Human Enbryonic Stem Cel |l Methods and PCODXL Expression
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cells in, and isolating themfrom a sanple; and to
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present invention also relates to kits of parts useful
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processes of cell differentiation and enbryonic
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s are pluripotent by 1) allow ng the
growing and subculturing the stem cells for many months. This ensures that the
cells are capable 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



cells to differentiate spontaneously in cell culture;
2) manipulating the cells sothey will differentiate to
wo eooriiepeci fic cell types; or 3) injecting thePCBEEGH07/000064
into an i nmunosuppressed nouse to test for the
formati on of a benign tunop called a teratona.
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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.



of the state of the art or is conmmon genera

know edge. A first aspect of the invention provides a
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enbryonic stemcell in a sanple which nmay contain such

cells, the method conprisifg identifying the cell or

cells wthin the sanple that express podocal yxin-Ilike
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cells. Such conposition may be used in various ways,
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contains at |east 50%of the cells as undifferentiated
human enbryonic stemcells, preferably at |east 70% or
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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 saniple the cell or cells that express PODXL on
their surface.



their surface. The renoved cells may forma conposition
of human enbryonic stemcells as in the second aspect
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human enbryonic stem cells have been renoved, may be
useful in therapy as discugsed in nore detail below. A
fourth aspect of the invention provides a nethod of
destroying an undi fferentiated human enbryoni c stem
cell in a sanmple containing such cells, the nethod
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sample of cells grown in vitro.

In relation to the third and fourth aspects of the invention it is particularly
preferred that the sample is one in which undifferentiated human embryonic stem
cells have been encouraged (or promoted) to differentiate into particular cell
lineages and therefore the sample may contain a mixture of undifferentiated and
differentiated cells (because differentiation is currently 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.



(or in) such a sanple wll be useful prior to the
clinical application of the sanple which contains
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undi fferentiated cells can form undesirabl e teratonas.
Typically, at |east 95% of st he undifferentiated human
enbryonic stemcells are renoved or destroyed.
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which residues 1-22 are a signal peptide, and residues
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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.



portion of the protein and residues 432-452 are the
t ransnenbr ane regi on. Resi dues 23-304 represent a
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noi ety which binds to PODXL binds to the extracellul ar
region of PODXL, for exanplee within the Ser/Thr rich
region, or outside of this region. Conveniently, the
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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 useful 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.



i nvol ved in antigen recognition, a fact first

recogni sed by early protease digestion experinents.
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rodent anti bodies. Variable domains of rodent origin

may be fused to constant demains of human origin such

that the resultant antibody retains the antigenic
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By “ScFv molecules” we mean molecules wherein the Vi and Vi, 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.



antigen conbining sites. Synthetic anti bodi es which
bind to PODXL may al so be nmade usi ng phage displ ay
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preferred anti-PODXL anti bodies for use in the nethods
and kits of the invention gre described in nore detai
bel ow. Typically, in a nmethod of identifying the
undi fferentiated human enbryonic stemcell, the
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supp rt conprises any suitable matrix such as agarose,
acryl am de, Sepharose (a trademark) and Sephadex (a
trade ). The solid su ort al so .be a_solid .
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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.



indirectly) such that, when bound, the human enbryonic

stemcell can be separated fromthe rest of the sanple
wapwn/1m78V%i si on of a suitable magnetic field. PCT/SG2007/000064

M crobeads used for magnetic cell sorting are often

termed MACS col | oi dal supeg paramagnetic m crobeads.

The human enbryonic stemcells labelled in this way

be sqrted .by.magnetic. activat l.] ;sortin
Afgeondyy P RBHRS b s HReBras, fSPalen JRudrafreniy or
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p&@hhghdiiemiarsbaagy e contai ning such cells, the nethod
conprising the steps of contacting the sanple with a
bi ndi ng moi ety (such as an antibody) which binds to
C .
pigli e R S AR A
acgivafdaellabriinggMAeCs). separating the bi ndi ng
noi ety-cell conplex fromthe remai nder of the sanple
and, optionally, releasing the cell fromthe binding
S{H@é&ﬁ%,y thel Birdifpatddi&l! 8 layelREEH RN £AnREREH Bt (EfiBer
fourt’h aspect of the invention, the said _
direetlyf dreingirectin cad Hbadimmentsampsyonic sieanvadls|are jsplated using a
destroyed .h i rue . of ikig bound to a binding noiety
ﬂﬁﬂ?@ﬁm%?ﬁ%g%F§<E@ﬁ§E?T §§2niently, t he binding noiety
is an anti body. The antibody may itself lead to
killing of the undifferentiated hyman en%rgonip st.em
Ip ey preferres) capadigreat, thganpeiigngclries gemgiied fdoleng an
~ | X i or- |
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shri nkage. Al ternatiyvel ti body r other .
Shrg Redys i Pary e o andBi ptfe 8 HE s e
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antibody is bound to the cell.Suitable cytotoxic
cpibi separating theibindiegmolssy-relheaseplen frgm tharquiséeier of thespmple

agb,rb%itiggally, 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.



noi ety, include radi oactive atons, cytotoxic drugs,
cytotoxic proteins and enzyne systens that convert a
w@e@dnonysi nto a cytotoxic drug. These are wel | PEIISGZIOT/M00064
the art. In a preferred enbodi nent, the invention
includes a nmethod of destr@ying an undifferentiated
human enbryonic stemcell in a sanple containing such
«cells, the method c rising.th t eps,;. contacti.
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bi ndi ng noi ety (eg anti odye to bind to the PODXL on
systemssthatogauerd R prafsug itela edploxigrdiugl Thesente velbkagwiindge
poiety kill the said cell. The binding noiety nmay be
in anti body which itself is cytotoxic to the said cel
or may include a further noiety which is toxic to the
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enpry e npl t h cells;

onic stemc IN a Sa e COo al ning suc . 1 ;
methedabmprisinigdhe stes aflvobiactits tROBXLDIE ovithi swhding mpiey (such

undi fferentjated h enbr yani c emcell . from a
s ORI Rk R By e e AloSRE Rpindinfiey (ee
atttodl)) R Hida tb e PRONIXIT o1 tHeaNiPMENBf Bid suTddielif R eMbivatetie

human” enbryoni c stemcell froma sanpl e which

bindimganpichkidltbp seidicel; The dinsingmeistempy Wsiaarpnibedyswhish

.. PODXL [..destr Qyi [.ff ti I '
R U P RGN A AR BT O
tHrgefier ably, the binding noiety is an anti body. The

i nvention al so provides a noiety which binds to PODXL

further conprising a detectable |abel. The invention

12 A PLANE GRS FolPIHE Y reBbihs M dSvEQi B LnEIMALNRE of a

conprising a cytotoxic noiety. Preferably, the binding
nrdétgtwhiclsbiads BODXIofy identifiang menndi§ipwotiated hyrhen embryonic

i nvention prqovides. a kit, of. parts. conprising.a '
S G911 et g 4% BB STERERH Eht s SbXr
fanedlaghig MHiRdIferdRMed htmsd efbsehicrstk eell fibmef engii which

the other human enbryonic stemcell narker is any of
coptpiming such cells; use of 4 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



SSEA- 4, Tra-1-60, Tra-1-81 and GCTM 2. Still
preferably, the other human enbryonic stem cell nmarker

wo eoovhea787 ncl udes any of rnAb 5, mAb 8, nmAb 14PCTre6k2063000064
mAb 84, mAb 85, mAb 95, mAb 375, mAb 432 and mAb 529.
Typically, the kit conpriggs an antibody to PODXL and
an anti body to one or nore of Cct4, SSEA-4, Tra-1-60,

Tra-1-81 and 2. Typicall t.he kit .al
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Thus, it is preferred that the anti body to PODXL

sel ectively binds PODXL ie binds PODXL with_a }gr eat er
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B br GRS BALL BOdY.dof T Su bRk RRETALL YriReghhale iRy

proterns’ Further anti ant 1 bodi es efufl in the
alps amithinaeayents fer tse\e hmonodhemistiys theiabileb dies| immadbilissd te a

detail. The invention al.sa.provide . o
SURRAIT TSP ICF SRSV e A I oS dioE il the ibgdies to a
cROIRRShbiegN enriched for such cells) isolated by the

net hod of "'t he second aspect of the invention. The

i nvention also includes an isolated undifferenti at ed

hu nb ' L1 nhi !
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tHeniibedics 8¢ esle@Bblk) , Thalk, doFpostiréd tiat @ htibedy ftoPAIEL
human enbryonic_stemcell, are provided as

em cel | .
siprivivhic Binds AL Xbnisodinds SRDXITHYiE 2t seatehgliiyotan other
5L RS T, S BaS DRSS BNy o ot
hombn tpneteimst hbwHtef anhid GIRXD ruhtihsdiec tisafifl ivhthei praetivei @hthe

.and _.preparin m i.nt o _a.pharmaceuti cal conposition,
H’fVSPtl‘gt}(%fpﬁraﬁlfé%c“%ff&E ongértﬂr?g%F " sterile and pyrogen-free
reagents. The isolated or enriched undifferentiated

human enbryonic stemcells may be used to treat a
Thatirention alsnewenidss wamdiffiertid hupmembzyenig steghetihtor 2
cglfn E)g& 1{1: gllnjuﬁl *opﬁlcﬁl%gi'l 'i?&l&é@gytﬂ% ﬁx@tﬁo@%‘f‘t econd aspect

yslca y under 't he supérvision’ of ‘a nedica
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



practitioner. The invention also provides a

conposition containing differentiated cells (which
whaone/1te56h made by pronoting the differentiatipCI/e62007/000064

undi fferentiated human enbryonic stemcells) but which

Is depleted of undifferentjmated human enbryonic stem

cells using the nethod of the third or fourth aspect

the i. i on, The [.Nn i e’ .
o 508 PUAL e IR UBIANE o lSBe BUAK 58 f  mecic
praodiiddegr enti at ed human enbryonic stemcells which
conposition contains substantially no undifferentiated
human enbryoni c stemcells which express PODXL on
. - it . . i | .
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ef fective anmount of the conposition may be
PO Iaps thaiegrfaget he patient, typically under the

supervi sion of a nedical practitioner. Suitable
conditions for treatnent with the cells or
Thesemaipositioas kredlpiddlyRaokides anplarmacudtd lkeinpesitiens. Thus,

di seases, .spi nal cord jnjury, stroke, burns, hearl
) BORE0T JRTErt A Sh Aot AR RO Py ORGSR Y
pAIidiAg 261 oRBOHBHE EcdititingNadrGiaRAl YEUS! @t | dleted of
sequence) of the VH and chains of mAb 84 have been
uaditierentined hamasteoviydnic femgueels as flespnided abaveand paeparing it

further aspec f the invention provides an anti-PODXL
matﬁtaiplé}g%act%ﬁtg%aﬁSgnﬁ?és{&%)sn’the am no acid sequences i) to

. H), or the am no acid sequences iv) to vi), or
T%E: egoglrp%?ilti%ng ggnte%g}ngodi%griegﬁzﬁgdq geellgcbeug’c die%)le%‘:e% c;/f uzn)dif'férentiated
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 rheumatoid arthritis.

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

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



0 SASSSVNYMY (SEQ ID NO 2) H) DTSNLAS (SEQ ID NGO 3)

0 QOABSYPYT (SEQ ID NO 4) iv) NYWW (SEQ ID NG 5) v)
WERRZHKAMBYATHYAESVKG (SEQ I D NGO 6) or a vari apeT/SG2007/000064

thereof in which one or two or three amno acids in

one or nore of the sequenggs (i) to (vi) are replaced

W t h anot her am' no acid. Preferably, the antibody

cont t he cuI a m -
TG0 e’ KheBChE bE nBin B BRI th ARASRIRE. B¥GRy that
conBbkIie @it Y& sequkndes /OGN for thetndind Boidaequbnces iv) to vi),
substitutions in _one or two or three or four of the

orguefigebbethe aming eeid seqpenceypiteaiy, a variant has one or
tvvo t S in one or two of the
sequg‘gge E M?%E%@IPW& veniently, there is one

ipm NDTSBILASS(BESY I NiG:8n in one or two of the am no
acid s uences vi). In any event the anti body

i et aR %%%ng‘l(ékb)}ho% 421d PODXL. Preferably, the
Zvg\nt i %@ym%@?heejd fyinds to the extracellular region

sel éctive binding to PODXL is
v)confEIRIeIﬂSWMiEﬂSAE%’&Q(SﬁQ {b@¥& G no aci d

equ P ly, the antibody has at |east one
[ ghﬁﬁghéﬁrq {ygﬁ e region incorporating the
following CDRs: CDR : SASSSVNYMY (SEQ ID NO 2) CDR2:

DTSNLAS (gog ID NO 3) CDR3: QIN\BSYPYT (SEQ I D NO
orzua) astaat freesoé imphieh oph er R PUBERP akBe agidy wadie asmeore phhe

sesqlelgﬁc%s 2% me Qﬁﬁ%ggg %@%@hﬁ}s@%ﬁ{)%@ﬂ@m no acid

Preferably, the anti body has at | east one heavy chain

ri able region incor fall CDRs: CDR
Pre WW\I%GSE%I qgynepnia s t e p icu a? arr?mo oe%dq %equences 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 (i) 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 incorporating
the following CDRs:

CDR1: SASSSVNYMY (SEQ ID NO: 2)

CDR2: DTSNLAS (SEQ ID NO: 3)

CDR3: QQWSSYPYT (SEQ ID NO: 4)



CDR2: EI RLKSNNYATHYAESVKG (SEQ I D NO 6) CDR3: ERA
(SEQ ID NO 7) Mre preferably, the antibody has at

wo e@3tlo8e heavy chain variabl e regi on conpri sPESGH®7/000064

am no acid sequence as shown in Figure 12 (SEQ I D NO
10). Yet nore preferably, ifre anti body has at | east
one | i ght chain vari abl e regi on as defi ned above as

MGG S RaBIGePhen iy, B8 20, BER et ety KERURR, Rsigy
cdirﬁpnsiﬁg t}ea&im@ n@id lse@hcecshaivh ity Bigugddl le (SBQIIDMNO: ).

conprising the am no acid sequence as shown in Figure
11 (SEQ ID NO 8) and at | east one heavy chain

I
PREGLE! el SAbOY OIS AIRKRS VAl SoSBAHROABrdife
t}mp“p]i@wmgt@ﬂRs hat the |ight and heavy chain CDRs 1 3 of
I b t | arl ful i
BB cnbo SR B S egi one ot her than those |
cpionn RFkaNneEAt ARG (s aondtbrgl v, in an
enbodi nent, |ight or heavy chal ns havi'ng CDRs 1-3 of

CR3: 84EIRLPS(S'EEQ DO May possess an alternative
framework region. Suitable framework regions are well
known in the art and are described for exanple in M

Mt I iBferdblfs theChiitiddy (h480ak) leasthéne ABAFOGhAR Uakible region

FactsBook Academ c Press, incorporated herein b
cormpriving ghe. arTiRe agidisPaisace Hehiows nBizats o (SEQ ABaY @eﬁO)o r
it my be labelled with a cytotoxic noiety as

descri bed above. The anti body may be used in any of
Yeehenare phefeiablyf theeardtibody hassstdeasd oné hightdclmin fariubldiregion as

ects of t ntion, and it b used t he
R0 oEned e 0 4 Jeb phe BT shalt Tisbfappeiton a
dseeees. my be used in the generation of synthetic

anti bodi es and anti body fragnments as di scussed above.
A further aspect of the invention provides a

ol ynu tide odi ng_th vene e} ant.i hod
U PLRLARY R, SRR s e jARP RIS 00ed, kR estln
comptifiag 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



of such an anti body. Pol ynucl eoti des encoding the V L
and VH chains of mAb 84, respectively, are shown in

wor@ane2781 (SEQ ID NO 9) and Figure 12 (SEQ | BLTME52007/000064

11). The invention includes a host cell which contains
one or nore polynucleotidgg required to express the
ant i body. Typically the host cell is a bacterial,
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kif BEparRvention wi Il now be described with refer ence to
the followi ng Figures and Exanple wherein: Figure 1.
Fl ow cytonetric anal ysi s of mAb binding to
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1Bubsequent |y stained with anti-nouse detection

anti body conjugated with either FITC (nmAb 5, 14, 63

and 95) or PE (mAb 84 and mAb 85). Negati vest ai ni ng
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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 mAb 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



The marker for the plot was positioned to represent

the fluorescence of >95% of the appropriate FITC or
weE7aa@Igugat ed i sotype control in the | ower |RET/SG2007/000064

gquadrant. Figure 4. Cytotoxic effect of mAb 84 on hESC

and EC cells. Cell suspensjgpns (2 x 105) were

i ncubated with 5 ng mdb 84 or mAb 85 (I sotype control)

at .4C for, 45 mi fter [ t
spriEia Sostf ey L1t SHAT (MR ol oS! Bflages
wepd tak@t #140x oadgaticaee anl thesdahebf egirksents@00tunt. epr esent s

the viable cell population. Figure 5. M croscopic

anal ysis of hESC and E C cells incubated with mAb 84.
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Figure 5. Micioscopic 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 pm.

Figure 6. Characterization of mAb 84-mediated Fkilling of hESC (A and B)
Time course study. HES-3 cells were incubated with 5 pg of mAb 84 (A) and
mAb 85 (M, 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
(M) at 4°C. After 45 min, cells were harvested and viability was assessed by PI

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



assay on the flow cytoneter. Gated region in the
scatter plot represents the viable cell popul ation.

wo pwahea78on wWith mAb 85 served as an isotype CPRCIE/862007/000064
Figure 8. Relationship between hESC pl uripotency and
kKilling efficiency by mAb 4. Single cell suspensions
of undifferentiated and differentiated HES-3 cells
were: (A): stained with mAb to Tra-1-60. Anti bodies
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Figure 9. Identification of PODXL as the mAb 84 target antigen on hESC. (A)
Western blot analysis of target antigen immunoprecipitated by mAb 84. Target
antigen affinity purified from hESC lysate using PhyTip columns containing mAb
84 was resolved on SDS-PAGE, subjected to Western blot and probed with mAb
84 (Lane 1), mAb to human PODXL (Lane 2) and pAb to human PODXL (Lane
3). (B) Identification of PODXL by LC-MS/MS. Amino sequence of human
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
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INTRODUCTION

Human embryonic stem cells (hESC), derived from the inner cell mass of
blastocysts, are pluripotent stem cells that have the ability to proliferate
indefinitely in vitro in the undifferentiated state. Under the appropriate
conditions, hESC can also be differentiated in vitro and in vivo to cell types
representative of all three germ layers (mesoderm, endoderm and ectoderm).
Morphologically, the cells have a high nuclear to cytoplasmic ratio and grow as
distinct colonies. They also express high levels of alkaline phosphatase,
telomerase and the transcription factors Oct-4 and Nanog [1-4]. Routinely, hESC
are characterized by the expression of cell surface markers, including stage-
specific embryonic antigens (SSEA)-3 and SSEA-4, tumor rejection antigen (Tra)-
1-60 and Tra-1-81. However, these surface antigens are not unique to hESC and

have been previously characterized in human embryonal carcinoma (EC) cells



mAbs specific to hESC surface markers is inportant
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d@ﬁé/édserﬂﬁgﬁd%me'é,rﬁguﬁt 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
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(M5 LRd MR BES IR @enbhiéMRKItARDF Singapore[4]) respectlvely and were
cultured as described previously[5]. Human embryonal carcinoma (EC) cell line
2102 Ep was a gift from Prof Peter Andrews (University of Sheffield) and was
cultured as described before [6]. Human EC and cancer cell lines NTERA-2
cL.D1 (CRL-1973), NCCIT (CRL-2073) and HeLa (CCL-2) were purchased from
the American 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
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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 pg in 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
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Cytotoxicity Assays

Cytotoxicity of mAb 84 on cells was evaluated using PI exclusion assays and flow
cytometry. As described above, single cell suspensions at 2 x 10° cells per 10 pl
volume in 1% BSA/PBS were incubated with mAb 84 (150 pl culture supernatant
or 5 pg purified mAb in 200 pl 1% BSA/PBS), mAb to human PODXL or pAb to
human PODXL (5 pg in 200 ul 1% BSA/PBS, R&D systems) at 4°C for 45 min.
After which, cells were washed and resuspended in 1% BSA/PBS and 1.25 mg/ml
propidium iodide (PI) for analysis by FACS. For dosage studies, HES-3 cells
were incubated with 0.1, 0.5, 1, 5 and 15 pg purified mAb 84 in 200 pl 1%
BSA/PBS. For time course studies, HES-3 cells were incubated with 5 pg
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5 x 10° cells was passed through the column functionalized with the captured mAb
84. The column was further washed with Wash Buffer II (140 mM NaCl pH 7.4)
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
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bicarbonate was added and incubated at room temperature for 45 min in the dark.
The gel spot was then washed and dehydrated twice in 100 mM ammonium
bicarbonate and 100% acetonitrile respectively. For proteolysis, the protein in
each gel spot was digested with modified trypsin (0.02 pg/utl in 25mM ammonium
bicarbonate, Promega) at 37°C overnight with shaking. After tryptic digestion,
1% formic acid and 2% methanol was added to the samples to a final volume of 9

wl for LC MS/MS analysis.

LC-MS/MS and Protein Identification

Digested samples were separated using a nano-flow high-performance liquid
chromatography (HPLC) system (LC Packings). Each sample of 9 pl was injected
and concentrated onto a trap cartridge (uPrecolumn, 300um x 5Smm, C18 PepMap
100, LC Packings) in 0.1% formic acid in water at a flow rate of 25 pl/min. After
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the absence of adjuvant or in MPL+TDM adjuvant. A total of 114 hybridomas
were isolated from the fusion. Following primary screening of their reactivity to
HES-3 cells using flow cytometry, a panel of 10 antibodies was found to bind to
hESC surface antigens (Figure 1). Furthermore, binding of the mAbs to HES-3
colonies was confirmed by immunocytochemistry (Figure 2). By isotyping, it was
found that 9 of the mAbs are IgMs whilst the remaining one is IgGy, (mAb 8).
Screening with other hESC lines, HES-2 and HES-4 revealed that the reactivity
was not only limited to the immunogen, HES-3 (Table 1). Furthermore, antibody

binding was reduced after the cells were induced to form embryoid bodies (EBs)

suggesting a down-regulation of antigen expression during differentiation.
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To further characterize the mAb panel, we compared the co-expression of the

hESC pluripotent marker Oct-4 with the antigens targeted by the IgM mAb in the

panel. Figure 3 shows 2-colour flow cytometric anélysis of the HES-3 cell line.
From the scatter plots, >95% of mAb-positive HES-3 cells are positive for Oct-4
suggesting a strong correlation between target antigen expression and Oct-4

expression.

Characterization of the cytotoxic antibody mAb 84

During screening of the antibody panel, it was found that HES-3 cells incubated
with mAb 84 had a significant decrease in viability compared to cells incubated
with other IgM mAbs (e.g. mAb 85) (Figure 4, column 1). Based on PI exclusion

assays, only 7% of cells remained viable after the incubation period with mAb 84
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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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r nor e, 84 was equally cytotoxic to hESC
wafd aculpaied mltbanAb rB4b yhepefciensy of céll 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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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 hESC with primary antibodies followed by GAM antibodies failed
to induce a similar cytotoxic effect as mAb 84 (Figure 10B).

DISCUSSION

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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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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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 PODXL 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 attributed to the down-

regulation of PODXL expression upon differentiation. Nevertheless, despite these
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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 concerns 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 vitro 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



hESC [ 37]. Taken together, these reports of PODXL
expression in ESC correspond with our observations of
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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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L. bi nh mgthod of idegPedei S Ereniip AT R AE Sl cel in

a salﬁg eevg@% ggoﬁt'aﬂldé gﬂ cel N e SRR 1@&1&5%1?(% medcell

re used insfead of day 8 EBCLAI
or rmtshmﬂhmftha chemtle fiyt engpress pudatiafyiir- ket prateée (RUPRLR) on thelr
enbryonic stemcell in a sanple which nmay contain such
¥% s, the nethod conprising identifying the cell or
cells within the sanple that express podocal yxin-1ike
protein (PCDXL) on their surface. 2. A nethod of
2.1s0 IAatnet’rg)damfls,@ﬂﬂnngfaaﬂ@dtffemI@éteﬁ ivEan 6PBFXPBIA e cethfrom

Gotls PURA PSR Bt A, Bl boRislinf Hdifind i€ B R Al
Wlﬁﬁﬁrﬂ{ees Péth@t)@iﬁ)%§ PB@XILO@ﬂleirh&ﬂfﬁceS urface. 3. A

nmet hod of renoving an undi fferentiated human enbryonic
st emcell froma sanple containing such cells, the

3. et R GROP L SLGyih gVt B GudERh oM Gehl ol

express on their surface. 4. A nethod

frath lald@iitpi@yd)r[tgmarg st el rtben triedttod comprigingenetmoyimgi fzom tthen
ce n
sample thle 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



a sanpl e containing such cells, the nmethod conpri sing
destroying the cell or cells in the sanple that
wezpreexssPODXL on their surface. 5. A nmethod apCDsER007000064
to any one of Clainms 1 to 4 wherein the sanple is a
sanple froma human enbryi@ or is human enbryonic
tissue. 6. A nmethod according to Clains 1 to 4 wherein
S & o bk gk k frbiadremioved frbinothe
hunyan Mﬁgﬁ%&gg? |n5ﬁ%%ﬁcllﬁ§ik_lrlrs1%%ﬁ%#r 4 wherein the
sanfpdIpy eirius o bsiagbbend by whhebindmginidielyent i at ed human
enbryoni ¢ stemcells have been encouraged to
differentiate into particular cell lineages, and the
sangl | i (1Bhe R iRt diddngiabieves ahraotibody.
> unggfﬁgﬁg&]n%(%‘g?gn thd;émam enbryoni c steng]j?el Iv}g 8. A
nmet hod according to any one of Clains 1 to 3 wherein
the sample i s contacted. w Malel bef I :
10,101 8 PeBiRPBPe AT § Ab % SR A Ehghis WUED i
imEbiliséStol AMMisipReAt.i n or isolated fromor renpved from
the sanple by virtue of being bound by to the binding
noiety. 9. A nethod according to Claim8 wherein the
bi ndi n j b ' . A€ RGN G
11" 6y AR §robutiflndd Cabh 4o herdn THG MikiAE cadiSun
deteBPRIAbesled ot & capsit bfidesespiport . 11. A nmet hod accordi ng
to aim8 or 9 wherein the binding noiety is
detectably | abelled or is capable of detection. 12. A

et Ho diaghot 18 @h@l M Whewheeilabdl Hailitates ldetection of
12T aci ﬁlteg%ﬂogggcdet ecgti on of the cells. 13. A nethod

theaextler ding to G aim4 wherein the said undifferentiated
human enbryonic stemcell is destroyed by virtue of
bei ng bound to a binding noiety which binds to PODXL.
1314. Aﬂ@ﬁ&m’cc@}ﬁﬁ@%eﬁ Q0! Gheie the saklewrsifferehietes hiehary
moiety is an antibody. 15, A nfet hod ac%ordi %Ichdto C]O%jtg;n
embayattie stein celhés BesHAYFHy bYairatey ot Rtpg, Rpund to a binding Ix
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.



conprises a cytotoxic noiety. 16. Use of a noiety
whi ch binds PODXL for identifying an undifferentiated

wheovanoxsbryoni c stemcell in a sanpl e contai NPETSE20011000064

cells. 17. Use of a noiety which binds PCDXL for

i solating an undifferentidated human enbryonic stem

cell froma sanple which containing such cells. 18.

Use of a noiety which binds to PODXL for renoving an

undi fferentiated human enbryonic stemcell froma
19.sanpke oMMai mbietyowhizhribinds HURADEE! fos . destroyire vaditigreniptety

whi ch binds to PODXL for, destroying undpf enti at ed
hununaRbBRBy R eclbnaeapeeioh Sridfipl 8Bk
cont ai ni ng such cells. 20. Use according to any of
Clains 16 to 19 wherein the binding noiety. is an .
20.ant Ubedgcording to Anyrof Glaymsa tehl vhersin the brydiie maehhig An
conprising a detectable |abel. 22. A noiety which
antihodds t o PODXL furt her conprising a cytotoxic noiety.
23. A noiety according to Caim?21 or 22 which is an
anti body. 24. A kit of parts conprising i.et i ch
21bi ndsmpEDXWhighdindste POREL ByBst CApRitsfh @%‘%@a‘gﬁ@’%‘gr
human enbryonic stemcell marker. 25. A kit of parts
according to Claim24 wherein the other human .
20.embry/aRidty Shembieds!to POTKEL firtheneymipisigra cytotoSTEACIALY.
Tra-1-60, Tra-1-81 and GCTM 2. 26. A kit of parts
according to Caim25 wherein the other human
enbr yoni ' kwhihvdris binehitdds. any of mAb
23 By B e e e e b 95 oA
375, mAb 432 andmAb 529. 27. An undifferentiated human
enbryqnjc.stem cel |l. .i sal at . Bk of '
2438, if gbP %ﬁmﬁﬂﬁ?Pggﬂgwggégéghﬂﬁﬁgﬁbenbf€5ﬁ§%92?2%$
aoB8l thatMikehs MYRIcLESREn BEBKbnioRteht cellsunkace. 29. A
conmposition containing differentiated cells but which
is depleted in undifferentiated human enbryonic stem

ZSCC g lrr'lp‘g s}cl%tb cltsfgé]a% dac?é(rd{l‘x%eto '@Elpf’ 84 Qfhefeh ¥ ofhdGunfin embryonic

containing cells differentiated from
step@ell benleontid atyest Ot #aRSEA-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, mADb 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.



enbryonic stemcells which conposition contains

substantially no undifferentiated human enbryoni c stem
w@edo7s0281 ch express PODXL on their surface. 3RCT/$G2007/000064

met hod of treating a patient in need of cell therapy,

t he nmet hod conprising admBni stering to the patient a

cell according to Claim27 or 28 or a conposition

30.2¢¢ rcghﬁ)gsitign g)fi'thﬂﬁ et d3fererdited Win Qhdiffefeptibted human
according to alrm or 28 or a conposition_accordi Hg
embQoficatem 29lsorhi@0campdstimnreantainastbatantiolly go Hadificrmbate

for treating a pati.ent in n cel | py. 33. A
humpes eBbrygRic ﬁ%ﬁé"}ﬂﬁh?’i?ﬁ%?ég’ﬁg%}gﬁf‘ o g‘f%rosm %egn of
undi fferentiated human enbryonic stemcells, the

met hod conprising carrying out the method of aim 2d
31.0r Br eviltidngf detatisg ac paia iy resdophichl ABergpy the metho

i ncorporating.the cel | 0, | ' 28
coma A LUTRR Brifedr byl bR 1 G1dp 27 pr 28 o o
coﬂg?ﬁﬁ@?@dééﬂd%?étommpﬂ bi 30 containing differentiated

cells but which is depleted of undifferentiated human

enbryonic stemcells, the method conprising carrying

out (1 he et hod 0 O @i @ty 2970 DROY sy RitcATRRBIdH O
32ralccgijtrs’8i°r§ga %ecll;i aach{d%%@’@gln 2i(?noéor porat(ig}%% said e
CIERPDSH 80 anthefmaeificurt of @ needidaarentifes itcagng a patient in need

conmposition. 35. An anti-PCODXL anti body that contains
of e¢lbthgrPo aci d sequences i) to Ui), or the amino acid

sequences iv) to vi), or preferably the amno acid
sequences i) to vgq: 0 SASSSVNYMY (SEQ ID NO 2 if%
33DTSM. Aeth GEQS InbakNicy a@hmnycew@svpp}pps@gg@ﬂ mdiffprentated

g ey S e Bk DAY B Gnb B0
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 iii),

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

i) SASSSVNYMY (SEQID NO: 2)

i)  DTSNLAS (SEQ ID NO: 3)

i)  QQWSSYPYT (SEQ ID NO: 4)

)  NYWMN (SEQ ID NO: 5)

) EIRLKSNNYATHYAESVKG (SEQ ID NO: 6)
vi)  ERA (SEQIDNO:7)



44 or a variant thereof in which one or two or three
am no acids in one or nore of the sequences (i) to

W@ 200y/1627€7 r epl aced wi t h anot her ami no aci d. 36PCH®G2007/000064

anti body according to Caim 35 having at | east one
i ght chain variable reg4gn incorporating the
following CDRs: CDR : SASSSVNYMY (SEQ ID NO 2) CDRz2:
DTSNLAS (SEQ ID NO 3) CDR3: QUAESYPYT (SEQ ID NO 4)
37. An antibody according to Caim 36 having at Iefa t
or a0REiahi tableotinaiicly aué ative ardlgico AMieNgstdssn AEE PHBOEHT ,{Ee
aci d sequence set Odﬂt'{xn %1 ure 11 .8SEQ ID NO 8). 38.
sequgncantl) 9y aEcEBlRa Yy R B0 i 3% 2 A%vi ng at | east one
heavy chain variable region incorporating the
following CDRs: CDR : NYWWN (SEQ ID NO 5) CDR2: .
36.El RAKSARMATHYAESIHEE (BED 3 Dhavie 8)leashrae lighkahpapeyiphle
NO. 7) or .a arfj nt. t of in which one or two or
fegtoﬁrlé%)rﬁ?ﬁaﬂ%gé‘@i H@O"Ylﬂg Sor nore of the sequences (i)
cDRA: (Ve s88ONvaaSed W O: anot her anino acid. 39. An
anti body according to C aim 38 having at | east one
CDReav y DIRALA S EHQB 8Q:8¢i on conprising the ani no acid

OO S PR & o m 35 havi ng at i kst one
i ght chain variable region according to C aim 36 or

37 a0 omamBgoSAEPENTE SaCBIM 36 havins Shlred anf SRESUR, yariable
regi(%l% I@c%ﬁoé}"{ys%{l%thlgiam dfd Eéﬁﬁe&’c@é’ti—q@m Figpee DoBEG Iy Nén 8).

ving at |l east one |light chain variable
region according to Claim37 and at | east one heavy

chain varjaple regio cor dj . ' 2vrvAchai
38pol yHuePERR Ydéc‘:@f‘fg%in‘ﬂg an gllnstn g%%g%/qé?g%lrt gbi%relgﬂt o any
valhb1k i fBindSrpbihting 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

ID 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.



41, or a molecule containing VH or VLchain contained

therein. 43 . A host cell containing a polynucleotide
waewmoned7sy to Caim42. 44. A nmethod accor di ngPCDSGIIP7/000064

one of Claims 9 or 14 or a use according to Caim20

or according to Claim23gsherein the antibody is an

anti body of any one ofClains 35 to 41.

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 a molecule containing Vy or Vi, chain contained therein.

43. A host 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.



