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The present mvention relates to the use of self-assembling
peptide amphiphiles to prevent tumor formation by trans-
planted stem cells. The present invention further relates to
the use of self-assembling peptide amphiphiles to treat
Cancers.
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Figure 1

Grafted mice survival from brain tumor
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COMPOSITIONS AND METHODS FOR
CONTROLLING STEM CELL AND TUMOR CELL
DIFFERENTIATION, GROWTH, AND FORMATION

[0001] This application claims priority to provisional
patent application Ser. No. 60/532,249, filed Dec. 23, 2003,
which 1s herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

10002] The present invention relates to the use of self-
assembling peptide amphiphiles to prevent tumor formation
by transplanted stem cells. The present imnvention further
relates to the use of self-assembling peptide amphiphiles to
freat cancers.

BACKGROUND OF THE INVENTION

[0003] Embryonic stem cells are pluripotent and can give
rise to virtually all cell lineages 1n the body. Thus there 1s a
oreat clinical potential for using embryonic stem cells to
replace damaged cells 1n any given organ or tissue. How-
ever, embryonic stem cells can be tumorigenic. Therefore, a
major concern for using embryonic stem cells 1s tumor
formation after grafting. What 1s needed are compositions
and methods useful 1n preventing tumor formation after
embryonic stem cell grafting.

SUMMARY OF THE INVENTION

[0004] The present invention relates to the use of self-
assembling peptide amphiphiles to prevent tumor formation
by transplanted stem cells. The present mnvention further
relates to the use of self-assembling peptide amphiphiles to
treat cancers.

[0005] For example, the present invention provides a
method, comprising the steps of a) providing a stem cell, a
peptide-amphiphile composition, and a subject; and b)
administering the stem cell and the peptide-amphiphile
composition to the subject (e.g., under conditions such that
tumors are not formed or tumor growth or formation 1is
reduced as compared to a subject undergoing the same
treatment 1n the absence of the peptide-amphiphile compo-
sition). In some preferred embodiments, the stem cell com-
prises an embryonic stem cell or an adult stem cell. In some
embodiments, the peptide-amphiphile composition com-
prises a hydrophobic component, a peptide or peptide-like
component, and a bioactive epitope sequence. In some
embodiments, the bioactive epitope sequence 1s IKVAV. In
some embodiments, the peptide-amphiphile composition 1s
a gel. In preferred embodiments, the peptide-amphiphile
composition and the stem cells are mixed prior to the
administering step. While the present invention 1s not lim-
ited by the nature of the subject, in some embodiments, the
subject 1s suiffering from 1schemia.

[0006] The present invention also provides methods com-
prising the steps of: a) providing a peptide-amphiphile
composition; and a subject, wherein the subject has a tumor;
and b) contacting the peptide-amphiphile composition with
the subject under conditions such that the subject’s tumor 1s
decreased 1n size or such that additional tumor formation or
metastasis 1s reduced or prevented.

[0007] The present invention further provides composi-
tions comprising one or more stem cells and a peptide-
amphiphile composition. The compositions may comprise
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kits for resecarch or therapeutic applications. In some
embodiments, the stem cells and peptide-amphiphile com-
position are 1n contact with one another. In other embodi-
ments, the stem cells and peptide-amphiphile composition
are separate (e.g., are in separate containers in a Kkit).

DESCRIPTION OF THE FIGURE

[0008] FIG. 1 shows the protection of mice from tumor
formation after embryonic stem cell transplantation.

0009] Definitions

0010] As used herein, the term “mesodermal cell line”
means a cell line displaying phenotypic characteristics asso-
clated with mesodermal cells.

[0011] As used herein, the term “endodermal cell line”
means a cell line displaying phenotypic characteristics nor-

mally associated with endodermal cells.

[0012] As used herein, the term “ectodermal cell line”
means a cell line displaying phenotypic characteristics nor-
mally associated with ectodermal cells.

[0013] As used herein, the term “pluripotent” means the
ability of a cell to differentiate mnto multiple different types
of cells (e.g., terminally differentiated cells). For example,
pluripotent cells include those that can differentiate into the
three main germ layers: endoderm, ectoderm, and meso-
derm.

[0014] As used herein, the terms “transplant cells” and
“graft material” refer broadly to the component (e.g., tissue
or cells) being grafted, implanted or transplanted. As used
herein, the term “transplantation” refers to the transfer or
oralting of tissues or cells from one part of a subject to
another part of the same subject, or to another subject, or the
introduction of biocompatible materials 1nto or onto the
body. As used herein, 1n some embodiments, a transplanted
fissue may comprise a collection of cells of identical or
similar composition, or derived from an organism (e.g., a
donor), or from an in vitro culture (e.g., a tissue culture
system).

[0015] The term “recipient of transplanted cells” as used
herein, refers broadly to a subject undergoing transplanta-
tion and receiving transplanted cells.

[0016] Asused herein, the term “cell culture” refers to any
in vitro culture of cells, including but not limited to con-
tinuous cell lines (e.g., with an immortal phenotype), pri-
mary cell cultures, and finite cell lines (e.g., non-trans-
formed cells).

[0017] The term “in vitro” refers to an artificial environ-
ment and to processes or reactions that occur within an
artificial environment. The term “mn vivo” refers to the
natural environment (e.g., an animal or a cell) and to
processes or reactions that occur within a natural environ-
ment. The definition of an 1n vitro versus 1n vivo system 1S
particular for the system under study. As used herein, an 1n
vitro system refers to studies of cells or processes in an
artificial environment, such as i1n tissue culture vessels and
apparatus, whereas study of the same system 1n an 1n vivo
context refers to the study of cells or processes within an
organism, such as a rat or human.

[0018] Asused herein, the term “primary cell” or “primary
culture” refers to a cell or a culture of cells that have been
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explanted directly from an organism, organ, or tissue. Pri-
mary cultures are typically neither transformed nor 1mmor-
tal.

[0019] The term “tissue culture” as used herein, refers to
a collection of techniques for the growth and maintenance of
cells 1n the laboratory. Such techniques may involve tissue
culture dishes or other vessels, incubators and sterility
containment devices, as known 1n the art.

[0020] As used herein, the term “exogenous” i1s used
interchangeably with the term “heterologous” refer to a
substance coming from some source other than its native
source. For example, the terms “exogenous protein,” or
“exogenous cell” refer to a protein or cell from a non-native
source or location, and that have been artificially supplied to
a biological system. In contrast, the terms “endogenous
protein,” or “endogenous cell” refer to a protein or cell that
are native to the biological system, species or individual.

[0021] As used herein, the term “stem cells” refers to cells
that can self-renew and differentiate into multiple lineages.
Stem cells may be derived, for example, from embryonic

sources (“embryonic stem cells”) or derived from adult
sources. For example, U.S. Pat. No. 5,843,780 to Thompson

describes the production of stem cell lines from human
embryos. PCT publications WO 00/52145 and WO

01/00650 describe the use of cells from adult humans 1n a
nuclear transfer procedure to produce stem cell lines.

10022] Examples of adult stem cells include, but are not
limited to, hematopoietic stem cells, neural stem cells,
mesenchymal stem cells, and bone marrow stromal cells.
These stem cells have demonstrated the ability to differen-
fiate 1nto a variety of cell types including adipocytes, chon-
drocytes, osteocytes, myocytes, bone marrow stromal cells,
and thymic stroma (mesenchymal stem cells); hepatocytes,
vascular cells, and muscle cells (hematopoietic stem cells);
myocytes, hepatocytes, and glial cells (bone marrow stromal
cells) and, indeed, cells from all three germ layers (adult
neural stem cells).

[0023] The terms “embryonic stem cell” (“ES cell”) refer

to cells derived from mammalian blastocysts, which are
self-renewing and have the ability to yield many or all of the
cell types present in a mature animal. Human embryonic
stem cell lines suitable for use with the methods and
compositions of the present mvention include but are not
limited to those produced by the following institutions:
BresaGen, Inc., Athens, Ga.; CyThera, Inc., San Diego,
Calif.; ES Cell International, Melbourne, Australia; Geron
Corporation, Menlo Park, Calif.; Goteborg University, Gote-
borg, Sweden; Karolinska Institute, Stockholm, Sweden;
Maria Biotech Co. Ltd.—Maria Infertility Hospital Medical
Institute, Seoul, Korea; MizMedi1 Hospital—Seoul National
University, Seoul, Korea; National Centre for Biological
Sciences/Tata Institute of Fundamental Research, Banga-
lore, India; Pochon CHA Umiversity, Seoul, Korea; Reliance
Life Sciences, Mumbai, India; Technion University, Haifa,
Isracl; University of California, San Francisco, Calif.; and
Wisconsin Alumni Research Foundation, Madison, Wis. The
human ES cells listed on the Human Embryonic Stem Cell
Registry to be created by the National Institutes of Health
find use 1n the methods and compositions of the present
mvention. However, human ES cells not listed on the NIH
registry are also contemplated to find use 1n embodiments of
the present invention (e.g., when it is desirable to prevent ES
contamination with nonhuman-derived materials).
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[0024] As used herein the term “feeder cells” refers to
cells used as a growth support 1n a tissue culture system. In
preferred embodiments, the term “feeder cells” refers to
embryonic “striatum cells,” while 1n other embodiments the
term “feeder cells” refers to stromal cells.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] Pluripotent stem cells such as embryonic stem cells
(ESCs) can differentiate into a variety of cell types (e.g., all
of the cell types) of the body and may potentially be used to
repalr damaged organs or tissues. However, the clinical
utility of embryonic stem cells at present 1s very limited
because they develop teratomas after transplantation into
recipients. The methods of the present invention provide a
novel approach involving association (e.g., co-injection) of
embryonic stem cells with a self-assembling gel to prevent
tumor formation by embryonic stem cells or other stem cells.
Experiments conducted during the course of development of
the present invention demonstrated protection against tumor
formation after transplantation with the use of the gel. The
present invention thus provides methods for use (e.g.,
research use, drug screening, therapeutic use) of embryonic
stem cells for many types of disorders of different organs.

[0026] The methods of the present invention are suitable
for use with a variety of stem cells including, but not limited
to, embryonic stem cells and adult stem cells. Embryonic
stem cells may be obtained from a variety of sources
including, but not limited to, embryonic stem cell lines and
embryonic germ cell lines derived from primordial germ
cells (PGCS) cells isolated, according to one embodiment,
from gonadal tissues, genital ridges, mesenteries or embry-
onic yolk sacs of human embryos (see e.g., U.S. Pat. No.
6,562,619). Embryonic stem cells may also be obtained
from commercial or research sources. Adult stem cells may
be derived from a variety of cell types, including, but not
limited to, those disclosed above.

[10027] Insome preferred embodiments, the present inven-
tion utilizes peptide-amphiphile compositions to prevent
tumor formation by embryonic stem cells. Exemplary pep-

tide-amphiphile compositions are described m WO
03/070749 and WO 03/084980; herein incorporated by

reference 1n their entireties. In some embodiments, the
composition 1s a gel.

[0028] The peptide-amphiphile (PA) compositions used in
the present invention can be synthesized using preparatory
techniques well-known to those skilled 1n the art—prefer-
ably, by standard solid phase chemistry, with alkylation or
other modification of the N-terminus of the peptide compo-
nent with a hydrophobic moiety, mono or di-alkyl moieties
attached to the N- or C-termini of peptides may imfluence
their aggregation and secondary structure i water 1 both
synthetic and natural systems. A hydrophobic, hydrocarbon
and/or alkyl tail component with a sufficient number of
carbon atoms coupled to an 1onic peptide having a prefer-
ence for beta-strand conformations can i1n certain embodi-
ments be used to create an amphiphile that assembles in
water 1mto nanofiber structures. The amphiphile’s overall
conical shape can also have an effect on such assemblies.
Self-assembling can also be triggered by body fluid (e.g.,
cerebral spinal fluid).

[10029] In some embodiments, the peptide amphiphile
compound/composition has 1) a hydrophobic component
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and 2) a peptide or peptide-like component further including
a bioactive epitope sequence. In various preferred embodi-
ments, the hydrophobic component of such a compound or
composition 1s of sufficient length to provide amphiphilic
behavior and nanofiber assembly/formation 1n water or
another polar solvent system. Typically, such a component
may be about a C6 or greater hydrocarbon moiety, although
other hydrophobic, hydrocarbon and/or alkyl components
could be used as would be well-known to those skilled 1n the
art to provide similar structural or functional effect. Such
hydrophobic components include, without limitation, cho-
lesterol, biphenyl and p-aminobenzoic acid.

[0030] In some embodiments, the bioactive epitope is an

IKVAV sequence. IKVAV 1s a laminin sequence known to
interact with mammalian neurons. IKVAV promotes neurite

outgrowth 1n mammalian neurons. The present mnvention 1s
not limited to the use of IKVAV. Other suitable bioactive
epitopes find use 1n the methods of the present invention.

[0031] Peptide components of this invention preferably
comprise naturally-occurring amino acids. However, incor-
poration of known arfificial amino acids such as beta or
gamma amino acids and those containing non-natural side
chains, and/or other similar monomers such as hydroxyacids
are also contemplated, with the effect that the corresponding
component 1s peptide-like 1n this respect.

[0032] Insome embodiments, the PA compositions form a
sol-gel system including 1) a polar or aqueous solution
and/or containing of one or more of the amphiphile com-
pounds or compositions described herein, and 2) a factor or
reagent suflicient to induce assembly, agglomeration of
gelation under neutral or physiological conditions. Such
gelation and/or self-assembly of various PA compositions
into micellular nanofibers can be achieved under substan-
tially neutral and/or physiological pH conditions through
drying, introduction of a mono- or multivalent metal 10on
and/or the combination of differently charged amphiphiles.

[0033] Experiments conducted during the course of devel-
opment of the present mvention demonstrated that trans-
plantation of embryonic stem cells 1mproves functional
outcome after brain i1schemia 1n rats. However, about
20~30% of the recipients died of brain tumors. In contrast,
when the peptide amphiphiles was co-injected with the
embryonic stem cells, the animals did not develop tumors.
Accordingly, in some embodiments, the present invention
provides methods of preventing tumor formation upon intro-
duction of stem cells (€.g., embryonic stem cells or ESCs)
into a subject. In some embodiments, the gels are co-1njected
during ESC transplantation 1n any organ to prevent teratoma
formation. In some embodiments, the gels and the stem cells
arc mixed prior to injection. Any suitable stem cell or
peptide-amphiphile composition may be utilized. Preferred
compositions are non-toxic. A variety of stem cells may be
utilized, depending on the application.

[0034] In other embodiments, the peptide-amphiphile
compositions are used for cancer treatment in situ. For
example, in some embodiments, peptide amphiphile (e.g.,
those described herein) are injected directly at the site of a
tumor or cancer. The treatment may be repeated as needed
until the tumor 1s reduced 1n size or eliminated.

EXPERIMENTAL

[0035] The following examples are provided in order to
demonstrate and further 1llustrate certain preferred embodi-

Sep. 29, 2005

ments and aspects of the present invention and are not to be
construed as limiting the scope thereof.

Example 1

[0036] Protection of ESC-Transplanted Mice Against
Tumor Formation.

[0037] This Example describes the protection of embry-
onic stem cell (ESC) transplanted mice against tumor for-
mation in the presence of peptide amphiphiles (IKVAV-
peptide amphiphile).

0038] A. Methods
0039] Animal Model of Focal Brain Ischemia

[0040] Under anesthesia (Avertin, 0.2 ml/10 gram body
welght, 1.p.), an incision was made between left ear and eye
in adult female mice (129 sv, 4-8 w). A craniotomy was
performed, and the middle cerebral artery was exposed.
Thereafter, the left middle cerebral artery was cauterized,
and the 1ncision was sutured by a 3-0 silk surgery suture.

0041] Embryonic Stem Cell Preparation

0042] Embryonic stem cells (R1, a cell line derived from
129sv mice) were propagated in DMEM defined medium
(20% fetal bovine serum, 0.1 mM of non-essential amino
acids, 50 wug/ml of penicillin-streptomycin, 0.1 mM of
L-glutamine, 1000 U/ml of leukemia inhibitory factor, 100
uM of f-mercaptoethanol). The cells were harvested with
0.05% trypsin-EDTA. After washing with HBSS (Hanks’
Balanced Salt Solution) twice, the cells were then re-

suspended in IKVAV-PA or glucose (vehicle for IKVAV-PA).
The cell concentration was prepared as 50~100,000 cells/ul.

0043] Transplantation

0044] One week after brain ischemia, the mice were
anesthetized with Avertin. The amimals were fixed in a
KOPF brain frame, and 2 ul of embryonic stem cells were
stereotoxically injected into the left cortex surrounding the
infarction by using a 10-u4l Hamilton microsyringe. Two
sites were selected for grafting: 1) 0.26 mm rostal to the
bregma, 2.5 mm lateral to the midline, 1.5 mm ventral to the
dura; 2) 2.06 mm caudal to the bregma, 2.5 mm lateral to the
midline, 1.5 mm ventral to the dura. The tooth bar was set
at —=2. The cells were 1njected through 2 minutes and the
cannula was kept in situ for 5 minutes before removal.

0045] Tumor Formation

0046] After grafting, the mice were monitored every
week. Dead animals with large brain tumors were removed
out from their cage.

0047] B. Results

0048] ESCs were suspended with the self-assembling
IKVAV-peptide amphiphile (gel) or with vehicle before
orafting. Female adult 129SV mice were subjected to per-
manent middle cerebral artery occlusion to induce brain
ischemia. One week after brain ischemia, the mice were
randomly divided into nine groups (5 mice/group). Two
microliters of ESC suspension (50~100,000 cells/ul, 2 sites/
brain) were stereotaxically injected into the cortex surround-
ing the infarctions. The results are shown 1in FIG. 1. R1 1s

the wild type strain of mouse for the embryonic stem cells
used 1n these experiments. #6, #41, #158 and #168 are

clones of SOX1 promoter-eGFP engineered R1 ESCs. RA
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(retinoic acid) has been reported to induce embryonic stem
cell differentiation 1nto neural cells. As early as three weeks
after ESC transplantation, the animals without the gel started
dying from tumors. All of the mice that recerved #41 ESCs
without RA treatment died at 3 weeks after grafting. Three
months after transplantation, 60%~80% of ESC grafted
mice died of brain tumor. In contrast, the mice that grafted
with ESC+IKVAV-PA all survived at 3 months after grafting.

10049] ESCs were also found to survive after seeding in
vitro with IKVAV-PA. ESCs were seeded with IKVAV-AP
(4x10 cells/ml) and they survived well 2 days after seeding.
ESC viability was assayed 7 days after seeding with IKVAV-
PA or seeding on PDL coated cover slips using fluorescence
microscopy. These data indicated that IKVAV-PA was not
cytotoxic to embryonic stem cells. In other words, IKVAV-
PA did not kill the embryonic stem cells before and after
transplantation. ESCs were shown using fluorescence
microscopy to differentiate into neuronal like cells 3 weeks

after seeding 1n IKVAV-PA.

Example 2

[0050] Transplantation of Glioma Cells (9L) with Self-
Assembling Gel Under the Skin

[0051] This example describes the use of peptide-am-
phiphile gels to 1inhibit tumor formation 1n vivo.

0052] Preparation of Glioma Cells In Vitro

0053] Gliosarcoma (9L) cells, derived from Fischer 344
rats, are grown 1n DMEM medium with 10% fetal bovine
serum, and are collected with 0.05% trypsin-EDTA. The
cells are washed with HBSS twice and 10’ cells are re-
suspended with 300 ul IKVAV-PA or glucose (vehicle con-
trol) or HBSS.

[0054] Transplantation of Glioma Cells with Self-Assem-
bling Gel

[0055] Tumor cells are suspended with IKVAI-PA or glu-

cose. The cells are then injected subcutancously in the
shaved left flanks of anesthetized rat (female Fischer 344,
100~150 g. Measurement of tumor formation 1s performed
weekly.

[0056] Transplantation of Glioma Cells Followed by Self-
Assembling Treatment

[0057] Glioma cells are re-suspended with HBSS at a
concentration of 107 cells/300 ul, and are then injected into
the shaved right flanks of Fischer 344 rats under anesthesia.
Three weeks after grafting, the rats are randomly divided
into two groups. One group of the grafted rats receives
IKVAV-PA 1njection (5 sites: 4 in the periphery and one in
the central of the tumor; 50 ul/site). In the control group, the
same volume of glucose 1s injected into the tumor. The

peptide or glucose 1s given twice a week. Tumor size 1s
measured once a week.
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We claim:
1. A method, comprising:

a) providing
1) a stem cell;
i1) a peptide-amphiphile composition; and
111) a subject; and

b) administering said stem cell and said peptide-am-
phiphile composition to said subject.

2. The method of claim 1, wherein said stem cell 1s an
embryonic stem cell.

3. The method of claim 1, wherein said peptide-am-
phiphile composition comprises a hydrophobic component,
a peptide or peptide-like component, and a bioactive epitope
sequence.

4. The method of claim 3, wherein said bioactive epitope
sequence 1s IKVAV,

5. The method of claim 1, wherein said peptide-am-
phiphile composition 1s a gel.
6. The method of claim 1, wherein said peptide-am-

phiphile composition and said stem cells are mixed prior to
sald administering.

7. The method of claim 1, wherein said subject 1s suffering
from 1schemaia.

8. The method of claim 1, wherein said stem cells are
adult stem cells.

9. A method, comprising:
a) providing
1) a peptide-amphiphile composition; and
11) a subject, wherein said subject has a tumor; and

b) contacting said peptide-amphiphile composition with
said subject under conditions such that said subject’s
tumor 1s decreased 1n size.

10. The method of claim 9, wherein said peptide-am-
phiphile composition comprises a hydrophobic component,
a peptide or peptide-like component, and a bioactive epitope
sequence.

11. The method of claim 10, wheremn said bioactive
epitope sequence 15 IKVAYV,

12. The method of claim 9, wherein said peptide-am-
phiphile composition 1s a gel.

13. The method of claim 9, wherein said contacting said
peptide-amphiphile composition with said subject comprises
contacting said composition directly with the site of said
tumor.

14. A composition comprising a stem cell and a peptide-
amphiphile composition.
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