
1 Title: Methods for Identifying Candidate Cytotoxic Antibody Molecules
Field of the Invention The present invention relates to methods for
screening candidate antibody molecules 5which bind to podocalyxin-like
protein (PODXL) and/or to undifferentiated pluripotent stem cells and
particularly, although not exclusively, to methods for identifying
candidate cytotoxic antibody molecules. Background to the Invention
10Embryonic and other pluripotent stem cells have great potential in
therapy. Such cells can be directed to differentiate into specific cell
types and offer the possibility of a renewable source of replacement cells
and tissues, for example, for use in regenerative medicine to repair
tissues which have been damaged by disease or injury. 15However, the use of
embryonic stem cells in medicine is limited due to the significant ethical
concerns associated with the use of embryos. The Yamanaka Lab2 and Thomson
Lab3 demonstrated that human fibroblasts can be reprogrammed by the
transient overexpression of a small number of genes into induced
pluripotent stem cells (IPSCs) which functionally and phenotypically
resemble embryonic stem cells (ESCs). Thus, 20pluripotent stem cells can be
obtained without the need for the destruction of embryos. Some IPSCs, like
hESC, express Oct-4 and other cell surface markers, such as Tra-1- 60/81
and SSEA-3/4. However, IPSCs are not identical to ESCs, as shown by a
slower doubling timell, differences in the global gene-expression
patterns2' 3 and DNA 25methylation status2. It remains unknown whether
nuclear reprogramming is complete, and thus whether IPSCs follow a similar
pathway to hESCs during differentiation. This important breakthrough raises
the possibility that cellular therapies using patient- specific input cells
may be a reality in the future. Unlike hESC where there are ethical
30concerns and possible issues of immune rejection, IPSCs can be generated
from a donor, reprogrammed, differentiated to the appropriate cell type and
transplanted back into the donor. Prior to the publication of reports that
IPSCs had been successfully generated from 35human cells, we described the
generation of a panel of monoclonal antibodies (mAbs) 



against surface antigens on undifferentiated hESC51 in WO 2007/102787, the
contents of  2 which is hereby incorporated in this application by
reference. These mAbs showed strong reactivity against undifferentiated,
but not differentiated (embryoid bodies), hESC lines. 5The mAbs did not
cross react with mouse fibroblasts, and showed weak to no reactivity
against human embryonal carcinoma cells. Thus these mAbs exhibited very
high specificity binding to hESCs, and this binding was lost as the hESCs
differentiated. The monoclonal antibody, mAb 84, is an IgM which
specifically binds and kills undifferentiated human embryonic stem cells
(hESC) (Tan, 200929). mAb 84 induced cell death of 10undifferentiated, but
not differentiated hESC within 30 min of incubation, and
immunoprecipitation of the mAb-antigen complex revealed that the antigen is
podocalyxin-like protein-1 (PODXL). Importantly, the absence of tumour
formation is observed when hESC were treated with mAb 84 prior to
transplantation into SCID mice. This earlier data indicates that mAb84 may
be useful in eliminating residual 15undifferentiated hESC from
differentiated cell populations for clinical applications. In addition to
generating antibodies which were cytotoxic against undifferentiated hESCs,
such as mAb84, in WO 2007/102787 we also produced mAbs which were
non-cytotoxic against undifferentiated hESCs. One notable non-cytotoxic
antibody was mAb 85. 20 Furthermore, in WO/2010/033084, the contents of
which are hereby incorporated by reference, we reported the discovery of
mAbs that bind to and characterize IPSCs. We reported that mAb 84 was
cytotoxic against IPSCs, and mAb85 was non-cytotoxic against IPSCs. 25
Although undifferentiated stem cells may be used in cell therapy, it is
considered to be beneficial to use cells which have started to
differentiate, or are differentiated. Methods of encouraging stem cells to
differentiate into particular cell lineages are well known in the art. Once
the differentiation process has started or proceeded, it is beneficial to
remove 30or destroy undifferentiated hESCs in a sample which may otherwise
form undesirable teratomas. Teratomas typically contain a mixture of
differentiated or partly differentiated cell types. Despite the potential
of IPSC therapy, the problem of teratoma formation by residual IPSC after
differentiation remains and needs to be addressed. 35Thus, mAb 84 can
potentially be used for separation and removal of residual undifferentiated
hESC or undifferentiated IPSC from differentiated cell populations.  3
Thus, it can be seen that it is useful to identify, isolate or separate
undifferentiated pluripotent stem cells (since they can be used themselves
in therapy or can be encouraged to differentiate into a particular cell
lineage which can be used in therapy). It 



5 is also useful to remove or destroy undifferentiated pluripotent 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. It can also be seen that there is a need to identify
further antibodies, in addition to 10mAb84, which are specifically
cytotoxic against both hESCs and IPSCs. Such antibodies could then be
useful in methods for separation and removal of residual undifferentiated
hESC or undifferentiated IPSC from differentiated cell populations, as
described above. The present invention arose as a result of ongoing studies
by the present inventors into 15the areas described above. The inventors
were in possession of cytotoxic and non- cytotoxic antibody molecules which
were known to bind PODXL. They also knew that PODXL was a glycosylated
protein. The inventors went on to investigate the importance of
glycosylation for the binding of antibody molecules to PODXL. The inventors
approached this by testing cytotoxic and non-cytotoxic antibody molecules
in a glycan 20array against a range of different glycans. The inventors
found that cytotoxic and non- cytotoxic antibody molecules bound to a
common sequence of saccharide residues within glycans. Surprisingly, the
inventors also found that there was a significant difference in the binding
of cytotoxic and non-cytotoxic antibody molecules to this common sequence.
Hence the inventors found that candidate cytotoxic antibody molecules can
be selected 25based on their ability to bind glycans containing the common
sequence. Summary of the Invention  The present inventors have discovered
that candidate cytotoxic antibodies can be identified by their ability to
bind glycans comprising Fuca1-2Ga1131-3G1cNAc131. In 30particular, the
present inventors have discovered antibody molecules can be selected as
candidates for having cytotoxic activity against a cell which expresses
podocalyxin-like protein (PODXL), and/or against an undifferentiated
pluripotent stem cell, based on their ability to bind glycans comprising
Fuca1-2Ga1I31-3GIcNAc81. 35Methods for selecting candidate cytotoxic
antibodies, based on their ability to bind glycans comprising
Fuca1-2Ga101-3GIcNAc81, uses of such glycans to select antibody  4
molecules as candidates for having cytotoxic activity against a cell which
expresses PODXL, and/or an undifferentiated pluripotent stem cell, and
methods of destroying a cell which expresses PODXL, and/or an
undifferentiated pluripotent stem cell, are provided. 5In one aspect of the
present invention there is provided a method of selecting an antibody
molecule as a candidate for having cytotoxic activity against a cell which
expresses podocalyxin-like protein (PODXL), wherein the antibody molecule
binds PODXL, the method comprising the steps of: (i) comparing the binding
of a PODXL-binding antibody molecule to a glycan 



10comprising Fuca1-2Ga1111-3GIcNAc with the binding of a non-cytotoxic
PODXL- binding antibody molecule to a glycan comprising
Fuca1-2Gall11-3GIcNAc; and (ii) selecting as a candidate cytotoxic antibody
molecule a said PODXL-binding antibody molecule that has a relative binding
to said glycan of 30 or more times greater than said non-cytotoxic
PODXL-binding antibody molecule. 15 In another aspect of the present
invention there is provided a method of selecting an antibody molecule as a
candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, wherein the antibody molecule binds PODXL, the
method comprising the steps of: 20(i)comparing the binding of a
PODXL-binding antibody molecule to a glycan comprising
Fuca1-2Ga1111-3GIcNAc with the binding of a non-cytotoxic PODXL-binding
antibody molecule to a glycan comprising Fuca1-2Ga1111- 3G1cNAc; and
(ii)selecting as a candidate cytotoxic antibody molecule a said
PODXL-binding 25antibody molecule that has a relative binding to said
glycan of 30 or more times greater than said non-cytotoxic PODXL-binding
antibody molecule.     In another aspect of the present invention there is
provided a method of selecting an antibody molecule as a candidate for
having cytotoxic activity against an undifferentiated 30pluripotent stem
cell, the method comprising the steps of: (1)comparing the binding of a
PODXL-binding antibody molecule to a glycan comprising
Fuca1-2Galf11-3GIcNAc with the binding of a non-cytotoxic PODXL-binding
antibody molecule to a glycan comprising Fuca1-2Ga1111- 3G1cNAc; and  5
(ii)selecting as a candidate cytotoxic antibody molecule a said
PODXL-binding antibody molecule that has a relative binding to said glycan
of 30 or more times greater than said non-cytotoxic PODXL-binding antibody
molecule. 5In another aspect of the present invention there is provided a
method of selecting an antibody molecule as a candidate for binding PODXL
and having cytotoxic activity against a cell which expresses PODXL, the
method comprising: (i) comparing the binding of an antibody molecule to a
glycan comprising Fuca1- 2Ga1111-3G1cNAc with the binding of a
non-cytotoxic PODXL-binding antibody 10molecule to a glycan comprising
Fuca1-2Ga1131-3GIcNAc; and (ii) selecting as a candidate for binding PODXL
and having cytotoxic activity against a cell which expresses PODXL an
antibody molecule that has a relative binding to said glycan of 30 or more
times greater than said noncytotoxic PODXL-binding antibody molecule. 



15 In another aspect of the present invention there is provided a method of
selecting an antibody molecule, from a sample containing such molecules, as
a candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, wherein the antibody molecule binds PODXL, the
method comprising the steps of: 20i)contacting the sample of antibody
molecules with a plurality of glycans comprising Fuca1-2Ga1111-3GIcNAc;
ii)selecting an antibody molecule having an absolute binding to at least
one said glycan in the top 10% as a candidate cytotoxic antibody molecule.
25In another aspect of the present invention there is provided a method of
selecting an antibody molecule as a candidate for having cytotoxic activity
against an undifferentiated pluripotent stem cell, wherein the antibody
molecule binds PODXL, the method comprising the steps of: (i) measuring the
binding of a PODXL-binding antibody molecule to a glycan 30comprising
Fuca1-2Ga1111-3GIcNAc; and (ii) selecting as a candidate cytotoxic antibody
molecule a said PODXL-binding antibody molecule that has a binding to said
glycan greater than that of a noncytotoxic PODXL-binding antibody molecule.
35In another aspect of the present invention there is provided a method of
selecting an antibody molecule as a candidate for having cytotoxic activity
against a cell which  6 expresses podocalyxin-like protein (PODXL), wherein
the antibody molecule binds PODXL, the method comprising the steps of:
(i)measuring the binding of a PODXL-binding antibody molecule to a glycan
comprising Fuca1-2Galf11-3GIcNAc; and 5(ii)selecting as a candidate
cytotoxic antibody molecule a said PODXL-binding antibody molecule that has
a binding to said glycan greater than that of a noncytotoxic PODXL-binding
antibody molecule. In another aspect of the present invention there is
provided a method of selecting an 10 antibody molecule as a candidate for
having cytotoxic activity against a cell which expresses podocalyxin-like
protein (PODXL), wherein the antibody molecule binds PODXL, the method
comprising the steps of: 



(i) comparing the binding of a PODXL-binding antibody molecule to a glycan
comprising Fuca1-2Ga1111-3GIcNAc with the binding of a cytotoxic PODXL-
15binding antibody molecule to a glycan comprising Fuca1-2Ga1111-3GIcNAc;
and (ii) selecting as a candidate cytotoxic antibody molecule a said
PODXL-binding antibody molecule that has a binding to said glycan greater
than that of the said cytotoxic PODXL-binding antibody molecule. 20 In
another aspect of the present invention there is provided a method of
selecting an antibody molecule as a candidate for having cytotoxic activity
against an undifferentiated pluripotent stem cell, the method comprising
the steps of:    (i) comparing the binding of a PODXL-binding antibody
molecule to a glycan 25comprising Fuca1-2Ga1111-3GIcNAc with the binding of
a cytotoxic PODXL- binding antibody molecule to a glycan comprising
Fuca1-2Gall11-3GIcNAc; and    (ii) selecting as a candidate cytotoxic
antibody molecule a said PODXL-binding antibody molecule that has a binding
to said glycan greater than that of the 30said cytotoxic PODXL-binding
antibody molecule. In another aspect of the present invention there is
provided a method of selecting an antibody molecule as a candidate for
having cytotoxic activity against an undifferentiated pluripotent stem
cell, wherein the antibody molecule binds PODXL, the method 35comprising
the steps of:  7 (i)comparing the binding of a PODXL-binding antibody
molecule to a glycan comprising Fuca1-2Ga1111-3GIcNAc with the binding of a
cytotoxic PODXLbinding antibody molecule to a glycan comprising
Fuca1-2Ga1111-3GIcNAc; and 5(ii)selecting as a candidate cytotoxic antibody
molecule a said PODXL-binding antibody molecule that has a binding to said
glycan greater than that of the said cytotoxic PODXL-binding antibody
molecule. In another aspect of the present invention there is provided a
method of selecting an 10antibody molecule as a candidate for having
cytotoxic activity against a cell which expresses PODXL, wherein the
antibody molecule binds PODXL, the method comprising the steps of: 



i)contacting the antibody molecule with a glycan comprising Fuca1-2Ga1131-
3G1cNAc; 15ii)comparing the relative binding of the glycan and the antibody
molecule in (i) to the binding of the said glycan and a non-cytotoxic
PODXL-binding antibody molecule; iii)selecting an antibody molecule having
a relative binding of 30 or more         times that of the said
non-cytotoxic PODXL-binding antibody molecule as a candidate 20cytotoxic
antibody molecule. In another aspect of the present invention there is
provided a method of selecting an antibody molecule as a candidate for
having cytotoxic activity against an undifferentiated pluripotent stem
cell, wherein the antibody molecule binds PODXL, the method 25comprising
the steps of:         i) contacting the antibody molecule with a glycan
comprising Fuca1-2Ga1111- 3G1cNAc;             ii) comparing the relative
binding of the glycan and the antibody molecule in (i) to the binding of
the said glycan and a non-cytotoxic PODXL-binding antibody 30molecule;
iii) selecting an antibody molecule having a relative binding of 30 or more
times that of the said non-cytotoxic PODXL-binding antibody molecule as a
candidate cytotoxic antibody molecule.  8 In another aspect of the present
invention there is provided a method of selecting an antibody molecule as a
candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, the method comprising the steps of:        i)
contacting a candidate antibody molecule with a glycan comprising Fuca1-
52Ga111,1-3GIcNAc;        ii) comparing the relative binding of the glycan
and the antibody molecule in (i) to the binding of the said glycan and a
non-cytotoxic PODXL-binding antibody molecule; 



iii) selecting an antibody molecule having a relative binding of 30 or more
10times that of the said non-cytotoxic PODXL-binding antibody molecule as a
candidate cytotoxic antibody molecule. In another aspect of the present
invention there is provided a method of selecting an antibody molecule as a
candidate for having cytotoxic activity against a cell which 15expresses
PODXL, wherein the antibody molecule binds PODXL, the method comprising the
steps of:        i) contacting the antibody molecule with a glycan
comprising Fuca1-2Ga1111- 3G1cNAc;        ii) comparing the binding of the
glycan and the antibody molecule in (i) to the 20binding of the said glycan
and a cytotoxic PODXL-binding antibody molecule;       (iii)selecting an
antibody molecule having a binding equal to or greater than that of the
said cytotoxic PODXL-binding antibody molecule as a candidate cytotoxic
antibody molecule. 25In another aspect of the present invention there is
provided a method of selecting an antibody molecule as a candidate for
having cytotoxic activity against an undifferentiated pluripotent stem
cell, wherein the antibody molecule binds PODXL, the method comprising the
steps of:        i) contacting the antibody molecule with a glycan
comprising Fuca1-2Ga1111- 303GIcNAc;        ii) comparing the binding of
the glycan and the antibody molecule in (i) to the binding of the said
glycan and a cytotoxic PODXL-binding antibody molecule;             iii)
selecting an antibody molecule having a binding equal to or greater than
that of the said cytotoxic PODXL-binding antibody molecule as a candidate
cytotoxic 35antibody molecule.  9 In another aspect of the present
invention there is provided a method of selecting an antibody molecule as a
candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell, the method comprising the steps of:         i)
contacting a candidate antibody molecule with a glycan comprising Fuca1- 



52Gal111-3GIcNAc;         ii) comparing the binding of the glycan and the
antibody molecule in (i) to the binding of the said glycan and a cytotoxic
PODXL-binding antibody molecule;             iii) selecting an antibody
molecule having a binding equal to or greater than that of the said
cytotoxic PODXL-binding antibody molecule as a candidate cytotoxic
10antibody molecule. In some aspects the present invention comprises a
method of selecting an antibody molecule from a sample containing such
molecules, as a candidate for having cytotoxic activity against an
undifferentiated pluripotent stem cell, wherein the antibody molecule
15binds PODXL, the method comprising the steps of:        i) contacting the
sample of antibody molecules with an array of glycans comprising
Fuca1-2Galf11-3G1cNAc;        ii) selecting an antibody molecule having a
direct binding in the top 10% as a candidate cytotoxic antibody molecule;
and, optionally; 20iii)testing the candidate antibody for cytotoxic
activity against a cell which expresses PODXL Methods of the present
invention may also comprise one or more of the following steps;
(a) determining binding between the candidate antibody molecule and the
glycan 25comprising Fuca1-2Ga1111-3G1cNAc; and/or        (b) contacting a
non-cytotoxic PODXL-binding molecule with a glycan comprising
Fuca1-2Ga1111-3GIcNAc; and/or        (c) determining binding between a
non-cytotoxic PODXL-binding molecule and the giycan comprising
Fuca1-2Gall11-3G1cNAc; and/or 30(d) contacting a cytotoxic PODXL-binding
molecule with a glycan comprising Fuca1-2Ga1111-3G1cNAc; and/or        (e)
determining binding between a cytotoxic PODXL-binding molecule and the
glycan comprising Fuca1-2Ga1111-3GIcNAc; and/or        (f) contacting the
sample of antibody molecules with a plurality of glycans 35comprising
Fuca1-2Ga1111-3GIcNAc and/or  10 



(g) selecting an antibody molecule having an absolute binding to a said
glycan in the top 10% as a candidate cytotoxic antibody molecule.
Methods of the present invention may also comprise the step of testing the
candidate 5antibody for cytotoxic activity against a cell which expresses
PODXL and/or against an undifferentiated pluripotent stem cell. Methods of
the present invention may also comprise the step of testing the candidate
antibody for PODXL binding. 10 Methods of the present invention may
comprise any combination of the steps described herein. In preferred
aspects the glycan comprises or consists of a glycan selected from the
15group:  Fuca1-2Gal[31-3G1cNAcr31-3Ga1131-4G1c13;
Neu5Aca2-6Ga1131-4G1cNAc131-6(Fuca1-2Ga1131-3G1cNAcr31-3)Ga113-4G1c;
Fuca1-2Gall31-3GIcNAcr3;
Fuca1-2Ga1131-3G1cNAcf31-3Galf31-4G103; 20 Fuca1-2Ga1131-3GIcNAcp1-3GaINAc;
Fuca1-2Ga1131-3G1cNAcr31-3(Gall31-4G1cNAc(31-6)Ga1131-4G1c;
Fuca1-2Ga1131-3G1cNAc131-3(Gall31-4(Fuca1-3)GIcNAc131-6)Galr31-4G1c;
Fuca1-2Galf31-3GIcNAcp; or
Fuca1-2Galf31-3G1cNAcr31-2Mana1-3(Fuca1-2Ga1131-3GIcNAcr31-2Mana1-
256)Mani31-4G1cNAc131-4GIcNAc13; In some aspects the glycan is selected
from the group consisting of:  Fuca1-2Ga1131-3G1cNAcf31-3Galf31-4GIc13-Sp8;
Neu5Aca2-6Ga1131-4G1cNAci31-6(Fuca1-2Gall31-3G1cNAcr31-3)Ga113-4G1c-Sp21;
30 Fuca1-2Galf31-3G1cNAc13-Sp0;
Fuca1-2Ga1131-3G1cNAcr31-3Ga1131-4G1c13-Sp10;
Fuca1-2Gali31-3GIcNAcr31-3GaINAc-Sp14; 



Fuca1-2Gall31-3GIcNAc131-3(Galf31-4GIcNAc131-6)Galf31-4GIc-Sp21;
Fuca1-2Ga1131-3G1cNA031-3(Galf31-4(Fuca1-3)G1cNAc131-6)Ga1131-4GIc-Sp21; 35
Fuca1-2Ga1131-3GIcNAci3-Sp8; or  11
Fuca1-2Ga181-3G1cNAc131-2Mana1-3(Fuca1-2Ga1131-3G1cNAci31-2Mana1-
6)Man81-4GIcNAc81-4GIcNAc8-Sp20;       In some aspects the glycans used in
methods of the present invention are part of an array 5of glycans. In some
aspects the glycans are immobilised on a solid support. In some aspects the
present invention comprises a PODXL-binding antibody molecule with
candidate cytotoxic activity against an undifferentiated pluripotent stem
cell and/ or cytotoxic activity against a cell that expresses PODXL,
obtained, identified, selected or 10produced by any of the methods
described herein. In another aspect the present invention comprises an
antibody molecule with cytotoxic activity against an undifferentiated
pluripotent stem cell obtained, identified, selected or produced by any of
the methods described herein. 15 In some aspects the present invention
comprises a method of destroying undifferentiated pluripotent stem cell(s)
in a sample containing such cell(s), the method comprising contacting the
cell or cells in the sample that express PODXL on their surface with a
cytotoxic antibody. In preferred embodiments such cytotoxic antibodies are
obtained, 20identified, selected or produced by any of the methods
described herein. In some aspects the present invention comprises a method
of selecting an antibody molecule as a candidate for binding PODXL, the
method comprising selecting an antibody molecule which binds a glycan
comprising Fuca1-2Ga1111-3GIcNAc. 25 In another aspect, the present
invention comprises a method of selecting an antibody molecule as a
candidate for having cytotoxic activity against a cell which expresses
PODXL and/or against an undifferentiated stem cell, the method comprising
selecting an antibody molecule which binds a glycan comprising
Fuca1-2Ga1111-3GIcNAc. 30 In some aspects the present invention comprises a
kit of parts comprising a glycan comprising Fuca1-2Ga1111-3GIcNAc; a
non-cytotoxic control molecule which preferably binds the glycan with a
known binding intensity. The kit of parts may further comprise a cytotoxic
control molecule which binds the glycan with a known binding intensity. The
kit 35of parts may further comprises an agent that detects binding between
the glycan and an antibody molecule. The cytotoxic control molecule may be
mAb84 or an antibody having  



12 substantially equivalent binding affinity to PODXL and/or to a glycan
comprising Fuca1- 2Ga1111-3G1cNAc and/or substantially equivalent cytotoxic
activity to cells expressing PODXL and/or to undifferentiated pluripotent
stem cells. The non-cytotoxic control molecule may be mAb85 or an antibody
having substantially equivalent binding affinity to 5PODXL and/or to a
glycan comprising Fuca1-2Ga1111-3GIcNAc and/or substantially equivalent
non-cytotoxic activity to cells expressing PODXL and/or to undifferentiated
pluripotent stem cells. In some aspects the present invention comprises the
use of a glycan as described herein 10to select in vitro an antibody
molecule that binds PODXL and/or is cytotoxic. In related aspects the
present invention comprises the use of a glycan as described herein to
determine in vitro whether an antibody molecule that is known to bind PODXL
is cytotoxic. The determination may be whether the antibody molecule is
cytotoxic to a cell which expresses PODXL and/or to an undifferentiated
stem cell. 15 Description of Preferred Embodiments The present invention is
concerned with methods for selecting an antibody molecule as a candidate
for having cytotoxic activity against a cell that expresses
podocalyxin-like 20protein (PODXL). The antibody molecule may be a
candidate for having cytotoxic activity against an undifferentiated
pluripotent stem cell. The details of one or more embodiments of the
invention are set forth in the accompanying description below including
specific details of the best mode contemplated 25by the inventors for
carrying out the invention, by way of example. It will be apparent to one
skilled in the art that the present invention may be practiced without
limitation to these specific details.         The invention includes the
combination of the aspects and preferred features described 30except where
such a combination is clearly impermissible or expressly avoided. The
section headings used herein are for organizational purposes only and are
not to be construed as limiting the subject matter described.  13 will be
apparent to those skilled in the art. All documents mentioned in this text
are incorporated herein by reference. Podocalvxin-like protein (PODXL)  



5The amino acid sequence of Podocalyxin-like protein 1 precursor herein
referred to as Podocalyxin-like protein (PODXL) is given in Figure 6 (SEQ
ID NO: 1) and is also found in Accession No. 000592 of the NCB! protein
sequence database accessible through EntrezPubMed (see also Kershaw et al
(1997) J. Biol. Chem. 272, 15708-15714). It is also called PCLPI and PODXL.
For convenience, it will be called PODXL hereafter. 10 PODXL may have the
precise sequence given in Accession No. 000592, or it may be a naturally
occurring variant thereof. For example, according to 000592, R is a variant
for the Tat residue 62, and S is a variant of the L at residue 196. Mature
PODXL is a 528 residue glycosylated cell surface polypeptide, of which
residues 151-22 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.
Residues 23-304 represent a Ser/Thr rich region. It is preferred if the
antibody molecule which binds to PODXL binds to the extracellular region of
PODXL, for example within the SeriThr rich region, or outside of this
region. 20 Podocalyxin-like protein is a member of the sialomucin protein
family. PODXL was originally identified as an important component of
glomerular podocytes. Podocytes are highly differentiated epithelial cells
with interdigitating foot processes covering the outer aspect of the
glomerular basement membrane. Other biological activities of PODXL
25include binding in a membrane protein complex with Na+/H+ exchanger
regulatory factor to intracellular cytoskeletal elements, playing a role in
hematopoetic cell differentiation, and being expressed in vascular
endothelium cells and binding to L-selectin. PODXL is a heavily
glycosylated type-I transmembrane protein belonging to the CD34 30family of
sialomucins. PODXL was originally described as the major sialoprotein on
podocytes of the kidney glomerulus, but was later found to be expressed on
vascular endothelial cells and early hematopoietic progenitors. More
recently, PODXL has been implicated as an indicator of tumor aggressiveness
in breast, liver, and prostate cancers. Human PODXL is located on
chromosome 7q32-q33 and encodes for a protein of 528 35amino acids.
However, because the extracellular domain of PODXL is extensively
glycosylated with sialylated 0-linked carbohydrates and five potential
sites for N-linked  14 glycosylation, the approximate molecular weight of
PODXL is 160-165 kDa. PODXL has both putative N-linked and 0-linked glycan
sites on its sequence. Functionally, PODXL has been reported to have quite
diverse roles depending on the cell 5type. In podocytes, PODXL acts as an
anti-adhesion molecule that maintains the filtration slits open between
podocyte foot processes by charge repulsion. However in high endothelial
venules, PODXL acts as an adhesion molecule binding to L-selectin and
mediating the tethering and rolling of lymphocytes. 



10In hESC, PODXL was identified transcriptionally to be highly expressed in
undifferentiated hESC5' 6. By expressed sequence tag frequency analysis,
the level of PODXL expression was down-regulated by almost 2.5-fold in 7-8
day embyroid bodies and approximately 7 and 12 fold in neuroectoderm-like
cells and hepatocyte-like cells respectively5. This result was supported by
immunohistochemistry of hESC and 8-day 15EB where staining was
significantly reduced in the latter7. In a separate study by Wei et al.
comparing the transcriptome profile of hESC and mESC, they observed that
the expression of PODXL was not detected by MPSS in mESC line E-14 compared
to hESC5. At the protein level, Schopperle and DeWolf reported that PODXL
underwent post-translational glycosylation changes after the exposure of 2
embryonal carcinoma lines to 20retinoic acid (reduction in MW from 200 kDa
to 170 kDa). The failure of anti-TRA-1-60/81 antibodies to bind to the
modified PODXL prompted them to suggest the presence of a Stem Cell PODXL
(SC-PODXL) on embryonic stem cells. In ESC, our observations have shown
that mAb 84 binding reactivity was reduced in day 8 embyroid bodies
compared to undifferentiated hESC. Concomitantly, the decrease or loss in
mAb 84-mediated killing 25on FGF2-starved hESC and day 22 EB respectively
can be attributed to the down- regulation of PODXL expression upon
differentiation. Furthermore, the simultaneous decrease in mAb 84 and
IRA-1-60 binding to hESC during embryoid body formation may implicate the
loss of SC-PODXL during differentiation. 30In preferred methods of the
invention, the PODXL is human PODXL. Human PODXL may have the amino acid
sequence of SEQ ID NO: 1 (Figure 6), or the amino acid sequence of GenBank
accession number 000592.2 GI:229462740 (SEQ ID NO: 2; Figure 7) or of
GenBank accession number AAI43319.1 GI:219520307 (SEQ ID NO: 3; Figure 8).
Some embodiments concern PODXL variants such as those disclosed in Figure 9
(SEQ ID 35NOs: 8 & 9).  15 In some embodiments, the PODXL protein comprises
one of 60%, 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence
identity to the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 3, SEQ ID NO: 8 or SEQ ID NO: 9. In some embodiments, the PODXL protein
comprises one of 60%, 70%, 80%, 85%, 90%, 95%,  5 96%, 97%, 98%, 99% or
100% sequence identity to the amino acid sequence of SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 8 or SEQ ID NO: 9, excluding amino acids 1
-22.     Preferred PODXL proteins are those capable of being bound by an
antibody fragment or 10antibody molecule selected by the methods described
herein, and/or by mAb84 and/or by mAb85. Antibody molecules  The present
invention is concerned with methods for selecting an antibody molecule as a
15candidate for having cytotoxic activity against a specified cell type,
for example cytotoxic activity against a cell that expresses PODXL and/or
cytotoxic activity against an undifferentiated pluripotent stem cell. 



Candidate antibody molecules are selected by their ability to bind glycans
comprising 20Fuca1-2Ga1111-3GIcNAc. In some embodiments candidate antibody
molecules may bind the fucose residue. In other embodiments candidate
antibody molecules may bind the galactose residue. In other embodiments
candidate antibody molecules may bind the N-acetyl glucosamine residue.
Preferably candidate antibody molecules bind both the fucose and galactose
residues. Preferably antibody molecules bind the fucose, galactose 25and
N-acetyl glucosamine residues. Antibody molecules include binding members
or substances having an antibody antigen-binding site. The structure of
antibodies and antibody fragments is well known. Generally, an antibody
molecule comprises an immunoglobulin heavy chain variable 30region (VH
domain or VH region) which is paired with a light chain variable region (VL
domain or VL region) to provide an antibody antigen binding domain or
binding site. Antibody molecules may further comprise antibody constant
regions or parts thereof. For example, a VL domain may be attached at its
C-terminal end to antibody light chain constant domains including human CK
or CA chains, preferably CA chains. Similarly, an 35antibody molecule based
on a VH domain may be attached at its C-terminal end to all or part of an
immunoglobulin heavy chain derived from any antibody isotype. Examples of
16 antibody molecules include immunoglobulin isotypes and their isotypic
subclasses; antibody fragments, such as Fab, Fab', Fab'-SH, scFv, dsFv, Fv,
dAb and Fd; engineered antibody molecules, such as Fab2, Fab3, diabodies,
triabodies, tetrabodies and minibodies; and any other polypeptide
comprising an antibody antigen-binding site, 5whether natural or wholly or
partially synthetic. Various antibody molecules, fragments and formats have
been described, see for example Pluckthun (1997), incorporated herein by
reference. An antibody molecule selected by the method of the present
invention, whether in 10monomeric, dimeric or multimeric form, includes an
antibody fragment. An antibody fragment may be, or may be based on, part of
a whole antibody. An antibody fragment may not be a whole antibody.
Preferably, an antibody fragment is smaller than a whole antibody.
15Antibody molecules include chimeric molecules comprising an antigen
binding domain, or equivalent, fused to another polypeptide. Cloning and
expression of chimeric antibodies are described in EP-A-0120694 and
EP-A-0125023. Antibody molecules include antibody molecules which are
monomers - i.e. monomeric 20antibody molecules - and antibody molecules
which include two monomers, which may be referred to as dimeric antibody
molecules. Furthermore, antibody molecules may be 



multimers such as dimers or tetramers. A multimer or a tetramer may, for
example, include more than one dimeric antibody molecule. A monomer may
comprise an antigen binding domain, or equivalent, e.g. an Fv fragment,
fused to a dimerization domain. 25Preferably, a monomer is monovalent, i.e.
it has one antigen binding domain. A dimeric or multimeric (e.g.
tetrameric) antibody molecule may comprise a pair of monomers which
interact to form a dimer. For example, a dimeric antibody molecule may have
two Fv fragments, connected by interacting dimerization domains.
Preferably, a dimer is bivalent (or divalent), i.e. it has two antigen
binding domains. A multimer may have two or more 30monomers and thus may
have two or more antigen binding domains - i.e. a multimer may be
multivalent. The antibody fragments of a multimeric (e.g. dimeric) antibody
molecule may be of identical amino acid sequence, or may have one or more
identical complementarity 35determining region (CDR) amino acid sequences.
For example, a dimeric antibody molecule with identical or substantially
identical antibody fragments may be referred to as  17 a homodimer or a
homodimeric antibody molecule. Alternatively, the fragments in a multimeric
antibody molecule may be of different amino acid sequence. For example,
they may have different CDR sequences, different framework region
sequences, and/or different VH and/or VL region sequences. Preferably, an
antibody fragment of the 5present invention has one or more of the CDR
amino acid sequences of mAb84, and/or one or more variants of those CDR
amino acid sequences. Methods of the present invention may be used to
select an antibody molecule, including antibody fragments as described
above, as a candidate for having cytotoxic activity, in 10particular
cytotoxic activity against a cell which expresses PODXL and/or against an
undifferentiated pluripotent stem cell. An example of an antibody which is
known to have cytotoxic activity against an undifferentiated pluripotent
stem cell is mAb84. The amino acid sequence (and encoding polynucleotide
sequence) of the whole mAb84 antibody and the VH and VL chains of mAb84 are
known, e.g. see WO 2007/102787 which is 15incorporated herein by reference,
and Figures 11 and 12 herein. Preferably, an antibody molecule selected by
the methods of the present invention binds PODXL (preferably human PODXL).
For example, a monomeric antibody molecule may bind PODXL. Preferably, a
dimeric or multimeric antibody molecule binds PODXL. 20Preferably, the VH
and VL regions of an antibody fragment form an antigen binding site which
binds PODXL. An antibody molecule selected by the methods of the present
invention will generally be specific for PODXL. In other words, an antibody
molecule may bind PODXL with a 



25greater affinity than other mammalian proteins, particularly other human
proteins. For example, an antibody molecule may bind PODXL with a similar,
or substantially similar affinity to that of mAb84. The kinetics of mAb84
binding to PODXL on the surface of hESCs have been determined as follows:
Ka (association rate) is 2.5 x 107 M; KD (dissociation rate) is 4 x 108 M;
koff is 2.9 x 10-3 s-1; k" is 7.1 e4 M-1 S-1. 30 The antibodies selected by
the present method may be called anti-glycan antibodies or anti-PODXL
antibodies. An antibody molecule selected by the methods of the present
invention may show no 35binding or substantially no binding to other
mammalian proteins, and in particular to other proteins which are expressed
on the cell surface. For example, an antibody molecule  18 may show no
binding or substantially no binding to any or all of the following:
stage-specific embryonic antigens (SSEA)-3 and SSEA-4, tumor rejection
antigen (Tra)- 1-60 and Tra-1-81. Preferably, an antibody molecule selected
by the methods of the present invention binds PODXL on the surface of an
undifferentiated pluripotent stem cell or cells, 5such as an
undifferentiated hES cell and/or an undifferentiated induced pluripotent
stem cell. Typically, specificity may be determined by means of a binding
assay such as ELISA employing a panel of antigens. 10 Binding of an
antibody molecule selected by the methods described herein with PODXL may
be abolished by competition with excess recombinant PODXL.     Binding
affinity and neutralisation potency of different antibody molecules
selected by the 15methods described herein can be compared under
appropriate conditions using routine techniques. Preferably, an antibody
molecule selected by methods of the present invention binds specifically to
undifferentiated pluripotent stem cell(s), e.g. the antibody molecule binds
20PODXL on the surface of undifferentiated pluripotent stem cell(s), such
as undifferentiated hES cells and/or undifferentiated induced pluripotent
stem cells. An antibody molecule may show no binding or substantially no
binding to pluripotent stem cell(s) which have undergone, or are undergoing
differentiation. 25Preferably, an antibody molecule selected by methods of
the present invention binds to 



N-linked and /or 0-linked glycans on PODXL. Sample  Some methods of the
present invention involve a sample containing antibody molecules. 30The
sample may be any quantity of antibody molecules which contains, or is
suspected of containing, one or more candidate cytotoxic antibody
molecules. The sample may contain any combination of antibody molecules
herein described. Stem Cells  35The term "stem cell" generally refers to a
cell that on division faces two developmental options: the daughter cells
can be identical to the original cell (self-renewal) or they may  19 be the
progenitors of more specialised cell types (differentiation). The stem cell
is therefore capable of adopting one or other pathway (a further pathway
exists in which one of each cell type can be formed). Stem cells are
therefore cells which are not terminally differentiated and are able to
produce cells of other types. 5 As used in this document the term "stem
cell" particularly refers to pluripotent stem cells, particularly mammalian
(e.g. human) pluripotent stem cells. Embryonic Stem Cells 10Embryonic Stem
(ESCs) cells may be isolated from the inner cell mass (ICM) of the
blastocyst, which is the stage of embryonic development when implantation
occurs. ESCs may be mammalian ESCs. For example they may be human or
non-human, eg mouse or rat ESCs. 15ESCs are pluripotent stem cells that
have the ability to proliferate indefinitely in vitro in the
undifferentiated state. Under the appropriate conditions, ESCs 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 20phosphatase,
telomerase and the transcription factors Oct-4 and Nanog. Routinely, hESC
are characterized by the expression of cell surface markers, including
stage-specific embryonic antigens (SSEA)-3 and SSEA-4, tumor rejection
antigen (Tra)- 1-60 and Tra-1-81. However, these surface antigens are not
unique to hESC and have been previously characterized in human embryonal
carcinoma (EC) cells. 25 



In the present invention, undifferentiated embryonic stem cells express
PODXL on their surface. Pluripotent Stem Cells 30Pluripotent stem cells are
true stem cells, with the potential to make any differentiated cell in the
body. However, they cannot contribute to making the extraembryonic
membranes which are derived from the trophoblast. Several types of
pluripotent stem cells have been found.  20 Multipotent stem cells are true
stem cells but can only differentiate into a limited number of types. For
example, the bone marrow contains multipotent stem cells that give rise to
all the cells of the blood but not to other types of cells. Multipotent
stem cells are found in adult animals. It is thought that every organ in
the body contains them where they can 5replace dead or damaged cells.
Methods of characterising stem cells are known in the art, and include the
use of standard assay methods such as clonal assay, flow cytometry,
long-term culture and molecular biological techniques e.g. PCR, RT-PCR and
Southern blotting. 10 Adult Stem Cells Adult stem cells comprise a wide
variety of types including neuronal, skin and the blood forming stem cells
which are the active component in bone marrow transplantation. 15These
latter stem cell types are also the principal feature of umbilical
cord-derived stem cells. Adult stem cells can mature both in the laboratory
and in the body into functional, more specialised cell types although the
exact number of cell types is limited by the type of stem cell chosen.
20Induced Pluripotent Stem Cells Induced pluripotent stem cells, commonly
abbreviated as iPS cells or iPSCs, are a type of pluripotent stem cell
artificially derived from a non-pluripotent cell, typically an adult
somatic cell, by inserting certain genes. iPS cells are reviewed and
discussed in Takahashi, K. & Yamanaka (2006), Yamanaka S, et. al. (2007),
Wernig M, et. al. (2007), 25Maherali N, et. al. (2007), Yu J, et al. (2007)
and Takahashi et al., (2007), all of which are incorporated herein by
reference. iPS cells are typically derived by transfection of certain stem
cell-associated genes into non-pluripotent cells, such as adult
fibroblasts. Transfection is typically achieved through 30viral vectors,
for example through retroviral reprogramming. Transfected genes include 



the master transcriptional regulators Oct-3/4 (Pouf51) and Sox2, although
it is suggested that other genes enhance the efficiency of induction. After
3-4 weeks, small numbers of transfected cells begin to become
morphologically and biochemically similar to pluripotent stem cells, and
are typically isolated through morphological selection, doubling time, or
35through a reporter gene and antibiotic infection.  21 IPSCs may be
induced from somatic cells such as fibroblasts by transfection with one or
more transcription factors. In some cases, cells are transformed with
Oct3/4, Sox2, cMyc and K1f4. The cells may be additionally transfected with
other genes, including transcription factors and/or marker genes. The genes
may be introduced using a 5transposon system such as the Cre/loxP
recombination system, or using non-integrating vectors in order to produce
iPSCs free of exogenous reprogramming genes. Transfection may be achieved
using viral vectors, such as a retrovirus. The virus may be an amphotropic
virus. Once the cells have been transfected, they may be grown on feeder
cells before transfer to an ESC culture medium. 10 The IPSCs may be derived
from rabbit, guinea pig, rat, mouse or other rodent, cat, dog, pig, sheep,
goat, cattle, horse, non-human primate or other non-human vertebrate
organism or non-human mammal. In preferred embodiments the IPSCs are
derived from human cells. 15 iPS cells useful in the invention may be
derived from any suitable cell type, including lung, foreskin fibroblasts,
skin fibroblasts, keratinocytes, blood progenitor cells, bone marrow cells,
hepatocytes, gastric epithelial cells, pancreatic cells, neural stem cells,
B lymphocytes, ES derived somatic cells and embryonic fibroblasts. The iPS
cells may be 20derived from human, mouse or other mammals. Preferably, the
iPS cells are human. In some cases, the cells are not human dermal
fibroblasts. The IPSCs may exhibit similar patterns of gene expression and
phenotype to ESCs. In the present invention, the undifferentiated IPSCs
express PODXL on their surface. 25Like ESCs, future therapeutic
applications of differentiated induced pluripotent stem cells carry a risk
of teratoma formation by contaminating residual undifferentiated IPSC.
Despite this problem, currently there are not many strategies developed to
separate these cell populations. 30Culture of Stem Cells  Any suitable
method of culturing stem cells may be used. Any suitable container may be
used to propagate stem cells. Suitable containers include those described
in US Patent Publication US2007/0264713 (Terstegge).  



22 Containers may include bioreactors and spinners, for example. A
"bioreactor", as the term is used in this document, is a container suitable
for the cultivation of eukaryotic cells, for example animal cells or
mammalian cells, such as in a large scale. A typical cultivation volume of
a regulated bioreactor is between 20 ml and 500 ml. 5 The bioreactor may
comprise a regulated bioreactor, in which one or more conditions may be
controlled or monitored, for example, oxygen partial pressure. Devices for
measuring and regulating these conditions are known in the art. For
example, oxygen electrodes may be used for oxygen partial pressure. The
oxygen partial pressure can be 10regulated via the amount and the
composition of the selected gas mixture (e.g., air or a mixture of air
and/or oxygen and/or nitrogen and/or carbon dioxide). Suitable devices for
measuring and regulating the oxygen partial pressure are described by
Bailey, J E. (Bailey, J E., Biochemical Engineering Fundamentals, second
edition, McGraw-Hill, Inc. ISBN 0-07-003212-2 Higher Education, (1986)) or
Jackson AT. Jackson A T., 15Verfahrenstechnik in der Biotechnologie,
Springer, ISBN 3540561900 (1993)). Other suitable containers include
spinners. Spinners are regulated or unregulated bioreactors, which can be
agitated using various agitator mechanisms, such as glass ball agitators,
impeller agitators, and other suitable agitators. The cultivation volume of
a 20spinner is typically between 20 ml and 500 ml. Roller bottles are round
cell culture flasks made of plastic or glass having a culture area of
between 400 and 2000 cm2. The cells are cultivated along the entire inner
surface of these flasks; the cells are coated with culture medium
accomplished by a "rolling" motion, i.e. rotating the bottles about their
own individual axis. 25 Alternatively, culture may be static, i.e. where
active agitation of the culture/culture media is not employed. By reducing
agitation of the culture, aggregates of cells may be allowed to form.
Whilst some agitation may be employed to encourage distribution and flow of
the culture media over the cultured cells this may be applied so as not to
substantially disrupt 30aggregate formation. For example, a low rpm
agitation, e.g. less than 30 rpm or less than 20 rpm, may be employed.
Propagation with Passage          The methods and compositions described
here may comprise passaging, or splitting 35during culture. The methods may
involve continuous or continual passage.  23 By "continual" or
"continuous", we mean that our methods enable growth of stem cells in a
fashion that enables them to be passaged, e.g., taken off the plates or
microcarriers on which they are growing and transferred to other plates,
microcarriers or particles, and that this process may be repeated at least
once, for example twice, three times, four times, 5five times, etc. In some
cases, this may be repeated any number of times, for example 



indefinitely or infinitely. Cells in culture may be dissociated from the
substrate or flask, and "split", subcultured or passaged, by dilution into
tissue culture medium and replating. 10 Cells growing on particles may be
passaged back onto particle culture. Alternatively, they may be passaged
back onto conventional (2D) cultures. Tissue culture cells growing on
plates may be passaged onto particle culture. 15The term "passage" may
generally refer to the process of taking an aliquot of a cell culture,
dissociating the cells completely or partially, diluting and inoculating
into medium. The passaging may be repeated one or more times. The aliquot
may comprise the whole or a portion of the cell culture. The cells of the
aliquot may be completely, partially or not confluent. The passaging may
comprise at least some of the following sequence of 20steps: aspiration,
rinsing, trypsinization, incubation, dislodging, quenching , re-seeding and
aliquoting. The protocol published by the Hedrick Lab, UC San Diego may be
used (http://hedricklab.ucsd.edu/Protocol/COSCell.html). The cells may be
dissociated by any suitable means, such as mechanical or enzymatic 25means
known in the art. The cells may be broken up by mechanical dissociation,
for example using a cell scraper or pipette. The cells may be dissociated
by sieving through a suitable sieve size, such as through 100 micron or 500
micron sieves. The cells may be split by enzymatic dissociation, for
example by treatment with collagenase or trypLE harvested. The dissociation
may be complete or partial. 30 The dilution may be of any suitable
dilution. The cells in the cell culture may be split at any suitable ratio.
For example, the cells may be split at a ratio of 1:2 or more, 1:3 or more,
1:4 or more or 1:5 or more. Thus, stem cells may be passaged for 1 passage
or more. For example, stem cells may be passaged for 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 3514, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25
passages or more. Passages may be expressed as generations of cell growth.
Stem cells may be propagated for 1, 2, 3, 4, 5,  24 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 generations or more.
Passages may also be expressed as the number of cell doublings. Stem cells
may be propagated for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25 cell doublings or more. 5
Maintenance of Stem Cell Characteristics  The propagated stem cells may
retain at least one characteristic of a mammalian (e.g. a primate or human)
stem cell. The stem cells may retain the characteristic after one or more
passages. They may do so after a plurality of passages. They may do so
after the 10stated number of passages as described above. 



The characteristic may comprise a morphological characteristic,
immunohistochemical characteristic, a molecular biological characteristic,
etc. The characteristic may comprise a biological activity. 15 Stem Cell
Characteristics  The stem cells may display any of the following stem cell
characteristics.     Stem cells may display increased expression of Oct4
and/or SSEA-1 and/or TRA-1-60. 20Stem cells which are self-renewing may
display a shortened cell cycle compared to stem cells which are not
self-renewing. Stem cells may display defined morphology. For example, in
the two dimensions of a standard microscopic image, human embryonic stem
cells display high 25nuclear/cytoplasmic ratios in the plane of the image,
prominent nucleoli, and compact colony formation with poorly discernable
cell junctions. Stem cells may also be characterized by expressed cell
markers as described in further detail below. 30 Expression of Pluripotencv
Markers  The biological activity that is retained may comprise expression
of one or more pluripotency markers. 35Stage-specific embryonic antigens
(SSEA) are characteristic of certain embryonic cell types. Antibodies for
SSEA markers are available from the Developmental Studies  25 Hybridoma
Bank (Bethesda Md.). Other useful markers are detectable using antibodies
designated Tra-1-60 and Tra-1-81 (Andrews et al., Cell Lines from Human
Germ Cell Tumors, in E. J. Robertson, 1987, supra). Human embryonic stem
cells are typically SSEA-1 negative and SSEA-4 positive. hEG cells are
typically SSEA-1 positive. 5 Differentiation of primate pluripotent stem
cells (pPS) cells in vitro results in the loss of SSEA-4, Tra-1-60, and
Tra-1-81 expression and increased expression of SSEA-1. pPS cells can also
be characterized by the presence of alkaline phosphatase activity, which
can be detected by fixing the cells with 4% paraformaldehyde, and then
developing with Vector Red as a substrate, as described by the manufacturer
(Vector Laboratories, 10Burlingame Calif.). Embryonic stem cells are also
typically telomerase positive and OCT-4 positive. Telomerase activity can
be determined using TRAP activity assay (Kim et al., Science 266:2011,
1997), using a commercially available kit (TRAPeze.RTM. XK Telomerase 



15Detection Kit, Cat. s7707; lntergen Co., Purchase N.Y.; or TeloTAGGG.TM.
Telomerase PCR ELISA plus, Cat. 2,013,89; Roche Diagnostics, Indianapolis).
hTERT expression can also be evaluated at the mRNA level by RT-PCR. The
LightCycler TeloTAGGGTm hTERT quantification kit (Cat. 3,012,344; Roche
Diagnostics) is available commercially for research purposes. 20 Any one or
more of these pluripotency markers, including FOXD3, PODXL, alkaline
phosphatase, OCT-4, SSEA-4, TRA-1-60 and Mab84, etc, may be retained by the
propagated stem cells. 25Detection of markers may be achieved through any
means known in the art, for example immunologically. Histochemical
staining, flow cytometry (FACS), Western Blot, enzyme-linked immunoassay
(ELISA), etc may be used. Flow immunocytochemistry may be used to detect
cell-surface markers. 30immunohistochemistry (for example, of fixed cells
or tissue sections) may be used for intracellular or cell-surface markers.
Western blot analysis may be conducted on cellular extracts. Enzyme-linked
immunoassay may be used for cellular extracts or products secreted into the
medium. 35For this purpose, antibodies to the pluripotency markers as
available from commercial sources may be used.  26 Antibodies for the
identification of stem cell markers including the Stage-Specific Embryonic
Antigens 1 and 4 (SSEA-1 and SSEA-4) and Tumor Rejection Antigen 1-60 and
1-81 (TRA-1-60, TRA-1-81) may be obtained commercially, for example from
5Chemicon International, Inc (Temecula, CA, USA). The immunological
detection of these antigens using monoclonal antibodies has been widely
used to characterize pluripotent stem cells (Shamblott M.J. et. al. (1998)
PNAS 95: 13726-13731; Schuldiner M. et. al. (2000). PNAS 97: 11307 - 11312;
Thomson J.A. et. al. (1998). Science 282: 1145-1147; Reubinoff B.E. et. al.
(2000). Nature Biotechnology 18: 399-404; Henderson J.K. et. al. 10(2002).
Stem Cells 20: 329-337; Pera M. et. al. (2000). J. Cell Science 113:
5-10.). The expression of tissue-specific gene products can also be
detected at the mRNA level by Northern blot analysis, dot-blot
hybridization analysis, or by reverse transcriptase initiated polymerase
chain reaction (RT-PCR) using sequence-specific primers in 15standard
amplification methods. Sequence data for the particular markers listed in
this disclosure can be obtained from public databases such as GenBank (URL 



www.ncbi.nlm.nih.gov:80/entrez). See U.S. Pat. No. 5,843,780 for further
details. Substantially all of the propagated cells, or a substantial
portion of them, may express the 20 marker(s). For example, the percentage
of cells that express the marker or markers may be 50% or more, 60% or
more, 70% or more, 80% or more, 90% or more, 93% or more, 95% or more, 97%
or more, 98% or more, 99% or more, or substantially 100%. Cell Viability
25The biological activity may comprise cell viability after the stated
number of passages. Cell viability may be assayed in various ways, for
example by Trypan Blue exclusion. A protocol for vital staining follows.
Place a suitable volume of a cell suspension (20-200 pL) in appropriate
tube add an equal volume of 0.4% Trypan blue and gently mix, let 30stand
for 5 minutes at room temperature. Place 10 pl of stained cells in a
hemocytometer and count the number of viable (unstained) and dead (stained)
cells. Calculate the average number of unstained cells in each quadrant,
and multiply by 2 x 104 to find cells/ml. The percentage of viable cells is
the number of viable cells divided by the number of dead and viable cells.
27 The viability of cells may be 50% or more, 60% or more, 70% or more, 80%
or more, 90% or more, 93% or more, 95% or more, 97% or more, 98% or more,
99% or more, or substantially 100%. 5Karvotvpe  The propagated stem cells
may retain a normal karyotype during or after propagation. A "normal"
karyotype is a karyotype that is identical, similar or substantially
similar to a karyotype of a parent stem cell from which the stem cell is
derived, or one which varies from it but not in any substantial manner. For
example, there should not be any gross 10anomalies such as translocations,
loss of chromosomes, deletions, etc. Karyotype may be assessed by a number
of methods, for example visually under optical microscopy. Karyotypes may
be prepared and analyzed as described in McVVhir et al. (2006), Hewitt et
al. (2007), and Gallimore and Richardson (1973). Cells may also be 15
karyotyped using a standard G-banding technique (available at many clinical
diagnostics labs that provide routine karyotyping services, such as the
Cytogenetics Lab at Oakland Calif.) and compared to published stem cell
karyotypes. All or a substantial portion of propagated cells may retain a
normal karyotype. This 20proportion may be 50% or more, 60% or more, 70% or
more, 80% or more, 90% or more, 93% or more, 95% or more, 97% or more, 98%
or more, 99% or more, or substantially 100%. 



Pluripotencv  25The propagated stem cells may retain the capacity to
differentiate into all three cellular lineages, i.e., endoderm, ectoderm
and mesoderm. Methods of induction of stem cells to differentiate each of
these lineages are known in the art and may be used to assay the capability
of the propagated stem cells. All or a substantial portion of propagated
cells may retain this ability. This may be 50% or more, 60% or more, 70% or
more, 80% or 30more, 90% or more, 93% or more, 95% or more, 97% or more,
98% or more, 99% or more, or substantially 100% of the propagated stem
cells. The pluripotency of the generated stem cells may be determined by
use of suitable assays. Such assays may comprise detecting one or more
markers of pluripotency, e.g. 35SSEA-1 antigen, alkaline phosphatase
activity, detection of Oct-4 gene and/or protein expression, by observing
the extent of teratoma formation in SCID mice or formation of  28 embryoid
bodies. Pluripotency of hESC may be defined by the expression of one or
more markers such as Oct-4, SSEA-4, Tra-1-60, Tra-1-81, SOX-2 and GCTM-2.
Co-Culture and Feeders  5Methods may comprise culturing stem cells in the
presence or absence of co-culture. The term "co-culture" refers to a
mixture of two or more different kinds of cells that are grown together,
for example, stromal feeder cells. The two or more different kinds of cells
may be grown on the same surfaces, such as particles or cell container
surfaces, or on different surfaces. The different kinds of cells may be
grown on different particles. 10 Feeder cells, as the term is used in this
document, may mean cells which are used for or required for cultivation of
cells of a different type. In the context of stem cell culture, feeder
cells have the function of securing the survival, proliferation, and
maintenance of cell pluripotency. Cell pluripotency may be achieved by
directly co-cultivating the feeder 15cells. Alternatively, or in addition,
the feeder cells may be cultured in a medium to condition it. The
conditioned medium may be used to culture the stem cells. The inner surface
of the container such as a culture dish may be coated with a feeder layer
of mouse embryonic skin cells that have been treated so they will not
divide. The 20 feeder cells release nutrients into the culture medium which
are required for ES cell growth. The stem cells growing on particles may
therefore be grown in such coated containers. 



Arrangements in which feeder cells are absent or not required are also
possible. For 25example, the cells may be grown in medium conditioned by
feeder cells or stem cells. Media and Feeder Cells      Media for isolating
and propagating pluripotent stem cells can have any of several different
formulas, as long as the cells obtained have the desired characteristics,
and can 30be propagated further. Suitable sources are as follows:
Dulbecco's modified Eagles medium (DMEM), Gibco#11965-092; Knockout
Dulbecco's modified Eagles medium (KO DMEM), Gibco#10829-018; 200 mM
L-glutamine, Gibco#15039-027; non-essential amino acid 35solution, Gibco
11140-050; beta-mercaptoethanol, Sigma#M7522; human recombinant basic
fibroblast growth factor (bFGF), Gibco#13256-029. Exemplary
serum-containing  29 embryonic stem (ES) medium is made with 80% DMEM
(typically KO DMEM), 20% defined fetal bovine serum (FBS) not heat
inactivated, 0.1 mM non-essential amino acids, 1 mM L-glutamine, and 0.1 mM
beta-mercaptoethanol. The medium is filtered and stored at 4 degrees C for
no longer than 2 weeks. Serum-free embryonic stem (ES) medium is 5made with
80% KO DMEM, 20% serum replacement, 0.1 mM non-essential amino acids, 1 mM
L-glutamine, and 0.1 mM beta-mercaptoethanol. An effective serum
replacement is Gibco#10828-028. The medium is filtered and stored at 4
degrees C for no longer than 2 weeks. Just before use, human bFGF is added
to a final concentration of 4 ng/mL (Bodnar et al., Geron Corp,
International Patent Publication WO 99/20741). 10 The media may comprise
Knockout DMEM media (Invitrogen-Gibco, Grand Island, New York),
supplemented with 10% serum replacement media (Invitrogen- Gibco, Grand
Island, New York), 5ng/mIFGF2 (lnvitrogen-Gibco, Grand Island, New York)
and 5ng/m1 PDGF AB (Peprotech, Rocky Hill, New Jersey). 15 Feeder cells
(where used) may be propagated in mEF medium, containing 90% DMEM
(Gibco#11965-092), 10% FBS (Hyclone#30071-03), and 2 mM glutamine. mEFs are
propagated in T150 flasks (Coming#430825), splitting the cells 1:2 every
other day with trypsin, keeping the cells subconfluent. To prepare the
feeder cell layer, cells are 20irradiated at a dose to inhibit
proliferation but permit synthesis of important factors that support human
embryonic stem cells (about 4000 rads gamma irradiation). Six-well culture
plates (such as Falcon#304) are coated by incubation at 37 degrees C. with
1 mL 0.5% gelatin per well overnight, and plated with 375,000 irradiated
mEFs per well. Feeder cell layers are typically used 5 h to 4 days after
plating. 25 Conditions for culturing other stem cells are known, and can be
optimized appropriately according to the cell type. Media and culture
techniques for particular cell types referred to in the previous section
are provided in the references cited. 30Serum Free Media  



The methods and compositions described here may include culture of stem
cells in a serum-free medium.  30 for example in US Patents 5,631,159 and
5,661,034. Serum-free media are commercially available from, for example,
Gibco-BRL (Invitrogen). The serum-free media may be protein free, in that
it may lack proteins, hydrolysates, and 5 components of unknown
composition. The serum-free media may comprise chemically-defined media in
which all components have a known chemical structure. Chemically-defined
serum-free media is advantageous as it provides a completely defined system
which eliminates variability and allows for improved reproducibility and
more consistent performance, and decreases possibility of contamination by
adventitious agents. 10 The serum-free media may comprise Knockout DMEM
media (Invitrogen-Gibco, Grand Island, New York). The serum-free media may
be supplemented with one or more components, such as 15serum replacement
media, at a concentration of for example, 5%, 10%, 15%, etc. The serum-free
media may be supplemented with 10% serum replacement media from Invitrogen-
Gibco (Grand Island, New York). The serum-free medium in which the
dissociated or disaggregated embryonic stem cells 20 are cultured may
comprise one or more growth factors. A number of growth factors are known
in the art, including FGF2, IGF-2, Noggin, Activin A, TGF beta 1, HRG1
beta, LIF, SIP, PDGF, BAFF, April, SCF, Flt-3 ligand, Wnt3A and others. The
growth factor(s) may be used at any suitable concentration such as between
1pg/m1 to 500ng/ml. 25Media Supplements  Culture media may be supplemented
with one or more additives. For example, these may be selected from one or
more of: a lipid mixture, Bovine Serum Albumin (e.g. 0.1% BSA), hydrolysate
of soybean protein. 30Sources of Induced Pluripotent Stem Cells  Several
methods have now been provided for the isolation of pluripotent stem cells
that do not lead to the destruction of an embryo, e.g. by transforming
(inducing) adult somatic cells or germ cells. These methods include:  31
the creation of an animal-human hybrid cell. For example, cells may be
created by the fusion of a human somatic cell with an animal oocyte or
zygote or fusion of a human oocyte or zygote with an animal somatic cell.
52.Reprogramming by fusion with embryonic stem cells. This technique
involves the fusion of a somatic cell with an embryonic stem cell. This
technique may also lead to the creation of animal-human hybrid cells, as in
1 above. 



3. Spontaneous re-programming by culture. This technique involves the
generation 10of pluripotent cells from non-pluripotent cells after long
term culture. For example, pluripotent embryonic germ (EG) cells have been
generated by long-term culture of primordial germ cells (PGC) (Matsui et
al., Derivation of pluripotential embryonic stem cells from murine
primordial germ cells in culture. Cell 70, 841-847, 1992, incorporated
herein by reference). The development of pluripotent stem cells after
prolonged culture of 15bone marrow-derived cells has also been reported
(Jiang et al., Pluripotency of mesenchymal stem cells derived from adult
marrow. Nature 418, 41-49, 2002, incorporated herein by reference). They
designated these cells multipotent adult progenitor cells (MAPCs).
Shinohara et al also demonstrated that pluripotent stem cells can be
generated during the course of culture of germline stem (GS) cells from
neonate 20 mouse testes, which they designated multipotent germline stem
(mGS) cells (KanatsuShinohara et al., Generation of pluripotent stem cells
from neonatal mouse testis. Cell 119, 1001-1012, 2004). 4. Reprogramming by
defined factors. For example the generation of iPS cells by 25the
retrovirus-mediated introduction of transcription factors (such as Oct-314,
Sox2, c- Myc, and KLF4) into mouse embryonic or adult fibroblasts, e.g. as
described above. Kaji et al (Virus-free induction of pluripotency and
subsequent excision of reprogramming factors. Nature. Online publication 1
March 2009) also describe the non-viral transfection of a single
multiprotein expression vector, which comprises the coding sequences of c-
30Myc, Klf4, Oct4 and Sox2 linked with 2A peptides, that can reprogram both
mouse and human fibroblasts. iPS cells produced with this non-viral vector
show robust expression of pluripotency markers, indicating a reprogrammed
state confirmed functionally by in vitro differentiation assays and
formation of adult chimaeric mice. They succeeded in establishing
reprogrammed human cell lines from embryonic fibroblasts with robust
35expression of pluripotency markers.  32 Methods 1-4 are described and
discussed by Shinya Yamanaka in Strategies and New Developments in the
Generation of Patient-Specific Pluripotent Stem Cells (Cell Stem Cell 1,
July 2007 a2007 Elsevier Inc), incorporated herein by reference.
55.Derivation of hESC lines from single blastomeres or biopsied
blastomeres. See Klimanskaya I, Chung Y, Becker S, Lu SJ, Lanza R. Human
embryonic stem cell lines derived from single blastomeres. Nature 2006;
444:512, Lei et al Xeno-free derivation and culture of human embryonic stem
cells: current status, problems and challenges. Cell Research (2007)
17:682-688, Chung Y, Klimanskaya I, Becker S, et al. Embryonic and
10extraembryonic stem cell lines derived from single mouse blastomeres.
Nature. 2006;439:216-219. Klimanskaya I, Chung Y, Becker S, et al. Human
embryonic stem cell lines derived from single blastomeres. Nature. 2006;
444:481-485. Chung Y, Klimanskaya I, Becker S, et al. Human embryonic stem
cell lines generated without embryo destruction. Cell Stem Cell. 2008;
2:113-117 and Dusko Ilic et al (Derivation of human 15 embryonic stem cell
lines from biopsied blastomeres on human feeders with a minimal exposure to
xenomaterials. Stem Cells And Development), all incorporated herein by
reference.  6. hESC lines obtained from arrested embryos which stopped
cleavage and failed to 



20develop to morula and blastocysts in vitro. See Zhang X, Stojkovic P,
Przyborski S, et al. Derivation of human embryonic stem cells from
developing and arrested embryos. Stem Cells 2006; 24:2669-2676 and Lei et
al Xeno-free derivation and culture of human embryonic stem cells: current
status, problems and challenges. Cell Research (2007) 17:682-688, both
incorporated herein by reference. 25  7. Parthogenesis (or
Parthenogenesis). This technique involves chemical or electrical
stimulation of an unfertilised egg so as to cause it to develop into a
blastomere from which embryonic stem cells may be derived. For example, see
Lin et al. Multilineage potential of homozygous stem cells derived from
metaphase II oocytes. Stem Cells. 302003;21(2):152-61 who employed the
chemical activation of nonfertilized metaphase II oocytes to produce stem
cells.  8. Stem cells of fetal origin. These cells lie between embryonic
and adult stem cells in terms of potentiality and may be used to derive
pluripotent or multipotent cells. Human 35umbilical-cord-derived fetal
mesenchymal stem cells (UC fMSCs) expressing markers of pluripotency
(including Nanog, Oct-4, Sox-2, Rex-1, SSEA-3, SSEA-4, Tra-1-60, and  33
Tra-1-81,minimal evidence of senescence as shown by fl-galactosidase
staining, and the consistent expression of telomerase activity) have been
successfully derived by Chris H. Jo et al (Fetal mesenchymal stem cells
derived from human umbilical cord sustain primitive characteristics during
extensive expansion. Cell Tissue Res (2008) 334:423- 5433, incorporated
herein by reference). Winston Costa Pereira et al (Reproducible methodology
for the isolation of mesenchymal stem cells from human umbilical cord and
its potential for card iomyocyte generation J Tissue Eng Regen Med 2008; 2:
394-399, incorporated herein by reference) isolated a pure population of
mesenchymal stem cells from Wharton's jelly of the human umbilical cord.
Mesenchymal stem cells derived from 10Wharton's jelly are also reviewed in
Troyer & Weiss (Concise Review: Wharton's Jelly- Derived Cells Are a
primitive Stromal Cell Population. Stem Cells 2008:26:591-599). Kim et al
(Ex vivo characteristics of human amniotic membrane-derived stem cells.
Cloning Stem Cells 2007 VVinter;9(4):581-94, incorporated herein by
reference) succeeded in isolating human amniotic membrane-derived
mesenchymal cells from human amniotic 15membranes. Umbilical cord is a
tissue that is normally discarded and stem cells derived from this tissue
have tended not to attract moral or ethical objection. Induced pluripotent
stem cells have the advantage that they can be obtained by a method that
does not cause the destruction of an embryo, more particularly by a method
that 20does not cause the destruction of a human or mammalian embryo. As
such, aspects of 



the invention may be performed or put into practice by using cells that
have not been prepared exclusively by a method which necessarily involves
the destruction of human or animal embryos from which those cells may be
derived. This optional limitation is specifically intended to take account
of Decision G0002/06 of 25 November 2008 of the 25Enlarged Board of Appeal
of the European Patent Office. Differentiation of Undifferentiated Cells
Pluripotent stem cells may be induced to differentiate into a variety of
different cell types. For example, the pluripotent stem cells may be
induced to differentiate into cardiac cells 30(cardiomyocytes),
hepatocytes, neural cells, cartilage (chondrocytes), muscle, fat
(adipocytes), bone (osteocytes) or other cells. The pluripotent stem cells
may be induced to form tissues such as epithelial tissues, mesoderm,
endoderm, ectoderm or epidermis. Methods of differentiating stem cells are
known in the art and are described in for 35example ltskovitz-Eldor (2000)
and Graichen et al (2007) and may be used with IPSCs. The cultured stem
cells may also be used for the formation of embryoid bodies.  34 Embryoid
bodies, and methods for making them, are known in the art. The term
"embryoid body" refers to spheroid colonies seen in culture which may be
produced by the growth of embryonic stem cells in suspension. Embryoid
bodies are of mixed cell types, and the distribution and timing of the
appearance of specific cell types corresponds 5to that observed within the
embryo. Embryoid bodies may be generated by plating out embryonic stem
cells onto media such as semi-solid media. Methylcellulose media may be
used as described in Lim et al, Blood. 1997;90:1291-1299.     Embryonic
stem cells may be induced to form embryoid bodies, for example using the
10methods described in ltskovitz-Eldor (2000). The embryoid bodies contain
cells of all three embryonic germ layers (endoderm, ectoderm, mesoderm).
The embryoid bodies may be further induced to differentiate into different
lineages for example by exposure to the appropriate induction factor or an
environmental change. 15Graichen et al (2007) describes the formation of
cardiomyocytes from human embryonic stem cells by manipulation of the
p38MAP kinase pathway. Graichen demonstrates induction of cardiomyocyte
formation from stem cells by exposure to a specific inhibitor of p38 MAP
kinase such as SB203580 at less than 10 gm. 20Differentiated cells may be
employed for any suitable purpose, such as regenerative 



therapy and cell transplantation as known in the art. Glycans  The present
inventors have developed methods of selecting candidate antibody
25molecules based on their ability to bind glycans comprising
Fuca1-2Ga1131-3GIcNAc. The abbreviated terminology used to describe these
glycans is commonly understood in the art. Thus such glycans comprise
fucose (Fuc), galactose (Gal) and N-acetylglucosamine residues (GIcNAc).
30The IUPAC name for fucose is
(3S,4R,5S,6S)-6-Methyltetrahydro-2H-pyran-2,3,4,5- tetraol. The molecular
formula of fucose is C61-11205. The chemical structure of fucose is given
in Figure 10A.     The IUPAC name for galactose is
(2S,3R,4S,5S,6R)-6-methyloltetrahydropyran-2,3,4,5- 35tetrol. The molecular
formula of galactose is C6I-11205. The chemical structure of galactose is
given in Figure 10B.  35 The IUPAC name for N-acetylglucosamine is
2-(Acetylamino)-2-deoxy-D-glucose. The molecular formula for
N-acetylglucosamine is C8H15N06 The chemical structure of
Nacetylglucosamine is given in Figure 10C. 5 In addition, the present
inventors have developed ways of using glycans comprising
Fuca1-2Ga1131-3GIcNAc to select in vitro an antibody molecule that binds
PODXL and/or is cytotoxic. Furthermore, the present inventors have
developed ways of using glycans comprising Fuca1-2Ga1131-3GIcNAc to
determine in vitro whether an antibody molecule 10that is known to bind
PODXL is cytotoxic. The structure and biosynthesis of glycans is well known
in the art, see for example Essentials of Glycobiology31. Glycans consist
of chains of monosaccharide residues which have become covalently linked by
glycosylation. As such they are polysaccharises 15or oligosaccharides and
carbohydrates. Glycosylation is the enzymatic process that links
saccharides to produce glycans. These glycans may be attached to proteins,
as in glycoproteins and proteoglycans, or to other organic molecules such
as lipids. In particular, one example of a glycosylated protein is PODXL.
20Glycans may consist of 0-glycosidic linkages of monosaccharide residues
(also known as 0-linked glycans) or N-glycosidic linkages of monosaccharide
residues (also known as N- linked glycans). The process of N-linked and
0-linked glycosylation has been well studied in the art, see Protein
Structure and Function33. 25Briefly, almost all secreted and
membrane-associated proteins of eukaryotic cells are 



glycosylated, with oligosaccharides attached to the polypeptide chain at
one or more positions by either N- or 0-glycosidic bonds. N-linked and
0-linked glycans are categorized by their method of glycan attachment. For
N-linked glycans, the core in most eukaryotes is the same, and derives from
a larger preformed precursor, 30Glc3Man3GIcNAc2. As the protein is being
synthesized in the endoplasmic reticulum (ER), the precursor is transferred
to asparagine residues in the N-glycosylation sequence NXS33. To produce
the mature oligosaccharides, the N-glycosylation core is first trimmed in
the ER and additional processing can then occur in the Golgi apparatus
giving rise to diverse complex sugars33. In contrast, 0-linked glycans can
have several different core 35structures, usually attached through
N-acetylgalactosamine to the side chain of serine or threonine residues;
these are extended by the addition of monosaccharide residues33.  36 In
preferred aspects, the glycans used in methods of the present invention may
be N-linked glycans. In other aspects, the glycans used in methods of the
present invention may be 0-linked glycans. 5 PODXL has both putative
N-linked and 0-linked glycan sites on its sequence. Glycans are generally
found on the exterior surface of cells and have many protective,
stabilizing, organizational, and barrier functions. For example, glycans
attached to matrix 10molecules, such as proteoglycans, are important for
the maintenance of tissue structure, porosity, and integrity. Glycans used
in methods of the present invention are heteropolymers. As is commonly
understood in the art, a heteropolymer is formed from two or more residues
that are 15different from one another. In preferred aspects glycans used in
methods of the present invention are     heteropolymers comprising fucose
(Fuc), galactose (Gal) and N-acetyl glucosamine residues (GIcNAc). In more
preferred embodiments the glycan comprises Fuca1-2Ga1111- 203GIcNAc. In
some aspects the glycan comprises Fuca1-2Galf11-3G1cNAc. In preferred
aspects the glycan may comprise or consist of one or more of:
Fuca1-2Ga161-3G1cNAc61-3Ga161-4GIc6; 25
Neu5Aca2-6Ga161-4G1cNAc61-6(Fuca1-2Ga161-3G1cNAc61-3)Ga16-4G1c;
Fuca1-2Ga161-3GIcNAc6;             Fuca1-2Ga161-3G1cNAc61-3Ga161-4GIc6;
Fuca1-2Ga161-3GIcNAc61-3GaINAc; 



Fuca1-2Ga161-3G1cNAc61-3(Ga1131-4G1cNAc61-6)Ga1131-4G1c; 30
Fuca1-2Ga161-3G1cNAc61-3(Ga161-4(Fuca1-3)GIcNAc61-6)Ga161-4G1c;
Fuca1-2Ga161-3GIcNAc6; or
Fuca1-2Ga161-3G1cNAc61-2Mana1-3(Fuca1-2Ga161-3G1cNAcp1-2Mana1-
6)Man61-4G1cNAc61-4G1cNAc6; 35In some embodiments glycans of the present
invention may also comprise a spacer molecule. Preferred spacer molecules
are listed in Table 1.  37 In some preferred embodiments the glycan may
comprise or consist of one or more of:
Fuca1-2Ga1131-3G1cNAci31-3Gall31-4GIc13-Sp8;
Neu5Aca2-6Ga1131-4G1cNAc131-6(Fuca1-2Ga1131-3G1cNAci31-3)Ga113-4G1c-Sp21; 5
Fuca1-2Ga1131-3GIcNAcf3-Sp0;
Fuca1-2Ga1131-3G1cNAc131-3Gal[31-4GIcf3-Sp10;
Fuca1-2Ga1131-3GIcNAc131-3GaINAc-Sp14;
Fuca1-2Galf31-3G1cNAc[31-3(Ga1131-4G1cNAci31-6)Ga1131-4G1c-Sp21;
Fuca1-2Gal[31-3G1cNAci31-3(Ga1131-4(Fuca1-3)GIcNAcr31-6)Ga1131-4G1c-Sp21;
10 Fuca1-2Ga1131-3G1cNAci3-Sp8; or
Fuca1-2Gall31-3G1cNAc131-2Mana1-3(Fuca1-2Ga1131-3G1cNAc131-2Mana1-
6)Mani31-4GIcNAcf31-4GIcNAci3-Sp20; Where SpX denotes a spacer molecule as
described in Table 1. 15 Optionally, the glycan is not a glycosaminoglycan
(GAG), e.g. heparin, heparan sulphate (HS), dermatin, keratin, chondroitin
or their sulphates. Glvcan length  20Glycans used in methods of the present
invention comprise linear or branched chains of at least three
monosaccharide residues. In some embodiments linear or branched glycans may
comprise at least four, at least five, at least six, at least seven, at
least eight, 



at least nine, at least ten, at least eleven, at least twelve, at least
thirteen, at least fourteen, at least fifteen, at least sixteen, at least
seventeen, at least eighteen, at least 25nineteen, at least twenty, at
least twenty one, at least twenty two, at least twenty three, at least
twenty four, at least twenty five, at least twenty six, at least twenty
seven, at least twenty eight, at least twenty nine or at least thirty
residues. In some embodiments glycans may contain up to thirty five, forty,
forty five, fifty, fifty five, sixty, sixty five or more than sixty five
monosaccharide residues. 30 In some embodiments the glycan chains contain
less than sixty residues. Alternatively the glycan chains contain less than
fifty; forty five; forty; thirty five; thirty; twenty five; twenty;
fifteen; ten or five residues.  38 Glycans used in methods of the present
invention may have a linear or a branched structure. In a linear glycan,
each residue in the glycan chain is linked to not more than two other
5residues. An example of a linear glycan is shown in Figure 2. Branched
glycans differ from linear glycans in that one or more residues in the
glycan chain are linked to three or more other residues. An example of a
branched glycan is shown in Figure 1. Free ends  10Glycans used in methods
of the present invention may have one or more 'free' ends. When one or more
glycans are immobilised on a solid support (see below), or attached to a
polypeptide, then the free ends are those which are not attached to the
solid support or polypeptide. As it is not attached to the solid support,
the free end of a glycan can be bound by candidate antibody molecules. In
some embodiments the free end may contain 15the glycan residue or residues
which are bound by candidate antibodies. In glycans comprising
Fuca1-2Ga1111-3GIcNAc, the free end may be that closest to the fucose
residue. 20The terminal saccharide residue at the free end(s) is known as a
free end terminal. A terminal saccharide residue is only bound to one other
residue in the glycan. Preferably the free end terminal is a fucose
residue. Most preferably the free end terminal is a fucose residue attached
to a galactose residue which is attached to an N-acetyl glucosamine residue
in the following order: fucose (terminal) - galactose - N-acetyl
25glucosamine. The N-acetyl glucosamine residue is attached to the
remainder of the glycan. In some embodiments candidate antibodies bind to
the free end terminal. 



Linear glycans may have one or two free ends. Branched glycans may have
one, two or more than two free ends. Preferably branched glycans have two
free ends. In some 30embodiments the two or more free ends of a branched
glycan are identical in structure, i.e they contain the same saccharide
residues arranged in the same order. Preferably the free ends of a branched
glycan are identical. Most preferably each of the identical free ends has a
fucose residue as the free end terminal. Most preferably each of the
identical free ends has a terminal fucose residue attached to a galactose
residue and an N-acetyl 35glucosamine residue in the following order:
fucose (terminal) - galactose - N-acetyl glucosamine.  39 In other
embodiments the one or more free ends of a branched glycan are not
identical in structure, i.e. each free end contains different saccharide
residues or the same or substantially the same saccharide residues but
arranged in a different order. Preferably 5at least one of the free ends
has a fucose residue as the terminal saccharide. Preferably at least one of
the free ends has a free end terminal fucose residue attached to a
galactose residue and an N-acetyl glucosamine residue in the following
order: fucose (terminal) - galactose - N-acetyl glucosamine. 10The branches
in a branched glycan may be the same length (i.e. they may contain the same
number of glycan residues in the branch), or they may be different lengths.
Linker ends  The distal end from the free end is known as the linker end.
When glycans are attached 15to proteins the linker end is the end which is
attached (e.g. covalently bonded) to the protein. When one or more glycans
are immobilised on a solid support, e.g in a glycan array, then the linker
end is the end which is attached (e.g. covalently bonded) to the solid
support. The linker end may be attached (e.g. covalently bonded) to a
spacer molecule which is attached to the solid support. In glycans
comprising Fuca1-2Ga1111-3GIcNAc, 20the linker end is preferably the end
which is distal to the fucose residue. Preferably both linear and branched
glycans have a single linker end. In some embodiments, branched glycans
have two or more free ends and one linker end. Preferably, branched glycans
have two free ends and one linker end 25 The terminal saccharide at the
linker end is the linker end terminal. 



Solid SUDDOrt In some embodiments the glycans used in the methods of the
present invention may be 30immobilised, i.e. held or attached, onto a solid
support. The solid support can be any suitable material to which glycans
can be attached. Examples of preferred solid supports include glass slides,
multiwell plates or silicon thin-film cells. Solid supports may be coated
with an appropriate material (e.g a matrix) to make them suitable for
binding by glycans and/or by spacer molecules. Conveniently the solid
support comprises any 35suitable matrix such as agarose, acrylamide,
SepharoseTM or SephadexTM. The solid support may be a solid substrate such
as a microtitre plate or chip, or a column.  40 Alternatively the solid
support may be formed from a material which can be bound by glycans and/or
spacer molecules.     Glycans may be immobilised on the solid support by
binding between the glycan and the 5solid support. Glycans may be
immobilised by attaching the glycan to the solid support directly or
indirectly. Immobilisation is indirect when the glycan is attached to the
solid support via a spacer molecule (spacer molecules are discussed below).
In preferred embodiments the spacer 10molecule is attached to the glycan at
the linker end. In more preferred embodiments the spacer molecule is also
attached to the solid support. In more preferred embodiments the spacer
molecule is attached to the linker end of the glycan at a first end of the
spacer molecule and attached to the solid support at a second end of the
spacer molecule. 15Immobilisation of a glycan is direct when the linker end
of the glycan is attached to the solid support without a spacer molecule,
i.e. binding occurs directly between the linker end of the glycan and the
solid support. Preferably the solid support is suitable for immobilising
glycans. In some embodiments 20the solid support is coated with a material
capable of binding glycans and/or spacer molecules. In preferred
embodiments the solid support is coated with a material capable of forming
covalent bonds with glycans and/or spacer molecules. In preferred
embodiments the glycans and/or spacer molecules are immobilised on the
solid support by covalent bonds between the glycan/spacer molecule and the
solid support. 25 The material coating the solid support may be a matrix
comprising a reactive group capable of binding, e.g covalently bonding, a
group on the glycan and/or spacer molecule. Most preferably, covalent
bonding occurs between amino groups on the glycan and/or spacer molecules
and amino groups on the coating of the solid support. 



Suitable solid supports for immobilising glycans are well known in the art
and include NHS (N-hydroxysuccinimide)- activated glass slides.
NHS-activated slides immobilise ligands containing amino groups by covalent
attachment of the amino group to the NHS-activated group to form an amide
linkage. Glvcan array  41 In preferred embodiments the solid support forms
part of a glycan array. Glycan arrays are well known in the art; see for
example Liang et al 2009. (Expert Rev Proteomics. 2009 Dec;6(6):631-45);
Blixt et al. 2004 (PNAS 2004 101(49): pp17033-17038) the contents of which
are hereby incorporated by reference. 5 A glycan array comprises a solid
support on which one or more glycans have been immobilised (e.g. covalently
bonded), at separate locations. The glycans may all have the same structure
or they may have one or more different structures. Briefly, glycans
immobilised on a solid support are contacted with antibody molecules. The
solid support 10is then washed to remove any unbound antibody molecules.
Binding between antibody molecules and glycans can then be detected
directly or indirectly. Binding between antibody molecules and glycans can
be detected directly using a detectable marker or 'tag' (e.g. a fluorescent
marker or biotin) coupled to the antibody molecule. Alternatively, binding
can be detected indirectly by contacting the bound antibodies with a
secondary 15antibody coupled to a detectable marker. A preferred glycan
array is the printed glycan array provided by the Consortium for Functional
Glycomics (www.functionalglycomics.org). The printed array uses a library
of natural and/or synthetic glycans printed on to glass microscope slides.
One or more 20candidate antibodies are added to the array in conditions
where binding between the glycans and the candidate antibodies may occur.
The slides are then washed to remove unbound antibodies. Binding between
glycans and antibodies is detected indirectly as follows: The bound
antibodies are contacted with secondary antibodies tagged with fluorescent
reagents (e.g. Alexa Fluor dyes). Binding between the antibody molecules
25and secondary antibodies is then detected using a scanner (e.g
ProScanArray scanner) to detect emission spectra of the fluorescent
reagent. The glycan array may include at least one positive and at least
one negative control. In some embodiments the glycan array may also include
at least one background control. 30The use of positive, negative and
background controls in arrays is well known in the art. A negative control
is known to give a negative result. The negative control may be a molecule
which is known not to bind antibody molecules. Alternatively the negative
control may be created by the absence of a glycan bound to the solid
support, i.e, so there is nothing for a candidate antibody to bind. The
positive control confirms that the 35basic conditions of the experiment
were able to produce a positive result. The positive control may be a
molecule, e.g. a glycan, which is known to bind an antibody molecule.  42 



The glycans immobilised on the array preferably have different structures.
Preferably some or all of the glycans comprise Fuca1-2Gal111-3GIcNAc. The
glycans used in the array may be linear and and/or branched glycans. 5
Alternative methods for screening glycans, other than printed glycan arrays
are also known in the art. For example, ELISA-based microplate arrays. Core
fucose  10In some embodiments the glycans used in methods of the present
invention do not contain a core fucose. By core fucose we mean a fucose
residue located at or near the linker end of the glycan. The core fucose is
distinct from a fucose residue located at the terminal free end of the
glycan. In some embodiments the core fucose is a fucose residue located at
the linker end of the glycan, i.e the terminal residue at the linker end is
15a fucose residue. In some embodiments the core fucose is a fucose residue
located near, i.e within a few residues, of the terminal residue at the
linker end of the glycan. In some embodiments the core fucose is located
within one or more of 2, 3, 4, 5, 6, 7, 8, 9, or 10 residues of the linker
end of the glycan. 20Without being bound by theory we believe that a core
fucose can interfere with binding of the glycan to the solid support and/or
binding of the glycan to the antibody molecule. Optionally, the glycans
used in methods of the present invention do not include:
Fuca1-2Ga161-3G1cNAc61-2Mana1-3(Fuca1-2Ga161-3GIcNAc61-2Mana1-
256)Man61-4G1cNAc61-4(Fuca1-6)GIcNAc13; or,
Fuca1-2Ga161-3G1cNAc61-2Mana1-3(Fuca1-2Ga161-3G1cNAc61-2Mana1-
6)Man81-4GIGNAc61-4(Fuca1-6)GIcNAci3-Sp22. Spacer molecules  30Glycans may
be indirectly immobilised on the solid support using a spacer molecule. A
spacer molecule may be any suitable molecule capable of binding both the
glycan and the solid support. Preferably such molecules have an amino
group. More preferably such molecules are able to bind the glycan and solid
support by forming covalent bonds with the glycan molecule and a suitable
solid support.  43 Such molecules may have a first end capable of binding
the glycan, e.g. through covalent bonding and a second end capable of
binding the solid support e.g. through covalent bonding. Preferably the
spacer molecule may have one or more amino groups. 5Preferred spacer
molecules are those shown in Table 1. One or more spacers molecule may be
used to attach each glycan to the solid support. The spacer molecule is
attached to the glycan at the linker end (sometimes annotated as the 'Sp'
end). In some embodiments a spacer molecule is not used to attach the
glycan to the solid support and the linker end where the glycan is attached
directly to the solid support. 



10 Synthetic glycans may be manufactured to incorporate a spacer molecule.
Glycans with an incorporated spacer molecule can then be bound to a solid
support by the spacer molecule. 15Table 1 Code Spacer molecule SpO
-CH2CH2NH2 Sp8 -CH2CH2CH2NH2 Sp9 -CH2CH2CH2CH2CH2NH2 Sp10 -NHCOCH2NH Sp11
-OCH2C6H4-p-NHCOCH2NH Sp12 Asparagine Sp13 Glycine Sp14 Threonine 



Sp15 Serine Sp16 -PNP(OC6H4NH2) Sp17 -OCH2C6H4NH2 Sp18 -0(C F12)3N HC 0(C
F12)5N H2 Sp19 EN or NK Sp20 GENR Sp21 -N(C HO-0-(C H2)2-N H2 Sp22 NST
MDPLys Mur-L-Ala-D-iGInb-(CH2)4NH2 EN or NK = amino acids Glu (E) and Asn
(N), where the glycan is linked to Asn NST = amino acids Asn (N), Ser (S)
and Thr (T), where the glycan is linked to Asn PNP= p-nitrophenol GENR =
amino acids Gly (G), Glu (E), Asn (N), Arg (R), where the glycan is linked
to Asn  Measurement of binding between antibody molecules and qlvcans  



Binding between antibody molecules and glycans may be measured by any
suitable method. For example, binding may be measured indirectly or
directly, using secondary 20antibodies or detectable tags as described
above. Methods for detecting binding between antibody molecules and glycans
are described in Essentials of Glycobiology.  44 Relative bindina  In some
embodiments, methods of the present invention may require the determination
of the relative binding between antibody molecules and glycans. The
relative binding value 5is calculated by (a) determining the binding
between a first antibody molecule and a glycan; (b) determining the binding
between a second antibody molecule and the same glycan; (c) comparing the
value of (a) to the value of (b). Preferably the value of (a) is divided by
the value of (b) to produce the relative binding value. Alternatively the
value of (b) is divided by the value of (a). Alternatively the ratio of
binding in (a) and the binding in 10(b) may be calculated to produce the
relative binding value. As long as the method of calculating the relative
binding value is kept constant, then the relative binding value can be used
as a comparison of the binding between different antibody molecules and
glycans. The relative binding value can be used to compare the 15 binding
of the same antibody molecule to different glycans, or to compare the
binding of the same glycan to different antibody molecules. In particular
the relative binding value can be used to indicate candidate antibody
molecules which bind particularly strongly to glycans. 20In some
embodiments methods may include the step of comparing the relative binding
of the glycan and a test antibody molecule to the binding of the glycan and
a non-cytotoxic PODXL-binding antibody molecule, e.g. mAb85, and selecting
as a candidate an antibody molecule with a relative binding value above a
pre-determined value. 25Briefly, here the relative binding is calculated by
(a) determining binding between the antibody molecule being tested and a
glycan; (b) determining binding between the noncytotoxic PODXL-binding
antibody molecule and the same glycan and (c) dividing the value of (a) by
the value of (b) to produce the relative binding value. 30In some
embodiments methods may include the step of comparing the relative binding
of the glycan and a test antibody molecule to the binding of the glycan and
a cytotoxic PODXL-binding antibody molecule, e.g. mAb84, and selecting as a
candidate an antibody molecule with a relative binding value above a
pre-determined value. 35Briefly, here the relative binding is calculated by
(a) determining binding between the antibody molecule being tested and a
glycan; (b) determining binding between the  45 



cytotoxic PODXL-binding antibody molecule and the same glycan and (c)
dividing the value of (a) by the value of (b) to produce the relative
binding value. In some embodiments, the step of determining binding between
the non-cytotoxic 5PODXL-binding antibody molecule and the glycan, or
between the cytotoxic PODXL- binding antibody molecule and the glycan, is
carried out only once. This value can then be used as a reference, against
which the test antibody molecule glycan-binding values can be compared to
produce the relative binding value. 10In preferred embodiments relative
binding is calculated using one or more of the following steps: i)
contacting the antibody molecule with a glycan comprising Fuca1-
2Galf11-3G1cNAc; ii) determining binding between the antibody molecule and
the glycan 15comprising Fuca1-2Galf11-3GIcNAc; followed by: iii) contacting
a non-cytotoxic PODXL-binding molecule with a glycan comprising
Fuca1-2Ga1111-3GIcNAc; iv) determining binding between the non-cytotoxic
PODXL-binding 20molecule and the glycan comprising Fuca1-2Ga1111-3GIcNAc;
and/or v) contacting a cytotoxic PODXL-binding molecule with a glycan
comprising Fuca1-2Galf11-3GIcNAc; vi) determining binding between the
cytotoxic PODXL-binding molecule 25and the glycan comprising
Fuca1-2Ga1111-3GIcNAc. In some embodiments the method includes the step of
selecting an antibody molecule having a relative binding equal to or
greater than that of a cytotoxic PODXL-binding antibody molecule as a
candidate cytotoxic antibody molecule. 30 In some embodiments the method
includes the step of selecting an antibody molecule having a relative
binding of 30 or more times that of the non-cytotoxic PODXL-binding
antibody molecule as a candidate cytotoxic antibody molecule. In some
embodiments the antibody molecule selected as a candidate cytotoxic
antibody molecule may have a 35relative binding of 40, 50, 50, 70, 80, 90,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800,
850, 900, 950 or 1000 or more times that of the non- 



46 cytotoxic PODXL-binding antibody molecule. In some embodiments the
antibody molecule selected as a candidate cytotoxic antibody molecule may
have a relative binding of 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000,
5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500 or 10000 or more times
that of the non-cytotoxic PODXL- 5binding antibody molecule. In some
embodiments the non-cytotoxic PODXL-binding antibody molecule may be
replaced in the method by any antibody with a known binding intensity to a
glycan comprising Fuca1-2Ga1111-3GIcNAc. The binding intensity is known if
it has been 10 previously measured. Such an antibody is capable of acting
as a control against which the binding of candidate antibody molecules to
the glycan can be compared. Thus the method includes the step of selecting
an antibody molecule having a relative binding of 30 or more times that of
the control antibody molecule as a candidate cytotoxic antibody molecule.
In some embodiments the antibody molecule selected as a candidate cytotoxic
15antibody molecule may have a relative binding of 40, 50, 50, 70, 80, 90,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800,
850, 900, 950 or 1000 or more times that of the control antibody molecule.
In some embodiments the antibody molecule selected as a candidate cytotoxic
antibody molecule may have a relative binding of 1500, 2000, 2500, 3000,
3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 207500, 8000, 8500, 9000,
9500 or 10000 or more times that of the control antibody molecule. Absolute
binding  In some embodiments a calculation of the relative binding is not
needed. In such 25embodiments antibody molecules which bind the glycan most
strongly are selected as candidate cytotoxic antibody molecules. Preferably
candidate antibody molecules are selected based on the binding between the
antibody molecule and a glycan or an array of glycans comprising
Fuca1-2Ga1111-3GIcNAc. This is known as the absolute binding value. 30 In
some embodiments candidate antibody molecules are selected from a sample
containing such antibody molecules based on their absolute binding value.
In preferred embodiments the sample contains more than one different
antibody molecule.  47 in a sample as a candidate cytotoxic antibody
molecule. In other embodiments the top 0.1%, 0.5%, 1%, 2%, 3%, 4%, 5%, 15%,
20%, 25% or 30% of antibody molecules in a sample are selected as candidate
cytotoxic antibody molecules. 5Binding affinity  



As is commonly known in the art, the strength (of affinity) with which an
antibody molecule binds an epitope is called its binding affinity. Affinity
can be quantified by determining an association constant, K. Methods for
determining the binding affinity between an antibody and an epitope are
well known in the art. See, for example, 10Essentials of Glycobiology31.
The Kd (dissociation constant) indicates the strength of binding between an
antibody (A) and epitope (B) in terms of how easy it is to separate the
complex AB. The strength of the binding between A and B will be a balance
between AB (antibody bound to epitope) 15or A and B (antibody not bound to
epitope). This relationship can be written as an equation: k1 (rate of
dissociation) AB ---> A+B k2 (rate of association) A+B --->AB At
equilibrium, k2[AB]=k1[A][B]. 20This can be rearranged to: k2 / k1 = [A][B]
/ [AB] = Kd The smaller the KD value, the stronger the binding between A
and B. The association constant KA, (sometimes called the affinity
constant) is the inverted dissociation constant (reciprocal of KD). The
affinity constant is a measure of the affinity 25of the antibody for the
epitope. The larger the KA value, the stronger the binding between A and B.
Kits     Kits of the present invention may include at least one glycan
comprising Fuca1-2Ga1111- 303GIcNAc. The kit may include a solid support to
which the glycan(s) are attached, as described above. Kits of the present
invention may also include one or more molecules capable of acting as a
control molecule. Preferably the molecule provides a positive control, i.e
the molecule is known to bind to a glycan comprising Fuca1-2Ga1111-3GIcNAc
and so will provide a 35positive result. An example of a suitable positive
control is the mAb 84 antibody. The control molecule can be any molecule
which is known to bind a glycan comprising Fuca1-  48 



2GalB1-3GIcNAc with a known binding intensity. By known binding intensity
we mean that the binding between the control molecule and the glycan has
been established. Kits may also include one or more non-cytotoxic control
molecules. These may be 5molecules which are known to be non-cytotoxic and
to bind glycans comprising Fuca1- 2Ga1111-3G1cNAc with a relative binding
of less than 500. Alternatively they may bind with a relative binding of
less than 400, 300, 200, 100, 50 or 10. By comparing the binding of the
non-cytotoxic control molecule and the candidate antibody molecule,
antibody molecules can be selected which bind glycans more strongly than a
non-cytotoxic control 10as candidates for having cytotoxic activity against
an undifferentiated pluripotent stem cell and/or a cell which expresses
PODXL. An example of a non-cytotoxic control molecule is the mAb85 antibody
described in WO 2007/102787. 15 Kits may also include a further agent that
detects binding between the glycan and an antibody molecule. Preferably the
further agent is a labelled secondary antibody molecule. 20Formulating
pharmaceutically useful compositions and medicaments  Cytotoxic antibody
molecules, isolated and/or identified by methods of the present invention
may be formulated into pharmaceutically useful compositions. In addition to
the steps of the methods described herein, such methods may further
comprise: (a)mixing the antibody or antibodies obtained, identified,
selected or produced 25with a pharmaceutically acceptable carrier, adjuvant
or diluent. Step (a) preferably results in formulation/preparation of a
pharmaceutical composition or medicament suitable for therapeutic use.
Symbol and text nomenclature for representation of glvcan structure
30Glycan structures are described and represented using standard IUPAC
(International Union of Pure and Applied Chemistry) nomenclature and
symbols, see for example Essentials of Glycobiology31 or Principles of
Chemical Nomenclature: a Guide to IUPAC Recommendations34. See also
www.iupac.org  49 Hexoses: Circles 



N-Acetylhexosamines: Squares Hexosamines: Squares divided diagonally
Galactose stereochemistry= yellow with black outline 5Glucose
stereochemistry = blue with black outline Mannose stereochemistry = green
with black outline Fucose = red with black outline Xylose= five pointed
star, orange with black outline. 10When desired, linkage information can be
represented in text next to a line connecting the symbols. Examples of
IUPAC symbol nomenclature are shown in Figure 1A and Figure 1B. 15IUPAC
text nomenclature can be written in either a linear or 2D version. Examples
of text nomenclature are shown in Figure 1B and Figure 2B. Definitions
By 'cytotoxic' we mean being toxic to cells, resulting in cell death.
Antibodies selected by 20the method of the present invention may be
cytotoxic to any cell which is expressing PODXL and/or an undifferentiated
pluripotent stem cell. By 'cytotoxic antibody molecule' we mean an
antibody, or fragment of an antibody, which has cytotoxic activity against
an undifferentiated induced pluripotent stem cell. 25 By `non-cytotoxic
antibody molecule' we mean an antibody, or fragment of an antibody, which
does not have cytotoxic activity against an undifferentiated induced
pluripotent stem cell. 30Brief Description of the Figures Embodiments and
experiments illustrating the principles of the invention will now be
discussed with reference to the accompanying figures in which: Figure 1A.
352D representation of a typical branched glycan using the IUPAC symbol
code. The glycan has been annotated to show the linker end and the two free
ends. 



50 Figure 1B. IUPAC 2D text and linear text code for the glycan shown in
Figure 1A. 5Figure 2A. IUPAC 2D symbol code of a typical linear glycan
annotated to show the linker end and free end. Figure 2B. 10IUPAC 2D text
code and linear text code for the glycan shown in Figure 2A. Figure 3A.
Table of data from version 4.1 of the CFG glycan array tested with mAb84
antibodies. The table has been sorted by average binding to show the
glycans which bind mAb84 15most strongly at the top. Average= average
binding between antibody and glycan. The average is of four replicates.
Binding is measured in relative fluorescence units (RFU value). StDev=
standard deviation of the mean. SEM= standard error of the mean % CV = 100
x (StDev/Mean). The CV (coefficient of variation) is a measure of the
variation of the results from the mean. The number of each glycan in V4.1
of the array is also shown. 20 Figure 3B. Graph summarising the results in
Figure 3A. The number of each glycan is shown along the X axis (labelled in
Fig 3B as 'Chart No'). These correspond to the glycan numbers in Figure 3A.
The binding between each glycan and mAb84 is shown on the Y axis. Binding
25is measured in relative fluorescence units ('RFU'). Figure 4A. Table of
data from version 4.1 of the CFG glycan array tested with mAb85 antibodies.
The table has been sorted by average binding to show the glycans which bind
mAb85 30 most strongly at the top. Average= average binding between
antibody and glycan. The average is of four replicates. Binding is measured
in relative fluorescence unity (RFU value). StDev= standard deviation of
the mean. SEM= standard error of the mean. % CV = 100 x (StDev/Mean). The
CV (coefficient of variation) is a measure of the variation of the results
from the mean. The number of each glycan in V4.1 of the array is also
35shown. 



51 Figure 48. Graph summarising the results in Figure 4. The number of each
glycan is shown along the X axis (labelled in Fig 4B as 'Chart No'). These
correspond to the glycan numbers in Figure 4A. The binding between each
glycan and mAb85 is shown on the Y axis. Binding 5is measured in relative
fluorescence units ('RFU'). Figure 6. Table showing the binding of 9
glycans to mAb84 (column labelled average binding mAb84), mAb85 (column
labelled average binding mAb85) and the relative binding of the  10 glycans
to mAb84 compared to (divided by) mAb85 (column labelled relative binding).
The 9 glycans used in this table are those which bound most strongly to
mAb84 in the table shown in Figure 4 and all contain Fuca1-2Ga1111-3GIcNAc
residues.         This table shows that the binding of cytotoxic mAb84
antibodies to these glycans is at 15least 37 times more than the binding of
non-cytotoxic mAb85 antibodies to the same glycans. Therefore the relative
binding value may be used to select candidate antibodies. Figure 6.
Amino acid sequence of 528 amino acid Podocalyxin-like protein 1 precursor
(SEQ ID 20NO: 1). Figure 7. Amino acid sequence of human PODXL GenBank
accession number 000592.2 GI:229462740 (SEQ ID NO: 2). 25 Figure 8. Amino
acid sequence of human PODXL GenBank accession number AAI43319.1
GI:219520307 (SEQ ID NO: 3). 30Figure 9. Amino acid sequence of two PODXL
variants (SEQ ID NOs: 8 & 9). Figure 10. 



(A) chemical structure of Fucose 35(B) chemical structure of Galactose (C)
chemical structure of N-acetylglucosamine  52 Figure 11.Amino acid sequence
(and encoding polynucleotide sequence) of the VI. chain of mAb 84 (SEQ ID
NOs: 4 & 5). Amino acids not underlined correspond to the framework region.
The amino acids underlined correspond to the complementarity 5determining
regions (CDRs). Figure 12.Amino acid sequence (and encoding polynucleotide
sequence) of the VN chain of mAb 84 (SEQ ID NO: 6 & 7). The amino acids not
underlined correspond to the framework region. The amino acids underlined
correspond to the CDRs. 10 Figure 13.Chemical structure of
Fuca1-2Galf11-3GIcNAc. Figure 14.The trisaccharide Fuca1-2Ga1111-3GIcNAc
blocks mAb84 binding human embryonic stem cells (hESC). Green line (right
hand line) indicates binding to hESC. 15Increasing concentrations of the
trisaccharide reduce mAb84 binding to hESC as shown by a shift of the peak
to the left. Figure 15.Graph showing relative viability of hESC in response
to mAb84 with     addition of increasing concentrations of the
trisaccharide Fuca1-2Gall11-3GIcNAc. 20Cytotoxicity is reduced and then
abolished with increasing concentrations of Fuca1- 2Ga1111-3G1cNAc.
Examples 25Materials and Methods Protocol for Glvcan Binding Assay 



Materials needed:  Glycan printed slides (Core D), printed on the side of
the slide with the white etched barcode and black marks- DO NOT TOUCH THIS
AREA. 30 Cover slips (Fisher scientific, 12-545F)  Humidified Slide
processing chambers (Fisher scientific, NC9091416), or homemade system
using Petri Dish, with wet paper towels in the bottom of the chamber  100
ml Coplin jars for washing slides 35 Tris-HCI (Fisher scientific, BP152-1)
NaCl (Fisher scientific, S271-3)  53 CaCl2 (Fisher scientific, C79-500)
MgC12 (Fisher scientific, BP214-500)  Potassium Phosphate Monobasic (Fisher
scientific, P285-3)  dH20 5 Cyanine 5- Streptavidin (ZYMED 43-4316)
Appropriate secondary antibody, fluorescently labeled if available  BSA
(Fisher scientific, Bp1600-100)  Tween-20 (EMD Biosciences, 655205)  Sodium
Azide (fisher scientific, 3227-500) 10 ProScanArray Scanner (Perkin Elmer)
Buffers:  TSM= 20mM Tris-HCI, pH 7.4 150mM NaCI, 2mM CaCl2, 2mM MgCl2  TSM
Wash Buffer (TSMVV)= TSM Buffer + 0.05% Tween-20 



15 TSM Binding Buffer (TSMBB)= TSM buffer + 0.05% Tween 20 + 1% BSA
Protocol:  1. Make working stocks of washing buffers (TSM, ISM Wash Buffer,
and H20) or collect reagents and bring to room temperature if they have
been in the refrigerator. 201.1. Buffer (A) TSM- 20mM Tris-HCI, pH 7.4
150mM NaCI, 2mM CaCl2, 2mM MgCl2 1.2. Buffer (B) TSM Wash Buffer (TSMVV) -
TSM Buffer + 0.05% Tween-20       1.3. Buffer (C) TSM Binding Buffer
(TSMBB) - TSM buffer +0.05% Tween 20 + 1% BSA 251.4. dH20 2. Prepare 100 pl
of sample by diluting antibody in TSMBB or appropriate Binding Buffer based
on properties of Antibody to a final concentration of 5-50pg/m1 or an
appropriate concentration required for the analysis. 30 mAb84 antibodies
were added at a concentration of 50 pg/ml.  mAb85 antibodies were added at
a concentration of 50 pg/ml. 3.Remove slide(s) from dessicator and label
slide with sample name near barcode, outside of the black marks.  54  4.
Hydrate the slide by placing in a glass Coplin staining jar containing 100
ml of TSMW for 5 min.  5. Remove excess liquid from slide by setting the
slide upright to drain the liquid off. 5  6. Carefully apply 70 pl of
sample close to the left edge slide in between the black marks.  7. Slowly
place cover slip on slide, trying to avoid the formation of bubbles in the
10sample under the cover slip. Remove any bubbles by gently tapping the
cover slip with a 



pipette tip if necessary, or slowly lifting one side of the cover slip.
Make sure the cover slip is between the black marks.  8. Incubate slide in
a humidified tray in the dark (to preserve fluorescent reagents) 15for 1hr
at RT.  9. After 1 hr incubation, remove cover slip by gently allowing it
to slip off into the glass trash/biohazard trash. 2010.Wash the slide by
gently dipping 4 times into 100 ml of each of the following buffers in
Coplin Jars: 10.1. TSMW 10.2. TSM 2511.Remove excess water from slide by
tipping the slide upright. 12.Add 70plof AlexaFluor-488-labeled (or other
label) secondary antibody containing 1 pl of Cyanine 5-labeled streptavidin
(final concentration 0.5 pg/ml). 3013.Cover slip as above (6, 7) and
incubate as above (8). 14.After 1 hr incubation, remove cover slip by
gently allowing it to slip off into the glass trash/biohazard trash.
3515.Wash the slide by gently dipping 4 times into 100 ml of each of the
following buffers in Coplin Jars:  55 15.1. TSMW 15.2. TSM 15.3. dH20
516.Spin slide in slide centrifuge for - 15 seconds or remove water under a
gentle stream of nitrogen. 



17.Scan. 10See also: www.functionalqlvcomics.orq Glvcan array mAb84 and
mAb85 antibodies were sent to the Consortium for Functional Glycomics for
testing in accordance with the protocol described above. Version 4.1 of a
printed glycan 15array was used. Version 4.1 contains 465 glycans printed
onto glass slides in replicates of six. The full list of 465 glycans is
shown in Figures 3 and 4. The list is also available from the CFG website
at: www.functionalglycomics.org. Further details of the printed glycan
array are also described in Blixt et al (2004)32. 20mAb84 antibodies were
contacted with the glycans. The slide was washed to remove unbound
antibodies. Bound antibodies were detected using AlexaFluor-488-labeled
secondary antibodies as described above. The secondary antibodies were then
detected using a fluorescence scanner. Binding is presented in relative
fluorescence units (RFU). A higher RFU value indicates that glycans were
bound with the higher intensity. 25 Six replicates were used; the highest
and lowest points from each set of six replicates were removed so that the
average is of four replicates. This eliminates some of the false hits that
contain a single very high or low point. 30Example 1  The inventors have
discovered that mAb 84 does not bind to:  unglycosylated PODXL (in vitro
transcription and translation (TnT))  PODXL over-expressed in HEK and COS
cells  56 The gene encoding PODXL was isolated and sequenced from hESC. The
gene was cloned into vectors and expressed either unglycosylated (in vitro
TnT) or in mammalian cells (HEK or COS cells which are capable of
glycosylating the expressed protein). 5The proteins obtained were then
resolved on SDS-PAGE, Western blotted and probed with antibodies. The
antibodies used were commercially available anti-PODXL antibodies
(monoclonal and polyclonal) and mAb 84. For in vitro TnT-expressed PODXL,
it was found that only the polyclonal anti-PODXL detected a band of -55kDa
which corresponds to the molecular weight (MW) of unglycosylated PODXL.
Monoclocal anti-PODXL and 10mAb84 did not detect the unglycosylated PODXL.
For COS and HEK expressed PODXL, 



only monoclonal anti-PODXL detected both the expressed PODXL and PODXL from
hESC. In either COS or HEK cells, PODXL is glycosylated (and so has a
higher MW). However 15the band is lower than PODXL expressed in hESC
(HES-3). Also, mAb 84 only detected hESC-PODXL but not expressed PODXL.
This led to the conclusion that there is a stem cell-specific modification
(glycosylation) to PODXL. Without being bound by theory, it appears that
when PODXL is glycosylated by stem cells the resulting glycan structure is
different that of PODXL glycosylated by other cells. 20 Example 2
Cytotoxic mAb84 antibodies selectively bind to glycans comprising
Fuca1-2Ga1111- 3G1cNAc residues in a glycan array. 25The cytotoxic antibody
mAb84 was tested for binding with 465 different glycans in V4.1 of the
Printed Glycan Array (Consortium for Functional Glycomics) using the
protocol described above. Briefly, antibodies were diluted 1:100 to 10pg/m1
in binding buffer contacted with the 30 glycan array and detected with
A1exa488 labeled anti-mouse IgM (lnvitrogen, A21042). The array was washed
to remove unbound antibodies. The array was contacted with a labelled
secondary antibody, which was able to bind to mAb84 antibodies. The
labelled secondary antibody was then detected and quantified. mAb84
antibodies were found to selectively bind to glycans containing
Fuca1-2Ga1111-3GIcNAc residues. Without being 35bound by theory, we believe
that the mAb84 antibody is specific for the Fuca1-2Ga1111- 3G1cNAc residues
in these glycans.  57 The full list of glycans tested for binding with
mAb84, and the binding of mAb84 to these glycans is shown in Figure 3.
5Example 3  Non-cytotoxic mAb85 antibodies have the same glycan specificity
as mAb84, but a much lower affinity for these glycans. Non-cytotoxic mAb85
antibodies were tested for binding with 465 glycans in V4.1 of the
10Printed Glycan Array (Consortium for Functional Glycomics) using the
protocol described above. This was the same type of array used to test
mAb84 antibodies as described in Example 3. mAb85 antibodies were found to
bind similar glycans to mAb84 antibodies. In particular, mAb85 bound to
glycans comprising Fuca1-2Ga1111-3GIcNAc. However, binding between mAb85
and glycans comprising Fuca1-2Ga1131-3GIcNAc was found to 15be
significantly lower than the binding between cytotoxic mAb84 to the same
glycans. 



The full list of glycans tested for binding with mAb85, and the binding of
mAb85 to these glycans is shown in Figure 4. 20Example 4  The binding
values of mAb84 and mAb85 to glycans comprising Fuca1-2Ga1111-3GIcNAc were
compared to generate the relative binding value for each glycan.
Specifically, the absolute binding value for each glycan bound by mAb84 was
divided by the corresponding absolute binding value for the same glycan
bound to mAb85. The results 25are presented in Figure 5. The results show
that although glycans comprising Fuca1-2Ga1111-3GIcNAc are bound by both
cytotoxic (mAb84) and non-cytotoxic (mAb85) antibodies, cytotoxic
antibodies have a stronger affinity for these glycans and bind them more
strongly. The relative binding 30value shows that cytotoxic mAb84
antibodies bind glycans at least 37 times more strongly than non-cytotoxic
mAb85 antibodies. Example 5 35The importance of the trisaccharide
Fuca1-2Ga1111-3GIcNA in mediating the cytotoxic interaction of mAb84 on
human embryonic stem cells (hESC) was investigated by  58 assessing the
ability of synthetic soluble trisaccharide Fuca1-2Ga1111-3GIcNA to (i)
inhibit the binding of mAb84 to hESC and (ii) reduce the cytotoxic effect
of mAb84 on hESC. mAb84 (25 pM, 5pg) in 200 pl volume was added to 2 x 105
hESC and preincubated for 515 minutes prior to addition of synthetic
soluble trisaccharide Fuca1-2Ga1111-3GIcN (in concentrations of 0
(control), 0.4mM, 0.8mM, 2mM, 4mM). Increasing concentrations of the
trisaccharide Fuca1-2Ga1111-3GIcNAc were shown to dose dependently inhibit
mAb84 binding to hESC (Figure 14). In Figure 14 the right hand 10line
indicates binding to hESC, and increasing concentrations of the
trisaccharide reduce mAb84 binding to hESC as shown by a shift of the peak
to the left. Relative viability of hESC in response to increasing
concentrations of the trisaccharide Fuca1-2Ga1111-3GIcNA was also assessed.
Figure 15 shows a reduction of the cytotoxic 15effect of mAb84 with
increasing concentrations of Fuca1-2Ga1111-3GIcNAc (concentrations of 0
(control), 0.4mM, 0.8mM, 2mM, 4mM). The cytotoxic effect was abolished at
concentrations of 2mM and 4mM.         This data shows that binding of
mAb84 to hESC and the cytotoxic effect of mAb84 on 



20hESC are mediated by the trisaccharide Fuca1-2Ga1111-3GIcNA. References
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of selecting an antibody molecule as a candidate for having cytotoxic
activity against a cell which expresses podocalyxin-like protein (PODXL),
wherein the 5antibody molecule binds PODXL, the method comprising the steps
of: (i) comparing the binding of a PODXL-binding antibody molecule to a
glycan comprising Fuca1-2Gal111-3GIcNAc with the binding of a non-cytotoxic
PODXLbinding antibody molecule to a glycan comprising
Fuca1-2Ga1111-3GIcNAc; and (ii) selecting as a candidate cytotoxic antibody
molecule a said PODXL-binding 



10antibody molecule that has a relative binding to said glycan of 30 or
more times greater than said non-cytotoxic PODXL-binding antibody molecule.
2.A method of selecting an antibody molecule as a candidate for having
cytotoxic         activity against an undifferentiated pluripotent stem
cell, wherein the antibody molecule 15binds PODXL, the method comprising
the steps of: (i)comparing the binding of a PODXL-binding antibody molecule
to a glycan comprising Fuca1-2Galf11-3GIcNAc with the binding of a
non-cytotoxic PODXL-binding antibody molecule to a glycan comprising
Fuca1-2Ga1131- 3G1cNAc; and 20(ii)selecting as a candidate cytotoxic
antibody molecule a said PODXL-binding antibody molecule that has a
relative binding to said glycan of 30 or more times greater than said
non-cytotoxic PODXL-binding antibody molecule. 3.The method of claim 1 or
claim 2, wherein the glycan comprises or consists of 25a glycan selected
from the group :  Fuca1-2Ga161-3G1cNAci31-3Ga1131-4GIc6;
Neu5Aca2-6Ga1131-4G1cNAc61-6(Fuca1-2Ga161-3G1cNAcr31-3)Ga113-4G1c;
Fuca1-2Gal131-3G1cNAcp;
Fuca1-2Ga161-3G1cNAc61-3Gali31-4GIc13; 30 Fuca1-2Ga161-3GIcNAc61-3GaINAc;
Fuca1-2Ga1131-3G1cNAc61-3(Ga1131-4G1cNAcr31-6)Ga161-4G1c;
Fuca1-2Gali31-3G1cNAc61-3(Gali31-4(Fuca1-3)GIcNAc[31-6)Ga161-4GIc;
Fuca1-2Ga1131-3GIcNAci3; or
Fuca1-2Ga161-3G1cNAc(31-2Mana1-3(Fuca1-2Ga1131-3G1cNAci31-2Mana1-
356)Man[31-4G1cNAc131-4G1cNAci3.  62 4.The method of claim 1 or claim 3,
further comprising: iii)testing the candidate antibody for cytotoxic
activity against a cell which 



expresses PODXL 55.The method of any one of the previous claims wherein
said relative binding is 100 or more times, 500 or more times, 1000 or more
times, or 10000 or more times greater than said non-cytotoxic PODXL-binding
antibody molecule. 6. A PODXL-binding antibody molecule with candidate
cytotoxic activity against an 10undifferentiated pluripotent stem cell and/
or cytotoxic activity against a cell that expresses PODXL, obtained,
identified, selected or produced by a method according to any one of claims
1 to 5. 7. A method of selecting an antibody molecule as a candidate for
having cytotoxic 15activity against an undifferentiated pluripotent stem
cell, the method comprising the steps of: (i) comparing the binding of a
PODXL-binding antibody molecule to a glycan comprising
Fuca1-2Ga1111-3GIcNAc with the binding of a non-cytotoxic PODXL-binding
antibody molecule to a glycan comprising Fuca1-2Gall11- 203GIcNAc; and (ii)
selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a relative binding to said glycan of 30 or more
times greater than said non-cytotoxic PODXL-binding antibody molecule.
258.The method of claim 2, 3 or 7, further comprising: iii)testing the
candidate antibody for cytotoxic activity against an undifferentiated
pluripotent stem cell.     9. The method of any one of claims 7 or 8
wherein the relative binding is 100 or 30more times, 500 or more times,
1000 or more times, or 10000 or more times greater than said non-cytotoxic
PODXL-binding antibody molecule.     10. An antibody molecule with
cytotoxic activity against an undifferentiated pluripotent stem cell
obtained, identified, selected or produced by a method according to any one
of 35claims 7 to 9.  63 



11. A method of destroying an undifferentiated pluripotent stem cell in a
sample containing such cells, the method comprising contacting the cell or
cells in the sample that express PODXL on their surface with a cytotoxic
antibody obtained, identified, selected or produced by a method according
to any one of claims 1 to 5 or 7 to 9. 5  12. A method of selecting an
antibody molecule as a candidate for binding PODXL, the method comprising
selecting an antibody molecule which binds a glycan comprising
Fuca1-2Ga1111-3GIcNAc. 1013.A method of selecting an antibody molecule as a
candidate for having cytotoxic activity against a cell which expresses
PODXL and/or against an undifferentiated stem cell, the method comprising
selecting an antibody molecule which binds a glycan comprising
Fuca1-2Ga1111-3GIcNAc. 1514.A method of selecting an antibody molecule as a
candidate for binding PODXL and having cytotoxic activity against a cell
which expresses PODXL, the method comprising: (i) comparing the binding of
an antibody molecule to a glycan comprising Fuca1- 2Ga1111-3G1cNAc with the
binding of a non-cytotoxic PODXL-binding antibody 20molecule to a glycan
comprising Fuca1-2Ga1111-3GIcNAc; and (ii) selecting as a candidate for
binding PODXL and having cytotoxic activity against a cell which expresses
PODXL an antibody molecule that has a relative binding to said glycan of 30
or more times greater than said noncytotoxic PODXL-binding antibody
molecule. 25 15.The method of claim 14, further comprising: iii)testing the
candidate antibody for PODXL binding and/or having cytotoxic activity
against a cell which expresses PODXL. 3016.The method of any one of claims
7 to 9 or claims 12 to 15, wherein the glycan comprises or consists of a
glycan selected from the group:  Fuca1-2Ga1131-3G1cNAc[31-3Gal[31-4GIcf3;
Neu5Aca2-6Ga1131-4G1cNAcI31-6(Fuca1-2Galf31-3G1cNAci31-3)Gal3-4GIc;
Fuca1-2Galf31-3GIcNAcr3; 35Fuca1-2Galf31-3GIcNAcr31-3Ga1131-4G143;
Fuca1-2Galf31-3GIcNAc(31-3GaINAc; 



64  Fuca1-2Ga161-3G1cNAc131-3(Ga161-4G1cNAc61-6)Ga161-4G1c;
Fuca1-2Ga161-3G1cNAc131-3(Ga161-4(Fuca1-3)GIcNAc61-6)Ga161-4G1c;
Fuca1-2Ga161-3GIcNAci3; or
Fuca1-2Ga161-3G1cNAc61-2Mana1-3(Fuca1-2Ga161-3G1cNAc131-2Mana1-
56)Man61-4G1cNAc61-4G1cNAc13. 17.The method of any one of claims 7 to 9 or
claims 12 to 15, wherein the glycan comprises or consists of a glycan
selected from the group :  Fuca1-2Ga161-3G1cNAc131-3Ga161-4GIc6-Sp8; 10
Neu5Aca2-6Ga161-4G1cNAc61-6(Fuca1-2Ga161-3G1cNAc131-3)Ga16-4G1c-Sp21;
Fuca1-2Ga161-3GIcNAc6-Sp0;  Fuca1-2Ga1131-3G1cNAc61-3Ga161-4G1c6-Sp10;
Fuca1-2Ga161-3GIcNAc61-3GaINAc-Sp14;
Fuca1-2Ga161-3G1cNAc61-3(Ga161-4G1cNAc61-6)Ga161-4G1c-Sp21; 15
Fuca1-2Ga161-3G1cNAc61-3(Ga161-4(Fuca1-3)GIcNAc61-6)Ga161-4G1c-Sp21;
Fuca1-2Ga161-3G1cNAc3-Sp8; or
Fuca1-2Ga161-3G1cNAc61-2Mana1-3(Fuca1-2Ga161-3G1cNAc61-2Mana1-
6)Man61-4G1cNAc61-4G1cNAc6-Sp20. 2018.A kit of parts comprising: (a) a
glycan comprising Fuca1-2Ga1111-3GIcNAc; (b) an agent that detects binding
between the glycan and an antibody molecule; and (c) a non-cytotoxic
control molecule which binds the glycan. 25  19. Use of a glycan to select
in vitro an antibody molecule that binds PODXL and/or is cytotoxic. 



20. Use of a glycan to determine in vitro whether an antibody molecule that
is known 30to bind PODXL is cytotoxic.  21. The use of claim 19 or 20
wherein the glycan comprises Fuca1-2Galf11-3GIcNAc.  22. The use of any one
of claims 19 to 21 wherein the determination is whether the 35antibody
molecule is cytotoxic to a cell which expresses PODXL and/or to an
undifferentiated stem cell.  65 23.A method of selecting an antibody
molecule, from a sample containing such molecules, as a candidate for
having cytotoxic activity against an undifferentiated pluripotent stem
cell, wherein the antibody molecule binds PODXL, the method 5comprising the
steps of: i) contacting the sample of antibody molecules with a plurality
of glycans comprising Fuca1-2Ga1111-3GIcNAc;    ii) selecting an antibody
molecule having an absolute binding to at least one said glycan in the top
10% as a candidate cytotoxic antibody molecule. 10 24.A method of selecting
an antibody molecule as a candidate for having cytotoxic activity against
an undifferentiated pluripotent stem cell, wherein the antibody molecule
binds PODXL, the method comprising the steps of: (i) measuring the binding
of a PODXL-binding antibody molecule to a glycan 15comprising
Fuca1-2Ga1111-3GIcNAc; and (ii) selecting as a candidate cytotoxic antibody
molecule a said PODXL-binding antibody molecule that has a binding to said
glycan equal to or greater than that of a cytotoxic PODXL-binding antibody
molecule. 2025.The method of claim 23 or claim 24 further comprising:
iii)testing the candidate antibody for cytotoxic activity against an
undifferentiated pluripotent stem cell. 26.A method of selecting an
antibody molecule as a candidate for having cytotoxic 



25activity against a cell which expresses podocalyxin-like protein (PODXL),
wherein the antibody molecule binds PODXL, the method comprising the steps
of: (i) measuring the binding of a PODXL-binding antibody molecule to a
glycan comprising Fuca1-2Ga1111-3GIcNAc; and (ii) selecting as a candidate
cytotoxic antibody molecule a said PODXL-binding 30antibody molecule that
has a binding to said glycan equal to or greater than that of a cytotoxic
PODXL-binding antibody molecule. 27.The method of claim 26 further
comprising: iii)testing the candidate antibody for cytotoxic activity
against a cell that 35expresses PODXL.  66 28.A method of selecting an
antibody molecule as a candidate for having cytotoxic activity against a
cell which expresses podocalyxin-like protein (PODXL), wherein the antibody
molecule binds PODXL, the method comprising the steps of:    (i) comparing
the binding of a PODXL-binding antibody molecule to a glycan 5comprising
Fuca1-2Ga1111-3GIcNAc with the binding of a cytotoxic PODXL- binding
antibody molecule to a glycan comprising Fuca1-2Ga1111-3GIcNAc; and    (ii)
selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a binding to said glycan equal to or greater
than 10that of the said cytotoxic PODXL-binding antibody molecule. 29.The
method of claim 28, further comprising: (iii)testing the candidate antibody
for cytotoxic activity against a cell which expresses PODXL. 15 



30.A method of selecting an antibody molecule as a candidate for having
cytotoxic activity against an undifferentiated pluripotent stem cell, the
method comprising the steps of:    (i) comparing the binding of a
PODXL-binding antibody molecule to a glycan 20comprising
Fuca1-2Ga1111-3GIcNAc with the binding of a cytotoxic PODXL- binding
antibody molecule to a glycan comprising Fuca1-2Ga1111-3GIcNAc; and    (ii)
selecting as a candidate cytotoxic antibody molecule a said PODXL-binding
antibody molecule that has a binding to said glycan equal to or greater
than 25that of the said cytotoxic PODXL-binding antibody molecule. 31.A
method of selecting an antibody molecule as a candidate for having
cytotoxic activity against an undifferentiated pluripotent stem cell,
wherein the antibody molecule binds PODXL, the method comprising the steps
of: 30(i)comparing the binding of a PODXL-binding antibody molecule to a
glycan comprising Fuca1-2Ga1111-3GIcNAc with the binding of a cytotoxic
PODXLbinding antibody molecule to a glycan comprising
Fuca1-2Ga1111-3GIcNAc; and (ii)selecting as a candidate cytotoxic antibody
molecule a said PODXL-binding 35antibody molecule that has a binding to
said glycan equal to or greater than that of the said cytotoxic
PODXL-binding antibody molecule.  67  32. The method of claim 30 or claim
31, further comprising: (iii)testing the candidate antibody for cytotoxic
activity against an undifferentiated pluripotent stem cell. 5  33. The use
of any one of claims 19 to 22 or the method of any one of claims 23 to 32,
wherein the glycan comprises or consists of a glycan selected from the
group:  Fuca1-2Ga161-3G1cNAc61-3Galp1-4GIc6;
Neu5Aca2-6Ga161-4G1cNAc61-6(Fuca1-2Ga1131-3G1cNAc131-3)Ga113-4G1c; 10
Fuca1-2Ga161-3GIcNAc6; 



Fuca1-2Ga161-3G1cNAc61-3Ga161-4GIc6;
Fuca1-2Ga161-3GIcNAci31-3GaINAc;
Fuca1-2Ga161-3G1cNAc61-3(Ga1131-4G1cNAc[31-6)Ga161-4G1c;
Fuca1-2Ga161-3G1cNAc61-3(Ga161-4(Fuca1-3)GIcNAc131-6)Gali31-4G1c; 15
Fuca1-2Ga161-3GIcNAci3; or
Fuca1-2Ga1131-3G1cNAc61-2Mana1-3(Fuca1-2Ga161-3G1cNAci31-2Mana1-
6)Man61-4G1cNAc61-4G1cNAc6; 34.The use of any one of claims 19 to 22 or the
method of any one of claims 23 to 2032, wherein the glycan comprises of
consists of a glycan selected from the group:
Fuca1-2Ga161-3G1cNAc61-3Ga161-4GIc6-Sp8;
Neu5Aca2-6Ga161-4G1cNAc61-6(Fuca1-2Gal131-3G1cNAc131-3)Ga16-4G1c-Sp21;
Fuca1-2Ga161-3GIcNAc13-Sp0;  Fuca1-2Ga161-3G1cNAc61-3Ga161-4G1c6-Sp10; 25
Fuca1-2Ga161-3GIcNAc61-3GaINAc-Sp14;
Fuca1-2Ga161-3G1cNAcp1-3(Ga161-4G1cNAcf31-6)Ga161-4G1c-Sp21;
Fuca1-2Ga161-3G1cNAc61-3(Ga161-4(Fuca1-3)GIcNAcr31-6)Ga161-4G1c-Sp21;
Fuca1-2Ga161-3GIcNAc6-Sp8; or
Fuca1-2Galf31-3G1cNAc61-2Mana1-3(Fuca1-2Ga161-3GIcNAcI31-2Mana1-
306)Man61-4G1cNAc61-4G1cNAc13-Sp20. 


