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(57) ABSTRACT

The present invention provides methods, compositions, and
kits wherein nanomaterials are used for inhibiting cancer
stem cell division, colony formation, spheroid formation and
self-renewal. The present invention also provides methods,
compositions, and kits wherein nanomaterials are used for
treating cancer, coating tumors, and inhibiting metastasis.
The present invention also provides methods, compositions,
and kits wherein nanomaterials are used for inducing cells to
go into stasis. The present invention further provides methods
for isolating tumors, inhibiting bleeding, and marking mar-
gins of tumors and organs during surgery with a nanomaterial.
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NANO CANCER BARRIER DEVICE (NCBD)
TO IMMOBILIZE AND INHIBIT THE
DIVISION OF METASTIC CANCER STEM
CELLS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The subject application claims the benefit of U.S.
Provisional Application Ser. No. 61/286,166, filed Dec. 14,
2009, whichis incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to the field of
nanomaterials. More particularly, the present invention
relates to treatment of cancer with self-assembling peptides.
[0004] 2. Background Art

[0005] Prostate cancer (PCa) is responsible for the largest
number of cancer deaths, with the exception of lung cancer. In
the early stage, where the tumor is still localized, the disease
can be cured by surgery or radioprostatectomy. However, due
to the slow growing nature of the tumor, many PCa patients
have already developed metastatic disease upon diagnosis
and will inevitably enter the hormone refractory stage after
hormone ablation therapy. There is currently no cure for
hormone refractory prostate cancer (HRPC) at present. The
most effective treatment regime for HRPC patients, Doc-
etaxel-based chemotherapy, can only improve the median
survival time for 3 months (12) (14). Therefore, effective
treatment strategies against metastatic HRPC are urgently
needed.

[0006] The reason that current therapies for metastatic
HRPC fail is not completely understood. However, the isola-
tion of cancer cells with stem-like characteristics provides
solid evidence that prostate cancer stem cells (CSCs) may
exist within the tumor. As in other types of cancer, prostate
CSCs may account for the treatment failure; increasing evi-
dence shows that current therapies are only successful in
targeting the more differentiated tumor cells, sparing the
putative cancer stem/progenitor cells (11). Like normal stem
cells, CSCs are thought to be quiescent compared to mature
cancer cells (7) (13) (6). This property makes CSCs resistance
to chemotherapeutic drugs, which mainly target the actively
replicating cells. The expression of multiple drug resistant
gene (MDR1) (1) and ABC transporter (15) also help to
protect the CSCs from cytotoxic drugs. In addition, prostate
CSCs do not express androgen receptor; thus, they do not
respond to hormone ablation in the same way as mature tumor
cells. Therefore, elimination of the bulk of frequently repli-
cating tumor cells, as well as the rare subset of slow dividing
stem-like cells that are responsible for tumor regeneration,
may represent a better therapeutic strategy in the treatment of
PCa.

[0007] Due to their ability to self-renew and differentiate,
prostate CSCs are capable of regenerating the heterogeneous
tumor population (including both androgen-dependent and
independent cells) and it is believed that CSCs may be
responsible for the metastatic growth of primary prostate
tumors (9). CSCs isolated from PCa cell lines have been
found to be more invasive than the non-CSCs:; likewise, PCa
cells that are more invasive were found to possess stem cell
characteristics. These results suggest that prostate CSCs may
be the origin of prostate tumor metastasis and may be an ideal
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target for inhibiting disease metastasis. By limiting replica-
tion of CSCs, the progression of metastasis can be slowed. If
the cells could be prevented from migrating away from the
treatment area, it would allow for additional local targeting.

[0008] Previously, we demonstrated that by manipulating
the cell density and concentration of the self-assembling pep-
tide (SAP) material, we were able to control the proliferation,
elongation, differentiation and maturation of cells in vitro.
This included the nano environment surrounding PC12 cells,
Schwann cells and neural precursor cells, as well as implants
in the brain and spinal cord with and without cells (3). Here
we show that prostate CSCs can be placed into stasis for an
extended period of time without causing them to differentiate.

BRIEF SUMMARY

[0009] Inoneembodiment, the present invention provides a
method for inhibiting cancer stem cell division by contacting
the exterior of the cancer stem cell with at least one nanoma-
terial. In one aspect, contacting the exterior of the cancer stem
cell with at least one nanomaterial will inhibit cancer stem
cell colony formation. In one aspect, contacting the exterior
of a cancer stem cell will cause inhibition of self-renewal of
the cancer stem cell. In one aspect, contacting the exterior of
a cancer stem cell will cause inhibition of spheroid formation
from the cancer stem cell.

[0010] Inoneembodiment, the presentinvention provides a
method for inhibiting metastasis of a cancer cell by introduc-
ing a plurality of self-assembling peptides to the exterior of
the cancer cell. In one aspect, a method for inhibiting metasta-
sis of cancer cells before, during, or after a surgical procedure
involves introducing at least one nanomaterial at the area of
surgical procedure and performing the surgical procedure,
whereby the at least one nanomaterial surrounds the cancer
cells and inhibits release of the cancer cells into the area of
surgical procedure, inhibiting metastasis.

[0011] Inoneembodiment, the present invention provides a
method for inhibiting progression of a tumor by contacting
the tumor with at least one nanomaterial. In one aspect, a kit
is provided for inhibiting cancer progression with at least one
nanomaterial solution and at least one chemotherapeutic
agent.

[0012] Inoneembodiment, the present invention provides a
method for treatment of cancer by introducing at least one
nanomaterial at the cancer. In one aspect, a method for treat-
ment of cancer involves contacting the cancer with a plurality
of self-assembling peptides.

[0013] Inoneembodiment, the present invention provides a
composition comprising at least one nanomaterial that inhib-
its cancer cell division.

[0014] Inoneembodiment, the present invention provides a
method for inducing a cell to go into stasis by contacting the
exterior of the cell with at least one nanomaterial. In one
aspect, a method is provided for inducing and maintaining
stasis in cultured cells, the method involving seeding at least
one cell in a vessel and contacting the at least one cell with at
least one nanomaterial, causing the at least one nanomaterial
to self-assemble around the at least one cell, resulting in stasis
of the cell.

[0015] Inoneembodiment, the present invention provides a
cell culture comprising at least one cell and at least one
self-assembling peptide, wherein the at least one self-assem-
bling peptide assembles around the at least one cell.

[0016] Inoneembodiment, the presentinventionprovides a
method for inhibiting bleeding during and after a surgical
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procedure, the method comprising introducing at least one
nanomaterial at an area of surgical procedure. In one aspect,
a method 1s provided for marking the margins of a tumor, the
method comprising introducing at least one nanomaterial at
the tumor, whereby the at least one nanomaterial self-as-
sembles around the margins of the tumor, providing the mark-
ing for visualization of the tumor margins, thereby delineat-
ing its boundary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1A-O shows pictures of prostate cancer stem
cells at various time points during the experimental proce-
dure. Day 1: cells in 1% SAP (A), 3% SAP (B), and control
(C) on day 1. The insets are magnified images of the cells
indicated by the arrows. Day 4: cells in 1% SAP (D), 3% SAP
(E) and control (F) at day 4. Note the sizes of the cells are
slightly larger in the 1% and 3% conditions, when compared
to day 1 in the insets. Day 10: cells in 1% SAP (G), 3% SAP
(H) and control (I) at day 10. In (), the prostaspheres are
clearly visible, while the two treatment conditions (G and H)
are still single cells. Day 22: cells in 1% SAP (J), 3% SAP (K)
and control (L) at day 22 with cells that are still in the SAP
(insets), while the control (L) has clear prostasphere forma-
tion. Day 22 washed out: (M) and (N) are also at day 22 but are
cells that have been washed out of the SAP. (M) cells were in
1% SAP and washed out at day 14; (N) cells were washed out
of 3% SAP. also at day 14. Both have clear prostasphere
formation. Day 28: (O) is at day 28 in 3% SAP with a pros-
tasphere and a single cell that has remained in the SAP (ar-
row), still the same size as day 1 (inset). Scale bars are (inset)
5 microns and 100 microns.

DESCRIPTION OF THE SEQUENCES

[0018] SEQ ID NO: 1 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0019] SEQ ID NO: 2 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0020] SEQ ID NO: 3 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0021] SEQ ID NO: 4 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0022] SEQ ID NO: 5 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0023] SEQ ID NO: 6 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0024] SEQ ID NO: 7 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0025] SEQ ID NO: 8 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0026] SEQ ID NO: 9 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0027] SEQ ID NO: 10 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
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[0028] SEQ ID NO: 11 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0029] SEQ ID NO: 12 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0030] SEQ ID NO: 13 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0031] SEQ ID NO: 14 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0032] SEQ ID NO: 15 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0033] SEQ ID NO: 16 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0034] SEQ ID NO: 17 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0035] SEQ ID NO: 18 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0036] SEQ ID NO: 19 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0037] SEQ ID NO: 20 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0038] SEQ ID NO: 21 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0039] SEQ ID NO: 22 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0040] SEQ ID NO: 23 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0041] SEQ ID NO: 24 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0042] SEQ ID NO: 25 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0043] SEQ ID NO: 26 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0044] SEQ ID NO: 27 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0045] SEQ ID NO: 28 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0046] SEQ ID NO: 29 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0047] SEQ ID NO: 30 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0048] SEQ ID NO: 31 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
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[0049] SEQ ID NO: 32 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0050] SEQ ID NO: 33 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0051] SEQ ID NO: 34 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0052] SEQ ID NO: 35 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0053] SEQ ID NO: 36 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0054] SEQ ID NO: 37 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0055] SEQ ID NO: 38 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0056] SEQ ID NO: 39 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0057] SEQ ID NO: 40 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0058] SEQ ID NO: 41 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0059] SEQ ID NO: 42 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion,
[0060] SEQ ID NO: 43 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0061] SEQ ID NO: 44 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0062] SEQ ID NO: 45 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0063] SEQ ID NO: 46 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0064] SEQ ID NO: 47 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0065] SEQ ID NO: 48 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0066] SEQ ID NO: 49 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0067] SEQ ID NO: 50 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0068] SEQ ID NO: 51 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0069] SEQ ID NO: 52 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
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[0070] SEQ ID NO: 53 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0071] SEQ ID NO: 54 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0072] SEQ ID NO: 55 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0073] SEQ ID NO: 56 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0074] SEQ ID NO: 57 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0075] SEQ ID NO: 58 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0076] SEQ ID NO: 59 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0077] SEQ ID NO: 60 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0078] SEQ ID NO: 61 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0079] SEQ ID NO: 62 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0080] SEQ ID NO: 63 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0081] SEQ ID NO: 64 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0082] SEQ ID NO: 65 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0083] SEQ ID NO: 66 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0084] SEQ ID NO: 67 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0085] SEQ ID NO: 68 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0086] SEQ ID NO: 69 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0087] SEQ ID NO: 70 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0088] SEQ ID NO: 71 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0089] SEQ ID NO: 72 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0090] SEQ ID NO: 73 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.



US 2011/0144023 Al

[0091] SEQ ID NO: 74 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0092] SEQ ID NO: 75 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.
[0093] SEQ ID NO: 76 is an amino acid sequence of a
self-assembling peptide useful according to the subject inven-
tion.

DETAILED DESCRIPTION
Definitions

[0094] Unless otherwise defined, all terms of art, notations
and other scientific terms or terminology used herein are
intended to have the meanings commonly understood by
those of skill in the art to which this invention pertains. In
some cases, terms with commonly understood meanings are
defined herein for clarity and/or for ready reference, and the
inclusion of such definitions herein should not necessarily be
construed to represent a substantial difference over what is
generally understood in the art. Many of the techniques and
procedures described, or referenced herein, are well under-
stood and commonly employed using conventional method-
ology by those skilled in the art. As appropriate, procedures
involving the use of commercially available kits and reagents
are generally carried out in accordance with manufacturer
defined protocols and/or parameters unless otherwise noted.
[0095] Theindefinitearticles “a” and “an,” as used hereinin
the specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”
[0096] The phrase “and/or,” as used herein in the specifica-
tion and in the claims, should be understood to mean “either
or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present
in other cases. Other elements may optionally be present
other than the elements specifically identified by the “and/or”
clause, whether related or unrelated to those elements spe-
cifically identified unless clearly indicated to the contrary.
Thus, as a non-limiting example, a reference to “A and/or B,”
when used in conjunction with open-ended language such as
“comprising” can refer, in one embodiment, to A without B
(optionally including elements other than B); in another
embodiment, to B without A (optionally including elements
other than A); in yet another embodiment, to both A and B
(optionally including other elements); etc.

[0097] Asusedherein in the specification and in the claims,
“or” should be understood to have the same meaning as
“and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and, option-
ally, additional unlisted items. Only terms clearly indicated to
the contrary, such as “only one of” or “exactly one of,” or,
when used in the claims, “consisting of,” will refer to the
inclusion of exactly one element of a number or list of ele-
ments. In general, the term “or” as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. “one ot
the other but not both™) when preceded by terms of exclusiv-
ity, such as “either,” “one of,” “only one of.” or “exactly one
of” “Consisting essentially of,” when used in the claims, shall
have its ordinary meaning as used in the field of patent law.
[0098] The term “at the cancer,” as used herein in the speci-
fication and in the claims, refers to the location immediately
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surrounding a cancer, adjacent to the cell membranes or sur-
rounding extra-cellular matrix.

[0099] The term “chemotherapeutic agent,” as used herein
in the specification and in the claims, refers to a substance that
inhibits or prevents the expression activity of cells, function
of cells and/or causes destruction of cells. The term is
intended to include radioactive isotopes and toxins, such as
small molecule toxins or enzymatically active toxins of bac-
terial, fungal, plant or animal origin, including fragments
and/or variants thereof. Examples of cytotoxic agents
include, but are not limited to, maytansinoids, yttrium, bis-
muth, ricin, ricin A-chain, doxorubicin, daunorubicin, taxol,
ethidium bromide, mitomycin, etoposide, tenoposide, vinc-
ristine, vinblastine, colchicine, dihydroxy anthracin dione,
actinomycin, diphtheria toxin, Pseudomonas exotoxin (PE)
A, PE40, abrin, abrin A chain, modeccin A chain, alpha-
sarcin, gelonin, mitogellin, retstrictocin, phenomycin, eno-
mycin, curicin, crotin, calicheamicin, sapaonaria officinalis
inhibitor, and glucocorticoid and other agents, such as alky-
lating agents, antimetabolites, anthracyclines, plant alka-
loids, topoisomerase inhibitors, or other antitumor agents.
Chemotherapeutic agents, as used in the embodiments of the
present invention, can also include radioisotopes, such as
At211, 1131, 1125,Y90, Re186, Rel88, Sm153, Bi212, P32
and radioactive isotopes of Lu and antibodies possibly con-
jugated to an anti-cancer pro-drug activating enzyme capable
of converting the pro-drug to its active form.

[0100] The term “cancer stem cell” or “CSCs,” as used
herein in the specification and in the claims, refers to cancer
cells found within tumors that possess similar characteristics
asnormal stem cells (i.e. the ability to give rise to all cell types
found in a particular tumor—making CSCs tumorigenic). Itis
hypothesized by many scientists that CSCs are present in a
large number of, if not all, tumor types. CSCs have been
shown in leukemia and, at least in the following, solid tumor
cancers: brain, breast, colon, ovarian, pancreatic, and pros-
tate. CSCs may generate tumors through the stem cell pro-
cesses of self-renewal and differentiation into various cell
types. Such cells are proposed to persist in tumors as a distinct
population and possibly cause metastasis. CSCs also form
cancer stem cell colonies in cell culture conditions.

[0101] The term “contacting,” as used herein in the speci-
fication and claims, refers to placing the nanomaterial, com-
position, or other chemicals or agents such that the targeted
cells are in contact with the nanomaterial, composition, or
other chemicals or agents. When contacting a tumor, the
nanomaterial, composition, or other chemicals or agents may
be released inside and/or on the outside of the tumor such that
cells in the interior of the tumor are targeted as well. The
nanomaterial, composition, or other chemicals or agents of
the present invention may be introduced, or seeded, at the
targeted area, cell or tumor by various methods known to
those skilled in the art. Such methods may include, but are not
limited to, injection into or proximal to the targeted area, cell
or tumor; injection at a position distal to the targeted area, cell
or tumor; and direct contact with the targeted area, cell or
tumor by other means, such as pouring, spraying, or painting
the material onto the surface of the targeted area, cell or
tumor. Means of injecting material in the present invention
can include injection by needles, pipets, catheters or any other
surgical means known by those skilled in the art. If contacting
cells or tumors in cell culture conditions, any method of
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seeding materials onto culture dishes may be used, such as,
but not limited to, pouring, pipetting, microinjecting or spray-
ing.

[0102] The term “effective amount” or “therapeutically
effective amount” or “therapeutically effective dosage,” as
used herein in the specification and claims, in general means
the amount that, when administered to a subject for treating a
disease (e.g. cancer), is sufficient to affect the desired degree
of treatment for the disease. In general, such an amount or
dosage preferably inhibits, reduces, disrupts, or treats a dis-
ease by at least 10%, more preferably by at least 40%, even
more preferably by at least 60%, and still more preferably by
at least 80%, relative to an untreated subject.

[0103] The term “exterior,” as used herein in the specifica-
tion and in the claims, refers to the outside of a cell or tumor
or tissue or organ. In relation to a cell, the term refers to the
cell membrane. In relation to a tumor or tissue or organ, the
term refers to the region immediately adjacent to the targeted
tumor, tissue, or organ, which can include contact with the
cell membrane of individual cells of the tumor, tissue, or
organ; or it can include contact with the extra-cellular matrix
surrounding the tumor, tissue, or organ. In the event the cell
membrane or extra-cellular matrix of a cell, tissue, organ or
tumor is breached by any surgical or non-surgical occurrence,
the exterior would include the areas resultantly exposed to the
outside environment.

[0104] The term “inhibiting” or “inhibit,” as used herein in
the specification and in the claims, refers to the ability of the
elements of the methods, kits, or compositions of the present
invention to suppress and/or stop cell division, colony forma-
tion, metastasis, tumor progression, self-renewal, spheroid
formation, bleeding or other cell processes and functions.
[0105] The term “label” or “labeled” or “molecular label”
or “tag,” as used herein in the specification and claims, can be
used interchangeably and refer to incorporation or attach-
ment, optionally covalently or non-covalently, of a detectable
marker into a molecule, such as polypeptides or self-assem-
bling peptides. Various methods of labeling polypeptides are
known in the art and may be used. Examples of labels for
polypeptides include, but are not limited to, the following:
radioisotopes, fluorescent labels, heavy atoms, enzymatic
labels or reporter genes, chemiluminescent groups, biotinyl
groups, predetermined polypeptide epitopes recognized by a
secondary reporter (e.g., leucine zipper pair sequences, bind-
ing sites for secondary antibodies, metal binding domains,
epitope tags). In some embodiments, labels are attached by
spacer arms of various lengths to reduce potential steric hin-
drance.

[0106] The term “metastasis” or “metastatic disease,” as
used herein in the specification and in the claims, refers to the
spread of a cancer from one organ or tissue to another non-
adjacent organ or tissue. Cancer cells can break away, leak, or
spill from a primary tumor and enter lymphatic and blood
vessels, circulate throughout the bloodstream, and be depos-
ited elsewhere in the body. This occurrence is referred to as
“metastasis.” Metastasis is one of the hallmarks of malig-
nancy of cancers.

[0107] The term “nanomaterial,” as used herein in the
specification and claims, is any nano scale material having
multiple sites capable of interacting with biological systems
in awell-controlled manner. The interactions can be covalent,
ionic, dipolar, apolar, or a mixture or a combination of such
interactions. Such materials have broad application in a num-
ber of fields and industries. These nanomaterials exhibit
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unique properties and functions in addition to their small size.
Examples of such materials include, without limitation, self-
assembling peptides, boron-nitride nanostructures, carbon
nanostructures, dendrimers, oligomers and polymers with
multiple functional groups, metal oxide nanostructures (e.g.,
FeQ, Si0,, Al,0;, TiO,, ZnO, aluminosilicates, silicoalumi-
nates, quantum dots (e.g., CdSe), etc.), metal clusters (e.g.,
non-transition metals, transition metals, actinide metals, lan-
thanide metals, etc. or mixed metal clusters), nanoshells (e.g.,
metal coated dielectric nanoparticles, metal coated metal
nanoparticles, etc.), liposomes, or mixtures of combinations
thereof. “Nanomaterials” as used herein can also refer to
biomaterials (such as bionanoparticles) have been explored as
building blocks for nanomaterial development. Bionanopar-
ticles, including, but not limited to, virus and viral like par-
ticles, ferritins, self-assembling peptides and other self-as-
sembled protein cages, are highly ordered nano-scale
biological structures generated by nature. For example,
viruses are generally composed of genetic material contained
within a protective protein shell, sometimes referred to as the
capsid. A capsid is composed of proteins encoded by the viral
genome and its shape serves as the basis for morphological
distinction.

[0108] The nanomaterials, for purposes herein, may be
used in a liquid, powder, or slurry mixture. In one embodi-
ment, the nanomaterial is provided as a dry or lyophilized
powder which can be administered directly as a powder or a
tablet, disk or wafer, which hydrates at the site of application,
or suspended or dissolved in a liquid (e.g. aqueous liquid),
and applied as a spray, paint, or injection or a hydrogel,
including a material such as chitin, collagen, alginate, or
synthetic polymer. In one embodiment, the nanomaterial is
provided in combination with an oil, and forms a laminate. In
one embodiment, the nanomaterial is provided in a bandage,
foam, gel, paste, cream, ointment or matrix, in which the
nanomaterial may be dispersed or absorbed.

[0109] The term “peptide,” as used herein in the specifica-
tion and claims, includes “polypeptide,” “oligopeptide,” and
“protein” and refers to a string of at least two amino acid
residues linked together by covalent bonds (e.g., peptide
bonds). Useful peptides can vary in length so long as they
retain the ability to self-assemble to an extent useful for one or
more of the purposes described herein. Peptides having as few
as two amino acid residues or as many as approximately 200
residues, and, those recognized to self-assemble, typically
have a length within this range (e.g., 8-200, 8-36, 8-24, 8-16,
12-20, 6-64, or 16-20 amino acid residues). Depending on the
context, “peptide” may refer to an individual peptide or to a
collection of peptides having the same or different sequences.
In addition, one or more of the amino acid residues in a
self-assembling peptide (SAP) can be altered, or a derivative
produced, by the addition of a chemical entity, such as an acyl
group, a carbohydrate group, a carbohydrate chain, a phos-
phate group, a farnesyl group, an isofarnesyl group, a fatty
acid group, or a linker for conjugation or functionalization
(1.. tags or markers). Useful peptides can also be branched, in
which case they will contain at least two amino acid poly-
mers, each of which consists of at least three amino acid
residues joined by peptide bonds. The two amino acid poly-
mers themselves are linked, but not by a peptide bond.

[0110] While the sequences of the peptides can vary, useful
sequences include those that convey an amphiphilic nature to
the peptides (e.g., the peptides can include approximately
equal numbers of hydrophobic and hydrophilic amino acid



US 2011/0144023 Al

residues), and the peptides can be complementary and struc-
turally compatible. Complementary peptides have an ability
to interact through ionic or hydrogen bonds that form
between residues (e.g., hydrophilic residues) on adjacent
peptides in a structure. For example, a given hydrophilic
residueina peptide can either hydrogen bond or ionically pair
with a hydrophilic residue on an adjacent peptide. Unpaired
residues can be exposed to the solvent. Peptide-peptide inter-
action may also involve van der Waals forces or other forces
that do not constitute covalent bonds. The peptides are struc-
turally compatible when they are capable of maintaining a
sufficiently constant intrapeptide distance to allow assembly
and structure formation. While the intrapeptide distance can
vary, it can be quite small (e.g., less thanabout 4,3, 2, or 1 A).
The intrapeptide distance (e.g., an average of a representative
number of distances) can be larger than this, however. These
distances can be calculated based on molecular modeling or
based on a simplified procedure that has been previously
reported (see U.S. Pat. No. 5,670,483).

[0111] More specifically, the peptides can have, or can
include, a sequence of amino acid residues conforming to one
or more of Formulas [-IV:

((Xaa™"-Xaa"),(Xaa"*-Xaa"),), 0]

((Xaa™*-Xaa"),(Xaa"*-Xaa"),), (I

(Xaa*-Xaa""),(Xaa Xaa"™) ), (IIT)
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where: Xaa™" represents an amino acid residue having a
neutral charge; Xaa™ represents an amino acid residue having
a positive charge; Xaa™ represents an amino acid residue
having a negative charge; x and y are integers having a value
of 1, 2 or 4, independently; and n is an integer having a value
of 1-10 (e.g., 1-8, 1-5, or 1-3).

[0112] The self-assembling peptides can have a sequence
of amino acid residues where Xaa™* represents alanine,
valine, leucine, isoleucine, or glycine; Xaa* represents argi-
nine, lysine or histidine; and Xaa™ represents aspartic acid or
glutamic acid. For example, the self-assembling peptides can
have, or can include, the amino acid sequence RADARA-
DARADA (SEQ ID No: 31). Other examples include ARA-
DARADARAD (SEQ ID NO: 32); AKADAKADAKAD
(SEQ ID NO: 33); AHADAHADAHAD (SEQ ID NO: 34),
ARAEARAEARAE (SEQIDNO: 35); AKAEAKAEAKAE
(SEQ ID NO: 36); and AHAEAHAEAHAE (SEQ ID NO:
37).

[0113] The structures described herein can be formed
through self-assembly of the peptides described in U.S. Pat.
Nos. 5,670,483; 5,955,343; 6,548,630 and 6,800,481 and in
Holmes et al., Proc. Natl. Acad. Sci. USA, 97:6728-6733
(2000); Zhang et al., Proc. Nadl. Acad. Sci. US4, 90:3334-
3338 (1993); Zhang et al., Biomaterials, 16:1385-1393
(1995); Caplan et al., Biomaterials, 23:219-227 (2002); Leon
et al., J. Biomater. Sci. Polym. Fd., 9:297-312 (1998); and
Caplan et al., Biomacromolecules, 1:627-631 (2000). Repre-

((Xaa -Xaa""),(Xaa' Xad™™"),), ) sentative self-assembling peptides are shown in Table 1.
TABLE 1
Representative Self-Assembling Peptides

Name Sequence (n-->c) Modulus

RADAl6-I n-RADARADARADARADA-¢ I (SEQ ID NO: 1)
RGDAle-I n-RADARGDARADARGDA-¢C I (SEQ ID NO: 2)
RADAS-I n-RADARADA-¢ I (SEQ ID NO: 3)
RAD16-1I1 n-RARADADARARADADA-C 11 (SEQ ID NO: 4)
RAD8-II n-RARADADA-c¢ 11 (SEQ ID NO: 5)
EAKAl6-I n-AEAKAEAKAEAKAEAK-C I (SEQ ID NO: 6)
EAKAS-I n-AEAKAEAK-¢ I (SEQ ID NO: 7)
RAEAl6-I n-RAEARAEARAEARAEA-C I (SEQ ID NO: 8)
RAEAS-I n-RAEARAEA-¢ I (SEQ ID NO: 9)
KaDAle6-1I n- KADAKADAKADAKADA-C I (SEQ ID NO: 10)
KADAS-I n-KADAKADA-c I (SEQ ID NO: 11)
EAH16-1I n-AEAEAHAHAEAEAHAH-cC II (SEQ ID NO: 12)
EAH8-II n-AEAEAHAH-c II (SEQ ID NO: 13)
EFK1l6-1I n-FEFEFKFKFEFEFKFK-c II (SEQ ID NO: 14)
EFK8-II n-FEFKFEFK-c¢ I (SEQ ID NO: 15)
ELK16-1II n-LELELKLKLELELKLK-c II (SEQ ID NO: 16)
ELK8-II n-LELELKLK-c II (SEQ ID NO: 17)
EAK16-II  n-AEAEAKAKAEAEAKAK-c II  (SEQ ID NO: 18)
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7
TABLE 1-continued
Representative Self-Assembling Peptides
Name Sequence (n--xc) Modulus
EAK12 n-AEAEAEAEAKAK-C IV/II (SEQ ID NO: 19)
EAK8-II n-AEAEAKAK-¢ II (SEQ ID NO: 20)
KAEL16-1IV n-KAKAKAKAEAEAEAEA-C v (SEQ ID NO: 21)
EAK16-1IV n-AEAEAEAEAKAKAKAK-¢C v (SEQ ID NO: 22)
RAD16-1IV n-RARARARADADADADA-c v (SEQ ID NO: 23)
DAR16-1IV n-2ADADADADARARARAR-c v (SEQ ID NO: 24)
DAR16-IV* n-DADADADARARARARA-C v (SEQ ID NO: 25)
DAR32-1IV n- (ADADADADARARARAR) - ¢ v (SEQ ID NO: 26)
EHK15 n-HEHEHKHKHEHEHKHK - ¢ N/A (SEQ ID NO: 27)
EHK8-I n-HEHEHKHK-c¢ N/A (SEQ ID NO: 28)
VE20% n-VEVEVEVEVEVEVEVEVEVE-c N/A (SEQ ID NO: 29)
RF20* n-RFRFRFRFRFRFRFRFRFRE-¢ N/A (SEQ ID NO: 30)
RAD12-I n-RADARADARADA-cC I (SEQ ID NO: 31)
n-AKAKAEAEAKAKAEAE- ¢ (SEQ ID NO: 38)
n-AKAEAKAEAKAEAKAE-C (SEQ ID NO: 39)
n-EAKAEAKAEAKAEAKA-C (SEQ ID NO: 40)
n-KAEAKAEAKAEAKAEA-C (SEQ ID NO: 41)
n-ADADARARADADARAR-C (SEQ ID NO: 42)
n-ARADARADARADARAD-C (SEQ ID NO: 43)
n-DARADARADARADARA-C (SEQ ID NO: 44)
n-2ADARADARADARADAR-c (SEQ ID NO: 45)
n-2ARADAKAEARADAKAE-c (SEQ ID NO: 46)
n-2KAEARADAKAEARAD-c (SEQ ID NO: 47)
n-2ARAKADAEARAKADAE-c (SEQ ID NO: 48)
n-AKARAEADAKARADAE- ¢ (SEQ ID NO. 49)
n-AQAQAQAQAQAQAQAQD-¢ (SEQ ID NO: 50)
n-VQVQVOVQVOVOVQVD-¢ (SEQ ID NO: 51)
n-YQYQYQYQYQYQYQYQ-¢ (SEQ ID NO: 52)
n-HQHQHQHOHOHOHQHD- ¢ (SEQ ID NO: 53)
n-ANANANANANANANAN- ¢ (SEQ ID NO: 54)
n-VNVNVNVNVNVNVNVN- ¢ (SEQ ID NO: 55)
n-YNYNYNYNYNYNYNYN-c (SEQ ID NO: 56)
n-HNHNHNHNHNHNHNHN - ¢ (SEQ ID NO: 57)
n-ANAQANAQANAQANAQ-C (SEQ ID NO: 58)
n-AQANAQANAQANAQAN- ¢ (SEQ ID NO: 59)

n-VNVQVNVQVNVQVNVQ- ¢ (SEQ ID NO: 60)



US 2011/0144023 Al

Jun. 16, 2011

8
TABLE 1-continued
Representative Self-Assembling Peptides
Name Sequence (n--xc) Modulus

n-VQVNVQVNVQVNVQVN-¢ (SEQ ID NO: 61)
n-YNYQYNYQYNYQYNYQ-c¢ (SEQ ID NO: 62)
n-YQYNYQYNYQYNYQYN-c¢ (SEQ ID NO: 63)
n - HNHQHNHOHNHOQHNHQ- ¢ (SEQ ID NO: 64)
- HOHNHQHNHQHNHOHN - ¢ (SEQ ID NO: 65)
n-AKAQADAKAQADAKAQAD - ¢ (SEQ ID NO: 66)
n-VKVQVDVKVQVDVKVQVD - ¢ (SEQ ID NO: 67)
n-YKYQYDYKYQYDYKYQYD-c (SEQ ID NO: 68)
n-HKHQHDHKHQHDHKHQHD - ¢ (SEQ ID NO: 69)
n-ADADAKAKADADAKAK- ¢ (SEQ ID NO: 70)
n-KAKAKAKAKAKAKAKA-c (SEQ ID NO: 71)
n-EAEAEAEAEAEAEAEA-¢ (SEQ ID NO: 72)
n-ADADADADADADADAD- ¢ (SEQ ID NO: 73)
n-ARARADADARARADAD-¢ (SEQ ID NO: 74)
n-VRVRVDVDVRVRVDVD-c¢ (SEQ ID NO: 75)

N/A denotes not applicable

*These peptides form a f-sheet when incubated in a solution conteining Nacl,
nowever they have not keen okserved to self-assemble to form macrcscopic

structures.

[0114] Other useful self-assembling peptides can be gener-
ated, for example, which differ from those exemplified by a
single amino acid residue or by multiple amino acid residues
(e.g., by inclusion or exclusion of a repeating quartet). For
example, one or more cysteire residues may be incorporated
into the peptides, and these residues may bond with one
another by the formation of disulfide bonds. Structures
bonded in this manner may have increased mechanical
strength relative to structures made with comparable peptides
that do not include cysteine residues.

[0115] Oneclass of materials that can be used in connection
with the invention are peptidomimetics. Peptidomimetics, as
used herein, refers to molecules which mimic peptide struc-
ture. Peptidomimetics have general features analogous to
their parent structures, polypeptides, such as amphiphilicity.
Examples of such peptidomimetic materials are described in
Moore et al., Chem. Rev. 101(12), 3893-4012 (2001).

[0116] Peptidomimetic materials of the invention can
include (c-peptides, P-peptides, y-peptides, and d-peptides.
Copolymers of these peptides can also be used. Examples of
a-peptide peptidomimetics include, but are not limited to,
N,N'-linked oligoureas, oligopyrrolinones, oxazolidin-2-
ones, azatides and azapeptides.

[0117] Examples of suitable f-peptides include, but are not
limited to, p-peptide foldamers, c-aminoxy acids, sulfur-
containing f-peptide analogues, and hydrazino peptides.
[0118] Examples of suitable y-peptides include, but are not
limited to, y-peptide foldamers, oligoureas, oligocarbamates,
and phosphodiesters.

[0119] Examples of suitable d-peptides include, but are not
limited to, alkene-based §-amino acids and carbopeptoids,
such as pyranose-based carbopeptoids and furanose-based
carbopeptoids.

[0120] Another class of molecules which can be used in the
invention, and can in some instances self assemble, are nucle-
otidomimetics, such as isomeric oligonucleotides, modified
carbohydrates, nucleotides with modified nucleotide link-
ages, and nucleotides with alternative nucleobases.

[0121] Examples of suitable isomeric nucleotides include,
but are not limited to, iso-RNA and iso-DNA and a-DNA
(change in the anomeric configuration from f} to o), alt-DNA,
and 1-DNA.

[0122] Examples of suitable modified carbohydrates
include, but are not limited to, backbones with C 1'-bases
connectivities such as tetrofuranosyl oligonucleotides, pen-
topyranosyl oligonucleotides, and hexopyranosyl oligo-
nucleotides; backbones with C2'-base connectivities such as
isonucleotides (repositioning of the base sugar connection
from C1 to the C2 position), HNAs (insertion of an additional
methylene group between the 04' and C 1' position of a
furanose), ANAs (incorporation of a C3'-(S)-hydroxyl
group), MNAs (inversion of the C3'-OH configuration from
(S) in ANAs to (R)), CNAs (replacement of the 0 of the
hexose with a methylene group), CeNAs (introduction of a
5'-6' alkene within the analogous ring), as well as other ring
systems, torsionally restricted oligonucleotides such as bicy-
clic oligonucleotides, LNAs (restriction of the pentofaranose
backbone to the 3'-endo configuration), torsionally flexible
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oligonucleotides such as base sugar extensions (insertion of
methylene and ethylene groups into both - and p-deoxy-
nucleotides) and acyclic backbones (glycerol derivatives
incorporating phosphodiester linkages).

[0123] Examples of nucleotides with modified nucleotide
linkages include, but are not limited to, PNAs (peptide
nucleic acids), NDPs (nucleo-d-peptides), fused sugar-base
backbones, and cationic linkages.

[0124] Examples of suitable alternative nucleobases
include, but are not limited to, nucleotides with alternative
aromatic nuclecbases.

[0125] Another class of compounds useful in connection
with the invention includes oligomers having backbones
which can adopt helical or sheet conformations. Exaniple of
such compounds include, but are not limited to, compounds
having backbones utilizing bipyridine segments, compounds
having backbones utilizing solvophobic interactions, com-
pounds having backbones utilizing side chain interactions,
compounds having backbones utilizing hydrogen bonding
interactions, and compounds having backbones utilizing
metal coordination.

[0126] Examples of suitable compounds containing back-
bones utilizing bipyridine segments include, but are not lim-
ited to, oligo(pyridine-pyrimidines), oligo(pyridine-pyrim-
idines) with hydrazal linkers, and pyridine-pyridazines.
[0127] Examples of suitable compounds containing back-
bones utilizing solvophobic interactions include, but are not
limited to, oligoguanidines, aedamers (structures which take
advantage of the stacking properties of aromatic electron
donor-acceptor interactions of covalently linked subunits)
such as oligomers containing 1,4,5,8-naphthalene-tetracar-
boxylic diimide rings and 1,5-dialkoxynaphthalene rings, and
cyclophanes such as substituted N-benzyl phenylpyridinium
cyclophanes.

[0128] Examples of suitable compounds containing back-
bones utilizing side chain interactions include, but are not
limited to, oligothiophenes such as olihothiophenes with
chiral p-phenyl-oxazoline side chains, and oligo(m-phe-
nylene-ethynylene)s.

[0129] Examples of compound containing backbones uti-
lizing hydrogen bonding interactions include, but are not
limited to, aromatic amide backbones such as oligo(acylated
2,2"-bipyridine-3,3'-diamine)s and  oligo(2,5-bis[2-ami-
nophenyl|pyrazine)s, diaminopyridine backbones templated
by cyanurate, and phenylene-pyridine-pyrimidine ethynylene
backbones templated by isophthalic acid.

[0130] Examples of suitable compounds containing back-
bones utilizing metal coordination include, but are not limited
to, zinc bilinones, oligopyridines complexed with Co(Il),
Co(III), Cu(II), Ni(II), Pd(II), Cr(IIl), or Y(III), oligo(m-
pheylene ethynylene)s containing metal-coordinating cyano
groups, and hexapyrrins.

[0131] Other materials which can self-assemble or can oth-
erwise be useful in the invention include N-alkylacrylamide
oligomers and di- and triblock co-polymers. N-alkylacryla-
mides can assume self-assembled sheet-like structures.
Examples of suitable block copolymers include copolypep-
tides, polypeptide-PEGS, PEO-polybutadienes, PEG-
polysaccharides, etc.

[0132] Theamino acid residues in the self-assembling pep-
tides can be naturally occurring or non-naturally occurring
amino acid residues. Naturally occurring amino acids can
include amino acid residues encoded by the standard genetic
code as well as non-standard amino acids (e.g., amino acids
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having the D-configuration instead of the L-configuration), as
well as those amino acids that can be formed by modifications
of standard amino acids (e.g. pyrolysine or selenocysteine).
Non-naturally occurring amino acids have not been found in
nature, but can be incorporated into a peptide chain. These
include  D-alloisoleucine(2R,3S)-2-amino-3-methylpen-
tanoic acid, L-cyclopentyl glycine (S)-2-amino-2-cyclopen-
tyl acetic acid. For other examples, one can consult textbooks
or the worldwide web (a site is maintained by the California
Institute of Technology and displays structures of non-natural
amino acids that have been successfully incorporated into
functional proteins). Non-natural amino acid residues and
amino acid derivatives listed in U.S. Application No.
20040204561 can be used. Self-assembling peptides can be
chemically synthesized or purified from natural or recombi-
nantly-produced sources by methods well known in the art.
For example, peptides can be synthesized using standard
f-moc chemistry and purified using high pressure liquid chro-
matography (HPLC). Such non-naturally occurring amino
acids could be useful as self-assembling peptides or in com-
bination with other self-assembling peptides and nanomate-
rials.

[0133] Where self-assembling peptides are used, it is
thought that their side-chains (or R groups) partition into two
faces, a polar face with positively and/or negatively charged
ionic side chains, and a nonpolar face with side chains that are
considered neutral or uncharged at physiological pH (e.g., the
side chain of an alanine residue or residues having other
hydrophobic groups). The positively charged and negatively
charged amino acid residues on the polar face of one peptide
can form complementary ionic pairs with oppositely charged
residues of another peptide. These peptides may therefore be
called ionic, self-complementary peptides. If the ionic resi-
dues alternate with one positively and one negatively charged
residue on the polar face (—+—+-++-+), the peptides may be
described as “modulus I;” if the ionic residues alternate with
two positively and two negatively charged residues
(-—++-—++) on the polar face, the peptides are described as
“modulus II;” if the ionic residue alternate with three posi-
tively and three negatively charged residues
(+++-——+++-——) on the polar face, the peptides are describe
as “modulus III;” if the ionic residues alternate with four
positively and four negatively charged residues
(++++-———+++-———)on the polar face, they are described as
“modulus IV’ A peptide having four repeating units of the
sequence EAKA may be designated EAKA16-1, and peptides
having other sequences may be described by the same con-
vention.

[0134] Self-complementary peptides, such as EAKA 16-I,
RADA16-I, RAEA16-1, and KADA16-1, are described in
Table 1. Peptides with modulus I (i.e., peptides having alter-
nate positively and negatively charged R groups on one side
(e.g., the polar face) of the f3-sheet) are described by each of
FormulasI-IV, where x and y are 1. Peptides of modulus 11
(i.e., peptides having two residues bearing one type of charge
(e.g., a positive charge) followed by two residues bearing
another type of charge (e.g., a negative charge) are described
by the same formulas where both x and y are 2. Peptides of
modulus IIT have (i.e. peptides having three residues bearing
one type of charge (e.g., a positive charge) followed by three
residues bearing another type of charge (e.g., a negative
charge) such as RARARADADADA (SEQ ID NO: 76).

[0135] Modulus IV ionic self-complementary peptides
containing 16 amino acids; such as EAK16-1V, KAE16-1V,
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DARI16-TV, and RAD16-IV have also been studied. If the
charged residues in these self-assembling peptides are sub-
stituted (e.g., the positively charged lysines are replaced by
positively charged arginines and the negatively charged
glutamates are replaced by negatively charged aspartates),
there are essentially no known significant effects on the self-
assembly process. However, if the positively charged residues
(Iysine and arginine) are replaced by negatively charged resi-
dues (aspartate and glutamate), the peptides can no longer
undergo self-assembly to form macroscopic structures. How-
ever, they can still form a beta-sheet structure in the presence
of a salt. Other hydrophilic residues that form hydrogen
bonds, such as asparagine and glutamine, may be incorpo-
rated into the peptides instead of, or in addition to, charged
residues. [f the alanine residues in the peptides are changed to
more hydrophobic residues, such as leucine, isoleucine, phe-
nylalanine or tyrosine, the resulting peptides have a greater
tendency to self-assemble and foam peptide matrices with
enhanced strength. Some peptides that have similar amino
acids compositions and lengths as the peptides described here
form alpha-helices and random-coils rather than beta-sheets
and do not form macroscopic structures. Thus, in addition to
self-complementarity, other factors are likely to be important
for the formation of macroscopic structures, such as the pep-
tide length, the degree of intermolecular interaction, and the
ability to form staggered arrays. Peptide-based structures can
be formed of heterogeneous mixtures of peptides (i.e., mix-
tures containing more than one type of peptide conforming to
a given formula or to two or more of the formulas). In some
embodiments, each of the types of peptides in the mixture is
able to self-assemble alone. In other embodiments, one or
more of each type of peptide would not, alone, self-assemble
but the combination of heterogeneous peptides may self-
assemble (i.e., peptides in the mixture are complementary and
structurally compatible with each other). Thus, either a
homogeneous mixture of self-complementary and self-com-
patible peptides of the same sequence or containing the same
repeating subunit, or a heterogeneous mixture of different
peptides, which are complementary and structurally compat-
ible to each other, can be used. For example, mixtures of
KAKAKAKAKAKAKAKA (SEQIDNO: 71) and EAEAE-
AEAEAEAEAFA (SEQ ID NO: 72) or of
KAKAKAKAKAKAKAKA (SEQ ID NO: 71 and
ADADADADADADADAD (SEQ ID NO: 73) would be
expected to form membranes, but not any of these peptides
alone due to lack of complementarity.

[0136] The compositions described herein (regardless of
the precise form (e.g., whether in a liquid form or molded) and
regardless of the overall compositions (e.g., whether com-
bined with another agent, contained within a device, or pack-
aged in a kit) can include a mixture of RADA16-1 (SEQ ID
NO: 1) or RADAI2-I1(SEQ ID NO: 31) and EAKA16-1 (SEQ
IDNO: 6) or EAK16-I1 (SEQID NO: 18). Other mixtures can
include RADAI16-IT (SEQ ID NO: 4) or RADAI2-II and
EAKA16-1(SEQIDNO: 6) or EAKAI16-I1(SEQIDNO: 18).
Other mixtures can include various lengths of the same pep-
tide sequence or mixtures of modulus I and modulus 1T pep-
tides. For example, one could use a mixture of RADA12-1
(SEQ ID NO: 31) and RADA12-11; of RADA16-1 (SEQ ID
NO: 1) and RADA16-11 (SEQ IDNO: 4); of RADA12-1(SEQ
ID NO: 31) and RADA16-I (SEQ ID NO: 1); of RADA12-11
and RADA16-11 (SEQ ID NO: 4); of EAKAI2-I and
EAKAI12-IT; of EAKA16-1(SEQ ID NO: 6) and EAKA 16-11
(SEQ ID NO: 18); of EAKA12-1 and EAKA16-11 (SEQ ID
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NO: 18); or of EAKAI2-1I and EAKA16-1I (SEQ ID NO:
18). Use of a mixture rather than a single peptide can modu-
late properties such as the speed of assembly and the stiffness
of the assembled material.

[0137] In summary, peptides useful in the manner
described herein can have, or can include, a sequence of
alternating hydrophobic and hydrophilic amino acid residues
that are complementary and structurally compatible. As
noted, the peptides can vary in length and can be amultiple of
four residues, but does not have to be. For example, the
peptides can be at least eight amino acids in length (e.g., eight
or 10 amino acids), at least 12 amino acids in length (e.g., 12
or 14 amino acids), or at least 16 amino acids in length (e.g.,
16, 18, 20, 22, or 24 amino acids). Peptides that are less than
100 amino acid residues long, more preferably less than
approximately 50 amino acids in length, may assemble more
readily. The amino acid residues can be selected from
D-amino acids or [.-amino acids, and the peptides or mixtures
of peptides can include combinations thereof. Suitable, natu-
rally-occurring hydrophobic amino acid residues include Ala,
Val, Ile, Met, Phe, Tyr, Trp, Ser, Thr and Gly. The hydrophilic
amino acid residues can be basic amino acids (e.g., Lys, Arg,
His, Orn); acidic amino acids (e.g., Glu, Asp); or amino acids
that form hydrogen bonds (e.g., Asn, Gln). If L-amino acids
are present in the structure, degradation produces amino acids
that may be reused by the host tissue. The fact that L-config-
ured amino acid residues occur naturally within the body
distinguishes this class of compounds from numerous other
biocompatible substances and may offer unique advantages.
[0138] Either or both ends of a given peptide can be modi-
fied. For example, the carboxyl and/or amino groups of the
carboxyl- and amino-terminal residues, respectively can be
protected or not protected. The charge at a terminus can also
be modified. For example, a group or radical such as an acyl
group (RCO—, where R is an organic group (e.g., an acetyl
group (CH;CO—)) can be present at the N-terminus of a
peptide to neutralize an “extra” positive charge that may
otherwise be present (e.g., acharge not resulting from the side
chain of the N-terminal amino acid). Similarly, a group such
as an amine group (NH,) can be used to neutralize an “extra”
negative charge that may otherwise be present at the C-ter-
minus (e.g.. a charge not resulting from the side chain of the
C-terminal amino acid residue). Where an amine is used, the
C-terminus would bear an amide (—CONH,). The neutral-
ization of charges on a terminus may facilitate self-assembly.
One of ordinary skill in the art will be able to select other
suitable groups.

[0139] Structures for use in the invention can be formed
that have varying degrees of stiffness or elasticity. The struc-
tures typically have a low elastic modulus (e.g., a modulus in
the range of 1-10 kPa as measured by standard methods, such
as in a standard cone-plate rheometer). Low values may be
preferable, as they permit structure deformation as a result of
movement, in response to pressure, in the event of cell con-
traction. The desired stiffness of the composition can be dic-
tated by the cell/tissue/organ/tumor to which the composition
is to be applied. The stiffness can be controlled in a variety of
ways, including by changing the length, sequence, and/or
concentration of the precursor molecules (e.g., self-assem-
bling peptides).

[0140] Other methods for increasing stiffness can also be
employed. For example, one can attach, to the precursors,
biotin molecules or any other molecules that can be subse-
quently cross-linked or otherwise bonded to one another. The
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molecules (e.g., biotin) can be included at an N- or C-termi-
nus of a peptide or attached to one or more residues between
the termini. Where biotin is used, cross-linking can be
achieved by subsequent addition of avidin. Biotin-containing
peptides or peptides containing other cross-linkable mol-
ecules are within the scope of the present invention. For
example, amino acid residues with aromatic rings may be
incorporated and cross-linked by exposure to UV light. The
extent of cross-linking can be precisely controlled by apply-
ing the radiation for a predetermined length of time to pep-
tides of known sequence and concentration. The extent of
cross-linking can be determined by light scattering, gel filtra-
tion, or scanning electron microscopy using standard meth-
ods. Furthermore, cross-linking can be examined by HPLC or
mass spectrometry analysis of the structure after digestion
with a protease, such as matrix metalloproteases. Material
strength may be determined before and after cross-linking.
Regardless of whether cross-linking is achieved by a chemi-
cal agent or light energy, the molecules may be cross-linked in
the course of creating a mold or when self-assembling pep-
tide-containing solutions are applied to the body or tumors of
subjects.

[0141] Thehalf-life (e.g., the in vivo half-life) of the struc-
tures can also be modulated by incorporating protease or
peptidase cleavage sites into the precursors that subsequently
form a given structure. Proteases or peptidases that occur
naturally in vivo, or that are introduced (e.g., by a surgeon),
can then promote degradation by cleaving their cognate sub-
strates. Combinations of any of the modifications described
here can be made. For example, self-assembling peptides that
include a protease cleavage site and a cysteine residue and/or
a cross-linking agent, kits and devices containing them, and
methods of using them can be utilized.

[0142] The peptide structures formed from any self-assem-
bling peptides made by any process can be characterized
using various biophysical and optical techniques, such as
circular dichroism (CD), dynamic light scattering, Fourier
transform infrared (FTIR), atomic force (tension) micros-
copy (ATM), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM). For example, bio-
physical methods can be used to determine the degree of
beta-sheet secondary structure in the peptide structure. Fila-
ment and pore size, fiber diameter, length, elasticity. and
volume fraction can be determined using quantitative image
analysis of scanning and/or transmission electron micro-
graphs. The structures can also be examined using several
standard mechanical testing techniques to measure the extent
of swelling, the effect of pH and ion concentration on struc-
ture formation, the level of hydration under various condi-
tions, the tensile strength, as well as the manner in which
various characteristics change over the period of time
required for the structures to form and degrade. These meth-
ods allow one of ordinary skill in the art to determine which of
the various alternatives and peptides described herein are
most suitable for use in the various methods, and allow opti-
mization of the various processes.

[0143] Prior to self-assembly the peptides may be con-
tained in (e.g., dissolved in) a solution that is substantially
free of ions (e.g., monovalent ions) or that contains a suffi-
ciently low concentration of ions to prevent significant self-
assembly (e.g., a concentration of ions less than 10, 5, 1,0r 0.1
mM). Self-assembly may be initiated or enhanced at any
subsequent time by the addition ofanionic solute or diluent to
apeptide solution or by a change in pH. For example, NaCl at
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a concentration of between approximately 5 mM and 5 M will
induce the assembly of macroscopic structures within a short
period of time (e.g., within a few minutes). Lower concentra-
tions of NaCl may also induce assembly but at a slower rate.
Alternatively, self-assembly may be initiated or enhanced by
introducing the peptides (whether dry, in a semi-solid gel, or
dissolved in a liquid solution that is substantially free ofions)
into a fluid (e.g., a physiological fluid such as blood or gastric
Juice) or an area (e.g., a body cavity such as the nose or mouth
or a cavity exposed by a surgical procedure) comprising such
ions. Generally, self-assembly is, expected to occur upon
contacting the peptides with such a solution in any manner.

[0144] A wide variety of ions, including anions and cations
(whether divalent, monovalent, or trivalent), can be used. For
example, one can promote a phase transition by exposure to
monovalent cations such as Li*, Na*, K*, and Cs*, and the
concentration of such ions required to induce or enhance
self-assembly is typically at least 5 mM (e.g., at least 10, 20,
or 50 mM). Lower concentrations also facilitate assembly,
though at a reduced rate. When desired, self-assembling pep-
tides can be delivered with a hydrophobic material (e.g. a
pharmaceutically acceptable oil) in a concentration that per-
mits self-assembly, but at a reduced rate. When self-assem-
bling peptides are mixed with a hydrophobic agent, such as an
oil or lipid, the assembly of the material forms different
structures. The structures will appear like ice on a layer of oil
but in some cases when another material is added, the material
will assemble into various other three dimensional structures
that may be suitable for drug loading or other relevant thera-
peutic agents. The hydrophilic part of the molecule will
assemble in such a way to minimize hydrophobic-hydrophilic
interaction, thereby creating a barrier between the two envi-
ronments. Several experiments have shown that the self-as-
sembling peptides will align on the surface of the oil like ice
on water with the hydrophobic part of the molecule toward the
surface and the hydrophilic portion of the molecule facing
away from the oil, or will form toroidal like structures with
the hydrophobic material contained inside. This type of
behavior enables the encapsulation of therapeutics or other
molecule of interested for delivery in the body.

[0145] Depending on the formulation and desired proper-
ties of the macroscopic structure (e.g., the stiffness of the
nanomaterial or the rate ofits formation), the concentration of
precursors (e.g., self-assembling peptides) can vary from
approximately 0.01% w/v (0.1 mg/ml) to approximately
99.99% w/v (999.9 mg/ml), inclusive. For example, the con-
centration prior to self-assembly can be between approxi-
mately 0.1% (1 mg/ml) and 10% (100 mg/ml), inclusive (e.g.,
about 0.1%-5%; 0.5%-5%; 1.0%; 1.5%; 2.0%; 2.5%; 3.0%;
or 4.0% or more). In some embodiments, the concentration
can also be less than 0.1%. The precursors (e.g., self-assem-
bling peptides) can be formulated as powders and adminis-
tered ina powder form or resuspended. If dry, the peptides can
then self-assemble following contact with bodily fluids (e.g.,
at the site of the tumor or cancer cell).

[0146] The compositions can form structures that are sub-
stantially rigid (e.g., solid or nearly solid) or that assume a
definite shape and volume (e.g., structures that conform to the
shape and volume of the location to which a liquid composi-
tion was administered, whether in vivo or ex vivo). The solidi-
fied material may be somewhat deformable or compressible
after assembly or phase transition, but will not substantially
flow from one area to another, as compositions at a different
point along the liquid to solid continuum may do, which may
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be due, at least in part, to their ability to undergo phase
transitions. As a result, the compositions can be used to pre-
vent the movement of a bodily substance or cells (e.g. cancer
stem cells) in a subject in need thereof. Self-assembly can
also be achieved ex vivo by exposure to conditions within a
certain range of physiological values (e.g., conditions appro-
priate for cell or tissue culture). While liquid formulations are
readily dispensed, the compositions administered may also
bein a gel form that may become stiffer upon contact with the
subject’s body or tumor.

[0147] In one embodiment, the concentration of the self-
assembling peptides in any given formulation can vary and
can be between approximately 0.1% (1 mg/ml) and 10% (100
mg/ml), inclusive. For example, the concentration of the self-
assembling peptides (e.g., in a liquid formulation) can be
approximately 0.1-3.0% (1-30 mg/ml) (e.g.. 0.1-1.0%; 1.0-2.
0%; 2.0-3.0% or 1.0-3.0%). The concentration of self-assem-
bling peptides can be higher in stock solutions and in solid
(e.g., powdered) formulations. In solid preparations, the con-
centration of self-assembling peptides can approach 100%
(e.g., the concentration of self-assembling peptides can be 95,
96, 97, 98, 99% or more (e.g., 99.99%) of the composition).
Whether in liquid or solid form, the peptides can be brought
to the desired concentration prior to use by addition of a
diluent (e.g., deionized water), powder, wetting agent, or a
therapeutic, diagnostic or prophylactic agent.

[0148] Regardless of the precise nature of the self-assem-
bling agents, upon exposure to conditions such as those
described herein, the agents can form membranous two- or
three-dimensional structures including a stable macroscopic
porous matrix having ordered interwoven nanofibers (e.g.,
fibers approximately 10-20 nm in diameter, with a pore size of
about 50-100 nm in a linear dimension). Three-dimensional
macroscopic matrices can have dimensions large enough to
be visible under low magnification (e.g., about 10-fold or
less), and the membranous structures can be visible to the
naked eye, even if transparent. Although three-dimensional,
the structures can be exceedingly thin, including a limited
number of layers of molecules (e.g., 2, 3, or more layers of
molecules). Typically, each dimension of a given structure
will be at least 10 pm in size (e.g., two dimensions of at least
100-1000 pm in size (e.g., 1-10 mm, 10-100 mm, or more)).
The relevant dimensions may be expressed as length, width,
depth, breadth, height, radius, diameter, or circumference in
the case of structures that have a substantially regular shape
(e.g., where the structure is a sphere, cylinder, cube, or the
like) or an approximation of any of the foregoing where the
structures do not have a regular shape.

[0149] The self-assembling peptides can form a hydrated
material when contacted with water under conditions such as
those described herein (e.g., in the presence of a sufficient
concentration (e.g., physiological concentrations) of ions
(e.g., monovalent cations)). The materials may have a high
water content (e.g., approximately 95% or more (e.g.,
approximately 97%, 98%, 99% or more)), and the composi-
tions can be hydrated but not substantially self-assembled. A
given value may be “approximate” in recognition of the fact
that measurements can vary depending, for example, on the
circumstances under which they are made and the skill of the
person taking the measurement. Generally, a first value is
approximately equal to a second when the first falls within
10% of the second (whether greater than or less than) unless
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it is otherwise clear from the context that a value is not
approximate or where, for example, such value would exceed
100% of a possible value.

[0150] The properties and mechanical strength of the struc-
tures or scaffolds can be controlled as required through
manipulation of the components therein. For example, the
stiffness of an assembled gel can be increased by increasing
the concentration of self-assembling agents (e.g., peptides)
therein. The sequences, characteristics, and properties of the
peptides and the structures formed by them upon self-assem-
bly are discussed further below.

[0151] The compositions can be formulated as concen-
trated stocks or in dry form, and these can be diluted or
dissolved to form compositions (e.g., biocompatible compo-
sitions), which are substantially non-toxic to biological cells
in vitro or in vivo. For example, the compositions can contain
materials in quantities that do not elicit a significant delete-
rious effect on the recipient’s body (e.g., a prohibitively
severe immunological or inflammatory reaction, or unaccept-
able scar tissue formation).

[0152] When a solution containing non-assembled pep-
tides is laid down ona biological tissue or cell (e.g. cancer cell
or tumor), the peptides having sufficient proximity to the
tissue or cell assemble, causing the solution to gel. Any solu-
tion that remains distant from the tissue or cell remains liquid,
as the self-assembling peptides have not yet been exposed to
conditions that promote their assembly. As the material is
disturbed (e.g., by performing a surgical procedure), liquid
material appears to gel as it comes into sufficient contact with
the body. At times, the compositions can take on characteris-
tics ranging from a liquid to those of a solid, appearing gel- or
salve-like or as a slurry).

[0153] Theterm “pharmaceutical excipient,” as used herein
in the specification and claims, comprises a material such as
an adjuvant, a carrier, pH-adjusting and buffering agents,
toxicity adjusting agents, wetting agents, preservatives, and
the like.

[0154] The term “pharmaceutically acceptable.” as used
herein in the specification and claims, refers to a non-toxic,
inert, and/or composition that is physiologically compatible
with humans or other mammals.

[0155] The term “stasis,” as used herein in the specification
and claims, refers to a state wherein a cell no longer divides
but retains the ability to do so at a later time. The self-
renewing ability of cancer stem cells may also be halted while
retaining the ability to do so at a later time. The reaction of a
cell in stasis mimics the reaction of a cell during cell-cell or
cell-extra-cellular matrix interactions.

[0156] The term “surgical procedure” or “surgical treat-
ment,” as used herein in the specification and claims, refers to
procedures performed on a subject in need thereof. The sur-
gical procedure or treatment can involve excision of cells, a
tissue, an organ or a tumor. The excised material can be
diseased (e.g. cancer burdened) or non-diseased. Surgical
procedure or treatment can also involve biopsies to collect a
sample from a targeted area. The procedure or treatment can
also result in no excision of material.

[0157] Asused herein, the terms “self-assemble” and “self-
assembly” refer to formation of a discrete, non-random,
aggregate structure from component parts; said assembly
occurring spontaneously through random movements of the
components (e.g. molecules) due only to the inherent chemi-
cal or structural properties of those components. The materi-
als may self-assemble and be transformed in configuration,



US 2011/0144023 Al

possibly in combination with other materials, such as body
fluids, tissues, or tumors, resulting in inhibition of movement
of the fluids, tissues, or tumors. In other aspects, the materials
may self-assemble and provide a marking for visualization of
boundaries or margins of cells, tissues, organs, or tumors.
Some aspects of the invention are described in connection
with “self-assembling” or “self-assembled” materials, and it
is to be understood that wherever this terminology is used, the
materials referred to may, but need not, self-assemble in order
to function per the invention. Reference is made to “assem-
bling” materials in some instances, and this is meant to
encompass materials that self-assemble and/or undergo
another transformation toward use in accordance with the
invention. In some cases, a particular material can self-as-
semble in some environments, and in other environments may
not self-assemble at all.

[0158] The term “treating” or “treatment” of a disease (e.g.
cancer) or “therapeutic,” as used herein in the specification
and claims, includes preventing the disease from occurring in
an animal that may be predisposed to the disease but does not
yet experience or exhibit symptoms of the disease (prophy-
lactic treatment), inhibiting the disease (slowing or arresting
its development), providing relief from the symptoms or side-
effects of the disease (including palliative treatment), and
relieving the disease (causing regression of the disease); full
eradication of disease is not required.

[0159] Asused herein in the specification and in the claims,
the phrase “at least one,” in reference to a list of one or more
elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
elements, but not necessarily including at least one of each
and every element specifically listed within the list of ele-
ments and not excluding any combinations of elements in the
list of elements. This definition also allows that elements may
optionally be present other than the elements specifically
identified within the list of elements to which the phrase “at
least one” refers, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least
one of A or B.” or, equivalently “at least one of A and/or B”)
can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and optionally
including elements other than B); in another embodiment, to
atleast one, optionally including more than one, B, with no A
present (and optionally including elements other than A); in
yet another embodiment, to at least one, optionally including
more than one, A, and at least one, optionally including more
than one, B (and optionally including other elements); etc.

[0160] Asused herein in the specification and in the claims,
all transitional phrases such as “comprising,” “including,”
“carrying,” “having,” “containing,” “involving,” “holding,”
and the like are to be understood to be open-ended, i.e., to
mean including but not limited to. Only the transitional
phrases “consisting of” and “consisting essentially of” shall
be closed or semi-closed transitional phrases, respectively, as
set forth in the United States Patent Office Manual of Patent

Examining Procedures.

[0161] Theisolation of cells with stem-like properties from
prostate tumors suggests the presence of a cancer stem cell
(CSC) population, which may account for the initiation, pro-
gression, and metastasis as well as drug resistance of the
disease. We hypothesized that containing, or at least immo-
bilizing, the CSCs in a nano self-assembling material might
help prevent prostate tumor progression or metastasis. Here
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we report that CSCs from prostate cancer cell lines remained
quiescent for more than 28 days when embedded in SAP.
When the prostate CSCs were embedded in 1% and 3% SAP,
most of the CSCs remained single cells 14 days after plating
in a non-adherent plate; no prostaspheres could be detected
14 days after plating, suggesting that self-renewal was sig-
nificantly suppressed. In the controls, prostate CSCs began to
divide one day after plating in a non-adherent plate and pros-
taspheres were visible at day 10, indicating the active self-
renewal property of the prostate CSCs. Our findings suggest
that SAP can completely inhibit a prostate CSC from self-
renewal while preserving its viability and CSC property.
Therefore, SAP can be an effective nanomaterial for inhibit-
ing cancer progression and metastasis to stop the progression
during treatment and removal.

Cancer Stem Cells

[0162] Inoneembodiment, the presentinventionprovides a
method for inhibiting cancer stem cell division by contacting
the exterior of the cancer stem cell with at least one nanoma-
terial. The nanomaterial can be a plurality of self-assembling
peptides. The self-assembling peptides can include any of a
number of self-assembling peptides known to those skilled in
the art. Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADA16-1, is used to contact the exterior of cancer
stem cells. It will be understood by those skilled in the art,
other similar self-assembling peptides can be used inter-
changeably with this invention.

[0163] Possible cancer stem cells of this embodiment ofthe
invention can include those originating from cancers of the
brain, breast, colon, ovary, pancreas, prostate, and blood (i.e.
leukemic). In one aspect of the present invention, prostate
cancer stem cells are contacted by a nanomaterial (i.e. self-
assembling peptide). As would be understood by those skilled
in the art, other cancer stem cells can be similarly, or identi-
cally, affected by the methods and compositions of the
present invention.

[0164] In one aspect of the invention, a therapeutically
effective amount of the nanomaterial (e.g. self-assembling
peptide) can be introduced into a subject to inhibit cancer
stem cell division. In another aspect, a pharmaceutically
acceptable excipient is introduced in combination with the
nanomaterial.

[0165] In another embodiment, the present invention pro-
vides a method for isolating a cancer cell by contacting the
exterior of the cancer cell with at least one nanomaterial. The
nanomaterial can be a plurality of self-assembling peptides.
The self-assembling peptides can include any of a number of
self-assembling peptides known to those skilled in the art.
Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one aspect of
the present invention, the self-assembling peptide, RADA16-
1, is used to contact the exterior of cancer cells. It will be
understood by those skilled in the art, other similar self-
assembling peptides can be used interchangeably with this
invention.

[0166] In another embodiment, the present invention pro-
vides a method for inhibiting cancer stem cell colony forma-
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tion by contacting the exterior of the cancer stem cell with at
least one nanomaterial. The nanomaterial can be a plurality of
self-assembling peptides. The self-assembling peptides can
include any of a number of self-assembling peptides known to
those skilled in the art. Self-assembling peptides of this inven-
tion can include amphiphilic peptides that comprise substan-
tially equal proportions of hydrophobic and hydrophilic
amino acids and are complementary and structurally compat-
ible. In one exemplary aspect of the present invention, the
self-assembling peptide, RADA16-1, is used to contact the
exterior of cancer stem cells. It will be understood by those
skilled in the art, other similar self-assembling peptides can
be used interchangeably with this invention.

[0167] Possible cancer stem cells of this embodiment of the
invention can include those originating from cancers of the
brain, breast, colon, ovary, pancreas, prostate, and blood (i.e.
leukemic). In one aspect of the present invention, prostate
cancer stem cells are contacted by a nanomaterial (i.e. self-
assembling peptide). As will be understood by those skilled in
the art, other cancer stem cells can be similarly, or identically,
affected by the methods and compositions of the present
invention.

[0168] In another embodiment, the present invention pro-
vides a method for inhibition of self-renewal by contacting
the exterior of the cancer stem cell with at least one nanoma-
terial. The nanomaterial can be a plurality of self-assembling
peptides. The self-assembling peptides can include any of a
number of self-assembling peptides known to those skilled in
the art. Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADAI16-1, is used to contact the exterior of cancer
stem cells. It will be understood by those skilled in the art,
other similar self-assembling peptides can be used inter-
changeably with this invention.

[0169] Possible cancer stem cells of this embodiment of the
invention can include those originating from cancers of the
brain, breast, colon, ovary, pancreas, prostate, and blood (i.e.
leukemic). In one aspect of the present invention, prostate
cancer stem cells are contacted by a nanomaterial (i.e. self-
assembling peptide). As will be understood by those skilled in
the art, other cancer stem cells can be similarly, or identically,
affected by the methods and compositions of the present
invention.

[0170] In another embodiment, the present invention pro-
vides a method for inhibiting cancer stem cell spheroid for-
mation by contacting the exterior of the cancer stem cell with
at least one nanomaterial.

[0171] The nanomaterial can be a plurality of self-assem-
bling peptides. The self-assembling peptides can include any
of a number of self-assembling peptides known to those
skilled in the art. Self-assembling peptides of this invention
can include amphiphilic peptides that comprise substantially
equal proportions of hydrophobic and hydrophilic amino
acids and are complementary and structurally compatible. In
one exemplary aspect of the present invention, the self-as-
sembling peptide, RADA16-I, is used to contact the exterior
of cancer stem cells. It will be understood by those skilled in
the art, other similar self-assembling peptides can be used
interchangeably with this invention.

[0172] Possible cancer stem cells of this embodiment of the
invention can include those originating from cancers of the
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brain, breast, colon, ovary, pancreas, prostate, and blood (i.e.
leukemic). In one aspect of the present invention, prostate
cancer stem cells are contacted by a nanomaterial (i.e. self-
assembling peptide). As will be understood by those skilled in
the art, other cancer stem cells can be similarly, or identically,
affected by the methods and compositions of the present
invention.

Metastasis of Cancer Cells

[0173] In another embodiment, the present invention pro-
vides a method for inhibiting metastasis of a cancer cell, the
method comprising introducing a nanomaterial to the exterior
of the cancer cell. The nanomaterial can be a plurality of
self-assembling peptides. The self-assembling peptides can
include any of a number of self-assembling peptides known to
those skilled in the art. Self-assembling peptides of this inven-
tion can include amphiphilic peptides that comprise substan-
tially equal proportions of hydrophobic and hydrophilic
amino acids and are complementary and structurally compat-
ible. In one exemplary aspect of the present invention, the
self-assembling peptide, RADA16-1, is used to contact the
exterior of cancer cells. It will be understood by those skilled
in the art, other similar self-assembling peptides can be used
interchangeably with this invention.

[0174] Possible cancer cells of this embodiment of the
invention can include those originating from cancers of the
brain, lung, connective tissue, mesenchyme, germ cells, tes-
tes, eyes, skin, kidney, lymphatics, adrenal gland, cervix,
esophagus, stomach, head and neck, liver, larynx, neurons,
urethra, vagina, bladder, bone, breast, colon, ovary, pancreas,
prostate, and blood (i.e. leukemic). In one aspect of the
present invention, prostate cancer stem cells are contacted by
a nanomaterial (i.e. self-assembling peptide). As will be
understood by those skilled in the art, other cancer stem cells
can be similarly, or identically, affected by the methods and
compositions of the present invention. In another aspect of the
present invention, the cancer cells can include cancer stem
cells. It will be understood by those skilled in the art that the
present invention can be applied to other cell types besides
cancer cells, notably non-cancerous cell types.

[0175] In one aspect of the invention, a therapeutically
effective amount of the nanomaterial (e.g. self-assembling
peptide) can be introduced into a subject to inhibit metastasis.
In another aspect, a pharmaceutically acceptable excipient is
introduced in combination with the nanomaterial.

[0176] In another embodiment, the present invention pro-
vides a method for inhibiting progression of a tumor, the
method comprising contacting the tumor with at least one
nanomaterial. The nanomaterial can be a plurality of self-
assembling peptides. The self-assembling peptides can
include any of anumber of self-assembling peptides known to
those skilled in the art. Self-assembling peptides of this inven-
tion can include amphiphilic peptides that comprise substan-
tially equal proportions of hydrophobic and hydrophilic
amino acids and are complementary and structurally compat-
ible. In one exemplary aspect of the present invention, the
self-assembling peptide, RADA16-1, is used to contact the
tumor. It will be understood by those skilled in the art, other
similar self-assembling peptides can be used interchangeably
with this invention.

[0177] Tumors of this embodiment of the present invention
include malignant and non-malignant tumor types. The meth-
ods of the invention can be carried out prior to a non-malig-
nant tumor becoming malignant. Possible tumor types to be
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contacted by the method of this embodiment can include
those originating from cells of the brain, lung, connective
tissue, mesenchyme, germline, testes, eyes, skin, kidney,
lymphatics, adrenal gland, cervix, esophagus, stomach, head
and neck, liver, larynx, neurons, urethra, vagina, bladder,
bone, breast, colon, ovary, pancreas, prostate, and blood (i.e.
leukemic). In one aspect of the present invention, prostate
tumors are contacted by a nanomaterial (i.e. self-assembling
peptide). As would be understood by those skilled in the art,
other tumor types can be similarly, or identically, affected by
the methods and compositions of the present invention.
[0178] In one aspect of the invention, a therapeutically
effective amount of the nanomaterial (e.g. self-assembling
peptide) can be introduced into a subject to inhibit progres-
sion of a tumor. In another aspect, a pharmaceutically accept-
able excipient is introduced in combination with the nanoma-
terial.

Treatment of Cancer

[0179] In another embodiment, the present invention pro-
vides a method for treatment of cancer, the method compris-
ing introducing at least one nanomaterial at the cancer. The
nanomaterial can be a plurality of self-assembling peptides.
The self-assembling peptides can include any of a number of
self-assembling peptides known to those skilled in the art.
Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADA16-1, is used to contact the cancer. It will be
understood by those skilled in the art, other similar self-
assembling peptides can be used interchangeably with this
invention.

[0180] Cancers that can be treated by the methods of the
present invention include carcinoma, sarcoma, leukemia,
lymphoma, and central nervous system cancers. In one aspect
of the present invention, prostate cancer is treated. As would
be understood by those skilled in the art, other cancer types
can be similarly, or identically, affected by the methods and
compositions of the present invention. Note: do we need to
add what type of seeding of the material? See new insert at
[0022].

[0181] In one aspect of the present invention, one or more
chemotherapeutic agents and/or other antitumor agents can
also be introduced at the cancer.

[0182] Inoneaspect ofthe present invention, the cancer can
be further treated with radiation. The radiation can include
ionizing radiation. The ionizing radiation can include x-rays,
gamma rays, or particle radiation. Particle radiation can
include electrons, protons, neutrons, alpha particles, and beta
particles.

[0183] Inoneaspect ofthe present invention, the cancer can
be further treated by freezing. The source would typically be
liquid nitrogen or argon gas.

[0184] Inoneaspect of the present invention, the cancer can
be treated with one or more nanomaterial and one or more
chemotherapeutic agent. In another aspect of the present
invention, the cancer can be treated with one or more nano-
material and radiation. [n another aspect of the present inven-
tion, the cancer can be treated with one or more nanomaterial
and freezing. In another aspect of the present invention, the
cancer can be treated with one or more nanomaterial and any
combination of the following: freezing, one or more chemo-
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therapeutic agent, and radiation. In yet another aspect of the
present invention, the cancer can be treated with one or more
self-assembling peptide and any combination of the follow-
ing: freezing, one or more chemotherapeutic agent, and radia-
tion.

[0185] In one aspect of the invention, a therapeutically
effective amount of the nanomaterial (e.g. self-assembling
peptide) can be introduced into a subject to treat cancer. In
another aspect, a pharmaceutically acceptable excipient can
be introduced in combination with the nanomaterial.

Induction and Maintenance of Cell Stasis

[0186] In another embodiment, the present invention pro-
vides a method for inducing cell stasis, the method compris-
ing contacting the exterior of the at least one cell with at least
one nanomaterial. The nanomaterial can be a plurality of
self-assembling peptides. The self-assembling peptides can
include any of a number of self-assembling peptides known to
those skilled in the art. Self-assembling peptides of this inven-
tion can include amphiphilic peptides that comprise substan-
tially equal proportions of hydrophobic and hydrophilic
amino acids and are complementary and structurally compat-
ible. In one exemplary aspect of the present invention, the
self-assembling peptide, RADA16-1, is used to contact the
cell. It will be understood by those skilled in the art, other
similar self-assembling peptides can be used interchangeably
with this invention.

[0187] Inanother aspect of the present invention, cells from
a vertebrate animal can be used. Possible cells useful in this
embodiment of the invention can include those originating
from the brain, lung, connective tissue, mesenchyme, germ
cells, testes, eyes, skin, kidney. lymphatics, adrenal gland,
cervix, esophagus, stomach, head and neck, liver, larynx,
neurons, urethra, vagina, bladder, bone, breast, colon, ovary,
pancreas, prostate, and blood (i.e. leukemic). As would be
understood by those skilled in the art, other cell types can be
similarly, or identically, affected by the methods and compo-
sitions of the present invention. In another aspect of the
present invention, the cells can include cancer cells. In
another aspect of the present invention, the cells can include
cancer stem cells. In another aspect of the present invention,
the cells from an invertebrate can be used. It would be under-
stood by those skilled in the art that the present invention can
be applied to virtually any cell type.

[0188] In another embodiment, the present invention pro-
vides a method for inducing and maintaining stasis in cul-
tured cells, the method comprising: seeding at least one cell in
a vessel and contacting the at least one cell with at least one
nanomaterial, whereby the at least one nanomaterial self-
assembles around the at least one cell, causing stasis. The
nanomaterial can be a plurality of self-assembling peptides.
The self-assembling peptides can include any of a number of
self-assembling peptides known to those skilled in the art.
Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADA16-, is used to contact the cell. It will be
understood by those skilled in the art, other similar self-
assembling peptides can be used interchangeably with this
invention.

[0189] Inanotheraspectofthe present invention, cells from
a vertebrate animal can be used. Possible cells of this embodi-
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ment of the invention can include those originating from the
brain, lung, connective tissue, mesenchyme, germ cells, tes-
tes, eves, skin, kidney, lymphatics, adrenal gland, cervix,
esophagus, stomach, head and neck, liver, larynx, neurons,
urethra, vagina, bladder, bone, breast, colon, ovary, pancreas,
prostate, and blood (i.e. leukemic). As would be understood
by those skilled in the art, other cell types can be similarly, or
identically, affected by the methods and compositions of the
present invention. In another aspect of the present invention,
the cells can include cancer cells. In another aspect of the
present invention, the cells can include cancer stem cells. In
another aspect of the present invention, the cells from an
invertebrate can be used. It would be understood by those
skilled in the art that the present invention can be applied to
virtually any cell type.

[0190] A vessel for seeding cells can include any cell cul-
ture vessel made of plastic, glass, or other composite materi-
als used by those skilled in the art.

Compositions, Cell Culture, and Kits

[0191] In another embodiment, the present invention pro-
vides a composition that inhibits cancer cell division, the
composition comprising at least one nanomaterial. The nano-
material can be a plurality of self-assembling peptides. The
self-assembling peptides can include any of a number of
self-assembling peptides known to those skilled in the art.
Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide of the composition is RADA16-1. 1t will be under-
stood by those skilled in the art, other similar self-assembling
peptides could be used interchangeably with this invention.
[0192] Inone aspect of the present invention, the composi-
tion can include one or more chemotherapeutic agents and/or
other antitumor agents.

[0193] In one aspect of the invention, a therapeutically
effective amount of the composition can be used to inhibit
cancer cell division. In another aspect, a pharmaceutically
acceptable excipient can be introduced in combination with
the composition.

[0194] In another embodiment, the present invention pro-
vides a composition for coating a tumor, the composition
comprising at least one nanomaterial. The nanomaterial can
be a plurality of self-assembling peptides. The self-assem-
bling peptides caninclude any of a number of self-assembling
peptides known to those skilled in the art. Self-assembling
peptides of this invention can include amphiphilic peptides
that comprise substantially equal proportions of hydrophobic
and hydrophilic amino acids and are complementary and
structurally compatible. In one exemplary aspect of the
present invention, the self-assembling peptide of the compo-
sition is RADA16-1. It will be understood by those skilled in
the art, other similar self-assembling peptides could be used
interchangeably with this invention.

[0195] Inoneaspect of the present invention, the composi-
tion can include one or more chemotherapeutic agents and/or
other antitumor agents.

[0196] In another embodiment, the present invention pro-
vides a method for treatment of cancer by introducing a
composition that inhibits cancer cell division, the composi-
tion comprising at least one nanomaterial. The nanomaterial
can be a plurality of self-assembling peptides. The self-as-
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sembling peptides can include any of a number of self-assem-
bling peptides known to those skilled in the art. Self-assem-
bling peptides of this invention can include amphiphilic
peptides that comprise substantially equal proportions of
hydrophobic and hydrophilic amino acids and are comple-
mentary and structurally compatible. In one exemplary aspect
of the present invention, the self-assembling peptide,
RADA16-L, is included in the composition. It will be under-
stood by those skilled in the art, other similar self-assenbling
peptides could be used interchangeably with this invention.

[0197] Possible cancer types that can be treated by this
embodiment of the invention can include those originating
from cancers of the brain, lung, connective tissue, mesen-
chyme, germ cells, testes, eyes, skin, kidney, lymphatics,
adrenal gland, cervix, esophagus, stomach, head and neck,
liver, larynx, neurons, urethra, vagina, bladder, bone, breast,
colon, ovary, pancreas, prostate, and blood (i.e. leukemic). In
one aspect of the present invention, prostate cancer can be
treated by the composition. As would be understood by those
skilled in the art, other cancer types can be similarly, or
identically, affected by the methods and compositions of the
present invention. [t would be understood by those skilled in
the art that the present invention can be applied to non-can-
cerous cell types as well.

[0198] In one aspect of the invention, a therapeutically
effective amount of the composition can be introduced into a
subject. The introduction of the composition can be at the site
of the cancer. The introduction of the composition can also
occur adjacent to the cancer. Also, the introduction of the
composition into the subject can occur in some other region of
the body away from the cancer. In another aspect, a pharma-
ceutically acceptable excipient can be introduced in combi-
nation with the nanomaterial.

[0199] Inone aspect of the present invention, the composi-
tion being introduced to the cancer can include one or more
chemotherapeutic agents and/or other antitumor agents.

[0200] Tnoneaspect ofthe presentinvention, the cancer can
be treated with the composition of the present invention and
one or more chemotherapeutic agent. In another aspect of the
present invention, the cancer can be treated with the compo-
sition of the present invention and radiation.

[0201] Inanotheraspect of the present invention, the cancer
can be treated with the composition of the present invention
and freezing. In another aspect of the present invention, the
cancer can be treated with the composition of the present
invention and any combination of the following: freezing, one
or more chemotherapeutic agent, and radiation.

[0202] In another embodiment, the present invention pro-
vides a cell culture comprising at least one cell and a nano-
material, wherein the nanomaterial assembles around the at
least one cell.

[0203] The nanomaterial can be a plurality of self-assem-
bling peptides. The self-assembling peptides can include any
of a number of self-assembling peptides known to those
skilled in the art. Self-assembling peptides of this invention
can include amphiphilic peptides that comprise substantially
equal proportions of hydrophobic and hydrophilic amino
acids and are complementary and structurally compatible. In
one exemplary aspect of the present invention, the self-as-
sembling peptide, RADA16-1, is included in the composition.
It will be understood by those skilled in the art, other similar
self-assembling peptides could be used interchangeably with
this invention.
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[0204] Inanotheraspect of the present invention, cells from
avertebrate animal can be used. Possible cells of this embodi-
ment of the invention can include those originating from the
brain, lung, connective tissue, mesenchyme, germ cells, tes-
tes, eves, skin, kidney, lymphatics, adrenal gland, cervix,
esophagus, stomach, head and neck, liver, larynx, neurons,
urethra, vagina, bladder, bone, breast, colon, ovary, pancreas,
prostate, and blood (i.e. leukemic). As would be understood
by those skilled in the art, other cell types can be similarly, or
identically, affected by the methods and compositions of the
present invention. In another aspect of the present invention,
the cells can include cancer cells. In another aspect of the
present invention, the cells can include cancer stem cells. In
another aspect of the present invention, the cells from an
invertebrate can be used. It would be understood by those
skilled in the art that the present invention can be applied to
virtually any cell type.

[0205] In another embodiment, the present invention pro-
vides a kit for inhibiting cancer progression, the kit compris-
ing at least one nanomaterial solution and at least one che-
motherapeutic agent. The kit also includes instructions for
use of the kit. The nanomaterial solution is made up of a
nanomaterial dissolved or suspended in water or any type of
buffer solution known to those skilled in the art. The nano-
material can be a plurality of self-assembling peptides. The
self-assembling peptides can include any of a number of
self-assembling peptides known to those skilled in the art.
Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADA16-1, is included in the nanomaterial solution.
It will be understood by those skilled in the art, other similar
self-assembling peptides could be used interchangeably with
this invention.

Surgical Applications

[0206] In another embodiment, the present invention pro-
vides a method for inhibiting metastasis of cancer cells
before, during, or after a surgical treatment or procedure, the
method comprising: introducing at least one nanomaterial at
the area of surgical procedure and performing the surgical
procedure, whereby the at least one nanomaterial surrounds
the cancer cells and inhibits release of the cancer cells into the
area of surgical procedure, thus inhibiting metastasis. The
nanomaterial can be a plurality of self-assembling peptides.
The self-assembling peptides can include any of a number of
self-assembling peptides known to those skilled in the art.
Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADA16-1, can be used in the method. It will be
understood by those skilled in the art, other similar self-
assembling peptides could be used interchangeably with this
invention.

[0207] In one aspect of the present invention, the surgical
procedure is a biopsy. A biopsy can include an aspiration (fine
needle), a cone biopsy, a core needle biopsy, a suction assisted
core biopsy, an endoscopic biopsy, a punch biopsy. a surface
biopsy, or an excisional (surgical) biopsy. In one aspect, fine
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needle biopsy is performed as the surgical procedure. In
another aspect, excision of either a piece or the entire tumor or
cancer cell is performed.

[0208] In one aspect of the invention, a therapeutically
effective amount of the nanomaterial (e.g. self-assembling
peptide) can be introduced into a subject to inhibit metastasis.
In another aspect, a pharmaceutically acceptable excipient
can be introduced in combination with the nanomaterial.

[0209] In another embodiment, the present invention pro-
vides a method for inhibiting bleeding during and after a
surgical treatment or procedure, the method comprising intro-
ducing at least one nanomaterial at an area of surgical proce-
dure. The nanomaterial can be a plurality of self-assembling
peptides. The self-assembling peptides can include any of a
number of self-assembling peptides known to those skilled in
the art. Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADA16-1, can be used in the method. It will be
understood by those skilled in the art, other similar self-
assembling peptides could be used interchangeably with this
invention.

[0210] In one aspect of the invention, a therapeutically
effective amount of the nanomaterial (e.g. self-assembling
peptide) can be introduced into a subject to inhibit movement
of cells. In another aspect, a pharmaceutically acceptable
excipient can be introduced in combination with the nanoma-
terial. This paragraph is covered in another patent. Yes, no
harm keeping it in here to if filed same day.

[0211] 1Inone aspect of the invention, the nanomaterial can
be introduced in combination with a blood coagulation factor
or other mechanical means, such as stitches. The nanomate-
rial can also be introduced before or after the blood coagula-
tion factor, or other mechanical means, is introduced.

[0212] In one aspect of the present invention, the surgical
procedure is a biopsy. A biopsy can include an aspiration (fine
needle), a cone biopsy, a core needle biopsy, a suction assisted
core biopsy, an endoscopic biopsy, a punch biopsy, a surface
biopsy, or an excisional (surgical) biopsy. In one aspect, fine
needle biopsy is performed as the surgical procedure. In
another aspect, excision of a piece, or the entire tumor, cancer
cell, or tissue, is performed. It would be understood by those
skilled in the art that the invention could be applied to virtu-
ally any surgical procedure or treatment, including those pro-
cedures that involve diseased and non-diseased organs, tis-
sues, and cells.

[0213] In another embodiment, the present invention pro-
vides a method for marking the margins of a tumor, the
method comprising introducing at least one nanomaterial at
the tumor, whereby the at least one nanomaterial self-as-
sembles around the margins of the tumor, providing the mark-
ing. The nanomaterial can be a plurality of self-assembling
peptides. The self-assembling peptides can include any of a
number of self-assembling peptides known to those skilled in
the art. Self-assembling peptides of this invention can include
amphiphilic peptides that comprise substantially equal pro-
portions of hydrophobic and hydrophilic amino acids and are
complementary and structurally compatible. In one exem-
plary aspect of the present invention, the self-assembling
peptide, RADA16-1, can be used in the method. It will be



US 2011/0144023 Al

understood by those skilled in the art, other similar self-
assembling peptides could be used interchangeably with this
invention.

[0214] In one aspect of the invention, the nanomaterial is
linked to a molecular tag, or label, to aid in visualization of the
margins.

EXAMPLES

[0215] The following examples are included to demon-
strate certain embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples represent techniques that function
well in the practice of the invention. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a similar result without
departing from the scope of the invention.

Preparation of the Sap Solution

[0216] TheSAPsolution was prepared by using RADA16-1
dry powder (made in the Ellis-Behnke lab) and mixed in an
Eppendorf tube. The solution contained 10 or 30 mg of
RADA16-1 powder in 1 ml of Milli-Q water (Millipore Corp.,
Billerica Mass.), mixed, then sonicated for 30 seconds and
filtered; this produced 1% and 3% SAP, respectively.

Culture Medium Preparation

[0217] Pre-mix medium for spheroid assay. Mix 50 ml
SFM (DMEM-F12-high glucose with 0.25% methylcellu-
lose) and add 1 ml b27 per 50 ml SFM (50x stock). The
growth factors are: fibroblast growth factor-basic (FGF)
(Sigma cat. no.F0291)-25 pg dissolvedin 1.0ml of 5 mM Tris
(pH 7.6) and sterilized with a 0.22 pm pore size filter (make
20 pl aliquots (stored at =20° C.) and add 10 pl per 50 ml of
SFM); Epidermal growth factor (EGF) (Sigma cat. no.
E4127)-0.1 mg dissolved in 1.0 ml of phosphate-buffered
saline containing 0.1% bovine serum albumin (Sigma cat. no.
A7511) (make 20 ml aliquots (stored at -20° C.) and add 10
wl per 50 ml of SFM); Insulin 10 mg/ml-add 20 pl per 50 ml.

Cell Preparation

[0218] To remove prostate cancer cells (DU145, ATCC,
Rockville, Md.) from adherent culture, trypsin was used to
liberate and then re-suspend 400 cells per 1 ul plated in each
well (10). Before plating the cells, the plate was coated with
polyhema (Sigma, St. Louis, Mo.).

SAP Preparation

[0219] Untreated SAP solution has a very low pH (about
3-4). We neutralized the SAP solution in culture medium
before implanting cells in the material. Briefly, for both 1%
and 3%, SAP was placed in a dry dish and then 500 ul of
culture medium added at the edge of the dish. This was to
ensure that the culture medium would not wash the SAP
away. The self-assembly occurred as soon as the material
made contact with the medium. The medium was changed
once at 30 minutes, and then removed. The 400 cells were
placed either in the assembled SAP or a control well. Culture
medium was then added at the edge of the dish in both SAP
cases, and topped up every 2 days to compensate for evapo-
ration. On day 14, the cells were vigorously washed out of the
SAP using culture medium. In the 1% case, group 1 (n=4), the
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cells and SAP were moved to a new well and contents were
washed multiple times to separate them from the SAP. In the
3% case, group 2 (n=4), the wells were also vigorously
washed to remove the cells from the SAP. However, in both
the 1% and 3% SAP concentration, not all of the cells were
liberated. The culture continued to grow for 28 days at which
point the wells were fixed with 4% paraformaldahyde.

Imaging of Cultures

[0220] The cultures were observed with an inverted micro-
scope and pictures were taken.

1% SAP Concentration

[0221] Ingroup 1 (n=4), the cells in the 1% SAP remained
quiescent (FIGS. 1A, D, G and J). When the cells were
washed out of the material, the colony formation proceeded in
a normal fashion. After replating the washed out 1% SAP
group of cells into the non-adherent plate, prostaspheres were
visible after 8 days (FIG. 1M), with colonization visible
beginning at 10 days post-washout, confirming that CSC-
embedded cells were viable and capable of self-renewal.
However, the remaining cells in each of the four wells of the
1% SAP continued to be quiescent for up to 28 days, showing
no evidence of division and colony formation. In the majority
of cells that were washed free of the 1% material, colony
formation proceeded (FIG. 1M).

3% SAP Concentration

[0222] Group 2 (n=4) results were similar to group 1. In the
3% SAP, no colony formed while cells were resident in the
material (FIGS. 1B, E, H, K and L). When the cells were
washed free of the material, the percentage of cells that were
retained by the SAP was much greater in the 3% material than
in the 1%. The cells that remained in the material showed no
cell division or colony formation at 28 days. In the cells that
were washed out of the SAP, prostaspheres were evident in 8
days post-washout and colony formation proceeded, similar
in size and growth rate as the controls (FIG. IN). FIG. 10
shows acolony that was formed when the cell was washed out
ofthe 3% material. Next to the colony there is a cell that is still
encased in the material and has not divided (FIG. 10, inset).

Controls

[0223] Inthe controls (n=2), the colony formation began as
early as day 1 (FIG. 1C) and proceeded such that at the end of
10 days all of the cells that were floating had formed colonies
(FIG. 1I). The colony size was similar in the experimental
groups at the end of 28 days for all of the floating cells.

Results

[0224] Metastatic prostate cancer cells (DU145), when
placed in 1% concentration SAP (group 1) and 3% concen-
tration SAP (group 2), saw delayed division and formation of
colonies for the duration of the cells” encapsulation in the
material. In the controls, all of the cells that were floating had
formed colonies by the end of 14 days. However, if the cells
were completely surrounded by the material, no colonies
were seen. In some cases, if part of the cell was exposed, a
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colony of reduced size was seen. We were able to suspend the
proliferation of cells out to 28 days; then the experiment was
stopped.

Discussion

[0225] The use of the nanomaterial stops the formation of
colonies in cancer stem cells, appearing to mimic extracellu-
lar matrix (ECM) and cell-cell contact. Unlike Matrigel™,
the material does not contain any other additives; the only
difference between the groups was the concentration of the
material.

[0226] Cell Division is Stopped

[0227] Ineach group, cells placed in the SAP stopped both
the division of cancer cells in vitro and subsequent colony
formation. This shows that colonization of stem cells could be
delayed in order to stop or slow the metastasis of cancer cells
before or during a surgical procedure or treatment.

[0228] Cells Remain Alive and in Stasis

[0229] The nanomaterials appear to mimic cell-cell inter-
action, thus causing the cell to go into stasis, stop dividing and
inhibit tumor progression and metastasis by suppressing the
self-renewing ability of the prostate CSCs.

[0230] Stasis does not Change the Phenotype of the Cell
[0231] Once the cells are liberated from the material, they
will grow and multiply, similar to the control cells when first
placed into the culture medium.

[0232] Cancer Stem Cells Unaltered

[0233] The ability to form spheroids under non-adherent
culture condition is one of the characteristics of cancer stem
cells. Cells that are liberated from the nanomaterial not only
can proliferate, but can also form spheroids again in floating
culture, demonstrating that the stem cell property of the pros-
tate cancer cells was preserved by the self-assembled nano-
materials.

CONCLUSIONS

[0234] One area that has been a problem for cancer spread
is malignant seeding. The term is often used in the context of
the inadvertent spread of cancer cells through clinical pro-
cesses (5) (2) (8). Tumors that are biopsied, or otherwise
‘interfered with,” have a higher incidence of metastasis than
tumors that were removed in an untouched block with wide
margins and good tumor hygiene. The nanomaterials of the
present invention could be used to stop the spread and limit
the growth of metastatic cells by tricking them into thinking
they are next to other cancer cells. This slows or stops the
signal that triggers the spread of cancer cells. Likewise, if a
channel is created by the nanomaterial for needle insertion
and removal in tumors, cells will be stripped from the needle
at the interface of the tumor and the nanomaterial; thus, inhi-
bition of the escape of cancer cells along the biopsy track is
accomplished.

[0235] The use of the nanomaterial of the present invention
allows us to mimic the ECM of the tumor environment, trick-
ing metastasis, thus slowing the tumor growth and allowing
for a more thorough and effective treatment.

[0236] An invitro embodiment of the present invention can
include a system to study the spread and/or interaction of
cancer cells in three dimensions, wherein by changing the
sequence, it is possible to observe various interactions and
study transformation of cancer cells and the contribution of
the physical and/or chemical environment. This is possible
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since the environment created by the nanomaterial mimics the
ECM of early development and how it changes over time.
[0237] By injecting the nanomaterial directly into the
tumor one can inhibit stop the spread of metastatic cells
before or during resection. In addition, by loading the SAP
material with chemotherapeutic agents, the efficacy of the
localized treatment can be increased due to the increased
contact time.
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Med 351(15):1513-1520; 2004.

[0250] 13. Reya, T.; Morrison, S. J.; Clarke, M. F.; Weiss-
man, I. L. Stem cells, cancer, and cancer stem cells. Nature
414(6859):105-111; 2001.

[0251] 14. Tannock, 1. F.; de Wit, R.; Berry, W.R.; Horti, J.;
Pluzanska, A.; Chi, K. N.; Oudard, S.; Theodore, C.;
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James, N. D.; Turesson, I. and others. Docetaxel plus pred-
nisone or mitoxantrone plus prednisone for advanced pros-
tate cancer. N Engl ] Med 351(15):1502-1512; 2004.
[0252] 15.Zhou, S.; Schuetz, J. D.; Bunting, K. D.; Colapi-
etro, A. M.; Sampath, J.; Morris, J. J.; Lagutina, 1.; Gros-
veld, G. C.; Osawa, M.: Nakauchi, H. and others. The ABC
transporter Berpl/ABCG2 is expressed in a wide variety of
stem cells and is a molecular determinant of the side-
population phenotype. Nat Med 7(9):1028-1034; 2001.
[0253] The above references are herein incorporated by
reference in their entirety to the extent they are not inconsis-
tent with the explicit teachings herein.
[0254] Itis to be appreciated that the Detailed Description
section, and not the Summary and Abstract sections, is
intended to be used to interpret the claims. The Summary and
Abstract sections may set forth one or more but not all exem-
plary embodiments of the present invention as contemplated
by the inventor(s), and thus, are not intended to limit the
present invention and the appended claims in any way.
[0255] The present invention has been described above
with the aid of functional building blocks illustrating the
implementation of specified functions and relationships
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thereof. The boundaries of these functional building blocks
have been arbitrarily defined herein for the convenience of the
description. Alternate boundaries can be defined so long as
the specified functions and relationships thereof are appro-
priately performed.

[0256] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the invention
that others can, by applying knowledge within the skill of the
art, readily modify and/or adapt for various applications such
specific embodiments, without undue experimentation, with-
out departing from the general concept of the present inven-
tion. Therefore, such adaptations and modifications are
intended to be within the meaning and range of equivalents of
the disclosed embodiments, based on the teaching and guid-
ance presented herein. It is to be understood that the phrase-
ology or terminology herein is for the purpose of description
and not of limitation, such that the terminology or phraseol-
ogy of the present specification is to be interpreted by the
skilled artisan in light of the teachings and guidance.

[0257] The breadth and scope of the present invention
should not be limited by any of the above-described exem-
plary embodiments, but should be defined only in accordance
with the following claims and their equivalents.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 76

<210> SEQ ID NO 1

<211> LENGTH: 16

<212> TYPE: PRT

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

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 1

Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala

1 5 10

<210> SEQ ID NO 2

«<211> LENGTH: 16

<212> TYPE: PRT

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

15

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 2

Arg Ala Asp Ala Arg Gly Asp Ala Arg Ala Asp Ala Arg Gly Asp Ala

1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 8

<212> TYPE: PRT

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

15

<223> OTHER INFORMATION: Exemplary self assembling peptide

«<400> SEQUENCE: 3

Arg Ala Asp Ala Arg Ala Asp Ala
1 5

<210> SEQ ID NO 4
<211> LENGTH: 16
<212> TYPE: PRT
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 4

Arg Ala Arg Ala Asp Ala Asp 2Ala Arg Ala Arg Ala Asp Ala Asp Ala
1 5 10 15

<210> SEQ ID NO 5

<21l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 5

Arg Ala Arg Ala Asp Ala Asp 2la
1 5

<210> SEQ ID NO 6

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 6

Ala Glu Ala Lys Ala Glu Ala Lys Ala Glu Ala Lys Ala Glu Ala Lys
1 5 10 15

<210> SEQ ID NO 7

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 7

Ala Glu Ala Lys Ala Glu Ala Lys
1 5

<210> SEQ ID NO 8

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 8

Arg Ala Glu Ala Arg Ala Glu 2la Arg Ala Glu Ala Arg Ala Glu Ala
1 5 10 15

<210> SEQ ID NO 9

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 9
Arg Ala Glu Ala Arg Ala Glu 2la

1 5

<210> SEQ ID NO 10
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-continued

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 10

Lys Ala Asp Ala Lys Ala Asp 2la Lys Ala Asp Ala Lys Ala Asp Ala
1 5 10 15

<210> SEQ ID NO 11

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 11

Lys Ala Asp Ala Lys Ala Asp 2la
1 5

<210> SEQ ID NO 12

<21ll> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 12

Ala Glu Ala Glu Ala His Ala His 2la Glu Ala Glu Ala His Ala His
1 5 10 15

<210> SEQ ID NO 13

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 13

Ala Glu Ala Glu Ala His Ala His
1 5

<210> SEQ ID NO 14

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 14

Phe Glu Phe Glu Phe Lys Phe Lys Phe Glu Phe Glu Phe Lys Phe Lys
1 5 10 15

<210> SEQ ID NO 15

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 15

Phe Glu Phe Lys Phe Glu Phe Lys
1 5
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<210> SEQ ID NO 16

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 16

Leu Glu Leu Glu Leu Lys Leu Lys Leu Glu Leu Glu Leu Lys Leu Lys
1 5 10 15

<210> SEQ ID NO 17

<211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 17

Leu Glu Leu Glu Leu Lys Leu Lys
1 5

<210> SEQ ID NO 18

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 18

Ala Glu Ala Glu Ala Lys Ala Lys Ala Glu Ala Glu Ala Lys Ala Lys
1 5 10 15

<210> SEQ ID NO 19

<21l> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 19

Ala Glu Ala Glu Ala Glu Ala Glu Ala Lys Ala Lys
1 5 10

<210> SEQ ID NO 20

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 20

Ala Glu Ala Glu Ala Lys Ala Lys
1 5

<210> SEQ ID NO 21

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 21

Lys Ala Lys Ala Lys Ala Lys 2la Glu Ala Glu Ala Glu Ala Glu Ala
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1 5 10 15

<210> SEQ ID NO 22

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 22

Ala Glu Ala Glu Ala Glu Ala Glu Ala Lys Ala Lys Ala Lys Ala Lys
1 5 10 15

«210> SEQ ID NO 23

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 23

Arg Ala Arg Ala Arg Ala Arg 2Ala Asp Ala Asp Ala Asp Ala Asp Ala
1 5 10 15

<210> SEQ ID NO 24

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 24

Ala Asp Ala Asp Ala Asp Ala 2Asp Ala Arg Ala Arg Ala Arg Ala Arg
1 5 10 15

<210> SEQ ID NO 25

<21l> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 25

Asp Ala Asp Ala Asp Ala Asp Ala Arg Ala Arg Ala Arg Ala Arg Ala
1 5 10 15

<210> SEQ ID NO 26

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 26

Ala Asp Ala Asp Ala Asp Ala Asp Ala Arg Ala Arg Ala Arg Ala Arg
1 5 10 15

<210> SEQ ID NO 27

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 27
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His Glu His Glu His Lys His Lys His Glu His Glu His Lys His Lys
1 5 10 15

<210> SEQ ID NO 28

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 28

Hig Glu His Glu His Lys His Lys
1 5

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 29

Val Glu Val Glu Val Glu Val Glu Val Glu Val Glu Val Glu Val Glu
1 5 10 15

Val Glu Val Glu
20

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 30

Arg Phe Arg Phe Arg Phe Arg Phe Arg Phe Arg Phe Arg Phe Arg Phe
1 5 10 15

Arg Phe Arg Phe
20

<210> SEQ ID NO 31

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 31

Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala
1 5 10

<210> SEQ ID NO 32

<211l> LENGTH: 12

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 32

Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp
1 5 10



US 2011/0144023 Al Jun. 16, 2011
26

-continued

<210> SEQ ID NO 33

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 33

Ala Lys Ala Asp Ala Lys Ala Asp Ala Lys Ala Asp
1 5 10

<210> SEQ ID NO 34

«211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 34

Ala His Ala Asp Ala His Ala 2Asp Ala His Ala Asp
1 5 10

<210> SEQ ID NO 35

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 35

Ala Arg Ala Glu Ala Arg Ala Glu Ala Arg Ala Glu
1 5 10

<210> SEQ ID NO 36

<211> LENGTH: 12

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 36

Ala Lys Ala Glu Ala Lys Ala Glu Ala Lys Ala Glu
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 37

Ala His Ala Glu Ala His Ala Glu 2la Hisg Ala Glu
1 5 10

«210> SEQ ID NO 38

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 38

Ala Lys Ala Lys Ala Glu Ala Glu Ala Lys Ala Lys Ala Glu Ala Glu
1 5 10 15
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<210> SEQ ID NO 39

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 39

Ala Lys Ala Glu Ala Lys Ala Glu Ala Lys Ala Glu Ala Lys Ala Glu
1 5 10 15

<210> SEQ ID NO 40

«211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 40

Glu Ala Lys Ala Glu Ala Lys Ala Glu Ala Lys Ala Glu Ala Lys Ala
1 5 10 15

<210> SEQ ID NO 41

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 41

Lys Ala Glu Ala Lys Ala Glu 2la Lys Ala Glu Ala Lys Ala Glu Ala
1 5 10 15

<210> SEQ ID NO 42

<211> LENGTH: 16

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

«<400> SEQUENCE: 42

Ala Asp Ala Asp Ala Arg Ala Arg Ala Asp Ala Asp Ala Arg Ala Arg
1 5 10 15

<210> SEQ ID NO 43

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 43

Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp
1 5 10 15

<210> SEQ ID NO 44

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 44
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Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala
1 5 10 15

<210> SEQ ID NO 45

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 45

Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg Ala Asp Ala Arg
1 5 10 15

<210> SEQ ID NO 46

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 46

Ala Arg Ala Asp Ala Lys Ala Glu Ala Arg Ala Asp Ala Lys Ala Glu
1 5 10 15

<210> SEQ ID NO 47

«211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 47

Ala Lys Ala Glu Ala Arg Ala 2Asp Ala Lys Ala Glu Ala Arg Ala Asp
1 5 10 15

<210> SEQ ID NO 48

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 48

Ala Arg Ala Lys Ala Asp Ala Glu Ala Arg Ala Lys Ala Asp Ala Glu
1 5 10 15

<210> SEQ ID NO 49

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 49

Ala Lys Ala Arg Ala Glu Ala Agp Ala Lys Ala Arg Ala Asp Ala Glu
1 5 10 15

<210> SEQ ID NO 50

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide



US 2011/0144023 Al Jun. 16, 2011
29

-continued

<400> SEQUENCE: 50

Ala Gln Ala Gln Ala Gln Ala Gln Ala Gln Ala Gln Ala Gln Ala Gln
1 5 10 15

<210> SEQ ID NO 51

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 51

Val Gln Val Gln Val Gln Val Gln Val Gln Val Gln Val Gln Val Gln
1 5 10 15

<210> SEQ ID NO 52

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 52

Tyr Gln Tyr Gln Tyr Gln Tyr Gln Tyr Gln Tyr Gln Tyr Gln Tyr Gln
1 5 10 15

<210> SEQ ID NO 53

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 53

His Gln His Gln His Gln His Gln His Gln His Gln His Gln His Gln
1 5 10 15

<210> SEQ ID NO 54

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 54

Ala Asn Ala Asn Ala Asn Ala Asn Ala Asn Ala Asn Ala Asn Ala Asn
1 5 10 15

<210> SEQ ID NO 55

<211> LENGTH: 16

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

«<400> SEQUENCE: 55

Val Asn Val Asn Val Asn Val 2Asn Val Asn Val Asn Val Asn Val Asn
1 5 10 15

<210> SEQ ID NO 56

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Exemplary self assembling peptide
<400> SEQUENCE: 56

Val Asn Tyr Asn Tyr Asn Tyr 2Asn Tyr Asn Tyr Asn Tyr Asn Tyr Asn
1 5 10 15

<210> SEQ ID NO 57

<21l> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 57

His Asn His Asn His Asn His Asn His Asn His Asn His Asn His Asn
1 5 10 15

<210> SEQ ID NO 58

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 58

Ala Asn Ala Gln Ala Asn Ala Gln Ala Asn Ala Gln Ala Asn Ala Gln
1 5 10 15

<210> SEQ ID NO 59

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 59

Ala Gln Ala Asn Ala Gln Ala 2Asn Ala Gln Ala Asn Ala Gln Ala Asn
1 5 10 15

<210> SEQ ID NO 60

«211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 60

Val Asn Val Gln Val Asn Val Gln Val Asn Val Gln Val Asn Val Gln
1 5 10 15

<210> SEQ ID NO 61

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 61
Val Gln Val Asn Val Gln Val Asn Val Gln Val Asn Val Gln Val Asn

1 5 10 15

<210> SEQ ID NO 62
<211> LENGTH: 16
<212» TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 62

Tyr Asn Tyr Gln Tyr Asn Tyr Gln Tyr Asn Tyr Gln Tyr Asn Tyr Gln
1 5 10 15

<210> SEQ ID NO 63

<21ll> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 63

Tyr Gln Tyr Asn Tyr Gln Tyr Asn Tyr Gln Tyr Asn Tyr Gln Tyr Asn
1 5 10 15

<210> SEQ ID NO 64

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 64

His Asn His Gln His Asn His Gln His Asn His Gln His Asn His Gln
1 5 10 15

<210> SEQ ID NO 65

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 65

His Gln His Asn His Gln His Asn His Gln His Asn His Gln His Asn
1 5 10 15

<210> SEQ ID NO 66

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 66

Ala Lys Ala Gln Ala Asp Ala Lys Ala Gln Ala Asp Ala Lys Ala Gln
1 5 10 15

Ala Asp

<210> SEQ ID NO 67

«211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 67

Val Lys Val Gln Val Asp Val Lys Val Gln Val Asp Val Lys Val Gln
1 5 10 15
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Val Asp

<210> SEQ ID NO 68

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 68

Tyr Lys Tyr Gln Tyr Asp Tyr Lys Tyr Gln Tyr Asp Tyr Lys Tyr Gln
1 5 10 15

Tyr Asp

<210> SEQ ID NO 69

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 69

Hig Lys His Gln His Asp His Lys His Gln His Asp His Lys His Gln
1 5 10 15

His Asp

<210> SEQ ID NO 70

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 70

Ala Asp Ala Asp Ala Lys Ala Lys Ala Asp Ala Asp Ala Lys Ala Lys
1 5 10 15

<210> SEQ ID NO 71

<211> LENGTH: 16

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 71

Lys Ala Lys Ala Lys Ala Lys 2la Lys Ala Lys Ala Lys Ala Lys Ala
1 5 10 15

<210> SEQ ID NO 72

<21ll> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 72

Glu Ala Glu Ala Glu Ala Glu Ala Glu Ala Glu Ala Glu Ala Glu Ala
1 5 10 15

<210> SEQ ID NO 73

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 73

Ala Asp Ala Asp Ala Asp Ala Asp Ala Asp Ala Asp Ala Asp Ala Asp

1 5 10

<210> SEQ ID NO 74

<211> LENGTH: 16

<21l2> TYPE: PRT

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

15

<223> OTHER INFORMATION: Exemplary self assembling peptide

«<400> SEQUENCE: 74

Ala Arg Ala Arg Ala Asp Ala Asp Ala Arg Ala Arg Ala Asp Ala Asp

1 5 10

<210> SEQ ID NO 75

<211> LENGTH: 16

<212> TYPE: PRT

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

15

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 75

Val Arg Val Arg Val Asp Val Asp Val Arg Val Arg Val Asp Val Asp

1 5 10

<210> SEQ ID NO 76

<211> LENGTH: 12

<212> TYPE: PRT

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

15

<223> OTHER INFORMATION: Exemplary self assembling peptide

<400> SEQUENCE: 76

Arg Ala Arg Ala Arg Ala Asp 2Ala Asp Ala Asp Ala
1 5 10

What is claimed is:

1. A method for inducing at least one cell to go into stasis,
the method comprising contacting the exterior of the at least
one cell with an effective amount of at least one nanomaterial,
whereby the cell is induced into stasis.

2. The method of claim 1, wherein the cell is a cancer stem
cell and division, spheroid formation, or self-renewal of the
cancer stem cell is inhibited.

3. The method of claim 1, wherein the at least one nano-
material 1s a plurality of self-assembling peptides.

4. The method of claim 3, wherein the plurality of self-
assembling peptides is RADA16-I.

5. The method of claim 2, wherein the cancer stem cell is a
prostate cancer stem cell.

6. A method for inhibiting metastasis of a cancer cell, the
method comprising introducing a plurality of self-assembling
peptides to the exterior of the cancer cell.

7. The method of claim 6, wherein the plurality of self-
assembling peptides is RADA16-I.

8. The method of claim 6, wherein the cancer cell is a
prostate cancer cell.

9. The method of claim 6, wherein the cancer cell is a
cancer stem cell.

10. The method of claim 1, wherein the cell is a vertebrate
cell.

11. The method of claim 1, wherein the cell is a cancer cell.

12. The method of claim 1, wherein the cell is in a tumor.

13. The method of claim 12, wherein the at least one
nanomaterial is RADA16-I or a plurality of other self-assem-
bling peptides.

14. The method of claim 12, wherein the tumor is a prostate
tumor.

15. A composition that inhibits cancer cell division, the
composition comprising at least one nanomaterial and one or
more chemotherapeutic agents.

16. The composition of claim 15, wherein the at least one
nanomaterial is RADA16-I or a plurality of other self-assem-
bling peptides.

17. A method for treatment of cancer, the method compris-
ing introducing an effective amount of the composition of
claim 16 at the cancer.

18. The method of claim 17, further comprising treating the
cancer with radiation or freezing.
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19. The method of claim 12, further comprising treating the
tumor with radiation or freezing.

20. The method of claim 13, further comprising treating the
cancer with radiation.

21. A method according to claim 1, wherein the cell is one
of a plurality of cells in culture and whereby the at least one
nanomaterial self-assembles around the plurality of cells,
causing stasis.

22. The method of claim 6 performed before, during, or
after a surgical procedure, the method further comprising:

introducing a metastasis-inhibiting effective amount of the

self-assembling peptides at the area of surgical proce-
dure; and

performing the surgical procedure,

whereby the self-assembling peptides surround the cancer

cells and inhibit release of the cancer cells into the area
of surgical procedure, thereby inhibiting metastasis.

23. The method of claim 22, wherein the surgical proce-
dure 1s a biopsy.

24. A kit for inhibiting cancer progression, the kit compris-
ing the combination of:

at least one nanomaterial solution;

at least one chemotherapeutic agent; and
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instructions for using the at least one nanomaterial solution
in connection with the at least one chemotherapeutic
agent.

25. The kit of claim 24, wherein the at least one nanoma-
terial solution comprises RADAL16-1 or another self-assem-
bling peptide.

26. A method for inhibiting bleeding during and after a
surgical procedure, the method comprising introducing an
effective amount of a composition comprising RADA16-1 or
other self-assembling peptides at an area of surgical proce-
dure, whereby bleeding is inhibited.

27. A method for marking the margins of a tumor. the
method comprising introducing a marking-effective amount
of at least one self-assembling nanomaterial at the tumor,

whereby the at least one nanomaterial self-assembles

around the margins of the tumor, thereby providing the
marking.

28. The method of claim 27, wherein the at least one
nanomaterial is RADA16-1 or another self-assembling pep-
tide.

29. The method of claim 5, wherein said nanomaterial is
RADA16-I or another self-assembling peptide.
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