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SELECTIVE ANTIBODY TARGETING OF
UNDIFFERENTIATED STEM CELLS

REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. patent application
60/253,357; 60/253,443; and 60/253,395, all filed Nov. 27,
2001, pending. The priority documents are hereby incorpo-
rated herein by reference in their entirety.

TECHNICAL FIELD

This invention relates generally to the field of cell biology
of stem cells, embryonic cells, and the molecular biology of
promoter controlled viral vectors. More specifically, it
describes a technology for removing undifferentiated cells
from populations derived from pluripotent stem cells using
selectively expressed lytic vectors.

BACKGROUND

Precursor cells have become a central interest in medical
research. Many tissues in the body have a back-up reservoir
of precursors that can replace cells that are senescent or
damaged by injury or disease. Considerable effort has been
made recently to isolate precursors of a number of different
tissues for use in regenerative medicine.

U.S. Pat. No. 5,750,397 (Tsukamoto et al., Systemix)
reports isolation and growth of human hematopoietic stem
cells which are Thy-1+, CD34+, and capable of differentia-
tion into lymphoid, erythroid, and myelomonocytic lineages.
U.S. Pat. No. 5,736,396 (Bruder et al.) reports methods for
lineage-directed differentiation of isolated human mesen-
chymal stem cells, using an appropriate bioactive factor. The
derived cells can then be introduced into a host for mesen-
chymal tissue regeneration or repair.

U.S. Pat. No. 5,716,411 (Orgill et al.) proposes regener-
ating skin at the site of a burn or wound, using an epithelial
autograft. U.S. Pat. No. 5,766,948 (F. Gage) reports a
method for producing neuroblasts from animal brain tissue.
U.S. Pat. No. 5,672,499 (Anderson et al.) reports obtaining
neural crest stem cells from embryonic tissue. U.S. Pat. No.
5,851,832 (Weiss et al., Neurospheres) reports isolation of
putative neural stem cells from 8-12 week old human
fetuses. US. Pat. No. 5,968,829 (M. Carpenter) reports
human neural stem cells derived from primary central ner-
vous system tissue.

U.S. Pat. No. 5,082,670 (F. Gage) reports a method for
grafting genetically modified cells to treat defects, disease or
damage of the central nervous system. Auerbach et al. (Eur.
J. Neurosci. 12:1696, 2000) report that multipotential CNS
cells implanted into animal brains form electrically active
and functionally connected neurons. Brustle et al. (Science
285:754, 1999) report that precursor cells derived from
embryonic stem cells interact with host neurons and effi-
ciently myelinate axons in the brain and spinal cord.

Considerable interest has been generated by the develop-
ment of embryonic stem cells, which are thought to have the
potential to differentiate into many cell types. Early work on
embryonic stem cells was done in mice. Mouse stem cells
can be isolated from both early embryonic cells and germi-
nal tissue. Desirable characteristics of pluripotent stem cells
are that they be capable of proliferation in vitro in an
undifferentiated state, retain a normal karyotype, and retain
the potential to differentiate to derivatives of all three
embryonic germ layers (endoderm, mesoderm, and
ectoderm).

Development of human pluripotent stem cell preparations
is considerably less advanced than work with mouse cells.
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Thomson et al. propagated pluripotent stem cells from lower
primates (U.S. Pat. No. 5,843,780; Proc. Natl. Acad. Sci.
USA 92:7844, 1995), and then from humans (Science
282:114, 1998). Gearhart and coworkers derived human
embryonic germ (hEG) cell lines from fetal gonadal tissue
(Shamblott et al., Proc. Natl. Acad. Sci. USA 95:13726,
1998; and U.S. Pat. No. 6,090,622).

Both hES and hEG cells have the long-sought character-
istics of pluripotent stem cells: they are capable of being
grown in vitro without differentiating, they have a normal
karyotype, and they remain capable of producing a number
of different cell types. Clonally derived human embryonic
stem cell lines maintain pluripotency and proliferative
potential for prolonged periods in culture (Amit et al., Dev.
Biol. 227:271, 2000). These cells hold considerable promise
for use in human therapy, acting as a reservoir for regen-
eration of almost any tissue compromised by genetic
abnormality, trauma, or a disease condition.

International Patent Publication WO 99/20741 (Geron
Corp.) refers to methods and materials for growing primate-
derived primordial stem cells. In one embodiment, a cell
culture medium is provided for growing primate-derived
primordial stem cells in a substantially undifferentiated
state, having a low osmotic pressure and low endotoxin
levels. The basic medium is combined with a nutrient serum
effective to support the growth of primate-derived primor-
dial stem cells and a substrate of feeder cells or an extra-
cellular matrix component derived from feeder cells. The
medium can further include non-essential amino acids, an
anti-oxidant, and growth factors that are either nucleosides
or a pyruvate salt.

Asignificant challenge to the use of stem cells for therapy
is to control growth and differentiation into the particular
type of tissue required for treatment of each patient.

U.S. Pat. No. 4,959,313 (M. Taketo, Jackson Labs) pro-
vides a particular enhancer sequence that causes expression
of a flanking exogenous or recombinant gene from a pro-
moter accompanying the gene that does not normally cause
expression in undifferentiated cells. U.S. Pat. No. 5,639,618
(D. A. Gay, Plurion Inc.) proposes a method for isolating a
lineage specific stem cell in vitro, in which a pluripotent
embryonic stem cell is transfected with a construct in which
a lineage-specific genetic element is operably linked to a
reporter gene, culturing the cell under conditions where the
cell differentiates, and then separation of cells expressing the
reporter are separated from other cells.

U.S. Pat. No. 6,087,168 (Levesque et. al., Cedars Sinai
Med. Ctr.) is directed to transdifferentiating epidermal cells
into viable neurons useful for both cell therapy and gene
therapy. Skin cells are transfected with a neurogenic tran-
scription factor, and cultured in a medium containing an
antisense oligonucleotide corresponding to a negative regu-
lator of neuronal differentiation.

International Patent Publication WO 97132025 (Mclvor
et al., U. Minnesota) proposes a method for engrafting
drug-resistant hematopoietic stem cells. The cells in the graft
are augmented by a drug resistance gene (such as methotr-
exate resistant dihydrofolate reductase), under control of a
promoter functional in stem cells. The cells are administered
into a mammal, which is then treated with the drug to
increase engraftment of transgenic cells relative to nontrans-
genic cells.

International Patent Publication WO 98/39427 (Stein et
al., U. Massachusetts) refers to methods for expressing
exogenous genes in differentiated cells such as skeletal
tissue. Stem cells (e.g., from bone marrow) are contacted
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with a nucleic acid in which the gene is linked to an element
that controls expression in differentiated cells. Exemplary is
the rat osteocalcin promoter. International Patent Publication
WO 99/10535 (Liu et al,, Yale U.) proposes a process for
studying changes in gene expression in stem cells. A gene
expression profile of a stem cell population is prepared, and
then compared a gene expression profile of differentiated
cells

International Patent Publication WO 99/19469
(Braetscher et al., Biotransplant) refers to a method for
growing pluripotent embryonic stem cells from the pig. A
selectable marker gene is inserted into the cells to be
regulated by a control or promoter sequence in the ES cells,
exemplified by the porcine OCT-4 promoter.

International Patent Publication WO 00/15764 (Smith et
al., U. Edinburgh) refers to propagation and derivation of
embryonic stem cells. The cells are cultured in the presence
of a compound that selectively inhibits propagation or
survival of cells other than ES cells by inhibiting a signaling
pathway essential for the differentiated cells to propagate.
Exemplary are compounds that inhibit SHP-2, MEK, or the
ras/MAPK cascade.

Klug et al. (J. Clin. Invest. 98:216, 1996) propose a
strategy for genetically selecting cardiomyocytes from dif-
ferentiating mouse embryonic stem cells. A fusion gene
consisting of the a-cardiac myosin heavy chain promoter
and a cDNA encoding aminoglycoside phosphotransferase
was stably transfected into the ES cells. The resulting lines
were differentiated in vitro and selected using G418. The
selected cardiomyocyte cultures were reported to be highly
differentiated. When engrafted back into mice, ES-derived
cardiomyocyte grafts were detectable as long as 7 weeks
after implantation.

Schuldiner et al. (Proc. Natl. Acad. Sci. USA 97:11307,
2000) report the effects of eight growth factors on the
differentiation of cells from human embryonic stem cells.
After initiating differentiation through embryoid body
formation, the cells were cultured in the presence of bFGFE,
TGF-B1, activin-A, BMP-4, HGF, EGF, NGEF, or retinoic
acid. Each growth factor had a unique effect on the differ-
entiation pathway, but none of the growth factors directed
differentiation exclusively to one cell type.

There is a need for new approaches to generate popula-
tions of differentiated cells suitable for human administra-
tion.

SUMMARY OF THE INVENTION

This invention provides a system for depleting relatively
undifferentiated cells from a heterogenecous cell population,
such as may be obtained by differentiation of stem cells. The
population is treated with a vector that puts an effector gene
under control of a gene element that allows the gene to be
expressed at a higher level in the undifferentiated subpopu-
lation. Exemplary effector genes are glycosyltransferases,
rendering undifferentiated cells separable using specific
antibody, or susceptible to lysis by antibody plus comple-
ment. This produces a population relatively enriched for
mature cells, and suitable for use in regenerative medicine.

One embodiment of this invention is a method of pro-
ducing differentiated cells. A cell population comprising
undifferentiated stem cells that contain a nucleic acid mol-
ecule comprising the structure P-X is treated so as to cause
at least some undifferentiated cells in the population to
differentiate. X is nucleic acid sequence that causes expres-
sion of a cell surface antigen under control of transcriptional
control element P, which has the effect of causing the surface
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antigen to be preferentially expressed in undifferentiated
cells. The connecting line in P-X indicates that the genetic
elements are operatively linked, whether or not they are
adjacent in the nucleic acid molecule.

After the cell population is differentiated, relatively undif-
ferentiated cells can be depleted from the population by
combining the cells with ligand specific for the antigen. In
this context, the term “ligand” refers to any biological
molecule (typically a protein) that binds the antigen with a
specificity to discriminate the antigen from other molecules
on the cell surface or on other cells in the population.
Suitable ligands include specific monoclonal or polyclonal
antibody and lectins. Depletion can be effected, for example,
by combining the cells with ligand specific for the antigen,
and separating cells that have not bound the ligand. Where
the specific ligand is an antibody, it can be combined with
the cells in culture, or the cells can be placed in a subject
having circulating natural antibody, or antibody that has
been induced by active or passive immunization. The undif-
ferentiated cells can be removed, for example, by an affinity
separation technique, cell sorting, or by complement-
mediated lysis in culture or in situ.

Another embodiment of the invention is a method for
depleting undifferentiated stem cells from a cell population.
Stem cells in the population are genetically altered so that
they contain a nucleic acid molecule comprising the struc-
ture P-X as already described. Undifferentiated cells are then
depleted from the population using antibody specific for the
cell surface antigen. The cell population can be genetically
altered when it is still predominantly undifferentiated
(before being caused to differentiate), or when it already
predominantly comprises differentiated cells.

In certain embodiments, X encodes a transmembrane
protein which itself acts as the cell surface antigen. In other
embodiments, X encodes an enzyme that in turn causes the
antigen to be expressed on the cell surface. Exemplary are
glycosyltransferase enzymes, particularly o(1,3)
galactosyltransferase, which causes expression of the Galo
(1,3)Gal xenoantigen, and ABO blood group transferases,
which cause expression of the ABO histo blood group
alloantigens. In order to enhance dominance of the desired
phenotype, the glycosyltransferase encoding region can
incorporate a heterologous membrane anchoring segment or
cytoplasmic domain (either at the N- or C-terminus) that
optimizes positioning of the enzyme within the Golgi appa-
ratus.

In certain embodiments, P-X is an introduced heterolo-
gous molecule, meaning that the cell or its ancestors was
genetically altered with a vector comprising P-X. In other
embodiments the cell or its ancestors was genetically altered
with a vector to place X under control of an endogenous
transcriptional control element. Following transfection, X
can be either transiently expressed in undifferentiated cells
in the population, or P-X can be inheritable and expressed in
undifferentiated progeny. Non-limiting examples for P
include the OCT-4 promoter, and the promoter of telomerase
reverse transcriptase (TERT). The cells can also contain a
drug resistance gene Y under control of P.

A further embodiment of the invention is a stem cell
genetically altered to express a carbohydrate antigen no
normally expressed by the cell, possibly an antigen recog-
nized by a naturally occurring antibody. As an example, the
cell can be genetically altered with a glycosyl transferase,
such as an o(1,3)galactosyltransferase, or an ABO blood
group transferase. Expression of the carbohydrate antigen
can be controlled by a transcriptional control element spe-
cific for undifferentiated cells.
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The reagents and techniques of this invention can be
brought to bear on cell populations containing many differ-
ent types of stem cells, as described below. They are
especially suited for application to primate pluripotent stem
cells, such as human embryonic stem cells.

Other embodiments of the invention will be apparent from
the description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

HIG. 1 provides an analysis of OCT-4 and h'TERT expres-
sion in hES cells cultured with feeder cells (mEF) or
extracellular matrix (Matrigel® or laminin) with regular
medium (RM) or conditioned medium (CM). The upper
panel is a copy of a gel showing OCT-4 and hTERT
expression at the mRNA level by RT-PCR. The lower panel
is a bar graph comparing the level of expression for cells
grown on different substrates, expressed as the ratio of
OCT-4 or hTERT to the 18 s standard. hES cells grown on
Laminin and Matrigel® in conditioned medium have similar
expression patterns to those of cells grown on a feeder layer.

HFIG. 2 is a half-tone reproduction of a gel showing
telomerase activity measured in cultured hES cells by TRAP
activity assay. All the culture conditions showed positive
telomerase activity after 40 days in feeder-free culture.

FIG. 3 is a half-tone reproduction showing expression of
the GFP reporter gene in hES cells transduced with retro-
virus and then differentiated. hES cells were transferred to
suspension culture to form embryoid bodies, cultured for a
further 4 days, replated onto gelatin-coated slides and cul-
tured for a week, and then fixed and photographed under
fluorescence for GFP expression. Left panels show bright-
field illumination; right panels show fluorescence due to
GFP expression.

HFIG. 4 shows the results of a study in which hES cells
were transiently genetically altered in feeder-free culture by
lipofection. Panel A is a half-tone reproduction of a light
micrograph showing morphology of hES cells on laminin
after they have been transfected. Panel B is a half-tone
reproduction of a fluorescence micrograph showing GFP
expression in the same colony. Panel C is a bar graph
showing percentage of cells expressing GFP under various
conditions.

HG. 5 is a map of TPAC vector designated pGRN376.
This is an adenovirus vector of 7185 bp comprising the
herpes simplex thymidine kinase (tk) gene under control of
a promoter taken from the upstream sequence of the human
gene for telomerase reverse transcriptase (WTERT). Expres-
sion of tk is promoted in cells expressing hTERT, such as
undifferentiated embryonic stem cells.

HG. 6 is a two-panel line graph, showing the effect of the
TPAC thymidine kinase vector on undifferentiated hES
cells. 48 h after replating, the cells were transduced with
TPAC vector at an MOI of 30 or 100, or mock transduced
(no vector added). Four h later, the cells were exchanged into
fresh medium containing the prodrug ganciclovir (GCV). By
day 3, wells treated with TPAC vector+GCV contained 8%
as many cells as the control wells.

HFIG. 7 is a bar graph showing titration of GCV in TPAC
vector treated hES cells. 4 h after transduction with the
vector, fresh medium was added containing GCV at the
concentration shown. ~20 uM GCV was optimal under the
conditions tested.

HIG. 8 is a two-panel bar graph showing titration of GCV
on TPAC vector transduced and mock-transduced hES cells
from two different lines. Both lines are sensitive to GCV
after treatment with the TPAC vector.
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FIG. 9 shows the effect of TPAC+GCV treatment on
mixed cell populations obtained from differentiation of hES
cells. The cells were fed daily with conditioned medium to
maintain the undifferentiated state, or with ¢ither 500 nM
retinoic acid or 0.5% DMSO, to induce differentiation into
committed cells of mixed phenotype. 7 days later, they were
infected with the TPAC vector at an MOI of 30, plus 20 uM
GCV.

The Upper Panel is a bar graph showing the number of
cells surviving in culture. Treatment with TPAC+GCV
eliminated cells cultured under each condition. In each
instance, culture of the surviving cells produced populations
that appeared highly differentiated and substantially free of
undifferentiated morphology. The Lower Panel is a half-tone
reproduction of a gel showing RT-PCR analysis of the
surviving cells. Those cells cultured with conditioned
medium (mEF-CM) or DMSO had no detectable OCT-4
expression, while 2 out of 4 samples treated with retinoic
acid (RA) showed amplification products consistent with
very low levels of OCT-4 expression.

FIG. 10 is a schematic depiction of targeting strategy to
place an o(1,3)galactosyltransferase encoding sequence
under control of the endogenous hTERT promoter on one
allele (Example 13). In the two-step approach (upper panel),
the endogenous hTERT gene is targeted with a promoterless
vector comprising the neo gene, and selected for G418
resistance. The neo sequence is then replaced with a(1,3)
galactosyltransferase (01,3GT) using cre recombinase. In
the one step approach (lower panel), neo is introduced with
an internal ribosomal entry site 3' to the a1,3GT coding
region. In this instance, the a1,3GT is truncated before the
polyadenylation signal and is transcribed directly from the
hTERT promoter. A bicistronic message is produced from
which both proteins are translated.

DETAILED DESCRIPTION OF THE
INVENTION

Stem cells of various kinds have become an extremely
attractive modality in regenerative medicine. They can be
proliferated in culture, and then differentiated in vitro or in
situ into the cell types needed for therapy. Recently, it has
been demonstrated that human embryonic stem cells con-
tinuously express a high level of telomerase, enabling them
to maintain telomere length and grow almost indefinitely in
culture.

So far, efforts to differentiate stem cells have been
directed primarily towards identifying culture conditions
that promote outgrowth of a cell population with phenotypic
features of a tissue type desirable for regenerative medicine.
Schuldiner et al. (supra) report the effects of growth factors
on the differentiation of human embryonic stem cells. In
U.S. Pat. No. 5,639,613, stem cells are transfected with a
lineage-specific gene that is operably linked to a reporter
gene, which is then used to select for cells expressing the
reporter. In WO 97/32025, hematopoietic stem cells are
augmented by a drug resistance gene, and then engrafted
into a subject. The cells are administered into a mammal,
which is then treated with the drug to increase engraftment
of transgenic cells. Klug et al. (supra) used a construct in
which the a-cardiac myosin heavy chain promoter con-
trolled expression of aminoglycoside phosphotransferase.
Transfected differentiated cells were selected using G418,
which produced lines of cardiomyocyte like cells. This is a
positive selection strategy that uses gene expression patterns
of the desired tissue type to allow preferential survival of
differentiated tissue.
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It is a hypothesis of this invention that positively selecting
for differentiated cells produces populations that are subop-
timal for use in human therapy. Any undifferentiated cells in
the population may impair engraftment or function of the
cells in vivo. Undifferentiated cells may also increase the
possibility of a malignancy or other tumor forming at the site
of the therapeutic implant, or by migration of transplanted
cells.

This invention is directed towards a strategy in which
undifferentiated cells remaining in a differentiated cell popu-
lation are depleted. This is effected by genetically altering
the cells, so that a gene that is lethal to a cell in which it is
expressed, or renders it susceptible to a lethal effect of an
external agent, is placed under transcriptional control of a
genetic element that causes it to be expressed preferentially
in any undifferentiated cells in the population. This is a
negative selection strategy, designed to minimize the pro-
portion of undifferentiated cells. It is possible to combine
this technique with positive selection techniques of various
kinds, in order to obtain relatively pure populations of the
desired tissue type that are essentially free of undifferenti-
ated cells.

In certain embodiments of the invention, the cell popu-
lation is transfected with a genetic construct in which a
promoter specific for undifferentiated cells drives a glycosyl
transferase, which in turn synthesizes a new surface antigen.
For example, o(1,3)galactosyltransferase (a1,3GT) can be
used to express the Gala(1,3)Gal epitope on the cell surface.
After culturing the cells under conditions where the antigen
can be formed, the cells are separated using specific
antibody, or treated with specific antibody and complement
to deplete undifferentiated cells from the population. A
number of glycosyl transferases are suitable for this purpose,
particularly those that synthesize a xenoantigen or alloanti-
gen against which humans have naturally occurring anti-
body.

To validate the negative selection strategy, human embry-
onic stem (hES) cells have been transduced with an aden-
ovirus vector (TPAC) in which a herpes virus thymidine
kinase gene was placed under control of a promoter
sequence for human telomerase reverse transcriptase
(hTERT). hES cells constitutively express h'TERT, but this
ability is lost upon differentiation. Example 10 (FIGS. 6-8)
show that transduction of hES cells with TPAC vector
renders undifferentiated cells susceptible to lethality by the
prodrug ganciclovir, a substrate for thymidine kinase, at a
concentration of ~20 uM. Example 11 (FIG. 9) shows that
when hES cells are transduced with TPAC vector and then
differentiated with DMSO, there are no surviving cells with
detectable OCT-4 expression (a phenotype of undifferenti-
ated cells).

The techniques of this invention are designed in part to
provide cell populations with improved characteristics for
human therapy. After depleting undifferentiated cells, the
differentiated population is expected to possess better func-
tional and engraftment characteristics, and have reduced risk
of creating unwanted tissue architecture and malignancies in
the treated subject. In addition, cell populations depleted of
undifferentiated cells are more homogeneous, which pro-
vides a distinct advantage for non-therapeutic applications,
such as producing antibody, cDNA libraries, and screening
drug candidates.

A particular advantage of using a glycosyl transferase as
the effector sequence is that the system provides ongoing
surveillance after the cells are used for tissue regeneration.
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If undifferentiated cells reappear in the transplanted tissue
(either through dedifferentiation or outgrowth of a preexist-
ing subpopulation), the specific promoter will prompt syn-
thesis of the glycosyltransferase—leading to expression of
the antigen, followed by lysis of the undifferentiated cells in
situ.

Another advantage is that the stem cells can be genetically
altered with the glycosyl transferase in advance, and pas-
saged or stored until use. The stem cell line can then be
differentiated when needed, and depleted of undifferentiated
cells by separating or lysing cells expressing the carbohy-
drate determinant synthesized by the transferase.
Definitions

Prototype “primate Pluripotent Stem cells” (pPS cells) are
pluripotent cells derived from pre-embryonic, embryonic, or
fetal tissue at any time after fertilization, and have the
characteristic of being capable under appropriate conditions
of producing progeny of several different cell types that are
derivatives of all of the three germinal layers (endoderm,
mesoderm, and ectoderm), according to a standard art-
accepted test, such as the ability to form a teratoma in 812
week old SCID mice.

Included in the definition of pPS cells are embryonic cells
of various types, exemplified by human embryonic stem
(hES) cells, described by Thomson et al. (Science 282:1145,
1998); embryonic stem cells from other primates, such as
Rhesus stem cells (Thomson et al., Proc. Natl. Acad. Sci.
USA 92:7844, 1995), marmoset stem cells (Thomson et al,,
Biol. Reprod. 55:254, 1996) and human embryonic germ
(hEG) cells (Shamblott et al., Proc. Natl. Acad. Sci. USA
95:13726, 1998). Other types of pluripotent cells are also
included in the term. Any cells of primate origin that are
capable of producing progeny that are derivatives of all three
germinal layers are included, regardless of whether they
were derived from embryonic tissue, fetal tissue, or other
sources. This invention relates to pPS cells that are not
derived from a malignant source. It is desirable (but not
always necessary) that the cells be karyotypically normal.

pPS cell cultures are described as “undifferentiated” when
a substantial proportion of stem cells and their derivatives in
the population display morphological characteristics of
undifferentiated cells, clearly distinguishing them from dif-
ferentiated cells of embryo or adult origin. Undifferentiated
pPS cells are easily recognized by those skilled in the art,
and typically appear in the two dimensions of a microscopic
view in colonies of cells with high nuclear/cytoplasmic
ratios and prominent nucleoli. It is understood that colonies
of undifferentiated cells within the population will often be
surrounded by neighboring cells that are differentiated.
Nevertheless, the undifferentiated colonies persist when the
population is cultured or passaged under appropriate
conditions, and individual undifferentiated cells constitute a
substantial proportion of the cell population. Cultures that
are substantially undifferentiated contain at least 20% undif-
ferentiated pPS cells, and may contain at least 40%, 60%, or
80% in order of increasing preference. Whenever a culture
or cell population is referred to in this disclosure as prolif-
erating “without differentiation”, what is meant is that after
proliferation, the composition is substantially undifferenti-
ated according to the preceding definition.

“Feeder cells” or “fecders” are terms used to describe
cells of one type that are co-cultured with cells of another
type, to provide an environment in which the cells of the
second type can grow. The feeder cells are optionally from
a different species as the cells they are supporting. For
example, certain types of pPS cells can be supported by
primary mouse embryonic fibroblasts, immortalized mouse
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embryonic fibroblasts, or human fibroblast-like cells differ-
entiated from hES cells, as described later in this disclosure.
pPS cell populations are said to be “essentially free” of
feeder cells if the cells have been grown through at least one
round after splitting in which fresh feeder cells are not added
to support the growth of the pPS. Cultures essentially free of
feeder cells contain less than about 5% feeder cells. When-
ever a culture or cell population is referred to in this
disclosure as “feeder-free”, what is meant is that the com-
position is essentially free of feeder cells according to the
preceding definition, subject only to further constraints
explicitly required.

The term “embryoid bodies” is a term of art synonymous
with “aggregate bodies”. The terms refer to aggregates of
differentiated and undifferentiated cells that appear when
pPS cells overgrow in monolayer cultures, or are maintained
in suspension cultures. Embryoid bodies are a mixture of
different cell types, typically from several germ layers,
distinguishable by morphological criteria.

The terms “committed precursor cells”, “lineage
restricted precursor cells” and “restricted developmental
lineage cells” all refer to cells that are capable of prolifer-
ating and differentiating into several different cell types,
with a range that is typically more limited than pluripotent
stem cells of embryonic origin capable of giving rise to
progeny of all three germ layers. Non-limiting examples of
committed precursor cells include hematopoietic cells,
which are pluripotent for various blood cells; hepatocyte
progenitors, which are pluripotent for bile duct epithelial
cells and hepatocytes; and mesenchymal stem cells. Another
example is neural restricted cells, which can generate glial
cell precursors that progress to oligodendrocytes and
astrocytes, and neuronal precursors that progress to neurons.

For the purposes of this description, the term “stem cell”
can refer to either a pluripotent stem cell, or a committed
precursor cell, both as defined above. Minimally, a stem cell
has the ability to proliferate and form cells of more than one
different phenotype, and is also capable of self renewal—
either as part of the same culture, or when cultured under
different conditions. Embryonic stem cells can be identified
as positive for the enzyme telomerase.

As used in this disclosure, “differentiated” and “undiffer-
entiated” are relative terms depending on the context in
which they are used. Specifically, in reference to a particular
type of self-renewing stem cell, the term “undifferentiated”
refers back to the same self-renewing stem cell, whereas the
term “differentiated” refers to one or more of the relatively
mature phenotypes the stem cell can generate—as discern-
able by morphological criteria, antigenic markers, and gene
transcripts they produce. Undifferentiated pPS cells have the
ability to differentiate into all three germ layers. The cells
differentiated from them do not, and can readily be recog-
nized by one skilled in the art by morphological criteria.

The terms “polynucleotide” and “nucleic acid molecule”
refer to a polymer of nucleotides of any length. Included are
genes and gene fragments, mRNA, tRNA, rRNA,
ribozymes, cDNA, recombinant polynucleotides, branched
polynucleotides, plasmids, vectors, isolated DNA and RNA,
nucleic acid probes, and primers. As used in this disclosure,
the term polynucleotides refer interchangeably to double-
and single-stranded molecules. Unless otherwise specified
or required, any embodiment of the invention that is a
polynucleotide encompasses both a double-stranded form,
and each of the two complementary single-stranded forms
known or predicted to make up the double-stranded form.
Included are nucleic acid analogs such as phosporamidates
and thiophosporamidates.
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A cell is said to be “genetically altered”, “transfected”, or
“genetically transformed” when a polynucleotide has been
transferred into the cell by any suitable means of artificial
manipulation, or where the cell is a progeny of the originally
altered cell that has inherited the polynucleotide. The poly-
nucleotide will often comprise a transcribable sequence
encoding a protein of interest, which enables the cell to
express the protein at an elevated level. The genetic alter-
ation is said to be “inheritable” if progeny of the altered cell
have the same alteration.

A “control element” or “control sequence” is a nucleotide
sequence involved in an interaction of molecules that con-
tributes to the functional regulation of a polynucleotide,
such as replication, duplication, transcription, splicing,
translation, or degradation of the polynucleotide. Transcrip-
tional control elements include promoters, enhancers, and
[ePIESSOTS.

Particular gene sequences referred to as promoters, like
the “TERT promoter”, or the “OCT-4 promoter”, are poly-
nucleotide sequences derived from the gene referred to that
promote transcription of an operatively linked gene expres-
sion product. It is recognized that various portions of the
upstream and intron untranslated gene sequence may in
some instances contribute to promoter activity, and that all
or any subset of these portions may be present in the
genetically engineered construct referred to. The promoter
may be based on the gene sequence of any species having
the gene, unless explicitly restricted, and may incorporate
any additions, substitutions or deletions desirable, as long as
the ability to promote transcription in the target tissue.
Genetic constructs designed for treatment of humans typi-
cally comprise a segment that is at least 90% identical to a
promoter sequence of a human gene. A particular sequence
can be tested for activity and specificity, for example, by
operatively linking to a reporter gene (Example 9).

Genetic elements are said to be “operatively linked” if
they are in a structural relationship permitting them to
operate in a manner according to their expected function.
For instance, if a promoter helps initiate transcription of the
coding sequence, the coding sequence can be referred to as
operatively linked to (or under control of) the promoter.
There may be intervening sequence between the promoter
and coding region so long as this functional relationship is
maintained.

In the context of encoding sequences, promoters, and
other genetic elements, the term “heterologous” indicates
that the element is derived from a genotypically distinct
entity from that of the rest of the entity to which it is being
compared. For example, a promoter or gene introduced by
genetic engineering techniques into an animal of a different
species is said to be a heterologous polynucleotide. An
“endogenous” genetic element is an element that is in the
same place in the chromosome where it occurs in nature,
although other elements may be artificially introduced into
a neighboring position.

The terms “polypeptide”, “peptide” and “protein” are
used interchangeably in this disclosure to refer to polymers
of amino acids of any length. The polymer may comprise
modified amino acids, it may be linear or branched, and it
may be interrupted by non-amino acids.

The term “antibody” as used in this disclosure refers to
both polyclonal and monoclonal antibody. The ambit of the
term deliberately encompasses not only intact immunoglo-
bulin molecules, but also such fragments and genetically
engineered derivatives of immunoglobulin molecules as
may be prepared by techniques known in the art, and which
retains the binding specificity of the antigen binding site.
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General Techniques

For further elaboration of general techniques useful in the
practice of this invention, the practitioner can refer to
standard textbooks and reviews in cell biology, tissue
culture, and embryology. Included are Teraiocarcinomas
and Embryonic Stem Cells: A Practical Approach (E. J.
Robertson, ed., IRL Press Ltd. 1987); Guide to Techniques
in Mouse Development (P. M. Wasserman et al., eds,
Academic Press 1993); Embryonic Stem Cell Differentiation
in Vitro (M. V. Wiles, Meth. Enzymol. 225:900, 1993);
Properties and uses of Embryonic Stem Cells: Prospects for
Application 1o Human Biology and Gene Therapy (P. D.
Rathjen et al., Reprod. Fertil. Dev. 10:31, 1998). Differen-
tiation of stem cells is reviewed in Robertson, Meth. Cell
Biol. 75:173, 1997, and Pedersen, Reprod. Fertil. Dev.
10:31, 1998.

Methods in molecular genetics and genetic engineering
are described generally in the current editions of Molecular
Cloning: A Laboratory Manual, (Sambrook et al.), Oligo-
nucleotide Synthesis (M. J. Gait, ed.,); Animal Cell Culture
(R. 1. Freshney, ed.); Gene Transfer Vectors for Mammalian
Cells (Miller & Calos, eds.); Current Protocols in Molecular
Biology and Short Protocols in Molecular Biology, 3rd
Edition (F. M. Ausubel et al., eds.); and Recombinant DNA
Methodology (R. Wu ed., Academic Press). Reagents, clon-
ing vectors, and kits for genetic manipulation referred to in
this disclosure are available from commercial vendors such
as BioRad, Stratagene, Invitrogen, and ClonTech.

General techniques in cell culture and media collection
are outlined in Large Scale Mammalian Cell Culture (Hu et
al., Curr. Opin. Biotechnol. 8:148, 1997); Serum-free Media
(K. Kitano, Biotechnology 17:73, 1991); Large Scale Mam-
malian Cell Culture (Curr. Opin. Biotechnol. 2:375, 1991);
and Suspension Culture of Mammalian Cells (Birch et al.,
Bioprocess Technol. 19:251, 1990).

Sources of Stem Cells

This invention can be practiced using stem cells of
various types, which may include the following non-limiting
examples.

U.S. Pat. No. 5,851,832 reports multipotent neural stem
cells obtained from brain tissue. U.S. Pat. No. 5,766,948
reports producing neuroblasts from newborn cerebral hemi-
spheres. U.S. Pat. Nos. 5,654,183 and 5,849,553 report the
use of mammalian neural crest stem cells. U.S. Pat. No.
6,040,180 reports in vitro generation of differentiated neu-
rons from cultures of mammalian multipotential CNS stem
cells. WO 98/50526 and WO 99/01159 report generation and
isolation of neuroepithelial stem cells, oligodendrocyte-
astrocyte precursors, and lineage-restricted neuronal precur-
sors. U.S. Pat. No. 5,968,829 reports neural stem cells
obtained from embryonic forebrain and cultured with a
medium comprising glucose, transferrin, insulin, selenium,
progesterone, and several other growth factors.

Primary liver cell cultures can be obtained from human
biopsy or surgically excised tissue by perfusion with an
appropriate combination of collagenase and hyaluronidase.
Alternatively, EP 0 953 633 Al reports isolating liver cells
by preparing minced human liver tissue, resuspending con-
centrated tissue cells in a growth medium and expanding the
cells in culture. The growth medium comprises glucose,
insulin, transferrin, T;, FCS, and various tissue extracts that
allow the hepatocytes to grow without malignant transfor-
mation. The cells in the liver are thought to contain special-
ized cells including liver parenchymal cells, Kupffer cells,
sinusoidal endothelium, and bile duct epithelium, and also
precursor cells (referred to as “hepatoblasts” or “oval cells”)
that have the capacity to differentiate into both mature
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hepatocytes or biliary epithelial cells (L. E. Rogler, Am. J.
Pathol. 150:591, 1997; M. Alison, Current Opin. Cell Biol.
10:710,1998; Lazaro et al., Cancer Res. 58:514, 1998).

U.S. Pat. No. 5,192,553 reports methods for isolating
human neonatal or fetal hematopoietic stem or progenitor
cells. U.S. Pat. No. 5,716,827 reports human hematopoietic
cells that are Thy-1 positive progenitors, and appropriate
growth media to regenerate them in vitro. U.S. Pat. No.
5,635,387 reports a method and device for culturing human
hematopoietic cells and their precursors. U.S. Pat. No.
6,015,554 describes a method of reconstituting human lym-
phoid and dendritic cells.

U.S. Pat. No. 5,486,359 reports homogeneous populations
of human mesenchymal stem cells that can differentiate into
cells of more than one connective tissue type, such as bone,
cartilage, tendon, ligament, and dermis. They are obtained
from bone marrow or periosteum. Also reported are culture
conditions used to expand mesenchymal stem cells. WO
99/01145 reports human mesenchymal stem cells isolated
from peripheral blood of individuals treated with growth
factors such as G-CSF or GM-CSF. WO 00/53795 reports
adipose-derived stem cells and lattices, substantially free of
adipocytes and red cells. These cells reportedly can be
expanded and cultured to produce hormones and condi-
tioned culture media.

The invention can be practiced using stem cells of any
vertebrate species. Included are stem cells from humans; as
well as non-human primates, domestic animals, livestock,
and other non-human mammals.

Amongst the stem cells suitable for use in this invention
are primate pluripotent stem (pPS) cells derived from tissue
formed after gestation, such as a blastocyst, or fetal or
embryonic tissue taken any time during gestation. Non-
limiting examples are primary cultures or established lines
of embryonic stem cells.

Media and Feeder Cells

Media for isolating and propagating pPS cells can have
any of several different formulas, as long as the cells
obtained have the desired characteristics, and can be propa-
gated further. Suitable sources are as follows: Dulbecco’s
modified Eagles medium (DMEM), Gibco # 11965-092;
Knockout Dulbecco’s modified Eagles medium (KO
DMEM), Gibco # 10829-018; 200 mM L-glutamine, Gibco
# 15039-027, non-essential amino acid solution, Gibco
11140-050; p-mercaptoethanol, Sigma # M7522; human
recombinant basic fibroblast growth factor (bFGF), Gibco #
13256-029. Exemplary serum-containing ES medium is
made with 80% DMEM (typically KO DMEM), 20%
defined fetal bovine serum (FBS) not heat inactivated, 0.1
mM non-essential amino acids, 1 mM L-glutamine, and 0.1
mM p-mercaptoethanol. The medium is filtered and stored at
4° C. for no longer than 2 weeks. Serum-free 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
mM f-mercaptoethanol. An effective serum replacement is
Gibco # 10828-028. The medium is filtered and stored at 4°
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).

Feeder cells (where used) are propagated in mEF medium,
containing 90% DMEM (Gibco # 11965-092), 10% FBS
(Hyclone # 30071-03), and 2 mM glutamine. mEFs are
propagated in T150 flasks (Corning #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 to inhibit proliferation but permit syn-
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thesis of important factors that support hES cells (~4000
rads gamma irradiation). Six-well culture plates (such as
Falcon # 304) are coated by incubation at 37° 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. The medium is replaced with
fresh hES medium just before seeding pPS cells.

Conditions for culturing other stem cells are known, and
can be optimized appropriately according to the cell type.
Media and culture techniques for particular cell types
referred to in the previous section are provided in the
references cited.

Embryonic Stem Cells

Embryonic stem cells can be isolated from blastocysts of
members of the primate species (Thomson et al., Proc. Natl.
Acad. Sci. USA 92:7844, 1995). Human embryonic stem
(hES) cells can be prepared from human blastocyst cells
using the techniques described by Thomson et al. (U.S. Pat.
No. 5,843,780, Science 282:1145, 1998; Curr. Top. Dev.
Biol. 38:133 ff., 1998) and Reubinoff et al, Nature Biotech.
18:399, 2000.

Briefly, human blastocysts are obtained from human in
vivo preimplantation embryos. Alternatively, in vitro fertil-
ized (IVF) embryos can be used, or one cell human embryos
can be expanded to the blastocyst stage (Bongso et al., Hum
Reprod 4: 706, 1989). Human embryos are cultured to the
blastocyst stage in G1.2 and G2.2 medium (Gardner et al.,
Fertil. Steril. 69:84, 1998). Blastocysts that develop are
selected for ES cell isolation. The zona pellucida is removed
from blastocysts by brief exposure to pronase (Sigma). The
inner cell masses are isolated by immunosurgery, in which
blastocysts are exposed to a 1:50 dilution of rabbit anti-
human spleen cell antiserum for 30 minutes, then washed for
5 minutes three times in DMEM, and exposed to a 1:5
dilution of Guinea pig complement (Gibco) for 3 minutes
(see Solter et al., Proc. Natl. Acad. Sci. USA 72:5099, 1975).
After two further washes in DMEM, lysed trophectoderm
cells are removed from the intact inner cell mass (ICM) by
gentle pipetting, and the ICM plated on mEF feeder layers.

After 9 to 15 days, inner cell mass-derived outgrowths are
dissociated into clumps either by exposure to calcium and
magnesium-free phosphate-buffered saline (PBS) with 1
mM EDTA, by exposure to dispase or trypsin, or by
mechanical dissociation with a micropipette; and then
replated on mEF in fresh medium. Dissociated cells are
replated on mEF feeder layers in fresh ES medium, and
observed for colony formation. Colonies demonstrating
undifferentiated morphology are individually selected by
micropipette, mechanically dissociated into clumps, and
replated. ES-like morphology is characterized as compact
colonies with apparently high nucleus to cytoplasm ratio and
prominent nucleoli. Resulting ES cells are then routinely
split every 1-2 weeks by brief trypsinization, exposure to
Dulbecco’s PBS (without calcium or magnesium and with 2
mM EDTA), exposure to type IV collagenase (~200 U/mL;
Gibco) or by selection of individual colonies by micropi-
pette. Clump sizes of about 50 to 100 cells are optimal.
Embryonic Germ Cells

Human Embryonic Germ (hEG) cells can be prepared
from primordial germ cells present in human fetal material
taken about 8-11 weeks after the last menstrual period.
Suitable preparation methods are described in Shamblott et
al., Proc. Natl. Acad. Sci. USA 95:13726, 1998 and U.S. Pat.
No. 6,090,622.

Briefly, genital ridges are rinsed with isotonic buffer, then
placed into 0.1 mL 0.05% trypsin/0.53 mM sodium EDTA
solution (BRL) and cut into <1 mm® chunks. The tissue is
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then pipetted through a 100 uL tip to further disaggregate the
cells. It is incubated at 37° C. for ~5 min, then ~3.5 mL EG
growth medium is added. EG growth medium is DMEM,
4500 mg/L D-glucose, 2200 mg/L. mM sodium bicarbonate;
15% ES qualified fetal calf serum (BRL); 2 mM glutamine
(BRL); 1 mM sodium pyruvate (BRL); 1000-2000 U/mL
human recombinant leukemia inhibitory factor (LIF,
Genzyme); 1-2 ng/ml human recombinant basic fibroblast
growth factor (bFGF, Genzyme); and 10 uM forskolin (in
10% DMSO). In an alternative approach, EG cells are
isolated using hyaluronidase/collagenase/DNAse. Gonadal
anlagen or genital ridges with mesenteries are dissected
from fetal material, the genital ridges are rinsed in PBS, then
placed in 0.1 mL. HCD digestion solution (0.01% hyalu-
ronidase type V, 0.002% DNAse 1, 0.1% collagenase type
IV, all from Sigma prepared in EG growth medium). Tissue
is minced and incubated 1 h or overnight at 37° C., resus-
pended in 1-3 mL of EG growth medium, and plated onto
a feeder layer.

Ninety-six well tissue culture plates are prepared with a
sub-confluent layer of feeder cells cultured for 3 days in
modified EG growth medium free of LIF, bFGF or forskolin,
inactivated with 5000 rad y-irradiation. Suitable feeders are
STO cells (ATCC Accession No. CRL 1503). ~0.2 mL of
primary germ cell (PGC) suspension is added to each of the
wells. The first passage is conducted after 7-10 days in EG
growth medium, transferring each well to one well of a
24-well culture dish previously prepared with irradiated
STO mouse fibroblasts. The cells are cultured with daily
replacement of medium until cell morphology consistent
with EG cells are observed, typically after 7-30 days or 1-4
passages.

Propagation of pPS Cells in an Undifferentiated State

pPS cells can be propagated continuously in culture, using
a combination of culture conditions that promote prolifera-
tion without promoting differentiation.

Traditionally, pPS cells are cultured on a layer of feeder
cells, typically fibroblast type cells, often derived from
embryonic or fetal tissue. The cell lines are plated to near
confluence, usually irradiated to prevent proliferation, and
then used to support pPS cell cultures.

In one illustration, pPS cells are first derived and sup-
ported on primary embryonic fibroblasts. Mouse embryonic
fibroblasts (mEF) can be obtained from outbred CF1 mice
(SASCO) or other suitable strains. The abdomen of a mouse
at 13 days of pregnancy is swabbed with 70% ethanol, and
the decidua is removed into phosphate buffered saline
(PBS). Embryos are harvested; placenta, membranes, and
soft tissues are removed; and the carcasses are washed twice
in PBS. They are then transferred to fresh 10 cm bacterial
dishes containing 2 mL trypsin/EDTA, and finely minced.
After incubating 5 min at 37° C., the trypsin is inactivated
with 5 mL DMEM containing 10% bovine serum (FBS), and
the mixture is transferred to a 15 mL conical tube and
dissociated. Debris is allowed to settle for 2 min, the
supernatant is made up to a final volume of 10 mL, and
plated onto a 10 cm tissue culture plate or T75 flask. The
flask is incubated undisturbed for 24 h, after which the
medium is replaced. When flasks are confluent (~2-3 d),
they are split 1:2 into new flasks.

Scientists at Geron have discovered that hPS cells can be
maintained in an undifferentiated state even without feeder
cells. The environment for feeder-free cultures includes a
suitable culture substrate, particularly an extracellular
matrix, such as may be derived from basement membrane or
that may form part of adhesion molecule receptor-ligand
couplings. A suitable preparation available from Becton



US 6,921,665 B2

15

Dickenson under the name Matrigel®. Other extracellular
matrix components and component mixtures are suitable as
an alternative. Depending on the cell type being proliferated,
this may include laminin, fibronectin, proteoglycan,
entactin, heparan sulfate, and the like, alone or in various
combinations. Laminins are major components of all basal
laminae in vertebrates, which interact with integrin het-
erodimers such as a6p1 and a6p4 (specific for laminins)
and other heterodimers (that cross-react with other
matrices).

The pluripotent stem cells are plated onto the substrate in
a suitable distribution and in the presence of a medium that
promotes cell survival, propagation, and retention of the
desirable characteristics. It has been found that plating
densities of at least ~15,000 cells cm™ (typically 90,000
em™ to 170,000 ¢cm™?) promote survival and limit differen-
tiation. The passage of pPS cells in the absence of feeders
benefits from preparing the pPS cells in small clusters.
Typically, enzymatic digestion is halted before cells become
completely dispersed (say, ~5 min with collagenase 1V).
Clumps of ~10-2000 cells are then plated directly onto the
substrate without further dispersal.

Alternatively, primate PS cells can be passaged between
feeder-free cultures as a finer cell suspension, providing that
an appropriate enzyme and medium are chosen, and the
plating density is sufficiently high. By way of illustration,
confluent human embryonic stem cells cultured in the
absence of feeders are removed from the plates by incubat-
ing with a solution of 0.05% (wt/vol) trypsin (Gibco) and
0.053 mM EDTA for 5-15 min at 37° C. With the use of
pipette, the remaining cells in the plate are removed and the
cells are triturated with the pipette until the cells are dis-
persed into a suspension comprising single cells and some
small clusters. The cells are then plated at densities of
50,000-200,000 cells/cm® to promote survival and limit
differentiation. The phenotype of ES cells passaged by this
technique is similar to what is observed when cells are
harvested as clusters by collagen digestion. As another
option, the cells can be harvested without enzymes before
the plate reaches confluence. The cells are incubated ~5 min
in a solution of 0.5 mM EDTA alone in PBS, washed from
the culture vessel, and then plated into a new culture without
further dispersal.

pPS cells plated in the absence of fresh feeder cells benefit
from being cultured in a nutrient medium. The medium will
generally contain the usual components to enhance cell
survival, including isotonic buffer, essential minerals, and
either serum or a serum replacement of some kind. Condi-
tioned medium can be prepared by culturing irradiated
primary mouse embryonic fibroblasts (or another suitable
cell preparation) at a density of ~5-6x10* cm™ in a serum
free medium such as KO DMEM supplemented with 20%
serum replacement and 4 ng/mlL basic fibroblast growth
factor (bFGF). The culture supernatant is harvested after ~1
day at 37° C.

As an alternative to primary mouse fibroblast cultures,
conditioned medium can be prepared from an embryonic
fibroblast cell line tested for its ability to condition medium
appropriately. Such lines can optionally be transfected with
telomerase reverse transcriptase to increase their replicative
capacity. Another possible source is differentiated pPS cells
with the morphological features of fibroblasts. pPS cells are
suspension cultured as aggregates in differentiation medium
using non-adherent cell culture plates (~2x10° cells/9.6
cm?). After 2 days the aggregates are transferred into
gelatin-coated plates, and fibroblast-like cells appear in
clusters of 100-1000 cells in the mixed population after ~11
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days. After brief collagenase treatment, the fibroblast-like
cells can be collected under a microscope, passaged in mEF
medium, and tested for their ability to condition ES medium.

Medium that has been conditioned for 1-2 days is typi-
cally used to support pPS cell culture for 1-2 days, and then
exchanged. If desired, conditioned medium can be supple-
mented before use with additional growth factors that benefit
pPS cell culture. For hES, a growth factor like bFGF or
FGF-4 can be used. For hEG, culture medium may be
supplemented with a growth factor like bFGF, an inducer of
gp130, such as LIF or Oncostatin-M, and perhaps a factor
that elevates cyclic AMP levels, such as forskolin.
Characteristics of Undifferentiated pPS Cells

In the two dimensions of a standard microscopic image,
hES cells have high nuclear/cytoplasmic ratios in the plane
of the image, prominent nucleoli, and compact colony
formation with poorly discernable cell junctions. Cell lines
can be karyotyped using a standard G-banding technique
(available at many clinical diagnostics labs that provides
routine karyotyping services, such as the Cytogenetics Lab
at Oakland Calif.) and compared to published human karyo-
types.

hES and hEG cells can also be characterized on the basis
of expressed cell markers. In general, the tissue-specific
markers discussed in this disclosure can be detected using a
suitable immunological technique—such as flow cytometry
for membrane-bound markers, immunohistochemistry for
intracellular markers, and enzyme-linked immunoassay, for
markers secreted into the medium. The expression of protein
markers can also be detected at the mRNA level by reverse
transcriptase-PCR using marker-specific primers. See U.S.
Pat. No. 5,843,780 for further details.

Stage-specific embryonic antigens (SSEA) are character-
istic of 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
Tumors, in E. J. Robertson, 1987, supra). hES cells are
typically SSEA-1 negative and SSEA-4 positive. hEG cells
are typically SSEA-1 positive. Differentiation of pPS cells in
vitro results in the loss of SSEA-4, Tra-1-60, and Tra-1-81
expression and increased expression of SSEA-1. pPS cells
can also be characterized by the presence of alkaline phos-
phatase activity, which can be detected by fixing the cells
with 4% paraformaldehyde, and then developing with Vec-
tor Red as a substrate, as described by the manufacturer
(Vector Laboratories, Burlingame Calif.).

Embryonic stem cells are also typically telomerase posi-
tive and OCT-4 positive. Telomerase activity can be deter-
mined using TRAP activity assay (Kim et al, Science
266:2011, 1997), using a commercially available kit
(TRAPeze® XK Telomerase Detection Kit, Cat. s7707;
Intergen Co., Purchase N.Y.; or TeloTAGGG™ Telomerase
PCR ELISAplus, Cat. 2,013,89; Roche Diagnostics,
Indianapolis). hTERT expression can also be evaluated at
the mRNA level by RT-PCR. The LightCycler TeloT-
AGGG™ hTERT quantification kit (Cat. 3,012,344; Roche
Diagnostics) is available commercially for research pur-
poses.

Differentiating pPS Cells

Differentiation of the pPS can be initiated by first forming
embryoid bodies. General principles in culturing embryoid
bodies are reported in O’Shea, Anat. Rec. (New Anat.
257:323, 1999). pPS cells are cultured in a manner that
permits aggregates to form, for which many options are
available: for example, by overgrowth of a donor pPS cell
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culture, or by culturing pPS cells in culture vessels having
a substrate with low adhesion properties which allows EB
formation. Embryoid bodies can also be made in suspension
culture. pPS cells are harvested by brief collagenase
digestion, dissociated into clusters, and plated in non-
adherent cell culture plates. The aggregates are fed every
few days, and then harvested after a suitable period, typi-
cally 4-8 days. The cells can then be cultured in a medium
and/or on a substrate that promotes enrichment of cells of a
particular lineage. The substrate can comprise matrix com-
ponents such as Matrigel® (Becton Dickenson), laminin,
collagen, gelatin, or matrix produced by first culturing a
matrix-producing cell line (such as a fibroblast or endothe-
lial cell line), and then lysing and washing in such a way that
the matrix remains attached to the surface of the vessel.
Embryoid bodies comprise a heterogeneous cell population,
potentially having an endoderm exterior, and a mesoderm
and ectoderm interior.

Scientists at Geron Corporation have discovered that pPS
cells can be differentiated into committed precursor cells or
terminally differentiated cells without forming embryoid
bodies or aggregates as an intermediate step. Briefly, a
suspension of undifferentiated pPS cells is prepared, and
then plated onto a solid surface that promotes differentiation.
Suitable substrates include glass or plastic surfaces that are
adherent. For example, glass coverslips can be coated with
a polycationic substance, such as a polyamines like poly-
lysine, poly-ornithine, or other homogeneous or mixed
polypeptides or other polymers with a predominant positive
charge. The cells are then cultured in a suitable nutrient
medium that is adapted to promote differentiation towards
the desired cell lineage.

In some circumstances, differentiation is further promoted
by withdrawing serum or serum replacement from the
culture medium. This can be achieved by substituting a
medium devoid of serum and serum replacement, for
example, at the time of replating. In certain embodiments of
the invention, differentiation is promoted by withdrawing
one or more medium component(s) that promote(s) growth
of undifferentiated cells, or act(s) as an inhibitor of differ-
entiation. Examples of such components include certain
growth factors, mitogens, leukocyte inhibitory factor (LIF),
and basic fibroblast growth factor (bFGF). Differentiation
may also be promoted by adding a medium component that
promotes differentiation towards the desired cell lineage, or
inhibits the growth of cells with undesired characteristics.
For example, to generate cells committed to neural or glial
lineages, the medium can include any of the following
factors or medium constituents in an effective combination:
Brain derived neurotrophic factor (BDNF), neutrotrophin-3
(NT-3), NT-4, ¢pidermal growth factor (EGF), ciliary neu-
rotrophic factor (CNTF), nerve growth factor (NGF), ret-
inoic acid (RA), sonic hedgehog, FGF-8, ascorbic acid,
forskolin, fetal bovine serum (FBS), and bone morphogenic
proteins (BMPs).

General principals for obtaining tissue cells from pluri-
potent stem cells are reviewed in Pedersen (Reprod. Fertil.
Dev. 6:543, 1994), and U.S. Pat. No. 6,090,622. Other
publications of interest include the following: For neural
progenitors, neural restrictive cells and glial cell precursors,
see Bain et al., Biochem. Biophys. Res. Commun. 200:1252,
1994; Trojanowski et al., Exp. Neurol. 144:92, 1997; Wojcik
et al., Proc. Natl. Acad. Sci. USA 90:1305-130; and U.S. Pat.
Nos. 5,851,832, 5,928,947, 5,766,948, and 5,849,553. For
cardiac muscle and cardiomyocytes see Chen et al., Dev.
Dynamics 197:217, 1993 and Wobus et al., Differentiation
48:173, 1991. For hematopoietic progenitors, see Burkert et
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al., New Biol. 3:698, 1991 and Biesecker et al., Exp.
Hematol. 21:774, 1993. U.S. Pat. No. 5,773,255 relates to
glucose-responsive insulin secreting pancreatic beta cell
lines. U.S. Pat. No. 5,789,246 relates to hepatocyte precur-
sor cells. Other progenitors of interest include but are not
limited to chondrocytes, osteoblasts, retinal pigment epithe-
lial cells, fibroblasts, skin cells such as keratinocytes, den-
dritic cells, hair follicle cells, renal duct epithelial cells,
smooth and skeletal muscle cells, testicular progenitors, and
vascular endothelial cells.

Scientists at Geron Corporation have discovered that
culturing pPS cells or embryoid body cells in the presence
of ligands that bind growth factor receptors promotes enrich-
ment for neural precursor cells. The growth environment
may contain a neural cell supportive extracellular matrix,
such as fibronectin. Suitable growth factors include but are
not limited to EGF, bFGF, PDGEF, IGF-1, and antibodies to
receptors for these ligands. The cultured cells may then be
optionally separated on the basis of whether they express a
marker such as A2B5. Under the appropriate circumstances,
populations of cells enriched for expression of the A2B5
marker may have the capacity to generate both neuronal
cells (including mature neurons), and glial cells (including
astrocytes and oligodendrocytes). Optionally, the cell popu-
lations are further differentiated, for example, by culturing in
a medium containing an activator of cAMP.

Scientists at Geron Corporation have also discovered that
culturing pPS cells or embryoid body cells in the presence
of a hepatocyte differentiation agent promotes enrichment
for hepatocyte-like cells. The growth environment may
contain a hepatocyte supportive extracellular matrix, such as
collagen or Matrigel®. Suitable differentiation agents
include various isomers of butyrate and their analogs, exem-
plified by n-butyrate. The cultured cells are optionally
cultured simultaneously or sequentially with a hepatocyte
maturation factor, such as an organic solvent like dimethyl
sulfoxide (DMSQ); a maturation cofactor such as retinoic
acid; or a cytokine or hormone such as a glucocorticoid,
epidermal growth factor (EGF), insulin, TGF-a, TGF-f,
fibroblast growth factor (FGF), heparin, hepatocyte growth
factor (HGF), IL-1, IL-6, IGF-1, IGF-II, and HBGF-1.
Characteristics of Differentiated Cells

Cells can be characterized according to a number of
phenotypic criteria. The criteria include but are not limited
to characterization of morphological features, detection or
quantitation of expressed cell markers and enzymatic
activity, and determination of the functional properties of the
cells in vivo.

Markers of interest for neural cells include p-tubulin IIT or
neurofilament, characteristic of neurons; glial fibrillary
acidic protein (GFAP), present in astrocytes; galactocerebro-
side (GalC) or myelin basic protein (MBP); characteristic of
oligodendrocytes; OCT-4, characteristic of undifferentiated
hES cells; nestin, characteristic of neural precursors and
other cells. A2B5 and NCAM are characteristic of glial
progenitors and neural progenitors, respectively. Cells can
also be tested for secretion of characteristic biologically
active substances. For example, GABA-secreting neurons
can be identified by production of glutamic acid decarboxy-
lase or GABA. Dopaminergic neurons can be identified by
production of dopa decarboxylase, dopamine, or tyrosine
hydroxylase.

Markers of interest for liver cells include a-fetoprotein
(liver progenitors); albumin, o,-antitrypsin, glucose-6-
phosphatase, cytochrome p450 activity, transferrin, asia-
loglycoprotein receptor, and glycogen storage (hepatocytes);
CK7, CK19, and y-glutamyl transferase (bile epithelium). It
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has been reported that hepatocyte differentiation requires the
transcription factor HNF-4a (Li et al., Genes Dev. 14:464,
2000). Markers independent of HNF-4a expression include
o -antitrypsin, o-fetoprotein, apoE, glucokinase, insulin
growth factors 1 and 2, IGF-1 receptor, insulin receptor, and
leptin. Markers dependent on HNF-4a expression include
albumin, apoAl, apoAll, apoB, apoCIIl, apoCII, aldolase B,
phenylalanine hydroxylase, L-type fatty acid binding
protein, transferrin, retinol binding protein, and erythropoi-
etin (EPO).

Cell types in mixed cell populations derived from pPS
cells can be recognized by characteristic morphology and
the markers they express. For skeletal muscle: myoD,
myogenin, and myf-5. For endothelial cells: PECAM
(platelet endothelial cell adhesion molecule), Flk-1, tie-1,
tie-2, vascular endothelial (VE) cadherin, MECA-32, and
MEC-14.7. For smooth muscle cells: specific myosin heavy
chain. For cardiomyocytes: GATA-4, Nkx2.5, cardiac tropo-
nin I, a-myosin heavy chain, and ANF. For pancreatic cells,
pdx and insulin secretion. For hematopoietic cells and their
progenitors: GATA-1, CD34,AC133, f-major globulin, and
[-major globulin like gene fHI.

Certain tissue-speciflc markers listed in this disclosure or
known in the art be detected by immunological techniques—
such as flow immunocytochemistry for cell-surface markers,
immunohistochemistry (for example, of fixed cells or tissue
sections) for intracellular or cell-surface markers, Western
blot analysis of cellular extracts, and enzyme-linked
immunoassay, for cellular extracts or products secreted into
the medium. 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 tran-
scriptase initiated polymerase chain reaction (RT-PCR)
using sequence-specific primers in standard amplification
methods. Sequence date for the particular markers listed in
this disclosure can be obtained from public databases such
as GenBank which is accessible over the internet.
Preparing Cell Populations Essentially Free of Undifferen-
tiated Cells

In accordance with this invention, populations of differ-
entiated cells are depleted of relatively undifferentiated cells
by expressing a gene that is lethal to cells or renders them
susceptible to a lethal effect of an external agent, under
control of a transcriptional control element that causes the
gene to be preferentially expressed in the undifferentiated
cells.

To accomplish this, the cells are genetically altered either
before or after the process used to differentiate the cells into
the desired lineage for therapy, in a way that puts an effector
gene suitable for negative selection of undifferentiated cells,
under control of a transcriptional control element with the
desired properties.

Transcriptional Control Elements for Driving Negative
Selection

The control element is selected with a view to the protein
expression patterns of the undifferentiated and differentiated
cells in the population.

Genes with desirable expression patterns can be identified
by comparing expression at the transcription, translation, or
functional level in two different cell populations—one rela-
tively enriched for differentiated cells, the other relatively
enriched for undifferentiated cells. Suitable methods of
comparison include subtractive hybridization of ¢DNA
libraries, and microarray analysis of mRNA levels. Once a
transcript is identified with an appropriate expression
pattern, the promoter or enhancer of the corresponding gene
can be used for construction of the negative selection vector.
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A suitable microarray analysis is conducted using a
Genetic Microsystems array generator, and an Axon Gene-
Pix™ Scanner. Microarrays are prepared by amplifying
c¢DNA fragments in a 96 or 384 well format, and then spotted
directly onto glass slides. To compare mRNA preparations
from two cell populations, one preparation is converted into
Cy3-labeled cDNA, while the other is converted into Cy5-
labeled ¢cDNA. The two cDNA preparations are hybridized
simultaneously to the microarray slide, and then washed to
eliminate non-specific binding. Any given spot on the array
will bind each of the EDNA products in proportion to
abundance of the transcript in the two original mRNA
preparations. The slide is then scanned at wavelengths
appropriate for each of the labels, and the relative abundance
of mRNA is determined. Preferably, the level of expression
of the effector gene will be at least 5-fold or even 25-fold
higher in the undifferentiated cells relative to the differen-
tiated cells.

For the depletion of pluripotent embryonic cells, an
exemplary control element is the promoter for telomerase
reverse transcriptase (TERT). Sequence of the human TERT
gene (including upstream promoter sequence) is provided
below. The reader is also referred to UK. Patent GB
2321642 B (Cech et al., Geron Corporation and U.
Colorado), International Patent Publications WO 00/46355
(Morin et al., Geron Corporation), WO 99/33998 (Hagen et
al., Bayer Aktiengesellschaft), and Horikawa, L, et al.
(Cancer Res., 59:826, 1999). Sequence of the mouse TERT
gene is provided in WO 99/27113 (Morin et al., Geron
Corporation). A lambda phage clone designated AG®3,
containing ~13,500 bases upstream from the hTERT encod-
ing sequence is available from the ATCC under Accession
No. 98505. Example 9 illustrates the testing and use of
TERT promoter sequences (SEQ. ID NO:1) in vector
expression systems.

Another exemplary control element is a promoter
sequence for Octamer binding transcription factor 4 (OCT-
4), a member of the POU family of transcription factors.
OCT-4 transcription is activated between the 4 and 80 cell
stage in the developing embryo, and it is highly expressed in
the expanding blastocyst and then in the pluripotent cells of
the egg cylinder. Transcription is down-regulated as the
primitive ectoderm differentiates to form mesoderm, and by
8.5 days post coitum is restricted to migrating primordial
germ cells. High-level OCT-4 gene expression is also
observed in pluripotent embryo carcinoma and embryonic
stem cell lines, and is down-regulated when these cells are
induced to differentiate. Pig, mouse, and human OCT-4
promoter sequences are provided in International Patent
Publication WO 9919469 (Biotransplant Inc.).

Other suitable control elements can be obtained from
genes causing expression of markers characteristic of undif-
ferentiated cells in the population but not of the differenti-
ated cells. For example, SSEA-3, SSEA-4, Tra-1-60 and
Tra-1-81 are characteristic of various types of undifferenti-
ated pluripotent embryonic stem cells. The enzyme respon-
sible for synthesis of SSEA-4 may have transcriptional
control elements with the desirable expression specificity. A
more recent example is the promoter for Rex1 protein, a
retanoic acid regulated zinc finger protein that is expressed
in preimplantation embryos. The mouse Rex1 promoter has
been shown to act as an effective transcription marker for
undifferentiated embryonic stem cells (Eiges et al., Current
Biol. 11:514, 2001.

Suitability of particular elements can be estimated by
analysis of gene transcript expression, for example, by
microarray analysis. Reporter constructs can then be tested
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in differentiated and undifferentiated cells for the appropri-
ate specificity, using a promoter or enhancer sequence from
the identified cell-specific gene to control transcription of a
reporter gene, such as green fluorescence protein, secreted
alkaline phosphatase, p-glucuronidase, or f-galactosidase.
Use of reporter constructs to test promoter specificity is
illustrated below in Example 9.

Effector Genes for Achieving Negative Selection

A transcriptional regulatory element with appropriate
specificity is operatively linked to an encoding region for a
product that will provide elimination of cells in which it is
expressed—either directly, or by rendering the cell suscep-
tible to an otherwise innocuous external agent.

Of particular interest are genes that cause presentation of
a foreign antigen on the cell membrane. The presented
substance may be an alloantigen, a Xenoantigen, or an
antigen from a non-mammalian species for which specific
antibody is readily available. Expression of the gene leads to
presentation of the antigen on undifferentiated cells, which
then can be used to effect depletion by a suitable immuno-
logical separation.

In one embodiment, the effector sequence encodes a
membrane protein that contains the epitope recognized by
the specific antibody. The membrane protein may be a
protein expressed in the same species on other types of cells,
but more typically is obtained from another species, or is an
artificial sequence. In this case, the antigen will be foreign
to the species from which the stem cells are derived, and
antibodies made in the same species will not cross-react with
other antigens on the cell. Included are xenoantigens,
alloantigens, and artificial antigens (made by constructing an
immunogenic peptide sequence not encoded in the human
genome).

In another embodiment, the target antigen is not a protein,
but a carbohydrate or lipid component. In this case, the
effector sequence will encode an enzyme involved in antigen
synthesis. Of particular interest are glycosyl transferases of
mammalian or non-mammalian origin that synthesize car-
bohydrate differentiation antigen, alloantigens, Xxenoantigen,
or novel determinants detectable by antibody. Examples
include the following:

The marker SSEA-1, for which the effector sequence

encodes the corresponding fucosyltransferase.

The Gale(1,3)Gal linkage present on endothelial tissue of
most mammals except for humans and old-world
monkeys, formed by an a(1,3)galactosyltransferase
(a1,3GT). The encoding sequence for sheep and mar-
moset a1,3GT are provided below (see also Henion et
al., Glycobiology 4:193, 1994). In the processing of
human cells, it is possible to derive a human equivalent
al,3GT, by correcting the silent human «1,3GT
pseudogene (Joziasse et al., J. Biol. Chem. 266:6991,
1991) using a consensus of the lower primate a1,3GT
sequences.

The ABO histo blood group antigens present on most
human cells. The encoding sequence is the correspond-
ing ABO transferases, for which the encoding
sequences are provided below.

Cells displaying the target antigen are separated using a
ligand such as an antibody or lectin specific for the target.
General techniques used in producing antibodies and using
them in immunoisolation are described in Handbook of
Experimental Immunology (Weir & Blackwell, eds.); Cur-
rent Protocols in Immunology (Coligan et al., eds.); and
Methods of Immunological Analysis (Masseyeff et al., eds.,
Weinheim: VCH Verlags GmbH). Polyclonal antibodies can
be prepared by injecting a vertebrate with the isolated
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membrane protein or an immunogenic fragment in a suitable
adjuvant. Any unwanted cross-reactivity (such as reactivity
against proteins expressed by the differentiated cells) can be
removed by adsorbing with cross-reacting antigens attached
to a solid phase, and collecting the unbound fraction. Pro-
duction of monoclonal antibodies is described in such stan-
dard references as Harrow & Lane (1988), U.S. Pat. Nos.
4,491,632, 4,472,500 and 4,444,887, and Methods in Enzy-
mology 73B:3 (1981). Briefly, a2 mammal is immunized,
their splenocytes are immortalized, and clones are selected
that produce antibody of the desired specificity. Other meth-
ods of obtaining specific antibody molecules involve con-
tacting a library of immunocompetent cells or viral particles
(such as a phage display library) with the target antigen, and
growing out positively selected clones (Marks et al., New
Eng. J. Med. 335:730, 1996; WO 94/13804; WO 92/01047;
WO 90/02809; and McGuiness et al., Nature Biotechnol.
14:1449, 1996).

Where the antibody target is a carbohydrate blood group
alloantigen or xenoantigen, there are often “naturally occur-
ring” antibodies already present in the circulation of mam-
mals lacking the antigen without them having been delib-
erately immunized. It is thought that naturally occurring
antibodies arise from cross-reactive carbohydrates present in
the diet. Humans have naturally occurring antibodies to the
human ABO blood group, and to the Gale(1,3)Gal xenoan-
tigen. The “IB4” lectin from Bandeiraca (Griffonia) sim-
plicifolia (Sigma Cat. 1. 3019) is specific for a-D-galactosyl
residues and binds both the Gala(1,3)Gal epitope, and B
blood group substance. Lectins of appropriate specificity can
substitute for antibodies in some affinity separation proce-
dures.

Where the antibody target is a carbohydrate antigen
shared between species, it may be difficult to obtain a high
affinity antibody from another mammal—in which case, it
may be preferable to obtain antibody from an avian species
or a phage display library. This invention also contemplates
artificial carbohydrate antigens, built by using an effector
glycosyltransferase that is not of mammalian origin, but
capable of modifying mammalian complex carbohydrates.
Novel carbohydrate antigens may be particularly immuno-
genic for raising antibody useful in depleting the undiffer-
entiated cells.

In order to effect separation, the cell population is cultured
under conditions that allow the transcriptional control ele-
ment to drive expression of the effector sequence in undif-
ferentiated cells. The cell population is then subjected to
immunoseparation by combining with an antibody or lectin,
and then recovering cells that are not bound. The undiffer-
entiated cells will be in the bound fraction, and will be
depleted from the population recovered. One separation
technique is immunoaffinity binding, in which the antibody
is attached to a solid support, and the cells are passed over
the adsorbent. Differentiated cells will be in the nonadherent
fraction. Another separation technique is fluorescence-
activated cell sorting, in which the cells are contacted with
a fluorescently labeled primary or secondary antibody. The
differentiated cells will be in the non-fluorescent cell sort.
Another separation technique is complement-mediated lysis.
The cells are combined with a complete (complement-
fixing) antibody, and simultaneously or sequentially with
complement obtained from fresh serum or a commercial
source. The complement will lyse undifferentiated cells,
depleting them from the population.

As an alternative to ligand targets, the effector gene can
encode a peptide toxin—such as ricin, abrin, diphtheria,
gelonin, Pseudomonas exotoxin A, and so on. Also suitable
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are genes that induce or mediate apoptosis—such as the
ICE-family of cysteine proteases, the Bel-2 family of
proteins, Bax, bclXs and caspases. Koga et al. (Hu. Gene
Ther. 11:1397, 2000) propose a telomerase-specific gene
therapy using the hTERT gene promoter linked to the
apoptosis gene Caspase-8 (FLICE). Gu et al. (Cancer Res.
60:5359, 2000) reported a binary adenoviral system that
induced Bax expression via the hTERT promoter.

Other suitable effectors encode polypeptides having activ-
ity that is not itself toxic to a cell, but renders the cell
sensitive to an otherwise nontoxic compound—either by
metabolically altering the cell, or by changing a non-toxic
prodrug into a lethal drug. Exemplary is thymidine kinase
(tk) , such as may be derived from a herpes simplex virus,
which converts the anti-herpetic agent ganciclovir (GCV) to
a toxic product that interferes with DNA replication. Inter-
national Patent Publications WO 98/14593 and WO
00/46355 (Geron Corporation) describe constructs compris-
ing HSV tk under control of hTERT promoter sequences.
When the transducing agent is a viral vector, the effector can
be a viral gene required for replication of the virus. Essential
genes for replication of adenovirus include the E4, Ela, E1b,
and E2 regions. See International Patent Publication WO
00/46355 (Morin et al., Geron Corporation) for a description
of lytic vectors that replicate in cells expressing TERT.

Another possible effector sequence encodes a nucleic acid
for antisense, a ribozyme or RNA interference (RNAI)
targeting transcripts essential for cell viability. In one
illustration, the hTERT promoter drives RNAI that inacti-
vates hypoxanthine-guanine phosphoribosyl transferase
(HGPRT) or tk. Residual undifferentiated cells can be
removed from the population by incubation with medium is
supplemented with hypoxanthine, aminopterin, and thymi-
dine (HAT medium).

The vector constructs for use in this invention can also
contain a positive selection marker, such as an antibiotic
resistance gene, that is also under control of the specific
promoter. Exemplary is a vector having the configuration
hTERT promoter—effector gene—IRES or 2A sequence—
neo. This is designed so that both the effector and drug
resistance gene are expressed under control of the promoter
that drives preferential expression in undifferentiated cells.
Selection Techniques to Eliminate Undifferentiated Cells

To deplete differentiated cell populations of undifferenti-
ated cells, the effector gene is selectively expressed in the
undifferentiated cells.

This can be accomplished in several ways. In one
embodiment, the population is genetically altered using a
vector in which a transcriptional control element of the
appropriate specificity is operatively linked to the effector
gene. The genetic alteration may be transient (for example,
using an adenovirus vector), meaning that the level of
expression diminishes as the cells divide. This is suitable for
generating differentiated cell populations that will be free of
heterologous genes at the time of therapy. The genetic
alteration may also be permanent (for example, using a
retroviral vector), meaning that the alteration is inheritable
by progeny of the initially altered cell. This is suitable for
generating differentiated cell populations that will have an
ongoing corrective function as they proliferate in vitro or in
vivo, to eliminate any undifferentiated or dedifferentiated
cells that arise in the population.

Any suitable expression vector can be used. Suitable viral
vector systems for producing stem cells altered according to
this invention can be prepared using commercially available
virus components. Viral vectors comprising effector genes
are generally described in the publications referenced in the
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last section. Alternatively, vector plasmids can be introduced
into cells by electroporation, or using lipid/DNA complexes,
such as those described in U.S. Pat. Nos. 5,578,475; 5,627,
175; 5,705,308; 5,744,335; 5,976,567, 6,020,202; and
6,051,429. Exemplary is the formulation Lipofectamine
2000™, available from Gibeo/Life Technologies. Another
exemplary reagent is FuGENE™ 6 Transfection Reagent, a
blend of lipids in non-liposomal form and other compounds
in 80% ethanol, obtainable from Roche Diagnostics Corpo-
ration.

In another embodiment, the effector gene is placed under
control of an endogenous transcriptional control element,
such as the hTERT or OCT-4 promoter. This can be effected,
for example, by homologous recombination, using a vector
comprising the effector encoding sequence, flanked on one
side by the transcriptional control element and other
upstream genomic sequence, and flanked on the other side
by downstream genomic sequence for the targeted gene.
U.S. Pat. Nos. 5,464,764 and 5,631,153 describe a double-
selection strategy, in which two sequences homologous to
the gene target flank a positive selection marker, and a
negative selection marker is attached to the 3' terminal of the
second flanking region. U.S. Pat. No. 5,789,215 reports the
use of homologous recombination targeting vectors for
modifying the cell genome of mouse embryonic stem cells.
Other information of interest for homologous recombination
targeting can be found in U.S. Pat. Nos. 5,589,369, 5,776,
774, and 5,789,215.

If the effector gene directly causes cell lysis or apoptosis,
then the population will be depleted of undifferentiated cells
upon culturing the cells under conditions where the control
element is expected to cause transcription of the gene.
However, if the effector gene is not directly lethal, but
renders the cell susceptible to the lethal effects of an external
agent, then depletion will be postponed until the external
agent is provided. For example, where the gene is a prodrug
converting enzyme, then depletion is effected upon placing
the cells in an environment containing the prodrug. Where
the gene creates an antibody target, then depletion is effected
upon placing the cells in an environment containing specific
antibody, plus complement. The environment can be a
culture vessel, in which case the agent can just be added to
the culture medium at the requisite concentration. Alterna-
tively or in addition, depletion can be performed in vivo, by
administering the cell population to a subject, and simulta-
neously or sequentially administering the agent, if not
already present. Where the gene is a glycosyltransferase that
creates a xenoantigen or an alloantigen, then placing the
cells in a subject will render the cells liable to lysis in situ
by naturally occurring antibody and complement.

Cell populations in which the majority of cells are dif-
ferentiated can be genetically modified according to these
procedures to deplete undifferentiated cells. Alternatively, a
precursor population of relatively undifferentiated cells can
be genetically modified according to these procedures, and
then differentiated. In this situation, it is more typical to use
an effector gene that does not kill the cells immediately upon
expression, but renders the cells susceptible to the lethal
effect of some external agent. In one illustration, undiffer-
entiated pPS cells grown in culture are transduced with an
adenovirus vector in which the herpes thymidine kinase
gene is under control of the hTERT promoter. The cells are
optionally selected for positive transduction, either by incor-
porating a selectable marker in the construct, or by measur-
ing expression of the transduced gene, and proliferated in
culture. When differentiated cells are desired, the population
is taken through a differentiation procedure (for example, to
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make hepatocyte or neuron precursors, as described earlier).
They are then cultured under conditions that permit expres-
sion of the tk gene in the presence of ganciclovir.

Cell populations may be obtained using these techniques
that are “depleted” of undifferentiated cells, which indicates
any significant reduction in the proportion of undifferenti-
ated cells present. After the procedure is effected, the pro-
portion of undifferentiated cells may be decreased by 50% or
even 90%. Depending on the control element and effector
chosen, it may be possible to achieve differentiated cell
populations that are “essentially free” of undifferentiated
cells. This means that the population as a whole contains less
than 1% of cells with the undifferentiated phenotype. Popu-
lations containing less than 0.2%, 0.05%, or 0.01% undif-
ferentiated cells are increasingly more preferred. For pPS
cells, the presence of undifferentiated cells can be deter-
mined by counting cells expressing SSEA-4 by FACS
analysis, or by counting cells expressing TERT or OCT-4 by
fluorescence in-situ hybridization.

Use of Differentiated Cells

Cells prepared according to this invention can be used for
a variety of commercially important research, diagnostic,
and therapeutic purposes.

Because the cell populations of this invention are depleted
of undifferentiated cells, they can be used to prepare anti-
bodies and cDNA libraries that are specific for the differ-
entiated phenotype. General techniques used in raising,
purifying and modifying antibodies are outlined in the
references provided above. General techniques involved in
preparation of mRNA and cDNA libraries are described in
RNA Methodologies: A Laboratory Guide for Isolation and
Characterization (R. E. Farrell, Academic Press, 1998);
¢DNA Library Protocols (Cowell & Austin, eds., Humana
Press); and Functional Genomics (Hunt & Livesey, eds,,
2000).

Relatively homogeneous cell populations are particularly
suited for use in drug screening and therapeutic applications.
Drug Screening

Differentiated pPS cells of this invention can be used to
screen for factors (such as solvents, small molecule drugs,
peptides, polynucleotides, and the like) or environmental
conditions (such as culture conditions or manipulation) that
affect the characteristics of differentiated cells.

In some applications, differentiated cells are used to
screen factors that promote maturation, or promote prolif-
eration and maintenance of such cells in long-term culture.
For example, candidate maturation factors or growth factors
are tested by adding them to pPS cells in different wells, and
then determining any phenotypic change that results,
according to desirable criteria for further culture and use of
the cells.

Particular screening applications of this invention relate to
the testing of pharmaceutical compounds in drug research.
The reader is referred generally to the standard textbook “In
vitro Methods in Pharmaceutical Research”, Academic
Press, 1997, and U.S. Pat. No. 5,030,015). Assessment of the
activity of candidate pharmaceutical compounds generally
involves combining the differentiated cells of this invention
with the candidate compound, determining any change in
the morphology, marker phenotype, or metabolic activity of
the cells that is attributable to the compound (compared with
untreated cells or cells treated with an inert compound), and
then correlating the effect of the compound with the
observed change.

The screening may be done, for example, either because
the compound is designed to have a pharmacological effect
on certain cell types, or because a compound designed to
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have effects elsewhere may have unintended side effects.
Two or more drugs can be tested in combination (by
combining with the cells either simultaneously or
sequentially), to detect possible drug-drug interaction
effects. In some applications, compounds are screened ini-
tially for potential toxicity (Castell et al., pp. 375-410in “In
vitro Methods in Pharmaceutical Research,” Academic
Press, 1997). Cytotoxicity can be determined in the first
instance by the effect on cell viability, survival, morphology,
and expression or release of certain markers, receptors or
enzymes. Effects of a drug on chromosomal DNA can be
determined by measuring DNA synthesis or repair. [°H]-
thymidine or BrdU incorporation, especially at unscheduled
times in the cell cycle, or above the level required for cell
replication, is consistent with a drug effect. Unwanted
effects can also include unusual rates of sister chromatid
exchange, determined by metaphase spread. The reader is
referred to A. Vickers (PP 375-410 in “In vitro Methods in
Pharmaceutical Research,” Academic Press, 1997) for fur-
ther elaboration.

Therapeutic Use

Differentiated cells of this invention can also be used for
tissue reconstitution or regeneration in a human patient in
need thereof. The cells are administered in a manner that
permits them to graft to the intended tissue site and recon-
stitute or regenerate the functionally deficient area.

In one example, neural stem cells are transplanted directly
into parenchymal or intrathecal sites of the central nervous
system, according to the discase being treated. Grafts are
done using single cell suspension or small aggregates at a
density of 25,000-500,000 cells per ul. (U.S. Pat. No.
5,968,829). The efficacy of neural cell transplants can be
assessed n a rat model for acutely injured spinal cord as
described by McDonald et al. (Nat. Med. 5:1410, 1999. 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 embodied in this invention
are designed for treatment of acute or chronic damage to the
nervous system. For example, excitotoxicity has been impli-
cated in a variety of conditions including epilepsy, stroke,
ischemia, Huntington’s disease, Parkinson’s disease and
Alzheimer’s disease. Certain differentiated cells of this
invention may also be appropriate for treating dysmyelinat-
ing disorders, such as Pelizacus-Merzbacher disease, mul-
tiple sclerosis, leukodystrophies, neuritis and neuropathies.
Appropriate for these purposes are cell cultures enriched in
oligodendrocytes or oligodendrocyte precursors to promote
remyelination.

Hepatocytes and hepatocyte precursors prepared accord-
ing to this invention 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 et al., Am. J. Pathol. 143:1606, 1993). Efficacy of
treatment can be determined by immunohistochemical stain-
ing for liver cell markers, microscopic determination of
whether canalicular structures form in growing tissue, and
the ability of the treatment to 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 function while the subject’s liver tissue
regenerates itself following fulminant hepatic failure.

The efficacy of cardiomyocytes prepared according to this
invention can be assessed in animal models for cardiac
cryoinjury, which causes 55% of the left ventricular wall
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tissue to become scar tissue without treatment (Li et al., Ann.
Thorac. Surg. 62:654, 1996; Sakai et al., Ann. Thorac. Surg.
8:2074, 1999, Sakai et al.,, J. Thorac. Cardiovasc. Surg.
118:715, 1999). Successtul treatment will reduce the area of
the scar, limit scar expansion, and improve heart function as
determined by systolic, diastolic, and developed pressure.
Cardiac injury can also be modeled 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 embodied in this
invention 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).
The examples that follow are provided by way of further
illustration, and are not meant to imply any limitation in
practicing the claimed invention.

EXAMPLES
Example 1

Feeder-Free Passage of hES Cells

In this experiment, undifferentiated hES cells that had
been maintained on primary mouse embryonic feeder cells
were harvested, and then maintained in the absence of
feeders. The culture wells were coated with Matrigel®, and
the cells were cultured in the presence of conditioned
nutrient medium obtained from a culture of irradiated pri-
mary fibroblasts.

Preparation of Conditioned Media (CM) from Primary
Mouse Embryonic Fibroblasts (mEF):

Fibroblasts were harvested from T150 flasks by washing
one time with Ca*™*/Mg™™* free PBS and incubating in 1.5-2
mL trypsin/EDTA (Gibco) for about 5 min. After the fibro-
blasts detached from the flask, they were collected in mEF
media (DMEM+10% FBS). The cells were irradiated at
4000 rad (508 sec at 140 kV: shelf setting 6 in a Torrex
generator), counted and seeded at about 55,000 cells cm™ in
mEF media (525,000 cells/well of a 6 well plate). After at
least 4 hours the media were exchanged with SR containing
ES media (containing bFGF), using 3-4 mL per 9.6 cm well
of a 6 well plate. Conditioned media was collected daily for
feeding of hES cultures. Alternatively, medium was pre-
pared using mEF plated in culture flasks, exchanging
medium daily at 0.3-0.4 mL cm™>. Before addition to the
hES cultures, the conditioned medium was supplemented
with 4 ng/mL of human bFGF (Gibco). Fibroblast cultures
were used in this system for about 1 week, before replacing
with newly prepared cells.

Matrige® Coating:

Growth Factor Reduced Matrigel® or regular Matrigel®
(Becton-Dickinson, Bedford Mass.) was thawed at 4° C. The
Matrigel® was diluted 1:10 to 1:500 (typically 1:30) in cold
KO DMEM. 0.75-1.0 mL of solution was added to each 9.6
cm?® well, and incubated at room temp for 1 h. The coated
wells were washed once with cold KO DMEM before
adding cells. Plates were used within 2 h after coating, or
stored in DMEM at 4° C. and used within ~1 week.
Human ES Culture:

Undifferentiated hES colonies were harvested from hES
cultures on feeders as follows. Cultures were incubated in
~200 U/mL collagenase IV for about 5 minutes at 37° C.
Colonies were harvested by picking individual colonies up
with a 20 uL. pipet tip under a microscope or by scraping and
dissociating into small clusters in conditioned medium
(CM). These cells were then sceded onto Matrigel® in
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conditioned media at 15 colonies to each 9.6 cm® well (if 1
colony is ~10,000 cells, then the plating density is ~15,000
cells cm™).

The day after seeding on Matrigel®, hES cells were
visible as small colonies (~100-2,000 cells) and there were
single cells in-between the colonies that appeared to be
differentiating or dying. As the hES cells proliferated, the
colonies became quite large and very compact, representing
the majority of surface area of the culture dish. The hES cells
in the colonies had a high nucleus to cytoplasm ratio and had
prominent nucleoli, similar to hES cells maintained on
feeder cells. At confluence, the differentiated cells in
between the colonies represented less than 10% of the cells
in the culture.

Six days after seeding, the cultures had become almost
confluent. The cultures were split by incubating with 1 mL
~200 U/mL Collagenase IV solution in KO DMEM for ~5
minutes at 37° C. The collagenase solution was aspirated, 2
mL hES medium was added per well, and the hES cells were
scraped from the dish with a pipette. The cell suspension was
transferred to a 15 mL conical tube, brought up to a volume
of 6 mL, and gently triturated to dissociate the cells into
small clusters of 10-2000 cells. The cells were then
re-seeded on Matrigel® coated plates in CM, as above. Cells
were seeded at a 1:3 or 1:6 ratio, approximately 90,000 to
170,000 cells cm™>, making up the volume in each well to
3 mL. Medium was changed daily, and the cells were split
and passaged again at 13 d and again at 19 d after initial
seeding.

On day 19 after initial seeding, cells were harvested and
evaluated for surface marker expression by immunofluores-
cence cell cytometry, using labeled antibodies specific for
cell surface markers. For the hES cells maintained in the
absence of feeders, a high percentage express SSEA-4,
Tra-1-60 or Tra-1-81. These 3 marke are expressed on
undifferentiated human ES cells that are maintained on
feeders (Thomson et al., 1998). In addition, there is very
little expression of SSEA-1, a glycolipid that is not
expressed(or expressed at low levels) on undifferentiated ES
cells. Immunohistochemical evaluation of SSEA-4, Tra-1-
60 and Tra-1-81 indicates that the expression of these
marKers is localized to the ES colonies, not the differentiated
cells in between the colonies.

Cultures of hES cells have been grown in the absence of
feeder cells for over 180 days after initial seeding, with no
apparent change in the proliferative capacity or phenotype.
Human ES cells maintained on Matrigel® in mEF condi-
tioned medium have a doubling time of about 31-33 hours,
similar to the proliferation rate for hES cells grown on mEF
feeder cells. H1 cells after 64 days of feeder-free culture
showed a normal karyotype.

Example 2

Phenotypic Markers of hES Cells in Feeder-free
Culture

Undifferentiated hES cells express SSEA-4, Tra-1-60,
Tra-1-81, OCT-4, and hTERT. The expression of these
markers decreases upon differentiation. In order to assess
whether the cells maintained in feeder-free conditions
retained these markers, cells were evaluated by
immunostaining, reverse transcriptase PCR amplification,
and assay for telomerase activity.

For analysis by fluorescence-activated cell sorting
(FACS), the hES cells were dissociated in 0.5 mM EDTA in
PBS and resuspended to about 5x10° cells in 50 uL diluent
containing 0.1% BSA in PBS. For analyzing surface marker
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expression, cells were incubated in the primary antibodies,
including IgG isotype control (0.5 ug/test), IgM isotype
control (1:10), SSEA-1 (1:10), SSEA-4 (1:20), Tra-1-60
(1:40) and Tra-1-81 (1:80), diluted in the diluent at 4° C. for
30 min. After washing with the diluent, cells were incubated
with rat anti-mouse kappa chain antibodies conjugated with
PE (Becton Dickinson, San Jose, Calif.) at 4° C. for 30 min.
Cells were washed and analyzed on FACScalibur™ Flow
Cytometer (Becton Dickinson, San Jose, Calif) using
CellQuest™ software.

Similar to the hES cells on feeders, cells on Matrigel®,
laminin, fibronectin or collagen IV expressed SSEA-4, Tra-
1-60 and Tra-1-81. There was very little expression of
SSEA-1, a glycolipid that is not express undifferentiated
hES cells.

For analysis by immunocytochemistry, cells were incu-
bated with primary antibodies, including SSEA-1 (1:10),
SSEA-4 (1:20), Tra-1-60 (1:40) and Tra-1-81 (1:80), diluted
in knockout DMEM at 37° C. for 30 min. Cells were then
washed with warm knockout DMEM and fixed in 2%
paraformaldehyde for 15 min. After washing with PBS, cells
were incubated with 5% goat serum in PBS at room temp for
30 min, followed by incubation with the FITC-conjugated
goat anti-mouse antibodies (1:125) (Sigma) at room temp
for 30 min. Cells were washed, stained with DAPI and
mounted. The staining was typically performed ~2 days after
passaging. Cells were also examined for expression of
alkaline phosphatase, a marker for undifferentiated ES cells.
This was performed by culturing the cells on chamber slides,
fixing with 4% paraformaldehyde for 15 min, and then
washing with PBS. Cells were then incubated with alkaline
phosphatase substrate (Vector Laboratories, Inc.,
Burlingame, Calif.) at room temperature in the dark for 1 h.
Slides were rinsed for 2-5 min in 100% ethanol before
mounting.

The results showed that SSEA-4, Tra-1-60, Tra-1-81, and
alkaline phosphatase were expressed by the hES colonies on
Matrigel® or laminin, as seen for the cells on feeders—but
not by the differentiated cells in between the colonies.

HG. 1 shows OCT-4 and hTERT expression of H1 cells
on feeders and off feeders, as detected by reverse-
transcriptase PCR amplification. For radioactive relative
quantification of individual gene products, QuantumRNA™
Alternate18S Internal Standard primers (Ambion, Austin
Tex., USA) were employed according to the manufacturer’s
instructions. Briefly, the linear range of amplification of a
particular primer pair was determined, then coamplified with
the appropriate mixture of alternate18S primers:competim-
ers to yield PCR products with coinciding linear ranges.
Before addition of AmpliTag™ (Roche) to PCR reactions,
the enzyme was pre-incubated with the TagStar™ antibody
(ProMega) according to manufacturer’s instructions. Radio-
active PCR reactions were analyzed on 5% non-denaturing
polyacrylamide gels, dried, and exposed to phosphoimage
screens (Molecular Dynamics) for 1 hour. Screens were
scanned with a Molecular Dynamics Storm 860 and band
intensities were quantified using ImageQuant™ software.
Results are expressed as the ratio of radioactivity incorpo-
rated into the hTERT or OCT-4 band, standardized to the
radioactivity incorporated into the 18s band.

Primers and amplification conditions for particular mark-
ers are as follows. OCT-4: Sense (SEQ. ID NO:2)
5'-CTTGCTGCAG AAGTGGGTGG AGGAA-3'AntiSense
(SEQ. ID NO:3) 5'-CTGCAGTGTG GGTTTCGGGC A-3
alternate18:competimers 1:4; 19 cycles (94° 30 sec; 60° 30
sec; 72° 30 sec). hTERT: Sense (SEQ. ID NO:4)
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5-CGGAAGAGTG TCTGGAGCAA-3'AntiSense (SEQ.
ID NO:5) 5-GGATGAAGCG GAGTCTGGA-3
alternate18:competimers 1:12; 34 cycles (94° 30 sec; 60° 30
sec; 72° 30 sec).

hTERT and OCT-4 expression was seen in all the culture
conditions except Matrigel® and regular medium.
Furthermore, after exposure of cells to retinoic acid (RA) or
dimethyl sulfoxide (DMSO), factors that promote cell
differentiation, the expression of hTERT was markedly
decreased.

FIG. 2 shows telomerase activity measured by TRAP
activity assay (Kim et al., Science 266:2011, 1997; Weinrich
et al, Nature Genetics 17:498, 1997). All the cultures
conditions showed positive telomerase activity after 40 days
on Matrigel®, laminin, fibronectin or collagen IV in mEF
conditioned medium.

Example 3
Differentiation of hES Cells

In this experiment, differentiation using standard methods
of aggregate formation was compared with a direct differ-
entiation technique.

For the aggregate differentiation technique, monolayer
cultures of rhesus and human ES lines were harvested by
incubating in Collagenase IV for 5-20 min, and the cells
were scraped from the plate. The cells were then dissociated
and plated in non-adherent cell culture plates in FBS-
containing medium. The plates were placed into a 37° C.
incubator, and in some instances, a rocker was used to
facilitate maintaining aggregates in suspension. After 4-8
days in suspension, aggregate bodies formed and were
plated onto a substrate to allow for further differentiation.

For the direct differentiation technique, suspensions of
rhesus and human ES cells were prepared in a similar
fashion. The cells were then dissociated by trituration to
clusters of ~50-100 cells, and plated onto glass coverslips
treated with poly-ornithine. The cells were maintained in
serum containing medium, or defined medium for 7-10 days
before analysis.

Cells from both preparations were fixed and tested by
immunoreactivity for p-tubulin III and MAP-2, which is
characteristic of neurons, and glial fibrillary acidic protein
(GFAP), which is characteristic of astrocytes. Results are
shown in Table 1.

TABLE 1

Comparison of hPS Differentiation Methods

Direct
Differentiation

Differentiation via

ES Cell Line Aggregate Bodies

used for differentiation ~ Neurons Astrocytes  Neurons Astrocytes

R366.4 (Rhesus line) + + + +

R278.5 (Rhesus line) + + + +

R456  (Rhesus line) + + + +

H9 (Human line) + + + +

H9.1 (Clone of  (Not Done)  (Not Done) + +
HY)

H9.2 (Clone of + + + +
HO)

Rhesus and human ES lines differentiated into cells
bearing markers for neurons and astrocytes, using either the
aggregate or direct differentiation technique. In the rhesus
cultures, percentage of aggregates that contained neurons
ranged from 49% to 93%. In the human lines examined, the
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percentage of aggregates containing neurons ranged from
60% to 80%. Double labeling for GABA and p-tubulin
indicated that a sub-population of the neurons express the
inhibitory neurotransmitter GABA. In addition, astrocytes
and oligodendrocytes were identified with GFAP immune
reactivity and GalC immune reactivity, respectively.
Therefore, the human and rhesus ES cells have the capacity
to form all three major cell phenotypes in the central nervous
system.

The effect of several members of the neurotrophin growth
factor family was examined. hES cells were differentiated by
harvesting with collagenase, dissociating, and reseeding
onto poly-ornithine coated cover slips. The cells were plated
into DMEM/F12+N2+10% FBS overnight. The following
day, the serum was removed from the medium and replaced
with 10 ng/mL human bFGF and the growth factor being
tested. After 24 hours, bFGF was removed from the medium.
These cultures were fed every other day. They were fixed
after 7 days of differentiation and immunostained for analy-
sis. The number of neurons was evaluated by counting cells
positive for p-tubulin. Cultures maintained in the presence
of 10 ng/mL brain derived neurotrophic factor (BDNF)
formed approximately 3-fold more neurons than the control
cultures. Cultures maintained in neurotrophin-3 (1 ng/mL)
formed approximately 2-fold more neurons than control
cultures.

In a subsequent experiment, suspensions of human ES
cells were prepared from parental line H9 and two subcloned
lines. The cells were harvested using collagenase 1V, and
then replated onto poly-ornithine coated glass slides in
medium containing 20% FBS. The cultures were then fed
every other day for 7-10 days, then fixed for immunostain-
ing. From each of these lines, a number of differentiated
cells stained positively for muscle-specific actin (antibody
from Dako), but were negative for cardiac troponin 1.
Several patches of cells stained positively for a-fetoprotein,
indicating the presence of endoderm cells.

Example 4

Comparison of Direct Differentiation with
Differentiation Through Embryoid Bodies

To induce direct differentiation, undifferentiated hES cells
were harvested and re-plated directly into differentiating
conditions. Considerable cell death was apparent upon
plating, but many cells adhered and began to proliferate
and/or differentiate. In cultures differentiated using serum
containing conditions, the cultures continued to proliferate
and reached confluence within 5-10 days. At this time, the
cultures contained a heterogeneous population that dis-
played many different morphologies. Immunocytochemistry
revealed ectoderm, mesoderm and endoderm lineages using
antibodies against f-tubulin III, muscle specific actin and
a-fetoprotein, respectively. The positive staining for all of
these cell types appeared in patches that were sometimes
quite dense, therefore it was difficult to accurately quantify
the percentages of each cell type.

In order to increase the percentage of neurons, the hES
cells were plated onto poly-ornithine coated glass coverslips
and cultures in defined media. Although these data indicate
that cells from all three germ layers can be derived without
the production of EBs, cardiomyocytes were not identified.

By way of comparison, hES cells were induced to differ-
entiate by generating embryoid bodies (EBs). In these
experiments, ES cells were harvested and replated in sus-
pension cultures. Although initially a marked amount of cell
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death was observed, after 2-3 days the remaining cells
formed aggregates. EBs were maintained for as many as 16
days in culture and were still viable and formed many
structures after subsequent plating. Later stage human EBs
often showed a cystic morphology and sometimes gave rise
to beating EBs.

To assess cardiomyocyte formation, EBs were transferred
to gelatin-coated plates or chamber slides after 4 days in the
suspension cultures. The EBs attached to the surface after
seeding, proliferated and differentiated into different types
of cells. Spontaneously contracting cells were observed in
various regions of the culture at differentiation day 8 and the
number of beating regions increased until about day 10. In
some cases, more than 75% of the EBs had contracting
regions. Beating cells were morphologically similar to
mouse ES cell-derived beating cardiomyocytes. In addition,
the expression of the cardiac specific marker cardiac tropo-
nin 1 was examined at differentiation day 15 using immu-
nocytochemistry. Individual contracting foci in the differ-
entiated cultures were photographed to record the
contracting area before the culture was fixed. The culture
was then evaluated for cardiac cTnl expression and matched
to the original photographs to determine the percentage of
contracting areas that were positive for ¢Tnl staining. As a
control, cells adjacent to the contracting foci were also
examined for cTnl staining. In these cultures 100% of the
contracting areas showed positive immunoreactivity, while

minimal immunoreactivity was observed in the non-beating
cells.

Cultures of differentiated EBs were subjected to Western
blot analysis using monoclonal antibody against ¢Tnl. This
assay gave a strong 31 kDa protein signal, corresponding to
the size of the purified native human cardiac Tnl. ¢Tnl was
detected in differentiated human ES cells containing con-
tracting cells but not in undifferentiated ES cells or differ-
entiated cultures with no evidence of contracting cells,
suggesting the specific detection of cardiomyocytes. As a
control, the blot was reprobed with f-actin specific antibody,
confirming the presence of similar amounts of proteins in all
samples.

In other experiments, EBs were cultured for 8 or 16 days
and maintained as adherent cultures for an additional 10
days. RNA was prepared from the differentiated human ES
cells and semiquantitative RT-PCR was performed to detect
the relative expression of the endoderm-specific products
a;-anti-trypsin, AFP, and albumin. Low levels of o,-anti-
trypsin and AFP were detected in the undifferentiated cul-
tures; little or no albumin was detected in the same cultures.
All 3 markers were detected at significantly higher levels
after differentiation. Expression of all 3 endoderm markers
was higher in cultures derived from 8 day embryoid bodies
than 16 day embryoid bodies.

Example 5

Transfection and Transduction of hES Cells
Maintained on Primary mEF Feeder Layers

hES cultures were maintained in a growth medium com-
posed of 80% KO DMEM (Gibco) and 20% Serum Replace-
ment (Gibco) supplemented with 1% non-essential amino
acids, 1 mM glutamine, 0.1 mM p-mercaptoethanol and 4
ng/mL hbFGF (Gibco).

Plates were coated with a solution of 0.5% gelatin
(Sigma) at 37° overnight prior to the addition of cells.
Primary mEFs were cultured in standard mEF medium, and
split 1:2 every 2 days for up to 5 splits. Subconfluent cultures
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of mEFs were detached with trypsin, resuspended in 10 mL
medium, and irradiated with a cumulative dose of
3500-4000 rads with a Torrex 150D X-ray generator. Irra-
diated cells were pelleted at 400xg for 5 min and resus-
pended at 1.25x10° cells per mL in standard mEF medium.
Individual wells of a 6-well plate were seeded with 3.75x10°
irradiated mEFs per well; individual wells of a 24-well plate
were seeded with 75,000 irradiated mEFs per well.

Transfection was performed as follows. hES cells plated
in 6 well plates were removed from the feeder layer with
collagenase (~200 units/mL) at 37° for 7-10 min. When
colonies began to detach, the collagenase from each well
was aspirated and replaced with 2 mL of standard hES
growth medium/well. The hES cells were removed by
scraping the surface of a single well with a 5 mL pipet and
transferred to a 50 mL conical tube. Additional hES growth
medium was added to a final volume of 10 mL. The cell
suspension was triturated 10-12 times with a 10 mL pipet,
and an additional 8 mL of standard hES growth medium
added. Three mL of the cell suspension were added to each
well of 6 well plates that were pre-coated with gelatin and
mEF feeder layers as described above (i.e., 1 well of a 6 well
plate was sufficient to seed 6 wells of a new plate).

Replated hES cells were tested with a number of different
transfection systems to determine whether genetic alteration
of hES cells could be achieved without causing differentia-
tion. Systems tested included the following: Mammalian
Transfection Kit (CaPO4 and DEAE reagents), Stratagene
cat # 200285; TranslT-LT1 Mirus (Panvera), cat # MIR
2310; Polybrene (Sigma); Poly-L-Lysine (Sigma); Super-
fect™ (Qiagen); Effectene™ (Qiagen); Lipofectin™ (Life
Technologies); Lipofectamine (differs from Lipofectamine
2000™) (Life Technologies); Cellfectin™ (Life
Technologies); DMRIE-C (Life Technologies); Lipo-
fectamine 2000 (Life Technologies); and electroporation
using BioRad™ Gene pulser.

Under the conditions used, Lipofectamine 2000™ (Gibco
Life Technologies cat # 11668019, patent pending) and
FuGENE™ (trademark of Fugent L.L.C.; a proprietary
blend of lipids and other components, purchased from
Roche Diagnostic Corporation cat # 1 814 443) both resulted
in good transfection efficiency. The efficiency was generally
best if these reagents were contacted with replated hES cells
~48 h after the replating.

Transfection using Lipofectamine 2000™ was conducted
as follows: The plasmid DNA (3-5 pg of pEGFP-C1,
ClonTech cat. # 6084-1) was diluted in water to a final
volume of 100 wul. In pilot experiments, 5 to 30 ul. of
Lipofectamine 2000™ (Gibco, cat # 11668-019) were
diluted in OptiMEM™ (Gibco, cat # 11-58-021) to a final
volume of 100 yL. The DNA solution was then added slowly
to the Lipofectamine2000™ solution and mixed gently. The
mixture was incubated at room temperature for 20-30 min
before being supplemented with 800 ul of OptiMEM™ .
Cells were washed with 3 mL of pre-warmed OptiMEM™
and incubated in 0.5-1 mL of the DNA/lipid mixture solu-
tion at 37° C. for 4 h, per well (9.6 cm?®). In some
experiments, after 4 h, the complex was removed before the
addition of 4 mL of mEF-conditioned medium; in others,
sufficient mEF-conditioned medium was added to the wells
to reach a final volume of 3.5 mL and the mixture was left
on the cells overnight. In other experiments the DNA/lipid
mixture was added to wells containing sufficient mEF-
conditioned medium such that the final volume was 3.5 mL,
and the cells were incubated in this mixture overnight.

Transfection using FUGENE™ was conducted as fol-
lows. Each well was transfected with 10 ug DNA using
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FuGENE™ 6 (Roche Diagnostics Corp.), at a ratio of 3:2
FuGENE™ reagent to DNA as described by the manufac-
turer’s directions. OptiMEM™ serum-free medium was
used in the transfections. In the “old protocol”, 4 h after the
addition of the FuGENE™-DNA complex, 2.5 mL of stan-
dard hES growth medium was added to each transfected
well. In the revised protocol (“3:2 L”), transfected wells
were not re-fed with standard hES growth medium. Twenty-
four hours after transfection, GFP-expression was assessed
by flow cytometry.

Forty-eight hours before transfection, hES cells were
seeded onto 6 well plates that had been coated with gelatin
and mEF feeder layers as described above. hES cells were
transfected using FuGENE™ 6 (Roche) or Lipofectamine
2000™ (Gibco) according to the manufacturers’ instruc-
tions. Twenty-four hours after transfection, cells were
assessed for GFP expression by inspection under a fluores-
cent microscope or flow cytometry. In the experiment shown
in FIG. 1, three methods were compared: the standard
Lipofectamine 2000™ protocol, the standard FuGENE™
protocol, and a variant FuGENE™ protocol in which the
DNA/lipid mix was left on the cells overnight. The results
demonstrated that while Lipofectamine 2000™ consistently
yielded a higher percentage of GFP-expressing cells, the
variant FuGENE™ protocol resulted in GFP-expressing
cells with a higher mean fluorescence intensity.

Transient transductions using adenoviral vectors were
conducted as follows. The vector AdSCMV5-GEP (referred
to here as Ad5GFP) contains the green fluorescent protein
encoding region under control of the CMV promoter, and
was purchased from Quantum Biotechnologies, cat #
ADV0030. Seventy-two hours before transduction, hES
cells were seeded onto 24 well plates that had been coated
with gelatin and mEF feeder layers as described above.
Before transduction, 3 wells of hES cells were detached with
a solution of 0.05% trypsin/5 mM EDTA (Sigma) at 37°,
resuspended in 500 ul of standard mEF growth medium,
and counted with a hemocytometer (the 75,000 mEF feeder
cells were subtracted from each well) to establish the cell
number before transfection. The adenovirus stock was
thawed on ice immediately prior to use.

For infection with Ad5GFP, growth media was aspirated
from the wells containing hES cells and replaced with 1 mL
of hES growth medium plus 9 uL of AdS GFP stock (MOI
of 40). Two hours later, the virus-containing medium was
replaced with 1 mL of hES growth medium per well. Each
transduced well was refed with 1 mL of fresh hES growth
medium every 24 hours. GFP expression was assessed by
flow cytometry. The results from a typical experiment indi-
cated that expression was highest at 24 hr after transduction
but persisted for at least 8 days at low levels (by the later
time points, extensive differentiation had occurred due to
overgrowth of the hES cells).

Example 6

Preparation of the Immortalized Feeder Cell Line
NH190

In this example, a permanent mouse cell line was estab-
lished that is suitable for conditioning medium for the
culture of primate pluripotent stem (pPS) cells. The
NHG190 line is a mouse embryonic fibroblast cell line
immortalized with telomerase that is triple drug resistant,
and expresses green fluorescent protein (GFP).

Two mouse strains were obtained from Jackson Labora-
tory (Bar Harbor, Me.) that have a transgene for resistance
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to the antibiotics neomycin or hygromycin. The C57BL/6J
TgN(pPGKneobpA)3Ems mice and C57BL/6J-TgN
(pPWL512hyg)1 Ems mice from Jackson Labs were cross-
bred. Embryos that were both neomycin- and hygromycin-
resistant were dissected at day 13.5 post conception
according to standard protocols for preparing mouse embry-
onic fibroblasts (mEF) for feeder layers (E. J. Robertson, pp.
71-112 in Teratocarcinoma and Embryonic Stem Cell Lines,
ed. E. J. Robertson, Oxford: IRL Press, 1987). The derived
mEF cells were stored frozen.

The mEFs were thawed in growth medium containing
20% fetal calf serum (HyClone), 2 mM L-glutamine (Gibco/
BRL), 80% DMEM (Gibco/BRL). The cells were expanded
using 1:2 split ratios for 4 passages. Two flasks that had
reached ~75% confluence were fed with fresh medium 4 h
before electroporation. Cells were removed from the flasks
with 0.5% trypsin/500 mM EDTA (Gibco/BRL), pelleted at
400xg for 5 min at room temperature, and resuspended in
the growth medium at a concentration of 4x10° cells/mL.

The cell suspension was divided into two 500 uL aliquots
and transferred to two 0.4 cm gap electroporation cuvettes
(BioRad). One cuvette received 5 ug of the control plasmid
(pBS212; puromycin-resistance gene driven by the SV40
early enhancer/promoter); the other received 5 ug of
pGRN190, comprising the murine telomerase reverse tran-
scriptase (mTERT) coding region driven by MPSV promoter
plus puromycin resistance gene driven by the SV40 early
enhancer/promoter. The cells and DNA were mixed by hand,
and electroporated using a BioRad gene Pulser with a
BioRad capacitance extender at a setting of 300V, 960 uF.

Each aliquot of cells was transferred to an individual 150
cm plate containing 25 mL of growth medium. The medium
on the plates was exchanged on the following day, and on the
next day, growth medium was replaced by growth medium
plus 0.5 ug/mL puromycin. The medium on the plates was
exchanged for fresh puromycin-containing medium every
48 hrs until 29 days after electroporation. At this time, large
individual colonies of puromycin-resistant cells were evi-
dent in both the pBS212- and pGRN190- electroporated
plates. Ten colonies from the control plate and 12 from the
pGRN190-electroporated plate were isolated with cloning
cylinders and each colony was transferred to 1 well of a
48-well plate (1 well per colony).

One week later, all surviving colonies that had expanded
to reach confluence in the 48 well plate (three control
colonies, 1 pGRN190-electroporated colony) were trans-
ferred individually to wells of a 24 well plate. Six days later,
the only colony that had continued to expand was derived
from the pGRN190-¢lectroporated plate, and was subse-
quently designated NH190. The cells were maintained in
growth medium plus 0.5 ug/mL puromycin. Analysis for
telomerase activity by TRAP assay (Kim et al., Nucleic
Acids Res. 25:2595, 1997) demonstrated that NH190 cells
express functional telomerase activity.

To facilitate monitoring of the cells in mixed culture
populations and in vivo, NH190 cells were further infected
with a retroviral construct conferring expression of green
fluorescent protein (GFP). The enhanced GFP sequence
from plasmid pEGFP-1 is one of the Living Colors™
fluorescent protein vectors, available from ClonTech. It
contains an enhanced GFP encoding region, with changes
that alter restriction nuclease cleavage sites, and shift the
excitation and emission wavelengths of the encoded protein.
The EGFP-1 sequence was cloned into the vector
pMSCVneo, ClonTech cat # K1062-1. NH190 cells were
transduced with the engineered vector, and GFP positive
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cells were separated by FACS sorting. The GFP expressing
cell line was designated NHG190. These cells have been
carried in culture for over 3 months.

Example 7

Genetic Modification of hES Cells Maintained on
NHG190 Feeder Cells

NHG190 cells were cultured in DMEM (Gibco) plus 20%
fetal bovine serum (HyClone) and 5 mM glutamine. Cells
were split 1:10 every 3 d. Subconfluent cultures were
detached with trypsin, suspended in 10 mL medium, and
irradiated with a cumulative dose of 3500 rads with a Torrex
150D X-ray generator. Irradiated cells were pelleted at
400xg for 5 min and resuspended at 1.25x10° cells per mL
in either NHG190 medium or standard hES medium.

Conditioned medium was prepared by plating NHG190
cells at 4.08x10" cm™ on gelatin-coated plates. At 18-24 h
after plating, medium was exchanged for standard hES
medium with 4 ng/ml added bFGF. The medium was
conditioned by the cells for 18-24 h, harvested, and an
additional 4 ng/mL bFGF was added. The medium was used
to support hES cell cultures the same day as it was collected.
Irradiated NHG190 cells could be used for preparing con-
ditioned medium for 7-10 days.

hES cells were transfected as follows. The cells were
removed from the feeder layer using collagenase (~200
U/mL) at 37° C. for 7-10 min, and transferred to a 50 mL
conical tube. hES growth medium was added to a final
volume of 10 mL; the suspension was triturated 10-12 times
with a 10 mL pipet, and another 8§ mL hES medium was
added. Three mL of cell suspension was added to each well
in a 6-well plate precoated with MatrigelQR and NHG190
feeder cells.

Forty-eight hours after seeding, the hES were transfected
with 10 ug DNA per well using FuGENE™ 6 (Roche)
according to manufacturer’s protocol in OptiMEM™ serum-
free medium. The DNA was a plasmid containing the PGK
promoter driving neo”. Four h later, 3 mL of NHG190-
conditioned medium was added to each transfected well.
Cells were re-fed daily with 3 mL conditioned medium.
Forty-eight h after transfection, the cells were layered with
NHG190 conditioned medium containing 200 ug/mL added
geneticin (Sigma), which was replaced daily thereafter. After
3 days of selection, additional irradiated NHG190 feeder
cells were added (1.25x10° cells/well in hES medium).
Twenty-four h later, the medium was again replaced with
NHG190-conditioned medium containing 200 ug/mL
geneticin, replaced daily.

Individual colonies were isolated and expanded through
another round of selection. After a further 5 days, individual
colonies were identified by microscope and marked on the
outside of the dish. Medium was removed, and replaced with
collagenase (~200 U/mL). Individual colonies were picked
using a p20 pipet tip, and transferred to individual tubes
containing 2 mL. NHG190 conditioned medium (without
geneticin). The suspension was triturated 5 times to disag-
gregale colonies, and the contents of each tube were trans-
ferred to a well of a 12-well plate coated with gelatin and
irradiated NHG190 cells (1.875x10° cells/well). Cells were
fed 24 h later with 2 mL fresh conditioned medium. Two
days after seeding, cells were layered with 2 mL conditioned
medium containing 200 gg/mL geneticin, replaced daily for
5 days. As each well became 50-75% confluent, the cells
were detached with collagenase, transferred to 6 mL condi-
tioned medium, and triturated 10-12 times. 3 mL cell
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suspension was added to each of 2 wells of a 6-well plated
coated with gelatin and irradiated NHG190 cells (3.75x10°
cells/well); the cells were refed with 3 mL conditioned
medium at 24 h. The cells were then selected for 5 days
using 3 mL conditioned medium containing geneticin, and
split 1:6 as before.

Stable transduction using retrovirus was conducted as
follows. Retroviral vector designated GRN354 was con-
structed at Geron Corp. using PMSCVneo vector purchased
from ClonTech (cat # K1062-1). The eGFP encoding region
was inserted downstream from the MSCV LTR. The LTR
drives expression of GFP and the vector also contains the
neo” gene driven by the murine PGK promoter. Plates were
coated with 0.5% gelatin and NHG190 feeder cells (7.5x10"
in 1 mL NHG190 medium for 24 well plates; 3.75x10° in 3
plates). The hES line H7 was seeded onto a 24 well prepared
plate in hES medium (1 ml/well). Forty-eight h later, 3 wells
of hES cells were detached using 0.05% trypsin/5 mM
EDTA (Sigma) at 37° C., resuspended in 500 uL. NHG190
medium, and counted. Stock of retrovirus construct
pGRN354 was thawed on ice immediately prior to use.
Growth medium was aspirated from the wells and replaced
with 400 gL hES medium plus 8 uL retrovirus (MOI of 10)
and 4 ul. of 8 mg/mL polybrene solution (Sigma). Two h
later, 800 L. hES growth medium were added per well. Each
transduced well was refed with 1 mL fresh hES medium
every 24 h.

Four days after transduction, medium was replaced with
1 mL hES growth medium containing 200 u#g/mL geneticin.
After 3 days of geneticin selection, the cells were detached
with collagenase, triturated, resuspended in 3 mL hES
medium, reseeded into one well of a 6-well plate coated with
gelatin and NHG190 feeders, and refed with hES medium
after 24 h. The medium was then again replaced with hES
medium containing geneticin and refed every 24 h. Undif-
ferentiated colonies survived the selection, and have been
maintained for over 3 months. FACS analysis showed that
50-65% of the selected cells express GFP, albeit at low
levels. The karyotype of the cells was normal.

HFIG. 3 shows GFP expression of hES cells transduced
with retrovirus and then differentiated. The hES cell line H7
was plated on drug-resistant (NHG190) feeder layers,
infected with GRN354 and selected for resistance to the
drug G418. Transduced cells were expanded and maintained
under G418 selection for multiple passages. The cells were
transferred to suspension culture to form embryoid bodies,
allowed to differentiate for 4 days, and then plated in 20%
FBS medium for 1 week. After extensive differentiation
occurred, cultures were fixed in 4% paraformaldehyde and
photographed under fluorescence for GFP expression. Many
of the differentiated cells express higher levels of GFP than
the undifferentiated transfected hES line, consistent with
differential activation of the MESV-LTR in different cell
types.

Example 8

Transfection of Feeder-Free hES Cells

In this example, hES cells maintained in feeder-free
culture on laminin in conditioned medium were genetically
modified by transfecting with a plasmid carrying green
fluorescent protein (GFP) driven by the CMV promoter.

mEF conditioned medium was prepared as described
carlier. mEFs were irradiated and seeded at about 5.7x10"
cells/cm?. After at least 16 hours the medium was exchanged
with hES medium including 4 ng/mL added hbFGF. Con-
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ditioned medium was collected daily for feeding of hES
cultures. Before addition to the hES cultures this medium
was supplemented with an additional 4 ng/mL of hbFGF.
Where needed for selection of stable transfectants, the
mEF-conditioned medium was supplemented with 200
ug/mL geneticin (Sigma cat. # G5013).

H9 hES cells maintained on mEF feeder layers were
harvested from cultures by incubation with ~200 units/mL
collagenase IV at 37° C. for 10 min. Cells were dissociated
and resuspended in regular hES culture medium or mEF-
conditioned medium. Cells in the regular medium were then
re-seeded onto mEF feeder layers and cells in the mEF-
conditioned medium were plated onto Matrigel® or laminin.
Seeding density for all cultures was approximately 4x10*
cell/em?. Cells on feeder layers were maintained in regular
medium while cells on matrices were maintained in mEF-
conditioned medium for 1 or 2 days before the transfection.
Conditioned medium was replaced every 24 h.

hES cell cultures were transfected with Lipofectamine
2000™ as described above. FACS analysis of GFP expres-
sion was conducted as follows. hES cells were harvested
using 0.5 mM EDTA in PBS and resuspended at approxi-
mately 1x10° cells/test. Cells were washed in a solution
containing PBS plus 2% FBS, 0.1% sodium azide, and 2
mM EDTA. SSEA-4 staining was performed in the same
buffer using antibody obtained from the Developmental
Studies Hybridoma Bank (University of lowa, lowa City) at
1:15 dilution. Isotype matched controls were obtained from
Sigma, (St. Louis Mo., USA). Cells were incubated with
antibodies in a final volume of 100 #l for 30 min at 4° C.,
washed and incubated with rat anti-mouse K chain antibod-
ies conjugated with PE (Becton Dickinson, San Jose, Calif.)
at 4° C. for 30 min. Samples were washed as before and
analyzed for GFP and SSEA-4 expression on FACScali-
bur™ flow cytometer (Becton Dickinson, San Jose, Calif.)
using CellQuest™ software.

hES cells of the H9 line maintained on laminin in mEF-
conditioned medium were transfected with a plasmid car-
rying GFP driven by the CMV promoter at 24 or 48 h after
plating. Initial experiments used a mixture of 5 ug of
plasmid and 12 uL. of Lipofectamine 2000™. Cells received
1 mL of DNA/lipid complex and were incubated for 4 h at
37° before the addition of 3 mL of mEF-conditioned
medium, and then monitored for GFP expression 24 h after
transfection.

FIG. 4 shows the results of this experiment. Panel A:
morphology of H9 cells maintained on laminin. Panel B:
GFP-positive cells observed in the same colony shown in A.
Panel C: FACS analysis of % GFP-positive cells in SSEA-4
high population(undifferentiated cells). Cells were trans-
fected 24 (bar 1 and 2) or 48 h (bar 3 and 4) after the seeding
and analyzed 24 (bar 1 and 3) or 48 h (bar 2 and 4) after the
transfection. Bright green cells were observed in compact
areas of undifferentiated ES colonies on laminin 24 h after
transfection (Panels A & B). Transfection at 48 h after initial
seeding gave the highest efficiency: 38% of the cells were
GFP-positive as determined by FACS analysis 24 h after the
transfection (Panel C).

The next experiment compared the transfection efficiency
of H9 cells maintained on Matrigel® or laminin-coated
plates in mEF-conditioned medium with cells maintained on
mEF feeders. Cells on feeder layers maintained in regular
medium were used as a control. Morphological differences
between cells on feeders and cells off feeders were observed
1 or 2 days after seeding. Colonies on feeders were more
compact than cells maintained off feeder layers; individual
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hES cells in feeder-free cultures were less compact and
flatter. There was no significant difference in cell or colony
morphology between cells on laminin and cells on Matrigel.
These cells were transfected with a plasmid expressing GFP
driven by the CMV promoter 2 days after seeding. Twenty-
four hours after the transfection, cells were examined for
GFP expression under a fluorescence microscope.

The cells were maintained on mEF feeders in regular
medium (mEF/RM), on laminin in medium conditioned by
mEF (Laminin/CM) or on Matrigel® in the conditioned
medium (Matrigel/CM). Bright green cells were observed in
undifferentiated hES colonies of feeder-free cultures. In
contrast, very few green cells were found in colonies on
feeders. FACS analysis showed that 16% of cells on Matri-
gel® and 14% of cells on laminin were GFP positive in
SSEA-4 high population while only 5% of cells on feeders
were positive. These results indicate that transfection effi-
ciency is significantly increased by using feeder-free con-
ditions.

The next experiments evaluated the effects of 1) the ratio
of DNAlipid; 2) adding the DNA/lipid complex to cells 4 h
prior to the addition of mEF-conditioned medium vs. addi-
tion of the complex to cells in the presence of mEF-
conditioned medium; and 3) use of Lipofectamine 2000™
vs. FuGENE™.

Transfection using Lipofectamine2000™ is described
above. Transfection with FuGENE™ was conducted as
follows. The plasmid DNA (5-10 ug of pEGFP-C1, Clon-
Tech cat. # 6084-1) was diluted in water to a final volume of
100 ul. In pilot experiments, 5-30 ulL of FuGENE™ were
added to sufficient OptiIMEM™ to achieve a final volume of
100 uL. The DNA solution was then added slowly to the
FuGENE™ solution and mixed gently. The mixture was
incubated at room temperature for 30 min before being
supplemented with 800 gl of OptiMEM™. Cells were
washed with 3 mL of pre-warmed OptiMEM™ and incu-
bated in 1 mL of the DNA/lipid mixture solution at 37° C.
for 4 h. In some experiments, after 4 h the wells received an
additional 2 mL of mEF-conditioned medium; in others the
DNA/lipid mixture was added to wells containing 2 mL of
mEF-conditioned medium and the cells were incubated in
this mixture overnight.

Highest efficiencies were obtained under the following
conditions: Bar 1=a mixture of 5 ug plasmid plus 12 ul of
Lipofectamine 2000™, adding 1 mL of the DNA/lipid
mixture to wells containing 2.5 mL of mEF-conditioned
medium and incubating the cells in this mixture overnight.
Bars 2 & 3=a mixture of 10 ug plasmid plus 15 ul of
FuGENE™ and incubating the cells in 1 mL of the DNA/
lipid mixture for 4 h before adding 2.5 mL of mEF-
conditioned medium. L=Lipofectamine2000™;
F=FuGENE™.

To investigate whether the feeder-free hES cells undergo
stable genetic modification, H1 hES cells maintained on
Matrigel® were cotransfected with a mixture of 7.5 ug
plasmid carrying p-galactosidase driven by the EFla
promoter, and 2.5 ug of plasmid carrying the PGK promoter
driving the neophosphotransferase gene. The cells were
transfected 48 h after plating them on Matrigel® in mEF-
conditioned medium. 10 ug of plasmid plus 15 wul of
FUGENE™ were incubated with the cells in 1 mL for 4 h
before adding 2.5 mL of mEF-conditioned medium. After 48
h, medium was exchanged for mEF-conditioned medium
supplemented with 200 ug/ml geneticin. Cultures were
maintained in this geneticin-containing medium with daily
medium exchange for over 21 days. All mock-transfected
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cultures (i.c., those that received FuGENE™ mixed with
water rather than plasmid) died within 48-72 h. Drug
resistant colonies arose in the wells transfected with both
FuGENE™ and plasmid at a frequency of about 1 in to 10°
originally transfected cells. The colonies were maintained in
geneticin-containing mEF-conditioned medium and
expanded.

Example 9

Preparation of Vectors in Which a Thymidine
Kinase Gene is Under Control of an hTERT
Promoter Sequence

The lambda clone designated AG®D5 containing the
hTERT promoter is deposited with the American Type
Culture Collection (ATCC), 10801 University Blvd,,
Manassas, Va. 20110 U.S.A., under Accession No. 98505.
AG®DS5 contains a 15.3 kbp insert including approximately
13,500 bases upstream from the hTERT coding sequence.

A Notl fragment containing the hTERT promoter
sequences was subcloned into the Not1 site of pUC derived
plasmid, which was designated pGRN142. A subclone
(plasmid “pGRN140”) containing a 9 kb Ncol fragment
(with hTERT gene sequence and about 4 to 5 kb of lambda
vector sequence) was partially sequenced to determine the
orientation of the insert. pPGRN140 was digested using Sall
to remove lambda vector sequences, the resulting plasmid
(with removed lambda sequences) designated pGRN144.
The pGRN144 insert was then sequenced.

SEQ. ID NO:1 is a listing of the sequence data obtained.
Nucleotides 1-43 and 15376-15416 are plasmid sequence.
Thus, the genomic insert begins at residue 44 and ends at
residue 15375. The beginning of the cloned eDNA fragment
corresponds to residue 13480. There are Alu sequence
elements located ~1700 base pairs upstream. The sequence
of the hTERT Insert of pGRN142 can now be obtained from
the GenBank website under Accession PGRN142.INS
AF121948. Numbering of hTERT residues for plasmids in
the following description begins from the translation initia-
tion codon, according to standard practice in the field. The
hTERT ATG codon (the translation initiation site) begins at
residue 13545 of SEQ. ID NO:1. Thus, position -1, the first
upstream residue, corresponds to nucleotide 13544 in SEQ.
ID NO:1.

Expression studies were conducted with reporter con-
structs comprising various hTERT upstream and intron
sequences. A BglIl-Eco47IIl fragment from pGRN144
(described above) was digested and cloned into the BglII-
Nrul site of pSEAP2Basic (ClonTech, San Diego, Calif) to
produce plasmid designated pGRN148. A second reporter-
promoter, plasmid pGRN150 was made by inserting the
Bglll-Fspl fragment from pGRN144 into the BgIII-Nrul
sites of pSEAP2. Plasmid pGRN173 was constructed by
using the EcoRV-Stul (from +445 to -2482) fragment from
pGRN144. This makes a promoter reporter plasmid that
contains the promoter region of h'TERT from approximately
2.5 kb upstream from the start of the hTERT open reading
frame to just after the first intron within the coding region,
with the initiating Met codon of the hTERT open reading
frame changed to Leu. Plasmid pGRN175 was made by
APA1(Klenow blunt)-SRF1 digestion and religation of
pGRN150 to delete most of the Genomic sequence upstream
of hTERT. This makes a promoter/reporter plasmid that uses
204 nucleotides of hTERT upstream sequences (from posi-
tion =36 to -117). Plasmid pGRN176 was made by PML1-
SRF1 religation of pGRN150 to delete most of the hTERT



US 6,921,665 B2

41

upstream sequences. This makes a promoter/reporter plas-
mid that uses 204 nucleotides of h\TERT upstream sequences
(from position =36 to -239).

Levels of secreted placental alkaline phosphatase (SEAP)
activity were detected using the chemiluminescent substrate
CSPD™ (ClonTech). SEAP activity detected in the culture
medium was found to be directly proportional to changes in
intracellular concentrations of SEAP mRNA. The pGRN148
and pGRN150 plasmids (hTERT promoter-reporter) and the
PSEAP2 plasmid (positive control, containing the SV40
early promoter and enhancer) were transfected into test cell
lines. pGRN148 and pGRN150 constructs drove SEAP
expression as efficiently as the pSEAP2 in immortal (tumor-
derived) cell lines. Only the pSEAP2 control gave detectable
activity in mortal cells.

The ability of the hTERT promoter to specifically drive
the expression of the thymidine kinase (tk) gene in tumor
cells was tested using a variety of constructs: One construct,
designated pGRN266, contains an EcoRI-Fsel PCR frag-
ment with the tk gene cloned into the EcoRI-Fsel sites of
PGRN263. pGRN263, containing approximately 2.5 kb of
hTERT promoter sequence, is similar to pGRN150, but
contains a neomycin gene as selection marker. pGRN267
contains an EcoRI-Fsel PCR fragment with the tk gene
cloned into the EcoRI-Fsel sites of pGRN264. pGRN264,
containing approximately 210 bp of hTERT promoter
sequence, is similar to pGRN176, but contains a neomycin
gene as selection marker. pPGRN268 contains an EcoRI-Xbal
PCR fragment with the tk gene cloned into the EcoRI-Xbal
(unmethylated) sites of pGRN265. pGRN265, containing
approximately 90 bp of hTERT promoter sequence, is simi-
lar to pGRN175, but contains a neomycin gene as selection
marker.

These hTERT promoter/tk constructs, pGRN266,
pGRN267 and pGRN268, were re-introduced into mamma-
lian cells and tk/+stable clones (and/or mass populations)
were selected. Ganciclovir treatment in vitro of the tk/+ cells
resulted in selective destruction of all tumor lines tested,
including 143B, 293, HT1080, Bxpc-3', DAOY and
NIH3T3. Ganciclovir treatment had no effect on normal BJ
cells.

HG. § is a map of the Tpac adenovector pPGRN376. It was
made by cloning the NOT1-BAMH1 fragment from
pGRN267 into the NOT1-BGL2 sites of pAdBN (Quantum
Biotech). The 7185 bp vector comprises the herpes simplex
thymidine kinase (TK) gene under control of the medium-
length hTERT promoter sequence.

Example 10

Transduction of hES Cells with a Thymidine
Kinase Construct

These experiments test the effect of the pGRN376 vector
described in the preceding Example on hES cells. The vector
contains the herpes virus thymidine kinase gene under
control of the telomerase reverse transcriptase promoter.
Expression of the thymidine kinase gene in cells should
render them susceptible to toxicity from the prodrug ganci-
clovir.

Undifferentiated H1 cells were plated into 24 well plates
(1 confluent well of a 6 well plate split into 24 wells of a 24
well plate). After 48 h, some wells were infected with the
TPAC vector at an MOI of 30 or 100. Four h after addition
of the viral vector, medium was exchanged for new mouse
embryonic fibroblast conditioned medium (mEF-CM); some
wells received medium supplemented with 30 uM ganciclo-
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vir (GCV). Cells exposed to GCV were re-fed with mEF-
CM containing 30 uM GCV daily for 4 days. On days 2,3,
and 4 after the initiation of GCV treatment, wells were
harvested and analyzed by flow cytometry to assess changes
in 1) total cell number and 2) cell viability (measured by PI
exclusion).

FIG. 6 shows the results of this experiment. No change in
total cell number was detected at MOI of 30 in the absence
of GCV; but there was some decrease at MOI of 100 in
absence of GCV starting at 48 h. Evidence for toxicity of
GCV alone was detected: wells receiving GCV alone con-
tained approximately 55% as many cells as the control wells
on day 2, diminishing to 40% by day 4. Wells receiving
GRN376 at MOIs of 30 or 100 cultured in the presence of
GCV showed identical results: by day 2, these wells con-
tained 18% of the cells contained in the control wells, while
atdays 3 and 4 these wells contained 6% and 8% of the cells
in the control wells.

Slight toxicity was seen at MOI of 100 at day 4 in the
absence of GCV (50% cells in ES gate vs. 83% for the
control cells). Some toxicity of GCV alone was observed at
d2, 75% cells in ES gate (vs. 85% control); at day 3, 68%
(vs. 82% control); at day 4, 50% (vs. 65% control). Wells
receiving GRN376 at MOIs of 30 or 100 cultured in the
presence of GCV showed similar results: by day 2, these
wells contained 24-28% cells in the ES gate, at day 3 they
contained 19-22% cells in the ES gate, and at d4 these wells
contained 12% cells in the ES gate. Thus, GRN376 plus
GCV is effective at killing undifferentiated hES cells at an
MOI as low as 30.

Titration Experiment

Undifferentiated Hi cells were plated into 24 well plates
(1 confluent well of a 6 well plate split into 24 wells of a 24
well plate). After 48 h, some wells were infected with
PGRN376 at an MOI of 30. Four h after addition of the viral
vector, medium was exchanged for new mEF-CM; some
wells received medium supplemented with 5, 10, 20, 30, or
40 uM ganciclovir (GCV). Cells exposed to GCV were
re-fed with mEF-CM containing GCV daily for 2 days. On
day 2 after the initiation of GCV treatment, wells were
harvested and analyzed by flow cytometry to assess changes
in total cell number, and cell viability (measured by PI
exclusion).

FIG. 7 shows the results of this experiment. ~20 uM GCV
was optimal under the conditions tested.

Comparison of Different hES Lines

Undifferentiated hES of lines designated Hi and H7 cells
were plated into 24 well plates (1 confluent well of a 6 well
plate split into 24 wells of a 24 well plate). After 48 h, some
wells were infected with pGRN376 at an MOI of 30. Four
h after addition of the viral vector, medium was exchanged
for new mEF-CM; some wells received medium supple-
mented with 20 uM GCV. Cells exposed to GCV were re-fed
with mEF-CM containing GCV daily for 3 days. On day 4
after the initiation of GCV treatment, wells were harvested
and analyzed by flow cytometry to assess changes in total
cell number.

FIG. 8 shows the results. The total cell number demon-
strated decreases in cell number for both lines after TpAC
vector treatment. Thus, different hES cell lines respond to
the TPAC vector. In subsequent studies, the H cell line was
also found to be highly sensitive to GCV after TPAC vector
treatment.

Example 11
Selection of Differentiated Cells

In this experiment, hES cells were treated with retinoic
acid (RA) or dimethyl sulfoxide (DMSO), and then analyzed
for hTERT and OCT-4 expression after treating with Tpac.
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Undifferentiated H1 cells were plated into 24 well plates
(1 confluent well of a 6 well plate split into 24 wells of a 24
well plate). 24 h later, some wells were re-fed with mEF-CM
containing either 500 nM RA or 0.5% DMSO; wells were
re-fed with medium supplemented with RA or DMSO for
the remainder of the experiment. After 7 days of treatment
with RA or DMSO, cells were infected with GRN376 at an
MOI of 30.

Four h after addition of the viral vector, medium was
exchanged for new mEF-CM (plus RA or DMSO where
appropriate); some wells also received medium supple-
mented with 20 uM ganciclovir (GCV). Cells exposed to
GCV were re-fed with mEF-CM containing GCV daily for
3 days. On day 3 after the initiation of GCV treatment, wells
were harvested and analyzed by flow cytometry to assess
changes in total cell number. Additional wells were used in
an effort to culture out any remaining undifferentiated stem
cells; the medium of these wells was changed to mEF-CM
(without RA, DMSO, or GCV). Cells were refed with
mEF-CM every day for 7 days, then harvested for isolation
of RNA. These samples were analyzed by quantitative
RT-PCR for the expression of hTERT and OCT4.
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of the Golgi (Osman et al., supra). ol,2FT is naturally
expressed in virtually all metabolically active human cells.

To overcome this problem, a chimeric protein was
designed in which a non-human a1,3GT catalytic domain
was joined to the human a1,2FT cytoplasmic domain—thus
producing a protein that should position itself in the Golgi in
a more advantageous position.

The mouse a1,3GT coding sequence was isolated from
mouse kidney total RNA by RT/PCR using primers 5' of the
start codon and 3' of the stop codon (5'- ggectgtac tacatttge-
ctgga -3, SEQ. ID NO: 14; 5'-gaaatagtgtca agtttccatcacaa
-3', SEQ. ID NO:15). The PCR product was subcloned into
pGEM T Easy™ (Promega) and used as a template for a
PCR reaction to replace the cytoplasmic tail with a ol,2FT
cytoplasmic tail. The same 3' primer was used with an
internal 5' primer containing the al,2FT codons
(underlined) to replace the mouse 1,3GT cytoplasmic tail
(5'-cgatgtgpetgcg gagecaceggeag gtaatectgttg atgetgattgtete
aac -3', SEQ. ID NO:16). The resulting PCR product was
subcloned into pGEM T Easy™ (Promega).

MITMLODLHVNKISMSRSKSETSLPSSRSGSQEKIMNVKGKVILLMLIVS

A (SEQ. ID NO:17)
MWLRSHROVILIMLIVS B (SEQ. ID NO:18)
MWLRSHROVVLSMLLVS C (SEQ. ID NO:19)

MNVKGRVVLSMLLVS D (SEQ. ID NO:20)

: mouse al,3GT N terminal sequence

O 0wy

HIG. 9 shows that the cell number decreased after TPAc
treatment. After 7 days of drug pretreatment followed by
TPAC plus GCV, all wells contained similar cell numbers.
During the attempt to culture out surviving stem cells, the
wells became confluent with highly differentiated appearing
cells; no undifferentiated hES cells were obvious. Wells
containing cells that had been pre-treated with RA were
distinct in appearance from the cells either pre-treated with
unadulterated mEF-CM or treated with mEF-CM plus
DMSO. RT-PCR analysis (Lower Panel, non-quantitative,
35 cycles) showed that the surviving cells from the mEF-
CM or DMSO-treated wells had no detectable OCT-4
expression, while 2 out of 4 RA-pre-treated samples pre-
sented very weak OCT-4 PCR products.

Thus, no detectable undifferentiated cells survive TPAC
treatment followed by subsequent culture of wells grown in
mEF-CM or mEF-CM plus DMSO. RA pre-treatment leads
to detection of low levels of OCT-4 in the surviving cells. It
is not clear whether this reflects persistence of undifferen-
tiated stem cells or induction of another cell type that
expresses OCT-4.

Example 12

Chimeric a(1,3)galactosyltransferase for Optimal
Xenoantigen Expression

It is a hypothesis of this invention that elimination of
undifferentiated cells will be enhanced and have greater
efficiency with a higher density of xenodeterminant. When
o(1,2)fucosyltransferase and a(1,3)galactosyltransferase
are coexpressed, the al,2FT product dominates (U.S. Pat.
No. 6,166,288). This is because the cytoplasmic domains of
the two transferase enzymes direct them to different regions

35

40

50

55

60

65

: constructed chimeric mouse al,3GT N terminal sequence (al,2FT underlined)
¢ chimeric porcine al,3GT N terminal sequence
¢ porcine al,3GT N terminal sequence

(X %
% N @
Z > 3 =
E i :
il 2 % 8
chimeric galT
1121 bp

Example 13

a(1.3)galactosyltransferase under Control of the
Endogenous hTERT Promoter

Human ES cells are engineered to express a(1,3)
galactosyltransferase (01,3GT) in several ways. The general
strategy is illustrated in FIG. 10.

The first option is a two-step targeting approach. A
promoter trap targeting construct is generated to introduce a
promoterless neo flanked by incompatible lox sites into
intron 2 of the hTERT gene. The lox-neo cassette also
contains a splice acceptor site adjacent to the 5'loxP site. In
this way, an mRNA is transcribed which encodes a fusion of
neomycin phosphotransferase with the first few amino acids
of the telomerase catalytic subunit to render targeted clones
resistant to selection in G-418. The great majority of random
integrants will not produce a transcript for G-418 resistance
unless fortuitously integrated into an intron of an expressed
gene. In a second step, the floxed neo is replaced with the
ovine (a1,3GT encoding sequence by recombination medi-
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ated cassette exchange (RMCE) using a cre expressing
plasmid (Lee et al., Gene 216 55, 1998; Kolb et al., Gene
227:21, 1999). Using the mutated loxM site climinates
recombination events in which neo is removed without
replacement by a1,3GT and ensures directionality of the
insertion. Between the a1,3GT and the 3loxM site is the
tetracyclin-inducible promoter TetO7-CMVm and a fusion
of the coding regions of exons 1 and 2 of the hTERT gene,
such that second step targeting will (in the presence of
transactivator) render the complete hTERT open reading
frame inducible in tetracyclin or doxycycline (dox). In a
subsequent step, targeted clones are transfected with the
transactivator rtTAVB, which binds the tet operator in
TetO7-CMVm and induces transcription only in the pres-
ence of dox (Rossi et al. Nature Genetics 20 389, 1998).

In single step targeting experiments, neo is introduced
with an internal ribosomal entry site (IRES) 3' to the a1,3GT
coding region. In this instance, the al,3GT encoding
sequence is truncated before the polyadenylation signal and
is transcribed directly from the h'TERT promoter. The IRES
allows transcription of a bicistronic message from which
both proteins are translated. This single-step approach has
the advantage that the initial modification is directly useful
without a second cloning step. The two-step procedure, on
the other hand, offers the advantage that a variety of open
reading frames can be introduced to a single clone through
cre-mediated recombination.

Three features of a1,3GT-expressing hES cells are desir-
able: 1. That all undifferentiated hES cells are sensitive to
human serum; 2. That all differentiated hES derivatives are
resistant to human serum; 3. That in targeted clones, telom-
erization can be induced in vitro leading to increased pro-
liferative life span.

Expression of a.1,3GT in modified hES cells is monitored
by exposure of differentiated and undifferentiated cultures to
fresh human serum (containing natural antibody to the
Gala(1,3)Gal epitope and complement), and by RT-PCR.
With appropriate levels of expression, there should be
complement mediated lysis of undifferentiated cells, but no
effect on differentiated cells. Based upon the frequency of
random mutation at the HPRT locus in murine ES cells, a
reversion frequency of approximately 10-7 can be expected.
Hence, a similar background frequency among undifferen-
tiated hES cells exposed to human serum indicates that cells
containing the a1,3GT transgene are effectively destroyed.
Loss of a1,3GT in surviving cells can be confirmed by
Southern analysis. Thus, hES derived cells can be exposed
to human serum in vitro immediately prior to
transplantation, and selection against undifferentiated cells
will continue to be active in vivo.
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Clones in which the targeted hTERT allele is controlled
by the TetO7-CMVm promoter are transfected with the
transactivator rtTAVB. Up to 10 rtTAVB expressing clones
derived from previously targeted subclones are assessed for
responsiveness to induction and for telomere length. Expres-
sion and function of hTERT is monitored in vitro and
compared with and without dox induction of the modified
hTERT locus by RT-PCR and by TRAP assay, respectively.
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It will be recognized that the compositions and procedures
provided in the description can be effectively modified by
those skilled in the art without departing from the spirit of
the invention embodied in the claims that follow.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20
<210>
211>
212>
213>

SEQ ID NO 1

LENGTH: 15418

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gcggccgega gectctaatac gactcactat agggcgtcga ctcgatcaat ggaagatgag

gcattgccga agaaaagatt aatggatttg aacacacagc aacagaaact acatgaagtg

60

120
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-continued
aaacacagga aaaaaaagat aaagaaacga aaagaaaagg gcatcagtga gcttcagcag 180
aagttccatc ggccttacat atgtgtaagc agaggccctg taggagcaga ggcaggggga 240
aaatacttta agaaataatg tctaaaagtt tttcaaatat gaggaaaaac ataaaaccac 300
agatccaaga agctcaacaa aacaaagcac aagaaacagg aagaaattaa aagttatatc 360
acagtcaaat tgctgaaaac cagcaacaaa gagaatatct taagagtatc agaggaaaag 420
agattaatga caggccaaga aacaatgaaa acaatacaga tttcttgtag gaaacacaag 480
acaaaagaca ttttttaaaa ccaaaaggaa aaaaaatgct acattaaaat gttttttacc 540
cactgaaagt atatttcaaa acatatttta ggccaggctt ggtggctcac acctgtaatc 600
ccagcacttt gggaggccaa ggtgggtgga tcgcttaagg tcaggagttc gagaccagcc 660
tggccaatat agcgaaaccc catctgtact aaaaacacaa aaattagctg ggtgtggtga 720
cacatgcctg taatcccagg tactcaggag gctaaggcag gagaattgct tgaactggga 780
ggcagaggtg gtgagccaag attgcaccag tgcactccag ccttggtgac agagtgaaac 840
tccatctcaa aaacaaacaa acaaaataca tatacataaa tatatatgca catatatata 900
catatataaa tatatataca catatataaa tctatataca tatatacata tatacacata 960
tataaatcta tatacatata tatacatata taatatattt acatatataa atatatacat 1020
atataaatat acatatataa atacatatat aaatatacat atataaatat acatatataa 1080
atatacatat ataaatatat acatatataa atatacatat ataaatatat atacatatat 1140
aaatatataa atatacaaqgt atatacaaat atatacatat ataaatgtat atacgtatat 1200
acatatatat ataaatatat aaaaaaactt ttggetggge acctttecaa ateteatgge 1260
acatataagt ctcatggtaa cctcaaataa aaaaacatat aacagataca ccaaaaataa 1320
aaaccaataa attaaatcat gecaccagaa gaaattacet tcactaaaaq gaacacagga 1380
aggaaagaaa gaaggaagag aagaccatga aacaaccaga aaacaaacaa caaaacagca 1440
ggagtaatte ctgacttate aataataatg ctgggtgtaa atggactaaa ctetecaate 1500
aaaagacata gagtggctga atggacgaaa aaaacaagac tcaataatct gttgectaca 1560
agaatatact tcacctataa agggacacat agactgaaaa taaaaggaag gaaaaatatt 1620
ctatgcaaat ggaaaccaaa aaaagaacag aactagctac acttatatca gacaaaatag 1680
atttcaagac aaaaagtaca aaaagagaca aagtaattat ataataataa agcaaaaaga 1740
tataacaatt gtgaatttat atgcgcccaa cactgggaca cccagatata tacagcaaat 1800
attattagaa ctaaggagag agagagatcc ccatacaata atagetggag acttcaccce 1860
gcttttagca ttggacagat catccagaca gaaaatcaac caaaaaattg gacttaatct 1920
ataatataga acaaatgtac ctaattgatg tttacaagac atttcatcca gtagttgeag 1980
aatatgcatt ttttecctcag catatggatc attctcaagg atagaccata tattaggcca 2040
cagaacaagc cattaaaaat tcaaaaaaat tgagccagge atgatggett atgettgtaa 2100
ttacagcact ttggggaggg tgaggtggga ggatgtcttg agtacaggag tttgagacca 2160
gcctgggoaa aatagtgaga ccctgtctet acaaactttt ttttttaatt ageccaggeat 2220
agtggtgtgt gcctgtagte ccagetactt aggaggctga agtgggagga tcacttgage 2280
ccaagagttce aaggctacgg tgagccatga ttgcaacacc acacaccagce cttggtgaca 2340
gaatgagacc ctgtctcaaa aasaaaaaaaa aaaattgaaa taatataaag catcttectet 2400
ggccacagtg gaacaaaacc agaaatcaac aacaagagga attttgaaaa ctatacaaac 2460
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-continued
acatgaaaat taaacaatat acttctgaat aaccagtgag tcaatgaaga aattaaaaag 2520
gaaattgaaa aatttattta agcaaatgat aacggaaaca taacctctca aaacccacgg 2580
tatacagcaa aagcagtgct aagaaggaag tttatagcta taagcagcta catcaaaaaa 2640
gtagaaaagc caggcgcagt ggctcatgec tgtaatccca gecactttggg aggccaagge 2700
gggcagatcg cctgaggtca ggagttcgag accagcctga ccaacacaga gaaaccttgt 2760
cgctactaaa aatacaaaat tagctgggca tggtggcaca tgecctgtaat cccagetact 2820
cgggaggctg aggcaggata accgcttgaa cccaggaggt ggaggttgcg gtgagccggg 2880
attgcgccat tggactccag cctgggtaac aagagtgaaa ccctgtetca agaaaaaaaa 2940
aaaagtagaa aaacttaaaa atacaaccta atgatgcacc ttaaagaact agaaaagcaa 3000
gagcaaacta aacctaaaat tggtaaaaga aaagaaataa taaagatcag agcagaaata 3060
aatgaaactg aaagataaca atacaaaaga tcaacaaaat taaaagttgg ttttttgaaa 3120
agataaacaa aattgacaaa cctttgccca gactaagaaa aaaggaaaga agacctaaat 3180
aaataaagtc agagatgaaa aaagagacat tacaactgat accacagaaa ttcaaaggat 3240
cactagaggc tactatgagc aactgtacac taataaattg aaaaacctag aaaaaataga 3300
taaattccta gatgcataca acctaccaag attgaaccat gaagaaatcc aaagcccaaa 3360
cagaccaata acaataatgg gattaaagcc ataataaaaa gtctecctage aaagagaagce 3420
ccaggaccca atggettecee tgetggattt taccaatcat ttaaagaaga atgaatteca 3480
atcctactca aactattctg aaaaatagag gaaagaatac ttccaaactc attctacatg 3540
gccagtatta ccetgattee aaaaccagac aaaaacacat caaaaacaaa caaacaaaaa 3600
aacagaaaga aagaaaacta caggccaata tecectgatga atactgatac aaaaatccte 3660
aacaaaacac tagcaaacca aattaaacaa caccttegaa agatcattca ttgtgatcaa 3720
gtgggattta ttecagggat ggaaggatgqg ttcaacatat geaaatcaat caatgtgata 3780
catcatccca acaaaatgaa gtacaaaaac tatatgatta tttcacttta tgecagaaaaa 3840
gcatttgata aaattetgea cceetteatga taaaaaccet caaaaaacca ggtatacaag 3900
aaacatacag gccaggcaca gtggctcaca cctgcgatce cagcactcetg ggaggccaag 3960
gtgggatgat tgettgggee caggagtttg agactageect gggcaacaaa atgagacctg 4020
gtctacaaaa aactttttta aaaaattage caggecatgat ggeatatgee tgtagtccca 4080
gctagtctgg aggctgaggt gggagaatca cttaagccta ggaggtcegag gectgcagtga 4140
gccatgaaca tgtcactgta ctccagecta gacaacagaa caagacccca ctgaataaga 4200
agaaggagaa ggagaaggga gaaaggaggg agaagggagg aggaggagaa ggaggaggtg 4260
gaggagaagt ggaaggggaa ggggaaggga aagaggaaga agaagaaaca tatttcaaca 4320
taataaaagc cctatatgac agaccgaggt agtattatga ggaaaaactg aaagccttte 4380
ctctaagate tggaaaatga caagggccca ctttcaccac tgtgattcaa catagtacta 4440
gaagtcctag ctagagcaat cagataagag aaagaaataa aaggcatcca aactggaaag 4500
gaagaagtca aattatcctg tttgcagatg atatgatctt atatctggaa aagacttaag 4560
acaccactaa aaaactatta gagctgaaat ttggtacage aggatacaaa atcaatgtac 4620
aaaaatcagt agtatttcta tattccaaca gcaaacaatc tgaaaaagaa accaaaaaag 4680
cagctacaaa taaaattaaa cagctaggaa ttaaccaaag aagtgaaaga tctctacaat 4740
gaaaactata aaatattgat aaaagaaatt gaagagggca caaaaaaaga aaagatattc 4800
catgttcata gattggaaga ataaatactg ttaaaatgtc catactaccc aaagcaattt 4860
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acaaattcaa tgcaatccct attaaaatac taatgacgtt cttcacagaa atagaagaaa 4920
caattctaag atttgtacag aaccacaaaa gacccagaat agccaaagct atcctgacca 4980
aaaagaacaa aactggaagc atcacattac ctgacttcaa attatactac aaagctatag 5040
taacccaaac tacatggtac tggcataaaa acagatgaga catggaccag aggaacagaa 5100
tagagaatcc agaaacaaat ccatgcatct acagtgaact catttttgac aaaggtgcca 5160
agaacatact ttggggaaaa gataatctct tcaataaatg gtgctggagg aactggatat 5220
ccatatgcaa aataacaata ctagaactct gtctctcacc atatacaaaa gcaaatcaaa 5280
atggatgaaa ggcttaaatc taaaacctca aactttgcaa ctactaaaag aaaacaccgg 5340
agaaactctc caggacattg gagtgggcaa agacttcttg agtaattcce tgecaggcaca 5400
ggcaaccaaa gcaaaaacag acaaatggga tcatatcaag ttaaaaagct tctgcccagce 5460
aaaggaaaca atcaacaaag agaagagaca acccacagaa tgggagaata tatttgcaaa 5520
ctattcatct aacaaggaat taataaccag tatatataag gagctcaaac tactctataa 5580
gaaaaacacc taataagctg attttcaaaa ataagcaaaa gatctgggta gacatttcte 5640
aaaataagtc atacaaatqgg caaacaggca tctgaaaatg tgctcaacac cactgatcat 5700
cagagaaatg caaatcaaaa ctactatgag agatcatete accccagtta aaatggettt 5760
tattcaaaag acaggcaata acaaatgcca gtgaggatgt ggataaaagg aaacccttgg 5820
acactgttgg tgggaatgga aattgcetace actatggaga acagtttgaa agttectcaa 5880
aaaactaaaa ataaagctac catacageaa tecccattget aggtatatac teccaaaaaag 5940
ggaatcagtg tatcaacaaq ctatctecac teccacattt actgeageac tgtteatage 6000
agccaaggtt tggaagceaac ctcagtgtece atcaacagac gaatggaaaa agaaaatgtg 6060
gtgcacatac acaatggagt actacgecage cataaaaaag aatgagatce tgtcagttge 6120
aacagcatgq ggggeactgg tcagtatgtt aagtgaaata ageccaggcac agaaagacaa 6180
acttttcatg ttetecetta cttgtgggag caaaaattaa aacaattgac atagaaatag 6240
aggagaatgg tggttctaga ggggtggggg acagggtgac tagagtcaac aataatttat 6300
tgtatgtttt aaaataacta aaagagtata attgggttgt ttgtaacaca aagaaaggat 6360
aaatgettga aggtgacaga taccccattt accctgatgt gattattaca cattgtatge 6420
ctgtatcaaa atatctcatg tatgetatag atataaacce tactatatta azaattaaaa 6480
ttttaatgge caggcacggt ggctcatgte cataatccca geactttggg aggecgagge 6540
ggtggatcac ctgaggtcag gagtttgaaa ccagteotgge caccatgatg aaaccctgte 6600
tctactaaag atacaaaaat tagccaggcg tggtggcaca tacctgtagt cccaactact 6660
caggaggctg agacaggaga attgcttgaa cctgggagge ggaggttgca gtgagecgag 6720
atcatgccac tgcactgcag cctgggtgac agagcaagac tccatctcaa aacaaaaaca 6780
aaaaaaagaa gattaaaatt gtaattttta tgtaccgtat aaatatatac tctactatat 6840
tagaagttaa aaattaaaac aattataaaa ggtaattaac cacttaatct aaaataagaa 6900
caatgtatgt ggggtttcta gecttctgaag aagtaaaagt tatggccacg atggcagaaa 6960
tgtgaggagg gaacagtgga agttactgtt gttagacgect catactctet gtaagtgact 7020
taattttaac caaagacagg ctgggagaag ttaaagaggc attctataag ccctaaaaca 7080
actgctaata atggtgaaag gtaatctcta ttaattacca ataattacag atatctctaa 7140
aatcgagetg cagaattgge acgtcectgatc acaccgtcct ctcattcacg gtgetttttt 7200
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tettgtgtge ttggagattt tcgattgtgt gttcogtgttt ggttaaactt aatctgtatg 7260
aatcctgaaa cgaaaaatqg tggtgatttce ctccagaaga attagagtac ctggcaggaa 7320
gcaggtgget ctgtggacct gagccacttc aatcttcaag ggtctetgge caagacccag 7380
gtgcaaggca gaggcctgat gacccgagga caggaaagct cggatgggaa ggggcgatga 7440
gaagcctgece tcgttggtga gcagecgecatg aagtgeocccett atttacgett tgecaaagatt 7500
gctctggata ccatctggaa aaggcggcca gcgggaatge aaggagtcag aagcctccetg 7560
ctcaaaccca ggccagcagc tatggcgccc acccgggcegt gtgccagagg gagaggagtc 7620
aaggcacctc gaagtatggc ttaaatcttt ttttcacctg aagcagtgac caaggtgtat 7680
tctgagggaa gettgagtta ggtgccttcet ttaaaacaga aagtcatgga agcacccttce 7740
tcaagggaaa accagacgcc cgctctgegg tcatttacct ctttectete tecctetett 7800
gccoctegegg tttetgateqg ggacagagtg acccccocgtgg agettetecqg agecegtget 7860
gaggaccctc ttgcaaaggg ctccacagac ccccgccctg gagagaggag tctgagcctg 7920
gcttaataac aaactgggat gtggetgggg gecggacageg acggcegggat tcaaagactt 7980
aattccatga gtaaattcaa cctttccaca tccgaatgga tttggatttt atcttaatat 8040
tttcottaaat ttcatcaaat aacattcagg agtgcagaaa tccaaaggcg taaaacagga 8100
actgagctat gtttgccaag gtccaaggac ttaataacca tgttcagagg gatttttege 8160
cctaagtact ttttattggt ttteataagg tggettaggy tgeaagggaa agtacacgag 8220
gagaggactg ggcggcaggg ctatgagcac ggcaaggcca ccggggagag agtccccegge 8280
ctgggagget gacagcagga ccactgacceg tcctecctgg gagetgecac attgggeaac 8340
gcgaaggcegqg ccacgetgeg tgtgactcag gaccccatac cggettectg ggeccacceca 8400
cactaaccca ggaagtcacg gagetcetgaa cccegtggaaa cgaacatgac ccttgectge 8460
ctgottecet gggtgggtea agggtaatga agtggtgtge aggaaatgge catgtaaatt 8520
acacgactct getgatgggg accgtteett ccatcattat tecatettecac ccccaaggac 8580
tgaatgatte cagcaactte ttegggtgtg acaagccatg acaacactca gtacaaacac 8640
cactctttta ctaggeccecac agagcacgge ccacaccccet gatatattaa gagtecagga 8700
gagatgagge tgetttcage caccaggetg gggtgacaac ageggetgaa cagtetgtte 8760
ctctagacta gtagaccetg gcaggcacte cccrcagatte tagggectgg ttgetgette 8820
ccgagggcege catctgecct ggagactcag cectggggtge cacactgagg ccagccetgt 8880
ctccacacce tcegectcca ggectcaget tetccageag cttectaaac cectgggtggg 8940
ccgtgtteca gegetactgt ctecacctgte ccactgtgte ttgtetecage gacgtagete 9000
gcacggttce tcctcacatg gggtgtetgt ctccttecce aacactcaca tgegttgaag 9060
ggaggagatt ctgcgccetece cagactgget ccteotgagee tgaacctgge tcgtggeccce 9120
cgatgcaggt tcctggegte cggetgcacg ctgacctcca tttceccaggeg ctcecegtet 9180
cctgtcatet geoggggeoct geoggtgtgt teottotgttt ctgtgetcct ttecacgtece 9240
agctgegtgt gtetetgtee gectagggtet cggggttttt ataggecatag gacgggggeg 9300
tggtgggeca gggcgetett gggaaatgca acatttgggt gtgaaagtag gagtgectgt 9360
cctcacctag gtccacggge acaggcectgg ggatggagece cccgecaggg acccgecctt 9420
ctctgceocag cacttttetg cccceetecce teotggaacac agagtggcag tttccacaag 9480
cactaagcat cctcttccca aaagacccag cattggcacce cctggacatt tgccccacag 9540
ccctgggaat tcacgtgact acgcacatca tgtacacact ccegtccacg accgacceece 9600
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gctgttttat tttaatagct acaaagcagqg gaaatccctg ctaaaatgte ctttaacaaa 9660
ctggttaaac aaacqgggtcc atccgcacqgg tggacagttce ctcacagtga agaggaacat 9720
gccgtttata aagcctgcag gcatctcaag ggaattacge tgagtcaaaa ctgccaccte 9780
catgggatac gtacqgcaaca tgctcaaaaa gaaagaattt caccccatgg caggggagtg 9840
gttggggggt taaggacggt gggggcagca gectggggget actgcacgca ccttttacta 9900
aagccagttt cctggttetg atggtattgg ctcagttatg ggagactaac cataggggag 9960
tggggatggg ggaacccgga ggctgtgcca tctttgccat gcccgagtgt cctgggcagg 10020
ataatgctct agagatgccc acgtcctgat tcccccaaac ctgtggacag aaccecgeccg 10080
gccccaggge ctttgcaggt gtgatcteeq tgaggaccet gaggtctggg atcctteggg 10140
actacctgca ggcccgaaaa gtaatccagqgq ggttctggga agaggcggge aggagggtca 10200
gaggggggca gcctcaggac gatggaggca gtcagtctga ggctgaaaag ggagggaggg 10260
cctogagece aggcctgcaa gcgectccag aagotggaaa aageggggaa gggaccctcece 10320
acggagcctg cagcaggaag gcacggctgg cccttagece accagggecce atcgtggace 10380
tceggectee gtgecatagg agggcactcg cgetgecctt ctagecatgaa gtgtgtgggg 10440
atttgcagaa gcaacaggaa acccatgeac tgtgaatcta ggattattte aaaacaaagg 10500
tttacagaaa catccaagga cagggctgaa gtgcctccgg gcaagggcag ggcaggcacg 10560
agtgatttta tttagetatt ttattttatt tacttacttt ctgagacaga gttatgetet 10620
tgttgceccag getggagtge ageggeatga tettggetca ctgcaaccte cgtetectgg 10680
gttcaagcaa ttetegtgee tcagectece aagtagetgy gattteagge gtgeaccace 10740
acacccgget aattttgtat ttttagtaga gatgggettt caccatgttg gtecaggetga 10800
tetcaaaate ctgaccetceag gtgatcecegee cacctcagee tcccaaagtg ctgggattac 10860
aggcatgage cactgeaccet ggectattta accattttaa aacttecetg ggetcaagte 10920
acacccactyg gtaaggagtt catggagtte aattteceet ttactecagga gttaccetee 10980
tttgatattt tctgtaatte ttcgtagact ggggatacac cgtctettga catattcaca 11040
gtttetgtga ccaccetgtta teccatggga cecactgeag gggcagetgg gaggetgeag 11100
gcttcaggte ccagtggggt tgecatetge cagtagaaac ctgatgtaga atcagggege 11160
gagtgtggac actgtcctga atctcaatgt ctecagtgtgt getgaaacat gtagaaatta 11220
aagtccatce ctectactet actgggattg agececeottee ctatececcece ccaggggeag 11280
aggagttecct ctcactectg tggaggaagg aatgatactt tgttattttt cactgetggt 11340
actgaatcca ctgtttcatt tgttggtttg tttgttttgt tttgagagge ggtttcacte 11400
ttgttgetca ggetggaggg agtgcaatgg cgcgatcttg gettactgea geetetgeet 11460
cccaggttca agtgattcte ctgettcege ctcccatttg getgggatta caggecaccceg 11520
ccaccatgce cagctaattt tttgtatttt tagtagagac gggggtgggg gtggggttca 11580
ccatgttgge caggetggte tcgaacttet gacctcagat gatccacctg cctetgecte 11640
ctaaagtgct gggattacag gtgtgagcca ccatgcccag ctcagaattt actetgttta 11700
gaaacatctg ggtctgaggt aggaagctca ccccactcaa gtgttgtggt gttttaagee 11760
aatgatagaa tttttttatt gttgttagaa cactcttgat gttttacact gtgatgacta 11820
agacatcatc agcttttcaa agacacacta actgcaccca taatactggg gtgtcttcetg 11880
ggtatcagceg atcttcattg aatgeccggga ggegtttccet cgeccatgcac atggtgttaa 11940
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ttactccage ataatcttcet gettccattt cttotottce ctettttaaa attgtgtttt 12000
ctatgttgge ttctctgcag agaaccagtg taagctacaa cttaactttt gttggaacaa 12060
attttccaaa ccgccccettt gecctagtqgg cagagacaat tcacaaacac ageccctttaa 12120
aaaggcttag ggatcactaa ggggatttct agaagagcga cccgtaatcce taagtattta 12180
caagacgagg ctaacctcca gcgagcgtga cagcccaggg agggtgegag gocctgttcaa 12240
atgctagetce cataaataaa gcaatttcet ccggeagttt ctgaaagtag gaaaggttac 12300
atttaaggtt gcgtttgtta gcatttcagt gtttgoccgac ctcagetaca gecatccectge 12360
aaggcctcgg gagacccaga agtttctege cccttagate caaacttgag caacccggag 12420
tetggattee tgggaagtce tcagectgtce tgeggttgtg cceggggecce aggtctggag 12480
gggaccagtg gccgtgtgge ttctactget gggcoctggaag tcgggectce tagetctgea 12540
gtcocgagget tggageccagq tgoctggacce ccgaggetge cctecaccet gtgegggegg 12600
gatgtgacca gatgttggcc tcatctgeca gacagagtge cggggcccag ggtcaaggee 12660
gttgtggetg gtgtgaggcg cccggtgege ggccagcagg agegectgge tccatttece 12720
accctttete gacgggaccqg ccceggtggg tgattaacag atttggggtg gtttgetcat 12780
ggtggggacc cctcgeegec tgagaacctg caaagagaaa tgacgggect gtgtcaagga 12840
gcccaagtceg cggggaagtg ttgcagggag gcactceggg aggtccegeg tgeccgteca 12900
gggagcaatg cgtceteggg ttegtececa gecgegteta cgegectecqg tecteccett 12960
cacgtccgge attcgtggtg cccggagece gacgccoccege gteccggacct ggaggcagee 13020
ctgggtetee ggatcaggece ageggcecaaa gggtegecge acgeacetgt teccagggee 13080
tecacateat ggeccctece tegggttace ccacagecta ggecgatteg acctetetee 13140
getggggece tegetggegt cectgeacee tgggagegeyg ageggegege gggeggggaa 13200
gagoeggecca gaccecegqgqy tecgecegga geagetgege tgteggggee aggecggget 13260
cccagtggat tcgegggeac agacgcccag gaccgegett cccacgtgge ggagggactg 13320
gggacccggyg caccegtect geccetteace cttecagete cgectectee gegeggacee 13380
cgecoeegtee cgaccectee cgggteceeg geccagecce cteegggece teccagecce 13440
teccetteet tteegeggee cegecctete ctegeggege gagtttecagg cagegetgeg 13500
tectgetgeg cacgtgggaa gecctggece cggecaccee cgegatgeeg cgegetececce 13560
gctgeecgage cgtgegetee ctgetgegea gecactaceg cgaggtgetg cegetggeca 13620
cgttcgtgeg gecgeetgggg ccccaggget ggeggotggt gcagegeggg gacceggegg 13680
ctttecegege getggtggee cagtgectgg tgtgegtgee ctgggacgea cggecgecce 13740
ccgeocgecce cteocttecge caggtgggece tccceggggt cggegtecgg ctggggttga 13800
gggcggecgg ggggaaccag cgacatgegg agagcagcege aggcgactca gggegettce 13860
ccegeaggtg tcecotgectga aggagetggt ggcoccegagtg ctgcagagge tgtgegageg 13920
cggogegaag aacgtgetgg ccetteggett cgegetgetg gacggggecce gegggggecce 13980
cccocgaggece ttcaccacca gecgtgegeag ctacctgece aacacggtga ccgacgcact 14040
gcgggggage ggggegtggg ggcotgetget gegeegegtg ggcgacgacg tgetggttca 14100
cctgetggea cgetgegege tetttgtget ggtggoctcce agetgegect accaggtgtg 14160
cgggecgecg ctgtaccage tcggegetge cactcaggec cggcoccccge cacacgetag 14220
tggacccega aggegtcetgg gatgcgaacqg ggectggaac catagegtca gggaggccegg 14280
ggtcecceoetg ggectgecag cccocgggtge gaggaggcoge gggggcagtg ccageccgaag 14340
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tetgeegttg cccaagagge ccaggcegtgg cgctgcccct gagccggage ggacgccegt 14400
tgggcagggg tcctgggcece acccgggcag gacgcegtgga ccgagtgacc gtggtttetg 14460
tgtggtgtca cctgccagac ccgccgaaga agccacctet ttggagggtg cgetctetgg 14520
cacgcgccac tcccacccat ccgtgggecq ccagcaccac gogggeccce catccacate 14580
gcggccacca cgtccoctggg acacgecttg tecccocecoggtg tacgecgaga ccaagcactt 14640
cctotactce tcaggocgaca aggagcaget geggecctee ttectactca getctetgag 14700
gcccagectg actggegete ggaggctegt ggagaccate tttetgggtt ccaggecctg 14760
gatgccaggg actcccegea ggttgecceq ccotgecccag cgetactgge aaatgeggee 14820
cctgtttetg gagetgettg ggaaccacqge gecagtgecce tacggggtge tcctcaagac 14880
gcactgcccg ctgcgagetg cggtcaccce agcagoceggt gtetgtgece gggagaagec 14940
ccagggctet gtggeggecce ccgaggagga ggacacagac ccccgtegece tggtgecaget 15000
gctocegecag cacagcagec cctggcaggt gtacggette gtgegggect gectgegecg 15060
gctggtgece ccaggectet ggggotccag gecacaacgaa cgecgettece tcaggaacac 15120
caagaagttc atctccctgg ggaagcatge caagctcteg ctgcaggage tgacgtggaa 15180
gatgagegtyg cgggactgeq cttggetgeq caggagecca ggtgaggagg tggtggecgt 15240
cgagggccca ggccccagag ctgaatgcag taggggctca gaaaaggggg caggcagage 15300
cetggtecte ctgtetecat cgteacgtgg geacacgtgg cttttegete aggacgtega 15360
gtggacacgg tgatcgagte gactecettt agtgagggtt aattgagete geggecge 15418
<210> SEQ ID NO 2
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATICN: Ampflication Primer
<400> SEQUENCE: 2
cttgetgeag aagtgggtgg aggaa 25
<210> SEQ ID NO 3
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Seguence
<220> FEATURE:
<223> OTHER INFORMATICN: Amplification PRimer
<400> SEQUENCE: 3
ctgcagtgtg ggtttcggge a 21
<210> SEQ ID NO 4
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Seguence
<220> FEATURE:
<223> OTHER INFORMATION: Amplification Primer
<400> SEQUENCE: 4
cggaagagtg tctggagcaa 20

<210> SEQ ID NO 5
<211> LENGTH: 19

<212> TYPE:

DNA

<213> ORGANISM: Artificial Seguence
<220> FEATURE:
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<223> OTHER INFORMATICN: Amplification Primer

<400> SEQUENCE: 5

ggatgaagcg gagtctgga 19

<210> SEQ ID NO 6

<211> LENGTH: 1303

<212> TYPE: DNA

<213> ORGANISM: Ovis aries
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (194)..(1303)
<223> OTHER INFORMATION:

<400> SEQUENCE: 6
agccgaggac gccgccgggg agccgaggct ccggccagce cccagcgcge ccagcttetg 60
cagatcagga gtcagaacgc tgcaccttcg cttcctccca gccctgecte cttctgcaaa 120

acggagctca atagaacttg gtacttttgc cttttactct gggaggagag aagcagacga 180

tgaggagaaa ata atg aat gtc aaa gga aaa gtg att ctg tca atg ctg 229
Met Asn Val Lys Gly Lys Val Ile Leu Ser Met Leu
1 5 10
gtt gtc tca act gtc att gtt gtg ttt tgg gaa tat atc cac agc cca 277
Val Val Ser Thr Val Ile Val Val Phe Trp Glu Tyr Ile His Ser Pro
15 20 25
gaa ggc¢ tet ttg tte tgg ata aac cca tea aga aac cca gaa gte agt 325
Glu Gly Ser Leu Phe Trp Ile Asn Pro Ser Arg Asn Pro Glu Val Ser
30 35 40
gge gge age age att cag aag gge tgg tgg ttt ccg aga tgg ttt aac 373
Gly Gly Ser Ser Ile Gln Lys Gly Trp Trp Phe Pro Arg Trp Phe Asn
45 50 55 60
aat ggt tac caa gaa gaa gat gaa gac gta gac gaa gaa aag gaa caa 421
Asn Gly Tyr Gln Glu Glu Asp Glu Asp Val Asp Glu Glu Lys Glu Gln
65 70 75
aga aag gaa gac aaa agc aag ctt aag cta tcg gac tgg ttc aac cca 469
Arg Lys Glu Asp Lys Ser Lys Leu Lys Leu Ser Asp Trp Phe Asn Pro
80 85 90
ttt aaa cge cct gag gtt gtg act atg aca gat tgg aag gca ccec gtg 517
Phe Lys Arg Pro Glu Val Val Thr Met Thr Asp Trp Lys Ala Pro Val
95 100 105
gtg tgg gaa ggc act tac aac aga gcc gtc tta gac gat tac tac gece 565
Val Trp Glu Gly Thr Tyr Asn Arg Ala Val Leu Asp Asp Tyr Tyr Ala
110 115 120
aag cag aaa att acc gtc ggc ctg acg gtt ttce gcc gte gga aga tac 613
Lys Gln Lys Ile Thr Val Gly Leu Thr Val Phe Ala Val Gly Arg Tyr
125 130 135 140
att gag cat tac ttg gag gag ttc tta acg tct gct aat aag cac ttc 661
Ile Glu His Tyr Leu Glu Glu Phe Leu Thr Ser Ala Asn Lys His Phe
145 150 155
atg gtt ggc cac cga gtc atc ttt tac gtc atg gtg gac gac gtc tcc 709
Met Val Gly His Arg Val Ile Phe Tyr Val Met Val Asp Asp Val Ser
160 165 170
agg atg cct ttg ata gag ctg ggc cct ctg cge tee tte aaa gtg ttt 757
Arg Met Pro Leu Ile Glu Leu Gly Pro Leu Arg Ser Phe Lys Val Phe
175 180 185
gag gtc aag cct gag agg agg tgg cag gac gtc age atg gtg cgc atg 805
Glu Val Lys Pro Glu Arg Arg Trp Gln Asp Val Ser Met Val Arg Met
190 195 200
aag acc atc ggg gag cac atc gtg gcc cac atc cag cgt gag gtt gac 853

Lys Thr Ile Gly Glu His Ile Val Ala His Ile Gln Arg Glu Val Asp
205 210 215 220
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-continued

tte ctce tte tge atg gac gtg gac cag gtc ttc caa gac gag ttc ggg 901
Phe Leu Phe Cys Met Asp Val Asp Gln Val Phe Gln Asp Glu Phe Gly

225 230 235
gtg gag acc ctg ggt gag tcg gtg gcc cag cta cag gcc tgg tgg tac 949
Val Glu Thr Leu Gly Glu Ser Val Ala Gln Leu Gln Ala Trp Trp Tyr

240 245 250
aag gca gat ccc gat gag ttt acc tac gag agg cgc aag gag tct gca 997
Lys Ala Asp Pro Asp Glu Phe Thr Tyr Glu Arg Arg Lys Glu Ser Ala
255 260 265
gca tac att ccc ttc ggc gaa ggg gat ttt tat tac cac geca gec att 1045
Ala Tyr Ile Pro Phe Gly Glu Gly Asp Phe Tyr Tyr His Ala Ala Ile
270 275 280

ttt ggg gga aca ccc act cag gtc ctt aac atc acc cag gaa tgc ttc 1093
Phe Gly Gly Thr Pro Thr Gln Val Leu Asn Ile Thr Gln Glu Cys Phe
285 2890 295 300
aaa gga atc ctc aag gac aag aaa aat gac ata gaa gcc caa tgg cat 1141
Lys Gly Ile Leu Lys Asp Lys Lys Asn Asp Ile Glu Ala Gln Trp His

305 310 315
gat gag agc cat cta aac aag tat ttc ctt ctc aac aaa ccc act aaa 1189
Asp Glu Ser His Leu Asn Lys Tyr Phe Leu Leu Asn Lys Pro Thr Lys

320 325 330
atce tta tee ceg gaa tac tge tgg gat tat cat ata gge cta cet geg 1237
Ile Leu Ser Pro Glu Tyr Cys Trp Asp Tyr His Ile Gly Leu Proc Ala
335 340 345
gat att aag ctt gte aag atg tet tgg cag aca aaa gag tat aat gtg 1285
Asp Ile Lys Leu Val Lys Met Ser Trp Gln Thr Lys Glu Tyr Asn Val
350 355 360

gtt aga aat aac gtc tga 1303
Val Arg Asn Asn Val
365

<210> SEQ ID NO 7

<211> LENGTH: 369

<212> TYPE: PRT

<213> ORGANISM: Ovis aries

<400> SEQUENCE: 7

Met Asn Val Lys Gly Lys Val Ile Leu Ser Met Leu Val Val Ser Thr
1 5 10 15

Val Ile Val Val Phe Trp Glu Tyr Ile His Ser Pro Glu Gly Ser Leu
20 25 30

Phe Trp Ile Asn Pro Ser Arg Asn Pro Glu Val Ser Gly Gly Ser Ser
35 40 45

Ile Gln Lys Gly Trp Trp Phe Pro Arg Trp Phe Asn Asn Gly Tyr Gln
Glu Glu Asp Glu Asp Val Asp Glu Glu Lys Glu Gln Arg Lys Glu Asp
65 70 75 80

Lys Ser Lys Leu Lys Leu Ser Asp Trp Phe Asn Pro Phe Lys Arg Pro
85 90 95

Glu Val Val Thr Met Thr Asp Trp Lys Ala Pro Val Val Trp Glu Gly
100 105 110

Thr Tyr Asn Arg Ala Val Leu Asp Asp Tyr Tyr Ala Lys Gln Lys Ile
115 120 125

Thr Val Gly Leu Thr Val Phe Ala Val Gly Arg Tyr Ile Glu His Tyr
130 135 140

Leu Glu Glu Phe Leu Thr Ser Ala Asn Lys His Phe Met Val Gly His
145 150 155 160
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-continued

66

Arg

Ile

Glu

Glu

Met

225

Gly

Asp

Phe

Pro

Lys

305

Leu

Glu

Val

Val

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

Val

Glu

Arg

His

210

Asp

Glu

Glu

Gly

Thr

290

Asp

Asn

Tyr

Lys

Ile

Leu

Arg

195

Ile

Val

Ser

Phe

Glu

275

Gln

Lys

Lys

Cys

Met
355

Phe

Gly

180

Trp

Val

Asp

Val

Thr

260

Gly

Val

Lys

Tyr

Trp

340

Ser

Tyr

165

Pro

Gln

Ala

Gln

Ala

245

Tyr

Asp

Leu

Asn

Phe

325

Asp

Trp

SEQ ID NO 8
LENGTH :
TYPE: DNA
ORGANISM: Platyrrhinus helleri
FEATURE :
NAME/KEY: CDS
LOCATION:

1131

Val

Leu

Asp

His

Val

230

Gln

Glu

Phe

Asn

Asp

310

Leu

Tyr

Gln

Met

Arg

Val

Ile

215

Phe

Leu

Arg

Tyr

Ile

295

Ile

Leu

His

Thr

(1)..(1131)

<400> SEQUENCE: 8

atg
Met
1

gtg
Val

ttg
Leu

cag
Gln

tat
Tyr
65

gaa
Glu

ttt
Phe

aat
Asn

att
Ile

tgg
Trp

aag
Lys
50

caa
Gln

caa
Gln

aat
Asn

gte
Val

gtt
Val

ata
Ile

gac
Asp

caa
Gln

aaa
Lys

cca
Pro

aaa
Lys

gtg
Val
20

tat

Tyr

tgg
Trp

gag
Glu

aag
Lys

aag
Lys

gga
Gly
5

ttt
Phe

cac
His

tgg
Trp

gaa
Glu

gaa
Glu

aaa
Lys

OTHER INFORMATION:

aaa
Lys

tgg
Trp

tca
Ser

ttt
Phe

gaa
Glu

gat
Asp

cge
Arg

gta
Val

gaa
Glu

aag
Lys

cct
Pro

gac
Asp

gac
Asp

cca
Pro

Val

Ser

Ser

200

Gln

Gln

Gln

Arg

Tyr

280

Thr

Glu

Asn

Ile

Lys
360

att
Ile

tat
Tyr

aac
Asn
40

gge
Gly

aca
Thr

aca
Thr

gag
Glu

Asp

Phe

185

Met

Arg

Asp

Ala

Lys

265

His

Gln

Ala

Lys

Gly

345

Glu

ctg
Leu

ate
Ile

cca
Pro

tgg
Trp

gac
Asp

aca
Thr

gtt
val

Asp

170

Lys

Val

Glu

Glu

Trp

250

Glu

Ala

Glu

Gln

Pro

330

Leu

Tyr

teg
Ser

aac
Asn

gaa
Glu

ttt
Phe

aaa
Lys

gag
Glu

atg
Met

Val

Val

Arg

Val

Phe

235

Trp

Ser

Ala

Cys

Trp

315

Thr

Pro

Asn

atg
Met

age
Ser

gtt
Val

aac
Asn

gaa
Glu

ctt
Leu

aca
Thr

Ser

Phe

Met

Asp

220

Gly

Tyr

Ala

Ile

Phe

300

His

Lys

Ala

Val

ctg
Leu

cca
Pro

gat
Asp

aat
Asn
60

aaa

Lys

cgg9
Arg

gtg
Val

Arg

Glu

Lys

205

Phe

Val

Lys

Ala

Phe

285

Lys

Asp

Ile

Asp

Val
365

gtt
Val

gaa
Glu

gac
Asp

999
Gly

gga
Gly

cta
Leu

ace
Thr

Met

Val

190

Thr

Leu

Glu

Ala

Tyr

270

Gly

Gly

Glu

Leu

Ile

350

Arg

gtc
Val

ggc
Gly

agce
Ser

atc
Ile

aga
Arg

tgg
Trp

caa
Gln

Pro

175

Lys

Ile

Phe

Thr

Asp

255

Ile

Gly

Ile

Ser

Ser

335

Lys

Asn

tca
Ser

tet
Ser

agt
Ser

cac
His

gag
Glu

gac
Asp

tgg
Trp

Leu

Pro

Gly

Cys

Leu

240

Pro

Pro

Thr

Leu

His

320

Pro

Leu

Asn

act
Thr

tte
Phe

gct
Ala

aat
Asn

gag
Glu

tgg
Trp

aag
Lys

48

96

144

192

240

288

336
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-continued

100 105 110

gcg ccg gtt gtg tgg gaa ggc act tac aac aaa gcc atc cta gaa aat 384
Ala Pro Val Val Trp Glu Gly Thr Tyr Asn Lys Ala Ile Leu Glu Asn
115 120 125

tat tat gcc aaa cag aaa att acc gtg ggg ttg acg gtt ttt get att 432
Tyr Tyr Ala Lys Gln Lys Ile Thr Val Gly Leu Thr Val Phe Ala Ile
130 135 140

gga aga tat att gag cat tac ttg gag gag ttc gta aca tct get aat 480
Gly Arg Tyr Ile Glu His Tyr Leu Glu Glu Phe Val Thr Ser Ala Asn
145 150 155 160

agg tac ttc atg gtc ggc cac aaa gtc ata ttt tat gte atg gtg gat 528
Arg Tyr Phe Met Val Gly His Lys Val Ile Phe Tyr Val Met Val Asp
165 170 175

gat gtc tcc aag gcg ccg ttt ata gag ctg ggt cct ctg cgt tecc tte 576
Asp Val Ser Lys Ala Pro Phe Ile Glu Leu Gly Pro Leu Arg Ser Fhe
180 185 190

aaa gtg ttt gag gtc aag cca gag aag agg tgg caa gac atc agc atg 624
Lys Val Phe Glu Val Lys Pro Glu Lys Arg Trp Gln Asp Ile Ser Met
195 200 205

atg cgt atg aag acc atc ggg gag cac atc ttg gcc cac atc caa cac 672
Met Arg Met Lys Thr Ile Gly Glu His Ile Leu Ala His Ile Gln His
210 215 220

gag gtt gac ttc ctc ttc tge atg gat gtg gac cag gtc ttc caa gac 720
Glu Val Asp Phe Leu Phe Cys Met Asp Val Asp Gln Val Phe Gln Asp
225 230 235 240

cat ttt ggg gta gag acc ctg ggc cag tcg gtg gct cag cta cag gcc 768
His Phe Gly Val Glu Thr Leu Gly Gln Ser Val Ala Gln Leu Gln Ala
245 250 255

tgg tgg tac aag gca gat cct gat gac ttt ace tat gag agg cgg aaa 816
Trp Trp Tyr Lys Ala Asp Pro Asp Asp Phe Thr Tyr Glu Arg Arg Lys
260 265 270

gag tcg gea gea tat att cca ttt gge cag ggg gat ttt tat tac cat 864
Glu Ser Ala Ala Tyr Ile Pro Phe Gly Gln Gly Asp Phe Tyr Tyr His
275 280 285

gca gec att ttt gga gga aca ceg att cag gtt cte aac ate ace cag 912
Ala Ala Ile Phe Gly Gly Thr Pro Ile Gln Val Leu Asn Ile Thr Gln
290 295 300

gag tgc ttt aag gga atc ctc ctg gac aag aaa aat gac ata gaa gcc 960
Glu Cys Phe Lys Gly Ile Leu Leu Asp Lys Lys Asn Asp Ile Glu Ala
305 310 315 320

gag tgg cat gat gaa agc cac cta aac aag tat tte ctt cte aac aaa 1008
Glu Trp His Asp Glu Ser His Leu Asn Lys Tyr Phe Leu Leu Asn Lys
325 330 335

cce tet aaa atc tta tet cca gaa tac tge tgg gat tat cat ata gge 1056
Pro Ser Lys Ile Leu Ser Pro Glu Tyr Cys Trp Asp Tyr His Ile Gly
340 345 350

ctg cct tca gat att aaa act gtc aag cta tca tgg caa aca aaa gag 1104
Leu Pro Ser Asp Ile Lys Thr Val Lys Leu Ser Trp Gln Thr Lys Glu
355 360 365

tat aat ttg gtt aga aag aat gtc tga 1131
Tyr Asn Leu Val Arg Lys Asn Val
370 375

«210> SEQ ID NO 9

<211> LENGTH: 376

<212> TYPE: PRT

<213> ORGANISM: Platyrrhinus helleri

<400> SEQUENCE: 9

Met Asn Val Lys Gly Lys Val Ile Leu Ser Met Leu Val Val Ser Thr
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-continued

1 5 10 15

Val Ile Val Val Phe Trp Glu Tyr Ile Asn Ser Pro Glu Gly Ser Fhe

Leu Trp Ile Tyr His Ser Lys Asn Pro Glu Val Asp Asp Ser Ser Ala

Gln Lys Asp Trp Trp Phe Pro Gly Trp Phe Asn Asn Gly Ile His Asn
50 55 60

Tyr Gln Gln Glu Glu Glu Asp Thr Asp Lys Glu Lys Gly Arg Glu Glu
65 70 75 80

Glu Gln Lys Lys Glu Asp Asp Thr Thr Glu Leu Arg Leu Trp Asp Trp

Phe Asn Pro Lys Lys Arg Pro Glu Val Met Thr Val Thr Gln Trp Lys
100 105 110

Ala Pro Val Val Trp Glu Gly Thr Tyr Asn Lys Ala Ile Leu Glu Asn
115 120 125

Tyr Tyr Ala Lys Gln Lys Ile Thr Val Gly Leu Thr Val Phe Ala Ile
130 135 140

Gly Arg Tyr Ile Glu His Tyr Leu Glu Glu Phe Val Thr Ser Ala Asn
145 150 155 160

Arg Tyr Phe Met Val Gly His Lys Val Ile Phe Tyr Val Met Val Asp
165 170 175

Asp Val Ser Lys Ala Pro Phe Ile Glu Leu Gly Pro Leu Arg Ser Fhe
180 185 190

Lys Val Phe Glu Val Lys Pro Glu Lys Arg Trp Gln Asp Ile Ser Met
195 200 205

Met Arg Met Lys Thr Ile Gly Glu His Ile Leu Ala His Ile Gln His
210 215 220

Glu Val Asp Phe Leu Phe Cys Met Asp Val Asp Gln Val Phe Gln Asp
225 230 235 240

His Phe Gly Val Glu Thr Leu Gly Gln Ser Val Ala Gln Leu Gln 2la
245 250 255

Trp Trp Tyr Lys Ala Asp Pro Asp Asp Phe Thr Tyr Glu Arg Arg Lys
260 265 270

Glu Ser Ala Ala Tyr Ile Pro Phe Gly Gln Gly Asp Phe Tyr Tyr His
275 280 285

Ala Ala Ile Phe Gly Gly Thr Pro Ile Gln Val Leu Asn Ile Thr Gln
290 295 300

Glu Cys Phe Lys Gly Ile Leu Leu Asp Lys Lys Asn Asp Ile Glu Ala
305 310 315 320

Glu Trp His Asp Glu Ser His Leu Asn Lys Tyr Phe Leu Leu Asn Lys
325 330 335

Pro Ser Lys Ile Leu Ser Pro Glu Tyr Cys Trp Asp Tyr His Ile Gly
340 345 350

Leu Pro Ser Asp Ile Lys Thr Val Lys Leu Ser Trp Gln Thr Lys Glu
355 360 365

Tyr Asn Leu Val Arg Lys Asn Val
370 375

<210> SEQ ID NO 10

<211> LENGTH: 1062

«212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1062)
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-continued

<223> OTHER INFORMATION:
<400> SEQUENCE: 10

atg gcc gag gtg ttg cgg acg ctg gcc gga aaa cca aaa tgc cac gca 48
Met Ala Glu Val Leu Arg Thr Leu Ala Gly Lys Pro Lys Cys His Ala
1 5 10 15

ctt cga cct atg atc ctt ttc cta ata atg ctt gte ttg gtc ttg ttt 96
Leu Arg Pro Met Ile Leu Phe Leu Ile Met Leu Val Leu Val Leu Phe
20 25 30

ggt tac ggg gtc cta agc ccc aga agt cta atg cca gga agc ctg gaa 144
Gly Tyr Gly Val Leu Ser Pro Arg Ser Leu Met Pro Gly Ser Leu Glu
35 40 45

cgg ggg ttc tgc atg gct gtt agg gaa cct gac cat ctg cag cgc gte 192
Arg Gly Phe Cys Met Ala Val Arg Glu Pro Asp His Leu Gln Arg Val
50 55 60

tcg ttg cca agg atg gtc tac ccc cag cca aag gtg ctg aca ccg tgg 240
Ser Leu Pro Arg Met Val Tyr Pro Gln Pro Lys Val Leu Thr Pro Trp
65 70 75 80

aag gat gtc ctc gtg gtg acc cct tgg ctg get cce att gte tgg gag 288
Lys Asp Val Leu Val Val Thr Pro Trp Leu Ala Pro Ile Val Trp Glu
85 90 95

ggc aca ttc aac atc gac atc ctc aac gag cag ttc agg ctc cag aac 336
Gly Thr Phe Asn Ile Asp Ile Leu Asn Glu Gln Phe Arg Leu Gln Asn
100 105 110

acc acc att ggg tta act gtg ttt gee ate aag aaa tac gtg get tte 384
Thr Thr Ile Gly Leu Thr Val Phe Ala Ile Lys Lys Tyr Val Ala Phe
115 120 125

ctg aag ctg tte ctg gag acg geg gag aag cac tte atg gtg gge cac 432
Leu Lys Leu Phe Leu Glu Thr Ala Glu Lys His Phe Met Val Gly His
130 135 140

cgt gte cac tac tat gte tte acce gac cag ctg gee geg gtg cece cge 480
Arg Val His Tyr Tyr Val Phe Thr Asp Gln Leu Ala Ala Val Preo Arg
145 150 155 160

gtg acg ctg ggg acc ggt cgg cag ctg tca gtg ctg gag gtg cgc gece 528
Val Thr Leu Gly Thr Gly Arg Gln Leu Ser Val Leu Glu Val Arg Ala
165 170 175

tac aag cgc tgg cag gac gtg tcc atg cgc cge atg gag atg atc agt 576
Tyr Lys Arg Trp Gln Asp Val Ser Met Arg Arg Met Glu Met Ile Ser
180 185 190

gac ttc tgc gag cgg cge tte cte age gag gtg gat tac ctg gtg tge 624
Asp Phe Cys Glu Arg Arg Phe Leu Ser Glu Val Asp Tyr Leu Val Cys
195 200 205

gtg gac gtg gac atg gag ttc cgc gac cac gtg ggc gtg gag atc ctg 672
Val Asp Val Asp Met Glu Phe Arg Asp His Val Gly Val Glu Ile Leu
210 215 220

act ccg ctg ttc gge acc ctg cac ccc gge tte tac gga age agc cgg 720
Thr Pro Leu Phe Gly Thr Leu His Pro Gly Phe Tyr Gly Ser Ser Arg
225 230 235 240

gag gcc ttc acc tac gag cgc cgg ccc cag tce cag gec tac atc ccce 768
Glu Ala Phe Thr Tyr Glu Arg Arg Pro Gln Ser Gln Ala Tyr Ile Pro
245 250 255

aag gac gag ggc gat ttc tac tac ctg ggg ggg ttec tte ggg ggg tcg 816
Lys Asp Glu Gly Asp Phe Tyr Tyr Leu Gly Gly Phe Phe Gly Gly Ser
260 265 270

gtg caa gag gtg cag cgg ctc acc agg gcc tge cac cag gee atg atg 864
Val Gln Glu Val Gln Arg Leu Thr Arg Ala Cys His Gln Ala Met Met
275 280 285

gtc gac cag gcc aac ggc atc gag gcc gtg tgg cac gac gag agc cac 912
Val Asp Gln Ala Asn Gly Ile Glu Ala Val Trp His Asp Glu Ser His
290 295 300
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-continued
ctg aac aag tac ctg ctg cgc cac aaa ccc acc aag gtg ctc tcc ccc 960
Leu Asn Lys Tyr Leu Leu Arg His Lys Pro Thr Lys Val Leu Ser Pro
305 310 315 320
gag tac ttg tgg gac cag cag ctg ctg ggc tgg cce gee gte ctg agg 1008
Glu Tyr Leu Trp Asp Gln Gln Leu Leu Gly Trp Pro Ala Val Leu Arg
325 330 335
aag ctg agg ttc act gcg gtg ccc aag aac cac cag gcg gtc cgg aac 1056
Lys Leu Arg Phe Thr Ala Val Pro Lys Asn His Gln Ala Val Arg Asn
340 345 350
ccg tga 1062

Pro

<210> SEQ ID NO 11

<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11

Met Ala Glu Val Leu Arg Thr Leu Ala Gly Lys Pro Lys Cys His Ala
1 5 10 15

Leu Arg Pro Met Ile Leu Phe Leu Ile Met Leu Val Leu Val Leu Phe
20 25 30

Gly Tyr Gly Val Leu Ser Pro Arg Ser Leu Met Pro Gly Ser Leu Glu
Arg Gly Phe Cys Met Ala Val Arg Glu Pro Asp His Leu Gln Arg Val
50 55 60

Ser Leu Pro Arg Met Val Tyr Pro Gln Pro Lys Val Leu Thr Pro Trp
65 70 75 80

Lys Asp Val Leu Val Val Thr Pro Trp Leu Ala Pro Ile Val Trp Glu
85 90 95

Gly Thr Phe Asn Ile Asp Ile Leu Asn Glu Gln Phe Arg Leu Gln Asn
100 105 110

Thr Thr Ile Gly Leu Thr Val Phe Ala Ile Lys Lys Tyr Val Ala Phe
115 120 125

Leu Lys Leu Phe Leu Glu Thr Ala Glu Lys His Phe Met Val Gly His
130 135 140

Arg Val His Tyr Tyr Val Phe Thr Asp Gln Leu Ala Ala Val Pro Arg
145 150 155 160

Val Thr Leu Gly Thr Gly Arg Gln Leu Ser Val Leu Glu Val Arg Ala
165 170 175

Tyr Lys Arg Trp Gln Asp Val Ser Met Arg Arg Met Glu Met Ile Ser
180 185 190

Asp Phe Cys Glu Arg Arg Phe Leu Ser Glu Val Asp Tyr Leu Val Cys
195 200 205

Val Asp Val Asp Met Glu Phe Arg Asp His Val Gly Val Glu Ile Leu
210 215 220

Thr Pro Leu Phe Gly Thr Leu His Pro Gly Phe Tyr Gly Ser Ser Arg
225 230 235 240

Glu Ala Phe Thr Tyr Glu Arg Arg Pro Gln Ser Gln Ala Tyr Ile Pro
245 250 255

Lys Asp Glu Gly Asp Phe Tyr Tyr Leu Gly Gly Phe Phe Gly Gly Ser
260 265 270

Val Gln Glu Val Gln Arg Leu Thr Arg Ala Cys His Gln Ala Met Met
275 280 285

Val Asp Gln Ala Asn Gly Ile Glu Ala Val Trp His Asp Glu Ser His
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76

Leu
305
Glu

Lys

Pro

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

290

Asn

Tyr

Leu

295

Lys Tyr Leu Leu Arg His

310

Leu Trp Asp Gln Gln Leu

325

Arg Phe Thr Ala Val Pro

340

<400> SEQUENCE:

atg
Met
1

ctt
Leu

ggt
Gly

€99
Arg

teg
Ser

agg
Arg

gag
Glu

aac

tte
Phe

cac
His
145
cgc

Arg

gce
Ala

agt
Ser

tge
Cys

gce
Ala

cga
Arg

tac
Tyr

999
Gly

ttg
Leu

aag
Lys

ggce
Gly

ace
Thr

ctg
Leu
130

cgt
Arg

gtg
Val

tac
Tyr

gac
Asp

gtg
Val

gag
Glu

cet
Pro

999
Gly

tte
Phe

cca
Pro

gat
Asp

acqg
Thr

ace
Thr
115

aag
Lys

gte
Val

acg
Thr

aag
Lys

tte
Phe
195

gac
Asp

gtg
Val

atg
Met
20

gte
Val

tge
Cys

agg
Arg

gte
Val

tte
Phe
100

att
Ile

ctg
Leu

cac
His

ctg
Leu

cge
Arg
180

tge
Cys

gtg
Val

SEQ ID NO 12
LENGTH :
TYPE: DNA
ORGANISM: Home sapiens
FEATURE :
NAME/KEY: CDS
LOCATION:

1065

(1)..(1065)

12

ttg
Leu
5

atc
Ile

cta
Leu

atg
Met

atg
Met

cte
Leu

aac
Asn

999
Gly

tte
Phe

tac
Tyr

999
Gly
165

tgg
Trp

gag
Glu

gac
Asp

OTHER INFORMATION:

€99
Arg

ctt
Leu

age
Ser

get
Ala

gte
Val

gtg
Val

atc
Ile

tta
Leu

ctg
Leu

tat
Tyr
150

ace
Thr

cag
Gln

cqg
Arg

atg
Met

acg
Thr

tte
Phe

ceoe
Pro

gtt
Val

tac
Tyr

gtg
Val

gac
Asp

act
Thr

gag
Glu
135

gte
Val

ggt
Gly

gac
Asp

cge
Arg

gag
Glu

ctg
Leu

cta
Leu

aga
Arg

agg
Arg

cee
Pro

ace
Thr

ate
Ile

gtg
Val
120

acg
Thr

tte
Phe

cg9
Arg

gtg
Val

tte
Phe
200

tte
Phe

Lys

Leu

Lys
345

gce
Ala

ata
Ile

agt
Ser

gaa
Glu

cag
Gln

cet
Pro

cte
Leu
105

ttt
Phe

gcg
Ala

ace
Thr

cag
Gln

tece
Ser
185

cte
Leu

cge
Arg

300

Pro Thr Lys

315

Gly Trp Pro

330

Asn His Gln

gga
Gly

atg
Met

cta
Leu

cet
Pro

cca
Pro

tgg
Trp

aac
Asn

gce
Ala

gag
Glu

gac
Asp

ctg
Leu
170

atg
Met

agc
Ser

gac
Asp

aaa
Lys

ctt
Leu

atg
Met

gac
Asp

aag
Lys
75

ctyg
Leu

gag
Glu

ate
Ile

aag
Lys

cag
Gln
155

tca
Ser

cge
Arg

gag
Glu

cat
His

cca
Pro

gte
Val

cca
Pro

cat
His

gty
Val

get
Ala

cag
Gln

aag
Lys

cac
His
140
ccg

Pro

gtg
Val

cge
Arg

gtg
Val

gtg
Val

Val

Ala

Ala

aaa
Lys

ttg
Leu

gga
Gly

ctg
Leu

ctg
Leu

cee
Pro

tte
Phe

aaa
Lys
125

tte
Phe

gce
Ala

ctg
Leu

atg
Met

gat
Asp
205

ggce
Gly

Leu

Val

Val
350

tgc
Cys

gtc
Val

age
Ser

cag
Gln

aca
Thr

att
Ile

agg
Arg
110

tac
Tyr

atg
Met

gcg
Ala

gag
Glu

gag
Glu
190

tac

Tyr

gtg
Val

Ser

Leu
335

Arg

cac
His

ttg
Leu

ctg
Leu

cge
Arg

ceg
Pro

gtc
Val

cte
Leu

gtg
Val

gtg
Val

gtg
Val

gtg
Val
175

atg
Met

ctg
Leu

gag
Glu

Pro
320

Arg

Asn

gca
Ala

ttt
Phe

gaa
Glu

gte
Val

tgt
Cys
80

tgg
Trp

cag
Gln

gct
Ala

g9¢
Gly

cece
Pro
160

gge
Gly

atc
Ile

gtg
Val

atc
Ile

48

96

144

192

240

288

336

384

432

480

528

576

624

672
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-continued
210 215 220
ctg act ccg ctg ttc ggc acc ctg cac ccc age ttc tac gga agc agc 720
Leu Thr Pro Leu Phe Gly Thr Leu His Pro Ser Phe Tyr Gly Ser Ser
225 230 235 240
cgg gag gcc ttc acc tac gag cgc cgg ccc cag tcc cag gcc tac atc 768
Arg Glu Ala Phe Thr Tyr Glu Arg Arg Pro Gln Ser Gln Ala Tyr Ile
245 250 255
ccc aag gac gag ggc gat ttc tac tac atg ggg gcg ttc ttc ggg ggg 816
Pro Lys Asp Glu Gly Asp Phe Tyr Tyr Met Gly Ala Phe Phe Gly Gly
260 265 270
tcg gtg caa gag gtg cag cgg ctc acc agg gcc tgc cac cag gcc atg 864
Ser Val Gln Glu Val Gln Arg Leu Thr Arg Ala Cys His Gln Ala Met
275 280 285
atg gtc gac cag gcc aac ggc atc gag gcc gtg tgg cac gac gag agc 912
Met Val Asp Gln Ala Asn Gly Ile Glu Ala Val Trp His Asp Glu Ser
290 295 300
cac ctg aac aag tac cta ctg cgc cac aaa ccc acc aag gtg ctc tcc 960
His Leu Asn Lys Tyr Leu Leu Arg His Lys Pro Thr Lys Val Leu Ser
305 310 315 320
cce gag tac ttg tgg gac cag cag ctg ctg ggc tgg cce gee gtec ctg 1008
Pro Glu Tyr Leu Trp Asp Gln Gln Leu Leu Gly Trp Pro Ala Val Leu
325 330 335
agg aag ctg agg ttc act gcg gtg ccc aag aac cac cag gcg gtc cgg 1056
Arg Lys Leu Arg Phe Thr Ala Val Pro Lys Asn His Gln Ala Val Arg
340 345 350
aac ccg tga 1065

Asn Pro

<210> SEQ ID NO 13

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Met Ala Glu Val Leu Arg Thr Leu Ala Gly Lys Pro Lys Cys His Ala
1 5 10 15

Leu Arg Pro Met Ile Leu Phe Leu Ile Met Leu Val Leu Val Leu Phe
20 25 30

Gly Tyr Gly Val Leu Ser Pro Arg Ser Leu Met Pro Gly Ser Leu Glu
35 40 45

Arg Gly Phe Cys Met Ala Val Arg Glu Pro Asp His Leu Gln Arg Val
50 55 60

Ser Leu Pro Arg Met Val Tyr Pro Gln Pro Lys Val Leu Thr Proc Cys
65 70 75 80

Arg Lys Asp Val Leu Val Val Thr Pro Trp Leu Ala Pro Ile Val Trp
85 90 95

Glu Gly Thr Phe Asn Ile Asp Ile Leu Asn Glu Gln Phe Arg Leu Gln
100 105 110

Asn Thr Thr Ile Gly Leu Thr Val Phe Ala Ile Lys Lys Tyr Val Ala
115 120 125

Phe Leu Lys Leu Phe Leu Glu Thr Ala Glu Lys His Phe Met Val Gly
130 135 140

His Arg Val His Tyr Tyr Val Phe Thr Asp Gln Pro Ala Ala Val Pro
145 150 155 160

Arg Val Thr Leu Gly Thr Gly Arg Gln Leu Ser Val Leu Glu Val Gly
165 170 175

Ala Tyr Lys Arg Trp Gln Asp Val Ser Met Arg Arg Met Glu Met Ile
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-continued

80

180 185 190

Ser Asp Phe Cys Glu Arg Arg Phe Leu Ser Glu Val Asp Tyr Leu

195 200 205

Cys Val Asp Val Asp Met Glu Phe Arg Asp His Val Gly Val Glu
210 215 220

Leu Thr Pro Leu Phe Gly Thr Leu His Pro Ser Phe Tyr Gly Ser

225

230 235

Arg Glu Ala Phe Thr Tyr Glu Arg Arg Pro Gln Ser Gln Ala Tyr

245 250 255

Pro Lys Asp Glu Gly Asp Phe Tyr Tyr Met Gly Ala Phe Phe Gly

260 265 270

Ser Val Gln Glu Val Gln Arg Leu Thr Arg Ala Cys His Gln Rla

275 280 285

Met Val Asp Gln Ala Asn Gly Ile Glu Ala Val Trp His Asp Glu
290 295 300

His Leu Asn Lys Tyr Leu Leu Arg His Lys Pro Thr Lys Val Leu

305

310 315

Pro Glu Tyr Leu Trp Asp Gln Gln Leu Leu Gly Trp Pro Ala Val

325 330 335

Arg Lys Leu Arg Phe Thr Ala Val Pro Lys Asn His Gln Ala Val

340 345 350

Asn Pro

<210>
<211>
<212>
<213>
<220>
<223>
<221>
<222>
<223>

<400>

SEQ ID NO 14

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Seguence

FEATURE :

OTHER INFORMATICN: Amplification Primer
NAME/KEY: misc feature

LOCATION: (1)..(23)

OTHER INFORMATICN: Amplification Primer

SEQUENCE: 14

ggcctgtact acatttgect gga

<210>
<211>
<212>
<213>
<220>
<223>
<221>
<222>
<223>

<400>

SEQ ID NO 15

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Seguence

FEATURE :

OTHER INFORMATICN: Amplification Primer
NAME/KEY: misc_feature

LOCATION: (1)..(26)

OTHER INFORMATICN: Amplification Primer

SEQUENCE: 15

gaaatagtgt caagtttcca tcacaa

<210>
<211>
<212>
<213>
<220>
<223>
<221>
<222>
<223>

<400>

SEQ ID NO 16

LENGTH: 55

TYPE: DNA

ORGANISM: Artificial Seguence

FEATURE :

OTHER INFORMATICN: Amplification Primer
NAME/KEY: misc_feature

LOCATION: (1)..(55)

OTHER INFORMATICN: Amplification Primer

SEQUENCE: 16

cgatgtgget gecggagecac cggcaggtaa tcctgttgat getgattgte tcaac

Val

Ile

Ser

240

Ile

Gly

Met

Ser

Ser

320

Leu

Arg

23

26

55
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82

-continued

<210> SEQ ID NO 17
<211> LENGTH: 50
<212> TYPE: PRT
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 17

Met Ile Thr Met Leu Gln Asp Leu His Val Asn Lys Ile Ser Met Ser

1 5 10

15

Arg Ser Lys Ser Glu Thr Ser Leu Pro Ser Ser Arg Ser Gly Ser Gln

20 25

30

Glu Lys Ile Met Asn Val Lys Gly Lys Val Ile Leu Leu Met Leu Ile

35 40 45
Val Ser

50

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 18

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Segquence
FEATURE:

OTHER INFORMATION: Chimera Mouse/Pig

<400> SEQUENCE: 18

Met Trp Leu Arg Ser His Arg Gln Val Ile Leu Leu Met Leu Ile Val

1 5 10
Ser

<210> SEQ ID NO 18

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence
<220> FEATURE:

<223> OTHER INFORMATION: Chimera Mouse/Pig

<400> SEQUENCE: 19

15

Met Trp Leu Arg Ser His Arg Gln Val Val Leu Ser Met Leu Leu Val

1 5 10

Ser

<210> SEQ ID NO 20
<211> LENGTH: 15
<212> TYPE: PRT
<213> ORGANISM: Sus scrofa

<400> SEQUENCE: 20

15

Met Asn Val Lys Gly Arg Val Val Leu Ser Met Leu Leu Val Ser

1 5 10

15

What is claimed as the invention is:

1. A method of producing differentiated cells, comprising

a) obtaining a cell population comprising undifferentiated
stem cells that have been genetically altered to contain
a nucleic acid molecule comprising P-X, wherein X is
nucleic acid sequence that causes expression of a cell
surface antigen not normally expressed in the
population, and P is a transcriptional control element
operatively linked to X, such that the surface antigen is
expressed in undifferentiated cells;

b) causing at least some undifferentiated cells in the
population to differentiate; and

¢) culturing the remaining differentiated cells.

2. The method of claim 1, wherein the undifferentiated

stem cells are primate pluripotent stem (pPS) calls.

55

60

65

3. The method of claim 1, wherein X encodes a glyco-
syltransferase.

4. The method of claim 3, wherein X encodes an a(1.3)
galactosyltransferase.

5. The method of claim 3, wherein X encodes an A or B
transferase from the ABO Blood Group system.

6. The method of claim 1, wherein P is an OCT-4
promoter or a promoter of telomerase reverse transcriptase
(TERT).

7. The method of claim 1, wherein the cells have been
genetically altered using a vector comprising P-X.

8. The method of claim 1, wherein the cells have been
genetically altered to place X Under control of a promoter
(P) present in the cell genome.
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9. The method of claim 1, further comprising depleting
undifferentiated cells from the population by combining the
cells the with a ligand specific for the antigen.

10. The method of claim 9, wherein the ligand is an
antibody or a lectin.

11. The method of claim 9, comprising combining the
cells with ligand specific for the antigen, and separating cells
that have not bound the ligand.

12. The method of claim 9, comprising combining the cell
population or progeny thereof with complement and anti-
body specific for the antigen under conditions that permit the
complement to lyse cells to which the antibody has bound.

13. The method at claim 9, wherein a) comprise geneti-
cally altering the cell population such that P-X is transiently
expressed in undifferentiated cells in the population.

14. The method of claim 13, wherein a) comprises geneti-
cally altering the cell population with an adenovirus vector
comprising P-X.

15. The method of claim 9, wherein a) comprises geneti-
cally altering the cell population such that P-X is inherited
by progeny of cells in the population, and thereby expressed
in undifferentiated progeny.

16. The method of claim 15, wherein a) comprises geneti-
cally altering the cell population with a DNA plasmid or
retrovirus vector comprising P-X.

17. Amethod of depleting undifferentiated stem cells from
a cell population, comprising:

a) obtaining a cell population that comprises both differ-

entiated cells and undifferentiated stem cells;

b) genetically altering undifferentiated stem cells in the
population so that they contain a nucleic acid molecule
comprising P-X, wherein X is nucleic acid sequence
that causes expression of a cell surface antigen not
normally expressed in the population, and P is a tran-
scriptional control element operatively linked to X,
such that the surface antigen is expressed in the undif-
ferentiated stem cells;

¢) depleting undifferentiated cells from the population by
combining the cells with a ligand specific for the
antigen; and

d) culturing the remaining differentiated cells.

18. The method of claim 17, wherein the ligand is an
antibody or a lectin.

19. The method of claim 17, comprising combining the
cells with ligand specific for the antigen, and separating cells
that have not bound the ligand.

20. The method of claim 17, comprising combining the
cell population or progeny thereof with complement and
antibody specific for the antigen under condition that permit
the complement to lyse cells to which the antibody has
bound.

21. The method of claim 17, wherein X encodes a
glycosyltransferase.

22. The method of claim 17, wherein P is a TERT
promoter.

23. The method of claim 17, wherein the promoter is an
OCT-4 promoter.

24. A method for preparing cells, comprising:

a) obtaining human embryonic stem (hES) cells that have
been genetically altered so as to transcribe a nucleic
acid sequence under control of a promoter that prefer-
entially drives transcription in undifferentiated hES
calls, wherein transcription of the nucleic acid causes
expression of a surface antigen not normally expressed
by undifferentiated hES cell;

b) differentiating the hES cells; and then
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¢) formulating the cells from step b) for administration to
a mammalian host.

25. The method of claim 24, wherein the hES cells have
been genetically altered to place the nucleic acid sequence
under control of a promoter present in the cell genome.

26. The method of claim 24, wherein the hES cells have
been genetically altered to place the nucleic acid sequence
under control of a heterologous promoter.

27. The method of claim 24, wherein the promoter is a
TERT promoter.

28. The method of claim 24, wherein the promoter is an
OCT-4 promoter.

29. The method of claim 24, wherein the nucleic acid
sequence encodes a cell surface protein not normally
expressed in human cells.

30. The method of claim 24, wherein the nucleic acid
encodes a glycosyltransferase that causes expression of a
cell surface carbohydrate to which some humans have
naturally occurring antibody.

31. The method of claim 24, wherein b) comprises dif-
ferentiating the hES cells into neural cells.

32. The method of claim 24, wherein b) comprises dif-
ferentiating the hES cells into hepatocytes.

33. The method of claim 24, further comprising depleting
undifferentiated hES cells before the differentiated cells are
formulated for administration to a mammalian host.

34. The method of claim 33, wherein the depleting step
comprises adding a ligand specific for the antigen, and
separating cells that have not bound the ligand.

35. The method of claim 33, wherein the depleting step
comprises adding complement and antibody specific for the
antigen under conditions that permit the complement to lyse
cells to which the antibody has bound.

36. Amethod of depicting undifferentiated stem cells from
a mixed cell population, comprising:

a) obtaining a mixed cell population that comprises both
differentiated cells and undifferentiated human embry-
onic stem (hES) calls;

b) genetically altering the hES cells in the mixed cell
population so as to transcribe a nucleic acid sequence
under control of a promoter that preferentially drives
transcription in undifferentiated hES cells, wherein
transcription of the nucleic acid causes expression of a
surface antigen not normally expressed by undifferen-
tiated hES cells, thereby producing a genetically altered
cell population,

¢) depleting undifferentiated cells from the genetically
altered cell population by using a lectin or antibody
specific for the antigen, thereby producing a more
homogeneous cell population; and

d) formulating the more homogeneous cell population for
administration to a mammalian host.

37. The method of claim 36, wherein the promoter is a

TERT promoter.

38. The method of claim 36, wherein the promoter is an
OCT-4 promoter.

39. The method of claim 36, wherein ¢) comprises com-
bining the genetically altered cell population with a lectin or
antibody specific for the antigen, and separating cells that
have not bound the lectin or antibody.

40. The method of claim 36, wherein ¢) comprises com-
bining the genetically altered cell population with comple-
ment and antibody specific for the antigen under conditions
that permit the complement to lyse cells to which the
antibody has bound.



THMBW(EF)

EEMRARE R DL T AR
US6921665

US09/995419

2005-07-26

2001-11-26

patsnap

R EEFR)AGE) MCWHIR JIM
GOLD JOSEPHD
& RJIMICHAEL

MCWHIR JIM
GOLD JOSEPH D.
& <MICHAEL J.

RIB(ERR)AGE)

HAREEAIR)AGE) ZREWATT
ZHMMART (ZETE)

[#R1 &8 A MCWHIR JIM
GOLD JOSEPH D
SCHIFF J MICHAEL
EHA MCWHIR, JIM
GOLD, JOSEPH D.
SCHIFF, J. MICHAEL
IPCo %S C12N9/10 C12N5/06 A61K35/12 A61K48/00 C12N5/0735 C12N15/54 AOTN1/00 AO1N1/02 GO1N33/53
C12P1/00 C12N15/63
CPCH %S C12N5/0606 C12N9/1048 C12N9/1276 C12Y204/01087 A61K35/12 A61K48/00 C12N2510/00
C12N2799/022 C12N2502/13
5N 60/253395 2000-11-27 US
60/253357 2000-11-27 US
60/253443 2000-11-27 US
HAth 20 FF 2Rk US20030032187A1
SAEREE$E Espacenet USPTO
FEGF)

FEARET -HRATNTARE-ESCARNRS , BTREMEN
BRARENEMLS . ARSFERRKESTH (HIMTERTESF )
BHETHMNER , HSBEREFGPEN A LHERPRE, &
MERNREISEARRANENRE , HTATHEERD LR AR,
BEYBF FHREE R CENFRHNRREPFRERRNERR
B, HUATRED BRENIMENTSHRBEER. ~END LA
FREHER TAABEMIATTHNA | HIIZ k.

— EcolRI-83
HcolR ™ -5 72
Sall-&33

— B BPam H-HI-858583

wy



https://share-analytics.zhihuiya.com/view/b185d59f-ef41-4fd0-beaf-11d77a823b7c
https://worldwide.espacenet.com/patent/search/family/027400668/publication/US6921665B2?q=US6921665B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6921665.PN.&OS=PN/6921665&RS=PN/6921665

