ‘present invention
there is pvovéinesdmeaeheinfwtubire ditéfseapdivd matpiltm'@otgnfevﬁwrwI‘rlsﬁ quiurgiig freg of
conpri sin i | f

M Cr OCar [ ?fg?t}se} ta%&f‘gl%ﬁllr'n rng]%g&?l}f (satlg%ltnggﬂscg E%%P&e% b%tvf%:eﬁ' Eﬁh p\%\% e%& and w 1F1rem
sur f ace of the lemwilts e bumaner $r1mste@matyedlmstq:lrepeﬁaolrhwmao or prsmum cmiatteéd

and cultur carrier-stemcell conplexes in suspension

cul ture un @%M%gﬁﬁgbﬁgﬁs that induce the differentiation of the stem
cells. The stemcells are preferably enbryonic stemcells, or

i nduced pluri p%@%ﬁh&t KRPLE S re?éﬁ@'m@érﬁml?'i}ﬁ Fg&bhﬁeﬁ’ﬁh{é&fog o?éu[thHH@szd
The matrix preferably conprlseg an extrace matri x conponent-
More pref efihg’ pentiating stamcelisd empihe swdiod sempiisitgor e of | ami ni n,

fibronectin, .vitronecti Bi asci ences aluronlc
Lot oo gl otfhe fem Bkt R Bltsh R RS Ffau P e E e,
chondroitin sul phatl@omplgesRhdréiX tHERYTERGP fHeSRst thiffoddrtidreis@batbBifiartirst,

collagen I, heparan sul fate proteoglycans, and entactin 1. The
m crocarri er rnay™8¥pri se or consist of one or nore of cellul ose,

dextran, hydipxy! attetndmé MGtk StemCRll kagfiBxes GeéudpdnBion pAtyst yr ene,
plastic, glass, ceramc, silicone. Alternatively, the mcrocarrier

may be a nacPBborBﬁﬁgﬁﬁﬁﬁﬁ&#@ﬁ%F%ﬁék@bﬁ%dﬁéed m crocarrier. The
m crocarrier (igpy RfeabRHRbRAHiD thrlAbakhie pAdsagg] Yl ysine. 13

wherein stem cells in the culture after step (iv) are pluripotent, the method further comprising:
(v) attaching pluripotent stem cells obtained after step (iv) to a plurality of second
microcarriers to form microcarrier-stem cell complexes, wherein the surface of the
second microcarriers is coated in a second matrix or is uncoated; and
(vi)  culturing the microcarrier-stem cell complexes from (v) in suspension culture

under conditions that induce the differentiation of the stem cells.

The first and second matrix may be the same or different. The first and second

microcarriers may be the same or different.

The method may further comprise:

(vii) attaching differentiated stem cells obtained from step (vi) to a plurality of third
microcarriers to form microcarrier-stem cell complexes, wherein the surface of the

third microcarriers is coated in a third matrix or is uncoated; and



The mcrocarrier is preferably positively charged and preferably has
a positive surface charge. It may be hydrophilic. The mcrocarrier is
preferably rod-shaped, e.g. cylindrical, or substantially spherical

i n shape. In a further aspect of the present invention the use
of a mcrocarrier coated in a matrix for the propagation of primte
or human stemcells is provided, the mcrocarrier being chosen from
DE-52 (Whatman), DE-53 (Watman), QA-52 (Whatnman), TSKgel Tresyl-5Pw
(Tosoh) or Toyopearl AF - Tresyl-650 (7msoh), SML010 (Bl ue Menbranes)

and SH1010 (Bl ue Menbranes). The matrix preferably conprises an
extracel [ ul a(vnlﬁatc[:ltﬁ?lrﬁ(?ﬁmﬁﬂ?d&: rieNVRER cBY &nffiaR) Yok RE D TREdshohsBR BRILS €S
one or nore of Matrigel TM (BD Bi osci ences), hyaluronic acid, |amnin,

fibronectin, vit r%ﬁ@@?i“htlor’ééfw g ugs, thesfugtheridifferdnsiptionsaf thadifferentiated stem
dextran, dextran gyl phate, chondroitin sulphate. The matrix may
conprise a mxture of lamnin, collagen I, heparan sulfate

prot eogl ycans, and entactin I. As part of the present

invention, therieihledaodass bdpdebaieing ﬁmxn@deg&db@am@edhé QnRGHL bﬁé/ﬁ
t he stable and long termculturing_ of non-p Eotent stem cel

par ti cul arth§fiiAne isFrapdmetrizt Bip thisd microcaiiicrs laef fgrend it &gt prgd se?ond
mul ti pot enficotHNESSr ki sHRE hé/@rfé of iR labd {BYERkrRiEsCel | s (Tor
exanpl e multipotent stein cells derived fromenbryonic stemcells).
The nul ti potent stemcells may be derived from human or primte

pl uri pot ent St &1 Dfvedéd Specofhe frEdfiSinvention there By progid&a mb@od@t hods
descri bed nmul tipotent stein cells (e.qg. stem cel | can
be contin ff"?/‘“‘é‘?&&aﬁﬁ Eae 5t %@ﬁ%&ﬁnw@é@gg%ﬂ%@méﬁw et ﬁB&t@%&‘W 8f
t he expandgidroastibi t(ﬁﬁ)ﬁﬁhﬁ@bdanﬁ@ﬂtélrﬁ&ell@&nf?@y esb@hdi@h Blealiad of peef er abl y
beyond at | east gassage 2, nore preferab ond one, of passages 3
4,°5 6, foicigcargers 150:0 q_m allzatmigr is facoa@g anﬁgu ufipg tlfgmcrfgarngroste@ie

23, 24, orcodplexeslift suspension cOIBE® P EdnditiohdBaGd el iR d it @Mhion of the stem
propagation and differentiation of nmultipotent stemcells may be
conduct ed ¥W-accordance with any of the methods, aspects, enbodi nents
and preferred features described herein for the cul ture, gromﬂh
differentiation,and pr.opagat ote C

nurmn o pri e BB FY ST SRR SrE) Sy S b gpoRg et el
cul ture, gmowtehrefptil) ipfiga@tol pmand/ or differentiation of multipotent
stemcells may be uncoated or have a matrix coating. I n
accordance with this, in another aspect of the present invention a
met hod of cul t 0he wgtrimmtprldy embpriseem @ce’a¢e$lulanlnsmispeme¢r@nt Avidre prederaby
VI tro I S Hfl 1\’1!3‘(9?%?111&%%3 F'Eet OI'EC(())frTPITlm n Pgronéct%a\% %rgn%gt'mn%aw mngent
stmncals m crocartiers rri‘er-stem
cell Conplfbx.‘e:sepces) hyaluromc amd collagen, elastin, heparan sulphate dextran dextran sulphate,

chondroitin sulphate. The matrix may comprise a mixture of laminin, collagen I, heparan

sulfate proteoglycans, and entactin 1.

The microcarrier may comprise or consist of one or more of cellulose, dextran,
hydroxylated methacrylate, collagen, gelatin, polystyrene, plastic, glass, ceramic, silicone.
Alternatively, the microcarrier may be a macroporous or microporous carboseed microcarrier.

The microcarrier may be coupled with protamine or polylysine.



(ft)culturing the mcrocarrier-stemcell conplexes in suspension
culture; wherein stemcells in the culture after step (ft) are

mul ti potent. I n anot her aspect of the present invention a

met hod of culturing nmu Itipotent stein cells in suspension culture in
vitro is provided, the nmethod conprising: (i) attaching multipotent
stemcells to a plurality of mcrocarriers to formmcrocarrier-stem
cell conplexes; (ii) culturing the mcrocarrier-stemcell conpl exes

i n suspension culture; (H )passaging the cultured cells from(ii);
and (iv)repeating steps (i)-(iii) through at |east 2 passages,

wherein stemc 1 . 1. ' -
In sone enbodiﬁghﬁg&gﬁht$gﬁ#§%ﬁg§ g%?ﬁ*%@%%%?%@%&Fﬁﬁﬁéﬁg%%P@ﬂgﬁgbgwe
t he surf acdagk. itheyve bydrophikid. bl mipro¢drjieriispreeabbid-ofl-nhapedimtar eytindrical, or

NU|tipOteQ$b§&$ﬁh§§hE%m?9E aggd by these nethods are al so provided.

In a further aspect of the present invention the use of a microcarrier coated in a matrix
for the propagation of primate or human stem cells is provided, the microcarrier being chosen
from: DE-52 (Whatman), DE-53 (Whatman), QA-52 (Whatman), TSKgel Tresyl-5Pw
(Tosoh) or Toyopearl AF — Tresyl-650 (Tosoh), SM1010 (Blue Membranes) and SH1010
(Blue Membranes).

The matrix preferably comprises an extracellular matrix component. More preferably

the matrix comprises one or more of Matrigel™

(BD Biosciences), hyaluronic acid, laminin,
fibronectin, vitronectin, collagen, elastin, heparan sulphate, dextran, dextran sulphate,
chondroitin sulphate. The matrix may comprise a mixture of laminin, collagen I, heparan

sulfate proteoglycans, and entactin 1.

As part of the present invention, the methods described herein may also be used to
achieve the stable and long term culturing of non-pluripotent stem cells, particularly
multipotent stem cells, such as adult stem cells or multipotent stem cells derived from
pluripotent stem cells (for example multipotent stem cells derived from embryonic stem
cells). The multipotent stem cells may be derived from human or primate pluripotent stem

cells, e.g. hESCs.

By using the methods described here, multipotent stem cells (e.g. adult stem cells) can
be continually expanded between each passage and the multipotency of the expanded adult
stem cell population may be maintained, preferably beyond at least passage 2, more
preferably beyond one of passages 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23,24, or 25.



15 In a further aspect of the present invention a nethod of
culturing and differentiating nultipotent stemcells in vitro is
provi ded, the nmethod conprising: (i) attaching stemcells to a
plurality of first mcrocarriers to formmcrocarrier-stemcel

conpl exes; (ii) culturing the mcrocarrier-stemcell conplexes in
suspension culture; (iii) passaging the cultured cells from(H); and
(iv) repeating steps (0-OH) through at | east 2 passages, wherein stem
cells in the culture after step (iv) afe nultipotent, the nethod
further conprising: (v) attaching nultipotent stein cells obtained
after step (iv) [ e 1 I :
nicrocarrier-sté%?@@?@iggﬁ%Fg%ééﬁwah@?E%%ﬂ%ﬁ%ﬁgﬁ@%gg%ﬁg%ﬁwﬁ@hg%%gﬁen
m cr ocar r icellsmisbeqpaduwtbdiimagoklenondthrmy pf the methods, aspedateadodiamuls fnd )
cul turing ' ' : [ ion
cul tur e riREr RO R B R G o R RS P B AGLO T
cel I s. | n dwipsteetdiandcelle ntch as hemsurfpaiopteainbiyvaicstam catlar Migogrrieans ysed for s
AL RO, S dE SR L i A LT S
provi ded, drhevermathodcetngri sing attaching nultipotent stemcells to a
plurality of mcrocarriers to formmcrocarrier-stemcell conplexes,
wherein the surface of the mcrocarriers is coated in a matrix or is
uncoat ed, and &udccendpnsg withehisriie aroder aspest-of the mresétt invewinplaaashpdioh
suspensi O, Gihdolh i pHAEHE iefABY h s APSstoRRb1ed DIHTSo s Yo ilch! GE FRlbgt | On

of the stein cé
comprising:

(i) attaching multipotent stem cells to a plurality of microcarriers to form
microcarrier-stem cell complexes;
(i) culturing the microcarrier-stem cell complexes in suspension culture;

wherein stem cells in the culture after step (ii) are multipotent.

In another aspect of the present invention a method of culturing multipotent stem cells

in suspension culture in vitro is provided, the method comprising:

(i) attaching multipotent stem cells to a plurality of microcarriers to form
microcarrier-stem cell complexes;

(ii) culturing the microcarrier-stem cell complexes in suspension culture;

(iil)  passaging the cultured cells from (ii); and

(iv)  repeating steps (i)-(iii) through at least 2 passages,

wherein stem cells in the culture after step (iv) are multipotent.

In some embodiments of the two aspects described immediately above the surface of

the microcarriers in (i) is coated in a matrix.

Multipotent stem cells obtained by these methods are also provided.



Differentiated cells obtained by these nmethods are al so provided.
According to one aspect of the present invention, we provide a
particle conprising a matrix coated thereon and having a positive
charge, the particle being of a size to all ow aggregation of primte

or human stein cells attached thereto. 16 The particle my
conprise a substantially elongate, cylindrical or rod shaped particle
or a substantially conpact or spherical shaped particle. The

particle nay conprise a substantially gkongate, cylindrical or rod
shaped particle having a |ongest dimension of between 50pm and 400

p.m The parti gl g sy :%gég%f tﬁﬁg@sén@&gﬁﬁ%n R o ?abﬁf“mﬁgwlffgrgtgsaﬂnm

The particle may conprise a shortest dinmension of between 20pm and”
30pm The lpdtlpﬁﬂéfbté‘feﬁw”%mrmrq i§ prayidee) thainetbed eoptiirindei cal ni crocarri er.

The particle .my ¢ rlse -52 (Wat DE-53 . (Wh or -52
(Whatmmn) O SaRaE e £ T b s me e PR M CHBEEETor
spherical shaped @arcbinglegeshavi ng a size of between about 20gm and
about 120uttn, The partl cle may have a _size of  about 65pm The
particl e may(Gonp BB AHTOBHITIE ! CPBRIGFP ietSPASRY BHBKS | at ed

methacrylic ey ripasflomb@eailied cAfs fdaf (iy-akd sed hydrophilic beaded
m crocarrier. The particle may conprise TSKgel Tresyl-5Pw

(Tosoh) or T@preféP‘fat‘MStqﬁséQSf@QBQP POk § passages, “The particle may

conpri se ayRR&H HRARHSinAe MG ARG s%!'-{i( gga{em@&%nmﬂg 1R&RSd fufther The
particle may conprise SMLO10 (Blu ranes) or SH1010 (Bl ue

Menbr anes)comprising: The parti cl e may be derivatised to carry a positive
charge. The particle nay be coupled with tertiary am ne or quaternary
anine at smaly) ioanaehdﬁ@amgiﬁoteﬁp&ﬁi teyls oftaihePafter btbp Ei@)QUh‘ibBJh'zﬂiﬂ)t &f sp&ind
gramdry weight materi al article.. The ticle

o T br ot At o SuRISTOERBEET® BB EORG PTG PUS T4 SR of he

concentrati on of Mﬁoﬁdﬁmaﬁﬁ@héﬂlmaﬁeﬁﬁieEﬁcon-Ehﬁit@}O&ﬂiﬁ hmatemahge of the
particle may, he bet]ween 0.5to 4 mlli_ equival ent its c(u[lTE%)

(vi) ulturing the 1mcrocarr1er—stem cell complexes from (v) tin suspensmn

under conditicns that induce the differentiation of the stem cells,
In some embodiments the surface of the microcarriers in (i) is coated in a first matrix.

In another aspect of the present invention a method of differentiating stem cells in
vitro is provided, the method comprising attaching multipotent stem cells to a plurality of
microcarriers to form microcarrier-stem cell complexes, wherein the surface of the
microcarriers is coated in a matrix or is uncoated, and culturing the microcarrier-stem cell
complexes in suspension culture under conditions that induce the differentiation of the stem

cells.
Differentiated cells obtained by these methods are also provided.

According to one aspect of the present invention, we provide a particle comprising a
matrix coated thereon and having a positive charge, the particle being of a size to allow

aggregation of primate or human stem cells attached thereto.



17 The matrix may conprise a physiologically relevant matrix
that allows growh of the stemcells. The matri x may conprise an
extracel lular matri x conponent. The matrix nmay be selected fromthe
group consisting of: Matrigel, hyaluronic acid, hyaluronic acid from
bovi ne vitreous hunor, hyaluronic acid sodiumfrom streptococcus,
hepar an sul phate, heparan sul phate from bovi ne ki dney, dextran

sul phate, dextran sul phate sodi um heparin sul phate and chondroitin
sul phate. The matrix may conprise Matrigel (BD Bi osci ences).

There is provided, according to another aspect of the present
invention, a pahip&liGe RGFOSHIE a SbshiGIBSREEhte nyllﬁd?f%al'd?\’%hﬁﬂ particle
descri bed above, Wwhich conprises a prinmate or huanman stem cel

at t ached tqiiérS@IS@ﬂUa“Y comppy opgrbeicthiieredwiattivle he aspect s, errbodl ment s
and features of the present invention described herein, there is

provided a partjicle or mcrocarrier that is suitable for use in the
in vitro suspendf BHticemey Famigtse grhsiapeal kistongaterfypdrisal wmd RanedPaitigleas
to gener atig, AEW|4ebd: aumgfblmef Rbieh BOLAE Bhd Rjou Frhé gﬂﬁa@haﬁ@aﬁ;}@e or
cells that aré thé product of differentiation of pl uri potent or
mul ti pot ertngsefldisgnsiohef gaut 2Wa. Ghe pricdiooay cangrishaviongstdingmspacf or
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surface of the mcrocarrier is coated in a matrix and has a plurality
of pluripotent i i t n sone
enbodi nent s thgﬂéﬁ{%{%iilﬁggﬁﬁﬁg‘%ﬁsﬁ ?zn@{l aﬁﬁ{kgtrj%ég%%\gh% q.@orr niatrl X,

pr ef er abl y(Whatovinp | ayer . In one enbodi ment a microcarrier is
provided, wherein the microcarrier is suitable for use in the growh
and/ or dlfferentlatlon of pluripotent or nu ltipotent cells in in

vi tro suspensi dhe patfiglemay cvmwe#mhsﬁeﬁqﬁyo:pwaq{ e eherwhphepalgyrtigidaging
more of cef il 98 yeds g

and wherei'n the mcr %géﬁagln%gégﬁ e ongat Eﬁﬂﬁg§§9gn %Efg%gh}oq’ gﬂ(}st'
di nensi on Bf peesk mdya;nmabmﬂh}@@@ﬁ;hmrandcamfsm)h}tdmlammmyhc mﬁtrrxor e
t han about of the mcrocarrier is
coated in llél(:l%?l’ier Or%eméil%vﬁ‘(li thdror[])Elhc Headecfmlcrt:fcalt'_nat‘ar.i ty of pluripotent or
multipotent cells are attached to the matrix coating. IS In
sonme enbodi mentg. LAGcITIE) 0GAHk a5KES TG §mg§5§omlm§ ar?H’PQQ'és?E@SIOS
the matrix coating conprises one or noré of r|ge
B|OSC|encd§PMmhyaluron|c acid, lamnin, or fibronectin. In some
enbodi nents the mcrocarrier is positively charged or has a positive
surface charge. |In some enbodiments the |ongest dinmension of the

m crocarrier i S0BHRITHEEMakEIMRTSE A RICHOBINS HANSEPE PO BEEP S BRI PHECTt WP
or nore suzRidbE BEOGHPFEES 1019 B RiRNIcSeS SH1010 (BlUEeHB@n®S. t he
rnicrocarriers in the culture of pluripotent or nmultipotent cells in
vitro to generate new cells having pluripotent or nultipotent status
i s al so provi ddile parti€e ume b6ﬂert»laﬁseﬁitcccra@fj'arp’o&emscHai‘get”hl&:p'aﬁlc%i thdyObe
dlfferentlatlo Luri otent nmul t i oten is al so pravided.
Accor o nol 9 PE b b ROt BF e et d Br ST Rt FRe B o TG
in vitro teuiyelast p&r@rmw)@a%lglﬁ :ﬂa&vlhlrtg‘pmlnurel Pt slﬁayrmlobu;ﬂai 411
status, the metho cul t he m crocarri
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differentiating pluripotent or nmultipotent cells in vitro, the method
conpri si ngn Et% o | ng the mcrocarriers under conditions that induce
the differentiation of the pluripotent or nultipotent cells, is also
provi ded.



We provide, according to another aspect of the present invention, a
met hod of propagating primte or human stemcells, the nethod
conprising: (a) providing a first primate or human stem cell attached
to a first particle; (b) providing a second primate or human stem
cell attached to a second particle; (c) allowng the first primate or
human stemcell to contact the second primate or human stemcell to
forman aggregate of cells; and (d) culturing the aggregate to
propagate the prinmate or human stem celjks for at | east one passage;
in which the first and second particles each conprise a matri x coated
t hereon and ha o i f

to aIIom/aggr;§g??gﬁm§ﬁﬁg%b%§$%b@$gﬁ kﬁﬁgggg§%g|ﬁ&t§§ag§%9 0@h2#2?b
The parti cit@n eallscbematdr max fenmriay acenipedlolr mafigaompencas Themagtmayrbe

t he aspect i

may enablé§5§%%g?§tgyglﬁ}&ﬂg“ éﬁﬁP@%fgdqggﬁﬁﬁ“%%%¥hﬁﬁ%ﬁgggaﬁgﬁ%gggnéd
for a pl uratréquy hohopasbagesacid: M1mref1bmdtr¢;ngcommegarm sulpte, lmpadam man
stern ceIIs ontlnu usl r a

o b eairhdls MOu iRl RHE G AL ORBARS B0 R sy Bhott B8 Im Rep b B
conpri se pﬁxsﬂm'gltlngu]phw@ Toe mhtramay 2Dposd Mﬁl‘ylgﬂlﬂBDLB’l&mences) The et hOd
may conprise freezing and thawing the primte or human stem cells.

The nmethod may conprise agitation at 30 rpmor nore or at 100 rpm or
nmore. The met hddewayprovdpt peserdiredp anribdr aepepiral thetpeesont itnenéen, s patitleel | s
at a vol u%c&ﬁmé@o 'Jme %‘éc’c@{h@ 1Wemﬁc91 c@%cr@:‘éd E%R/g hTth H@E‘l rFﬁrﬂ%te or human
conpri se propagating primate or hunman stem cel'l Spi

suspensi orstawtellatiached thereto. The pr opagat ed prinate or human stemcells
may retain at |east one biological activity of a primte or hunan
stein cell after the stated nunber of passages. The bi ol ogi cal
activity of a prperaidancsvithihasprette wa%cgwntﬁw fpgurepiche wgsent ignntipR
group Consde%rlb@g h&@bin, thérk lﬁ.’%‘p\rlm nicef or%x@ﬂol‘ﬁrhﬁqlﬁ RCYi B 168 Dise ih tle)in
cell viability; (|||) normal karyotype, (ivV) ity to differentiate
i nt o endodéd#” ?rf‘«'sé‘@ls@dé\dlﬁdf%tﬁﬂ)i\ﬂfﬁ@&%?fﬁ?“lwlﬁp@]ség prialgeagitte pev gellshaving
primate or, I pot ency
Tar Kor sl Ber o B R balE b el e B A e i Ve 160
and Mab84. pluripotent iyaultipaténd dellvaipe partple er npjrcrcrﬁaltr@r bavingiakempatientloedaless t o
be pass ages‘ﬂa?etanﬁ h§wm1$ 1 loqlgéé;lf (%m%IiSlJTI c@f | tl{m 5@ ut %Oﬁ}ﬁm? bn h%rtes%dr’l‘r%nggn of
nore, 1:2 nor e nor e. y ena e propagati on
of pri mat enor tkorbentd® @m, wébﬂem thwuafawftﬂmmpmalpmd geAtédvin mynagrfx gnd has a
mllion c i ' pr i
the primat }gln'%r olf ng'ip&?r[t%l‘ mult potellltncggse %&nﬁ??% gﬁé’ mgtglgpg# ssog}e éa%l%gglﬁﬁws "?1%
condltlonedanadmmngm1nﬂwfmmthdaﬁmdfmmyxnut&hbwaddnmnmse the step of
separating the primate or human stein cells fromthe particles.

In one embodiment a microcarrier is provided, wherein the microcarrier is suitable for
use in the growth and/or differentiation of pluripotent or multipotent cells in in vitro
suspension culture, wherein the microcarrier comprises one or more of cellulose, dextran,
hydroxylated methacrylate, or collagen, and wherein the microcarrier has an elongate shape
and has a longest dimension of less than about 2000m and a shortest dimension of more than
about 10pm, and wherein the surface of the microcarrier is coated in a matrix, and wherein

one or a plurality of pluripotent or multipotent cells are attached to the matrix coating.



20 As a anot her aspect of the present invention, there is

provi ded a nmethod for producing a differentiated cell, the method
conprising propagating a prinmate or human stemcell according to the
above aspect of the invention, and causing the primte or hunan stem
cell to differentiate. W provide, according to another aspect
of the present invention, a nethod for producing an enbryoid body,
the nmet hod conprising propagating a primte or human stein cel
according to the above described aspectg of the invention and
culturing the primate or human stein cell to forman enbryoid body.
The present | n\ﬁ?ﬂ)‘iﬂe%boﬁaﬂ]eﬁ%%ehﬁl ro@RREGE rodpsrh%'e'dd‘ﬁlsso?ne%t]&ﬁhﬁ’tfs the
treating a disease in an indivi I n need t reat ment

conpri si ngngrppgag Faprigespme ﬁatnerecﬂf Mutniggh  SBBrRiessiencess damlufpmg avd» t he
above des f

cel | aCCOIc‘IIE Hi}g]dt ﬁﬁlﬁ&%&%ﬁ; IIaEer}lger Inﬂj\égme'ngrﬂne IH{CE)QH'EIIBPQ étﬂ%el)r &EI%Q& br‘aﬁa?g
produci ng msitishbrioi dhatgedin @U@@nﬂfpd}glent@tlmhwgandmn@es eﬁhbem:rasp@cts of
t he |nventbe ven?& 13n(}mosterlng the primate or hunman stem cel

di fferentiate T 48t et yoi d body into the individual . The
primate or human stemcell may conprise a primte or human enbryonic
stein cell, a pri or human
i nduced pIurlp%ie%?%§€§§ﬁﬂﬁgﬁghﬂgHJ$Oégﬁﬂg%§%hgﬁ&ggﬁﬁ%tgg%%d

present invention, there is provided an aggregate conprising a two or
nore particl es TaONRIJ HeMbedtRlitks GFtht Suldfd hﬁfﬂofeﬂﬁfr%tﬁhpo@eﬁp&lls in vitro to
according to any of the aspects of the |nvent|on Accor to
anot her asisaeete §ev cHis hayiag BIHFIPGteRE OR M ROt agts dy/glepepravidest. [Thecyse pﬁ%é
conpri si ngn@ro@@rhfeﬂs G @e %995 Q?ﬂ@&nﬁ'ﬁmﬂ%f ?ﬁﬂ?&én’c f mhfiBoteMEEd i5 QB px‘a(/ld@d1
aggregate according to the above aspec t he 1 nvention.

provi de, atEerdiighy am@thézﬁ@f %éﬁurla&ple@rotw ot Haltipetoutwelison ying te W@M@W
conprisin J or an
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wi th cel | reigroeariers N‘e‘éﬁr aonditipns suitable foFHleg @nergﬁcpmfmﬁw@dlls iaming olyopelamoe
wi th anot hﬁlﬁltl af Qttcltug)fls %}l?b%gﬁﬁegde ﬁtmé’cﬁvded?tdﬁfﬁepen dl ﬁa\ﬂlr %tefnp& mu}t otent
propagati ng p mat e or n stemce evi onpris

particl e asBordiiygtheanethrvdzopentingfultuties hhmmoqaowrmndamoaggpggmt@duce

accordi ng hé di%ﬂ@l%n%}{ Gr 2 Bﬁ?x}:otgj’t of pl%ltfpgt\émtehé? t also provided.

We provide, according to another aspect of the present invention, a method of
propagating primate or human stem cells, the method comprising: (a) providing a first primate
or human stem cell attached to a first particle; (b) providing a second primate or human stem
cell attached to a second particle; (c) allowing the first primate or human stem cell to contact
the second primate or human stem cell to form an aggregate of cells; and (d) culturing the
aggregate to propagate the primate or human stem cells for at least one passage; in which the
first and second particles each comprise a matrix coated thereon and having a positive charge,
the particles being of a size to allow aggregation of primate or human stem cells attached

thereto.

The particle or each particle may comprise a feature as set out in the aspects of the

invention described above,



The container or device may conprise a bioreactor. As anot her
aspect of the invention, we provide a primate or human stem cel
propagated by a nethod according to the above descri bed aspect of the
invention, a differentiated cell produced by a nethod according to

t he above described aspect of the invention or an enbryoid body
produced by a nethod according to the above descri bed aspect of the

i nventi on. According to anot her aspect of the invention, there
is provided use of a particle for the ppopagati on and/ or
differentiation of primate or human stemcells, the particle being

| ected f th
ool ccted 17Om U3e R QAR SRR Gl DER NS IRMhn B Sopner
- Tresyl- GSOaQWU@GhﬁPaSNEGIﬂw@BMuérwhwbﬂdneyrmanﬁhﬁmmeﬁﬁu@8$méw
Menbr anes)contmuous %?geldqgr att ?ﬁg&%eatq%gp atqgasf %at?%aggggr alt D:Xs? rllli ion a

met hod of propag at ryoni ¢ stémc ininvitro
suspensi oma@ugtsuiflee lns;thcpﬁmw cheghris¢ prssagpizhod oc Hopri2dl winnyatultaehi ng
hESCs to a plurality of mcrocarriers; (ii) culturing the
mcrocarriers from (i) in suspension culture for a period of tine
sufficient to dbparwthod ey sompese fisbzingEmdghavy(ing thy ppmeis g hwgan s cells. The

expanded pﬁ@tk‘écﬁtn &)1 rls@%%gﬁorf e{t@mngﬁl !01) more%?at(l'()\ﬂ)r}?]iﬁ BER }‘en'ghesl{l&p&i m? A

(i)-(iii) throug passages, wherein in each repeat cyc
t he hESCs Q@mp@ﬁ@wopagﬁtl@n@nw esihwadn steomelisrs a palsgagéds mépi morgpr &t mpor

(iii) of th&.PF P%qggﬁﬁgngy%%hs Q{‘Sﬂya%atmg primate or human stem cells in a spinner

suspension culture.

The propagated primate or human stem cells may retain at least one biological activity
of a primate or human stem cell after the stated number of passages. The biological activity of
a primate or human stem cell may be selected from the group consisting of: (i) expression of a
pluripotency marker, (ii) ceil viability; (iii) normal karyotype, (iv) ability to differentiate into
endoderm, ectoderm and mesoderm. The biological activity of a primate or human stem cell
may comprise expression of a pluripotency marker selected from the group consisting of:
OCT-4, SSEA-4, TRA-1-60 and Mabg4.

The method may enable primate or human stem cells to be passaged at a split ratio of
1:6 or more, 1:10 or more, 1:15 or more, 1:20 or more or 1:26 or more. The method may
enable propagation of primate or human stem cells to a volumetric productivity of 2 million

cells/ml or more.

The method may comprise propagating the primate or human stem cells in serum free

media or stem cell conditioned media.

The method may further comprise the step of separating the primate or human stem

cells from the particles.



wherein hESCs in the culture after step (iv) are pluripotent, and
wherein the mcrocarriers have: (a) a conpact shape in which the

| ongest di nension is between 250um and 10um or (b) an el ongate
shape, and wherein the mcrocarriers are coated in a matrix
coating conprising one or both of Matrigel and hyal uronic acid.

The matrix coating applied to the mcrocarriers may optionally
consi st of Matrigel and/or hyal uronic acid. In sone preferred
enbodi nents the mcrocarrier is substangially spherical in shape and
has a di aneter between 90um and 10um nore preferably between 80um

and 409m or betA\QFﬁecl otzgjas&eq (?qlge& Halnv tiétp% ggl%g%iggﬁg%thgg'gy grodumnc

mcrocarrier is substant y sp er|ca ' Sh met er
of about 66lifferentiated cell,ihonttbed prufiens popegrbogi nﬂmmts ot InenamisteroesHr r i er
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nlcrocarrlmﬁmtmuwmnposed of one or nore of: plastlc, gl ass, ceramc,
silicone, gelatin, dextran, cellul ose, hydroxylated nethacryl ate,
pol ystyrene, or collagen. In particularly preferred enbodi ments the
m crocarrier i SVepreeHs. gresding @anethernaspect Qﬁﬂg?ﬁﬁwlétﬂéeﬁﬁoéﬂdé%thﬂﬁ fer .
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M crocarriers nmay rivatis wi th protam ne or polylysine,
to generate positive charge.

The present invention, in another aspect, provides a method of treating a disease in an
individual in need of treatment, the method comprising propagating a primate or human stem
cell according to the above described aspect of the invention, producing a differentiated cell
according the above described aspect of the invention or producing an embryoid body
according to the above described aspect of the invention and administering the primate or

human stem cell, differentiated cell or embryoid body into the individual.

The primate or human stem cell may comprise a primate or human embryonic stem

cell, a primate or human adult stem cell or a primate or human induced pluripotent stem cell.

In another aspect of the present invention, there is provided an aggregate comprising a
two or more particles comprising stem cells attached thereto, each according to any of the

aspects of the invention.

According to another aspect of the present invention, we provide a cell culture
comprising a particle according to an aspect of the invention, or an aggregate according to the

above aspect of the invention.

We provide, according to another aspect of the invention, a container comprising a
particle according to an aspect of the invention, or an aggregate according to the above aspect

of the invention, together with cell culture media.



In sonme enbodinments in step (ii) the hESC are expanded to confl uency
or near confluency, before passaging. The hESC nay be expanded in
each step (ii), or in the nethod as a whole, such that the popul ation
of hESC is one of at least 0.2, at least 0.4, at least half, at |east
0.6, at least 0.8, or at |east one order of magnitude greater than

t he nunber of hESCs attached to the mcrocarriers in step (i), before
passagi ng. The hESC may be expanded in each step (ii) , or in the

met hod as a whol e, such that the popul atjion of hESC i s one of two,
three, four, five, ten or twenty times the nunber of hESCs attached
to the m Crocar’fh‘eﬁra? ['001d§& Fﬁpac%br):la CQQ’J]I‘B afotRa3S 9 dH9he present inv ﬂm?%gpwce
(iv), steps (i)- |||§ are pre era l'y repeate rou one o

| east 6 paﬁﬁsa@egatleg priragts pr inpasteagsHs. tl@tdev@asqm[slsma@svagek acmrdihg@sﬂm
9 passages t 12
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passages, at |east 16 passages, at |east 17 passages, at | east 18
passages, at | eﬁ‘étcox%%nﬁ"%ﬁ%@\g@eﬁna}a@olﬂ gasi igRaRi@Ssages, at |east 21
passages, at |east 22 passages, "at east 23 passages, at |east 24
passages, at |east 25 passages, at |east 30 passages, at |east 40
passages, at : esSdnother @p@@gﬁ@inva{nohaa@[srogge PRSHAE 88hunddn slteaa@n 180
passages, at |ea sage ast ssages, at | east
passages. PFOPa"ateﬁFhaﬂ? R %gtaéé“c"’%PBf‘e‘Efs%{B’Ggéspe oL HgARvEn it
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pluripotent. In preferred enbodi nents after ste v? at least 60%

70% 80% YEYIY8u4n apyyoidhady PaRirediyos ‘Bﬁth%‘t?ﬁ?rﬁﬁgit%t he y?bOI’G@%CHPedtaﬁlée“
hESCs in tkarcuhidng are pluripotent. Pl uri pot ency nmay be
measured by detecting expression of one, twd, three or all of Cct4,
SSEA4, TRA-1-60 and Mab84. In preferred enbodinents, after step (iv)
ag 0I eafst ﬁO%h g%s%mrdﬁig% aﬁﬁl%lx aPelhof Y veRion, t}ﬁ&% pﬁQ%@ﬁse?@lﬂ b@irlsulslb ifclthey
100% of the hE i cul.t ure _.express, one, ree.or. a

Cct 4, SSEAWOP&EﬁtA"“la“g@" gﬁ"ﬁ‘""ﬂﬂ?}@& of piyijate or h“mﬁ“ﬁte%ﬁgs é ti“i%‘e‘ﬂFﬂ% Sf’ﬁéted
met hod Mayfroe tieandipusadstingb@UB 55 B hdtmbONDEFI I $AgRfin}, QA8 Wfman)| 09l

di fference e total nunber_of cel bt ai fr C Iture as
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I n sone enbeAibi@e) snd $1€1 NUMBRe 8MELy8HC stemcells may be co- cultured
with feeder cells. The feeder cells nay be attached to mcrocarriers

added to the culture. These mcrocarriers may optionally be coated in
a matrix coati n@;co:aimcrdesmafdsb@doftﬁe pickent iﬁwémmnatrrieﬁmﬂyaf peedetinclainied may

col | and SreTPUeRng oM SEShed SonloSE- S BRSET M Sp B

Pr ef er abl ycongmisgpansi on in the nunber of hunman enbryonic stemcells
occurs between substantially every passage, for exanple the nunber of
human enbryonic stemcells increases between at |east 70% of
passages, nore (pref eftahing hBECwwwearplatlity@dsticr@@9Ger90% 95% 96% 97%
98% 99% or substantially 100% of passages. Met hods accordi ng
to the present invention nay conprise passaging [nto or froman

al ternative culilir e caifugingihe naicpcargiers frop (i ip Fespercion|cyltyrg jor yerededpidine
e.g. frozen and tha@@ﬁcwhﬂo@ﬁﬂﬁ&&k%u&@&%khﬁ§é@ transfer between the
cul ture systens. I'n some enmbodi ments thé human enbryonic stem
cells may be cultured on other particles/surfaces for alimted
period of time.(iffor pesaiig @e eXpdneda RPREYNYTGESCefvReli); s from step
(ii) or (iii) may be cultured on 2D culture for a limted nunber of
passages (e.g. less than 5, nore preferably |ess than 3, nore
preferably 1) before being returned to culture on matri x coated
mcrocarriers. In simlar exanples, human enbryonic stemcells from
step (ii) or (iii) may be cultured on non-matrix coated m crocarriers



I n sone enbodi nents human enbryonic stemcells may be renoved from
the culture nethod and nmaintained in an alternative culture system
for a limted nunber of passages (e.g. 25 less than 5, nore
preferably | ess than 3, nore preferably 1) before being returned to
suspension culture in accordance with the present invention. In
ot her enbodi nents human enbryonic stemcells nmay be renoved fromthe
culture nethod and stored (e.g. as frozen cells) before being
returned to suspension culture in accopglance with the present

i nvention. In such enbodi ments return to suspension culture in
accordance Wit b hereeéﬁﬁgﬁteps nv(ﬁmﬂreﬁgh%egm@gassaeegwe?elﬁmre%%aea% Qcle
t he sane culture he suspensi’on cul ture according to the present

i nventi on may even @éhE%QQWhE@dQﬂWC@deﬁﬁ@HEhQP@@E@iqﬂhpﬁ%ﬂﬂ@dééﬂWon
e.g. follow ng free “@qgj pgport of cells. Accordingly, in
a further aspect of |nvent|on a method of propagating

human enbryoni c stenlcells (hESCS) inin vitro suspension culture is

provi ded, the RBERACHESOIR thé bibire fic} siBf LA PO fESE Nt AhaeRlir al ity
of microcarriers; (ii) culturing the mcrocarriers from (i) in

suspen5|oH“€EFPHW§ f6¥ a period of time sufficient to expand the
nunber of hESCs; (|||) passagi ng the expanded popul ati on of hESCs

from(ii); (iv) eatln ste ii),.throu | east 5
bassnges  wher S AP CHRE S RaER L dtnges KT REat e hefvess E5im 51d4pum: or
obtained fromthe passaged cells of step (iii) of the preceding

repeat cycle, (b} an elongate shape,

and wherein the microcarriers are coated in a matrix coating comprising one or both of

Matrigel and hyaluronic acid.

The matrix coating applied to the microcarriers may optionally consist of Matrigel

and/or hyaluronic acid.

In some preferred embodiments the microcarrier is substantially spherical in shape and
has a diameter between 90um and 10pm, more preferably between 80pum and 40um or
between 70um and 50pm. In some embodiments the microcarrier is substantially spherical in

shape and has a diameter of about 65pm.

In other preferred embodiments the microcarrier is rod shaped. Preferably, the rod

shaped microcarrier has a longest dimension of between 2000um to 20um.

In preferred embodiments the microcarrier is composed of one or more of: plastic, glass,
ceramic, silicone, gelatin, dextran, cellulose, hydroxylated methacrylate, polystyrene, or
collagen. In particularfy preferred embodiments the microcarrier is a cellulose, dextran or
polystyrene microcarrier. Preferred microcarriers are chosen from: TSKgel Tresyl-5Pw
(Tosoh); Toyopear]l AF-Tresyl-650 (Tosoh), DE-52, DE-53, QA-52, Cytodex 1, Cytodex 3,

Hillex, Hillex II. In some embodiments the microcarrier is a macroporous or microporous



wherein hESCs in the culture after step (iv) are pluripotent, and
wherein the mcrocarriers have: 26 (b) an el ongate shape, and
wherein for at |east 60% of the cycles of steps (i)-(iii) the

m crocarr ers are coated in a matrix coating conprising one or both
of Matrigel and hyal uronic acid. Preferably, for at |east 70%
80% 90% 95% 97% 98% 99% or substantially 100% of the cycles of
steps (i)-(iii) the mcrocarriers are coated in a matri x coating
conprising one or both of Mtrigel and-shyal uronic acid. Met hods
according to the present invention may conprise continuous or
intermtte f -

about 200 Ty e AR Mg Ak SisEt Og. PR o
about 30 riergeuiratppesétiverchabout 50 rpm or nore, or about 100 rpm or
nore. Alternatively the nethods nmay conprise static culture. In
sonme enbodi nents an increase in the rate or ampunt of agitation may
be used to i ndue&oms srkodimntsap plep (iBfthectdiSCaare Gipanded so eonflacusy o pee or
amount  of aginhaicl, %foﬁr@yasmmuswe E@sc,e;ﬁa@@@e@bwea ﬂpéa@ﬁlgtelt?(u) o¢lid 4P @R
cel | popul ations w t hout I nducing fircant differentriation

To cul tur easm\ﬂrqlq@é'eféﬁhatﬁwpﬁm @ticvp@tféﬁg C ésesing ofyeastdt 7, ohlsasid) s lgast half, at
I nducing sj.gRbkl ﬁb%‘.ét(ﬂs bf 81eRtdndbiRp ﬁH£gth[1£eng %@tﬁ&hﬁ&%ﬁ&’fh@%gﬁ rom
about 5 rpmto about rpm f'rom about t o about rpm from
about 5 r paﬁat?l@détbtbatmmmcarm infstegril) alisdare p&'ssergpm Tee IdiféLma3@e expanded ingaeh
about 5 rp,

Sbout 5 1t apanire iR WO ApEi e pBG: SHic n! Bho hAL
For the i ntucfivertenofr teérgniihescthaturdbel bEhESsiagttdhedtoght tirresrrivesyin bep (i),
agitated t 25 rpmto about 200 rpmor nore, e.g. from
about 30 ?‘%)er%&f%%%% 200 rpmor nore, fromabout 35 rpmto about 200
rpmor nore, fromabout 40 rpmto about 200 rpmor nore, from about
45 rpmto abOUtIngtgg(l%PE‘fb&r(l)qpf)%re ﬂréf@ﬁb%b%ﬁteé@xré@%%@oiﬁm%t @%sacf@amat
or nore, from abou 5 m't o about mor nore, from about 100
rpmto abo]@{tsti(p@ﬁsgggmab}ea%,pessages at least9passacres at feast 10 passages, at least 11

passages, at least 12 passages, at least 13 passages, at least 14 passages, at least 15 passages,
at least 16 passages, at least 17 passages, at least 18 passages, at least 19 passages, at least 20
passages, at least 21 passages, at least 22 passages, at least 23 passages, at least 24 passages,
at least 25 passages, at least 30 passages, at least 40 passages, at least 50 passages, at least 60

passages, at least 70 passages, at least 80 passages, at least 90 passages, at least 100 passages.

In the methods described above, a significant proportion of the expanded human
embryonic stem cells will be pluripotent. In preferred embodiments after step (iv) at least
60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or substantially 100% of the hESCs in the

culture are pluripotent.

Pluripotency may be measured by detecting expression of one, two, three or all of
Octd, SSEA4, TRA-1-60 and Mab84. In preferred embodiments, after step (iv) at least 60%,
70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or substantially 100% of the hESCs in the
culture express one, two, three or all of Oct4, SSEA4, TRA-1-60 and Mab84.



27 Significant differentiation of cells may include the
situation where at |east about 10%of cells in the culture
differentiate. Alternatively, this my be where at | east one of about
15% 20% 25% 30% 35% 40% 45% or 50% of cells in the culture
differentiate. Accordi ngly, nmethods of the invention may
conprise conducting a first part of the method at a first rate or
anount of agitation in order to culture cells whilst maintaining
their pluripotent or nultipotent statusqsfollowed by a second part in
which cells are cultured at a second rate or anobunt of agitation in
order to all OWIlF%He% bHdlrrEﬁts%'lﬁé{ﬁo% iy Wichhy u@c‘i‘{h'r gﬁsuf?&@m h£s§c1es fAte
or anount is pre erab ess than the’second rate amount .
first par tacimﬁvetar@gnehﬁfmhcﬁﬁyth@t@é&lemobee oésghlanblainbeirpo phel cattirons eﬁnpared
p'“r'pOteQ%‘HﬁeﬂH%&%Bﬂ&ﬁ?%a@ﬁh @qg th&second part of the nethod

[ ia

may begin the process o ron of sone or all of those

cells towards the endoderm ectoderm or nesoderm |ineage. The
propagated hu Wso%@%ﬁ%@&lhﬁént%? RRuksh bRbRbaE SEARLYs 1{1%1 & R-@ltk&asth f&@&
bi ol ogi cal activity of human enbryonic stemcell "after the stated

number of phssiHg é@edenqﬁi@ pioboyrehed lasicaspriprsrdgedde thevyen Thegsm t he
group con %15%%5}93@ nag' (Jbt)ongl)f}pﬁee&ﬁfeﬂ) th é)ﬂcnaﬁiizc Rb b pa@d@sﬁﬁﬁecf@? f {ﬂ;ltel(nlah\)ely

cell viability; (ii11) horndal karyotype abi | to differentiate
into endodeads cedle mayibe aHaghed teraeroted mlcrqmelem dh @@n%enbﬁcnqnmfﬁgﬂehws

conpri se chosen fromthe group
conS|st|ngégééﬁgéﬁﬂzgﬁgégAeg&hﬁgiﬁgﬁéﬁ Hégb2b84. Met hods
according to the present invention preferably enable human enbryonic

stein cells tomeermﬁagmnasnmﬁmdlﬁbef @ftﬂuqlaﬁfem%@n@rsteﬁ%ﬁs océuréo or
more, 1:15 or nore, 20 or nore or 1:26 or nore. hods

accor di ng bebveen élbé‘ia@té?’é‘ﬁte“’trm?%sﬁ%&eoﬁﬁf W@P@rﬁhwwﬂehaﬁwas Feba'@alp istsrn cstls
human enbriyQgis€s whedh aﬁkésgvdo/@ o@pa\gebmwel Iﬁefgragg%emegﬁ 5MeaRf 8084, B0del 988

cells/mL or nore. Met hods accord to the present invention
may furt hé®’s8fpri%e 99%63@‘?‘@]@“6#1 YsleQB"érO.iPFSﬁ@e’é he human enbryonic stem
cells fromthe partlcles A method for producing a
differentiated, cell rOV|ded t he nmet hod conprisin
propagating a S e%’?B ﬁ? B‘eﬁeé?ﬁ*EB’FPUOé‘d’&aé’rCGI“HBSGtH?n%g%M%%‘ f5m the

present i ravtemﬂnertuftmb lsﬁ;wad eldya TRUSILRNG CHR niiy 5B BroADE. ¥ Giizén Sidemvee)] ih
to differe g nmet hod for producing an enbryoid body is

al so provi ﬁ@mﬁﬁﬁﬁﬂ%r%%Wﬁ?ﬂ?ﬂﬁﬁmﬁﬁﬁﬁﬁﬁht|ng a human enbryonic

stem cel | accordlng to a nethod of the present i nvention and

culturing the li]rllj sr{)?'nr%: e?n%dl}/nents %he%iu%repn %1% ryomc stem cnllsa'lna}? gbng){'cureg on 091Xr
particles/surfaces for a limited period of time. For example, human embryonic stem cells
from step (ii) or (iii) may be cultured on 2D culture for a limited number of passages (e.g. less
than 5, more preferably less than 3, more preferably 1) before being returned to culture on
matrix coated microcarriers. In similar examples, human embryonic stem cells from step (ii)
or (iii) may be cultured on non-matrix coated microcarriers for a limited number of passages
(e.g. less than 5, more preferably less than 3, more preferably 1) before being returned to

culture on matrix coated microcarriers.

In some embodiments human embryonic stem cells may be removed from the culture

method and maintained in an alternative culture system for a limited number of passages (e.g.



A method of treating a disease in an individual in need of treatnent
is also provided, the nmethod conprising propagating a human enbryonic
stem cell according to a nethod of the present invention, producing a
differentiated cell or an enbryoid body and adm nistering the human
enbryonic stemcell, differentiated cell or enbryoid body into the

i ndi vi dual . The practice of the present invention will enploy,
unl ess otherw se indicated, conventional techniques of chem stry,

nol ecul ar bi ol ogy, m crobiol ogy, recombisnant DNA and i nmunol ogy,

which are within the capabilities of a person of ordinary skill in
the art. S j. . [ j i Ul for
exanpl e, JH%ggﬁggEgk?Hgguﬁﬁﬁggﬁ?&?h&g%ﬁggé%aﬁéLP%?%Z%MiE@gﬁgﬁgIecular

d oni ng: Asuspdsepacdiye ivantadancSeitioihd pRdént iroentioBooks 1- 3, Col d Spring
Har bor Laboratory Press; Ausubel, F. M et al. (1995 and periodic
suppl enents; Current Protocols in Mlecular Biologg, ch. 9, 13, and
16, John W ey 1&otshembadaygnigdipnan gmirypnic glemmslls may bagempyqdeeom haquinre
Kahn, 1996mcihlfarddssidrad qe%nasaf&cie&@aluﬁ&%r@geinﬁéﬁﬁa&lt@LuJ&%ﬂIcgu'eu%éin John
Wley & Sons; J. M Polak and James O D. McGee, 1990, Q'igonucleotide
Synt hesi s: as80iPpace tikidhe pipssrigaemtion.r | Press; D. M J. Lilley and J. E
Dahl berg, 1992, Methods of Enzynol ogy: DNA Structure Part A

Synt hesi s and Physi cal Anal ysis of DNA Met hods, i n Enzynol ogy,

Acadeni ¢ Pr ess; AT PARMCRT ATWE to SUAPINSRE FREGT I afeanipare Wit P
Prot ocol NavertioRYodsGoBrcghildad re@vs to adaghe balfRe. Bt shiychOw dukBRAcchhgho
Spring Harbor Laboratory Press, |SBN 0-87969-544-7); Antibodies : A
Labor at or yRBFFSSDE Mygntios M ey gipe(eaiinuss jn @ diere aeagtarhiedloesiop 12.988,
Col d Sprin&nwam%q&mﬁabgﬁaﬁgﬁﬁn%$@g@, | SBN 0-87969-314-2), 1855; and
Lab Ref: A Handbook of Reci pes, Reagents, and O her Reference Tool s
for Use at the Bench, Edited Jane Roskans and Li nda Rodgers, 2002,

Col d I29 Spri ngfxddﬁfdhgﬂy, edbfartadragpect ddffﬁﬁb ﬁr&e?tﬁﬁ&ﬂti@ﬁ@mﬁthof@ﬂﬂio@fgaﬁdgese
general texts is herein incorporated by reference, The inyention

Pnch des. ¢ HEESTBRALE G B11s (T Cab BLE o ShRTS Brealp e R i g method
descri bed ex@gpihgWwhere such a conbination is clearly inpermssible or
expressly avoi ded. The section headi ngs used herein are for

or gani zati onal purposes only and are not to be construed as limting
t he subj ect matber deémbmghEACs taspeotktyaficiiemdbotirsyents of the present
invention will now be illustrated, by way of exanple, with reference
to the acconpanying figures. Further aspects and enbodinents wll be
apparent to thddk skilluriag thepnigigeargens from () inlgispension sulsa {dr @ perdod of tinsi s
text are incorpor at egResah Bedid fh@%ﬁlﬁﬁ}%?hg&%- EF DESCRI PTI ON OF THE
FI GURES Enbodi ments and experinents illustrati'ng the principles of
the invention will now be discussed with reference to the

acconpanyi ng fKQUFe?a%ﬂﬁ&@&@&ﬂmmﬁdpomﬂﬁkﬂuﬁﬁE@C§ﬂ&ﬂ%UU1CfOC&fflerS
whi ch are capabl e of attaching and growi ng hESC. Three types of

m crocarriers were used: rod shaped, cellul ose mcrocarriers; snall
spheri cal TosoRivydreppitingisepsiisidohonglestdeaainmdpdsaege whapies ealgpeat cycle
m croporous and macr,0peLeus.carboseed .m crocarriers.. Figure | A shows
cel l ul ose microcarr itlgrq@.sgﬁ’%%‘?pe’ i ‘gtﬁ%ﬂ}&d *T‘B%g'ﬁ pf‘ff‘?fr%ﬁd&ﬁ]ilﬁg#is@ﬁ’ G 3Re

m crocarriers. Figupectdinglpascyeler opor ous carboseeds. Figure ID
shows macr oporous carboseeds.

wherein hESCs in the culture after step (iv) are pluripotent, and wherein the

microcarriers have:

(a) a compact shape in which the longest dimension is between 250pum and 10um; or



Figure 2. Seeding of hESC cultures (HES-2 & HES-3), passagi ng and
quality control. Workflow of transferring colony 2D cultures to

m crocarriers by mechanical or enzymatic dissociation, and passagi ng
m crocarrier cultures to by mcrocarriers by both nethods. 30

Figure 3. Seeding of hESC cultures (HES-2 & HES-3), passagi ng and
quality control. Workflow of transferring mcrocarriers cultures back
to 2D colony cultures as well as continually passaging mcrocarrier
cultures followed by characterization 9§ the cultures by cel

nunbers, viability, flow cytonmetry of pluripotent markers, histology,
kar yot ype, e”bQ%Qh@kﬂgQ¥d%.9 teratoma fornation. Figure 4 shows
that the microcarrier$ described here can support freezing of hESC
cultures. Wrkflow of freezing 2D col ony hESC cul tures and thaw ng
hESC directly and @ndrtianaGealchd: 0% of @e cGilbd dffsiePO(i)-MiAROGRYdch@lersGid dodfe@s
are also frozen, thawed and propagated again. Figure 5. Gowh
ki neti cs dﬁ&%‘ﬂwamgs%pﬁmk&%q@r%eﬂwé gf yHdeaEdicaCnd def i ned
medi a. Measurenments of growth kinetics, netabolism of glucose,

glutam ne, |actate, .ammonia, ' [ nd., f mcrocarriers, .
cultured in co&ﬁ#?'%ﬁgggﬁﬁﬁﬁgﬁgggéﬁﬁﬁhggsg“g%ﬁ#%?%?§%°§§fﬁﬁ?9£%200A
medi a, St esfiticyalbdoflepSR)-{iii) the microdatrty e foateBeedlinagixabatgSomerlditigisres

(HES- 3), passagi an ality. control. Figure 6A shows nai ntenance
of pIuripdF%H%qﬁgﬁwg?gmgﬁwgP“Wﬁﬁﬁ ni cal dissociation: passaging cells
through with 100 and 500 m cron nmesh and seeding mcrocarriers. FACS
of pluripotent I\Eg%lrogle L Seodie (3 the Prbsoh z%nvaelr'x]tgo L e gc;[n lguoﬁg g'Qnth‘ S1ttzt3)n en
passed t hrough a ¥ mocr on neéﬁ.lﬁigureF%§%% OWs “hal nt enance o

pl uri pot endgitaomlod ke calfl tdturayeghtanh aladut b reedoaig®0 opm cdbiits tomabout 150 rpm,

m crocarriers i ing followed by 1:10 dilution to seed

T or ocar 1158 T AP 500 e ot DO srlrgpiebedt b Bk, SRR Nl o
aft er hESGrhave heemtistipjtleahethals piapebmpryg sfact bwed by 1 in 10
dilution onto mcrocarriers. Figure 6C shows a control of 2D col ony

cultures. Figure 6D shows nai ntenance of pluripotent markers after
enzymati ¢ di ssdebans eprbodiTrepslak increasy i dheTESOr aneuns ebaditgtiaprmay be used to

m crocarri. : = G /

Figure 7. Gogs R ARl Y R By htalB BRI
control . Texgay pdwipptenes nofltifoESCedlf ognlationy pliffoutriehrc g nignificar®D col ony
VS. nicroqﬁﬁg%ﬁﬁﬁo£yltures. hESC on 31 nmatrigel coated static

cel lul ose mcrocarriers. Figure 7A. Photos of hESC in 2D col ony
cultures and on mcrocarriers at 0.8x and 5x nagnifications. Figure

/B thSC at daysokupid pﬁlriﬂ&elmo? rn(aﬁﬁf){eined’eﬁ p@ﬁuleﬁiogﬁ(wﬁmn Rucing significant
magni 11 catl ons.
J differentiation cultures may be agitated at from about 5 rpm to about 100 rpm, from about 5

rpm to about 50 rpm, from about 5 rpm to about 40 rpm, from about 5 rpm to about 30 rpm,
from about 5 rpm to about 25 rpm, from about 5 rpm to about 20 rpm, from about 5 rpm to

about 15 rpm, from about 5 rpm to about 10 rpm.

For the induction of significant differentiation cultures may be agitated at from about
25 rpm to about 200 rpm or more, e.g. from about 30 rpm to about 200 rpm or more, from
about 35 rpm to about 200 rpm or more, from about 40 rpm to about 200 rpm or more, from
about 45 rpm to about 200 rpm or more, from about 50 rpm to about 200 rpm or more, from

about 75 rpm to about 200 rpm or more, from about 100 rpm to about 200 rpm or more.



Figure 8. Seeding of hESC cultures (HES-3), passaging and quality
control. hESC on matrigel coated static cellulose mcrocarriers.
Figure 8A. FACS of pluripotent markers QOct-4, SSEA-4 and TRA-1-60
after passage 5. Figure 8B. FACS of pluripotent markers Cct-4, SSEA-4
and TRA-1-60 after passage 9. Figure 8C and Figure 8D show stable
FACS of hESC at passages 4 and 6 on matrigel coated static

m crocarriers. Nuclei count range from7 to 8 mllion / well. Figure
8C. FACS of pluripotent markers Cct-4, ;5SEA-4 and TRA-1-60 after
passage 4. Figure 8D. FACS of pluripotent markers Cct-4, SSEA-4 and
TRA-1-60 after I 0
Ot 4, SSEA 4 AR Jres A et PO %1%;*%??&?@‘6 R Bt i,
i s typi cal pReeninghoeuwredliffdr¢ntinen Altexpelively, this may beRihpne & 1€t Beetizhogt of
hESC cul tu;@;s 2@%%593) 30"/93_’3*? %@%5@“& S%Q’a%fc%ys H % tcrum.l ‘e dhufe?éﬁ? gl Ca!
analysis o MiCr Ocarti 6r eurtures I h conditioned edra and medi a
by phase contrast, staining with DAPI and TRA-1-60. Histological

Anal ysi s of hESgcc% ey, Aol SHRCAL&rkiSh m%‘l:&ﬁ'[fr%@ cortdacting adtrstPAS SAHE 3-
Row 1: Mechanical dissociation, Matrigel coated microcarriers in CM
static. RoWetod prafissimate Avgmasnhalagiiation iverder tg etlitsoealle ovhiftonabaining el
in CM st aﬁlllﬁpotgﬁ’\% ﬁultlbl?tgﬁt\éﬁt@fﬁro%é%f/la%c%nd Har&Mu%%Q:@ﬂssérQ @uiﬂﬁ'ed ata
100rpm Row 4 tive mcrocarriers in 10.
Seedi ng of SehES@a@@r empes of 4gRgIg)in orybstgat@pwgelbnmthq&altur@;o cbffmwt@re The

cur tore el deh i BB FAERARTER LA kiR S, TA B

Fi gur es 10methfh@sy therefireieippad éinpoprdation obpl@apoteht orssaﬁpdltelamdllsﬁﬁmlm- 60

after repl t t I
ToB: " phot oc-ef el URERHHe b AP oRd & RraG IR rsBhS B Uit

m crocarri @ns:nowam;nm endodent, @@tpddmy orinesodir@ lmee@@EG cells/well in a6
wel | plate. Figure 11B. FACS of pluripotent markers Qct-4, SSEA-4 and
TRA- 1- 60 of hESC on microcarriers after being frozen, thawed and
cultured with tHEiPFopreaigstumap embpionic sism—iels PrRfseabbi re@myatleagonel biplogigal=
7.14 x 106 a

per i od of e S em ol R coR e S oSy Pl TagBlobosien
gr owt h r at #tigiemay pgrghosen from the grqyn censisping ¢ GhveApriciine of cglugprdency marker,

met abol i s i

ki netics geﬁil) E’?]wgéég?ﬂ@rng}%% kglg%&g gﬁ%‘ C It%?%%%%g{oaﬁ %ﬁ‘dE‘[ﬁﬁgﬁ&%’g\é\%{]
hESC on ni #ddessedsnar Shabdologel @@lVdMWW@me$§XmﬁimWéhmltaigsiﬁmya’naehbrpH
profiles. n; 1 el s/ \wel / m of

m crocarri c;ﬁl’ggéiill n fig %ué%m%ﬁsdlgo ?gd&T P%gEéliQE?émﬁbb a'&‘z@\?\ﬁ' Ki netics
and netabolismin Knock Qut conditioned nedia. Conparison of

met abol i sm of  hESfoRRBERLGIRY hredest M%ntlglppr@f?:l‘ﬁﬂyen@b'lleEU}E%em@%duystem
gl ucose and gl utam ne consunption profiles and l'actate and anmoni a
product i on°eHp ¥ he Rassagd o Esit gptiondf & iboe g1ors &118 oy grorep 16 6F wase: bl eimers or
Fi gure 14. .6 gwhhKi netics and nmetabolismin Knock Qut conditioned
medi a. Conparison of metabolismof hESC on mcrocarriers vs. 2D
colony cultures. Specific consunption rates of glutam ne and gl ucose

profiles and | agéBid adbediagiamnd @e@hﬂdv@hb@@refeedbgser@ae?Eﬁﬁzxaﬁan of human
m crocarriers vs. 2D colony cultu

h
ki netics afePHRLSHER e ﬂVﬂHB‘E‘IE‘C(&&d”EtB’h‘éHOf?BH'@H“ el or 88Fpar i ng

i nocul ation from 2D colony cultures and mcrocarriers cultures.

G ow h kinetic T ocar from.2D, col oni es or
From i o ocar r RSt BfERS Rl ifiiRel PEERERe OPRHE Phaer S

associ at edsepiaxgathe h@san e@&irj}onﬁrmiﬂﬂﬁ sdlMlon th&eediltrg density of 5 x 10E5
cells/well. Hi gher cell nunbers for mcrocarriers. Split ratio 1:18.
Doubling tines: mcrocarriers = 33 hours. 2D colony cultures = 58
hours. pH neasurenent: for all 3 conditions, steeper drop in pH after



33 Figure 16. G owh kinetics and netabolismin Knock Qut

condi tioned nedia. Conparison of netabolismof hESC on microcarriers
vs. 2D colony cultures. Conparison of netabolismof hESC on

m crocarriers vs. 2D colony cultures. Daily glucose and gl utam ne
consunption profiles and | actate and anmoni a production profiles of
hESC on m crocarriers (seeded from 2D colonies or frommcrocarriers)
vs. 2D colony cul tures. Figure 17. Gowmh kinetics and

met aboli smin Knock Qut conditioned nmedga. Conparison of netabolism
of hESC on mcrocarriers vs. 2D col ony cultures Speci fic consunption
rates of glutan Qg @uﬂﬁ! %JoH&%ea QfrQbhdafR 2 @Eoﬁﬁ%da% n?éﬁlli'a%ﬁ rising
production rates o ESC on M crocarriers (see rom 2D col oni es or
from mi cr avergitings)hupgn caByyewt stay cellibeeardéng, to a method Bf ga peesen@invertiont h

ki netics t [ L i: FACS of

ol ur i pot ent mary Srdtihe M RGBSR R R o

m crocarriers |n StenPro serun1free nmedi a (passage 5) and nleSR-1
(passage 4). A methéd BHpBddhe ef;@awwci deyq@Md ;ﬁmeiedm@l.ﬂmm&n (e
heparan sul phate, dextran sul pha counts on day cel l ul'ose
M Cr ocar r | PRASHIEEUAR ﬁrnblﬁelyarstielﬁ cglu ﬁqﬁﬁ@hr@ to pyngthgd @fﬁhé p&éw invefaien aith
sul phat e, GangdhORGHhn RN %@nﬂ&@! é@fcﬁmngﬁwogi%d Fi gure 20.
Agi tation of hESC on natrlge coated mcrocarriers at 100rpm Phot os
of hESC at day 1 and 6 on microcarriers agitated at 100rpm at 0. 8x

and 5x magni fi eahkBstBof treating a dﬁegw i a hdivRBiat i b fadeatdOR) is ARDFHAed,
FACS results for agitated matrig coated carriers, at 100 and 150

rpm Not e:BBEROLPIISIHE ﬁf@aga@ﬁ%aﬁa@%@%WWW% redtaceprdipe &t drgeq ef s.

Fi gure 21Ane et RlenBbM HrdREREE dTREEAS Edllor 4n erdStdiibo %dﬁ%}lﬁﬂ&@lg(ﬁ
hESC on m crocarriers agltated at 100r$n1 Figure 21B. FACS of

pl uri pot erit® hpaeePdrEsic-sem ciphilaregligedm-ihor e@m@ﬂ bpgygetoghe individual.
m crocarriers agltated at 150rpm 34 Figure 23. FACS results
for agitated ted carriers a pn1for 0 tlve

2 ns
woeke TEACS of |G PG Gh e R R et T BB I N RS GG | nESC
on m croc w’ohﬁeﬁtlsna&@blﬁrﬂnﬁlﬁﬂ oﬁheﬁﬁﬂypﬁ@leduldﬂaﬁwgnﬂ:rdbﬂ%@, recombinant BiNgur e

24 . HES-2 gn nlcrocar rs i atlc 50 r fures at assage
2. FACS of® |Ham<8?=é'nfv Pfi@é’f@ "&? G%Pa fies oF R Oaf%mﬂté&“mé
cel | |i ne)Such @thkdfes alcRRYaRBdinthElitOG Rk, | seer, ferekiniies. Sambradke. 1a1Fr1tsch,

150r pm at ssage, 2.
P aFr)l% T. niatzls, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-

3, Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic
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Figure 25. HES-2 in 2D colony cultures vs. microcarriers cultures in
static, 100 rpmand 150 rpm Cell counts of hESC cultured in 2D
colony, mcrocarriers in static conditions, agitated at 100 and
150rpm over 7 consecutive passages. Figure 26. HES2 in 2D
colony cultures vs. mcrocarriers cultures in static and 100 rpm

Fi gure 26A. FACS of pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of
hESC cultured in 2D colony. Figure 26B. FACS of pluripotent nmarkers
Oct-4, SSEA-4 and TRA-1- 60 of hESC culdgured in microcarriers in
static conditions. Figure 26C. FACS of pluripotent markers Cct-4,
SSEA-4 and - jy. € .
passage 5. SJIB@ gar@%i}“gﬁc}rﬁﬁﬁééa%%g %P Cl;(':g?érh ioglbgge-g’aehgég,g{%gg , mQS3.

Fi gure 27Anc@Epastedby piferedgot ent markers Oct-4, SSEA-4 and TRA-1-60 of
hESC cultured in cellulose mcrocarriers DE52. Figure 27B. FACS of
pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of hESC cultured in
cel | ul ose MICH¥WAPR inslidesshsmbiagon of thy espeqtvnd nagfergid featyres daseribed exaepts
Qct -4, SSEAnde aRM 2 toAbhat 10kt 5Shmpetlitswiedt elxglregsg) | dege

m crocarriers QA52 at passage 3. Figure 28. Sizes and shapes
of carriers - spherical carbon beads. hESC on carbon carboseed

m crocarri ehssectinSieadifgiveal hetddhot Sorsor@hizalidhh DRRJséseInlycakdltably 1R8 1o
car bon nlcrocarrlegs_stglnegkmnth DAPI _and TRA-1-60 on day 5.

Hi st ol ogi cENstEFe ey Sndingtherubiegsaugties dscriift ur es on car bon

m crocarriers stained wwth DAPI and TRA-1-60 on day 7. 35 24 well
plate. Gowh kinetics.of hESC on uncoated,. SHLQ1Q m croporous .carbon
m crocarri )g%pse ots 3%‘53?%@%\1}\}1 R (?l%i%ﬁrpé?‘?&tli“ﬁn Tl fe |'11‘§H8te§§’|¥ﬁ‘éﬁ>/€8 to 2D
col ony congxagip&, with referenckit@ilie @ccdbiparfinteouss drsthanrpecafang ambbodinents will

spherical garbon heads. i.ned he : day 3. Histol ogical analysis
of "hESe cuft rpasnigh M BlErL e o diromels enb e PR RS oty
contrast, Bkdréihbgefsnkeitda, DAPI and TRA-1-60 on uncoated, matrigel or
fibronectin coated m crocarriers on day 3. Figure 31. Sizes
and shapes of carriers - spherical carbon beads. Stained beads: day
5. Hi st ol oBREEDESORIPVONOFGHERNKERRESUl t Ur es on ni croporous carbon

m crocarriers by phase contrast, stained with DAPI and TRA-1-60 on
uncoated, matrigel or fibronectin coated mcrocarriers on day 5.

Fi gure 32. Empodimenthandsppgyaacntsillesiptingdhe puncightsef thednvepierbwitl nowdgs .

St ai ned begelsissedMth fefelch&tOHRALSMpaRNAL ¥2lrSs i@lwhidESC cul tures on

m croporous carbon m crocarriers by phasée contrast, stained with DAP
and TRA-1-60 on uncoated, matrigel or fibronectin coated

m crocarriers digday sibows microcarrifrs QUIcE afapablZittadhthgShapew ity hESC.
carriers-spherical carbon beads. %?CS ﬁnarysis and conpari son of .
Cct -4, Tra: YeRBPE medpsriers e dss BiY sharpdi ssllyeteviiencstriers it spbeiasbn
beads and t&eh hpdrogHilictairobarreAGrd B gePtAEH RO LARLpIBIdRH $naBobordus SSEA- 4
and TRA-1-60 of hESC cultured in 2D colony contrals and on

fi bronect i FROSERISRHCIRFRFGH TSNS |2 shaywrrelilefespigioraresrs. Figure 1B shows Tosoh

{(hydrophilic) microcarriers. Figure 1C shows microporous carboseeds. Figure 1D shows

macroporous carboseeds.

Figure 2. Seeding of hESC cultures (HES-2 & HES-3), passaging and quality control.
Workflow of transferring colony 2D cultures to microcarriers by mechanical or enzymatic

dissociation, and passaging microcarrier cultures to by microcarriers by both methods.



Figure 34. Sizes and shapes of carriers - spherical carbon beads.
Oct-4 GFP HES2 on Fn coated carbon microcarriers vs. control. Figure
34A. G owh of hESC in 2D colony controls and on fibronectin coated
m croporous carbon microcarriers. Viabilities > 95% Figure 34B. FACS
of pluripotent marker Cct-4 in both conditions. 36 colony controls
and on fibronectin coated macroporous (SH1010) and m croporous
(SMLO10) carbon mcrocarriers Figure 36. Sizes and shapes of
carriers - spherical carbon beads. FACg of pluripotent markers COct-4
and TRA-1-60 of hESC cultured on fibronectin coated macroporous

carbon mcr OcaHU @regcsjeéedilﬁof hE G %HE§'ZZ£ ﬁE@;ﬁﬂ, 1%%%%%% ﬁﬁ %u?{gtgrcglﬁtl:o"} B

spherical carboff st o ogl cal "anal ysi s
macr opor ou¥orkfiel nf camsfsoingusicrearbern culiucesdedl wiZ8roplony avlhect apiveh aDAP |

Phal | oi di n, Sgﬂal-f_msfacgarrgcroc rrier glg}fﬁsgfo@%@edé&&ﬁgracﬁ&%aﬁmm% c%it}lres by

carriers - erica ea m crocarrier culture
G owt h of chiE®Enimmns, mbﬂlt}gébwcmmmy ndugpanbmsrkeas hoolows, Eargetaps;, i er s

over 15 d red controls over 7 days.
Fi gure 39. %fyz()lec{sm%ﬁ&nd eléeltoé%a%’naclé’%{rl ers - spherical carbon beads.

FACS of pluripotent mar kers Cct-4 and TRA-1 -60 of hESC cul tured on
Macropor ous Canfgf% 4@h8\59ﬁ1§{tﬁé fafcPod M%fs d]e?cri%@cy erec sup mﬁe‘é%%oﬂ% C

Si zes and shapes of carriers - sp erical car Ss. Increase
f eedi ng ofculbad Warkfitredofifesdiing 2P solohy b Shadares ﬁnct@w\bmg hiBe diedly onter s

with 2x V(;lll1 %Jgg ardets fclé)éulxlmngri@l%&?ﬁkf'&ll%?& al%l?ilsﬁq o28 h%QrQ& %rﬂl r{ﬁ%p g CIEd

Figure 41. es an carriers - eri cé car

FACS of plagzinpot ent mar kers Oct-4 and TRA-1-60 of hESC cul tured on
macr oporous carbon microcarriers with 2x vol ume feedi ng.

Figure 42. Sizes and sha Ees of carriers - %geri cal carbon beads.
Hi st ol ogi cal afi#gles) Srgyrth fingieesapd tngfebelisgnn faestoBeirenditiensd psdia and

i crocar r igefigedthediad) B aWrdiknRAF browal BhitRl dhdatdNth TRAudoss, Brtamine, lactate,

ammonia, amino acids and pH of microcarriers cultured in conditioned media as well as 2

commercial serum free media, StemPro and mTeSR-1.

Figure 6. Seeding of hESC cultures (HES-3), passaging and quality control. Figure 6A
shows maintenance of pluripotent markers after mechanical dissociation: passaging cells
through with 100 and 500 micron mesh and seeding microcarriers. FACS of pluripotent
markers Oct-4, SSEA-4 and TRA~1-60 after hESC has been passed through a 100 micron
mesh. Figure 6B shows maintenance of pluripotent markers after mechanical breakage of cells
on microcarriers by pipetting followed by 1:10 dilution to seed new microcarriers. FACS of
pluripotent markers Oct-4, SSEA-4 and TRA-1-60 after hESC have been subject to pipetting
followed by 1 in 10 dilution onto microcarriers. Figure 6C shows a control of 2D colony
cultures. Figure 6D shows maintenance of pluripotent markers after enzymatic dissociation:
TrypLE treated hESC are seeded on microcarriers. Cell counts taken on day 7=4.3 E6

cells/well.

Figure 7. Seeding of hESC cultures (HES-3), passaging and quality control. 7 day

cultures of hESC after trypLE treatment in 2D colony vs. microcarriers cultures. hESC on



37 Figure 43. Sizes and shapes of carriers - spherical carbon

beads. HES2 GFP cell |ine grown on macroporous mcrocarriers vs. 2D
colony control. Figure 43A and Figure 43B. Duplicate experinents with
anot her cell line (HES-2) grown on macroporous nmicrocarriers vs. 2D
col ony controls. Figure 44. Sizes and shapes of carriers -
spherical carbon beads. FACS of pluripotent markers Cct-4 and
TRA-1-60 of HES-2 cell |line cultured on macroporous carbon

m crocarriers after 7 days. Fi gursg 45. Sizes and shapes of

carriers - spheri cal car bon beads. Imges were taken every two days

under the Jn%l gél% 1cr96ﬁt193% 91%02\1%‘%]? lﬁ%ﬁr%ﬂ%h&oﬁ%l‘l% in ?)ecopdn tures

show t hat ured on 't crocarriers grew ay 1
to day 7. Mﬁote@gndﬂn hicroreiscehd. 8+-EE- X rgieRifcetidns| Higuae @Bbﬁﬁ@gt &ps [ and 6

TeCT 9O OUS, SRINANITLED LRI S Buiigorl d2S. Figure 46. Sizes

and shapes of carrier carbon beads. 1 nm Macroporous
Beads vs. 2D Controls. Extend| ng culture to 12 days i ncreased cel l

density to 1.2 P?,%L}Q§€Se9c%%§fhé§t3%ft§re$@fts 9%@%’% Qland ﬁﬁﬁ?%nf;@irmtm

m crocarriers af I nocul ation on static ever
m ns) and Mawedticritedsiqtis\celylos lwr@yarn@atFe@rmM H?A@i ¢fi phipotsnt markers Oct-4,

fibronecti @SE/}? ] aﬁrpl' RR' 196 afeP sEaQrgg ﬁgﬁrlﬁe%g #\Aég fg@ﬁﬁ%&% ﬁlrggkers'ac}(-ﬁ,ng

fibronectin. mx - every 30 mn Low m X-
during i no&&HPaﬂlaoﬁTEbelSGQﬁter pasehge &. logire 8§,raod\ﬂgut§=r81] shnmsbtéacfsicﬂiﬁmg%f

I t
ondi 1 oot PR L endbi ety B Ml MM cobig 3 8e from 7 o8
Tra-1-60 amdl_MSS’EMMFgwe 36t EMJ& of pluripoterfEingthess A&F-4, S&beﬂlahoiuTEAa]nﬁD after
feeders Onpa@!a%%?.ﬁ?@é&é §153FA($$ gliuph?réoo e'ﬁ‘t mgrrl]{g s?)c?f S%%é. lt”ar%cf'j'flgg éog(} fteeder S

on Cytodex™ w on ce m crocarriers igure Phst o of
f eeders onpqssiagyﬁ.ﬁ’gme%d@t(éﬂoﬂidmwhtem ihinkrESC-H18SEAH arldORRA -1-60 in control
m crocarrigrs r nd..fe deson

mi crocarri o7 &0 o8 Yl Iﬁgc ! CF—’K& t%?mﬁq“}l'tfpﬁng PP REls oot - 4, SSEA-4
and TRA-1-60 of co-cultures of feeders on Q/t odex with hESC on 38
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Histological analysis of microcarrier cultures in conditioned media and KO media by phase
contrast, staining with DAPI and TRA-1-60. Histological Analysis of hESC Cellulose
Microcarrier Cultures; HES-3 at passage 3. Row 1: Mechanical dissociation, Matrigel coated
microcarriers in CM, static. Row 2: trypLE enzyme harvest, Matrigel coated microcarriers in
CM, static. Row 3: Native microcarriers in CM Suspension at 100rpm. Row 4: Native

microcarriers in CM static.

Figure 10. Seeding of hESC cultures (HES-3), passaging and quality control.
Replating hESC from microcarriers to matrigel coated 6em tissue culture petridish; P35 to P6.
Nuclei Count = 20 million cells/plate. Figures 10A. FACS of pluripotent markers QOct-4,
SSEA-4 and TRA-1-60 after replating microcarrier cultures onto a 6cm petridish. Figure 10B.
Photos of replated hESC at 0.8x and 5x magnifications.

Figure 11. Freezing of hESC cultures. Figure 11A. FACS of pluripotent markers Oct-
4, SSEA-4 and TRA-1-60 after frozen hESC colonies were thawed directly onfo



60 of co-cultures of feeders on polylysine coated Tosoh with hESC on
cellul ose mcrocarriers. Fi gure 49. Spinner cul tures.
Exponential growth profile of hESC in 50nmlL spinner cultures on

m crocarriers conpared to static mcrocarrier and 2D col ony cul tures.
Figure 50. Characterisation data, normal karyotypes at passage 6.

Nor mal karyotype of HES-2 and HES-3 cell lines after 6 consecutive
passages (equivalent to 24 cell doublings) on cellul ose

m crocarriers. Figure 51.Conparison of 3hESC growth on cel | ul ose

m crocarrier vs. 2D colony cultures. Figure 52.Cct4, SSEA4 and

TRA- 1- 60 ] ). . [ Matinkge
coat ed DESHEIERTLENRc PAREANEy v 79 14Ee RO e RN R 11BED
at passages\@ledurpbtehEsCkes Peut, SSEA-MatdriRyell -60 oA hBC DEBB recariersaulisr,

d foll f
22 M gr Og‘éﬂre?% eflEoEBl ﬁ{akv@@ afl ?R@%%%ﬁ ﬂ%f’r %v% gelﬁ?olLR%nggﬂ{tddﬁﬁ on dg}g €
| ate as pakb@gb(g c@B/ wald Nfe: cells were cultured over a longer period of time due to cell death

post thawing. Cells regained normal growth rate over fime.

Figure 12. Growth kinetics and metabolism in Knock Out conditioned media.
Comparison of hESC growth kinetics on microcarriers vs. 2D colony cultures. Growth
kinetics of hESC on microcarriers vs. 2D colony cultures and their associated pH profiles.

Seeding density of 0.67 x 10E6 cells/well (20 mg/ml of microcarriers in 5 mls of media).

Figure 13. Growth kinetics and metabolism in Knock Qut conditioned media.
Comparison of metabolism of hESC on microcarriers vs. 2D colony cultures. Daily glucose
and glutamine consumption profiles and lactate and ammonia production profiles of hESC on

microcarriers vs. 2D colony cultures.

Figure 14. Growth kinetics and metabolism in Knock Out conditioned media.
Comparison of metabolism of hESC on microcarriers vs. 2D colony cultures. Specific
consumption rates of glutamine and glucose profiles and lactate and ammonia production

rates of hESC on microcarriers vs. 2D colony cultures.

Iligure 15. Growth kinetics and metabolism in Knock Out conditioned media.
Comparing inoculation from 2D colony cultures and microcarriers cultures. Growth kinetics
of hESC on microcarriers (seeded from 2D colonies or from microcarriers) vs. 2D colony
cultures controls and their associated pH profiles. Cell counts/well: Seeding density of 5 x
10ES5 cells/well. Higher cell numbers for microcarriers. Split ratio 1:18. Doubling times:
microcarriers = 33 hours. 2D colony cultures = 58 hours. pH measurement: for all 3

conditions, steeper drop in pH after 5t day.



Figure 55. M crocarrier cultures of HES-2 retain a normal 46XX
karyotype as | ate as passage 14. Figure 56. hESC from m crocarrier
cultures at passage 3 and 27 differentiated into enbryoid bodies and
were able to formcells of the 3 germlayers represented by genes of
t he endoderm (anyl ase and GATA6), ectoderm (keratin and
neurofilament, NF) and nesoderm (MSX1 and HAND 1). 39 Figure

57. (A-C) Teratomas were fornmed with cells of the 3 germlayers from
Figure 56. Figure 58. Gowth of hESC onsgicrocarriers in nifeSRL vs

St enPRO nedi a. Figure 59. Conparison of doubling tinme of hESC on

m crocarriers gy, BIESBLWE kRLEERRPHIBHSRm in Knock Out conditioned media.

Comparison of metabolism of hESC on microcarriers vs. 2D colony cultures. Comparison of
metabolism of hESC on microcarriers vs. 2D colony cultures. Daily glucose and glutamine
consumption profiles and lactate and ammonia production profiles of hESC on microcarriers

(seeded from 2D colonies or from microcarriers) vs. 2D colony cultures.

Figure 17. Growth kinetics and metabolism in Knock Out conditioned media.
Comparison of metabolism of hESC on microcarriers vs. 2D colony cultures. Specific
consumption rates of glutamine and glucose profiles and lactate and ammonia production
rates of hESC on microcarriers (seeded from 2D colonies or from microcarriers) vs. 2D

colony cultures.

Figure 18. Growth kinetics and metabolism in serum free defined media. FACS of
pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of hESC on microcarriers in StemPro

serum free media (passage 5) and mTeSR-1 (passage 4).

Figure 19. Coating of carriers. Hyaluronic acid, heparan sulphate, dextran sulphate.
Cell counts on day 7 of cellulose microcarriers coated with heparin sulphate, hyaluronic acid,

dextran sulphate, conditioned media, KO media and matrigel.

Figure 20. Agitation of hESC on matrigel coated microcarriers at 100rpm. Photos of

hESC at day 1 and 6 on microcarriers agitated at 100rpm at 0.8x and 5x magnifications.

Figure 21. Agitation at 100, 150rpm. FACS results for agitated matrigel coated
carriers at 100 and 150 rpm. Note: Both experiments were passaged from hESC on
Microcarriers. Figure 21A. FACS of pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of
hESC on microcarriers agitated at 100rpm. Figure 21B. FACS of pluripotent markers Oct-4,
SSEA-4 and TRA-1-60 of hESC on microcarriers agitated at 150rpm.

Figure 22. Agitation of hESC on matrigel coated microcarriers at 150rpm. Photos of

hESC at day | and 6 on microcarriers agitated at 150rpm at 0.8x and 5x magnifications.



Fi gure 60. Conpari son of nmetabolismin defined nedia (mleSR1L vs
StenPRO) for hESC microcarrier cultures. Figure 61. Conpari son of

nmet abolismin defined nedia (nmMlfeSR1 vs StenPRO) for hESC m crocarrier
cultures. Figure 62. Conparison of ions and osnolarity in defined
media (nMTeSR1 vs StenPRO) for hESC mi crocarrier cultures. Figure

63. Am no acid analysis in defined nedia (meSRI vs StenPRO) for hESC
m crocarrier cultures. Figure 64.(a) Consunption rates of am no acids
for hESC m crocarrier cultures in nifeSRL. (b) Consunption rates of
am no acids for hESC microcarrier cultures in StenPRO Figure 65.pH

and total no. @fgyrelsl FAESLesETOr MPithle0 GRL T Eloatli bdHES of fofphefRd and
consecutive weeks FACS of pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of hESC on

microcarriers agitated at 150rpm at passage 1 and 2.

Figure 24 . HES-2 on microcarriers in static and 150 rpm cultures at passage 2. FACS
of pluripotent markers Oct-4, and TRA-1-60 of hESC (HES-2 cell line} from 2D colony and

microcarrier cultures agitated at 150rpm at passage 2.

Figure 25. HES-2 in 2D colony cultures vs. microcarriers cultures in static, 100 rpm
and 150 rpm. Cell counts of hESC cultured in 2D colony, microcarriers in static conditions,

agitated at 100 and 150rpm over 7 consecutive passages.

Figure 26. HES2 in 2D colony cultures vs. microcarriers cultures in static and 100
rpm. Figure 26 A. FACS of pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of hESC
cultured in 2D colony. Figure 26B. FACS of pluripotent markers Oct-4, SSEA-4 and TRA-1-
60 of hESC cultured in microcarriers in static conditions. Figure 26C. FACS of pluripotent
markers Oct-4, SSEA-4 and TRA-1-60 of hESC cultured and agitated at 100rpm at passage 5.

Figure 27. Charges of carriers — DE52, DE53, Q53. Figure 27A. FACS of pluripotent
markers Oct-4, SSEA-4 and TRA-1-60 of hESC cultured in cellulose microcarriers DE532.
Figure 27B. FACS of pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of hESC cultured in
cellulose microcarriers DE53. Figure 27C. FACS of pluripotent markers Oct-4, SSEA-4 and
TRA-1-60 of hESC cultured in cellulose microcarriers QAS52 at passage 3.

Figure 28. Sizes and shapes of carriers — spherical carbon beads. hESC on carbon
carboseed microcarriers. Histological analysis of microcarrier cultures on carbon
microcarriers stained with DAPI and TRA-1-60 on day 5. Histological analysis of

microcarrier cultures on carbon microcarriers stained with DAPI and TRA-1-60 on day 7.

Figure 29. Sizes and shapes of carriers — spherical carbon beads. HES3 growth on

microporous carbon (SH1010) microcarriers with different coatings compared to control in a



StenPRO. Figure 66. Gowh kinetics for hESC mcrocarrier culture in
mfreSR1 and StenPRO. 40 Figure 67.HES-3 cell growth. Conparison of
static mcrocarrier culture, 50m spinner flask at 20rpm agitation,
nonol ayer culture and 50 m spinner flask at 25 rpmagitation. Figure
68. Met abol i te anal ysis of conditioned nmedia frommcrocarrier spinner
flask culture. Figure 69.Specific netabolite production rates in
conditioned nedia mcrocarrier spinner flask culture.

35

24 well plate. Growth kinetics of hESC on uncoated, SH1010 microporous carbon

microcarriers, coated with fibronectin or matrigel and compared to 2D colony controls.

Figure 30. Sizes and shapes of carriers — spherical carbon beads. Stained beads: day 3.
Histological analysis of hESC cultures on microporous carbon microcarriers by phase
contrast, stained with DAPI and TRA-1-60 on uncoated, matrigel or fibronectin coated

microcarriers on day 3.

Figure 31. Sizes and shapes of carriers — spherical carbon beads. Stained beads: day 5.
Histological analysis of hESC cultures on microporous carbon microcarriers by phase
contrast, stained with DAPI and TRA-1-60 on uncoated, matrigel or fibronectin coated

microcarriers on day 5.

Figure 32. Sizes and shapes of carriers — spherical carbon beads. Stained beads: day 7.
Histological analysis of hESC cultures on microporous carbon microcarriers by phase
contrast, stained with DAPI and TRA-1-60 on uncoated, matrigel or fibronectin coated

microcarriers on day 7.

Figure 33. Sizes and shapes of carriers — spherical carbon beads. FACS analysis and
comparison of Oct-4, Tra-1-60 and SSEA-4 expression levels between Fn coated carbon
beads and control at day 7. FACS of pluripotent markers Oct-4, SSEA-4 and TRA-1-60 of
hESC cultured in 2D colony controls and on fibronectin coated microporous carbon

microcarriers.

Figure 34. Sizes and shapes of carriers — spherical carbon beads. Oct-4 GFP HES2 on
Fn coated carbon microcarriers vs. control. Figure 34A. Growth of hESC in 2D colony
controls and on fibronectin coated microporous carbon microcarriers. Viabilities > 95%.

Figure 34B. FACS of pluripotent marker Oct-4 in both conditions.

Figure 35. Sizes and shapes of carriers — spherical carbon beads. Comparison of

SH1010 and SM 1010 microcarriers vs. the 2D colony contral (OCD). Growth of hESC in 2D



Figure 70.pH and osnolarity conditions frommcrocarrier spinner
flask culture. Figure 71. Expression of Oct4, SSEA4 and TRA-1-60 in

m crocarrier spinner flask culture. Pluripotent markers Cct4, SSEA4
and TRA-1-60 remain high on days 3 and 4. Figure 72. Morphol ogy of the
hESC in mcrocarrier spinner flask culture remain as tight aggregates
on the mcrocarriers on days 4 and 5. Figure 73.HES-2 G owth in

m crocarrier spinner flask culture. Figure 74. Expression of

pl uri potent markers COct4, SSEA4 and TRAs 1-60 in microcarrier spinner
flask culture were equivalent to the 2D colony control at the start

of the Spicerbﬁgla&%'ois%@on FibGHEcEin Eoatk¥REESHHIRE @im@?)lud(:i nki RALS om&ftéﬁi%ﬁ))

Cct4, SSEA4 a - In mcrocarrier spi ner sk culture
conti nue tcerbpe migrgdartzand equi val ent to the control static cultures on
days 5 and 7 when peak cell densities were achieved. Figure 76. hESC

in mcrocarrier_spinner flask culture form]arge a%grqutes of
Figure 36. Sizes and shapes of carriers — spherical carbon béads. FACS of pluripotent

markers Oct-4 and TRA-1-60 of hESC cultured on fibronectin coated macroporous carbon

microcarriers.

Figure 37. Sizes and shapes of carriers — spherical carbon beads. Histological analysis
of hESC cultures on macroporous and microporous carbon microcarriers stained with DAPI,

Phalloidin and TRA-1-60.

Figure 38. Sizes and shapes of carriers — spherical carbon beads. 15 day old
microcarrier cultures. Growth of hESC on matrigel coated macroporous carbon microcarriers

over 15 days compared to 2D colony controls over 7 days.

Figure 39. Sizes and shapes of carriers — spherical carbon beads. FACS of pluripotent
markers Oct-4 and TRA-1-60 of hESC cuitured on macroporous carbon microcarriers over 15

days.

Figure 40. Sizes and shapes of carriers — spherical carbon beads. Increased feeding of
conditioned media Growth of hESC on carbon microcarriers with 2x volume vs. 1x volume

feeding vs. 2D colony controls.

Figure 41. Sizes and shapes of carriers — spherical carbon beads. FACS of pluripotent
markers Oct-4 and TRA-1-60 of hESC cultured on macroporous carbon microcarriers with 2x

volume feeding.

Figure 42. Sizes and shapes of carriers — spherical carbon beads. Histological analysis
of hESC cultures on macroporous carbon microcarriers stained with DAPI, Phalloidin and

TRA-1-60.



cells around the mcrocarriers on days 5 and 7. 41 Figure 77.Density
of 3.5 mllion cells/nml in a 100nl spinner flask is equivalent to
produci ng hESC in 175 organ culture dishes (OCD) each with 2 mllion
cells/m. Figure 78. hESC grown on cellul ose mcrocarriers together

wi th nouse feeders on Cytodex, and pol ylysine coated Tosoh beads
coated with feeders and co cultured with hESC on cel |l ul ose DE53

m crocarriers. Figure 79.Cct4, SSEA4 and TRA-1-60 at passage 1 for
the 3 co- cultures on hESC with feeder 3gells on Cytodex 3, Tosoh and
DE53 mcrocarriers respectively. Figure 80.Robust expression of Cct4,

SSEA4 and TRA- %"1&196 ﬁ; @éﬁ@gﬁap%s E)inca}rﬂe?s 3 !31{1;{';1%21% HeQsC %E'[G%grc@ﬂ Pntfb

Cytodex 3, Tosoh™ an o3 mcrocarriers are equi val en
bett er t hagrowhen gemppapusshictecaraensivgel wmy edntral. diigeadiA ardfigwed3B.

Figure 79) Duplicate experiments with another cell line (HES-2) grown on macroporous microcarriers

vs. 2D colony controls.

Figure 44. Sizes and shapes of carriers — spherical carbon beads. FACS of pluripotent
markers Oct-4 and TRA-~1-60 of HES-2 cell line cultured on macroporous carbon

microcarriers after 7 days.

Figure 45. Sizes and shapes of carriers — spherical carbon beads. Images were taken
every two days under the fluorescence microscope with 4x Magnification. The pictures show
that the GFP cell cultured on the microcarriers grew from day 1 to day 7. Photos of

fluorescent HES-2 GFP cell line growing on macroporous carbon microcarriers over 7 days.

Figure 46. Sizes and shapes of carriers — spherical carbon beads. 1 mm Macroporous
Beads vs. 2D Controls. Extending culture to 12 days increased cell density to 1.2 x 10e6 cells.
Figure 46A. Growth of hESC on carbon microcarriers after inoculation on static, high mixing
(every 30 mins) and low mixing (every 2 hrs) coated with matrigel or fibronectin vs. 2D
colony controls coated with matrigel or fibronectin. High mix — every 30 mins. Low mix —.
every 2 hrs. Mixing during inoculation does not reduce cell growth on Imm beads. FACS of
pluripotent markers Oct-4, SSEA-4 and TRA-1-60 under these conditions. Figure 46B.
Expression of pluripotent markers Oct-4, Tra-1-60 and SSEA-4 are stable.

Figure 47. Co-culture and feeders on microcarriers. Figure 47A. Photo of co-cultures
of feeders on Cytodex with hESC on cellulose microcarriers. Figure 47B. Photo of feeders on

polylysine coated Tosoh with hESC on cellulose microcarriers.

Figure 48. Co-culture and feeders on microcarriers. Figure 48A. FACS of pluripotent

markers Oct-4, SSEA-4 and TRA-1-60 of co-cultures of feeders on Cytodex with hESC on



Figure 81.Cct4, and TRA-1-60 expression from hESC on Matrigel coated
DE53 mcrocarriers. Figure 82. Expression of pluripotent markers Cct4,
SSEA4 and TRA-1-60 at passage Pl on Tosoh microcarriers (IQtrn and
6511in) with 4ng protam ne (10pn), O0.2ngy protam ne+Matrigel (10pm,
4ng protam ne+Matrigel (10pm, 4ng protam ne+Matrigel (65pm. Figure
83. Pol yl ysi ne Tosoh beads wi thout and with matrigel coatings at stock
and 30x diluted concentrations. Figure 84.Protam ne Tosoh beads

wi thout and with matrigel coatings at s$gock and 30x dil uted
concentrations. Figure 85.Cell nunbers of both polylysine and

pr ot ami ne £t &chiTBANDIALS. 485 PR Phuribbl v YL PO YEE LR 98K 1

for 4 passages.
60 of co-cultures of feeders on polylysine coated Tosoh with hESC on cellulose microcarriers.

Figure 49. Spinner cultures. Exponential growth profile of hESC in 50ml spinner

cultures on microcarriers compared to static microcarrier and 2D colony cultures.

Figure 50. Characterisation data, normal karyotypes at passage 6. Normal karyotype of
HES-2 and HES-3 cell lines after 6 consecutive passages (equivalent to 24 cell doublings) on

cellulose microcarriers.

Figure 51. Comparison of hESC growth on cellulose microcarrier vs. 2D colony

cultures.

Figure 52. Oct4, SSEA4 and TRA-1-60 expression at passage 15 and 16 of hESC

culture on Matrigel coated DES3 carriers.

Figure 53. Oct4, SSEA4 and TRA-1-60 expression at passages 21-23 of hESC
culture on Matrigel coated DES53 carriers, and following replating of passage 23 onto 2D

colony culture.

Figure 54. Microcarrier cultures of HES-3 retain a normal 46XX karyotype as late

as passages 22 and 25.

Figure 55. Microcarrier cultures of HES-2 retain a normal 46 XX Kkaryotype as late

as passage 14.

Figure 56. hESC from microcarrier cultures at passage 3 and 27 differentiated into
embryoid bodies and were able to form cells of the 3 germ layers represented by genes of the
endoderm {amylase and GATAG), ectoderm (keratin and neurofilament, NF) and mesoderm

(MSX1 and HAND1).



42 Figure 86. Expression of pluripotent markers Cct4 and TRA-1-60 for
hESC on pol yl ysi ne Tosoh mcrocarriers wthout and with matrigel at
passage 1. Figure 87. Expression of pluripotent markers Cct4 and
TRA- 1- 60 for hESC on protam ne Tosoh m crocarriers without and with
matrigel at passage 1. Figure 88. Expression of pluripotent marker
TRA-1-60 for hESC on matrigel coated pol ylysine Tosoh mcrocarriers
at passage 2. Figure 89. Expression of pluripotent marker TRA-1-60 of
hESC on matrigel coated protam ne TosoRgmi crocarriers at passage 2.
Fi gure 90. Expression of pluripotent marker TRA-1-60 of hESC on

matrigel coat eq?lg%% yﬂ ysi @QC)T’Pe?Qchgsi \%rg?cﬁ‘ﬁl'énli &¥tR c&ls 0?@1%%%@931 ﬁayers from
Figure 36.

Figure 58. Growth of hESC on microcarriers in mTeSR1 vs StemPRO media.

Figure 59. Comparison of doubling time of hESC on microcarriers in mTeSR1 vs

StemPRO media.

Figure 60. Comparison of metabolism in defined media (mTeSR1 vs StemPRO)

for hESC microcarrier cultures.

Figure 61. Comparison of metabolism in defined media (mTeSR1 vs StemPRO)

for hESC microcarrier cultures.

Figure 62. Comparison of ions and osmolarity in defined media (nTeSR1 vs

StemPRQO) for hESC microcarrier cultures,

Figure 63. Amino acid analysis in defined media (mTeSR] vs StemPRO) for

hESC microcarrier cultures.

Figure 64. (a) Consumption rates of amino acids for hESC microcarrier cultures in

mTeSR1. {b) Consumption rates of amino acids for hRESC microcarrier cultures in StemPRO.

Figure 65. pH and total no. of cells for hESC microcarrier culture in mTeSR1 and
StemPRO.
Figure 66. Growth kinetics for hESC microcarrier culture in mTeSR1 and

StemPRO.



Figure 91. Expression of pluripotent marker TRA-1-60 of hESC on

matri gel coated protam ne Tosoh mcrocarriers at passage 3. Figure
92. At passage 4 hESC continue to formundifferenti ated aggregates on
| ar ge pol yl ysi ne and protam ne Tosoh beads coated with nmatrigel .

Fi gure 93. Conti nued expression of pluripotent markers Cct4 and
TRA-1-60 of hESC on matrigel coated polylysine and protam ne

m crocarriers at passage 4. Figure 94. Stable cell counts of hESC
grown for 5 passages on polylysine andgprotam ne Tosoh beads wth
matri gel coating. Figure 95.Continued expression of pluripotent

markers Qct4 amg, JRfy 1- 6808 HERGHAN RAUpKidbR 0P Ga i REAHANTRGre TR3AN
beads with matrigel coating at passage b
spinner flask at 20rpm agitation, monolayer culture and 50 ml spinner flask at 25 rpm

agitation.

Figure 68. Metabolite analysis of conditioned media from microcarrier spinner

flask culture,

Figure 69. Specific metabolite production rates in conditioned media microcarrier

spinner flask culture.
Figure 70. pH and osmeolarity conditions from microcarrier spinner flask culture.

Figure 71. Expression of Oct4, SSEA4 and TRA-1-60 in microcarrier spinner
flask culture. Pluripotent markers Oct4, SSEA4 and TRA-1-60 remain high on days 3 and 4.

Figure 72. Morphology of the hESC in microcarrier spinner flask culture remain

as tight aggregates on the microcarriers on days 4 and 5.
Figure 73. HES-2 Growth in microcarrier spinner flask culture.

Figure 74. Expression of pluripotent markers Oct4, SSEA4 and TRA-1-60 in
microcarrier spinner flask culture were equivalent to the 2D colony control at the start of the

spinner culture,

Figure 75. Expression of pluripotent markers Oct4, SSEA4 and TRA-1-60 in
microcarrier spinner flask culture continue to be high and equivalent to the control static

cultures on days 5 and 7 when peak cell densities were achieved.

Figure 76. hESC in microcarrier spinner flask culture form large aggregates of

cells around the microcarriers on days 5 and 7.



43 Figure 96. hESC aggregates on pol yl ysi ne and protanm ne Tosoh

m crocarriers at passage 5. Figure 97.Wth optim zation of

m crocarrier concentrations to 48,000 beads per mllion cells ,
expression of pluripotent markers Cct4 and TRA-1-60 recovered to

hi gher | evel s between passages 6 and 7 for Matrigel coated polylysine
Tosoh m crocarriers. Figure 98. Wth optim zation of mcrocarrier
concentrations to 48,000 beads per mllion cells, expression of
pluripotent markers Cct4 and TRA-1-60 ry,gcovered to higher |evels

bet ween passages 6 and 7 for Matrigel coated protam ne Tosoh

m crocarriers. i 99 . : 1 GL: I >
W h mmtrigel dieBl b nERRXiPBRERRRLo ST, U SHREPRRAGh PR RS
rpm and nendegigthESe€dn ¢dholigtr ontste dishes (OCIRiegelr it D@illiBycabls’sdage 7
hESC on the non-agitated matrigel coated Cytodex 3 mcrocarriers
continued to survive and grow to passage 9. Figure 101. hESC is
sparsel y coat ed igtic ¢t oddscBerrive ppedhutase picrogariesiip2aiher mitgenouse feeders on

Cytodex, and polylysine coated Tosch beads coated with feeders and co cultured with hRESC

on cellulose DES3 microcarriers.

Figure 79. Oct4, SSEA4 and TRA-1-60 at passage 1 for the 3 co- cultures on

hESC with feeder cells on Cytodex 3, Tosoh and DES3 microcarriers respectively.

Figure 80. Robust expression of Oct4, SSEA4 and TRA-1-60 at passage 2 in the 3
different co-cultures with Cytodex 3, Tosoh and DES3 microcarriers which are equivalent or

better than the control with matrigel coated microcarriers (see Figure 79).

Figure 81. Oct4, and TRA-1-60 expression from hESC on Matrigel coated DES53

microcarriers.

Figure 82. Expression of pluripotent markers Oct4, SSEA4 and TRA-1-60 at
passage P1 on Tosoh microcarriers (10pm and 65um) with 4mg protamine (10um), 0.2mg
protamine+Matrigel (10pum), 4mg protamine+Matrigel (10um), 4mg protamine+Matrigel
(65um).

Figure 83. Polylysine Tosoh beads without and with matrigel coatings at stock and

30x diluted concentrations.

Figure 84..  Protamine Tosoh beads without and with matrigel coatings at stock and

30x diluted concentrations.

Figure 85. Cell numbers of both polylysine and protamine coated Tosoh beads (65

micron) with and without matrigel for 4 passages.



Figure 102. Large clusters of hESC on Cytodex 3 microcarriers wthout

matrigel agitated at 100r pm Figure 103. Confluent growth of
hESC on matrigel coated Cytodex 3 mcrocarriers in non-agitated
condi tions. Figure 104. Confluent growth of hESC on matri gel

coated Cytodex 3 microcarners in agitated conditions (100 rpn).
Fi gure 105. Expression of the pluripotent markers Oct4 and TRA-1-60

is down regul ated by passage 3 on Cytodex 3 without matrigel. 44
Figure 106. Cct4, SSEA4 and TRA-1-60 apg robustly expressed even at
passage 9 for matrigel coated Cytodex 3 microcarriers. Fi gure

107. hESC gr ow%%gﬂ, vt Og%?regsé%%f&gu@o{éﬁ%&&&k o'gt'a 2§ irkﬁt%ﬁ’o Fopﬂﬁé%'gﬁ’”s

down regul ates pluri pot y passage rgure 1
hESC gr owrpobtlys@etTodexmBrogirtibrs wathpitgetl with atairiggl 4t pasaggetlat ed condi ti ons
down regul ates pluripotent markers Oct4 and TRA-1-60 by passage P3.

Figure 109. By passage 13, mat régel,coat ed Cytodex 3 mcrocarriers in
static conditi GHEISY] | | Eapsoet of hEpetest pykeyF (Pcéapd 8841 e s hESC asEaq

and TRA- 1‘;)@&&111‘4‘!@%%3}1&1'3@&&@& LFnaR ahd thf?ﬂﬁﬁfgjlalrht ﬁﬁ]sgag]eqm nin coated
Cyt odex 3 'have shown decrease in the expression of pluripotent

mar kers at passage 6. Figure 110. Karyotyping of the hESC

showed a nor nalrigdeeds. Karmptefieh afphepofedt PAGSATES 1 B0 fEHHEIdOM ndatGRat ed

with matrigel.
c%ated polylysine Tosoh microcarriers at passage 2.

Figure 89. Expression of pluripotent marker TRA-1-60 of hESC on matrigel

coated protamine Tosoh microcarriers at passage 2.

Figure 90. Expression of pluripotent marker TRA-1-60 of hESC on matrigel

coated polylysine Tosoh microcarriers at passage 3.

Figure 91. Expression of pluripotent marker TRA-1-60 of hESC on matrigel

coated protamine Tosoh microcarriers at passage 3.

Figure 92. At passage 4 hESC continue to form undifferentiated aggregates on

large polylysine and protamine Tosoh beads coated with matrigel.

Figure 93. Continued expression of pluripotent markers Oct4 and TRA-1-60 of

hESC on matrige!l coated polylysine and protamine microcarriers at passage 4.

Figure 94. Stable cell counts of hESC grown for 5 passages on polylysine and

protamine Tosoh beads with matrigel coating.

Figure 95. Continued expression of pluripotent markers Oct4 and TRA-1-60 of

hESC on polylysine and protamine Tosoh beads with matrigel coating at passage 5.



Figure 111. hESC growi ng on Cytodex 1 with and wi thout matrigel

coati ng. Figure 112. hESC grow ng on Hillex mcrocarriers with
and wi thout matrigel coating. Figure 113. Cell counts of hESC
on Hillex and Cytodex 1 microcarriers with and without matrigel, with
and wi thout agitation after 3 passages. Figure 114.Static
(non-agitated) cultures of Hllex and Cytodex 1 microcarriers with

and wi thout matrigel can be passaged up to passage 9. Fi gure
115. Mean cell concentration and nean f48l d expansi on of hESC grown on
Cytodex 1 and Hillex mcrocarriers with and without matrigel. 45

Figure 116. Mat rlljicgﬁj: ggoat Iﬁ%&g%&*g%s J‘n ]%:ﬂgﬁsﬂilel zh?if)[o%lﬁﬁg?@sroﬂ im%r&aﬂjie?s at

more confl uent than uncoated rocar ex mcrocarriers
continue twssgabn red with phenol red fromthe nedia. Fi gure
117. Representative plot of hESC pluripotent markers (Cct4, TRA-I -60

and mAb 84) for_Cytodex 1 and Hillex with and without Matrigel at
passage 6. Figure 97. With optimization of microcarrier concentrations to 48,000 beads per

million cells , expression of pluripotent markers Oct4 and TRA-1-60 recovered to higher

levels between passages 6 and 7 for Matrigel coated polylysine Tosoh microcarriers.

Figure 98. With optimization of microcarrier concentrations to 48,000 beads per
million cells, expression of pluripotent markers Oct4 and TRA-1-60 recovered to higher

levels between passages 6 and 7 for Matrigel coated protamine Tosoh microcarriers.

Figure 99. By passage 5 Cytodex 3 microcarriers coated with matrigel enabled

hESC growth in both agitated {both 100 and 120 rpm) and non-agitated conditions.

Figure 100. By passage 7 hESC on the non-agitated matrigel coated Cytodex 3

microcarriers continued to survive and grow to passage 9.
Figure 101. hESC is sparsely coated on Cytodex 3 microcarriers without matrigel.

Figure 102.  Large clusters of hESC on Cytodex 3 microcarriers without matrigel

agitated at 100rpm.

Figure 103.  Confluent growth of hESC on matrigel coated Cytodex 3 microcarriers

in non-agitated conditions.

Figure 104.  Confluent growth of hESC on matrigel coated Cytodex 3 microcarriers
in agitated conditions (100 rpm).

Figure 105.  Expression of the pluripotent markers Oct4 and TRA-1-60 is down
regulated by passage 3 on Cytodex 3 without matrigel.



Figure 118. FACS analysis of the 3 pluripotent markers Cct4, TRA-1-60
and mAb 84 at different passages (2 to 10 passages) for Cytodex 1 and
Hllex with and without Matrigel. Figure 119. At passage 13
hESC cul tured on Cytodex | with matrigel express the 3 pluripotent
mar ker s. Figure 120. Nornmal hESC karyotypes for Cytodex 1 and
Hllex with and without Matrigel at passage 7. Figure 121.
Expression of pluripotent markers Oct4, SSEA4 and TRA-I -60 at
passage Pl for hESC DE53 cel |l ul ose m cgpcarrier cultures with
coatings of chondroitin sul phate, heparin and hyal uronic acid.

Figure 122. EXRILRSIRN UerdlSUELR IBEEL 4 et 9
TRA-1-60 at passage %’1 for ’h%@% %Egg&éel daﬁgogbg%nﬁc?%rggfgﬁ er gjualsﬁaé? es
wi t h coat ifngnafigOratetiCodeRi3guirmcai®sDE- 53 cel | ul ose nicrocarriers
coated with hyaluronic acid (HA)+ heparin salt (HS), and with

fibronecti ntHS+HA. Figure 124. DE-53 cellul ose mcrocarriers coated
wi th hyal ur oni 14 ](@7( I-@,SCWWW GytpdeySomidert Hatpgel in epgtated conditions

down regulates pluripotent markers by passage 3.

Figure 108.  hESC grown on Cytodex 3 with matrigel coating in agitated conditions

down regulates pluripotent markers Oct4 and TRA-1-60 by passage P3.

Figure 109. By passage 13, matrigel coated Cytodex 3 microcarriers in static
conditions still supports hESC strongly expressing Oct4, SSEA4 and TRA-1-60, whereas the
cells on fibronectin and laminin coated Cytodex 3 have shown decrease in the expression of

pluripotent markers at passage 6.

Figure 110.  Karyotyping of the hESC showed a normal 46XX karyotype after 11

passages on Cytodex 3 coated with matrigel.
Figure 111. hESC growing on Cytodex 1 with and without matrigel coating.

Figure 112.  hESC growing on Hillex microcarriers with and without matrigel

coating.

Figure 113.  Cell counts of hESC on Hillex and Cytodex 1 microcarriers with and

without matrigel, with and without agitation after 3 passages.

Figure 114.  Static (non-agitated) cultures of Hillex and Cytodex 1 microcarriers

with and without matrigel can be passaged up to passage 9.

Figure 115.  Mean cell concentration and mean fold expansion of hESC grown on

Cytodex 1 and Hillex microcarriers with and without matrigel.



Figure 125. Down regul ati on of TRA-1-60 by passage 1 with DE53 coated
with fibronectin (FN); fibronectin+HS+HA; and HA+HS. Fi gure
126. Down regul ation of TRA-1-60 by passage 1 with DE53 coated with
HA+FN; and with HA Figure 127. Cell count at passages 1-3 with
DE53 coated in conbinations of HS, FN, HS, Collagen I, Collagen IV
and Lam nin. Fi gure 128. Morphol ogy of hESC on different

conbi nati ons of ECMs with HA coated on cellul ose DE-53 mcrocarriers.
Fi gure 129. Morphol ogy of hESC on diffegent conbinati ons of ECMs with
HS coated on cellul ose DE-53 mcrocarriers. Figure 130. Mrphol ogy of

hESC on HA coatygg, Do 3. %Q@E@O&@@E%dﬁf iﬁ_&'l}ligexclg%dggxgl{éfs%réﬁ&? ﬁonﬂuent

Mor phol ogy of hESC on micro rrers°w I'nation w

col | agen | thap yncoptagrinprireragtieds. Hillsk origotarmiers omtingetin seinged with geanelyad §em
conpar ed t@le%g%r ECM conbi nati ons. Figure 132. Pluripotent
mar kers Cct 4, EA4 and TRA-1-60 after 3 passages continue to be
expressed wi th HA+COL1+FN and HA+COL4+FN DE-53 nmatri x coati ngs.

Figure 133. Pl ufibpet ent ﬁaﬁ&@ﬁ@i@pmﬁOgﬁﬁﬁ@g}ﬁﬂ%&f%@t TRA-1360 and

passages continué to be expr essed wth +FN+LM and
HA+COL4+FNPAMSPEs §ytedexy | snddbley vigsand without Mpigigelat nasgage Bl ur i pot ent
mar kers Oct4, SSEA4 and TRA-1-60 after 3 passages continue to be
expressed with S+C%! +F d HS+COL4+FN DE- 53 trix coatings.
P ﬁgure . P‘A(aj'gl analysis of the 3 plurll:?)%tent markers Oct4, TRA~1—g0 and mAb
84 at different passages (2 to 10 passages) for Cytodex 1 and Hillex with and without

Matrigel.

Figure 119. At passage 13 hESC cultured on Cytodex 1 with matrigel express the 3

pluripotent markers.

Figure 120. Normal hESC karyotypes for Cytodex 1 and Hillex with and without

Matrigel at passage 7.

Figure 121.  Expression of pluripotent markers Octd, SSEA4 and TRA-1-60 at
passage P1 for hESC DE33 cellulose microcarrier cultures with coatings of chondroitin

sulphate, heparin and hyaluronic acid.

Figure 122.  Expression of pluripotent markers Oct4, SSEA4 and TRA-1-60 at

passage P1 for hESC DES53 cellulose microcarrier cultures with coating of KO media.

Figure 123.  DE-53 cellulose microcarriers coated with hyaluronic acid (HA)+

heparin salt (HS), and with fibronectin+HS+HA.

Figure 124.  DE-53 cellulose microcarriers coated with hyaluronic acid (HA), and

with fibronectin+HA.



47 Figure 135. Pluripotent markers Cct4, SSEA4 and TRA-1-60
after 3 passages continue to be expressed with HS+COLI +FN+LM and
HS+COL4+FN+LM DE- 53 matri x coati ngs. Figure 136. Conti nued
robust grow h of hESC on HA coated DE53 cellul ose mcrocarriers.
Figure 137. Continued robust expression of the pluripotent markers
Cct 4, and TRA-1-60 on HA coated DE53 cellul ose mcrocarriers.

Figure 138. Continued high expression of TRA-1-60 at passages 8 and 9
on HA coated DE53 cellulose mcrocarriggs. Fi gure 139.

Mor phol ogy of dense hESC aggregates grown on HA coated DE-53

cel | ul ose m cr eearriher S My RESIARE o?TﬁA-lZ@jﬁgfga@sragm M%F LGALd WS -

Fi gure 140. Scheifatic illustration of mcrocarriefs sul e tor hESC
suspensi orflbcaneetiny@N); fibronectiitgisr-€A140d HFA4HPe 1 - amino aci ds consuned
and produced by hESC in nleSRl and StenPRO nedia. Figure 142. Table 2-
Detailed informati on on the individual |evels of am no acids consuned

and produced byigHEd@0i n Daresraulaien oSTRAFRE Berasiies # adéh REGP goated with
HA+FN; and with HA.

Figure 127.  Cell count at passages 1-3 with DES53 coated in combinations of HS,
FN, HS, Collagen I, Collagen IV and Laminin.

Figure 128.  Morphology of hESC on different combinations of ECMs with HA

coated on cellulose DE-53 microcarriers.

Figure 129.  Morphology of hESC on different combinations of ECMs with HS

coated on cellulose DE-53 microcarriers.
Figure 130.  Morphology of hESC on HA coated DE-53 and HS coated DE-53.

Figure 131.  Morphology of hESC on microcarriers with HA in combination with
collagen [, IV, laminin and fibronectin form dense cell aggregates compared to other ECM

combinations.

Figure 132.  Pluripotent markers Oct4, SSEA4 and TRA-1-60 after 3 passages
continue to be expressed with HA+COL1+FN and HA+COL4+FN DE-53 matrix coatings.

Figure 133.  Pluripotent markers Oct4, SSEA4 and TRA-1-60 after 3 passages
continue to be expressed with HA+COL1+FN+LM and HA+COL4+FN+LM DE-53 matrix

coatings.

Figure 134.  Pluripotent markers Oct4, SSEA4 and TRA-1-60 after 3 passages
continue to be expressed with HS+COLI[+FN and HS+COL4+FN DE-53 matrix coatings.



Figure 143. Table 3 - Cell densities of hESC in co-cultures with
feeder cells on Cytodex 3 and Tosoh spherical mcrocarriers as well
as co-culture on rod-shaped cellul ose DE53 m crocarriers at passage O
and passage 1. 48 Figure 145. Table 5 - Both small (10

m cron) and |large (65 m cron) Tosoh microcarriers with and w thout
matri gel coatings supported hESC grow h at passage 0 and passage 1.
Figure 146. Table 6 - Cell nunbers of both polylysine and protam ne
coat ed Tosoh beads (65 micron) with and;w thout matrigel for 4
passages. Figure 147. Table 7 - OeII nunbers of hESC grown are

relatively stahy, ﬁrQP%Q’ t pﬂﬁﬁotéﬂ HlaﬁIePsC@Jti é%%‘ﬁ*ﬁﬂt dﬁihel@ﬁ; &g%;n"eL and

w t hout matri gel tured | nonaltaté cond s for
3 passagesecontinue to be Bxpgessal vMBHSﬂm EFFBHL@Md W@FNHLNESE >5g moawix on

cellulose mcrocarriers after 7 days with different coatings of

chondroitin sut'phate (CS), heparin (HS) and hyal uronic acid (HA)
diluted from1:10 to 1:80 fromtheir initial stock concentrations,

conpared to conkg ol %3@0&455%&&}09&@&90%%@%%@ rffﬁk@ate%%ﬁ%%sgeoned
nmedia (CM at passage PO ure able 9 - At passage PI,

cel | nunmbemgreshrri¢BSC are great er than 1 mllion/well for CS, HS and
HA coated cellulose mcrocarriers and are simlar to the control with
coating of KO nedia. ure 150. Table 10- Cell nunbers at
passage 0 and pag¥agd 1 ?@Fﬂnaﬁig myBus¢ eYPresrign of the plugpateitimerkerc@ut-adi n

Fi bronect i frAFMNG o MAIHLHGNDEs A& IHI06d #kiddgpRlsl N Sodi um Sal t (HS) +FN;
HA+HS;, HS+FN;, and HA. Figure 151.Table 11 - Cell nunbers at passages

1,2 and 3 for DE-53 cellul ose
Figure 138.  Continued high expression of TRA-1-60 at passages 8 and 9 on HA

coated DES3 cellulose microcarriers.

Figure 139. Morphology of dense hESC aggregates grown on HA coated DE-53

cellulose microcarriers at passage 6 at 2 different magnifications.

Figure 140.  Schematic illustration of microcarriers suitable for hESC suspension

culture.

Figure 141.  Table 1 - amino acids consumed and produced by hESC in mTeSR1
and StemPRO media.

Figure 142.  Table 2 - Detailed information on the individual levels of amino acids

consumed and produced by hESC in mTeSR1 and StemPRO serum free media.

Figure 143.  Table 3 - Cell densities of hESC in co-cultures with feeder cells on
Cytodex 3 and Tosoh spherical microcarriers as well as co-culture on rod-shaped cellulose

DES3 microcarriers at passage 0 and passage 1.

Figure 144.  Table 4 - Cell numbers of hESC in 3 co-cultures were about 2 times

higher compared to the control on matrigel coated microcarriers.



m crocarriers coated in HA+Col | +FN;, HA+Col | V+FN;, HA+Col | +FN+LM
HA+Col | VAFN+LM  HS+Col | +FN; HS+Col | V+FN; HS+Col | +FN+LM

HS+Col | VAFN+LM 49 Fi gure 152. Chart show ng expression of
Cct 4, SSEA4 and TRA-1-60 foll owi ng passaging using (left to right) a
100 mcron filter, mechanical pipetting, TrypLE enzym c digestion and
2D col ony control. Fi gure 153. Continuous passagi ng of hESC on
m crocarriers. G aph showing cell density of hESC in static

m crocarrier cultures over 9 weeks andiggharts showi ng expressi on of
Oct 4, SSEA4 and TRA-1-60 at passage 9. Figure 154. G aph

showi ng cell c at i ny

cul ture. o CORRRDE® a9 Bt I MEG03NS bfle GPRI KA

gl ucose comismmlfzr@ withatéwithond matitgeltoatings dumnﬂmhﬁcmr@\dlh@t pserge Ataed

for m'crogJ SIEi and 2D col ony culture. Figure 156. Chart
show ng t nunmber of hESC during microcarrier culture in two
defined nedia (mMlreSR1L and St enPRO) . Fi gure 157. Charts show ng

Cct 4, SSEA4 an@i -M%AM% 60r81RS - Qi r@MbEk Qﬁﬂad?#éﬁywké Md%qlotgﬂme coated Tosoh
m crocarriers | n defined nedia (mreSR1 and Fi gure

158. M cr dy§rdsghd @mefdh‘atﬂltanWﬁb@\ﬁtn?gtf@ﬁbﬁmﬁpﬁh%ebassagl ng of hESC, and
expression of Cct4, SSEA4 and TRA-1-60 from hESC, when cultured on

Tosoh microcarrjers 159. Chart oW cell concentration o
hESC in 2D col ﬁ.gyrecm t u?]"él ledy é{elli(pumbers P hﬁ%é‘l 9r0wn are rel atlve?y stab?e on &ftocIex
3 microcarriers coated with matrigel and without matrigel cultured in non-agitated and

agitated conditions for 3 passages.

Figure 148.  Table 8 - Cell numbers of hESC grown on cellulose microcarriers after
7 days with different coatings of chondroitin sulphate (CS), heparin (HS) and hyaluronic acid
(HA) diluted from 1:10 to 1:80 from their initial stock concentrations, compared to controls

grown with coatings of KO media and conditioned media (CM) at passage PO.

Figure 149. Table 9 - At passage P1, cell numbers of hESC are greater than 1
million/well for CS, HS and HA coated cellulose microcarriers and are similar to the control

with coating of KO media.

Figure 150.  Table 10 — Cell numbers at passage 0 and passage 1 for DE-53
cellulose microcarriers coated in Fibronectin (FN); Hyaluronic acid (HA)+Heparin Sodium

Salt (HS)+FN; HA+HS; HS+FN; and HA.

Figure 151.  Table 11 - Cell numbers at passages 1, 2 and 3 for DE-33 cellulose
microcarriers coated in HA+ColI+FN; HA+ColIV+FN; HA+Coll+FN+LM;
HA-#CollV+FN+LM; HS+Col1+FN; HS+CollV+FN; HS+Coll+FN+LM;
HS+CollV+FN+LM.



m crocarrier culture and agitated mcrocarrier culture. Fi gure
160. Chart show ng percentage expression of Cct4, SSEA4 and TRA-1-60
in (left toright) 2D colony culture, static mcrocarrier culture and
agitated mcrocarrier culture. 50 Figure 161.Chart show ng total
nunber of cells for hESC cultured in agitated microcarrier culture
(spinner flasks), static mcrocarrier culture and 2D nonol ayer
culture. Figure 162. M crographs showi ng culture of human iPS cells on
cellul ose mcrocarriers. Figure 3463. Charts show ng expression
of Cct4, SSEA4 and TRA-1-60 from human i PS cells in mcrocarrier

culture and gr q.y%![pe h i i ! i I

passages. [ gﬁ'{zé Llj(%%ﬁ %ﬁapggg%\?\ﬁoﬂa@%cess 4 al%g}%g‘vé ﬁé @Bﬁﬁ{ﬁa

i PS cells msamgmisig@(lefct@ai%d a8 Misrpic filker anedherisal pipettind.ONrpd sagwsic
expressi ony. stm@&n% gﬁﬁ]cgrggleRA- 1-60 frommcrocarrier culture i PS

cells at pass crographs of iPS cells after 10 passages on
Matri gel coat ed DE53 m crocarriers. Figure 165. Tabl e show ng

mcrocarriers and,diHf ere@ptintRRLARLINHFIRESE/ microcarriers. Graph showing cell

density of hESC in static microcarrier cultures over 9 weeks and charts showing expression of
Oct4, SSEA4 and TRA-1-60 at passage 9.

Figure 154.  Graph showing cell concentration of hESC in Microcarrier and 2D

colony culture,

Figure 155.  Charts showing specific glutamine and glucose consumption rates and

lactate and ammonia production rates for microcarrier and 2D colony culture.

Figure 156.  Chart showing total number of hESC during microcarrier culture in two

defined media (mTeSR1 and StemPRO).

Figure 157.  Charts showing Oct4, SSEA4 and TRA-1-60 expression from hESC

cultured on microcarriers in defined media (nTeSR1 and StemPRO).

Figure 158.  Micrograph and charts showing growth and passaging of hESC, and
expression of Octd, SSEA4 and TRA-1-60 from hESC, when cultured on Tosoh

microcarriers.

Figure 159.  Chart showing cell concentration of hESC in 2D colony culture, static

microcarrier culture and agitated microcarrier culture.

Figure 160.  Chart showing percentage expression of Oct4, SSEA4 and TRA-1-60
in (left to right) 2D colony culture, static microcarrier culture and agitated microcarrier

culture.



differentiati on experinents. Fi gure 166. M crographs show ng
cell attachnment on Lam nin, Fibronectin and Vitronectin coated DE53
m crocarriers conpared wwth matrigel and uncoated DE53 m crocarriers
and conventional EB cultures. Figure 167. Charts show ng percentage of
and total beating areas in cardionyocyte differentiation experinents
using DE5S3 mcrocarriers coated in Lam nin, Fibronectin and
Vitronectin and Tosoh 65 mcrocarriers coated with protam ne and

pr ot am ne+Lam ni n. Figure 168. Mycrographs show ng formation
of beating aggregates in cardi omyocyte differentiation experinents on

lamnin, matri gggream. ur@@gfgg&iﬂg &Ea@9a5§ér%%éells fé%Eg%lgléltLngr QUL Rardd’ O-

Tabl e show ng Itives a to serumfree nedl a

di f f er ent i micioowriereuliing (spomer flasks. static microfrgerceltwry and Thaerdayshoviureg
enhancenment of cardi onyocyte formation by use of additives in bSFS
medi a on uncoated m crocarriers. Figure 172. Tabl e show ng

addi ti ves addedigus Kér uicrgerhedioringsaitirg of iy sells ompd idosg o f or

di fferenti,gkic@4i8Q3 m crocarriers using hESC seeded from m crocarriers
to mcrocarriers. Figure 173. Chart showi ng enhancenent of
cardi onyocyte formati on from hESC seeded from m crocarriers to

m crocarriers FiputdB3Ppr 6SRAS thobingastdictdionas (R8s, d8BAH hilETR AN -doi feHil Buman
172.

1PS cells in microcarrier culture and growth of human iPS cells in microcarrier culture over 3

passages.

Figure 164.  Chart showing successful growth of human iPS cells on Matrigel
coated DES3 microcarriers over 10 passages, expression of Oct4, SSEA4 and TRA-1-60 from
microcarrier culture iPS cells at passage 10 and micrographs of iPS cells after 10 passages on

Matrigel coated DES53 microcarriers.

Figure 165.  Table showing microcarriers and different coatings used for

differentiation experiments.

Figure 166.  Micrographs showing cell attachment on Laminin, Fibronectin and
Vitronectin coated DES3 microcarriers compared with matrigel and uncoated DE53

microcarriers and conventional EB cultures.

Figure 167.  Charts showing percentage of and total beating areas in cardiomyocyte
differentiation experiments using DE53 microcarriers coated in Laminin, Fibronectin and

Vitronectin and Tosoh 65 microcarriers coated with protamine and protamine+Laminin.

Figure 168.  Micrographs showing formation of beating aggregates in

cardiomyocyte differentiation experiments on laminin, matrigel and uncoated microcarriers.

Figure 169.  Chart showing expansion of cells during cardiomyocyte differentiation

experiments on laminin, matrigel and uncoated microcarriers.



Figure 174. Chart showi ng grow h of hESC derived M5Cs on Cytodex 3

m crocarriers at mcrocarrier concentrations described in Figure 175.
Figure 175. Tabl e show ng concentration of mcrocarriers and cells
used in Exanple 42.1 as well as doubling tinmes achieved. Fi gure
176. Chart showi ng growt h of hESC derived M5Cs on Cytodex 3
mcrocarriers at cell seeding concentrations described in Figure 177.
Figure 177. Tabl e show ng concentration of mcrocarriers and cells
used in Exanple 42.2 as well as doubling tinmes achieved. Fi gure
178. Chart showi ng conparison of growth of hESC derived MSCs on

Cytodex 3 microgafL iRy, S %%éhewl%gaéi&y&rad&éa% Eé?bm(ﬁ‘é!aHéngbSEﬁﬁh”e.

179. Tabl e showi ng concentration mcrocarriers an I's used in
Exanpl e 42differggtianieh on gecrewiferdensi ty and doubling times achieved. 52

Figure 171.  Charts showing enhancement of cardiomyocyte formation by use of

additives in bSFS media on uncoated microcarriers.

Figure 172.  Table showing additives added to serum free media bSFS or
DMEM/F12 + SB203580 for differentiation on microcarriers using hESC seeded from

nuicrocarriers to microcarriers.

Figure 173.  Chart showing enhancement of cardiomyocyte formation from hESC
seeded from microcarriers to microcarriers in the presence of additives as described in Figure

172.

Figure 174.  Chart showing growth of hESC derived MSCs on Cytodex 3

microcarriers at microcarrier concentrations described in Figure 175.

Figure 175.  Table showing concentration of microcarriers and cells used in

Example 42.1 as well as doubling times achieved.

Figure 176.  Chart showing growth of hESC derived MSCs on Cytodex 3

microcarriers at cell seeding concentrations described in Figure 177.

Figure 177.  Table showing concentration of microcarriers and cells used in

Example 42.2 as well as doubling times achieved.

Figure 178.  Chart showing comparison of growth of hESC derived MSCs on

Cytodex 3 microcarriers and in monolayer control culture.

Figure 179.  Table showing concentration of microcarriers and cells used in

Example 42.3 as well as cell density and doubling times achieved.



Figure 180. Chart showi ng growth of hESC derived M5Cs on Cytodex 3

m crocarriers over 3 passages and for two nethods of passage (see
Exanpl e 42.4). Figure 181. Tabl e show ng doubling tines

achi eved for hESC derived MsSCs grown on Cytodex 3 mcrocarriers over
3 passages and for two nethods of passage (see Exanple 42.4).

Figure 182. FACS anal ysis at day 10 for MSC markers CD34, CD29, CD73,
CD45, CD44, CD90 and CD105 for hESC derived MsSCs grown on Cytodex 3
m crocarriers over 3 passages when passaged by addition of

m crocarriers. Figure 183. FACS analysis at day 10 for MSC

mar kers CDB4, @%%%18@73:11&'94&«111%6%11 @%@C%@Hve@%é@éﬁ o ddkSC

derived MSCs grown on Cytodex 3 microcarriers over passages when
passaged bylcwetrHennent msagﬁswq/@lr Evemethods of phdseandepe @}aialdd #tbn of
mcrocarriers. Figure 184.Lami nin coating (1 or 3 mcrograns/gram of
cel | ul ose mcrocarrl ers) Erow des better cell attachment and hence

i nproved numbef VBT I8heatehly shepyine gatbdae bnpmashisued for B dnised MRCeprown

uncoat ed rgnaryRsRE Bhﬁerscarﬁrgwee SRadey Bt v mQhod 'off;ﬁEa%Q(se@Eanﬁ)le
suppl ements in |amnin coated 53 mcrocarrier cultures shows

cheni cal | y*?d@fined lipid mixture, Vitanin solution, and Hy- Soy (Soy
hydrol ysate) leads to significantly inproved number of beating

enbryoi d bodi es, or rd tes igure 6 i u
passagi ng_of Z%Pﬁﬁﬁaﬁf’ Pg ‘%ng 6'§étrda§ 18f°ré\4§‘23’1€§<663¥8%“r gﬁ%sﬁg)ug &pss,
m crocarr i@, CD9s enfd 0D §3efor RESD @rivedBISBE groshnCyitdiek 8 afitrdghnGRt bver 3

nunbers and stabl e expre§%| on of pluripotent markers, Cct-4 and mAb
84 53  bassages when passaged by addition of microcarriers.

Figure 183. FACS analysis at day 10 for MSC markers CD34, CD29, CD73, CD45,
CD44, CD90 and CD105 for hESC derived MSCs grown on Cytodex 3 microcarriers over 3
passages when passaged by detachment with tryplE enzyme followed by addition of

microcarriers.

Figure 184.  Laminin coating (I or 3 micrograms/gram of cellulose microcarriers)
provides better cell attachment and hence improved numbers of beating aggregates compared

to fibronectin or uncoated microcarriers.

Figure 185.  Evaluation of different media supplements in laminin coated DE53
microcarrier cultures shows that chemically defined lipid mixture, Vitamin solution, and Hy-
Soy (Soy hydrolysate) leads to significantly improved number of beating embryoid bodies or

cardiomyocytes.

Figure 186.  Continuous passaging of 2 human iPS cells over 2 or 3 weeks on
cellulose microcarriers in serum free media, mTeSR 1, shows increasing cell numbers and

stable expression of pluripotent markers, Oct-4 and mAb 84.

Figure 187.  Graph showing cell density of hESC obtained in controlled low glucose

feeding experiments.



DETAI LED DESCRI PTI ON The details of one or nore enbodi ments of
the invention are set forth in the acconpanying description bel ow

i ncluding specific details of the best node contenpl ated by the
inventors for carrying out the invention, by way of exanple. It wll
be apparent to one skilled in the art that the present invention may
be practiced without limtation to these specific details. LONG TERM
STABLE PROPAGATI ON OF HESC | N SUSPENSI ON CULTURE W have now
denonstrated the |ong term stabl e propagati on of human enbryoni c stem
cells (hESCs) in suspension culture. In particular, we denonstrate
that Matrigel, . BYygkULQp§yaci d and Taminin coating of mcrocarriers
enabl es hE%gg—rU"ge“pTUpag ted beyond at | east passage 5, and
comonly beyond passages 8, 9 or 10, whilst retaining pluripotency.

In this way, {aaf\é@u@mnaH%%&seﬁﬂ%blme%apﬂa@tl{@ﬁt%@l atd &Ff&?tﬁrrh'h@r
suspensi on culture in excess of 25 successive passages and have

char act er i 3EaMPHYIngescHiptieh kedaw 51011991%%9'@(15‘[362‘: ofcks hesraprsicoytemplated by
viability, th'é%n@ﬁ%ryc%l‘@ingt)um }ﬁ%l lofbey a')}rolfggatl e#mﬂ'b?% a%gt H3he

anal ysi's, and karyotype ave defronstr Ity of
the m cr ocailaden thewrtithat éleﬁomseltth@/emmgnetyézemrqquﬂaglamublmmmhmrtime
enbryoni ¢ §£§?%99£ﬁ as neasured by mai ntenance of growth rates,
expression of the pluripotent markers Oct4, SSEA4, TRA-1-60 and
Mab84, normal karyotypes after up to 23 passages, and the ability to

di fferenti abRctrri BEABEEGROPALAYEN 8 nusc N sudbERSroQRubT&{Eocarriers have
al so been adapted to growin serumfree nmedia and their amno acid

nmet abol i ¢ rates have been neasured. Furthernore, mcrocarrier
cul tures have bwe ha\&m@bv&iémbﬁstﬁaﬁ:diﬁm |oeErnt kt@lﬂkﬁlo‘ymgahoﬁdif HﬂE;SEe;hbﬂlemc

Co- cul tures of @gﬁ&&§$ | ul.ose nlcrocarrHers h feeder, cell

grown on sPHEFF MP%S‘OWB‘E%‘FF AR,V @“‘PHSE?% PM?té‘rggl have
al so been nenmost i@d &dl laminin coady dTaMEroblRAEH SlabRE GHSCHRbe grofpk'@&ﬂ b@j‘iond
m crocarriers: DE53 gellulose osoh (10 and 65 m cron), Cytodex 3,

Oyt odex | HAeFsHrapsegsd: 4afl FORgRsI% fexmnd Hasw%ﬁg"ecrr laf%h*asbweéa*rt%% @H&?&rﬂf’y

54 hESC i nid R @val St hbw kgscesthiB$ ﬂelﬂblﬁfrél@@-ﬁlﬁdr&faﬁle\f\fsﬁs Sdion REkrE % excess
coating however, are not ablglto support hESC beyo or at best 10
il

passages WPt RoufcesRiNarParsagiiaad hayis charagierised hecdie Ry ol ofceldspsityn
cel | densi {ikBisity, FACS analysis of markers of pluripotency, histological analysis, and karyotype.

We have demonstrated the stability of the microcarrier culture for the long term
propagation of human embryonic stem cells as measured by maintenance of growth rates,
expression of the pluripotent markers Oct4, SSEA4, TRA-1-60 and Mab84, normal
karyotypes after up to 23 passages, and the ability to differentiate to the 3 germ layers.

hESC on microcarriers have also been adapted to grow in serum free media and their
amino acid metabolic rates have been measured. Furthermore, microcarrier cultures have been
scaled up to spinner flasks with an hESC line. Co-cultures of hESC on cellulose microcarriers
with feeder cells grown on spherical Cytodex 3, Tosoh and cellulose microcarriers have also

been demonstrated.

We have demonstrated that 5 types of microcarriers: DES3 cellulose, Tosoh (10 and

65 micron), Cytodex 3, Cytodex 1 and Hillex, all coated with matrigel are able to support



A schematic summarising the properties of mcrocarriers required for
culture of enbryonic stemcells is shown in Figure 140. Mcrocarriers
can be rod or cylindrical or spiral-like with length 20 to 2000
m crons, dianmeter 5 to 50 mcrons. They may al so be spherical or
oval -like with dianmeter ranging from50 to 2000 m crons. The
conposition of the mcrocarrier may be cellul ose, dextran,
hydr oxyl at ed net hacryl ate, pol ystyrene, glass, collagen, gelatin,
macr opor ous or m croporous carboseed ogqother materials. The
mcrocarrier is preferably positively charged or of collagen/gelatin
mat eri al . r.ri I,6RS
(o) " sudh G IeRE Rl TR ol AR it e R Rl FBhiaR
| ami ni n, ud suppere BESG bayond keat bETVE pastiges witE@VEowmiegolptioney photpotasiv e
growt h fagt e n particular, we have now

a?ﬁe%s 8‘9 rpp ﬁe%l?%inlﬁltsm?s!

successf ul'] denDns ol lowing: |I. Continuous passagi ng of
hESC on D%&l}@lﬁ!ltlctbh@xﬁﬁnmv@fh@%ﬁfpéﬂtl@é’ & :ﬁl@roﬂeﬂﬁ&@%ugéﬁ fo?culture of embryomc
Characterisation of hESC cultured on cellul ose nicrocarri

(Kar yot ypisigt ceRy ispgvipin Fagnse {6k Higedrass wnde rakdcsingriey Pﬁé&lﬁ&bhlje wigl
Serum f r eqefHRHoRo QBHG Mrc?onefd;ehﬁe‘ﬁe@s%rbd) hhhc@&% TG MG ANHbE El%lei%atl br &N
acid netabolismdata anal ysis. 4. | ul ose mcrocarrier culture of 2
hESC cel | Withfbangtey raigingfedm §9 @321%0 mszror@oTlt?mOtna@Sé%ondff thegpigeeargia] may ksn
spheri cal cenulsgadde'azt}ap@gdrméqgtamstaa&ﬁ;z&e WolyRiyheS 445,200 00 ¢ deRfn shaped
cellul ose mcrocarriers : ture ‘on snu arge spherica
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extracellular matrices (ECMs) such as matrigel, hyaluronic acid, heparin, fibronectin, laminin,

vitronectin or other ECMs. These ECMs may or may not have growth factors adsorbed to it.

In particular, we have now successfully demonstrated the following:

[. Continuous passaging of hESC on DE53 cellulose microcarriers to passage 23.

2. Characterisation of hESC cultured on cellulose microcarriers (Karyotyping, RT-PCR
of embryoid bodies and teratoma formation).

3. Serum free media culture of hESC-cellulose microcarriers with amino acid
metabolism data analysis.

4. Cellulose microcarrier culture of 2 hESC cell lines in spinner flasks.

5. Co-cultures of feeder cells on spherical or rod shaped microcarriers with hESC grown
on rod shaped cellulose microcarriers.

6. hESC culture on small and large spherical microcarriers with Matrigel.

7. hESC culture on large microcarriers with Matrigel.

8. Hyaluronic acid coating on cellulose microcarriers for hESC culture.

SUSPENSION CULTURE AND PASSAGE OF STEM CELLS

We have now demonstrated that it is possible to culture, propagate and passage

primate and human stem cells and iPS cells on particles. In particular, we show that stem cells



55 may be grown continuously in suspension culture and passaged. W
denonstrate continuous, passageable and 3 di mensional culture of
human enbryonic stein cells (hESCs) on mcrocarriers. We
describe a method of propagating stemcells in suspension. The nethod
of propagating may conprise grow ng, propagating, proliferating,
culturing, expanding or increasing stemcells. The propagating stern
cells are able to be passaged for one or nore passages, as descri bed
bel ow. Such propagati on nmay be achi evedst hrough the use of
mcrocarriers or particles with certain properties. The mcrocarriers
or parti Cl Gy 6o SRERANSG:sf if ARbGSion TGN TLRNACALI §eieRbnRHelbiiSus,
may conpris€ a coati ng urt propert ﬁ%y Tonpri se si ze.

The nethodﬁ@ﬁggwbpmgéﬂungmwn@mmunebﬂsmwaymbowpmmseumhe®§6§99nof

provi di ng thkb% .es. The particles may conprise a matrix coated

t hereon an ave a positive charge. The particles may have a size to
al |l ow aggregation of primate or human stemcells attached thereto.
Stemcell's areal jowad t:ﬁet%dt(ﬁcbrbpﬁgatﬁ’\b@teﬂﬂ%@ltls' if ls@sperignﬁ ?l?é {wct 1(9{(9’“ ng
on different particles are allowed to contact each her and to form
aggr egat esPromgatingunay oaPrise Pawwgguepaging ammll’@ﬁié‘ﬂaﬁh@rplﬂs@‘ag@m”ﬂﬁe
stemcells; 1

epar at ed Ty o i par By Tpunp b S AL ML e AT Bmore

pl uri pot entassgest a5 dsperiped bﬁiO\(v)rSunhymb@admf ey erchigvaidhionglotha usteddi r ed
cell type. r [ | .eS. :

For the paPtleraeres aurnorit SonfmBies LRt ot 1R 2GR
si ze whi che ¢lerggohipanicivkariois phpartidesdnayensiposesa @htizg. priurtetr eraperbhwmaan
stern cellamﬁygpg s |Onm 201.xm 30nm 40nm 50gm 60gm 70nm 80pm
90p, m 100gqi i gm 120gm 130gm 140nm 150p, m 160p, m 170nm
180nm 190nm 200gm 210p.m 220p.m 230nin, 240nm 250nin or so.
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shapes andm%‘ Ka‘%é aQ%e Baaﬁkﬁh%%%ga%%ﬁ oS Pﬁgm{a seH Jeh@éttalgll%td%éretp &y
56 Exanpl es show'that stern ce tures suc hunman
enbr yoni ¢ @!léW@B‘PwedZDa@@h dmife puticlar B cpﬂéwgrb\émg rodiffesnepprogiesare allowed
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m crocarrier particle tures romgen
gener at i ondesimedoaH typel By malythe usestte foaiyembeyroid lmda?ddl tion, the cultures
may be grown on conventional 2D cultures for one or nore generations
in between. Human stemcells growing on mcrocarriers may be )
transferred back ardsr 5 tedlagitfes dusperesonanepuy igtosvtipdiayghould have apige which
met hods d f
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enal?le cgis growing thereon to aggregate Wltﬁ eac% ther and support con%nuous growth.

Suitable compositions, shapes and sizes of particles are described in further detail below.



Volumetric yields of cells in mcrocarrier cultures are routinely 2
to 4 times nore than 2D col ony controls. The volunetric yield of
human stem cel |l s propagated by the nmethods descri bed here may be up
to 2 mllion cells/m or nore. The met hods descri bed here
enabl e the passagi ng of human stemcells fromparticles to particles
for 10 passages or nore, as described in further detail bel ow.

The net hods descri bed here enabl e the propagati on of stemcells that
retain their pluripotent character. Thgs; Exanpl es show t hat human
enbryoni c stemcells propagated according to the nethods and

composi ti ons dGEELARH: AR 4Rl Sorfl Bl Fouli ol Blel 8 h it N onEQickh ccll 2D

bi ol ogi cal characteristics of stein ce Iis. hus, the propagated stem
cel | s showolxprdtsisarrydl iplculaiep otte miicroenrie pertic®s anddgrowiy eprfinucadgly derd
SSEA-4 for_5.. | ei | r o
col ony corTirageerael: fIbNE ik bRrBLe TR A8 h3te bl by BRiodaing
di f f er ent ifetnethe sréace heal® memssichypemschamicalior ergy (atibdiysociatidmoaki cosipiratich

in vivo (to?ﬁjgﬁl(?n%ﬂjs. Significantly, when anchored on the
cellul ose mcrocarriers, stemcells can be serially passaged in
| arger scal e spinner fl asks. Any stern cells may be propagated

using the met hqgémgc?éc%friep S&hi&@ F}lﬂture-g NS Be rfﬁs)cmP % mefatibh {O@Féeﬁ'?tﬁ)tn%‘
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st ei n cel Itsingfgireddipbletof 81 calgy culurehdivise iede and conposi ti ons
described here are described in further detail bel ow. The
net hods and con‘ﬁosi tions described here have various advantages over
known "2D" cul b Bethpdsrsagibedhue pake deilable mptodrdprelagiont proppgalippof stem
attachi ng e%n@ﬂﬂ]uﬁ@kﬂeﬁnﬁﬁ@aﬁfoapfmﬁeﬁw tﬁqg:l. Thl{yf‘enﬁ&l@ﬁﬁicrr@l;eltaﬁ&{ cltRFeskbbs and
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ot her reasons, the suspension culture s are able to be passaged
nor e ef f ediapspeidyntorRisraspiRGdY erekidicpbegnneradic dissdsiaion Heh § selifingaRtigof o
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t r adi t i onainalgsapere gifictegt Wilisgion o bigmeterialyyitk morgirapidicale up 6f giltureThe st em
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which is GWwW compli ant .. The nmet hods descri bed here essenti al |
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may be differentjated parti al I% or totally, in culture (e.g., on

ni cr ocar r i EPEPehherg Bey bhtor Bl lincglymt or more.The pr opagat ed st ei n
cells may be used to formenbryoid bodies for further use. Stemcells
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met hods, whipaficleefyuild passdzeacidhdre,andtscstedpn Ofrtheedepylitapwecel | s from a 2D
growi ng surface prior to enbryoid body formation. Accordingly,

The methods described here enable the propagation of stem cells that retain their
pluripotent character. The Examples show that human embryonic stem cells propagated
according to the methods and compositions described here are able to maintain one or more
biological characteristics of stem cells. Thus, the propagated stem cells show expression of

pluripotent markers, Oct-4, Tra-1-60 and SSEA-4 for 5 passages equivalent to stem cells



58 the met hods and conpositions described here enable directed
differentiation of stern cells on the growi ng surface or substrate

w t hout renoval therefrom The met hods and conpositions

descri bed here enabl e expansion and scale up of cultured stern cells
to |l arger volunmes. The scale up to bioreactor or industrial scale
enabl es nore productive culture of stemcells. The ability to grow
stein cells on mcrocarriers in agitated culture neans that the
cultures can be scaled up into suspensiken conditions. Controlled

bi oreactors such as the Wave Bioreactor or stirred cultures nay be
used. This : ' to
the current ol i 1ot ohe s e AR bl M W e AR
cul tures. gargdaysedr ereepensid bpdiel ktdireiortebitanagact ors up to 100's
of litres is possible. POSITIVE CHARGE The particle or

m crocarrier may conprise a positive charge at for exanple neutral pH
or physi ol ogi catgnficaesfsewhenr anskerediehthg sellyiesy micregarrises, viem celigfan papariaty e
My CONPri 568 GRIAIREQW 30 8% N such as an anion exchange resin.
The quantity of positive charge is inportant but is not crucial and
may vary, so long as it is high enough to enable cells to attach to
the particle. Rok sexaep Ray WhgbgachlRe upad thi ele@SdadBerdltahgedrye may
coupling with am pes, such as quaternary or tertiary _am nes, the

charge on THETFERFTHT EHES/ ScBFR BSBYEY-128° & fermen stemaislie X bp g sells may

capaci ty QfonpRMmEydnid Rerd cdllslot hduBGteny@dieNths sRrceBd ﬁ?ﬂcdﬂﬁ;ﬁ‘is@ﬁﬁﬁfehm
(of the partlcleé, for exanple between about 1 to 3.
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particle) h ositive chargf may be such that that the pKa of

.7 The positiv |

t he parti cdeecribed bgraaedpscripedin further detail bgfavat er than 7.4, e.g., 7.5, 8,

8.5, 9, 9.5, 10, 10.5, 11, 11.5 or nore). The particle may be

derivatised by _coupling for example to protam ne sul(@ate or

pol y- L- 1 ysi ne. AVAPBBPGHnd €ompos Lo sciter SereqnY brerigh: 45 73tHtgPveL known

particl es.«208%ulture methods. The particles are more efficient in attaching stem cells than 2D colony
culture substrates. For this and other reasons, the suspension cultured cells are able to be
passaged more effectively. The methods described here enable the stem cells to be frozen and
thawed through several cycles. They may be frozen directly on the microcarriers and thawed
onto growing medium (whether traditional plate culture, or on particulate microcarriers). The

stem cells propagated on microcarriers may be grown in serum free media, which is GMP

compliant.

The methods described here essentially enable the culture and maintenance of stem
cells such as embryonic stem cells in an undifferentiated state. The propagated stem cells may

be differentiated partially or totally, in culture (e.g., on microcarriers) or detached therefrom.

The propagated stem cells may be used to form embryoid bodies for further use. Stem
cells growing on microcarriers may simply be transferred to differentiation medium to form
embryoid bodies directly, in contrast with prior methods, which require an additional step of

removing cells from a 2D growing surface prior to embryoid body formation. Accordingly,



Wthout wishing to be bound by theory, we believe that the presence
of a positive charge on the particles enables cells to attach

t hereto. The particle may carry a positive charge through any
means known in the art. The particle nmay conprise positively charged
groups, or it may be derivatised to carry these. The particle

may conprise diethyl am noet hyl -cel | ul ose (DEAE-cel |l ul ose) or a
derivative thereof DEAE-cellul ose conprises a mcrogranul ar cellul ose
whi ch has been chemcally nodified suckgthat the -CH2OH groups of the
car bohydrate have been converted to an ionizable tertiary am ne
group. It 4
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Sepharose (i.e., DEAE-Sepharose). The particle may conprise
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charge.  more prpdectiya ptliveg of spaycelie The pbiliytth ey tton eddls oy np@etariagein
char ges. - Faliar aMllSneahliRaRAL LGS cdPdk AP 6 HcRGo Al A! t ached
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the use ofj, . osslinkers may al so be used.
These are @%?g}Qﬁpﬁﬁg&ggﬁ@%¥fﬁ%m?F%?al crosslinkers, containing two
identical reactive groups, or heterobifunctional crossllnkers wth
two di ffergpimveaahky® 9roups. Heterobifunctional crosslinkers al | ow
sequential conjugations, mnimzing polynerization. Coupling and
crosslinking reagents may be obtained froma nunber of manufacturers,
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activated using hexane di isocyanate to give primry am no group.
Such activated particles may be used in conbination with any
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N-di et hyl anmitaetdivle @rewps. The charged groups are distributed

t hroughout the mcrocarrier matri x. UNCHARGED PARTI CLES

The positive charge may be such that that the pKa of the particle is greater than 7 (e.g.,
greater than 7.4, e.g., 7.5, §, 8.5, 9, 9.5, 10, 10.5, 11, 11.5 or more).

The particle may be derivatised by coupling for example to protamine sulphate or

poly-L-lysine hydrobromide at a concentration of up to 20mg/ml particles.



The particle or mcrocarrier may be uncharged, or charge neutral at
for exanple neutral pH or physiologically relevant pH such as pH 7.4
or pH 7.2. Exanples of uncharged particles include gel atine or
col | agen particles. For exanple, Cytodex 3 consists of a thin |ayer
of denatured collagen chemcally coupled to a matrix of cross-Iinked
dextran. MATRI X COATI NG The particle may be coated with a
matrix, which in the context of this docunent refers to a |ayer (e.g.
athin layer or filn) of substance attaghed to the particle such as
on its surface. The matrix nmay conprise a biologically or conpatible
or physi ol ogic f
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mat ri x nayclmcgmnﬁlmaalctﬁ@nmmnellsoé attdeb thexretta. acel lular matrix (ECM.

Any of the known conponents of the ECM such as those capabl e of
supporting grow h of stemcells may be used. Conponents of the
extracel | ul ar nidePpkiclsimay lepeih Posiivelsbarge through amt racage kerirbie ghei . T
exanpl e Al I ter
T and o oy nend oo ey ik ek Bm O A er B oy R
attached or coupled to or coated on the partlcle t hrough conventi onal

means. For exar’mllegama@ynagfcmhbﬁsem@mﬂgoé&lmanne%eaﬁgAErc@mﬂdmbp&ars
descri bed above may be used to couple the ECM conpaonent to

particle. dema’ﬂ\’@ﬁ*ﬁ‘é@@cﬁ%%ﬁﬂB'rlf@ﬁfmlﬁ%ryse%ché@uar Flkoseryhish mSebegmh
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gl ycosam nogl ycan (GAG, usually found covalently linked to protein
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col lagen 1V, collagen VI) matri x coating nmay conprise
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of the two sugars in the rep ea i ng di saccharide is ways an am no
sugar (N- a¥phydey Iatf@dgléabierf@nb&gmaa‘démgm Gledl pecichs R mprISMrSﬁhharwer’iegt
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(gl ucuronic or oni c) coat 1 ng nay

hyal ur onanwliah sariesal doaditaiphlewesitiveccharged or  hyal ur onat e) or a
derivative thereof The hyaluronic acid may be derived from any nunber
of sources, such as from bovine vitreous hunor. A salt or base of

hyal uroni ¢ aci &t AR§tiBle MsdnbE d5rdetisedie RArEPORIiNY Eliopgsr-d on eTanpis HiepAtticiEhi s
may be fromstdneRkOHARE YRups attached thereto. The amine groups may be primary amine

groups, secondary amine groups, tertiary amine groups or quaternary amine groups. The
amine groups may be attached to the particle by coupling the particle with amine containing
compounds. Methods of coupling are well known in the art. For example, the amine may be

coupled to the particle by the use of cyanogen bromide.

Crosslinkers may also be used. These are divided into homobifunctional crosslinkers,
containing two identical reactive groups, or heterobifunctional crosslinkers, with two different
reactive groups. Heterobifunctional crosslinkers allow sequential conjugations, minimizing
polymerization. Coupling and crosslinking reagents may be obtained from a number of

manufacturers, for example, from Calbiochem or Pierce Chemical Company.



The matrix coating nmay conprise lamnin. The matrix coating may
conprise fibronectin. The matrix coating may conprise vitronectin.

62 The matrix coating may conprise for exanple a GAG such as
chondroitin sulfate, dermatan sulfate, heparan sulfate and keratan
sulfate, for exanple as linked to a protein as a proteoglycan. The
ECM conponent may conpri se aggrecan, decorin, etc. The matri x
coating may conprise heparan or its derivatives such as bases or
salts. The matrix coating nmay conprisegheparan sul phate proteoglycan.
The heparan sul phate proteogl ycan may be derived from any nunber of
sources, such age LLRM ﬁ%é‘ taﬂtgd‘ﬁr}’m coupling! Rin Eﬁt%re‘é&ﬂzf%”ﬂ]e%&}{pact
conpri se a dextrah suc xtra (f hBt'& or "dextran sul phate
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conponent fmaé;{ rise a partially purified conponent of the ECM It
may corrprl CM extract such as Matrigel. A cell culture
may conpri se partl cl es having different matri X coatings. For exanple,
a first partic o
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Cytodex 1 is based on a cross-linked dextran matrix which is substituted with positively
charged N, N-diethylaminoethyl groups. The charged groups are distributed throughout the

microcarrier matrix.
UNCHARGED PARTICLES

The particle or microcarrier may be uncharged, or charge neutral at for example neutral pH or

physiologically relevant pH such as pH 7.4 or pH 7.2.

Examples of uncharged particles include gelatine or collagen particles. For example, Cytodex
3 consists of a thin layer of denatured collagen chemically coupled to a matrix of cross-linked

dextran.
MATRIX COATING

The particle may be coated with a matrix, which in the context of this document refers
to a layer (e.g. a thin layer or film) of substance attached to the particle such as on its surface.
The matrix may comprise a biologically or compatible or physiclogically relevant matrix

capable of supporting growth of cells. It may comprise a substrate for cell growth.



Matrigel is the trade nane for a gelatinous protein m xture secreted
by nouse tunor cells and marketed by BD Bi osci ences (Bedford,
Massachusetts, USA). This m xture 63 resenbles the conpl ex

extracel lular environnent found in many tissues and is used by cel

bi ol ogi sts as a substrate for cell culture. BD Matrigel TM
Matrix is a solubilised basement nenbrane preparation extracted from
EHS nouse sarconm, a tunor rich in ECM proteins. |Its major conponent
is lamnin (about 56%, followed by coldjagen 1V (about 31%, heparan
sul fate proteoglycans, and entactin 1 (about 8% . At room
tenperature, B use g ag y
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surface. I Mat ri gel provides a physiologically rel evant
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envi ronment %'t h respect to cell norphol ogy, biochem cal function,
mgration or invasion, and gene expression. The ability of
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encounter iIn natural ™ environnen resent are growth
factors that pronote differentiation and proliferation of many cel
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The matrix coating may comprise a glycosaminoglycan (GAG). Glycosaminoglycans
comprise unbranched polysaccharide chains composed of repeating disaccharide units. One of
the two sugars in the repeating disaccharide is always an amino sugar (N-acetylglucosamine
ot N-acetylgalactosamine), which in most cases is sulfated. The second sugar is usually a

uronic acid (glucuronic or iduronic).

The matrix coating may comprise hyaluronan (also called hyaluronic acid or
hyaluronate) or a derivative thereof. The hyaluronic acid may be derived from any number of
sources, such as from bovine vitreous humor. A salt or base of hyaluronic acid may be

employed, such as hyaluronic acid sodium. This may be from streptococcus.
The matrix coating may comprise laminin.
The matrix coating may comprise fibronectin.

The matrix coating may comprise vitronectin.



In sone enbodinents cells may be cultured on a particle having a
first matrix coating for one or nore passages (e.g. 1, 2, 3, 4, 5, 6,
7, 8, 9, or 10 passages or nore), before being transferred to
particles having a different (second) matrix coating for one or nore
passages 64 (e.g. 1, 2, 3, 4, 5, 6, 7, 8 9, or 10 passages or

nore). Optionally the cells may then be transferred to particles
having a matrix coating different to the second coating, e.g. back to
the first matrix coating or to anothergiatrix coating or to uncoated
particles. PARTI CLE COVWGCSI TI ON In the nmethods and conpositions
descri bed her eqyshel £alnk 5 tmpioRAaALte g@mg&eh% Bp@bitin sulfats,

m crocarriers. termi in ocurment, a "part
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particle f i bed bel ow.
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Conmpendi um of Chem cal Term nol ogy (2nd Edition, 1992, Vol. 64, p.
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the physical properties mﬁlcﬁ owit to serve its purposes as
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stiff, rigid porous or otherw se, for

purpose. |t may conprise a SO!Id material, or a sem- SO|Id, gel, etc

materi al . Thd Retrif@bAnk @Aayb&n@aﬁse'a&@ﬁﬁ‘anrs@@l@isl MgrdnQGuphdtowt @kirachment
of p05|t|ve charges and/or . a matrix coatin capab) e of bei ng nade
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i nert SUbSbﬂﬂ&ﬁ'Hihﬁuﬁwadﬂé@mﬂﬁhﬂﬁﬁﬁmm&ﬁnﬁsﬁ@HﬁQSlte such t hat
nore than one material nmay make up the particle. For exanple, the

core of the particle may conprise a different material from surface
portions. Thus Tht hetrikowag cofmptideazefdn, tioblomithiny, «¢ bidingeotids gfelreR @D bjhding
i nert nate |a| £@I|e the surface portions may conprise nmateri al
reactive f A IRIBERT or chemi cal coupling of the matrix or
positive charges The particle may be natural in origin, or

synthetic. Nat yfal,,@00,8¥0L061 E%Rﬁ&t Ghik@le f‘%ﬂﬁg&o 68 { %E’b n@hé&'g
themare well known | no"fs%é agtc.i e apairﬁ&l cl'é y0 ﬂ'gve 3 Sgas1 &5
in various proportions. The matrix coating may comprise a purified or substantially pur1ﬁed
component of the ECM. The matrix component may comprise a partially purified component

of the ECM. It may comprise an ECM extract such as Matrigel.

A cell culture may comprise particles having different matrix coatings. For example, a
first particle population having a first matrix coating selected from those described above and

a second particle population having a second coating selected from those described above,
MATRIGEL
The particle may be coated with a matrix coating comprising Matrigel

Matrigel is the trade name for a gelatinous protein mixture secreted by mouse tumor

cells and marketed by BD Biosciences (Bedford, Massachusetts, USA). This mixture



65 mechani cal resistance, at |east sone resistance to chem ca
attack, or to heat treatnent, or any conbination of these. In
an alternative enbodi nent, the particle may conprise a
"non- bi ol ogi cal " object, by which termwe nmean a particle which is
free or substantially free of cellular material. Such a
non- bi ol ogi cal or non-cellular particle may therefore conprise a
synthetic material, or a non-naturally occurring material. Various
particles of various shapes are known iga the art, and include for
exanpl e, beads of various kinds. Enbodi nents of particles i ncl ude

m cr obeads YR

beads, etcnméHﬁa”ﬁé%r e%gﬁg?gﬁﬁgﬁmvggh%%?gxh §3n1 &% Zgﬁgg?Ygﬁﬂ
i s made mayiotwsisisras ¢ sulpsiraig fareell gilass, ceranmic, S|I|cone, gel atin
dextran, cellul ose, hydroxyl ated nethacryl ate, polystyrene, coll agen
or others. For exanple the particle may be nmade of cellul ose or a

derivative, ﬁEEJ&Eé\éatwa18@55@1U{J%ﬂéedd@%wqﬂb@ambrénwparamé epEacier dioas
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matri x, such as an ani on exchange resin. e partic

conpri se aadtids mgirpgeateriabregraiing die. mapirealisa celivddr dasymgntgosmprinse DE- 52
(What man), DE-53 (Wiatman) or QA-52 (Whatman). The particle may
conprise a hydrophilic mcrocarrier, a hydroxylated nmethacrylic

matri x rnlcrocd$FWEW°%F-%%Wﬂvﬁ@ﬁgﬁﬂ‘%@HFS%H?PP@’B%%H@dﬁﬁ@B? Hdrier.
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AF- Tresyl- 650 (Tosoh). The particle nmay conprjise a nacroporous or
M cr opor oUSTRHPHES disdMaHisH SEosiRS seHf-asTEP legxediping 2 /i that @vers the surface.
Menbranes) or SH1010 (Bl ue Menbranes). The particle may be a

dextran based ni.cr.ocarri The icle may conprise t odex (CGE
Heal t hcare) or %{%‘3@&0"; t e%hl’i%’éc{)gfcl"i‘ %Feéfi"améf‘Bﬁgﬁnﬁw’iﬂé%ﬁ%ﬁ CE”E a

cr oss- | i nkedrph6l6 gy ®idcheticdTgiinction, Wigretion & iBubish iahdibed evprbflionosi tively
charged N, N-diethylam noethyl groups. The charged groups are

di stributed throughout the mcrocarrier matri x. Cytodex 3 consists of

a thin | ayer ofThdehdityuofddatcgsl teagierulatdiem pdal delf bdmutoheid atconsaquvsacterdf)tts of
cross-1link rticle bas d
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mcrocarri t%lé? wQL?Ig ier?c%ug‘terc i%tttlle?rq{a urg reh\%nn%nt ng?)peséjnrtnax%%?owtﬂgactors that
promote differentiation and proliferation of many cell types. Matrigel comprises the following
growth factors (range of concentrations, average concentration): EGF (0.5-1.3 ng/ml, 0.7
ng/ml), bFGF (< 0.1-0.2 pg/ml, unknown), NGF (< 0.2 ng/ml, unknown), PDGF (5-48 pg/m},
12 pg/ml), IGF-1 (11-24 ng/ml, 16 ng/ml), TGF-B (1.7-4.7 ng/ml, 2.3 ng/ml). Matrigel

contains numerous other proteins in small amounts.
ALTERNATING MATRIX COATINGS

In some embodiments cells may be cultured on a particle having a first matrix coating
for one or more passages (e.g. 1,2, 3,4, 5,6, 7, 8, 9, or 10 passages or more), before being

transferred to particles having a different (second) matrix coating for one or more passages



The particle may be treated prior to allowing cells to grow thereon.
Such treatnment may seek to achieve greater adherence, availability of
charges, bioconpatibility, etc, as described el sewhere in this
docunent. Cel lul ose mcrocarriers such as DE-53, DE-52 and QA-52 nay
be rod-shaped. A cell culture may conprise a mixture of nore
than one type of particle. For exanple, a first particle popul ation
(e.g. of conpact shape particles) and a second particle popul ation
(e.g. of elongate shape particles). |Inggome enbodi nents a first cel
type, e.g. feeder cells, may be attached to the first particles and a
second Cel.l: t]y €3, 485 @, ,I'QI,E@%'?IO aolggm%&@ %ﬁoﬁaﬂytlﬁ%e@ﬁ?%}qen be )
particles. Bach’ partlc e type “have the sane or a different matrix
coating. Opnifemedth parbples lnﬂvnﬂg@twﬁt@amatlag ¢fferppids thesycond codiiag.e-ga bavkitte thg
coat i ng. . r..use include

t hose whi ?ﬁ&gx?agmu%og%néf%?g§no‘ﬂfer E}'a%ﬁr#%@%ﬁ\ 2 ﬁoql&%gér é‘&%rl%l e, gel
filtration nedia such as Sephadex SU|tabIe m cr obeads of this sort

i ncl ude Sephadex condfdshay ng a bead size of 40-120 (Sigma Aldrich
cat al ogue nunber 27,103-9), Sephadex 0-15 having a bead size of

40- 120um (Sigma Al drich catal ogue nunber 27,104-7), Sephadex 0-25
having a bead &i#emefho@0mdQuifpdshiiogiraesditaineR, Gah aélmgtbq:rapagnecr on particles
27,106-3), Sephadex 0-25 haVJn% % si ze of 20 8011m g %

Al drich caf SISHEETRuAS tom 8§y tisgospmet,e Gass! hé‘%ﬂ’lﬁ& HIPSHPOLi% e
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havi ng a bead size of 100-300um (Signa Aldrich catal ogue nunber

27, 110- 1) ,des8behl®¥-0- 50 having a bead size of 20-501Lm (Si gma
Aldrich 67 catal ogue nunber 27,112-8), Sephadex 0-50 having a bead

size of 20-80u rich cat.al ogue n

size of 20 B0um (oo, & drl.ch.catalague nuther. 21 uLidrRlc sephades:
27, 114- 4) CiSapdabTemiddey (hraMidigpnal 2 adoisé4 @. 1#0).100- 30011111 (Sigma
Al drich catal ogue nunber 27,115-2), Sephadex 0-75 having a bead size

of 20-5011m (Sigma Aldrich catal ogue nunber 27,116-0), Sephadex 0-75
havi ng a bead Jhgpartdle h@y daaprise (iSi yateriodl sdréngres ddeathe ghyesiqalprogarties which

27,117-9
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Aldrlch caﬁmlm@ﬂaxmwnbeﬁmﬂﬂ,123 3), so | ong as they are conpatlble in
terms of size, as explained el sewhere in this docunent.

Sepharose beads, for exanple, as used in |liquid chromatograph

nmay.
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conpact s ran ongate
attachment or chemical coupling of the matrix or positive charges.

The particle may be natural in origin, or synthetic. Natural and synthetic materials and

sources for obtaining them are well known in the art. The particle may have at least some



Conmpact Shape Exanpl es of conpact shapes are generally
spherical shaped particles, ellipsoid shaped particles, or granul ar
shaped particles. 68 By "conpact"”, we nean a shape which is
not generally elongate. In other words, "conpact" shapes are those
whi ch are generally non-el ongate or unextended, or which are not
extended in any one dinension. The conpact shape nmay be one which is
not generally spread out, or not long or spindly. Therefore, such
"conpact shapes" generally possess |inggr dinmensions which may be
generally simlar, or mhich do not differ by a | arge anount.

Thus, the I f . Ll
o 1 ess,  stan kel 10 RERAEARRSlo G GRREC h: §'1RR T knOE iy
2.1:1, 2: 1901111111911@1,1 Othh&\el, 1. 7 1, 1.6:1, 1.5:1, 1.4:1, 1.3:1, 1.2:1,
1.1:1, or less. For exanple, no two pairs of dinensions may have a
ratio of 5:1 or nore. In some enbodi ments, the |ongest )

di mensi on of t HB g altsarsive embasimens therssticlhmay edmpsise p fies-hiojagiebeliess tby
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di mensi on of the conpact shape i1s not si |ca y greater than the
shor t est ditavetriglogipal of nen-cellplgepastidpaay there ra@mwlsya siynitlfetie material, or a iphe
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taken to nmean t’he . axi s contal ni ng
t he | ongesincluiiqior exwanples beadbel \@rlawklmdquaugwnnm qfamamctals ecluge miidralrehds,

the "Short&l%ﬂ a%%@éb%@s,gh@a&ﬁ%ﬂdﬁ gidg ﬂcgtgg'l%e sNQL axis, which is

the axis contalring f rtest ine tl gan be dr awn through t he
particle. Regul ar shapes in which the |inear dinensions are
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i ncl uded i fF'aHe SéGﬁfﬁaé?latphﬁ%ﬁt'@F&llld@@ch)idﬁéfdla!fﬁérl@th@h’éaf%m@RYétyliea% p@léagen
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shortest dinension. I n sone enbodinents, the ratio of di nensi ons
(such as tésdulogn@edescrificdbplei b he partiples mhvecnepsise ehillrione mmd)f“ ied diydreshylic

than 1.1: 1y,.,8U6R &%od baked hnicCocarrrd €9Ul @ar or uni form shape). 69

The particle may comprise a commercially available matrix or carrier, such as a bead
or microbead. The particle may comprise a resin sold for use as a chromatography matrix,

such as an anion exchange resin.

The particle may comprise a cellulose microcarrier. The particle may comprise DE-52
(Whatman), DE-53 (Whatman) or QA-52 (Whatman). The particle may comprise a
hydrophilic microcarrier, a hydroxylated methacrylic matrix microcarrier or derivatised
hydrophilic beaded microcarrier. The particle may comprise TSKgel Tresyl-5Pw (Tosoh) or
Toyopearl AF-Tresyl-650 (Tosoh). The particle may comprise a macroporous or microporous
carboseed microcarrier, for example, SM1010 (Blue Membranes) or SH1010 (Blue

Membranes).

The particle may be a dextran based microcarrier. The particle may comprise Cytodex

1 (GE Healthcare) or Cytodex 3 (GE Healthcare). Cytodex 1 is based on a cross-linked



Therefore, where applicable, the length of the particle may be | ess
than 5x its width or dianeter, such as less than 4x its wdth or

di aneter, such as less than 3x, such as less than 2x or |ess.

The conpact shape may conprise a regular solid, a sphere, a spheroid,
an obl ate spheroid, a flattened spheroid, an ellipsoid, a cube, a
cone, a cylinder, or a polyhedron. Polyhedra include sinple polyhedra
or reqgul ar polyhedra. Polyhedra include, for exanple, a hexahedron,
hol yhedron, cuboi d, deltahedron, pentapgdron, tetradecahedron,

pol yhedr on, tetraflexagon trapezohedron truncat ed pol yhedron,
geodesi c 0,

dhapes. may her AR BN AR A RN A PR Y R
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conpact shape nmay conprise a baIIoon shape, a cigar shape, a sausage

shape, a disc §Rapgicl@nh&sl Qpapstﬁamsedqm%umahafme pHicRMhafkbhpidcal

shape, so long as the dinensions are as given above. The conpact
shape may Iézll%ordewHé@lwlg;ﬂﬁemeer@ﬁalpe) illex, oyl Hifespld aregamediffieg pelvstyegpe,
a tile shape,ANQ¥Nifk SHABR. vafeh kiniRAluth SRGRS, @ disc shape, a
cell shape, gcpﬁF? 9%a‘be a gasz easﬁ% > %ﬁgt cyl i nder shape, a
bean shape, a drop shape, a gl obul ar shape a pea shape, a pellet

shape, etc. El %Qﬁﬁrﬁciesh@jaﬁe treated pribP® dMeWineChIB tHRWBYCoR SO R RhdnY

el ongat e shape. npl es of el ongate shapes are generally rod shaped
particles megﬂe?'hfarapleale Striep athepart realeailivgy charpsibigapa iy ¥1-¢f es.
The el ongafegerad sikcineR lﬁrmrs &REpEdise hol low fibres. By

"elongate" we nean a shape which is not generally conmpact. In other
wor ds, "elongate" shapes are those which are generally extended in

one di nensi on Celldlbdevgiclotaraare vl as DENS, PEaNgat ©Astiapey vevyd bkapedie
which is spread out, |ong or spindly. Therefore such 70 "elongate
shapes" general cy:llp}e%lgegey FomRsEse adnideiesl ovese il s tyemépaititly. Berferample,

from one Ftlc gjngulgi? Egron:E)mgﬁ:% %g%gﬁ%ﬁ&t) andbae secendeﬁ noﬁoglglaﬂ(ﬁ{[ Y

of any two nsi h& el ongat e pe ma
or |ess, s(eemf&@ngatisfmpepar’rmfbse Infsome embedinprtea ﬁ@: @llﬁym egﬁﬁ@ler qells, may

or nore, ]be%ﬁ;chgﬁ %I(_ﬂgé‘r ﬁrﬁuéag:@c e% %Ij iQ&Bﬁd ceh: t;pe €. grhf%g q?rgjbe%ﬁ%chgé tfqur €,

1.9:1 or nore, mor e,
nore, 2. 4:stcapd paickes. 2ach partiole type may hgvelthmamﬂnre different gratrpeeaingor 5: 1

or nore. Optionally one or both particle types may not have a matrix coating.

Beads

Beads or microbeads suitable for use include those which are used for gel
chromatography, for example, gel filtration media such as Sephadex. Suitable microbeads of
this sort include Sephadex G-10 having a bead size of 40-120 (Sigma Aldrich catalogue
number 27,103-9), Sephadex G-15 having a bead size of 40-120pm (Sigma Aldrich catalogue
number 27,104-7), Sephadex G-25 having a bead size of 20-50pm (Sigma Aldrich catalogue
number 27,106-3), Sephadex G-25 having a bead size of 20-80pum (Sigma Aldrich catalogue
number 27,107-1), Sephadex G-25 having a bead size of 50-150um (Sigma Aldrich catalogue
number 27,109-8), Sephadex G-25 having a bead size of 100-300pm (Sigma Aldrich
catalogue number 27,110-1), Sephadex G-50 having a bead size of 20-50m {Sigma Aldrich



For exanple, any two pairs of dinmensions may have a ratio of 5:1 or
nore. Thus, in some enbodi nents, the |ongest dinension of the

el ongate shape is nore than five tines the shortest dinension of the
el ongat e shape. Therefore, where applicable, the length of the
particle may be nore than 2x its width or dianeter, such as nore than
3x its wdth or dianmeter, such as nore than 4x, such as nore than 5x
or nore than 10x. El ongate or rod-shaped m crocarriers are
especially preferred for use in the nmetfjods of the present invention
They are observed to provide a better attachnent matrix for the
generation || - m I wi,l st
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spherical or granul ar shape. Were this is the case, the conpact

m crocarrier i i i t
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PARTICLE SHAPE

The particle may comprise any suitable shape for cell growth, e.g., a compact shape or

an elongate shape.

Compact Shape

Examples of compact shapes are generally spherical shaped particles, ellipsoid shaped

particles, or granular shaped particles.



The conpact microcarriers may have a di mension between 120pmto 20pm
110pmto 30pm 100pmto 40pm 90pmto 50pm 80pmto 40pm 70pmto
50p. mor between 90 to 30pm 80 to 40pm 70 to 40pm 70 to 30pm 60
to 40pm 60 to 30pm 60 to 50pm 50 to 40pin, 50 to 30pm 50 to 5pm
50 to 10pm 60 to 10pm 70 to 10pm 60 to 20p,m 70 to 20pm

The conpact mcrocarrier may have a di mensi on of about 20pm about
30pm 40pm about 50pm about 60pm about 65pm about 70pm about
80p, m about 90pm about 100pm about gglOpm or about 120pm 72 The
di rension may be the dianeter of the mcrocarrier. The conpact
particle may far, . , ri : i) ' r
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di mrensi ons:faomdrhe el ongate mcrocarrier may be about 2000nm about
1900nm about 1800nm about 1700nm about 1600 pm about 1500nm
about 1400nm about 1300 pm about 1200 gi n, about 1100nm about 1000
pm about 900nH soEKGHoGOER thalsagast dipewon AMsrempat phape Sessthasopm
about  400nMes ARAHLIORRMsIARP He c%%gsema@b.q%théi&mmi@éagyﬁw% Sy

about 350nm about 340nm about 330gm about 320nm about 310nm
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the length of the major axis, i.e., the axis containing the longest line that can be drawn through

the particle. Similarly, the “shortest dimension™ is the length of the minor axis, which is the

axis containing the shortest line that can be drawn through the particle.

Regular shapes in which the linear dimensions are approximately the same, or are
comparable, or in which the ratio of the longest dimension to the shortest dimension is less
than 5:1 are included in the compact particles described here. The above ratios may therefore
relate to the ratio of the longest dimension to the shortest dimension. In some embodiments,
the ratio of two dimensions (such as the longest dimension to the shortest dimension) is less

than 1.1:1, such as 1:1 (i.e., a regular or uniform shape).



73 The lower Iimt of the range of |ongest dinensions of the
el ongate m crocarrier may be about 20pm about 30pm about 40p, m
about 50pm about 60pm about 70pm about 80pm about 90pm about
100pm about 110pm about 120pm about 130pm about 140pm about

150gm about 160pm about 170pm about 180pm about 190pm about

200gm about 21011M about 220pm about 230pm about 240pm about
250pm about 260pm about 270pm about 280pm about 290p. m about
300pm about 310pm about 320pm about 430pm about 340pm about

350pm about 3601 m about 370pm about 380pm or about 390ptm

The el ongate r i
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| ongest di nensi r f

aboct - 190pm 201343%9&550@9@& Q;Qg@én‘?prféleﬁ'}é%%% LA a PRl @{phﬁ%ggm SiRe

m crocar r i &heigil a Haeacdspibeid elz@filphorﬁensuhyna tQang w@n@e,tm@nlym@mn and
50pm The {:

about 10pm Shan 1o Bl AAEbO Ryttt BoBhahe pLRkE RS K befiplee
35pm abouhexaigdmnoholgisdion, A&pid deltahedronAnenah@drgxatt@ranh@kmar polgedmamy be
cylindrical Jo! [
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35gm abouelOZSPm and 401.1m about 30pm and 45gm about 35pm and

50pm 74 The el ongate particle may for exanple conprise a

cel lulose cylindrical mcrocarrier, such as DE-52 (Watnman), DE-53
(What man) or Whal R foi DY
given mcr oca?ﬁpg(r%némy vary,S fhe CﬂmﬁaJ% V\g %gggﬁgﬁ%h%e%m%

for DE-53 shape slhaysess sbalel ulliosdiapd, 6 tasuhen sleves ahell shepsaraad!liphent Islmng,tsh
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(average dgh%f;@ ta%gli erapg,’ § pil?shlé}gg, a capsule shape, a flat cylinder shape, a bean shape, a drop

shape, a globular shape, a pea shape, a pellet shape, etc.

Elongate Shape

The particle may have a generally elongate shape. Examples of elongate shapes are
generally rod shaped particles, cylindrical shaped particles, or stick shaped particles. The

elongate particles may comprise hollow fibres.

By “elongate”, we mean a shape which is not generally compact. In other words,
“clongate” shapes are those which are generally extended in one dimension relative to

another. The elongate shape may be one which is spread out, long or spindly. Therefore, such



The particle may be porous. Porous particles enable nediumto
circulate within and through the growing area and this nmay assi st
cell growth. For exanple, the particle may conprise a macroporous or
m croporous carboseed microcarrier. The particle may conprise SML010
(Bl ue Menbranes) or SH1010 (Bl ue Menbranes). CULTURE OF STEM CELLS
Any suitable nmethod of culturing stemcells, for exanple as set out
in the Exanples, may be used in the nethods and conpositions

descri bed here. Any sui tabl e conygi ner may be used to propagate
stemcell's according to the methods and conpositions described here.
Suitable ¢ p tion
uszoonoze% ggupg)ra St E&“IS%T;pgg&%%"%oEg‘%:”%glgss‘b]ﬁgg'éflg'%ﬁ’eﬁ%feﬁ% N or's
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as in a large Jhu e raioqf pivciao dinetsiona et thnelpesaterabarsimay hedgharanase 4:1 or
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the art. For ‘exanple, oxygen el ectrodes fay used for oxygen
partial pressure. The oxygen partial pressure can be regul ated via
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Inc. 1SBN 0-07-003212-2 Hi gher Educatlon (1986)) or Jackson AT.
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3540561900 31993% ? ﬁltable cont ai ners include
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can be agithat®ehruskd@avE0xl ous agi t at or nmechani sns, such as gl ass ball
agitators, inpeller agitators, and other suitable agitators. The
cultivation volune of a spinner is typically between 20 mM and 500
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flow of the culture nedia over the cultured cells this may be applied
S0 as not ¢ ?HJ tlaIIy di srupt aggregate formation. For exanple,
a Iom1rpn1ag| tion, | ess than 30rpmor |ess than 20rpm may be
enpl oyed.

In order for the particles fo support continuous growth, they may have a size which
enables cells to grow on the particles. The size of the particles also enables cells to aggregate
with other cells growing on other particles. For example, it may be necessary for the size of
the particle to be such that at least one dimension is compatible with the dimensions of a

primate or human stem cell.



PROPAGATI ON W TH PASSAGE The net hods and conpositions

descri bed here may conprise passaging, or splitting during culture.
The nmet hods may i nvol ve conti nuous or continual passage. By
"continual" or "continuous", we nean that our methods enable growth
of stemcells on microcarriers in a fashion that enables themto be
passaged, e.g., taken off the 76 rnicrocarriers on which they are
growi ng and transferred to other mcrocarriers or particles, and that
this process may be repeated at |east once, for exanple twice, three
times, four times, five tines, etc (as set out below). In some cases,
this may be re i r l.e. J finitely or
nfinitely, n/bglﬁ’%tﬁggPgﬁéB%ggtgﬁéa)g‘%eocg’Sg@%@@%@%ﬁ%@%&%ﬁ% i
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21 or nore times, 22 or nore times, 23 or nore tinmes, 24 or nore
times, 25 or nore tinmes. The terns "continual™ or "continuous" nmay
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needi ng t odimenswmabgng hewegmahblt 20pmand shoue250pm. Cells in culture
may be dissociated fromthe substrate or flask, and "split",

subcul tured or passaged, by dilution into tissue culture nmedi um and
repl ating. The ugpdr lignitnf tivel rvege o dipansiped festheragmimet passagiedmigalekabout
onto parti C i onto
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may be pass¥gedatont B30pax thowt E70pml, ahoue] 60Eas kbouf 1 10nes ebowet49pols ataue30um,
descri bed | d ' I in_th a The .t erm
Massager R R 11086, BYLNBU ablPoduR TR Fpumsogn 79 oS! of
a cell cul ¢@me, abdirts¥eni, alfoung)nhe abeltl3§umonpl etely or partially,
diluting and inoculating into nedium The passagi ng may be repeated
one or nore tines. The aliq‘uot may conprise the whole or a portion of
the cel |l cul turlhe lows ligdl ¢f ghegpngetes disengjore of tpycoppact srigrpesregrynay be about
artiall . i i

o the 1 ol [oam e S o, grF RS 330 B8 MRl FEuPhouE Bt S
t rypsi ni zatdoshl 00pmcgbbaut oH0umdi sl odgi ng, quenchi ng, re-seeding and

al i quoting. The protocol published by the Hedrick Lab, UC San Di ego
may be used (htll p: // hedri ckl ab. ucsd. edu/ Protocol / COSCel | . ht m

he compact microcarriers may have a dimension between 120um to 20pm, 110pm to
30pm, 100pm to 40pm, 90pm to 50um, 80pm to 40pm, 70pm to 50um or between 90 to
30um, 80 to 40pm, 70 to 40um, 70 to 30wm, 60 to 40pm, 60 to 30um, 60 to 50pm, 50 to

40um, 50 to 30pm, 50 to Spm, 50 to 10um, 60 to 10um, 70 to 10um, 60 to 20wm, 70 to 20um.

The compact microcarrier may have a dimension of about 20pm, about 30pm, 40um,
about 50um, about 60um, about 65um, about 70pm, about 80pm, about 90pum, about 100um,
about 110pm or about 120um.

The dimensions of the compact microcarrier may for example be about 65um.



The cells nmay be dissociated by any suitable nmeans, such as
mechani cal or enzymatic nmeans known in the art. The cells may be
broken up by nechani cal dissociation, for exanple using a cel

scraper or pipette. The cells may be dissociated by sieving through a
sui tabl e sieve size, such as through 100 m cron or 500 m cron sieves.
The cells may be split by enzymatic di ssociation, for exanple by
treatnent with coll agenase or trypLE harvested. The di ssociation nmay
be conplete or partial. The dilutjon may be of any suitable
dilution. The cells in the cell culture may be split at any suitable

rat I o. For exaq:ﬁé %Tﬂe}l!}&] 1%%’ lLeslhgﬁ}émggr (%Rﬂ'lé #ﬁ?otcal% at I 0 Of 1:2 or mor €,

1:3 or nore, nor e. e ceF S may be split at a
ratio of 1:6 or nore, 1 7 or nore, 1:8 or nore, 1:9 or nore or 1 10

or nore. The s r
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cells may be passage , , 9 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 passages or nore. 'The stem

cel I's_may be pﬁ&&@ﬁuﬁ@n&ws@& Tﬁe@yl%mc@bef&%da‘éo 55 60 65, 70, 75,
80, 85, 90, 95 or nore passages The stemcells agat ed

i ndef i ni t A1V ERPRGHNS.UDlRs giepggrondreduspd °§§“'Ij éff&?/ﬁéﬁ@w
cel | gr owmtdkgefMtesPEiFW S, and conpositions allow stemcells to
propagate for 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21,

Information on Toyopearl AF — Tresyl-650 may be found at

http://www. separations.us.tosohbioscience.com/Products/ProcessMedia/ByMode/AFC/Toyop
earlAF-Tresyl-650.htm

As another example, the particle may comprise a elongate microcarrier having a
generally rod- or cylindrical shape. Where this is the case, the elongate microcarrier may have

a longest dimension ranging between about 400 um and about 50 pum.

The upper limit of the range of longest dimensions for the elongate microcarrier may
be about 2000pm, about 1900um, about 1800um, about 1700um, about 1600wm, about
1500pm, about 1400um, about 1300um, about 1200um, about 1100wm, about 1000wum, about
900um, about 800um, about 700um, about 600pum, about 500um, about 400pum, about
390um, about 380um, about 370um, about 360um, about 350um, about 340um, about
330um, about 320um, about 310um, about 300um, about 290um, about 280um, about
270pum, about 260um, about 250um, about 240pm, about 230pum, about 220um, about
210um, about 200pm, about 190um, about 180pm, about 170pum, about 160um, about
150pum, about 140um, about 130um, about 120um, about 110um, about 100pm, about 90pm,
about §0um, about 70um, about 60um or about 50um.



22, 23, 24, 25 generations or nore. The stemcells nay be grown for
25, 30, 35, 40, 45, 50, 55, 60,
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The lower limit of the range of longest dimensions of the elongate microcarrier may
be about 20pum, about 30um, about 40pm, about 50um, about 60um, about 70um, about
80um, about 90pum, about 100pm, about 110um, about 120pum, about 130um, about 140um,
about 150um, about 160pm, about 170pm, about 180m, about 190um, about 200um, about
210pm, about 220pum, about 230pm, about 240pm, about 250um, about 260um, about
270um, about 280pm, about 290pm, about 300pm, about 310um, about 320um, about
330um, about 340pum, about 350pm, about 360um, about 370um, about 380pum or about
390pm.

The elongate microcarriers may have a longest dimension between 2000pum to 20um,
for example between 400pm to 50um, 390pm to 60pm, 380um to 70um, 370um to 80um,
360um to 90pum, 350pum to 100pm, 340pm to 110pm, 330um to 120um, 320um to 130m,
310um to 140um, 300um to 150pm, 290um to 160um, 280pm to 170um, 270um to 180um,
260pm to 190um, 250pum to 200um, 240pum to 210um or 230pum to 220um.

The longest dimension of the elongate microcarrier may for example be about 190um,

200pum, 210pm, 220um, etc.

The elongate microcarrier may have a shortest dimension ranging between 10um and
50um. The elongate microcarrier may have a shortest dimension of about 10um, about 15um,

about 20m, about 25m, about 30pum, about 35um, about 40um or about 45um.

An elongate microcarrier may be cylindrical or rod-shaped, having an approximately
circular or ellipsoid cross-section, the shortest diameter of which may be in the range of about
Sum to about 50um, for example one of about 10pum, about 15pum, about 20um, about 25um,
about 30um, about 35um, about 40pm, or about 45um. The diameter may be between one of:
about Sum and 20um, about 10um and 25pm, about 15um and 30pum, about 20um and 35um,
about 25um and 40pm, about 30pm and 45pm, about 35um and 50um.



65, 70, 75, 80, 85, 90, 95 or nore generations. Passages may
al so be expressed as the nunber of cell doublings. Qur nethods and
conpositions allow stemcells to propagate for I, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
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The elongate particle may for example comprise a cellulose cylindrical microcarrier,

such as DE-52 (Whatman), DE-33 (Whatman) or QA-52 (Whatman).

The size and dimensions of any given microcarrier may vary, within or between
batches. For example, for DE-53 rod-shaped cellulose microcarriers we measured the length
and diameter of the carriers within a batch and found that the length of carrier can be between
50 and 250um (average length of 130 £50 pm) and the diameter of the carrier can be between

17pm and at least 50pm (average diameter of 35 & 7 um).

The particle may be porous. Porous particles enable medium to circulate within and
through the growing area and this may assist cell growth. For example, the particle may
comprise a macroporous or microporous carboseed microcarrier. The particle may comprise

SM1010 (Blue Membranes) or SH1010 (Blue Membranes).

CULTURE OF STEM CELLS

Any suitable method of culturing stem cells, for example as set out in the Examples,

may be used in the methods and compositions described here.

Any suitable container may be used to propagate stem cells according to the methods
and compositions described here. Suitable containers include those described in US Patent

Publication US2007/0264713 (Terstegge).

Containers may include bioreactors and spinners, for example. A “bioreactor”, as the
term is used in this document, is a container suitable for the cultivation of eukaryotic cells, for
example animal cells or mammalian cells, such as in a large scale. A typical cultivation

volume of a regulated bioreactor is between 20 ml and 500 mL

The bioreactor may comprise a regulated bioreactor, in which one or more conditions
may be controlled or monitored, for example, oxygen partial pressure. Devices for measuring

and regulating these conditions are known in the art. For example, oxygen ¢lectrodes may be



24, 25 cell doublings or nore. The stemcells may be grown for 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or nore cel
doubl i ngs.
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used for oxygen partial pressure. The oxygen partial pressure can be regulated via the amount
and the composition of the selected gas mixture {e.g., air or a mixture of air and/or oxygen
and/or nitrogen and/or carbon dioxide). Suitable devices for measuring and regulating the
oxygen partial pressure are described by Bailey, ] E. (Bailey, ] E., Biochemical Engineering
Fundamentals, second edition, McGraw-Hill, Inc. ISBN 0-07-003212-2 Higher Education,
(1986)) or Jackson A T. Jackson A T., Verfahrenstechnik in der Biotechnologie, Springer,
ISBN 3540561900 (1993)).

Other suitable containers include spinners. Spinners are regulated or unregulated
bioreactors, which can be agitated using various agitator mechanisms, such as glass ball
agitators, impeller agitators, and other suitable agitators. The cultivation volume of a spinner
is typically between 20 ml and 500 ml. Roller bottles are round cell culture flasks made of
plastic or glass having a culture area of between 400 and 2000 cm?. The cells are cultivated
along the entire inner surface of these flasks; the cells are coated with culture medium

accomplished by a "rolling" motion, i.e. rotating the bottles about their own individual axis.

Alternatively, culture may be static, i.e. where active agitation of the culture/culture
media is not employed. By reducing agitation of the culture aggregates of cells/microcarriers
may be allowed to form. Whilst some agitation may be employed to encourage distribution
and flow of the culture media over the cultured cells this may be applied so as not to
substantially disrupt aggregate formation. For example, a low rpm agitation, e.g. less than

30rpm or less than 20rpm, may be employed.
PROPAGATION WITH PASSAGE

The methods and compositions described here may comprise passaging, or splitting

during culture. The methods may involve continuous or continual passage.

By “continual” or “continuous”, we mean that our methods enable growth of stem

cells on microcarriers in a fashion that enables them fo be passaged, e.g., taken off the



78 The stern cells may be cultured for nore than 5, nore than
10, nore than 15, nore than 20, nore than 25, nore than 30, nore than
40, nore than 45, nore than 50, nore than 100, nore than 200, nore
than 500 or nore than 800 passages, generations or cell doublings.
The stemcells may be maintained for 100, 200, 500 or nore passages,

generations or cell doublings. GROMH AND PRCDUCTI VI TY The
nmet hods and conpositions described here enable the production of stem
cells in quantity. The nmethods may enabl e exponential growh of

stemcells in culture. The exponential growth may or nay not be
accomnpani p ra
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stem cells to any number of desired generafions, without needing to terminate the growth or

culture,

Cells in culture may be dissociated from the substrate or flask, and “split™,

subcultured or passaged, by dilution into tissue culture medium and replating.

Cells growing on particles may be passaged back onto particle culture. Alternatively,
they may be passaged back onfo conventional (2D) cultures. Tissue culture cells growing on
plates may be passaged onto particle culture. Each of these methods are described in more

detail below and in the Examples.

The term “passage” may generally refer to the process of taking an aliquot of a cell
culture, dissociating the cells completely or partially, diluting and inoculating into medium.
The passaging may be repeated one or more times. The aliquot may comprise the whole or a
portion of the cell culture. The cells of the aliquot may be completely, partially or not
confluent. The passaging may comprise at least some of the following sequence of steps:
aspiration, rinsing, trypsinization, incubation, dislodging, quenching , re-seeding and
aliquoting. The protocol published by the Hedrick Lab, UC San Diego may be used
(http://hedricklab.ucsd.edu/Protocol/COSCell.html).



MAI NTENANCE OF STEM CELL CHARACTERI STI CS The propagated stem
cells may retain at | east one characteristic of a primte or hunman
stern cell. The stemcells may retain the characteristic after one or
nore passages. They may do so after a plurality of passages. They nmay
do so after the stated nunber of passages as descri bed above.

The characteristic may conprise a norphol ogi cal characteristic,

i mmunohi st ochem cal characteristic, a nol ecul ar bi ol ogi cal
characteristic, etc. The characteristicmay conprise a biol ogica
activity. Stem Cell Characteristics The stem cel |l s propagat ed

by our nethods my:eﬁis' nﬁaﬂj Y A0 t‘QJ b)I ng sgﬁ)elbll q}%aﬂg STl arplr?eglllelmcal or enzymatic
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nucl eol i, dingcaoompant baohpieye fﬁrQiamatl on with poorly discernable cell
junctions. Stemcells may al so be characterized by expressed
cell markers as described in further detail bel ow Expression of
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may conpri gtean? éﬂ{agﬁ%t%nl?&fexglﬂﬁe,q}%e JEE ‘r?naP 'bélgljlil?%taergﬁé’ of T4 grq{:xére, 1:3 or more,
1:4 or more or 1:5 or more. The cells may be split at a ratio of 1:6 or more, 1:7 or more, 1:8 or
more, [:9 or more or 1:10 or more. The split ratio may be 1:10 or more. [t may be 1:11, 1:12,
1:13, 1:14, 1:15, 1:16, 1:17, 1:18, 1:19 or .20 or more. The split ratio may be 1:21, 1:22,
1:23, 1:24, 1:25 or 1:26 or more.

Thus, stem cells may be passaged for 1 passage or more. For example, stem cells may
be passaged for2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25 passages or more. The stem cells may be passaged for 25, 30, 35, 40, 45, 50, 55, 60, 65,
70,75, 80, 85, 90, 95 or more passages. The stem cells may be propagated indefinitely in

culture.

Passages may be expressed as generations of cell growth. Qur methods and
compositions allow stem cells to propagate for 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17,18, 19,20, 21, 22,23, 24, 25 generations or more. The stem cells may be grown for
25,30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or more generations.

Passages may also be expressed as the number of cell doublings. Our methods and
compositions allow stem cells to propagate for 1,2, 3,4, 5,6, 7,8,9, 10, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 21, 22, 23, 24, 25 cell doublings or more. The stem cells may be grown for
25,30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or more cell doublings.



80 St age-speci fic enbryonic antigens (SSEA) are characteristic
of certain enbryonic cell types. Antibodies for SSEA nmarkers are
avail able fromthe Devel opnental Studies Hybridoma Bank (Bethesda
Ml.). Other useful markers are detectabl e using antibodi es desi gnated
Tra-1-60 and Tra-1-81 (Andrews et al., Cell Lines from Human Germ
Cell Tunors, in E. J. Robertson, 1987, supra). Human enbryonic stem
cells are typically SSEA-1 negative and SSEA-4 positive. hEG cells
are typically SSEA-1 positive. Differengiation of primate pluripotent
stemcells (pPS) cells in vitro results in the |oss of SSEA-4,
Tra-1-60, and stz i ' I - 1.
oPS col s can AlCavBeUeTER A0 AP RoleRAPERRE: BEIEHDLAaPls, HoR"
phosphat ashanaddt mgietthan Ahinete tiad Opwonehaediedolsyhanidti merethe 58 ahédrs thwit h
4% par af o I i v i 1 C .
subbt 1 at o, (oL HAE 208 Tl BRSO TAPEL RSN bt bRkl oF B Ployblings.
Bur | i ngamelh€ateirfce)ls may be maikiaimey 6mil 60,20€ 708 ef insrepreages.qumneryioing at ¢ell

tel oneraseogghsniegi ve and OCT-4 positive. Tel onmerase activity can be
determ nead usi'mg TRAP activity assay (Kimet al., Science 266: 2011,
1997), using a commercially available kit (TRAPeze. RTM XK Tel onerase
Det ecti on d&kdwriElo PRIV vkt ergen Co., Purchase N.Y.; or

Tel oTAGGG. TM  Tel onerase PCR ELI SA plus, Cat. 2,013, 89; Roche

Di agnostics, |ndianapolis). hTERT expression can al so be eval uated at
the nMRNA | evel ThY mBhofGRd c&hﬁoshioﬁ@&&b’lﬂieﬂheﬁ%h&Tﬁ%oJMtioﬂEEﬂn cells in
quantification kit (Cat. 3,012, 344; Roche Di agnostics) is avail able
commer ci al9%"%r research purposes. Any one or nore of these

pl uri potency markers, including FOXD3, PODXL, al kaline phosphatase,

OCT-4, SSEA-4, _TRA-1-60 and b84 i be retal ned by, the .
propagat ed st emn't&f 18‘.?5 may e“ag’\{aﬁ)@fpé’é‘f‘]%&ﬁ%“'S‘rFT’H%EP‘i?&%hSnlﬂ;iu@‘Eeé@ﬁ CERpagntial
t hrough anyowhams ok mawnotibie atdvenpaditd bf Olag pkaaplte ekpomemnal ggivdethhyform

Hi st ochem cal staining, flow.cytongt EACS), W rn Blot, .
oy R & B berlrd R o the bl b e Yoy & bessingsy o,

i Munocyt agpedthid] ExowiRyre Reowis Rdhd 4t det ect cel | - surface nmarkers.

i mrunohi st ochem stry (for exanple, of fixed cells or tissue sections)
may be used for intracellular or cell-surface narkers. Western bl ot
anal ysi s may bé&ocoaauktigdperific golvil mk of ’iercalit isay dnfoymeo:| i nked

i mmunoassay may be used for cellular extracts or products secreted
into the nedium For this purpose, antibodies to the

pluri potency markers as avail abl e frlgt_n(h?mh'r@’r@ al sources may be
used. Anti bodies for the identificatien of stemcell markers

i ncludi ng the Stage-Specific Enbryonic Antigens 1 and 4 (SSEA-1 and
SSEA- 4) and Tunor Rejection Antigen 1-60 and 1-81 (TRA-1-60,

TRA- 1-81) may BéobtaichedneomonendiFtiye. Tiormakalyphdcdmposii@saivaibed

I nternati T ; ' J: ion
of these g{r%ﬁ Iagjnéglggié F%gg ﬁ’gjﬁ@écf%@'a?fl%@%{%@g?%%?ggcgeﬁ&\?d’ gigﬁ}ﬁ@s ed to
char act er i mehqls (g.&. pottertongiaes). deot dampBhtiryblotttrivpodugivity af our(nidiggy
PNAS 95: 13726-.1 1, | di her te. . 0). PNAS 97: 113 -
11512, TholRas TR bR e utes G Rl ce LB ol Y o G R
B.E. et. air7 D060k weNar une. B wdleodniaogyiabdter 30BoutG45cmHend eres ofiabbuk.
et. al. ( 2. St e l1s 20:.. .329-337;,Pera et...al .. (2000). J.
Coi 1 “sei erpant e gy ol i hnb e s B ool TR prg such
gene produstsnitan calssonlbe maed 2StneitlioatelishenlvRNArd, @ valliohye! NG nil bemoreb} .6t
anal ysis, dot-blot, hybri.di zatj on anal ysis, o reyers s
Cranser; pridioniafy il Berifef Gy B BBk 3 adhmnibor T BEogmagieymilton
sequence- s#ei hi & nré, MaRiSidnReld /andan@dranpl i ficati on nmet hods. Sequence

data for the particular markers listed in this disclosure can be
obt ai ned from public databases such as GenBank (URL



Substantially all of the propagated cells, or a substantial portion
of them may express the marker(s). For exanple, the percentage of
cells that express the marker or markers nmay be 50% or nore, 60% or
nore, 70% or nore, 80%or nore, 90% or nore, 93%or nore, 95% or
nore, 97%or nore, 98% or nore, 99% or nore, or substantially 100%
82 Cell Viability The bi ol ogical activity may conprise cel
viability after the stated nunber of passages. Cell viability nay be
assayed in various ways, for exanple bygTrypan Bl ue excl usion.

A protocol for vital staining follows. Place a suitable volunme of a

cel | S“Sp%ﬁ§hﬁ%gﬁ§95o@@ﬂmyéikﬂﬁﬁﬂﬁﬂﬁﬁﬁﬁkﬁke tube add an equal vol une
y mxX,

of 0.4% Trypan ue and gent et stand for 5 mnutes at room
tenperature. Place 10 ul of stained cells in a henocytoneter and

count the nunbefhe@fophiadl font tuNS Lk ReM) acBd: SRaHak&t kB p&Rdtd Sr human
Cal cul ate the average nunber of unstained cells in each quadrant, and

mul ti ply byfen el Toasen celisiopyceipinghpgharapisestisafiermme agmotstpagsagas) Ehey diay's
is the nulnilﬂ:%o Bk ¥ ;'Jlﬁi%féy 03‘ Eg%%eg'ﬂale@ﬁl% Ry lsJ- Her M TRRE nBhb IR PasedEs as

viable cells. ifability of cells naygbe 58@6or nore,” 60% or
nmore, 70% &scrisd abovg0% or nore, 90% or nore, 93%or nore, 95% or

nore, 97% or nore, 98% or nore, 99% or nore, or substantially 100%
Kagot ype he propagated stemcells y retain _a normal . .
karyot ype dur i e Shdragerishc wﬁbb%@atsrammoﬂ'gw praciREly Jpymy@oligtoghemical
karyotype ¢Hankteli§ic 888lkba@! biolsdibdl bBdraciiséd) et B dhddabi¥riic May Rbmb:@sed
karyotype of a parent stemcell fromwhich the stemcell is derived,
or one whi ¥Alogis?i3EiBr om it but not in any substantial manner. For
exanpl e, there should not be any gross anomalies such as

transl ocat i ons,S4"bs¥¢ GFeHfd¥6Somes, del etions, etc. Kar yot ype
may be assessed by a nunber of nethods, for exanple visually under
opti cal m cr osclhpygtemkallymbyqzeisd bpyuheetiprde pay didpan dnyasiahey/ oHcwiag stem cell
descri bed ép M%PQir et al. (2006), Hewitt et al. (2007), and
Gal | i nore BRECREfSr dson (1973). Cells may al so be karyotyped using a
st andard O-bandi ng techni que (avail able at many clinical diagnostics

| abs that provi EANLL08KALY, N9 E t 1.
Ot ogenet i bs. LatarAn SRR AR, BRI G0 SURDS A Mo TRA1-60
cell kar yoaryl@@ &Mab84. Stem cells which are self-renewing may display a shortened cell cycle

compared to stem cells which are not self-renewing.

Stem cells may display defined morphology. For example, in the two dimensions of a
standard microscopic image, human embryonic stem cells display high nuclear/cytoplasmic
ratios in the plane of the image, prominent nucleoli, and compact colony formation with

poorly discernable cell junctions.

Stem cells may also be characterized by expressed cell markers as described in further

detail below.

Expression of Pluripotency Markers

The biological activity that is retained may comprise expression of one or more

pluripotency markers.



83 Al'l or a substantial portion of propagated cells may retain
a normal karyotype. This proportion may be 50% or nore, 60% or nore,
70% or nore, 80% or nore, 90%or nore, 93%or nore, 95% or nore, 97%
or nore, 98%or nore, 99% or nore, or substantially 100%

Pht ri pot ency The propagated stemcells may retain the capacity
to differentiate into all three cellular Iineages, i.e., endoderm
ect oderm and nesoderm Methods of induction of stemcells to
differentiate each of these |ineages agg known in the art and may be
used to assay the capability of the propagat ed stem cel | s. or a
substantial pokjd,0 gRY heb bt B & ri@iehbtbnic TAE S
may be 50% or %Fe@peg%ic?%?[}%mewgg} C]% %/&1 nor e, é%bﬁémc
nor e, 93%tppesrtibodiobiy SﬁEhwdcerSQY@/a\@rlahh@frgp 1gghevelopmeta St@dH or

nor e, L TURE
AND FEEDE%%IE&% B %1'4 éeﬂ’Q%{M{) b@%g@%pﬁﬁﬁ%@&ﬁsﬂi %e?‘{"%b&%f“? ‘""“tceij%sJ in
the presenteigmtedibedridendilre bt (Aitduve.ct dh €etl dines ﬁom-ltmmlﬁeeh CGebf er s
to a m xt ffer ki nds _of . ¢ t ha

t oget her, “g?orsféxag\rrgl ‘g‘gbeg‘p Font” -85 ggﬁ“‘%aé‘ﬁ“ rVopesTy “m%e“%%“eﬁ%"“’aﬁy S5E4°0
di f f erent repsis amcf S¥ed I*-1$>onm;e hieG gelbvare typictllyes SEane pssitivie dogrensatioh oés
particles or ner, on d|f er ent r.f

Bt ferent e iRl R Say O SF G Bl s b pS s A £ 35%1-60 M
Feeder celTrs-l- ﬁ&xpﬂaﬁ;dnahmncﬁcaswedpregmmtwSsmaupﬂmctelis tmwlgmarahamdtdlﬁed
whi ch are us r or.re |redfor cultiv

Gt £ or ont By feoreRhoadali G bR Rectubebhich i ettt By fnd terls
have t he f\mﬂm%gﬁraﬁf‘mﬁ&ﬁyﬂé, A hBedSuloyiny alith Veedl Réedsat subdirateagbiescribed
mai nt enan f ES-cel |l pluripotency. E luripotency may be
Toht evod by G raaegre Vet RO BHEeeatR Dl | o Al e nat i vel y,
or in addition, the feeder cells may be cultured in a nediumto
condition it. tion 88 stem
ol s, PR A TR TR BE M50 8 LI5S

di sh may b@lmﬁsedcmwharabé@mﬂmmeﬁ asyngRmAP aoivite asap(iort el., Skiencecel | s
t hat have ed. so the VA 84 ceI I S
PR oo R LR e TR AN et b g

cell gr owtlhetec‘ﬁthsi @atns7CeT; gergeroWs. NRurciasiEnt. j « Te b TANGG. HBL @élomelabre

grown in S[;&{]Efl%?\t pqus 3 nEﬁHj g_‘; ioche Diagnostics, Indianapolis). h"TERT expression can
also be evaluated at the mRNA level by RT-PCR. The LightCycler TeloTAGGG.TM. hTERT
quantification kit (Cat. 3,012,344; Roche Diagnostics) is available commercially for research

pUrposes.

Any one or more of these pluripotency markers, including FOXD3, PODXL, alkaline
phiosphatase, OCT-4, SSEA-4, TRA-1-60 and Mab84, etc, may be retained by the propagated

stem cells.

Detection of markers may be achieved through any means known in the art, for
example immunologically. Histochemical staining, flow cytometry {(FACS), Western Blot,

enzyme-linked immunoassay {ELISA), etc may be used.



The feeder cells may thensel ves be grown on particles. They may be
seeded on particles in a simlar way as described for stern cells.
The stern cells to be propagated may be grown together with or
separate from such feeder particles. The stemcells nmay therefore be
G own on a |layer on such feeder cell coated particles. On the other
hand, the stemcells may be grown on separate particles. Any

conbi nati ons of any of these arrangenents are al so possible, for
exampl e, a culture which conprises feeder cells growm on particles,
particles with feeder cells and stemcells, and particles Wi th stem
cells grow ng s wth a
feeder |ayer orFTévlft mﬁ%@ﬁb&éhmﬂ?ﬁrg@%ﬁru '% ?é?geg&%ﬁé ]ﬂ%{%?eeder

cel | s ar e igmownhisaghehdstiyi(fon exangda b &tixedrceltrorr tl@mtse:dions) ey fyatiyeid or
coat i ng. Whis € I n not

r equi red alp’gacg tﬁﬁrr cﬁ"gglglg%ﬁtcémgﬁgl exaﬂeiﬁ%%g?% efs?s 1+al§/ 1 811&%%& rtrcecflrull
medi um conekitiaéte r’ﬁaadylmqfilrlileé demupmbdag map bs tehiaak!ldar eMEﬁaltsﬁor,@NEuEtEEDEl%d
CELLS Ol\(ﬁ:e I*gd“fu%r i sol ating and propagating pluripotent stem
cells can lIqave any of several different formulas, as long as the
cell s obtained have the desired characteristics, and can be

propagat ed furt S
nodi fi ed Eagl esFta rtere{}] |pl51rrﬁoz O?%%{Og[g%@% 6%0 %ni@%ﬂag%k%%ﬁﬁo%g@?%?&al
nmodi fi ed ERgicesmaplli used.-(KO DVEM), G bco#10829-018; 200 nM

L- gl utam ne, G bco#15039-027; non- essentr al am no acid solution,

G bco 11140-050; beta- rrercgrét oet hano| gma#l\/l?522 human reconbl nant
basi ¢ fi brobl adtti§edigiiar the depiificeperagstemge ceiesiggudipg the Siagmspeni e

serum cont@hmgfagc RO Nhkd $IRMACER 95804 8nk s*urmriﬁejwroh ARRenOMEMnd
(typically KO DVEM, - 20% defined fetal bovine serum(F not heat

i nact i vat ett8! BERA-kG0nBRAdstle ey hF obipinebroquneaiallyy fQﬁ%{mPle gm §lhgnigan ne,
and 0.1 nmMhRef.aone rrﬁ@(@%%édﬂa’ﬂ@l USI‘.l?eFHg%q}n‘dH&lbéch'dlatE&foﬁgf B Rlighe tsiRd
4 degrees C for no | onger than 2 weeks. Serunifree enbryonic stem
(ES) medi uiPioslongldetivgdes hmmldglvewpd PehsraderianphEipR oletaanee]ls (Shamprort
hon- eSSGntM@' etod] (@998?@!@% 051 1 % L3 1S A dier lrxg%ﬁ' aplgzjooUM)NAs 97: 11307 —

bet a- mer capt oet hanol ffective sérum repl acene

G bco#1082838Zd hompe Jrrecﬁt uirn(i%‘?ST iScieagedd2 akld> 91 &F: EgulinotiB de g @le@0W)f or
no | onger , 3
final concrt('alér:t'fi'ljraaBt2 ?t%\%ﬁgl g&ﬂgjng? g Q&{’%{) %ééé:oﬁér I@lérgln (@%ﬁ{e@ﬁgggg 38 37

| nt er nat i ofrid MPeit &nf208bl. CelSriomee\WB:391020741) . The nmedi a may
conpri se Knockout DVEM nedia (Invitrogen-G bco, Gand |sland, New
Yor k), suppl errent ed with 10% serum repl acenent nedia (lnvitrogen-

G bco, Grand | dihameressienolbisRy-sPesifig £erE mreduots camlsa heglsbredatbomRAand
I'sland, Neterey N})rtﬁ’é"'r‘ijbéﬂﬂ{a%mP@%loﬁ%&ﬂ%ﬁ&hﬁﬁﬂms @%ﬁYevH'srl: rans&l‘ﬁ%ése
Jersey) Feeder cel (wher e used) may propagated in

medi um coRitigicdPAymoEs @NEN’P%CGDIEJ%F#?L@%B@J@929UGHQGOW‘F§SPYUHCFS 1n Standard

(Hycl one#
{1 hoke. ( Conaveibsils Sefitnd Mk UR po e, AR e &“I%r&?h

trypsin, Kegbiamnsddiom pbli¢ datahaprssndh agéisnBarkd U @achi r¢z).
| ayer, celée% @gq)arg\raglggg%fg; andesgnt o inhibit proli fer ation but
permit synthesis of | nportant actors t hat support human enbryonic
stemcells (about 4000 rads gamma irradiation). Six-well culture

pl ates (such asubadgianya04thase i 88&l1sDof ol SOBERAET RRicAof hémd 8EY 8GFesE-
with 1 nL 0 5% Sel atir lrl:j#p 1@1|5 lC’Egg\Q/%r ni Sht asand pl aﬁt?)eél v?rrth1 375 5 )gﬁes
i rradiat ed ﬁ)@%%@r}?%rrmpleé@d&w%@gro csljethat @ép@sstt%mé%ﬂﬂl%imj@@éﬁ gay;be
to 4 days @ er mcﬁljeaéob/p&' marB €706 iR, is80d GRARE SBo i bikbrd, @?%h)r BHérR95% or

enbryoni ¢ stem (hES) nedi um just before seeding pPS céll
nore, 97% or moie, 98% or more, 99% or more, or substantially 100%.



Conditions for culturing other stemcells are known, and can be
optim zed appropriately according to the cell type. Media and culture
techni ques for particular cell types referred to in the previous
section are provided in the references cited. 86 SERUM FREE MEDI A
The net hods and conpositions described here may include culture of
stern cells in a serumfree nmedi um The term "serumfree nedi a"
may conprise cell culture nmedia which is free of serum proteins,
e.g., fetal calf serum Serumfree nmedga are known in the art, and
are described for exanple in US Patents 5,631,159 and 5, 661, 034.
Serumfree medig,3;g;gemrercially available from for exanple,

G bco-BRL (I nvitrogen). The serumfree nedia may be protein
free, in that iE Y | ack proteins, hy droI sates, and conponents of
unknown conposit'f B gﬂ Og*FF\]eaCE\é'FYdH"»‘)f qoatpr ‘FF‘e‘iT iy l%ﬁ eltfifieistaged nuinber of passages.

cheni cal | yeqefidonad nfap gk asshydd wa@lhus%éyscma@n@mb@ 1348 Blud@eNElon.

chem cal structure. Chem cally-defined serumfree nedia is
advant ageous as it provides a conpletely defined system which
el i m nates var iAa{hbﬂobdl)fOIaAithmmmﬁg)follbﬁpYP(DMéd siiiepleadligiehdif b ktlysuatelsiom (20-

consi st ent, petf{ormance d crea f co ta nati.on by
adventi ti o?L?g é;g‘rﬁpglc’p‘ e fibe a”seg}‘ ?h'g!él 'fé{y?v\aé@’l n’Il'{f"vldﬁtkout
DVEM rT?dl &tz(nﬂgylstlﬁm@teﬂat%dm tblmpaaﬁﬁid Plaﬁ&: am Gl of e Wed 081K in a hemocy‘to-ﬁbﬁr and
serumfree nedj a . ene Qne_or. nore components,

such as s eﬁ”ﬂ?ﬁt‘:’%'ﬁilr@é‘éﬁfg’r‘ﬂsbﬂﬁ@ﬂﬁf%l“e ;f‘“dadeé‘ﬁ) (Featee} cells-drileyfatet a‘@?@&ﬁﬁ? rgber
5% 10% 1fi¥nst@hdd cellivg 8@ qtatirbhtee i@y B’ﬁy xD@" SURRAl-ement erk &ehtarlé)%
serum repl acenent  nmedi a from | nvitrogen- bco (Grand Islan

Yor k) . viablergedls isdhe imbeel ViRbdi GHE 'ihwdmwe PH‘@b‘HlO§ deseiond @ab'%Fe“S
di saggregated enbryonic stein ceIIs are cul tured may conprlse one or

more growt h factors fowm h factors ar 6,4nown
i ncl udi ng FGFZc[]i bﬁé ?%6‘5@ R (?gi/ TR %ﬁ'é@r%}f@a °* RS g%%"gr mETe
SI P, PDGF, 90BAbtFmord@3d or nBCE; 95% dr nidrd, D@ RE moWWh 0 SA o&ﬁﬂr@@%@bﬁmoﬂihﬁ

gromﬁh fact e used at any suitable concentration such as
bet ween | pt ﬁﬁ$ﬁ%%y§éé?g/m.

Karyotype

The propagated stem cells may retain a normal karyotype during or after propagation.
A “normal” karyotype is a karyotype that is identical, similar or substantially similar to a
karyotype of a parent stem cell from which the stem cell is derived, or one which varies from
it but not in any substantial manner. For example, there should not be any gross anomalies

such as translocations, loss of chromosomes, deletions, etc.

Karyotype may be assessed by a number of methods, for example visually under
optical microscopy. Karyotypes may be prepared and analyzed as described in McWhir et al.
(2006), Hewitt et al. (2007), and Gallimore and Richardson (1973). Cells may also be
karyotyped using a standard G-banding technique (available at many clinical diagnostics labs
that provide routine karyotyping services, such as the Cytogenetics Lab at Oakland Calif.) and

compared to published stem cell karyotypes.



87 MEDI A SUPPLEMENTS Culture nedia may be suppl enented with one
or nore additives. For exanple, these may be selected fromone or
nore of: a lipid mxture, Bovine Serum Albumn (e.g. 0.1% BSA)
hydr ol ysate of soybean protein. STEM CELLS As used in this
docunent, the term"stemcell"” refers to a cell that on division
faces two devel opnental options: the daughter cells can be identi cal
to the original cell (self-renewal) or they nay be the progenitors of
nore specialised cell types (differentiggtion). The stemcell is

t heref ore capabl e of adopting one or other pathway (a further pathway

exi sts in which .
therefore ceIIsAl(P %“%Bg@gﬁﬂgﬁ%#éﬁh¥ﬂ§%ﬁﬁqu§1%?@%@?%?%§&§ﬁh%§kgﬁg
t o producepropdriign why bt Hids ot ipgrest0% or more Qtoéﬁmmmrtéo%sol mefre PP erd, n

this documpng eyl &) Hﬂﬁox’e%ﬂ%ﬁ&% 9%5/6@11?0% '9@% d?'n’:bﬁé %?EL%QttantE 1§ Tho%s.

cells, and nulti otent rence

to stein ceIIslém%?g ) may i nclude the S|ngular (steln cell). In
particul ar, metho culturing and differentiating stemcells nmay
i ncludes single cell and aggregate culturing techniques. In the

present invent i GIf PEPagARdeTaM eqlls irgy sdaipdlye cpRACHY toglyGrrenistedstogH tapgpllula

celI's.. Tofihddsert, erli @RI Rbb8erm and meg_&ﬁz rh SVicthods @F ln@@ét%ﬂtof steRknsief ers
to a cell which has the potential to becone any cell type in the

adul t bodydiflgrentgigeash pf these linpagesare k@@wwwlmﬁrtanﬂr@wm 18gs] to assgy i the
pl acenta) . c.Faufey driiR p Q?aé’até&tténpeél nAlJ Sleél 4u§st§{tﬁl ﬁd?’f?oﬂ( (ﬁ{pg'dﬂaéa%&dceﬁ&ga)and

the first 4 or so cel roduced ts cleavag
retain this ability. This may be 50% or mme 60% or more, 70% or mone 80% or more, 90%

or more, 93% or more, 95% or more, 97% or more, 98% or more, 99% or more, or

substantially 100% of the propagated stem cells.
Co-CULTURE AND FEEDERS

Our methods may comprise culturing stem cells in the presence or absence of co-
culture. The term “co-culture” refers to a mixture of two or more different kinds of cells that
are grown together, for example, stromal feeder cells. The two or more different kinds of cells
may be grown on the same surfaces, such as particles or cell container surfaces, or on

different surfaces. The different kinds of cells may be grown on different particles.

Feeder cells, as the term is used in this document, may mean cells which are used for
or required for cultivation of cells of a different type. In the context of stem cell culture,
feeder cells have the function of securing the survival, proliferation, and maintenance of ES-
cell pluripotency. ES-cell pluripotency may be achieved by directly co-cultivating the feeder
celis. Alternatively, or in addition, the feeder cells may be cultured in a medium to condition

it. The conditioned medium may be used to culture the stem cells.

The inner surface of the container such as a culture dish may be coated with a feeder

layer of mouse embryonic skin cells that have been treated so they will not divide. The feeder



Pluripotent Stem Cel|s "Pluripotent stemcells” are true stem
cells, with the potential to make any differentiated cell in the
body. However, they cannot contribute to nmaking the extraenbryonic
menbranes which are derived fromthe trophobl ast. Several types of

pl uripotent stemcells have been found. Enbryonic Stem Cells
Enbryonic Stem (ES) cells may be isolated fromthe inner cell nass
(ICM of the blastocyst, which is the stage of enbryonic devel opnent
when i nmpl antation occurs. Enbryonic Gegn Cells Enbryonic Germ
(EG cells may be isolated fromthe precursor to the gonads in
aborted fecEH'ssl‘éE se"iﬂ@fe @mtgtl%ﬁlﬁlrg%%m%l ich are r uareﬁ@:@@é@li%t(ﬁ@ﬁeﬂﬁom
(EC) cells may %e [KYo] romteratocarci non‘g t unor t

occasi onalsieyn estle grosvinigrongpatjisiea thap thegefére begrowtirii such cedies! donfaierst wo, t hey
are usually aneuploid. Al three of these types of pluripotent stem

cells can only be isolated fromenbryonic or fetal tissue and can be
grown in cul t urBS R RYHNARREIAHNDS oW hen B HClGih Tkl PYdpetRicd tese
pl uri pot enfarifeRk krsa §im@an iy ak @és@ﬂﬁéd%ﬂﬁ@nceﬁguﬁ{e sRHERICR) Yepropagated n‘fﬂ%et
stemcells conprise a wide variety of types including neuronal, skin
and the bl%oW Paptheridthor sgparets e sueh &sdamerticles Hesienecclpmpoheisors be
bone marr gy é&{‘§ﬁ§é}%%ﬁdh%de{&ﬂ%@até@ﬁafrﬁé esSOf g%ﬁl& h&rMPt?%? st%%e ?s'n%é?y
the principal feature of i cal cord-derived stem ce
st em cel | Pecarvmat sgpasatp particlph Ank eombibaions @ﬁa}ayaﬁﬂie?rerﬁrllﬁn@m@féywlaiﬁpo
functi onal I
col | typed ™ It T RERbE! QRtreiich PR Rl 08 o P e D,
adul t st erwidefetdsr erdly abrbstene selacing paitickss with steinicslls draeimat Tises c@mbmaw@m
cells, man r@é & ﬁﬁt&iﬁers%ﬂ%tfélﬁ‘al?ﬂl%'?e{émmo%ﬁ' I's, or neural stem

s may be multipotent.

cells. Adu st’em cel

n—«

The particles on which the feeder cells are grown may be either coated or not coated in

a matrix coating.

Arrangements in which feeder cells are absent or not required are also possible. For

example, the cells may be grown in medium conditioned by feeder cells or stem cells.

MEDIA AND FEEDER CELLS

Media for isolating and propagating pluripotent stem cells can have any of several
different formulas, as long as the cells obtained have the desired characteristics, and can be

propagated further.

Suitable sources are as follows: Dulbecco’s modified Eagles medium (DMEM),
Gibeo#11965-092; Knockout Dulbecco’s modified Eagles medium (KO DMEM),
Gibco#10829-018; 200 mM L-glutamine, Gibco#135039-027; non-essential amino acid
solution, Gibco 11140-050; beta-mercaptoethanol, Sigma#M7522; human recombinant basic
fibroblast growth factor (bFGF), Gibco#13256-029. Exemplary serum-containing embryonic
stem (ES) medium is made with 80% DMEM (typically KO DMEM), 20% defined fetal

bovine serum (FBS) not heat inactivated, 0.1 mM non-essential amino acids, 1 mM L-



89 Multipotent Stein Cells Mul ti potent stemcells are true
stern cells but can only differentiate into a |limted nunber of
types. For exanple, the bone marrow contains nultipotent stemcells
that give rise to all the cells of the blood but not to other types
of cells. Miultipotent stemcells are found in adult animals. It is

t hought that every organ in the body (brain, liver) contains them
where they can replace dead or danaged cells. Met hods of
characterising stemcells are known ingshe art, and include the use
of standard assay net hods such as clonal assay, flow cytonetry,

l ong-term g e 1 | i el .
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di f f er ence§,otmentargenidn AriveekseSqpifiep otnbiybnis sterm (E8) thedin fisf readeiwitht8Re r
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tissue. U. BumdadiFGNe addsd #6684 Soncaprtidsofpl edul ( Bginmed b ibaat Sorhy om

wh br al ] .es., Nos. 5, 654, 183 d 5, 849, 553
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report the use stemcel |l s. U S. Pat.
No. 6,040,180 reports in vitro generation of differentiated neurons

fromcul tures gezTyrseTH ' | : m.cel | . 26
and WO 99/01158fhreeport %}2%3&2‘%%%@%@3?@%&@5&%@@%’&?Z%"Bav@ﬁﬁ?ﬁsg’%
st em cel | sNew|Yogodanpeoeyedwist (76 syt replaemesoredia (Bvdrogen- Gibco, Grand

| i neage-regtri 00 : 20 s

5, 968, 829 ?sga%gﬁﬁegﬁggﬁfgﬁb@{l EBFE Al 0L Giotkd Grand 1ot F‘;’/"c?ﬁit”? Pongml;
and cul t ur BBGWiAB(Faproedi, RockoHpl Nswdegrsgl.ucose, transferrin, insulin,
sel enium progesterone, and several other growth factors.

Feeder cells (where used) may be propagated in mEF medium, containing 90%
DMEM (Gibco#11965-092), 10% FBS (Hyclone#30071-03), and 2 mM glutamine. mEFs are
propagated in T150 flasks (Coming#430825), splitting the cells 1:2 every other day with
trypsin, keeping the cells subconfluent. To prepare the feeder cell layer, cells are irradiated at
a dose to inhibit proliferation but permit synthesis of important factors that support human
embryonic stem cells (about 4000 rads gamma irradiation). Six-well culture plates (such as
Falcon#304) are coated by incubation at 37 degrees C. with 1 mL 0.5% gelatin per well
overnight, and plated with 375,000 irradiated mEFs per well. Feeder cell layers are typically
used 5 h to 4 days after plating. The medium is replaced with fresh human embryonic stem

(hES) medium just before seeding pPS cells.

Conditions for culturing other stem cells are known, and can be optimized
appropriately according to the cell type. Media and culture techniques for particular cell types

referred to in the previous section are provided in the references cited.



Primary liver cell cultures can be obtained from human bi opsy or
surgically excised tissue by perfusion with an appropriate

conbi nati on of coll agenase and hyal uroni dase. Alternatively, EP 0 953
633 Al reports isolating liver cells by preparing mnced human |iver
ti ssue, resuspendi ng concentrated tissue cells in a growh nmedi um and
expanding the cells in culture. The growth nedi um conpri ses gl ucose,
insulin, transferrin, T3, FCS, and various tissue extracts that all ow
t he hepatocytes to grow wi thout naligngnt transfornation. The
cells in the liver are thought to contain specialized cells including
liver parqﬁﬁngﬁEE@ﬂﬁh§, Kupffer cells, sinusoidal endothelium and
bile duct epithelium and also precursor cells (referred to as
"hepat obl asts” or "oval cells") that have the capacity to
differentiate iThE Reli6dindBEHERitREPIM:QMEH Bere Hay DidlideinPbished dell in a
cells (L. EE Rogler, Am J. Pathol. 150:591, 1997; M Alison, Current
Qpi n. CelﬁmBﬂbﬁﬁ”TﬁhV%o, 1998; Lazaro et al., Cancer Res. 58:514,
1998). U S Pat. No. 5,192,553 reports methods for isolating

human neonatal . or fetal hematopolietic stemor progenitqr cells.. U S
Pat No. 5 716 B2 coBrT TontR Menaraper el L TERd i S e s
positive praeasieleQigal calderaPSophfiat ﬁle@i&@wﬂdﬂoﬂﬁﬁh tge 110, ghgge lded’cﬁ?@{ fohem
invitro. US. P No. 5,635,387 r a net hod.and device for

Ul ¢ ur | ne SRR TS BRGHo bt b BYca P SC AN SHErr o BiA SorUmer &l o
No. 6, 015, 8bhbrersm, fhresafp0EtiBaHIBRE (hegegs.i t uting human | ynphoi d and
dendritic cells. U S Pat. No. 5,486,359 reports honpbgeneous
popul ati ons of human nmesenchynmal stemcells that can differentiate
into cells of ffbeeerirhdire ondiacanheptotanefred, gstig it ypelacksprethingsyhoheates,
cartilage, tendon, liganment. and derm,s. Th are. obt ai ned from bone
vt ow or BT SEREe PRRES Bt Tdsenlitiite Bedistin RpBRL 8RO
expand meskefinddynalia ia tweinhedlchsiponAfls DY iliddSn il Stritumra rChemsa g-dyfiret

stemcells isolated.from peripheral bl.ood of 1 .individual s. treated
with gr ovwsﬁ”‘frﬁﬁ?ed}l%d‘as’ﬁéﬁ"aﬁ g@&%ﬁ%ﬁ"‘”&ﬁ@ﬁ?f"ﬁ%’ 8@%@‘?’@7 THEPER t s

adi pose- deflimitetes Stugtbilitg elldvss fanichpkaved tepealucibilibsind Moraddnyistbifitgerfedmance,
adi pocyt es d red cells. These cells reportedly can be expanded and
Ul bur od T80 B b e L Y ¢ AL EBKTT 6 madh A,
Stemcells of any vertebrate species can be used. Included are stem
cells from hu . I - N, i LAS i ng S,

| i vest ock, ang%g?ﬁ%@ﬁﬁ%ﬁkﬁﬁﬁéﬁgﬁgﬁﬁg S g@%ﬁpgs rolggggﬁQﬁgggTbggﬁb,
etc. Gramblssd, NeleYskpm cel | s suitable for use in the nethods and
conpositions described here are primate (pPS) or human pl uri potent
stemcells derived fromtissue forned after gestation, such as a

bl ast ocyst, or Thesemmdice axpieyrsiibe synpismsated Hi@pnapymerr semprientaguch as
gestati on.selNafe)hfBnfehfideda %{@éo?ﬁer@lﬁﬁorp({f'fé%&(nl\lﬁgl $HN18%, 95%.55L Ak tshad
l'ines of embryonic stemcells. EMBRYONI C STEM CELLS Enmbryoni c
st em cel | sraganedigendydislsaprdemantagrivitil 1084 weups teplapdmant mgdia Srowf Inpitrpgaat gibco
species (T, 9 t g%.,gﬁroc. Nat|. Acad. Sci. USA 92:7844, 1995).
Human enb#?%ﬁ?cﬂgﬁéﬁl ﬁE “cells can be prepared from hunman

bl ast ocyst cells using the techniques described by Thomson et al.
(U.S. Pat. No. The &4dn£80 mednaR $Riche diskbSated S HsagElEdted éﬁﬂ:ﬁyon@eé(em

Biol. 38:133 ff., 1998) and Reubinoff et al, Nature Biotech,
18: 399, 200@lls are cultured may comprise one or more growth factors. A number of growth factors are

known in the art, including FGF2, IGF-2, Noggin, Activin A, TGF beta 1, HRGI beta, LIF,
S1P, PDGF, BAFF, April, SCF, Flt-3 ligand, Wnt3A and others. The growth factor(s) may be

used at any suitable concentration such as between 1pg/ml to 500ng/ml.



Briefly, human bl astocysts may be obtained from human in vivo

prei npl antati on enbryos. Alternatively, in vitro fertilized (1VF)
enbryos can be used, or one cell human enbryos can be expanded to the
bl ast ocyst stage (Bongso et al., Hum Reprod 4: 706, 1989). Human
enbryos are cultured to the blastocyst stage in GL.2 and 02.2 nmedi um
(Gardner et al., Fertil. Steril. 69:84, 1998). Bl astocysts that

devel op are selected for enbryonic stemcell isolation. The zona

pel lucida is renoved from bl astocysts by brief exposure to pronase
(Sigma). The inner cell masses are isolated by i munosurgery, in

whi ch bl as S&,P%QE posed to a 1:50 dilution of rabbit anti-human
spl een cel nt| serum or 30 mnutes, then 92 washed for 5 m nutes
three tines in DMEM and exposed to a 1:5 dilution of Guinea pig
conpl enent (G be@urd :ﬁédu?’mﬁ@r Héliuﬁﬁlefn&ﬁ@d with Bﬁ'er or‘ﬁ{m@-édditlv% Ofor eRddidle, these
Acad. Sci. USA 72:5099, 1975). ter two further washes in M
lysed t r opHetbeirdcaddom ae gy éwree#oa/’éad miswe: Beyinerteatn Alwnds (cgePlnass
(1CM by gpghl, %y%%ét&b%ybe%ﬁ'ﬁ rotdd§ | CM pl ated on nEF feeder |ayers.
After 9 to 15days, i1 nner cell mass-derived outgrowths are

di ssociated into clunps either by exposure to cal cium and

magnesi um §feecehasphat e- buffered saline (PBS) with 1 nM EDTA, by
exposure to dispase or trypsin, or by nechanical dissociation with a
m cropi pette; and then replated on nEF in fresh medium Dissociated
cells are repl aAe@ed)mthEElochmede:heltayﬁrss:m aellt reeﬁeshtoardarlylmnbmdisis@hrﬁac@ES)

medi um an rved. for.col S dermn g
ind! 17 er on1STEPHEH SPuGS G teueR Gl s eE ey ReBRLET pESERRA Pl

m cr opi pet terewitpaithe) 68/ Beythdprsgmitbd o€ thotentbecidisethed tymee dliffapitatiad. The
enbryonic stemcell-1ike phol, o i s chagracterize S C act. .
ol ot o5 b b RGPy RDIS Aot b e S YR B MR Siss n
promi nelnt WHFI: emd of eablesllltipdertgn Bﬂfbhmgf)i SI?Iﬁ teisnrechbk®radets WARA are not
routlneys it y brief t si.ni zati on, exposure to
ool beceo! s BB TGSt b o Regise IR GPth D’ v RDTA)
exposure to type IV col | agenase (.about.200 UWnL; G bco) or by

sel ection of i [ of
about 50 o 100 SHrTE s raaath Rt PR Rt bt AR
Enbr yoni ¢ @eripet¢tiEign abd, hsd malylpdnentpteepaﬂed fromprinordial germcells
present in human fetal material taken about 8-11 weeks after the |ast
menstrual period. Suitable preparation nmethods are described in
Shanbl ott et allngemrgcreferges hergip fustenseslls (Rigal) 95y IGE, thel Geias freemped).
Pat. No. 6 pp%@tac@%g ‘methods of &flt’uﬁlfl Yod SRR m% téjxggéis%? dell.%ggﬂ% Edl and
i sotonic buffer t’hen placed into 0.1 ni 0.05% trypsin MV sodi um
EDTA sol ut ﬁ&ﬁﬁeaﬂBRE)tma}gdeCéluﬂu‘tSnto <1 m n3 chunks. The tissue is then
pi petted through a 100/ 1tL tip to further disaggregate the cells. It
i s incubated at 37 degrees C. for about 5 min, then about 3.5 nL EG
growt h nedi um i & thedesnt imsngeniien celbeplivsamanbs of asvrgptesgcinglagells-

D- gl ucose, 2200 ng/L mM sodi um bi car bonate; 15% enbryonic stem (ES)
qualified fetal /#EPE & A SBRL); 2 nM gl utanmine (BRL); 1 nM sodium
pyruvate (BRL); 1000-2000 U nL human reconbi nant | eukem a inhibitory
factor (LIF, GeT’iEymaj“totilpoﬂentﬁ’gkkh‘nefhslmdlmmﬂammmohml@o bdcbmno bdyastl

h f 10 uM. f kol
g ::]O\;vlt o ﬁ-g :):/ ( E%gugt b(%ﬁy’ %@)) dgi' EH‘S eétréjeg@ryg{qi d&a(?él{}?{%s (e.g. plac% )Fhus fhe

hyal ur oni dasigt@pbleaigenase lfbsbzedEas adtbdie St agied Blls getictaby itd dgesee.
wth nmesenteries are dissected fromfetal nmaterial, the genital
ridges are rinsed in PBS, then placed in 0.1 m HCD di gestion
solution (0.01% hyal uroni dase type V, 0.002% DNAse 1, 0.1%

col | agenase type IV, all from Sigma prepared in EG growth nedi un).
Tissue is mnced and incubated 1 h or overnight at 37 degrees C. ,



Ni nety-six well tissue culture plates are prepared with a
sub-confluent |ayer of feeder cells cultured for 3 days in nodified
EG growt h nmedium free of LIF, bFGF or forskolin, inactivated with
5000 rad y-irradiation. Suitable feeders are STO cells (ATCC
Accession No. CRL 1503). 0.2 nL of primary germcell (PGC) suspension
is added to each of the wells. The first passage is conducted after
7-10 days in EG growh nedium transferring each well to one well of
a 24-well culture dish previously prepgged with irradi ated STO nouse
fibroblasts. The cells are cultured with daily replacenent of nedi um
until cell nnrghg&gg¥b§99§%§;ent with EG cells are observed,
typically after 7-30 days or 1-4 passages. | NDUCED PLURI POTENT STEM

CELLS The_pnet hods and conpositions descri bed here may be used
for the propagat MHRCIEY SERdaile drorussiepbtednt b Bapqietipkto makeany | nhqyced

pl uri pot erulffes&lﬁme@%bsh §11th&m$\¥ev§pQ{e?\ﬁﬁrﬁ‘zb%nﬁlﬁauﬂe?&nﬁ%hé &e@fm deB&Bnic
are a type of pluripotent stemcell artificiall é’ derived froma
P

non- pl ur i gasebtenes shich ageydsrived fram g tighnblasis Semeral by pestfiplurpgientsieanhgsile
fibrobl astigye hdtR%@l. B cells, by inserting certain genes. iPS cells
are reviewed and di scussed in Takahashi, K. & Yamanaka (2006),
Yamanaka S, et gudlvonfcddddens 94 Wrnig M et. al. (2007), Mherali N,
et. al. (2007) ang’ThonBon JA, Yu J, et al. (2007) and Takahashi et

al ., (2007). iPS C s are t ri.ved ection
of certain st efaicuen Gragel el o e i rebpish ACRRF e

such as adiMstochdthwiadt B eieStagd bdhsrRiid delbfméry pihedintpfanttioh exeeh. t hr ough
viral vectors, such as retroviruses. Transfected genes include the
mast er transcr igpibnongal Gaagllat ors Cct-3/4 (Pouf51) and Sox2, although
it is suggested that other genes enhance the efficiency of induction.
After 3-4 week I one
nDrphoIoglcaII%mgﬁgﬁcfggﬁgﬁgi ?Tm %Qﬁ aﬁﬁﬁﬁgﬁ k%%g$§q¥ae%§ﬁ?§glls
and are t\abpited feipsdssol at ed through nnrphologlcal sel ecti on, doubling
time, or through a reporter gene and antibiotic infection. SOURCES OF
PLURI POTENT CEEk@ryonic Carci@pmeCdbpect s and enbodi ments of the present
invention are concerned with the use of pluripotent cells. Enbryonic

stemcel I's and aﬂb@mﬁdw&wmmtzeéussﬁ@rﬁe%t&eﬂ RnCrel RS eIcid8Ms, @3umor that

exanpl es of such cells nbryonic stein cells have
tradit i onaICFdFimaAbhocws ineprad i fehs: W#éﬁhecfgftlmﬁﬁ@ 3 v bogneuploid. All

bl ast ocystihgt affeMYeY Qﬁplﬁr@b@éﬂ? sterM:eJlls’caL@BIQy B@HB %B froM dehbrich®8h fetal

Establishment in culture of P uri potential cells from nouse enbryos.
Nat ur e 292issupsmd gapbe guewt inpultee RMethadsaae knopvg it the B ivhish paevertihespot ent

cell line fngmdeakdy iRt &fafiyPs cultured in medium conditioned by
teratocarcinoma stein cells. Proc. Natl. Acad. Sci. USA 78,

7634-7638. ThonmoRsied s | tskovitz-El dor, J., Shapiro, S S
Waknitz, MA , Swiergiel, J.J., Marshall, V.S, and Jones,

(1998). Enbryo c.stem eII Ilnes derlved fron1h n blast sts
Seionbe 265 S MBI SRR amrristy NI Ay, Yo Ao Tl cf?'ry@ééhe
met hods meylogiadsEng fem deistwiiat rothe @btivieRempdHRYiA bone marrow transplantation.

These latter stem cell types are also the principal feature of umbilical cord-derived stem cells.
Adult stem cells can mature both in the laboratory and in the body into functional, more
specialised cell types although the exact number of cell types is limited by the type of stem
cell chosen. For example, adult stem cells may be mesenchymal stem cells, haematopoietic
stem cells, mammary stem cells, endothelial stem cells, or neural stem cells. Adult stem cells

may be multipotent.



95 Several nethods have now been provided for the isolation of
pl uri potent stemcells that do not |lead to the destruction of an
enbryo, e.g. by transform ng adult somatic cells or germcells. These
nmet hods i nclude: 1. Reprogramm ng by nuclear transfer. This techni que
involves the transfer of a nucleus froma somatic cell into an oocyte
or zygote. In sone situations this may lead to the creation of an

ani mal - human hybrid cell. For exanple, cells may be created by the
fusion of a human somatic cell wi th an ggni mral oocyte or zygote or
fusion of a human oocyte or zygote with an animal somatic cell.

2. Reprogrannlm@dgﬁﬁgygk%nzykth enbryonic stemcells. This technique
i nvol ves the fusio a somatic cell wth an enbryonic stern cel

Thi s techni que nﬁé al so lead to the creation of aninmal-human hy brid
cells, as in 1 Mpgpent stem cellsare gae,siem fells it va8 oplstifarmtiaig By l’éuqeflur e.

Thi's technjgpi@r bnyfs&svmﬁ ekdEp16 eReIoRt naRoR Lomhild mRBp&at: sf:eﬁi deﬁs fobOfRve rise
non-pluripotent cells after long termculture. For exanple

pl ur i pot ento it SpUnpichelped putaptte sthestypsng C%EeMu]@'@?Fé‘PteﬁeéU“Hyale found in
| ong-t er m gdulttalin®iOft iPhbiIR gh@v&@%ﬁn@@ hk$ody? (@@n (D& Sdthaiitndh where
Derivation of pluripotential onic stem'cells frommurine

pri nordi al th@é?%l@éiiqeée#drpl@ammﬂéel sCel | 70, 841-847, 1992,

i ncorporated herein by ref erence). The devel opnent of pluripotent

stemcells aft ed culture of bope marrow derjved cells has
al so been repor %tg Cg\?? %g‘“?f isigg stempsells 4 GRAAY tsrartniddndypieg use bm

cel I's deri y@dlafdragsy ke ols §fﬁl’1 ﬁ@MbnarI\@sTsW ﬂo@l:%m@ﬂtyﬂ@nU»tgl(ﬁ@ailture and molecular

i ncorporated herein by reference esi gnated t hese cel

mul ti pot entCREGHCBrHESTHE BFRc%T1P§R(€wArS@tjm%iﬂf%har a et al aI so
denonstrated that pluripotent sten1ce||s can be generated during t he
course of cult% él%lf_s:jtermln ronln onat e Muse

Coutes Cunran: tHhudtlorS iberbfoent il 1 Gan frd hE e PR R e
( Kanat su- Stiffacihatedr egpression, of Gan@batof 041l @i fafd dnkiz@ei@dh cdl aikes). Markfersabt

neonat al npuse 1001- 4). . 96 4

Repr ogr ammi C%fi B pEfelf ataislectorge dosi éPSFﬁ%er@@ﬁ@P&muawnb@néeps
cell's by tﬁﬁmﬁ@ﬁmﬁwbﬂﬁﬁnﬂEﬂ(ﬁh@dBmﬂkaductIOn of transcription
factors (such as Cct-314, Sox2, c-Myc, and KLF4) into nouse enbryonic
or adult fibroblasts, e.g. as described above. Kaji et al (Virus-free
i nducti on SfURsiEspFpoEefeyLsaand subsequent exci sion of reprogranm ng
factors. Nature. Online publication 1 March 2009) al so describe the

non-viral transfection of a single nultlproteln expressi on vector,
whi ch conpr i sed’-BHet.dbup Al . SEgaemtsaanldrotent npeal siemfeglls ehiziedalimn Sein2

linked W t fis@AURE Phi. 6Ss, 746k &R pl%eﬁalgg&méa%ﬂa SbaRdRUARN

fibroblasts. iPS cells produce his non-viral vector show
robust explheaygihegs.¢f.S rﬂau INOQo%@i‘}dy% gt &84%353irendirtahe isagf mameplayrearared
state confitaed fufpctionally by in vitro differentiation assays and
formati on of adult chimaeric mce. They succeeded in establishing
reprogramed human cell lines fromenbryonic fibroblasts with robust

expressi on of b 9rppeELBoYo, 1% KEdrE-in vmogené}@roh@@l&ff%feﬂnﬁé@néaﬁoﬁgEabﬁaed
and di scussed by _ Shinya Yamanaka i n Strategi es and New Devel opnent s

in the Gen@ies Bﬁnﬁﬁmﬂéﬁwléﬁﬂpcﬁ?@éﬁ FIVR stpm il St@ RS SR gneB@ 89/0'daP)

rSte]f«‘renr gﬁl: |e repord sn¥radQ0:hd i908i6n BF SEYdeBlihdIiACem LI WIRBAA Ry BELRIPe DY
precursors, and lineage-restricted neuronal precursors.




5. Derivation of hESC |lines fromsingle blastonmeres or biopsied

bl ast oneres. See Klimanskaya |, Chung Y, Becker S, Lu SJ, Lanza R
Human enbryonic stemcell lines derived fromsingle blastoneres.

Nat ure 2006; 444:512, Lei et al Xeno-free derivation and culture of
human enbryonic stemcells: current status, problens and chal |l enges.
Cel |l Research (2007) 17:682-688, Chung Y, Klinmanskaya |, Becker S, et
al . Enbryonic and extraenbryonic stemcell |ines derived fromsingle
nouse bl astonmeres. Nature. 2006;439:2165219. Klimanskaya |, Chung Y,
Becker S, et al. Human enbryonic stemcell lines derived fromsingle
bl ast omeres. Naf4ipg:, N@096ss%A9 réB%;lts f}<§§al stelhafls Hbraitldl FERADSKEYGhid fordBRGKET
S, et al. Human enmbryoni'c Stemcell Iines generated w thout enbryo
dest ruct i owd cdiirgd \sﬂeann@éum COIBE)W%IQCP& frarplegriel iy ik selpripig, rpgesterone,
(Derivati gfqefye FHE%} y&wlg stemcell lines from bi opsied

bl ast oneres on uman ers Wwith a mninml exposure to
xenomaterials. Stem CeI I s And Devel opnent - paper in

pre-publicati om)lmagJ Hvet RARLRRERLR Be DREBENFON mﬁa‘nﬂsl@m%l surgzauy excisedB-
hESC | i nes obtained from arrested enbryos which stopped cl eavage and
failed to ey PpTeemBtATRPEIEr HE salybaon §F Mlaw@%e@nd durgmidasg X,

St oj kovi ¢ ﬁtwfa’a’i@éi?%ﬁ%?;%ﬁ &l réplorts Q@lﬁﬂlﬁﬁwep&il%y Bﬂécgé%&c%ﬁi%eﬁ%m&n fpm
cells fromdevel oping and arrested enbryos.

24: 2669- 2Glﬁewawalswdu@tcor@ﬂentr@wbﬂsweef@ilwraugr@wﬂlcmdalﬁdal@@ww@géﬁ SLCTY
enbi yoni ¢ o%.tmﬂr%'ahamh%afuﬁmo rpfi&ls ol A8liRE @ﬁﬂlmglﬁc%ngﬁ%&gl !
Research (2007) 17 682- 688, cor por at ed %erel h By reference

7. Part hodssisskgactghatpHpw H@ﬁ@g@%@s;@q growpyithoutandigha)t &ransfiyohias

chem cal or electrical stinulation of an unfertilised egg so as to

cause it to devE into _a blastonere from which epbryonic _stemcells
may be deri ved Thgers SbeHYS aresté‘é*‘gﬁftﬁC@‘ﬂtalalsl’“?ﬁ}?ﬁtdiqell%‘é%llﬂ‘ém%lj‘(eént| al of

honvzygouqaa&ha{pnfae&dng ey &lls fsiRpoifR taRREem ) dhd®ae Mﬁc@gpm}@ﬁ@maﬁ@ biss -
2003; 21(2): 152-61 who enJ)I oygcf t he chem cal activation of
nonfert i | iPedspEtelp glacd to a5 Sheppiablagty 9sr oy edls St Ravedhq @pacity to g

Stem cel | %Iﬁéreﬂt@&eemm%fhgﬁdaure TReRy©ebd thlidy eplmeﬁaave&m (g@w@m amnd
adult stemcells in terns of potentiality used to derive

pl uri pot erftathol 1aRiF%4: p3Yent Aé’é‘Pﬂ SUTTER AR Qﬁ%ﬁpqlclééf7leolr988dé\zar9@blalf= et al
nmesenchy med, s ey 6Rlsh 8, 10b%. f MSCs) expressi ng markers of pluripotency
(i ncludi ng Nanog, Oct -4, Sox-2, Rex-1, SSEA-3, SSEA-4, Tra-1-60, and
Tral-81, m ni mal evi dence of senescence as shown by | 3-gal act osi dase
stai ning, and the PaoNsi 5,'&%53@%@&@&}%%1‘@&5@? lsblainﬁgrmﬁ@me@ﬁtai uﬂ'femb have
been successful ly derived s _H. Jo_ et 9 Fet al se ch

stem cel | eﬂ”é‘FOP%%c FHHM IHB%I%HO{ 4T APt 86ry 7;5?95’“5 ‘Pﬁ“t topo‘etlc

char act er i @l st Thyn 0 p@XKitve PEdg¥@itcRX BRNGIpRIpriate@tdwil inS it & Beshetd00&) in
334: 423- 433, |ncorgor ated herein by reference). Wnston Costa Pereira

et al (Reﬁi“b‘dﬂr{ﬁ B3k Neet: ﬁ%%@’}’”ﬁér‘mﬂ% aF%@ﬁ‘“&Fﬁ‘EﬂF“B‘F“%’é‘éﬁEH?H%FPP%‘{“@m
cells f rOfEehM:ifﬂﬂhdMﬂ?bcluks‘é?s' USOPS, RBG,01555PQé8Abds @lndiRd of AlcBhsBRAVAE Mlifan
generatl on J Tissue En en Med 2008; 2: 394-399, i ncor por at ed
herein by ly@pidsrdgends 8IC§ ed a pure popul ation of nesenchynmal stem
cells fromWarton's jelly of the human umbilical cord. Mesenchynal

stemcel |l s deri on's jelly are al reviewed in Tro

V1 o5 CConct se UL AR L5 Rt hinodendis ol Tiahs & PGS memnf iRy | o
Stromal Ceajdm 019 tHabdanQiifferditiemigte kil of Holk R &R LodhRBve tiSbuBdtede, @lch 6EX
i ioti.c _nenbrape-derived stemcells.

vivo characteristics of human a
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by ref er eneaipstsine e@eACFbricA ateTaldt COitRIANBR] MpRd BeBIRRHANErE E1Is VD
mssenchyrral cells fromhuman amiotic nenbranes. Unbilical cord is a

tissue t hat?’qld3hespor hunapmesenciep! sfep celsinclatedfrom pardphetrbhlopd ofm t hi s

ti ssue have tended not to attract noral or ethical objection.



The cultured stemcells may be differentiated into any suitable cel

type by using differentiation techni ques known to those of skill in
the art. We describe a process for producing differentiated
cells, the method conprising propagating a stemcell by a nethod as
descri bed herein, and then differentiating the stemcell in

accordance wth known techni ques. For exanple, we provide for nethods
of differentiating to ectoderm nesoderm and endoderm as well as to
car di onyocyt es, adi pocytes, chondrocyteg and osteocytes, etc. W
further provide enbryoid bodies and differentiated cells obtainable

by such et hRdS.Al
G iferent mak gé%&t&da\#gﬁgﬁgﬁggl&sg@f @g%ﬁBMw@ggﬁﬂ% reports
di f f er ent i adipasgrdetversien]cels anddattigrasnbstantialhelieeral aélp@:ymsgndj@g cellshBisé n

R Y W

Ni ebrugge wtdial (2009), R PaSSI er et al. 2005, P WBurridge et al.
2006, MA Laflamre et al. 2007, L Yang et al. 2008, and X Q Xu et al.
2008. The cultured stemcells may al so be used for the formati on of
enbryoi d bodi esterErBlswbany Vseelrals speaied cavereticers Icbdedvair isisg ceheligm Swipans;
lul own i n fhe1akthon-fitGard GiiBie eﬁ%éé dﬁhnﬁﬁlg‘ﬁweg‘[ ke£1 ety ﬁ&hﬂtﬁ’a{nqnammals
col onies seen in culture produced e growt n{)ryonl c stem

cel I's in swshayrsilents miebreottd bodi es are of mxed cel | types, and t he
distribution and timng of the appearance of specific cell types
corresponds to that opbserved within the enbryo. Enbryoid bodies may

be gener at ed by pengst thestan celisppitaplsipruss iinive E@Fhlogs %ﬁt%mﬁ%%‘il%s depebeds
sem -sol i dydesht @nmh@“@ﬁ%%@ﬁﬁ;ﬁﬁn@@ éﬁ%ﬂi ﬁelﬁr@éﬂs Q@l 1%%%1&%3%%%@%@1* in

Limet al, Blqgod. 199 0:1291-1 nbryonic stein cells may
be i nducedgEtStﬁtl?rbns?ﬁh@ﬁﬁbiﬁé@@%@ﬂfe@éOr ﬁfnarrrym%mfetawaﬁghtnﬁéurmw

descri bed won-liffiegekinpI& éﬂ@ﬁrnﬁa@QQ@uresﬂ? @stﬁﬂf@ﬁéﬂ%gs mg{b%nfc(%%@ée'ﬂs

cells of all three enmbryonic germl ayers. he enbryoi d bodi es
may be further induced to differentiate into dlfferent | i neages for
exanpl e byEe¥pasuc 8tid Cehes appropri ate induction factor or an

envi ronnmental change. Graichen et al (2007) describes the formation
of cardi omyocytes from human enbryonic stemcells by mani pul ati on of
t he p38MAP ki ndsebrpaiideiay cellGmaiy b évolatdfomsblasieasts bfndemba’rmf poiinate species

car di onyoc r i e

i bi tor - o T B Sad AR P ao™ae Hile B SR Sem i)
m cr onol arcells can be pBiphfed fiont huatae dhlasebysscalimysihethe mqohmylmﬂ déseribaiy Thomson
sui tabl e pur ner at

Stem cel | S&OE?‘; necsi%?'ur %&%ggﬁc‘[eﬂ?e igéétléygéggo@“ﬁ%nnﬁe%é %é E@ fgl ng
to this inlASA}andRembiyioffet dl.Seaurt Bicddédhf E&:309tA0a0.e i nt o anot her cell type

for use in a nethod of nedical treatnent. Thus, the differenti ated

cell type may be derived froma stemcell obtained by the 100
Briefly, human blastocysts may be obtained from human in vive preimplantation

embryos. Alternatively, in vitro fertilized (IVF) embryos can be used, or one cell human
embryos can be expanded to the blastocyst stage (Bongso et al., Hum Reprod 4: 706, 1989).
Human embryos are cultured to the blastocyst stage in G1.2 and G2.2 medium (Gardner et al.,
Fertil. Steril. 69:84, 1998). Blastocysts that develop are selected for embryonic stem cell
isolation, The zona pellucida is removed from blastocysts by brief exposure to pronase
(Sigma). The inner cell masses are isolated by immunosurgery, in which blastocysts are

exposed to a 1:50 dilution of rabbit anti-human spleen cell antiserum for 30 minutes, then



cul ture nethods and techni ques described herein which has
subsequently been permitted to differentiate. The differentiated cel
type nmay be considered as a product of a stemcell obtained by the
cul ture nethods and techni ques descri bed herein which has
subsequently been permitted to differentiate. Pharnmaceuti cal
conpositions nmay be provided conprising such differentiated cells,
optionally together with a pharmaceutically acceptable carrier,
adj uvant or diluent. Such pharmaceuticg) conposition may be useful in
a nmet hod of nedical treatnment. DI FFERENTI ATI ON ON M CROCARRI ERS
| n_accor dapgediol s RIESERL ih BXRINI 08 oRIEH 6% L 5qiRek bt Githardy

I PS, may i uting
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cel I's, pancr eatifer didcdyiminnenesllimass-gerbad entagwelislaradissaeigiedinta sluspre
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EmMBRYONIC GERM CELLS

Human Embryonic Germ (hEG) cells may be prepared from primordial germ cells
present in human fetal material taken about 8-11 weeks after the last menstrual period.
Suitable preparation methods are described in Shamblott et al., Proc. Natl. Acad. Sci. USA
95:13726, 1998 and U.S. Pat. No. 6,090,622,

Briefly, genital ridges are rinsed with isotonic buffer, then placed into 0.1 mL 0.05%
trypsin/0.53 mM sodium EDTA solution (BRL) and cut into <I mm> chunks. The tissue is
then pipetted through a 100/uL tip to further disaggregate the cells. It is incubated at 37
degrees C. for about 5 min, then about 3.5 mL EG growth medium is added. EG growth



USES The net hods and conpositions described here may be enpl oyed for
vari ous neans. For exanple, the particles described here may be
provi ded as research tools or lab reagents for sinpler culture of
stein cells. They may be used for expansion of undifferentiated stem
cells on mcrocarriers for generating differentiated cells. This
coul d be devel oped into a contract manufacturing capability. Stein
cells may be expanded and optionally differentiated for use in drug
testing. The particles or microcarrierssmy be | abelled for
conbinatorial differentiation of stein cells in different nmedi a

condi tions . 4um ; t A : ribhed here
may be usegﬂ?ST‘%Dgggﬁgﬁgég%“@%%ﬁ@?%r%#?3%¥%%§?§§ﬁ¥9§§%g§%§ ?P%
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directly foQr; ! [ ifferentiated int ny .chosen
el | type S FRERTRETC 00 0T P g BB i oY 2
be deri ved(IflF dmetzirec)s t-@ metdhisan Ehenidhdit baséniibraliled goett ctor (bFGF,

i | | y b ' I f. ' [ [
W th e SEEyRuRL PO orEH REoREBEl o R yn ot dRE R R "

in this dosukedusighyabtreiilaetdlhgappd/DES se Godddayardlaep bO@GANL] ridEesoatH S
and differentiateed cells derived fromthe stemcells. Sim Ly, an
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or stein c s, etc e genera wel |. own in the art, but. w e
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conposi t i onsutdeddrt desehiRhtat TRYediees €S5,86kub2nddRABAIE oSE€ B &@h s diuRy
regenerative Hh%£%§¥' S%en1cells may be expanded and directly
Rlgieonlo e

adni ni st er &4 L They may be used for the repopul ation of
damaged tissue follow ng trauna. Enbryonic stemcells nay be

used directly, or used to.generate ectodernmal, .pesoderml or
ondodermar bt odShe SRS Bl e R B b P yen g fooder
Pr ogeni t or catie bhlgiravaipr béayrtd@odifieRG ¢ronah excpiamstieanf OIF, 8FGE of foyskolin,
adm ni stered int [ ent . The | so . be u for .

o opal ot e B uin B B e e Tt SR PSR TO oY (AT acoession o
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artifici al S9Y& ey _ture with daily replacement of medium until cell morphology consistent with EG

cells are observed, typically after 7-30 days or -4 passages.
INDUCED PLURIPOTENT STEM CELLS

The methods and compositions described here may be used for the propagation of

induced pluripotent stem cells.

Induced pluripotent stem cells, commonly abbreviated as iPS cells or iPSCs, are a type
of pluripotent stem cell artificially derived from a non-pluripotent cell, typically an adult
somatic cell, for example fibroblasts, lung or B cells, by inserting certain genes. iPS cells are
reviewed and discussed in Takahashi, K. & Yamanaka (2006), Yamanaka S, et. al. (2007),



Enbryonic stemcells may be used as sources of ectodermal, nesoderna
or endodernmal progenitor cells for the treatnment of degenerative
di seases such as di abetes, Al zheiner's disease, Parkinson's disease,
etc. Enbryonic stemcells may be used as sources of nesodermal or
endodermal progenitors for NK or dendritic cells for imunotherapy
for cancer. The net hods and conpositions described here enabl e
t he production of ectodermal, nesodermal or endodermal progenitor
cells, which may of course be made to further differentiate using
met hods known in the art to termnally differentiated cell types.
Thus, any Wagh Ml el @ AN 8 SD0EHRAL TR0l vy SUE {znoﬂ%@ch
to those ect oder mal ,” ‘nesdder nal dr en rna progeni or’ cel
sten1ce|I§¥kﬂmﬁuwhﬁcﬁmﬂﬁEy are sources. 103 Stemcel |l s,
ect odermal , nesodernmal or endodermal progenitor cells and
dlfferentlated ceIIs produced by the methods and conpositions
descri bed her eilivefp!lptre Geisally dgrived by Fasteetien gfcatian gem sell-aFogated genes
phar maceutjgahn 5%9&%&%1%“5&9 hs acﬁuh?ibwb%@trs nﬁ%‘isf&t;oﬂs@}ﬁ&ﬂ? 90!1:§H@hlouo
di sease may conprise a di Sease treatable by enerative’ therap
i ncl udi ng vérahwickees, sugh peireovipeere Trnsieaded gﬂ@ela@ le thaampstetitigrssgpionslr ns,
degener at i o
degener a s 0854 G 13 ADCHESy | 2UBLTREI EalIBERTES e o
popul at i orvéfiancy nﬂmﬂﬁ@mrﬁtﬁeaﬁ-édwam sidlf mlenmqfénaeﬂec@eeiloabs brain thbeagged
to prepar
di fferent ?%(tﬂ@dJ '%ighg%"g@g‘zh ner] }é IB’E@{;{ EE@tﬁgee elﬁﬁ%g%% (Eyr?ﬁcghy IsBfiea
purlfylngt@ﬂd@nmdmhyoggﬂaﬁ@mbmdbéﬁmg@né @HEWBQUSEWMWYgﬂWWﬂ@&S@&WS and
i mmunoi sol. ggm met hods are described in Handbook of Experi nent al
Innunologyg% It & Blackwell, eds.); Current Protocols in |Immunol ogy
(Coligan et al., eds.); and Methods of | nmunol ogi cal Anal ysis
(Masseyef fgfircid oF PEASroTeXN®lCRIEd M VCH Verl ags GibH). General
techni ques involved in preparation of mMRNA and cDNA |ibraries are
described in RNA Met hodol ogi es: A Laboratory Guide for Isolation and
ICaihar act Fr [ zzci;) [ sfnlné Bpedts arlaaenﬂiﬁgxhnenﬁc@adle m@exﬂﬁr&s?uonh&g&hcerﬁdal\ﬁtmhmgroy
rot ocol s we eds Ss an ction
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popul at i onsa@ples ganéi eub.arly suited for use in drug screening and
‘therapeutic applications. Drug Screening Stemcel |l s and
differentiated cells nay al so be used to screen for factors (such as
sol vents, smal Entefoeistesn ailsigs/e tpdipbiaile deerpletiyalitdie dtciitdescellanas (1081)
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cells in 1Qng S €GN tskovitz-Eldor, J., Shapiro, S.5., Waknitz, M.A., Swiergiel, J.J., Marshall,
V.8., and Jones, J.M. (1998). Embryonic stem cell lines derived from human blastocysts.
Science 282, 1145-1147). In isolating embryonic stem cells these methods may cause the

destruction of the embryo.



104 culture. For exanple, candidate maturation factors or growth
factors are tested by adding themto cells in different wells, and
then determ ni ng any phenotypi c change that results, according to
desirable criteria for further culture and use of the cells.
Particul ar screening applications relate to the testing of
pharmaceuti cal conpounds in drug research. The reader is referred
generally to the standard textbook "In vitro Methods in

Phar maceuti cal Research", Academic Presg, 1997, and U S. Pat. No.
5,030, 015), as well as the general description of drug screens

el sewhere in t
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recept ors geaRRY MRSal-Ehif Gl bridleld i '0aYe Chr omosonal DNA can be
determ ned by measuring DNA synthesis or repair. [ 3H] t hymi di ne or
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For exanple, the methods and conpositions described here may be used
to nodul ate the differentiation of stemcells. Differentiated cells
may be used for tissue engineering, such as for the growi ng of skin
grafts. Mdul ation of stemcell differentiation my be used for the
bi oengi neering of artificial organs or tissues, or for prosthetics,
such as stents. I n anot her exanple, neural stemcells are
transplanted directly into parenchymal or intrathecal sites of the
central nervous system according to the disease being treated.
Gafts are done using single cell suspension or snmall aggregates at a
density of 25, Q00- . i : . . ot
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Stern cells propagated according to the nethods and conpositions
described here and differentiated cells derived therefrom may be used
for the treatnent of cancer. The terns "cancer" and "cancerous"
refer to or describe the physiological condition in mamuals that is
typically characterized by unregul ated cell growh. Exanples of
cancer include but are not Iimted to, carcinoma, |ynphoma, bl astons,
sarcoma, and | eukem a. More particul ar exanpl es of such cancers
i ncl ude squanous cell cancer, snall-celgb Iung cancer, non-snall cel

| ung cancer, gastric cancer, pancreatic cancer, glial cell tunors
such as gl i oblgst OMedE s A B AITREQ8] § brﬁasmwba@;t%@@aﬂgsm ORI
cancer, liver cancer er cancer epato cancer
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109 of the first and the second mcroparticles conprises a matrix
coated thereon and having a positive charge. Ve describe a
nmet hod of propagating hunan stemcells on a carrier, in which the
carrier bears a positive charge, is coated with an extracellul ar
matri x conponent, and is of a size which allows the stemcells to
form an aggregate of carriers. We describe a nethod of
propagati ng human stemcells, the nethod conprising the steps of: (a)
providing a plurality of mcroparticleggwi th human stemcells
attached thereto, each mcropaiticle conprising a positi ve charge and
% g?g;;}(t qugclq) eﬁo‘#atéﬂfeg esl% B'yalr?@g‘%nc?)gsg%c%g@ewnp%o!%h% I 11'5(1%111!11{(%0 elélblémeg fj%l afgg[i o
W descri bessenchipt#iedlisofonphopaganiety nrvurbaanes tlémbibel ted IStahssumhdmd
gggm: \S/Ienc 0¥1Qaefléfsdtls%£) §e£%éjt5§€ﬁz(ce@% g rlvgélf 18%8%&5% E?f E :1?&?110990%2#?%8%1 &
stem cel | dtfoceablnjanﬂon.to the particle; and (c) aggregating
m croparticles with stein cells attached thereon to thereby propagate
t he human stem cel | s. The fol |l ow ng nunbered paragraphs
(paras.) cont aifhe pesneiveention sclugesoheluse ofrbivnipate asmpktipethet siemcesHs i ve
techni cal f.eatiSs MeLeIEsedbathan et L inehBasC RIS NG @
mat ri x coat ezjtet her eoﬁ0 Secggw nsgﬁg Bgcsllbélmvﬁbfg%;r ge, ’S?Shzﬁ%%m cle
bei ng of amdodigent, the plampﬁ@gpegalttlp@nnt@ellqomﬁdmtt@ togthdvly whihe present dukition
corpr i ses ta anpapaafedfh DR ASFRL AR U2 FRERH AR eyl Mk
particle qttrefaalslmmssoameuréobﬂwectsnbaplurlmterﬁ phenktipetentshiiseet ipalnet methals of 3.
A particl n r I L] i
subst ant i gp%&%ﬁphve@%l&? hay g%@egl r%Paénae% bgan%tlgmgg% Er:tgcraﬁsegﬁee&ﬁtél\lﬁtlﬁg 0’[;le a
| ongest dilnmemns Domaaosfnalhmtemwn mmmmtmmm mveil.tloﬁ\mpﬁbtt pacfoemed using
2‘;88{ dlzgg 1t stﬁat AU &R tt.geen prepareﬁ ex&usr%w bsyeasmgthocp NRER necessgﬁg} ?riv%ﬂzes the
destruction of human embryos from which those cells may be derived. This optional

limitation is specifically intended to take account of Decision G0002/06 of 25 November
2008 of the Enlarged Board of Appeal of the European Patent Office.

DIFFERENTIATION / EMBRYOID BODIES

The cultured stem cells may be differentiated into any suitable cell type by using

differentiation techniques known to those of skill in the art.

We describe a process for producing differentiated cells, the method comprising
propagating a stem cell by a method as described herein, and then differentiating the stem cell
in accordance with known techniques. For example, we provide for methods of differentiating
to ectoderm, mesoderm and endoderm, as well as to cardiomyocytes, adipocytes,
chondrocytes and osteocytes, etc. We further provide embryoid bodies and differentiated cells
obtainable by such methods. Cell lines made from such stem cells and differentiated cells are

also provided.



110 5. A

particle according to Paragraph 3 or 4, which conprises a

shortest dinension of between 20um and 30um 6. A particle according
to any precedi ng paragraph, which conprises a cellulose cylindrical

m crocarri

er. 7. A particle according to any precedi ng paragraph,

whi ch conpri ses DE-52 (Watman), DE-53 (What man) or QA-52 (Wat nan).

8. A parti

cle according to Paragraph 1 or 2, which conprises a

substantially conpact or spherical shaped particle having a size of
bet ween about 20um and about 1201.tm g A particle according to

Par agr aph
accordi ng
hydr ophi | i
m crocarri

8 which has a size of about p.m 10. A particle
to a
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Menbr anes) .
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cells in suspension. Embryoid bodies are of mixed cell types, and the distribution and timing
of the appearance of specific cell types corresponds to that observed within the embryo.
Embryoid bodies may be generated by plating out embryonic stem cells onto media such as
semi-solid media. Methylcellulose media may be used as described in Lim et al, Blood.
1997;90:1291-1299.

Embryonic stem cells may be induced to form embryoid bodies, for example using
the methods described in Itskovitz-Eldor (2000). The embryoid bodies contain cells of all

three embryonic germ layers.

The embryoid bodies may be further induced to differentiate into different lineages for
example by exposure to the appropriate induction factor or an environmental change.
Graichen et al (2007) describes the formation of cardiomyocytes from human embryonic stem
cells by manipulation of the p38MAP kinase pathway. Graichen demonstrates induction of
cardiomyocyte formation from stem cells by exposure to a specific inhibitor of p38 MAP

kinase such as SB203580 at less than 10 micromolar.

Differentiated cells may be employed for any suitable purpose, such as regenerative

therapy, as known in the art.

Stem cells obtained through culture methods and techniques according to this
invention may be used to differentiate into another cell type for use in a method of medical

treatment. Thus, the differentiated cell type may be derived from a stem cell obtained by the



15. A particle according to any precedi ng paragraph which is coupled
with tertiary amne or quaternary amne at small ion exchange
capacity of 1-2 mlli-equivalents per gramdry weight material of
particle. 111 16. A particle according to any precedi ng paragraph
which is coupled with protam ne sul phate or poly-L-1ysine

hydr obrom de at a concentration of up to 20ng/nlL particles. 17. A
particle according to any precedi ng paragraph, in which the positive
charge is between 0.5 to 4 mlli equivgent units / nl (nEq). 18. A
particle according to any precedi ng paragraph, in which the matrix is

a physi ol ogi.cal el evant. matri x.that .all o rowt h af the ster
A L S A e T
t he mat ri xdiffenpiates e diffeextintat el typeanayratoonsidecaimg @ panfuct of 2BemAell

R TR TR R C T NN T TN

fibronect ipermited toahietitiate. PlydhateomiaCeotposiiiotiyadybe rovidead eodprisirerauch
bovi ne vitreous. hynor, hyal uronic acid sodi um.from streptococcus,
hepar an sul PSR ielsaprliea b BRrltcs b 8 RREBORHLCAD dHy OR e, DMant or
sul phat e, dirxitr dichSihbpiiaégicsQeinpssitidheRgHes&ul ip B atethod REMEHION deinkhtn
sul phate. 21. A particle according to any precedi ng paragraph, in
which the matrix conprises Matrigel (BD Biosciences). 22. A particle
accor di ng POFERBTINTEDEON MycparazgieERsh, whi ch conprises a primte or
human stem cell attached thereto. 23. A nethod of propagating

primate or human stemcells, the nmethod conprising:
In accordance with the present invention stem cells, particularly embryonic stem cells

and iPS, may be induced to differentiate during suspension culture on microcarriers.

Embryonic stem cells may be induced to differentiate into the three primary germ
layers: ectoderm, endoderm and mesoderm and their derivatives. Embryonic stem cells may
be induced to form embryoid bodies. A range of cell types or tissues may therefore be
obtained, for example cardiomyocytes, cardiac mesoderm, hepatocytes, hepatic endoderm,
pancreatic islet cells, pancreatic endoderm, insulin producing cells, neural tissue,
neuroectoderm, epidermal tissue, surface ectoderm, bone, cartilage, muscle, ligament, tendon

or other connective tissue.

Methods for the differentiation of stem cells and the formation of embryoid bodies are

described above, and are applicable to the differentiation of stem cells in microcarrier culture.

Methods of differentiation of stem cells during microcarrier culture may require the
microcarrier to be coated in a matrix coating as described above. For example, suitable
coatings may include one or more of: Matrigel, Laminin, Fibronectin, Vitronectin, Hyaluronic
Acid.

Methods of differentiation of stem cells during microcarrier culture may include the

addition of supplements to the culture media. For example, supplements may include Bovine



(a) providing a first primate or human stemcell attached to a first
particle; (b) providing a second primte or human stemcell attached
to a second particle; (c) allowng the first primate or human stem
cell to contact the second primate or human stemcell to form an
aggregate of cells; and (d) culturing the aggregate to propagate the
primate or human stemcells for at | east one passage; 112 in which
the first and second particles each conprise a matrix coated thereon
and having a positive charge, the partigl es being of a size to allow
aggregation of primate or human stemcells attached thereto. 24. A

met hod aCC@ér%%bﬁﬁnﬁ? RYb; Ps@?gslélﬁ'a Miﬁﬁ-ﬁtm&s%ﬁ"é gﬁ afic dﬁ(ﬁﬁgg of

particle conEr|ses a feature as’ set out In any o ragr to 22.
25. A net hetbewgorteinhg t o Paragraph 23 or 24, in which the met hod

enabl es primate or hunman stenlcells to be continuously propagated for
a plurality of passages, A net hod according to Paragraph 23, 24
or 25, in whi cI‘Mﬁth%dsr?é@ﬁ@ﬂm@?fﬁﬁloéételﬁrcplllﬁeﬁuéln%)fm%iéﬁﬂﬁ”ﬁf§‘ﬂiéﬁl¢1mébélﬂl@"€t%ﬂ be

conti nuous llﬂtlaﬂ)&ﬁﬂ?egﬁﬁ ?%ptl%lo@%f fhe Qt\%ilh cél’ls 1§Eltllle? Qﬁtculjﬁg'e ofth IRASTendén  at
| east 13 or at | east ﬁgssa es. d according to any of

Par agr aphsMxaogagiepgultuynfo W%’rbﬁlh@CH@t ﬁ&dﬁ@mﬂﬁns@smgan@“a@umg ciltrd or
froma 2D colony culture.

USES
The methods and compositions described here may be employed for various means.

For example, the particles described here may be provided as research tools or lab
reagents for simpler culture of stem cells. They may be used for expansion of undifferentiated
stem cells on microcarriers for generating differentiated cells. This could be developed into a
contract manufacturing capability. Stem cells may be expanded and optionally differentiated
for use in drug testing. The particles or microcatriers may be labelled for combinatorial

differentiation of stem cells in different media conditions.

Stem cells propagated by the methods described here may be used for a variety of
commercially important research, diagnostic, and therapeutic purposes. The stem cells may be
used directly for these purposes, or may be differentiated into any chosen cell type using
methods known in the art. Progenitor cells may also be derived from the stem cells. The
differentiated cells or progenitor cells, or both, may be used in place of, or in combination
with, the stem cells for the same purposes. Thus, any use described in this document for stem
cells applies equally to progenitor cells and differentiated cells derived from the stem cells.
Similarly, any uses of differentiated cells will equally apply to those stem cells for which they

are progenitors, or progenitor cells.

The uses for stem cells, etc are generally well known in the art, but will be described

briefly here.



28. A nmethod according to any of Paragraphs 23 to 27, in which the
met hod conprises freezing and thawing the prinmate or human stein
cells. 29. A nethod according to any of Paragraphs 23 to 28, in

whi ch the method conprises agitation at 30 rpmor nore or at 100 rpm
or nore. 30. A nethod according to any of Paragraphs 23 to 29, in
whi ch the method conprises propagating primte or human stein cells
at a volunme of 25 m or nore or 50 m or nore. 31. A nethod
according to any of Paragraphs 23 to 3@ in which the nethod
conprises propagating prinmate or human stemcells in a spinner
suspensi on cuIEy&ﬁ@mﬁ§g&mA met hod according to any of Paragraphs 23
to 31, in whic e propagated prinmate or human stein cells retain at

| east one biolggical activity of a primate or hunman stemcell after
the stated nu rrgg‘? thf“O‘Eé’é‘é Q@B@PS‘“OE@SC‘%‘* hote ey ﬁ%aseséwpa%ﬁf@ steg cells for
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stemcell is selected fromthe rou consistin . (1) expression of

a pl uri pot’dsepayhe ke for the rppoplafion,pis mﬁsqdwswrfglk(mm auymsy nal
kar yot ype, (iv) ability to differentiate into endoderm ectoderm and
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expr essi omabdeamtion élhd@@&lﬁiaCM()g@itkﬁrell%%Lﬂéﬂoﬁﬂ férrr@craaeﬂatevegh@m Progenitor
consi sting ﬁg 4 SSEA-4, TRA-1-60 a t hod
accor di ng €6° &%/ ed?ﬂ@ﬁé&k’ﬁwaﬁwg)a@%ow dgacﬂx aﬁlwm%t%rﬁd ’c“Fféa E’f’é‘?‘ﬁ ey T Pk8

primate orpehiddRdr the &%c?aiah@n $fQlaPBgddassRdsithvatg @l it ratio of 1:6 or
more, 1:10 or nore, 5 or nore, 1:20 or m)re or 1:26 or nore. 36.

A nmet hod according to any of Paragraphs 23 to 35, in which the nethod
enabl es propag ?a“hms;)hemrftog@lanmtogemrm bellvany $t asadded Hose tarraw vaplacereént,ivehile

product i vit %llac plogemor celg; may elugédryor carcl’lacr@ﬂure patients. Skin progenitor cells may be
employed for growing skin grafts for patients and endothelial progenitor cells for

endothelization of artificial prosthetics such as stents or artificial hearts.

Embryonic stem cells may be used as sources of ectodermal, mesodermal or
endodermal progenitor cells for the treatment of degenerative diseases such as diabetes,
Alzheimer’s disease, Parkinson’s disease, etc. Embryonic stem cells may be used as sources
of mesodermal or endodermal progenitors for NK or dendritic cells for immunotherapy for

cancer.

The methods and compositions described here enable the production of ectodermal,
mesodermal or endodermal progenitor cells, which may of course be made to further

differentiate using methods known in the art to terminally differentiated cell types.

Thus, any uses of terminally differentiated cells will equally attach to those
ectodermal, mesodermal or endodermal progenitor cells (or stem cells) for which they are

sources.



37. A nethod according to any of Paragraphs 23 to 36, in which the
met hod conprises propagating the primate or human stemcells in serum
free nedia or stemcell conditioned nedia. 38. A nethod according to
any of Paragraphs 23 to 37, further conprising the step of separating
the primate or human stemcells fromthe particles. 39. A nethod for
producing a differentiated cell, the nethod conprising propagating a
primate or human stemcell according to any of Paragraphs 23 to 38,
foll owed by causing the primate or humggy stemcell to differentiate.
40. A nethod for producing an enbryoid body, the method corrpri si ng
propagating a Q,lﬂ{’g@ .

Par agr aphs 23 %élg?élgn fo dplneﬁf)o%%ﬁ%k lsua%ﬁ&%rapﬁretgelﬁtgr c%n%/ an% dlff 1?nt1tatgd
form an enmfly@mduetﬁddvy the nlqlmdsmld cmimstlbmcﬁewhbedlm macngaHde ﬁne,asém ithe an
i ndi vi dual [

or mat o or PEARAS 8 Rk E RN Loyl B RO GRRRY b4 Akl 998 gih 8
pr oduci ng a)nd]t i5¢ ediserse atagadbledai rbgeamtatwa:thﬂgp}t, mcl%dmggmdph f8@irep bone marrow
produci ng dy .accordi.ng,to Paragr

adni ni st eri%gegag I}{(a'rslga‘rsnai?J eM1 a%ﬁe“rr@twgg%er%s ?95 %ﬁ}e eé’r/'ga?e”gfr € or
enbryoi d bBaiymmmfsndnsteha ttoefidvdadecal . 42. A particle or method
according to any precedi ng paragraph, in which the primte or human
stem cel |l conprii&esesa prinmate or human enbryonic stemcell, a primte
or human adult stemcell or a primte or human induced pluri potent

stemcell. 43. Fdﬁ@xa@%@;ﬂ ?t acﬁegsommﬂefeguﬁe& d%rmgaéd RALLS! b@%?ed to

conprising stem cell thereto, each according to any o
Par agr aphspreparpapipodies apgd cDNavlibraxies diaf are gpacificdotberpifferssntiajedphoaatyiec| e

accordi ng (tEQhe?zﬁYecﬂﬁlgfeﬁql?egrlﬁ&@glgﬁrﬁg%g ad m3&syi %anﬁgocﬁ&g{élﬁQ%Fuse i

according to Paragr ai ner art
accordi ng mumém?SS@}fS a%magw@gmbtlﬁn tnethads age de$(2f1bed in Bmdhgejy @dapeaimental

according MHIE%EO%W(%D é’géfaclzv?egl,e&ﬂe)\! CMetinI%E)lcl)IS ?nwlﬁlﬁfn%log?%é}igan etal.,
eds.); and Methods of Immunological Analysis (Masseyeff et al., eds., Weinheim: VCH
Verlags GmbH). General techniques involved in preparation of mRNA and ¢cDNA libraries
are described in RNA Methodologies: A Laboratory Guide for Isolation and Characterization
(R. E. Farrell, Academic Press, 1998); cDNA Library Protocols (Cowell & Austin, eds.,
Humana Press); and Functional Genomics (Hunt & Livesey, eds., 2000). Relatively
homogeneous cell populations are particularly suited for use in drug screening and therapeutic

applications.

Drug Screening

Stem cells and differentiated cells may also be used to screen for factors (such as
solvents, small molecule drugs, peptides, polynucleotides, and the like) or environmental
conditions (such as culture conditions or manipulation) that affect the characteristics of stem

cells or differentiated cells.

Stem cells may be used to screen for factors that promote pluripotency, or
differentiation. In some applications, differentiated cells are used to screen factors that

promote maturation, or promote proliferation and maintenance of such cells in long-term



46. A device for propagating primate or human stemcells, the device
conprising a particle according to any of Paragraphs 1 to 22 or 42 or
an aggregate according to Paragraph 43. 47. A container according to
Par agraph 45 or device according to Paragraph 46 which is a

bi oreactor. 48. A primate or human stem cell propagated by a net hod
according to any of Paragraphs 23 to 38, a differentiated cell
produced by a nethod according to Paragraph 39 or an enbryoid body
produced by a nethod according to Paragyaph 40. 49. Use of a
particle for the propagation of primate or human stemcells, the

Cohat man) eSS G ci‘ﬁdwéi‘%%@*E“?fmﬂ%@“*?@"@éﬁ‘ggﬁw?%a 4%,
( Tosoh) ortheTo{popbain|difiFent wElie aydithebdetdrogagdny pBMbODE: co1lig§éha'k/tﬂsthit8anes)
and SHlOlOac&?J:hH%tol\é% 1 dab%r};?“?e)ua f(?l‘ofufbl ep Al uluiin% usggiithé) ge’l aggr egate, cell

cul ture
differentiated cell substantlally as her ei nbef ore descrlbed wth

reference to a@ﬁlm@tﬁalsslefgmné %prﬁi’dﬁ@l%lage th ﬂleﬁgtﬂ; of ﬂh‘ﬁuﬁ‘&fé&ﬁm%bﬁ E'Lglds in
drawi ngs. 51. A propagati ng human enbryoni c stem cel

(hESCs) i rilrggy es;ﬂiatCholequéwg reberregh genaially, to thestandarih satboolnpn ngiomg@thods in
Pharmaceutical Research", Academic Press, 1997, and 1J.S. Pat. No. 5,030,015), as well as
the general description of drug screens elsewhere in this document. Assessment of the activity
of candidate pharmaceutical compounds generally involves combining the stem cells or
differentiated cells with the candidate compound, determining any change in the morphology,
marker phenotype, or metabolic activity of the cells that is attributable to the compound
{compared with untreated cells or cells treated with an inert compound), and then correlating

the effect of the compound with the observed change.

The screening may be done, for example, either because the compound is designed to
have a pharmacological effect on certain cell types, or because a compound designed to have
effects elsewhere may have unintended side effects. Two or more drugs can be tested in
combination {by combining with the cells either simultaneously or sequentially), to detect
possible drug--drug interaction effects. In some applications, compounds are screened initially
for potential toxicity (Castell et al., pp. 375-410 in "In vitro Methods in Pharmaceutical
Research," Academic Press, 1997). Cytotoxicity can be determined in the first instance by the
effect on cell viability, survival, morphology, and expression or release of certain markers,
receptors or enzymes. Effects of a drug on chromosomal DNA can be determined by
measuring DNA synthesis or repair. ["H]thymidine or BrdU incorporation, especially at
unscheduled times in the cell cycle, or above the level required for cell replication, is
consistent with a drug effect. Unwanted effects can also include unusual rates of sister
chromatid exchange, determined by metaphase spread. The reader is referred to A. Vickers
(PP 375-410 in "In vitro Methods in Pharmaceutical Research,” Academic Press, 1997) for

further elaboration.



(i) attaching hESCs to a plurality of mcrocarriers; (ii) culturing
the mcrocarriers from (i) in suspension culture for a period of tine
sufficient to expand the nunber of hESCs; (iii) passaging the
expanded popul ation of hESCs from (ii); (iv) repeating steps
(i1)-(iii) through at |least 5 passages, wherein in each repeat cycle
the hESCs of step (i) are obtained fromthe passaged cells of step
(ii1) of the preceding repeat cycle, wherein hESCs in the culture
after step (iv) are pluripotent, and wigyein the mcrocarriers have:
(a) a conpact shape in which the | ongest dinension is between 90nm
and 101.1m or £8),a0..plongate shape, and wherein the mcrocarriers
are coated in a Matrix coating conprising one or nore of Matrigel,

|l am nin, fibronectin, vitronectin, and hyaluronic acid. 52.The nethod
of paragraph 519tW1éf‘rré|PFPPP$?éedrﬁ°%‘F6‘8&F°rtil%’rm‘ih§dssﬁ}5§‘P‘HPﬂ5i“é>P$ Jeseriied et &and

in shape an@eRas.d et el tha%ﬁm%aﬁ%@ﬁg thﬂempy, e dhagpreihed of
paragraph 51 wherein the mcrocarrier is rod
reconstitution or regeneration in an individual patient in need theleof The cells may be

administered in a manner that permits them to graft to the intended tissue site and reconstitute

or regenerate the functionally deficient area.

Propagated stem cells or differentiated cells derived therefrom may be used for tissue
engineering, such as for the growing of skin grafts. They may be used for the bioengineering

of artificial organs or tissues, or for prosthetics, such as stents,

Differentiated cells may also be used for tissue reconstitution or regeneration in a
human patient in need thereof. The cells are administered in a manner that permits them to

graft to the intended tissue site and reconstitute or regenerate the functionally deficient area.

For example, the methods and compositions described here may be used to modulate
the differentiation of stem cells. Differentiated cells may be used for tissue engineering, such
as for the growing of skin grafts. Modulation of stem cell differentiation may be used for the

bioengineering of artificial organs or tissues, or for prosthetics, such as stents.

In another example, neural stem cells are transplanted directly into parenchymal or
intrathecal sites of the central nervous system, according to the disease being treated. Grafts
are done using single cell suspension or small aggregates at a density of 25,000-500,000 cells
per .mu.L (U.S. Pat. No. 5,968,829). The efficacy of neural cell transplants can be assessed in
a rat model for acutely injured spinal cord as described by McDonald et al. (Nat. Med.
5:1410, 1999. A successful transplant will show transplant-derived cells present in the lesion
2-5 weeks later, differentiated into astrocytes, oligodendrocytes, and/or neurons, and
migrating along the cord from the lesioned end, and an improvement in gate, coordination,

and weight-bearing.



54. The met hod of paragraph 51 wherein the mcrocarrier is rod shaped
and has a | ongest dinmension of between 2000ptmto 20gm 116 55. The
nmet hod of any one of paragraphs 51 to 54 wherein the mcrocarrier is
conposed of one or nore of: plastic, glass, ceramc, silicone,
gelatin, dextran, cellul ose, hydroxylated methacryl ate, polystyrene
and/ or collagen. 56. The nethod of any one of paragraphs 51 to 54
wherein the mcrocarrier is a cellulose, dextran or polystyrene

m crocarrier. 57. The nethod of any ompg of paragraphs 51 to 56
wherein in step (ii) the hESC are expanded to confluency or near

continency. 58c.fihig ?@,g ¥ A REioAla BALAGAARBPacHE of BurSific WL 1
in step (iv), sﬁgﬁs ?F?ﬁ ﬁi?51§re ﬁepeﬁte&gﬁﬁrodgﬁgaﬁe é*:ﬁgﬁc eaé? 6
passages, tathelngeyous systpuskuguanplatextiwioxicity hppbesm ipeicatad inseagety of
passages, | . try, 1 .

passages, cg’%lm}]@%zlltid%@nﬁoﬁﬁggg%@ ,Okiﬁsmjlj%ﬁg’tHuﬁn%glzigg%%} Pgr ‘“%@ﬁ?ﬁse%é and
passages, Alehdimerstdist®efememgbfsreniated ealbstas tiadpassaigeds thamettmdsdesdriibed
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Paseages, "Bt 1AL S3RRRIACRT redhe nERTpI P RIIAIT el AeRARY 2
passages, Mtizbehstdis2depadsplgederods, ldubadtir@higpassdfesd natropatidst 40
passages, at | east. 5 assages l,east 6 assages, at |east 70
passages, %Qpr?pélg%tfmégespggrgg%%%’J,e Cglﬁ leltglgjgtemé%egg'so 'agfgeé??“’%teﬁ Bast 100
passages. oligSdendibeytaptehiosbrofo pasyotoremyelfinapat.agr aphs 51 to 58 wherein
after step (iv) at |least 60%of the hESCs in the culture are

pluripotent. 60. The nethod of any one of paragraphs 51 to 58
wher ei n after d$lepgioqvios pndibephiopdt PSOYsS preprecdnEBCUT methbds cew bt assassealrie
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express oneirapesiongit ingdctiorpdf [BgtldgtosEBBR4DabERAt L. 68mah dPatbiblb 14341606, 1993).
Efficacy of treatment can be determined by immunohistochemical staining for liver cell
markers, microscopic determination of whether canalicular structures form in growing tissue,
and the ability of the treatment to restore synthesis of liver-specific proteins. Liver cells can
be used in therapy by direct administration, or as part of a bioassist device that provides
temporary liver function while the subject's liver tissue regenerates itself following fulminant

hepatic failure.

Cardiomyocytes may be prepared by inducing differentiation of stem cells by
modulation of the MAP kinase pathway for example with SB203580, a specific p38 MAP
kinase inhibitor, as described in Graichen et al (2007). The efficacy of such cardiomyocytes
may be assessed in animal models for cardiac cryoinjury, which causes 55% of the left
ventricular wall tissue to become scar tissue without treatment (Li et al., Ann. Thorac. Surg.
62:654, 1996; Sakai et al., Ann. Thorac. Surg. 8:2074, 1999, Sakai et al., J. Thorac.
Cardiovasc. Surg. 118:715, 1999). Successful treatment will reduce the area of the scar, limit
scar expansion, and improve heart function as determined by systolic, diastolic, and
developed pressure. Cardiac injury can also be modelled using an embolization coil in the
distal portion of the left anterior descending artery (Watanabe et al., Cell Transplant. 7:239,

1998), and efficacy of treatment can be evaluated by histology and cardiac function.



62. The nethod of any one of paragraphs 51 to 60 wherein after step
(iv) at least 90% of the hESCs in the culture express one, tw or al
of Cct4, SSEA4, TRA-1-60 and Mab 84. 63. A nethod of propagating
human enbryonic stemcells (hESCs) in in vitro suspension culture,
the nethod conprising: 117 (i) attaching hESCs to a plurality of

m crocarriers; (ii) culturing the mcrocarriers from(i) in
suspension culture for a period of tinme sufficient to expand the
nunber of hESCs; (iii) passaging the expanded popul ati on of hESCs
from(ii); (iv) repeating steps (1)-OH) through at |east 5 passages,

wherein i ncﬁﬁg)&ypé&ﬁfrgpa?ﬁﬁh&a%% u&?ﬁﬁ:ﬁle%&f ﬁ)tl%%:nglla e c@Fa‘?aCQMSQIE ?t?ofjtrgaf om

t he passage ste ece repeat
wher ei n hESasTi¢ientichidiac finctiene(Lh$ tPet. Not BpI 9(,449)21!1@1?0\6) BSPIQ?%SDt ent and
wherein the mcrocarriers have: (a) a conpact shape in which the
| ongest di mensi@wicirs bet ween 901.tm and 10um or (b) an el ongate
shape,

Stem cells propagated according to the methods and compositions described here and

differentiated cells derived therefrom may be used for the treatment of cancer.

The terms “cancer” and “cancerous” refer to or describe the physiological condition in
mamimals that is typically characterized by unregulated cell growth. Examples of cancer

include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia,

More particular examples of such cancers include squamous cell cancer, small-cell
lung cancer, non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors
such as glioblastoma and neurofibromatosis, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head and neck cancer. Further
examples are solid tumor cancer including colon cancer, breast cancer, lung cancer and
prostrate cancer, hematopoietic malignancies including leukemias and lymphomas, Hodgkin’s
disease, aplastic anemia, skin cancer and familiar adenomatous polyposis. Further examples
include brain neoplasims, colorectal neoplasms, breast neoplasms, cervix neoplasms, eye
neoplasms, liver neoplasms, lung neoplasms, pancreatic neoplasms, ovarian neoplasms,
prostatic neoplasms, skin neoplasms, testicular neoplasms, neoplasms, bone neoplasis,
trophoblastic neoplasms, fallopian tube neoplasms, rectal neoplasms, colonic neoplasms,
kidney neoplasms, stomach neoplasms, and parathyroid neoplasms. Breast cancer, prostate
cancer, pancreatic cancer, colorectal cancer, lung cancer, malignant melanoma, leukaemia,

lympyhoma, ovarian cancer, cervical cancer and biliary tract carcinoma are also included.

Stem cells propagated and optionally differentiated according to the methods and

compositions described here may also be used in combination with anticancer agents such as



and wherein for at |east 60% of the cycles of steps (i)-(iii) the

m crocarriers are coated in a matrix coating conprising one or nore
of Matrigel, lamnin, fibronectin, vitronectin, and hyal uronic acid.
64. The nmethod of paragraph 63 wherein for at |east 70% of the cycles
of steps (i)-(iii) the mcrocarriers are coated in a matri x coating
conprising one or both of Matrigel and hyaluronic acid. 65. The

nmet hod of paragraph 63 wherein for at |east 90% of the cycles of
steps (i)-(iii) the mcrocarriers are ggated in a matrix coating
conprising one or nore of Matrigel, lamnin, fibronectin,
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FURTHER ASPECTS

We describe a method of propagating human stem cells, the method comprising the
steps of: (&) providing a first microparticle with a human stem cell attached thereto; (b)
allowing the first microparticle to contact a second microparticle comprising a second human

stem cell attached thereto to form an aggregate; and (c) culturing the aggregate; in which each



After mechani cal passage of hESC the cells rapidly col onised the
naked m crocarriers on day 1 and becone fully confl uent
cell-mcrocarrier aggregates on day 6. Hi stological analysis of

m crocarriers show that hESC formmulti-layers of cells on the
mcrocarriers and all of the cells stained positive for TRA-1-60.
When hESC microcarriers were replated onto 2D colony culture, they
spread onto the matrigel coated surface and increase in cell density
by 4-fold over 7 days, with greater thag 90% viability and continue
to express the 3 stemcell markers, Cct4, SSEA4 and TRA-1-60. After 9
weeks of c¢ [ i.Qn
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pl ates as etiadiie! enrdd sigpedhtasitr VB vangd lonaepalirachsion Of hfewadb wgmngi 400pm.
control. Both static and agitated m crocarriers achieved

significanfly h{ | Lf;

cu'tur e, Plu i porant e P et S e e s BRI st
be robust|300grmpressed in the static and agitated microcarriers
conpared to the control.



Despite the progress in automation technol ogies, the limtation of
growi ng ESC on surfaces is that the increase in cell density is
restricted to the avail able area. Therefore for therapeutic
applications, where very |arge volunes of cell cultures may
eventually be required, in liters per batch production run, it is
necessary to devel op bi oprocesses which do not scale on 2D culture
surfaces but rather in 3D environnents such as in suspension

bi oreactors. Until now, expansion of ungifferentiated human ESCs on
m crocarriers has proved to be nore difficult than for nouse ESCs. W
report fors theafj ' I A i ng
undi ffere nD tiat é dd aﬁﬁcﬁ%atr?bgﬁ%g ?/O o%?%l éjt%g ﬁq? g’eﬂag d ?ﬁ%@%@%o@&é?%ﬁ%r@d&
(3D) suspénticomZ@uh andksumon matri gel coated microcarriers which
achieved 2 to 4-fold higher cell densities than in 2-di nensional (2D)
col ony culg ures. ) I . i on

m crocarr iﬁz'ar S %islps‘c1 §B:zegéﬁ§cagﬁ% nms%n?' g)'? éeégd]?%&g%%?lt ?@ﬁggmﬂgg%aé)%%lo%em

ser um f r eeylefricaledicipeatiier. (St enPro and nTeSR1). Based on the spi nner
flask data, mcrocarriers achi eved even higher cell concentrations
and has t po { Ack: S| ]

vol unes i %t eagé‘e%%ticgéxaggﬁgl\iﬁgﬁdo%ﬁ pﬁsél}?#lg%%f@ Oﬁ@%%@é&?%g@&%ﬂ),
suspensi oPEd} (Whamemer PPotudehathean)equi val ent of 175 organ culture

di shes of hESC. In future, it would also be possible to further
optim ze tdiese AChld R8orlifo EPBY: R4 h NG ZE@Ei@%iﬁfrﬁe%&tﬁﬁiaﬂﬂtompam or
di ssol ved 02 and feeding strategi es in bioreactors. We have al so
br oadened sphesicaishapstl partiels baviigs seaaibevesn fhopt Hiuregnd@beut 1Pfues such as
human i PS cells and differentiation of hESC. The devel opnent of a
scal abl e kyj opr I, di t i L,.crocarrier
suspensi o?' cul '% %Ztié)ﬁf%%?rg@ﬁl%\/\gﬁy gg soge\%vlﬂgglg#?ég? gfd%iegécf%

refornul ati on and cell aggregate formation were identified as .

i npor t ant 19121 Amgftistestceqrding ip ayof Baragraphisia?.p and Gdiviish compaisprsHy draphiligm
_( serum an%i’cﬁ%&”iéﬂ?a Mcﬁ&yﬁéﬁ' MR 113!ﬁ%ﬂ%ﬁ%cg\‘ri@:por%m&ﬁged%yg?b%hiiic

i nhi bitor defined previously by Zweigert et al.) was supplenented

wi th BSA, begdegaycroeariigrd mi xt ure or yeastol ate. The enriched nedium
enhances cell growh and activity, significantly increases the fold
of cell expansiaOnticWcdIRE VES otfbgrag‘a%l{sq e bahd Wvﬁfcﬁﬂc&h?ﬁ'&;YT@lf(gel
this platfor achieving up to 60% o eat i ng aggregates. To inprove
cel | attacheehbPBhaspd ok dpyqpes] éﬁ'rTﬁ%b@Os{éWﬁéghl extracel | ul ar

mat ri xes have been eval uated (uncoated, vitronectin, |am nin,
fibronectim anchaalddceslihg olPeagi®pmht] @D inGiigeH thelpdriiQs estipratd Hn
results were obtained when carriers were coated with amnin or

fi br onect i FA{WHrMH O BTEBPrOBBEA PATEFIRigiceyHE'es i n bot h cases). These
results support the use of 3- dinensional mcrocarrier suspension

cul ture asida seajagivieaccatiadr PRy 12! adeidh thapdliat Eafiptised SMSUNTRILY,
we have d strate D mcrocarriers can be a sinple, stable
and robust('.:i\l;f‘gﬂ1 r@‘i‘eg)a rmeﬁiﬁw{g‘@i’%@ﬁﬁ’uri ng hESC i nstead of 2D col ony
cultures. Mcrocarriers will be anenable to scale up as controlled

bi opr ocesslds i i fart@iemcdrding to aygprakdiog paadrhphtveliieh dderdatisd to carry a
differentiati.on of hESC. Exanple |. Suspension Culture of Human
Enbryoni c P§P@¥ﬁ€}§fﬁes W denonstrate the use of several types of
m crocarriers that support the growth of hESC in an undifferentiated
state. Thejimai r fartivdk avgedimg ¢ Miygidcedihg potagraphRiigedr ie soupladovib tertiary amiffthe
follow ng 3 sses _of mcrpcarriers (see Figure,.l) have been tested
whi oh ar o LAGETES s TGO pichlaR Ry 2 by VS B 2P 69

cel | ul ose wdight ozarinl fipsrticPES2, DE53 and (B3); snall, spherical Tosoh
hydrophilic mcrocarriers (10 and 65 mcrons in dianeter); |arge,
spherical, m croporous and nmacroporous carboseed mcrocarriers.



Figure 2 shows the work flow of microcarrier cultures. Conventional
2D col ony cultures can be passaged onto microcarriers by 2 sets of

nmet hods, nechani cal dissociation, e.g. using a cell scraper or

pi pette, or by enzymatic dissociation, e.g. collagenase harvested
clunmps or trypLE harvested single cells. These microcarrier cultures
can further be passaged 122 onto other mcrocarriers by mechani cal

di ssociation, e.g. using a pipette, sieving through either 100 m cron
or 500 micron sieves, or by enzymatic ¢j;ssociation, e.g. collagenase
or hypLE harvested cl unps. Figure 3 shows that mcrocarrier
cultures c b ; : . Laual |y
passaged oﬁﬂni??@%@Q?%%Féﬁgfg%ﬁbﬁ&%Fé%@%8%%ﬁ¥?9¥%%%%§§%f&ﬁfég%g@Ethan
1 to 10 (iwwiphsteroepdydalysise hyplrabooride at xGneeatraton of opredOadd/migartivées.
typical split ratio of 1:4 to 1:5 when passagi ng from 2D col ony
cultures tp; col : . Lier, : : aged
for at Ieag? 159 égggé%gm?%d?%éﬁ%%%e%ﬁggééﬁﬁgn a@%hggéﬁmggﬁgggggﬁfor
13 passagebetueeniOaytp 4 ngHaequorleni was { oh(ngfq)t hese cul tures in conpari son
to control 2D colony cultures based on cell nunbers, viability, flow
cytometry pf pwf,alﬂaz», SRbr R K @ﬁme&lﬁg ghﬁgxp@rmﬂwm%ﬁ WRUMRG k! | be
shown in the following figures.” The cultured cells are capabl e of
differentiHWﬁQWgWﬂhUegWHﬁywﬁﬁtbﬁdﬂ@@s%ﬁﬂﬁﬁﬁﬁW§#mUW“®f t er at onms.
Figure 4 shows a work flow of the freezing of hESC. Conventional 2D
col ony cul tr ess gdricié EQERIMAH nyt ERBInE BhilaSrapll, &1 FHIOE BRURRL! dontphisved
and seeded directly onto mcrocarriers. Resulting cultures retained a
hi gh vi abi $5esEligkematkisce@B@E™pl uri pot ent markers. hESC grown on
mcrocarriers are also frozen together with the mcrocarriers. Upon

subsequent2d. hava pgtitlbgytoriif tabheprt@dkg @Eﬂa@ﬁ?,ﬁ@wﬂiﬁ@ PRk @Selected from
mcrocarrier cultures. ,N& suneﬁﬁpts 0 the(gfomﬂnﬂ¥lne&fcs and
met abol i sn'BFHESESStvhOaYagistle SRR BT MTBc TN ARFTT DY | act at e
and amoni apiéidadid #6n bBHheNHe TR0 G Mur6RID S4ABIdieR froRlseeisedocan, ar e
performed in mcrocarrier cultures supplenmented with feeder

condi t i onelFPRBEFHPhats hearmpsulphptergr bavine kidney, dexirap sphsie: devdier sudphigice

conpar ed Wokifind, RgrafiR Blipitte R G PN GipHater €S. Similarly, growh
ki netics and netabolismof hESC are neasured in 2 commercially

avail able serumfree nedia, StenPro _and nlfeSR-1. These nedia are nore
anenabl e f%lr r & BFTGIF ARCP Ui erte AN PRsd IS paegap =¢‘?8W{ﬁ18ﬁym€8hﬂnmnﬁ?sng

t he concenteaitlqB® Bibscivab4l. ener gy sources such as gl ucose and
gl utam ne thereby reducing dramatic pH drops at the end of the

| t ) dat .NESC on .123 m i b f 5
passages i 1t has e R QA R E R BP . Ak reg s e ate of

pl uri pot endterireglketashed thereto.
23. A method of propagating primate or human stem cells, the method comprising:

(a) providing a first primate or human stem cell attached to a first particle;
(b) providing a second primate or human stem cell attached to a second particle;

(c) allowing the first primate or human stem cell to contact the second primate or

human stem cell to form an aggregate of cells; and

(d) culturing the aggregate to propagate the primate or human stem cells for at least

one passage;



Besi des the conventional matrigel coatings on mcrocarriers, other
coatings are also tested such as hyaluronic acid, heparan sul phate,
dextran sul phate, heparin sul phate and chondriotin sul phate, to which
hESC are able to attach and grow. Mcrocarrier cultures are al so
agitated at 100 and 150 rpm and passaged to determne if they could
retain their pluripotent markers. M crocarriers of different
charges DE52, DE53 and (B3 are all able to grow hESC Furt hernore,

Car boseed, m croporous and macroporousjjgarbon mcrocarriers are able
to support the grow h of hESC. Spherical, hydrophilic

m crocar .” er S. $1T9§191mhe Lst gl'lJ Jeg(;n%g)tdrtfélegg&h%&% sl:q 1%%(?0% é%ﬂ%)ld ar €
coated with different charges cultures of ) rmort ers W t
hESC are al so daviemspaesiive dharge, tielpamiclss beingeoftaaive trealmbmgatmn dﬁE@@te
M crocarrier c up fromb5nl static cultures to
| arger 50 mi sg# %%hiaﬁ%&ﬂ{{é&?é@a@he%ﬁﬁ% %Ee;l r growh kinetics are foll owed.
Exanpl e 2. Human Enbryonic Stem and Human i PS Cel | Lines Human
enbr yoni ¢ %t em/ce¢thod deperding MEBHZ2r{bE3Xin wilich thnpprikgsor=aglugticle ogmpsises
obt ai ned f b e cells are frozen and stored
in liqui ﬁ?ﬁ'%?éﬁ%“‘%ﬁiﬁ%’%‘ﬁg. IE?‘42"{’52'00x200 JAM cel | cl unps

obtai ned from 2D colony culture or as cell mcrocarrier aggregates

obt ai ned f%em i Betbedacepraing sqParagrerh. 23190 Akrin pish éhel mahqd qwigeﬁ)prvwﬁeeor
obt ai ned fﬂu%émm@mﬁ%@ c&dflﬂh&ﬁrysdréaégaéd i §g@%hnafp§aga&@| e 3.

M crocarriers: Cellul ose l'i ndrical "M crocarriers -52, DE-53
and QA-52 rnicrogranul ar cyI i ndrical_ shape .ani gn _exchan

chr omat ogri&phy “nREheEEsortine it Fpeaprd, Hsedoas "Yﬁ“@rtb‘?:‘&P‘il‘P‘é?r@blPﬁJP“‘E%? I

propagat i off humdrdem cells to BREcopdniRsly P%pggﬁté@fgf DAY, 18asBI € aOBAT ek
wth tertlar am nes (DEAE) at snmall ion exchange capacity of 1 and 2

mi |1 - equilést Bnret jsast 6?%?ﬁ%é$y material respectively. QA- 52
m crocarriers are charged with quaternary amne (QAE) at small ion

exchange cgpacig Metﬁ(fvd decdttlink ito AW Pada@Bphs28to 96, AMWALY tHEBh@Rddabmpridee
m crocarriers are Od_| i brsted with Ca2+ My2+ free Phosphate Buffered

Sal i ne ( pI-lPassag‘“%)“t%l?f o P reploByeyY et ocl avi ng i n batches of 5 grans
per 100 ml .
28. A method according to any of Paragraphs 23 to 27, in which the method comprises

freezing and thawing the primate or human stem cells.

29. A method according to any of Paragraphs 23 to 28, in which the method comprises

agitation at 30 rpm or more or at 100 rpm or more.

30. A method according to any of Paragraphs 23 to 29, in which the method comprises

propagating primate or human stem cells at a volume of 25 ml or more or 50 ml or more.

31. A method according to any of Paragraphs 23 to 30, in which the method comprises

propagating primate or human stem cells in a spinner suspension culture.

32. A method according to any of Paragraphs 23 to 31, in which the propagated primate or
human stem cells retain at least one biological activity of a primate or human stem cell after

the stated number of passages.



Matrigel coated mcrocarriers are prepared by overni ght incubation of
20 ng mcrocarrier in 4 m of matrigel solution (diluted 1:30) at 4
C. Coating of mcrocarriers with negatively charged polyners is done
by overnight incubation (4 C) of mcrocarriers in polynmer solutions.
20 ng of mcrocarriers to the follow ng polynmer solutions are tested.
1 mM of 0.5 ng/m hyaluronic acid from bovine vitreous hunor
solution; 1.5 mM 2 ng/m of hyal uronic sodiumfrom streptococcus
solution; 1 m 0.25 ng/m heparan sul phate from bovine kidney; | m
0.25 ng/ M heparan sul phate fast noving fraction from porcine

i ntestinal COSA; : . b um | :

ol of Hal roariod e bl 2 M A A AN O, A
fact or s of humahGienicelQs selec#@ framdhd g8y ccR@ikingyng) exprefsdmantia plusipdienom
salt at di| utiop.f or.s of 1:.10 1:20 1.4 nd.. 1.8 ng. 7. nmg/ m
of chondr otk NieBR B8Ry gl ot kot b PPl i O B o
factors ofentiodddn, &ki®i@rm dnddfesadeiml: 80. All coatings materials are
purchased from Si gna. Exanple 4. Mcrocarriers: Derivatized

Hydr ophi | i ¢, Be Tl or . L. Tr.esy: :

Toyopear | A - APoubl SEBEMeh Rierarh 22 a2 S RS BN B of s
Pennysyl| vaprimgte tSMmahateinrrgl! coreprisehgopraspon of acplinymhtaoxy natkeckelveted omythd ¢
matrix, tre 1lve _eflg,_i_ f, 10 and 65 um
respective$r3g/yda?°§&{sj@né’aofgése?%é 6‘1%2’ orqr(ﬁ)ir%?ﬁag%ﬁi er preparation. 125
Coupling of proteins to the beads are done according to the

manuf act ur&: i nsmelhed pesnslingPe emarhiHamgsphptale 84 iBivdginh theGaethddryaleles
nunber P3369 =1 - j ] £ Si- . 0 ey.
P1395 or PAguy kst ek o RELRRAN £ LQBRLs EPhR o R 15
are coupl ed maetlhd dyesdson In2tordere.t o generate vari ous degree of
char gi ng. Matrigel is coupled to the beads at a concentration

of 0.5 m ger m m@ﬂ[ho@@@:ﬂ&ﬁng% Eﬁ‘y ofq‘al'hgl‘aijQSt @%S,Qﬁgﬂ%h%@mgh&?éiﬁglﬁpy

Tris buffer. Sterilization of the bedds Ts done gama _radi ation S8
m nut es expopagaonsal prig@icar honardvue sellsée seanpmatrie profigctiy@y ef/smphgn cells/m
Exampl e 5. ;M gLocarriers: Carboseed Mcrocarriers SMLO010 (1 nm
m croporous and SH1010 (1 mm) macroporous, bio-inert, turbostratic
carbon mcrocarriers (Blue Menbranes GrbH, W esbaden, Germany; also
G nventi on3’AG NERBODATEEEIE e 25y aftPargrapRngd legAuis trhichtbpmathe! copypisss
Wes _ba_den1 p gﬁz{gﬁﬁ*@éﬁe ifatt Selin{ A lstefERs ﬁlLk!e:tuH{ feee MLdtd QGRAT deBcBndfidhed
sterilized using 70% of Ethanol and WV |ight. After
sterilizati®Ha. microcarriers are incubated with sterile water, which
is changed daily to renove all shedding carbon particles. After 7
days, somesgn CrOgRibH 8¢cordMgl th ay SHPactafiphO2 PRBASHIAG cBMPriSRMe Wep bf
float. The sunken microcarriers are coated with matri gel or

fi br onect i FFPaRdNSBe BEFAGLT HwESEen ssliphomdhy Pagickses .

39. A method for producing a differentiated cell, the method comprising propagating a
primate or human stem cell according to any of Paragraphs 23 to 38, followed by causing the

primate or human stem cell to differentiate.

40. A method for producing an embryoid body, the method comprising propagating a
primate or human stem cell according to any of Paragraphs 23 to 37 and culturing the primate

or human stem cell to form an embryoid body.



All mcrocarriers are washed with growth nediumprior to their use.
Exanple 6. Cell Culture: Conditioned Medium (CM For
preparation of nmouse enbryonic fibroblast conditioned nedi um
(MEF-CM), gelatin treated culture dishes are seeded with 1.4 x105
cells cm2 of the mtonmycin-Ctreated immortalized AE-VEF in F- DVEM
medi a (90% DVEM hi gh gl ucose suppl enented with 10% FBS, 2 mM
L-glutam ne and 25 U/ nl penicillin and 25 ung/nml streptomnycin,

I nvitrogen) as described previously (Chgo et al, 2006). After 24 h,
the nedia is changed to 126 KNOCKOUT (KO) medi um whi ch cont ai ned
85% KO- DNEM SUQPA]&H&F&QF&H\% ZPd §e§5@1]§% ﬁ)ﬁ g?%&lccﬁ"i té'leﬁ'Mhe method
L-gl utam ne, 1% non-essential am no aC| m\/’il

mer capt oetqwamdlsmampagaaﬂgl@plmat@!d“fun‘@agiem Cfell bewotilizstp agy ofitaragkapbs o to

i( L[“é' E ngg{%ﬂlogﬁlg lfléleﬁ:t?dltﬁjld%gﬁ g% [(edgrﬁrrég Pgré%}a%l?‘%g‘ &' 1(%&01%91 HH&%& %gtgp d

addi t i onalacéordigg mll?allagna‘phrflé@omﬂtmamtel ltwﬂnapumaislochtfmmm eedlt diffesntidted

fact or (In Cul ture: 2D Colony Culture
Cells are (?Lll gg% bg@?@%ﬁﬁf‘&éﬂ on Mat ri gel -coated cul ture dishes

(incubated at 4 C overnight with matrigel (Becton Dickinson), diluted
in cold KG2DVEM parti@eordidthad agedrdingtd dng peacedmpardgraphyinveiicit the prevhte o
organ cult i |ng
20 0l ony. p SRR cobrds Mt offfth e JFEPEDL LA, GETRAR
wel | di shesliulisten csllmasproﬁatcrelmuman induced plirgoteptiitan ogked are eit her CM
from VEF feeders (described above), StenPro hESC serum free rredi a
(Invitrogep) oraj orR@HsHalth6 B B Articlee bdmRERNRL PG Sachddedi UM
is changed daily. Jgﬁéﬁgta@?ém?ol onyr cu tpglr es arné pa§sage weeakil
ei t her by thergipneseh eccondansttaremt ofliatarapd | @gdmwada (Choo et al, 2004) or
trypLE Express (lnvitrogen) or by mechanical dissection using the
StenPr o Ezﬁass%&il%ﬁﬂk g&hﬂ)r:s?%%ﬁﬁﬁic%ca_&@ﬁw(d mloffpﬁg&i BdnsEt8oPbesBor an
Cell Culture: M crocarrier | s suspension

obt ai ned efiggﬁé?tefi‘?c@lﬁ"tﬁt@ﬁé"ﬁélééil‘?b coI ony cul ture or directly from
liquid nitrogen storage (200 x 200 umtissue obtained from 2D col ony

culture or4sas oae&dnmnfer e Isin@la aﬂg&raegﬁ&lﬁgbo Al Of BASHRths atto 22 or 42, or an

concentrations of 0.1 -0.3 x 106/m on njicrocarrier suspension (4
mg/m ).  asgresyiy a%%naetse Bér@g*ﬁ%lh‘ﬂ% togetherovidbseley e 815 nor e
honogeneous culture, the cell inoculumis screened through 100 and

500 um nesds. si evéevheffanRogal&ing elinkic @ hiit@arl 45En B31RSOE Bdviide@Omprising a
particle according to any of Paragraphs 1 to 22 or 42 or an aggregate according to Paragraph
43.

47. A container according to Paragraph 45 or device according to Paragraph 46 which is a

bioreactor.

48. A primate or human stem cell propagated by a method according to any of Paragraphs
23 1o 38, a differentiated cell produced by a method according to Paragraph 39 or an
embryoid body produced by a method according to Paragraph 40.

49.  Use of a particle for the propagation of primate or human stem cells, the particle being
selected from the group consisting of: DE-52 (Whatman), DE-53 (Whatman), QA-52



127 suspension. Cells are cultured at 37C15% CO, on non attachment 6
wel | dishes (Corning) in static condition or agitated at 100 or 150
rpm (1 KA Orbital Shaker). The nedia used are either MEF-CM or defi ned
medi a. Mediumis changed daily. The cultures are passaged
weekly follow ng either enzymatic treatnment with col | agenase or
trypLE or follow ng nechani cal dissociating by repeated pipetting at
a split ratio of 1:2 to 1:10. Replating of mcrocarrier cultures to
2D colony culture is done by placing copfluent cell-mcrocarrier
aggregates on matrigel coated 6 cmtissue culture petridish with 8

ms of ned [alc ! F &Y ST acul. 1
m crocarri V?‘hagﬁegﬂz’%i%gtg oﬁ%}gcsﬁ ;?E?%‘;Jﬂg?gs%@élt%?ggzw?ég% (I] gg%lsgc))hrz Strﬁleo 0
sur f aces u@lesddenbiegsiielesSEOM BHuaMdnbaresgarried out in 6 well plates
with daily exchange of 5 ms of nedia. Exanple 9. G owh Kinetics,

Met abol i sm@nd o ﬁ‘&tfydpﬁ%regate, cell SRlkidre, 6L Hfﬁnc@%}hﬁ L &qmg?én stem

counting the cells adhering to the microcarriers using the nuclei
count et hesd. diffpagfiatedeell bubsigsirdiisr bersinbifode@eeribed witl wletdned focunid agshown

t reat ment Wﬁn‘r&'lag%BF%Q%BE?E@}?E&%M&% ogen, or TrypLE Express and

passed through 40 nicron nes e used for determning cell
viability ét rypan bl ue exclusion nmethod) and for Flow cytonetery
anal ysis. 21. A cehphal mippagating nah embryepis slgmicehe(hbes) it it tegisuspension

order to egfihBhe nfhd shRfididc growth rate of cells during the
exponential growth phase.”  Fromthis, the doubling time (td) is

cal cul ated using t fol i.n ation, td = 1n (2)1g where g is the
specific growh r%{ggmﬁ?é%m%’E‘%ﬁ'g"e?f?@‘f’ﬁfﬁwlﬁ’e, | actic acid and
ammoni um conggnt raifltuine hdeNaodBirteay Bdrh (iinlsithefliotBiultand fota geiod of time
concentration (Shi gg?dzu Prom nence HPL nd pH is neasured daily in

super nat ant sanpl WEIHSE O RRINGIhG FEnbeke abolism 128 Exanpl e 10.
Fl ow Cyt onet (i}f) passaging the expanded population of hESCs from (ii);

(iv)  repeating steps (i)-(iii) through at least 5 passages, wherein in each repeat cycle the
hESCs of step (i) are obtained from the passaged cells of step (iii) of the preceding
repeat cycle,

wherein hESCs in the culture after step (iv) are pluripotent, and wherein the microcarriers

have:

(a) a compact shape in which the longest dimension is between 90um and 10um; or
{(b) an elongate shape,
and wherein the microcarriers are coated in a matrix coating comprising one or more of

Matrigel, laminin, fibronectin, vitronectin, and hyaluronic acid.

52.  The method of paragraph 51 wherein the microcarrier is substantially spherical in

shape and has a diameter between 90pm and 10um.
53.  The method of paragraph 51 wherein the microcarrier is rod shaped.

54.  The method of paragraph 51 wherein the microcarrier is rod shaped and has a longest

dimension of between 2000um to 20jum.



Expression |l evels of extracellular antigens SSEA-4, TRA-1-60 and
intracellular transcription factor, Cct-4 in hESC popul ations are
assessed by i mmunof | uorescence using flow cytonetry. Cells are
harvested as single cell suspensions using trypsin or trypLE express,
filtered through a 40 um sieve (BD) fixed, penneabilised (Caltag
Laboratories) and incubated with primary anti bodies to SSEA-4 (1:1

di lution, Devel opnental Studies Hybridomas Bank, MC-813-70), TRA-1-60
(1:50 dilution, Chem con, MAB436014381)jgand to Oct-4 (1:20 dilution,
Sant a Cruz) Cells are then washed with 1% BSA/ PBS, and

i ncubat ed 4 - : ' y
FI TC-conj ugat eg‘ﬁ ? %%{Qgi\’}fi? tog? &Ei%g%ﬁag? % glﬁ]ﬂogtq r@eggﬂf}ésmgcg g&ggg;ﬁ@%&sgg&eid
and r esusp8nded mere 0EHRSN, PBS. ¢emmma,rsaiiops¢,gel@mn,deﬁm@S@auiO(eBbmrwlated

Di cki nson ions are performed at room

t enper at urﬁé@ ﬁ%é plal%%/re Adk} QSITJ%%I nvitro Differentiation To
i nduce hESC di fferentl ation in vitro, HES 2 cel|ls are

harvest ed ¥s clllifpsthahg wmw@&wgg&péwwﬁav t?mtggmeoe@ﬁnfe&rs ey

in EB- medidémd 8%l iNEMicra@%eFCS, 25 Ilinl penicillin, 25 jig/m
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59.  The method of any one of paragraphs 51 to 58 wherein after step (iv) at least 60% of
the hESCs in the culture are pluripotent.

60.  The method of any one of paragraphs 51 to 58 wherein after step (iv) at least 90% of
the hESCs in the culture are pluripotent.

61.  The method of any one of paragraphs 51 to 60 wherein after step (iv} at least 60% of
the hESCs in the culture express one, two or all of Oct4, SSEA4, TRA-1-60 and Mab 84.

62.  The method of any one of paragraphs 51 to 60 wherein after step (iv) at least 90% of
the hESCs in the culture express one, two or all of Oct4, SSEA4, TRA-1-60 and Mab 84.

63. A method of propagating human embryonic stem cells (hESCs) in in vitro suspension

culture, the method comprising:



The anplified products are visualized on |% agarose gels and st ai ned
wi th ethidiumbrom de. Exanple 13. SCI D Muse Mdels Four to five
mllion cells fromeither 2D cultures, replated or suspension 3D

m crocarrier aggregates are harvested by mechani cal dissociation,
resuspended in PBS and injected with a sterile 220 needle into the
rear |l eg nuscle of 4 week old female SCI D mi ce. Ani mal s t hat
devel op tunours about 9-10 weeks after injection are sacrificed and
the tunmours are dissected and fixed in;{E0% formalin. Tunours are
enbedded in paraffin, sectioned and exam ned histologically after

hemat oxyl i n d e i AL gqﬁl Kar yot ypi ng
Actively gro@?ng %%P?ﬂ?@%k%?gggggﬁ rerﬁﬁéég?ég in the netaphase stage
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for 15-16 h at 37 9 . t ti lysis is outsourced to the
Cyt ogeneti cs Laboé%ﬁ%ﬁé%ﬁfﬂﬁgﬁﬁ%% © ¢EE$E§’and Chil dren's Hospital,
Si ngapore. {i8D Bxasging tikfexpSpedpapulaCon ¢fUHSEs from (ii);
(iv)  repeating steps (i)-(iii} through at least 5 passages, wherein in each repeat cycle the
hESCs of step (i) are obtained from the passaged cells of step (iii) of the preceding
repeat cycle,

wherein hESCs in the culture after step (iv) are pluripotent, and wherein the microcarriers

have:

(a) a compact shape in which the longest dimension is between 90pm and 10wm; or
(b) an elongate shape,
and wherein for at least 60% of the cycles of steps (i)~(iii) the microcarriers are coated in a
matrix coating comprising one or more of Matrigel, laminin, fibronectin, vitronectin, and

hyaluronic acid.

64.  The method of paragraph 63 wherein for at least 70% of the cycles of steps (i)-(iii) the
microcarriers are coated in a matrix coating comprising one or both of Matrigel and

hyaluronic acid.

65.  The method of paragraph 63 wherein for at least 90% of the cycles of steps (i}-(iii) the
microcarriers are coated in a matrix coating cbmprising one or more of Matrigel, laminin,

fibronectin, vitronectin, and hyaluronic acid.
EXAMPLES

Introduction to Examples and Experimental Results

We have developed a facile and robust platform technology using a variety of rod shaped and
spherical microcarriers with different extracellular matrix coatings (e.g. matrigel, laminin and
hyaluronic acid), which are able to support the continuous propagation of undifferentiated

hESC in 3-dimensional suspension cultures. Microcarrier cultures typically achieved 2 to 4-



hESC is seeded to a siliconised (Sigmcote, SL2 Sigma-Al drich) 100 m
Bell co spinner flask at a density of 3 x 105 cells/m to 5 ng/m of
mcrocarriers, in an initial volune of 25 m wthout agitation inside
a controlled incubator with 37C and 5% CO, . The reactor vol ume
is increased to 50 mM with fresh conditioned nmedium and agitated at
30 rpm 12 h after inoculation. 80% of the spent nmediumis renoved
daily and replaced with fresh conditioned nedium Daily sanples are
taken for cell counts and netabolite angl ysis. Exanple 16. Seedi ng of
hESC Cul tures, Passaging and Quality Control 2D col ony cul tures
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grown on mcrocarrijiers, showng that culture on this new platformis
st abl e. 2D colony culture (Figure 152), the cell densities achieved in microcarrier passaged by

mechanical or enzymatic methods were similar.

After mechanical passage of hESC the cells rapidly colonised the naked microcarriers on day
1 and become fully confluent cell-microcarrier aggregates on day 6. Histological analysis of
microcarriers show that hESC form multi-layers of cells on the microcarriers and all of the
cells stained positive for TRA-1-60. When hESC microcarriers were replated onto 2D colony
culture, they spread onto the matrigel coated surface and increase in cell density by 4-fold
over 7 days, with greater than 90% viability and continue to express the 3 stem cell markers,
Oct4, SSEA4 and TRA-1-60. After 9 weeks of continuous passaging, hESC still retained high
expression levels of these pluripotent markers and typically achieved 1.2 to 1.8 miliion

cells/ml in a 6-well plate with viability above 90%. Normal karyotype of MC propagated in



Figure 8C, Figure 8D and Figure 8E show anot her set of repeated
experinments of hESC passaged on microcarriers indicating that they
stably express pluripotent markers Cct-4, SSEA-4 and TRA-1-60 (>
80-90% for all markers) at passage 4 and 6 conpared to the 2D col ony
control cultures. Typically, total cell nunbers per 6 well plate

achieved in mcrocarriers cultures are 7 to 8 mllion per well
conpared to only 2 to 4 mllion per well in 2D col ony control
cul tures. Hi stol ogi cal analysis g@fgmcrocarrier cultures in

Figure 9 shows that the hESC are growi ng around the cell ul ose beads
(dark objeg(gng HcP@cﬁ Rl st I L 2l L ed.
cells, ]t © Epur?lﬁ)}gﬁe%t %;SE efédg@%n% Q@?he’ﬁ h;i}g%%li]?rc ggﬁll'e??ﬁ 2hE
expressed b@isﬁhe hESC on the microcarriers. The first 2 rows shows

hESC grown on matrigel coated mcrocarriers and M FF-CM where cells

are wel | dirsd 15&@213@;@%@1@51@%4 HESmaGF] SeE 111t @i B2 A 6heSitve BN BnAiR XBIMRS.S
TRA-1-60, and the | ast rows show hESC grown on pative mcrocarriers

wi t hout mma ‘f‘@‘@l‘“f‘é%'zifanﬂﬁa theif Ay iewiffrsentialcyipe pabryrs bpdisp with cqlisgxpressing

strongly exneefs8ahe ectoderm, HeS3HeBn AQANANRNE ahhAto RERE ©ARME I |RBDAhEM
frommcrocarriers to 2D col ony cultures and retain high expression

| evel s of PHBUFVETPPEIEMHNS haf REPLIEXEE- 4, SSEA-4 and TRA-1-60, (> 132
959 . Cells fromthe mcrocarriers spread out and col oni se the
surface antrachkaviéd aﬁd)mﬂiabcblismfd,\&‘ insconditianetatediagedre corafaed vithc m
tissue cul Lure ezi n of 'hESC

i .. EX 17
oot tures. ot ERERRE Ry B Tod 7t i e ey BT MRl o
t Pawed , did r emﬁ]h?nﬁ oelt dﬁnln‘t}casfmcaam rliice{1 @ll%‘mi 0 4 a1k eyl Istedit it & -l 1) byslay
After a e . express hi
TRA- 1- 60 a%'zwi’eé%ﬂ?ﬁﬁgﬁﬂlsi‘fw - BOWB I ‘“"31‘4"%%13&5%%}155‘%%5 ﬁ@l‘ll“’”o?eﬂ%(méby

wel | pl at eday 7, due toAhd iatraatd Mefays arbd=NGi 4 fob 8D fof ¥R Bs @M rhib@carrier

m crocarriers and havve& In.this case, becauseci) 1Qartl al

deat h post a%ﬁh%ﬁﬁﬁ%ﬁé@%éﬂ Eiufayins FopgimPEOR AiHaTtatp and Hrmeiutp Pwéus(t@a
days) bef oreeelt ey smagaidt bﬂmrcﬂﬂlhregrm&é%r e SpecatcSRet@olifeadHsultiplbn }20¢ ehs
of Oct-4, SSEA-4 and TFt A-1-60 and rea(/\ﬁ about 7 mllion cells in 5
m s per we RSt progucgion etqs ‘W%ﬂ ut 3020 REHIT MiFreseyifredus 1ethe pigh splf Bimbsrs

G owt h Ki ngdhieved @ﬂ%al\@t’t@-@mcbﬁfﬂ' bR ekcaihid o oRiftidic altabBicthan and
Defi ned Medi a hESC are seeded at 0.67 mllion cells/well in a 6

wel | pl at elofRee Werhaye oylingly Prepegpiedisracamiss bayand 73 mpsyages voficiueir &ypically
Control  2Dy&edeedyediil AtldlsBEt rafiCoral MOmIBRSIRRL &ler HH¥S vRBIEY, CEhpardBHEY By

2D colony cultures.

Furthermore, HES-3 cells were adapted to grow in mTeSR1 and StemPRO serum free media
on microcarriers beyond 20 passages (5 months). Normal karyotypes were observed at

passage 19 and 20 respectively and pluripotent markers were maintained.

Growth kinetics of hESC in a 50 ml spinner flask MC, further demonstrated that HES-3 cells
achieved a superior density of 3.5 million cells/ml compared to the static microcarrier (1.3
million cells/ml) and the 2D colony (0.8 million cells/ml) cultures. The doubling time of 21
hours (specific growth rate of 0.033 hr-1) was also faster in the spinner flask culture
compared to the typical doubling times of 30 hours for the static microcarriers and 33 hours
for the 2D colony culture. The faster cell growth in spinner cultures may be attributed to

better oxygen transfer in the agitated environment.



M crocarrier cultures grew at an exponential rate and reached nore
than 8 mllion cells per well of a 6 well plate conpared to the 2D
col ony control which peaked at about 4 mllion cells per well on day
5 due to surface limtation and dropped to 3 million cells per well

at day 6 as shown in Figure 12. The pH profiles show that both
cultures drop to about 6.5 by day 6 or 7, however this drop is nore
drastic for the 2D colony control culture. 133 Fi gure 13 shows
that the glutam ne and gl ucose consunpbpon profiles are virtually
identical for mcrocarrier vs. 2D colony cultures, as are the lactate
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media (StemPro and mTeSR1).

Based on the spinner flask data, microcarriers achieved even higher cell concentrations and
has the potential to enable facile expansion of hESC in larger volumes instead of expansion
on surfaces. For example, a 100ml suspension culture can produce the equivalent of 175
organ culture dishes of hESC. In future, it would also be possible to further optimize these
cultures by controlling parameters such as pH, dissolved O, and feeding strategies in

bioreactors.

We have also broadened the use of these microcarriers for other cell lines such as human
iPS cells and differentiation of hESC. The development of a scalable bioprocess for
cardiomyocyte production on a microcarrier suspension culture platform was also

investigated. Medium reformulation and cell aggregate formation were identified as important



specific production rates of waste products such as |actate and
ammonia in mcrocarrier cultures conpared to 2D col ony cul tures,
especially after day 5. Analysis of amno acid profiles show that

gl utam ne, arginine, serine, cystine, valine, mnethionine, |ysine,

i sol euci ne, |eucine, and phenyl al ani ne are consumed, whereas proline,
glutam c acid and al ani ne are produced by hESC (data not shown).
Figure 18 illustrates that hESC grown on mcrocarriers, continue to
express pluripotent markers Cct-4, SSEfpd and TRA-1-60 at passage 5
for StenPro and passage 4 for nifeSR- 1, which are both commerci al
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on cellulose mcrocarriers are able to support the growth of hESC,
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Example 1. Suspension Culture of Human Embryonic Stem Cells

We demonstrate the use of several types of microcarriers that support the growth of

hESC in an undifferentiated state. The main findings are highlighted in Figures 1 to 5.

The following 3 classes of microcarriers (see Figure 1) have been tested which are
capable of growing hESC in 3D, namely: rod shaped, cellulose microcarriers (DE52, DES3
and Q53); small, spherical Tosoh hydrophilic microcarriers (10 and 65 microns in diameter);

large, spherical, microporous and macroporous carboseed microcarriers.

Figure 2 shows the work flow of microcarrier cultures. Conventional 2D colony
cultures can be passaged onto microcarriers by 2 sets of methods, mechanical dissociation,
e.g. using a cell scraper or pipette, or by enzymatic dissociation, e.g. collagenase harvested

clumps or trypLE harvested single cells. These microcarrier cultures can further be passaged



Chondroitin Sul phate (7.09 ng/ml) Heparin Sul phate (0.25 ng/m)
Hyal uronic Acid (0.5 ng/m) 1:10 9.6 x 105 cell s/ well
6 1.17 x 10cells/well 120 5 8.3 x 10cel |l s/ well
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onto other microcarriers by mechanical dissociation, e.g. using a pipette, sieving through
either 100 micron or 500 micron sieves, or by enzymatic dissociation, e.g. collagenase or

trypLE harvested clumps.

Figure 3 shows that microcarrier cultures can be transferred back to 2D colony
cultures or continually passaged on microcarriers at much higher split ratios of greater than 1
to 10 (in extreme cases up to 1 to 26 ratio) compared to the typical split ratio of 1:4 to 1:5
when passaging from 2D colony cultures to colony cultures. Microcarrier cultures have been
passaged for at least 12 passages (currently the cells have been passaged for 13 passages so
far). Characterisation of these cultures in comparison to control 2D colony cultures based on
cell numbers, viability, flow cytometry of pluripotent markers, histology and karyotype will
be shown in the following figures. The cultured cells are capable of differentiation into

embryoid bodies and formation of teratomas.

Figure 4 shows a work flow of the freezing of hESC. Conventional 2D colony cultures
are frozen and these cells are subsequently thawed and seeded directly onto microcarriers.
Resulting cultures retained a high viability and expressed pluripotent markers. hESC grown
on microcarriers are also frozen together with the microcarriers. Upon subsequent thawing

they are able to continue to propagate as microcarrier cultures.

Measurements of the growth kinetics and metabolism of hESC such as glucose and
glutamine consumption, lactate and ammeonia production, pH and amino acid consumption/
production are performed in microcarrier cultures supplemented with feeder conditioned

media, as shown in Figure 5.

These parameters are compared with the control 2D colony cultures. Similarly, growth
kinetics and metabolism of hESC are measured in 2 commercially available serum free media,
StemPro and mTeSR-1. These media are more amenable for reformulation to achieve better
growth by controlling the concentrations of major energy sources such as glucose and

glutamine thereby reducing dramatic pH drops at the end of the cultures. To date, hESC on
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microcarriers have been grown for > 5 passages in these 2 serum free media, while retaining

their pluripotent markers.

Besides the conventional matrigel coatings on microcarriers, other coatings are also
tested such as hyaluronic acid, heparan sulphate, dextran sulphate, heparin sulphate and
chondriotin sulphate, to which hESC are able to attach and grow. Microcarrier cultures are
also agitated at 100 and 150 rpm and passaged to determine if they could retain their

pluripotent markers.

Microcarriers of different charges DE52, DES53 and Q53 are all able to grow hESC.
Furthermore, Carboseed, microporous and macroporous carbon microcarriers are able to

support the growth of hESC.

Spherical, hydrophilic microcarriers (Tosoh) of different diameters (10 and 65
microns) are coated with different charges. Co-cultures of immortal feeders with hESC are
also demonstrated to allow pluripotent expansion of hESC. Microcarrier cultures are also
scaled up from Sml static cultures to larger 50 ml spinner cultures and their growth kinetics

are followed.

Example 2. Human Embryonic Stem and Human iPS Cell Lines

Human embryonic stem cell lines, HES-2 (46 X, X), and HES-3 (46 X, X) are
obtained from ES Cell International. The cells are frozen and stored in liquid nitrogen as a
suspension of 200x200 pm cell clumps obtained from 21D colony culture or as cell-
microcarrier aggregates obtained from microcarrier cultures, Human iPS cells (iMR90) were

obtained from J. Thomson (University of Wisconsin)

Example 3. Microcarriers: Cellulose Cylindrical Microcarriers

DE-52, DE-53 and QA-52 microgranular cylindrical shape anion exchange

chromatography matrices (Whatman) are used as microcarriers for cell propagation.



1:80 5 5.5 x 10cells/well 1.12 x 106 cells/well 5.4 x 105 cells/well
cells per well as shown in Figure 19. Tabl e El. Coating of
carriers Hyaluronic acid, heparin sul phate, chondriotin sul phate
Controls: KO= 4.3 E5 cells/well; CM= 4.4 E5 cells/well. Three types
of coatings, chondroitin sul phate, heparin sul phate and hyal uronic
acid on cellulose mcrocarriers that are able to support the growth
of hESC, achieving between 0.5 to 1.2 million cells per well.
Controls which are only coated with Knpgk OQut (KO serumrepl acer or
conditioned nedia (CM achieved less than 0.5 mllion cells per well.

136 The § fzmrﬁﬁ 55 mb L SocRlEk avigagggd %mémgrga.gﬁ\%ﬂg%@raz small ion

matrices |ike collagen ronectin, onectin
above expewchnnet cqpylwméan@@ milli- equlvalents per gram dry material lespectwely

QA-52 microcarriers are charged with quaternary amine (QAE) at small ion exchange
capacity of 1 milli-equivalent per gram dry material. The microcarriers are equilibrated with
Ca®* Mg”" free Phosphate Buffered Saline (pH = 7.2) and sterilized by autoclaving in batches

of 5 grams per 100 ml.

Matrigel coated microcarriers are prepared by overnight incubation of 20 mg
microcarrier in 4 ml of matrigel solution (diluted 1:30) at 4° C. Coating of microcarriers with
negatively charged polymers is done by overnight incubation (4° C) of microcarriers in

polymer solutions.

20 mg of microcarriers to the following polymer solutions are tested. 1 ml of 0.5
mg/ml hyaluronic acid from bovine vitreous humor solution; 1.5 ml 2 mg/ml of hyaluronic
sodium from streptococcus solution; 1 ml 0.25 mg/ml heparan sulphate from bovine kidney; 1
ml 0.25 mg/ml heparan sulphate fast moving fraction from porcine intestinal mucosa; 1.5 ml
dextran sulphate sodium (MW=500,000); 410 mg/ml of hyaluronic acid sodium salt from
streptococcus at dilution factors of 1:10, 1:20, 1:40 and 1:80; 200 mg/ml of Heparin sodium
salt at dilution factors of 1:10, 1:20, 1:40 and 1:80 and 7.09 mg/ml of chondroitin sulphate a
sodium from bovine trachea at dilution factors of 1:10, 1:20, 1:40 and 1:80. All coatings

materials are purchased from Sigma.
Example 4. Microcarriers: Derivatized Hydrophilic Beaded Microcarriers

TSKgel Tresyl-3Pw and Toyopearl AF — Tresyl-650 (TOSOH Bioscience LLC,
Montgomeryville, Pennysylvania, USA) having inert hydrophilic hydroxylated methacrylic
matrix, tresyl active group and bead diameter of 10 and 65 pm respectively are used as the

base for microcarrier preparation.



Exanpl e 20. Agitation at 100 and 150r pm hESC are al so cul tured
on mcrocarriers and agitated at 100 and 150 rpmin 6 well plates.

M crocarriers aggregate together at day 1 and form cl unps of
different sizes at day 6 at 100 rpmwith no visible cystic regions
showi ng that hESC remai n pluripotent (Figure 20). Cct-4
expression is partially dowregul ated at 100 and 150 rpmto 56% and
68% in Figure 21A and Figure 21B respectively, but SSEA-4 and
TRA-1-60 continue to be highly expressegh at passage 1 in both

condi tions. M crocarriers aggregate together in tighter clunps
at day | at 15 -

(conpared to 1(%(3)rL 'Emcadntlgéo(r%%gstz;? ?l&égoregd%aﬁ(go\rgggfmgml tb(a% n?/?ilnglggﬁl e?ﬂnsﬁl !093'
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expressi on | 9@

populatlonc%? %ef%g%%§%égg?q%§9§E@%gggﬁﬁgg %ﬁ@%?ggg%§%¥%ﬁg%%g%
are | ower @upléd®hthonbeadOboardes pegheraelvgriow d&g':ﬁe sfphmginkt ures at passage
2 conpared to passage 1 as shown in Figure 23. Nevertheless, hESC is
able to be grown at this agitation speed. Fi gure 24 shows t hat
Cct -4 and TRA- N@Ogeéiqmoé@sdg orihafeads %e@@rwdntceéaph of ¢-henl peiEd-of peags.eAfter
simlar fo r t
passage 2. PG BEBals GEbEUh et AT AR b Bl i AU adi by eRh
passagi ng l@ﬂlatlfhve(SHESA@ expbdurd dt reslisftion d@sepbtwemyesoil kG(mB/ht)l 2D col ony
cultures, mcrocarriers in static, 100 rpm and 150 rpm condi tions.
hESC grown_in control 2D col ony cultures routinely achieved between 2
to 3 ml|iBrroede fMjgspcaypys: Carboseed \MfigrasariafESC grown on static

m crocarriers could achieve up to 6 mllion cells per mell whil e

hESC agi t at ed m.coul d achi mllion Is
neir o EeC Bl o Fe e g a0 e Tacreppiia Mg
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i.potent markers

show that fhe ex on Ieve[s of to
509, SSEAWYenHR fves aR0-GHTP I ﬁs’ﬁ?%aﬁé?mwgﬁ 1%@86,.662%%’1%?8&%1? .c

m crocarr i @mafy M GEERMESE tulage. Mit @barAibrs R0tk iPRRIGRMGI7T0%QUTEthafbl@nd
stabl e and r&g ined at very simlar to levels to the 2D col ony

control cuf¥®8s for the HES-2 |ine at passage 5. Exanple 21. Charges
of Carriers - DE52, DE53 &3 DE53 is the charge on

mcrocarriers t t uti nel Lse |. e ri.ment s nL es
ot herwi s st at iRk o Site iy G DTy Rl v Shepged )
tertiary advilpeo mhﬂwgﬁsslﬁmﬁngwagﬂsbn(p@%ﬁ%)s Afuat eayrsomeanicheaciba gl sink de:

tested for, their. abil ort .the.culture of hESC and .
booenti a1 G ERsinE Rttt il aRr R eh S SR oo BAEY al
charges, aSbrefeaumandsedRbBvethBESC in 24-well plates.

All microcarriers are washed with growth medium prior to their use.
Example 6. Cell Culture: Conditioned Medium (CM)

For preparation of mouse embryonic fibroblast conditioned medium (MEF-CM),
gelatin treated culture dishes are seeded with 1.4 x10° cells cm™ of the mitomycin-C treated
immortalized AE-MEF in F-DMEM media (90% DMEM high glucose supplemented with
10% FBS, 2 mM L-glutamine and 25 U/ml penicillin and 25 pmg/ml streptomycin,
Invitrogen) as described previously (Choo et al, 2006). After 24 h, the media is changed to



Tabl e E2 bel ow shows that cellul ose mcrocarriers of |ow, nediumand
hi gh charges tested for their ability to support the culture of hESC
essentially show equi val ent cell nunbers can be achieved at al
charges. Surprisingly, at passage 2, the higher charged mcrocarrier
QA52, achieved a phenonenally high cell nunber of over 13 mllion
cells. DE53 is the charge on mcrocarriers that is routinely used in
all experinments unless otherwise stated. 138 Type of Carrier
Passage 0 Passage 1 Passage 2 DE52 6 |24

KNOCKOUT (KO} medium, which contained 85% KO-DMEM supplemented with 15% KO
serum replacer, 1 mM L-glutamine, 1% non-essential amino acids and 0.1 mM 2-
mercaptoethanol and 4-8 ng ml™ of basic fibroblast growth factor (Invitrogen). The CM is
collected every 24 h after KO medium is added into the dish. The CM is filtered (0.22 pm)
and supplemented with an additional 8 ng mi™ of recombinant human basic fibroblast growth

factor (Invitrogen).
Example 7. Cell Culture: 2D Colony Culture

Cells are cultured at 37°C/5% CO, on Matrigel-coated culture dishes (incubated at 4°
C overnight with matrigel (Becton Dickinson), diluted in cold KO-DMEM, 1:30 dilution).
Cells are routinely maintained in organ culture dishes (OCD} with 1 ml of media.
Experiments comparing 2D colony cultures with microcarrier cultures are carried out in 6

well dishes with 3 mls of media.

The media used are either CM from MEF feeders (described above), StemPro hESC
serum free media (Invitrogen) or mTeSR-1 serum free media (Cell Technologies). Medium is
changed daily. The static colony culfures are passaged weekly either by enzymatic treatment
with collagenase (Choo et al, 2004) or trypLE Express (Invitrogen) or by mechanical

dissection using the StemPro EZPassage Stem Cell Passaging Tool (Invitrogen)
Example 8. Cell Culture: 3D Microcarrier Cultures

Cells suspension obtained either from dispersed 2D colony culture or directly from
liquid nitrogen storage (200 x 200 um tissue obtained from 2D colony culture or as cell-
microcarriers aggregates) are seeded at concentrations of 0.1 — 0.3 x 10°/ml on microcarrier

suspension (4 mg/ml).

In some experiments, in order to ensure more homogeneous culture, the cell inoculum

is screened through 100 and 500 pm mesh sieve before its addition to the microcarrier



2.64 x 10 cells/well 6 2.91 x 10 cells/well 6 7.08 x 10cells/well 5
Seeding = 5.6 x 10 cells/well DE53 6 3.64 x 10 cells/well
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suspension. Cells are cultured at 37°C/5% CO- on non attachment 6 well dishes (Corning) in
static condition or agitated at 100 or 150 rpm (IKA Orbital Shaker). The media used are either
MEF-CM or defined media. Medium is changed daily.

The cultures are passaged weekly following either enzymatic treatment with
collagenase or trypLE or following mechanical dissociating by repeated pipetting at a split
ratio of 1:2 to 1:10. Replating of microcarrier cultures to 2D colony culture is done by placing
confluent cell-microcarrier aggregates on matrigel coated 6 cm tissue culture petridish with 8

mls of media, and culturing the cells for 7 days.

All microcarrier and 2D colony cultures have matrigel coating on the surfaces unless

otherwise stated and are carried out in 6 well plates with daily exchange of 5 mls of media.
Example 9. Growth Kinetics, Metabolism and Doubling Times

Cell growth is monitored by counting the cells adhering to the microcarriers using the
nuclei count method. Single cell suspensions of hESC culture (following treatment with
0.25% trypsin-EDTA, Invitrogen, or TrypLE Express and passed through 40 micron mesh
screen) are used for determining cell viability (frypan blue exclusion method) and for Flow

cytometery analysis.

Graphs of cell number versus time are plotted in order to estimate the specific growth
rate of cells during the exponential growth phase. From this, the doubling time (tg) is
calculated using the following equation, tg = In (2)/ where 1 is the specific growth rate (hr~
". Glucose, glutamine, lactic acid and ammonium concentration (Nova Bioprofile 100 Plus)
amino acid concentration (Shimadzu Prominence HPLC) and pH is measured daily in

supernatant samples for monitoring cell metabolism.



6 3.45 x 10 cells/well 6 7.32 x 10cells/well 5 Seeding = 7.7 x 10
cells/well QA52 6 4.51 x 10 cells/well 6 3.18 x 10 cells/well
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Example 10. Flow Cytometry

Expression levels of extracellular antigens SSEA-4, TRA-1-60 and intracellular
transcription factor, Oct-4 in hESC populations are assessed by immunofluorescence using
flow cytometry. Cells are harvested as single cell suspensions using trypsin or trypLLE express,
filtered through a 40 pm sieve (BD) fixed, permeabilised (Caltag Laboratories) and incubated
with primary antibodies to SSEA-4 (1:1 dilution, Developmental Studies Hybridomas Bank,
MC-813-70), TRA-1-60 (1:50 dilution, Chemicon, MAB4360/4381) and to Oct-4 (1:20

dilution, Santa Cruz).

Cells are then washed with 1% BSA/PBS, and incubated in the dark with a 1:500
dilution of goat a-mouse antibody FITC-conjugated (DAKO). After incubation, the cells are
again washed and resuspended in 1% BSA/PBS for analysis on a FACScan (Becton

Dickinson FACS Calibur). All incubations are performed at room temperature for 15 min.
Example 11. in vitro Differentiation

To induce hESC differentiation in vifro, HES-2 and HES-3 cells are harvested as
clumps and cultured as embryoeid bodies (EB) for 8 days in EB-medium (80% KO-DMEM,
20% FCS, 25 U/ml penicillin, 25 pg/ml streptontycin, 2 mM L-glutamine, 0.1 mM NEAA,

and 0.1 mM 2-mercaptoethanol) on non-adherent suspension culture dishes (Corning).

Subsequently, the EB are dissociated with trypsin and plated on gelatinized culture

dishes in EB-medium for an additional 14 days.

Example 12. RNA Isolation and Reverse Transcription PCR (RT-PCR)

Total RNA is isolated from hESC using NucleoSpin RNA II Kit from Macherey Nagel

and quantified by ultraviolet spectrophotometry (Nanodrop) Standard reverse transcription



6 13.4 x 10cells/well 5 Seeding = 7.6 x 10 cell s/ well Tabl e
E2. Counts on day 7. Note: Seeding density of 8E5 cells/well for PO
and P1 on cellulose mcrocarriers. Three charges of cellul ose

m crocarriers were passaged continuously for 3 passages, show ng that
hESC achi eve cell nunbers of between 2.6 to 13.4 mllion cells per
wel | . At passage 2, the higher charged m crocarrier, QA52,

achi eved a high cell nunber of over 13 mllion cells per well.
Expression of Oct-4, SSEA-4 and TRA-1-6§) continued to be stable and
are equi val ent for hESC grown on cellul ose mcrocarriers of |ow,

S DR e RS W TS

Spheri cal ©CasdypmsafRionieeph Beads (Different D aneters)

The PCR is carried out using primers specific to alpha-feto protein (AFP), amylase,
neurofilament heavy chain (INFH), keratin-15, heart and neural crest derivatives 1 (ITAND1)
and Msh homeo box homolog 1 (MSX1), which represents differentiation markers from the 3
germ layers. The cycling parameters used for amplification are 30 cycles of 95°C for 30 sec,

60°C for 30 sec and 72°C for 30 sec. This is followed by a final extension at 72°C for 10 min.

The amplified products are visualized on 1% agarose gels and stained with ethidium

bromide.
Example 13. SCID Mouse Models

Four to five million cells from either 2D cultures, replated or suspension 3D
microcarrier aggregates are harvested by mechanical dissociation, resuspended in PBS and

injected with a sterile 22G needle into the rear leg muscle of 4 week old female SCID mice.

Animals that develop tumours about 9-10 weeks after injection are sacrificed and the
tumours are dissected and fixed in 10% formalin. Tumours are embedded in paraffin,

sectioned and examined histologically after hematoxylin and eosin staining.
Example 14. Karyotyping

Actively growing cultures of hESC are arrested in the metaphase stage following
incubation with colcemid solution diluted in 1 ml KO-medium for 15-16 h at 37° C/5% CQO..
Cytogenetics analysis is outsourced to the Cytogenetics Laboratories af the KK Women’s and

Children’s Hospital, Singapore.



M croporous (SM 010) carbon mcrocarriers are able to attach and
grow hESC on the surface on days 5 and 7 as shown by the DAPI nucl ei
stain and TRA-1-60 pluripotent marker, shown in Figure 28A and Fi gure
28B. Figure 29 shows that m croporous carbon mcrocarriers
coated with fibronectin achieved higher cell nunbers of 0.3 mllion
cells per well conpared to control 2D colony cul tures which achi eved
0.25 mllion cells per well. Carbon mcrocarriers viewed in
phase contrast and stained with DAPlI orgTRA-1-60 on days 3, 5 and 7
are shown in Figure 30, Figure 31 and Figure 32, indicating that hESC
spread nor tin coated m croporous mcrocarriers
and aggreg%agbweynﬁgpgﬂcgélwgfs together in the | ater days.

FACS profiles of 3 pluripotent markers Qct-4, TRA-1-60 and SSEA-4

(al'l greater tRBsC %Q%c@&ﬁf@ﬁﬁddﬁﬂ&d @ﬁgnlia%&@ $1ar yiesb-addrichproofhiEeppgect i n
coated carbon mcrocarriers are shown in Figure 33.

A
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M Cr opor olsF 26 &l kwtno ngfa%ﬁfrfsidg'é%orﬁfbﬂe@&b&iﬁ&ﬁ%tﬁ'?;ﬁbd:@ﬁd grldo,nunbers as
2D colony controls (Figure 34A) and retained high viabilities,
greater than 95% Cells fron1both conditions continue to express
simlar |evel sTaé reabrvblivde iaimeackd30% mFWghlﬁesh%Bditioned medivivbdnd iagi@lted

coat ed nmcr gpor r hon rriers 01.0 hl e chj eve
cotl Cnunbdt DT BRGNS SR ieput B tat i get ReBithg

m cr opor ougith favh céhbijonsd BEAGAT DiiB sSm@ledlard ‘fﬁkerpﬁii‘ tar smuas alemhbtakdtitgur e
35). 140 Figure 36 shows that hESC cul tured on the SH1010

mi crocarri®8¥si%fter 7 days are still pluripotent, as >90% of the
popul ati on expressed the pluripotent markers Cct-4 and TRA-1- 60.
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SML010 there are fewer cells attached. Fi gure 38 shows that
hESC cul tured %ﬁhﬂng/jcgl sCsreQEe@roh'nﬁ&%cafn‘? ;xﬁzrgg%ﬁshﬁ' eﬁ%ﬁﬁk L g ar
cell nunmbers as t ol ony control es gro ays

showed high viability (data not shown), whlch are subsequently passaced onto microcarriers.
hESC (HES-3 cell line) microcarrier cultures which have been passed through 100 or 500
micron sieves and reseeded on microcarriers retain high expression of the pluripotent markers

Oct-4, SSEA-4 and TRA-1-60 after 7 days of culture.

Figure 6A shows the expression of markers for the 100 micron sieve treatment.
Similarly, hESC on microcarriers which have been mechanically dissociated by pipetting
followed by seeding on new microcarriers at 1:10 difution, also show high expression of

pluripotent markers Oct-4, SSEA-4 and TRA-1-60 after 7 days of culture (Figure 6B).

Enzymatic dissociation of hESC from microcarriers by trypLE show similar levels of
Oct-4 expression as the control 2D colony cultures (about 60%) and high levels of SSEA-4
and TRA-1-60 expression after 7 days of culture achieving about 4 million cells in 5 mls per
well of a 6 well plate (Figure 6C and Figure 6D). Viability of the cells passaged by both

methods are > 90% (data not shown).



Figure 39 shows that COct-4 and TRA-1-60 pluripotent markers continue
to be expressed 15 days after inoculation. Figure 40 shows that
increasing the feeding with twi ce the volune of MEF-CM of

m crocarrier cultures marginally increased the cell nunbers conpared
to mcrocarriers with | x volune feeding. Figure 41 shows that
the expression of pluripotent markers Oct-4 and TRA-1-60 by hESC
cultured on the beads with twice the volune of MEF-CM feeding is nore
t han 90 percent. Fi gure 42 showsiijhat hESC are wel |l distributed
on the macroporous microcarriers as indicated by the DAPI, phalloidin

and TRA-1-60 stakR$obser vat n dfh ? ‘P&F@an@ﬁaiﬁ?g d sg ottt §F§@ ‘?(er 1SRE 'cf?ﬁ{el?y
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cul tured off ageegle. Naetioprwues djff@@@traﬁﬂd@wsflcamimuamthem Kepated iafigure

cel | nunbe t EL)

cell s per zéfl‘ﬁ)%vn a?ﬁlf%[a ﬁaélﬂﬁ%élﬁ rﬂgatti?gigﬁéacﬁl%?ﬁ olglf')gglob.\gg.gtuéégh!n 7
spread evesityhowm antike lnftohoeme complsteicremgday the ptage @ayrer/A)Macr opor ous

m crocarriers seeded with hESC in high (every 30 mns) and | ow m xi ng
(every 2 hrs) enable hESC gromh to reach between 0.6 to 0.8 mllion
cel I's per wel | FigreRB plowsdhgerificien attachment of hE$E pp day and|sgrepding {gesolonise

achi eved bmegéauﬁgéwo&%wmeﬁa aé;ls%{m% dﬂ&mc%nﬁhm Figure 46A

However, extending the cultures to ays on mcrocarriers enabl ed
t he ceII nunbers to reach 1.2 mII|on cells per well. Pluripotent

mar kers Cct -4, Flfbe §A 6/ ag@h@ﬁ%ﬁom@t §1@r1 a;ranéﬁsacbﬂt-a %Ew@aﬁcﬁMQrﬁo
m crocarriers vs controls as shown

above
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M crocar ri @lcfocainidrst Rwind! ey 3iturélat fis rewPRakHh &tablxanpl e 23.
Co-culture and Feeders on Mcrocarriers

Figure 8C, Figure 8D and Figure 8E show another set of repeated experiments of
hESC passaged on microcarriers indicating that they stably express pluripotent markers Oct-4,
SSEA-4 and TRA-1-60 (> 80-90% for all markers) at passage 4 and 6 compared to the 2D
colony control cultures. Typically, total cell numbers per 6 well plate achieved in
microcarriers cultures are 7 to 8 million per well compared to only 2 to 4 million per well in

2D colony control cultures.

Histological analysis of microcarrier cultures in Figure 9 shows that the hESC are
growing around the cellulose beads (dark objects in phase contrast). DAPI (blue) stains the
nuclei of the cells, while the pluripotent surface marker, TRA-1-60 (red) is expressed by the
hESC on the microcarriers. The first 2 rows shows hESC grown on matrigel coated
microcarriers and MEF-CM where cells are well distributed around the microcarriers and
strongly express TRA-1-60, and the last 2 rows show hESC grown on native microcarriers

without matrigel coating in MEF-CM media where TRA-1-60 is less strongly expressed.

Figure 10A shows that hESC can be replated from microcarriers to 2D colony cultures

and retain high expression levels of the pluripotent markers Oct-4, SSEA-4 and TRA-1-60, (>



Fi gure 47A shows spherical Cytodex mcrocarriers with feeders anongst
cellulose mcrocarriers seeded with hESC, whilst Figure 47B shows

pol ylysine coated Tosoh microcarriers with feeders anmpngst cellul ose
m crocarriers seeded with hESC in static cul tures. Fi gure 48A
and Figure 48B indicate that there is high expression of the 3
pluripotent markers Cct-4, SSEA-4 and TRA-1-60 by hESC cul tured on
both the Cytodex and pol yl ysi ne coated Tosoh m crocarriers

co-cul tures respectively. Table E3 shows that cell nunbers achieved
on the 3 co-culture nmethods of feeders on Cytodex, polylysine coated

Tosoh, an @55’5@{%‘6&%@&[& &Eu?rel ol gﬂ:@@ Ql.ﬁ%n%&l&n&%%%u%c%ﬁ %Chleved 20

mcrocarriers range from?2 lton cells per well after
days. Thedeillipumpplésan aapairignl gwéqd Etmnsswndwtmldea}l(hgﬂ@swﬁhl ch
typically achieve 2 mllion cells per well. Tabl e E3 bel ow
shows cell nunbers achjeved on the 3 co-culture nethods range from
2.6 to 5. FEX¥MPG b Feeeping obhERG Crltyesss. 142 hESC seeding density at
1.2 x 106 cells/well hESC seeding density at 0.8 x 106 cell s/ well

Experiments 1 %igure 11A shows that frozen hESC colonies can be thawed directly onto
microcarriers which quickly capture the cells. After 7 days, the cells express high levels of
Oct-4, SSEA-4 and TRA-1-60 and reach about 4.2 million cells in 5 mls per well of a 6 well
plate.

Alternatively, hESC can be frozen on the microcarriers and also thawed. In this case,
because of partial cell death post thawing hESC are cultured for a longer period of time (14
days) before they regain normal growth. hESC also express high levels of Oct-4, SSEA-4 and
TRA-1-60 and reach about 7 million cells in 5 mls per well of a 6 well plate, as shown in
Figure 11B.

Example 18. Growth Kinetics and Metabelism iz Knock Out Conditioned Media and
Defined Media

hESC are seeded at 0.67 million cells/well in a 6 well plate which had 20 mg/ml of
microcarriers in 5 mls of media. Control 2D colony cultures are also seeded at the same cell

numbers.

Microcarrier cultures grew at an exponential rate and reached more than 8 million
cells per well of a 6 well plate compared to the 2D colony control which peaked at about 4
million cells per well on day 5 due to surface limitation and dropped to 3 million cells per
well at day 6 as shown in Figure 12. The pH profiles show that both cultures drop to about 6.5

by day 6 or 7, however this drop is more drastic for the 2D colony control culture.



Feeders on Cytodex 3 6 5.5 x 10cells/well 6 3.7 x 10cel | s/ well
Feeders on Tosoh polylysine with matrigel 2.6 x 106 cells/well 4.2 x
106 cells/well Feeders on matrigel coated DE53 _ 3.7 x 106 cells/well
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Figure 13 shows that the glutamine and glucose consumption profiles are virtually
identical for microcarrier vs. 2D colony cultures, as are the lactate and ammonia production

profiles for both cultures.

However, specific consumption rates of glutamine and glucose are much lower in
microcarrier cultures (approximately half) compared to 2D colony cultures indicating more
efficient metabolism in microcarrier cultures. Similarly there are much lower specific
production rates of waste products such as lactate and ammonia in microcarrier cultures

compared to 2D colony cultures as shown in Figure 14.

Figure 15 is a repeat experiment confirming that microcarrier cultures grow at an
exponential rate and achieve over 8 million cells per well compared to 2D control cultures
which in this case only reached 2 million cells per well. The growth rate is equivalent whether
microcarriers are seeded from 2D colony cultures or from another microcarrier culture.
Doubling times are 33 hours which is similar to a normal control culture. In this case, the 2D
colony culture achieved a longer doubling time of 58 hours. pH profiles show that the trends
for the 3 conditions, are very similar with a sharp drop after day 5 to pH 6.6, especiaily for the

2D colony culture.

Except for the first 2 days, glutamine and glucose consumption profiles are very
similar for microcarrier vs. 2D colony cultures, as are the lactate and ammonia production

profiles for both cultures shown in Figure 16.

Similar to the previous experiments, specific consumption rates of glutamine and
glucose are much fower in microcarrier cultures compared to 2D colony cultures indicating

more efficient metabolism in microcarrier cultures.

Figure 17 shows that except for the first 3 days, glucose and glutamine consumption
appears to be a little higher for the microcarrier culture inoculated from 2D colony cultures

than the microcarrier culture inoculated from microcarrier cultures. There are also lower



Table E3. Co-culture of feeders on 3 different mcrocarriers with
hESC on cel |l ul ose DE 53 microcarriers, with cell counts after 7 days.
Control 2D colony cultures = 2 x 106 cells/well. Co-culture of
feeders on 3 different mcrocarriers with hESC on cel |l ul ose DE 53

m crocarriers. Cell counts ranged from2.6 to 5.5 mllion cells per
wel | after 7 days. Exanple 24. Spinner Cultures Fi gure 49 shows
that hESC grow at an exponential rate on cellulose mcrocarriers
reaching 3.6 mllion cells/m, 5 days gfiter seeding with 0.3 mllion
cells/m in the 50ml spinner culture which is significantly higher
than the sLadifiCpriehifralds behasihballcs W é\shac'ie@@ﬁﬂ%%n;on?a i érb&?ner
cells/m, and the 2D col ony control which only reached 0.9 mllion
cel | s/ ml . cultwss mmpsrsddo 2B colray pdiuippesimcilly aftgday hovialskaf aBpe HCIRESC

i nes HES-2o @Rl hid Rk Lol iRl KTy QU ARIRL bithidhifsORkhe Kelcine
passage on mcrocarrier cul tures, whi ch’is ‘equi val ent

appr oxi natlg;oyﬂezmdmbgmlmmmlmmqug‘ghe@saprmme ghSamlSé@ld |anf@alﬁﬁmef @eder s
on Tosoh, DES3LM0grocarriers for co-culture with hESC
on DE53 n1croc§ﬁ§“§¥§ﬂgm Pné@tivated feeders (MEFS) were first
seeded onto Tosoh, Cytodex 1 or DE53 microcarriers. hESC on matrigel

coated m crocaffdufd & iediBtel Haf IFRECEEwh Bn IS G LES A @ k@bgr 1 n the
growt h nedi um consi sting of Knockout DVEM suppl enmented with Knockout

Ser um Repl PAeéetsat malbprap&h-i* reEAY #is ot SOehpsege S Aomiiesiianng passagedt iy

aci d st ockyPautk-bagiich Frilhoth bahiEQOLA free definedfRbdis® droWinigRHENY the
mcrocarrier cultures were taken from confl uent natrlgel coaf ed

tissue culregrbeliph af gycandvianive bele. annema. STENPRORE NS EZ PrswiEddINhTed|
(I'nvitroggRlga, M crocarrier cultures were seeded at cel
concentrations of between 1 to 3x105 cells/m.

Example 19. Coating of Carriers (Hyaluronic Acid, Heparan Sulphate, Dextran

Sulphate, Etc.)

Five defined coatings are tested as alternatives compared to matrigel, the standard
coating for growing hESC. These are 2 sources of heparan sulphate from bovine Kidney and
the fast moving fraction from porcine, 2 sources of hyaluronic acid from bovine vitreous

humor and streptococcus, as well as dextran sulphate.

Two other negative controls, namely microcarriers coated with MEF-CM and KO

media are also compared.



Exanpl e 27. Preparation of Cytodex 1,3 and Hillex mcrocarriers
Cytodex 1 and 3 (CE Healthcare) and Hillex (Hycl one) were prepared
according to manufacturer protocols, which consisted of hydration,
rinsing and sterilization of the mcrocarriers by autocl aving.
Coating with matrigel was perfornmed in the sane way as for DE53
cellulose mcrocarriers. Five ng of mcrocarriers were coated with
1M of KO nedium containing 33 41 of matrigel stock solution. Both
uncoated and matrigel coated m crocarrigy cultures were seeded at
cell concentration of between 1 to 3x105 cells/m. Exanple 28.
Coating of extragel Lul@tndWlif FEER I(QHQ(cﬁédtg AR aiﬁf:ohg’acﬂqgﬁ‘\re 'nﬂmt romising
chondroitin sul phate, fibronectin, collagen 4, |'am nin) DE53~
and Cyt odeddtemativeiogesiiael, alsough mgtrige! still empidesdoghe o7l ngmbeg ta laﬁti@hﬂeﬂﬁdaiﬁel
matrices ( -1 1 '

cel | ul ose #U%kggggkﬁéﬁgﬁ dwﬁﬁggﬁ g§2Q£%R@#é¢%ﬁ§gb£E§%§%ﬁg?dBFﬂ4
Hepar i n/ ngcBiss (daquitsbdvent to 1:10 dilution) Chondroitin: 0.91 ny
Chondroi tin/nmg DE53 (equivalent to 1:10 dilution) Hyal uronic acid:
0.016 ng Hyal uronjc acid/ ng DES3 %eqU|vaIent to 1:;10 dilution)

For hyal uronic Té!éleélaﬁhwmﬁéﬂwm@ s TFkanddetin subphate; heperantyinhate avrh
with ot herhﬁﬁﬁ(’iﬂ@@dld)%%&ﬁtﬁ@& Hl&@éantlé.'&lrf: 9!)1[3 %uﬁ%ﬁpﬂhg ln%%h m{E%C{_J%%vmo

Fi bronectin: 20 ng Lam ni n:
ri g/ mg DES®tween 0 to E 2x10 cells per well Wthh are bet’ser than the controls w uch ale oniy

coated with Knock Out (KO) serum replacer or MEF-CM, these achieved about 0.4 x 10°

cells per well. This is comparable with matrigel coated microcarriers which reached 2 x 10°

Dilution ratio | Chondroitin Sulphate | Heparin Sulphate | Hyaluronic Acid
(7.09 mg/ml) {0.25 mg/ml ) (0.5 mg/ml)
1:10 5 5
— 9.6 x 10 cellsiwell 1.17 x 10 cells/well
. 5 B8 5
1:20 8.3 x 10 cells/well 1.03x 10 cellsiwell | 7.7 x 10 cellsiwell
. 5 5] 5
1:40 6.5 x 10 cells/well 1.18 x 10 celisiwell | 8.3x 10 cells/well
. 5 6 5
1:80 55x10 cells/well 1.12 x 10 cellsiwell | 5.4x 10 cells/well

cells per well as shown in Figure 19.

Table E1. Coating of carriers Hyaluronic acid, heparin sulphate, chondriotin sulphate
Controls: KO = 4.3 E5 cells/well; CM = 4.4 ES cells/well. Three types of coatings,
chondroitin sulphate, heparin sulphate and hyaluronic acid on cellulose microcarriers that are
able to support the growth of hESC, achieving between 0.5 to 1.2 million cells per well.
Controls which are only coated with Knock Out (KO) serum replacer or conditioned media

(CM) achieved less than 0.5 million cells per well.



Col l agen 1V: 20 ug/ng DE53 For the Cytodex 3 experinent, the

foll owi ng coating concentrations were used :- Lamnin : 2 to 4 ug/nyg
Cytodex 3 Fibronectin : 20 ug/ng Cytodex 3 Exanple 29. Continuous
passagi ng of hESC on DE53 cellul ose mcrocarriers to passage 23
Figure 51 shows that hESC grown on cellul ose microcarriers that have
been passaged for 23 passages retain their higher growh rate than
the gromh rate of hESC grown on 2D 145 colony cultures. Typically
the split ratio during passaging in mggocarrier cultures is 1:10 and
for 2D colony cultures is 1:4. Thus by the 23s passage there is a 10

| og difference ﬂ15‘111‘ic%c%ﬁ1e? RlcbatBURR bed RahcefRB: RfriAGHKE VAL fibronectin,
mcrocarrier cultures. Figure 52 shows that the expression of

pl uri pot ertitrefgetieand langpingand Yopakavegigerret isrggeadnt | nues to be stabl e
at passages 15 and 16 with hlgh cell densities of 9.4 and 7.1 mllion
cells! well respectively. gure 53 further shows robust expression

of Oct4, Szppl %A?FQN“’P%GO fnd Luples 21 to 23 and when

m crocarriers are repl ated onto 2D col ony cultures, the expression of
t hese markers ues t h and stabl.e I L

pese T Ker S, SROLLIMER LR AR AN oL 8L BB I Hgpuin 6 ven

( Kar yot ypipies. RlerBaRicod aggrdgity aigdihbioddes] anidoine clampal Jilfsremtizaan) day 6 at

100 rpm with no visible cystic regions showing that hESC remain pluripotent (Figure 20).

Oct-4 expression is partially downregulated at 100 and 150 rpm to 56% and 68% in
Figure 21A and Figure 21B respectively, but SSEA-4 and TRA-1-60 continue to be highly

expressed at passage 1 in both conditions.

Microcarriers aggregate together in tighter clumps at day 1 at 150 rpm and continue to
grow as smaller clumps at day 6 (compared to 100 rpm microcarrier cultures) with no visible
cystic regions showing that hESC remain pluripotent in Figure 22. Oct-4 expression is
partially downregulated at 57.5%, and the percentage population of cells expressing surface
markers SSEA-4 and TRA-1-60 are lower at 75% and 70% respectively in 150 rpm cultures at
passage 2 compared to passage 1 as shown in Figure 23. Nevertheless, hESC is able to be

grown at this agitation speed.

Figure 24 shows that Oct-4 and TRA-1-60 expression of a second cell line (HES-2)
are similar for microcarrier cultures grown in static and at 150 rpm at passage 2. Figure 25
shows total cell numbers during the continuous passaging of the HES-2 cell line for 7
passages in control 2D colony cultures, microcarriers in static, 100 rpm and 150 rpm
conditions. hESC grown in control 2D colony cultures routinely achieved between 2 to 3

million cells per well.

Whereas hESC grown on static microcarriers could achieve up to 6 million cells per
well, while hESC agitated at 100 rpm could achieve up to 8 million cells per well. At 150

rpm, growth is not optimal and cells could not be passaged beyond week 3. Figure 26A,



Figure 54 shows that mcrocarrier cultures of HES-3 continue to
retain a normal 46XX karyotype as | ate as passages 22 and 25. Figure
55 shows that microcarrier cultures of HES-2 also retain a nornal
46XX karyotype as | ate as passage 14. Wien hESC from m crocarrier
cultures at passage 3 and 27 were differentiated into enbryoid

bodi es, they were able to formcells of the 3 germ|ayers represented
by genes of the endoderm (anyl ase and GATA6), ectoderm (keratin and
neurofilament, NF) and nesoderm (MSX1 amd HANDL1), see Figure 56.
Teratonmas were also fornmed with cells of the 3 germlayers as shown

in Figure bigurebR%BIRA ?lcﬁl;l:‘ 2608h8MHal &€ efﬂ?&'sﬁn GRLL Wk ﬂﬁﬁpd@n@ ﬁﬁﬁ(@ﬁ'@c@ﬁ (42
cul tures of hESC with anino acid netabolism data Figure 5

shows ni cr BRI BYEAH and 8- b0 HRderpater 2handi0phin ﬁléétamlcwcaweml and
St enPRO Wi [, 68l QH{%E@ aP1

after being slee ey eer dﬁﬁﬁ@b%ﬂtl%sa{gst&b@arg} 1Je 1!119&:1 e[t%ggl%fhtl !SaYgJ Kvels

i ndi cat i ngtodhe 219901@@ ¢0Hgﬁ1mmllwes)fﬂethet%-?ﬂlmwgassﬂe@ur e 59 conpares the
growth rate and doubling tine of nTeSRL (BD Bi osci ences) and StenPRO
(I'nvitrogen) mcrocarrier cultures. mleSRL was observed to have a

faster douBfamplepifehasgesss Capriers \RES2EPEABRI30f 49 hours. Figure 60

conpares the netabolismof glucose and gl utam ne consunption as wel |
as |lactate and n'u roduction for the 2.s free 146 nedja.
The speci fic gl Qebs tEmIEr R i Ra ol Fe PR el Al e RrB I

pr oduct i onothates sapdedshil®e h@crsaamdl Sdf 160 (DESDS, lﬂgm@msa) teﬂ?&@&@ﬂimé afa. gtekle
initial a ere was ut am ne producti on f d ut anmax

St enPRO neef?ﬁ“%@gﬁu%ww mﬁ el pregr b pbein el l‘mt‘gﬁé’PO‘?‘ B chirued
conpar ed t BESS @tRRENITAIR B hbW @uitAl: bél Bguniifelsadh Be &hloved QI RhirSesddsS O
an increase in s&ﬁiun1and pot assi umions which contributes to fhe

i ncrease i MO88HBIAFES of the spent nmedia, with nifeSRL having the
hi gher osnolarity (Flgure 62) Tabl e 1 sunmari ses the am no

acids that are at _are rod ed | bot
e oo e BB et BRI RR i el R S el T MR ARt
cysti ne, giestbda.fﬂr tejr abthl mucppm:e: thd @iltcicrné hESl@tenemmmam&mi]umrehmn niﬁlﬂ@ﬁr@

t hat were ani c_aci.d_ and whi

the reet i RanTERLe el FrouteR) et Do R Birdeterd it er e
i nformat i OQAem ak]ilevddracbhvmdillwahll)l Igyletedl mnbbheeeraninntioaceltks DEbALs tigy e
consumed a g%produced b% HESC in gﬁe%ﬁl %Ed St.enPRO ser m free %ﬁdia,
respectlve&Vrefﬂénﬁaﬁﬁﬂ AT I RtnRY fsed il R PAPSTIMERIS RIS othgTvipssiatsre

i sol euci ne, |eucine, nethionine and serine are nost significantly
consuned and that alanine, glutamc acid and proline are the nost
significantly produced am no acids. Figure 63 shows the concentration
changes of the 20 am no acids over 3 days in nifeSRL and StenmPRO serum
free media fromwhich the specific consunption rates of the

i ndi vi dual am no acids can be cal cul ated which are shown in Figures
64a and 64b. As can be seen surprisingly, the vast majority of the
am no acids are hardly consuned in the 2 nedia. Fi gure 65 shows
a repeat experinment of mcrocarrier cultures in SternPRO and mlreSR1
serumfree nmedia with both nmedia reaching a simlar cell nunber of 1
mllion cells at the end of 7 days. The pH drop in nifeSRlL appears to
reach a | ower point than StenPRO nedia. Figure 66 confirns that
nfreSR1 has a faster doubling tine of 23 hours conpared to StenPRO
media (35 hours) in the mcrocarrier cultures. Exanple 32. Spinner
flask, cellulose mcrocarrier culture of 2 hESC cell lines 147



Fi gure 67 shows a second spinner flask culture of the HES-3 cel

i ne, which once again is able to achieve a cell density of about 3.5
mllion cells/nil by 7 days, conparable to the first spinner flask
experiment. These cell densities are again significantly higher than
the static mcrocarrier cultures and 2D colony cultures. Figure 68
shows the consunption of glucose and gl utam ne and the production of

| actate and amoni um for the second spinner flask culture. These
concentrations are translated into volwgetric and specific
consunption rates of glucose and gl utam ne and the production rates
of lactate and ammoni um shown in Figure 69. Figure 70 further shows
the sharp pH drops each day before and after feeding with conditioned
media and |i kewi se the increases in osnolarity of the media each day.

Fi 7] >SS E i
igure SOWS, &f18 gQ aget bf t he TEE&RIF &mai n

remai n hijgh QPY%Ys 3 ant*TH

as tight |aggréfdi’es on the nicrocarlriers on days f and 5 as shown in

Figure 7% Fgyre-73 chnmn al b HES-2 grown-—on——

mi crocar ffi er sSDES2 spi finer ofdaskocul tlur e s4j el at| 25 TVCEHTHM‘%?&EQM@S

able to gchieve 2.5 mlll&%gﬁ% ihs/ni, lgﬁgpoub ing t

approxi ngt el y 55 hour anaIyS|s e cells iﬁﬁg gth?é H%é

expressi qn of pluripotent markers t 4, SSEAA and

equivalert to the 2D colony control} at the start e splnner

cul ture i gt-€ l'-r ; I_XprGSSEGi" of—these—rarkers—eoenttnge LéJ be—h gl

and equi {al en@Eﬁ% the contgaol 1gtatijc culasikgs on Haysy 4p and delhedm

peak cel lj densities Were agbieyed, as sbgunydin Fi gure 75. hESC form

| arge agqregates of ¢ells around the nicrocarrier>8g@dQ@¥$75xq@8 7 as

shown in|Figure 76. It has been denonstratef %l epPi Nner fl ask

cultureswi th nicrocarriers is a sclal eabl e net hod expandlng hESC

in a bioneact Tea 1l 4 density of 35 mttTom ettt s aciieved T

a 100mt {pi nridA52 | ash t hidsswotd d bel equd.vakant t o] praducing tESGln

175 orgar| culture di ghes de&elleach Wi t beld/wll | i op cells/nl as ghown

in Figurqg 77. Exanpleg 33. Cocultures of feeders ojssphiggi=cak xom DES3

m crocarrliers with hESC grown on 53 cel lul ose n) ceppmeri ers 148

We al so qeterm ned ifl hESC on cel |l ul ose DE53, coujd be supported with

Co cultures or Teeders onm spnerrcar cytogex 3 and rosomnm

nicrocarriers.gFeeder cells were attached, to uncoate g ocarriers
\gell

and hESC were dfPEERePHE omeY ¥ gdrte: Seediagidansibr I Sar [ gliand Fign

shows pi ctden@sseahickEspiie @I e dhékg@@ckﬂc@lhﬂ% MItGERGAE bR pisshQaebReuoidst h
nouse feeders on Cytodex, and K ysi ne coat ed, Tosoh beads coat
/IR

ed
with feeddPs3 BHtReED Sharibghaid Yl GHBE pijiedeen deeds 13.4 million cels
m crocarrigfgel.Tabl e 3 indicates the cell densities of hESC in co
cultures with feeders on the 2 spherical mcrocarriers as well as co
culture on cellul ose DE53 mcrocarriers at PO and Pl passages. Cel
nunbers were eopuipmh@m; t}ie(high&&:h@l(gﬂd mﬁﬂrocﬁfnehmmﬁbhiﬁaﬁa High cetiamibeLss

Co cult ur S8bh MR Gt BT FED VeSO C500dex o P SRASIHD pgted o be

m crocarrishbte d’n&%ﬂ%qhivmeﬂxtyfor HASTerewP b2 68l MRYRhSieBfof1dVWe ndedium and high
pl uri potent markers were observed for the gytodex 3 co cultured with

DE53 and CUYEET 1 BRSascoyas sy inFARrela. d Hrae Figrs Zunber s of hESC
in the 3 co cultures were about 2 tines higher conpared to the

control on matrigel coated mcrocarriers. Figure 80 shows robust
expression of the 3 pluripotent markers at passage 2 in the 3
different co cultures with Cytodex 3, Tosoh and DE53 microcarriers

whi ch are equivalent or better than the control with matrigel coated
m crocarriers (Figure 81). Exanple 34. hESC culture on small and

| ar ge spherical Tosoh mcrocarriers Next we tested if




149 Exanpl e 35. hESC culture on | arge Tosoh microcarriers with

mat ri gel Table 6 and Figure 85 show the cell nunbers of both

pol yl ysi ne and protam ne coated Tosoh beads (65 mcron) with and

wi thout matrigel for 4 passages By passage 4, only the beads with
matrigel coating survived, but those with matrigel coupled to the
beads and w thout matrigel did not grow after passage 3. "Coupling"
was done when Matrigel was added to the polylysine and protam ne

coat ed beads inmediately and then storesh for use over several weeks.
For "coating”, Matrigel was freshly added to the beads only during

t he week . oEl | j

mar ker s ot i e e B e CHARAS Bt RoR CRRR A Mondt Wl aB iRl
wi t hout anBiametdys)ratrigel at P1. Oct4 expression was |owest for the

m crocarriers without matrigel. Figure 87 shows the expression of

pl uri potent markers Oct4 and TRA-1-60 of hESC on protam ne Tosoh
microcarriers WIHBORUSEM G Phrarhef migasarkgrs pe ablapatiaclopnd gresy BERS 81 s
was | owest sy REe sty SEOLA hbef By e DU by dTBitstah Bl TRA -840 BludiBoRRANWKer,
t he expression _ of pluripotent marker TRA-1-60 of hESC is better on
matri gel c¥arad peipRfaianeresed®Bni crocarriers at P2. Sinilarly,
figure 89 shows the expression of pluripotent marker TRA-1-60 of hESC
is better on ri coated protam ne Tosph microcarriers at P2.
i gure 90 cont TS SOSAME PIRAPokD FEaal BrSPTE dof ot EhibisEar
TRA1- 60 of adhle®€d lighdp €4l Rimbef JaBImhigRNn cel@Aieetelp Bdrypayd t8 ont@$ O colony
m crocarriers at i e 91 shows the expression of pluripotent

P3. Figur ;
mar ker TRAﬂTy@é“@Fﬁﬁ@QQ@HQQQW§H@§PdEﬁWHﬂ@Figel coat ed protam ne Tosoh
mcrocarriers at P3. At passage 4, hESC still continue to form

undi fferenti at agar.egates on | ar ol yl ysi ne an 1 n 0
beads coat ed wrktarrrputen Hoyel bR Yotrird ST RS AT Ts A Rl
expr essi ondayt 30 anii7ed shotvn imFigare S0 Eipvke ahdndRAurd 3B,0ndifatinE $at WESC spread
matri gel coated ﬁoéyb%sinf an dpr.otarrine m crocarriers a% assqgg_A.
Fi gure 94 BR&WEth PO EAeddPIGIpP RN Croeatintsand pegrees ‘8‘? BRI
passages owgfldryd ysidase daygd pr ot am ne Tosoh beads with matrige
coating. Figure 95 shows the continued expression of pluripotent
markers Oct4 and TRA-1 -60 of hESC at passages, while Figure 96 shows
t he hESC aggr eda@t&@sprofilepol 3plysiotent aradkersiQat-dni Rve- 1 Tidsob SREAreHgreper than
aj[ PS. BeF e &ou?c?s&%?)%? h%Sé%gersqg 8g%m¥géiwlogtég cEarrkier n%E)ltoEprz%rgH ct%rq 7%];'6
m crocarrier concentrations to : eads per mlTion celTls, e
expr essi onshovnpl KigipdBent nmarkers Oct4 150 and TRA-1-60 recovered to
hi gher |l evels for both the matri gel coated polylysine and protam ne
Tosoh mcrocarriers, as shown in Figures 97 and 98. Exanple 36. hESC
culture on Cyt ddeeros! WShingddES isradsatereren o1 Glapnegtigicagtad hmjcagporsiup catben
fibronectip: 4 . : ol &HBDJ . !

cul ture, ﬁgwgﬁggkggﬁ%g?ga@??@n%%%?ggﬁgﬁégé%%gpareéx?g@%gggggﬁﬁﬁ#@soh
m cr ocar r i staed Hightviebilities, @reaiet tham85%) CallydpnlotiTennditiogprentinuedp eXiuss
pat ent appli.6at / . todex 3 al one w thout any
coati ngs c%%ﬁ%qﬁgﬁdgg% égggéﬁﬁﬁﬁﬁiégﬁmﬁ%%éyin static and agitated
condi ti ons.

Matrigel coated macroporous carbon microcarriers (SHi010) are able to achieve cell
numbers similar to 2D colony controls, whereas matrige! coated microporous (SM1010)

microcarriers did not perform as well (Figure 33).



Table 7 shows that the cell nunbers of hESC grown were relatively
stable on Cytodex 3 mcrocarriers coated with matrigel and w t hout
matrigel cultured in non-agitated and agitated conditions for 3
passages. However, by passage 5 only the microcarriers coated with
matri gel enabled hESC growm h in both agitated (both 100 and 120 rpm
and non-agitated conditions as shown in Figure 99. There is a sharp
fall off in cell nunbers in uncoated Cytodex 3 microcarriers. Then by
passage 7, only hESC on the non-agitateg matri gel coated Cytodex 3

m crocarriers continued to survive and grow to passage 9 as shown in

Fi gure 100. Figurd 3604685 hA I ER0QRuBFSICHe SHEBAT :ﬁi%}déaﬁl%faﬁg Pdh 9.(1%9@'1%
3 microcarriers wthout matrigel. Figure 102 shows |arge cl usgers of

hESC on CyRlwinesens ant ¥Woekihe papulation meﬁ;@edmIrling@ltena@ﬁwnsé}&t-éﬁﬂdm@r\ﬂm
Wereas Figures 103 and 104 show nore confluent growth of hESC on
matrigel coated Cytodex 3 mcrocarriers in non-agitated and agitated
conditions respectively. FACS analysis of the pluripotent nmarkers
Cct 4 and TRA- 116Qred Bshe0WRat 183 AUaEH MYst BB e Bufet ade ¥t e Bl tigut
matrigel (Figure 105). However, FACS of all 3 markers of Oct4, SSEA4
and TRA- 1- leleloa@'éleléwfreveaﬁSwgflpgﬁné@sbw&%g@affém SM 108 thyegsrargyigper ¢
coated Cytgpdaxg3 mcrocarriers (Figure 106). Figure 107 shows that
hESC grown on Cytodex 3 without matrigel in agitated conditions down
regul ate pluripotent markers by P3; this down regulation is also seen
with matrigel @cgatee:ck s@ywmemsd daltagd b@EHdOl@QﬂtdliobzhﬂérS fda)1 5 Bdys(abhigusie
108) 151 ass 3, mat r| coat ed odex 3

i of ocar r 1 BprieRl SR SO M LR eI Ees arPW%lQPéB&WS hESC whi ch

strongly expressed the 3 pl url potent markers as shown in Figure 109.

d
3'ar paseage 6oy par T o Gain? (B LbD BhARRS LR A o

mar ker s. depssse&médamﬁerlm aper.f ormed to sinmulate matrigel which has
collagen, lamnin and fibronectin. Furthernore, karyotyping of the
hESC showed a normal 46XX karyotype after 11 passages on Cytodex 3
coated w th matigugged0 shaws ihglipereasng theefeding witlgtpvierEBCy dwung o MEB§M of

Cytodex 1 angh bibl & ﬁl%x%ﬂﬁﬁfr ﬁn%feﬁse\ﬁ‘tﬁ&eﬂ@gnﬂﬂ\érg re@ﬁ% (i @&darriers with V'€
al so eval uated charged mcrocarriers

m crocar rilerelimedesiing t hout any coatings for the| r ability to support
hESC. Again, an earlier patent by Orook et al clained that these

m crocarriers aI one without matrig coating could suggort hESC

culture for 3 C&Us Habewybat ti]%@@fﬂé%l%owwm casmanigys Slsp s AubiRed -2y, A
subsequentyEFuliERY bR heB¥ads RBLSTRIE t13VeHIhe dFEH-CMPBedilg i@ inore2@RBI0
reveal ed that they could only achieve 3 fold expansion at every
passage arf¥"®Hat hESC coul d not be expanded on Hillex mcrocarriers
by passage 6 even though pluripotent markers were retained.

Conti ng, NESC STty et DROmebtey e RaK Pl fe Tharfur o srEateEa:

conpar ed tiadichie€omt R DAIPE HAglRidih ISTR A Bors@rinkl2 shows hESC grow ng on
Hillex mcrocarriers with and without matrigel coating. Hillex

m crocarriers adsorb phenol red fromthe nmedia and tend to aggregate
t oget her. hESCFsgured3A zmsisﬁgmé 413B)$howrre;ﬂeaua1e@|vanmms iv\euhsa swidnh cell linve HEB Yt
matrigel. Fi.qure 113 of hESC es
of 1 or ocanrb B RaBRRlT s styPbhg ettt ikt Per 5
passages, dihgarecell humbepdanis 1k adotyaodiidapf hivout 0.65 . DahdKorlcedin derkidil ex

m crocarrier cultures with agitation and were discontinued as they
coul d not be passaged. However, static (or non-agitated) cultures of

t hese mi crocar Figarsddihptys hadHBS-£ lesressivatof thgeluripoghidndskerp@sishgedRip 1 o
passage o @ SHIOHD, bt Tl @ ol oty S hbRkecel | numbers t ended

T's.
to drop af pasSag Sunmart ses the nmean cel |



Figure 116 shows matrigel coated Cytodex 1 and Hillex mcrocarriers
are indeed nore confluent than uncoated mcrocarriers, though Hllex
m crocarriers continue to stain red with phenol red fromthe nedia.
Figure 117 shows a representative plot of the 3 pluripotent markers
Cct4, TRA-1-60 and mAb 84 of the 4 conditions at passage 6, with
matrigel coated mcrocarriers performng better than the uncoated

m crocarriers. Figure 118 summari ses the FACS anal ysis of the 3

pl uri potent markers COct4, TRA-1-60 andi4pAb 84 at different passages
for the 4 conditions indicating that these markers tend to fall after
passage 6 excemjoko4s S¥ivodaxnd HEQAIERS i Jﬂ)l éﬁ@'é{?én%n WO AR i day
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di fferentiated, A6 Igg by the reduced expression |evels of the 3
mar kers (figure 65? aryotypes for the 4 microcarrier conditions
were normal at passage 7 (Figure 120). Exanple 38. Different

extracel | ul ar e, &@@Hzn%g& danm@ﬁéﬁu(zﬁ‘l{é S AR B CH B QAL 18 &If Rfnbers
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stock concentrations ar e(%”:o control s growmn wth coatings of KO
medi a and 188%?‘?’?'6%@% Nt e s feagiidsage PO, At passage P, the
cell nunmbers of hESC are greater than 1 mllion/well for all 3

coati ngs d ane,s ontrol. with coating of KO nedia
as shown % Xapily % gy"if"?té' r%“&lg'ffdgﬁ*? 'tcﬁocaﬁli%eﬁise55| on of pluripotent
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Fi gure 127 which shows a general downtrend in the cell nunbers with
each passage on the various ECMs ure 128 shows the
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coated on cellulose mcrocarriers. In general the conbinations with
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Figures 132 to 135 show that the pluripotent markers Cct4,

SSEA4 and TRA-1-60 after 3 passages continued to be expressed on the

vari ous conbi nati ons of ECMs,

m crocarr

of these markers conpared to matrige
39. Hyaluronic acid on DE53 cellul ose mcrocarriers for
As HA | ooked the nbst promsing as an alternative ECMto matri gel

iers. However,

as described in Table 11,
there is some down-regul ation of the |evels
coated m crocarriers.
hESC cul ture
f or

Exanpl e

t he support of hESC, cells were passaged on HA coated cell ul ose

m crocarr

iers for

mul ti pl e passages.

As shown in Figure 136,

there

continued to be robust growth and expression of the pluripotent
mar kers Oct4, and TRA-1-60 (Figure 137) for 3 passages (passage 4 to
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DE 53 microcarriers, with cell counts after 7 days. Control 2D colony cultures =2 x 106

cells/well. Co-culture of feeders on 3 different microcarriers with hESC on cellulose DE 53

microcarriers. Cell counts ranged from 2.6 to 5.5 million cells per well after 7 days.

Example 24. Spinner Cultures

Figure 49 shows that hESC grow at an exponential rate on cellulose microcarriers

reaching 3.6 million cells/ml, 5 days after seeding with 0.3 million cells/ml in the 50mi

spinner culture which is significantly higher than the static microcarrier culture which reached

1.7 million cells/ml, and the 2D colony control which only reached 0.9 million cells/ml.



Cont i nuous passagi ng of human i PS cells (Reprocell, Japan) on
Matrigel coated cellulose mcrocarriers was achi eved. Exanple 41.
Cardi omyocyte Differentiation on Mcrocarriers The ability to
differentiate hESC i nto cardi onyocytes was investigated using

m crocarriers having different extracellular matrix (ECM coatings.
Cel | expansion and differentiation was investigated using different
ECM coatings. Differentiation was al so investigated using different
medi a suppl enments. Seeding of hESC fromam crocarriers to
mcrocarriers followed by differentiation was al so i nvesti gated.
Exanpl e 41gl.dhit b8 e é@phd on DES3 cellul ose mcrocarriers were coated
in one of Matrigel, Laminin, Vitronectin, Fibronectin (Figure 165) ,
or used uncoated. Tosoh 65 microcarriers were protanm ne derivatised
and opti ongilghr¥ 50 eigivadhdt BothAEBQiliRe IFESU e HBS)3. haldendinal Ieeiye @ftér A\er e
coated overni,ght with the respective ECMjn cold room under

agi t at i on. “BHTME PITEALE O FYCraceiper walfurese whith ingquivaletlde apripeRately34x 106
cell s/ well cfpﬁ[aﬂb@&u%m,%%ny cul tures which were coll agenased and
scraped. PIlJat es were then kept under agitation for 1 hour after

seedi ng. Aggregates forned in the cultures were fed with conditioned
medi aI (CM Eﬁ’lﬁbleﬁSeédﬁﬁg af tﬁalégs on/\if%sh?,;mﬁbm I @afdr Eﬁmgicd@dai‘tyerrs]@r aday
3, cultures were. sw e SFS di.fferentiati on nediumw th MAP

ki nase inh?lﬁﬁuf‘b?vftﬁ\gg%gﬁgbé%}cmc?“ﬁﬂstur es were washed with bSFS for
1 hour and bSFS nediumw th inhibitor refreshed on 3 tines a week
(Monday, Wedne i i

differentiati oﬁg%ﬁ%aet?q]éngdﬁgd\%? \ggerglrﬁéstt g%g%}’%é zgﬁ@lggyéé%géfkgg 5 3

Fi gur es 16@icawarie87hEHom mhtakelbestd mgraneas weee mtrofhtcad rwabe wiltute 2241H later
coated m crocarrier st ed. .. AQg, te Bs on m.cro ri.ers,were
Targer ¢ hal RO LG e R SRR RP e g B e A RSBl e

i ncrease iRefldremenuydieamok, beatchpigetizBs|, oon-sdsatiecaning etid stoskeand bSsicBYE .
Lam nin an Fgl_b%r,ﬁ)necti n coatings were particularly good at generating
beating ar 2S O8f 1 st there were no beat i ng EBs in the absence of

m crocarriers Exanple 41.2 Expansion and differentiation

Cells for seeding the microcarrier cultures were taken from confluent matrigel coated
tissue culture plates and harvested using STEMPRO® EZPassage™ Tool (Invitrogen).

Microcarrier cultures were seeded at cell concentrations of between 1 to 3x10° cells/ml.
Example 27. Preparation of Cytodex 1, 3 and Hillex microcarriers

Cytodex 1 and 3 (GE Healthcare) and Hillex (Hyclone) were prepared according to
manufacturer protocols, which consisted of hydration, rinsing and sterilization of the
microcarriers by autoclaving. Coating with matrigel was performed in the same way as for
DE353 cellulose microcarriers. Five mg of microcarriers were coated with 1ml of KO medium
containing 33 pl of matrigel stock solution. Both uncoated and matrigel coated microcarrier

cultures were seeded at cell concentration of between 1 to 3x10° cells/ml.

Example 28. Coating of extracellular matrices (hyaluronic acid, heparin, chondroitin

sulphate, fibronectin, collagen 1, 4, laminin) on DE53 and Cytodex 3 microcarriers



To determ ne whether differentiated hESC expand on microcarriers, the
following mcrocarrier coatings were tested: 1. Uncoated cellul ose
DE53 2. Lam nin coated (2014) on 15ng cellul ose DE53 overni ght 3.
Mat ri gel coated on cellul ose DE53 overnight A seeding ratio of 1.6 X
106cel I s/well from 2D cultures (col |l agenased and scraped) was used.
Cultures were fed with CMuntil aggregates were forned (3 days)
washed with bSFS for 1 hour and later switched to differentiation
medi um + SB203580 (5gM . Sanpling of 21aells for beatings and cel
counts was perfornmed on days 0, 4, 7 and 12. Cells used were H3

p331(1(50. Day Thécra8E SOALERMRESNOWNHAubhiS YEig, H8rin, TinBHd:Sitik 89 phate)
shows expansi on of cells on the different ECM coatings on

m cr ocar r i%8rc§llygsemigigeasrigry folowed, bpggeadifionsm cel | counts taken at days
7 and 13 after initiation of differentiation. The effect of Lam nin

and Fi bronectin coatings (1 or 3 cell ul ose) on the percentage of
beati ng enbryoi p%ﬁﬁbg%“” pﬁwgﬁgggggéﬁW“ﬁe@JP2J?§ﬂm§W6ws | ami ni n
coating to provide an 157 inproved nunber of beating aggregates
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medi a and suppl enents was screened for their effect on

differentiati ORpyaluronic acid: 0.016 mg Hyaluronic acid/mg DE53 (equivalent to 1:10 dilution)

For hyaluronic acid and heparin coated microcarriers in combination with other

extracellular matrices the follow conditions were used:
Fibronectin: 20 pg/mg DES3
Laminin: 2 pg/mg DES53
Collagen I: 20 ng/mg DES53
Collagen IV: 20 pg/mg DE33
For the Cytodex 3 experiment, the following coating concentrations were used :-
Laminin : 2 to 4 pg/mg Cytodex 3
Fibronectin : 20 pg/mg Cytodex 3

Example 29. Continuous passaging of hRESC on DE53 cellulose microcarriers to passage
23

Figure 51 shows that hESC grown on cellulose microcarriers that have been passaged

for 23 passages retain their higher growth rate than the growth rate of hESC grown on 2D



DE53 cellul ose mcrocarriers (3 ng/nl in 6 well plates) were
conditioned for 2 hours in CMin static conditions. They were then
seeded with 3 x106 cells/well of hESC harvested from 2D cul tures
(col | agenase and scraper in 4 directions). After seeding cultures
were agitated (100 rpm) for 15 mnutes before switching to static
conditions. Cultures in CMwere fornmed as aggregates for 2 days,
washed with bSFS and then switched to differentiation nmedium +
SB203580 (5uM and different nedia supphkenments (0.1% HySoy, 1% BSA,
| x lipid mxture or conbinations of these - see Figure 170). Cells

used were Hﬁo@%uﬁ%@% (Tﬂﬁicalﬁj HUE S hhid dfﬁlfﬂ%‘f’%lgstﬁgi?F g{]ﬁa{%ﬁ}cat‘?ifer Hﬁtgié:@is 1:10 and
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mcrocarriers to. mcrocarnie sing different nedia.supplepents..
DES3 cel | ulister ity e Bphled otlo TSIl iy e SruP T Ion R PP BT R 6L
CM and seetbdd hightdnd 3tablx106 cel ls/well in 6 well plates. Cultures were
agitated (100 rpm for 1 hour before switching to static conditions.
158 Cultures in CMfornmed aggregates for 4 days, and then were

swi t ched eExsople 86 QerEa:taiifation ehhESE rdtnrmd di gelulosSBROBEBDief61.t M) and

various adgitd % e %@}%M%&PQ/E&V{ gt% ol ith lipid

suppl enment 82 g%tgglél 5%"3(’?6%?'{‘" S used were En%g 6%‘1?%%2. Fi gure

172 shows that the Lipid mxture, BSA and Hy-Soy additives all

i ndependent |y impir@¥£chokhehat RicdbcafFBRfurQlor PEALY AR RABL #Rormal 46XX

conpared to bSFS al one wi t hout su%ol ements, in uncoated mcrocarrier

cul t ur es. Kkaryotype as late as passages 22 and 25. Figure 55 shows that microcarrier cultures of HES-2
also retain a normal 46XX karyotype as late as passage 14. When hESC from microcarrier
cultures at passage 3 and 27 were differentiated into embryoid bodies, they were able to form
cells of the 3 germ layers represented by genes of the endoderm (amylase and GATA6),
ectoderm (keratin and neurofilament, NF) and mesoderm (MSX1 and HAND1), see Figure

36. Teratomas were also formed with cells of the 3 germ layers as shown in Figure 57.

Example 31. Serum free media cellulose microcarrier cultures of RESC with amino acid

metabolism data

Figure 58 shows microcarrier cultures of hESC in 2 serum free media, mTeSR] and
StemPRO with cell numbers reaching 2 and 1.5 million respectively, after being seeded at 2-
2.7 x 10° cells. pH drops to about 6.7 indicating active cell growth over the 7 days. Figure 59
compares the growth rate and doubling time of mTeSR1 (BD Biosciences) and StemPRO
(Invitrogen) microcarrier cultures. mTeSR1 was observed to have a faster doubling time of 25
hours vs. StemPRO of 49 hours. Figure 60 compares the metabolism of glucose and

glutamine consumption as well as lactate and ammonium production for the 2 serum free



Exanple 41.5 Differentiation of hESC on neaatively charged

m crocarriers Mcrogranul ar carboxynethyl cellul ose CVb2 negatively
charged mcrocarriers (20ng/well, 4ng/nl) were seeded wth HES-3
cells, suspension cultured and passaged. Differentiation was shown by
| arge cystic regions (data not shown) within passage 1 with or

wi thout Matrigel coating. Cell densities were higher on Mtrige
coated mcrocarriers than uncoated mcrocarriers. This indicates that
whi | st negatively charged m crocarrierggmy not support pluripotent
growt h of hESC, they can support differentiation of hESC. Exanpl e
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| DES3 Tr y’g@dtﬁnine production from Glutamax in StemPRO media. However lactate production rates
are higher for mTeSR1 compared to StemPRO microcarrier cultures (Figure 61). There is also
an increase in sodium and potassium ions which contributes to the increase in osmolarity of

the spent media, with mTeSR1 having the higher osmolarity (Figure 62).

Table 1 summarises the amino acids that are consumed and those that are produced in
both mTeSR1 and StemPRO media. The amino acids which were consumed were arginine,
cystine, glutamine, isoleucine, leucine, methionine and serine. Those that were produced were
alanine, glutamic acid and proline, whilst the rest did not change significantly. Table 2
provides more detailed information on the individual levels of these amino acids that are
consumed and produced by hESC in mTeSR1 and StemPRO serum free media, respectively.
The data confirms that arginine, cystine, glutamine, isoleucine, leucine, methionine and serine
are most significantly consumed and that alanine, glutamic acid and proline are the most
significantly produced amino acids. Figure 63 shows the concentration changes of the 20
amino acids over 3 days in mTeSR1 and StemPRO serum free media from which the specific
consumption rates of the individual amino acids can be calculated which are shown in Figures
64a and 64b. As can be seen surprisingly, the vast majority of the amino acids are hardly

consumed in the 2 media.

Figure 65 shows a repeat experiment of microcarrier cultures in StemPPRO and
mTeSR1 serum free media with both media reaching a similar cell number of 1 million cells
at the end of 7 days. The pH drop in mTeSR1 appears to reach a lower point than StemPRO
media. Figure 66 confirms that mTeSR1 has a faster doubling time of 23 hours compared to

StemPRO media (35 hours) in the microcarrier cultures.

Example 32. Spinner flask, cellulose microcarrier culture of 2 hESC cell lines



64 :17 10.2 9.3 A two step protocol involving pretreatment with
col | agenase and enzymatic treatment (trypsin) was found to inprove
the harvest of hESC from m crocarriers. 159 Wiability
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Figure 67 shows a second spinner flask culture of the HES-3 cell line, which once
again is able to achieve a cell density of about 3.5 million cells/ml by 7 days, comparable to
the first spinner flask experiment. These cell densities are again significantly higher than the
static microcarrier cultures and 2D colony cultures. Figure 68 shows the consumption of
glucose and glutamine and the production of lactate and ammonium for the second spinner
flask culture. These concentrations are translated into volumetric and specific consumption
rates of glucose and glutamine and the production rates of lactate and ammonium, shown in
Figure 69. Figure 70 further shows the sharp pH drops each day before and after feeding with
conditioned media and likewise the increases in osmolarity of the media each day. Figure 71
shows that the pluripotent markers Oct4, SSEA4 and TRA-1-60 remain high on days 3 and 4
while the morphology of the hESC remain as tight aggregates on the microcarriers on days 4

and 5 as shown in Figure 72.

Figure 73 shows another cell line HES-2 grown on microcarriers in spinner flask
culture stirred at 25 rpm, which was able to achieve 2.5 million cells/ml, with a doubling time
of approximately 55 hours. FACS analysis of the cells show that the expression of pluripotent
markers Oct4, SSEA4 and TRA-1-60 were equivalent to the 2D colony control at the start of
the spinner culture (Figure 74). Expression of these markers continue to be high and
equivalent to the control static cultures on days 5 and 7 when peak cell densities were
achieved, as shown in Figure 75. hESC form large aggregates of cells around the

microcarriers on days 5 and 7 as shown in Figure 76.

It has been demonstrated that spinner flask cultures with microcarriers is a scaleable
method of expanding hESC in a bioreactor. If a density of 3.5 million cells/ml is achieved in a
100ml spinner flask this would be equivalent to producing hESC in 175 organ culture dishes

(OCD) each with 2 million cells/ml as shown in Figure 77.

Example 33. Cocultures of feeders on spherical or DES3 microcarriers with RESC

grown on DES3 cellufose microcarriers



% Recovery DES3A B 87 90 64.1 88.3 To harvest cardi omyocytes from
mcrocarriers, a two step protocol involving pretreatnent with

col | agenase and enzymatic treatnment with trypsin or Tryple was found
to inprove harvesting efficiency. Wiability Acutase Sol ution
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We also determined if hESC on cellulose DES3, could be supported with co cultures
of feeders on spherical Cytodex 3 and Tosoh microcarriers. Feeder cells were attached to
uncoated microcarriers and hESC were attached to Matrigel coated microcarriers. Figure 78
shows pictures of hESC grown on cellulose microcarriers together with mouse feeders on
Cytodex, and polylysine coated Tosoh beads coated with feeders and co cultured with hESC
on cellulose DES3 microcarriers. Table 3 indicates the cell densities of RESC in co cultures
with feeders on the 2 spherical microcarriers as well as co culture on cellulose DES3
microcarriers at PO and P1 passages. Cell numbers were equivalent to the control of hESC on
DES53 microcarriers coated with matrigel. Figure 79 shows the FACS at P1 for the 3 co-
cultures on hESC with feeders on Cytodex 3, Tosoh and DES3 microcarriers respectively.
High expression levels of the 3 pluripotent markers were observed for the Cytodex 3 co
cultured with DES3 and co cultures of DES3. Table 4 shows that cell numbers of hESC in the
3 co cultures were about 2 times higher compared to the control on matrigel coated
microcarriers. Figure 80 shows robust expression of the 3 pluripotent markers at passage 2 in
the 3 different co cultures with Cytodex 3, Tosoh and DE53 microcarriers which are

equivalent or better than the control with matrigel coated microcarriers (Figure 81).

Example 34. hESC culture on small and large spherical Tosoh microcarriers

Next we tested if alternative large and small spherical Tosoh microcarriers could

support hESC growth over the long term.

Table 5 shows both small (10 micron) large (65 micron) Tosch microcarriers with and
without matrigel coatings supported hESC growth at PO and P1. Figure 82 shows that the
expression of pluripotent markers Oct4, SSEA4 and TRA-1-60 were high at passage P1 in
these 4 conditions. Figure 83 shows polylysine Tosoh beads without and with matrigel
coatings at stock and 30x diluted concentrations. hESC formed the largest cell aggregates at
30x diluted matrigel concentration. Figure 84 shows protamine Tosoh beads without and with
matrigel coatings at stock and 30x diluted concentrations. Again 30x diluted matrigel coated

beads formed larger hESC aggregates.



DES3Tlypsin | )-1.7ple | Dispase | Exanple 41.7 Human i PS cells.

| 1Iv1R90 enbrvoid body formation and cardi onyocvte differentiation
Human i PS cells on Matrigel coated cellul ose DE53 mcrocarriers at
passage 13 were differentiated by transferring the mcrocarriers to
EB nmedi a (KO basal nedium + 20% serum + non-essential am no acids)
for 14 days in suspension followed by being re-plated on gelatin
coated 6 cmtissue culture dish for 7 days. Several beating
aggregates were observed. Two of the begting aggregates were
transferred to a new 6 cmdish coated with gelatin for further
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several weeks. For “coating”, Matrigel was freshly added to the beads only during the week of
culture. Figure 36 shows the expression of pluripotent markers Oct4 and TRA-1-60 of hESC
on polylysine Tosoh microcarriers without and with matrigel at P1. Oct4 expression was
lowest for the microcarriers without matrigel. Figure 87 shows the expression of pluripotent
markers Oct4 and TRA-1-60 of hESC on protamine Tosoh microcarriers without and with
matrigel at P1. Again Oct4 expression was lowest for the microcarriers without matrigel.
Figure 38 shows the expression of pluripotent marker TRA-1-60 of hESC is better on matrigel
coated polylysine Tosoh microcarriers at P2. Similarly, figure 89 shows the expression of
pluripotent marker TRA-1-60 of hESC is better on matrige! coated protamine Tosoh
microcarriers at P2. Figure 90 continues to show that expression of pluripotent marker TRA-
1-60 of hESC is better on matrigel coated polylysine Tosoh microcarriers at P3. Figure 91
shows the expression of pluripotent marker TRA-1-60 of hESC is highest on matrigel coated
protamine Tosch microcarriers at P3. At passage 4, hESC still continue to form
undifferentiated aggregates on large polylysine and protamine Tosoh beads coated with
matrigel (Figure 92). Figure 93 shows the continued expression of pluripotent markers Oct4
and TRA-1-60 of hESC on matrigel coated polylysine and protamine microcarriers at passage
4. Figure 94 shows the relatively stable cell counts of hRESC grown for 5 passages on
polylysine and protamine Tosoh beads with matrigel coating. Figure 95 shows the continued
expression of pluripotent markers Oct4 and TRA-1-60 of hESC at passage 5, while Figure 96

shows the hESC aggregates on polylysine and protamine Tosoh microcarriers at P5.

Between passage 6 and passage 7, with further optimization of microcarrier

concentrations to 48,000 beads per million cells, the expression of pluripotent markers Oct4



Exanple 41.8 Differentiation to endoderm |ineage hESC were
differentiated towards the endoderm|ineage (e.g. pancreactic islets
cells, hepatocytes, lung) by agitating (40rpm hESC Matrigel coated
m crocarrier suspension cultures in spinner flasks, and also by
agitation (120rpm) in 6 well plates. Down regul ation of pluripotent
mar kers Oct4, Mab84 and Tra-1-60 was observed with upregul ati on of

t he endoder m genes GATA6 and al pha fetoprotein. Consi.dered together
with the results shown in Figure 73 (Bganple 32), these results
indicate that |lower rates of agitation can be used to culture cells
and mai nt ain8 TRAC1-BY ch%dqgilfc%lllé\}eg%x%tth e %H&e@oa&e@ﬁoi??ls ihSafind that
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matrigel agitated at 100rpm. Whereas Figures 103 and 104 show more confluent growth of
hESC on matrigel coated Cytodex 3 microcarriers in non-agitated and agitated conditions
respectively. FACS analysis of the pluripotent markers Oct4 and TRA-1-60 are down
regulated by P3 on Cytodex 3 without matrigel (Figure 105). However, FACS of all 3 markers
of Oct4, SSEA4 and TRA-1-60 are still robustly expressed even at P9 for matrigel coated
Cytodex 3 microcarriers (Figure 106). Figure 107 shows that hESC grown on Cytodex 3
without matrigel in agitated conditions down regulate pluripotent markers by P3; this down

regulation is also seen with matrigel coated Cytodex 3 in agitated conditions by P3 (Figure
108).



Exanpl e 42.2 Variation of Cell Seeding Concentration in Spinner

Fl asks Cytodex 3 microcarriers were seeded wth a range of
concentrations of hESC derived MSC cells (from5 to 14
cells/mcrocarrier) at 3ng/ nlm crocarrier in spinner cultures
agitated at 40rpmin 50% nedi a changed every 3 days. Figures 176 and
177 show hi gher final cell densities obtained wth higher starting
cell concentrations. Exanple 42.3 Conparison of Mnol ayer and

M crocarrier Culture 162 and 179 showgihat hESC derived MSCs grown
on mcrocarriers achieved a faster doubling tine and a hi gher cel

density. EX&WD'E&%%aée %aﬁéﬁ‘%g%a@é C&E@& ﬁﬁé&cﬁglel\ﬁ%af?@cd}{hi@&)ﬁ’sc&hfd' s§liS

hESC deri ved
(SuppadehSG whiclostropgherpassad e & plur rpp@ntsnalbt?rs {d shywal eﬂ‘étglh ﬁéﬁ}& Iof

nmet hods:

wer e pass m crocarriers

A1 oul turSRUAENESPRENIE] Rl BER Mo RLH kAP0 MAReR I kI

cases t he meidl dovachgdvian iOvid ad TR ubio) ngriersaEbis axmdriment| wad parsirice &

B T R T e

day 10 of

negative ekphle¥ssiowedh nGDBL4ENX kCR4Spdafieh ESEasshees weCytMBE 3anat@y tvitlex 3
m crocarriers npgﬂ fﬁﬁged by the two net hods descri bed.

matrigel

Example 37, hESC culture on Cytodex 1 and Hillex microcarriers with and without

matrigel

We also evaluated charged microcarriers Cytodex 1 and Hiilex microcarriers alone
without any coatings for their ability to support hESC. Again, an earlier patent by Crook et al
claimed that these microcarriers alone without matrigel coating could support hESC culture
for 3 to 5 passages in static cultures (WO 2008/004990 A2). A subsequent publication by the
same group, (Phillips ef al, 2008) revealed that they could only achieve 3 fold expansion at
every passage and that hESC could not be expanded on Hillex microcarriers by passage 6

even though pluripotent markers were retained.

Figure 111 shows hESC growing on Cytodex 1 with and without matrigel coating,
hESC on matrigel coated Cytodex grow as larger aggregates compared to uncoated
microcarriers. Figure 112 shows hESC growing on Hillex microcarriers with and without
matrigel coating. Hillex microcarriers adsorb phenol red from the media and tend to aggregate
together. hESC stick less well on these microcarriers with or without matrigel. Figure 113
shows the cell counts of hESC on these 2 types of microcarriers with and without agitation
after 3 passages. After 3 passages, the cell numbers tend to drop in the Cytodex 1 and Hillex
microcarrier cultures with agitation and were discontinued as they could not be passaged.
However, static (or non-agitated) cultures of these microcarriers with and without matrigel
could be passaged up to passage 9 as shown in Figure 114, but the final cell numbers tended

to drop after passage 7. Figure 115 summarises the mean cell concentration and mean fold



Exanpl e 43. Fed Batch culture in StenPRO nedia Figure 187 shows the
results of controlled | ow glucose feeding (2g/1 daily) on cell
density of hESC in mcrocarrier suspension culture using StenPRO
media, as conpared to cultures fed daily with StenPRO only. Low

gl ucose feeding resulted in higher cell densities. Reduced |actate
production and i nproved pH control was al so observed in DVEM F12
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confluent than uncoated microcarriers, though Hillex microcarriers continue to stain red with
phenol red from the media. Figure 117 shows a representative plot of the 3 pluripotent
markers Oct4, TRA-1-60 and mAb 84 of the 4 conditions at passage 6, with matrigel coated
microcarriers performing better than the uncoated microcarriers. Figure 118 summarises the
FACS analysis of the 3 pluripotent markers Oct4, TRA-1-60 and mAb 84 at different
passages for the 4 conditions indicating that these markers tend to fall after passage 6 except
for Cytodex [ coated with matrigel which was the most stable condition after 10 passages.
Hillex with matrigel on the other hand showed a drop in these markers perhaps due to the
adsorption of phenol red to the microcarriers. By passage 13, only hESC cultured on Cytodex
1 with matrigel still expressed the 3 pluripotent markers, whilst the other 3 microcarrier
conditions had differentiated as shown by the reduced expression levels of the 3 markers
(figure 69). Karyotypes for the 4 microcarrier conditions were normal at passage 7 (Figure
120).

Example 38. Different extracellular matrix coatings on DE53 cellulose microcarriers for

hESC culture

We further examined if alternative exiracellular matrices (ECMs) could be used as

substitutes for matrigel for the support of hRESC on microcarriers.

Table 8 shows the cell numbers of hESC grown on cellulose microcarriers after 7 days
with different coatings of chondroitin sulphate (CS), heparin (HS) and hyaluronic acid (HA)
diluted from 1:10 to 1:80 from their initial stock concentrations, compared to controls grown
with coatings of KO media and conditioned media (CM) at passage P0. At passage P1, the

cell numbers of hESC are greater than 1 million/well for all 3 coatings and are similar to the
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Other combinations of these ECMs including fibronectin were also tested and the cell
numbers achieved at passages PO and P1 are shown in Table 10. HA with fibronectin
appeared to enable the best cell growth at P1. Figures 123 and 124 show pictures of the
cellulose microcarriers coated with the different combinations of ECMs (fibronectin, HA and
heparin salt (HS)) which continue to form tight aggregates of cells without any obvious cystic
regions around the aggregates. However, when FACS for the pluripotent marker TRA-1-60
was performed, there was significant down regulation of this marker, by P1 with these ECM

combinations, as shown in Figures 125 and 126.

Additional ECMs such as collagen I, IV and laminin were also tested for the support
of hESC and Table 11 shows the cell numbers achieved with the different ECM combinations
from P1 to P3. These cell numbers are also shown in Figure 127 which shows a general

downtrend in the cell numbers with each passage on the various ECMs.

Figure 128 shows the morphology of the hESC on different combinations of ECMs
with HA coated on cellulose microcarriers. Similarly, Figure 129 shows the morphology of
the hESC on different combinations of ECMs with HS coated on cellulose microcarriers. In
general the combinations with HA have a denser aggregation of hESC on the microcarriers
than the HS combinations. HA alone also appears to support more dense aggregates than HS
alone in Figure 130. And Figure 131 shows that HA in combination with collagen I, IV,
laminin and fibronectin appear to form denser cell aggregates than the ECM combinations
with HS. Finally, a complete matrix of HA, HS and the other 4 ECMs are also shown to
support hESC in Figure 131.
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the pluripotent marker, TRA-~1-60 at passages 8 and 9 on HA coated microcarriers. Finally,
Figure 139 shows the morphology of dense hESC aggregates, grown on HA coated cellulose

microcarriers at passage 6 at 2 different magnifications.

Example 40. Growth and Propagation of Human iPS cells on microcarriers

Example 40.1

Human iPS (IMR90) cells were cultured in suspension culture on Matrigel coated DES3
microcarriers at 20mg/well (4mg/ml) in MEF condition KO-medium with 100ng/ml bFGF
(5ml/well). The cellulose microcarriers were seeded from iPS (IMR90) cells passaged 8
times on feeder cells in 2D culture followed by adaptation on Matrigel for 5 passages in 2D
culture (iPS IMROOPMGPS).

Figure 162 shows confluent growth of human iPS cells on cellulose microcarriers. Figures
163 and 164 show that the iPS cells were successfully cultured from 3 through 10 weekly
passages whilst retaining strong expression of OCT4, MAB84 and TRA-1-60 at passage 10.
Cell growth was robust with cell densities of 3 to 8 million cells/ml achieved after every

passage.
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Example 41, Cardiomyocyte Differentiation on Microcarriers

The ability to differentiate hESC into cardiomyocytes was investigated using microcarriers
having different extracellular matrix (ECM) coatings. Cell expansion and differentiation was
investigated using different ECM coatings. Differentiation was also investigated using
different media supplements. Seeding of hESC from microcarriers to microcarriers followed

by differentiation was also investigated,

Example 41.1 Differentiation

DE53 cellujose microcarriers were coated in one of Matrigel, Laminin, Vitronectin,
Fibronectin (Figure 165) , or used uncoated. Tosoh 65 microcarriers were protamine
derivatised and optionally coated in Laminin (Figure 165). The microcarriers were coated
overnight with the respective ECM in cold room under agitation. On the next day each well
(5ml) was seeded with 2.5 x10° cells/well from 2D colony cultures which were collagenased

and scraped. Plates were then kept under agitation for 1 hour after seeding.

Aggregates formed in the cultures were fed with conditioned media (CM) and bFGF for 2
days, with medium refreshed daily. On day 3, cultures were switched to bSFS differentiation
medium with MAP kinase inhibitor, SB203580 (5uM). Cultures were washed with bSFS for

1 hour and bSFS medium with inhibitor refreshed on 3 times a week (Monday, Wednesday,
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1. Uncoated cellulose DE53
2. Laminin coated (20ug) on 15mg cellulose DE53 overnight
3. Matrigel coated on cellulose DES53 overnight

A seeding ratio of 1.6 x 10°cells/well from 2D cultures (collagenased and scraped) was used.
Cultures were fed with CM until aggregates were formed (3 days) washed with bSFS for 1
hour and later switched to differentiation medium + SB203580 (5uM). Sampling of 2 wells
for beatings and cell counts was performed on days 0, 4, 7 and 12. Cells used were H3
p33kK50. Day 14 aggregates are shown in Figure 168. Figure 169 shows expansion of cells
on the different ECM coatings on microcarriers by 2 to 5 fold, averaged from cell counts

taken at days 7 and 13 after initiation of differentiation.

The effect of Laminin and Fibronectin coatings (1 or 3 ug/g cellulose) on the percentage of

beating embryoid bodies was also tested. Figure 184 shows laminin coating to provide an
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Cultures’'in CM were formed as aggregates for 2 days, washed with bSFS and then switched

to differentiation medium + SB203580 (SuM) and different media supplements (0.1% HySoy,
1% BSA, 1x lipid mixture or combinations of these — see Figure 170). Cells used were H3
p33kK47.

Figure 171 shows the effect of media supplements on enhancing cardiomyocyte formation on
uncoated microcarriers. All media supplements tested enhanced cardiomyocyte formation

compared to bSFS alone without supplements, in uncoated microcarrier cultures.

Figure 185 shows a significant improvement in the number of beating embryoid bodies or
cardiomyocytes for hESC cultured on laminin coated DES3 cellulose microcarriers in the

presence of chemically defined lipid, vitamin or Soy Hydrolysate media supplements.

Example 41.4 Differentiation with hESC seeded from microcarriers to microcarriers

using different media supplements

DES53 cellulose microcarriers (3mg/ml) were conditioned for 4 hours in CM and seeded with
1.6x10° cells/well in 6 well plates. Cultures were agitated (100 rpm) for 1 hour before

switching to static conditions.
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Microgranular carboxymethy! cellulose CM32 negatively charged microcarriers (20mg/well,
4mg/ml) were seeded with HES-3 cells, suspension cultured and passaged. Differentiation
was shown by large cystic regions (data not shown) within passage 1 with or without Matrigel
coating. Cell densities were higher on Matrigel coated microcarriers than uncoated
microcarriers. This indicates that whilst negatively charged microcarriers may not support

pluripotent growth of hESC, they can support differentiation of hESC.

Example 41.6 Efficient cell harvesting from aggregates for further analysis

hESC may be harvested from microcarrier cultures by direct enzymatic treatments (e.g.

Trypsin or Tryple).

%Viability | % Recovery

- Trypsin 64 10.2
DES3 ’
Trvple 57 9.8

A two step protocol involving pretreatment with collagenase and enzymatic treatment

(trypsin) was found to improve the harvest of hRESC from microcarriers.
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%% Viability | % Recovery
Acufase 64 20.2
Solution 76 22.1
DES53 Trypsin 90 46.7 ;
Tryple 87 37.0 %
Dispase 71 5.4

Example 41.7 Human iP§ cells. IMR9I0 embryoid body formation and cardiomyocyte
differentiation

Human iPS cells on Matrigel coated cellulose DES3 microcarriers at passage 13 were
differentiated by transferring the microcarriers to EB media (KO basal medium + 20% serum
+ non-essential amino acids) for 14 days in suspension followed by being re-plated on gelatin
coated 6 cm tissue culture dish for 7 days. Several beating aggregates were observed. Two of
the beating aggregates were transferred to a new 6 cm dish coated with gelatin for further

observation. After 23 days all beating clumps were still actively beating.

Example 41.7 Additional differentiation experiments




Each of the applications and patents nentioned in this docunment, and
each docunment cited or referenced in each of the above applications
and patents, including during the prosecution of each of the
applications and patents ("application cited docunents”) and any
manuf acturer's instructions or catal ogues for any products cited or
mentioned in each of the applications and patents and in any of the
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descri bed gpthheds and systemof the invention will be apparent to
those skilled in the art without departing fromthe scope and spirit
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additions thereto may be nade within the scope of the invention.

| ndeed, vari ous, nodifj cati.on -t escribed des f.or carrying out
the s nvent on JHIGA T Bk RadopisI2GSE Biehe FalB R gL iR b BBty
or rel at edideingddtbsondfir@inindoatad edllul@e éeradairitedd t he scope of the cl ains.
Furt hernore, various conbinations of the features of the foll ow ng
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cl ai ns wit hout Edapple #i .8 Differgniidtion tsendpdermflinedpe pr esent i nventi on.
172 Cainms: 1. A nethod of culturing human nulti potent stemcells in
suspension culture in vitro, the method conprising: (i)attaching

human nul thESSt e didfeeeniiaied towards thy epdademn |ingpeefe.grpancsadicrsles seliso

hepatocytes, lung) by agitating (40rpm) hESC Matrigel coated microcarrier suspension

cultures in spinner flasks, and also by agitation (120rpm) in 6 well plates. Down regulation of
pluripotent markers Oct4, Mab84 and Tra-1-60 was observed with upregulation of the
endoderm genes GATAG and alpha fetoprotein. Considered together with the results shown
in Figure 73 (Example 32), these results indicate that lower rates of agitation can be used to
culture cells and maintain the pluripotent/multipotent status of the cells and that higher rates

of agitation can be used to induce differentiation.

Example 42. Culture of Human Embryonic Stem Cell Derived Mesenchymal Stem Cells

on Microcarriers

The differentiation of human embryonic stem cells to reproducibly provide clinically
compliant mesenchymal stem cells (MSCs) is described in Lian et al (Derivation of Clinically
Compliant MSCs from CD105+, CD24- differentiated human ESCs. Stem Cells
2007;25:425-436). They describe a protocol that can be used to reproducibly generate highly
similar and clinically compliant MSC populations from hESCs by trypsinizing and
propagating hESCs without feeder support in medium supplemented with FGF2 and PDGF
AB followed by sorting for CD105+ and CD24- cells. The MSCs obtained were remarkably



formmcrocarrier-stemcell conplexes; (ii) culturing the

m crocarrier-stemcell conplexes in suspension culture; (iii)
passaging the cultured cells from(ii); and (iv) repeating steps
(i)-(iii) through at |east 2 passages, wherein stemcells in the
culture after step (iv) are nmultipotent. 2. The nethod of claim1l
wherein in (i) the surface of the mcrocarriers is coated in a
matrix. 3. The nmethod of claiml1l or 2 further conprising the step of

i nducing differentiation of the stemcefls obtained after step (iv).
4. The nethod of claim 3 wherein the method conprises placing the

i crocarri gfiist® BheShirdPIRES NeS- I\HQ@Qranc‘P%gﬁéd' tgmoae!ﬂaegsc | eIt I
differentiation of the stemcells. 5. of "any one of" cl alins

1to 4 V\hefu@ptfpng_lfqlJéquag;p@ﬁlopbf\p);edttpéjeﬁ@@ﬂéﬁps 1 e adhelent monolayer with a
fibroblastic phenotype, a surface antigen profile that is CD29+, CD44+, CD49a+, CD49e+,

CD105+, CD166+, CD34- and CD45-, and a differentiation potential that includes
adipogenesis, chondrogenesis and osteogenesis. Lian et al describe the use of Hues9 and H1

hESCs to generate their MSCs.

We used the protocol of Lian et al to generate hESC derived MSCs and cultured and passaged
these MSCs on uncoated microcarriers to confirm that microcarriers can be used to support
the continued culture, growth and passage of cells obtained from the differentiation of hESC,

and in particular of hESC derived adult stem cells.

Example 42.1 Variation of Microcarrier Concentration in Spinner Flasks

Cytodex 3 microcarriers were seeded with hESC derived MSCs at different microcarrier
concentrations (1.5, 3 and 5 carriers/ml) and cultured in spinner cultures agitated at 40rpm in
50% media changed every 3 days. Figures 174 and 175 show the growth of the hESC derived
MSC on microcarriers. The best growth was obtained using the lowest microcarrier

concentration tested.

Example 42.2 Variation of Cell Seeding Concentration in Spinner Flasks

Cytodex 3 microcarriers were seeded with a range of concentrations of hESC derived MSC
cells (from 5 to 14 cells/microcarrier) at 3mg/ml microcarrier in spinner cultures agitated at
40rpm in 50% media changed every 3 days. Figures 176 and 177 show higher final cell

densities obtained with higher starting cell concentrations.

Example 42.3 Comparison of Monolaver and Microcarrier Culture

The growth of hESC derived MSCs on Cytodex 3 microcarriers was compared with the

growth of hESC derived MSCs in monolayer culture with daily media exchange. Figures 178



conprises the step of separating stemcells fromthe mcrocarriers
and culturing the separated stemcells in non-mcrocarrier culture
under conditions which induce differentiation of the stemcells.

6. The method of claim 1l further conprising the differentiation of

mul ti potent stemcells, conprising: (v) attaching multipotent stem
cells obtained after step (iv) to a plurality of second mcrocarriers
to formmcrocarrier-stemcell conplexes, wherein the surface of the
second mcrocarriers is coated in a semand matrix or is uncoated; and
(vi) culturing the mcrocarrier-stemcell conplexes from(v) in
suspensi onngyhd o tAAEEC QML MRS ERbn MRAERiEshehit difaah R ab@iingn

of the stemcells. 7.A nethod of culturing and differentiating human
mul ti pot ertmesand mhighey sllidansitys r o, the nethod conprising: 173
(I'yattaching human nmultipotent stemcells to a plurality of first

mcrocarriers to farmm.ccrocarrijer-stemcell coppl exes;
LExamp e %.4 Passaging ¢ heESC éerlve MSCs on Microcarriers

hESC derived MSCs were passaged on Cytodex 3 microcarriers by two methods:
(D addition of 50% new microcarriers; or

(i)  detachment of cells with tryplE enzyme followed by addition of new

microcarriers.

All cultures were fed daily. Figures 180 and 181 show that in both cases the cells achieved
similar doubling times and cell densities over 3 passages. Figures 182 and 183 show the
positive expression at day 10 of the 5 MSC markers CD73, CD90, CD1035, CD29 and CD44
and negative expression of CID34 and CD435 by hESC derived MSC on Cytodex 3

microcarriers when passaged by the two methods described.
Example 43. Fed Batch culture in StemPRO media

Figure 187 shows the results of controlled low glucose feeding (2g/1 daily) on cell density of
hESC in microcarrier suspension culture using StemPRO media, as compared to cultures fed

daily with StemPRO only. Low glucose feeding resulted in higher cell densities.

Reduced lactate production and improved pH control was also observed in DMEM/F12

nmedia.
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(ii) culturing the mcrocarrier-stemcell conplexes in suspension
culture; (iii) passaging the cultured cells from(ii); and (iv)
repeating steps (i)-(iii) through at |east 2 passages, wherein stem
cells in the culture after step (iv) are multipotent, the nethod
further conprising: (v) attaching nultipotent stemcells obtained
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13. The method of any one of clains 1 to 11 wherein the matrix
conprises one or nore of Matrigel TM (BD Bi osci ences), hyal uronic
acid, lamnin, fibronectin, vitronectin, collagen, elastin, heparan
sul phate, dextran, dextran sul phate, chondroitin sul phate. 174 14.
The met hod of any one of clains 1 to 11 wherein the matrix conprises
a mxture of lamnin, collagen I, heparan sulfate proteoglycans, and
entactin 1. 15. The nethod of any one of clains 1 to 14 wherein the
m crocarrier conprises or consists of wde or nore of cellul ose,
dextran, hydroxyl ated nmet hacryl ate, collagen, gelatin, polystyrene,

plastic, gl assGerenant eral SBiolecitideBioedd 200)86BRuUNRG)DT any one of
clains 1 to 14 wherein the mcrocarrier is a nmacroporous or
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21. The nethod of any one of clainms 1 to 20 wherein in step (iv),
steps (i)-(iii) are repeated through one of: at |east 3 passages, at
| east 4 passages, at |east 5 passages, at |east 6 passages, at | east
7 passages, at |east 8 passages, at |east 9 passages, at |east 10
passages, at |east 11 passages, at |east 12 passages, at |east 13
passages, at |east 14 passages, at |east 15 passages, at |east 16
passages, at |east 17 passages, at |east 18 passages, at |east 19
passages, at |east 20 passages, at |eas4s 21 passages, at |east 22
passages, at |east 23 passages, at |east 24 passages, at |east 25
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Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with specific
preferred embodiments, it should be understood that the invention as claimed should not be
unduly limited to such specific embodiments and that many modifications and additions
thereto may be made within the scope of the invention. Indeed, various modifications of the
described modes for carrying out the invention which are obvious to those skilled in
molecular biclogy or related fields are intended to be within the scope of the claims.
Furthermore, various combinations of the features of the following dependent claims can be
made with the features of the independent claims without departing from the scope of the

present invention.



172
Claims:

1. A method of culturing human multipotent stem cells in suspension culture in

vitro, the method comprising:

(i attaching human multipotent stem cells to a plurality of microcarriers to
form microcarrier-stem cell complexes;

(i) culturing the microcarrier-stem cell complexes in suspension culture;

iii) passaging the cultured celis from (ii); and

(iv) repeating steps (i)-(iii) through at least 2 passages,

wherein stem cells in the culture after step (iv) are multipotent.

2. The method of claim 1 wherein in (i) the surface of the microcarriers is coated
in a matrix.
3. The method of claim 1 or 2 further comprising the step of inducing

differentiation of the stem cells obtained after step (iv).

4., The method of claim 3 wherein the method comprises placing the
microcarrier-stem cell complexes under conditions which induce the differentiation of

the stem cells.

B. The method of any one of claims 1 to 4 wherein after step (iv) the methed
comprises the step of separating stem cells from the microcarriers and culturing the
separated stem cells in non-microcarrier culture under conditions which induce

differentiation of the stem cells.

6. The method of claim 1 further comprising the differentiation of multipotent

stem cells, comprising:

(v) attaching multipotent stem cells obtained after step (iv) to a plurality of
second microcarriers to form microcarrier-stem cell complexes, wherein
the surface of the second microcarriers is coated in a second matrix or is
uncoated; and

(vi) culturing the microcarrier-stem cell complexes from (v) in suspension
culture under conditions that induce the differentiation of the stem cells.

7. A method of cuituring and differentiating human muitipotent stem cells in vitro,
the method comprising:
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(i) attaching human multipotent stem cells to a plurality of first microcarriers
to form microcarrier-stem cell complexes;
(ii} culturing the microcarrier-stem cell complexes in suspension culture;
(iii} passaging the cultured cells from (ii); and
(iv) repeating steps (i)-(iii) through at least 2 passages,
wherein stem cells in the culture after step (iv) are multipotent, the method further

comprising:

(v) attaching multipotent stem cells obtained after step (iv) to a plurality of
second microcarriers to form microcarrier-stem cell complexes, wherein
the surface of the second microcarriers is coated in a second matrix or is
uncoated: and

(vi) culturing the microcarrier-stem cell complexes from (v) in suspension
culture under conditions that induce the differentiation of the stem cells.

8. The method of claim 7 wherein in (i) the surface of the microcarriers is coated

in a first matrix.

9. A method of differentiating stem cells in vitro, comprising aftaching human
multipotent stem cells to a plurality of microcarriers to form microcarrier-stem cell
complexes, wherein the surface of the microcarriers is coated in a matrix or is
uncoated, and culturing the microcarrier-stem cell complexes in suspension culture

under conditions that induce the differentiation of the stem cells.

10.  The method of any one of claims 1 to 9 wherein the stem cells are adult stem

cells, or multipotent stem cells derived from pluripotent stem cells.

11. The method of any one of claims 1 to 10 wherein the microcarriers are rod-
shaped.

12, The method of any one of claims 1 to 11 wherein the matrix comprises an

extracellular matrix component.

13. The method of any one of claims 1 to 11 wherein the matrix comprises one
or more of Matrigel™ (BD Biosciences), hyaluronic acid, laminin, fibronectin,
vitronectin, collagen, elastin, heparan suiphate, dexfran, dextran sulphate,

chondroitin sulphate.
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14, The method of any one of claims 1 to 11 wherein the matrix comprises a

mixture of laminin, collagen |, heparan sulfate proteoglycans, and entactin 1.

15. The method of any one of claims 1 to 14 wherein the microcarrier comprises
or consists of one or more of cellulose, dextran, hydroxylated methacrylate, collagen,

gelatin, polystyrene, plastic, glass, ceramic, silicone.

16.  The method of any one of claims 1 to 14 wherein the microcarrier is a

Macroporous or microporous carboseed microcarrier.

17. The method of any one of claims 1 t016 wherein the microcarrier is positively

charged.

18. The method of any one of claims 1 to 17 wherein the microcarrier has a

positive surface charge.

19. The method of any one of claims 1 to 18 wherein in step (i) the stem cells are
cultured for a period of time sufficient to expand the number of stem cells in the

culture.

20. The method of any one of claims 1 to 19 wherein in each repeat cycle the
stem cells of step (i) are obtained from the passaged cells of step (iii) of the

preceding repeat cycle.

21. The methoed of any one of claims 1 to 20 wherein in step (iv), steps (i)-(ii) are
repeated through one of: at least 3 passages, at least 4 passages, at least 5
passages, at least 6 passages, at least 7 passages, at least 8 passages, at least 9
passages, at least 10 passages, at least 11 passages, at least 12 passages, at least
13 passages, at least 14 passages, at least 15 passages, at least 16 passages, at
least 17 passages, at least 18 passages, at least 19 passages, at least 20 passages,
at least 21 passages, at least 22 passages, at least 23 passages, at least 24
passages, at least 25 passages, at least 30 passages, at least 40 passages, at least
50 passages, at least 60 passages, at least 70 passages, at least 80 passages, at
least 90 passages, at least 100 passages.

22, An aggregate comprising two or more microcarriers having human multipotent
cells attached thereto, wherein each microcarrier comprises one or more of cellulose,

dextran, hydroxylated methacrylate, or collagen, and wherein the microcarrier has an
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elongate shape and has a longest dimension of less than about 2000um and a
shortest dimension of more than about 10um, and wherein the surface of the
microcarrier is coated in a matrix comprising an exfracellular matrix component, and
wherein one or a plurality of human multipotent cells are attached to the matrix

coating.

23. Use of a microcarrier in the culture of human multipotent cells in vitro to
generate new cells having multipotent status, wherein the microcarrier comprises one
or more of cellulose, dextran, hydroxylated methacrylate, or collagen, and wherein
the microcarrier has an elongate shape and has a longest dimension of less than
about 2000um and a shortest dimension of more than about 10u4m, and wherein the
surface of the microcarrier is coated in a matrix comprising an extracellular matrix
component, and wherein one or a plurality of human multipotent cells are attached fo

the matrix coating.

24, Use of a microcarrier in the in vitro differentiation of human multipotent cells,
wherein the microcarrier comprises one or more of cellulose, dextran, hydroxylated
methacrylate, or collagen, and wherein the microcarrier has an elongate shape and
has a longest dimension of less than about 2000xm and a shortest dimension of
more than about 10um, and wherein the surface of the microcarrier is coated in a
matrix comprising an extracellular matrix component, and wherein one or a plurality

of human multipotent cells are attached to the matrix coating.

25, A method of culturing human multipotent cells in vifro to generate new cells
having multipotent status, the method comprising culturing a microcarrier under
conditions suitable for the generation of new cells having multipotent status, wherein
the microcarrier comprises one or more of cellulose, dextran, hydroxylated
methacrylate, or collagen, and wherein the microcarrier has an elongate shape and
has a longest dimension of less than about 2000um and a shortest dimension of
more than about 10um, and wherein the surface of the microcarrier is coated in a
matrix comprising an extracellular matrix component, and wherein one or a plurality

of human multipotent cells are attached to the matrix coating.

26. A method of differentiating human multipotent cells in vifro, the method
comprising culturing a microcarrier under conditions that induce the differentiation of
the multipotent cells, wherein the microcarrier comprises one or more of cellulose,

dextran, hydroxylated methacrylate, or collagen, and wherein the microcarrier has an
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elongate shape and has a longest dimension of less than about 2000um and a
shortest dimension of more than about 104m, and wherein the surface of the
microcarrier is coated in a matrix comprising an extracellular matrix component, and
wherein one or a plurality of human multipotent cells are attached to the matrix

coating.



