Human Enbryonic Stem Cel |l Methods and PODXL Expression The present
invention relates to nethods for identifying undifferentiated human
enbryonic stemcells in, and isolating themfrom a sanple; and to
nmet hods for depleting such cells in a sanple. The present invention
also relates to kits of parts useful i;n such nethods.

Undi fferenti ated human enbryonic stemcells have various uses in
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t-4 is a transcription factor, meaning that it hel ps turn_genes on
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of many differentiated or partly differentiated ce types - a
i ndi cation tﬁ”ﬁ’ﬁ"lﬁhe'enbryoni c stemcells are capabl e of
differentiating into nultiple cell types.

At present, the tests used to identify human embryonic stem cells include:

growing and subculturing the stem cells for many months. This ensures that the
cells are oabable of long-term self-renewal. The cultures are inspected through a

microscope to see that the cells look healthy and remain undifferentiated.

using specific techniques to determine the presence of surface markers that are
found only on undifferentiated cells. Another important test is for the presence of
a protein called Oct-4, which undifferentiated cells typically make. Oct-4 is a
transcription factor, meaning that it helps turn genes on and off at the right time,
which is an important part of the processes of cell differentiation and embryonic

development.

testing whether the human embryonic stem cells are pluripotent by 1) allowing the

cells to differentiate spontaneously in cell culture; 2) manipulating the cells so



Al t hough undifferentiated human enbryonic stemcells thensel ves may
be used in cell therapy, it is considered to be beneficial to use
cells which have started to differentiate, or are differenti ated,

conpared to the human enbryonic stemcell. Methods of encouraging
undi fferentiated human enbryonic stem2ells to differentiate into
particular cell |lineages are well known in the art. Once this
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precursor ( K#R8FY surface. The met hod may be used to assess
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stein cells_.and,. if .so, hqw man ch cells. Thus, the invention
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stem cells from a mixture of cells where some of the cells have started to

differentiate, or are differentiated, since these differentiated cells are useful in

therapy.

There remains a need for further ways of identifying undifferentiated human
embryonic stem cells. The present inventors have now found that podocalyxin-~

like protein-1 precursor is a marker of undifferentiated human embryonic stem

cells.

The listing or discussion of a prior-published document in this specification
should not necessarily be taken as an acknowledgement that the document is part

of the state of the art or is common general knowledge.



The nethod may be used to provide an enriched or substantially
i sol ated conposition of undifferentiated human enbryonic stein cells.
Such a conposition may be used in various ways, for exanple it may
itself be used in cell therapy as discussed in nore detail bel ow or
it may be used as a source of cells which are then encouraged to
differentiate into a particular cell lineage which is useful for a
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include a sanple of S grown in vi
may be used in various ways, for example it may itself be used in cell therapy as

discussed in more detail below or it may be used as a source of cells which are
then encouraged to differentiate into a particular cell lineage which is useful for a
particular therapy, or it may be used to (in vitro or in vivo) investigate the factors

which allow for the human embryonic stem cell to differentiate into other cells.

Typically, the enriched composition of human embryonic stem cells contains at
least 50% of the cells as undifferentiated human embryonic stem cells, preferably
at least 70% or at least 90% or at least 95%. Preferably, all of the cells in the

composition are the said undifferentiated human embryonic stem cells.

A third aspect of the invention provides a method of removing an undifferentiated
human embryonic stem cell from a sample containing such cells, the method

comprising removing from the sarﬁple the cell or cells that express PODXL on
their surface.



In relation to the third and fourth aspects of the invention it is
particularly preferred that the sanple is one in which

undi fferentiated human enbryonic stern cells have been encouraged (or
pronoted) to differentiate into particular. cell |ineages and
therefore the sanple may contain a mxfure of undifferentiated and
differentiated cells (because differentiation is currently not an
efficient process). Typically in such a sanple the undifferenti ated
human enbryonic stemcells constitute a few % of the total nunber of
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sample will BE° P°Brior to the clinical application of the sanple
whi ch contains differentiated cells because, potentially, the

undi fferenti at ed cells can formundesirable teratonas. Typically, at
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steps in cel] tg&p&%gl ng or separation. Also, it is believed that

killing may be a nore "absolute" formof cell renoval. The am no acid
sequence of Podocal yxi n- Iike protein 1 precursor is given in Figure
9B (SEQ I D Bﬁg‘ %%l and |s ou(gg i n_ Accession No 000592 of the
NCBI protein EEan d’é 8* JpipEentipied hyman epbrienie sepueiBdn @see

al so Ker shawampleds us(eﬁﬂ%@daus]e aBHiSdussddMRIBw, %K?mﬁﬁx@@bém@%&@to %rﬁovle
al so cal l ed P 1 a,nd PODXL. For conveni ence ed PODXL

hereafter. quiipfgd QB%F%@WE’EY@@%W cellrelrop akaintonh pE indiferas mted n

t he met hods ag&d;f&eelhggégegnspn is the PODXL which is found in nature in
undi fferentiated human enbryonic stemcells. The PODXL therefore may
have the precise sequence given in Figure 9B, or it may be a
naturally o I X cordi.n

000592, R i o a yald SRy ohbFk Shon R AN pe R AEN b B onen o
the L at res¥&use wgbifereptiateddamntan calbaonic spanet@}lsr Sditabidoadipis nitclafe at he

first, secol inv |on he s l e is
contacted with deg; b%d{ i %&n@?%%ﬁjb%lc SSBE NG S "ilbi'? fﬁnﬁﬁgsggm{uge BODXL
and the sai dalmamfﬁC@Mgrwmnonm emcell i s | dent| fied in or isolated

fromor renoved fromthe sanple by virtue of it being bound to the
bi ndi ng noi ety. According to 000592, PODXL is a 528 residue

gl ycosyl at edn celatiors tw fthﬁ:ﬁmmbhzy(pe’@hﬂdaspea& oththe nvesdrduer Jadduifle a
si gnal pepti d%n%rntg tbtﬁm dues. 23-528 present the mature protein.
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lineages and thergfore the sample may contain a mixture of undifferentiated and

differentiated cells (because differentiation is cutrently not an efficient process).
Typically in such a sample the undifferentiated human embryonic stem cells
constitute a few % of the total number of cells. Typically, the differentiated cells
in the sample may be cardiomyocytes, pancreatic islets, neuronal progenitor cells

or mesenchymal stem cells which are derived (by differentiation) from human

embryonic stem cells.



6 Resi dues 23-304 represent a Ser/Thr rich region. It is preferred if
t he binding noiety which binds to PODXL binds to the extracellular
regi on of PODXL, for exanple within the Ser/ Thr rich region, or
outside of this region. Conveniently, the said binding noiety is an
anti body by which termwe include a fragnment or derivative thereof,
or a synthetic antibody or synthetic antibody fragment. Antibodies

which will m&mﬁbﬁab(of’@ifhct&fﬁ ofthE @A FerC AN hunh oBHATRIcStenfQAt gb&G
specific for n podocaIyX|n whi ch pol ycl onal antisera bin
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of an antlboﬂﬂs@bm@n@%ﬁ@pﬂemay&bb fragnent) or a synthetlc ant i body

fragnent (for exanple a single chain Fv, fragnment [ScFv]). Suitable
nmonocl onal anti bodies to sel ected anti gens may be prepared by knomn

techni ques, DHétmerangy 1@11&%%?%@%1@&&&%&;1&&(1%11 %ﬂ@ @%
manual of techni ques” ola (CRC Press, 1988) an noc onal

Hybri donza ﬂ%@¥5§@ﬁ@bm>¢%@Hﬁmq@é%a@h@ﬁmbﬁﬁwdamdbpsk@mﬁgﬁrBQRMEMh (CRC

Pre 1982 d o et at
(1585 Bun o aBeiLgq Bt LRAULES B dls MUTRAL A QREPRESSH, O |

Pol ycl onal anti bodi es are useful in the nmet hods of the invention.

Monospeci fi 0 0 tiho erred.. Suitable pol ycl ona
ant i bodi es gg% %%&%r%%%? mﬁ?lﬁgﬁﬁ%¥ £%§gpﬁ)ﬁﬂdhﬁﬁ?ﬂ3?h§ 5 YL m 7
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rodent origin qgﬁggg sed to, constant dommi ns of human origin such
that the restift nt %ﬁ?v@é@é? srik Vil 8¢ gaked RAPE Labserefter. ¢t Willobe t he

rodent par endpgebcmridi thadie tMbker kb i8bsddl in (ASBEhofY 8Cme MRLhHAGRE Set
USA 81, 685 ]PC?S}S(]S_,)W}IIG}I is found in nature in undifferentiated human embryonic stem cells.

The PODXL therefore may have the precise sequence given in Figure 9B, or it

may be a naturally occurring variant thereof. For example, according to 000592,

R is a variant for the T at residue 62, and S is a variant of the L at residue 196.

In a particularly preferred embodiment of the first, second and third aspects of the
invention, the sample is contacted with a binding moiety, which binding moiety
binds to PODXL and the said human embryonic stem cell is identified in or

isolated from or removed from the sample by virtue of it being bound to the

binding moiety.

According to 000592, PODXL is a 528 residue glycosylated cell surface
polypeptide, of which residues 1-22 are a signal peptide, and residues 23-528
represent the mature protein. Residues 23-431 are believed to be the extracellular

portion of the protein and residues 432-452 are the transmembrane region.



That antigenic specificity is conferred by variable donmains and is

i ndependent of the constant domains is known from experinents

i nvol ving the bacterial expression of antibody fragnents, al
cont ai ning one or nore variabl e donmains. These nol ecul es incl ude
Fab-1i ke nolecules (Better et at (1988) Science 240, 1041); Fv

nol ecul es (Skerra et al (1988) Science 240, 1038); single-chain Fy
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sites is to bhe fau i.n Wnter & MIstein (1991) Nature 349, 293-
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E. coil, thus&iowi ng the facile production of |arge anobunts of the
said fragnments. Wol e anti bodies, and F(ab)2 fragnents are
"bivalent". By "bivalent" we nean that the said antibodies and
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Fv, ScFv an f£ag ts_are noval ent, .having only one antigen
conbi ni ng sicgpes%.c %? ynQ%etﬁogoﬁg‘?)‘?rbog:b}é’g W}V‘?ﬂna& WS¢ pPedkitondlir al so
be made usi regtptedigler domsgih,dy atatialla GoQgY& DS yhtemWahd uldBOMI6 Fhe hilSHE! T -
Particul arl y‘?@régger ed anti - Xl ., . anti bodi es for _use in the nethods

P
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Typi cal |y, iavaitabieefrbodReD $ebemtd, fvd Bget haavd%&t,i ﬁxfn%e‘?%}\ﬁﬁﬁﬁ Mt
enbryonic stemcell, the binding noiety is detectably Tabelled or, at

| east, capabfe oftyiRdeys terhniqust ikxalaiteto mesodonaliianighadyi tethpology,
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fl uorescent rrt;I eéul e or%rﬁsrrgl ecﬂs{og a\?\lﬁfg%ﬁ ggiﬁglgg?éﬁgﬁﬁ%oggpgﬁyeb& in
any ot her wdyParioé 3B Aibpdy WS crgmplgya Feb diagment) yr |aakeittotid antibdiya

det ect abl e |®R@lenOffor &xaiB¥ PENHPLLES arpexanmpl e, the
bi ndi ng noi ety rrrglg(;(r be Xgﬁg unl'a%éel I edﬁgﬁtgﬁ%&%ﬁ% g%xﬁabgeem%cgg?led by
anot her ant iBBeSAIGHHP edledtesl antigesisimaydisetdpertd bplkhermatinig@ley, fof d@mprcond
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ant i body. (CRC Press, 1988) and in “Monoclonal Hybridoma Antibodies: Techniques and

Applications”, J G R Hurrell (CRC Press, 1982).

Chimaeric antibodies are discussed by Neuberger et al (1988, 8th International
Biotechnology Symposium Part 2, 792-799).

Polyclonal antibodies are usefil in the methods of the invention. Monospecific
polyclonal antibodies are preferred. Suitable polyclonal antibodies can be

prepared using methods well known in the art.

Fragments of antibodies, such as Fab and Fab, fragments may also be used as can

genetically engineered antibodies and antibody fragments.



In a preferred enbodi nent, the invention includes a nethod of
identifying an undifferentiated human enbryonic stemcell in a sanple
whi ch may contain such cells, the nmethod conprising contacting the
sanple with a binding noiety (such as an anti body) which binds to
PODXL on the surface of the said cell,7allow ng the binding noiety
(eg antibody) to bind to PODXL on the surface of the cell and

theretor Top o Jj?ﬁ! R TV P PP, Pt T 1 R o e PR B ™
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magnetic field. M crobeads used for magnetic cell sorting are often
termed MACS col | oi dal super paranagnetic m crobeads. The hunman
enbryoni ¢ stBran agtideh’s spediftityed chnfetrbd Sy wajebleadonhinssad issidddpyndemgeet i
activated cell sortin MACS) .. Suitably, the binding noiety is .
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and t he hunesxpestioy of betitekig hehRhl SalBE@itdisal ahe dr ot Grabl! dégagscence
activated cel| sortlerh%F.Aé:ga. In.a preferred enbodinent, the
i nventi on i nctHYEYIE IS IAGH OFG-Ht BolsidenfBeiteier refldfe) deene Rdfan
enbryoni ¢ stemgeiy roldailed (SRR & AQDE) NS YE]) 1©98), SinglehBaiBENOd
conprising the steps of contacting the Sanple wth a bi nding noi ety

(such as an @RFYV)FBelsyuleviere Biends archV ppmiter domaine arsdinked wia offlexinde saj d
cell, allowg dBipgl ' t] i on
t he surface o%o%ﬁ%dgélﬁﬁé Q%%@%ﬁ?ﬁ%ﬁ%h%ab%%g%m}&%f gl't@?xcsé%rﬁ(%l ex
from the renddadders obS4 IS, SEAPI endisihgleoperan adokihodiese (dds) rgmptiengel |
from the bingi j hdep rred enbodi e of
the Tourt h aonaea st (Vuf LA OSSN B B L BB P b
enbryoni ¢ stieshniwlel iinelddsior by egnfhysiv bf tuighody frgimegts beicid rétein aheir
.b I ndi ng ol esg)\éci% 'bﬁl%m%' slﬁgss isttc(? belaD %%In((lf in %i’ﬁ}é’ﬁé}'ﬁ?&éﬂ (195“%%%}2%‘48 gZQIgPI ety
is an anti body ’

299.

By “ScFv molecules” we mean molecules wherein the Vi and Vy, partner domains

are linked via a flexible oligopeptide.

Fab, Fv, ScFv and dAb antibody fragments can all be expressed in and secreted

from E. coli, thus allowing the facile production of large amounts of the said

fragments.

Whole antibodies, and F(ab'), fragments are “bivalent”. By “bivalent” we mean
that the said antibodies and F(ab"), fragments have two antigen combining sites.
In contrast, Fab, Fv, ScFv and dAb fragments are monovalent, having only one

antigen combining sites.



The anti body may itself lead to killing of the undifferentiated human
enbryonic stein cells. For exanple, the binding of the antibody to
PODXL on the cell surface may |lead to an increase in cel

perneability (as evidenced hyperneability to dyes such as propidium

i odi de/trypan blue) and cell shrinkage8 Alternatively, the antibody
(or other binding noiety) may further be linked to a cytotoxic noiety
whi ch can destroy the said cell when the |Iinked antibody is bound to

the cell. ]Sé,%gltabl cytotoxic noieties, which can be linked to an
anti body or “ofiveic %Flﬁa‘ihﬁ%gwhlﬁh Etﬂ9 to PADKEdBay aed keavadeveingphage display
cytot oxi ¢ drgSelo &QEQ%H h@%ta”d enzyme systens that convert a
prodrug into a cytotoxic rug ese are well known in the art. In a

preferred enbodi nent, the invention includes a method of destroying

di ff L
Slch cel I 5, Toisad aoHRE SIPRUAR b SRCEr sre B ofs BRTPHGiHE b Ginpl o
with a bi ndlm@mmmehyre(@mmeamraareaiataﬂlaeldw) which is toxic to the

said cell, and allowi ng the binding noiety (eg antibody) to bind to
the PODXL on the surface of the said cell and allow ng the binding

noi ety kill tyheasaiifl aG@ihod J8eial ﬂﬁ Lﬁ@fﬁ%ﬁeﬁtnﬁ@d’ h%aéi‘nlﬁ'ﬂ?& diOQEN

which itself |s CétOtOXIC to the said may 1 nclude”a further
noi ety whi cifellsthe Giading woietieiscistactabin 13W11€Id d@:ea’felﬁ?@t seahtecef dotestivn.he

foregoi ng t hak fheié reﬂ@gshalag n?ollag daxg@ggggf?ﬂpgﬁg%%n@e ggfn%% ALER

bi nds PODXL for identifying an u uman e oni c stem
cell in a samib@lwmfammsn@t sapddruleatr Iasnolmke wiﬁolacarrﬁeeéaxiﬂy\hetednedmmnds

PODXL f or erent.i,at ed ni I
froma sarrpl e \?\%ﬂegﬁva on ?‘%%éllag%é%wé%ﬁyl kS &g%gyg%‘% }i%rfﬁ’l%étafe%ﬁfag
bi nds to PODMtel boit nragive vidigcthynlabelttidf fFer emtrm&t ¢6 bhidiR e Bl my:H HetanSt €M
cell froma s alnlng cells; use of noi. ety which
bi nds to Pdﬂs?ﬁgglhf% %é?&%yﬁhcé ‘fl%?cg%tl?yaﬁ%)&haﬁ&ﬂjéwd@rfg}?‘%ﬁﬁ el em
c el 11 sina ﬂalmﬂle@ wtlteeﬂhn@f)md&iem_lqﬁ@dsﬁﬁﬂﬂo?eiﬂ@ hlaPé e&@fdatlaljiy bidti€and t

i ndi ng noi i bo e invention al so provides a noiety
whi ch bi nds %di%ﬁﬁ%b%dt t>£/‘%léﬂ’flpﬁ 1&p Siptin ydseciodniiecilyfabel thyrgst
i nvention alm@bgiyovi des a noiety which binds to PODXL further

conprising a cytotoxic noiety. Preferably, the binding noiety is an
ant i body.

In a preferred embodiment, the invention includes a method of identifying an
undifferentiated human embryonic stem cell in a sample which may contain such
cells, the method comprising contacting the sample with a binding moiety (such as
an antibody) which binds to PODXL on the surface of the said cell, allowing the
binding moiety (eg antibody) to bind to PODXL on the surface of the cell and
determining which cells have the binding moiety (eg antibody) bound thereto.

Typically, in a method of isolating the undifferentiated human embryonic stem
cells, the binding moiety is immobilised on a solid support so that the human
embryonic stem cells can be isolated by affinity binding. Conveniently, the solid
support comprises any suitable matrix such as agarose, acrylamide, Sepharose (a
trademark) and Sephadex (a trademark). The solid support may also be a solid

substrate such as a microtitre plate or the like.



11 marker. Preferably, the other human enbryonic stemcell marker is
any of Oct4, SSEA-4, Tra-1-60, Tra-1-81 and GCTM 2. Still preferably,
the ot her human enbryonic stemcell marker further includes any of
mAb 5, rnAb 8, mAb 14, mAh 63, inAb 84, mAb 85, mAb 95, mAb 375, mAb
432 and mAb 529. Typically, the kit coprises an anti body to PODXL
and an anti body to one or nore of Cct4, SSEA-4, Tra-1-60, Tra-1-81

and GCTM 2. Axph&gdduVly, tHeChikdihe Wa¥etd; ' - S§ 1N
i mmunochem stry; ?éhe gnti bodile% I n?%é?gﬁa%gég@f%g%%%g%&}%’f Eﬁécélx’soerf or
| abel | i ng t HediEgstly)oseribe ghat, nehers bpend, | the fivmgn t dvebraomid biedi esl] toan de

cytotoxic I ! recgiated that for all, enbodi s of
the invent :Tglﬁg %r%&e«li g{) 151\;\%{? (%?Sggfdﬁ?ﬁgg&? HETHPIOT 6] iogg S‘ﬁ%’agleéjéargﬂgﬁng%‘.&‘
Thus, it is Micefteadseded fatmazheticausll shtidy ate@ARORNheERIACS dovisidyl shads
PODXL ie binds PODXL with greater affinity than other human

pr ot ei ns. Tm@m@?gcwgbg%si -PODXL anti body binds substantially no
ot her human proteins. Further anti-PODXL anti bodi es useful in the
practice of the invention are described belowin nore detail. The

i nvention al’S% ypsicadsyonic tericelisclpleatied it bé Wuhmay batearipdhy magnein cel |

(or a corrposcicg{,aggh&ﬂrsgﬁg%céMAqgs)such cells) isolated by the nethod of
t he second aspect of the-invention. The invention also includes an

i sol ated undi fferentiated human enbryonic stemcell which cell
expresses PQXL ongitg. surface. Typical ..the, isol afed. human.
enbryoni ¢ stem l(’:181 e glrn%%:{lgrr%gnsel il%ﬁ@sbe@#r i\&/étﬁeﬁequ(??:es?eﬁ 1%‘??&{?%?@oni c
stem cel |, aﬁalectfj)y o irdiirecthy danh;iherm:ﬁﬁaﬂ éfilgtlyord® r@]ftéﬁlsi:einis @beisol;{ﬂa&Slsinghle
i nvention i udes a net roducing a pharnaceutical conposition
of human e Vﬁﬁf@c‘g?@ﬁgaﬁl&or%{/&d@aéé)yi ng out the nethod of the
second aspect of the invention and preparing theminto a

i for exanple by using suitable sterile and

phar rraciauti g[gl cg&gqog tellrngg(il ! ity an

pyrogen- f r ee®r & ; PREY Be astirnsineludes pomethed phdsolating

typical ly ungiffdrditiadBaéh $BRofic st BH £&h REAGE bMIARE such cells,
the method comprising the steps of contacting the sample with a binding moiety
(such as an antibody) which binds to PODXL on the surface of the said cell,
allowing the binding moiety (eg antibody) to bind to PODXL on the surface of the
cell, separating the binding moiety-cell complex from the remainder of the sample

and, optionally, releasing the cell from the binding moiety.

In a particularly preferred embodiment of the fourth aspect of the invention, the
said undifferentiated human embryonic stem cell is destroyed by virtue of being

bound to a binding moiety which binds to PODXL. Conveniently, the binding

moiety is an antibody.

The antibody may itself lead to killing of the undifferentiated human embryonic
stem cells. For example, the binding of the antibody to PODXL on the cell
surface may lead to an increase in cell permeability (as evidenced hypermeability
to dyes such as propidium iodide/trypan blue) and cell shrinkage. Alternatively,
the antibody (or other binding moiety) may further be linked to a cytotoxic moiety
which can destroy the said cell when the linked antibody is bound to the cell.



The invention al so provides a conposition containing differentiated
cells (which have been nade by pronoting the differentiation of

undi fferenti ated human enbryonic stemcells) but which is depleted of
undi fferentiated hurman enbryonic stemcells using the nmethod of the
third or fourth aspect of the inventign. The invention also provides
a conposition containing cells differentiated fromundifferentiated
human enbr y gpjih1staBosRIhSelR] Ghick QAPRSiifilean ARG of bist @ndiha! | v
no undifferentiated human enbryonic stein cel I's whi c express XL
on their sumiads. ndwdesedieaniiye siopispeitoterie divgpicybdxyc poteins autenapmne

phar maceut i 0Si.1i Thus: the. inventiaon includes a hod of
ki o . phartaiomRARhiefoallliig flGasbnG; Rkt A2t 8o Ph b
containing ditf ferentiated cells (but depleted of undifferentiated
human enbryonic stemcells) as described above and preparing it into
a pharmaceutical conposition. The conpositions containing

di fferenti atigd sefdisd Ruthodehetigd idlnttndidkhasepti dtRdoheIRE g RA yONi C
stemcells (and preferably free of such cells) are useful for
treating a pafiflerpntipted uasp gpbryenie stemeplhjnye sappletmisiningeich adlgnthe of

t he conposi t4| 1 : i T J der
t he supervi tsn:légk%d(r)@ Mlggﬁel}gg{c?asl %ﬁg@%ﬁ%}%@%@%@@% %%%d? ?!‘“’%%Ss“w#or
treat ment wias An anfodpl wiiclois tevepabe saiderd], amicdllodéngibe Kindispmosta(ed

Al zhei ner' s _dj . { pal inj ur stroke,..b ar.t

di sease, ostag{é%)?ﬁr?cls%@%ﬁ%% sunat g%’e %flaf%ﬁ@legé“?’ﬁgﬁ%?ﬁ ﬂ%’wé&% ge

S ﬁq uenc ef ( arvihdarco 0 diet}d{biﬂ aﬂlg/séuitb b@bj{’i’iﬂaﬁﬁﬁ@ﬁxﬂm@) mey g& MaMbbi?ﬁmclgL "
chains o ) ¢ e .been determned .a 0 in Figures 11 an :
13 Thus, anﬁﬁﬂ?ﬁe@a’g‘%’%‘é@t&%?m‘% ﬁ"éfgfﬁ%aé’ﬁ{“’rﬁ}ﬁ% b Frdﬁ%mgﬁ" 15 1oBEspRL
anti body t hake@fintains the am no acid sequences 0 to iii), or the

am no acid sequences iv) to vi), or preferably the am no acid
sequences i) to vi): i) SASSSVNYMY (SEQ I D NO 2)

It will be appreciated from the foregoing that the invention also includes use of a

moiety which binds PODXL for identifying an undifferentiated human embryonic
stem cell in a sample containing such cells; use of a moiety which binds PODXL
for isolating an undifferentiated human embryonic stem cell from a sample which
containing such cells; use of a moiety which binds to PODXL for removing an
undifferentiated human embryonic stem cell from a sample which containing such
cells; use of a moiety which binds to PODXL for destroying undifferentiated

human embryonic stem cells in a sample which containing such cells.
Preferably, the binding moiety is an antibody.

The invention also provides a moiety which binds to PODXL further comprising a
detectable label. The invention also provides a moiety which binds to PODXL

further comprising a cytotoxic moiety. Preferably, the binding moiety is an

antibody.

A further aspect of the invention provides a kit of parts comprising a moiety which

binds PODXL and a further agent that detects another human embryonic stem cell



ii) DTSNLAS (SEQ ID NO 3) ill) QUBESYPYT (SEQ ID NG 4) iv)NYWNI N
(SEQ I D NGO 5) El RLI CENNYATI | YAESVI CG (SEQ I D NO 6) vi)ERA
(SEQ NO 7) or a variant thereof in which one or two or three amno
acids in one or nore of the sequences (i) to (vi) are replaced with
another am no acid. Preferably, the apfibody contains the particular
am no aci d sequences given. Typically, if there is variation in the

am no acid n ' o . ] Ci bhstituti ons
T oo % JRAHENSRI-AbIN OBy o hinf LU0 ATIRARLR GO
Typi cal |y, &3¥ért.afta-hel Tad-8r abdvGEMNIR0 Sidli prefertbst, i theltoiten Sminanone

or two of t ences (1) to. (V). nveni ently, Ere' one, am no
aci d substi {% u b;%goﬁ%l Sﬁer%ﬁ%l(%%rkﬂ/@’(%‘?r l?ﬁlu‘é%%?f?yn?ﬁ%ét? g r%‘é- géﬂé@“»@gbt 0
(vi). In anyg3avabigd]nabasihaedy, mabaisnminesnhihidysto bind PODXL.
Preferably, the anti body selectively binds to the extracellul ar

regi on of PODXL, and the selective binding to PODXL is conferred by
the pr esenCQ‘yﬁfcaﬁ}Fﬁsﬁ@kﬁ%ﬂ@ﬁ%'aﬂ_ @%ﬁbﬁ%ﬂ@%})ﬁt%& faﬁ%ﬁbo&ﬁ,gt%t@gt&rbody

has at |east one 1ight chain variable’region incorporati ‘
fol | owi ng CoRge oCOR; SSNSISTRYIVEO,(BEQ-IDUNGCTN-2. Typically, the kit may

also contain reagents for use in immunochemistry; the antibodies immobilised to a

support; means for labelling the antibodies; means for linking the antibodies to a

cytotoxic moiety.

It will be appreciated that for all embodiments of the invention it is preferred that
the antibodies are selective. Thus, it is preferred that the antibody to PODXL
selectively binds PODXL ie binds PODXL with a greater affinity than other
human proteins. Typically, the anti-PODXL antibody binds substantially no other
human proteins. Further anti-PODXL antibodies useful in the practice of the

invention are described below in more detail.

The invention also provides an undifferentiated human embryonic stem cell (or a
composition enriched for such cells) isolated by the method of the second aspect
of the invention. The invention also includes an isolated undifferentiated human
embryonic stem cell which cell expresses PODXL on its surface. Typically, the
isolated human embryonic stem cell, or compositions enriched for the human

embryonic stem cell, are provided as pharmaceutical compositions.

Thus, the invention includes a method of producing a pharmaceutical composition
of human embryonic stem cells by carrying out the method of the second aspect of
the invention and preparing them into a pharmaceutical composition, for example

by using suitable sterile and pyrogen-free reagents.

The isolated or enriched undifferentiated human embryonic stem cells may be

used to treat a patient in need of cell therapy. An effective amount of the cells



CDR2: DTSNLAS (SEQ 1D NO 3) CDR3: QUABSYPYT (SEQ ID NO 4) 14 Mre
preferably, the antibody has at |east one I|ight chain variable region
conprising the amno acid sequence shown in Figure 11 (SEQ ID NO 8).
Preferably, the antibody has at | east one heavy chain variable region
i ncorporating the followi ng CDRs: CDRlz NYWW (SEQ ID NO 5) CDR2:

El RLKSNNYATHYAESVKG (SEQ ID NO 6) CDR3: ERA (SEQ ID NGO 7)

may be administered to the patient, typically under the supervision of a medical

practitioner,

The invention also provides a composition containing differentiated cells (which
have been made by promoting the differentiation of undifferentiated human
embryonic stem cells) but which is depleted of undifferentiated human embryonic
stem cells using the method of the third or fourth aspect of the invention. The
invention also provides a composition containing cells differentiated from
undifferentiated human embryonic stem cells which composition contains

substantially no undifferentiated human embryonic stem cells which express
PODXL on their surface.

These compositions are typically provided as pharmaceutical compositions. Thus,
the invention includes a method of making a pharmaceutical composition by
providing a composition containing differentiated cells (but depleted of
undifferentiated human embryonic stem cells) as described above and preparing it

into a pharmaceutical composition.

The compositions containing differentiated cells but depleted of undifferentiated
human embryonic stem cells (and preferably free of such cells) are useful for
treating a patient in need of cell therapy. An effective amount of the composition

may be administered to the patient, typically under the supervision of a medical

practitioner.

Suitable conditions for treatment with the cells or compositions include
Parkinson’s and Alzheimer’s diseases, spinal cord injury, stroke, burns, heart

disease, osteoarthritis and theumatoid arthritis.

The amino acid sequence (and encoding polynucleotide sequence) of the Vg and

Vi chains of mAb 84 have been determined as shown in Figures 11 and 12.



More preferably, the antibody has at | east one heavy chain variable

region conprising the amno acid sequence as shown in Figure 12 (SEQ
ID NO 10). Yet nore preferably, the anti body has at | east one |ight
chain variabl e region as defined above as defi ned above and at | east
one heavy chain variable region as defi ned above. Mst preferably,

t he anti body has at |east one light chain variable region conprising

the anino agipds SEAURRF Ss RS ﬁqﬁﬁa\éﬂn&e&i&ﬂ gl%ﬁe}%n ﬁﬁ@dﬁﬂ%ﬁ@&dgﬁg& at

| east one heavy chain variable region Conprising the anmino a
sequence as ceifeins theranfing aeié scyRec8EDtO i) N@thel@hino biodeegences tv)itsvi),
appreci ated th Be | i ght an(g heavy chain CDRs 1-3 of nmAb 84 |isted
above may alotéglaeg%rgb %Flieif‘g‘ﬂil%?ﬁl Seﬁg%r’fcéﬂg’nw)gonj unction with framework
regi ons othey thsASSBUVSYNEEIRQIID Ne:gyres 11 and 12. Accordingly, in

an enbodi ment, light or heavy chains having CDRs 1-3 of nmAb 84 |isted
above nmay pdéses?gfa#]%st@%ﬁ?aﬁﬁv@‘ﬂ amewor k region. Suitable franmework
regions are el qowesyPRTiBEQantn@ny are described for exanple in M
Lefranc & GMfef ranc 2&0}11{3( gg?‘he I :nﬂnogl obul i n Fact sBook", Academ c

Press, i ncorfpor atBdVi 2 ByNQsPerence. 15 the first, second, third
or fourth aspect %ﬁKEWf}WAEQOKGﬁgEQBR%y@bE used in the kit of

parts. It will bé appreciated that t sequences nmay be used in
t he gener at ivon ofERSY (NEQEID NOaf}t i bodi es and anti body fragnents as

di scussed above. A further aspect of the invention provides a

pol ynucl eoti de encodi ng the above-nentioned anti body or a nol ecul e
cont ai ni ng ane vatialMdeodlin Whigh Yhe artwiidr 6hed Msin®hci8di@bnadr Abtd JTaey .

Fespect i vel VERERRAUTT e FlGrEvi MedEeRPORER. 0) and Fi gure 12
(SEQ ID NO 11).
Preferably, the antibody contains the particular amino acid sequences given.
Typically, if there is variation in the amino acid sequences given, it is one or two
amino acid substitutions in one or two or three or four of the sequences (i) to (vi).
Typically, a variant has one or two amino acid substitutions in one or two of the

sequences (1) to (vi). Conveniently, there is one amino acid substitution in one or

two of the amino acid sequences (i) to (vi). In any event the antibody retains the
ability to bind PODXL.

Preferably, the antibody selectively binds to the extracellular region of PODXL,
and the selective binding to PODXL is conferred by the presence of these amino

acid sequences.

Preferably, the antibody has at least one light chain variable region incorpordting
the following CDRs:

CDR1: SASSSVNYMY (SEQ ID NO: 2)

CDR2: DTSNLAS (SEQ ID NO: 3)

CDR3: QQWSSYPYT (SEQ ID NO: 4)



The invention includes a host cell which contains one or nore

pol ynucl eoti des required to express the antibody. Typically, the host
cell is a bacterial, yeast or manmalian cell. Chinese hanster ovary
(CHO) cells are particularly suited to antibody production. The
invention will now be described with reference to the foll ow ng

Fi gures and Exanple wherein: Figure 1. Flow cytontetric analysis of

t nAb bi ndi nguére seiduler @at i | P N0l .e.: . S i ons
of HES-3 cells V’\I/se%re. st}gi.nedén\%bt&ﬁ/ g%%egﬁﬁérﬁ%?gﬁgg%%?@gﬁ%gi nst
cel | surf acéantsipehs smintEsegenppdhowo i Figutk- 16 0(SEQD K6d8)es bound to
cells were detected with a FI TG conjugated anti-nouse anti body. The
shaded hi stogram represents staining with the negative control and
open hi st ograeferablypthe satittodgthas atilsagt o hbavprchamvyriad fepiRdi@srporitagr e Z
Anal ysi s of nt bi nding to cell surface antigens on hESC col onies by
i nunt t noeyt SEHEHYY 8- nost ai ni ng of HES-3 col onies cul tured on
feeders w t ICORI:f enerWMN@EEIPRES5Y ai sed agai nst cel | surface

anti gens onﬁ?ESC. Col oni es were subsequentlﬁj\)/ stained with anti-nouse

det ecti on aftiody EETAFIYAT N AT G QAP RO: @ nAb 5, 14, 63 and

95) or PE (rapp¥ 8@;@@(@@%@@@7) Negative 16 staining was observed
with the isotype control SSEA-1°(data not shown). |nages were taken

at 40x magnification and the scale bar represents 200 ntn. Figure 3.

Two- col our f ri is of. HEY-3 cells.stained with
vari ous hESgﬁyﬁgg%%%ggfng%ﬁ%}bast% l&st%-ol?.e AY 1 BReYAARIESISEG ons
of hESC wer eospisiegtheatiyo sidieqedcastshowh ff Epest 2 hESGIDINGI 1. | nAb

clones followed by mAb to Cct4. Antibodies bound to cells were
detected sinmultaneously with anti - npbuse 1gG specific antibody

FI TG conj ugatee thoan dredtilily, niael a6titody Whs @nédsbeely i Ple-c8ARIvHGM & thoiolNg
mar ker for th]be t sitioned to represent the fluorescence of

I was
>95% of t he SSPHEADCY LS dpinee abgye aud.at dessf enpaliesty ichan praabierRgias] asi
the | ower | @bfinlqudgvant. Figure 4. Cytotoxic effect of ntAb 84 on
hESC and EC cells. Cell suspensions (2 x 105) were incubated with 5
jig mAb 84 or mAb 85 (I sotype control) at 4C for 45 min. After which,

cells were Mdsygﬁéi%ﬁbf}ﬂ?rth@%ltﬁf@dyshm afPleaSX GhAISIRD cﬂﬁﬁa‘yatnﬁﬂlet hgi ! ow
cytoneter. Gated region in the Scatter plot represents the vi e
cel | popul at®P@aLsing the amino acid sequence as shown in Figure 11 (SEQ ID NO: 8) and

at least one heavy chain variable region comprising the amino acid sequence as

shown in Figure 12 (SEQ ID NO: 10).

However, it is appreciated that the light and heavy chain CDRs 1-3 of mAb 84
listed above may also be particularly useful in conjunction with framework
regions other than those shown in Figures 11 and 12. Accordingly, in an
embodiment, light or heavy chains having CDRs 1-3 of mAb 84 listed above may
possess an alternative framework region. Suitable framework regions are well
known in the art and are described for example in M. Lefranc & G. Lefranc (2001)
“The Immunoglobulin FactsBook”, Academic Press, incorporated herein by

reference.

The antibody may be detectably labelled or it may be labelled with a cytotoxic

moiety as described above.  The antibody may be used in any of the methods of



Figure 5. Mcroscopic analysis of hESC and EC cells incubated with
tnAb 84. Single cells suspensions (2 x 105) were incubated with 5 ps
inAb 84 or mAb 85 (Isotype control) at 4C for 45 mn in 24-well

pl ates and anal yzed m croscopically. Inages were taken at 100x
magni fi cati on and the scal e bar repreﬁ nts 100 um Figure 6. ‘
Char acterization of m' I b 84 medi ated Killing of hESC (A and B) line

cour se stud E e incu Wit h, and
o ae ¢ s HSEaRE Ry S AR G0 B rtioR, DBy B va it 8 ang
45 mn afteﬂqttolﬂ@al@gddl t| on of the mAb and cell viability was anal yzed

by Pl exclusion or trypan bl ue exclusion assays. (C) Effect of inAb
84 dosage on hESC killing. HES-3 cells (2 x 105) were incubated with

0.1-15 ji g of wiDHb 8aE et RARISP o : S
wer e har vesteg andal\%lﬁa |e| ty was assse@ %%E 5%9516%{8%@& é‘?l@é}%} ?‘c(%fl ture
super nat ant syiitEtiontbib@Uesand 4Qitady i3F@eftors dAsussal aive. cel | s were then
harvested for analysis by Pl exclusion assay on the flow cytorneter.

| ncubation with nt Ab 85 served as an isotype control ( Figure 7.
Ef fect of teufethet alsrpectOJ”f the)AtveltébnnproiiadsedpdiirucledgdeoéncbESE theHbOvS.

cells were incubated puri d inAb 84 or culture _ .
super nat ant I%‘?l% ¥’VI erf i?gﬁ?rp?fltm’?‘ﬁg OB Py RO m%et\ﬁew Yiarhadst ed
for anal ysi a)flawohPAn RRBOUS | Yy RASBRYIH enc;ohf?lgfﬂll Q}Y& 9{{%&% of@Aed4,
region in the scatter plot {rb]gresents he VI e ce opul ati on.

| ncubat i on \KF%Pﬁ"tlfVﬁ%a@ﬁh%‘@F gy8 LARSHQ 5P \su %élf#i?léﬁf.el i(BERADYO:

Rel at i onshi pgihet ween hESC pl uripotency and killing efficiency by mAb
84. Single cell suspensions of undifferentiated and differentiated
HES-3 cells were: (A): stained with inA b to Tra-1-60. Antibodies
bound to cel nt i

ant i body. Thltah% W%gggﬁé@?%gga%&r gﬁﬁWECﬂ-t% 8&2‘{% %gg ?gm ? HOIFHHC%@%S% ive
control and reperedHo @kp:rgsfseths antdmdgs dpicaltyaithe hmgt wl]tﬂs adivebieridl geakt 60

Colf s vere RPUBRTE Hor Ok et ol (CHED o abelty ot ¢ ow

cytoneter. Gatieaiyregivetion.n the scatter plot represents the viable
cel | popul ati on.

The invention will now be described with reference to the following Figures and

Example wherein:

Figure 1. Flow cytometric analysis of mAb binding to undifferentiated hESC
lines. Single cell suspensions of HES-3 cells were stained with different mAb
clones raised against cell surface antigens on hESC or mAb to Tra-1-60.
Antibodies bound to cells were detected with a FITC-conjugated anti-mouse
antibody. The shaded histogram represents staining with the negative control and

open histograms represent staining with primary antibodies.

Figure 2. Analysis of mADb binding to cell surface antigens on hESC colonies by
immunocytochemistry. Immunostaining of HES-3 colonies cultured on feeders
with different mAb clones raised against cell surface antigens on hESC. Colonies
were subsequently stained with anti-mouse detection antibody conjugated with
either FITC -(mAb 5, 14, 63 and 95) or PE (mAb 84 and mAb 85). Negative



Figure 9. ldentification of PODXL as the ntAb 84 target antigen on
hESC. (A) Western bl ot analysis of target antigen inmunoprecipitated
by mAb 84. Target antigen affinity purified fromhESC | ysate using
PhyTi p col unms cont ai ni ng mAb 84 was resol ved on SDS- PAGE, subjected
to Western blot and probed with mAb 84 (Lane 1), mAb to hunman PODXL
(Lane 2) and pAb to human PODXL (Lane 63). (B) ldentification of PODXL

by LC M5/ MS._, Ami ho_segquence. of, human P E . 1) .obtai ned
ftom prot ei A da %ﬁ%ss(go g6 (?ghtggf‘?dsqa 1 C@%W%%% ﬁg\%)éléo"%nr)oﬁq‘?\%s
anal ysi s conveesplaritagx ragh@¥on cudhe kéaddied repndeddob ol um Fi gure 10.

Cytotoxicity of conmmercially-available anti-PODXL anti bodi es on hESC
conpared to mAh 84. HES-3 cells were incubated with 5 jig of mAb 84,

mAb- PCDXL pAls XL s o I SOQALFO 3 ; bp. 1N
18 sone exper‘?ﬁegr?i(s-,ﬁ%ESC v’\g?oeu( fc%‘ra{’%@r% ﬁy e{sc/ygggglfn%é&%vﬁé}%hmm

goat - anti noageus /EARY-bandingrndbsasid mik tr Ot Sgleedll sspeesienstrihi8€t ed
for anal ysi L ON assay.on | ow ¢ ter. Gat

region in tﬁNeé?%(S:%a? Ig[r kl%ﬁatmerae\%rﬁlegl}effﬁfegt %ﬁ‘%&%%na&geﬁ%gl Onﬁsbgodllegf: ?gﬁ (A).
The resul t s nbletabstd. pmebedi¢ésdbund td @lisivare detsersd cib@)ltandougy ethht -Ami no
aci d sequence (a nucl eoti.de ence) of the VI, chain q 84.
The ani no aﬁ%&e%sm rWﬁ%dé'sPﬁgﬁfcé?glﬂéﬁﬁé ?’5{1 W?‘F%R%P@W on.
The am no achfisgiedleThd RedteCRE FRSPGWhstBsitiBRdas MYr&eRNh&flidr¥scence
determ ni ng regl(pnsstéCDRs)., The ami no_acid sequence is SEQID NO 8
and the nucl%gPrdertdbs trpnegialest IEEQLT PENonjugatettisgtipe cantrol mpihadoweri d
sequence (angh@wag@lgti de sequence) of the VH chain of ntAb 84. The

am no acids not underlined correspond to the framework region. The
am no aci ds underlined correspond to the CDRs. The am no acid

i i‘quence IS mERe £ Mhorodft 38 b4PYE 5B A LREGNAE defl sRbhdihsNO
' (2 x 10%) were incubated with 5 pgmAb 84 or mAb 85 (Isotype control) at 4°C for
45 min. After which, cells were harvested for analysis by PI exclusion assay on

the flow cytometer. Gated region in the scatter plot represents the viable cell

population.

Figure 5. Microscopic analysis of hESC and EC cells incubated with mAb 84.
Single cells suspensions (2 x 10°) were incubated with 5 pg mAb 84 or mAb 85
(Isotype control) at 4°C for 45 min in 24-well plates and analyzed
microscopically. Images were taken at 100x magnification and the scale bar

represents 100 um.

Figure 6. Characterization of mAb 84-mediated killing of hESC (4 and B)
Time course study. HES-3 cells were incubated with 5 pg of mAb 84 (A) and
mADb 85 (B, Isotype control) at 4°C, Cells were harvested at 15, 30 and 45 min
after the addition of the mAb and cell viability was analyzed by PI exclusion or
trypan blue exclusion assays. (C) Effect of mAb 84 dosage on hESC killing.
HES-3 cells (2 x 10%) were incubated with 0.1-15 pg of mAb 84(A) and mAb 85
(&) at 4°C. After 45 min, cells were harvesied and viability was assessed by PI

exclusion assay. (D): HES-3 cells were incubated with purified () and non-



Exanpl e 1: Monocl onal anti body targeting podocal yxi n-1ike protein
binds and kills undifferentiated human enbryonic stemcells

| NTRODUCTI ON Human enbryonic stemcells (hESC), derived fromthe

i nner cell mass of blastocysts, are pluripotent stemcells that have
the ability to proliferate indefinitely in vitro in the

undi fferentiated state. Under the appropriate conditions, hESC can
also be differentiated in vitro and in vivo to cell types

r epr esent at inWefied (caltpretsipeseatansy (M) raje 84 2 HEv0d 871 foeridoder Fhaealls

ectodeii i) we!}@ra&wa%@@'f&ymgﬂsu Phi St & D aP i Biakenes

cytoplasmc rati o and grow as

hi gh Ievels kal i.ne S ase telone and the transcription
factors Cct- ub%ééo%%hnmﬁ%% U RRp o0 (ﬁgz@re characterized by
t he expression of cell surface mar kers, including stage-specific
enbryoni c ar}gﬁ%e_?;ag SBA). - 3 and SSEA-4, tunor rejection antlIgE
(Tra)- 1-60 % ek 9] tepmgraaie, om mdk S43nedisdedokifling of dikis CarRE$rat

uni que to hEgE 46¢ ilavsePasn p%ﬁxd ﬁy@ol M &%&@@& %mhﬁéguﬂeﬂﬁﬁuﬁa%
enbryonal carcinoma (EC) cells 9 [5,6]. Furthernore e nonocl onal
anti bodi es (3AB<jC foéﬂéétlmn&h?i@@lé&ewaﬁtth@éﬁs’em é)rraaalswlbﬁﬁhemmsmhurran
EC cell s andg %thegﬁ% l; n ol | eague

descri bed the SZ1 of )é%éme{gf) é%& orﬂeu){n %c%%ﬁglogfegre s §1§||
surface mar kel 90]@ﬂqt10nmgu1@9wewahmmd) o sem%bas apBetypd control. hESC surface
markers is inportant because it allows for the identification of
novel antigens whose expression is.restricted to undifferentiated
hESC. El uci (fa‘gung8 tMaﬁ@bﬁbrM»h&W BB OfplkRemchlichli ehiRmE e?ﬁdzéncﬁ yf ace

antigens in t i potency wil|l contrjbute
under st andi Hﬁ%&l %%18&%3 Sp 8?1%1{)91 %fn“nd)ﬁflfﬁlj?qtﬂé?edt?@ﬁé?‘ff?m’ﬁ@?edh%Wﬁg
hESC- sur f aceeBpesic! (£): rshe welhhtbe the. @blAﬁﬁb\édieg bbiOhREMIA et hem
into a cell separati onérocess before therap Ybi | owi n

§

di ff er ent i atdeBitegrvifh pSeTtgormented gpti-mogproayt Oéw |’1Fh@ gedi histpgram
crucial to ekjBicnRt L8 Qu@lthy f}iélgétfv%r @‘o%bﬁ%d?@ &E?%%@éﬂé *Pépﬁesent

popul ation because these cells could potentially resu
formati on of“%@ﬁ%t"ﬁhﬂ@“ﬂﬁa"%@éné’?,t@D inguhatsH Maﬁhtiami ot B, AHCC ifer 45hi s

study, a pa o} of
BALB/ C ni ceq%nt H/jt q%\%@?@%%weﬁgg%%nﬁ %rpavele%vg t roéng rggé?%g? "% o
undi f f er ent ifvedylemSEr] | Gelsd tagiwevier the rseatist iplott yeprwasnts elmhjmdleocell
absent in hfpggg]% ved enbryoi d bodi es, nouse enbryonic stemcells,
nmouse feede uman EC cells and ot her human cell i nes.
Interestingly, one of the clones, mAb 84, which reacts with

docal " { P | ds but al
poseeaL Y ekt RS R SRS R ST e ke TbERE! D

concentrat i dﬁesierp@ﬁrd@mlyamdf cg | gt mneepeigRatd BRAMMY 84. Target
Cytotoxicity nd| fferent| ated phenotype, and

stricteq to th
di fferenti aty" "ng glﬁ%?ﬁf% v5atp BEBE PGP eofurens ponkgtiag MAY ency

by this rnA®B4 \B&Q@Mﬁ%d@n SE§P§@Eﬁ§ﬁﬂJéfdtéd)ﬁot\@es%ﬁjbfoft§ﬁ bad e BE3C
tnAb 84 could be used to renove or Kill resid prior to

transpl ant at3dhast Ly mesRierere RGO dlass|2) alti(i/péb tO TF@H@U?OEKbvﬁaelmge

this is the 3 rgh eRehB oPPEHKL ng
undi fferenti at e%i)hESC “NMATERI ALS & %@F% ] P% ts%@.lézhé’e bAhSk)
PODXL (SEQ ID NO: 1) obtained from protein database search and the 6 tryptic

peptides from MS analysis corresponding to PODXL (underlined and bold).

Figure 10. Cytotoxicity of commercially-available anti-PODXL, antibodies on
hESC compared to mAb 84. HES-3 cells were incubated with 5 pg of mAb 84,
mAb-PODXL pAb-PODXL or mAb 85 (Isotype control) at 4°C for 45 min. In



20 Human enbryonic stern cell lines, HES-2 (46 X, X), HES-3 (46 X, X)
and HES-4 (46 X,Y) were obtained fromES Cell International. The
cells were cultured at 3700/ 5% CO2 either on mtomycin-C inactivated
feeders (--7x104 cells/cnR) in gelatin-coated organ culture dish
(co-cultures) or on matrigel-coated ofggan cul ture di shes suppl enent ed
with conditioned nedia fromimmortalized nouse feeders, E-MEF

(feeder-fre | | [ i yIA i > cel S

i ther HES. s SRRt BN bR b O At YRR HRRaiE i BtE o
wi t h hi gh gl@éshs entshadizs.eAdiet witichy dehis RE%HRBSstédHoe bimitye)s, bylH ertlusion

i nsul i ntransfeni n,sel eni um sol yti gn/ L of diag, 25 Uni ni cillin,
05 ugi i | - SEFERPbI o S Gatsarne T8 s tiaasrpoeal T bl no
aci ds ( NEAApelBptbulitidn (Y. ZhERds6ROLO 8Tk BRAEnedaN ehblie} fRAi®). cont ai ned 85%
KO DVEM suppl enented with 15% KO scrum repl acer, 1 nM L-gl utam ne,

0.1 mM NEAA and 0.1 M 2- ner capt oet hanol and 4 ng/nal of basic

fibroblast %ﬁ% hif 919%’9{) aéik 13, -uteftpeg&z?l)l éziulr.;@Bti(tPe%'e twntcéjro §hequIHHE§F

col oni es were passaged by nechani ca ssectioh using p glass
capi | | ari es 4] 84.f dhe fwagescids et voddrtinadesrrebE8C tuwrediapasyeeg egtion.

follow ng e .| a S..descrihe reviously.l2],.. Muse
enbryoni o stbi Bunf sb{ofAuipRhe L2 ERERY U8 P Lo BB T bt PR o
Chyuan- Shengegidm (COBk). efiee afinbhyidisequnse BEECUD gENrisandGos tiddéatide
University [3 and Bing Lim (Genonme Institute of Singapore[4])
respecti vel %e%‘ Wﬁ%?&&ﬁwﬁed as described previously[5]. Human
enbryonal carcinoma (EC) cell line 2102 Ep was a gift from Prof Peter
Andrews (University of Sheffield) and was cultured as described
before [ 6] . fiHEA2EA ERE sednemierec(ond mukeeidqrernoe) of tha Ve oiein1eg73) |
NCCI T ( CRL- 20413%4.ante Hekid 4GELacuntBiSedttrilinsado ok AP BlibEan
Type Culture Collection and cultured according to the ATCC '

i nst ruct i ondhe pywiReracElstingesiined aerrameyd toelhp ODRse The g@ineRRid(sElUseBRL,

Li f e Technols@gj €s)hoVas %gmfég 8C ' rpt ocol provided.
To i nduce enb@?jyoilg bod?Igis (EII% Porgr’?ghéﬂgggsf%%?nwgg?égcel ls (i.e. to

i nduce bESC differentiation fromHES-3 cells in vitro), hESC were

harvested a \ r at e | :€.4:1.2S ryoi

bodi es) for %é‘(‘iléi‘g’;ﬁ;gs) B, HfpSibd &%g?%m@%%g-%@%&%ﬂ%%gg% Hod

peni ci | |in, a8 kildy unllif¢retiitediyainan edbapdnigitemaniine, 0.1 m b/ 1 NEAA,
and 0.1 nM 2- nercaptoethanol) on non-adherent 21 suspension culture

di shes (Com ng). Subsequently, the EB were dissociated with trypsin
and pl at ed dergebatmow zed cul ture dishes in EB-nediumfor an

addi tional 14 days [16]. nerati f nocl onal  Anti bodj es Two

6- week ol d ee%{éﬁyﬂ;’l& %’ﬁe"e %c@ﬁ%‘g}i ‘gébnrYB‘?ﬁsf@%tﬂﬁ/é“%é’ﬁ)h)}naSS of
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MPL+TDM Adj u}\é&%t@#( Sigma) in the intraperitoneal cavity. Splenocytes
fromthe md eV s gt anite Hhepadeorprfttedmytaico nalUedsr | e y&prrprie

A onaCel | M -biqitiihy heQBcaE! A1 BY dtffdrerkiDlc@¥8)ido T8 BNOLBUESTIMbes

Briefly, a single cell suspension of splenocytes (1 x 108 cell's) was
fused with 2Zesrespoiptinpaf @lic@rdesgwmi lgem Hamesedsphi exflogeiny andgrtedermg! ycol

PEG and ! : r nj I ' | domas
were pi at ed 2y ng el Ble @l AR L Lo ok BB Tl Bl R B0
of hybri donabstinetr eologich.at teyl @isb4extayss hifgheleveld atfi algalared ploasphatased i n
96- well foll,owed b -wel | .t e culture plate aj.ni.n ium
£ o tur e <SRS0 MEneant A HEaR o S BE T AL R e
reactivity tape kEStctwdedass @eseprdyion | Iveetly hRfiRd imarkdrs GhyPEiAG seiget he

anti body was perforned using the C onal Cell -histant CHEK | sotyping
Kit (StenCel¥Peef %ﬁﬁlatpr%p gdjgens (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



Fl ow Cytonetry Analysis Antibody reactivity with surface nmarkers on
different cell popul ations was assessed by i munof| uorescence using
flow cytonetry. Cells Were harvested as a single cell suspensions
using trypsin, resuspended at 2 x 105 cells per 10 pl volune in 1%
BSA/ PBS and incubated for 45 mn with,each mAb clone (150 pl culture
supernatant or 5 pg purified rnAb in 200 pl1% BSA/PBS) or mAb to

SSEA- 4 ( neat el opnent.al St udi es Hybprj do ank), Tra-1-60,
Tra-1- 81 (2.[§6@1f‘h6‘%966’ 6@%%’%@%?&%§w%ﬁféﬁsn{r‘@§ﬁ$t% §6b9sa gmtgens
human- podoc ateyaiated RS huR&E S ¥alsen® molRBLARR)s. and pol ycl onal

anti body (pAb) to human PODXL (5 pg in 200 pl1% BSA/ PBS, R&D
systens). Cells were then washed with cold 1% BSA/ PBS, and further

i ncubated far, daeMhAyWd 284 JooRO%,dd huid oGt PO t1 body
FI TC- conj ugatoed ?’DAK&). After 0|§nc g%thlg%én?&tcﬁ{e)e cgﬁ ggew(e)re §§a?§; a%}vashed
and r esuspenndenndgen 19 BEALRBBAAs do TelR Sunfigt mharkerop71di The g@Rrdtiodiode

(PI') for an iSOl can. (Bect.on Di.ckins FAGS. Cal i byr Al

i ncubat i ons@m%}?sesl’g%lr f g? @gé AR m%&sslsdltnl?f?@ft%(gg’gcar“ﬁ%ft%f’gﬁ%m?é@ea
negat i ?/e l(; ondenificatiogloff aoved raﬁtigefjaﬁivnﬁ@bhééﬂspéé@sibxh% @ﬁﬁétg@ fd %Id@ﬁférﬁr@mé_ﬂe
control . For _go-expr.essi gn studies, . were incubated with primry
antibody and" s&ég‘:‘&iﬁf’ﬁ%ﬁﬁo&i‘ﬂ? syt faese fitfreeyt aﬂbwac%mﬁn%i ch,
cell's were flex@ehmde Eiﬁ@@ﬁﬁ‘ibt()%ﬁ@’ évﬁiilccgrﬁi%ult@gg%t&g%@%ﬂdiﬁ%gf kdt?xfx%ﬁt ed

with a nmouse inAb to Qct-4 (Santa Cruz sc- ) a 1 ution.
Cel I's were ErEHPiRRsHRAbSIIbeRe hBeNiTHEE S Canufapningbific eehtisrwauidbeltiek
with a 1:50 i i 0 j - - i i fi

Anti body Pl T lﬁg%@%fa%s?‘g%?%{%nﬁ‘)?%ﬁ el SR SREE) debby oo,
PE- conj ugat é@llowpardiBirogiative of WESAS toerells n alsatdifin lindage it &l drscivlenwe

agai n washedar | I 9 BS,.for _anal ysis. I

i ncubat i ons%gtﬁt%?r %Elgﬁﬁg]g?&n’%#f g%éﬁ(?lggég/&vn\ﬁhg pﬁ@&?@?ﬁe&mgf’ %1?68% il

t enper at ur e cbuld pbEentidlly. ref\dt @ the fatnatien cioatatoatas i€ ehvb sfteer@sdiaitoad

with the apqégfl iate isotype control. Imrunocytochem stry Cells were

fixed in 4% paraf ormal dehyde at room tenperature for 45 mn and

i ncubated with culture supernatant fromeach mAb cl one at room
for.1 1t L | i ' f ti bodi [ lized [

goat ant | - bR SRV AAFIELR dDIPAE Wt WOBTERLL:UeY 6sBepion of

i sot hi ocyanaALB/El Kide aithphye A hrBiefe GRDs GHovR0 siflinlgUeh &ivity DAKO) -

to toxicit says
&y \deé?erenﬁated bhESC lines, however, reactivity was reduced or absent in hESC-

derived embryoid bodies, mouse embryonic stem cells, mouse feeders, human EC
cells and other human cell lines. Interestingly, one of the clones, mAb 84, which
reacts with podocalyxin-like protein-1 (PODXL) not only binds but also kills
undifferentiated hESC within 15-30 min of incubation in a concentration-
dependent and complement-independent manner. Cytotoxicity was restricted to
the undifferentiated phenotype, and differentiation of hESC resulted in a reduction
in killing efficiency by this mAb. Because of its selectivity to undifferentiated
hESC, mAb 84 could be used to remove or kill residual hESC prior to
transplantation of the differentiated cell types. To our knowledge, this is the first
report of a cytotoxic mAb specifically targeting undifferentiated hESC.

MATERIALS & METHODS
Cell Culture



Cytotoxicity of mAb 84 on cells was eval uated using Pl excl usion
assays and flow cytonmetry. As described above, single cell
suspensions at 2 x 105 cells per 10 pl volune in 1% BSA/ PBS were

i ncubated with mAb 84 (150 pl culture supernatant or 5 pg purified
mAb in 200 pi 1% BSA/PBS), inAb to huypmn PODXL or pAb to human PODXL
(5 nin 200 ttl 1% BSA/ PBS, R&D systens) at 4C for 45 mn. After

whi ch, cellg gwgg%?@ﬁﬂgdsm@d ﬁﬁéé%@%&g@xi%&s@’ %%m%% my/ mi

pr opi d| mi io or analysis or do age ies, HES-3
cel I s were (4c¥pPitedewbtame.fiom (ESH;el}l];nt@neamdallSrHelagllqawenefuuﬁdredmAb 84

in 200 ttl 3S,, For tine course stu

i ncubat ed V\A%Y/# §A’ &éﬁ SIDST S PRI A Wngeﬁ?ﬁlerfSRE f}ﬂ %° %g §1and
harvest ed f gelaginadaysli Sgat cultbre Béh (@Mulﬁ@e%ﬂo@ﬁx%@fgel%@tbﬂ ofban Qflnkb e
rnAb. For hypercross-linking experinents, }TES-3 cells after primary

mAb i ncubat FiReS,BPRIeRERE IV RrnepnAilipRaenedia dippnitaaotdisl mopwsaeeders,

ti- f t f
1 IS Seo L AT LT 0
control mAb P% mafip oF KNUBEKOBHE (Me) megiar fidESrentdiatcodi@nah BeWsDHEMr W se
| ndicated. T Bl A8, LNGRHERULE 0BT b0edRuo Bl SN Sl afly,

assays, Vi abl was a using trypan
bl ue excl us mmferhmsbﬁnmpmecsbmnbam @ff trmdxar dey Ul gemtiilliy 2Hhepgnili gen

target for e cul tu of hESC were o) t

confl uence rﬁb Iﬂﬁnbgrgﬁh—lgéﬁaégm? On’%ﬁ%éoaw ?F%ﬁgg%Afa&nﬁysed
by scrapi ngoiin 28 TZ-hIeﬁ:IafﬁBaﬁetnolc%lnH hqcsaieela\/\@snt&h@d | 596 dKloyDMEM
centri fugatl on and used | medi ately for i mnunoprem pi tztl on (| P). | P

of the anti GEMPISHRRIGIY Lofodty seramitgripsrs b hesleamippa)
(Phynexus, |.0€).1 BV &f-h¥rcapifiindl end Q0ad/n®br Wasdc inRbBEEbiP If"éctor

hybri doma cul ture supernat'ant by direct capture onto Protein

PhyTi p(r) célyiieges Kar qoegithrepaiic hPRG elanies weie passged &y Tﬁ%{%lhliﬂﬁ@ away
unbound pr otg@lfigioh rﬂxsﬁdg E)uﬁélg?la&aéa %mgey d[tZE‘ %QF? dﬁ"ﬁ'écee?%lhhreg i Mere

NaH2PO4/ 140 r aM Noel 7 cla ysate from’approxi mately
5 x 106 cel |p§ssmpslfp&@@eaemr@ughemnt@@ﬁ@ﬁmbmmm@mm zed with the
captured mAb 84. The col unmm was further washed with Wash Buffer 11
(140 iniVI NaCl pH 7.4) and bound proteins were eluted fromthe

col um at | dvioyskl ewibiryonkd snerinowllBUuﬁefse(mE(’SE0,0CBM NalHE PO%edeA gifte M dNa Ck  pH

2.5) and ne te th. 1 M s-Cl he el uat e
was stored Ltﬁhyﬁ%} %hengf urt(%I ﬁe %Sman% R@%ﬁ’lg‘%&t{%r r?lﬁfsé‘i}’

Anal ysis SDS})RAGDrasidg \Mﬁt(é‘morhﬂ msmumgaﬂ/ﬁn@ppﬁrclf]pfeﬁmdnﬁﬁm watel y by
e O e
gel, Invitr Cmem)E‘,plmﬂ;&[ gifedogl mf paadAﬁdr%§ (mlvér@iweﬁlf sheffedld)heid Wést ern
Blottlng or s gr sfainin For Western Blott|

resol ved pr dt& W%C@F%rg?gf%é? I{@d é}“@%“r Fép At eareeragef] y“@ﬁ% RA-2
cL.D1 (CRL-1973), NCCIT (CRL-2073) and HeLa (CCL-2) were purchased from

the Amerjcan Type Culture Collection and cultured according to the ATCC
instructions. Human embryonic kidney cell line, 293-HEK (GibcoBRL, Life
Technologies) was cultured according to the protocol provided. To induce
embryoid bodies (EB) formation from HES-3 cells (i.e. to induce hESC

differentiation from HES-3 cells in vitro), hESC were harvested as clumps and

cultured as aggregates (i.e. as embryoid bodies) for 8 days in EB-medium (80%
KO-DMEM, 20% FCS, 25 U/ml penicillin, 25 pg/ml streptomycin, 2 mM L-
glutamine, 0.1 mM NEAA, and 0.1 mM 2- mercaptoethanol) on non-adherent



24 PVDF nenbrane (MIlipore) at 100 V for 2 h. The nenbranes were
then i nmunobl otted with either inAb 84 culture supernatant (diluted
1:1 with 1% BSA/ PBS/ 0. 1% Tween-20), nouse mAb to hunman PODXL or goat
pAb to human podocal yxin (200 ng/ M, R& Systens) foll owed by goat
anti-nouse or rabbit anti-goat antibogi es HRP-conjugated (1: 10000
di lution, DAKO and Pierce respectl vely). Binding of HAP-COI’]] ugat ed

secondary a;slvﬁsp%x%?ov c%l rfshgé )Fe3 \@éer 1 dﬁxteq.ﬁit glexi ver ?%(f leﬁm

Bi osci ences arnin Yusi ng Silver
stai ni ng ki tryﬁdmmdpﬂétgém) gﬂaMzalmmmdlsthmécamhlﬁnm addipomed o¢ol
and the prot eii %and corresponding to the band on the Western Bl ot
was manual | 933@ tolsed. Mass Spectronetry Reduction, Allodation and
Proteol ysis The excised gel was soaked overnight at 4C in washing
solution (2.5 nmM anmmoni um bi carbonate in 50% aqueous acetonitrile)
fol | owed by Generatiet efilderaiclopal ditibodiaeubat i on at 37C after a change in

washi ng buf o e V\?§ n egt d n and
al kyl ati on. Ci e F’g?kgz‘gd o%l gnﬁ%ﬁ%m% qi%&%k/l gme'?glﬁ%eglﬁéfgb:\*%g}?gonat e
was added tmmmamlzatgmls ogpot 16hHERFC edflateck atsp&REl frPBI+ for MYIHEDMAI ch,
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gel spot wagudeherivnesliednaid n@iﬁm{ﬁk aéll@dzsimgl t8€ Gléhalel™-HV AyBrdene M
bi carbonat e and 100% aceé%gl trile respcsnc %}/ For rot eol ysis,, the
an

protein in &dengEit §ioe dioglogtee el R SUge P‘F&/E}?PWS’@B W2

gg9/j.d in 23pMaRrRni blmobbélﬁs? kafa@azsed wﬁmr@g@?)s@t/o SIS uQME Y @pfliewt th
shaking. After tryptic dlgE ion, 1% formc acid and 2% net hanol was

added to t h@oaty egg gkyeoldPEGhand Meqhumé% ohfig aglovergight iocubrfiwst drdly si s.
LC- M5/ M5 and, f Qinds v I@egaﬂe&'&s %g@qgﬁf@&%ﬁaﬁ%@ﬁlﬂ@ e REPRLAL ed

usi ng a nano- flow hi gh- perf orma chronat ography (HPLC)
system (LC Piuks nfbybridemeh W@eﬁmble’cedfmgﬂrgiayvvaﬁen Mitinetead camted in 96-

concentr at eqx[e%”fgﬂo%e& Fbgl)ozztcx%lﬁ)fmi%%f cuitBre 1560 &%m\ﬁlg%% ﬁﬁg fulel8

PepMap 100, cki'ng or m act d wrate
of 25 pl/ m rupedbatent from each hybridoma was collected and reactivity to hESC was

assessed by flow cytometry. Isotyping of the antibody was performed using the
Clonal Cell™-InstantCHEK Isotyping Kit (StemCell Technologies).

Flow Cytometry Analysis

Antibody reactivity with surface markers on different cell populations was
assessed by immunofluorescence using flow cytometry. Cells were harvested as a
single cell suspensions using trypsin, resuspended at 2 x 10° cells per 10 pl
volume in 1% BSA/PBS and incubated for 45 min with each mAb clone (150 pl
culture supernatant or 5 pg purified mAb in 200 pl 1% BSA/PBS) or mAb to
SSEA-4 (neat, Developmental Studies Hybridomas Bank), Tra-1-60, Tra-1-81 (2.5
pg in 200 pl 1% BSA/PBS, Chemicon, MAB4360/4381), human-podocalyxin
(PODXL, R&D systems, MAB1658) and polyclonal antibody (pAb) to human
PODXL (5 pgin 200 pl 1% BSA/PBS, R&D systems). Cells were then washed
with cold 1% BSA/PBS, and further incubated for 15 min with a 1:500 dilution of
goat o-mouse antibody FITC-conjugated (DAKO). After incubation, the cells
were again washed and resuspended in 1% BSA/PBS and 1.25 mg/ml propidium



25 5 mm of washing, the flow was switched in line to a resolving
colum (75uminternal dianeter Picotip Emtter, New Cbjective) with
10 cm of C18 reversed-phase packing material (Colum Engi neering) and
the flow rate decreased to 100 nl/mn. A gradient was then devel oped
fromO to 60% acteonitrile in 0.1%formc acid over 60 mn. Using a
liquid junction at the distal end of the colum a voltage of 2300v

was |ntroduc t rm col Lrect at
the inl et o’rgl]cfji C@D f?)r 8“%&9'0 éoﬁ%ci %‘gcmf f)r‘%‘ﬁ‘? Eﬁgﬁ#bﬁ@bf{lg

t andem massinstegibhionRieper HRBIAR XC vARs bmdm&eqa&ﬁsétecrrs Ns al B&afies s
spectrometer was run in Information Dependent Acqur sition (I DA) node
to capture %H%‘O%»roﬁlbsrfﬁ%?S%%WW%IWPPWPEF@@WQFMO ss ions
automatically. Selected mass ions with a m ni num signal of 8
counts/sec were isolated and fragnented with nitrogen gas. The

col I i si on ehar gy-exwestionagudiengoid oreed incubatére Wi@sgﬁmﬂryt intibpdsprndle and
was cal cul n s, usi.n h Ana tware plied
Bi osyst ems)%"g Fg%elr%hngo/"a%?%%?geaﬁt? Cr%da a%c’searc ce{l?\/&/eﬁ%f}ééégct ral
files agai npetmielaﬂﬁhidrdr ®rabig LERIr)topes) taed rncdbettabaﬁie auﬁmrsg niAle tdMBSCOT
(Matrix Scr searc i trvrt of i.nflDbs
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lated f
I sol ate r%ﬂbhgg }:"J;E!" ﬂggteggddﬁgﬁmglgs :%Atf?e? SEELNG. Ble {:Ql%'\{rere

reactivity to y, a panél
anti bodi es amnfmrﬂlmdl 4ol hsus@eﬁd@d hi&ES®% asef/me fananalg,ems z{xllﬁrmbmoh}

Furt hernore | of L s.to.HES:3 co es_.wa d
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t he mAbs ar acdativs canttiol, Stlistvhere siained with gheaperopsiate lcRae cori1.8) .
Screening with other hESC lines, HES-2 and HES-4 reveal ed that the
reactivity was not only limted to the i munogen, HES-3 (Table 1).
Fur t her nor e m@nképdyeriindi ng was reduced after the cells were

i nduced to form enbr di es, ( gesting a do regul atr on of
anti gen expﬁéﬁe &HP 8%?4 ng ! .Haraé?w?cf ﬁrffeorgr roor?éeeeedﬁ% 43 dpigetid

was per for mpgubRed i8Ik s PRt FOmORELE FBY Gortc 160n0 EgeRBed it ty
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(EC) and m g6gLLARERME HFemucs&bdin hgoﬁe&yéﬁk&(ﬁ@é) gﬁﬁﬁle s 't

was observed that there was no reactivity of the he rmuse
f eeders whi €h50h&EIHESOMS- cul tured on prior to inmmunization. In
addition, rnAb reactivity (i.e. target antigen expression) was
restricted to hESC cells and not to the 2 rriESC lines tested (except
mAbl 4 on CS@)‘otOJWrezn‘lm)scorrpar ed the reactivity of Tra-1-60, Tra- 1-
81 and SSEA- t.h.ou as e

Strong reac iy el BRERT pa Tt R Ay b TR EB kR peB BEREY anv
SSEA- 4) on tcbﬁrrEﬁ‘;yJ IAB&ES@Sﬂ @bove| single ﬂélt a8pensivas bt Dk 10Usclleplr 1ajel
had weak reacrvrty | east e th C.lines
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reactivity wrth, k03 260 01 o NEXAPBSY b Ab foflah PODXMNEE £286 tove

that there are Ifferences in antr/gen profil el expression bet ween hESC

and EC, and he{ren PRRXe 6hia i 2Q0 ent% BEACRBS, R&Rsysterp)rat AXY fsdé mifthen

(it odi ng i "Aa - Sals HAP Raihapd LERRendbg IS A RS 64 PaF g,

cell s. Howeverpiditr iodkle (BI)aﬁmd amﬁkjasitﬁBy FAE. r Bacdaseugd ytudied, HER2 sell

ant i gen oxpr'Bet TBRORET THE 031 P tur el b¥ anened Bt of 8730 Ik her

BSA/PBS. For time course studies, HES-3 cells were incubated with 5 pg



Characterization of the cytotoxie antibody nt Ab 84 During screening
of the antibody panel, it was found that HES-3 cells incubated with
mMAb 84 had a significant decrease in viability conpared to cells

i ncubated with other 1g,Nd m Abs (e.g. inAb 85) (Figure 4, colum 1).
Based on PI exclusion assays, only 7%3f cells remained viable after
the incubation period with mAb 84 27 (45 min at 4C) conpared to rnAb

85. This cy i f i n 2
other hise paifed flagsFpaPli 1AM g Dlrt e T -0 (TR S0%80 & e
4, colums 25 4)invifieh additvirabf thetngAof Fedqypdosrtkd® sxpepeatd, VB3 af t er
i ncubation wi,th . nAb 84. |n.contrast, another, .EC lin 2102 E

s el nod SOt gt ey sp AR bR bre EBEL N et e Bt ).
When the cebhsmRESLsYbrea) dnﬁB&thL{B(}i@ﬁn pHESIE %6 BRAVREH, DNIOD)OBEMDMin. | t
was apparent that HES-3 and NCCIT cells incubated with mAb 84 showed

si gni fi cant Aslamrshineg wolipardly viese FERIdaHE: e Gotypp certtdl @4MEubA ed
wth mb 84 i&{lhét%nt"é%ré})&%[élg%loé Ghiess &H&b&%@%‘iﬁﬁé@! hT{)n%‘glicﬁﬁa fEi gure
Yy ata, It can e

5). Based on these bindfng and cytotoxicit
i nt er pr et edréshhs oblamed ysimigoXi exchisfopaissays, vilblig4foi sadbegrampdiemtas alsot he

bi ndi ng of the rn W t h th% cell. l.ine (Table 1I). The rnAb do not
exert a cyt GPSRPESLPFRETYRSA PGP LS ¥t do not bind the mAb. In tine
course studies, HES-3 cells were incubated with 5 gg mAb 84 or mAb 85
and the cells were harvested every 15 mn for analysis by Pl

excl usi on ak#™HHFEHAPIGE excl usi on assays (Figure 6 A and B). In the

Pl excl usi on, as&aYo iddR8ryemt Qhidoeh Gargbtl B nAM s4Mea8dfiée aNmidESf3ESE! | S

was observed as rapidly as 15 mn after_ incubation with the mAb, with
the viabil i tWerelep Rgonduegeqn Fom i dishesubaicennweded §pthiddsand n
resul ted inahunibenbigdes @%&g%mlaéﬂf)/oc\éuq@aie!v@aé 1al28 By cEiHiubioMer €

confirnmed by’ trypan Ellnue exclusion. Interestingly, the decrease in
viability baségsshmnirdatdy faymooseprecmitaben dBen 15-30 nin after

i ncubation, however the final viability after the incubation period
of 45 mn also corresponded to -20% When the concentration of mAb 84
was titrat edPoxehe whigsenavagecaofedOout udibg [bigg avitomateds MEAI nybtanh &Rhyn s,

cytotoxic effecty, of o HES- 3. cel | S l,gur e
65 " Aopr ox i et drg 11 Bae (R sl By fRlaidt AP iR SRS SR BT 2
a decrease ity difeSCaptabodib Pyotéin ANON cobumm (7 QRbesia bedPbgndxns, Inc).
viability). Until this sta cyt ot oxi Ci assays ha erf oy med
2t CAC to) i iR eHRE P et Ry AR (eGP P ek BEELCT
antigen-anti (mo@wamPem&mithNbel prehlay claﬂi'ged wnasgataﬁmm aﬁlbtexiﬁfa]f&ﬁ'([j of
tenperature on cytotoxicity, hESC was | ncubated wt ot urifj.e
and non- purif¥éf ‘ﬁeﬁﬁWEPﬁs‘%dJB@Pﬁ%fh&ﬁ?W%‘ﬂn%‘t% @ﬂéﬁ:ﬁ %E%efllﬂ?"gmre
6}?}2 - tBy g é e | Hisd QMRS HAY Rurthbrl w8 WQH Whsh Pakfet B TREY @i NeCIdir 7apt
artec and bound proteins were eluted from the column at low pH with Elution Buffer

(200 mM NaH,P04/140 mM NaCl pH 2.5) and neutralized immediately with 1 M

Tris-Cl pH 9.0. . The eluate was stored at 4°C for further analysis.

SDS—-PAGE and Western Blot Analysis

SDS-PAGE and Western blotting were performed essentially by the methods of
Laemmli [7] and Towbin [8] respectively. Briefly, eluates from IP were separated
by SDS-PAGE (NuPAGE 4-12% gradient gel, Invitrogen) under reducing
conditions followed by either Western Blotting or silver staining of the gel. For

Western Blotting, resolved proteins were transferred electrophoretically onto



the cytotoxicity of mAb on hESC (>75% killing with non-purified niAb
84). in addition, Figure 7 denonstrated that mAb 84 was al so
eytotoxic to hESC at 37C. Fromthe scatter plot, it was observed that
there was no difference in mAb 84- nediated killing of HES-3 cells at
4C and 37C for both purified mAb 84 and ni Ab 84 cul ture supernatant.
Furthernore, mAb 84 was equally cytotoxic to MSC aller purification
by protein #vhEifdhkiashd Nﬁlji\ﬁ@@)‘a@%@@ %edof 91y boih P8 dv@Bahen
non-purified mAb 84 at 4C I ncubation). This result suggests that mAb
84-i nduced towireblojted wiESthanasAhct edinp sunsrrtane dikitedd!:bekidudé cel |

killing effigi Q abl e in.th e r fetal
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via the ES routagl yi el ddsd >99% of Tra-1-60 -ve cells. Wien cells from
& :

these 3 condi®tiOHs Wefe incubated with m\b 84, the effici ency of cell
killing corresponded closely with the percentage of Tra-1-60 +ve

cells (Fi gug%1 8’?1%% For undifferentiated hESC, only -1%of cells
remai ned vi & f'eFihcubation with mAb 84. This percentage

i ncreased t @:82%andn999%:f o1 Arékdyss arved and EB cul tures
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target on h t rol'e for
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(PCLP1 or P@¥k5onfeceasion, hestQRB0bRectiidle &6t Potalysth, SROporaLif
PODXL and the correspondi ng gepti de matches are shown in Figure 9B.

In order to %¢h sdape ap digepted withmogiedipge (0-PXugigog 25 mM ammonium

I nmunopr eci pj; | i I : t and : m t he
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conpar abl e l.e i ght was detected in all 3 | anes thus
confirm ng F‘ﬁgoriclgiéﬁ{%% a(%fafylgaDXL. By RT-PCR, the 2 variants of PODXL

(Accession Nos: NP_001018121 and 000592 for variant 1 and 2
respectivel yiﬁﬁﬁﬂ@ alg fou g tﬁ be transcribed in hESC (data not
shown) . Havi g Y¥iere F EfeHem8Ae4G8n target of mAb 84, we proceeded
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exerted a simlar cytotoxic effect on hESC. From Figure 10 A and_B,
it is appar etromegraplioiigh O hesign fduPedkinesy ek pasade el phis inisetepAb)
8 and not {51 CRetTEg ShE b L O« SRRECAR T ek "
100, LC Packings) in 0.1% formic acid in water at a flow rate of 25 pl/min. After




30 cell populations during differentiation. Furthernore, because it
IS non-invasive, antibodies specific to cell surface antigens can be
used to purify subsets of cells within a heterogeneous pool for
detail ed analysis or cell transplantation. Several of such cel
surface antigens routinely used to chgfacterize pluripotent hESC are
SSEA-3, SSEA-4, Tra-1-60 and Tra-1-81. Unhel pfully, these antigens

are al so present .on man, EC cel |l s _and .a recent study by, Dr r_et
oS 1537 Fonnm pbpertE Brel el D0 o Aldlte MrhlRi
|1 FSC dur i ngntetinkif ¢i@eter Ricotih Batiery ey jeotive) witlo 1humest EB febilsad- Thus

to gain a begter understanding of _the requl atjiopn of self-renewal and
pluri potencﬁ?ilﬁsﬁpﬁ ’éﬁn{al““r’éﬁa]eéq UIAR ﬁ’é%’&e%%%i %‘gﬁ]ﬂq W%ﬁﬁ%@aﬁeds@rlpgce

anti gens t hat a ea Wi sie bis BRIIeRRREd ABmhESGoMtt ek kd 0. pe RBh@ to
di stingui sh hESC from human EC cell's. In the studies described

herein, |iveciESe Glmin. (dwus § buid meiiinesttiocksta nhvitbe evaman pekage
o T S B0 e LR, ARIER LTS b A A BIEE,

Tr a- 1- 60/ 81 inki ohifice aclt ed gstdrupoipHime ofbiight RRSE A Nd/bhidmendésC medsl s, 5

of our antibodies 4 2 315,432, 529) reacted,strongly only
with hESC aﬁBe%Plé&g?g%ﬂ\W%grARBg‘é%?VS}‘%%S?-i %%e S (SRR g’é‘%/ g,
Furt her nor e in aRfdrkeghh Depeideg: aehuighat EDAY todeab -ApRxP beS FagmeatNd i S
down-regul ated as the hESC differentiate to form EB. These data
strongly supisBbly PAeplederrcd s afsi gomaticllt Feidnmeiidry predent
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84 nedi ated-killing of hFSC is independent of both nmechanisns By IP

and M5 anal X]%# %E identified podoeal yxin-like protein-1 (PODXL) as
t he target ﬁs%éc of inAb84 on hESC. 31 PODXL is a heavily

gl ycosyl at edRdacgvily dfedds ReMHESOenp bhkeidis indsangisag to the CD34 fam |y
of sial onucins, whjich.includ and endogl yca 23, 24]... PODXL, was
original ly d@s®fbRdass H?@neﬁé’ d’?*é%sl £ B%r ng%“‘@ﬂ‘e %W%@@refiﬁat%e

ki dney gl onesrEQ)S/idb2EHESW coRSwdr@het th ampRinke Bak/@XRELaaRH irOPBS in
vascul ar endothelial cells and earlé hemat opoi eti e rggenitors

[26, 27] . Morige peteast Pl adiprnker Ha¥PhEERM adinyaaht Adtotel ob k14 Bhtiderss of

tunor aggr esgirenfasd FBmbhEaston. |ﬁoﬂ%in%3§iﬁ8?9§&-@ehﬁxg%@}§e% Radi8%y30] -
Human PODXL is | ocated on chronmpbsone 7032-q33 and encodes for a
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si al yl at ed gﬁFTSlt?l) e g%%%%%?ﬁ%%sﬁarﬁagéﬁégk%ﬁﬂ%g 03?@“’23 c{g\r%l\lﬂf"ﬁsl %ked
gl ycosyl at i oeplottitsewzygonixievatyermminecyudchemisey higure ). PRIDM0tyipsg] 8O3 65

I cDa [32]. Functional ly, PQODXL h be reported to have_quit
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of PODXL expression was down-regul ated by alnost 2.5 fold in 7-8 day




32 reports on the expression of PODXL in undifferentiated hESC, its
function has not been el ucidated. The nmechani smresponsible for
hESC-killing by mAb 84 after binding to PODXL is also intriguing. In
a report by Zhang et al. [38], an IgM mAb that targets the cell
surface receptor, Porirnin (Pro-oncosjis receptor inducing nmenbrane
injury), was able to induce cell death in Jurkat cells by a process
cal | ed oncosgj ] i m N R i e in
famly beca%ésczm‘lﬁ%?ﬁgseg% ﬁagpglf%ﬁ%gnfg)&ﬁei fni%@“%ﬁ%%? 8{%11? itd(gencm es on
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after only gcBildhe®fs huReH Ral Liga (HER-2o3K kL H)NB0089), at w8 dRdependent of
conpl ement and tenperature. Distinct from apo

I . tosis, no DNA
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visualized under phase contrast microscopy, it was apparent that HES-3 and
NCCIT cells incubated with mAb 84 showed significant clumping compared to
NTERA and 2102 Ep cells incubated with mAb 84 or to HES-3 and NCCIT cells
incubated with mAb 85 (Figure 5). Based on these binding and cytotoxicity data,
it can be interpreted that the cytotoxic effect on mAb 84 is dependent on the
binding of the mAb with the cell line (Table I). The mAb do not exert a cytotoxic

effect on cells that do not bind the mAb.

In time course studies, HES-3 cells were incubated with 5 pg mAb 84 or mAb 85
and the cells were harvested every 15 min for analysis by PI exclusion and trypan
blue exclusion assays (Figure 6 A and B). In the PI exclusion assay, the cytotoxic
effect of mAb 84 a on HES-3 cells was observed as rapidly as 15 min after
incubation with the mAb, with the viability dropping to 33%. Further incubation
for up to 45 min resulted in a further decrease to 20% viability. These results
were confirmed by trypan blue exclusion. Interestingly, the decrease in viability
based on this assay occurred between 15-30 min after incubation, however the
final viability after the incubation period of 45 min also corresponded to ~20%.
When the concentration of mAb 84 was titrated over the range of 0.1-15 pg, it was
found that the cytotoxic effect of mAb 84 on HES-3 cells was dose dependent
(Figure 6C). Approximately 1 pg (1pmol) of purified mAb 84 was able to cause a
decrease in hESC viability to <30% (i.e. a 70% decrease in viability).

Until this stage, cytotoxicity assays had been performed at 4°C to minimize the
effect of internalization of the antigen-antibody complex into the cells. To
investigate the effect of temperature on cytotoxicity, hESC was incubated with
both purified and non-purified (culture supernatant) mAb 84 at 4°C and 37°C
(Figure 6D). By PI exclusion assays, it was found that temperature did not affect
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complement-mediated because cell killing efficiency was comparable in the
presence or absence of fetal bovine serum in the medium. We had previously
observed that mAb 84 binding to hESC was down-regulated in 8 day old
embryoid bodies (Table 1). In order to determine if cytotoxicity of mAb 84 was
specific to the undifferentiated phenotype, hESC was induced to differentiate
either by depriving the cultures of FGF2 or by EB formation (Figure 8A).
Differentiation was assessed based on the expression of the pluripotent marker,
Tra-1-60. After 12 days of FGF2 withdrawal, partial differentiation of hESC was
observed, with. only 49% of the cell population still expressing Tra-1-60 compared
to the undifferentiated hESC culture (>95% Tra-1-60 +ve). Differentiation via the
EB route yielded >99% of Tra-1-60 —ve cells. When cells from these 3 conditions
were incubated with mAb 84, the efficiency of cell killing corresponded closely
with the percentage of Tra-1-60 +ve cells (Figure 8B). For undifferentiated hESC,
only ~1% of cells remained viable after incubation with mAb 84. This percentage
increased to 69% and 99% for FGF2-starved and EB cultures respectively.

Identification and validation of mAb 84 antigen target on hESC

To identify the target antigen on hESC responsible for the cytotoxic effect of mAb
84, immunoprecipitation experiments were performed. Whole cell lysate was
passed through a PhyTip column containing protein A resin and mAb 84. Proteins
that were captured by affinity interaction were resolved on protein gels and probed
with mAb 84. Based on molecular weight markers, an antigen band of <190 kDa
was detected (Figure 9A lane 1). The lower band at ~25 kDa detected by the
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was repeated and the eluate from the column was probed with commercially-
available antibodies to PODXL (Figure 9A lanes 2 and 3). From the Western
blots, a band of comparable molecular weight was detected in all 3 lanes thus
confirming the identity of PODXL. By RT-PCR, the 2 variants of PODXL
(Accession Nos: NP_001018121 and 000592 for variant 1 and 2 respectively)

were also found to be transcribed in hESC (data not shown).

Having identified the antigen target of mAb 84, we proceeded with investigating
whether commercially-available antibodies to PODXL exerted a similar cytotoxic
effect on hESC. From Figure 10 A and B, it is apparent that though the 3 sources
of antibodies (mAb and pAb) were specific to human PODXL, cytotoxicity was
only observed for mAb 84 and not for the 2 commercially available sources of
anti-PODXL antibodies. It has been previously reported that apoptosis can be
induced by hypercross-linking of primary antibodies bound to antigens on cells,
such as CD19, 20 and 22 on cells [19,20]. Since mAb 84 is an IgM (pentameric)
whilst mAb-PODXL and pAb-PODXL are both IgG (bivalent), we investigated
whether hypercross-linking of mAb-PODXL or pAb-PODXL with goat-anti
mouse (GAM) antibodies would mimic mAb 84-mediated killing of hESC.
Incubation of hBSC with primary antibodies followed by GAM antibodies failed
to induce a similar cytotoxic effect as mAb 84 (Figure 10B).

DIScUssIoON

The identification of cell surface antigens is important to hESC research because it

is an invaluable tool for monitoring pluripotency and the development of specific
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15:735-741. 1y the studies described herein, live hESC were used for immunization of mice
and after primary screening of the hybridomas for mAbs that bind to hESC surface
markers, a panel of 10 mAbs was identified. Unlike SSEA-4 and Tra~1~60/8‘1
which reacted strongly to both hESC and human EC cells, 5 of our antibodies
(mAb 84, 95, 375, 432, 529) reacted strongly only with hESC and were negative
or weakly reacting to human EC cells. Furthermore, antibody binding correlates
with Oct-4 expression and is down-regulated as the hESC differentiate to form
EB. These data strongly support the presence of antigens that are uniquely present
on undifferentiated hESC. Moreover, when the entire mAb panel was screened
against the H1 hESC line (data not shown), we found that the reactivity profile
was similar to that of HES-2, 3 and 4 suggesting that the mAbs bind to antigens

that are conserved across the different hESC lines.

Uniquely, mAb 84 not only bound to hESC but is also cytotoxic to the cells within
15-30 min of incubation. Unlike other cytotoxic mAbs that may require either the
activation of complement or hypercross-linking to induce cell death [20,22], mAb
84 mediated-killing of hESC is independent of both mechanisms. By IP and MS
analysis, we identified podocalyxin-like protein-1 (PODXL) as the target antigen
of mAb84 on hESC.
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because the exiracellular domain of PODXL is extensively glycosylated with
sialylated O-linked carbohydrates and 5 potential sites for N-linked glycosylation,
the approximate molecular weight of PODXL is 160-165 kDa [32].

Functionally, PODXLT has been reported to have quite diverse roles depending on
the cell type in which it is expressed. In podocytes, PODXL acts as an anti-
adhesion molecule that maintains the filtration slits open between podocyte foot
processes by charge repulsion [33]. However, in high endothelial venules,
PODXL acts as an adhesion molecule binding to L-selectin and mediating the
tethering and rolling of lymphocytes [23]. In hESC, PODXL was identified
transcriptionally as one of the genes highly expressed in undifferentiated hESC
[34,35]. By EST frequency analysis, the level of PODXL expression was down-
regulated by almost 2.5 fold in 7-8 day EB and approximately 7 and 12 fold in
neuroectoderm-like cells and hepatocyte-like cells respectively [34]. This result
was supported by immunohistochemistry of hESC and 8 day EB where staining
was significantly reduced in the latter [36]. In a separate study, Wei et al
compared the transcriptome profile of hESC and mESC and observed that the
expression of PODXI. was not detected by MPSS in mESC line E-14 compared to
hESC [37]. Taken together, these reports of PODXL expression in ESC
correspond with our observations of mAb 84 by flow cytometry where binding
reactivity was reduced in day 8 EB compared to undifferentiated hESC and absent
in mESC. Concomitantly, the decrease or loss in mAb 84-mediated killing on
FGF2-starved hESC and day 22 EB respectively can be atiributed to the down-

regulation of PODXL expression upon differentiation. Nevertheless, despite these
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2004; 6: 212- 229 able to induce cell death in Jurkat cells by a process called oncosis [39].
Porimin, like PODXL, is a member of the mucin family because it has multiple O-
and N-linked glycosylation sites on the extracellular domain of the protein [40].
Incubation of Jurkat cells with anti-Porimin resulted in rapid cell aggregation in
suspension and an increased membrane permeability in >75% of cells after only
20 min of incubation. Cell killing was also independent of complement and
temperature. Distinct from apoptosis, no DNA fragmentation or apoptotic bodies
were observed after incubation with the mAb. By scanning electron microscope,
anti-Porimin treated cells were found to have increased membrane pores, blebs
and surface wrinkling. Comparing this with our data, it is surprising that mAb 84
and anti-Porimin share many similar hallmarks of cell killing. Additionally,
preliminary results from our group found that mAb 84-treated cells did not exhibit

elevated level of caspases, a characteristic of apoptosis. Thus, without being

bound by theory, we hypothesize that mAb 84-mediated killing of hESC is due to

a mechanism similar to oncosis.

The use of hESC as a starting source of material for differentiation to any cell type
in the body has significant benefits to regenerative medicine. However, one of the
major concemmns after differentiation is the elimination of residual undifferentiated
hESC prior to transplantation because these cells are tumorigenic. Previous work
has shown that as few as two ESC implanted into nude mice resulted in the
formation of teratomas, and grafting of in vifro differentiated ES cells did not
alleviate the situation either [41,42]. Moreover, Cooke et al. reported that the site
in which hESC were grafted influences the outcome of the teratomas formed.
Large tumours of immature cells expressing the pluripotent marker SSEA-3 were

predominant in grafts to the liver whilst smaller tumours of differentiated tissues
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the sox1-GFP reporter gene could be used to purify sox1™/GFP" differentiated
neural precursors from ESC by fluorescent activated cell sorting (FACS).
Transplantation of the purified cells did not result in teratoma formation whilst
sox1/GFP" cells did. In hESC, Hewitt et al. engineered a line expressing 01,3
galactosyltransferase (GalT) under the control of the hTert promoter [44].
Undifferentiated hESC will express GalT which in tum catalyses and presents the
o-gal epitope on the cell surface. The presence of the epitope will render the cells
susceptible to circulating antibodies in human serum resulting in cell death in
vitro. Despite the success of these strategies, they all require the generation of
recombinant ESC lines carrying a selectable gene. By contrast, we have now
demonstrated that non-manipulated undifferentiated hESC can be rapidly
eliminated following incubation with mAb 84 in vitro. Currently, in vivo studies
are ongoing to demonstrate the absence or reduction of tumor formation by hESC
after mAb treatment. Additionally, we also propose that several of the other
hESC-specific mAbs in our panel be used in combination with mAb 84 to ensure
the complete removal of residual hESC that may survive mAb 84 killing due to
the down-regulated expression of PODXL.

In conclusion, this is the first report of a cytotoxic mAb that selectively binds and
kills undifferentiated hESC. Potentially, mAb 84 may be used prior to cell

transplantation to eliminate residual hESC thus increasing the success and safety
of the graft.
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conpri si ng deshvoy nefasterysise| Jomstic cdiffesentiptionhdns yitigh eNetHRipteghogk ess
PCDXL on their §myf§§§§4045. A nmet hod according to any one of Clains 1
to 4 wherein t%e Sanpl’e 1S a sanple froma human enbryo or is hunan
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22. A noiety which binds to PODXL further conprising a cytotortic
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43 30. A conposition containing cells differentiated from

undi fferentiated human enbryonic stemcells which conposition
contains substantially no undifferentiated human enbryonic stemcells
whi ch express PODXL on their surface. 31. A nmethod of treating a
patient in need of cell therapy, the3¥ethod conprising administering
to the patient a cell according to Claim27 or 28 or a conposition
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CDR1: SASSSVNYMY (SEQ ID NO 2) CDR2: DTSNLAS (SEQ ID NO 3) CDRS3:
QOWESYPYT (SEQ I D NO 4) 37.An antibody according to C aim 36 having
at |l east one light chain variable region conprising the amno acid
sequence set out in Figure 11 (SEQ ID NO 8). 38.An antibody
according to Caim35 having at |easgpone heavy chain variable region
I ncorporating the followi ng CDRs: CDR1: (SEQ ID NGO 5) CDR2:

El RLKSNNYATHYARPYKG (SEQ I D NO  6)

1. A method of identifying an undifferentiated human embryonic stem cell in
a sample which may contain such cells, the method comprising identifying the cell

or cells within the sample that express podocalyxin-like protein (PODXL) on their
surface.

2. A method of isolating an undifferentiated human embryonic stem cell from
a sample containing such cells, the method comprising isolating the cell or cells

within the sample that express PODXL on their surface.

3. A method of removing an undifferentiated human embryonic stem cell
from a sample containing such cells, the method comprising removing from the

sample the cell or cells that express PODXL on their surface.

4, A method of destroying an undifferentiated human embryonic stem cell in
a sample containing such cells, the method comprising destroying the cell or cells

in the sample that express PODXL on their surface.

5. A method according to any one of Claims 1 to 4 wherein the sample is a

sample from a human embryo or is human embryonic tissue.

6. A method according to Claims 1 to 4 wherein the sample is a sample of

cells cultivated in vitro.

7. A method according to Claim 3 or 4 wherein the sample is a sample in
which undifferentiated human embryonic stem cells have been encouraged to
differentiate into particular cell lineages, and the sample contains differentiated

cells derived from undifferentiated human embryonic stem cells.

8. A method according to any one of Claims 1 to 3 wherein the sample is

contacted with a binding moiety which moiety binds to PODXL and the said




CDR3: ERA (SEQ ID NO 7) or a variant thereof in which one or two or
three amno acids in one or nore of the sequences (i) to (vi) are
replaced with another am no acid. 39. An anti body according to Caim
38 having at | east one heavy chain variable region conprising the
am no acid sequence as set out in Figure 12 (SEQ ID NO 10). 40.An
anti body according to Claim35 having at | east one light chain

vari abl e r egineh eR6fRh fiin ta1 &l iddnfiabin0dr iSblate Gotor h@asted dren theavy
chain variable region according to Claim38 or 39. 45 41. An

ant i body tﬁa@plgéb’é@tqe@éb?%b%%wdo the SISEISNROIEi t ope bound by an

anti body having at |east one light chain variable region according to
Claim 37 and at | east one heavy chain variable region according to
Claim39. 6O A method according to Claim 8 wherein the binding moiety is an antibody.

10. A method according to Claim 8 or 9 wherein the binding moiety is

immobilised to a solid support.

11. A method according to Claim 8 or 9 wherein the binding moiety is

detectably labelled or is capable of detection.

12. A method according to Claim 11 wherein the label facilitates detection of
the cells.

13. A method according to Claim 4 wherein the said undifferentiated human
embryonic stem cell is destroyed by virtue of being bound to a binding moiety
which binds to PODXL.

14. A method according to Claim 13 wherein the binding moiety is an

antibody.

15. A method according to Claim 14 wherein the binding moiety further

comprises a cytotoxic moiety.

16.  Use of a moiety which binds PODXL for identifying an undifferentiated

human embryonic stem cell in a sample containing such cells.

17.  Use of a moiety which binds PODXL for isolating an undifferentiated

human embryonic stem cell from a sample which containing such cells.

18.  Use of a moiety which binds to PODXL for removing an undifferentiated

human embryonic stem cell from a sample which containing such cells.



42. A pol ynucl eoti de encodi ng an anti body according to any of C ains
35 to 41, or a nolecule containing VH or VL chain contained therein.

43. A host cell containing a polynucleotide according to Caim 42.
44. A nethod according to any one of Clains 9 or 14 or a use

according to Claim20 or according t43 C ai m 23 wherein the antibody
I's an anti body of any one of Clains 35 to 41.

19.  Use of a moiety which binds to PODXL for destroying undifferentiated

human embryonic stem cells in a sample which containing such cells.

20. Use according to any of Claims 16 to 19 wherein the binding moiety is an

antibody.

21. A moiety which binds to PODXL further comprising a detectable label.
22. A moiety which binds to PODXL further comprising a cytotoxic moiety.
23. A moiety according to Claim 21 or 22 which is an antibody.

24. A kit of parts comprising a moiety which binds PODXL and a further

agent that detects another human embryonic stem cell marker.

25. A kit of parts according to Claim 24 wherein the other human embryonic
stem cell marker is any of Oct 4, SSEA-4, Tra-1-60, Tra-1-81 and GCTM-2.

26. A kit of parts according to Claim 25 wherein the other human embryonic
stem cell marker further includes any of mAb 5, mAb 8, mAb 14, mAb 63, mAb
84, mAD 85, mAb 95, mAb 375, mAb 432 and mAb 529.

27.  An undifferentiated human embryonic stem cell isolated by the method of
Claim 2.

28.  An isolated undifferentiated human embryonic stem cell which expresses
PODXL on its surface.

29. A composition containing differentiated cells but which is depleted in

undifferentiated human embryonic stem cells obtained by the method of Claim 7.
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30. A composition containing cells differentiated from undifferentiated human
embryonic stem cells which composition contains substantially no undifferentiated

human embryonic stem cells which express PODXL on their surface.

31. A method of treating a patient in need of cell therapy, the method
comprising administering to the patient a cell according to Claim 27 or 28 or a

composition according to Claim 29 or 30.

32.  Use of a cell according to Claim 27 or 28 or a composition according to

Claim 29 or 30 in the manufacture of a medicament for treating a patient in need

of cell therapy.

33. A method of making a pharmaceutical composition of undifferentiated
human embryonic stem cells, the method comprising carrying out the method of
Claim 2 or providing cells according to Claim 28 and incorporating the cells so

isolated into a pharmaceutical composition.

34. A method of making a pharmaceutical composition containing
differentiated cells but which is depleted of undifferentiated human embryonic
stem cells, the method comprising carrying out the method of Claim 7, or
providing a composition according to Claim 29, and incorporating said

composition of cells into a pharmaceutical composition.

35.  An anti-PODXL antibody that contains the amino acid sequences i} to iif),

or the amino acid sequences iv) to vi), or preferably the amino acid sequences i) to

) SASSSVNYMY (SEQ ID NO: 2)

i) DTSNLAS (SEQ ID NO: 3)

i)  QQWSSYPYT (SEQ ID NO: 4)

»)  NYWMN (SEQ ID NO: 5)

V) BIRLKSNNYATHYAESVKG (SEQ ID NO: 6)
vi)  ERA (SEQIDNO:7)
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or a variant thereof in which one or two or three amino acids in one or more of the

sequences (i) to (vi) are replaced with another amino acid.

36.  An antibody according to Claim 35 having at least one light chain variable
region incorporating the following CDRs:

CDR1: SASSSVNYMY (SEQ ID NO: 2)

CDR2: DTSNLAS (SEQID NO: 3)

CDR3: QQWSSYPYT (SEQ ID NO: 4)

37.  An antibody according to Claim 36 having at least one light chain variable
region comprising the amino acid sequence set out in Figure 11 (SEQ ID NO: 8).

38.  An antibody according to Claim 35 having at least one heavy chain
variable region incorporating the following CDRs:

CDR1: NYWMN (SEQ IDNO:5)

CDR2: EIRLKSNNYATHYAESVKG (SEQ ID NO: 6)

CDR3: ERA (SEQID NO:7)

or a variant thereof in which one or two or three amino acids in one or more of the

sequences (i) to (vi) are replaced with another amino acid.

39,  An antibody according to Claim 38 having at least one heavy chain

variable region comprising the amino acid sequence as set out in Figure 12 (SEQ
1D NO: 10).

40.  An antibody according to Claim 35 having at least one light chain variable
region according to Claim 36 or 37 and at least one heavy chain variable region

according to Claim 38 or 39.
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41, An antibody that selectively binds to the PODXL epitope bound by an
antibody having at least one light chain variable region according to Claim 37 and

at least one heavy chain variable region according to Claim 39.

42. A polynucleotide encoding an antibody according to any of Claims 35 to

41, or amolecule containing Vy or Vi chain contained therein.

43.  Ahost cell containing a polynucleotide according to Claim 42.

44, A method according to any one of Claims 9 or 14 or a use according to
Claim 20 or according to Claim 23 wherein the antibody is an antibody of any one
of Claims 35 to 41.





