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Cytotoxic Antibody

Field of the Invention
The present invention relates to antibodies that are cytotoxic to undifferentiated
pluripotent cells.

Background to the Invention

Human embryonic stem cells (hESC) are isolated from the inner cell mass of an early
stage human embryo'™. They are distinguished by their ability to replicate indefinitely
(self-renewal)s® and under the appropriate conditions differentiate into cells of all three
germ layers (ectoderm, endoderm and mesaderm)*%'°, Mounting studies have reported
the successful differentiation of hESC inte embryoid bodies (EBs)'! and several lineage-
specific cell types, such as cardiomyocytest®18, hepatogytes™, neurons'®22, endothelial
celis?*22, osteoblasts?®*°, keratinocytes®! and retinal pigment epithelium (RPE)*2®, Their
successes demonstrate the great potential of hESC in tissue engineering and
regenerative medicine 1o freaf various diseases such as diabetes, heart failures,
Parkinson’s disease, degenerative eye diseases, and skeletal tissue injuries. However,
fumarigenicity, as a major safety concern, is still impeding the progress of hESC-based
therapies“-‘*'“.' Briefly, tumorigenicity of hESC refers to the formation of teratomas: (benign
tumars) or even teratocarcinomas (malignant tumors) in the differentiated cell products
due to the presence of residual undifferentiated hESC.

Previously, a panel of monoclonal antibodies (mAbs) has been generated against hESC
to characterize hESC-populations and discover novel hESC surface markers %7, See
WQ2007/1 0278_7 and W02010/033084. Among these antibodies, mAb84 was firstly
found fo be able to kill undifferentiated hESC. However, since mAb84 is an IgM
pentamer, its relatively large molecule size and tendency fo form aggregates might
impede its penetration efficiency into tumor mass. Subsequently, a smalier antibody
fragment format of mAb84, scFv84-HTH, was engineered and demonstrated fo have
improved penetration by Lim et al.?®. However, to achieve the same level of cytotoxicity
on hESC, the amount of scFv84-HTH required is 20 times more than mAb84. Moreover,
since.mAb84 and scFv84-HTH are either multivalent or bivalent, the author speculated ‘
that antibody cytotoxicity is associated with its valency.
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There are several strategies®®?” to prevent tumorigenicity of hESC, which can be
categorized into 3 stages. First, in the pre-transplantation stage, hESC can either be
terminally differentiated into the desired cell types or undifferentiated cells can be
removed from differentiated cells products by various sorting technigues. Second, in the
early post-transplantation stage, tumor progression can be interrupted with methods such
as genetic manipulation or cytotoxic drugs. Third, in the late post-transplantation stage,
detected tumors carrying an engineered “suicide gene" can be eliminated hy drugs.
Various techniques to eliminate undifferentiated hESC or tumor formation at different
stages, as well as their advantages and disadvantages are summarized in Figure 1.
However, none of these methods is capable of completely precluding teratomas or
teratocarcinomas formation in vive.

Applications of cytotoxic antibodles are diverse. Firstly, oytotoxic antibody-induced cell
death can be used as a cell model to study molecule and cellular functions. In 1995, Bazil
et al. generated a monoclonal antibody, MEM-58, which recognizes the surface adhesion
molecule CD43 of human hematopoietic progenitor cells (HPCs) and directly kill HPCs via
cross-linking of CD43%1. With MEM-59 induced-HPCs death, CD43 was identified as a
negative regulétor of early hematopoietic events. Secondly, cytotoxic antibodies can be
used to identify novel pathways of cell death and to characterize cell death. Matsuoka st
al. has generéted a monaocional antibody, RE2, which could induce a novel type of cell
death of activated interleukin 2-dependent T celis®2. Zhang et al. also found a cytotoxic
antibody, anti-Porimin, towards Jurkat cells®3. In this study, they introduced the very first
cell surface receptor-mediated pathway of cell death as well as some uhigque features of
cell_ulal: response upon cell death, such as cell aggregation, plasma membrane A
permeabilization and membrane blebs. Thirdly, as mentioned in the previous‘ section,
cytotoxic antibodies have been used intensively to eliminate undesired cells, such as the
treatment of cancers. Rituxihnab, a monoclonal antibody targeting the CD20 antigen on B-
lymphocytes, was the first cytotoxic antibody approved to treat B-cell malignancies, such
as noh—Hodgkin's lymphoma, in combination with chemotherapy®. Rituximab induces cell
death upon hyper-cross linking with goat anti-human secondary antibody after 20h of
incubation. To overcome the rifuximab-resistance in some patients, many next-gerierétidn
anti-CD20 cytotoxic antibodies have been generated®® % GA101 is a novel anti-CD20
cytotoxic antibody, which induces B-lymphocyte death by dispersihg lysosomes contents
into the cytoplasm and surrounding environment®”. There are also other cytotoxic
antibodies such as RAV12 that induces recurrent adenocarcinoma cell death®® and anti-
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NeuGeGM3 antibodies that directly kill lung cancer cells®7°. Although all these cytotoxic
antibodies can induce cell death, the modes of cell death are varied (Figure 2).

For a long-time, programmed celi death has been used synonymously with apoptosis and
oncosis has been considered as accidental cell death. However, this concept was proved
to be not always true™, where oncosis can also be a pattern of programmed cell death. In
fact, every cell may experience “programmed” cell death upon an appropriate stimulus,
whereas the pattern (apoptosis or oncosis) differs amaong cell types and the stimulus?273,
In general, cell undergoes three phases upon lethal injuries’

a) Reversible “pre-mortal phase”;

b} Irreversible cell death, “point-of-no-return;

¢) Post-mortal autolytic and degradative chénges. ,
One way to distinguish different types of cell death and its terminology is to define them
by cellular response in each phase of ceall death. In the pre-mortal phase, there are fwo
major modes of cell death: apaptosis and oncosis. They are mainly distinguished by cell
volume alteration and cellular morphological changes. The halimarks of apoptosis and
ancosis will be discussed in detail later. On the contrary, most of post-mortal cellular
changes were termed “necrosis’’2, which is an ancient word describing cellular changes
after cell death. '

Apoptosis was first proposed by Kerr et al. in 1972 to describe a pattern of controlled cell

deletion. In the regulation of normal development and cell population, apoptosis was

thought to play a complementary but opposite role to mitosis™. Dysregulation of

apoptosis would result in many diseases such as cancer, Alzheimer's and autoimmune
diseases’>7s,

The process of apoptosis is tightly controlled and organized. It is characterized by a set of
morphological changes such as cellular shrinkage, nuclear chromatin condensation and
budding of plasma membrane, and biochemical changes such as protein cleavage, cross-
linking, patterned DNA fragmentation and phagocytic recognition”. Apoptosis usually

" begins with caspases activation 12 to 24 hours after a trigger event. Changes in plasma
membrane protein and cytoskeleton would result.in the formation of apoptotic bodies,
which enclose fragments of nucleus and cell organelles by intact plasma membrane™.,
Subsequently, apoptotic bodies with phosphatidylserine expressed on the outer
membrane are recognized and engulfed by the neighboring cells, in particular
macrophages and endothelial cells. Eventually, cell debris is cleared out from the tissue
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to avoid inflammatory response™. Generally, there are three major pathways to caspase
activation: extrinsic caspase-8 activation via receptor-ligand binding, intrinsic caspase-9
activation via mitochondria and caspase-12 activation via endoplasmic reticulum?. To
distinguish apoptosis from other modes of cell death, the halimarks of apoptosis and

respective assays are summarized in Figure 3.

Oncosis was first proposed by Von Rechkling-hausen in 1910 to describe cell death with
swelling and later used to describe ischemic cell death distinct from apoptosis®. Affer
injury, oncosis can be triggered within seconds to minutes followed by marked cell shape
and volume alteration in early stage™. t was characterized by several morphological and
biochemical changes such as apparent swelling of cell and organelles, gross
vacuolization, membrane permieabilization and éytoskeleton profeins degradation™8e,
Comparing to the understanding of apoptosis, the mechanism of oncosis is still under
investigation. Some studies have shown that failure in the ionic pumps of the plasma
membrane and decreased levels of celiular ATP might be the cause of oncosis™#, With
current understanding, oncosis can be detected by identifying their halimarks with
respective assay, as summarized in Figure An.

In general, apoptosis and oncosis are pre-mortal process, which can lead fo post-mortal
necrosis. After the phase of apoptosis and oncosis, changes are similar in the phase of
necrosis, termed apoptotic necrosis or oncotic necrosis.

As described above, cytotoxic antibodies can induce cell death. Studies on some of these
cytotaxic antibodies have shown that cells undergo different modes of cell death
(apoptosis or oncosis) upon incubation with cytotoxic antibodies (Figure 2).

MEM-59 was shown fo induce apoptosis in hematopoietic progenitor cells as cell
shrinkage and DNA fragmentation were detected®!. Another antibody, Rituximab, atso
induces non-Hodgkin’é lymphomas apoptosis after 18 to 20 hours incubatidn. Other
detected apoptosis hallmarks including DNA fragmentation, phosphatidylserine exposure
detected by Annexin V, and increase in caspase-3 activitys4,

There are also antibodies that induce oncosis in cells. Rapid swelling of RAV12-treated
adenocarcinoma cells was observed within 1 hour®!. Under time-lapse microscopy,
membrane damage was detected followed by cell swelling. In addition, disruption of actin
cytoskeleton and elevated LDH were also observed upon RAV12 treatment. Ancther
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example of antibody-induced oncosis is anti-Porimin®. increase in membrane
permeability of anti-Porimin treated Jurkat cells was detected by Pl uptake. Moreover,
formation of peres on the cells membrane was also visualized under Scanning Electron
Microscape (SEM). Another hallmark of anti-Porimin induced oncosis is the re-
arrangement of cytoskeletal proteins. A more relevant example is mAb84-induced hESC
death via oncosis. Studies have also shown some oncotic features of mAb84-induced
hESC death, such as rapid cell death, formation of cell aggregation, loss of membrane
integrity and degradation of actin cytoskeleton-assaciated proteins®. However, for all
mentioned studies, though the mode of cell death was identified, the detailed mechanism
of antibody-induced cell death is stil} unknown.

W02012/011876 describes a method of selecting an antibody. as a candidate for having
cytotoxic activity against a cell which exprasses podocalyxin-like protein (PODXL) where
the antibody binds PODXL, the method comprising a step of comparing the binding of a

- PODXL-binding antibody molecule to a glycan comprising Fuca1-2Galf1-3GIcNAc with

the binding of a non-cyiotoxic PODXL-binding antibody molecule {o a glycan comprising
Fuca1-2Galf31-3GIcNAC,

Summary of the Invention -

In one aspect, the present invention refers to an antibody that binds to the glycan motif
Fuca1-2GalB1-3GIcNAcB1-3GalBt or Fuca1-2Galp1-3GIcNAc, wherein. the antibody is
cytotoxic against undifferentiated pluripotent cells, and wherein the anfibody comprises:
at jeast one light chain variable region incorporating the following CDRs: CDR1:
SASSSVSYMF (SEQ ID NO: 1); CDR2: LTSNLAS (SEQ ID NO: 2); CDR3:
QOQWSSNPYT (SEQ ID NO: 3); and at least one heavy chain variable region
incorporating the following CDRs: CDR1: GFTFSNYYMN (SEQ ID NO: 4); CDR2:
EIRLKSNNYATHYAESVKG (SEQ [D NO: 5); CDR3: FGY (SEQ ID NO: 8). In another
aspect, the present invention refers to a monoclonal antibody produced from hybridoma
cell line TAG-A1, deposifed with American Type Culture Collection under Accession
Number PTA-121134. In siill another aspect, the present invention refers to a composition
comprising the antibody or polypeptide of the present invention and at least one
pharmaceutically-acceptable carrier. In another aspect, the present invention refers tc a
isolated nuclele acid encoding the antibody or polypeptide of the present invention. In
another aspect, the present invention refers ¢ a vector comprising the nucieic-acid of the
present invention. In another aspect, the present invention refers to a host cell comprising
the vector of the present invention. Ih another aspact, the present invention refers to a
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method for making an antibody or polypeptide of the present. invention comprising
culturing the host cell of the present invention under conditions suitable for the expression
of a vector encoding the antibody or polypeptide, and recovering the antibody or
polypeptide. In another aspect, the present invention refers to a method of destroying an
undifferentiated pluripotent cell or cells in a sample contaihing such cells, the method
comprising contacting a sample of cells containing an undifferentiated pluripotent cell or
cells with an antibody according to the present invention. In another aspact, the present
invention refers to a method of removing an undifferentiated pluripotent cell or cells from
a sample containing such cells, the method comprising contacting a sample of cells
containing an undifferentiated pluripotent cell or cells with an antibody of the present
invention. In another aspecl, the present invention refers to a methoed of enriching cells
that have undergone or are undergoing differentiation from a mixiure comprising
undifferentiated pluripotent cells and such cells that have undergone or are undergoing
differentiation, the method comprising contacting the mixture with an antibody of the
present invention for a period of time sufficient for the antibody to kill undifferentiated
pluripotent cells. In another aspect, the present invention refers to a method of preparing
a composition -containing cells differentiated from undifferentiated piuripotent celis which
composition contains substantially no undifferentiated pluripotent cells, the method
comprising: providing a population of cells comprising undifferentiated pluripotent cells
and celis differentiated from undifferentiaied pluripotent stem cells; contacting the
population with an antibody of the present invention under conditions bermittin'g the
antibody to kill undifferentiated pluripotent cells; and separating live cells remaining after
step (i) from dead cells. In ancther aspect, the present invention refers to an in vitro
complex, optionally isolated, comprising an undifferentiated pluripotent cell bound to an
antibody of the present invention. In another aspect, the present invention refers to a
hybridoma cell line TAG-A1, deposited with American Type Culture Collection under
Accession Number PTA-121134.

Alsedescribed herein is-an antibody, the amino acid sequence of the antibody may
comprise the amine acid sequences i) to iii), or the amino acid sequences iv) to vi}, or
preferably the amino acid sequences i) to vi):

i) SASSSVSYMF (SEQ ID NO; 1)
i}  LTSNLAS (SEQ ID NO: 2)
i)  QQWSSNPYT (SEQ.ID NO: 3)
V)  GFTFSNYYMN (SEQ ID NO: 4)
v)  EIRLKSNNYATHYAESVKG (SEQ ID NO: 5)

viy  FGY (SEQ ID NO: 6)
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or a varlant thereof in which one or two or three amino acids in one or more of the
sequences (i) to (vi) are replaced with another amino acid.

The antibody may comprige. at least one light chain variable region incorporating the
following CDRs:

CDR1: SASSSVEYMF {SEQ 1D NQ: 1)

CDR2: LTSNLAS {SEQ ID NO: 2}
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CDR3; QQWSSNPYT (SEQID NO: 3)

The antibody may comprise at least one heavy chain variable region incorporating the
following CDRs:.

CDR1: GFTFSNYYMN (SEQ 1D NO: 4)
CDR2: EIRLKSNNYATHYAESVKG (SEQ ID NO: 5)
CDR3: FGY (SEQ ID NO: 6)

The antibody may comprise at least one light chain variable region incorporating the
CDRs shown in Figure 15. The antibody may comprise at least one heavy chain variabie
region incorporating the CDRs shown in Figure 15.

The antibody may comprise at least one light chain variable region comprising the amino
acid sequence shown in Figure 15 or an amino acid sequence having at least 70%, more
preferably one of at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%,
sequence identity to the V. chain amino acid sequence of mAb A1 shown in Figure 15.

The antibody may comprise at least one heavy chain variable region comprising the
amino acid sequence shown in Figure 15 or an amino acid sequence having at least
70%, more préferabiy one of at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%
or 100%, sequence identity to the V4 chain amino acid sequence of mAb A1 shown in
Figure 15. '

The antibody may comptise at least one Jight chaih variable region comprising the amino
acid sequence as shown in Figure 15 {or an.amino acid sequence having at least 70%,
more preferably one of at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 88%, 99% or
100%, sequence identity to the Vi chain amino acid sequence of mAb A1 shown in Figure
15) and at least one heavy chain variable region comprising the amino acid seguence as
shown in Figure 15 (or an amino acid sequence having at least 70%, more preferably one
of at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%, sequence identity
to the Vi chain amino acid sequence of mAb A1 shown in Figure 15).

The antibody méy optionally bind one or more glycosylated proteins, wherein the

glycosylation comprises the glycan motif Fuco1-2GalB1-3GicNAcB1-3GalB1 or Fucal-
2Galp1-3GIcNAG. "



10

15

20

25

30

Also described herein is an antibody that binds a glycosylated protein, wherain the
glycosylation comprises the glycan motif Fuca1-2Galf1-3GIcNAcB1-3GalB1 or Fucai-

2Galp1-3GIcNAc. The antibody may optionally have amino acid sequence components
as described above.

In any example described herein, the antibody is preferably cytatoxic against
undifferentiated pluripotent cells. Upon contact with an undifferentiated pluripotent cell it
may kil the cell in one of less than 30 minutes, less than 20 minutes, less than 10
minutes, less than & minutes, less than 2 minutes or less than 1 minute.

In any example described herein, the antibody preferably specifically binds an
undifferentiated pluripotent cell over a cell differentiated from an undifferentiated
pluripotent cell. For example, the aniibody exhibits specific binding against
undifferentiated pluripotent cell(s) over embryoid bodies formed from such cells.

In one example an isolated heavy chain variable region polypepfide is provided, the
heavy chain variable region polypeptide comprising the following CDRs:

CDR1: GFTFSNYYMN (SEQ ID NO: 4)
CDR2: EIRLKSNNYATHYAESVKG (SEQ ID NO: 5)
GDR3: FGY (SEQ 1D NO: 6)

In one example an antibody is provided, the antibody comprising a heavy chain and a

light chain variable region sequence, wherein: )
the heavy chain comprises a CDR1, CDR2, CDR3, having at least 85% overall
sequence identity to COR1: GFTFSNYYMN (SEQ ID NO: 4), CDR2:
EIRLKSNNYATHYAESVKG (SEQ ID NQ: 5), CDR3: FGY (SEQ ID NO: 6), and
the light chain comprises a CDOR1, CDR2, CDR3, having at least 85% overall
sequence identity to CDR1: SASSSVSYMF (SEQ ID NO: 1), CDR2: LTSNLAS
(SEQ ID NO: 2), CDR3: QQWSSNPYT (SEQ ID NO: 3), respectively.

In some examples the degree of sequence identity may be one of 86%, 87%, 88%, 89%,

80%, H1%, 92%, 93%, 84%, 95%, 96%, 97%, 98%, 99%, or 100%.
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In-ancther example an antibody, optionally isolated, is provided comprising a heavy chain
and a light chain variable region sequence, wherein:

the heavy chain sequence has at léast 85% sequence identity to the A1H heavy
chain sequence shown in Figure 154, and
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the light chain sequence has at least 85% sequence identity to the A1L light chain
sequence shown in Figure 158,

In some examples the degree of sequence identity may be one of 86%, 87%, 88%, 89%,
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98%, or 100%.

In some examples the antibody or-polypeptide further comprises variable region heavy
chain framework sequences between the CDRs. The framework sequences may be
derived from human consensus framework sequences.

In one example an isolated light chain variable region polypeptide, oplionally in
combination with a heavy chain variable region polypeptide as described herein, is
provided, the light.chain variable region polypeptide comprising the following CDRs:

CDR1: SASSSVSYMF (SEQ ID NO: 1)
CDR2: LTSNLAS (SEQ ID NO: 2)
CDR3: QQWSSNPYT (SEQ ID NO: 3)

In some examples the antibody or polypeptide further comprises variable region light
chain framework sequences between the CDRs. The framework sequences may be
derived from human consensus framework sequences.

In another example, a composition, e.g. a pharmaceutical composition or medicament, is
provided. The composition may comprise an antibody ot polypeptide as described herein
and at least one pharmaceutically-acceptable carrier, excipient, adjuvant or diluent.

The antibody may be an IgG. It may have a molecular weight of about 140 to 160kDa,
preferably about 150kDa.

In some examples, preferred antibodies are bivalent.
In some examples the antibady may be mAb A1.

Antibody mAb A1 was produced from a hybridoma cell, TAG-A1, which has been
deposited with American Type Culture Collection (ATCC), Manassas, VA, USA by
Agency for Science, Technology and Research, 1 Fusionoplois Way, #20-10 Connexis,
Singapore 138632 on 20 March 2014 under accession number PTA-121134 in
accordance with the provisions of the Budapest Treaty.



10

15

20

25

30

‘Accordingly, a hybridoma cell line TAG-A1, deposited with American Type Gulture

Collection under Accession Number PTA-121134 is provided. A manocional antibody
produced from hybridoma cell line TAG-A1, deposited with American Type Culiure
Collection under Accession Number PTA-121134 is provided.

The antibody preferably exhibits specific binding towards more than one glycosylated
protein antigen, particularly glycosylated proiein antigens presentin, or on,
undifferentiated pluripotent cells, wherein the glycosylation on the protein antigens
comprises the glycan motif Fuca1-2GalB1 -3GIcNACB 1-3Galp1 or Fuca1-2Galp1-
3GIcNAc. This motif may optionally be present as part of a larger glycan or may
represent the complete glycan. The glycan may preferably be O-linked to the protein.

The pluripotent cells may express one or more glycosylated proteins having the glycan
motif Fuca1-2GalB1-3GicNAcB1-3GaIR1 or Fuca1-2GalB1-3GIcNAg either in the cell
and/or on the cell surface. In this specification undifferentiated pluripotent cells may be
undifferentiated pluripotent stem cells. Preferably, they are human or mammalian.

In another example an isolated nucleic acid encoding an antibody or polypeptide as
described herein is provided.

in one example there is provided a vectar comprising a nucleic acid described herein. In
another example, there is provided a hest cell comprising the vector, For example, the
host cell may be eukaryatic, or mammalian, e.g. Chinese Hamster Ovary (CHO), or
human or may be a prokaryotic cell, &.g. E. coii.

In one example a method for making an antibody or polypeptide as described herein is
provided, the method comprising culturing a host cell as described herein under
conditions suitable for the expression of a vector encoding the antibody or polypeptide,
and recovering the antibody or polypeptide.
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In another example there is provided a methed of destroying an undifferentiated
pluripotent cell or cells in a sample containing such cells, the methed
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comprising contacting a sample of cells containing an undifferentiated pluripotent cell or cells
with an antibedy as described herein.

In another example there is provided a method of rermoving an undifferentiated pluripotent cell
or cells from a sample containing such cells, the method comprising contacting a sample of
cells containing an undifferentiated piuripotent cell or cells with an antibody as described
hersin.

in another example there is provided a method of enriching pluripotent cells that have.
undergone or are undergoing differentiation frormn a mixture.comprising undifferentiated
pluripotent cells and such cells that have undergone or are undergoing differentiation, the
method comprising contacting the mixture with an antibody as described herein for a period of
time sufficient for the antibody to kill undifferentiated pluripotent cells. The method may further
caomprise the step of separating live cells from dead cells.

In another-exampie there is provided a method of preparing a composition containing cells
differentiated from undifferentiated pluripotent cells which composition contains substantially
no undifferentiated pluripotent cells, the method comprising:
{i) providing a population of celis cormprising undifferentiated pluﬁpoten’t cells and
cells differentiated from undifferentiated pluripotent cells;
(ii) contacting the population with an antibody as described herein under conditions
permitting the antibody to kilt undifferentiated pluripotent cells; and
(iii} separating live cells remaining after step (ji) from dead celis.
The method may further comprise mixing the separated cells from (iii) with a pharmaceutically
acceptable carrier, adjuvant or diluent.

In another example there is provided an.in vitra complex comprising an undifferentiated
pluripotent cell bound to-an antibody as described herein, The complex may be isolated.

Methods as described herein may prefersbly be peiformed in vitro. The methods may
comprise incubating cells and antibady tegether for a predetermined period of time sufficient
for the antibody to exert a cytotoxic effeet. Such period of time may be
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one of at least 1 minute, at least 2 minutes, at least 5 minutes, at least 10 minutes, at.
least 20 minutes, at least 30 minutes, at least 40 minutes, at least 50 minutes, or at least
860 minutes.

In another example a method of treating a patient in need of cell therapy is provided, the
method comprising administering to the patient a composition containing cells
differentiated from undifferentiated pluripotent cells which composition containg
substantially no undifferentiated pluripotent celis, wherein the composition is obtained by
a method described herein.

The use of cells differentiated from undifferentiated pluripotent cells ohtained by a method
described herein in the manufacture of a medicament for treating a patient in need of cell
therapy is also provided.

A cell or cells differentiated from undifferentiated pluripotent cells and obtained by a
method described herein is also provided for use in treating a patient in need of cell
therapy.

Description

Antibodies

Antibodies aceording to the present invention preferably to a glycan comprising the

glycan motif Fucai-2Galp1-3GIeNAcB1-3Galf1 or Fucai-2GalB1-3GIcNAC, orto a
glycosylated protein, wherein the glycosylation comprises the glycan motif Fuca1-2Galg1-
3GIcNACBR1-3GalR1 or Fuca1-2Galp 1-3GlcNAC.

In some embodiments, antibodies according to the present invention bind to a glycan or
glycosylated protein comprising the glycan motif Fucat1-2Galp1-3(Fucal -4)GicNAc.

In some embodiments, antibodies according to the present invention bind to a glycan or
giycosylated protein comprising the glycan motif (Fuct1-2)Galg1-3GIcNAcB1-3Gal31-
4Glc,

In some embodiments, antibodies according to the present invention bind to a glycan or
glycosylated protein comprising the glycan motif Fuca1-2Gal1-3GlcNAc.
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The antibodies are preferably cytotoxic against undifferentiated pluripotent cells. Upon
contact with an undifferentiated pluripotent cell an antibody according to the present
invention may kill the cell in one of less than 30 minutes, less than 20 minutes, less than
10 minutes, I_ess than 5 minutes, iess than 2 minutes or less than 1 minute,

Cytotoxicity of the antibody against undifferentiated pluripotent cells is preferably time-
and dosage-dependent. The aniibody preferably induces cell death via oncosis, and
preferably not via apoptosis. .

Antibody treated undifferentiated pluripotent cells preferably exhibit morphological
changes, such as loss of membrane micrpvi_!!i, formation of membrane pores, cell
swelling, mitochondria enrichment and peripherél relocalization, destruction of actin-
eytoskeleton and exposure of nucleus.

Preferably, the antibody specifically binds an undifferentiated pluripotent cell (parent
pluripotent cell) over a cell differentiated from an undifferentiated pluripotent cell
(differentiated progeny cell). For example, the antibody exhibits specific binding égainst
undifferentiated piuripotent celi{s) over embryoid bodies formed from such cells.

Antibodies adcording to the present invention may be provided in isolated form.

By "antibody” we include a fragment or derivative thereof, or a synthetic antibody or
synthetic antibody fragment.

In view of today's techniques in relation to monoclonal antibody technology, antibodies
can be preparéd to most anfigens. The antigen-binding portion may be a part of an
antibody (for example a Fab fragment) or a synthetic antibody fragment (for example a.
single chain Fv fragment [ScFv]). Suitable monoclonal antlbodies to selected antigens
may be prepared by known technigues, for example those disciosed in "Monoclonal
Antibodies: A manual of techniques ", H Zola (CRC Press, 1988) and in "Monoclonal
Hybridoma Antibodies: Techniques and Applications *, J G R Hurrell (CRC Press, 1982).
Chimaeric antibodies are discussed by Neuberger et al (1988, 8th International
Biotechnology Symposium Part 2, "(9'2-799).‘ '

Monoclonal antibodies (mAbs) are useful in the methods of the invention and are a
homogenous population of antibodies specifically targeting a single epitope on an
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antigen. Thus, mAbs binding glycosylated proieins having the glycan motif Fucat-
2Galp1-3GIcNAcB1-3GalB1 or Fucal-2Galp1-3GlcNAc can potentially be used to purify
or eliminate subsets of viable cells exhibiting a repericire of antigens that characteriies
undifferentiated cells or cells differentiating into a specific lineage.

Polyclonal antibodies are useful in the methods of the invention. Monospecific polyclonal
antibadies are preferred. Suitable polyclonal antibodies can be prepared using methods
well known in the art,

Fragments of antibodies, such as Fab and Fab, fragments may also be used as can
genetically engineered antibodies and antibady fragments. The variable heavy (Vy) and
variable light (Vi) domains of the antibody are involved in antigen recognition, a fact first
recognised by early protease digestion experiments. Further confirmation was found by
"humanisation" of rodent antibodies. Variable domains of rodent origin may be fused to

" constant domains of human origin such that the resultant antibody retains the antigenic

specificity of the rodent parented antibody (Morrison et al (1984) Proc. Natl. Acad. Sd.
USA 81, 6851-6855).

That antigenic specificity is conferred by variable domains and is independent of the
constant domains is known from experiments involving the bacterial expression of
antibody fragments, all containing one or more variable domains. These molecules
include Fab-like molecules (Better et al (1988) Science 240, 1041); Fv molecules (Skerra
et al (1988) Science 240, 1038); singie-chain Fv (ScFv) molecules where the Viyand Vi
partner domains are linked via a flexible oligopeptide (Bird et al (1988) Science 242, 423;
Huston et al {1988) Proc. Natfl. Acad. Sd. USA 85, 5878) and single domain antibodies
(dAbs) comprising isolated V domains (Ward et al (1989) Nature 341, 544). A general
review of the fechniques involved in the synthesis of antibody fragments which retain their
specific binding sites is to be found in Winter & Milstein (1291} Nature 349, 293- 289,

By "ScFv molecules" we mean molecules wherein the Vy and Vi partner domains are
covalently linked, e.g. by a flexible cligopeptide.

Fab, Fv, ScFv and dAb antibody fragments can all be expressed in and secreted from E.
cali, thus allowing the facile production of large amounts of the said fragments.

Whole antibodies, and F(ab'); fragments are "bivalent”. By "bivélent“ we mean that the
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said antibodies and F({ab"): fragments have two antigen combining sites. In contrast, Fab,
Fv, ScFv and dAb fragments are monovalent, having only one antigeh combining site.
Synthetic antibodies which bind to glycosylated proteins having the glycan motif Fuca-
2Galp1-3GlcNAcB1-3GalBi or Fucai-2GalB1-3GIcNAc may also be made using pﬁage
display technology as is well known in the art.

In certain methods, the antibody is mAb A1, or a variant of mAb A1. mAb A1 comprises
the following CDR sequences:

Light chain:
)} SASSSVSYMF (SEQ ID NO: 1)
i) LTSNLAS _ (SEQ 1D NO: 2)
iif) QQWSSNPYT ' (SEQID NO: 3)
Heavy chain:
iv) GFTFSNYYMN (SEQ ID NO: 4)
v) EIRLKSNNYATHYAESVKG (SEQ ID NO: 5)
vi) FGY : (SEQ ID NO: 6}

CDR sequences determined by Chothia/AbM definition.

Antibodies acbording to the present invention may comprise the CDRs of mAh At.ln an
antibody accbrding to the present invention one ortwo or three ar four of the seguences
(i) to (vi) may vary. A variant may have one or two amino acid substitutions in cne or two
of the sequences (i) to (vi).

The amino acid sequence (and encoding pelynucieotide sequence) of the Viyand Vi
chains of mAb A1 have been determined as shown in Figure 15.

The light and-heavy chain CDRs 1-3 of mAb A1 may also be particularly useful in
conjunction with a number of different framewark regions. Accordingly, light and/or heavy
chains having CDRs 1-3 of mAb A1 may possess an alternative framework region,
Suitable framework regions are well known in the art and are described for example in M.
Lefranc & G. Le:franc (2001) "The Immunoglobulin FactsBook”, Academic Press,
inéprporated herein by reference.
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In this specification, antibodies may have Vy and/or VL chains comprising an amino acid
sequence that has a high percentage sequence identity to the mAb A1 Vy andfor V.
amino acid sequences of Figure 15.

For example, antibedies according to the presen-t invention include antibodies that bind
the glycan motif Fuca1-2GalB1-3GIcNAcB1-3Galpt or Fucd‘I-ZGal[ﬂ-SGlcNAc
(preferably a glycoslated protein having the glycan motif Fuca1-2GalB1-3GIcNACB1-
3GalB1 or Fuca1-2GalB1-3GlcNAc) and have a Wy chain that comprises an amino acid
sequence having at least 70%, more preferably one of at least 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or 100%, sequence identity to the Vi chain amino acid
sequence of mAb A1 shown in Figure 15.

Antibodies according to the present invention include antibodies that bind the giycan motif
Fucal-2GalB1-3GIcNAcB1-3GalB1 or Fucal-2Galp1-3GIcNAc (preferably a glycoslated
protein having the glycan motif Fucai-2Gal 1-3GIcNAcB 1-3Galp1 or Fucg1-2Galp1-
3GlcNAc) and have a V) chain that comprises an amine acid seguence having at least
70%, more preferably ane of at least 75%,. 80%, 85%, 90%, 85%, 96%, 97%, 98%, 98%
or 100%, sequence identity to the Vi chain amino acid sequence of mAb A1 shown in
Figure 15. ‘

Antibodies according to the present invention may be used to eliminate residual
undifferentiated pluripotent cells after differentiation and opfionally prior to animal
transplantation trials to test the function of the differentiated cells.

Antibodies according to the present invention {optionally in combination with other mAbs

as described in WO 2007/102787) may be used prior to tfransplantation fo eliminate
residual undifferentiated hESC ar undifferentiated induced pluripotent stem cells, thus

increasing the success and safety of the graft in regenerative clinical applications.

Antibodies according to the present invention can potentially be used to eliminate subsets

. of viable cells exhibiting a repertoire of antigens that characterizes undifferentiated

pluripotent cells.

Antibodies according to the present invention may be detectably labelled or, at least,
capable of detection. For example, the antibody may be labelled with a radioactive atom

or a coloured molecule or a flucrescent melecule or a molecule which can be readily
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detected in any other way. Suitable detectable molecules include fluorescent proteins,
luciferase, enzyme substrates, and radiolabels. The binding moiety may be directly
labelled with a detectable label or it may be indirectly labelled. For example, the binding
moiety may be an unfabelled antibody which can be detected by another antibody which
is itself labelled. Alternatively, the second antibody may have bound to it biotin and
binding of labelled streptavidin to the biotin is used to indirectly label the first antibody.

Methods
Methods according to the present invention may comprise:
(a) isolating cells differentiated from pluripotent cells from the parent undifferentiated
pluripotent cells; _
(b) separating cells differentiated from pIuripbtent cells from the parent
undifferenfiated pluripotent cells;
(¢) enriching cells differentiated from pluripotent cells from the parent undifferentiated
pluripotent cells; ‘
(d) preparing a composition of cells differentiated from piuripotent cells, which
compasition has substantially no undifferentiated pluripotent cells,

Each method may comprise contacting a sample containing undifferentiated piuripotent
cells {parent hluripotent cells) and cells differentiated from the parent pluripotent cells
(differentiated progeny cells) with an antibody according to the present invention for a
period of time sufficient for the antibody fo exert its cytotoxic effect and kill
undifferentiated pluripotenf cells contained in the sample. Preferably, the amount of
antibody used and period of time is sufficient for all; or substantially all, undifferentiated
cells in the sample to be killed leaving a sample that is a purified population of
differentiated progeny cells. Sufficient time. may, for example, be one of at least 1 minute,
at least 2 minutes, at least 5 minutes, at least 10 minutes, at least 20 minutes, atleast 30
minutes, at least 40 minutes, at least 60 minutes, 90 minutes or longer than 2 hours.

Contacting of the antibody and cells may be under conditions suitable to permit binding of
the antibody to glycosylated protein antigens present in the sample. Such conditions are
well known fo those of ordinary skill in the art, for example comprising physiclogical pH
and physiological buffer.

Methods according to the present invention may comprise the step of partitioning,
removing, isolating, separating, purifying or enriching cells not killed by the antibody,
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Methods according to the present invention may comprise the step of destroying cells
bound by the antibody, Methods according to the present invention may further comprise
the step of quantifying cells that have been partitioned, removed, isolated, separated,
purified, or enriched.

In methods of the present invention the antibody may be immabilised on, e.g. conjugated
to, a solid support so-that the undifferentiated pluripotent celi(s) can be bound by affinity
binding. Conveniently, the solid support comprises any suitable matrix such as agafose,
acrylamide, Sepharose™ and Sephadex™. The solid support may be a solid substrate
such as a microftiire plate or chip, or a column.

In some embodiments the antibody is magneticélly labelled (either directiy or indirecfly)
such that, when bound, the undifferentiated pluripotent cell(s) can be separated from the
rest of the sample upon provision of a suitable magnetic field. Microbeads used for
magnetic cell sorting are often termed MACS colloidal super paramagnetic microbeads.
Undifferentiated pluripotent cells labelled in this way may be sorted by magnetic activated
cell sorting (MACS).

Other methods of separating cells which comprise a specific cellular marker are known in
the art and include FACS (Fluorescence Activated Cell Sorting) for which the antibody is
labelled with a fluorescent molecule.

Methods according to the present invention may comprise the step of culturing the
differentiated progeny cells which have been partitioned, removed, isolated, separated,
purified, or enriched,

Methods according o the present invention may be used to provide an enriched or
substanﬁai!y isolated composition of differentiated progeny ceiis. Such a composition may
be used in various ways, for example it may be used in cell therapy or it may be ué_ed as
a source of cells which are then encouraged fo differentiate (by continued or further
differentiation) into a particular cell lineage which is useful for a particular therapy, orit
may be used o investigate {in vitro or in vivo) the factors which allow for the cell to

differentiate into other cells.

Typically, the enriched composition of differentiated progeny cells contains at least 50%
of the cells as differentiated progeny cells, preferably at least 70% or at least 80% or at
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least 95%. Preferably, all of the cells in the composition are the said differentiated
praogeny cells.

Methods for enriching a population of cells preferably involve increasing the concentration
of the cells in the sample or increasing the population of cells (i.e. number of cells of a
given type), either absolutely or relative to the number of other cells in the sample.

The invention also provides methods of destroying an undifferentiated pluripotent cell or
cells, the method comprising contacting undifferentiated piuripotent cell(s) with an
antibody of the present invention.

In some methods, the antibody mediates cell de-ath by an oncosis mechanism, which is a
form of cell death resulting from membrane damage leading to an increase in cell
permeabiiity {as evidenced by permeability to dyes such as propidium iodideftrypan blué)
and cell shrinkage. Cell death induced by the methods of the invention may be preceded
by poration of the cell membrane, blebbing and/or cell clumping.

Methods for destroying undifferentiated pluripotent cells may be used to remove
undifferentiated pluripotent cells from a cell population that has been induced to
differentiate. :Methods for destroying undifferentiated pluripotent cells may be used prior
to transplantation of tissues or organs o eliminate residual IPSCs, thus increasing the
success and safety of the graft, particularly by reducing the risk of teratoma formation.

Methods according to the present invention are preferably performed in vitro. The term "in
vitro” is intended to encompass experiments with cells in culture whereas the term "“in

vivo" Is intended to encompass experiments with intact multi-celluiar organisms,

Kits
According to some aspects of the present invention a kit of parts is provided comprising
an antibody according to the present invention.

The kit may further comprise an agent capable of detecting a marker of pluripotency. The
marker may be one or more of Oct4, SSEA-4, Tra-1-60, Tra-1-81 and GCTM-2. The
agant may be antibody that binds to such a marker, .g. one of mAb 5, mAb 8, mAb 14,
mAb 63, mAb 84, mAb 85, mAb 95, mAb 375, mAb 432, mAb 529,
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In some embodiments, the kit comprises an antibody according to the present invention
and an antibody to one or more of Oct4, SSEA-4, Tra-1-60, Tra-1-81 and GCTM-2.
Typically, the kit may also contain one or more of: reagents for use in immunochemistry;
the antibodies immobilised to a solid support; means for labelling the antibodies; means
for linking the antibodies fo a cytotoxic moiety.

Sample

Some methods of the present invention involve a sample containing cells. The sample
may be any quantity of cells which contains, or is suspected of containing, one or more
undifferentiated pluripotent cells, The sample may be a culture of cells grown In vifro,
For example, the culture may comprise a_suspension of cells or cells cultured in a culture
plate or dish. '

In preferred embodiments the sample contains undifferentiated pluripotent cells. In some
embodiments the sample contains undifferentiated pluripotent cells and pluripotent celis
that have undergone differentiation or are undergoing differentiation. Pluripotent cells
that have undergone differentiation or are undergoing differentiation may no longer be
pluripotent and are preferably not bound by an antibody according to the present
invention.

The sample may be one in which undifferentiated pluripotent cells have been encouraged
(or promoted) to differentiate intc an embryoid body or into particular cell lineages. and
therefore the sample may contain a mixture of undifferentiated and differentiated cells
(because differentiation is often not an efficient process). Typically in such a sample the
undifferentiated pluripotent cells constitute a few percent of the total number of cells.
Typicalty, the differentiated cells in the sample may one or more of ectoderm, endoderm,
mesaderm (representing the three primary lineages of differentiated cell),
cardiomyocytes, pancreatic Islets, neuronal progenitor cells or mesenchymal stem cells
which are derived (by differentiation) from the pluripotent celis. Removal (or destruction)
of the undifferentiated pluripotent cells from (or in) such a sample will be useful prior to
the clinical application of the sample which contains differentiated cells because,
potentially, the undifferentiated piuripotent cells can form undesirable teratomas.
Typically, in methods of the present invention at least 95% of the undifferentiated
pluripotent cells are removed, partitioned or destroyed. Preferably, all of the said cells are .
removed, partitioned or destroyed.



10

15

20

25

30

35

WO 2015/084262 PCT/5G2014/600570

20

Stem Cells ‘

The term "stem cell’ generally refers to a cell that on division faces two dévelopmental
options: the daughter cells can be identical fo the original cell {seif-renewal) or they may
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 cne
of each cell typé can be formed). Stem cells are therefore cells which are not terminally
differentiated and are able to produce cells of other types.

Pluripotent Stem Cells

Pluripotent stem cells are true stem cells, with the potential to make any differentiated cell
in the body, but not an entire organism.They cannot confribute fo making the
extraembryonic membranes which are derived from the frophoblast. Several types of

pluripotent stem cells are known, including embryonic stem cells and induced pluripotent
stem cells.

In‘the present specification an undifferentiated pluripotent cell may be an undifferentiated
pluripotent stem cell,

Pluripotent stem cells may be derived from rabbit, guinea pig, rat, mouse or other rodent,
cat, dog, pig, sheep, goat, cattle, horse, noen-human primate or other non-human
vertebrate organism. In preferred embodiments the pluripetent stem cells are human.

Embryonic Stern Cells
Embryonic 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.

In the present application embryonic stem cells may be derived from rabhit, guinea pig,
rat, mouse or other rodent, cat, dog, pig, sheep, goat, cattle, horse, non-human primate

_ or other non-human vertebrate organism. In preferred embodiments the embryonic stem

celis are human.

Embryonic stem cells may be obtained from the blastocyst, although in some
embodiments the present invention does not encompass embryonic stem cells
(particularly human) obtained by a method causing destruction of an embryo.

Induced Pluripotent Stem Cells
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Induced pluripotent stem cells, commonly abbreviated as iPS cells or iPSCs, are a fype 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),
Maherali N, et. al. (2007), Yu J, et al. (2007) and Takahashi et al., (2007), all of which are
incorporated herein by reference. '

iPS cells are typically derived by transfection of certain stem cell-associated genes 'into
non-pluripotent cells, such as adult fibroblasts. Transfection is typically achieved through
viral vectors, for example through retroviral reprogramming. Transfected genes inciude
the master transcriptional regulators Oct-3/4 (Pouf81) 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 hiochemically simiiar to piuripotent
stem cells, and are typically isolated through morphological selection, doubling time, or
through a reporier gene and antibiotic infection.

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, ¢-
Myc and KIf4. The cells may be additionally transfected with other genes, including
transcription factors and/or marker genes. The genes may be introduced using a
transposon system such as the CrefloxP 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
amphotropicvirus. Once the cells have been transfected, they may be grown on feeder
cells before transfer to an ESC culture medium.

The IPSCs may be derived from rabbit, guinea pig, rat, mouse or other rodent, cat, dog,
pig, sheep, goat, cattie, horse, non-human primate or other non-human vertebrate
organism. In preferred embodiments the IPSCs are derived from human celis.

iPS cells useful in the invention may be derived from any suitable cell type, including lung,
foreskin fibroblasts, skin fibroblasts, keratinocytes, blood progenitor celis, 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
dettved from human, mouse or othet mammals. Preferably, the iPS cells are human. In
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some cases, the cells are not human dermal fibroblasts. The IPSCs may exhibit similar
patterns of gene expression and phenotype fo ESCs.

-Like ESCs, future therapeutic applications of differentiated induced pluripotent stem cells
carry a risk of teratoma formation by contaminating residual undifferentiated IPSC.
Despite this problem; currently there are not many strategies developed to separate these
cell populations.

Multipotent Stem Cells

Multipotent stem cells are true stem cells but can only differentiate into a limited number
of types, Far 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
replace 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 technigues e.g. PCR, RT-PCR and Southem blotting.

Aduit 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.

These latter stem cell types are also the principal feature of umbilical cord-derived stem
cells. Adult stem cells can mature both in the laboratory and in the body into functional,
more specialised cell types although the exact number of cell types is limited by the type
of stem cefl chosen.

Culture of Stem Cells

Any suitable method of culturing stem cells may be used in the methods and
compositions described here.

Any suitable container may be used to propagate stem cells according to the methods
and compositions described here. Suitable containers inciude those described in US
Patent Publication US2007/0264713 (Terstegge).
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Containers may include bioreactors and spinners, for example. A “piocreactor”, as the term
is used in this document, is a container suitable for the cultivation of eukaryotic cells, for
example animal-cells or mammalian cells, such as in a large scale. A typical cultivation

volume of a regulated bioreactor is. between 20 ml and 500 ml.

The bioreactor may comprise a regulated bioreactor, in which one or more conditions
may be controlied 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
regulated via the amount and the composition of the selected gas mixiure (e.9., airor a
mixture of air and/or oxygen and/or nifrogen and/or carbon dioxide). Suitable devices for
measuring and regulating the oxygen partial préssure 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 A T. Jackson A T.,
Verfahrenstechnik in der Biotechnologie, Springer, 1ISBN 3540561900 (1993)).

Other suitable containers include spinners. Spiriners are regulated or unregulated
bioreactors, which can be agitated using various agitator mechanisms, such as glass bali
agitators, impeller agitators, and other suitable agitators. The cultivation volume ofa
spinner is typicaily betweeﬁ 20 ml and 500 ml. Roller bottles are round cell culture flasks
made of plastic or glass having a culture area of between 400 and 2000 cm?. The cells
are cultivated along the entire inner surface of these flasks; the cells are coated with
culture medium accomplished by a "roling" motion, i.e. rotating the boitles about their
own individual axis.

Alternatively, culture may be static, i.e. where active ég’itation of the culturefculture media
is not employed. By reducing agitation of the culture, aggregates of cells may be allowed
to form. Whilst some agitation may be employed fo encourage distribution and flow of the
culture media over the cultured cells this may be applied so as not to substantially disrupt
aggregate formation. For example, a low rpm agitation, e.g. less than 30rpm or less than
20rpm, may be employed.

Propagation with Passage

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

during culture. The methods may involve continuous or continual passage.
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By “continual” or “continuous”, we mean that our methods enable growth of stem cells in
a fashion that enables them fo 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,
five times, efc. In some cases, this may be repeated any number of times, for example
-indefinitely or infinitely.

Cells in culfure may be dissociated from the substrate or fiask, and “split”, subcultured or
passaged, by dilution into tissue culture medium and replating.

Cells growing on particles may be passaged back onto particle culture. Alternatively, they
may be passaged back onte conventional (2D cultures. Tissue culture cells growing on
plates may be passaged onto pariicie culture.

The term “passage” may generally refer {o 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 éteps:
aspiration, rinéing, frypsinization, incubation, dislodging, quenching , re-seeding and
aliguoting. The protocol published by the Hedrick Lab, UC San Diego may be used
{hitp.//hedricklab.ucsd. edu/Protocol/COSCell.htmb).

The cells may be dissociated by any suitable means, such as mechanical or enzymatic
means known in the art, The cells may be broken up by mechanical dissociation, for
example using a cell scraper or pipette. The celis 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 enzymalic dissociafion, for example by treatment with collagenase or trypLE
harvested. The dissociation may be complete or partial,

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,

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 passages or more. Passages may be
expressed as generations of cell growth. Our methods and compositions aliow stem cells
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to prdpagate for1,2,3,4,5,6,7,8, 910,11, 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. Our methods and
compositions allow stem cells to propagate for 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11,12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 cell doublings ormore.

Maintenance of Stem Cell Characterisfics
The propagated stem cells may retain at least one characteristic of the parent stem cell.
The stemn cells may retain the characteristic afier one or mote passages. They may do so

after a piurality of passages. They may do so after the stated number of passages as
described above,

The characteristic may comprise a morphological characteristic, immunchistochemical
characteristic, a molecular biological characteristic, etc. The characteristic may comprise

a biological activity,

Stem Cell Characteristics

The stem cells propagated by our methods may display any of the following stem cell
characterisfics,

Stem cells may display increased expression of Oct4 and/or SSEA-1 and/or TRA-1-60.
Stem cells which are self-renewing may display a shortened cell cycle compared to stem
cells which are not self-renewing.

Stem cells may display defined morphelogy. For example, in the two dimensions of a
standard microscopic image, human embryonic stem cells display high
nuclear/cytoplasmic ratios in the plane of the image, prominent nucleoli, and compact
colony formation with poorly discernable cell junctions.

Stem cells may also be characterized by expressed cell markers as described in further
detail below. '

Exgreésion of Pluripotency Markers
The biological activity that is retained may comprise expression of one or more
pluripotency markers.
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Stage-specific embryonic antigens (SSEA) are characteristic 6f certain embryonic cell
types. Antibodies for SSEA markers are available from the Developmental Studies
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
Tumoers, 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. ‘
Differentiation of primate pluripotent stem cells (pP3S) 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 alkalineg 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 fnanufacturer (Vector Labaratories,
Burlingame 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
Detection Kit, Cat, s7707; intergen Co,, Purchase N.Y.; or TeloeTAGGG.TM. Telomerase
PCR ELISA plus, Cat. 2,013,89; Roche Diagnostics, Indianapeolis). hTERT expressibn
can also be e;faluated at the mRNA level by RT-PCR. The LightCycler TeloTAGGG™
hTERT quantification kit (Cat. 3,012,344; Roche Diagnostics) is available commercially
for research purposes.

Any one ar more of these pluripotency markers, including FOXD3, PODXL, alkaline
phosphatase, OCT-4, SSEA-4, TRA-1-60 and Mabs4, efc, may be retained by the
propagated stem cells.

Detection of markers may be achieved through any means known in the art, for example
immunologically. Histochemlcal stalning, flow cytometry (FACS), Westerh Blot, enzyme-
linked immunoassay (ELISA), etc may be used.

- Flow immunosytochemistry may be used to detect cell-surface markers,

immunohistochemistry (for exampie, of fixed cells or tissue sections} may be used for
infracellular 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.
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For this purpose, antibodies to the pluripotency markers as available from commercial
sources may be used.

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
Chemicon Internaticnal, Inc (Temecula, CA, USA). The immunclegical detection of fhese
antigens using monoclonal antibodies has been widely used to charactefize pluripotent
stem celis (Shambilott M.J. et. al. (1998) PNAS 95: 13726-13731; Schuidiner 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 Biotechno!dgy 18: 399-404; Henderson J.K. t. al.
{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 franscriptase
initiated polymerase chain reaction (RT-PCR) using sequence-specific primers in
standard amplification methods, Sequence data for the particular markers listed in this
disclosure can be obtained from public databases such as GenBank (URL '
www.ncbi.n[rﬁ.nih.qov:BO!entrez). Ses 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
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, 83% or more,

95% or more, 97% or marg, 98% or more, 99% or more, ar substantially 100%.

Cell Viabhility
The biological activity may comprise cell viability after the stated number of passages.
Cell viability may be assayed in various ways, for example by Trypan Blue exclusion.

A protocol for vital staining follows. Place a suitable velume of a cell suspension {(20-200
L) in appropriate tube add an equal volume of 0.4% Trypan blue and gently mix, let
stand for 5 minutes at room temperature. Place 10 pi of stained cells in a hemocytometer
and count the number of viable (Unstained) and dead (stained) cells. Calculate the
average number of unstained cells in each quadrant, and multiply by 2 x 10¢ to find
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cells/ml. The percentage of viable cells is the number of viable cells divided by the
number of dead and viable cells.

The viability of cells may be 50% or more, 60% or more, 70% or more, 80% or more, 0%
or more, 93% or more, 95% or more, 97% or more, 98% ar more, 89% or more, or
substantially 100%.

Karyotype

The propagated stem cells may retain a normal karyotype during or after propagation. A
"normal” karyotype is a karyotype that is identical, similar or substantially similar to a
karyotype of a parent stem cell from which the stem cell is derived, or one which varies
from it but not in any substantial manner. For exémpie, there should not be any gross

anomalies such as translocations, loss of chromosomes, deletions, efc.

Karyotype may be assessed by a number of methods, for example visually under optical
microscopy. Karyotypes may be prepared and analyzed as described in McWhir et al.
{2008), Hewitt et al. (2007), and Gallimore and Richardson (1273). Cells may also be
karyotyped using a standard G-banding technigue (available at many clinical diagnostics
labs that provide routine karyotyping services, such as the Cylogenetics Lab at Oakland
Calif.) and cohpared to published stem cell karyotypes.

All or a substantial portion of propagated cells may retain a normal Karyotype. This
proportion may be 50% or more, 60% or more, 70% or more, 80% or more, 90% or more,
93% or more, 95% or mare, 97% or more, 98% or more, 99% or more, or substantially
100%.

Pluripotency _

The propagated stem cells may retain the capacity to differentiate into ll three cellular
Iineagés, i.e., endoderm, ectoderm and mesecderm. 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
more, 80% or more, 93% or more, 95% or more, 97% or more, 98% or more, 99% or
more, or substantially 100% of the propagated stem cc_alls.
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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 'p!uripotency, e.g.
SSEA-1 antigen, alkaline phosphatase activity, detection of Oct-4 gene and/or protein
expression, by observing the extent of teratoma formation in SCID mice or formation of
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

Methods may comprise culiuring stem cells in the presence or absence of co-culture. The
ferm "co-culture” refers to a mixture of two or more different kinds of cails 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 particlés orcell container surfaces, or on

different surfaces. The different kinds of cells may be grown on different particles.

Feeder cells, as the term is used in this document, may mean cells which are used for or
required for cultivation of cells of a different type. In the context of stem cell culture;
feeder celis have the function of securing the survival, proliferation, and maintenance of
cell pluripotency. Cell pluripotency may be achieved by directly co-culfivating the feeder
cells. Alternatively, or in addition, the feeder celis may be cultured in a medium to '
condition it. The conditioned medium may be used fo culture the stem cells.

The inner surface of the container such as a culture dish may be coated with a feeder
layer of mouse embrycnic skin cells that have been treated so they will not divide. The
feeder cells release nuirients into ihe culture medium which are required for ES cell
growth. The stem cells growing on particies may therefore be grown in such coated
containers.

Arrangements in which feeder cells are absent or not required are also possible. For

example, the cells may be grown in medium conditioned by feeder cells or stem cells.

Media and Feeder Cells

Media for isolating and propagating pluripotent stem cells can have any of several
different formulas, as long as the cells obtained have the desired characteristics, and can
be propagated further.
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Suitable sources are as follows; Dulbecco’s modified Eagles medium (DMEM),
Gibco#11865-092; Knockout Dulbecco’s modified Eagles medium (KO DMEM),
Gibco#10829-018; 200 mM L-glutamine, Gibco#15039-027; hon-essential amine acid
solution, Gibeco 11140-050; beta-mercaptoethanol, Sigma#M7522; human recombinant
hasic fibroblast growth factor (bFGF), Gibco#13256-029. Exemplary serum-containing
embryonic stem (ES) medium is made with 80% DMEM (typically KO DMEM), 20%
defined fetal bovine serum (FBS) hot heat inactivated, 0.1 mM non-essential amino acids,
1 mM L-glutamine, and 0.1 mM beta-mercaptoethanol, The medium is filtered and étored
at 4 degrees C for no longer than 2 weeks. Serum-free embryonic stem (ES) medium is
made with 80% KO DMEM, 20% serum replacement, 0.1 mM non-essential amino acids,
1 mM L-glutamine, and 0.1 mi beta—mergaptoethahol. An éﬁ’e_ctive 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).

The media may comprise Knockout DMEM media (Invitrogen-Gibco, Grand Island, New
York), supplemented with 10% serum replacement media {Invitrogen- Gibco, Grand
Istand, New York), 5ng/ml FGF2 (Invitrogen-Gibco, Grand Island, New York) and 5ng/mi
PDGF AB (Peprotech, Rocky Hill, New Jersey). '

Feeder cells (where used) may be propagated in mEF medium, containing 90% DMEM
(Gibco#11965-092), 10% FBS {Hycl_one#30071~03), and 2 mM glutamine. mEFs are
propagated in T150 flasks (Coming#430825), splitting the cells 1:2 every other day with
trypsin, keeping the cells subconfluent. To prepare the feeder cell layer, cells are

irradiated at a dose fo inhibit proiiferation buf permit synihesis of important factors that
suppott 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. '

Conditions for culturing other stem cells are known, and can be optimized apprapriately
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.

Serum Free Media
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The methods and compositions described here may include culture of stem cells in a
serum-free medium.

The term “serum-free media” may comprise cell culture media which is free of serum
proteins, e.g. fetal calf serum. Serum-free media are known in the art, and are described
for example in US Patents 5,631,159 and 5,661,034. Serum-f'ree-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
components of unknown compasition. The serum-free media may comprise chemically-
defined media in which all components have a known chemical structure. Chemicatly-
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.

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
serum repiacément'media, at g 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
are cultured may comprise ane or more growth factors. A number of growth factors are
known in the ari, including FGF2, 1GF-2, Noggin, Activin A, TGF beta 1, HRG1 beta, LiF,
S1P, PDGF, BAFF, April, SCF, Fit-3 ligand, Wnt3A and others, The growth factor(s) may
be used at any suitable concentration such as between 1pg/ml to 500ng/ml. '

Media Supplements

Culture media may be supplemented with one or more additives. For example, these
may be selected from one or more of. a lipid mixture, Bovine Serum Albumin {e.g. 0.1%
BSA}, hydrolysate of soybean protein.” '

Sources of Pluripoteht Cells
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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:

1. Reprogramming by nuclear transfer, This technique invoives the transfer of a
nucteus from a somatic cell into an oocyte or zygote. In some situations this may lead to
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 cocyte or zygote or fusion of a human
oocyte or zygote with an animal somatic cell.

2. Reprogramming by fusion with embryonic-stem cells. This technigue involves the
fusion of a somatic cell with an embryonic stem cell. This fechnique may also iead fo the
creafion of animal-human hybrid cells, as in 1 above.

3 Spontaneous re-pregramming by culture. This technique involves the generafion
of 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 piuripotential embryonic stem
celis from murine primordial germ cells in culiure. Cell 70, 841-847, 1992, incorpd'réted
herein by reférence). The development of pluripotent stem cells after prelonged culture of
bone marrow-derived cells has also been reported (Jiang et al., Pluripotency of
mesenchymal stem celis 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
mouse testes, which they designated multipotent germline stem (mGS) cells (Kanatsu-

-Shinohatra et al., Generation of pluripotent stem cells from neonatal mouse testis. Cell

118, 10011012, 2004).

4. Reprogramming by defined factors. For example the generation of iPS cells by
the retrovirus-mediated introduction of franscription factors (such as Oct-3/4, Sox2, c-
Myc, and KLF4) into mouse embryonic or adult fibroblasts, e.g. as described above. Kaji
et al {Virus-free induction of pluripotency and subsequent excision of reprogramming

_ factors. Nature, Online publication 1 March 2009) also describe the non-viral transfection

of a single multiprotein expression vector, which comprises the coding sequences of ¢-
Myc, Kii4, Oct4 and Sox2 linked with 2A peptides, that can repregram both mouse and
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human fibroblasts. iPS celis 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
expreséion of pluripotency markers.

Methods 1-4 are described and discussed by Shinya Yamanaka in Stfategies and New
Developments in the Generation of Patient-Specific Pluripotent Stem Cells (Cell Stem
Cell 1, July 2007 22007 Elsevier Inc), incorporated herein by reference,

5. Derivation of hESC lines from single blastomeres or biopsied blastomeres. See
Klimanskaya.l, Chung Y, Becker S, Lu SJ, Lanzé R. Human embryonic stem cell lines
derived from single blastomeres, Nature 2006; 444:512, Lei et al Xeno-free derivation and
cuiture of human embryonic stem cells: current StatUS-, problems and challenges. Cell
Research (2007) 17.682-688, Chung Y, Klimanskaya |, Becker S, et al. Embryonic and
extraembryonic stem cell lines. derived from single mouse blastomeres. Nature.
2006,439:216-219, Klimanskaya |, Chung Y, Becker S, et al. Human embryonic-stem cell
lines derived from single blastomeres. Nature. 2006;444:481-485. Chung Y, Klimanskaya
[, Becker S, et-al. Human embryonic stem cell lines generated without embryo ‘
destruction. Cell Stem Cell. 2008;2:113-117 and Dusko llic et al (Derivation of human
embryonic stem cell iines frem biopsied blastormeres on human feeders with a minimal
exposure to xenomaterials. Stem Cells And Development — paper in pre-publication}, all
incorporated herein by reference.

8. hESC lines ebtained from arrested embryos which stopped cieavage and failed to
develop to morula and blastocysts in vitro. See Zhang X, Stojkovic I, 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.

7. Parthogenesis (or Parthenogenesis). This technigue involves chemical or
electrical stimulation of an unfertilised egg so as to cause it to develop info a blastomere
from which embryonic stem cells may be derived. For example, see Lin ef al. Multilineage

potential of homozygous stem cells derived from metaphase Il oocytes. Stem Cells.
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2003;21(2):152-81 who employed the chemical activation of nonfertilized metaphase Il
oocytes to produce stem cells. '

8. -Stem celis 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
umbilical-cord-derived fetal mesenchymal stem cells (UC fMSCs) expressing markers of
pluripotency (including Nanog, Oct-4, Sox-2, Rex-1, SSEA-3, SSEA-4, Tra-1-60, and
Tra-1-81,minimal evidence of senescence as shown by p-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 characieristics during extensive expansion. Cell Tissue Res (2008} 334:423—
433, incorporated herein by reference). Wlnstoﬁ Costa Pereira et al (Reproducible
methodology for the isolation of mesenchymal stem cells from human umbilical cord and
its potential for cardiomyocyte generation J Tissue Eng Regen Med 2008; 2: 394-398,
incorporated herein by reference) isolated a pure pepulation of mesenchymat stem cells
from Wharton's jelly of the human umbilical cord, Mesenchymal stem cells derived from
Whaiton's jelly are also reviewed in Troyer & Weiss (Conclse Review: Wharton's Jelly-
Derived Cells Are a primitive Stromal Celi Population. Stem Cells 2008:26:591-599). Kim
et al {(Ex vivo characteristics of human amnioctic. membrane-derived stem cells. _Clonfng
Stem Cells 2607 Winter;9(4):581-94, incorporaied herein by reference) succeeded in
isolating human amniotic membrane-derived mesenchymal cells from human amniotic
membranes. 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.

9. Chung et al. {{2008) Human Embryanic Stemn Cell Lines Generated without
Embryo Destruction. Cell Stem Cell. 2(2) 113-117. Epub 2008 Jan 10] describes fhe

generation of human embryonic setm celf lines with the destruction of an embryo.

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 particuarly by a msthod that
does not cause the destruction of a human or mammalian embryo.

The method described by Chung et al (item 9 above) also permits obtaining of human
embryonic stem cells by a method that does not cause the destruction of a human
embryo.
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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 ceils may be derived. This
optional limitation is specifically intended to take account of Decision G0002/06 of 25
November 2008 of the Enlarged Board of Appeal of the European Patent Office.

Differentiation of Undifferentiated Cells

Undifferentiated pluripotent cells may be induced {o differenitiate into a variety of different
cell fypes. For example, the undiffereritiated piuripotent cells may be induced to
differentiate into cardiac cells (cardiomyocytes), hepatocytes, neural cells, cartilage
{chondrocytes), muscle, fat (adipocytes), bone (osteccytes) or other cells. The
undifferentiated pluripotent cells may be induced to form tissues such as epithelial
tissues, mesoderm, endoderm, ectoderm or epidermis.

Methods of differenfiating stem celis are known in the art and are described in for
example liskovitz-Eldor (2000) and Graichen et al (2007) and may be used with
undifferentiated pluripotent cells. The cultured stem cells may also be used for the
formation of embryoid bodies, 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, énd the distribution and timing of the appearance of
specific cell types corresponds to that observed within the embryo. Embryoid bodies may
be generated by plating out embryonic stem cells onto media such as semi-solid media.
Methylceliulose media may be used as described in Lim et al, Blood. 1887;80:1291-1299.

Embryonic stem cells may be induced to form embryoid bodles, for example using the
methods described in ltskovitz-Eldor (2000). The embryoid bodies contain cells of ali

three embryonic germ layers (endoderm, ectoderm, mesoderm).

The embryoid bodies may be futther induced to differentiate into different lineages for

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

Graichen et al (2007) describes the formation of cardiomyocytes from human embryonic
stem cells by manipuiation 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 pm,
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Differentiated cells may be employed for any suitable purpose, such as regenerative
therapy and cell transplantation as known in the art.

Therapeutic Uses

Differentiated progeny cells obtained by the methods of the present invention have
various uses in medicine, for example in cell therapy. Cell therapy may comprise the
implantation or transplanfation of cells, whether as a population of individual cells, orin
the form of a cell aggregate or tissue, and/or regeherative therapy e.g. tissue
regeneration, replacement and/or repair. Differentiated progeny cells may be expanded
in in vitro culture and directly administered into a patient. They may be used for the
repopulation andfor repair of damaged tissue following trauma.

Differentiated progeny cells may be made by ex vivo expansion or directly administered
into a patient. They may also be used for the re~population and/or repair of damaged
tissue following trauma.

Thus, hematopoietic progenitor cells may be used for-bone marrow replacement, while
cardiac progenitor cells may be used for cardiac failure patients. Skin progenitor cells
may be employed for growing skin grafts for patierts and endothelial progenitor cells for
endothelizatidn of artificial prosthetics such as stents or artificial hearts.

Differentiated progeny cells produced by the methods and compositions described here
may be used for, or for the preparation of a pharmaceutical composition for, the tfreatment
of a disease. Such disease may comprise a disease treatable by regenerative therapy,
including cardiac failure, bone marrow disease, skin disease, burns, degenerative

disease such as diabetes, Alzheimer's disease, Parkinson’s disease and cancer.

Differentiated progeny cells may also be used for tissue reconstitution or regeneration in
a human patient in need thereof. The celis are administered in a manner that permits
them to graft to the infended tissue site and reconstitute or regenerate the functionally
deficient area,

For example, the methods and compositions described here may be used to modulate
the differentiation of stem cells. Differentiated cells may be used for tissue engineering,
such as for the growing of skin grafts. Modulation of stem cell differentiation may be used

for the bioengineering of artificial organs or tissues, or for prosthetics, such as stents.
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In another example, neural stem cells are transplanted directly into parenchymal or
intrathecal sites of the central nervous system, according to the disease being treated.
Grafts are done using single cell suspension or small aggregates at a density of 25,000-
500,000 celis per pl. (U.S. Pat. No. 5,968,829). The efficacy of neural cell transplants can
be assessed in a rat model for acutely injured spinal cord as described by McDonald et
al. (Nat. Med. 5:1410, 1899). A successful transplant will show transplant-derived cells
present-in the lesion 2-5 weeks later, differentiated into astrocytes, oligodendrocytes,
and/or neurons, and migrating along the cord from the lesioned end, and an improvement
in gate, coordination, and weight-bearing.

Certain neural progenitor cells are designed for freatment of acute or chronic damage to
the nervous system. For example, excitotoxicity has been implicated in a variety of
conditions including epilepsy, stroke, ischemia, Huntington's disease, Parkinson's disease
and Alzheimer's disease. Certain differentiated cells as made according to the methods
described here may also be appropriate for treating dysmyelinating d'[sorders,.such as

* Pelizaeus-Merzbacher disease, multiple sclerosis, leukodystrophies, neuritis and

neuropathies, Appropriate for these purposes are cell culfures enriched in
oligodendrocytas or oligodendrocyte precursors to promote remyelination.

Hepatocytes and hepatocyte precursors prepared using our methods can be assessed in
animal models for ability to repair liver damage. One such example is damage caused by
intraperitoneal injection of D-galactosamine (Dabeva st al., Am. J. Pathol. 143:16086,
1993)..Efficacy of treatment can be determined by immunohistochemical staining for liver
cell markers, microscopic determination of whether canalicular structures form in growing
tissue, and the ability of the {reatment fo restore synthesis of liver-specific proteins. Liver
cells can be used in therapy by direct administration, or as part of a bioassist device that
provides temporary liver functioh while the subject's liver tissue regenerates itself
following fulminant hepatic failure. .

Cardiomyocytes may be prepared by inducing differentiation of siem cells by medulation
of the MAP kinase pathway for example with SB203580, a specific p38.MAP kinase
inhibitor, as described in Graichen et al (2007). The efficacy of such cardiomyocytes may
be assessed in animal models for cardiac cryoinjury, which causes 55% of the left
ventricular wall tissue to become scar tissue without freatment (Li et al., Ann. Thorac.
Surg. 62:654, 1996, Sakai et al,, Ann. Thorac. Surg. 8:2074, 1998, Sakai et al., J. Thorac.
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Cardiovasc. Surg. 118:715, 1999). Successful treatment will reduce the area of the scar,
limit scar expansion, and improve heart function as determined by systalic, diastolic, and
developed pressure. Cardiac injury can also be modelled using an embolization coil in the
distal portion of the left anterior descending artery (Watanabe et al., Cell Transplant.
7:239, 1998), and efficacy of treatment can be evaluated by histology and cardiac
function. Cardiomyocyte preparations can be used in therapy to regenerate cardiac
muscle and treat insufficient cardiac function (U.S. Pat. No. 5,919,449 and WO
99/03973).

Undifferentiated pluripotent cells can be directed to differentiate into a variety of cell
types, and offer the possibility of renewakle sources of replacement cells and tissues to
freat a range of diseases and disorders. These diseases and disorders include
Huntington's disease, Parkinson's disease‘, Alzheimer's disease, spinal cord injury, bone
injury {e.g. fracture}, stroke, burns, heart disease, diabetes, osteoarthritis, and rheumatoid
arthritis. Diseases and disorders requiring transplantable tissues and organs may be
treated, and particularly in cases where it is useful to destroy undifferentiated cells before
transplantation, for example to-prevent the formation of teratoma. ‘

The invention provides medicaments and pharmaceutical compositions which may '
comprise diﬁérentiated progeny cells isolated by any of the methods of the present
invention. The medicaments and pharmaceutical compositions may be provided for use in
a method of medical treatment, as described above. Suitablé pharmaceutical

compasitions may further comprise a pharmaceutically acceptable carrier, adjuvant or
diluent.

Thus, the invention also provides a pharmaceutical composition and a medicament

comprising cells which have been treated to destroy undifferentiated pluripotent celis,
using the methods of the invention.

Differentiated progeny cells isolated by a method according fo the present invention may
be used in a method of medical treatment. A method of medical treatment may comprise
administering fo an individual in need of ireaiment a therapeutically effective amount of a
said medicament or pharmaceutical compeosition.
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A subject to be treated may be.any animal or human. The subject is preferably

mammalian, more preferably human. The subject may be male or female. The subject

may be a patient. Therapeutic uses may be in human or animals {veterinary use).

- Medicaments and pharmaceutical compositions according to aspects of the present

invention may be formulated for administration by a number of routes, including but not
limited to, parenteral, intravenous, intra-arterial, inframuscufar, intratumoural, oral and
nasal. The medicaments and composifions may be formulated for injection.

Administration is preferably in a "therapeutically effective amount”, this being sufficient to
show benefit to the individual. The actual amount administered, and rate and time-course
of administration, will depend on the nature and .severity of the disease being treated.
Prescription of {reatment, e.g. decisions on dosage eic., is within the responsibility of
general practitioners and other medical doctors, and typically takes account of the
disorder to be ireated, the condition of the individual patient, the site of delivery, the
method of administration and other factors known to practitioners. Examples of the
technigues and protocols mentioned above can be found in Remington’s Pharmaceutical
Sciences, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins.

" Formulating g.harmaceuticaliy useful compositions and medicaments

In accardance with the present invention methods are also provided for the production of
pharmaceutically useful compositions, which may be based on a cell ot cells so obtained.
fn addition {o the steps of the methods described hierein, such methods of production
may further comprise one or more sieps selecied from: '

(a) isolating and/or obtaining differentiated progeny cells;

(b) mixing the differentiated progeny cells with a pharmaceutically acceptable

carrier, adjuvant or diluent.

Step (b) preferably results in formulationlpréparation of a pharmaceutical composition or
medicament suitable for therapeutic use.

Pratein Expression

Molecular biology techniques suitabile for the producing polypeptides aééording fo the
invention in cells are well known in the art, such as those set out in Sambroolk et al,,

Molecular Cloning: A Laboratory Manual, New York: Cold Spring Harbor Press, 1989
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The polypeptide may be expressed from a nucleotide sequence. The nucleotide
seguence may be confained in a vector present in a cell, or may be incorporated into the
gename of the cell.

A “vector" as used herein is an oligonucleotide molecule (DNA or RNA) used as a vehicle
to transfer exogenous genetic material info a cell. The vector may be an expression
vector for expression of the genetic material in the cell. Such vectors may include a
promoter sequence operably linked 1o the nucleotide sequence encoding the gene
sequence to be expressed. A vector may also include a termination codon and
expression ehhancers. Any suitable vectors, promoters, enhancers and fermination
codons known in the art may be used to express polypeptides from a vector according to
the invention. Suitable vectors include plasmids-, binary vectors, viral vectors and artificial
chromosomes (e.g. yeast artificial chromosomes).

In this specification the term “operably linked” may include the situation where a selected
nucleotide sequence and regulatory nuclectide sequence (e.g. promoter and/or
enhancer) are covalently linked in such a way as to place the expression of the nucleotide
sequence. under the influence or control of the regulatory sequence (thereby forming an
expression cassette). Thus a regulatery sequence s operably linked to the selected
nucleotide seduence if the regulatory sequence is capable of effecting transcription of the
nucleotide sequence. Where appropriate, the resulting franscript may then be translated
into a desired protein or polypeptide.

Any cell suitable for the expression of polypeptides may be used for producing peptides
according to the inveniion, The cell may be a prokaryote or eukaryote. Suitable
prokaryotic cells include E.cofi. Examples of eukaryotic cells include a yeast cell, a plant
cell, insect cell or a mammalian cell. in some cases the cell is not a prokaryotic cell
because some prokaryotic cells do not allow for the same post-transiational modifications
as eukaryotes. In addition, very high expression levels are possibie in eukaryotes and
proteins can be easier to purify from eukaryotes using appropriate tags. Specific
plasmids may also be utilised which enhance secretion of the protein into the media.

Methods of producing a polypeptide of interest may involve culture or fermentation of a
cell modified to express the polypeptide. The culture or fermentation may be performed
in a bioreactor provided with an appropriate supply of nutrients, airfoxygen and/or growth
factors. Secreted proteins can be collected by partitioning culture media/fermentation
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pbroth from the cells, extracting the protein content, and separating individual proteins to
isolate secreted polypeptide. Culture, fermentation and separation technigues are well
krniown to those of skill in the art.

Bioreactors include one or more vessels in which cells may be cuitured. Culture in the
bioreactor may occur continuously, with a continuous flow of reactants into, and a
continuous flow of cultured cells from, the reactor. Alternatively, the culture may oceur in
batches. The bioreactor monitors and controls environmental conditions such as pH,
oxygen, flow rates into and out of, and agitation within the vessel such that optimum
conditions are provided for the cells being cultured.

Folliowing culture of cells that express the polypépﬂde of interest, that polypeptide is
preferably isolated. Any suitable method for separating polypeptides/proteins from cell
culture known in the art may be used. In order to isolate a polypeptide/protein of interest
from a culture, it may be necessary to first separate the cultured cells from media
containing the polypeptide/protein of interest. If the polypeptidefprotein of interest is
secreted from the cells, the cells may be separated from the culture media that contains
the secreted polypeptide/protein by centrifugation. If the polypeptide/protein of interest
callects within the cell, it will be necessary to disrupt the cells prior fo centrifugation,'for
example usiné sonification, rapid freeze-thaw or osmotic lysis. Centrifugation will
produce a pellei containing the cultured cells, or cell debris of the cultured cells, and a

supernatant containing culture medium and the polypeptide/protein of interest.

It may then be desirable to isolate the polypeptide/protein of interest from the supernatant
or culture medium, which may contain other protein and non-profein components. A
common approach to separating polypeptide/protein components frem a supernatant or
culture medium is by precipitation. Polypeptides/proteins of different solubility are
precipitated at different concentrations of precipitating agent such as ammonium sulfate.
For example, at low concentrations of precipitating agent, water soluble proteins are
extracted. Thus, by adding increasing concentrations of precipitating agent, proteins of
different solubility may be distinguished. Dialysis may be subsequently used {o remove
ammonium sulfate from the separated proteins. )

. Other methods for distinguishing different polypeptides/pro.teihs are known in the art, for

example ion exchange chromatography and size chromatography. These may be used
as an alternative to precipitation, or may be performed subseguently to precipitation,
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Once the polypeptide/protein of interest has been isolated from culture it may be
necessary to concentrate the protein. A number of metheds for concentrating a protein of
interest are known in the art, such as ultrafiliration or lyophilisation.

Seqguence Identity

Percentage (%) sequence identity is defined as the percentage of amino acid residues in
a candidate sequence that are identical with residues in the given listed sequence
(referred to by the SEQ 1D NO) after aligning the sequences and introducing gaps if
hecessary, to achieve the maximum sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Sequence identity is
preferably calculated over the entire length of thé respective sequences,

Where the aligned sequences are of different length, sequence identity of the shorter
comparison sequence may be determined over the entire length of the longer given
sequence of, where the comparison sequence is longer than the given sequence,
sequence identity of the comparison sequence may be determined over the entire length -
of the shorter given sequence.

Alignment for-purposes of defermining percent.amino acid sequence identity can be
achieved in various ways known to a person of skill in the art, for instance, using publicly
available computer software such as ClustalW 1.82. T-coffee or Megalign (DNASTAR)
software. When using such software, the default parameters, e.g. for gap penalty and
extension penaity, are preferably used. The default parameters of Clustal\W 1.82 are:
Protein Gap Open Penalty = 10.0, Protein Gap Extension Penalty = 0.2, Protein matrix =
Gonnet, Protein/DNA ENDGAP = -1, Protein/DNA GAPDIST = 4,

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

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

Aspects and embodiments of the present invention will now be illustrated, by way of
example, with reference to the accompanying figures. Further aspects and embodiments
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will be apparent to those skilled in the art, All documents mentioned in this text are
incorporated herein by reference,

Brief Description of the Figures

Embodiments and experiments illustrating the principies of the invention will now be

discussed with reference to the accompanying figures in which:
Figure 1. Table showing overview of methods to prevent hESC tumorigenicity.

Figure 2, Table showing cylotoxic .antibo_dies capable of inducing cell death in
certain target cells.

Figure 3. Table showing hallmarks of apoptosis and their respective assays.

Figure 4. Tables showing (A} hallmarks of oncosis and their respective assays, and
(B) differences between oncosis and apoptosis.

Figure 5.  Charts showing results of flow cytometry analysis of A1 on hESC and iPS
(ESIMR90) cells. (Left) Binding of A1 to hESC and iPS cells (ESIMR90). (Right)
Cytotoxicity of A1 to both hESC and iPS cells. Left bar represents no treatment control
and right bar represents Ai-freated cells.

Figure 6. Flow cytometry analysis of A1 on differentiated hESC. FACs charts
showing the binding of A1 to cells differentiated from hESC via EB formation (a) and
FGF-2-starvation (b). Charts showing the cyfotoxicity of A1 to celis differentiated from
hESC via EB formation (c) and FGF-2-starvation ().

Figure 7. Chart showing cytotoxicity of both A1 and mAb84 on hESC is dosage-
dependent,

Figure 8, Chart showing cytotoxicity of A1 and mAb84 on hESC is‘time_-depend_ent.

Figure 9. Charts showing flow cytometry analysis of the kinetics of A1 cytotoxicity.
(@) Cells were treated with various dosages of A1 from 0.25ug fo 4jg at every 10
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minutes. (b} Cells were treated with various dosages of A1 fram 0.5ug fo 2ug at every 2
minutes,

Figure 10. FACS charts showing flow cytomefry analysis of competitive inhibition
between mAb84 and Al. (a) Double negative control without treatment; (b) positive
control for A1: cells were treated by A1 and labeled with FITC; (c) positive conirol for
mADb84: cells were treated by mAb84 and labeled with APC; (d) cells were treated with A1
and mAb84 simultaneously; (e) cells were firstly treated with mAb84 preceding A1; (f)
cells were firstly treated with A1 preceding mAb&4.

Figure 11.  Charts showing determination of pore size with (A) 40kDa, (B) 70kDa and
{C) 2000kDa dextran beads respectively. Cells -were incubated with mAb 84, mAb 85, or
not treated with any mAbs followed by fiuorescent dextran beads. As a positive control,
cells were fixed and permeabilized. Increase in intracellular fluorescence is correlated
with the enfry of dextran beads into the cells. The population of cells with high
fluorescence was gated and the percentages are represented in the graph.

Figure 12.  Analysis of A1 tfarget antigens on hESC. Western Blot analysis of
immuno-precipitated A1 antigens (a) with/without periodates treatment; (c) with/v;.ritho‘ut
sialidase, PNGase and B elimination freatment; (f with/without sugar-blocked A1 or
mAb84. Flow cytometry analysis of the binding (d) and killing (g} of sugar-blocked A1 or
mAb84 on hESC. (b) Four categories of A1 target antigens on hESC. (e) Schematic
structure of the three glycans that block the binding and killing of A1 on hESC. The
common glycan motif is highlighted in the circie.

Figure 13.  Graphical representation of sugar types used in sugar inhibition assay.

Figure 14. Charis showing flow cytometry analysié of the binding (d) of sugar-blocked
A1 or mAb84 on hESC,

Figure 15. .Alignment and differences in the amino acids sequences of variable
regions between mAb84 (upper row) and A1 (flower row). (A) complete heavy chain, (B)
complete light chain. CDR sequences shown in bold. Differences in sequence of A1
CDRs underiined.

Figure 16,  Transmission Electron Micrographs of Non-treated and A1-treated hESC,
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Non-treated hESC were uniformly distributed (a) and had a regular size about 10um in
diameter and uniformly stained proteins; (c) Al-treated hESC form homotypic adhesions;
(d) A unit of homotypic adhesions formed by 4 cells; cells were not uniformly stained and
lost different degrees of membrane and cell integrity; diameters were labeled for two
swelling cells; (e) swelling of mitochondria-and peripheral relocalization of mitochondria
towards cell-cell adhesion sites (yellow circle). {f) Another unit of homotypic adhesion
formed by 3 cells; the cell boxed in red Is swelling with significantly enriched mitochondria
(circle) and vacuolization of cytoplasm {arrow); (g) Enlarged view of mitochondria
showing well-develop cristae, suggesting the cell is at energy producing phage.

Figure 17.  Scanning Electron Micrographs of non-treated hESC. (a1, top left) Non-
freated hESC are normally distributed and have.uniform cell size; (a2, bottom left) smooth
membrane confours and rich microvilli on the surface of non-treated hESC; (a3, right)
enlarged view of the infact cell membrane and display of microvilli.

Figure 18.  Scanning Electron Micrographs of A1l-freated hESC. (b1, top left) A1-
treated hESC form homotypic adhesions; (b2, middle left) A1-freated hESCs formed
membrane pores and lost microvilli; (b3, top right) membrane area formed numerous
pores and completely lost microvilli; (b4, bottom leff) membrane area partialiy lost
membrane in;tegrity and microvilli; (b5, bottom right) membrane area is still intact and
covered by microvilli.

Figure 19, Scanning Electron Micrographs showing swelling and shrinkage of A1-
treated hESC. (Left) The size of A1-freated hESC is larger than 10um; (Right} The size of
At-treated hESC is smaller than 10pm.

Figure 20.  Association between actin cytoskeleton reorganization and A1 cytotoxicity
on hESC. {a) Chart showing treatment with actin inhibitors (Cytochalasin B, Cytochalasin
D and Latrunculin A) can prevent A1 cytotoxicity on hESC. Cirl = hESC without actin

inhibitor ireatment. (b) Western Blot analysis of actin-cytoskeleton associated proteins
upon A1 freatment.

Figure 21. Al-Induced hESC cell deé’tH is not via apoptosis. Charts showing fiow
cytometry analysis of fwo apoptotic assays on A1l-treated hESC. DNA fragmentation and
increased apopfosis activity are hallmarks of cell undergoing apoptosis. Exposure to UV
leads to apoptosis of hESC. (A) TUNEL assay measures DNA fragmentation: UTP-
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positive cells were correlated to the increased DNA fragmentation; (B &C) Caspase assay
measures the activity of caspase 9 and caspase 3&7. At the same time, cell death is
measured by 7-AAD uptake.

Figure 22.  Staged morphological changes of hESC under SEM. Scanning electron
micrographs showing 5-stage hESC morphological changes triggered by A1 under

‘Scanning Electron Microscope (SEM). (A) Non-treated hESC has uniform shape, rich

microvilli and intact membrane; (B, left) Al-treated hESC at stage 1: relatively intact
membrane, but degraded/ shortened microvilli and cell swelling; (B, right) Fused microvilli
is likely to be the transition from stage 1 o stage 2; (C, left) A1-treated hESC at stage 2:
formation of membrane pore in varied sizes and appearance.of partially damaged
membrane area in circular shape as highlighted (C, right) This circular shaped area is
usually surrounded by fused microvilli whereas there is no microvilli but presence of
cytoskeleton-like structure within this area; (D, left) At-treated hESC at stage 3: microvilli
further shortened or even completely disappeared; (D, right) Disappearance of fused
microvilli around the circular area as well as the cytoskeleton-like structures; (E, left) A1-
treated hESC at stage 4: massive membrane damage; (E, right) Membrane damage was

‘worsen from the damaged circular area of stage 3 and visible nucleus covered by

massive cytoskeleton structures; (E, left) Al-treated hESC at stage 5: damaged
membrane péeling off from the nuclsus; (F, right) Uncovered nucleus of Al-treated
hESC. Cell swealling and formation 6f membrane pores are hallmarks of oncotic cell
death, Scale bar=1um,.

Figure 23.  Table showing effect of sugars on binding of mAb A1 or mAb 84 to hESC.

Figure 24.  Graphs showing the relationship between the amount of unbound A1 and
bound A1 in the stoichiometry assay and the corresponding A1 kiliing on hESC at
different initial amount of A1. {A) Number of A1 molecules per hESC was measured from
stoichiometry assay. A1 killing was measured by propidium iodide (Pl) uptake via flow
cytometry. Poinis of binding saturation and killing saturation are highlighted with vertical
dotted line. Binding saturatien and killing saturation was achieved at the same point,
where there are about 3.0x107 A1 molecules per hESC. (B) The amount of bound A1 is
the different between the initial amount of A1 and the amount of unbound A1 measured
from stoichiometry assay. Point with saturated A1 killing is highlighted with vertical dotted
line. Killing saturation is only achieved when the amount of unbound A1 is significantly
higher than the amount of bound A1.
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Figure 26.  N-glycosylation and O-glycosylation were partially inhibited upon inhibitor
treatment. Tunicamycin-and Benzyl-a-GalNac were used fo inhibit N-glycosylation and O-
giycosylation respectively. HES-3 in different treatment conditions were stained with
biotin-conjugated Concanavalin A (A) or mAb to Tra~1-60 (B). Con A binds specifically fo
N-linked glycans and mAb to Tra-1-60 recognizes O-linked glycan epitope on hESC.
Lectin or antibodies bound to cells were detected with FITC-conjugated streptavidin or
anii-mouse aniibody. The shaded histogram represents staining with the negative control
and open histograms represent staining with primary antibodies, (A) Binding histogram
shawing effect of Tunicamycin treatment, the binding histeram of biotin-conjugated Con
A was shifted towards the left representing reduced N-glycosylation. (B} Binding
histogram showing effect of B-GalNac treatment, the binding histogram of mAb to Tra-1-
80 was shifted towards the left representing reduced O-glycosylation. (C) There is no
change in HESC pluripotency upon inhibitors treatment. HES-3 in different freatment
conditions were stained with mAb to Oct3/4. Antibodies bound to cells were detected with
a fluorescein isothiocyanate (FITC)-conjugated anti-mouse antibody. The shaded
histogram represents staining with the negative control and open histograms represent
staining with primary antibodies. Upon either Tunicamycin treatment or B-GaiNac
treatment, the binding histograms of Oct3/4 antibody are comparable to these of neéative
controls, représenting no change in hESC pluripotency upon inhibitars freatment.

Figure 26. A1 recognizes O-linked glycan on hESC and binding to O-linked glycan is
essential for A1 cytotoxicity on hESC. HES-3 in different treatment conditions was treated
with chimeric A1, (A) Antibodies bound to cells were detected with FITC-conjugated anti-
human antibody. The shaded histogram represents staining with the negative confrof and
open histograms represent staining with primary antibodies. Upon B-GalNac treatment,
the binding histograms of A1 shifted to the left compared to those of negative controls
and Tunicamycin treatment, representing A1 binding is only down-regulated when O-
glycosylation is inhibited. A1 ohl_y recognizes O-linked glycans, but not N-linked glycans,
(B} Viability of cells was estimated by Pl uptake. Cell viability in different treatment
conditions was normalized té its carresponding negative controls (no A1 treatment). Upon
B-GalNac treatment, celf viability upon A1 treatment was significantly higher fhan those of
negative controls (CM control and DMSO control) as well as Tunicamygcin treatment. This
suggests that O-glycosylation on hESC is also essential for A1 to elicit cytotoxicity. Bars
represent mean +SEM from at least 3 separate experiments. '
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Figure 27.  A1-induced hESC death and reactive oxygen species (ROS) production
are directly correlated. (A) Chart showing results of flow cytometry. Production of ROS
was estimated with dihydroethidium {HE) staining via flow cytometry. Gated population
represents level of ROS production. (B) Micrographs: Alternatively, ROS production was

measured with carboxy-H2DCFDA. In the presence of ROS, carboxy-H2DCFDA is
.oxidized to carboxy-DCF that emits green fluorescence. (C) Chart: Bars represent mean

ROS production £SEM from at least 3 independent experiments. There is massive ROS
production in hESC upon A1 treatment. (D) Chart; Cells were dual stained with Sytdx
green and ME fo detect cell death and ROS production respectively. Aiter A1 treatment,
there is a significant increase of cell population in the upper right quadrant representing
dead cells- with high level of ROS production. ROS production and cell death are directly
correlated. '

Figure 28.  ROS production (0%} is required for Al-induced hESC death. (A) Chart:
Before the addition of A1, hESC were freated with PBS or ROS scavenger, Tiron (50mM)
or Tempol (120mM), for 1 hour. The ROS target of both Tiron and Tempol is superoxide
{O%). Cell viability was then measured by P! uptake. Bars represent mean cell viability
+SEM from at least 3 independent expetiments; ROS scavengers are able {o partially
block A1 killing 6n hESC. (B) Chart: Celis were dual stained with Sytox green and HE to
detect cell deéth and ROS production respectively. In the presence of Tiron, hESC after
A1 treatment has a significant reduction of cell death as well ROS production, The
depletion of ROS by ROS scavengers is directly correfated with reduced hESC death.

Figure 29,  Af-induced hESC death is mediated by NADPH oxidase, most likely via
Nox2. (A) Chart: HES-3 was pre-incubated with NADPH oxidase inhibitors, DPI (240uM),
Apo (40mMj}, or MPA (3.12mM) for 1 hour before A1 treatment (45 minutes). Cell viability
in different treatment conditions was estimated by Pl uptake and normalized to their

. respective non-A1-ireatment controls. NADPH oxidase inhibitors are able to partially

block A1 kiliing. (B) Chart; Celis were dual stained with Sytox green and HE to detect cell
death and ROS production respectively. After A1 treatment, hESC with inhibitors
treatment have a significant decrease in cell death and ROS production. inhikition of ROS
production by NADPH oxidase inhibitors is directly correlated with reduced hESC death.
(C) Summary table for targets of NADPH -oxidase inhibitors. (D) HES-3 were transfected
with two different siRNA (siNox2_3787 and siNox2_3788) against Nox2. Knockdown of
Nox2 was confirmed by g-RT-PCR (D) and Western blotting (E). Upon knock down, cells
were then treated with At (0.5ug/ml) and assessed for cell death after 45 minutes by Pl
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uptake (F). Bars represent mean £SEM from at least 3 separate experiments. Nox2 is the
major source of ROS production in Al-treated hESC.

Figure 30.  ROS production in A1-induced cell death lies downstream of Homotypic
adhesion, and upstream of actin re-organization. (4) Micrographs: HES-3 was pre-
incubated with PBS, or Tiron (50mM), or Apo. (40mM)} for 1 hour befdre A1 treatment (45
minutes). Cells were assessed for Homotypic adhesion by light microseopy. Home typic
adhesion is formed in the presence of Tiron or APO. (B) Micrographs: HES-3 was pre-
incubated with PBS or Tiron (50mM) for 1 hour before A1 treatment (45minutes). Celi
morphology were assessed by Scanning Electron Microscopy. In the presence of Tiron,
A1 treatment only leads to shorten microvilli, but not massive membrane damage. (C, D)
Charts: HES-3 were pre-incubated with or wi’thoth Tiron (50mM) for 1 hour followed by
treatment with PBS, or Latrunculin A {(0.4pg/mi), or Cytochalasin B (0.4ug/ml), or
Cytochalasin D (0.4pg/ml) for 5 minutes before A1 treatment (45minutes). Cell viability
was estimated by Pl uptake (C) and ROS production was assessed with HE staining (D),
Bars represent mean +SEM from at least 3 separate experiments. In the presence of
Tiron, actin inhibitors do not have additional inhibition effect on hESC. There is no

significant difference in ROS production with or without actin inhibitor freatment,

Figure 31. A Bivalency of A1 is required for its cytotoxicity on hESC, but not binding,
Cells were incubated with the A1 (0.5pg/mi), or F(ab)2_A1 (0.5ug/ml), or Fab_A1
(0.5ug/ml) for 45 minutes. (A} Charts: The binding to hESC was detected with FITC-
conjugated anti-Kappa light chain specific antibody; Both the binding of F(ab)2_A1 and
Fab_A1 to hESC are comparable to A1 binding to hESC. (B) Chart; Cell viability was
estimated by Pl uptake; Only the bivalent F(ab)2_A1 recapitulates the cytotoxicity of A1
on hESC. Bars represent mean +SEM from at least 3 separate experiments. {C)
Micrographs: Homotypic adhesion was assessed by fight microscopy. Bivalency is
required for the formation of homotypic adhesion. '

Human embryonic stem cells (hESC), which are derived from the inner cell mass of early-
stage human embryo, have the ability to replicate indefinitely (self-renew) and under
appropriate conditions differentiate into derivatives of all three germ layers (pluripotency).
Various studies have demonstrated the great potential of hESC in tissue engineering and
regenarative medicine, However, the méjor concern of hNESC application is the risk of
teratoma formation by residual undifferentiated hESC. Currently, there are no available
solutions to completely preclude teratoma formation in hESC products. We previously
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identified mAb34 which was found to be able to kilf undifferentiated hESC. However, iis
tendency to form aggregates as an lgM pentamer might impedes its penetration efficiency
into fumor mass.

We have now identified mAb A1 which is able to kill undifferentiated hESC. A1 as an igG
monomer complements the.drawback of mAb84. To facilitate the effective use of Al in
hESC therapy, we studied A1 from different aspects: in vitro characterization of A1,
elucidation of A1-induced hESC death mechanism. We found that A1 specifically bihds to
and kills undifferentiated hESC. Ifs cytotoxicity is time and dosage dependent. Most of the
killing occurs within the first 5 minutes. The binding and cytotoxicity of A1 on hESC
depend on a common glyecan motif: Fuca1-2GalB1-3GIlcNAcB1-3GalR1 on A1 antigens.
These antigens can be divided into four protein Qroups: cell adhesion proteins,
cytoskeleton-associated proteins, ATPase profeins and fransporter proteins. Upon A1
treatment, hESC have significant changes in intracellular and extracellular morphology,
such as formation of membrane pores in different sizes, homotypic adhesions, loss of
membrane integrity and microvilli, cell swelling, mitochondria enrichment and peripheral
relocalization, and vacuolization of cytoplasm, We also found that A1 cytotoxicity is.
closely associated with actin reorganization.

The experimental results described below suggest that A1 specifically binds to
undifferentiated hESC and induces cell death via an oncotic-like pathway. The cytoloxicity
is time and dosage dependent. Most of the Killing happens within the first 5 minutes. A1
recognizes O-linked giycans targef antigens. The binding and cytotoxicity of A1 an hESC
depends on a comiman glycan motif: Fuca1-2GalB1-3GIlcNAcB1-3Gal3 1 on target
antigens. Moreover, A1 target antigens can be divided into four protéin groups: cell
adhesion proteins, cytoskelston-associated proieins, ATPase proteins and transporter
proteins. Upon A1 treatment, hESC have significant changes in intraceliutar and
extraceilular morphology, such as formation of homotypic adhesions, loss of membrane
integrity and microvilli, cell swelling, mitochondria enrichment and peripheral
relocalization, and vacuolization of cytoplasm. We also found the cyfofoxicity of A1 is

closely associated with actin polymerization.

Example 1 - In Viftro Characterization of A1

Generation of monoclonat antibody A1
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mAb A1 was obtained after immunization of Baib/C mice with undifferentiated human
embryonic stem cells. B cells were isolated from the mice and fused with mouse
myelomas generating the hybridoma producing A1. A1 has also been chimerized with
human |gG1 constant region and the mAb refains specificity and activity vs mouse mAb
Af.

Binding and Cytotoxicity of A1 is Specific to- Undifferentiated Cells

To investigate the specificity of A1 binding and cytotoxicity, flow cytometry analysis was
done on undifferentiated hESC and human fetal lung fibroblasts-derived iPS cells
(ESIMRS0). From Figure 5, A1 binds to both hESC and iPS cells (ESIMR90). In addition,
Alis also cytotoxic to both hESC and iPS celis. Therefore, A1 is reactive to both types of
pluripotent human stem cells. ' '

To determine if A1 binding and cytotoxicity is only specific to the undifferentiated
phenotype, hESC were induced to differentiate by embryoid bodies (EB) formation or
FGF-2-starvation. ‘

EB are three-dimensional aggregates derived from undifferentiéted hESC. Hemophilic
binding of highly expressed Ca?-dependent adhesion molecule E-cadhetin facilitates EB
formation. Cells within EB undergo spontaneous differentiation and cell specification
along the three germ lineages: endoderm, ectoderm, and mesoderm*:83, Spontaneously
differentiated hESC from EB formation were harvested on day 2, day 5, day 8, day 15
and day 22 for flow cytometry analysis. We co-stained live hESC and differentiating cells
with A1 and pluripotent marker, anti-TRA-1-60. At the same time, viability of the cells was
assessed via Pl exclusion assay. Figure 6 shows the binding and killing specificity of A1
to cells at various differentiation stages. It was observed that the binding of A1 to hESC
was down-regulated as the cells started to lose pluripotency from days 5 to day 22
{Figure Ga). The efficiency of cell killing also corresponded closely with the percentage of
Tra-1-60 positive cells (Figure 6¢).

Alternatively, hESC were differentiated via FGF-2-starvation since FGF-2 is important for
maintaining hESC pluripotency®. A similar trend was observed though ‘down-regulation of
A1 binding and cytotoxicity was slower (Figure 6b, d). Taken together, we conciude that
the binding and cytotexicity of A1 is only specific to undifferentiated hESC.
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Effect of Dosage on A1 Killing

Since'it has been previously shown that mAb84 binds to and kills undifferentiated hESC,
it was used as a benchmark for the in vifro characterization of A1. Firstly, flow cytometry
analysis was performed to investigate the effect'of dosage on the cytotoxicity of A1 and
mAb84. The concentration of A1 and mAb84 was titrated over the range of 0.78-10ug for
1x105 hESC in a volume of 100p! for 45 minutes incubation. Cell viakility was assessed

by P exclusion assay. We found that A1 and mAb84 have similar dosage-dependence on
their cytotoxicity towards hESC (Figure 7).

Kinetics of A1 Killing

Next, we investigated the kinetics of A1 killing. In this time course study, hESC {1x10%)
were treated with 5ug of A1 or mAb&4. Cells were harvested after the first minute
incubation and subsequently every 5 minutes for Pl exclusion assay. We observed that -
mAb84 and A1 are cytotoxic to hESC in a similar time-dependent manner (Figure 8). Cell '
viability dropped by 80% after one minute incubation with mAb84 or A1, -

Effect of Dosage on Kinetics of A1 Killing

Based on the result of A1 kinetics study shown in Figure 8, A1 killing proceeds at a very
fast rate. In an attempt o slow down the rate of celi killing, we inves{iga;ted the effect of
dosage on the kinetics of A1 killing. Cells were treated with various dosages of A1 and
harvested for Pl exclusion assay at every 10 minutes. As a result, for each A1 dosage,
most of the killings were achieved within the first 10 minutes (Figure 9a). The assay was
repeated however only focusing on the first 10 minutes with the middle three At dosages.
Celi viability was assessed at every 2 minutes. We found most of the killings were still
achieved within the first minute (Figure 9b). Therefore, it is difficult to slow down the killing
process. by reducin_g antibody dosage, but only reduced the kiling efficiency.

Competitive inhibifion between mAb84 and A1

Since mADb84 and A1 are so similar in the dosage- and time-dependence, we also
investigated whether there is competitive inhibition between the hinding of mAb84 and A1
on hESC. Cells (1x10%) were either freated with the same amount of mAb84 and A1
simultaneous or sequentially. A1 was Iabeled with FITC and mAb84 was labeled with
APC. Figure 10 shows the réadout of FITC.and APC signél, which represents the binding
of mAbs to hESC. We observed that regardless of the simultanéous or sequential
treatment, the FITC and APC signals are as strong as their corresponding signatls in the
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positive control. Therefore, we concluded that there is no competitive inhibition between
the binding of mAb&4 and A1 on hESC. '

Al-Induced Plasma Membrane Damage

The rapid killing effect and the P| uptake of A1-treated hESC suggest to us that A1 kills
hESC via oncosis, which typically results in membrane pore formation. Therefore, the
sizes of these pores were estimated with dextran beads of varying molecular weight.

In Figure 11, dextran beads with all three different sizes (40kDa, 70kDa, 2000kDa) were
able to diffuse into Al-treated hESC and mAb84-ireated hESC, leading to an increase in
fluorescence level comparable to the fixed and permeabilized cells. In contrast, the
fluorescence level of the negative cantrol and mAb8S5 cantrolis minimal, representing the
background of dead cells. This data suggests. that the pores formed on the plasma
membrane were greater than 2,000kDa in size, which is about 20nm.

A1l Target Antiqens on hESC

To identify the target antigen of A1, immuno-precipitation (IP) was carried out using the
PhyNexus-automated system. An antigen smear was detected (Figure 12a), whereas the
antigen of mAb84 is a single protein band identified as: PODXL%. The corresponding
bands on a silver-stained gel were excised and analyzed by mass spectrometry (MS). By
mapping the peptides with Uniprot Protein Database, antigens from the smear can be
divided into four protein groups (Figure 12b): celi adhesion proteins, cytoskeleton-
associated proteins, ATPase proteins and transporter proteins. (n addition, over 70% of
the antigens are glycoproteins. ‘

Next, we proceeded to investigate whether the binding of A1 fo these antigens is
dependent on glycans. Immuno-precipitated antigens were separated by SDS-PAGE, |
transferred to PVDF membranes, treated with sodium periodate to open any existing
sugar rings and immunoblotied with A1, From the Western Blot analysis (Figure. 12a),
most binding of A1 was abolished upon periodate treatment; suggesting binding of A1 is
associated with glycans on the antigens.

We then investigated if the binding of A1 is associated with N-linked or O-linked glycaﬁs.
After immuno—precipitatioh of antigens by A1, éluted antigens were digested with
siajidase, PNGase F and f-elimination. Samples were taken from each enzymatic
digestion and-immunobloﬁed with A1. Sialidase was used to remove the terminal slalic

acid so that the N-linked or O-linked glycans can be exposed. From the Western Blot
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analysis (Figure 12c¢), the binding of A1 was not lost after sialic acid removal with
sialidase and N-glycan removal with PNGase F. Binding of A1 was only lost after both
PNGase F digestion and g-elimination (to remove O-linked glycans). From this data, we
concluded that A1 binds to O-linked glycans on hESC antigens.

Knowing that A1 binds to O-linked glycans on hESC antigens,' we further investigated the
sugar composition of the glycans that A1 recognized. A1 was pre-incubated with 9
different sugars, namely, type-1 H (H1), type-2 H (H2), Lacto-N-fucopentaose | (LNFP1),
type-1 A (bgA), type-1 B (bgB), LNFP1, Lewis?, Lewis®, Lewis* and LewisY separately for
30 minutes before incubation with a single cell suspension of hESG for 45 minutes. The
binding of A1 in different pre-incubation conditions as well as hESC viability was
assessed by flow cytometry. From the FACs binding data (Figure 12d), A1 pre-incubated
with type-1 H, LNFP1 and Lewis® have decreased binding to hESC compared to A1

" without any pre-incubation. Since among the nine sugars, cnly fype-1 H, LNFP1 and

Lewis-B share a common in four monosaccharide and their linkages, as highlighted in
Figure 12e, we conclude that A1 recognizes a common sugar motif (Fucat-2GalB1-
3GIlcNAcB1-3GalB1-) on hESC antigens.

We did a Western Blot analysis to look for the specific antigen or antigens bands that are
blocked by thé three sugars. Target antigens were immunoprécipitated and used for
Western Blot. Sugar-blocked A1 were used as primary antibodies. Four Western Blot
membranes in Figure 12f were blotted with normal A1, H1-blocked A1, LNFP1-blocked
AT and Lewis®blocked A1 carrespondingly. As a result, most of the antigens in the
normal A1-blotted membrane are not identified in the other three blots. This is consistent
with previous binding profite from flow cytometry analysis.

From the same sugar inhibition assay, we further observed that after A1 was pre-
incubated with type-1 H, LNFP1 and Lewis®, hESC viability was comparable to that
without A1 treatment Figure 12g,indicating that type-1 H, LNFP1 and Lewis® prevents A1
from killing hESC. Taken together, we conclude that the binding and cytotoxicity of A1 on
hESC depend on the glycan motif: -Fuca1-2Galp 1-3GIcNACB1-3Galp1-,

Seguences in A1l Variable Reqions'

To confirm that mAb84 and A1 are different antibodies, gene sequence of the mAb heavy
and light variable regions was determined. As expected, the variable regions of A1 and
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mADb84 are different (Figure 15). In the heavy chain variable regions, there are 5 different
amino écids in all three CDRs; and in the light chain variable regions, there are 4 different
amino acids in all three CDRs. As CDRs determine the specificity of an antibody for its
antigen, these differences in CDRs sequences explains the differences in their antigens.

Example 2 - Elucidation of A1-Induced Death Mechanism: Morphological and
Structural Changes of Al-treated hESC and Mechanistic Studies

Dynamics of A1-Induced hESC Death under Confocal Microscope

Knowing that A1 is able to induce hESC death with several minutes of freatment, we
observe the intercellular and extracellutar morphological changes of Al-treated hESC
under time-lapsed Spinning Disk Confocal Microscope. As a result, immediately after the
in-situ A1 treatment, hESC start to retract from each other and round up from the cuiture
plate. Cell morphology changed dramatically even after the first minute, suggesting pore
formation should be at a very early stage of cefl death.

Visualization of hESC under Transmission Electron Microscope (TEM)

Some previous studies on antibody-induced cell death have used TEM to investigate cell
death mechanism. According to Matsuoka®?, mAb RE2 was reported to induce
lymphocyte death. Under TEM, they observed the destruction of plasma membrane,
dilation of ER, deformation and condensation of mitochondria. With these observations,
they concluded that this antibody induces lymphocyte death via oncosis. A recent study
on antibody-induced oncosis by Ivanov® also revealed early stage intercellular adhesion
and involvement of microvilius in homotypic adhesion under TEM.,

We also used TEM fo study the intracellular and interceliular morphological changes of
Al-treated hESC. Cells were treated with A1, coﬂeéted and processed for TEM. As a
contral, cell samples without A1 treatment were also prepared. With preliminary
investigation, some morphological alterations of A1-treated hESC have been observed.
Cells without A1 freatment were uniformly distributed (Figure 16a) with a regular size
about 10um in diameter (Figure 16hb). Characteristically, upon 30 minutes A1 treatment,
cells formed interceliutar homotypic adhesion ‘6r celi aggregations (Figure 16c).

" Figure 18d shows a unit of interceflular adhesion formed by four cells. Different staining
intensities were observed from these cells. One possible reason could be that they are at

different stages of cell death and thus the amount of proteins being stained is different.
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The cell at the bottom right corner was least stained and it has lost membrane integrity
and cell morphology, suggesting this cell was undergoing post-mortal oncofic necrosis.
The cell in the middie has lower staining intensity than the two cells at top. However, this
cell has the most apparent cell swelling and mitochondria swelling. It might suggest that
swelling occurred at later stage of cell death. Moreover, peripheral re-localization of
mitochondria in this cell fowards cell adhesion sites was also obse-rved {Figure 16e).

Figure 16f shows another unit of intercellular adhesion formed by three cells. The amount
of mitochondria was significantly enriched and there was gross vacuolization of
cytoplasm. In an enlarged view (Figure 16g), well-developed cristae in the mitcchondria
were also observed suggesting that they were in an energy-producing phase. These
observations further proved our hypothesis that A1 kills hESC via oncosis, and it might
also imply that A1-induced cell death is associated with mitochondria, ATP and adhesion
proteins. |

Visualization of hESC under Scanning Electron Microscope (SEM)

To further investigate the lethal effect of A1 on hESC, normal hESC and A1-treated hESC
were examined for morphological and structural changes via SEM (Figures 17 and 18).
Consistent with previous observations in TEM, non-treated hESC have regular sizes and
are uniformly distributed (Figure 17 top left and lower left); wheteas A1-treated hESC
rapidly formed homotypic adhesions and altered cell size (Figure 18 top left}. The
induction of homotypic adhesion occurred within minutes and lasted until the cells are
decomposed. Normal hESC have smooth membrane contours and microvilli (Figure 17
right). However, in the presence of A1, hESC displayed a loss of surface microvilli and
membrane infegrity (Figure 18 middie left). Membrane pores (Figure 18 top right) were.
formed on the plasma membrane of cells with convoluted surface. These membrane
pores are usually covered by debris networks which laok like degraded microvilli or cell
membrane, .

From Figure 18 middle ieft, we observed three areas with distinct surface morphology: In
Figure 18 top right, numerous membrane pores were formed and this area is totally free
of microvilli. In Figure 18 bottom left, part of the area has membrane pores formed while
the remaining part is covered by partially degraded microvilli, in Figure 18 bottom right,
cell membrane of this area is sfill intact and the morpholddy of the microviili displayed is
very similar to those on non-treated hESC. Therefore, we suspect that degradation of
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microvilli precedes the formation of membrane pores or it is even responsible for the
formation of membrane pores.

More interestingly, Al-treated hESC were found to have both cellular swelling and celiular
shrinkage under SEM (Figure 19). Characteristically, shrinking cells usually have higher
degrea of morphojogical change as well as membrane damage, and more surface
wrinkling or dents, comparing to swelling cells. These observations suggest to us that
cellutar swelling should precede cellular shrinkage, whereas destruction of membrane
integrity is a continuous process right after A1 treaiment and before cell death.

Role of Actin Cytoskeleton in Al-Induced hESC Death

Actin cytoskeleton undergoes constant fo-rmatioh and remodeling, which confributes to its
reles in cell motility, cell sighaling and the establishment and maintenance of cell
junctions and cell shape®. A previous study on mAb RE2-mediated T cells death
identified that treatment with Cytochalasin B/D completely blocks the cytotoxicity of mAb
REZ towards T cells®, Another study on a type || CD20-specific mAb and an HLA-DR—
specific mAb in both humah lymphoma cell lines and primary chronic lymphocytic
leukemia cells also showed that peripheral relocalization of actin cytoskeleton is critical
for homotypic adhesion and cell death®®,

We first investigated the effect of Cytochalasin B, Cytochalasin D and Latrunculin A on”
Afi-induced hESC death. in general, Cytochalasin B/D inhibits actin po[ymeriz'ation hy
blocking the fast growing end of actin polymer®®, whereas Latrunculin A binds to G actin
and prevents polymerization of actin monomers®”. Single hESC suspension was
incubated with 5ug A1 and different amount of Cytochalasin B/D or Latrunculin A for 45
minutes and the viability of hRESC were assessed by Pl exclusion assay. As a result
(Figure 20a}, acfin inhibitors-treated hESC had a significantly increased viability upon A1
treatment comparing to the untreated cells, suggesting inhibited actin polymerization
prevents A1 killing on hESC,

Moreover, in Al-induced hESC death, there was significant reduction in four actin-
associated proteins, o-actinin, paxillin, talin and vinculin, compared to those in non-
reated hESC (Figure 20b). Takén together, these results demonstrate a close
association of actin reorganization with Al-induced hESC death.
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Example 3 - relationship between amount of unbound A1 and bound Al ina

‘stoichiometry assay and corresponding A1 killing on hESC at different initial

amounts of A1

The number of A1 molecules per hESC was measured from stoichiometry assay. A1
killing was measured by propidium iodide (Pl) uptake via flow cytormetry. Results are
shown in Figure 24A. The points of binding saturation and killing saturation are
highlighted with a vertical dotted line. Binding saturation and killing saturation was
achieved at the same point, where there are about 3.0x107 A1 molecules per hESC,

The amount of bound A1 was different between the initial amount of A1 and the amount
of unbound A1 measured from stoichiometry assay. Results are shown In Figure 24B.
Point with saturated A1 killing is highlighted withl vertical dotted line. Killing saturation was
only achieved when the amount of unbound A1 was significantly higher than the amount
of bound AT.

Example 4 - A1 recognizes O-linked glycan on hESC and binding to O-linked

glycan is essential for A1 cviotoxicity on hESC

Tunicamycin and Benzyl-a-GalNac were used to inhibit N-glycosylation and O-
glycosylation respectively. HES-3 cells (ES03 human embryonic stem cell line from '
WiCell Resea.rch Institute, Inc., Madison, WI, USA) in different treatment conditions were
stained with biotin-conjugated Concanavalin A or mAb fo Tra-1-60, Con A binds
specifically to N-linked glycans and mAb to Tra-1-60 recognizes O-linked glycan epitope
on hESC. Lectin or antibodies bound to cells were detected with FITC-conjugated
streptavidin or anti-mouse antibody. Resulis are shown in Figure 25 in which the shaded
histogram represents staining with the négative control and open histograms_representﬂ
staining with primary antibodies.

In Figure 25A the binding histogram of biotin-conjugated Con A was shifted towards the
left representing reduced N-glycosylation, inh Figure 258 the binding histogram of mAb to
Tra-1-60 was shifted towards the left representing reduced O-glycosylation,

HES-3 in different treatment conditions were stained with mAb to Oct3/4. Antibodies
bound to cells were detected with a fluorescein isothiocyanate (FITC)-conjugated anti-
mouse antibody. Results are shown in Figure 25C. The shaded histogram represents
stéining with the negative control and open histograms represent staining with primary
antibodies. Upon either Tunicamycin treatment or B-GalNac treatment, the binding
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histograms of Oct3/4 antibody are comparable to these of negative controls, reprasenting
no change in hESC piuripetency upon inhibitors treatment.

Example § — A1-induced hESC death and reactive oxygen species (ROS)

producticn are directly correlated

HES-3 in different treatment conditions was treated with chimeric A1. Antibodies bound to
cells were detected with FITC-conjugated anti-human antibody. Results are shown in
Figure 26. In Figure 26A the shaded histogram represents staining with the negativ'e
controf-and open histograms represent staining with primary antibodies. Upon B-GalNac
treatment, the binding histograms of A1 shifted to the left compared to those of negative
controls and Tunicamycin treatment, representing A1 binding is only down-regulated
when O-glycosylation is inhibited and indicating Alto recognizes O-linked glycans, but
not N-linked glycans.

Figure 26B shows viability of cells estimated by propidium iodide (Pl) uptake. Cell viabitity
in different treatment conditions was normalized to its corresponding negative controls -
(no A1 treatment). Upon B-GallNac treatment, cell viability upon A1 treatment was
significantly higher than those of negative controls (CM control and DMSO controf) as
well as Tunicamycin treatment. This suggests that O-glycosylation on hESC is also |
essential for A1 fo elicit cytotoxicity.

Example & — A1-induced hESC death and ROS production are directly correlated
After A1 treatment of hESC, there is a significant increase in the population of dead cells
and high level of ROS.production indicating ROS production and cell death to be directly
correlated.

Praduction of ROS was estimated with dihydroethidium (HE) staining via flow cytometry
(Figure 27A). Gated population represents level of ROS production. There is massive
ROS production in hESC upen A1 treatment (Figure 27C).

ROS production was also measured with carboxy-H2DCFDA. In the presence of ROS,
carboxy-H2DCFDA is oxidized to carboxy-DCF that emiis green fluorescence (Figure
27B). '

Cells were dual stained with Sytox green and HE to detect cell death and ROS
production, respectively (Figure 27D,
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Example 7 — ROS production (O2-)is required for A1-induced hESC death.

Before the addition of A1, hESC were treated with PBS or ROS scavenger, Tiron (50mM)
or Tempol (120mM), for 1 hour. The ROS target of both Tiron and Tempol is superoxide
(O%). Cell viability was then measured by Pl uptake (Figure 28A). '

Cells were also dual stained with Sytox green and HE to detect cell death and ROS
production respectively (Figure 28B).

In the presence of Tiron, hESC after A1 treatment has a significant reduction of cell death
as well ROS preduction. The depletion of ROS by ROS scavengers is directly correlated
with reduced hESC death.

Example 8 — Al-induced hESC death is mediated by NADPH oxidase

HES-3 celis were pre-incubated with NADPH oxidase inhibitors, DPI (240uM), Apo
(40mM), or MPA (3.12mM) for 1 hour before A1 treatment (45 minutes). Cell viability in
different freatment conditions was estimated by Pl uptake and normalized fo their

respective non-A1-treatment controls, Cells were also dual stained with Sytox green and
HE to detect cell death and ROS production respectively. Results are shown in Figu're 29,

HES-3 were also transfected with two different siRNA (siNox2_3787 and siNox2_3738)
against Nox2. Knockdown of Nox2 was confirmed by g-RT-PCR (Figure 29D) and
Western blotting (Figure 29E). Upon knock down, cells were then treated with A1
(0.5pg/ml) and assessed for cell death after 45 minutes by Pl uptake (Figure 29F).

After A1 treaiment, hESC with Iinhibitors treatiment have a significant decrease in cell
death and ROS production. Inhibition-of ROS production by NADPH oxidase inhibitors is
directly correlated with reduced hESC death. NADPH oxidase inhibitors are abls to
partially block A1 Kkilling. Nox2 is the major source of ROS production in Al-treated hESC,
At-induced hESC death is mediated by NADPH oxidase, most likely via Nox2.

Example 9 —ROS production in A1-induced cell death lies downstream of

Homotypic adhesion, and upstream of actin re-organization

HES-3 was pre-incubated with PBS, or Tiren (50mM}, or Apc (40mM) for 1 hour before
A1 treatment (45 minutes). Cells were assessed for Homotypic adhesion by light
microscopy (Figure 30A). Homotypic adhesion is formed in the presence of Tiron ar APQ.
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HES-3 was pre-incubated with PBS or Tiron (50mM) for 1 hour before A1 treatment
(45minutes). Cell morphology were assessed by Scanning Electron Microscopy. In the
presence of Tiron, A1 treatment only leads to shorten microvilli, but not massive
membrane damage (Figure 30B).

HES-3 were pre-incubated with-or without Tiron (50mM) for 1 hour followed by treatment
with PBS, or Latrunculin A (0.4pg/mli), or Cytochalasin B (0.4ug/ml), or Cytochalasin D
(0.4pg/ml) for 5 minutes before A1 freatment (45minutes). Cell viability was estimated by
Pl.uptake (Figure 30C) and ROS production was assessed with HE staining (Figure 30D).
In the presence of Tiron, actin inhibitors do not have additional inhibition effect on hESC.
There is no significant difference.in ROS production with or without actin inhibitor
freatment. ROS production in Af-induced celi déath lies downstream of Homotypic
adhesion, and upstream of actin re-crganization.

Example 10 — Bivalency of A1

Cells were incubated with the A1 (0.5ug/ml}, or F{ab)2_A1 (0.5ug/ml), or Fab_A1
(0.5ug/mi) for 45 minutes. The binding to hESC was detected with FITC-conjugated anti-
Kappa light chain specific antibody; Both the binding of F(ab)2_A1 and Fab_A1 to hESC
ars comparable to A1 binding to hESG (Figure 31 A), '

Cell viability was estimated by Pl uptake; Only the bivalent F(ab)2_A1 recapitulates the
cytotoxicity of A1 on hESC (Figure 31B).

Homotypic adhesion was assessed by light microscopy. Bivalency was necessary for the
formation of homotypic adhesion (Figure 31C).

Bivalency of A1 was required forits cytotoxicity on hESC, but not binding.
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Claims:

1. An antibody that binds to the glycan motif Fucal-2Galf1-3GlcNAcB1-3GalB1 or
Fuca1-2Galp1-3GIcNAc, wherein the antibody is cytotoxic against undifferentiated
pluripotent cells, and wherein the antibody comprises:

at least one light chain variable region incorporating the following CDRs:

CDR1: SASSSVSYMF (SEQ ID NO: 1)
CDRZ: LTSNLAS (SEQID NO:; 2)
CDR3: QQWSSNPYT (SEQ 1D NO: 3); and
at least one heavy chain variable region incorporating the following CDRs:
CDR1: GFTFSNYYMN (SEQ ID NO: 4}
CDR2: EIRLKSNNYATHYAESVKG (SEQ ID NO: 5)
CDR3: FGY (SEQ ID NO: 6).

2. A monoclonal antibody produced from hybridoma cell line TAG-A1, deposited with
American Type Culture Collection under Accession Number PTA-121134.

3. The antibody according to' claim 1 comprising a heavy chain and a light chain
variable region sequence, wherein:
the heavy chain sequence has at least 85% sequence identity to the A1H heavy
chain sequence shown in Figure 15A, and
the light chain sequence has at least 85% sequence identity to the A1L light chaiin
sequence shown in Figure 15B.

4, A composition comprising the antibody or polypeptide of any ane of claims 1 to 3
and at least one pharmaceutically-acceptable carrier.

b, An isolated nucleic acid encoding the antibody or polypeplide of any of one of
claims 1 to 3. .

6. A vector comprising the nucleic acid of claim 5.

7. A host cell comprising the vector of claim 6.

8. A method for making an antibody or polypeptide of any of one of claims 1 to 3

comprising culturing the host cell of claim 7 under conditions suitable for the exprassion



10

15

20

25

30

35

68

of a vector encoding the antibody or polypeptide, and recovering the antibody or
polypeptide.

9. The antibody of any one of claims 1 to 3, wherein the antibody is cytotoxic against.
undifferentiated pluripotent calls.

10. A method of destroying an undifferentiated pluripotent cell or cells ifi a sample
containing such cels, the method comprising contacting a sample of cells containing an
undifferentiated pluripotent cell or cells with an antibody according to any one of ¢laims 1
{o 3.

11. A method of removing an undifferentiated pluripotent cell or cells from a sample

containing such cells, the method comprising contacting a sample of cells containing an

undifferentfated pluripotent cell or cells with an antibody according to-any ‘oné of claims 1
o 3.

12. A method of enriching cells that have undergone or are undergoing differentiation
from a mixture comprising undifferentiated pluripotent cells and such cells that have.
undergone or are undergoing differentiation, the method comprising contacting the
mixiure with an antibody according to ‘any one of claims 1 fo 3 for a period of time
suificient for the antibody te kill undifferentiated pluripotent cells.

13.  The method of claim 12, further comprising the step of separating live cells from
dead cslls.

14. A method of preparing a compesition containing cells differentiated from
undifferentiated pluripotent cells which composition contains substantially no
undifferentiated pluripotent cells, the methad comprising:
(i) providing a population of cells comprising undifferentiated pluripotent cells and
cells differentiated from undifferentiated pluripotent stem cells:
(if) contacting the population with an antibody according to any one of claims 1 to
3 under conditions permitting the. antibody to kill undifferentiated pluripotent
cells; and
(ii).  separating live cells remaining after step (i} from dead cells.
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15.  The method of claim 14 further comprising mixing the separated cells with a
pharmaceutically acceptable carrier, adjuvant or diluent,

16.  An in vitro complex, oplionally isolated, comprising an undifferentiated pluripotent
cell bound to an antibody according to any one of claims 1 to 3.

17. A hybridoma cell line TAG-A1, deposited with American Type Culture Collection
under Accession Number PTA-121134.



