1 Title: Methods for ldentifying Candi date Cytotoxic Anti body Ml ecul es
Field of the Invention The present invention relates to nmethods for

screeni nogyveaohdade anti body nol ecul es 5which bind to pedegahyriiodedst ke
protein (PODXL) and/or to undifferentiated pluripotent stemcells and

particularly, although not exclusively1to nmethods for identifying

candi date cytotoxic anti body nol ecul es. Background to the Invention
10Enbryoni c and ot her pluripotent stemcells have great potential in

t her apy. SucTitiedétbodsiforiidentifying CaddidatedCytbtoxiAntibagly Meleculpeci fi c cel |
types and offer the possibility of a renewable source of replacenent cells
and tissues, for exanple, for use in regenerative nedicine to repair

ti ssues whiield afthelnvertiprdanaged by di sease or injury. 15However, the use of

enbryoni ¢ He§mR<eht ihveritibn FEslES 10 Reth§ds forddr@MingU@ndigate RAtisddg Mdidcerat et hi cal
concerns associated wth the use of enbr)yos. The Yamanaka Lab2 and Thomson
Lab3 denor¥étishftipditorredecaiiinaikemraieip sP QKL andfer fpundifsrenptedipbiipplent Hem

transi ent RUEARKFHRRENYalBbugh FoTekdlusiveh & metho@Lelentififg tandivaed

pl uri pot ent ?t emr&.glcs éﬂ‘f"l P§Cs) whi ch functionally and phenotypically

resenbl e PEACPIYIRPEY'FSs (ESCs). Thus, 20pluripotent stemcells can be
obt ai ned without the need for the destruction of enbryos. Sonme |PSCs, |ike

hESC, expga}ig%}nﬁorqnéj‘n&%@(;n cell surface markers, such as Tra-1- 60/81

and SSEA- wever, are not identical to ESCs, as shown by a
sl owd® dolEmbryenic andedther pliripbtentsiem cellshave aregt potantial inrtbereryy r Supbioghs

pat t er ns2' .3 paRife D roiRrieiiteAhioWpesfi@lditpesahd Bﬁéﬁh@éoééib‘ﬂ?ﬂp whet her
ete, and thus wh | PS

nucl ear reprogrammng 1 s conpl , _ et her Cs tollow a simlar
pat hway t deHEbEe spureeR] replacerentfellaandlissueshiey exappliet lanysedp &agena@BYR)h rai ses
t he possi bhddidine tohepaiRblds vitticH ke dRER8arSddibyRfiddasdbrinReci fic i nput cells
may be a reality in the future. Unli ke hESC where there are ethical
30concerns and possi bl e issues of imune rejection, |PSCs can be generated
from#a dorHuwever fheage afembryonit sfear et inrhedicib@istlimited ppe {the sigaificat | t ype and

transpl ant ed ki nt h ofL.. Pri h‘ﬁn | ' f S that
| pacs nad et B tbelrl ptiiie BRI 45k PFrhfod sfhohtdibariRe LAP B0 JHERR0LC ' The
gener at i oriabt demqrstiated dfat ramar filrnblastanan boipsgrgmmes py the transient

overexpression of a small number of genes into induced pluripotent stem cells (IPSCs)

which functionally and phenotypically resemble embryonic stem cells (ESCs). Thus,

20 pluripotent stem cells can be obtained without the need for the destruction of embryos.

Some IPSCs, like hESC, express Oct-4 and other cell surface markers, such as Tra-1-
60/81 and SSEA-3/4. However, IPSCs are not identical to ESCs, as shown by a slower
doubling time™", differences in the global gene-expression patterns® ® and DNA

25 methylation status®. It remains unknown whether nuclear reprogramming is complete™,
and thus whether IPSCs follow a similar pathway to hESCs during differentiation.

This important breakthrough raises the possibility that cellular therapies using patient-
specific input cells may be a reality in the future. Unlike hESC where there are ethical

30 concerns and possible issues of immune rejection, IPSCs can be generated from a
donor, reprogrammed, differentiated to the appropriate cell type and transplanted back
into the donor.

Prior to the publication of reports that IPSCs had been successfully generated from
35 human cells, we described the generation of a panel of monoclonal antibodies (mAbs)
against surface antigens on undifferentiated hESCs' in WO 2007/102787, the contents of



agai nst surface antigens on undifferentiated hESC51 in WD 2007/102787, the
contents of 2 which is hereby incorporated in this application by

ref erenceyohipsR1gbs showed strong reactivity agai nst pagischen®sisat ed,
but not differentiated (enbryoid bodies), hESC |ines. 5The mAbs di d not

cross react with nouse fibroblasts, an@ showed weak to no reactivity

agai nst human enbryonal carcinoma cells. Thus these mAbs exhi bited very
hi gh specificity binding to hESCs, and this binding was | ost as the hESCs
di f f er ent ivdtiehds h@iteby incompotataddih trasmapriicatipn byntéfe@ace.i Ehesa MAPS shhweh

speci fi cal ' i Kl LS i G L8 ' ¥ BBdics)Sheege cel | s

( hESC) (Taflrt{?s"%%gg"é‘?gg% ”@i’ﬁ?'% {lhééée‘g bggﬁtﬁggget"ﬂ&g??el'gsulg‘a?(??érsghti ated, but
not differliggs.i ated hESC within 30 nmin of incubation, and

i mrunoprecipitation of the mAb-antigen conplex revealed that the antigen is

podocal yxin-like protein-1 (PODXL). Inportantly, the absence of tunour
f orne®i on Th§ 'B‘H&a‘;‘& Bef ciAssfedrtyith Meree firablads apd SRowehweRk 1B NP spactiyty

t r anspl antzghineMhunitn®eniis)dAaNtfeinomAtsiise Thiid Besdlmias brdbiRaives Higiat mMAb84 nay
be usef ul E}@n nggl m r&atn?i? 1 Si dn%%. E;.Ss.ndi ff rs?nt' a?h g hlgﬁg ?’r.odr:\a

di f 1 or ent isBpetty AnAng 4 HESCS. And Thie PRein s JgsT o o ESC GHETeNAE4 3T i on ¢ o
gener at i ngnakiobaldintisodyhinAb 84ss an tgM avhick ispedifgaliynisihdsandi Kilfsandiffereatiated hESCs,
such as DA% bR cARINELCNE ) RBaBT G B ii0S: o el ©

non- cyt ot oXI ¢ agal <t Unal ren?*@?e’azmgsgs. %ne no adn € non-cytotoxic
anti hddy wadifferebti@ed, bROn¢tdifferentiated BESCrwithiy 30D/ dh BROBatontand cont ent s of

whi ch are imﬁfuﬁa%/rgéigﬁﬁagf)@ﬁﬁﬂé FHALDINIG&] I@Jg@&?p@\g&%&ﬁ%%%ﬁlﬁdgﬁ% mi'b scovery of

mAbs that bin aracterize | reporte 84 was

cyt ot oxi ¢ Pegasahedn-likegraeind {HORXLBS IRastanthn the akseesa of typelriymalipses . 25

Al though wadedéPwRar hid® defd tRittBNithSmAB B4 BRorUS @dndplantatioh it 8CAPhicel t 1S
consi dered_to be benef({,ﬁm al toﬂ;jﬁe cells ich have started to

di f f er ent i A¥seeansy datadnqigatesdhal A pay Raysedd i iminglipg (rsiyehg stemcel I's to
di f f ¢5 ent iuntiiffefentisted RESC dromadiffes@itiatddi cet pomsatione forelidicdk applivationst he art. Once
the differentiation process has started or proceeded, it is beneficial to
renove 300r destroy undifferentiated hESCs in a sanple which may ot herw se
f or m undesn addilian tb geeeratrasantifedies wihiths wergmly totdxioagamst endiffesentinted IES Cef

di fferentigleds Hﬁbﬁgrir% {r/\)c%?ﬂdcﬁﬁ 2. \iv@ttagﬁg&ﬂul:ec} %RB§WBH‘?§\B"& @)J\é%t&@é enti al

of 1 PSC therapy, t ) em ol teratoma formation by resi PSC after
di f f er ent iageingtrundifferantiated AESRHE c@8e Nefable naagyietoxisantiystywas mMAREP-84 can
potepgially be used for separation and renoval of residual undifferentiated

hESC or undifferentiated IPSC fromdifferentiated cell popul ations. 3
Thus, it dAANeEoERdnMORRO(33084, theontentsst miishiars herepw BRIPYals Wepar at
undi f f er enéfershes wal reporfesal tha tliscdverp ofetALs thatibingao bhé gharadterdxe IBSEsl Wrensel ves

: In néggrea%?é;)qrj{teg , t%@b@gvgauﬁrq?{gf%é%s? Tch%ngr%aa rtngbég' \Fvgs r?o -<‘§1yrtc§tb)gcl:J Lé”‘arins?el |

IPSCs.

25
Although undifferentiated stem cells may be used in cell therapy, it is considered to be
beneficial to use cells which have started to differentiate, or are differentiated. Methods
of encouraging stem cells to differentiate into particular cell lineages are well known in the
art. Once the differentiation process has started or proceeded, it is beneficial to remove

30 or destroy undifferentiated hESCs in a sample which may otherwise form undesirable
teratomas. Teratomas typically contain a mixture of differentiated or partly differentiated
cell types. Despite the potential of IPSC therapy, the problem of teratoma formation by
residual IPSC after differentiation remains and needs to be addressed.

35 Thus, mAb 84 can potentially be used for separation and removal of residual
undifferentiated hESC or undifferentiated IPSC from differentiated cell populations.



5 1is also useful to renove or destroy undifferentiated pluripotent stem
cells froma mxture of cells where sone of the cells have started to

di f f er entwet2e12/mug7are differenti ated, since these differenscatadoeet! s are
useful in therapy. It can also be seen that there is a need to identify
further antibodies, in addition to 10m%84, which are specifically

cytot oxi ¢ agai nst both hESCs and | PSCs. Such anti bodi es could then be
useful in nmethods for separation and renoval of residual undifferentiated
hESC or undifferentiated IPSC fromdifferentiated cell popul ations, as

descri bed fRQViEcan tifsdh @R ftls URAF R iOMinA @R SSseParabSitldifferdntigeg0l Ng st udi es
by the present inventors into 15the areas described above. The i nventors

were in podypetenbstemices/sice ey canhe Heer thepselyesdn ehesaryi %5685 Pfol ecul es whi ch
wer e knowrercgurBhdiftoRifidrdntiatbets addamtiulan eaM linBade mrmasmdgﬂ m@@@yj at ed
protein. The inventors went on to i ves gﬁB‘%%ﬁ ortgﬁfe of

gl ycoSyl at'? 8ise #BFUA EEPRVEAT AEStey Uafl F%’Bbﬁ H ‘?'55’ SLCHBU" @ RS nvent or s
appr oac hecbft:bllssm’aéje s@né bithe egltscn‘aoe( startedth difterentiated boare differdntibtedysimael ecul es

in aglyc ray. aoai of different glycans. The inventors
f ound thaﬁn% e?('l%{@?egncgﬁs%rﬁ us [l ?I'bera%’ anti body nol ecul es bound to a

common sequence of sacchari de reS| dues within glycans. Surprisingly, the

ventors PRI e i iKhET W5 GisShAPERMEL & &RABY1G e bi nding

of cytotoxic and non-cytotoxic antib hi s comon sequence.

Hencd0t he MAR&4nWbHicE afecﬁnea'f eailapyf@MGueaamét kofh Bexs A HRECBoYChantibedies can

be sel ect %éu%gtpéﬂ%juééﬂnm}lﬁéthoé’fﬂol éép‘éréﬂ@n th’]‘?bngﬂtvﬁpﬁfﬂéslc%lﬁnﬁrﬂihﬁ@ré}ﬂlgfebe Com‘rgn
sequence. Sunma e |Lnventi sen nvent ors i scovere
That  canditEC e BerRiees MG bermatrereiioBa Cp el pan abgorrBed SR 11y ¢ o
bi nd gl ycans conpr|5|ng Fucal-2Gall31- 3GlcNAc131. In 30particular, the
entors hav i scovered ecul ed as

P rat dnt col HEdySent PrTiad pioE8 o o Feuftiey pogFnle TS eI RE afeRBnife s floce s ae
pododal yxithe hieke dgsodbed abovPODME Jnverstoms/vwaare sgmissessionf cytotoki€ anénen-at ed

pluri pot e%nﬂéxgc@n‘%ﬁ& gﬁaégg%et hot%@@ fe'knBh }d biNd FDBDR’Lngh YEFRFewFRIP! | i ng

Fucal-2&a S or sel ecti ng can ate cytotoxic
ant i bodi eFOPdswas aalycorylatedpsptein: yThednvienies \gerV@arﬁ%m&eﬁﬁvpateéhe@portance

Fucal- 2Galfp §ia6dy %N&e%lmetbﬁreﬁngocifa%m GhHERARS t6 PODXLEThe BREABRDY 4 _
nmol ecul es as candl dates for having cytotoxic activi té agai nst a cell which

expr esses 3PPI9RENCALRig/ 0y testing GY'FBWW'P@F‘% AeR-axtelgxip AOYhogY “@? 814 8¥%an  and
et heds ofar@gsbsiastiarenge cralifferat b(?bar%x m@mﬁtom}d thaf@:{dwxuﬁaﬁhd non-

diff tjated tent st t of th
present. | Rt batby B S B RIS commPh eiisros ese il Eouft P,
nol ecul e agycans aSutprikirigly, ther inveatars glsc yduntl ¢hat theac vas/ a Significamt differeaceiml | whi ch

exPresses OARGAL YELAXLIKE DN Sho kIRl mifBElEl & i Sadibh d8dng] ecul &

bi nds POD rrsin . _ aring e bi ndi ng
of a PODXIHdpice therigveatars fovag thabransidate eytotexigantibady molecules can be selected

25 based on their ability to bind glycans containing the common sequence.

Summary of the Invention
.The present inventors have discovered that candidate cytotoxic antibodies can be
identified by their ability to bind glycans comprising Fuca1-2GalB1-3GIcNAcB1. In

30 particular, the present inventors have discovered antibody molecuies can be selected as
candidates for having cytotoxic activity against a cell which expresses podocalyxin-like
protein (PODXL), and/or against an undifferentiated pluripotent stem cell, based on their
ability to bind glycans comprising Fuca1-2GalB1-3GIcNAcpB1.

35 Methods for selecting candidate cytotoxic antibodies, based on their ability to bind
glycans comprising Fuca1-2Gal1-3GIcNAcB1, uses of such glycans to select antibody



10conpri sing Fucal-2Gal111-3G cNAc with the binding of a non-cytotoxic
PODXL- bi ndi ng anti body nol ecule to a gl ycan conprising

Fucal- 2Gavbara@szblAc; and (ii) selecting as a candi dat ecesicadarveeant i body
nol ecul e a sai d PODXL- bi ndi ng anti body nol ecul e that has a relative binding
to said glycan of 30 or nore tines gredter than said non-cytotoxic

PODXL- bi ndi ng anti body nol ecul e. 15 I n anot her aspect of the present
invention there is provided a nethod of selecting an antibody nolecule as a
candi dat e MeecuepATRaNdidales frihaving eytotexip agliylly Againd @ cgh wihich exergBsest ed

pl uri pot enbOSKEBnaRk bn u%ﬂ@ht&;émumténbgem ozh) eﬁﬁuﬁ@héusrmeé?@%b adehle
e P SR R ceh O NGRTEAR Bghon S 1o e
Fucal-2Gall1l-3G cNAc with the binding of a non- cyt ot oxi ¢ PODXL- bi ndi ng
(1) 581 et hege duvest §ufia ke mas O Rhse REpipl ot Megedet pelard an sl
PCODXL- bi ndnolgcutdbasa caratidaterfor bavihgcytdiatic baiwitpagaiisht icelewbicmexpregsses sai d

gl yoan of oSl IIPia dRTEBLRR Fheldlifle 338 BRI R FomOtls P! ndi ng

ant i body raspec e present invention there is
provi ded ametbeheampsisingdhestebsief: an anti body nol ecul e as a candi date for

having cyt qhoxi Comhingithy bidinl 8P4 POBXHUHidid n%aay%agc@@w fapt ent stem
cell, the neth conprisin st eps conparln 1 ndi n of a

PODX10bi ndi ng aﬁ?mew wgéﬁawt%ﬁlawgq Yithe .ogiarrgn cytotoxm POD
Fucal-2Gal f 11- 3G|nGN6Gan’M>6d9 ndMculdd taalma@f;ompmwmmz@am -FAEMAC; Ahadi ng

ant i body m)J ecule to a sin 111 cNAc: and 5
(1) ool wot il asSetina sz ades coplRee bR i f S0 POLX irdiio

PCODXL- bi ndi ng aahiibadd ynomzueahdtdat baélaﬂi\esbnahrrgetbabid\@/cbn i3OG rhare simed gl ycan
of 30 or nore tine reat er tha C ta L bi ndi ng anti body
nol ecul e. 5In a'qoetaﬁer st ecrfon H)tt %%?Qggﬁngl}nﬁva Odg %é’lree is provided a
met hd8 of sel ecting an antl body nol ecul e as a candi date for bindi ng PCODXL

and havi ngn%){&tﬂé%'p ct%ﬂh'e ééénﬁg@é &h h@reclg Lovmh%hnaﬁ&f feting the
Bet3f i phdentiiAnian 1 oo

nmet hod conpri of an anti uI e to a

gl ycan co rﬁb’&“P%q)’rl'ng‘E}t‘ﬁﬁS a 2@9&’1“?1%“3@"&%@?%'%3@%@ gt ﬁ’guréﬂ‘ff%e"t'ated

non- cyt ot QufirpofRRERtEmieN di Hageif tHel dABEBHY HUIBILRCHIhES PODRL Ghe/ MethogONPr i si ng
Fucal- 2Gal131- 3G ¢NAc; and (ii1) selecting as a candi date for bindi ng PODXL

and havi nQCOEW'B'P%mec,St%tq vity against a cell which expresses PODXL an
anti ody nol geul ecdnfigiring 8% bindirel dtai R@DXIL-bidding abtibodpimdleglgdan gharB0 or nore

times greater t ha@on?pa}ljsfrj\g ucc‘ﬂ@@alﬁ%&l C wﬂh% g‘ndl 3 at hc?nog ot(r)r)l()ulz ecul e.
PODXL-binding antibody molecule to a glycan comprising Fuca1-2Gal31-
3GIcNAc; and

(i) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
25 antibody molecule that has a relative binding to said glycan of 30 or more
times greater than said non-cytotoxic PODXL-binding antibody molecule.

In another aspect of the present invention there is provided a method of selecting an
antibody molecule as a candidate for having cytotoxic activity against an undifferentiated
30 pluripotent stem cell, the method comprising the steps of:
)] comparing the binding of a PODXL-binding antibody molecule to a glycan
comprising Fuca1-2Gal31-3GIcNAc with the binding of a non-cytotoxic
PODXL-binding antibody molecule to a glycan comprising Fuca1-2Gal31-
3GIcNACc; and



15 I n anot her aspect of the present invention there is provided a nethod of
sel ecting an antibody nol ecule, froma sanple containing such nol ecul es, as
a candi dave 20o1lieErgéi ng cytotoxic activity agai nst an undcifsezentobaised

pluri potent stemcell, wherein the anti body nol ecul e bi nds PODXL, the

met hod conprising the steps of: 20i)corftacting the sanple of antibody

nol ecules with a plurality of glycans conprising Fucal-2Gl1111-3d cNAc;
ii)selecting an anti body nol ecul e having an absolute binding to at |east
one said gl y&dn i $eleqing ayp candidaie clotenin @nthkady majacyledsaid %‘ﬁPgb@W'%l ecul e.

251 n anot her aspegitibBély fbBRciE 8@ Ris 4 RIARE bPRing & 58d gfycdt o@e thore Met hod  of
sel ecting an antibody nol ecul e as a candi or havi ngpﬁ%ot oxic activity

: idate for .
agai nst an undi f f WPEHEEAEEHD SEF NpRCYROXSHFORALPinding ARID kkeulent i body
nol ecul e bi nds PODXL, the nethod conprising the steps of: (i) measuring the
bi ndi pg of, a PODXL-bi ndjng ant.body nmpl ecule tp a glycan 30c rising
Fuca 59 ca 1 290U7e) GsRAE ! g rient Resof e Satovdua Hrt ST B SEBIDR ¢ ant i body
nol ecul e aantibody rR@EXle &s adantijatenfor biadiyig PAIDGLENE Hakiay cytatoxia abiivitdiapginsto sai d
gl ycan gre rof | ¢ .PODXL- bi ndi ng anti body nol ecul e.
351 n anot h%%e%%%%g%}phegg%%[gégglé'gg%ﬁ&@é%ﬁ’ﬁgH ‘here is provided a nethod of
sel ecti ng an(iant i ¢asenaring thedundingaef an antibatly dealecufede arglvcian gomprisinaoicalact i vity

against a cell whpELip1-8cRNACHHAGT mﬂe&a%mmedt&!sﬁc POPKEIbhdirigdmtibdy Wher ein
t he anti body nol ecul e bi nds PODXL, the net hod congrl sing the steps of:

(i)mi8suring the BPREIBE Delyeanmomerrisipg AHFHZGHB1-BElENAsAWcul e to a gl ycan
Corp:i sing F%iie;glaee@aﬁf@és 8 Ghrrdife Ijoagﬂdﬁéiﬁdtﬁg_!@@Haﬂ?g%ﬁto@xi@%?ﬂji@fit eth -
cytotoxic antl bo nol ec e .a Sal - Pl Nadl n nti Do ecul e a as
a binding to sai el 'V&%ﬁ%‘?"@%% %%P’?%?S??%:Pﬁ a&an&%@%ﬁ%@’%ﬁe?&aﬁ@ﬂ-bi ndi ng
ant i body nol ecul erelative bBindihd) &r saidsgigszin od B30 bhmof thsesgreatambat sadndrirere i s

provi ded a met hod, ?{toﬁgt’SBS(i_-%d?n a9 antibody nmolecule as a candidate for
havi ng cytotoxic AN y ~agal HSP e rch expresses podocal yxi n-1i ke

protdbn (PODXL), wherein the antibody nol ecul e bi nds PODXL, the nethod

conpri si nqn LhGnSt£BSct3F the present invention there is provided a method of selecting an
antibody molecule, from a sample containing such molecules, as a candidate for having
cytotoxic activity against an undifferentiated pluripotent stem cell, wherein the antibody
molecule binds PODXL, the method comprising the steps of:

20 i) contacting the sample of antibody molecules with a plurality of glycans
comprising Fuca1-2Gal31-3GIcNAc;
i) selecting an antibody molecule having an absolute binding to at least one said

glycan in the top 10% as a candidate cytotoxic antibody molecule.

25 In another aspect of the present invention there is provided a method of selecting an
antibody molecule as a candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, wherein the antibody molecule binds PODXL, the method
comprising the steps of:

(i measuring the binding of a PODXL-binding antibody molecule to a glycan
30 comprising Fuca1-2Gal31-3GIcNAc; and
‘ (ii) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a binding to said glycan greater than that of a non-
cytotoxic PODXL-binding antibody molecule.

35 In another aspect of the present invention there is provided a method of selecting an
antibody molecule as a candidate for having cytotoxic activity against a cell which



(i) conparing the binding of a PODXL-binding anti body nolecule to a glycan
conprising Fucal-2Gl111-3G cNAc with the binding of a cytotoxic PODXL-

15bi ndi ngwanhiaadsenol ecul e to a gl ycan conpri si ng Fucapczfsetdikhosred CNAC;
and (ii) selecting as a candidate cytotoxic anti body nol ecule a said
PODXL- bi ndi ng anti body nol ecul e that hd& a binding to said glycan greater
than that of the said cytotoxic PODXL-binding anti body nolecule. 20 In

anot her aspect of the present invention there is provided a nethod of

sel ecti ng exnrespes pasivgalyyin-ikapreteing PODX&h Whgegirethe @ntibpgy inrlecer Rindsxi ¢ activity

agai nst arp@[g;a[ftﬁ@ﬁgmbu%ﬁgng,{ hggggg; stemcell, the nethod conprising
the steps of arin I nding of a PCDXL bi ndi ng anti body

mol ecul e to & gl y@&ﬁs@'aé in ’ign‘gqui@la)ﬂ QM'MEIU@GV@NRC“{W?HQN?@" bi ndi ng of
a cytotoxic PODXLconb‘;rfgﬁ,bmcaﬂggglgqi;ggmp@cm(p to a glycan conpri sing

Fucal- 2Gal | 1é 34 cNA éll sel ect H})ﬂ as a candi (gg{)ﬁ }? tOtOXIC

anti bady ol &Rul eseée%'ag as P’@J%L 3¢ RYPIRYC ARthogy AiplertiEA A O, b ndi ng
to sgig gl ylcan lgraaibedy inbiebulé ket had a bnh&m@ﬁswdigquetncur@a«eﬂhmxmf? nodi- Ng

anti body nolecule, . l.n.a r.aspect. of the present invention there is
provi ded a met hod™* ?tog%Pét)%f}p&diﬁ; ai&'??c{yora@e ¥ecul e as a candi date for

havi ng cytotoxic activity against an undifferentiated pluripotent stem

col 1, et R o 1o LB TDT [51 10

nol edfl e t@tlhocylw@awl%mcarmlw Pubmnmqnqa@l@mmwwl whigh bi ndi ng of a

cytotoxic &y pYHoBAly )é’ﬁlﬁlé Shémr(Pbé()‘(H} YheRithE lak sl FRIRUIeift3
Fucal-2Gall 3G cNAc; %se ecting as a candidate cytotoxic antibody
nol ecul e f%‘%ﬁ"d tmﬂ‘OBFﬂ’BP’ﬂF@‘ ¢ SlsBE 9" rml ecul e that has a binding to said

gl ycan greatgy thamgahng thefbindiey Sal RODXL-biheiky antodXimoicukiteg ghdan body
e Y T R
cyt otl®xi c acti vi t hindiggantibbdyamoletlile wha glycaxgngsising FRGCIX2GalBh8GENAct he
anti body nol ecul e;hj nds PCDXL, the method conprising the steps of:
(i) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a binding to said glycan greater than that of the
said cytotoxic PODXL-binding antibody molecule.
20
In another aspect of the present invention there is provided a method of selecting an
antibody molecule as a candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, the method comprising the steps of:
(i comparing the binding of a PODXL-binding antibody molecule to a glycan
25 comprising Fuca1-2Gal3 1-3GIcNAc with the binding of a cytotoxic PODXL-
binding antibody molecule to a glycan comprising Fuca1-2GalR1-3GIcNAc;
and
(ii) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a binding to said glycan greater than that of the
30 said cytotoxic PODXL-binding antibody molecule.

In another aspect of the present invention there is provided a method of selecting an
antibody molecule as a candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, wherein the antibody molecule binds PODXL, the method

35 comprising the steps of:



i)contacting the antibody nolecule with a glycan conprising Fucal-2Gal131-
3GLcNAc; 15ii)conparing the relative binding of the glycan and the anti body
nmol ecul e wo 201016t he bindi ng of the said gl ycan and ap@@Rcsyiidbérék C
PODXL- bi ndi ng anti body nol ecule; iii)selecting an anti body nol ecul e havi ng
a relative binding of 30 or nore 7 times that of the said

non- cyt ot oxi ¢ PODXL- bi ndi ng anti body nol ecul e as a candi date 20cyt ot oxi c
anti body nol ecule. In another aspect of the present invention there is

provi ded a mf}l hodcarpasiag eehindingef adr@PPHoainding lativady mplecyledaadivdat e f or
havi ng cytotoxic é’&ﬁbr?élnb)f-’u@&ﬁﬁ@&m@@Idm!@'v@lthﬁ@Bﬁ\Ulﬁ 8fla Wtb’tbk@@bﬂ%l_ stem

cell, wherein the anti body nol ecul e bi nds e netho 3?% rrprl si ng
the st eps of: binding P')t'bé’BYlf“&LePP'ﬁéo ?HE‘C%{h‘EQ"HH@S’I‘Qr?HF%Ea@%'BW Cgl ycan
conprising Fucal-2fpl111- 3GlcNAc; ii) conparing the rel ative

bi ndi f the gl d the no|. I di f
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iii) selecting anasibbdypmdigcute that bdsea biading tp said giy@eni greatbi thah thgt afthe80 or nore

times that of the a?@aﬂ?tQ%QP%t)&tb?ﬁﬂ gf%)égy M)IQS“I g anti body nol ecule as a
I

candi dat e CytOtOXI ody ol ecu n-ano her aspect of the present
invention there is provided a method of selecting an antibody nolecule as a

candi dat e |f,ahofaVAdBEetoy | tp%geﬁ iRdriidh iherPg Pt daannemga Bﬁs%re%mdéned
Bt oY e e Pt

pl uri Botent stem od conpri si teps of
cont 4Bt | ngarébwrfﬂﬁ"a%l{'%a%mﬁ'ﬁ’&ﬂe fephaing @t%?&'%a%'v@ %Q?é[ﬁtééﬁ'b‘f’h@'? ng Fucal-

52Galll, 1-sAeaBIACPODXL, wherélh iheGEPlBHY Mdleduebih@ RODXE, thé R@thdE cBipkidiey gl ycan
and the antlbogé&ml ecule in (i) to the binding of the said glycan and a

non- cyt ot g% &te L- bi ndi ng anti body nol ecul e;
contacting the antibody molecule with a glycan comprising Fuca1-2GalR1-

3GIcNAc,

15 i) comparing the relative binding of the glycan and the antibody molecule in
(i) to the binding of the said glycan and a non-cytotoxic PODXL-binding antibody
molecule,

iii) selecting an antibody molecule having a relative binding of 30 or more
times that of the said non-cytotoxic PODXL-binding antibody molecule as a candidate

20 cytotoxic antibody molecule.

in another aspect of the present invention there is provided a method of selecting an
antibody molecule as a candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, wherein the antibody molecule binds PODXL, the method

25 comprising the steps of:
i) contacting the antibody molecule with a glycan comprising Fuca1-2GalR1-
3GIcNAc;
i) coniparing the relative binding of the glycan and the antibody molecule in

(i) to the binding of the said glycan and a non-cytotoxic PODXL-binding antibody
30 molecule;
iii) selecting an antibody molecule having a relative binding of 30 or more
times that of the said non-cytotoxic PODXL-binding antibody molecule as a candidate

cytotoxic antibody molecule.



iii1) selecting an anti body nol ecul e having a relative binding of 30 or nore
10times that of the said non-cytotoxic PODXL-binding anti body nol ecule as a
candi dat eypyhlfaxg7¢ anti body nol ecul e. | n anot her aspecpcischif/opirsent
invention there is provided a nmethod of selecting an anti body nol ecule as a
candi date for having cytotoxic activity against a cell which 15expresses
PODXL, wherein the antibody nol ecul e bi nds PODXL, the nethod conprising t he
steps of: i) contacting the antibody nolecule with a glycan

conpri si ngn Aothar-asaedt of the presesingention there Islprgwcteé@pm?th%ofﬁ@@cng ng of the
glycan ancianhb&iyaﬁ&lé&méjys ARArfdakerot ﬂa%dg)cyid?o%é‘fct@@}%d’éﬂisﬂ% @idiffdiéntadad gl ycan

and a cytotoxi ¢ PODXL-bi nding anti nol ecul e; (iii1)selecting an
ant i body rﬁﬂ!’@&l?ﬂbs"ﬁ'a\??uldh%lmﬁﬁ‘ﬁeFﬂ’@p%ﬂﬁﬂaﬂ‘eﬁ?péf’fgreater than that of the
sai d cyt ot oxi ¢ jPCDXkoMhdting RAtanditiate @eibody nffebur ith Bgigcinciothdtising Fuai1oxi ¢
antib dy gg%ﬁf|%§ 5In anot her aspect of the present invention there is
provi FSANRCsel ect i ng an anti body nol ecul e as a candi date for

havi ng cyt ot oxm): act:ombérjngagaiemve aindmgdflfh'éeglyeam ard tbe aptibody poteate ist em
cell, wher nt i.hod h nprising the
steps of: (‘? thg g OfH}% ééf 0%5 ﬁgggq} 3%859%%%* B'ng% Eﬁ)t%o(d? can

conpri si ngndleatdet - ZGallll 303GI cNAc; ii) conparing the b| ndi ng of

the glycan and; @Ot oo t@@%ﬁfﬂgﬁcﬁg%tﬁeduﬂ I'(db ngtaorefap\?e Qr(ﬂﬁlé BB0Yr hde sal d B

glycan and a c ant

sel ed®i ng timesd t.ob@ayawmoe@mo@xwrg@ B'"B'F‘aGﬂwdéql%ﬁcule@sé‘rca@ﬁ@aieer t han
that of thototdichnbi¥éRimaisuld?ODXL- bi ndi ng anti body nol ecule as a candidate
cytotoxic 35antibody nolecule. 9 In another aspect of the present
invention there is provided a nmethod of selecting an anti body nol ecule as a
c?ndl dat e 1h anothérdspért @;/metp@eseﬁt |ﬁ€§nltwm thyereaug@rdvaiﬁd armethek 6ffsereemg a ed

pl uri pot ent t he. steps

cont acti nga Hgocdgmq%cé'ke asa?'nf?rgg’%f hae" |°é!§%?’3‘h cé'v'a'ﬁp@ t%8%“¥“'%*l ng Fucal-

15 expresses PODXL, wherein the antibody molecule binds PODXL, the method comprising
the steps of:

i) contacting the antibody molecule with a glycan comprising Fuca1-2Galf31-
3GIeNAg;
' i) comparing the binding of the glycan and the antibody molecule in (i) to the

20 binding of the said glycan and a cytotoxic PODXL-binding antibody molecule;
(iii) selecting an antibody molecule having a binding equal to or greater than
that of the said cytotoxic PODXL-binding antibody molecule as a candidate cytotoxic

antibody molecule.

25 In another aspect of the present invention there is provided a method of selecting an
antibody molecule as a candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, wherein the antibody molecule binds PODXL, the method

comprising the steps of:

i) contacting the antibody molecule with a glycan comprising Fuca1-2Gal31-
30 3GIcNAc;
ii) comparing the binding of the glycan and the antibody molecule in (i) to the

binding of the said glycan and a cytotoxic PODXL-binding antibody molecule;
iii) selecting an antibody molecule having a binding equal to or greater than
that of the said cytotoxic PODXL-binding antibody molecule as a candidate cytotoxic

35 antibody molecule.



52CGal 111- 3G cNAc; i) conparing the binding of the glycan and the
anti body nolecule in (i) to the binding of the said glycan and a cytotoxic
PODXL- bi nwioregi12anis7body nol ecul e; iii) sel eccmgGanianizsbody
nol ecul e having a binding equal to or greater than that of the said

cyt ot oxi ¢ PCODXL- bi ndi ng anti body nol ec8 e as a candi date cytotoxic

10anti body nol ecule. In sone aspects the present invention conprises a

met hod of selecting an anti body nol ecule froma sanpl e containing such

mol ecul es,In asother@spelit ohithe presentinvantion theteds oxdvided @tmethed of sglecting amn
undi f f er eng, i ; oIS dbivi ' l e

15bi nds Pganl(_iﬁ_%ﬁt ﬂé%%%%;%ﬁeﬁg ﬁag'k_'ighcé’ st éﬁdﬁgy&aﬁﬁ érpg?%(ﬁég%{rhﬁ?gti ng the
sanpl e of PAfippisatStemsrbdhe Bsthad compsingthe stegs oyl ycans conpri si ng

Fucal- 2Gal f 11- 3GlcNégntacting a candiibidte SRliAY nitikcalR vathtd fipchn caRpasibg Pudtavi ng a
direct binding in the top 10% as a candi date cytotoxic antibody nol ecul e;
and, opti APAFYSCIONNG Yt esting the candidate antibody for cytotoxic
activity agai nsf a eehparingitisdbieding eitheglyEXtifld thie hiltibddy afolechie ip(ikte ¢het

i nvention nmay al.so copprise qne or f the follow n eps;

(a) deterrﬁ"}??('}?g_c_’f_ enﬁﬂmﬂ@_vq?gﬁw@gnCV@ﬁog%g%%?HgP@ngﬁ{'I'%ng og%;lﬂéacglse and the
gl ycant choUpr iig i ngsﬂgﬁmgaﬂ@aﬂlfloﬁlnmmvmgmﬂmﬁmg equal to of ppeatgamma@cu ng a
non-cyt o - K - | :

Fucat: 2ca it bt BEREKHAIAHOTRE Bting sty RbollcAt LORRIE diboxe o
non- ¢§t ot @xtikodp@migculs. ndi ng nol ecul e and the gi ycan conpri sing

Fucal-2@Gal | 11- 3GlcNAc; and/or 30(d) contacting a cytotoxic PODXL-binding
nol ecule with a glycan conpri sing Fucal-2Gl1111-3GLcNAc; and/ or

_ . . (e
det er ni ni Y SHNPAFRESGISHES RreseNt iNvEPTaR ORIPESESERENSA 965¢IeFtIRG PR ADYRIYNd t he
gl ycan conpiiédule¥eonirt 6ahpcanthihingdutl Mericules dsal candidate for(Hfaving@pfofxic ng t he
gggg'l?zg;g '\%'_tlyg(égi N,gg' @ﬁ@%ﬁué’%?uuﬁpﬁéﬂrs%'rﬁ L1, She IR DSinady HORLLE! N9

15 binds PODXL, the method comprising the steps of:

i) contacting the sample of antibody molecules with an array of glycans
comprising Fuca1-2Gal31-3GIcNAc;
ii) selecting an antibody molecule having a direct binding in the top 10% as a

candidate cytotoxic antibody molecule;and, optionally;
20 iii) testing the candidate antibody for cytotoxic activity against a cell which
expresses PODXL

Methods of the present invention may also comprise one or more of the following steps;
(a) determining binding between the candidate antibody molecule and the glycan
25 comprising Fuca1-2Gal31-3GIcNAc; and/or
(b) contacting a non-cytotoxic PODXL-binding molecule with a glycan comprising
Fuca1-2GalR1-3GIcNAc; and/or
(c) determining binding between a non-cytotoxic PODXL-binding molecule and the
glycan comprising Fuca1-2Gall31-3GIcNAc; and/or
30 (d) contacting a cytotoxic PODXL-binding molecule with a glycan comprising
Fuca1-2Gall31-3GlcNAc; and/or
(e) determining binding between a cytotoxic PODXL-binding molecule and the
glycan comprising Fuca1-2Gal1-3GIcNAc; and/or
(f) contacting the sample of antibody molecules with a plurality of glycans
35 comprising Fuca1-2Gal31-3GIcNAc and/or



(g) selecting an anti body nol ecul e having an absolute binding to a said
glycan in the top 10% as a candi date cytotoxic anti body nol ecul e.

Met hods oWotbe/qussent invention may al so conprise the stepcabiitoesisz ng t he
candi date 5anti body for cytotoxic activity against a cell which expresses
PODXL and/or against an undifferentiat&@ pluripotent stemcell. Mthods of
the present invention may al so conprise the step of testing the candi date
anti body for PODXL binding. 10 Methods of the present invention nay
conprise any cd@telestingan aitibotemgleeyle havirgan aesgiutebiading to :said alyedyiad

aspects thge wpmwascgmdio%eescy@atoﬁeaﬁibaa@mefec@\egl ycan selected from the
15group: Fucal-2Gl[31-3GlcNAcr31-3Gall31-4Glcl3

Neu5Aca2- 6Gall131- 4GlcNAc131- 6( Fucal-2Gal1131- 3GlCNACI’ 31-3) Gall3-4Glc;
Fucal-2Gal M&ﬁo&@fﬂwééént invention may also comprise the step of testlng the candldate

Fucals 2cs PO AR BLAoR T el IO S e K TorL A0 sganeran > 1

Fucal- ZGamitfeEbﬁmaibmmeﬂota(t@edm &l 4( Fucal- 3) G cNAc131-6) Gal r 31- 4Glc;
Fucal- 2Gal f 31- 3@ cNAcp; or

Fucal- 2Gal f 31- 3GLcNAcr 31- 2Manal- 3( Fucal- 2Gal131- 3d cNAcr 31- 2Manal-

256) Mani 3 MettBidsNAteSreskBt 'mwmim;maymlmwpdsgé\etsgeptdfées@ing/than:a'n@daie| ected

fromthe 5k Fucal- 2Gal131- 3GLcNAcf 31- 3Gal f 31- 44 ¢c13- Sp8;
Neu5Acaz2- %&a%cfgﬂ%élcl\heggll 6( Fucal-2Gal | 31- 3GLcNAcr 31- 3) Gal13- 4Glc- Sp21;

30 F#eal-2Gal f 31- 3GLcNACc13- SpO;

Fucal- 26&“&%&%%8&9&%’( RE@EkibA Ha EbmpasemyGombination of the steps described
Fucal- ZGaIHe:r%elm 3G cNAcr 31- 3Gal NAc agplgj;l‘a P

In preferred aspects the glycan comprises or consists of a glycan selected from the

15 group:

=  Fuca1-2GalB1-3GIcNAcB1-3GalB1-4GlcB;

=  Neu5Aca2-6Galp1-4GIcNAcB1-6(Fucal-2GalB1-3GIcNAcB1-3)GalB-4Glc;

*  Fuca1-2Galp1-3GIcNACR;

»  Fuca1-2GalB1-3GIcNAcB1-3GalB1-4Glcp;
20 s Fuca1-2GalB1-3GIcNAcB1-3GalNAc;

»  Fuca1-2Galp1-3GIcNAcB1-3(Galp1-4GIcNAcB1-6)Galp1-4Gilc;

»  Fuca1-2Galp1-3GIcNAcB1-3(Galp1-4(Fucal-3)GIcNAcB1-6)Galp1-4Gic;

=  Fuca1-2Galp1-3GIcNACB; or

»  Fuca1-2Galf1-3GIcNAcB1-2Mana1-3(Fuca1-2Galf1-3GIcNAcB1-2Mana-
25 6)Manp1-4GIcNAcB1-4GIcNACB;

In some aspects the glycan is selected from the group consisting of:

*  Fuca1-2GalB1-3GIcNAcB1-3GalB1-4GlcB-Sp8;

* Neu5Aca2-6Gal1-4GIcNAcB1-6(Fuca1-2GalB1-3GIcNAcB1-3)GalB-4Glc-Sp21;
30 s  Fuca1-2Galf31-3GIcNAcf-Sp0;

= Fuca1-2GalB1-3GIcNAcB1-3Galf31-4GlcB-Sp10;

=  Fuca1-2GalpB1-3GIcNAcB1-3GalNAc-Sp14;

»  Fuca1-2Galp1-3GIcNAcB1-3(GalB1-4GicNAcB1-6)Gal1-4Glc-Sp21;

»  Fuca1-2GalB1-3GIcNAcB1-3(GalB1-4(Fuca1-3)GIcNAcB1-6)GalB1-4Glc-Sp21;
35 s Fuca1-2GalB1-3GIcNAcB-Sp8; or



Fucal-2Gal | 31- 3G cNAc131- 3( Gal f 31- 4G cNAc131-6) Gal f 31- 44 c- Sp21;
Fucal-2Gal131- 3GLcNAO31- 3( Gal f 31- 4( Fucal- 3) GLcNAc131-6) Gal131-4d c- Sp21; 35

Fucal- 2Gatd2dr2a@s7blAci 3- Sp8; or 11 PCT/SG2011/000262
Fucal- 2Gal81- 3GLcNAc131- 2Manal- 3( Fucal- 2Gal131- 3GlcNAci 31- 2Manal-
6) Man81- 43 cNAc81- 43 cNAc8- Sp20; 11n sone aspects the glycans used in

nmet hods of the present invention are part of an array 5of glycans. In sone

aspects the glycans are inmobilised on a solid support. In sone aspects the
present i nvent ifeataapiBl SSCNACRORManpi-AtHuagy] AGEBEJ@@}CNMé@MSGGW th

candi dat e cyt otggphceREGIEMALY-ASIBNASE-spgb; undi fferentiated pluripotent stem

cell and/ or cytotoxic activity agalnst a cell that expresses PODXL,
obtained, identified, selected or 10produced by any of the mnethods

descri bed Ih%bl% %spédib me@tyba{s (BB RChethBgs GRS praberit eAidnGite PAMIBY drS4tfayan
anti body rm ecu e Wt totoxic activit ad %({wt a undlf erenti ated
pl uri ot erftf IYC&MH Ebsrqmeo‘i%ﬁfﬁtﬁglf Q'Yﬁéﬁ?fef'm\é'ﬂ’ 5Qd U7 &YdSUPRIbduced by any of

t he net hods descrlbed hereln 15 In sonme aspects the present invention

i diffe [
Co sampi 2 sEBRASP G Bk Sornies A FRERE R aRRESLEABATF] G ¢ he
cell or cehltl'scandldaﬂe@ymmxmae:tmtyagammreswlﬂé)(atedlplunheientstembdb@dl\plth a
t ot oxi i -- di
bt ai ned. TBGROR ShoRisEo S G SPRACLRODR G Bhitel seipledtc! oo are
desciiPbed miedusee by ARy @fdheemﬁpé%ﬂescnh%d herelgent i nvention conprises a nethod

of selecting an antibody nol ecul e as a candi date for binding PODXL, the
met hod conprising sel ecting an antibody nol ecul e which binds a gﬁgcan

conpri si nd"PORtAg-aseadt e preegnd Fxgntiopeomprisgs anAntibogygreleculs with gytet
i nvention a;:ﬂmragamatam urRiifleeshtigfed pRIrp6tEht A BelPottailey] yoeRtieRC sdi€ctébora

candi date fo cyloto cti Wyl agai nst a cell which expresses
PODXL and/%?éué@g}4 ﬁ/%‘ﬁ%ﬁ‘&ﬁ‘f’?&? ‘{%‘ﬂ Et emcell, the method conprising
sel edsi ng an anti body nol ecul e mhlch bi nds a gl ycan conpri sing

F 1-2Ga . ; . .
%51 o rA0nd St ot AR R e L PR Sl DY SRR oo <
non- cyt ot ctiripoteohstew|celis) 'B@lﬁaﬁ‘pwmootﬂlrpmﬁl@h&gll(y) Hiermethedeo ’@Pr'b%'tﬂﬁn Sith a

known bi ncﬂoﬂﬁcﬁr{‘&tﬁ@%ﬁéfr ce]?'ﬁ tllﬁé éanQJle paf &prdRP DXL &?fheﬁ@ﬁ%de%ﬁth% cytotoxic
control nol ecul bi nds lycan wth a known binding intensity. The

kit 350f ﬁ%{th@"CrﬂS}'b?QYr t'ﬁ@fefoEﬂﬁ’pﬁm@QE“eé‘Fﬁ $HGR qytotopigantieqdiasiage B'Ptﬁt'}?ﬁ’rg bet ween
the gbycandéitiledReditell BOFHSdIIBRGSY W of thE enethddedeydribe ABkend! Mol ecul e may be

mAb84 or an anti body havi ng

In some aspects the present invention comprises a method of selecting an antibody
molecule as a candidate for binding PODXL, the method comprising selecting an
antibody molecule which binds a glycan comprising Fuca1-2GalR1-3GIcNAc.

25
In another aspect, the present invention comprises a method of selecting an antibody
molecule as a candidate for having cytotoxic activity against a cell which expresses
PODXL and/or against an undifferentiated stem cell, the method comprising selecting an
antibody molecule which binds a glycan comprising Fuca1-2Gal1-3GIcNAc.

30
In some aspects the present invention comprises a kit of parts comprising a glycan
comprising Fuca1-2Gal31-3GIcNAc; a non-cytotoxic control molecule which preferably
binds the glycan with a known b'inding intensity. The kit of parts may further comprise a
cytotoxic control molecule which binds the glycan with a known binding intensity. The kit

35 of parts may further comprises an agent that detects binding between the glycan and an
antibody molecule. The cytotoxic control molecule may be mAb84 or an antibody having



12 substantially equivalent binding affinity to PODXL and/or to a glycan
conprising Fucal- 2Galll1-3GLlcNAc and/ or substantially equival ent cytotoxic

activity we 08ldiss7expressi ng PODXL and/ or to undifferenpigisedofiodsdspot ent
stemcells. The non-cytotoxic control nolecule nay be mAb85 or an anti body

havi ng substantially equivalent binding2affinity to 5PODXL and/or to a
gl ycan conprising Fucal-2Gall1l11-3d cNAc and/ or substantially equival ent
non-cytotoxic activity to cells expressing PODXL and/or to undifferentiated
pl uri pot ernubstbeuallyehlhisaledtbinsmgmffmkpmd?GDXhenqjoretsearglydanuempliim fosapr i ses t he

use of a giné’aﬁrffg %Nﬂg%&hp&@gj&ﬁ{ a‘ﬁy @q&S’{ Qr{t%g oftikt g dcﬁv tXit(B EQIg%Qg.%Q&.h Od%

nol ecul e t
present i rR@DXL and/erdapndiffersntiated mlsr@otﬂnt stegi c;edianﬂmnqme@@wm@pnﬁek einto

det erm ne m&eydﬁ]ﬁ'lgy PO GIARSE oREh Aftibb&P ﬂé(l r\fggu%%hﬁall gaﬁlvéléﬂlﬁﬂﬁ\’?@ dritptand  PODXL

is cytotoxic termnation may t her ant1 body npl ecule is

cyt ot Bxi c ROPXL ard/er t%l%%ﬁ%@ﬁ‘@s': @@X@a%%‘?NQ%%’P@HEﬁt?’Tt@%nt| at ed

stemcell .g %ﬁaeﬁwnt idt&n: mt.v.artefcewsr@@re%ahgmtmm% PdFfeedHtiategvent i on is
concer ned vvlt met ho for selecting an anti body nol ecul e as a candi date

for havi n@%??ﬁ“b%?@céﬁﬁl vity against a cell that expresses
podocal yxi n-1ike 20protein (PODXL). The antibody nolecule may be a

di date f h toto t t t diff ti
o1 ur port erlt SETE AR T bRt el B Uit B oS B ey efin,
i nvenoi on taselestgt vitromh laniibody Inlexoleding dings P ¥ sandiqutis eytotived. dwelated udi ng

specific da%%@l%t%lﬁ\ecbfresten inP&tibn H&ﬂmgnsﬂés’ eetfgglo@%§®c%nr’9§/ d%#ﬁ%écm’e%\ﬁ% s for

carryl ng ou e Inventl on, exa par ent to one
skil | ed i rdetereingrip vmrna{hethﬁearparé@ew mpm@ﬁtha@w kirayn krebipg B é¥ wi t hout

lim tationyfshddieme Rrefinktich rqut Bd Wﬁether the antibod{ fholdddRM éyddtotidifel 2ikgs t he
conblnatlon of the aspects and preferred features described 30except where

such a coliH{R%PEKFSES @Péh?l“}/mitﬁﬁ@r“l’?i’g%ieﬂp%te%#e@)&?ﬂessl y avoi ded. The

sect ygn headi ngs used herein are for organi zational purposes only and are
not to be[ienstéued sfl i nc]% F’ﬂ he subj ect matter described. 13 will be
apparent tSCHB ‘é"gf< feferred Empadiments docunents nentioned in this text
are incorporated herein by ref erence. Podocal vxin-like protein (PODXL)

The present invention is concerned with methods for selecting an antibody molecule as a
candidate for having cytotoxic activity against a cell that expresses podocalyxin-like
20 protein (PODXL). The antibody molecule may be a candidate for having cytotoxic activity

against an undifferentiated pluripotent stem cell.

The details of one or more embodiments of the invention are set forth in the
accompanying description below including specific details of the best mode contemplated

25 by the inventors for carrying out the invention, by way of example. It will be apparent to
one skilled in the art that the present invention may be practiced without limitation to
these specific details. -

The invention includes the combination of the aspects and preferred features described
30 except where such a combination is clearly impermissible or expressly avoided.

The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subjecf matter described.

35 Aspects and embodiments of the present invention will now be illustrated, by way of
example, with reference to the accompanying figures. Further aspects and embodiments



5The am no acid sequence of Podocal yxin-like protein 1 precursor herein
referred to as Podocal yxin-like protein (PODXL) is given in Figure 6 (SEQ
ID NO 1)wandididigkso found in Accession No. 000592 of phg/siehl/opé2@s ei n
sequence dat abase accessi bl e through EntrezPubMed (see al so Kershaw et al
(1997) J. Biol. Chem 272, 15708-15714)3 It is also called PCLPI and PODXL.
For convenience, it wll be called PODXL hereafter. 10 PODXL may have the
preci se sequence given in Accession No. 000592, or it may be a naturally
occurri ng wilhbe apdardrit & those skifled iretha@pt! Al daonoenti mentivnedlioMBOEXt Mei s a vari ant
for the T ' , IS a variant of the L at residue 196. Mature
PODXL i s g'liqg&gﬁértg(’jsjﬁ%fgé bdﬁ%(??}? ‘ated cell surface pol ypeptide, of which

resi dues 151-22 are a signal peptide, and residues 23-528 represent the

mat ure pr Qio%éhlzgxﬁﬁlﬁéeﬂﬁéingﬁoﬂﬂ) are believed to be the extracellular
portion o € protein and restdues 432-452 are the transnenbrane region.
Resi dBies Jheaming agit senupncepf Sodpcaixinlikeproteig il griecursor herepyrafeged &42% f t he
anti body nqesdixh-iNai idteili(POBXL Pis BVENtn RGNS (BEQUIDANE®XY bAE RIdIdd faiind iggi on of
PODXL, for exanmple within the ggriThr_ ri ch re%il%n, or Ouf>8id§lﬂ@{ this
region. 20\ ERRRNONG, H109597 Ridhe,NGPLPRteinsequanaafigtabase pgresablg thy: n protein
fam ly. PEafezRmabMear(s¢d 4180 Kyrshale st alf(i99d) aAsBieinChem@72a18708-A6PG)elttis of

gl onerul ar_, podpc P es are highly.di.ffe I i lial cells
o o't nt oregeTe PR T Ok Sl banah it § | pECaiR) BEDSE rBRAREE" | D

gl on#d ul arPGiRdemey havedthd peoise s@ueace piven ngiccessicndta. OO opft n@IbELa

25i ncl ude Qi ndi L i X\ + : er

regul at or yng¥ug%¢,%rg c%r@nﬂ]ﬁg@éﬁagfl gﬂé’%"g’éﬁ’%‘%gfﬁgy Ee)pr%ér\lé?shh%? gﬁg%g role in
hemat opoetthe T gtiesidue 62.cand & i atvaaant ohthg Latresiduexi¥fessed in vascul ar

endot heliumcells and binding to L-selectin. PODXL is a heavily

gl ycosyl ated type-1 transnenbrane protein bel onging to the CD34 30fam |y of
si al onmuci r%a.t“rpd[é@_mmﬁé BPireRidHe qixrodated pekiyriaee 8‘?{@9%?%01: whigh B3519Y€%i n on
podogyt es 1042 drb@ digndnsaptigé, @NE redidies 2B1BR8 WeBedent e niadurs Brdtéin DResidsessed on

I dat hel i al | | d h t ieti i t
Locent 1y, etk bdeusEin tR B Pumehlergsiih Shfe Biitdo BT RERMET 4358885 e veness
i n breast aré thedransmerdbrane sdgitine Reaitoes 23-304represPAlREerTdr Figtegod. d@ns

CIT OMDSOMEr e At AShFMAEGR. difiEn Andd BPRBKINRIORAS 1B ré};&m

However, because the extracellular donain L I's extensive

gl ycosyl atofé BORMLhfos xamplewithin the Senlbrichaeaionyad odtsise of i eoipa. pot ent i al
siteggfor N-linked 14 glycosylation, the approximate nol ecul ar wei ght of
PODXL is 160-165 kDa. PODXL has both putative N-|inked and 0O-1inked glycan
sites on Rogdocabineiedrotein i MsmRer of thesiprMupR SraeiR MK 5IARY W35 have quite
di V?rsghr@rigﬁalﬂﬂf@ﬂiﬂéﬁéb Qﬂirﬁﬂaﬂgm%!ﬂpSﬁéfﬁef?Ibﬂlﬂerﬂ&d_ﬁﬁdﬂcﬂlﬁﬁ. Peldéytesais as an
anti - adhesi ecule that. paintains tl iltration slits. open between
podocyt o sty feseabledenferel SHghth Mervgeio o RisoBreel solgh Mo kuiThe | o
ven_ul es, [Repitt ottt gloaeerdar tmdhaemtmmnmhma:wmebbiddgin@j activities®EPODXLN and

medi ?tt:' ng ir]icrﬂ%etbﬂd%%rih ggneq{quaﬁeOHJrUeﬂwgco(Mpléxymwgﬁﬁi3@xchanger regulatory factor

to intracellular cytoskeletal elements, playing a role in hematopoetic cell differentiation,

and being expressed in vascular endothelium cells and binding to L-selectin.

PODXL is a heavily glycosylated type-l transmembrane protein belonging to the CD34
30 family of sialomucins. PODXL was originally described as the major sialoprotein on
podocytes of the kidney glomerulus, but was later found to be expressed on vascular
endothelial cells and early hematopoietic progenitors. More recently, PODXL has been
implicated as an indicator of tumor aggressiveness in breast, liver, and prostate cancers.
Human PODXL is located on chromosome 7q32-q33 and encodes for a protein of 528
35 amino acids. However, because the extracellular domain of PODXL is extensively
glycosylated with sialylated O-linked carbohydrates and five potential sites for N-linked



10l n hESC, PODXL was identified transcriptionally to be highly expressed in
undi fferentiated hESC5' 6. By expressed sequence tag frequency anal ysis,

t he | evelwof2o0P@dMrcexpr essi on was down-regul ated by al meet/sg26tfood2d2i n 7- 8
day enbyroi d bodi es and approximately 7 and 12 fold in neuroectodermlike
cells and hepatocyte-like cells respecti4vel y5. This result was supported by
i mmunohi st ochem stry of hESC and 8-day 15EB where staining was

significantly reduced in the latter7. In a separate study by Wi et al.
conpar i ng gitvesylationsbeiappionimaty mbletdaroreigitSCPQRAL iERD-16%1é3p. JHaKlyveap t hat

the exloresb'ﬂt@ﬁht&tfve'?@??ﬂed‘é(ﬁéd’lﬂke@'&lk@&%ﬁ@sBH itVESpehfe. MESC | ine E-14 conpared
to hESC5. At the protein |evel opperl e and Wl f reported that PODXL

underwent post-translational glycosylation changes after the exposure of 2

embr yonal m&@ddamdun%stvéemp@hww H‘avé@qh@b cﬁd’/&éélﬁdlés(}ibpleﬁldnhéf\éri therse00 kDa
to 170 kDa). The T ai a&t

o.the
rodi { Ped UKL GPUTHIESC PRERARS 28 A5 qRLPIRTR IR AR Bet AR Bise TR BERIOPODL
( ﬁC— P%L)sli&?p@ﬁbémﬁh poddcpte foct|precesdds tES!garg@UépmaerN@ﬂdv@ﬂlg riliogh\d/e shown
t hat 84 bi ndin ea ty was reduce 0 0
conpar ed ted‘dﬁﬁqaﬁ”’%f' FQP&J E§éa“a9ﬁ8%?ﬁ Pgﬁfﬂe?é"gwgqbgé?% nanc()jr Ioss in
mMAb 84- mednediatng ke ﬂethegngZSrmwroFH@EilgltnahowtdzshESC and day 22 EB respectively
can be attributed to the down- regulation of PODXL expression upon
differentiation. Furthernore, the sinultaneous decrease in mAb 84 and
| RA- 1060 Hn hBFRgPPBXhmBE iddntifieddranaesiplionally kokRr/higly exereesedimy i nplicate the
loss of  SGrBHePdtiste hEQCd"fé)ﬁé%i’ééséé bé’c{bené’@t'a%gr)@(&@ér%&%ﬁﬁyé@&ﬁ@l@%l%f the

i nvention, the PODXL i s hunan PODXL. Hunman have the ani no acid

sequence JIOREeyAresgion wasdewgureriaied by, aimogt2. 5igidh i 76% day emBYfeiddedisp GenBank
accessi on ghdrEpproxitshY 2 ard & folPinHedrodBolShike Qe andiephiogyte gike ellgr  Of

GenBank | 43319. 1 219520 Fi 8

Somo. ebod BN on e ar ek euRRy P i InBien S heTe kel el oeh °Fi gure o

( SEQ15 D 33Nwher8 stirfi)g waslSgiificastymedecdddol ihedattes”. 1h lhesepPOB stydydtyeNei etonpr i ses
f 60% 0 % v 8O %

Cdent i ty. 13 ClERIi S venechoiBHE profie b iR gt Rl Wby e g SIS,

NO 3, SE®xpsHion 09°©DX|SEQB @ detactedl, byl MPSD inemE&G dite Fetdteompared tPOBRC’. pr ot ei n

comr | ses Q8 el Y opiland IO ool FOBR Bl 99% 0

100% sequence 1 dentity t am no aci d sequence of 1, SEQ ID
NO 2, SEdjansiatignal QYCOSEQ'Q@"H@‘?%@F thereeposyree’ 2 @'“bré%ﬁ' ewngmaﬂw%foac' ds 1
-22. 20 Rélﬁfoﬂ:rafdftﬁ(rm% |ﬁW%mSZO@rk@attbQ$@kD@p5mleQalmfe sreinfilgRACLIBEIB DY an
anti body fr?lgq t| bq;gld,’@‘/j cul e eltect U,gé ghe net hodsfdescrl bed
her ei n, ek iy APHATR WESHRRET By ocent
i nventi on Stsmccmn@@m&dsmmchomtdmﬁbrmm steieells. g ESE amtoblseudytlomlhawl e as a
15candi dat i t ype,
for exarrplsgo"(‘:@ ha? %’%bc%g' ac'i/dli\% g éét%dm %ésiédégeggﬁﬁ!a‘fﬁ x r ess?ggg'a%fh %nd/ or
cyt ot oxi c uadiffesentistecha®@s Congomitadily, ther dastaage etllops lnrm/isiDB‘bmed@teQm"@mI .
25 on FGF2-starved hESC and day 22 EB respectively can be attributed to the down-

regulation of PODXL expression upon differentiation. Furthermore, the simultaneous

decrease in mAb 84 and TRA-1-60 binding to hESC during embryoid body formation may

implicate the loss of SC-PODXL during differentiation.

30 In preferred methods of the invention, the PODXL is human PODXL. Human PODXL may
' have the amino acid sequence of SEQ ID NO: 1 (Figure 6), or the amino acid sequence
of GenBank accession number 000592.2 GI1:229462740 (SEQ ID NO: 2; Figure 7) or of
GenBank accession number AAI43319.1 GI:219520307 (SEQ ID NO: 3; Figure 8). Some
embodiments concern PODXL variants such as those disclosed in Figure 9 (SEQ ID
35 NOs: 8 & 9).



Candi dat e anti body nol ecul es are selected by their ability to bind glycans
conpri sing 20Fucal-2Gall11l-3Gd cNAc. I n sone enbodi nents candi date anti body
mol ecul eswomy12niingtet he fucose residue. In other enbodi neotrsceandvebat e

anti body nol ecul es may bind the gal actose residue. In other enbodinents
candi date anti body nol ecul es may bind the N-acetyl glucosam ne residue.

Pref erably candi date anti body nol ecul es bind both the fucose and gal act ose
resi dues. Preferably antibody nol ecul es bind the fucose, gal actose 25and
N-acet yl dhscmsambndimestsi tha&ODXAmrotetnchpmpoibesceriecsf 60%e Fde85 . ridfi%m §Okenber s
O Shost A sBal bl G i) BOMSPUI R0 BN Bihelhfio abfiSeqldrbbir o of

anti bodi es a fragments 1s Gener al é‘Y@ an anti body

mol ecul e IR §@s1a$E<¥+ﬁrﬂ@o§4 FERID NO: 8aSEQ M AICH 8105 SEQIPNS F dy$B0e ( VH

domai n or e%oeﬁ%nw}hewﬂ%ﬁm b.%témérﬁ&.s\%bhb afddolg%%f:b@%nes%rgoa/olgs% egion (VL
domain or VL re

provi de an anti antig i ndin
bi ndi fig si%&e: 94 %’t P%éd?/g"/ﬁﬁfwé%q%ﬁ?ﬁ 'Fﬁrl’tt“hérth%ﬁﬁ"?ﬁ‘tolaé’lé’ s&ﬁt“?r%ﬁd@gggﬂgt ant
regi ons orN@ar ISEQ MENEOL, SEQID RKABPSEQ IR NG: @0 SEQIDMY: Hexdidigchaidoat its
C-term nal gpdl %Z ant i body | i ght chain constant domains including human CK
or CA chaidf feferably CA chains. Simlarly, an 35anti body nol ecul e based
on a VH donmain may be attached at its Ctermnal end to all or part of an

i mmunogl o i [ r i | es of
16 ant | boch/leRPEE ALK Href 4 ho cebBE g BB on' sl o o ERED T,
subcﬂ&sseantimﬂyirbfmt;ule‘wwhe metiieda destsibed Ferbin, arkiigy by M\b84@pdior By Fv, Fv,
dAb and Fd,agyagi neered anti body nol ecul es, such as Fab2, Fab3, diabodies,
triabodi es, tetrabodi es and m ni bodi es; and any ot her pol ypepti de

conprising an anti body antigen-binding site, 5whether natural or wholly or

partially m,a@#&h&gcmééari ous anti body nol ecul es, fragnents and formats have
been descrl see nCO{I or at {;erel n by

ckt hun 7 i
r ef er ence. Th&PesEN! 'BWOWICBE%@*‘E‘@' pelbgds, r§ %gt'ﬁﬂlaﬁé’a yt"T? HESSht
i nvensi on,candligath &r hiating OytotorioaLlivity againstral specifiededlittypee for exdroplepytotogicudes an

:n%gfgya];éc?\g{ge&?gm aceﬂnﬁ t% ;grg%ses tan@c}/r c@@tq&(%rac Bgmg ed on, part of

A antl ragnent may n anti body.
Pr ef er abl yu,nddfareamted)pldypdtemgmcelh s small er than a whol e anti body.
15Ant i body nol ecul es include chineric nolecul es conprising an antigen

bi ndi ng domai n, or equivalent, fused to another polypeptide. C oning and
expr essi orCasHidate antibedy raglesuinscire selasted Bretheiriabilly tp RinERlYARTHIC20WIRING Nd

EP- Az@125%§a1é@mm®rcw 8% SOrRS emesd.hhdﬁts%aﬁd,@ézdxnmhﬁmie@memaq IBirar e

nonomers - e. npnoneric 20anti and anti bod ecul es
o o iR S RO B Y er abeIEH SRiale Sritody MgIealel MAK PRI | body
mol ecul es.gakidtosl esiduee In Gthéd dptisbdiniantecandriateramibély molecules may bind the N-

acetyl glucosamine residue. Preferably candidate antibody molecules bind both the
fucose and galactose residues. Preferably antibody molecules bind the fucose, galactose
25 and N-acetyl glucosamine residues.

Antibody molecules include binding members or substances having an antibody antigen-
binding site. The structure of antibodies and antibody fragments is well known.
Generally, an antibody molecule comprises an immunoglobulin heavy chain variable

30 region (VH domain or VH region) which is paired with a light chain variable region (VL
domain or VL region) to provide an antibody antigen binding domain or binding site.
Antibody molecules may further comprise antibody constant regions or parts thereof. For
example, a VL domain may be attached at its C-terminal end to antibody light chain
constant domains including human Ck or CA chains, preferably CA chains. Similarly, an

35 antibody molecule based on a VH domain may be attached at its C-terminal end to all or

part of an immunoglobulin heavy chain derived from any antibody isotype. Examples of



mul timers such as diners or tetraners. A multiner or a tetramer may, for
exanpl e, include nore than one dineric anti body nol ecul e. A nononer nay
conpri se wo 2artd1ge® bi ndi ng domai n, or equival ent, e.g. pamseEezofuoageent
fused to a dinerization domain. 25Preferably, a nononer is nonovalent, i.e.
it has one antigen binding domain. A diiéreric or nultineric (e.qg.

tetraneric) anti body nol ecule may conprise a pair of nononers which
interact to forma dinmer. For exanple, a dineric antibody nol ecul e may have
two Fv fr cgiiesdysnolentesdocete imynunnglebuliotisotpes ane teir isotypie WbABSIes.

pref er abl Vantiod) Hmehfs, Qs Pb, €, FAbYEH Y. dsFv Sy, ko BAPF WgABEeg e

bi ndi ng d I mer have mor e 30nononmers and thus may
have two cﬁnt'wrven%{eﬁqlezjewqmasdia g Feanﬂlaﬁgdles |tr'@0dlas rigirabodies apdy be

mul ti val enhinibddi€s; ARk aRPHihef 6cﬂﬁi§§fﬁe$cdi>r§pn§m§"éhtahﬁiﬁfd&%nﬁ@n%mdi’r\d@ﬂé' c) antibody

mol ecul e may be of identical am n one or nore

i dent Pcal r@i’ﬁ‘-:‘Fﬁ' ar ‘P"F?)'YQSB%W%'WrﬁY ﬁ'lhﬁibc \@3'95?13’(@8% mat#%s \é@gﬂ‘egtéquences

For exanpladd férmditsmive Geambiédeabd, 88 RE bkampié Pluckten{1i90a), inoorperabsi rsndin al | y
i denti cal ant bod% fragnents nay be referred to as 17 a honodi ner or a
d

honodi mer i% "8&9"6%dy ol ecule. Alternatively, the fragments in a mul timeric
anti body nol ecule may be of different am no acid sequence. For exarrpl e,

t hey may Ve

sequences% é'ﬂ{))ér)jrﬁ&? el? %tmﬁgﬁﬁ%vﬁdfwe?rg%négngﬁe@ﬂ% ,E?G}Q,# erably, an
ant i body frrenymeric, dvhetider nBgtiraerisyform, inclusies en ahtihody fragmentndnantifodyhe CDR
am no aci Gra8RRAHEASESe, Of n{yglaé%asm 95rtQf‘ﬁwﬁéleEﬁf&dyaﬁ\héﬁﬁb%dgf‘raérhéﬁe CDR

am no aci d sequences. present invention may be used

sel ect an @t Be Y Whslecantibedy. iRiefeiadiyngn aWtqosbaygm?'agﬁw%?ﬂ"gr than gadels bed
above, as atigsdydi date for having cytotoxic activity, in 1Oparticul ar
cytotoxic activity against a cell which expresses PODXL and/or against an
undi fferentiated pluripotent stemcell. An exanple of an antibody which is
known5t o hawibodyyhaieanéstinlads shirhgricargalecitds aomprisidg ih @ntigenibitdény doimain, pot ent

stem cel | 8 e e NGO oti de
sequence) eg\a'th fh e«ﬂb &%48()'%& ng SBR@SFWQ g%ﬂfses (ﬁ/ h eggéps(t%oyegﬁb84 are
known, e. dire dessrihg IB(E(H’?AD(DZW?‘MlE@hA-D@@Bncorporat ed herein by reference,
and Figures 11 and 12 herein. Preferably, an antibody nol ecul e sel ected by
t he nmethods of the present invention binds PODXL (preferably human PODXL).
For exanplAstibedyfaelerias inclede anibery MeiPeten WidhgrernanemMerDxLe. MmneMefiabl y, a

di meppc Oranﬁbﬁcﬁyln%?édu{ésafﬁdd%dﬂomtﬂééﬂlé WHidhRcllféd Bile. maHRiees, ahithlnvay t he VH

RANGRA TR -H SRS VA el SRR I RN
i nvent i on rivitirherg @0y & diiel3er $qi@drieks. CA maltinféOb tettameoinag rfovexadple, an ant i body
ol ecul e rlrr?é(uc}%l n%jre Iﬁ%%%e |r;[1£]r|caant|body molecule. A monomer may comprise an antigen
binding domain, or equivalent, e.g. an Fv fragment, fused to a dimerization domain.
25 Preferably, a monomer is monovalent, i.e. it has one antigen binding domain. A dimeric
or multimeric (e.g. tetrameric) antibody molecule may comprise a pair of monomers which
interact to form a dimer. For example, a dimeric antibody molecule may have two Fv
fragments, connected by interacting dimerization domains. Preferably, a dimer is bivalent
(or divalent), i.e. it has two antigen binding domains. A multimer may have two or more
30 monomers and thus may have two or more antigen binding domains — i.e. a multimer may

be multivalent.

The antibody fragments of a multimeric (e.g. dimeric) antibody molecule may be of
identical amino acid sequence, or may have one or more identical complementarity

35 determining region (CDR) amino acid sequences. For example, a dimeric antibody
molecule with identical or substantially identical antibody fragments may be referred to as



25greater affinity than other mammalian proteins, particularly other human
proteins. For exanple, an antibody nolecule may bind PODXL with a simlar,
or subst anbizaldoisiem | ar affinity to that of mAb84. Thepkiseriamoaks2: Mb84
bi nding to PODXL on the surface of hESCs have been determ ned as foll ows:
Ka (association rate) is 2.5 x 107 M KD (dissociation rate) is 4 x 108 M
koff is 2.9 x 10-3 s-1; k" is 7.1 e4 M1 S-1. 30 The anti bodi es sel ected by
the present nmethod nay be called anti-glycan anti bodi es or anti-PODXL

ant i bodi esa hospodimeri ds @chpmedinasig laptingy seaieatleh \Altemativaly, ifsofsagstentsia apr esent

i nvention rﬁ@ﬂmé%tuﬁ@dﬁﬁ&b&ﬁé Ry B oPHRSTEANIAS hifd BEyUahEL! F1F ekamprkher

manmal i an proteins, an articular to other proteins which are expressed
on the celthexmpy have d'ffﬁﬁ?“t&%ﬁﬁq@e"% diflerepidtamansriciegios seqayenges; 288 no

bi ndi ng  orgifdiERtvaNaddRdrivL re@orbgébﬁ,bn@ast (Prél‘@bébﬁ)r arahrlmbe&y ﬁ&ganérwamw ng:
stage-specific enbrlyonl c anti ens ‘gj E@% and, SSEA- %4; h&ctlon

anti gén (W%%e"t'f\'%ﬁ%ﬁasweam nase of {be &t a'mlnyacgr?eamﬂ%%aﬁ“ §4 809" sel ect ed
by the netdneds noke Vdranirot §eeé CORVANIhG acid BequscddODXL on the surface of an
undi fferentiated pluripotent stemcell or cells, 5such as an

undi fferentiated hES cell and/or an undifferentiated i nduced pluripotent
stem cel | Mé‘fyqtﬂscrzﬂtheypresqmemivéritbhm;ayrtmwsbetqjmltmtmh ariiboly motegnle, io€ludingi ndi ng

f
ant body  reafedyreuefiERsudbed ABAR e, SeaRit R RaviolRBt B W0 1y
be altol i siradicylar eiotpxie at:tivmagalms’q a@ﬁ&wb@h exRIesass MAHIXLRIEKIr against 88j ndi ng

affinity ad?ﬂm@?e‘r\hét@b Pﬁ:ﬁﬁdté’rﬂ sk 84IC mnchaﬁhbfef& R aht.syap WhRHYs mcw heve
sel ected by he 15ne descri bed herein can be conpared under

appr opr i at@totrRdivitRalnst yundiiersntatet luiRPigDletem P?'b'ﬁé’i%l"y ThaAminQt i body
mol ecul e s&@ides‘ebe@hobxamr{waiag pblytRopde s&jiiends) vemE whdIclhasks stibedyf i cal |y to

undi fferentiate | uri poten cel | Iecule bi nds
20PODXL o Leeehans ahmRp FLE kPt sie-5eE M ATRATUBERFERR (o) Sstch
as unfli f f anconidratee HelebDyaefetence reshd digunest T drer t2tiareibed i nduced pl uri pot ent
stemcells. An antibody nol ecul e may show no binding or substantially no

bi nding to pluripotent stemcell (s) which have undergone, or are undergoi ng
di f f er ent iRtefietably, 2% Ptibody miolegule selectad b thpymethodscafithe rresent inventiep binsishods  of

the presedohylveide@BlyRuRER PODXL). For example, a monomeric antibody molecule may
bind PODXL. Preferably, a dimeric or multimeric antibody molecule binds PODXL.
20 Preferably, the VH and VL regions of an antibody fragment form an antigen binding site
which binds PODXL.

An antibody molecule selected by the methods of the present invention will generally be
specific for PODXL. In other words, an antibody molecule may bind PODXL with a

25 greater affinity than other mammalian proteins, particularly other human proteins. For
e_xample, an antibody molecule may bind PODXL with a similar, or substantially similar
affinity to that of mAb84. The kinetics of mAb84 binding to PODXL on the surface of
hESCs have been determined as follows: K, (association rate) is 2.5 x 10" M; Kp
(dissociation rate) is 4 x 10° M; Ko is 2.9 x 102 8™, konis 7.1 e4 M 57,

30
' The antibodies selected by the present method may be called anti-glycan antibodies or
anti-PODXL antibodies.
An antibody molecule selected by the methods of the present invention may show no
35 binding or substantially no binding to other mammalian proteins, and in particular to other

proteins which are expressed on the cell surface. For example, an antibody molecule



N-l1inked and /or O-linked glycans on PODXL. Sanple Sone nethods of the
present invention involve a sanple containing anti body nol ecul es. 30The

sanpl e mayobgianysquantity of anti body nol ecul es which eehisghiS /00621 S
suspected of containing, one or nore candi date cytotoxic anti body

nol ecul es. The sanple may contain any ¢®nbi nati on of anti body nol ecul es
herein described. StemCells 35The term"stemcell" generally refers to a
cell that on division faces two devel opnental options: the daughter cells
can be i demy shalv rodindirg @rsubstastialle ed binisg td anyemailaf the dollowingystaggr 19 be t he

rogenitorg | ] it T t |1
P Ther of opedic Hbanbfflsdho B/ dnal GRSy BleERH FbAT TR 1905 oy
exists in amle(EéhHBﬁe Pdﬁfer@akimrtmtlbotﬂwlpele@dﬁ SﬁeCted)bYr@é)metmdémf thelareseat e
t her ef or e jchlich Mﬁ&&ﬁb@k@ onme éu?fé&@ 5enl dﬁﬂefé‘nﬁét@&'bfuﬁﬁ&ént%féﬂn Bdifordbise to

produce cells of other ty P used In this document the term "stem

cel | "5 par tsughipaan Yndifarentia qdd"E@ ‘?ﬂ”laﬁélloéﬁfﬂ U@'@W@@quénd%ﬁﬁ‘ Piuﬂmtarﬂtlﬂﬁ%mml i an
(e.g. hurgg), pluripotent stemcells. Enbryonic Stem Cell.s 10Enbryonic Stem
(ESCs) cells may be isolated fromthe inner cell mass (ICM of the

bl astocyst, which is the stage of enbryoni c devel opnent when inplantation

occurs. ESpicamy sieeificynmay bédetediined byomeansaofial bindingeassapsuchasiBlLiga or
non- human, 15ESCs are pluripotent stemcells that

have t he aemq‘ﬂqyfr&g q%”ﬁ[%ﬁ%"#%‘?“&t e- indefinitely in vitro in the

undi fiberenti ated state. Under the appropriate conditions, ESCs can al so be

di fferentigy &f%n\(g 66?1@%%&5&&(?& thﬁé’Hetﬁoﬁ?ﬁés%G%é@ﬁ%ﬁ%gl DX f a' 't he

three germlayers erm'and ect oder Y,
cel |'s havenay tmajwhtih@d|bmpmp©t't@9wb|ea§e$§¢eqoathlr@nh'ﬁ@ gkow as distinct
col onies. They al so express high |l evels of alkaline 20phosphat ase,

tel omerase_and the transcription factors QOct-4 and Nano Routinely, hESC
are char adirdingaftnityyand peutealisation potsrcy, pf %@"F"@GP?%@‘W%@ isglected oy ¢

st ages s peGhdthadsaiebéribea ihereddangRtom{paddAinddr #peoprstertofditibnsizingrreutiet i on
anti gen ('{r%.— 1-60 and Tra-1-81. However, these surface antigens are not
uni que t o WE8BYSHd have been previously characterized in human enbryonal
carcinoma (EC) cells. 25

Preferably, an antibody molecule selected by methods of the present invention binds
specifically to undifferentiated pluripotent stem cell(s), e.g. the antibody molecule binds

20 PODXL on the surface of undifferentiated pluripotent stem cell(s), such as
undifferentiated hES cells and/or undifferentiated induced pluripotent stem cells. An
antibody molecule may show no binding or substantially no binding to pluripotent stem
cell(s) which have undergone, or are undergoing differentiation.

25 Preferably, an antibody molecule selected by methods of the present invention binds to
N-linked and /or O-linked glycans on PODXL.

Sample

Some methods of the present invention involve a sample containing antibody molecules.
30 The sample may be any quantity of antibody molecules which contains, or is suspected of

containing, one or more candidate cytotoxic antibody molecules. The sample may

contain any combination of antibody molecules herein described.

Stem Cells
35 The term “stem cell” generally refers to a cell that on division faces two developmental
options: the daughter cells can be identical to the original cell (self-renewal) or they may



In the present invention, undifferentiated enbryonic stemcells express
PODXL on their surface. Pluripotent Stem Cells 30Pluripotent stemcells are
true stenmypeblSondsth the potential to make any differepriraicefii8edds2i n t he
body. However, they cannot contribute to nmaking the extraenbryonic

menbr anes which are derived fromthe td@phobl ast. Several types of

pluri potent stemcells have been found. 20 Miultipotent stemcells are true
stemcells but can only differentiate into a |imted nunber of types. For
exanpl e, theethbprogenitors ofmare spediaiisedroéik typest (differestiationk eTHessterhaell igi ve rise to

all the c ; - 1 ent
stem cel | ?h%@g’?% 8%%@"3%%2%)&'?#%3%8%%{'%p%Hm&ég ?ﬁ@%b‘z{th?ﬁ)a%ﬁ%svmﬁdg?ﬁ%n in
the body cdeaeh erll tyreesaniiederanedh Sjer aslissire fileseferedebaiwbieh arermetteanivaly s.

Met hods  of yifehiakiRtdaSinkShd Gbis tEHoae ceisiomedi@asi N the art, and include the
use of standard assay nethods such as clonal assay, flow cytonetry,

| ong-Perm cul ture and nol ecul ar bi ol ogi cal techniques e.g. PCR RT-PCR and

Sout her n bADiideld MthislddchEhtitheSteriiStehcaIrAvdrichiafy fRrs & piGrigolsipBleffcelis W de
variety of types includi ng%neur onal , skin and eﬁlhe bl ood form ng stemcells

whi ch ar e RaeUdy mAemRlap &heuman) BETROSH SealFdF-anspl ant ati on.  15These

| atter stemcell types are also the principal feature of unbilical

cord-deri vgd st emﬁfel 4:5 Adult stemcells can mature both in the | aboratory
and in the'B 't RteG’ fﬂ‘fcti onal, nore specialised cell types although the
exactloOnuntfsmbrgdnic 8lem EFGsE célls nayrhetisadatey from éhe inper cefl neise ({CWbf thehosen.

201 nduced I Rot ent r%ﬂﬂ& | commonl y
abbr evi at ebg)ééa&géy?tp ﬁ'ggfsﬁégg?ra g?QS@B ar e&%etb ?E\%hﬁ?ﬁegﬂtn[p ﬁ)‘%’?}éﬁt&ég& em cel |
artifici alfSCoeay hemammatipn ERER- perupemeledhey may be hypan erfjonyhugianael| t

somati ¢ CehduselRy rdte®est i Ng certain genes. iPS cells are reviewed and

di scussed in Takahashi, K. & Yamanaka (2006), Yamanaka S, et. al. (2007),
Wernig M et. al. (2007), 25Maherali N, et. al. (2007), Yu J, et al. (2007)
and Tekahasdts &b pluripote(t6hd bellsahat hate iMBiabllityao prolifee4te Aehdiely im eitreimthby

ol e g b s B L R ilte ECOTLEAL0 Gl » ot
fi br obl astis vitrd mad §f it toaall types seprasanthijveaat il évezlgérhr loyeyh (Bédoderml, vect or s,
for exampl g b RUm bbby MirpHRRYAH, MY havl £RFH RELEL IERESadRIE! Ude

ratio and grow as distinct colonies. They also express high levels of alkaline

20 phosphatase, telomerase and the transcription factors Oct-4 and Nanog. Routinely,

hESC are characterized by the expression of cell surface markers, including stage-

specific embryonic antigens (SSEA)-3 and SSEA-4, tumor rejection antigen (Tra)- 1-60

and Tra-1-81. However, these surface antigens are not unique to hESC and have been

previously characterized in human embryonal carcinoma (EC) cells.

25
In the present invention, undifferentiated embryonic stem cells express PODXL on their
surface.
Pluripotent Stem Cells

30 Pluripotent stem cells are true stem cells, with the potential to make any differentiated cell

in the body. However, they cannot contribute to making the extraembryonic membranes
which are derived from the trophoblast. Several types of pluripotent stem cells have been

found.

35 Multipotent Stem Cells



the master transcriptional regulators COct-3/4 (Pouf51) and Sox2, although

it Is suggested that other genes enhance the efficiency of induction. After

3-4 weekswoomldiisvenbers of transfected cells begin to lpeTsGER011/000262

nor phol ogi cal ly and biochemcally simlar to pluripotent stemcells, and

are typically isolated through norphol 2gi cal sel ection, doubling tine, or

35t hrough a reporter gene and antibiotic infection. 21 |IPSCs may be

i nduced fromsomatic cells such as fibroblasts by transfection with one or

nor e t r anddultigeténd stefpestls aes. truerstero wellsdat ean ondedifferentiate intaam limitgdwinbert h

Qct 3/ 4, SCBf?yp.eQ.N}"&r dé(gﬁi\pfé;{h%'boxgﬁlaﬁﬁklc?nm nlﬂﬁtg%gaﬂ LleRald thaf g adeagt ed with
udi n actors an

ot her genes, 'inc transcription or nmarker genes. The genes
may be i ntallderieallg ofithebipod byt nad e ptbeidipesyaf celis: Mtipoient siem qellepiedqynd in
reconbi natdaR afivise M is HoulMtithd e08H) ordHnas Er%tﬂoagcyﬁﬁihé)fh%_rﬁ Whevé dﬁg ch@ produce

i PSCs _free of exogenous reprogramm ng genes. Transfection may be achieved
usi ng2vi rdﬁp'%’b‘ﬂ‘?ﬂ%sof dEWEW‘g“s‘E"g retrovirus. The virus may be an anphotropic
virus. Once the cells have been transfected, they may be grown on feeder

cells befqre transfer to.an ESC culture medium 1Q.The, | PSCs y be derived
£r om r abbi Meneds i Bhspeibintisem cofiare Shout Rdbe P AR R tRe T i - Sheep,
goat, cat tdtandatdoassay method$ suthrasidnabdssay flowtcgtometrgnomgiteem culture el at e

organi sm - . gﬂ?!' I ;g,kﬁ‘ r ' ts . the | PSCs are
derived f%%g%&&#%a@. elslgrsb'ce ;ﬁﬁfj@%ﬁ@?gbtﬁﬁ@ bfor%tﬁlr@hti on may be
derivéd fromany suitable cell type, including lung, foreskin fibroblasts,

skin fibrolasisn dsgs atinocytes, blood progenitor cells, bone marrow cells,
hepat ocyt es astric epithelial cells, pancreatic cells, neural stemcells,

g hel i al ce . .
B | ynphocyhdulf stercels compriseshwide variete pf tupespciuding peyienal. skip 2gs theleod The i ps

cell's may f&%iﬁgﬂﬁ%idémmémaaehwme&uﬁ@meafincsohefnaﬁamhsplarﬁéwner ably, the
iPS cells are hunan. I n sone cases, the cells are not hunan der nal

fibroblasts. The IPSCs nay exhibit simlar patterns of gene expression and
phenasype Thes&@ter stém ctlhtypes are alsb theprieipadbieatuteel umibdlichif cerddérivad st PSCs

express PCODXL t hel [ i re J e

applicati 6’3@0@%?@%&#%&%@? ﬁguérgﬁ'ep uralt% 'ltétgﬁtm té‘%@%@ﬁﬁ%éhcggp?ly a risk
of t er at ormeore spedialisechcaiytypasraitheriaghdhé expct ewnbRrraf cellfgpdsfie limitad kyttheltypPSC.
Despite th{q&eﬂ{&lﬂ'c GenCurrently there are not many strategi es devel oped to
separate these cell populations. 30Culture of StemCells Any suitable

met hod of culturing stemcells my be used. Any suitable container may be
usedzp 0 PriRRREAIPRIBOEH St8Mlcels Sui t abl e containers include those described

in US Patent Publication US2007/0264713 (Ter
Induced pluripotent stem cells, commonly abbr via%e(? gseg-’%egells or iPSCs, are a type of

pluripotent stem cell artificially derived from a non-pluripotent cell, typically an adult
somatic cell, by inserting certain genes. iPS cells are reviewed and discussed in
Takahashi, K. & Yamanaka (2006), Yamanaka S, et. al. (2007), Wernig M, et. al. (2007),

25 Maherali N, et. al. (2007), Yu J, et al. (2007) and Takahashi et al., (2007), all of which are
incorporated herein by reference.

iPS cells are typically derived by transfection of certain stem cell-associated genes into

non-pluripotent cells, such as adult fibroblasts. Transfection is typically achieved through
30 viral vectors, for example through retroviral reprogramming. Transfected genes include

the master transcriptional regulators Oct-3/4 (Pouf51) and Sox2, although it is suggested

that other genes enhance the efficiency of induction. After 3-4 weeks, small numbers of

transfected cells begin to become morphologically and biochemically similar to pluripotent

stem cells, and are typically isolated through morphological selection, doubling time, or
35 through a reporter gene and antibiotic infection.



22 Containers may include bioreactors and spinners, for exanple. A
"bioreactor”, as the termis used in this docunent, is a container suitable
for the owbtwatiigre of eukaryotic cells, for exanpl e anipomlsGeellos020z

manmal i an cells, such as in a large scale. A typical cultivation volune of
a regul ated bioreactor is between 20 nRk1and 500 ml. 5 The bi oreactor may
conprise a regul ated bioreactor, in which one or nore conditions may be
controlled or nonitored, for exanple, oxygen partial pressure. Devices for
measur i ng |1B8@s maybedanduaed frore semetimetills sechsasdibeotiastapy transfeigiorawith oreger

XA e  HFAnsBis QHER, TohEARE b dpaninl ool semaice. The

oxygen partial preSsure can regul a e Vi a amount He
conposi t i dfycoandiHié. Jee @gl{sgaa\gtggaqﬁlt;@pgl}yetra(néfegted with otheF genes; b@f"&h"@g of air

and/ or OX\W@RBcrifioh fictord éﬁ&&%rﬁé}%ﬁés Cme%negh@ybéﬂﬁrod&edt@hb% devi ces for
measuri ng and regul ati ng the oxygen parti al &éessure are descri bed by

Bai | ey, tE"SR%&F psfem sueh as the GEgfloxf cegombingfivraysiemy oI'fﬂﬁﬂ%lF’r%’h’t"é(”?gé":‘t'"Qecond

edi tion, Mé@béﬁhh Bdek to ﬂrB@ucehm feddrdX0gehbls Peprbgitrmmingtienas.i Transfédt®B6) ) or

Jackson AT, J A hr epst Bi ot echnol
Spr i ngor TN SBRER 19V eL YA, “ED RBA TS b LCHNP APNEREN, ncl ude

spi nners. dagohotiepis vieuse Oneg theadetisl hwe bﬂene@ukfactedi theyomaabe gnown ontieedler can be
agi tated l{:%|l{]9st=f3r%rtnla9§'r§r %g% L OLLHTRS Eg“"%ms such as glass ball agitators,

i npel | er agi ors, and her- sui e agitators. The cultivation volume of
a 2040i nner is typically between 20 m and 500 m. Roller bottles are round

cell cul tWh%lﬁéé‘él‘réesrﬂé%rn% ffbln‘iir%F)F? gfarneglp%ssat hAdisBSr @th@“lloﬁé'ﬁteca’%r(ﬁfé of

bet ween 400 and 200 . The cells”are cultivated along the entire inner
surface ofPig. §BeRP, BPaistaltie, harge oNHtyMANPrigFiR YPHATMAN-BUMAL VertabERle um

acconpl i sheghndn 8r ndnHunmditnarimbi. @M preferd entodiments thé ST drk @&rivdiadioim t hei r
own i ndi vi dual aX| s. 25 Alternatively, culture may be static, i.e. where

active agiVA@SE%f the culture/culture media is not enpl oyed By reduci ng
agitasion of the culture, aggregates of cells may be allowed to form

Wi | fl f
U1 St SorEs A PR i P B4 ot RS B BRSSP AL
subst ant i doregkinifigobipsts wmq@rmsakérehmksrblomommeés bané owermwym
agitation,g ﬁﬁ'swﬂie%étgc?e tg@é?rlc?’ébltﬁgﬁ Qérlsl Fa?n%reta{?@&ellg u%te%ll?% enpl oyed.

Propagati o hods an osl t1ons described

here may donghocyes, fdelypsgomalic cofs ard ‘?fﬁ'@f\/%@fﬁrpﬁaﬁéu e iPS celip@ayke hods may

i nvobye CQRildiIRIHS hirhart MbusB UPbtheAhameeals. Pze%eramy ®es pailare Miman. In
"conti nuous", we nean that our net hods algasés gmeg%h of ste I?el s in a

f ashi on t FRMe&ASE te Gefiparenst B‘ﬁ"?fh%%‘ﬁ‘@ afs giay expigit §mileks of
m crocarr ipattérneof mecaipmbayn aneplEnolypath asdstlmalnsisreséredwtemwt iner pl at es,

once. for ‘CHTRAUARE RS Spred Pk or PRt e Br1ve ti mos. etc. I n som
cases, this may be r epeat ed any nunber of tines, for exanple
25 Like ESCs, future therapeutic applications of differentiated induced pluripotent stem cells
carry a risk of teratoma formation by contaminating residual undifferentiated IPSC.
Despite this problem, currently there are not many strategies developed to separate these

cell populations.

30 Culture of Stem Cells
‘ Any suitable method of culturing stem cells may be used.

Any suitable container may be used to propagate stem cells. Suitable containers include
those described in US Patent Publication US2007/0264713 (Terstegge).
35



indefinitely or infinitely. Cells in culture may be dissociated fromthe
substrate or flask, and "split", subcultured or passaged, by dilution into
ti ssue cuifbuhe/diesisum and replating. 10 Cells grow ng opcRaGhiGleReByY be
passaged back onto particle culture. Alternatively, they may be passaged
back onto conventional (2D) cultures. Z2ssue culture cells grow ng on

pl ates may be passaged onto particle culture. 15The term "passage" nay
generally refer to the process of taking an aliquot of a cell culture,

di ssoci at i Cuptdifiers oal lirkclude ibjprexcedry amdt spirarets, &rlexample! Aithiorgadort] asnioectermat i ng
into nedi e r | i quot
Ay Corrpr:“iglése;mﬁtrﬁiéfcﬂmenp|s@é/on?a‘?né’r%8|fa%§ &fﬂ@%m&at{aﬁ o‘?eﬁkai})“oecge ffgﬁ‘of he
al i quot negxatwelecanimal eelisl or manamalianicels, suchrastin adarge ecate. . A Brisalauvalifimg may
Conpr i S€ 3o nfesta SR biofdBiof RldeRide Q@tmgﬁa%@mf 20steps: aspiration,
rinsing, trypsinization, |ncu ation, dislodging, quenching , re-seeding and
al i qudting. The protocol published by the Hedrick Lab, UC San D ego may be
used (httprr/e/tf'@élédt&%a@%kl{bﬁ% 8 iR 6abSIORGMith diedr)mord BenditRhks may be

di ssoci ated by sui'tab nmeans, such as nechani cal or_enz tic 25nmeans
known in tY %Fr"EO" rqifed %@PWQ“%W%"@“*‘W@(@W%B PBSal-RIBFRYFR- 28! \F/g‘gom ation,

for exarrplrﬁeasanmwarm regulhtirgaheyeebnditior3i e kiicivn inlitee are| F@ exayiplbcoggasoci at ed
i evi m _cron or 500

b th t abl

m cron si GUETSTBER Ve Sudertiar i ek, e PReetPe LBt T

exanpbd e byeguiated niatite amndunt exd thagemasstianr of theygeldetduagas asikteck. (eﬁhalrmr gsoci ati on
b .

i Tt on. THGHCorilr Rakbiflen 2 Hirddeh R cffon A, Mifamebbiaelr o

For exanplresasuting amil regulaﬁwg theeoxygpn pardial paesste ase described by Baigye) E1: 3 or nore,

14 or mlr__(galfé& JLE5BWchém|E§ En-grh'éémng'slftﬁ\'ahﬁ\@hthﬁ Mn@@dlf?&ﬁ%@‘?ﬂv f—ﬁ?lr In@ passage
or nore or éxa em cel passaged fo

9, 10, 11,'SBMO- 01%33552_3 Higher E%Cﬁ"&’? (1918@)) OIQackze" A2T1 Ja‘«é‘?O" ésT 24 25

passages Werfaﬁrreﬂsteaama@essuaﬁyhrhﬂbg@slsrpﬁ@e,dsss 320551800 0193l cel | growt h.
Stemcells may be propagated for 1, 2, 3, 4, 5, 246, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 generations or nore.

Passages rtheraluitabléeorgaipere fwkide apinhdre. Spinmees arefrequddtéd dowréguiegesd St em cel | s

Tgy ?? pr oar‘%%ttoefg,duhc@ hé)%aggegeéﬂﬁlﬁg E%Iou FP%& %‘B?c%gmsr}& sutl,lzas &I%gs ﬂ*aAlI’ 15,
Mai nt enan@sltaibrsmlﬁagltatmaamtmriSy'ttwi%aglfﬁlms pThﬁm{j}eItaw \@ﬂlém ofd | s may

retapg at slpﬁuﬂért is W‘l?é neid S drfg 500 rA. KRB BbtEark Fodhd @Il Rhu@HAKET human)

stem cel | retain the characteristic after one or nore
passages. "T@?&Pfﬁ‘&ﬁt'% %SQPYW a&“'&’%?@?lq9ewe’bé%é@b%ooo?ﬁby heelelidio so
after the glOsliflatd dI0HERE efire PAEEAGRGe BRthERSTIckS) Bk @NOYR: coated with

culture medium accomplished by a "rolling" motion, i.e. rotating the bottles about their

own individual axis.

25
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 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
30 aggregate formation. For example, a low rpm agitation, e.g. less than 30 rpm or less than

20 rpm, may be employed.

Propagation with Passage
The methods and compositions described here may comprise passaging, or splitting

35 during culture. The methods may involve continuous or continual passage.



The characteristic may conprise a norphol ogi cal characteristic,

I mmunohi st ochem cal characteristic, a nolecular biological characteristic,
etc. The wbaoeaties7ssti ¢ may conprise a biol ogi cal acti viPCyisGioishesz Cel |
Characteristics The stemcells may display any of the follow ng stem cell
characteristics. Stemcells may di 8play i ncreased expression of Cct4
and/ or SSEA-1 and/or TRA-1-60. 20Stem cells which are sel f-renewi ng nay

di splay a shortened cell cycle conpared to stemcells which are not

sel f - r eneviyngontBuaiwc'ebntinuoes), wik spamthatiedrimesaodsmnpble lgoayth oflemeriaipl e, in
the two diJmeghpMat afab?essﬁ&nfbaaéipagggge%sgapweh%ﬁ% pILEBmRRIRGHRA &h Stem
cells display high 25nucl ear fasmc ratios in the plane of the inmage,
proni nent Wiieh taey are an;@%ﬁ@'tSfofﬂdd‘Pl9thﬁbPlﬁtﬁﬁil ’B‘ﬁ"o\ﬁﬁrt”ﬁrsr%éﬁ’lt'?'eﬁlaé‘éé'ﬁﬁabl e

cel | junctthigpfocesy ﬁay S@I’éfp‘éal'éﬁlét RhStnbe f@méa@reetmcéeldrebmn@sprbe.sm cel |
mar kers as descrl urther detail bel ow wnEﬁ%ﬁEsm of Pluripotencv

MarkePs  THE '[ﬂeﬁl‘%‘@l laspme cEP&R: this MRKPe repeptet apha rEXAERST essi on
of one or indefiRitgl ofinfimtelgncy mar kers. 35Stage-speci fic enbryoni c antigens
(SSEA) are characteristic of certain enbryonic cell types. Antibodies for
SSEA markers are available fromthe Devel opnental Studies 25 Hybridoma
Bank ( Bet Hesdldin duituie. man eedisscsitad frampthie esubsteateordfasie aned B$pdit’ usibngltused orbodi es

desi gnat e Cell Lines from Human
Germ Cel | dn?l%f%qre& tglod"ag& §{°q5}%e83ﬂltééﬁqé§®@7ﬁ& éSJlatm? Human enbryonic stem
cel | 40are typically SSEA-1 negative and SSEA-4 positive. hEG cells are
typical Iy SpEfrolviRPSH pdrii@es maybd @féssaéd ﬁck%ntoqa‘anre;ré dmLR. Wltb'lrnbf?@lyﬁmeys'[ em

cells (pPS) ceIIS|nV|troresu s in | oss of SSEA-4 60, and
Tra- 1- 81 R9rkasrassagesihack H%"Péﬁ%‘&&“@@ﬂ)(@ﬁ”&ﬁeﬁafT"E?SE/Q“E“""‘ﬁ?’§ %%W'Pg%an al so

be char actgieg ey by phdragsd enepsaticeiculrkal i ne phosphatase activity, which
can be detected %y FI xing the cells with 4% par af or mal dehyde, and then

devel oping with Vector Red as a substrate, as described by the manufacturer
(Vectubr La]bmnatrdmbmgemspgédamglamﬁemltlhé prpcesisrdbtakingian atiqentotztels are al so

P e AR S PG D, o Sh BRI R S o
1997), usiThg passagingenay ke Ilepeaietaplhem reorle|tlme§TFb%zeotmawcomrl%1hgm0!§se
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
20 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).

The cells may be dissociated by any suitable means, such as mechanical or enzymatic
25 means known in the art. The cells may be broken up by mechanical dissociation, for
example using a cell scraper or pipette. The cells may be dissociated by sieving through
av suitable sieve size, such as through 100 micron or 500 micron sieves. The cells may
be split by enzymatic dissociation, for example by treatment with collagenase or trypLE
harvested. The dissociation may be complete or partial.
30
The dilution may be of any suitable dilution. The cells in the cell culture may be split at
any suitable ratio. For example, the cells may be split at a ratio of 1:2 or more, 1:3 or
more, 1:4 or more or 1:5 or more. Thus, stem cells may be passaged for 1 passage or
more. For example, stem cells may be passaged for 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13,
35 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 passages or more. Passages may be
expressed as generations of cell growth. Stem cells may be propagated for 1, 2, 3, 4, 5,



15Det ection Kit, Cat. s7707; Intergen Co., Purchase N.Y.; or Tel oTAGGG TM
Tel omerase PCR ELI SA plus, Cat. 2,013,89; Roche Diagnostics, Indianapolis).
hTERT expke3simiigen al so be eval uated at the nRNA | evelpchycRiriRed362 The

Li ght Cycl er Tel oTAGGGITM hTERT quantification kit (Cat. 3,012, 344; Roche

D agnostics) is avail able commerci al | y24 or research purposes. 20 Any one or
nore of these pluripotency markers, including FOXD3, PODXL, alkaline
phosphat ase, OCT-4, SSEA-4, TRA-1-60 and Mab84, etc, nay be retained by the
pr opagat e, 3t &9, ¢l 11512,23D14, 161 1617018, NBrd0el s, 22093124, %gérembns br ough any

means kno LN

st ai ni ng, V}ﬁ?r'gwpégs[%g bq’a?/' %ﬂ%?&’%%g'M@%}rﬂgr%ﬁum’doub@@@%ﬁe i mmnoassay

(ELI SA), enay beagropagatesifidr 1,12, 3vd, iSnPa 8cYt10chbriRstd, 4nthy 16! 7uddd % 80.det ect

cell -surfage Kk hem stry (for exanple, of fixed cells
H1€3T8 §‘§ 25 c%ﬁ’ @%56 d?&

or tissue sectl ons intracellular or cell-surface markers.
West ePn bl ot anal ysis may be conduct ed on cellular extracts. Enzyne-l|inked

| MMUNO0ass ayaifBYarke of 8fth EAI crfhdiblishks extracts or products secreted into the
medi um 35For this purpose, aniibodies to the pluripat nCé mar kers as

avai | abl e mem?éﬁtﬁﬂwe"gmd%@'n@éiﬁasteonﬁsf@aractefa'%ﬁﬁ gandgg- Ehe
i denti fi cafrinate @fhuaizanstesl dell MRR&K stem dens:dnuydremn tHee;hStaa@astMr bmecorEnbr yoni ¢

Antigens 1 and 4 S -1 and, SS 4% Fﬁfg nor tion nt|% n tfl‘- 60 and
1" TRATITB GasSpRaS Tl AP BT5ht BULLY T GRTE0ET ATy Ty 8P SBRBRGIE 11 om
5Chen® con stﬁé&nmhermnaéssagms(déemuIabpvé:A, USA) . The i mmunol ogi cal
detection of these antigens using nonoclonal antibodi es has been w dely

used to characterize pluripotent stemcells (Shamblott MJ. et. al. (1998)
PNAS 95: Ihezbaragtpastic rsywempiriaea marphelogical chafgnteystic, irmuasphistechemim@y - 11312;

Thomson J.faraBferisti! an'(oie%a@ blolggkﬁ%grag@ﬁstlcl&tﬁ51' ﬁ'eléh?aracﬁﬁi@ﬁﬁ heleNs Eorﬁprge et. al.
(2000). Nature Bi otechnology 1 Henderson J. et. 10(2002) .

Stem Cel | @ D@ogicBdgctyy: pera M et. al. (2000). J. CeII Sci ence 113:
5-1043. The expression of tissue-specific gene products can al so be

detected aét tt&e g% !evel by Northern bl ot analysis, dot-blot

hybri di zat by reverse transcriptase initiated pol ynerase
chai n r eactheatent Edlis RGER)disptyrany ©éthe doliowingstsn telcchardcheisticsi n 15st andar d
anplification nethods. Sequence data for the particular markers listed in

this disclosure can be obtained from public databases such as GenBank (URL
Stem cells may display increased expression of Oct4 and/or SSEA-1 and/or TRA-1-60.

20 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

25 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.
30 |
' Expression of Pluripotency Markers
The biological activity that is retained may comprise expression of one or more

pluripotency markers.

35 Stage-specific embryonic antigens (SSEA) are characteristic of certain embryonic cell
types. Antibodies for SSEA markers are available from the Developmental Studies



www. ncbi . nl mni h. gov: 80/ entrez). See U S. Pat. No. 5,843,780 for further
details. Substantially all of the propagated cells, or a substanti al

portion okoboeiigey express the 20 marker(s). For examplgisckifpessent age
of cells that express the marker or markers may be 50% or nore, 60% or

nore, 70% or nore, 80% or nore, 90% or2%ore, 93%or nore, 95%or nore, 97%
or nore, 98% or nore, 99% or nore, or substantially 100% Cell Viability
25The biol ogical activity may conprise cell viability after the stated
nunber of HhasidargaB8aniEHethesdalidl)i Othenusefll enaglesagredietactabler ustngsantibgdiges f or

xampl e byucloBan 18l 48 S8 hiol 89 BLOLQRObol GhodidRyRbR lHE ol | o
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the nunber of viable cells divided b he nunmber of dead and. vi PLe cells.

27 The vi &5 FanAlss begharacterized B\é“@(ﬂf %Pc?rﬂfaéka"%%whﬁﬁ?eeac“‘f%}%” nore, 80%
or nor e, AAMobedetsated by Hiddig Te dElls Rith 9% papdformaidehy @ ¥no thewmaiegslo@B/witi  nor e,
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karyaoype Bwlmaimr@abt)ype that is identical, simlar or substantially
simlar to a karyotype of a parent stem ceI | fromwhich the stemcell is
derived, or one which varies fromit but not in any substantial manner. For
exanpl e, tHebrgonihgiamdelisare pisodynjcally tplemeragsmpnsitive 8d OG¢dH eesitiveans| ocat i ons,

loss of chfmsasEsotivifalaf be @RRrmPkS usiKGTRAPYIRAVIlBYsRAKRS 865 S Stiehde @ nunber
of nethods, for exanpl'e visually under optical mcrosc%{ Karyot ypes may

be prepar A902AY" vdﬁgf&lﬂﬂﬁg %§°’H@§E9H"bé¥?"?lﬁ'e|%m FPezgiRTM- XK DieBsraseiewi tt et
al . §8007)Detédtign €a| tatnen7e7;andrdsn Ca rrseiasé MOV 39r. THAIAGGEEM. FbisMeRBe 15

kar yot ype ' st an b t echni a at _nany clinical
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kar yot ype 1 I v%?é( etain a
nor mal kaﬁwchl)E'tQTI qéj%nlfﬁat?&%éég{ g’?b ?ggi FQOQH%B agﬁﬁ/ﬂﬂ@)q%\?églfﬁlg(sﬁ al e, 70% or
more, 80%forresaareh puyRSEEsr nore, 93% or nore, 95%or nore, 97% or more, 98%
or mpye, 99%or nore, or substantially 100%

Any one or more of these pluripotency markers, including FOXD3, PODXL, alkaline
phosphatase, OCT-4, SSEA-4, TRA-1-60 and Mab84, etc, may be retained by the
propagated stem cells.

25 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.

Flow immunocytochemistry may be used to detect cell-surface markers.

30 immunohistochemistry (for example, of fixed cells or tissue sections) may be used for
intracellular or cell-surface markers. Western blot analysis may be conducted on cellular
extracts. Enzyme-linked immunoassay may be used for cellular extracts or products
secreted into the medium. '

35 For this purpose, antibodies to the pluripotency markers as available from commercial
sources may be used.



Pl uri potencv 25The propagated stemcells may retain the capacity to
differentiate into all three cellular lineages, i.e., endoderm ectoderm
and nesodeormiddigreds of induction of stemcells to difPersczialersach of
these |ineages are known in the art and may be used to assay the capability
of the propagated stemcells. Al or a28ubstantial portion of propagated
cells may retain this ability. This may be 50% or nore, 60% or nore, 70% or
nmore, 80% or 30nore, 90% or nore, 93%or nore, 95%or nore, 97% or nore,
98% or nore, 99% or nore, or substantially 100% of the propagated stem

celI's. ThexqbbdhibORt ﬁ'@qa’erﬂf’catt Bﬁoﬂﬁé\ﬁ cei %Qrk%Fs‘%H&chﬁﬁd fheGagelSpedficer m ned by

use of suitable assay assay npri se detecting one or_nore
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e extent . O erat ong mat on 1 n e Or or np enpr yol
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presence. GtOARREISBTBRORBLE of e LR RRRRER 1B ot T SRl ShEMUE ¢5 " 1T
m xture of(200M. RMASBTe11607 +d131R; Thomsan LA. etedl| (4998)adcience 2§P ol 5t1dget her
for exa”p'F?eubﬁmtoﬁ‘ﬁE'et #99600) AR B&Q&w&égy %: 3BLB4MARISAL Kleldp Of cells

may be grown on faces I'es or ce cont ai ner
surfé@es (800 rStamiGeds 3Rt 329:337 aBere M. Bihenl. d?@qoérdeﬁﬁll Rfigaee U8: 2dP)s may be
grown on different particles. 10 Feeder ceIIs as the termis used in this
docunent, may nean cells which are used for (ﬁgw red for cultivation of

cel I's of dNgispEstial ottizsee-spacificigene Biodrsts Cajt a'§‘f befieiested gtihe MRNA exelder
cells haVﬂJytNtﬁthfaHﬂ%tlahalyﬁfa o Blat hmldtzbmﬁamwsgad»r bypé@rééﬁr@&ﬂumse and

mai nt enance, of ¢ ot enc ot ency e achi eved by
directly dBUREH P&VH?'%%C[E 'érelaﬁ'éqvf'e(ﬁ%sé%)l 349 s/%ﬂ't’eé}cﬁa?f)% RPMES? Mi n addi ti on,

t he fi@ederstarelatdsampmificdtion endthiads eSlequence detal fou thet pertionlad ntariers listed i thés

condi tione - ; I The inner surface
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of nouse emdw.pehinin.rikigov.8elehisez)Sae W&y BathNerd,84%E0Har fygherisetailsi | | not

di vide. The 20 feeder cells release nutrients into the culture nmedi um which
are required for ES cell growmh. The stemcells grow ng on particles my

t her ef or e B@sigrialy all af tha proPeaied aelleopi Fubstastial portion of them, may express the

20 marker(s). For example, the percentage of cells that express the marker or markers may

be 50% or more, 60% or more, 70% or more, 80% or more, 90% or more, 93% or more,
95% or more, 97% or more, 98% or more, 99% or more, or substantially 100%.

Cell Viability
25 The biological activity may comprise cell viability after the stated number of passages.

Cell viability may be assayed in various ways, for example by Trypan Blue exclusion.

A protocol for vital staining follows. Place a suitable volume of a cell suspension (20-200
uL) in appropriate tube add an equal volume of 0.4% Trypan blue and gently mix, let

30 stand for 5 rhinutes at room temperature. Place 10 ul of stained cells in a hemocytometer
and count the number of viable (unstained) and dead (stained) cells. Calculate the
average number of unstained cells in each quadrant, and multiply by 2 x 10* to find
cells/ml. The percentage of viable cells is the number of viable cells divided by the
number of dead and viable cells.

35



Arrangenents in which feeder cells are absent or not required are also
possi bl e. For 25exanple, the cells may be grown in nmedi um conditioned by
f eeder ceWwb2omroisg7ém cel | s. Medi a and Feeder Cells piedicaofimnozesol ati ng
and propagating pluripotent stemcells can have any of several different
formul as, as long as the cells obtained”have the desired characteristics,
and can 30be propagated further. Suitable sources are as foll ows:
Dul becco's nodi fied Eagl es nmedium (DVEM, G bco#11965-092; Knockout
DuI becco' sTheottibiliteef cEligynay berBefl @RMOROEOHENMOre: 1%oarIoeeo8dY: 8F Moo 90
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fi brobl astsuﬁﬁtémqlwf‘%:@or (bFGF) G bco#13256-029. Exenpl ary
serumcontaining 29 enbryonic stem (ES) nmediumis nmade with 80% DVEM
(typically KO DMEM, 20% defined fetal bovine serum (FBS) not heat

i nact Pvat esEX8YE mM non- essential amno acids, 1 nML-glutamne, and 0.1 nM
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to al1@i nalawmh@rﬁuchtaisérﬁnmcahonﬁgloﬁﬁo { Bemesomes, daletionssteon Cor P,

I nternational Patent Publication WO 99/20741). 10 The nedia may conpri se

Knockout DMEM nedia (Invit ro%gn G bco, Grand Island, New Yor k)
suppl errent'@ﬁﬂVQXYReH"@O% asseered oy 3 nnhien At Methedss for example yisualy L@dB’cQPt'C%‘r and
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( G bdb#119@506p2) usﬁh@%st%iﬁ&ar@}@l-bbrmmaﬂmhheqa\)allauadt dany\tipicat diagnosticsnEFs ar e

propagat eqaﬁs{}ﬁ p?gwée %E &%&%ﬂg} %5:)>UCh% tﬁe {:Ytgger}tengsTL%%l th %)aadaad every

ot her day W ypsin, Is su con repare the

f eeder ceICl:ahfthonwarddsiO@H@ISB@d $temdqe&kerdotape%1 dose to inhi b|t
proliferation but permt synthesis of inportant factors that support human
enbryoni c stemcells (about 4000 rads ﬁJaITTYB. irradiation). Six-well culture
pl at es ( sUdhprasubstactianpation ofprepagaied callsypay w&jrbatnpw'é@wstmjéf@rsees C. with

1 m2f. 5% Hedcidnm e W/L |or ﬁMfér B0%B ok mord) G0 cﬁthﬁeVUOP/i'lor:ﬂ&eOWA bf Mo, at ed
nEFs per vveII Fee rs aregb ypical | ays after

plating. 28’ ‘CﬁHH?’Fl%?’/%OT '(S'P’ Sfm‘?{f Hedr Mrem ggé?rl'gorﬁrgs%% \énd can be
optim zed W@pm.opriately according to the cell type. Media and cuI ture
techni ques for particular cell types referred to in the previous section
are provided in the references cited. 30Serum Free Medi a

Pluripotency

25 The propagated stem cells may retain the capacity to differentiate into all three cellular
lineages, i.e., endoderm, ectoderm and mesoderm. Methods of induction of stem cells to
differentiate each of these lineages are known in the art and may be used to assay the
capability of the propagated stem cells. All or a substantial portion of propagated cells
may retain this ability. This may be 50% or more, 60% or more, 70% or more, 80% or

30 more, 90% 6r more, 93% or more, 95% or more, 97% or more, 98% or more, 99% or

more, or substantially 100% of the propagated stem cells.

The pluripotency of the generatéd stem cells may be determined by use of suitable

assays. Such assays may comprise detecting one or more markers of pluripotency, e.g.
35 SSEA-1 antigen, alkaline phosphatase activity, detection of Oct-4 gene and/or protein

expression, by observing the extent of teratoma formation in SCID mice or formation of



The net hods and conpositions described here may include culture of stem
cells in a serumfree medium 30 for exanple in US Patents 5,631, 159 and
5,661, 034voSerumig7see nedia are conmercial ly avail abl e fPcomc2inro@sanpl e,

G bco-BRL (Invitrogen). The serumfree nmedia may be protein free, in that
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adventitious agents. 10 The serumfree nmedia nmay conpri se Knockout DVEM
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t echni que |38y oEN¢se ety skinecedls &zt hawe Q?P"arﬁ?‘ﬁﬁlw I PR Spvids- E'é? s, as in

1 abgye. feeder cells release nutrients into the culture medium which are required for ES cell

growth. The stem cells growing on particles may therefore be grown in such coated

containers.

Arrangements in which feeder cells are absent or not required are also possible. For
25 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
30 be propagated further.

Suitable sources are as follows: Dulbecco’s modified Eagles medium (DMEM),
Gibco#11965-092; Knockout Dulbecco’s modified Eagles medium (KO DMEM),
Gibco#10829-018; 200 mM L-glutamine, Gibco#15039-027; non-essential amino acid
35 solution, Gibco 11140-050; beta-mercaptoethanol, Sigma#M7522; human recombinant
basic fibroblast growth factor (bFGF), Gibco#13256-029. Exemplary serum-containing



3. Spontaneous re-programm ng by culture. This technique involves the
generation 10of pluripotent cells fromnon-pluripotent cells after |ong
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The methods and compositions described here may include culture of stem cells in a

serum-free medium.

The term “serum-free media” may comprise cell culture media which is free of serum

35 proteins, e.g. fetal calf serum. Serum-free media are known in the art, and are described
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25 Media Supplements
Culture media may be supplemented with one or more additives. For example, these

may be selected from one or more of: a lipid mixture, Bovine Serum Albumin (e.g. 0.1%
BSA), hydrolysate of soybean protein.

30 Sources of Induced Pluripotent Stem Cells

Several methods have now been provided for the isolation of pluripotent stem cells that
do not lead to the destruction of an embryo, e.g. by transforming (inducing) adult somatic
cells or germ cells. These methods include:

35 1. Reprogramming by nuclear transfer. This technique involves the transfer of a
nucleus from a somatic cell into an oocyte or zygote. In some situations this may lead to



the invention may be performed or put into practice by using cells that
have not been prepared exclusively by a nmethod which necessarily invol ves
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Shinohara et al., Generation of pluripotent stem cells from neonatal mouse testis. Cell
119, 1001-1012, 2004).

4. Reprogramming by defined factors. For example the generation of iPS cells by
25 the retrovirus-mediated introduction of transcription factors (such as Oct-3/4, Sox2, c-
Myc, and KLF4) into mouse embryonic or adult fibroblasts, e.g. as described above. Kaji
et al (Virus-free induction of pluripotency and subsequent excision of reprogramming
factors. Nature. Online publication 1 March 2009) also describe the non-viral transfection
of a single multiprotein expression vector, which comprises the coding sequences of c-
30 Myc, Kif4, Oct4 and Sox2 linked with 2A peptides, that can reprogram both mouse and
human fibroblasts. iPS cells produced with this non-viral vector show robust expression of
pluripotency markers, indicating a reprogrammed state confirmed functionally by in vitro
differentiation assays and formation of adult chimaeric mice. They succeeded in
establishing reprogrammed human cell lines from embryonic fibroblasts with robust

35 expression of pluripotency markers.



t herapy and cell transplantation as known in the art. dycans The present
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25nol eculwe 2bmerds7en their ability to bind gl ycans conprcsisego11/000262
Fucal- 2Gal131- 3G cNAc. The abbrevi ated term nol ogy used to describe these
glycans is comonly understood in the 3t. Thus such glycans conprise
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20d ycans enﬁy consi's cosidic saccharl de’ resi dues
(al so knowefeeenc®- | i nked gl ycans) or N-gI yCOSI di c linkages of nonosacchari de
resi dues (aI so known as N linked glycans). The process of N I|inked and

0- 11 nked ycosgl ation has been well studied in the art, see Protein
Structure PEREInehatained fiom @rregted sMb/os Which siepped Flgavags@nd falled to

menbp@ne- aRG6pH & MekuRr MaDidifocpits RS, YS8d Zhahg !X, StooRic P, Przyborski S, et al.

Derivation of human embryonic stem cells from developing and arrested embryos. Stem
Cells 2006; 24:2669-2676 and Lei et al Xeno-free derivation and culture of human
embryonic stem cells: current status, problems and challenges. Cell Research (2007)
17:682-688, both incorporated herein by reference.

25
7. Parthogenesis (or Parthenogenesis). This technique involves chemical or
electrical stimulation of an unfertilised egg so as to cause it to develop into a blastomere
from which embryonic stem cells may be derived. For example, see Lin et al. Multilineage
potential of homozygous stem cells derived from metaphase Il oocytes. Stem Cells.

30 2003;21(2):152-61 who employed the chemical activation of nonfertilized metaphase Il

oocytes to produce stem cells.

8. Stem cells of fetal origin. These cells lie between embryonic and adult stem cells

in terms of potentiality and may be used to derive pluripotent or multipotent cells. Human
35 umbilical-cord-derived fetal mesenchymal stem cells (UC fMSCs) expressing markers of

pluripotency (including Nanog, Oct-4, Sox-2, Rex-1, SSEA-3, SSEA-4, Tra-1-60, and
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NeuS5Aca2- 6Gal61- 4GlcNAc61- 6( Fucal- 2Gal61- 3G1lcNAc61- 3) Gal6- 4CGlc;
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that does not cause the destruction of an embryo, more particularly by a method that

20 does not cause the destruction of a human or mammalian embryo. As such, aspects of
the invention may be performed or put into practice by using cells that have not been
prepared exclusively by a method which necessarily involves the destruction of human or
animal 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

25 Enlarged Board of Appeal of the European Patent Office.

Differentiation of Undifferentiated Cells

Pluripotent stem cells may be induced to differentiate into a variety of different cell types.

For example, the pluripotent stem cells may be induced to differentiate into cardiac cells
30 (cardiomyocytes), hepatocytes, neural cells, cartilage (chondrocytes), muscle, fat

(adipocytes), bone (osteocytes) or other cells. The pluripotent stem cells may be induced

to form tissues such as epithelial tissues, mesoderm, endoderm, ectoderm or epidermis.

Methods of differentiating stem cells are known in the art and are described in for
35 example Itskovitz-Eldor (2000) and Graichen et al (2007) and may be used with IPSCs.
The cultured stem cells may also be used for the formation of embryoid bodies.
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conprise at |east four, at Ieast five, at least six, at |east seven, at
| east ei ghthe embryoid bodies may be further induced to differentiate into different lineages for

example by exposure to the appropriate induction factor or an environmental change.

15 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 um.

20 Differentiated cells may be employed for any suitable purpose, such as regenerative
therapy and cell transplantation as known in the art.

Glycans
The present inventors have developed methods of selecting candidate antibody

25 molecules based on their ability to bind glycans comprising Fuca1-2GalB1-3GIcNAc. The
abbreviated terminology used to describe these glycans is commonly understood in the
art. Thus such glycans comprise fucose (Fuc), galactose (Gal) and N-acetylglucosamine
residues (GIcNAc).

30 The IUPAC name for fucose is (3S,4R,5S,6S)-6-Methyltetrahydro-2H-pyran-2,3,4,5-
tetraol. The molecular formula of fucose is CsH120s. The chemical structure of fucose is

given in Figure 10A.

The IUPAC name for galactose is (25,3R,4S,5S,6R)-6-methyloltetrahydropyran-2,3,4,5-
35 tetrol. The molecular formula of galactose is CsH120s. The chemical structure of

galactose is given in Figure 10B.
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fifteen; tRety@lucbsaming Rgivinas FiguBl0d.ycans used in nethods of the present
I nvention may have a linear or a branched structure. In a linear glycan,

each Pesidue in the glycan chain is linked to not nore than two ot her
5r esi dues.n Additora el presaint avédtmeanévegammpeh waghofssingrylycangicaenpRisinBr anched

I d t hat , th
o1 yoan ondiE kP e R o REEaN S rp AatheR ao R R BRI e of
branched ¢$ yyeatxic.sFgtt@monenthEipcaseat lnvenmeba\@rdmelomélﬂlwsamgsmseNcanﬁ? met hods
of the prec%%hsuh@)*ﬁc?&'%fhl@?&@l&ﬁ?&‘é d%lﬁer%ném ﬁ%ﬁﬁoodg\gﬁab ﬁf&e or more

gl ycans are support (se ed to a
pol y@pt i deat is kewnttebinfPEDX ndsytatoxict hose whi ch are not attached to the
solid support or polypeptide. As it is not attached to the solid support,
the free end of a glycan can be bound by candi date anti hody nol ecules. In

sone errbodlr\‘?e'sﬁt’@“'iet?é'dfbr"@ém@?ﬂs ?rfa%}ycéﬁ?\lsdﬁq kpayh i e garelYSaNReor resi dues

whi ch are Eyaurﬁttéistnf Gr@adub@gy%. aycakysbnsist oflchaifls ymsawmprdéneegues
Fucal-2Ga t he f

1 t he f be.th I
resi due. Z'é‘f%'e ?’ﬁ?cﬁg&f C%‘%t?@hgﬁkg‘gg}‘ g@f\‘/%%'é?'a%?ﬁgucﬁi%eé( ae(%a? gﬁacfgarﬁﬁ%vm as a
free1énd tawohgasatcharddsamndicaeiohgdisteb.aGlydesytation ditbe eszyoatiy ptooessthatdinkne ot her
d . . bl :
resiaue | aé%h%g?%%’tg?g%qugé ?&g&% T){\eét;| y({ ng?naggjg a}ttgéﬂz;gdgghro'teﬁnsa ag fcose

resi due. _ fee en ose residue attached
to a gal adiysoproteins anderateegitrans oata ethercdganic malepulegsuchias dipigeovani ne resi due

in the fold.auag oaé@%mpuéaﬁggrgc&s&@réwabm is P@pXpct ose - N-acetyl
25gl ucosam ne. The N-acetyl glucosamine residue is attached to the

remai nder of the glycan. In sone enbodi nents candi date anti bodies bind to
the bpee amgednghidytahsist of O-glycosidic linkages of monosaccharide residues (also known as

O-linked glycans) or N-glycosidic linkages of monosaccharide residues (also known as N-
linked glycans). The process of N-linked and O-linked glycosylation has been well
studied in the art, see Protein Structure and Function®.

25 Briefly, almost all secreted and membrane-associated proteins of eukaryotic cells are
glycosylated, with oligosaccharides attached to the polypeptide chain at one or more
positions by either N- or O-glycosidic bonds. N-linked and O-linked glycans are
categorized by their method of glycan attachment. For N-linked glycans, the core in most
eukaryotes is the same, and derives from a larger preformed precursor,

30 Gic3Man3GIcNAc2. As the protein is being synthesized in the endoplasmic reticulum
(ER), the precursor is transferred to asparagine residues in the N-glycosylation sequence
NXS*?. To produce the mature oligosaccharides, the N-glycosylation core is first trimmed
in the ER and additional procesSing can then occur in the Golgi apparatus giving rise to
diverse complex sugars®. In contrast, O-linked glycans can have several different core

35 structures, usually attached through N-acetylgalactosamine to the side chain of serine or
threonine residues; these are extended by the addition of monosaccharide residues®.



Li near glycans may have one or two free ends. Branched gl ycans may have
one, two or nore than two free ends. Preferably branched gl ycans have two
free endswohhSAamees30enbodi nents the two or nore free epgdg/sehod/ odsanched
glycan are identical in structure, i.e they contain the same saccharide
resi dues arranged in the sane order. Pggferably the free ends of a branched
glycan are identical. Mst preferably each of the identical free ends has a
fucose residue as the free end termnal. Mst preferably each of the
identical free ends has a terminal fucose residue attached to a gal actose
residue a Sgl 1 : I ow ; der:
Fucose. (& ATl b 40 B REL A s s ledenE b R el

enbodi nentligkechgyaane. bvothasraspéats ¢heegiviansised ibmetiide of theypcesenkingention

i denti cal each free end contains different saccharide
resi dues o't]é}%étsﬁg&%g@cag%bstantl ally the same sacchari de residues but
arranged in a different order. Preferably 5at |east one of the free ends
has a fucqsgpxierasbith pRtalieN tn%manab fke€ BREariates B @b 88qlehye.at | east one of
the free ends has a free end term nal fucoSe residue attached to a

gal act ose residue and an N-acetyl glucosam ne residue in the follow ng
order: fuasipeantans ganaadily foungahmtmauofsmfa@eewénsghwamnmeproféeﬁ\iee br anches

in a branch gt e. .t he sane
nunmber of s&q\jggﬁ 9@@"'2%%@% ?Pdtrl??é h '%’F g’farﬂ'é%}e X'Banécﬁ?cgperﬂ? "f engt hs.
Li nkeé® endsoleclites, dlaltaslprcaamblyaaosnardnmp‘ortem ferrttige mlritmvwe _afsnssweesttuctlkegr_ end_
When gl ycap%%sﬂyeanﬂturft d 15to proteins the linker end is the end which is

attached cova 'y bonded) to the protein. When one or nore glycans
are |nnDb|I|sed on a solid support, e.g in a glycan array, then the |inker

end is th |F&‘F\s‘0’@éd3uh nheﬁh&fstoaﬁﬂeﬂeéeﬁt iaverﬁ.ewa &{&érxpmaa@d)xsis%omeorﬁpl id

support. The 't nker tached (e.g. covalently bonded) to a
spacer ol UBenstoogin ‘é‘ﬁ aﬁsa ﬁ?t?@@ﬁ'éﬂ'ef i fermed §"8P’i fyo &1 196t esidres BRlAaNns

conphk si ngiffedert rodGrd bhdthefd CNAc, 20the linker end is preferably the end
which is distal to the fucose resi due. Preferably both |inear and branched

gl ycans have a single linker end. In sone enbodi nents, branched gl ycans
have two dn prafereedfaspectegigsanandedinandthodsaf thenmesdnt mf/em-bla;e branched gl ycans

P?xﬁeﬁmgn}%?egoq%qr tgrgr?r&e Jh{b‘ég g&zcba?a%to-gg?Géngm IQ% et?lag(f&(!a@zg%qg at the
residues (GIcNAc). In more preferred embodiments the glycan comprises Fuca1-2Gal31-

20 3GIcNAc.

In some aspects the glycan comprises Fuca1-2GalR1-3GlcNAc. In preferred aspects the
glycan may comprise or consist of one or more of:
* Fuca1-2GalB1-3GIcNAcB1-3GalB1-4GlcB;
25 * Neu5Aca2-6GalB1-4GIcNAcB1-6(Fuca1-2GalB1-3GIcNAcB1-3)GalB-4Glc;
*  Fuca1-2Galp1-3GIcNACB;
- = Fuca1-2GalB1-3GIcNAcB1-3Galp1-4Glcp;
*  Fuca1-2Galp1-3GIcNAcB1-3GalNAc;
* Fuca1-2GalB1-3GIcNAcB1-3(GalB1-4GlcNAcB1-6)GalpB1-4Glc;
30 *  Fucal-2Galf1-3GIcNAcB1-3(GalB1-4(Fuca1-3)GIcNAcf1-6)GalB 1-4Gilc;
*  Fuca1-2GalB1-3GlcNAcB; or
»  Fucal-2Galf1-3GIcNAcf1-2Mana1-3(Fuca1-2GalB1-3GIcNAcB1-2Mana1-
6)ManB1-4GIcNAcB1-4GIcNACB;

35 In some embodiments glycans of the present invention may also comprise a spacer
molecule. Preferred spacer molecules are listed in Table 1.



Solid SUDDOrt In sone enbodi ments the glycans used in the nethods of the
present invention may be 30i nmobilised, i.e. held or attached, onto a solid
support. wheopahigh¢support can be any suitable naterial pig/9aRhG/o&syYCcans
can be attached. Exanples of preferred solid supports include glass slides,
multiwell plates or silicon thin-films82lls. Solid supports may be coated
with an appropriate material (e.g a matrix) to nmake them suitable for

bi ndi ng by gl ycans and/ or by spacer nol ecul es. Conveniently the solid
support conprises any 35suitable matrix such as agarose, acryl am de,

Sephar ose T i i ~at e such
as am crgétylls r%ggel?%%gee@rwgﬁ%% tﬁ?gé{%@ﬁﬁﬁ%*p%%ﬁ ?%s?srtlgf‘lgd\?gciry tﬁg{sol id
support may be Fucah2@alBt-8FichlAsht-8CRIEN-4aiifcPr&an be bound by gl ycans and/ or

spacer nol ecyl %UﬁAcqzl.éééfﬁﬂaﬁ’éﬁﬁ?«ﬁBpg(Fh D .élﬁ?—@élcﬂﬁgﬁh@)@iﬂ-h@lc%b@@prt by

bi ndi ng bet ween the can an e 5soli1d support. ycans may be
i mob® 1 i sed by FacabehERIRE36KBA§EwPAN to the solid support directly or

indirectly. Immbii-pSaABI-8BINACBNECERGCHpESpfohe gl ycan is attached to the

solid support via a_spacer nolecule (spacer nol ecul es are di scussed bel ow).
I n pref erred'e@6%1'%%%?%‘39%'@%&3@?'%@1écuI e is attached to the glycan at

the | ihnl(;er eﬂﬂ.Fubdm-ZKBélm-BG&N&bﬁﬁd((}HmedBlﬁN?tm-ﬁ)ml[ﬂpm]eSpm)l ecule is also
attached to ¢ SO | t. e, prefe e i t spacer

ol ecure 19t FAERECPBrBREN Bl e B Sy R ERV R TR SR o ¢ e
spaceéd nol ecul Eueald2@aip&86ENACE-SpArorsol i d support at a second end of the
spacer nol ecyl 5 Yhhi hO , W\~ 1181 d) v 1e | inker end
of the glycan ?gcﬁ%ﬁ%ﬁﬁ%b{c@ﬁ%hgQl\sllg{m?f?@h%%g%élg} ? ﬁ%ﬁ%kgl@glgg%f nol ecul e,

i .e. binding ofYand1AGIeNAIB)-458eNGESR29: | | nker end of the glycan and the

solid support. Preferably the solid support is suitable for immobilising
glycans. I n sone _enbodi nents 20t he solid support is coated with a materi al

capabl e of'VRAraFPK§epPioe asracsh Alseule 35 described Bclabis!- 1 n preferred
enbogis nents the solid support is coated with a nmaterial capable of formng

coval ent nds W th glycans, and/ or spagcer | ecules. I.n preferr

erbod: nentaPtoRaghS srd BN SPVeRRmERaEi FAECe ar RenekdBPFied s Phre ne
sol i d supds}, desmatioyikedratimt, cimod chitinboe ttvedresulphlatesgl ycan/ spacer nol ecul e and t he
solid support. 25 The material coating the solid support may be a matrix

conprising a reactive group capabl e of binding, e.g covalently bonding, a
group on tGl¢cagllenetn and/ or spacer nol ecul e. Most preferably, coval ent

bondbg 0GHHAs DEIIR Rt RPN pReYRRt IRVENtBE cathprfs@indt Y BranSRA @kingRF ecul es
and am no groups on the coating of the solid support.
at least three monosaccharide résidues. In some embodiments linear or branched
glycans may comprise at least four, at least five, at least six, at least seven, at least eight,
at least nine, at least ten, at least eleven, at least twelve, at least thirteen, at least
fourteen, at least fifteen, at least sixteen, at least seventeen, at least eighteen, at least
25 nineteen, at least twenty, at least twenty one, at least twenty two, at least twenty three, at
least twenty four, at least twenty five, at least twenty six, at least twenty seven, at least
twenty eight, at least twenty nine or at least thirty residues. In some embodiments
glycans may contain up to thirty five, forty, forty five, fifty, fifty five, sixty, sixty five or more
than sixty five monosaccharide residues.
30
In some embodiments the glycan chains contain less than sixty residues. Alternatively
the glycan chains contain less than fifty; forty five; forty; thirty five; thirty; twenty five,

twenty; fifteen; ten or five residues.

35 Linear and branched glycans.



Sui tabl e solid supports for inmmobilising glycans are well known in the art
and include NHS (N hydroxysuccini mde)- activated glass slides.

NHS- act i Wgbed1%1igtes | mmobi |l i se |igands contai ni ng am necgfsedes obyreégoval ent
attachnment of the am no group to the NHS-activated group to form an am de

| i nkage. dvcan array 41 In preferred3gnbodi nrents the solid support forns
part of a glycan array. G ycan arrays are well known in the art; see for
exanpl e Liang et al 2009. (Expert Rev Proteom cs. 2009 Dec; 6(6):631-45);

Bl i xt et a(klycaaaﬂéeduﬁ’mo?ﬁwthb@tés%ﬁ)mve;midu?ﬁ&@hﬂﬂé)s&)earbea bantkad s of which
are hereby r}cor porated by reference. 5 A glycan array conprises a solid
support or? Sh one or nore gl ycans have been imobilised (e.g. covalently
bonded), at separate |ocations. The glycans nay all have the sanme structure
or they : S

b |1 oau> A oBfh, Fac st hE'ofEln Sl Gt nol e e XA The
sol i d5 suppesidues0ir® %h@n'ewégHWFEUC?QWQW&W'WBBU@@@hﬁ glyennsidiffeecul es.

Bi ndi ng beﬁo%maa@waheﬂ%hawrew |nﬁ§e ARALES quélguy@amhtameeme Itked @6 Brdecst
directly or indirectly. Bind |"6ng bet ween anti body nol ecul es .and gl ycans can

be det ect éEPrEPF’@&EqSV“E%V?ﬁ@e’Q @&%P@GH&W@’P 'So'ﬁh°wf'§bF'9‘(r€ g. a fluorescent
marker or biotin) coupled to the antibody nolecule. Alternatively, binding
can be detFect ed indirectly by contacting the bound antibodies with a
secondar y H8&89Sh0dy coupied to a detectable marker. A preferred glycan
arrayoi s tdigcaps usddsid ngthyosiaf tierpagsept ioventienl may haveeorgoorswore ifreed érals. Funct i onal

G yoom s NS 0LA GO GSREH bn o Ll BIcp Bk Sbeelcl, SR8ty Y

of “natural' andl 6r S cans prin nm'croscope slides.
One or noraepoPepting; tihan thedfrae Mélaé%tha$%whtd@ié@ nopattdebeditorthg selid stiopelt e ons

wher e Dbi ”;H Qge&ﬁtewﬁgq id ﬁﬂgQEMQ§ i %fpp@ﬁntﬂé flad @n@@ftd @%éé'n%%n pay occur.

The slide hen was renmove un anti bodi es. di ng bet ween

gl ycans arheuaghby ersdidate aniiberyt raglequles. pserae empodigents|the,fiee enpaayeanta)

ant i podi eshagifcanaBsidsd Adedlids vifishodie Bouhdblt dapgidaantivaged W th fl uorescent
reagents (e.g. Alexa Fluor dyes). Binding between the antibody nolecul es

25and secondary anti bodies is then detected using a scanner (e.g

Pr oScanAr rlmylymmbmbhsmg)Fat&ﬂemalrEmBGlsNAQ tspied erd may bdthaf tlosestodhat

reagent. ucosgré/ a0 array may i nclude at | east one positive and at | east
one negati Ve mtrol. In some enbodinents the gl ycan array may al so incl ude
at | east one background control. 30The use of positive, negative and

backgé OUNGHE A SaccRarter8¥dud & tﬁﬁréreheﬂﬂgégﬂ kfdwhhiR dfde erﬁ &R xe control

i's known to glveangigatlve resul tive contr nmay_be a nol ecul e
whi ch is Kersiel peacharislegpsidueis onlyayndhislase residue &t thggivgan- yF"teFPéatH!égatu ve

control W&Nei?&ﬁd&éﬁnﬁﬁalﬁya Fu'&@s@r'é?sn@ﬁ'é?eMQit p?ef&*alél‘}@ﬁbﬂ?éé@lﬂtb%nﬁé]% solid
support, i there is not for a c gl dat e %ﬂtlb % to bi nd. The

posi tive cf‘c'ﬁ??? bqs'dé‘Sﬁft?‘F'T‘FE e ﬁ&?'a{" ge resjdye which dsaach FeYlexperi ment
wer e abl e gluzosdnifé eicae otk FolloRing@sddri fucoBegteproinal) | yalactostt-\vhcatply be a

o egy le, g?dcgéan?ingl '}lr?ealqlacc\mf g(ilpcolsgmljﬁg(?ggﬂdue is attacﬁeé1 E) tﬁe remalrgj er tlhgCUI €. 42

glycan. In some embodiments candidate antibodies bind to the free end terminal.

Linear glycans may have one or two free ends. Branched glycans may have one, two or
more than two free ends. Preferably branched glycans have two free ends. In some
30 embodiments the two or more free ends of a branched glycan are identical in structure,
i.e they contain the same saccharide residues arranged in the same order. Preferably the
free ends of a branched glycan are identical. Most preferably each of the identical free
ends has a fucose residue as the free end terminal. Most preferably each of the identical
free ends has a terminal fucose residue attached to a galactose residue and an N-acetyl
35 glucosamine residue in the following order: fucose (terminal) - galactose - N-acetyl

glucosamine.



The gl ycans immbilised on the array preferably have different structures.
Preferably sonme or all of the glycans conprise Fucal-2Gal 111-3d cNAc. The
gl ycans usedoizwitgve array may be |linear and and/ or branebedcginomans2: 5

Al ternative nmethods for screening glycans, other than printed glycan arrays
are also known in the art. For exanpl ed9ELI SA-based m croplate arrays. Core
fucose 10l n sone enbodi nents the gl ycans used in nethods of the present

i nvention do not contain a core fucose. By core fucose we nean a fucose
residue |located at or near the linker end of the glycan. The core fucose is

di sti nct flﬁgmeﬁeﬁn ng&?ﬁ@m@% %%rln%é‘h (?eﬁ’&s &fla%rél‘ﬁ:rh% Biptar 4r& BofiBehtih: ik he

glycan | n sone enbodi nent core fucose i s a c0se residue | ocated at
the |i nkerstpigrepf.etaaeh @'P?é%coﬂta'ﬁs difierentsapehasipe residugser e SBMB O i nker end i s

15a fucosesub%hﬁanﬁmeléanfecsaecr@a‘aaehsmeé §uttd?|%n§éHiﬂafdmé?§rﬂ order APfefsranly resn due
| ocat ed near, | hin a few resi dues, of the term nal &L’Sj%%{%

| i nkeP encPtJﬁaSE‘Pf@ let'%féﬁ? endg hag giucese ERSidHE A e tRENiRg| sacqhat Te%C at ed

wi f:l hi ][1 OE%tWasﬂ&’feEbf(ﬂ‘fe f?eehe?nds‘ﬁgs EJreSSnatecrirﬁg\anuc&re réélduecstiadhestol ht he |inker
end of the can W t ho i.n oun t at a core

f ucose carg""igar‘?iloéﬂ%ﬁj evﬁ"f’r?"th"ﬁ%q%ﬂ&%(‘}?satnﬂge g%%ﬁﬁ" tﬁ%fc\ﬂe‘gmggme 4ei550rt and/ or
bi ndi ng of(terinimatyl galactose- Niaeetpirgludosatyinenl| ecul e. Optionally, the glycans
used in nmethods of the present invention do not include:

Fucal- 2Gal161- 3GLcNAc61- 2Manal- 3( Fucal- 2Gal61- 3G cNAc61- 2Manal-
256) WBn61 ﬂ@lhtambeama( irranched @lycar AR bg thegrame length (i.e. they may contain the

Fucal-2Galg N%@tﬂueéﬁrﬁﬂe%ﬂan%?aéﬁtﬁeﬁﬁ%N@%ﬁf@re%mnétﬁs
6) Man81- 4G GNA061 4 ucal 6) G cNAcI 3- Sp22. Spacer nol ecul es” 30d ycans nmay

be indirectly imobilised on the solid support using a spacer nolecule. A
spacer rmILqmdé}gndgay be any suitabl e nol ecul e capabl e of binding both the

I f bl h h
ot oon R gnafy BEEH snd RS Ye TR Mo TR GHERE e SRR ol i
suppast byo bmtesmsmgemmmleemts the adkswhich I3 dttaehegll (yxgamvateh&;cbdreleaﬂd tlee sui t abl e

0l 14 SUPROLLn whin SHE B ABICSAEINANE b4 L3k A 203PL Byl DI Nl o

t he gl ycar{) rou and & seco
bi ndi ng t raerasdherdﬂ@ljlppelrelndeﬁ the enthwbighy is aitavmde(ﬁtg benadtintly borrledf f@rtafbwldt he

spacer molgeulEe fﬂ%w.nteﬁ dhd Wy (R arBR (@&Ma@nwg&degfﬂb%fﬁ%{:&qnﬁmr

mol ecul es are those s Ta e or nore acers mol ecul e may be

used to atWhdvis atiaghed tgthgsolicsuppert s@lg'ﬂa%?ﬂj@}?rts'ngﬁﬁléakﬁﬁé'@ﬂ -S3ENACl e i s

attaghed ttRe fifker SAd/is Preférhblly R dridvefich i altal BB TUCEESTe8iAnet at ed as the ' Sp’
end). In sone enbodi nents a spacer nolecule is not used to attach the

glycan to the solid support and the |linker end where the glycan is attached
directly troefefublydnith theat@pbiiranched glycans have a single linker end. In some

embodiments, branched glycans have two or more free ends and one linker end.
Preferably, branched glycans have two free ends and one linker end

25
The terminal saccharide at the linker end is the linker end terminal.

Solid support
In some embodiments the glycans used in the methods of the present invention may be

30 immobilised, i.e. held or attached, onto a solid support. The solid support can be any
suitable material to which glycans can be attached. Examples of preferred solid supports
include glass slides, multiwell plates or silicon thin-film cells. Solid supports may be
coated with an appropriate material (e.g a matrix) to make them suitable for binding by
glycans and/or by spacer molecules. Conveniently the solid support comprises any

35 suitable matrix such as agarose, acrylamide, Sepharose™ or Sephadex™. The solid
support may be a solid substrate such as a microtitre plate or chip, or a column.



10 Synthetic glycans may be manufactured to incorporate a spacer nolecule.
@ ycans with an incorporated spacer nolecule can then be bound to a solid
support byothe/apmeer nol ecul e. 15Table 1 Code Spacer nplCEsG2e115pide2

- CH2CH2NH2 Sp8 - CH2CH2CH2NH2 Sp9 - CH2CH2CH2CH2CH2NH2 Sp10 - NHCOCH2NH Sp11
- OCH2C6H4- p- NHCOCH2NH Spl12 Aspar agi ne 813 d yci ne Spl4 Threoni ne

10

15

20

25

30

35

Alternatively the solid support may be formed from a material which can be bound by

glycans and/or spacer molecules.

Glycans may be immobilised on the solid support by binding between the glycan and the
solid support. Glycans may be immobilised by attaching the glycan to the solid support

directly or indirectly.

Immobilisation is indirect when the glycan is attached to the solid support via a spacer
molecule (spacer molecules are discussed below). In preferred embodiments the spacer
molecule is attached to the glycan at the linker end. In more preferred embodiments the
spacer molecule is also attached to the solid support. In more preferred embodiments
the spacer molecule is attached to the linker end of the glycan at a first end of the spacer
molecule and attached to the solid support at a second end of the spacer molecule.

Immobilisation of a glycan is direct when the linker end of the glycan is attached to the
solid support without a spacer molecule, i.e. binding occurs directly between the linker

end of the glycan and the solid support.

Preferably the solid support is suitable for immobilising glycans. In some embodiments
the solid support is coated with a material capable of binding glycans and/or spacer
molecules. In preferred embodiments the solid support is coated with a material capable
of forming covalent bonds with glycans and/or spacer molecules. In preferred
embodiments the glycans and/or spacer molecules are immobilised on the solid support
by covalent bonds between the glycan/spacer molecule and the solid support.

The material coating the solid support may be a matrix comprising a reactive group
capable of binding, e.g covalently bonding, a group on the glycan and/or spacer
molecule. Most preferably, covalent bonding occurs between amino groups on the glycan
and/or spacer molecules and amino groups on the coating of the solid support.

Suitable solid supports for immobilising glycans are well known in the art and include
NHS (N-hydroxysuccinimide)- activated glass slides. NHS-activated slides immobilise
ligands containing amino groups by covalent attachment of the amino group to the NHS-

activated group to form an amide linkage.

Glycan array



Spl5 Serine Spl6 - PNP(OC6HANH2) Spl7 - OCH2C6HANH2 Sp18 -0(C F12) 3N HC 0(C
F12) 5N H2 Spl19 EN or NK Sp20 GENR Sp21 -N(C HO 0-(C H2)2-N H2 Sp22 NST
MDPLys Mweolkoimifei G nb- (CH2) 4NH2 EN or NK = ami no aci ¢eTSGao1Bpozand Asn
(N), where the glycan is linked to Asn NST = am no acids Asn (N), Ser (S)
and Thr (T), where the glycan is linkedlto Asn PNP= p-nitrophenol GENR =
amno acids dy (G, du (E), Asn (N, Arg (R, where the glycan is |inked
to Asn Measurenent of binding between anti body nol ecul es and gl vcans
In preferred embodiments the solid support forms part of a glycan array. Glycan arrays

are well known in the art; see for example Liang et al 2009. (Expert Rev Proteomics.
2009 Dec;6(6):631-45); Blixt et al. 2004 (PNAS 2004 101(49): pp17033-17038) the
contents of which are hereby incorporated by reference.

A glycan array comprises a solid support on which one or more glycans have been
immobilised (e.g. covalently bonded), at separate locations. The glycans may all have
the same structure or they may have one or more different structures. Briefly, glycans
immobilised on a solid support are contacted with antibody molecules. The solid support
10 is then washed to remove any unbound antibody molecules. Binding between antibody
molecules and glycans can then be detected directly or indirectly. Binding between
antibody molecules and glycans can be detected directly using a detectable marker or
‘tag’ (e.g. a fluorescent marker or biotin) coupled to the antibody molecule. Alternatively,
binding can be detected indirectly by contacting the bound antibodies with a secondary

15 antibody coupled to a detectable marker.

A preferred glycan array is the printed glycan array provided by the Consortium for
Functional Glycomics (www.functionalglycomics.org). The printed array uses a library of
natural and/or synthetic glycans printed on to glass microscope slides. One or more

20 candidate antibodies are added to the array in conditions where binding between the
glycans and the candidate antibodies may occur. The slides are then washed to remove
unbound antibodies. Binding between glycans and antibodies is detected indirectly as
follows: The bound antibodies are contacted with secondary antibodies tagged with
fluorescent reagents (e.g. Alexa Fluor dyes). Binding between the antibody molecules

25 and secondary antibodies is then detected using a scanner (e.g ProScanArray scanner)

to detect emission spectra of the fluorescent reagent.

The glycan array may include at least one positive and at least one negative control. In
some embodiments the glycan array may also include at least one background control.
30 The use of positive, negative and background controls in arrays is well known in the art.
A negative control is known to give a negative result. The negative control may be a
molecule which is known not to bind antibody molecules. Alternatively the negative
control may be created by the absence of a glycan bound to the solid support, i.e, so
there is nothing for a candidate antibody to bind. The positive control confirms that the
35 basic conditions of the experiment were able to produce a positive result. The positive

control may be a molecule, e.g. a glycan, which is known to bind an antibody molecule.



Bi ndi ng between anti body nol ecul es and gl ycans may be neasured by any
sui tabl e net hod. For exanple, binding may be neasured indirectly or
di rectly,woshi@misgeondary 20anti bodi es or detectabl e t aggTRS20685663cPed
above. Methods for detecting binding between anti body nol ecul es and gl ycans
are described in Essentials of Gycobigtogy. 44 Relative bindina In sone
enbodi nents, nethods of the present invention may require the determ nation
of the relative binding between anti body nol ecul es and gl ycans. The
relative binding value 5is calculated by (a) determ ning the binding
bet ween a nt | I ' M4yl he bi ndi ng
bet ween a 1tse Caﬁ Wr#%oﬁ%eg% ﬁﬁ%tgdﬁg%geﬁ%ﬁ{) Iﬂggg%%er%%%gﬁu?%c)#P%:fgl%g&ri ng the
val ue of (smnetap all Ioéthealynmaﬁon(m}?e Fagodf2Babl-§GicNacy dheglyedns(ugyd indheli vi ded by
t he val ue h tdi i nding value. Alternatively the
val ue of (ﬁayi("?y qmggﬂ%d;ﬁgsﬁaﬁ% d%g?? Alternatively the ratio of
bindifhg in (a) and the blndlng in 10(b) may be cal culated to produce the
relative bifecidige Malhdas fofScrbeify §!carnbeotﬁ@ttmmprmfteoqg¢c@ulaway§lﬂetam relative

|

bi ndi ng val ue i s kept constant he relativ ndi ng val ue can be used
as a conpd"P¥BIn e aﬂh@%‘?’ﬁ‘mpﬂ?gEb%\%@ﬁ"ﬂ?'?’?@?‘@ﬂ“&ﬁt| body mol ecul es and
glycans. The rel ative binding value can be used to conpare the 15 bi ndi ng
of the sane a ti body nolecule to different glycans, or to conpare the

bi ndi ng oﬂi%%ngﬁ%e glycan to different antibody nolecules. In particular

t he nel at ilnsoré edibndimeatsiiiee glgcanb @serbiadndtioodsrud thegiresentinderdiab doanti body

mol ecul es i, ?6 Q%cBQé téﬂ:ﬂ %ch?les\;vé ﬁ{&h%fﬁ&sg'réfs‘m}%ﬁo%aﬁé&'

enbodi ment’s ne atl ve bi ndi ng
of the gl yioker Q&\d@f ttletgd}@tan ahhe ¢avelfucass 'é@lﬂtl@Cttfrgntm@lCmfﬁGS'ﬁ@e bﬁatﬁqﬁét thyeycan and

a non-cyt %r‘?rﬁhé? frgggﬁ%mhhé‘el‘y% ARbe ShbBBhRAlY!tRe céie Fuco8dRFTucsard sel ecting

as a candi date an ant nol ecule with a relative binding val ue above a
pr e- det er rFEFige @%ﬁt%at tQ%BP"ieé?’I'%pfﬂl"%g'écac"hbe ?hélt%{m"i?é’%idl‘fﬁlah@e ligkef nd i at ed by

(?) dst eE[)HfOléd? rbdigt. ngsggégpﬂad.gh{atsmﬁa b({?ﬁﬂmoé@is%qudgﬁeb@éldl%ég(ﬁﬁddand a
can; et er ni l. I N et wee OoXIl C | I N
O by el ok g o ebidl e 6t R e S S e e e Al BF () by

t he val ue safme(embddimegntsoitia ceretftmse & latatedwithimdnengr marewé2, 3@l 5, 63n& 9,
enbodi nent I p of conparing the relative binding
of the gl T of B b B b RPAE

ecule to the binding of the glycan and
a cytotoxi c PODXL-bi nding anti body nol ecul e, e.g. mAb84, and selecting as a

cand géat € \Rith [‘Bél{?dljgé(unﬁ%gr G rfw%ﬁlhav@ tﬂa@b%uewec&\e%gh ﬂﬂerl‘é?é Weh BRANE of

pre- eternln ere relative binding i1s cal cul ated by
(a) det er HheMeANIP e $oYd Bé‘tﬁﬁgéﬁd{OﬁBmﬁ'ﬁS PB‘BG@'V%‘P todhe é"tl?éphﬁwleégﬁed and a
gl ycan; (b) determ ning binding between the 45

Optionally, the glycans used in methods of the present invention do not include:
s Fuca1-2GalB1-3GIcNAcB1-2Mana1-3(Fuca1-2GalB1-3GIcNAcB1-2Mana1-
25 6)Manp1-4GIcNAcB1-4(Fuca1-6)GIcNACR; or,
»  Fucal-2GalB1-3GIcNAcB1-2Mana1-3(Fuca1-2Galp1-3GIcNAcB1-2Mana-
6)Manp1-4GlcNAcB1-4(Fuca1-6)GIcNAcB-Sp22.

Spacer molecules
30 Glycans may be indirectly immobilised on the solid support using a spacer molecule. A

spacer molecule may be any suitable molecule capable of binding both the glycan and
the solid support. Preferably such molecules have an amino group. More preferably
such molecules are able to bind the glycan and solid support by forming covalent bonds
with the glycan molecule and a suitable solid support.

35



cyt ot oxi ¢ PODXL- bi ndi ng anti body nol ecul e and the sane gl ycan and (c)
dividing the value of (a) by the value of (b) to produce the relative

bi ndi ng wWgbug12/d1ls750Me enbodi nents, the step of determ prgcBifidosrgz bet ween
t he non-cyt ot oxi ¢ 5PCODXL- bi ndi ng anti body nol ecul e and the glycan, or

bet ween the cytotoxi c PODXL- binding a#si body nol ecul e and the glycan, is
carried out only once. This value can then be used as a reference, against
whi ch the test antibody nol ecul e gl ycan-bi ndi ng val ues can be conpared to
produce t gucheladcules nizyricive g fivst enidcapbblerof pimding thieeglyaanbedi thengk cowllent | ve

bi nding i | [ o[, 1Dy e | ank )

cont acti TS 4h b 35D s sBRious b PR B shIdubon 28 RuGh ERerk

2Gal f 11- 3Gboding.; Piefgrakly therspacesrmepléniufednayghdvetone n moreeanine gkevds. nol ecul e and
the gl ycan 15conprising Fucal-2Gl f11-3G cNAc; followed by: iii) contacting
a non-cytotoxi c PODXL-binding nolecule with a glycan conpri sing

Fucal5 2GaPraferrsdsrageg molegylegiaredhagershayn bl Tablnl; B8e arrapretsRacai® AEgHBt oxi ¢
PODXL- bi ngjohe? 8B 1& SR BBl gl & 18 k¥CsHRd g@@mt ShBGpuss mbteda lsldilacREd CNAC;
and/or v) contacting a _c%/t ot oxi ¢ PODXL- bi ndi n% mol.ecule with a glycan
conpri si nd® ﬁl?c%ﬁ?QégﬁhPi'ﬂ-eij‘@m&et'V‘Pf agataipd AR INegSHieAM: g SBBEween” t he

cyt ot oxi c difadimdnmsdlsprgenmblecuié B ndbased tb Akad) tHié giycarodniid $ilidGupport and

Fucal-2Gall1l11-3G cNAc. |.n sone.enpodi pent t hod includes the step of
sel ecti ng][é%“l'gﬁf?%rﬁh]ee‘iWB 'sré{%cﬁeg‘{@rercix @?ﬁ%g‘ﬁ'ﬂi%‘? equal to or
greater than that of a cytotoxic PODXL-binding anti body nol ecule as a
candi dat e o)'d | . | et hod
"l udes. (HETEPERY G2 Myt NarlRecki & pclipd e SRR RARALE Wifea BTV

bi ndi ng ofandacosporated epacenwmsleciia camthen e bawrd ioya solid RURPORGDE $Rageli ng

anti body npdisssl. e as a candidate cytotoxic antibody nol ecule. In sone
enbodi nents the anti body nol ecul e sel ected as a candi date cytotoxic

anti body nol ecul e may have a 35rel ative binding of 40, 50, 50, 70, 80, 90,

100, 1950, 1#8le 1 o050 300 350 400 450_ 500 550600 650 700750 800,
850, 900 058°8% 1400 or npre times th3RAGSF maleculs, ) |

Sp0 -CH,CH,NH,

Sp8 -CH20H2CH2NH2

Sp9 'CH20H20H2CH2CH2NH2

Sp10 -NHCOCH,NH

Sp11 -OCH,C¢H4-p-NHCOCH,NH

Sp12 Asparagine

Sp13 Glycine

Sp14 Threonine

Sp15 Serine

Sp16 -PNP(OC¢H4NH,)

Sp17 -OCH2C5H4NH2

Sp18 -O(CH_)sNHCO(CH,)sNH,

Sp19 EN or NK

Sp20 GENR

Sp21 -N(CH,)-O-(CH,),-NH,

Sp22 NST

MDPLys Mur-L-Ala-D-iGInb-(CH,)sNH,

EN or NK = amino acids Glu (E) and Asn (N), where the glycan is linked to Asn

NST = amino acids Asn (N), Ser (S) and Thr (T), where the glycan is linked to Asn

PNP= p-nitrophenol

GENR = amino acids Gly (G), Glu (E), Asn (N), Arg (R), where the glycan is linked to Asn

Measurement of binding between antibody molecules and glycans
Binding between antibody molecules and glycans may be measured by any suitable

method. For example, binding may be measured indirectly or directly, using secondary
20 antibodies or detectable tags as described above. Methods for detecting binding between

antibody molecules and glycans are described in Essentials of Glycobiology.



46 cyt ot oxi ¢ PODXL- bi ndi ng anti body nol ecule. In sone enbodi nents the

anti body nol ecul e sel ected as a candi date cytotoxic antibody nol ecul e may
have a revetixiid7adi ng of 1500, 2000, 2500, 3000, 3500pC#30301146602 5000,
5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500 or 10000 or nore times
that of the non-cytotoxic PODXL- 5bi ndéhg anti body nol ecule. In sone
enbodi nents the non-cyt ot oxi ¢ PODXL- bi ndi ng anti body nol ecul e may be
replaced in the nmethod by any antibody with a known binding intensity to a
gl ycan conprising Fucal-2Gall11l-3G cNAc. The binding intensity is known if
it has be Ia"tﬁ‘ernﬁ}ﬁ ously neasured. Such an antibody is capable of acting
as a cont whi ch the binding of candi date anti body nol ecules to
t he gl ycarn é&'ﬁe pmbedimeaisemethyz el theerefent fryantiondnapreguirsibe defepnipaticdfect i ng

an anti bogye FQPJtﬁ&Hﬂn@nnB%&M’éﬁn @nf] &Jd@HoY&uiéb BAY Bgcéﬁs We@élaﬁ‘@fﬂﬂ\didg%ﬁjet hat of
the contral antibody | ecul e as candi dat e cytotoxic anti body nol ecul e.

In sovre erbeRiFRAT EY ﬁ)lgetﬁﬁ'f“f‘ﬁgéﬂﬁ W"&:?ﬁtﬂe%‘b’l’ Q%E ibgdy molegHaAabfe cyt ot oxi c
15ant i bodygly¥ah.q6Ldeterivind e BindingBetideviaa deicoitt agibody hblecdi® andthe sdhe 80, 90,

100, 150, 50, 30 350, 4 450, 500 5 50, 7 750, 800,
850, 900, 93@6"‘6%) 'B?*hﬁrdﬁ"@e°?$?%§°‘gﬁé(?'”?)f’fﬁbﬁeg"&{%’ﬁ%?ﬂhea’ﬁ”e gg@'snol ecul e.
I n sonme erdomiadrmnhsvahhmofe(bxtlolpmﬂpcemieeelatne i vadck. aSteanativelyltheaialie®ft ot oxi ¢

3500, abodD) 5 ElyBa BBty RUE f b SisBtymifie R B8 o biod i BrveriEise B8R ¥ g0oo,
95001%r 1db00aybe calcuated MOQWaﬁhmlaElVﬁablwm valle.ant i body nol ecul e. Absol ute

binding 1In sonme enbodi nents a calculation of the relative binding is not
needed. I n such 25enbodi nents anti body nol ecul es whi ch bind the qucan nost

strongly disdongasshe aethed of saanliatinadhe (iadive Rinding Naiue isckerheanstant &en? of er abl vy

candi date raawettm%g"@lman% L@é@a§ﬁ|c6ﬁab@r¢oh@$fh€ biHdirghRtidendiifigeriet ween t he
anti body nol ecul e an

f
Fucal- 2GaPPYR0% @qlegy %S aﬁﬂﬁgfc?'? g et iine ‘@g‘tﬂy g’emsﬁgp‘%rn‘lgfs"\‘f’é?%‘é‘e 30 In
sone1®nbodiningt o theesathetaitibodynholbadey tordiffezentlgysars, er eomphredhé binding of anpl e

cont ai nin h val ue.
I n prefer?rédgagn @&éanqgs Xfe{gﬁ&ag'@lénﬁf @g%?’)ﬁ?al ng ﬁglrjlgr EZ‘%&%%%@S}SB‘%M

ant i body mah be ubed to indicatencandistatepdrdibedy moleciiel whictebing partioarty stienglis taly

nol ecul e. her enbodi nents the top 0.1% 0.5% 1% 2% 3% 4% 5% 15%
20% 25% gr 3 % of antibody nolecules in a sanpl e are sel ected as candidate
cytotoxic antibody nolecules. 5Binding affinity

20 In some embodiments methods may include the step of comparing the relative binding of

the glycan and a test antibody molecule to the binding of the glycan and a non-cytotoxic
PODXL-binding antibody molecule, e.g. mAb85, and selecting as a candidate an antibody

molecule with a relative binding value above a pre-determined value.

25 Briefly, here the relative binding is calculated by (a) determining binding between the
antibody molecule being tested and a glycan; (b) determining binding between the non-
cytotoxic PODXL-binding antibody molecule and the same glycan and (c) dividing the
value of (a) by the value of (b) to produce the relative binding value.

30 In some embodiments methods may include the step of comparing the relative binding of
the glycan and a test antibody molecule to the binding of the glycan and a cytotoxic
PODXL-binding antibody molecule, e.g. mAb84, and selecting as a candidate an antibody
molecule with a relative binding value above a pre-determined value.

35 Briefly, here the relative binding is calculated by (a) determining binding between the
antibody molecule being tested and a glycan; (b) determining bihding between the



As is commonly known in the art, the strength (of affinity) with which an
anti body nol ecule binds an epitope is called its binding affinity. Affinity
can be gqugphiid@resARY determ ning an associ ati on const anpctKg20Blobexds f or
determ ning the binding affinity between an anti body and an epitope are
well known in the art. See, for exanpl 5 10Essentials of d ycobiol ogy3l.
The Kd (dissociation constant) indicates the strength of binding between an
anti body (A) and epitope (B) in ternms of how easy it is to separate the
conpl ex ARytotdwic BODEDginding fantitseely iImatebufeganiddhewsane glyeancar@ (o) dividibgthe bal ance
bet ween AB_( ant.i d .t t anti body not bound to
epi t ope). eOf gé%g%{qeg\gas opf(@athLOng\?re?hte ,gr gg{vae?) 'gt{r}%e\(%ljlfzft ion: k1l (rate of

di ssoci ation) AB ---> A+B k2 (rate of association) A+B --->AB At

eqUI | ' br' ﬂg‘s?jﬁgbﬁﬁhi Iﬁ%&\é% {l;ll@]s}a_p) Pt'eﬁmﬁiﬁ bR@m&%Hé%’ﬂgﬁéin&rpcyt&gmé kl = [A] [ Bl

he sna e stronger bi ndi_n etween

and 55 Th@%@ébéinamg@nﬂ@@ngtomﬂemd thesgvieani Wetéﬁ'f\t%ﬁnlfb‘éicﬂﬂ'@x'af’ﬂ
constant) Hisdidduhtibbsehbieslicbsbme! %amns é‘é?ﬁ&{é\ﬂfongroﬂ% pTIQ§aélué)¢f:arKDén The

affinity constant is a neasure o he affinity 25of tp( apti body for the
epi t ope. ﬂ?éJ*aﬁgéﬁefFW@cmgeaﬁwlcnﬁ@tesse ARILGRY MofFEuIgioaRR: YRS YERFE A and B
Kits Kdah De@bmbbedis prodide the velitive Bindigwaiuec! ude at | east one gl ycan

conpri sing Fucal-2Gallll- 303G cNAc. The kit may include a solid support to
whi ch the glycan(s) are attached, as described above. Kits of the present

i nvenoi on Inpyefertesicenbuodinaids eiativebinding & caldutated wingoaneain meredf the follogings a
control m)% (‘sul e. Preferably the nol ecule provides a positive control, i.e
t he nol ecu Is known to bind to a glycan conprising Fucal-2Gall111- 3G cNAC
and so will proviidle a ®Biaetngthe antihedymolecnle withanglycanspmarigng beasite positi ve
control is the mAb 84 miifpedignadhe control nol ecul e can be any nol ecul e

whi ch is known to bind a glycan conprising Fucal- 48
i) determining binding between the antibody molecule and the glycan
15 comprising Fuca1-2Gal1-3GIcNAc;

followed by:
iii) contacting a non-cytotoxic PODXL-binding molecule with a glycan
comprising Fuca1-2Gal1-3GIcNAc;
iv) determining binding between the non-cytotoxic PODXL-binding
20 molecule and the glycan comprising Fuca1-2Gal31-3GIcNAc;
and/or
v) contacting a cytotoxic PODXL-binding molecule with a glycan
comprising Fuca1-2GalR1-3GIcNAc;
vi) determining binding between the cytotoxic PODXL-binding molecule
25 and the glycan comprising Fuca1-2GalR31-3GIcNAc.

In some embodiments the method includes the step of selecting an antibody molecule
having a relative binding equal to or greater than that of a cytotoxic PODXL-binding
antibody molecule as a candidate cytotoxic antibody molecule.

30

' In some embodiments the method includes the step of selecting an antibody molecule

having a relative binding of 30 or more times that of the non-cytotoxic PODXL-binding
antibody molecule as a candidate cytotoxic antibody molecule. In some embodiments the
antibody molecule selected as a candidate cytotoxic antibody molecule may have a

35 relative binding of 40, 50, 50, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500,
550, 600, 650, 700, 750, 800, 850, 900, 950 or 1000 or more times that of the non-



2CGal B1-3G@ cNAc wth a known binding intensity. By known binding intensity
we nean that the binding between the control nolecule and the gl ycan has
been est abbizetradis76i ts may al so i ncl ude one or nopre nonPCYISGRENI06026DNt I Ol
nol ecul es. These may be 5npl ecul es which are known to be non-cytotoxic and
to bind glycans conprising Fucal- 2Gal481-3GIcNAc with a relative binding
of less than 500. Alternatively they nmay bind with a rel ative bindi ng of

| ess than 400, 300, 200, 100, 50 or 10. By conparing the binding of the
non- cyt ot vtatoxioP@P¥L-birgIng antikodymabledus. dagane gmbodimentsdeganibpdcul e,

ant i body 1Rbie&id Ssiect é’@céﬁlldna@ﬁﬂj%tm& Eﬁllbgbﬁﬁ#o@hm&ﬁ% hawes § rlhthangl y than a

non- cyt ot oxi c contro Oas candi aw&ﬁ) g toxi c _activity against
an undi f f etirding ¢ft1680.2009.i 3590 300533084, ‘&qol' 45000 ARV, §5QQ BPOQWEPRG, 789%r esses
PCDXL. An %%818000, 5002900009500 511050 orGRGYE tifles it BEME Roh-BytblaRic IPEEHKL-ant | body
described in WO 2007/ 102787. 15 Kits may al so include a further agent that

det ecPs bl%’lﬂ%a’ﬁ'g?%@ﬂ'e?%% gl ycan and an antibody nol ecul e. Preferably the
further agent is a labelled secondary antibody nol ecul e. 20Fornul ating

phar maceut, | cal | S osi ti.ons t xi ¢ _anti body

ol ecul os, h #8ar SrERSmEI B B P ROBK R EOTT R S me 8k Be Mhvent: on
may be forraplhe&dedthermethpdlmy atucaarlmt)odyakntrya lsrmfnmmdrmptesswltoas;]ycam addition to
the steps d A . t her

compr i so; ety PESRASAE EINAET TRELRliRg iRy BRABRAT 1TRY bEHY | 0,

sel edPed mfe\mm@a;u@w&unh an pntamdweq;paldapf @ctla@éeptcabtr@ agaipstiwdich adj uvant

or dil uentgpe &h@ng (apaanerd%{eednal%ay m&gwuésio kHe leamlaﬁbé e&hﬁé BRarRidtRe of a
phar maceut i cal nposSI tron or di canent suit for t er ap eutic use.
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??GI ycan Siordllfiﬁdﬂé ePedihat @k&ﬁ@écbrh@darﬂuaddy rﬂﬂéﬁﬂ@ﬁi & dantid1g cytbtasie antibodiPAC
nternatio

i on of Pure Ag C@em str ?4 tur nd

Synbol 5. JBReE 0 3amBIemEBLEA: af SMSPGTVIEBUP oF BUSS £ SRR TIE PP ECor
Chemjﬁal trbnrdylmﬁlemm may &ue_oherelauvé hiRdiag BE4D) I30E500 Z0,i 80N 8B 41.00 SEH®, 2060
VWAL | Upac. 3733004 3561800 SED; 50d, 556,%90, 650, 700, 750, 800, 850, 900, 950 or 1000 or

more times that of the control antibody molecule. In some embodiments the antibody

molecule selected as a candidate cytotoxic antibody molecule may have a relative

binding of 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000,

20 7500, 8000, 8500, 9000, 9500 or 10000 or more times that of the control antibody

molecule.

Absolute binding

In some embodiments a calculation of the relative binding is not needed. In such

25 embodiments antibody molecules which bind the glycan most strongly are selected as
candidate cytotoxic antibody molecules. Preferably candidate antibody molecules are
selected based on the binding between the antibody molecule and a glycan or an array of
glycans comprising Fuca1-2GalR1-3GIcNAc. This is known as the absolute binding

value.

30
in some embodiments candidate antibody molecules are selected from a sample
containing such antibody molecules based on their absolute binding value. In preferred
embodiments the sample contains more than one different antibody molecule.

35 In preferred embodiments methods of the present invention comprise selecting an

antibody molecule having an absolute binding value in the top 10% of antibody molecules



N- Acet yl hexosam nes: Squares Hexosam nes: Squares divi ded diagonally

Gal act ose stereochem stry= yellow with black outline 53 ucose

st er eochegpshiyoirs7gl ue with black outline Mannose sterepgh@heiifovozs2 9r €een
with black outline Fucose = red with black outline Xylose= five pointed
star, orange with black outline. 10Wea7 desired, |inkage information can be
represented in text next to a |ine connecting the synbol s. Exanpl es of

| UPAC synbol nonenclature are shown in Figure 1A and Figure 1B. 151 UPAC

t ext nonerichabmple asancandidateicytotoxic amtibodymoeleculd. iIn@mereme@neetsstﬁlQ)m Exanpl es
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By 'cytotoXxiC’ nean bein resu t1ng eat h.

Ant i bodi e§awleeajeeellebtyd aecwnm tvtetoxi¢ amtw@dpm@ewem nvention may be
cytotoxic to any cell which is expressing PODXL and/or an undifferentiated
pl uri otent stemcell. By 'cytotoxic antibody nolecule’ we nean an

anti body, Birding afipiynt of an anti body, which has cytotoxic activity agai nst

an undi f f A bRty 'kﬁ&WWﬂdhé)é&”thé)QFéh@{h (stﬁm.wwhh WR|5h Bh’antﬂibﬂ cytotoxic
anti body nol ecule' we nean an anti body, which
does not HBYIECUS/PiRdH3N ePitgRe [s\atgd 'E‘dﬁ"%&afgﬂwuﬁ%“w&?'bm nﬁﬁec{ Bduced

pl uri pot er&etéi?qumgcai éssoaélBEIoeﬁstE)&SKr Mpthoﬁﬂfdbﬂeﬁehﬁmlﬁggwmsdnlfgmfﬂnityrrent s and
experinments illustr the principle now be

di scussed SE¥§F" raé‘f %‘?{J&%nﬁjgn gopgcacrg Eh?ﬁvﬁ\g'n g ?or\;\%\é %Ie Figure 1A
352D10 epr Essantials o Glybbialogyhi cal branched gl ycan usi ng the | UPAC synbol

code. The glycan has been annotated to show the linker end and the two free

ends.
The Kd (dissociation constant) indicates the strength of binding between an antibody (A)

and epitope (B) in terms of how easy it is to separate the complex AB. The strength of
the binding between A and B will be a balance between AB (antibody bound to epitope)
15 or A and B (antibody not bound to epitope).
This relationship can be written as an equation:
k1 (rate of dissociation) AB --> A+B
k2 (rate of association) A+B --->AB
At equilibrium, k2[AB}J=k1[A][B].
20 This can be rearranged to: k2 / k1 = [A][B] / [AB] =
The smaller the Kp value, the stronger the binding between A and B.

The association constant K,, (sometimes called the affinity constant) is the inverted
dissociation constant (reciprocal of Kp). The affinity constant is a measure of the affinity

25 of the antibody for the epitope. The larger the K, value, the stronger the binding between
A and B.

Kits
Kits of the present invention may include at least one glycan comprising Fuca1-2Gall31-

30 3GIcNAc. The kit may include a solid support to which the glycan(s) are attached, as

- described above.

Kits of the present invention may also include one or more molecules capable of acting as
a control molecule. Preferably the molecule provides a positive control, i.e the molecule
is known to bind to a glycan comprising Fuca1-2Gal31-3GIcNAc and so will provide a

35 positive result. An example of a suitable positive control is the mAb 84 antibody. The
control molecule can be any molecule which is known to bind a glycan comprising Fuca1-



50 Figure 1B. 1 UPAC 2D text and |inear text code for the glycan shown in
Figure 1A, 5Figure 2A. 1 UPAC 2D synbol code of a typical |inear glycan

annot at edybooiaygkhe i nker end and free end. Figure 2Bcri@hMrAG2ZD text
code and linear text code for the glycan shown in Figure 2A. Figure 3A

Tabl e of data fromversion 4.1 of the @G glycan array tested with nmAb84
anti bodi es. The table has been sorted by average binding to show the

gl ycans whi ch bind mAb84 15npst strongly at the top. Average= average

bi ndi ng beaGaER3@KNADaitly akndwr bipdiag intdrisity. aBg kg biding infeosity weepkearc at es.

Bi ndi ng i | (] I C St Dev-

ot andard du ity P fRe pokEh s ot FEERESA o lkarmas okt KubRhea. ) 072 1o
X (StDev/ Mean). The CV (coefficient of variation) is a nmeasure of the

variation g rﬁéfa sfoelﬁHh(?]eSorfer é}g?éér oﬁrEﬁBtsng*&g\thﬁ' Rlcules. $RGR yeAn in VA 1

of the array I sunmmari si ng theresults I n
Fi gur & 3A malpeuigsmie argknew o by rymaﬁytqt@ﬂ%mm bmdcalﬁa%@n)orﬁwsﬂe%bel led in
Fig 3B as 3ddnef-8clRAs witll Bea&.\@%ﬁﬁwr&s%ntm mnmawwﬁb,emay bindkigur e 3A.

The bi ndi ng bet ween each gl yca own on Bi ndi ng
251 s oas B ERIHOTANG o g8 1Ea AP0 SB8-A00. {0h, 63 of Pty Someargeine Bikraclyl e of
?ﬁta f [) Fmtﬂehﬁn GﬁOtéxn&c@‘ftro'l meleChi&agd Mngﬂéta)anﬂmaﬁblwﬁtehaTﬂ%Bﬁ a\r/]\;] | bﬁdibesd

e table has been sort ayera indin t he cans c in
mbg5 30 MORFed angR s Brep MR R ara et slBeR it e Huotaa el
ant i body aascagtiiatas for mawengawimtage activitp bgdinst an uegifferestiatex pl@Bipotint gtemscefleasur ed
in relati v%g{%lgg%ﬁeﬁg@ﬁlggprggge@#dﬁfu val ue). StDev= standard devi ation of

of tF

t he nean. standard ‘error e mean. % CV = 100 x (StDev/ Mean). The
CV (coefficient of variation) is a nmeasure of the variation of the results

‘;, o hmome EPekampltEor BHIAGY toldxiC@hltolthdE& Mk is heiftalsPhntibb&y Rdst@ed if wWad SO
2007/102787.
15
Kits may also include a further agent that detects binding between the glycan and an
antibody molecule. Preferably the further agent is a labelled secondary antibody

molecule.

20 Formulating pharmaceutically useful compositions and medicaments
Cytotoxic antibody molecules, isolated and/or identified by methods of the present

invention may be formulated into pharmaceutically useful compositions. In addition to the
steps of the methods described herein, such methods may further comprise:
(a) mixing the antibody or antibodies obtained, identified, selected or produced
25 with a pharmaceutically acceptable carrier, adjuvant or diluent.
Step (a) preferably results in formulation/preparation of a pharmaceutical composition or
medicament suitable for therapeutic use.

Symbol and text nomenclature for representation of glycan structure
30 Glycan structures are described and represented using standard IUPAC (International

Union of Pure and Applied Chemistry) nomenclature and symbols, see for example
Essentials of Glycobiology®' or Principles of Chemical Nomenclature: a Guide to [IUPAC

Recommendations®. See also www.iupac.org

35 The IUPAC symbol nomenclature as applied to glycans by the Consortium for Functional
Glycomics is described below.



51 Figure 48. G aph summarising the results in Figure 4. The nunber of each
glycan is shown along the X axis (labelled in Fig 4B as 'Chart No'). These

correspongohb@ididigs@! ycan nunbers in Figure 4A. The bi ndippg/segtMpeseeach
gl ycan and mAb85 is shown on the Y axis. Binding 5is neasured in rel ative

fluorescence units ("RFU ). Figure 6. 4@able show ng the binding of 9

gl ycans to mAb84 (colum | abel |l ed average bi ndi ng mAb84), mAb85 (col um

| abel | ed average bi ndi ng mAb85) and the relative binding of the 10 glycans
to mMAb84 conparHeoses: Cilcles ded by) nmAb85 (col umm | abel l ed rel ative binding).

The 9 gl ycans ysed..i LS: r.e those which bound nost strongly to
MAb84 in the ta ?getglﬁ%%brﬁwteéggﬁra%sél and all contain Fucal-2Gallll-3d cNAc
r esi dues. Hexosamiges: Sauares Hivided diagenallne bi ndi ng of cyt ot oxi ¢ mAb84

antibodies to %%‘c%s@'d&gé@eh%tﬁy%ﬁmﬂbléﬁotuitliﬂgs more than the binding of

non- cyt ot oxi c 5 anti I es e sane glycans. Therefore the relative
bi ndi Bg val ue rfycose steseaghemisyr dlue wihlachin@nt i bodi es. Figure 6.

A no aci d_sequiifBsoiteRdtheMiiti- gebslwiivgRsabtivien- | i ke protein 1 precursor
(SEQ ID 20NG 1). Fi Ami nﬁ aci d sequence of human PODXL GenBank

ure 7.
accessi on nunb PCWO%@E.V’Q"“@?CE?Q B©740 (SEQ ID NO 2). 25 Figure 8. Am no
aci d sequence ofyldsgaave YRR stae PBEMQE with b8k botingiunber AAI 43319. 1
G : 219520307 (SEQ ID NO 3). 30Figure 9. Am no acid sequence of two PODXL
variants (SEQ ID NOs: 8 & 9). Figure 10.
10 When desired, linkage information can be represented in text next to a line connecting the

symbols.
Examples of IUPAC symbol nomenclature are shown in Figure 1A and Figure 1B.

15 IUPAC text nomenclature can be written in either a linear or 2D version. Examples of text

nomenclature are shown in Figure 1B and Figure 2B.

Definitions

By ‘cytotoxic’ we mean being toxic to cells, resulting in cell death. Antibodies selected by
20 the method of the present invention may be cytotoxic to any cell which is expressing

PODXL and/or an undifferentiated pluripotent stem cell.

By 'cytotoxic antibody molecule’ we mean an antibody, or fragment of an antibody, which
has cytotoxic activity against an undifferentiated induced pluripotent stem cell.

25
By ‘non-cytotoxic antibody molecule’ we mean an antibody, or fragment of an antibody,
Which does not have cytotoxic activity against an undifferentiated induced pluripotent

stem cell.

30 Brief Descfiption of the Figures
Embodiments and experiments illustrating the principles of the invention will now be
discussed with reference to the accompanying figures in which:

Figure 1A.
35 2D representation of a typical branched glycan using the IUPAC symbol code. The
glycan has been annotated to show the linker end and the two free ends.



(A) chem cal structure of Fucose 35(B) chem cal structure of Galactose (C)
chem cal structure of N-acetyl glucosamne 52 Figure 11. Am no acid seqguence
(and encostorgizalsmeucl eoti de sequence) of the VI. chai nprofi/sSedni8d40265EQ | D
NGs: 4 & 5). Amino acids not underlined correspond to the framework region.
The ami no acids underlined correspond 6@ the conpl ementarity 5determn ning
regions (CDRs). Figure 12. Amino acid sequence (and encodi ng pol ynucl eoti de
sequence) of the VN chain of mAb 84 (SEQ ID NGO 6 & 7). The am no acids not
underlined correspond to the framework region. The am no acids underlined
corresponq:-g%e?g? CDRs. 10 Figure 13.Chem cal structure of

Fucal- 2Gal fI CNAc. Figure 14.The trisaccharide Fucal-2Gallll-3d cNAc

bl ocks mAHERAG; 2RteNicpnd iRea textispdaoter theglivsan skawnsin FiguejA- Green 1ine (right
hand |ine) indicates binding to hESC. 15l ncreasing concentrations of the
trisaccharide reduce mAb84 binding to hESC as shown by a shift of the peak
to the | effiguneiZf\sre 15. Graph showing relative viability of hESC in response

to mMAb84 WUPRAC 2D syaibdi ¢dderdf atypidaCiimeasjlpcancamncarddrtashem thedinkdrizad and
tri saccharfi de Ic:iucal- 2Gal 1 11- 3@ cNAc. 20Cytotoxicity is reduced and then
abol i shed %%0% ncreasi ng concentrations of Fucal- 2Gall11l- 3GlcNAc.
Exanpl es 25Material s and Met hods Protocol for d vcan Bi ndi ng Assay

Figure 2B.
10 IUPAC 2D text code and linear text code for the glycan shown in Figure 2A.

Figure 3A.
Table of data from version 4.1 of the CFG glycan array tested with mAb84 antibodies.
The table has been sorted by average binding to show the glycans which bind mAb84
15 most strongly at the top. Average= average binding between antibody and glycan. The
average is of four replicates. Binding is measured in relative fluorescence units (RFU
value). StDev= standard deviation of the mean. SEM= standard error of the mean % CV
=100 x (StDev/Mean). The CV (coefficient of variation) is a measure of the variation of
the results from the mean. The number of each glycan in V4.1 of the array is also shown.
20
Figure 3B.
Graph summarising the results in Figure 3A. The number of each glycan is shown along
the X axis (labelled in Fig 3B as ‘Chart No’). These correspond to the glycan numbers in
Figure 3A. The binding between each glycan and mAb84 is shown on the Y axis. Binding
25 is measured in relative fluorescence units (‘RFU’).

Figure 4A. ‘
Table of data from version 4.1 of the CFG glycan array tested with mAb85 antibodies.
The table has been sorted by average binding to show the glycans which bind mAb85
30 most strongly at the top. Average= average binding between antibody and glycan. The
average is of four replicates. Binding is measured in relative fluorescence unity (RFU
value). StDev= standard deviation of the mean. SEM= standard error of the mean. %
CV =100 x (StDev/Mean). The CV (coefficient of variation) is a measure of the variation
of the results from the mean. The number of each glycan in V4.1 of the array is also

35 shown.



Material s needed: dycan printed slides (Core D), printed on the side of
the slide with the white etched barcode and bl ack marks- DO NOT TOUCH THI S
AREA. 30 wWowerzmhs7ps (Fi sher scientific, 12-545F) Hum dcfrisedoSlonas2
processi ng chanbers (Fisher scientific, NC9091416), or homenade system
using Petri Dish, with wet paper towel 81in the bottom of the chanmber 100
m Coplin jars for washing slides 35 Tris-HCl (Fisher scientific, BP152-1)
NaCl (Fisher scientific, S271-3) 53 CaC 2 (Fisher scientific, C79-500)
MyCLl2 (Fi dfigurediB.entific, BP214-500) Potassi um Phosphate Monobasic (Fisher

scientifi CGraEI?@@m%Ensu‘)d’l%Q % g%’ﬁﬂ*l e ThE F\ﬁlﬂB@def@thh él@@rﬁ@slﬁﬂﬂﬁ&r@

Appropriate Secondary anti orescent ly | abeled if avail able BSA

(Fi sher schefaxisi(iabeligd i big 4?(.‘&3") Cham\Nah-Tgsg ersspprskiojtigglescan eigwessN  Sodi um

Azi de (fi sh@lre 341 AR bikdikg b@z&aané&fa) n Bh@® SRABBANS SRYwSGARREY akiBeBlidingEl mer )
Buffers M= 20mM Tri s- HC nqﬁ Wt%ggmmo, 2mM Cadl 2, 2nM Mgd 2 TSM

Wash Buf f df MEFBIRAANLTelptG fiuoress heen- 20

Figure 5.

Table showing the binding of 9 glycans to mAb84 (column labelled average binding

mAb84), mAb85 (column labelled average binding mAb85) and the relative binding of the
10 glycans to mAb84 compared to (divided by) mAb85 (column labelled relative binding).

The 9 glycans used in this table are those which bound most strongly to mAb84 in the

table shown in Figure 4 and all contain Fuca1-2Galf31-3GIcNAc residues.

This table shows that the binding of cytotoxic mAb84 antibodies to these glycans is at
16 least 37 times more than the binding of non-cytotoxic mAb85 antibodies to the same
glycans. Therefore the relative binding value may be used to select candidate antibodies.

Figure 6.
Amino acid sequence of 528 amino acid Podocalyxin-like protein 1 precursor (SEQ ID

20 NO: 1).

Figure 7.
Amino acid sequence of human PODXL GenBank accession number 000592.2
G1:229462740 (SEQ ID NO: 2).

25
Figure 8.
Amino acid sequence of human PODXL GenBank accession number AAI43319.1
Gl1:219520307 (SEQ ID NO: 3).

30 Figure 9.
Amino acid sequence of two PODXL variants (SEQ ID NOs: 8 & 9).

Figure 10.
(A) chemical structure of Fucose
35 (B) chemical structure of Galactose
(C) chemical structure of N-acetylglucosamine



15 TSM Bi ndi ng Buffer (TSMBB)= TSM buffer + 0.05% Tween 20 + 1% BSA
Protocol: 1. Make working stocks of washing buffers (TSM |SM Wash Buffer,
and H20) wo 20ldiegs reagents and bring to roomtenper at ece/schotiveychave
been in the refrigerator. 201.1. Buffer (A TSM 20nM Tris-HCl, pH 7.4
150mM NaCl, 2mM Cadl 2, 2nM MgCl 2 1.2. Buffer (B) TSM Wash Buffer (TSMWV) -
TSM Buf fer + 0.05% Tween- 20 1.3. Buffer (C) TSM Bi ndi ng Buffer
(TSMBB) - TSM buffer +0.05% Tween 20 + 1% BSA 251.4. dH20 2. Prepare 100 pl
of sanple by diluting antibody in TSMBB or appropriate Binding Buffer based

on proper tg: fr Antai ; | t | = . an
appropri at#e'&%gg'gént trAg? '?Hg%mar %qﬁfé%%%%?%ﬁg@g\)gwg%@g??gql%gg%gd?ghrﬂ bodi es

wer e addedrhain of MASRALSERIDINGPS: 4r& SoApgoracids nepwasteringd cosrprard (pdbe added at

a concent rigdneioriOfegol. T drhino BcilfeaRICRingl teéspbnd toaRe eafsibmantarityand | abel
slide with sampl e nane near barcode, outside of the black marks. 54 4.

Hydr aPe t HERMINNY 'BYOPF &4F™) in a gl ass Coplin staining jar containing 100
m of TSMWfor 5 min. 5. Renpve excess liquid fromslide by setting the

lid ight tqQ drain the liquid off. 5 . 6. full | | of
sarpi e i ddae st o Arhd St nsEnde @ rdergoaliAidestir SelRReel e O oy
pl ace covetaildf mAbB4SISEQID NQ:\E & ). fToe amgiochcidsanof mdwltniednomﬁspbmbtm!tbs in the
10sanpl e g&arn?e[\@gr%g%ﬂ."ﬁ{e Sthih® aciETRILRInBE ¥oPedpBhE tRY coRt |y tapping the

cover sli
10

Figure 13. Chemical structure of Fuca1-2Gal1-3GIcNAc.

Figure 14.  The trisaccharide Fuca1-2Gal1-3GlcNAc blocks mAb84 binding human
embryonic stem cells (hnESC). Green line (right hand line) indicates binding to hESC.

15 Increasing concentrations of the trisaccharide reduce mAb84 binding to hESC as shown
by a shift of the peak to the left.

Figure 15.  Graph showing relative viability of hRESC in response to mAb84 with
addition of increasing concentrations of the trisaccharide Fuca1-2Gal31-3GIcNAc.

20 Cytotoxicity is reduced and then abolished with increasing concentrations of Fuca1-
2GalB1-3GIcNAc.

Examples

25 Materials and Methods
Protocol for Glycan Binding Assay
Materials needed:
= Glycan printed slides (Core D), printed on the side of the slide with the white
etched barcode and black marks- DO NOT TOUCH THIS AREA.
30 = Cover slips (Fisher scientific, 12-545F)

' = Humidified Slide processing chambers (Fisher scientific, NC9091416), or
homemade system using Petri Dish, with wet paper towels in the bottom of the
chamber ‘

= 100 mi Coplin jars for washing slides
35 = Tris-HCI (Fisher scientific, BP152-1)
= NaCl (Fisher scientific, S271-3)



pipette tip if necessary, or slowy lifting one side of the cover slip.
Make sure the cover slip is between the black marks. 8. Incubate slide in
a hum di fwedotyays7sn the dark (to preserve fluorescent reagenvajodstor 1hr
at RT. 9. After 1 hr incubation, renove cover slip by gently allowng it
to slip off into the glass trash/biohazard trash. 2010. Wash the slide by
gently dipping 4 times into 100 mMl of each of the follow ng buffers in
Coplin Jars: 10.1. TSMWN 10.2. TSM 2511. Renove excess water from slide by

ti ppi ng the sl iG@&kypshetscientlfiz, Bd50Qpl of Al exaFl uor - 488-1 abel ed (or ot her

| abel ) secongdany,cnkishOhbichafd abpif pl of Cyanine 5-1abeled streptavidin
(final concentrag[izgt_n s0.5 Egﬁf\r"rgf . gog%él)pover‘slli p as above (6, 7) and

i ncubat e as b&etassigm Phpsphete Monabasic (Fiskensgientiic, P2&ve cover slip by
gently allowingui,g to slip off into the glass trash/biohazard trash.

3515. WVash the slide by gently dipping 4 tinmes into 100 m of each of the
fol | o% ng bu?f&ryen'r‘?u5(:%‘8?9@1"%/%@"?5%33'1%@. TSMV 15. 2. TSM 15. 3. dH20

516. Spi n sl i de Appropliatd @ecshabiyi dntigiyf iorescéftydaeisisawllabienove wat er under a
gentle stream Qfs NELEOGRN. ific. Bp1600-100)

= Tween-20 (EMD Biosciences, 655205)

=  Sodium Azide (fisher scientific, $227-500)

10 = ProScanArray Scanner (Perkin Elmer)

Buffers:
=  TSM=20mM Tris-HCI, pH 7.4 150mM NacCl, 2mM CaCl,, 2mM MgCl,
=  TSM Wash Buffer (TSMW)= TSM Buffer + 0.05% Tween-20

15 = TSM Binding Buffer (TSMBB)= TSM buffer + 0.05% Tween 20 + 1% BSA
Protocol:
1. Make working stocks of washing buffers (TSM, TSM Wash Buffer, and H,O) or
collect reagents and bring to room temperature if they have been in the refrigerator.
20 1.1. Buffer (A) TSM- 20mM Tris-HCI, pH 7.4 150mM NaCl, 2mM CaCl,, 2mM
MgCl,

1.2. Buffer (B) TSM Wash Buffer (TSMW) - TSM Buffer + 0.05% Tween-20
1.3. Buffer (C) TSM Binding Buffer (TSMBB) — TSM buffer +0.05% Tween 20 +
1% BSA
25 1.4. dH,0

2. Prepare 100 pl of sample by diluting antibody in TSMBB or appropriate Binding
Buffer based on properties of Antibody to a final concentration of 5-50ug/mi or an
appropriate concentration required for the analysis.

30 e MAb84 antibodies were added at a concentration of 50 pg/mi.

¢ mAb85 antibodies were added at a concentration of 50 pg/mi.

3. Remove slide(s) from dessicator and label slide with sample name near barcode,
outside of the black marks.
35



17. Scan. 10See al so: www. functional gl vcom cs.orq d vcan array mAb84 and
mMAb85 anti bodies were sent to the Consortiumfor Functional dycomcs for
testing iWwoasemngagce wWith the protocol described abovepcYgGsimoded of a
printed glycan 15array was used. Version 4.1 contains 465 glycans printed
onto glass slides in replicates of six54The full list of 465 glycans is
shown in Figures 3 and 4. The list is also available fromthe CFG website
at: www. functional gl ycom cs.org. Further details of the printed glycan
array are 4l so Hydsate theatide by Bacing inet glads Gap0O dipBihg j2CtvAtEBdnga il rhicdi es wer e
cont act ed @R, I? 91' ycans. The slide was washed to renove unbound

anti bodi es.” Bound anti bodi es were detected usi ng Al exaFl uor-488-1| abel ed
secondary anti bodi es as described above. The secondary anti bodi es were then
detect ed i ng j tive

fl uor esce;b?:e urili‘lae tn{sdv%%&%%%ﬂlﬁﬁﬂéﬁ &@R@US‘%M&SQQ?Iﬁgl%gg?ﬁ%akgﬁhé n%ﬁhg wer e
bound®wi th the higher intensity. 25 Six replicates were used; the highest
and | owestg poi Nt srefullPApRRER ISt sable TloSe (RBE IFRIRE SRS iR be@UERK @k Back hat t he
average is of four replicates. This elimnates sone of the false hits that
contain a ™Kyl e very high or |ow point. 30Exanple 1 The inventors have
di scover ed that mAb 84 does not bind to: wunglycosylated PODXL (in vitro

t iptjo d t | at X K and COS
el s 56 rme o BRESHRE TR ey eI P e R RRE R T BR, hesc. The
gene10vas cslampmndatthew:emar(shrs F@mzbvempyb@ﬂmwlgehﬂytaup:ggymyéraahawlthian vitro

TnT) or rb |f'n%9es(\s§3é/S |ﬂﬁ%&§§%£#tﬁe We?gl 5p Q%{(%?tﬂgglkeec&ter

glycosylatlng e expre rotern were t hen
resol ved Gﬁpsmgmwmi®ebbsk@ﬁﬁsblotted and probed with antibodies. The
anti bodi es used were connercially avai |l abl e anti-PODXL anti bodi es
(monocl onal and pol ycl onal ) and 84. For in vitro TnT-expressed PODXL,

it was foudhd taubRIsldeine ’b@]@i@%‘ﬁ"‘dl'" iecdarictppesenie Buarezrent BaRNSYF - 55kDa

whi chs cor rigsppadrTt 0 t he nol ecul ar wei ght (MAN of ungl ycosyl at ed PODXL.
Monocl ocal anti-PODXL and 10mAb84 did not detect the unglycosyl ated PODXL.
For COS and HEK expressed PODXL,

9. After 1 hr incubation, remove cover slip by gently allowing it to slip off into the

glass trash/biohazard trash.
20 10. Wash the slide by gently dipping 4 times into 100 ml of each of the following
buffers in Coplin Jars:
10.1. TSMW
10.2. TSM

25 1. Remove excess water from slide by tipping the slide upright.

12. Add 70yl of AlexaFluor-488-labeled (or other label) secondary antibody containing
1 ul of Cyanine 5-labeled streptavidin (final concentration 0.5 ug/ml).

30 13. Cover slip as above (6, 7) and incubate as above (8).

14. After 1 hr incubation, remove cover slip by gently allowing it to slip off into the

glass trash/biohazard trash.

35 15. Wash the slide by gently dipping 4 times into 100 ml of each of the following

buffers in Coplin Jars:



only nonocl onal anti-PODXL detected both the expressed PODXL and PODXL from
hESC. In either COS or HEK cells, PODXL is glycosylated (and so has a

hi gher MAVo 2biovRYESE 15t he band is | ower than PODXL expr @gg8e2011/000295
(HES-3). Also, mAb 84 only detected hESC- PODXL but not expressed PODXL.
This led to the conclusion that there 65 a stemcell-specific nodification
(glycosylation) to PODXL. Wthout being bound by theory, it appears that
when PODXL is glycosylated by stemcells the resulting glycan structure is
di fferent that 16f1. PEMML gl ycosyl ated by other cells. 20 Exanple 2

Cytot oxi c mAb84 2£ odi es selectively bind to glycans conprising
Fucal-2Gall1ll- g c residues in a glycan array. 25The cytotoxic anti body
mMAb84 was test dd.3 dl:®i nding with 465 different glycans in V4.1 of the
Printed G ycan Array (Consortiumfor Functional dycom cs) using the
protocol described above. Briefly, antibodies were diluted 1:100 to 10pg/ml
i n bi fdi ng'Buf fSPin Yidaineide gentiifuge e 13GeePnAs OR reMqVaWaiRTINERt33]NEE wit h
Alexa488 |snaghefn@Bhdn. mouse 1gM (I nvitrogen, A21042). The array was washed
to renmove unbound anti bodies. The array was contacted with a | abel |l ed
secondary anti body, which was able to bind to mAb84 anti bodi es. The

| abel | ed secondaay. anti body was then detected and quantified. mAb84

anti bodi es were found to selectively bind to glycans cont ai ni ng

Fucal- 2Gal111- 3G cNAc residues. Wthout being 35bound by theory, we believe
t hat 10he rSd¥eSdscanmimioohtionslglgaenicd.org for the Fucal-2Gallll- 3GLlcNAc resi dues
in these glycans. 57 The full list of glycans tested for binding with
mAb84, and the binding of mAb84 to these glycans is shown in Figure 3.
5Exanpl e Elyeanariayt ot oxi ¢ mAb85 anti bodi es have the sane gl ycan specificity

as mAbg4, rPABB4aan'athKbé50éH§Booﬁ’Jsté}bEé!ntfté"fhet(ﬂﬁégnlgllrﬂf&qflﬁlctndﬂ‘afbﬁb’érﬁlké’f&'rC mMAL85
anti bodi es were tested for binding | ycans in V4.

10Pri nt ed f@t?Eé{haq&PidéS}ce(‘@Hh@Srpfthﬁﬂ FW"W%ngF’S@‘)ﬂcb?ﬁao%’Wtﬁqsﬂ'W@"t he
protgsol desgiWaBededbatsion 4Nideniaas 4nsbcg|yaad§aprtnmeormf glags Aidediineeblicatet €St

mAb84 ant i hodi odi es re found to
b nd s, i 188% ie s e ahiEna R PRRR M Souten T30 1 dhF It s edTEle nd 1 o
gl ycans cdiopr theiOF$ \Febsaéafzm&mmetibﬁhlqhdé@mchomemnhertdemﬂs ofthbetimeeén nMAb85
and gl yca [ was found to 15be
signifi ca%c"%ﬁ)?gé\*egge{%a %ﬁrﬁ) é %I ng %g n cytotoxic mAb84 to the sane
gl ycans.

20 mADb84 antibodies were contacted with the glycans. The slide was washed to remove

unbound antibodies. Bound antibodies were detected using AlexaFluor-488-labeled
secondary antibodies as described above. The secondary antibodies were then detected
using a fluorescence scanner. Binding is presented in relative fluorescence units (RFU).
A higher RFU value indicates that glycans were bound with the higher intensity.

25
Six replicates were used; the highest and lowest points from each set of six replicates
were removed so that the average is of four replicates. This eliminates some of the false

hits that contain a single very high or low point.

30 Example 1
' The inventors have discovered that mAb 84 does not bind to:

e unglycosylated PODXL (in vitro transcription and translation (TnT))
e PODXL over-expressed in HEK and COS cells



The full list of glycans tested for binding with mAb85, and the binding of
MAb85 to these glycans is shown in Figure 4. 20Exanple 4 The bi ndi ng

val ues ofwghbdbhiagyd NMAb85 to gl ycans conprisi ng Fucal- 2@adktlordfgo@BAC were
conpared to generate the relative binding value for each glycan.

Specifically, the absolute binding vals& for each gl ycan bound by nAb84 was
di vi ded by the correspondi ng absol ute binding value for the sane glycan
bound to nmAb85. The results 25are presented in Figure 5. The results show
t hat al t haglyegé gocoangDMXL wasigolbtedahd 2&nkebtdd Bésh bESC. Aneegdyeuwad by bot h

cytotoxic and n | frop t

ant i bodi es gqrrfgvénz%3 V%Ctt?r%n%;?)@%%ggéﬂ%r% %9((8(%2'3%% n%%gons Rd 4 rﬁ’érﬁ%éfﬁaem nor e
strongly. cehse(HEX QHG%ctldlsrvd]lqingpreOmblﬁeOfSJlYowléttlhathe(g)@tﬂséﬁd protei 84

anti bodi es bind glycans at least 37 tines nore strongly than non-cytotoxic
mMAb85 anti bodi es. Exanple 5 35The inportance of the trisaccharide

Fucal5 2Gairhe prateine pltainad werts then rgolvedor $PSIRAGE Westerp dlatted andproheghs4 on

human e”brth‘Hanﬁb&fl&mTfh@lahﬁdeﬁbE%d Wafe donRsitibBAdvanatly antPBOBXE affdda@st he
ability of synthetic soluble trisaccharide Fuc 1 ZGalllé i)%.cNA to (i)

i nhi bi t tH@°B‘P°r‘Rﬂah§)"doR°'¥?R5‘8QaP‘6"WE§é gﬁﬂ'"("'tf‘bT cTHPERSSEH ot WR¥c ef f ect
of mAb84 Géuﬁaﬁmonryﬂhﬁﬂolya&apaﬁu |5cpg)<Luateataaawanuefmommdﬂadsﬂoode x 105

ol ubi o 1 17 Dedtsisar et oV ol b e PopiC oBirbalb R P sty ©
gconnl olhzirrT/Cbmmm ndlldSteM theluh@slydbsw)atedlﬂﬁﬂ)ﬁasﬁqngtoﬁnarwﬁlﬁ aXpressed(ﬂOD)ﬁienhi bt
mb34. bi ndT NG RCRELETTE T S EREF iR SpRUd POBRE End PERASTRILY | ne

i ndi cat es hESAdi ng t o hESC, and increasing concentrations of the

trisaccharide reduce mAb84 binding to hESC as shown by a shift of the peak
to the left. Relative viabili téﬂ_f hESC i n response to increasijng

concent r ath 8ither 60 ¢rd1&K callscRPRXE isolcqeviated (and £ hag ayhighar VMG Aowsvelssessed.
Fi guis 15 ysdieail isiowedthah iPODXf exphRséd/ihESE (BIEST® et mab sadaly4etdctdd

o BB Bl S r e BRI B SR DB R
concent r atceldspedific nZodificaticch (§lybbsylation) to PODIXLs Witttoat Isdimigasount &y theEonditng of
Mb84 to hE§ ar@ﬂ%t wngn F%b%_?g(élgcogylgf%ﬁtbygfenvgg?lgﬁweor@sultmg glycan structure is

different that of PODXL glycosylated by other cells.

20

Example 2

Cytotoxic mADb84 antibodies selectively bind to glycans comprising Fuca1-2Gal1-

3GIcNACc residues in a glycan array.

25 The cytotoxic antibody mAb84 was tested for binding with 465 different glycans in V4.1 of
the Printed Glycan Array (Consortium for Functional Glycomics) using the protocol
described above.

Briefly, antibodies were diluted 1:100 to 10ug/ml in binding buffer contacted with the
30 glycan array and detected with Alexa488 labeled anti-mouse IgM (Invitrogen, A21042).
The array was washed to remove unbound antibodies. The array was contacted with a
labelled secondary antibody, which was able to bind to mAb84 antibodies. The labelled
secondary antibody was then detected and quantified. mAb84 antibodies were found to
selectively bind to glycans containing Fuca1-2Gal1-3GIcNAc residues. Without being
35 bound by theory, we believe that the mAb84 antibody is specific for the Fuca1-2Gal31-

3GIcNAc residues in these glycans.



20hESC are nediated by the trisaccharide Fucal-2Gall1l1l-3G cNA. References
1. Choo et al (2008). Selection Against Undifferentiated Human Enbryonic
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Cel | St em gapbdular, 20885%oliAd tolglyans comprising Fuca1-2Gal1-3GIcNAc. However,

binding between mAb85 and glycans comprising Fuca1-2GalB1-3GIcNAc was found to

15 be significantly lower than the binding between cytotoxic mAb84 to the same glycans.

The full list of glycans tested for binding with mAb85, and the binding of mAb85 to these

glycans is shown in Figure 4.

20 Example 4
The binding values of mAb84 and mAb85 to glycans comprising Fuca1-2GalR1-3GIcNAc

were compared to generate the relative binding value for each glycan. Specifically, the
absolute binding value for each glycan bound by mAb84 was divided by the
corresponding absolute binding value for the same glycan bound to mAb85. The resuits

25 are presented in Figure 5.

The results show that although glycans comprising Fuca1-2Gal31-3GIcNAc are bound by
both cytotoxic (mAb84) and non-cytotoxic (mAb85) antibodies, cytotoxic antibodies have
a stronger affinity for these glycans and bind them more strongly. The relative binding

30 value shows that cytotoxic mAb84 antibodies bind glycans at least 37 times more strongly

than non-cytotoxic mAb85 antibodies.

Example 5

35 The importance of the trisaccharide Fuca1-2GalR1-3GIcNA in mediating the cytotoxic
interaction of mAb84 on human embryonic stem cells (hESC) was investigated by



14. Jiang, Y., Jahagirdar, B.N., Reinhardt, RL., Schwartz, R E., Keene,
C.D, Otiz-CGonzalez, X R, Reyes, M, Lenvik, T., Lund, T., Blackstad, M,
et al. (2902p12/®h8rei pot ency of nesenchymal stem cells decmsedofiroomsadul t
marrow. Nature 418, 41- 2549. 15. Kaji et al. Virus-free induction of

pl uri potency and subsequent exci sion ob8reprogramm ng factors. Nature.
Online publication 1 March 2009. 3016. Kanat su- Shinohara, M, |noue, K.,
Lee, J., Yoshimoto, M, Qgonuki, N, Mki, H, Baba, S., Kato, T., Kazuki,
Y., Toyokuassessig, thesabilty of gyptesy solwﬁtﬂsamh@nde)lfqu@Gqﬂ@t%ﬂ@%ﬁ@m ipibit s r om
neonat al I 1 97) J.

Bi ol . Chem Egﬁg%&?@ﬂ?égs 1 7”1E4SJC %\Sd (iig@&lkéb%ﬂ%cyt&z?ac léﬁé(?/:ashg@%%?*ag%%?l stics of
human ami oti ¢ nenbrane-derived stemcells. Coning StemCells 2007 Wnter;

9(4) : 581- 9fiAbs4 (25 pM 5&9% in hd)mpl%lua{ewé\ébéddbb tdﬂ@ﬁW KESEEd greinelibdiéozy gous

stemcells deri ve fro hase || 4000c

21( 2) 2152- B1Minyigs PR GO RSHRDF IS b (1325t h%ﬁeﬁaaafgb?@ﬂ é%sg‘?q‘?q‘fhrran
enbryoni ¢ @hednt@drsSof 0GedntreN0.smEL 0.8mMvyrabd, emv)and chal | enges. Cel |
Research (2007) 17:682-688. 4521. Maherali N, et. al. Directly reprogramred
fibroblasts show gl obal epigenetic renodeling and w despread tissue

cont ri but ilocreasBed ¢onStrratiGed of tRODFTacthaideMucaP-2GaltIKicNAcwere Bbebnio K., and

o B. . 0y Yo :
e o sk ERPHen BRI RhB: Bhafl WA G 21 PTREKRR. f G AGHSELS [T o
K, TdBabe like IrtdmatﬁsubmqmmamEs& and Inemases(@pwenmaﬂmgf the trigagehptidereduce 2007) .

| nducti on rﬂ,&biﬂ' Bidi %’E%C%s%’ﬁ‘o@ﬁ'bb% Shirsiiptak tdwengt. f | brobl asts by defined
factors. Cell. 131(%):861-72. 60 24. Takahashi, K & Yamanaka, S.

I nduction of pluripotent stemcells from nouse errbr yoni ¢ and adul t
fi brobl astrdlative Wity hesCiimrREpdiett® mereaing bordf2fatibas ofithe tfsédbcharide 25.

Wernig M et - ' ) f i bl ast I t ent
S cel | | ek 2baySeleti pes 3B 3%eiact: Taauda 15 5p6a Rl Sien el ragic 7' "
Genenat i oreflett of erAbBH mdth drengasing rtondanttaticend of Fuca 123 abit-3GkNAccel | s. Nature

2007 448 it%o?‘nc%ntra]t%é;of YQ}, ﬁtrol) BANAR ety 20UBARFY R Ktotéiit QRIEWREZ- Bour get

, Frane
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This data shows that binding of mAb84 to hESC and the cytotoxic effect of mAb84 on
20 hESC are mediated by the trisaccharide Fuca1-2Gal31-3GIcNA.
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10anti body nol ecule that has a relative binding to said glycan of 30 or
nore times greater than said non-cytotoxic PODXL-bi ndi ng anti body nol ecul e.
2. A net hagoohisaheet i ng an anti body nol ecul e as a candi gairgcheiobét Ng
cytotoxic activity against an undifferentiated pluripotent stem
cell, wherein the antibody nol ecul e 15860 nds PCDXL, the nethod conpri sing
the steps of: (i)conparing the binding of a PODXL-binding anti body nol ecul e
to a glycan conprising Fucal-2Galf11-3G cNAc with the binding of a

non- cyt ot 4i TakabEstli- Ki BdiYagaeakai B dindudiios cafl plutimtent gitgro agelle drapm imséusg
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rel ative #SnWermig Mo et al-dnglittecesnragraramingrof fibroblasisnple & pluEpatenttBraeelkiked

non- c§t ot oxi eaPONure?09di448 338 2# body nol ecul e. 3. The nethod of claim 1 or
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fromthe gfoYpmanake$; gh abGeneratiaaiaenplingicosmgientinduegdduripotent stem cells.
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expresses PODXL 55. The net hod of any one of the previous clains wherein
said relative binding is 100 or nore tines, 500 or nore tines, 1000 or nore

times, orwdlePMi19$7smore times greater than said non-cyt @p@xicsoReess:2 bi ndi ng
anti body nol ecule. 6. A PODXL-bi nding anti body nol ecule with candi date

cytotoxic activity against an 10undiffetentiated pluripotent stemcell and/
or cytotoxic activity against a cell that expresses PODXL, obtained,
identified, selected or produced by a nethod according to any one of clains
1 to 5. 7.ClAéimeet hod of selecting an antibody nol ecul e as a candi date for
havi ng cytotoxic 15activity against an undifferentiated pluripotent stem

cell, the yreth I SJ - ' L«pdlng of a
Coii b v, STERIBD! lfnd ol ploeut o Bl i B
Fucal- 2Galartivity agriostaccelliwhich exgrasseripasigealyxinlikeqnoteint (BOOXIL s whersi thei ndi ng

ant i body ks rRoib iRk FOPXE AP ol Sofifdiy #E3Idpd br. 203G cNAc; and (i1)
di dat body nD

selecting as a candi date cytotoxic _antibody nol ecule a said PODXL-bi ndi ng
ant i body méi ecuPempaig thikinging e aPPRELBINdiaRtibesdyIaeleru YEgvSh 30 or nore
tinmes greater tbafpisgrutan20aimtIpittAciviide binaftgtd a abhichedxicramaul e.

258. The method of claim2, 3 or 7, further conprising;, jli i ng, the
candi dat 6 ant 1 botgnB MRS sraisEute b aakept SOt e Spalf IATAR: PEM cd

pl uri pot entii)st eseleeting .as a canSidatélrgtotoxictamtbaaty neolgcutene sai PODXLrindingor 8
wherein the relative binding i.s.100 or r L. or | mes,
1000?gr nore ti ﬁﬁtéb,qg%Po%ﬁﬁgh%%aﬂgf%gqvfﬁg@% 3?‘%% 'gﬁﬁltb ﬁ'g%%soa?rg%&%ﬁmtgflt ot oxi ¢
PODXL- bi ndi ng agteaten thanrsaldeontaytotoxic PQDXL-pindiagantiwdy mnidasteul e wit h
cytotoxic activity against an undifferentiated pluripotent stemcell

obtained, identified, selected or produced by a nethod according to any one
of 35cl ai & 7 tAgnethod gfyselecting an antibody molecule as a candidate for having cytotoxic

activity against an undifferentiated pluripotent stem cell, wherein the antibody molecule
15 binds PODXL, the method comprising the steps of:
(i) comparing the binding of a PODXL-binding antibody molecule to a glycan
comprising Fuca1-2Gal1-3GIlcNAc with the binding of a non-cytotoxic
PODXL-binding antibody molecule to a glycan comprising Fuca1-2Gal31-
3GIcNAc; and
20 (ii) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a relative binding to said glycan of 30 or more
times greater than said non-cytotoxic PODXL-binding antibody molecule.

3. The method of claim 1 or claim 2, wherein the glycan comprises or consists of
25 a glycan selected from the group :
= Fuca1-2GalB1-3GIcNAcB1-3GalB1-4GicB;
= Neu5Aca2-6GalpB1-4GIcNAcB1-6(Fuca1-2GalB1-3GIcNAcB1-3)GalB-4Gilc;
=  Fuca1-2GalB1-3GIcNACB;
=  Fucal-2Galp1-3GIcNAcB1-3Galf1-4Glc;
30 »  Fuca1-2Galp1-3GIcNAcp1-3GalNAc;
=  Fucal-2GalB1-3GIcNAcB1-3(GalB1-4GIcNAcB1-6)Gal 1-4Gic;
* Fucal-2Galp1-3GlcNAcB1-3(GalB1-4(Fuca1-3)GIcNAcB1-6)GalB1-4Glc;
s Fuca1-2Galp1-3GIcNACB; or
=  Fuca1-2Galp1-3GlcNAcB1-2Manal-3(Fucal-2GalB1-3GlcNAcB1-2Mana1-
35 6)ManpB1-4GIcNAcB1-4GIcNACR.



11. A nethod of destroying an undifferentiated pluripotent stemcell in a
sanpl e contai ning such cells, the nmethod conprising contacting the cell or
cells inwbeopamm7e that express PODXL on their surface parisic2an 1096262 oXi C
anti body obtained, identified, selected or produced by a nethod according
to any one of clains 1 to 5 or 7 to 9.65 12. A nethod of selecting an

anti body nol ecule as a candi date for binding PODXL, the nethod conpri sing
sel ecting an anti body nol ecul e whi ch binds a glycan conprising

Fucal- 2Ga¥111- 36k oretind of @ledn Aonelpinndl fetheseproptisingg an anti body nol ecule as a

candi dat e f ofy havieBithgGid Edrfidafe Htibbdy fby%ﬁgamé&wﬁ 5&inst WREFRnK Pr esses

PODXL and/ or agai nst "an undifferentiate temcell,” the nethod conpri sing

sel ecting an ant i 9®®BeseOPERYElLe whi ch binds a gl ycan conpri sing

Fucal- 2Gal111- 3G cNAc. 1514. A method of selecting an anti body nol ecule as a

candi date for hinding PODXL and havi ng cytotoxic activit I nst cel

whi ch® expreessed Neagsiod Q%%@YP{%%WJEP BFGH%P? é?'ﬁlj’:“"ﬁrﬁ'" Eﬂﬂ'ﬁed?ti‘/’ﬁg’%ﬁ‘(g %1 MYi ng of

gn gnti body nivpé frded, 500 Or Mo tinted 1000 mhaie Nges; e 3 000026raddrd imd&hefse Wi th the
i ndi ng of,_a non-cyt ot oxi XL- bi ndi. ant.i body 20nol ecule to a gl ycan

conpri si ndh%%aé{@%%ﬁ%itﬁg geﬁ%&ﬁ‘gn@t@%y)mg%?ui%ti ng as a candidate for

bi ndi ng PODXL and having cytotoxic activity against a cell which expresses
PODXL an antib . - r ' i 0eli sal d. can of 30

or oy ot {res o 0P S ohitty Wiecle e B PR Ao A o

nol ed@l e. updiffe@ntidied pltiprient sterteedliamdAar cyfotaxidretiviyagginsta egllthati i )t esting t he

candi dat e ZplkQAIOHRN, BldiNek, bR BeRREGYT pRRAVESLYCY Feihdd abcAGhg W LY
agai nst a cell which expresses PODXL. 3016.?’he met hod of any one of clains

7 to 9 or ¥WAPRLTAIMEJ 98, wherein the glycan conprises or consists of a
gl ycan selected fromthe group: Fucal-2Gal131-3GLlcNAc[ 31-3Gl[31-4G cf3;

e e i S a2 el el s
Fucails 2 Galdctvity 2ghiodtAan(ubdiifféentiaiéd pluripotent stem cell, the method comprising the steps
of:
Q) comparing the binding of a PODXL-binding antibody molecule to a glycan
comprising Fuca1-2Gal31-3GIcNAc with the binding of a non-cytotoxic
PODXL-binding antibody molecule to a glycan comprising Fuca1-2Gal31-
20 3GIcNAc; and
(i) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a relative binding to said glycan of 30 or more
times greater than said non-cytotoxic PODXL-binding antibody molecule.

25 8. The method of claim 2, 3 or 7, further comprising:
iii) testing the candidate antibody for cytotoxic activity against an undifferentiated
pluripotent stem cell.

9. The method of any one of claims 7 or 8 wherein the relative binding is 100 or
30 more times, 500 or more times, 1000 or more times, or 10000 or more times greater than
said non-cytotoxic PODXL-binding antibody molecule.

10. An antibody molecule with cytotoxic activity against an undifferentiated pluripotent
stem cell obtained, identified, selected or produced by a method according to any one of
35 claims 7 to 9.



64 Fucal-2Gal61-3GlcNAc131-3(Gal61-4GLlcNAC61-6) Gal6l-4Glc;

Fucal- 2Gal61- 3GLlcNAc131- 3( Gal61-4( Fucal- 3) A cNAc61- 6) Gal61l- 4Glc;

Fucal- 2Gai6oid@1cddbci 3; or PCT/SG2011/000262
Fucal- 2Gal61- 3GLcNAc61- 2Manal- 3( Fucal- 2Gal61- 3GLcNAc131- 2Manal-

56) Man61- 4GLcNAc61- 4GLlcNAc13. 17. The nB3 hod of any one of clains 7 to 9 or
clainms 12 to 15, wherein the glycan conprises or consists of a glycan
selected fromthe group : Fucal-2Gal6l-3GLlcNAcl1l31-3Gl161-4d c6-Sp8; 10
Neu5Aca2- 6ital6 A mehohpicdsireyingamunditeiagiated@winatenBsters \ceth NG sEEIRle Sp21;
Fucal-2Ga C = 1IRP - : = - 10;
Fucal- 2ca1e -SRI B9 R5e gy SondCthEMY Celro? Bt ik sbipied
Fucal- 2Galbat-e3presnROBXL op deisiriace withe utotxicantibady abiained pidentified,

Fucal- 2GalQlcREle Rﬁ@ﬁéeofﬂég@%%oé(a&&mg ) 4Ay NP diaitsGatd Blor 4@ ©- Sp21;
Fucal-2Gal61- 3GLlcNAc3- Sp8; or

Fucal®2Gal61- 3GLcNAc61- 2Manal- 3(Fucal-2Gal61- 3GLcNAc61- 2Manal-

6) Man61- 4Gkc NA@GhetA6d 6f\d0LtifgaantiBOdPmblekile aoh caaditiste o mvdingi REDXI,a) a

gl ycan conprisjng Fucal-2Gallll-3G cNAc: (b), an.aqgent that detect.s binding
et woen ¢ N BEURE cORRAETig cekrigan s RRRE olestie MhrAHEfe £ olier S50 80550 ¢
control ndluecURBaldhi3ciicNAcnds t he gl ycan. 25 19. Use of a glycan to sel ect
in vitro an anti body nol ecul e that binds PODXL and/or is cytotoxic.
10 13. A method of selecting an antibody molecule as a candidate for having cytotoxic
activity against a cell which expresses PODXL and/or against an undifferentiated stem

cell, the method comprising selecting an antibody molecule which binds a glycan
comprising Fucat-2GalR1-3GIcNAc.

15 14. A method of selecting an antibody molecule as a candidate for binding PODXL
and having cytotoxic activity against a cell which expresses PODXL, the method

comprising:
(i) comparing the binding of an antibody molecule to a glycan comprising Fuca1-
2GalR1-3GIcNAc with the binding of a non-cytotoxic PODXL-binding antibody
20 molecule to a glycan comprising Fuca1-2GalR1-3GIlcNAc; and

(i) selecting as a candidate for binding PODXL and having cytotoxic activity
against a cell which expresses PODXL an antibody molecule that has a
relative binding to said glycan of 30 or more times greater than said non-
cytotoxic PODXL-binding antibody molecule.

25
15. The method of claim 14, further comprising:
~ i) testing the candidate antibody for PODXL binding and/or having cytotoxic
activity against a cell which expresses PODXL.
30 16. The method of any one of claims 7 to 9 or claims 12 to 15, wherein the glycan

comprises or consists of a glycan selected from the group:
. Fuca1-2GalB1-3GIcNAcB1-3GalB 1-4GlcB;
. Neu5Aca2-6GalB1-4GIcNAcB1-6(Fuca1-2GalB1-3GIcNAcB1-3)GalB-4Glc;
. Fuca1-2Galp1-3GIcNACB;
35 . Fuca1-2GalB1-3GIcNAcB1-3GalB1-4Glcp;
. Fuca1-2GalB1-3GIcNAcB1-3GalNAc;



20. Use of a glycan to determine in vitro whether an anti body nol ecul e t hat
is known 30to bind PODXL is cytotoxic. 21. The use of claim19 or 20
wher ei n t\\e Wl VAacconpri ses Fucal-2Gal f11-3G cNAc.  22pcTRendiS®Hoek2 any one
of claims 19 to 21 wherein the determination is whether the 35anti body

nol ecule is cytotoxic to a cell which éxpresses PODXL and/or to an
undifferentiated stemcell. 65 23. A nethod of selecting an anti body

nol ecul e, froma sanpl e containing such nol ecul es, as a candidate for

havi ng cyt ot exi ¢ Buadoi1x2Ga)p 1as@IcNALE 123(Galfd 4G eN Aot 163Galf186i; | pot ent stem
cell, whereip the [ I 5aQuprising the
steps of: i) Dcont 5@‘{2‘}‘%&% 15@%%#’%1@30(?4&6%%(E@ih%%l%ﬂ%ﬁﬁ%@'@%%h@&gl ur al igt y
of gl ycans coenpri Bugud-2Gaif}13GICHAdRL oF 33 cNAC; ii) selecting an anti body

ol ecul e having ap, GRS LMDl G212, SALAAG A0 t he top

10% as a candi date cytotoxic anti y nol ecul e. 24. A net hod of sel ecting
an anPi body nol ec®Manft-45IcAeB1-ASINACBr havi ng cytotoxic activity agai nst
an undi fferentiated pluripotent stemcell, wherein the anti body nol ecul e

bi nds PODXL, the nethod conpri si ng t he stegps of : ai i%rrea?‘uri_ ng tpe bi ndi ng
of a PODXU'bi ndi theafﬁ?ﬁhBGé}ggfwcﬂ"@&uF'émisd 19 SAPEIRs 150t Mheiefhe glycan

Fu?:al- 2Galcbinbriséd er¥basistadfla glytan sehdceitfiongthagraupcandi dat e cyt ot oxi ¢ anti body
nol ecule a saiq P - hi. ndi i Y, cul e that has a binding to said
gl ycan equal "t “88:%4;3@9%gki%ﬁ?%’h%&qbﬁé@'gﬁfot oxi ¢ PCDXL- bi ndi ng ant i body
nol edal e. 2025.NeuéAca-6Galp b#GENACAH1-8F uon1-2GalB M3SIENACR 1 B3EBalR-dBE-SA1ng:
iii)testing th 1} -G"ﬂ{ﬂ}- Qdy. for cytotoxic activity agai nst an

undi fferenti at gFéﬁgfg%g%?)?’en As(:?%btel | . 26. A method of selecting an

anti body nol &cliusahgGalPt-3diNfefe-3GaI8 11lehgr Wyt ot oxi c

= Fuca1-2GalB1-3GIcNAcB1-3GalNAc-Sp14;
»  Fuca1-2GalB1-3GIcNAcB1-3(GalB1-4GIcNAcB1-6)GalB1-4Glc-Sp21;
15 *  Fuca1-2GalpB1-3GIcNAcB1-3(GalB1-4(Fuca1-3)GicNAcB1-6)GalB1-4Glc-Sp21;
= Fuca1-2Galp1-3GIcNAcB-Sp8; or
»  Fuca1-2GalB1-3GlcNAcB1-2Mana1-3(Fuca1-2Galp1 -3GIcNAcB1-2MaIna1 -
6)Manp1-4GIcNAcB1-4GIcNAcB-Sp20.

20 18. A kit of parts comprising:
(a) a glycan comprising Fuca1-2GaiR1-3GlcNAc;
(b) an agent that detects binding between the glycan and an antibody molecule;
and
(©) a non-cytotoxic control molecule which binds the glycan.

25
19. Use of a glycan to select in vitro an antibody molecule that binds PODXL and/or is

cytotoxic.

20. Use of a glycan to determine in vitro whether an antibody molecule that is known
30 to bind PODXL is cytotoxic.

21. The use of claim 19 or 20 wherein the glycan comprises Fuca1-2Gall31-3GIcNAc.
22. The use of any one of claims 19 to 21 wherein the determination is whether the

35 antibody molecule is cytotoxic to a cell which expresses PODXL and/or to an

undifferentiated stem cell.



25activity against a cell which expresses podocal yxin-like protein (PODXL),
wherein the anti body nol ecul e bi nds PODXL, the nmethod conprising the steps
of: (i) mwexurimg7she bindi ng of a PODXL- bi ndi ng anti bodyTsshenwb@sto a

gl ycan conprising Fucal-2Gall111-3G cNAc; and (ii) selecting as a candi date
cytotoxi c anti body nol ecul e a said PODS&- bi ndi ng 30anti body nol ecul e t hat
has a binding to said glycan equal to or greater than that of a cytotoxic
PCODXL- bi ndi ng anti body nol ecul e. 27. The nmethod of claim 26 further
conprising: iii)testing the candi date antibody for cytotoxic activity

agai nst a gel | AFM%o@é@%cﬁﬁ&ﬁaﬁ@&mole@@eZﬁ?brﬁ‘a%hﬁ@%o%mﬁﬁs‘%ﬁ' ng an

anti body nol ecule as a candidate for” having cytotoxic act Ivity against a

cel | whi cHneiegiess 3©3 canstidaiafoy having eyietoxs B‘Etéllthaqqﬂﬁbﬁﬂ)‘" ifprert&'se t he anti body

nol ecul e byjipoteREin. cell, Weher@h theinGsddymhSiédide biRds SOBRS, thé nethod (i) conpari ng
t he b| ndi ng of. a PODXL-bi ndi ng anti body nol ecule to a gl ycan 5conpri sing

Fucald2Ga1PTPrisieg Q&A% A h t he binding of a cytotoxic PODXL- bi ndi ng
anti body nol gcul ecdntactingihgcampleaiahtitddy grofecaied wifva blikditpaighNass and (ii)

selecting as a candi date ¢ body nol ecul e a sai d PODXL- bi ndi ng
ant i body nol ecul e"%"PPé‘P'"H%X%P%ﬁ?%?Rg‘mé‘csa. d glycan equal to or greater

t han 10t hat ©f t heelectinglangitibodx nvlelé’m@xavm adlabsplue bindiod yo atdéast aheesai®9. The
nmet hod of claim 2@ (RETgal-Te Y2 S| AICTRaTo ) di date anti bod
: ca datb ichtolokR Shiitis tn%%) y
for cytotoxic act Y/I ty agalpngq1 %Ifaﬁ V\?‘I ck eoxpr eslseg Cg[én
10
24. A method of selecting an antibody molecule as a candidate for having cytotoxic
activity against an undifferentiated pluripotent stem cell, wherein the antibody molecule
binds PODXL, the method comprising the steps of:
® measuring the binding of a PODXL-binding antibody molecule to a glycan
15 comprising Fuca1-2Gall1-3GIcNAc; and
(ii) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a binding to said glycan equal to or greater than

that of a cytotoxic PODXL-binding antibody molecule.

20 25. The method of claim 23 or claim 24 further comprising:
iii)) testing the candidate antibody for cytotoxic activity against an undifferentiated

pluripotent stem cell.

26. A method of selecting an antibody molecule as a candidate for having cytotoxic
25 activity against a cell which expresses podocalyxin-like protein (PODXL), wherein the
antibody molecule binds PODXL, the method comprising the steps of:
()] measuring the binding of a PODXL-binding antibody molecule to a glycan
comprising Fuca1-2Gal31-3GIcNAc; and
(ii) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
30 antibody molecule that has a binding to said glycan equal to or greater than
that of a cytotoxic PODXL-binding antibody molecule.

27. The method of claim 26 further comprising:
iii) testing the candidate antibody for cytotoxic activity against a cell that
35 expresses PODXL.



30. A net hod of selecting an anti body nol ecul e as a candi date for having
cytotoxic activity against an undifferentiated pluripotent stemcell, the
nmet hod cowprogi/ngwshe steps of: (i) conparing the bi pdirsg2011/080262

PCODXL- bi ndi ng anti body nol ecule to a glycan 20conpri si ng

Fucal- 2Gal111-3d cNAc wi th the bindi ngbéf a cytotoxi c PODXL- bindi ng
antibody nolecule to a glycan conprising Fucal-2Gallll-3d cNAc; and (i)
sel ecting as a candi date cytotoxic anti body nol ecul e a said PODXL- bi ndi ng
anti body m$ ecu} methndipf sederting an actibedy molesule @s glopadidate derdiaving cyptogiceat er

than 25t hafcigly doBRstALH W&hoéx‘a?‘ésgef %l&alﬂﬂlﬂléﬂo@m(l’@@%’_% WHefGHIne. 31. A

nmet hod of selecting an antib ﬁntm) ecul e"as a candi date tor having

cyt ot oxi c andbedyjm ?eﬁ&?'ﬁ%"c PQHX b Method spmRtitieg e sterpsfent stem cel |,
wherein the anti besypaih ﬂ@tﬂuﬂs.ﬁy a@@mxbundheanmww&améasgwaanthe st eps

of : 30(i)conparing the of le to a
gl ycan conpri si ngg"f—mtﬂfﬁTg Gﬁ‘i{gg@"gb% &'HR‘? h'BgB iﬁ ﬁ’édtépggoal Ot oxi C
PCDXLbi ndi ng ant i kindlyg amtlbedyimeletale 2o gblycancongrising Fuo@l-2Gal’1-3GIcNAc; _
Fucal-2Gal111-3G ¢cNAc; and (ii)selecting as a candi date cytotoxic anti body

nol ecul e a said L- bi ndi ng 35anti body nol ecule that has a binding to
sai d gl ycan €éijjual selesting ag)a eandidate bydotoxib antibofly trotecslaiacsaid/RQD¥kbinding

PODXL- bi ndi ng_ant } hady H?I!e&ﬁ%’lh%t hasGmeﬁag toibﬁj @géatﬁ%uglftgod@"e??eﬁgm afr claim

31, further conprisi n te anti or cytotoxic
actl\Wty agai nst that of thss Sﬂ'@%@i?*'@f’@g’xb’rhnq'Wf@h?d)’s't\@ﬁ?l&%II 5 33. The use
of any one of clains 19 to 22 or the nmethod of any one of clains 23 to 32,
wherein the gl é' an corrprl ses or consists of a glycan selected fromthe

group: FifPal- 208 methosief claie g8 -fathar Gamaising ;
Neu5Aca2- 6Gagif1- 4edmyAsd darfidatcantib drdl dAotokid ettty 2daird) Grdilwhidslc; 10
Fucal- 2Gal61- 3d cé\)l(%(r:eGsses PODXL.
15
30. A method of selecting an antibody molecule as a candidate for having cytotoxic
activity against an undifferentiated pluripotent stem cell, the method comprising the steps
of:
(i) comparing the binding of a PODXL-binding antibody molecule to a glycan
20 comprising Fuca1-2Gall 1-3GIlcNAc with the binding of a cytotoxic PODXL-
binding antibody molecule to a glycan comprising Fuca1-2Gal1-3GIcNAc;
and
(i) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a binding to said glycan equal to or greater than

25 that of the said cytotoxic PODXL-binding antibody molecule.

31. A method of selecting an antibody molecule as a candidate for having cytotoxic
activity against an undifferentiated pluripotent stem cell, wherein the antibody molecule
binds PODXL, the method comprising the steps of:
30 (i comparing the binding of a PODXL-binding antibody molecule to a glycan
‘ comprising Fuca1-2Galf31-3GIcNAc with the binding of a cytotoxic PODXL-
binding antibody molecule to a glycan comprising Fuca1-2GalR1-3GIcNAc;
and '
(ii) selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
35 antibody molecule that has a binding to said glycan equal to or greater than
that of the said cytotoxic PODXL-binding antibody molecule.



Fucal- 2Gal61- 3GlcNAc61-3Gal61- 44 c6;

Fucal- 2Gal61- 3d cNAci 31- 3Gal NAc;

Fucal- 2Gagoboehedbc61- 3( Gall31- 4GLlcNAc[ 31-6) Gal61l- 4GLC pCT/SG2011/000262

Fucal- 2Gal61- 3GLcNAc61- 3( Gal61- 4( Fucal- 3) G cNAc131-6) Gal i 31-4Glc; 15
Fucal-2Gal61- 3G cNAci 3; or 67

Fucal- 2Gal131- 3GLcNAc61- 2Manal- 3( Fucal- 2Gal61- 3GLcNAci 31- 2Manal-

6) Man61- 4GLcNAc61- 4GLcNAc6; 34. The use of any one of clains 19 to 22 or the
met hod of any one of clainms 23 to 2032, wherein the glycan conprises of

consi sts a f . ir-

Fucal- 2Ga2j§1- 3%%@%%@%%&@%0 &@%ﬁ%ﬁé‘%gp&mp"s'"g'

Neu5Aca2- 6Galif1- AtestingAbe ¢arsl{datecantibodyfion ytotaxi asiiuiv 3daisst en vadifiergatiatysh 1 -
Fucal-2Gal61- 3G chiebisnpedm ceiucal- 2Gal6l- 3GlcNAc61- 3Gal6l- 4GLc6- Spl0; 25
Fucal- 2Gal61- 3@ cNAC61- 3Gal NAc- Spl4;

Fucal®2Gal61- 3GlcNAcpl- 3( Gal61- 4GlcNAcf 31-6) Gal61- 4Glc- Sp21;

Fucal- 2Galfyl- 3GLCNRCEE-03 bhpdRelofdlditHs 8d toD2B e meihbd 8) swyldhb-of ShmnsSI2td;
Fucal-2Gal6l- 3G cNAC6-

Sp8; or, . .
Fucal- 2Gal %stb%fei‘dﬂﬁ\&'@‘ié-a%%}?&i@%‘tfr—eaﬁ%lﬁ 5ta 9y samtsleea oM hegoupi -
306) Man61- 4Glc NACG 1 Fdéstic2palf B3SieRIBCR1-3Galp1-4GIcB;

=  Neu5Aca2-6GalB1-4GIcNAcB1-6(Fuca1-2GalB1-3GIcNAcB1-3)GalB-4Glc;
10 =  Fuca1-2Galf1-3GIcNACB;

*  Fuca1-2GalB1-3GIcNAcB1-3GalB1-4Glcp;

=  Fuca1-2Galp1-3GIcNAcB1-3GalNAc;

=  Fuca1-2GalB1-3GIcNAcB1-3(Galp1-4GIcNAcB1-6)Galp1-4Gilc;

*  Fuca1-2GalB1-3GIcNAcB1-3(GalB1-4(Fuca1-3)GlcNAcB1-6)Galp 1-4CGlc;
15 * Fuca1-2GalB1-3GIcNAcB; or

=  Fuca1-2Galf1-3GIcNAcB1-2Mana1-3(Fuca1-2GalB1-3GIcNAcB1-2Mana-

6)Manp1-4GIcNAcB1-4GIcNACB;

34. The use of any one of claims 19 to 22 or the method of any one of claims 23 to

20 32, wherein the glycan comprises of consists of a glycan selected from the group:

*  Fuca1-2Galp1-3GIcNAcB1-3GalB1-4GIcB-Sp8;

s Neu5Aca2-6GalB1-4GIcNAcB1-6(Fucal1-2GalB1-3GIcNAcp1-3)GalpB-4Glc-Sp21;

=  Fuca1-2Galp1-3GIcNAcB-Sp0;

»  Fuca1-2GalB1-3GIcNAcB1-3GalB1-4GlcB-Sp10;
25 = Fucal1-2Galp1-3GIcNAcB1-3GalNAc-Sp14;

=  Fuca1-2GalB1-3GIcNAcB1-3(GalB1-4GIcNAcB1-6)Galf3 1-4Glc-Sp21;

- & Fuca1-2GalB1-3GIcNAcB1-3(GalB1-4(Fuca1-3)GIcNAcB1-6)GalB1-4Glc-Sp21;

*  Fuca1-2Galp1-3GIcNAcB-Sp8; or

=  Fuca1-2GalB1-3GIcNAcB1-2Mana1-3(Fuca1-2GalB 1-3GlcNAcB1-2Manai-
30 6)Manp1-4GIcNAcB1-4GIcNACB-Sp20.



