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Provided herein are methods for using a thrombin peptide
derivative to treat a medulloblastoma. In one embodiment,
the method includes administering to a subject having a
medulloblastoma an effective amount of a thrombin peptide
derivative, and exposing cells of the medulloblastoma of the
subject to a cancer treatment after administering the throm-
bin peptide derivative to the subject. An example of a cancer
treatment is radiation therapy. In one embodiment, viability
of cells of the medulloblastoma is decreased compared to
viability of cells of the medulloblastoma before the admin-
istering and the exposing. The cells of the medulloblastoma
having decreased viability can be cancer stem cells. In one
embodiment, shrinkage of the medulloblastoma in the sub-
ject is increased compared to shrinkage of the medulloblas-
toma before the administering and the exposing.
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METHODS OF USING THROMBIN
DERIVATIVES TO TREAT
MEDULLOBLASTOMA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 62/010,553, filed Jun. 11, 2014, which
is incorporated by reference herein.

GOVERNMENT FUNDING

This invention was made with government support under
HHSN261201300076C, awarded by the National Institutes
of Health. The government has certain rights in the inven-
tion.

SEQUENCE LISTING

This application contains a Sequence Listing electroni-
cally submitted to the United States Patent and Trademark
Office via EFS-Web as an ASCII text file entitled
“26500860101 _ST25.txt” having a size of 10.3 kilobytes
and created on Aug. 21, 2015. The information contained in
the Sequence Listing is incorporated by reference herein.

BACKGROUND

Brain cancer is the second leading cause of cancer-related
deaths in children in the United States, with approximately
5000 new cases each year (Cancer Facts & Figures 2015,
Atlanta: American Cancer Society). More specifically,
medulloblastoma is the most common malignant brain
tumor in children, accounting for 25-30% of primary central
nervous system (CNS) tumors (Cancer Facts & Figures
2015, Atlanta: American Cancer Society). Current available
treatment protocols for medulloblastomas include surgical
removal of the tumor, fractionated radiation therapy (RT)
and intensive chemotherapy treatments (Adamski et al.,
F1000Prime Rep., 2014;6: 56). Although, such an intense
treatment regimen yields a promising average S-year sur-
vival rate of 60-80% (Gajjar and Robinson, Nat. Rev. Clin.
Oncol., 2014, 11: 714-722), nearly all survivors experience
hindered quality of life and long-term cognitive dysfunction
due to aggressive RT (Castelo-Branco et al., Pediatr Res.,
2012, 71: 523-528). Moreover, one of the most problematic
issues stems from the recurrence of the disease which occurs
in almost 20% of patients post-treatment, resulting in a
S-year survival rate of less than 5% (Zeltzer et al., J Clin
Oncol., 1999, 17: 832-845).

Medulloblastoma is classified as a stage [V primary tumor
that originates in the cerebellum (Polkinghorn and Tarbell,
Nat. Clin. Pract. Oncol., 2007, 4:295-304). Due to its wide
variability in molecular, histological and clinical profiles,
medulloblastoma has been classified into 4 unique profiles
based on transcriptional studies (Taylor et al., Acta Neuro-
pathol., 2012, 123:465-472). In 2012, an international con-
sensus was reached in naming the four groups, Sonic hedge-
hog (Shh), Wingless (Wnt), Group C and Group D (Taylor
et al., Acta Neuropathol., 2012, 123:465-472). The Shh and
Wnt groups are named according to the regulating pathways
that cause this specific subtype, while the specific driver
mutations for groups C and D remain unknown. Both the
Wnt and Shh pathways have been implicated in promoting
the development of medulloblastoma during embryogenesis,
and targeting these specific signaling molecules have been

10

15

20

25

30

35

40

45

50

55

60

65

2

shown to reduce tumor growth in vivo (Brun et al., Onco-
gene, 2015, doi:10.1038/onc.2014.304, Matsuo et al., Toxi-
col. Pathol., 2014, 42:1174-1187, Baryawno et al., Cancer
Res., 2010, 70:266-276).

Regardless of the specific signaling pathway involved in
medulloblastomas, the underlying cause of this type of
cancer seems to arise from the dysregulation of normal
stem/progenitor cells during development (Polkinghorn and
Tarbell, Nat. Clin. Pract. Oncol., 2007, 4:295-304). In
essence, when normal stem cells lose their homeostatic
proliferative functions, they develop a mutated phenotype
and transform into cancer stem cells (CSCs) (Hope et al.,
Nat. Immunol., 2004, 5:738-743) which lead to the tumor
initiation and progression of medulloblastomas (Manoranjan
et al., Pediatr. Res., 2012, 71:516-522).

Cancer stem cells (CSCs) are a subpopulation of cancer
cells within tumors with the ability to perpetually self-renew
and differentiate, providing tumors with a limitless supply of
cancer cells (Jung et al., Arch. Pharm. Res., 2015, 38:414-
422). To date, available conventional treatment therapies are
only efficient in targeting the tumor bulk and fail to eradicate
the tumor-initiating CSCs residing within the bulk. Such
therapies allow for the survival of CSCs post-treatment and
result in the repopulation of tumors and relapse of the
disease. However, if CSCs can be specifically targeted and
eradicated with treatment, then tumor recurrence can be
eliminated.

Therefore, it is important to develop cancer therapeutics
capable of identifying and targeting CSCs to prevent cancer
relapse. To date, there are very few drugs available that are
capable of distinguishing CSCs from normal stem cells
(Chen et al., Acta Pharmacol. Sin., 2013, 34:732-740). In
recent years, several laboratories have identified novel cell-
surface markers specific to CSCs in breast, colon, brain and
prostate cancers (Hu et al,, Am. J. Cancer Res., 2012,
2:340-356). More specifically, CD133 (prominin-1), CD44
(cluster of differentiation 44) and LGRS (leucine-rich repeat
containing G protein-coupled receptor 5) CSC markers have
all been shown to be associated with tumorigenesis and
stemness potential of medulloblastoma (Blazek et al., Int. .
Radiat. Oncol. Biol. Phys., 2007, 67:1-5, Whittier et al., Acta
Neuropathol. Commun., 2013, 1:66, Parker et al., Antican-
cer Res., 2005, 25:3855-3863).

For years, CSCs have been shown to have a unique ability
to resist radiation exposure, minimize inflicted radiation-
induced damage and evade apoptosis (Rycaj et al., Int. J.
Radiat. Biol., 2014, 90:615-621). The radio-resistant prop-
erty of CSCs is believed to be due to their ability to activate
a more rapid DNA repair mechanism compared to normal
stem cells, allowing them to escape cellular death (Rycaj et
al., Int. J. Radiat. Biol., 2014, 90:615-621). Current brain
cancer therapies, such as x-ray and gamma ray ionizing
radiation, result in both single stranded and double stranded
DNA breaks (Aparicio et al., DNA Repair (Amst), 2014,
19:169-175). Single-stranded breaks (SSBs) are well-toler-
ated by the cells because the strand is able to ligate and
repair itself rapidly. On the other hand, double-stranded
breaks (DSBs) are the most biologically lethal type of DNA
damage and a major focus for developing novel radiotherapy
cancer strategies (Aparicio et al., DNA Repair (Amst), 2014,
19:169-175). Upon radiation-induced DSBs, a DNA damage
response signaling cascade is activated and triggers a chain
of events which include: 1) identification of the damage, 2)
arrest of the cell cycle and 3) DNA repair via non-homolo-
gous end joining or homologous recombination (Raleigh
and Haas-Kogan, Future Oncol., 2013, 9:219-233). In some
cases, cells are damaged to an irreparable extent and are thus
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prohibited from exiting the cell cycle arrest (Raleigh and
Haas-Kogan, Future Oncol., 2013, 9:219-233). Instead, they
either undergo apoptosis or initiate cell senescence (Raleigh
and Haas-Kogan, Future Oncol., 2013, 9:219-233). How-
ever, in the event cells can be repaired, selection and
activation of the appropriate repair pathway is dependent on
the phase at which the cells were cycling through at the time
of the damage.

The NF-kB pathway is a widely studied signaling path-
way that is involved in various processes, including inflam-
mation and cancer (Hoesel and Schmid, Mol. Cancer., 2013,
12:86). In normal conditions the NF-kB pathway is tightly
regulated and is only activated in response to specific
cellular signals (Hoesel and Schmid, Mol. Cancer., 2013,
12:86). When inactive, NF-kB is bound to an inhibitory
IkBa complex and remains sequestered in the cytoplasm.
Upon cellular stimulus, a signaling cascade is activated in
which IkBa (inhibitor of KB) is phosphorylated by IKK
(IkB kinase). Phosphorylation of IkBa results in the release
of IkBa from NF-kB, thereby activating NF-kB and pro-
moting its translocation into the nucleus. NF-kB then binds
to DNA and activates the transcription of various pro-
survival genes. In contrast, in CSCs, the NF-kB signaling
pathway is deregulated and constitutively active (Hoesel and
Schmid, Mol. Cancer., 2013, 12:86). This allows the cells to
over proliferate and avoid apoptosis, thereby increasing their
radio-resistance and tumorigenic potential (Karin et al., Nat.
Rev. Cancer., 2002, 2:301-310, Spiller et al., BMC Cancer.
2011, 11:136). Several laboratories are trying to develop
novel NF-kB inhibitors in an attempt to block the transcrip-
tion of these pro-tumorigenic genes (Pal et al., J. Inflamm.
(Lond)., 2014, 11:23, Fuchs et al., Curr. Mol. Pharmacol.,
2010, 3: 98-122, Sharma et al., Curr. Med. Chem., 2007,
14:1061-1074).

Thrombin peptide TP508, also known as rusalatide
acetate or Chrysalin®, is a 23-amino acid synthetic peptide
representing a portion of the human prothrombin with a
sequence of AGYKPDEGKRGDACEGDSGGPFV (SEQ
1D NO:6). TP508 corresponds to amino acids 508-530 of the
prothrombin or 183-200 of the a-thrombin peptide. Throm-
bin plays an important role in the coagulation cascade by
converting soluble fibrinogen into the insoluble fibrin
required for blood clot formation (Krishnaswamy, J.
Thromb. Haemost., 2013, 11 Suppl 1:265-276). Upon vas-
cular injury, prothrombin is proteolytically cleaved by acti-
vated factor X, yielding the biologically active a-thrombin
(Krishnaswamy, J. Thromb. Haemost., 2013, 11 Suppl
1:265-276). The biological activity of the TP508 sequence
was discovered by screening molecules that could bind to
high-affinity thrombin receptors and mimic cellular effects
of thrombin at sites of tissue injury (Carney et al., Semin.
Thromb. Hemost., 1986, 12:231-240, Glenn et al., Pept.
Res., 1988, 1:65-73). Thus, TP508 was selected for its
interaction with a subset of high affinity non-proteolytic
thrombin receptors (NPARs). Early studies demonstrated
specificity of TP508 binding and crosslinking to the NPAR
receptor, specific signaling cascades that included activation
of endothelial nitric oxide synthase, PI3K, SRC, AKT and
PKC.

SUMMARY OF THE APPLICATION

To date there are no FDA approved radiosensitizers
available to treat cancers, including medulloblastoma (Ravi-
raj et al., Indian J. Dent. Res., 2014, 25:83-90). In clinical
trials, radiosensitizers are being administered prior to treat-
ment in order to render cancer cells more susceptible to
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radiotherapy, thereby increasing the effectiveness of radia-
tion (Raviraj et al., Indian J. Dent. Res., 2014, 25:83-90).
However, current radiosensitizers in clinical trials are only
focused at targeting the tumor bulk and not the tumor-
initiating CSCs (Katz et al., Int. J. Radiat. Oncol. Biol.
Phys., 2009, 73:988-996). Recently, conventional chemo-
therapy drugs such as 5-Fluorouracil and Gemcitabine have
been tested in clinical trials as potential radiosensitizers for
cervix, esophagus, and pancreatic cancer (Katz et al., Int. J.
Radiat. Oncol. Biol. Phys., 2009, 73:988-996). Although
results are promising, these drugs exert numerous side
effects on patients, lack the ability to target CSCs, and are
not being tested in medulloblastomas (Katz et al., Int. J.
Radiat. Oncol. Biol. Phys., 2009, 73:988-996).

In Phase I studies, TP508 was shown to exert protective
effects on normal neural stem/progenitor cells, promote
neurogenesis, and reduce cognitive dysfunction post-radio-
therapy (Kantara et al., Clin. Transl. Res. Forum. 2014). In
order to confirm that TP508 did not interfere with tumor
shrinkage, TP508 was administered systemically into tumor-
bearing mice prior to radiotherapy. Surprisingly, not only did
TP508 not interfere with tumor shrinkage, but it actually
appeared to target CSCs to tumor shrinkage in vivo. The
ability for TP508 to target cancer cells while protecting
neuronal cells makes this drug an ideal drug candidate for
the development of a novel non-toxic radiosensitizing agent
for cancers.

Provided herein are methods for using a thrombin peptide
derivative. In one embodiment, the method includes admin-
istering to a subject having a medulloblastoma an effective
amount of a thrombin peptide derivative, and exposing cells
of the medulloblastoma of the subject to a cancer treatment
after administering the thrombin peptide derivative to the
subject. Viability of cells of the medulloblastoma is
decreased compared to viability of cells of the medulloblas-
toma before the administering and the exposing. In one
embodiment, the cells of the medulloblastoma having
decreased viability include cancer stem cells.

In one embodiment, the method includes administering to
a subject having a medulloblastoma an effective amount of
a thrombin peptide derivative, and exposing cells of the
medulloblastoma of the subject to a cancer treatment after
administering the thrombin peptide derivative to the subject.
Shrinkage of the medulloblastoma in the subject is increased
compared to shrinkage of the medulloblastoma before the
administering and the exposing.

The thrombin peptide derivative may be administered
between 1 hour and 60 hours before the exposing. The
administration of the thrombin peptide derivative may be
systemic, such as intravenous. The subject may be a child,
a young adult, or an adult. In one embodiment, the medullo-
blastoma is a relapse following an initial treatment. The
cancer treatment may include therapeutic radiation, chemo-
therapy, or a combination thereof.

In one embodiment, the method includes contacting a
medulloblastoma cancer cell with an effective amount of a
thrombin peptide derivative, and exposing the medulloblas-
toma cancer cell to a cancer treatment after contacting the
medulloblastoma cancer cell with the thrombin peptide
derivative. Viability of the medulloblastoma cancer cell is
decreased compared to the viability of the medulloblastoma
cancer before the contacting and the exposing. In one
embodiment, the medulloblastoma cancer cell is ex vivo,
and in another embodiment the medulloblastoma cancer cell
is in vivo. In one embodiment, the medulloblastoma cancer
cell is a cancer stem cell. In one embodiment, the thrombin
peptide derivative may be administered between 1 hour and
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60 hours before the exposing. When the medulloblastoma
cancer cell is in vivo, the thrombin peptide derivative may
be administered, for instance systemically, such as by intra-
venous injection. The subject may be a child, a young adult,
or an adult. The cancer treatment may include therapeutic
radiation, chemotherapy, or a combination thereof.

The thrombin peptide derivative includes Asp-Ala-R,
wherein R is a serine esterase conserved sequence. In one
embodiment, the thrombin peptide derivative is a polypep-
tide 12 to 23 amino acid residues in length comprising the
sequence Arg-Gly-Asp-Ala (SEQ ID NO: 16) and a serine
esterase conserved sequence. In one embodiment, the serine
esterase conserved sequence includes the sequence Cys-X, -
Gly-Asp-Ser-Gly-Gly-Pro-X,-Val (SEQ ID NO:15),
wherein X, is Glu or Gln and X, is Phe, Met, Leu, His or Val.
In one embodiment, the thrombin peptide derivative
includes the sequence Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-
Lys-Arg-Gly-Asp-Ala-Cys-X, -Gly-Asp-Ser-Gly-Gly-Pro-
X,-Val (SEQ ID NO:2), an N-terminal truncated fragment
thereof comprising at least fourteen amino acid residues, or
a C-terminal truncated fragment thereof comprising at least
eighteen amino acid residues, wherein X, is Glu or Gln and
X, is Phe, Met, Leu, His or Val. In one embodiment, the
thrombin peptide derivative is H-Ala-Gly-Tyr-Lys-Pro-Asp-
Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-Gly-
Gly-Pro-Phe-Val-NH, (SEQ ID NO:3). In one embodiment,
the thrombin peptide derivative includes the polypeptide
Arg-Gly-Asp-Ala-Xaa-X -Gly-Asp-Ser-Gly-Gly-Pro-X, -
Val (SEQ ID NO:4), wherein Xaa is alanine, glycine, serine
or an S-protected cysteine; X, is Glu or Gln; and X, is Phe,
Met, Leu, His or Val. In one embodiment, the thrombin
derivative includes a C-terminal amide, an acylated N-ter-
minus, or a combination thereof, wherein said C-terminal
amide is represented by —C(O)NR_R,, wherein R, and R,
are independently hydrogen, an aliphatic group comprising
up to 10 carbon atoms, or R, and R,, taken together with the
nitrogen to which they are bonded, form a C;-C,, non-
aromatic heterocyclic group, and wherein said N-terminal
acyl group is represented by R_C(O)—, where R_, is hydro-
gen, an aliphatic group comprising up to 10 carbon atoms or
a phenyl group optionally substituted with one or more
groups selected from C,-Cg alkyl, C,-C, alkoxy, C,-Cq
haloalkyl, C,-C, haloalkoxy, nitro and cyano.

The term “and/or” means one or all of the listed elements
or a combination of any two or more of the listed elements.

The words “preferred” and “preferably” refer to embodi-
ments of the invention that may afford certain benefits, under
certain circumstances. However, other embodiments may
also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodi-
ments does not imply that other embodiments are not useful,
and is not intended to exclude other embodiments from the
scope of the invention.

The terms “comprises” and variations thereof do not have
a limiting meaning where these terms appear in the descrip-
tion and claims.

Unless otherwise specified, “a,” “an,” “the,” and “at least
one” are used interchangeably and mean one or more than
one.

Also herein, the recitations of numerical ranges by end-
points include all numbers subsumed within that range (e.g.,
1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

For any method disclosed herein that includes discrete
steps, the steps may be conducted in any feasible order. And,
as appropriate, any combination of two or more steps may
be conducted simultaneously.
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The above summary is not intended to describe each
disclosed embodiment or every implementation of the pres-
ent invention. The description that follows more particularly
exemplifies illustrative embodiments. In several places
throughout the application, guidance is provided through
lists of examples, which examples can be used in various
combinations. In each instance, the recited list serves only as
a representative group and should not be interpreted as an
exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Schematic depicting the steps of treatment of
brain cancer neurospheres/spheroids in vitro.

FIG. 2. TP508 decreases cell viability, tumor heteroge-
neity and relapse potential of medulloblastoma cancer cells
in vitro, post-RT. FIG. 2A, Cell viability of cancer stem cells
treated with RT+TP508. FIG. 2Bi, Formation of secondary
spheroids when treated with RT+TP508. FIG. 2Bii: Relapse
potential of cancer stem cells treated with RT+TP508. FIG.
2C, Number of secondary spheroids formed post-
RT+TP508. FIG. 2D, Size of secondary neurospheres
treated with RT+TP508.

FIG. 3. TP508 decreases the expression and proliferation
of cancer stem cells while increasing apoptosis. FIG. 3A,
TP508 decreases the stemness potential of medulloblastoma
cancer stem cells post-radiation exposure. FIG. 3B, Quan-
titative analysis of cancer stem cell expression, proliferation
and apoptosis post-RT+Saline vs RT+TP508 treatments.
FIG. 3C, Western blot analysis of cancer stem cells treated
with RT+TP508. FIG. 3D, Percent change in the expression
of the indicated markers in RT+TP508 treated groups.

FIG. 4. TP508 inhibits the growth of Daoy medulloblas-
toma tumor xenografts in vivo. FIG. 4A, Tumor volumes
measured at the specific time points. FIG. 4B, Tumor
weights at time of sacrifice.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The inventors have used human medulloblastoma Daoy
cells to form primary spheroids/neurospheres, a commonly
accepted model for selection of cancer stem cells, to analyze
the effects of exposing cells to a thrombin peptide derivative.
The inventors have determined that pre-treatment of primary
spheroids with an effective amount of a thrombin peptide
derivative before exposing the primary spheroids to radia-
tion therapy sensitizes the medulloblastoma cells and/or
medulloblastoma stem cells to the therapeutic radiation,
resulting in greater medulloblastoma cell death. It is
expected that pre-treatment using thrombin peptide deriva-
tives will also sensitize medulloblastoma cells when com-
bined with chemotherapeutic agents. The pre-treatment also
reduces or delays the potential for tumor relapse following
the radiation therapy.

Prior experiments with thrombin peptide derivatives have
demonstrated protection of normal brain tissues and activa-
tion of neural stem cells to prevent long-term damage to
brain following radiation exposure (Carney, US Published
Patent Application 20130101574), which may suggest that
thrombin peptide derivatives would have a protective effect
on cancer cells, such as cancer stem cells. However, the
results disclosed herein that thrombin peptide derivatives
sensitize medulloblastoma cells and/or medulloblastoma
stem cells to apoptotic effects of radiation therapy are
unexpected. Further, the pre-treatment with thrombin pep-
tide derivatives was found to be dependent upon the time of
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administration. Using an in vitro model, pre-treatment at 1
hour or 24 hours before radiation therapy resulted in a three
day delay in the formation of secondary spheroids, but by 4
days there was no difference between pre-treated and non-
treated control cells. Further, treatment with a thrombin
peptide derivative after the radiation treatment had no effect
on the formation of secondary spheroids. In contrast, pre-
treatment at 48 hours before therapeutic radiation surpris-
ingly resulted in a statistically significant delay in the
formation of secondary spheroids for at least 7 days.
Methods of Use

The method includes contacting a medulloblastoma can-
cer cell with an effective amount of a thrombin peptide
derivative, and exposing the medulloblastoma cancer cell to
a cancer treatment such as radiation, chemotherapy, or a
combination thereof. The medulloblastoma cancer cell may
be a cancer stem cell. The medulloblastoma cancer cell may
be ex vivo or in vivo. As used herein, “ex vivo” refers to a
cell that has been removed from the body of an animal. Ex
vivo cells include, for instance, primary cells (e.g., cells that
have recently been removed from a subject and are capable
of limited growth in tissue culture medium), and cultured
cells (e.g., cells that are capable of long term culture in tissue
culture medium). As used herein, “in vivo™ refers to a cell
that is present within the body of an animal. The use of a
thrombin peptide derivative sensitizes a medulloblastoma
cancer cell, such as cancer stem cell, to a cancer treatment
such as radiation. Thus, the method can result in decreased
viability of a medulloblastoma cancer cell, reduced ability of
a cancer stem cell to repair DNA damage from radiation
exposure, down-regulated activation of NF-kB in a medullo-
blastoma cancer cell, or a combination thereof.

In one embodiment, the method includes administering to
the subject an effective amount of a thrombin peptide
derivative, and exposing cells of the medulloblastoma to
therapeutic cancer treatment, such as radiation, chemo-
therapy, or a combination thereof. In one embodiment, the
methods disclosed herein include treating one or more
symptoms or clinical signs of a medulloblastoma in a
subject. As used herein, the term “symptom” refers to
subjective evidence of a medulloblastoma experienced by
the subject and caused by the cancer. As used herein, the
term “clinical sign” or, simply, “sign” refers to objective
evidence of medulloblastoma caused by the cancer. Symp-
toms and/or clinical signs associated with medulloblastoma
and the evaluations of such symptoms and/or clinical signs
are routine and known in the art. The use of a thrombin
peptide derivative sensitizes the cancer cells, such as cancer
stem cells, to a cancer treatment such as radiation, chemo-
therapy, or a combination thereof. Thus, the method can
result in decreased viability of cancer cells of the tumor,
such as cancer stem cells, increased remission of the
medulloblastoma, decreased tumor growth, increased tumor
shrinkage, decreased frequency of metastasis, decreased
tumor relapse, increased cancer survival rate of the subject,
or a combination thereof, compared to the subject exposed
to the therapeutic cancer treatment and not administered the
thrombin peptide derivative. Remission of the medulloblas-
toma may be partial (e.g., decrease or disappearance of some
symptoms or signs) or complete (e.g., decrease or disap-
pearance of and symptoms and signs). The subject may have
been treated for medulloblastoma previously, for instance,
the subject may have been in remission and the methods des.

Administration of a thrombin peptide derivative described
herein can be performed during or after the occurrence of the
symptoms and/or clinical signs described herein. Treatment
initiated after the development of a medulloblastoma may
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result in decreasing the severity of symptoms and/or clinical
signs, or completely removing the symptoms and/or clinical
signs. An “effective amount” of a thrombin peptide deriva-
tive is an amount effective to prevent the manifestation of
symptoms and/or clinical signs of a medulloblastoma,
decrease the severity of the symptoms and/or clinical signs
of'a medulloblastoma, and/or completely remove the symp-
toms and/or clinical signs, compared to the absence of
pre-treatment with the thrombin peptide derivative. The
amount of the thrombin peptide derivative administered will
depend on the degree, severity, and stage of the cancer, the
amount of therapy desired, and the release characteristics of
the pharmaceutical formulation. It will also depend on the
subject’s health, size, weight, age, sex and tolerance to
drugs. In one embodiment, an effective amount results in
exposing the cells to a thrombin peptide derivative at a
concentration of at least 10 milligram per kilogram (mg/kg),
at least 25 mg/kg, at least 50 mg/kg, at least 75 mg/kg, or at
least 100 mg/kg bodyweight of the subject.

As used herein, “therapeutic radiation” and “radiation
therapy” refer to radiation delivered in a dose high enough
to have a cytotoxic effect on cells exposed to the radiation.
Methods for administering the radiation therapy are known
to the person skilled in the art. The methods described herein
are not intended to be limited by the type of radiation
therapy. Thus, the therapeutic radiation may include ionizing
radiation, and may be delivered using a single source, or by
multiple sources that intersect at the tumor. The therapeutic
radiation may be a high level single exposure or a fractioned
exposure (given in lower repeated dosages to aid in avoiding
killing of normal tissues). In one embodiment, an effective
dose of radiation is any dose of radiation effective to kill
cells. For instance, in one embodiment an effective dose of
radiation used in the treatment of medulloblastoma and other
tumors is 30 gray (Gy) given in 5 daily fractions of 6 Gy, or
up to 72 Gy given in 35 fractions over a period of 7 weeks.
In one embodiment, the pre-treatment using a thrombin
peptide derivative can permit a decrease in the therapeutic
radiation. For instance, the use of a thrombin peptide deriva-
tive may permit the dose of radiation to be decreased and/or
the duration of the exposure to be decreased when compared
to the dose used when a thrombin peptide derivative is not
administered.

As used herein, “chemotherapy” refer to therapy involv-
ing the use of anticancer drugs, e.g., chemotherapeutic
agents, that kill rapidly dividing cells, such as cancer cells.
Chemotherapeutic agents are known to the art and routinely
used as a treatment for cancer. Methods for administering
chemotherapeutic agents are known to the person skilled in
the art. The methods described herein are not intended to be
limited by the type of chemotherapeutic agent used.

It is expected that pre-treatment using thrombin peptide
derivatives will also sensitize medulloblastoma cells to
treatment with chemotherapeutic agents. Methods for
administering chemotherapeutic agents are known to the
person skilled in the art, as are chemotherapeutic agents that
can be used to treat a medulloblastoma. The methods
described herein are not intended to be limited by the type
of chemotherapy. In one embodiment, the pre-treatment
using a thrombin peptide derivative can permit a decrease in
the chemotherapeutic agent. For instance, the dose of che-
motherapeutic agent may be decreased and/or the duration
of the exposure may be decreased.

A thrombin derivative peptide is used before exposure of
a cell or a subject to a cancer treatment, such as radiation. In
one embodiment, use of the thrombin peptide derivative,
including administration of the thrombin peptide derivative,
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may be at least 1 hour, at least 5 hours, at least 10 hours, at
least 15 hours, at least 20 hours, at least 24 hours, at least 36
hours, at least 42 hours, at least 48 hours, or at least 56 hours
before the onset of a cancer treatment, such as radiation
therapy. In one embodiment, use of the thrombin peptide
derivative, including administration of the thrombin peptide
derivative, may be no greater than 72 hours, no greater than
66 hours, no greater than 60 hours, no greater than 54 hours,
no greater than 48 hours, no greater than 42 hours, no greater
than 36 hours, no greater than 24 hours before the onset
cancer treatment, such as radiation therapy. In one embodi-
ment, there is no upper limit on when the thrombin deriva-
tive peptide is administered before the radiation. In one
embodiment, the administration of the thrombin peptide
derivative is between 24 hours and 48 hours before the onset
of cancer treatment, such as radiation therapy.

The subject may be any age. In one embodiment, the
subject is a child or young adult (birth through 19 years), or
an adult.

Thrombin Derivative Peptides

Thrombin peptide derivatives (also referred to herein as
thrombin derivative peptides) are analogs of thrombin that
have an amino acid sequence derived at least in part from
thrombin and are active at the non-proteolytically activated
thrombin receptor (NPAR). Thrombin peptide derivatives
can include, for example, peptides that are produced by
recombinant DNA methods, peptides produced by enzy-
matic digestion of thrombin, and peptides produced syn-
thetically, which can include amino acid substitutions com-
pared to thrombin and/or modified amino acids, especially at
one or both termini.

Thrombin peptide derivatives provided herein include
thrombin derivative peptides described in U.S. Pat. Nos.
5,352,664 and 5,500,412. In one embodiment, the thrombin
peptide derivative is a thrombin peptide derivative or a
physiologically functional equivalent, i.e., a polypeptide
with no more than about fifty amino acids, preferably no
more than about thirty amino acids and having sufficient
homology to the fragment of human thrombin corresponding
to thrombin amino acids 508-530 (Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-
Gly-Gly-Pro-Phe-Val; SEQ ID NO:6) that the polypeptide
activates NPAR.

In another embodiment, the thrombin peptide derivative is
a thrombin peptide derivative including a moiety repre-
sented by Structural Formula (I):

Asp-Ala-R D).

R is a serine esterase conserved domain. Serine esterases,
e.g., trypsin, thrombin, chymotrypsin and the like, have a
region that is highly conserved. “Serine esterase conserved
domain” refers to a polypeptide having the amino acid
sequence of one of these conserved regions or is sufficiently
homologous to one of these conserved regions such that the
thrombin peptide derivative retains NPAR activating ability.

A physiologically functional equivalent of a thrombin
derivative encompasses molecules which differ from throm-
bin derivatives in aspects which do not affect the function of
the thrombin receptor binding domain or the serine esterase
conserved amino acid sequence. Such aspects may include,
but are not limited to, conservative amino acid substitutions
(as defined below) and modifications, for example, amida-
tion of the carboxyl terminus, acetylation of the amino
terminus, conjugation of the polypeptide to a physiologi-
cally inert carrier molecule, sequence alterations in accor-
dance with the serine esterase conserved sequences, or a
combination thereof.
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In one embodiment, a domain having a serine esterase
conserved sequence can include a polypeptide sequence
containing at least 4-12 of the N-terminal amino acids of the
dodecapeptide previously shown to be highly conserved
among serine proteases (Asp-X,-Cys-X,-Gly-Asp-Ser-Gly-
Gly-Pro-X;-Val; SEQ ID NO:13); wherein X, is either Ala
or Ser; X, is either Glu or Gln; and X, is Phe, Met, Leu, His,
or Val).

In one embodiment, the serine esterase conserved
sequence includes the amino acid sequence of SEQ ID
NO:14 (Cys-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val) or a
C-terminal truncated fragment of a polypeptide having the
amino acid sequence of SEQ ID NO:14. It is understood,
however, that zero, one, two or three amino acids in the
serine esterase conserved sequence can differ from the
corresponding amino acid in SEQ ID NO:14. Preferably, the
amino acids in the serine esterase conserved sequence which
differ from the corresponding amino acid in SEQ ID NO:14
are conservative substitutions as defined below, and are
more preferably highly conservative substitutions.

In another embodiment, the serine esterase conserved
sequence includes the amino acid sequence of SEQ ID
NO:15 (Cys-X,-Gly-Asp-Ser-Gly-Gly-Pro-X,-Val; X, is
Glu or Gln and X, is Phe, Met, Leu, His or Val) or a
C-terminal truncated fragment thereof having at least six
amino acids, preferably at least nine amino acids.

In a preferred embodiment, the thrombin peptide deriva-
tive includes a serine esterase conserved sequence and a
polypeptide having a more specific thrombin amino acid
sequence Arg-Gly-Asp-Ala (SEQ ID NO:16). One example
of a thrombin peptide derivative of this type includes
Arg-Gly-Asp-Ala-Cys-X, -Gly-Asp-Ser-Gly-Gly-Pro-X ,-
Val (SEQ ID NO: 1). X, and X, are as defined above for
SEQ ID NO:15. The thrombin peptide derivative can include
the amino acid sequence of SEQ ID NO:6 (Ala-Gly-Tyr-
Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-
Asp-Ser-Gly-Gly-Pro-Phe-Val) or an N-TERMINAL trun-
cated fragment thereof, provided that zero, one, two or three
amino acids at positions 1-9 in the thrombin peptide deriva-
tive differ from the amino acid at the corresponding position
of SEQ ID NO:6. Preferably, the amino acid residues in the
thrombin peptide derivative which differ from the corre-
sponding amino acid residues in SEQ ID NO:6 are conser-
vative substitutions as defined below, and are more prefer-
ably highly conservative substitutions.

Optionally, the thrombin peptide derivatives described
herein can be amidated at the C-terminus and/or acylated at
the N-terminus. In a specific embodiment, the thrombin
peptide derivatives include a C-terminal amide and option-
ally include an acylated N-terminus, wherein said C-termi-
nal amide is represented by —C(O)NR R,, wherein R, and
R, are independently hydrogen, a C,-C,, substituted or
unsubstituted aliphatic group, or R, and R,, taken together
with the nitrogen to which they are bonded, form a C1-C10
non-aromatic heterocyclic group, and said N-terminal acyl
group is represented by R _C(O)—, wherein R, is hydrogen,
a C,-C,, substituted or unsubstituted aromatic group, or a
C,-C,, substituted or unsubstituted aromatic group. In
another specific embodiment, the N-terminus of the throm-
bin peptide derivative is free (i.e., unsubstituted) and the
C-terminus is free (i.e., unsubstituted) or amidated, prefer-
ably as a carboxamide (i.e., —C(O)NH,). In a specific
embodiment, the thrombin peptide derivative includes the
following amino acid sequence: Ala-Gly-Tyr-Lys-Pro-Asp-
Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-Gly-
Gly-Pro-Phe-Val (SEQ ID NO:6). In another specific
embodiment, the thrombin peptide derivative includes the
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amino sequence of Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-
Ser-Gly-Gly-Pro-Phe-Val (SEQ ID NO:17). Alternatively,
the thrombin peptide derivative includes the amino acid
sequence of SEQ ID NO:18: Asp-Asn-Met-Phe-Cys-Ala-
Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-
Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val-Met-Lys-Ser-Pro-
Phe. The thrombin peptide derivates including the amino
acids of SEQ ID NO:6, 17, or 18 can optionally be amidated
at the C-terminus and/or acylated at the N-terminus. Pref-
erably, the N-terminus is free (i.e., unsubstituted) and the
C-terminus is free (i.e., unsubstituted) or amidated, prefer-
ably a carboxamide (i.e., —C(O)NH,). It is understood,
however, that zero, one, two or three amino acids at posi-
tions 1-9 and 14-23 in the thrombin peptide derivative can
differ from the corresponding amino acid in SEQ ID NO:6.
It is also understood that zero, one, two or three amino acids
at positions 1-14 and 19-33 in the thrombin peptide deriva-
tive can differ from the corresponding amino acid in SEQ ID
NO:18. Preferably, the amino acids in the thrombin peptide
derivative which differ from the corresponding amino acid
in SEQ ID NO:6 or SEQ ID NO:18 are conservative
substitutions as defined below, and are more preferably
highly conservative substitutions. Alternatively, an N-termi-
nal truncated fragment of the thrombin peptide derivative
having at least fourteen amino acids or a C-terminal trun-
cated fragment of the thrombin peptide derivative having at
least eighteen amino acids can be used in the methods
provided herein.

A “C-terminal truncated fragment” refers to a fragment
remaining after removing an amino acid or block of amino
acids from the C-terminus. In one embodiment, a “C-termi-
nal truncated fragment” has at least six amino acids, and
more preferably at least nine amino acids. An “N-terminal
truncated fragment” refers to a fragment remaining after
removing an amino acid or block of amino acids from the
N-terminus. In one embodiment, the block of amino acids is
no more than three amino acids, more preferably no more
than six amino acids. It is to be understood that the terms
“C-terminal truncated fragment” and “N-terminal truncated
fragment” encompass acylation at the N-terminus and/or
amidation at the C-terminus, as described above.

A preferred thrombin peptide derivative for use in the
disclosed methods includes the amino acid sequence SEQ
1D NO:2: Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-
Asp-Ala-Cys-X, -Gly-Asp-Ser-Gly-Gly-Pro-X,-Val.
Another preferred thrombin peptide derivative for use in the
disclosed methods includes the amino acid sequence of SEQ
ID NO:19: Asp-Asn-Met-Phe-Cys-Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-X, -Gly-Asp-Ser-
Gly-Gly-Pro-X,-Val-Met-Lys-Ser-Pro-Phe. X, is Glu or
Gln; X, is Phe, Met, Leu, His or Val. The thrombin peptide
derivatives of SEQ ID NO:2 and SEQ ID NO:19 can
optionally include a C-terminal amide and/or acylated N-ter-
minus, as defined above. Preferably, the N-terminus is free
(i.e., unsubstituted) and the C-terminus is free (i.e., unsub-
stituted) or amidated, preferably as a carboxamide (i.e.,
—C(O)NH,). Alternatively, N-terminal truncated fragments
of these preferred thrombin peptide derivatives, the N-ter-
minal truncated fragments having at least fourteen amino
acids, or C-terminal truncated fragments of these preferred
thrombin peptide derivatives, the C-truncated fragments
having at least eighteen amino acids, can also be used in the
disclosed method.

TP508 is an example of a thrombin peptide derivative and
is 23 amino acid residues long, wherein the N-terminal
amino acid residue Ala is unsubstituted and the COOH of the
C-terminal amino acid Val is modified to an amide repre-
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sented by —C(O)NH, (SEQ ID NO:3). Another example of
a thrombin peptide derivative includes the amino acid
sequence of SEQ ID NO:6, wherein both N- and C-termini
are unsubstituted (“deamide TP508”). Other examples of
thrombin peptide derivatives which can be used in the
disclosed method include N-terminal truncated fragments of
TP508 (or deamide TP508), the N-terminal truncated frag-
ments having at least fourteen amino acids, or C-TERMI-
NAL truncated fragments of TP508 (or deamide TP508), the
C-terminal truncated fragments having at least eighteen
amino acids.

As used herein, a “conservative substitution” in a poly-
peptide is the replacement of an amino acid with another
amino acid that has the same net electronic charge and
approximately the same size and shape. Amino acids with
aliphatic or substituted aliphatic amino acid side chains have
approximately the same size when the total number of
carbon and heteroatoms in their side chains differs by no
more than about four. They have approximately the same
shape when the number of branches in their side chains
differs by no more than one. Amino acids with phenyl or
substituted phenyl groups in their side chains are considered
to have about the same size and shape. Listed below are five
groups of amino acids. Replacing an amino acid in a
polypeptide with another amino acid from the same group
results in a conservative substitution:

Group I glycine, alanine, valine, leucine, isoleucine,
serine, threonine, cysteine, and non-naturally occurring
amino acids with C1-C4 aliphatic or C1-C4 hydroxyl
substituted aliphatic side chains (straight chained or
monobranched).

Group II: glutamic acid, aspartic acid and non-naturally
occurring amino acids with carboxylic acid substituted
C1-C4 aliphatic side chains (unbranched or one branch
point).

Group III: lysine, ornithine, arginine and non-naturally
occurring amino acids with amine or guanidino substi-
tuted C1-C4 aliphatic side chains (unbranched or one
branch point).

Group IV: glutamine, asparagine and non-naturally occur-
ring amino acids with amide substituted C1-C4 ali-
phatic side chains (unbranched or one branch point).

Group V: phenylalanine, phenylglycine, tyrosine and
tryptophan.

As used herein, a “highly conservative substitution” in a
polypeptide is the replacement of an amino acid with
another amino acid that has the same functional group in the
side chain and nearly the same size and shape. Amino acids
with aliphatic or substituted aliphatic amino acid side chains
have nearly the same size when the total number of carbon
and heteroatoms in their side chains differs by no more than
two. They have nearly the same shape when they have the
same number of branches in their side chains. Examples of
highly conservative substitutions include valine for leucine,
threonine for serine, aspartic acid for glutamic acid and
phenylglycine for phenylalanine Examples of substitutions
which are not highly conservative include alanine for valine,
alanine for serine and aspartic acid for serine.

Modified Thrombin Peptide Derivatives

In one embodiment of the invention, the thrombin peptide
derivatives are modified relative to the thrombin peptide
derivatives described above, wherein cysteine residues of
aforementioned thrombin peptide derivatives are replaced
with amino acids having similar size and charge properties
to minimize dimerization of the peptides. Examples of
suitable amino acids include alanine, glycine, serine, or an
S'-protected cysteine. Preferably, cysteine is replaced with
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alanine. The modified thrombin peptide derivatives have
about the same biological activity as the unmodified throm-
bin peptide derivatives (Carney, U.S. Pat. No. 7,713,934).

It will be understood that the modified thrombin peptide
derivatives disclosed herein can optionally include C-termi-
nal amides and/or N-terminal acyl groups, as described
above. Preferably, the N-terminus of a thrombin peptide
derivative is free (i.e., unsubstituted) and the C-terminus is
free (i.e., unsubstituted) or amidated, preferably as a car-
boxamide (i.e., —C(O)NH,).

In a specific embodiment, the modified thrombin peptide
derivative includes a polypeptide having the amino acid
sequence of SEQ ID NO:4: Arg-Gly-Asp-Ala-Xaa-X,-Gly-
Asp-Ser-Gly-Gly-Pro-X,-Val, or a C-terminal truncated
fragment thereof having at least six amino acids. In one
embodiment, the thrombin peptide derivative includes the
amino acid sequence of SEQ ID NO:20: Ala-Gly-Tyr-Lys-
Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Xaa-Glu-Gly-
Asp-Ser-Gly-Gly-Pro-Phe-Val or a fragment thereof includ-
ing amino acids 10-18 of SEQ ID NO:20. In one
embodiment, the thrombin peptide derivative includes the
amino acid sequence SEQ ID NO:5: Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Xaa-X, -Gly-Asp-Ser-
Gly-Gly-Pro-X,-Val, or a fragment thereof including amino
acids 10-18 of SEQ ID NO:5. Xaa is alanine, glycine, serine
or an S-protected cysteine. X, is Glu or Gln and X, is Phe,
Met, Leu, His or Val. Preferably X, is Glu, X, is Phe, and
Xaa is alanine One example of a thrombin peptide derivative
of'this type is a polypeptide having the amino acid sequence
Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-
Ala-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val ~ (SEQ ID
NO:21). A further example of a thrombin peptide derivative
of this type is the polypeptide H-Ala-Gly-Tyr-Lys-Pro-Asp-
Glu-Gly-Lys-Arg-Gly-Asp-Ala-Ala-Glu-Gly-Asp-Ser-Gly-
Gly-Pro-Phe-Val-NH, (SEQ ID NO:22). Another example
of a thrombin peptide derivative of this type is the polypep-
tide  H-Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-
Asp-Ala-Ser-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val-NH,
(SEQ ID NO:30) Zero, one, two or three amino acids in the
thrombin peptide derivative differ from the amino acid at the
corresponding position of SEQ ID NO:4, 20, 5, 21 or 22,
provided that Xaa is alanine, glycine, serine or an S-pro-
tected cysteine. Preferably, the difference is conservative as
defined below.

In another specific embodiment, the thrombin peptide
derivative includes a polypeptide having the amino acid
sequence SEQ ID NO:23: Asp-Asn-Met-Phe-Xbb-Ala-Gly-
Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Xaa-Glu-
Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val-Met-Lys-Ser-Pro-Phe,
or a fragment thereof including amino acids 6-28. More
preferably, the thrombin peptide derivative includes a poly-
peptide having the amino acid sequence SEQ ID NO:24:
Asp-Asn-Met-Phe-Xbb-Ala-Gly-Tyr-Lys-Pro-Asp-Glu-
Gly-Lys-Arg-Gly-Asp-Ala-Xaa-X-Gly-Asp-Ser-Gly-Gly-
Pro-X,-Val-Met-Lys-Ser-Pro-Phe, or a fragment thereof
including amino acids 6-28. Xaa and Xbb are independently
alanine, glycine, serine or an S-protected cysteine. X, is Glu
or Gln and X, is Phe, Met, Leu, His or Val. Preferably X, is
Glu, X, is Phe, and Xaa and Xbb are alanine One example
of'a thrombin peptide derivative of this type is a polypeptide
including the amino acid sequence Asp-Asn-Met-Phe-Ala-
Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-
Ala-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val-Met-Lys-Ser-
Pro-Phe (SEQ ID NO:25). A further example of a thrombin
peptide derivative of this type is the polypeptide H-Asp-
Asn-Met-Phe-Ala-Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-
Arg-Gly-Asp-Ala-Ala-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-
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Val-Met-Lys-Ser-Pro-Phe-NH, (SEQ ID NO:26). Zero, one,
two or three amino acids in the thrombin peptide derivative
can differ from the amino acid at the corresponding position
of SEQ ID NO:23, 24, 25 or 26. Xaa and Xbb are indepen-
dently alanine, glycine, serine or an S-protected cysteine.
Preferably, the difference is conservative as in conservative
substitutions of the thrombin peptide derivatives.

An “S-protected cysteine” is a cysteine residue in which
the reactivity of the thiol moiety, —SH, is blocked with a
protecting group. Suitable protecting groups are known in
the art and are disclosed, for example, in T. W. Greene and
P. G. M. Wuts, Protective Groups in Organic Synthesis, 37
Edition, John Wiley & Sons, (1999), pp. 454-493. Suitable
protecting groups should be non-toxic, stable in pharmaceu-
tical formulations and have minimum additional function-
ality to maintain the activity of the thrombin peptide deriva-
tive. A free thiol can be protected as a thioether, a thioester,
or can be oxidized to an unsymmetrical disulfide. Preferably
the thiol is protected as a thioether. Suitable thioethers
include, but are not limited to, S-alkyl thioethers (e.g., C,-Cs
alkyl), and S-benzyl thioethers (e.g, cysteine-S—S-t-Bu).
Preferably the protective group is an alkyl thioether. More
preferably, the S-protected cysteine is an S-methyl cysteine.
Alternatively, the protecting group can be: 1) a cysteine or
a cysteine-containing peptide (the “protecting peptide”)
attached to the cysteine thiol group of the thrombin peptide
derivative by a disulfide bond; or 2) an amino acid or peptide
(“protecting peptide”) attached by a thioamide bond
between the cysteine thiol group of the thrombin peptide
derivative and a carboxylic acid in the protecting peptide
(e.g., at the C-terminus or side chain of aspartic acid or
glutamic acid). The protecting peptide can be physiologi-
cally inert (e.g., a polyglycine or polyalanine of no more
than about fifty amino acids optionally interrupted by a
cysteine), or can have a desirable biological activity.
Thrombin Peptide Derivative Dimers

In some embodiments, the thrombin peptide derivatives
of the methods are thrombin peptide derivative dimers
(Carney, U.S. Pat. No. 7,456,250. The dimers essentially do
not revert to monomers and still have about the same
biological activity as the thrombin peptide derivatives
monomer described above. A “thrombin peptide derivative
dimer” is a molecule including two thrombin peptide deriva-
tives linked by a covalent bond, preferably a disulfide bond
between cysteine residues. Thrombin peptide derivative
dimers are typically essentially free of the corresponding
monomet, e.g., greater than 95% free by weight and pref-
erably greater than 99% free by weight. Preferably the
polypeptides are the same and covalently linked through a
disulfide bond.

The thrombin peptide derivative dimers provided herein
include the thrombin peptide derivatives described above.
Specifically, thrombin peptide derivatives have less than
about fifty amino acids, preferably less than about thirty-
three amino acids. Thrombin peptide derivatives also have
sufficient homology to the fragment of human thrombin
corresponding to thrombin amino acid residues 508-530:
Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-
Cys-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val ~ (SEQ ID
NO:6) so that the polypeptide activates NPAR.

In a specific embodiment, each thrombin peptide deriva-
tive including a dimer includes a polypeptide having the
amino acid sequence SEQ ID NO:1: Arg-Gly-Asp-Ala-Cys-
X,-Gly-Asp-Ser-Gly-Gly-Pro-X,-Val, or a C-terminal trun-
cated fragment thereof including at least six amino acids.
More specifically, each thrombin peptide derivative includes
the amino acid sequence of SEQ ID NO:6: Ala-Gly-Tyr-
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Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-
Asp-Ser-Gly-Gly-Pro-Phe-Val, or a fragment thereof includ-
ing amino acids 10-18 of SEQ ID NO. 5. Even more
specifically, the thrombin peptide derivative includes the
amino acid sequence SEQ 1D NO:2: Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-X, -Gly-Asp-Ser-
Gly-Gly-Pro-X,-Val, or a fragment thereof including amino
acids 10-18 of SEQ ID NO:2. X is Glu or Gln and X, is Phe,
Met, Leu, His or Val. Preferably X, is Glu, and X, is Phe.
One example of a thrombin peptide derivative of this type is
a polypeptide including the amino acid sequence Ala-Gly-
Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-
Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val (SEQ ID NO:6). A fur-
ther example of a thrombin peptide derivative of this type is
a polypeptide having the amino acid sequence H-Ala-Gly-
Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-
Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val-NH, (SEQ ID NO:3).
Zero, one, two or three amino acids in the thrombin peptide
derivative differ from the amino acid at the corresponding
position of SEQ ID NO:6, 1, 2, or 3. Preferably, the
difference is conservative as for conservative substitutions
of the thrombin peptide derivatives.

One example of a thrombin peptide derivative dimer
provided herein is represented by Formula (IV) (core
sequences disclosed as SEQ ID NO: 3):

H
H-Ala-Gly-Tyr-Lys-Pro- Asp-Glu-Gly-Lys- Arg-Gly- Asp-Ala-N,

H—Ala—Gly—Tyr—Lys—Pro—Asp—Glu—Gly—Lys—Arg—Gly—Asp—Ala—g

In a specific embodiment, each polypeptide in the dimer
is from 12 to 23 amino acid residues in length and indepen-
dently includes Asp-Ala-Cys-X,-Gly-Asp-Ser-Gly-Gly-
Pro-X,-Val (SEQ ID NO:10), wherein X, is Glu or Gln and
X, is Phe, Met, Leu, His or Val, where each polypeptide
optionally has a C-terminal amide, and where each poly-
peptide optionally has an acylated N-terminus. In another
specific embodiment, each thrombin peptide derivative
including a dimer includes a polypeptide including the
amino acid sequence SEQ ID NO:27: Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-
Gly-Gly-Pro-Phe-Val-Met-Lys-Ser-Pro-Phe-Asn-Asn-Arg-
Trp-Tyr, or a C-terminal truncated fragment thereof having
at least twenty-three amino acids. More preferably, each
thrombin peptide derivative includes the amino acid
sequence SEQ ID NO:28: Ala-Gly-Tyr-Lys-Pro-Asp-Glu-
Gly-Lys-Arg-Gly-Asp-Ala-Cys-X ,-Gly-Asp-Ser-Gly-Gly-
Pro-X,-Val-Met-Lys-Ser-Pro-Phe-Asn-Asn-Arg-Trp-Tyr, or
a C-terminal truncated fragment thereof including at least
twenty-three amino acids. X, is Glu or Gln and X, is Phe,
Met, Leu, His or Val. Preferably X, is Glu, and X, is Phe.
One example of a thrombin peptide derivative of this type is
a polypeptide including the amino acid sequence Ala-Gly-
Tyr-Lys-Pro-Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-
Gly-Asp-Ser-Gly-Gly-Pro-Phe-Val-Met-Lys-Ser-Pro-Phe-
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Asn-Asn-Arg-Trp-Tyr (SEQ ID NO:27). A further example
of'a thrombin peptide derivative of this type is a polypeptide
including the amino acid sequence H-Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-
Gly-Gly-Pro-Phe-Val-Met-Lys-Ser-Pro-Phe-Asn-Asn-Arg-
Trp-Tyr-NH, (SEQ ID NO:29). Zero, one, two or three
amino acids in the thrombin peptide derivative differ from
the amino acid at the corresponding position of SEQ ID
NO:27, 28 or 29. Preferably, the difference is conservative as
defined for conservative substitutions of the thrombin pep-
tide derivatives.
Compositions

A thrombin peptide derivative useful in the methods
described herein may be present in a composition. In one
embodiment, a composition includes a pharmaceutically
acceptable carrier. As used herein “pharmaceutically accept-
able carrier” includes, but is not limited to, saline, solvents,
dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Additional
active compounds can also be incorporated into a compo-
sition.

Suitable pharmaceutically acceptable carriers may con-
tain inert ingredients which do not interact with the thrombin
peptide derivative. A pharmaceutically acceptable carrier

av)

E-Glu—Gly—ASp—Ser—Gly—Gly—Pro—Phe—Val—NHz

H
N-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe- Val-NH,.

should be biocompatible, i.e., non-toxic, non-inflammatory,
non-immunogenic and devoid of other undesired reactions at
the administration site. Examples of pharmaceutically
acceptable carriers include, for example, saline, aerosols,
commercially available inert gels, or liquids supplemented
with albumin, methyl cellulose or a collagen matrix. Stan-
dard pharmaceutical formulation techniques can be
employed, such as those described in Remington’s Pharma-
ceutical Sciences, Mack Publishing Company, Easton, Pa.

The compositions used in the methods provided herein
can additionally include a pharmaceutically acceptable car-
rier in which the thrombin peptide derivative is dissolved or
suspended. Examples of pharmaceutically acceptable carri-
ers include, for example, saline, aerosols, commercially
available inert gels, or liquids supplemented with albumin,
methyl cellulose or a collagen matrix.

A composition may be prepared by methods well known
in the art of pharmaceutics. In general, a composition can be
formulated to be compatible with its intended route of
administration. Administration may be systemic or local. In
some aspects local administration may have advantages for
site-specific, targeted disease management. Local therapies
may provide high, clinically effective concentrations
directly to the treatment site, with less likelihood of causing
systemic side effects. Examples of dosage forms are those
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suitable for oral, mucosal (e.g., nasal, sublingual, vaginal,
buccal, or rectal), parenteral (e.g., subcutaneous, intrave-
nous, bolus injection, intramuscular, or intraaterial), or
transdermal administration.

Injectable delivery formulations may be administered
intravenously or directly at the site in need of treatment. The
injectable carrier may be a saline, a viscous solution, or a
gel.

Ointments are typically prepared using an oleaginous
base, e.g., containing fixed oils or hydrocarbons, such as
white petrolatum or mineral oil, or an absorbent base, e.g.,
consisting of an absorbent anhydrous substance or sub-
stances, for example anhydrous lanolin. Following forma-
tion of the base, the active ingredients are added in the
desired concentration.

Creams generally include an oil phase (internal phase)
containing typically fixed oils, hydrocarbons, and the like,
such as waxes, petrolatum, mineral oil, and the like, and an
aqueous phase (continuous phase), including water and any
water-soluble substances, such as added salts. The two
phases are stabilized by use of an emulsifying agent, for
example, a surface active agent, such as sodium lauryl
sulfate; hydrophilic colloids, such as acacia colloidal clays,
beegum, and the like. Upon formation of the emulsion, the
active ingredients are added in the desired concentration.

Gels contain a base selected from an oleaginous base,
water, or an emulsion-suspension base, as previously
described. To the base is added a gelling agent which forms
a matrix in the base, increasing its viscosity to a semisolid
consistency. Examples of gelling agents are hydroxypropyl
cellulose, acrylic acid polymers, and the like. The active
ingredients are added to the formulation at the desired
concentration at a point preceding addition of the gelling
agent.

Delivery formulations include physiological saline, bac-
teriostatic saline (saline containing about 0.9% mg/mlL
benzyl alcohol), phosphate-buffered saline, Hank’s solution,
Ringer’s-lactate, or liquids supplemented with albumin,
methyl cellulose, or hyaluronic acid. Injectable matrices
include polymers of poly(ethylene oxide) and copolymers of
ethylene and propylene oxide (see Cao et al, J. Biomater. Sci
9:475 (1998) and Sims et al, Plast Reconstr. Surg. 98:843
(1996)).

Methods for encapsulating compositions (such as in a
coating of hard gelatin or cyclodextran) are known in the art
(Baker, et al, “Controlled Release of Biologically Active
Agents”, John Wiley and Sons, 1987).

In an embodiment, a thrombin peptide derivative is
administered systemically. As used herein, “systemic admin-
istration” is understood as various routes of administration
wherein the agent is delivered to the subject in a manner that
the agent is distributed throughout the body, and is admin-
istered at a location remote from the specific site of action
of the agent. As used herein, systemic administration
includes, for example, non-topical, parenteral routes of
administration. For example, systemic administration as
used herein includes administration by injection, e.g., intra-
venously, subcutaneously, intramuscularly, transcutane-
ously, intradermally, intraperitoneally, intracranially; infu-
sion, mucosally, and intranasally. In one embodiment, the
thrombin peptide derivative is administered by injection.
Examples of injection include infusion and intracranial
injection, such as injection directly into a medulloblastoma.

The present invention is illustrated by the following
examples. It is to be understood that the particular examples,
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materials, amounts, and procedures are to be interpreted
broadly in accordance with the scope and spirit of the
invention as set forth herein.

EXAMPLE 1

Materials and Methods

Reagents Used.

Human medulloblastoma Daoy cells (ATCC® HTB-
186™) and human primary glioblastoma U87-MG cells
(ATCC® HTB-14™) were purchased from American Tissue
Culture Collection (ATCC) (Manassas, Va.) were main-
tained in EMEM medium as per the manufacturer’s recom-
mendation. Both cells lines were authenticated by BioSyn-
thesis DNA Identity Center in 2013. Antibodies used
include: anti-CD44, ANTI-Sox-2 (Cell Signaling Technol-
ogy, Danvers, Mass.); anti-proliferating cell nuclear antigen
(PCNA), anti-DCAMKLI1, and anti-GPCR GPR49 (LgrS)
for Western Blot analysis (Abcam, Cambridge, Mass.);
anti-LgrS/GPR49 for IF analysis (Abgent, San Diego,
Calif.); anti-active caspase-3 and anti-CD133 (Millipore,
Temecula, Calif.); anti-f-actin (total) (Sigma, St Louis,
Mo.). Alexa Fluor-594 and Alexa Fluor-488 coupled sec-
ondary 1gG were from Invitrogen (Carlsbad, Calif.). TP508
was synthesized by American peptide as a lyophilized
powder; a new batch of TP508 was prepared fresh in the lab
for each experiment by dissolving the peptide in sterile
saline.

In vitro growth of cells as primary and secondary 3D
spheroids.

Brain cancer cells were grown as spheroids in vitro, as
described by Kantara et. al., 2014, Cancer Res., 74:2487.
Briefly, cells were plated at a density of 15000-30000
cells/well into 24-well ultra-low-attachment plates (Costar,
Corning N.Y.), in serum-free media containing DMEM/F12
(1:1)+1% Antibiotic-Antimycotic (100x) supplemented with
B-27 (50x) (Invitrogen), epidermal growth factor (EGF) 20
ng/ml and fibroblast growth factor (bFGF) (10 ng/ml)
(Sigma-Aldrich, St Louis, Mo.). Media was changed every
2-3 days and the formation of spheroids monitored daily.
Spheroids were imaged with an inverted microscope, at 4x,
10x and 40x using white light microscopy (Nikon Eclipse
TS100, Melville, N.Y.). In initial experiments, cells were
plated at increasing numbers to optimize the spheroid assay.
Based on the results, an optimal number of 15000 cells were
chosen for growing primary spheroids from brain cancer
cells. For generating secondary spheroids, wells containing
primary spheroids were enzymatically dissociated into
single cells and cells from the primary wells, containing
either Saline or TP508 were re-plated in low-attachment
plates as secondary spheres.

Treatment of Brain Cancer Neurospheres/Spheroids In
Vitro.

Primary spheroids were grown as described above. On
Day 3, primary spheroids started forming and by day 5 after
seeding the cells, spheroids were well-formed and ready for
treatment. Spheroids were treated with optimally effective
concentrations of TP508 (1 mg/ml). On day 7, 48 hrs
post-treatment, spheroids were irradiated at 10Gy using a
Cs™®7 source. One nanodot purchased from LANDAUER
was placed on top of the 24 well plates to confirm the actual
amount of radiation delivered to the spheroids. On day 8, 24
hrs post-radiation, primary spheroids were enzymatically
dissociated, and cells were re-plated in low-attachment
plates. Secondary spheroids began to grow by day 10. A
schematic depicting the steps of the procedure is shown in
FIG. 1.
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For the Relapse Experiment.

Control (Saline) and treated (TP508) primary-spheroids,
were dissociated and re-plated as secondary-spheroids.
Images were taken daily with white light microscopy to
examine regrowth potential of the cells in each group.
Formation of secondary spheroids was counted daily in each
well and both control/treated secondary spheroids were also
processed for western blotting (WB) analysis.

Western blot (WB) analysis of cells growing as 3D-spher-
oids.

Cells growing as 3D-spheroids were harvested and pro-
cessed for preparing cellular lysates, followed by electro-
phoresis and transfer to PVDF-membranes as described in
Kantara et. al., 2014, Cancer Res., 74:2487. Blots were cut
into horizontal strips containing target or loading control
proteins, and processed for detection of antigen-antibody
complexes by chemiluminescese. Antigen-antibody com-
plexes were detected with chemiluminescent reagent kit (GE
Health Care). Membrane-strips containing either target or
loading control proteins were simultaneously exposed to
autoradiographic films whenever possible. In cases where
limited samples were analyzed for multiple target proteins,
the loading control f-actin was measured in a corresponding
sample containing equivalent protein. In a few cases, the
[-actin was stripped to measure target protein with similar
molecular mass within the same membrane. Relative band
density on scanned autoradiograms was analyzed using
Image J program (rsbweb.nih.gov/ij/download), and
expressed as a ratio of f-actin in the corresponding samples.

Cell Viability/Proliferation/Apoptosis.

Spheroids were enzymatically dissociated and measured
by trypan blue exclusion test as described in Kantara et. al
2014. Dye exclusion was used as a measure of cell viability
using Cellometer™ Auto T4 (Nexcelom Bioscience, Law-
rence, Mass.). For assessing % cells undergoing apoptosis
and proliferation, control and treated spheroids were disso-
ciated enzymatically, cytospun onto slides, fixed and pro-
cessed for immunofluorescent staining with antibodies
against apoptotic-marker (activated-caspase-3) and prolif-
eration-marker (PCNA).

Immunofluorescent Staining of Dissociated Spheroids.

Dissociated cells from secondary spheroids were
cytospun on glass cover slips and processed for IF staining
as described in Kantara et. al., 2014, Cancer Res., 74:2487.
Cells were fixed using a 1:1 ratio of acetone:methanol
solution at -20° C. for 20 min. Cells were then washed 3x
with 1xPBS, and blocked with 5% goat serum for 1 h. Cells
were then stained with either anti-CD133-antibody (1:100),
anti-Sox-2-antibody (1:100), or anti-LgrS-antibody (1:100).
Excess antibody was washed off, and cells were incubated
with either goat anti-rabbit-IgG coupled to Alexa Fluor 488
(for detecting CD44 and LgrS) or goat anti-mouse-IgG
coupled to Alexa Fluor 594 (for detecting CD133 and
Sox-2). Excess antibody was washed off and cells were
incubated with 4',6-diamidino-2-phenylindole (DAPI) for 2
minutes. Cover slips were then mounted onto glass slides
using FluorSave™ Reagent (CALBIOCHEM, La Jolla,
Calif.), and images acquired using Zeiss Axioplan epifluor-
encent microscope.

Paraffin embedding processing and immunofluorescent
staining of intact primary spheroids.

Medulloblastoma Daoy primary spheroids growing in
low-attachment plates were treated with RT+TP508 as
described in method section. At about 4 days post-radiation,
intact spheroids were gently collected, washed with PBS and
fixed for 4 hrs with 10% formalin. Next, spheroids were
resuspended in 2% agar gel containing 0.05% sodium azide
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and agar gel was allowed to solidify at 4° C. for 1 hr.
Spheroids were then paraffin embedded, sectioned (5 pum)
and stained by immunofluorescense (as described in Kantara
et. al., 2014, Cancer Res., 74:2487) for specific cancer stem
cell markers CD133, CD44, LGRS, pluripotent factor Sox-2,
proliferative marker PCNA and apoptotic marker Activated
Caspase-3.

In Vivo Growth of Tumor Xenografts in Athymic Nude
Mice.

Daoy medulloblastoma cells were grown as 2D monolay-
ers in T-75 flasks. At 60% confluency, cells were treated
once with either Saline or TP508 (0.5 mg/mL) followed 48
hrs later by irradiation (0Gy or 10Gy). At 24 h post-
radiation, cells were collected, washed and resuspended in
PBS as single cell suspension. 1x1076 cells/100 pl. PBS
were inoculated on both the right and left flanks of 6 week
old male athymic nude mice (Taconic Farms) to allow for
the growth of subcutaneous xenografts. Tumors were
allowed to grow for 9 weeks. Mice were divided into 4
groups (n=2/group): 0Gy+Saline, 0Gy+TP508, 10Gy+Sa-
line and 10Gy+TP508. Tumor volume was measured weekly
in millimeters using the following formula: (LxW?)/2 where
L=length and W=width. Mice were sacrificed at 9 weeks
post-implant, tumors were removed and weighed. Data is
presented as a line graph and table format, additionally
tumor volume data from all 4 groups are presented as bar
graphs as shown below.

Statistical Analysis of Data.

Data are presented as mean+SEM of values obtained from
4-6 samples/experiment from 8 total experiments. To test for
significant differences between means, nonparametric
Mann-Whitney test and T-Test was employed using Graph-
Pad Prism software, Inc (La Jolla, Calif.); P values were
considered statistically significant if less than 0.05.
Results
In vitro Studies
TP508 Decreases Cell Viability, Tumor Heterogeneity and
Relapse Potential of Medulloblastoma Cancer Cells In Vitro,
Post-RT.

Medulloblastoma Daoy cells were grown and treated as
described in the Method section. On day 8, primary spher-
oids were dissociated and re-plated to assess secondary
spheroid formation. The number of secondary spheroids
indicates the relapse potential of cancer stem cells while the
size of the secondary spheroids indicates heterogeneity of
the cell population. Results showed that TP508 decreases the
viability of cancer stem cells compared to the control group
(FIG. 2A). Additionally, a single treatment of TP508 48 hrs
prior to radiation delayed the relapse potential of secondary
spheroids by 1-2 days (bottom row) compared to the control
(top row) (FIG. 2B). As can be seen in FIG. 2Bi, secondary
spheroids in the saline treated group started forming by day
2-3 whereas secondary spheroids in the TP508 treated group
started forming by days 3-4. Interestingly, primary spheres
treated with TP508 fail to form well rounded spheroids and
instead form small aggregates indicative of loss of stemness
potential FIG. 2Bii. Furthermore, treating primary spheroids
with TP508 48 hrs pre-radiation resulted in a significant
decrease in the number and size of secondary spheroids
formed post-RT compared to the saline treated group as
shown in FIG. 2C and FIG. 2D, respectively. TP508
decreased cell viability, heterogeneity, stemness and relapse
potential of cancer stem cells, suggesting that TP508 sen-
sitizes cancer stem cells to radiation therapy, making these
cells more susceptible.
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TP508 Decreases the Expression and Proliferation of Cancer
Stem Cells while Increasing Apoptosis.

Medulloblastoma Daoy primary spheroids (neurospheres)
treated with RT+TP508 were stained by immunofluores-
cence 4 days post-radiation. Results show that expression of
cancer stem cell markers CD133, CD44, LGRS and pluri-
potent factor Sox-2 are significantly decreased in the
RT+TP508 group compared to the control RT+Saline (FIG.
3A). Furthermore, proliferation (PCNA) of cancer stem cells
is decreased in the RT+TP508 compared to the RT+Saline
group, while apoptosis (activated caspase-3) is increased.
More specifically, TP508 decreases the stemness and pro-
liferative potential of medulloblastoma cancer stem cells by
~50% and increases apoptosis by ~65% compared to the
control (FIG. 3B). Western Blot analysis of cancer stem cells
treated with RT+TP508 was also performed as described in
the Method section. Results show that TP508 significantly
decreases the expression of cancer stem cell markers CD44,
CD133, LRGS and proliferation (PCNA) while increasing
apoptosis (activated caspase-3) (FIG. 3C). Bar graph illus-
trating the percent change in the expression of the indicated
markers compared to the control group is presented in FIG.
3D. These finding suggest that TP508 may be sensitizing
cancer stem cells to radiation and making them more sus-
ceptible to radiation exposure. A decrease in these stem cell
markers is also indicative of a less tumorigenic population of
cells, hence Daoy cancer cells seems to become less malig-
nant.

In Vivo Studies:
TP508 Inhibits the Growth of Daoy Medulloblastoma
Tumor Xenografts In Vivo.

Athymic nude mice were inoculated subcutaneously with
1x10°6 Daoy cells pre-treated with +RT+TP508. By week 9,
tumors notably varied in size between all four groups in the
order of No RT+Saline>RT+Saline>No RT+TP508>RT+
TP508 (FIG. 4A). At 9 weeks post-implant, mice were
euthanized and tumors were weighed. Tumor weights
between groups positively correlated with tumor volumes
(FIG. 4B). Results show that non-irradiated saline treated
Daoy cells are able to form large tumors as illustrated by the
line “No RT+Saline” in FIG. 4A. However, when non-
irradiated cells are pre-treated with TP508, these cells grow
smaller tumor xenografts, as illustrated by the line “No
RT+TP508” in FIG. 4A. Tumor growth is approximately
decreased by 50% compared to the No RT+Saline group.
Upon radiation and saline pre-treatment (line “RT+Saline”),
tumor growth is inhibited by ~30% compared to the No
RT+Saline group. Interestingly, when Daoy cells are irradi-
ated and treated with TP508 (line “RT+TP508”), tumor
growth is significantly inhibited and is decreased by >75%
compared to the RT+Saline group and >90% compared to
the No RT+saline group. Results of tumor weights demon-
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strate a similar trend as tumor volume and confirm that
RT+TP508 treatment of Doay cells significantly decreases
tumor growth compared to only radiation or TP508 treat-
ment. Our results suggest that radiation treatment alone or
TP508 treatment alone of Daoy cells significantly decreases
tumor growth of medulloblastoma cells; however combined
treatment of radiation and TP508 seems to be most effective
in preventing their tumor growth.

The complete disclosure of all patents, patent applica-
tions, and publications, and electronically available material
(including, for instance, nucleotide sequence submissions in,
e.g., GenBank and RefSeq, and amino acid sequence sub-
missions in, e.g., SwissProt, PIR, PRF, PDB, and transla-
tions from annotated coding regions in GenBank and Ref-
Seq) cited herein are incorporated by reference in their
entirety. Supplementary materials referenced in publications
(such as supplementary tables, supplementary figures,
supplementary materials and methods, and/or supplemen-
tary experimental data) are likewise incorporated by refer-
ence in their entirety. In the event that any inconsistency
exists between the disclosure of the present application and
the disclosure(s) of any document incorporated herein by
reference, the disclosure of the present application shall
govern. The foregoing detailed description and examples
have been given for clarity of understanding only. No
unnecessary limitations are to be understood therefrom. The
invention is not limited to the exact details shown and
described, for variations obvious to one skilled in the art will
be included within the invention defined by the claims.

Unless otherwise indicated, all numbers expressing quan-
tities of components, molecular weights, and so forth used in
the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly,
unless otherwise indicated to the contrary, the numerical
parameters set forth in the specification and claims are
approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary
rounding techniques.

Notwithstanding that the numerical ranges and param-
eters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. All numerical
values, however, inherently contain a range necessarily
resulting from the standard deviation found in their respec-
tive testing measurements.

All headings are for the convenience of the reader and
should not be used to limit the meaning of the text that
follows the heading, unless so specified.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 30

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

SEQ ID NO 1

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (6)..(6)

OTHER INFORMATION: Xaa at this position may be Glu or Gln



US 10,220,078 B2
23

-continued
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His
or Val

<400> SEQUENCE: 1

Arg Gly Asp Ala Cys Xaa Gly Asp Ser Gly Gly Pro Xaa Val
1 5 10

<210> SEQ ID NO 2

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (22)..(22)
<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His
or Val

<400> SEQUENCE: 2

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Cys Xaa Gly
1 5 10 15

Asp Ser Gly Gly Pro Xaa Val
20

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Cys Glu Gly
1 5 10 15

Asp Ser Gly Gly Pro Phe Val
20

<210> SEQ ID NO 4

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His
or Val

<400> SEQUENCE: 4
Arg Gly Asp Ala Xaa Xaa Gly Asp Ser Gly Gly Pro Xaa Val
1 5 10

<210> SEQ ID NO 5
<211> LENGTH: 23
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at this position may be alanine, glycine,
serine or an S-protected cysteine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (22)..(22)
<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His
or Val

<400> SEQUENCE: 5

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Xaa Xaa Gly
1 5 10 15

Asp Ser Gly Gly Pro Xaa Val
20

<210> SEQ ID NO 6

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Cys Glu Gly
1 5 10 15

Asp Ser Gly Gly Pro Phe Val
20

<210> SEQ ID NO 7
<400> SEQUENCE: 7

000

<210> SEQ ID NO 8
<400> SEQUENCE: 8

000

<210> SEQ ID NO 9
<400> SEQUENCE: 9

000

<210> SEQ ID NO 10

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His
or Val
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<400> SEQUENCE: 10

Asp Ala Cys Xaa Gly Asp Ser Gly Gly Pro Xaa Val
1 5 10

<210> SEQ ID NO 11
<400> SEQUENCE: 11

000

<210> SEQ ID NO 12
<400> SEQUENCE: 12

000

<210> SEQ ID NO 13

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa at this position may be Ala or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His,
or Val

<400> SEQUENCE: 13

Asp Xaa Cys Xaa Gly Asp Ser Gly Gly Pro Xaa Val
1 5 10

<210> SEQ ID NO 14

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Cys Glu Gly Asp Ser Gly Gly Pro Phe Val
1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His
or Val

<400> SEQUENCE: 15

Cys Xaa Gly Asp Ser Gly Gly Pro Xaa Val
1 5 10
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<210> SEQ ID NO 16

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 16
Arg Gly Asp Ala

1

<210> SEQ ID NO 17
<211> LENGTH: 14
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17
Arg Gly Asp Ala Cys Glu Gly Asp
1 5

<210> SEQ ID NO 18

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 18

Asp Asn Met Phe Cys Ala Gly Tyr
1 5

Asp Ala Cys Glu Gly Asp Ser Gly

20
Phe
<210> SEQ ID NO 19
<211> LENGTH: 33
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION:
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: Xaa at
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: Xaa at

or Val

<400> SEQUENCE: 19

Asp Asn Met Phe Cys Ala Gly Tyr
1 5

Asp Ala Cys Xaa Gly Asp Ser Gly
20

Phe

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

SEQ ID NO 20

LENGTH: 23

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: misc_feature
LOCATION: (14)..(14)

<400> SEQUENCE: 20

Ala Gly Tyr Lys Pro Asp Glu Gly
1 5

Ser Gly Gly Pro Phe Val
10

Lys Pro Asp Glu Gly Lys Arg Gly
10 15

Gly Pro Phe Val Met Lys Ser Pro
25 30

Synthetic peptide

this position may be Glu or Gln

this position may be Phe, Met, Leu, His

Lys Pro Asp Glu Gly Lys Arg Gly
10 15

Gly Pro Xaa Val Met Lys Ser Pro
25 30

OTHER INFORMATION: Xaa can be any naturally occurring amino acid

Lys Arg Gly Asp Ala Xaa Glu Gly
10 15
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Asp Ser Gly Gly Pro Phe Val
20

<210> SEQ ID NO 21

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Ala Glu Gly
1 5 10 15

Asp Ser Gly Gly Pro Phe Val
20

<210> SEQ ID NO 22

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Ala Glu Gly
1 5 10 15

Asp Ser Gly Gly Pro Phe Val
20

<210> SEQ ID NO 23

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at this position may be alanine, glycine,
serine or an S-protected cysteine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at this position may be alanine, glycine,
serine or an S-protected cysteine

<400> SEQUENCE: 23

Asp Asn Met Phe Xaa Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly
1 5 10 15

Asp Ala Xaa Glu Gly Asp Ser Gly Gly Pro Phe Val Met Lys Ser Pro
20 25 30

Phe

<210> SEQ ID NO 24

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at this position may be alanine, glycine,
serine or an S-protected cysteine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at this position may be alanine, glycine,
serine or an S-protected cysteine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (20)..(20)
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34

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (27)..(27)

<223> OTHER INFORMATION: Xaa at this position may be Phe, Met, Leu, His

or Val
<400> SEQUENCE: 24

Asp Asn Met Phe Xaa Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly
1 5 10 15

Asp Ala Xaa Xaa Gly Asp Ser Gly Gly Pro Xaa Val Met Lys Ser Pro
20 25 30

Phe

<210> SEQ ID NO 25

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

Asp Asn Met Phe Ala Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly
1 5 10 15

Asp Ala Ala Glu Gly Asp Ser Gly Gly Pro Phe Val Met Lys Ser Pro
20 25 30

Phe

<210> SEQ ID NO 26

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

Asp Asn Met Phe Ala Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly
1 5 10 15

Asp Ala Ala Glu Gly Asp Ser Gly Gly Pro Phe Val Met Lys Ser Pro
20 25 30

Phe

<210> SEQ ID NO 27

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Cys Glu Gly
1 5 10 15

Asp Ser Gly Gly Pro Phe Val Met Lys Ser Pro Phe Asn Asn Arg Trp
20 25 30

Tyr

<210> SEQ ID NO 28

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at this position may be Glu or Gln
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (22)..(22)
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-continued

<223> OTHER INFORMATION: Xaa at this position may be Phe,

or Val

<400> SEQUENCE: 28

Met, Leu, Hisg

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Cys Xaa Gly

1 5 10

15

Asp Ser Gly Gly Pro Xaa Val Met Lys Ser Pro Phe Asn Asn Arg Trp

20 25

Tyr

<210>
<211>
<212>
<213>

SEQ ID NO 29

LENGTH: 33

TYPE: PRT

ORGANISM: Homo sapiens
<400>

SEQUENCE: 29

30

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Cys Glu Gly

1 5 10

15

Asp Ser Gly Gly Pro Phe Val Met Lys Ser Pro Phe Asn Asn Arg Trp

20 25

Tyr

<210>
<211>
<212>
<213>

SEQ ID NO 30

LENGTH: 23

TYPE: PRT

ORGANISM: Homo sapiens
<400>

SEQUENCE: 30

30

Ala Gly Tyr Lys Pro Asp Glu Gly Lys Arg Gly Asp Ala Ser Glu Gly

1 5 10

Asp Ser Gly Gly Pro Phe Val
20

15

What is claimed is:

1. A method comprising:

administering to a subject having a medulloblastoma an

effective amount of a thrombin peptide derivative,
wherein the thrombin peptide derivative comprises
Asp-Ala-R, wherein R is a serine esterase conserved
sequence, and wherein the serine esterase conserved
sequence comprises the sequence Cys-X,-Gly-Asp-
Ser-Gly-Gly-Pro-X,-Val (SEQ ID NO:15), wherein X,
is Glu or Gln and X, is Phe, Met, Leu, His or Val; and

exposing cells of the medulloblastoma of the subject to a

therapeutic radiation,

wherein the thrombin peptide derivative is adminis-
tered before the therapeutic radiation,

wherein the thrombin peptide derivative is adminis-
tered between 1 hour and 60 hours before the expos-
ing;

and wherein viability of cells of the medulloblastoma is
decreased compared to viability of cells of the
medulloblastoma before the administering and the
exposing.

2. The method of claim 1 wherein the cells of the
medulloblastoma having decreased viability comprise can-
cer stem cells.

3. The method of claim 1 wherein the administration is
systemic.

4. The method of claim 3 wherein the systemic adminis-
tration is intravenous.
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5. The method of claim 1 wherein the subject is a child or
young adult.

6. The method of claim 1 wherein the medulloblastoma is
a relapse following an initial treatment.

7. The method of claim 1 wherein the thrombin peptide
derivative comprises the sequence Arg-Gly-Asp-Ala-Cys-
X,-Gly-Asp-Ser-Gly-Gly-Pro-X,-Val (SEQ ID NO:1),
wherein X, is Glu or Gln and X, is Phe, Met, Leu, His or Val.

8. The method of claim 1 wherein the thrombin peptide
derivative comprises the sequence Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-X, -Gly-Asp-Ser-
Gly-Gly-Pro-X,-Val (SEQ ID NO:2), an N-terminal trun-
cated fragment thereof comprising at least fourteen amino
acid residues, wherein X, is Glu or Gln and X, is Phe, Met,
Leu, His or Val.

9. The method of claim 1 wherein the thrombin peptide
derivative is H-Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-
Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-
Val-NH, (SEQ ID NO:3).

10. A method of comprising:

administering to a subject having a medulloblastoma an

effective amount of a thrombin peptide derivative,
wherein the thrombin peptide derivative comprises the
polypeptide  Arg-Gly-Asp-Ala-Xaa-X,-Gly-Asp-Ser-
Gly-Gly-Pro-X,-Val (SEQ ID NO:4), wherein Xaa is
alanine, glycine, serine or an S-protected cysteine; X,
is Glu or Gln; and X2 is Phe, Met, Leu, His or Val; and

exposing cells of the medulloblastoma of the subject to a

therapeutic radiation,
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wherein the thrombin peptide derivative is adminis-
tered before the therapeutic radiation,

wherein the thrombin peptide derivative is adminis-
tered between 1 hour and 60 hours before the expos-
ng;

and wherein viability of cells of the medulloblastoma is
decreased compared to viability of cells of the
medulloblastoma before the administering and the
exposing.

11. The method of claim 1 wherein the thrombin deriva-
tive comprises a C-terminal amide, an acylated N-terminus,
or a combination thereof, wherein said C-terminal amide is
represented by —C(O)NR_R,, wherein R, and R, are inde-
pendently hydrogen, an aliphatic group comprising up to 10
carbon atoms, or R, and R, taken together with the nitrogen
to which they are bonded, form a C;-C,, non-aromatic
heterocyclic group, and wherein said N-terminal acyl group
is represented by R_.C(O)—, where R_ is hydrogen, an
aliphatic group comprising up to 10 carbon atoms or a
phenyl group optionally substituted with one or more groups
selected from C,-Cg alkyl, C,-C4 alkoxy, C,-C¢ haloalkyl,
C,-C; haloalkoxy, nitro and cyano.

12. A method comprising:

administering to a subject having a medulloblastoma an

effective amount of a thrombin peptide derivative,
wherein the thrombin peptide derivative comprises
Asp-Ala-R, wherein R is a serine esterase conserved
sequence, and wherein the serine esterase conserved
sequence comprises the sequence Cys-X,-Gly-Asp-
Ser-Gly-Gly-Pro-X,-Val (SEQ ID NO:15), wherein X,
is Glu or Gln and X, is Phe, Met, Leu, His or Val; and

exposing cells of the medulloblastoma of the subject to a

therapeutic radiation,

wherein the thrombin peptide derivative is adminis-
tered before the therapeutic radiation,

wherein the thrombin peptide derivative is adminis-
tered between 1 hour and 60 hours before the expos-
ing;

and wherein shrinkage of the medulloblastoma in the
subject is increased compared to shrinkage of the
medulloblastoma before the administrating and the
exposing.

13. The method of claim 12 wherein the administration is
systemic.

14. The method of claim 13 wherein the systemic admin-
istration is intravenous.

15. The method of claim 12 wherein the subject is a child
or young adult.

16. The method of claim 12 wherein the medulloblastoma
is a relapse following an initial treatment.

17. The method of claim 12 wherein the thrombin peptide
derivative comprises the sequence Arg-Gly-Asp-Ala-Cys-
X,-Gly-Asp-Ser-Gly-Gly-Pro-X,-Val (SEQ ID NO:1),
wherein X, is Glu or Gln and X, is Phe, Met, Leu, His or Val.

18. The method of claim 12 wherein the thrombin peptide
derivative comprises the sequence Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-X, -Gly-Asp-Ser-
Gly-Gly-Pro-X,-Val (SEQ ID NO:2), an N-terminal trun-
cated fragment thereof comprising at least fourteen amino
acid residues, wherein X, is Glu or Gln and X, is Phe, Met,
Leu, His or Val.

19. The method of claim 12 wherein the thrombin peptide
derivative is H-Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-
Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-
Val-NH, (SEQ ID NO:3).
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20. A method comprising:

administering to a subject having a medulloblastoma an
effective amount of a thrombin peptide derivative,
wherein the thrombin peptide derivative comprises the
polypeptide  Arg-Gly-Asp-Ala-Xaa-X, -Gly-Asp-Ser-
Gly-Gly-Pro-X,-Val (SEQ ID NO:4), wherein Xaa is
alanine, glycine, serine or an S-protected cysteine; X,
is Glu or Gln; and X, is Phe, Met, Leu, His or Val; and

exposing cells of the medulloblastoma of the subject to a

therapeutic radiation,

wherein the thrombin peptide derivative is adminis-
tered before the therapeutic radiation

wherein the thrombin peptide derivative is adminis-
tered between 1 hour and 60 hours before the expos-
ing;

and wherein shrinkage of the medulloblastoma in the
subject is increased compared to shrinkage of the
medulloblastoma before the administrating and the
exposing.

21. The method of claim 12 wherein the thrombin deriva-
tive comprises a C-terminal amide, an acylated N-terminus,
or a combination thereof, wherein said C-terminal amide is
represented by —C(O)NR_R,, wherein R, and R, are inde-
pendently hydrogen, an aliphatic group comprising up to 10
carbon atoms, or R, and R, taken together with the nitrogen
to which they are bonded, form a C;-C,, non-aromatic
heterocyclic group, and wherein said N-terminal acyl group
is represented by R_.C(O)—, where R_ is hydrogen, an
aliphatic group comprising up to 10 carbon atoms or a
phenyl group optionally substituted with one or more groups
selected from C,-Cg alkyl, C,-C4 alkoxy, C,-C haloalkyl,
C,-C haloalkoxy, nitro and cyano.

22. A method comprising:

contacting a medulloblastoma cancer cell with an effec-

tive amount of a thrombin peptide derivative, wherein
the thrombin peptide derivative comprises Asp-Ala-R,
wherein R is a serine esterase conserved sequence, and
wherein the serine esterase conserved sequence com-
prises the sequence Cys-X,-Gly- Asp-Ser-Gly-Gly-
Pro-X,-Val (SEQ ID NO:15), wherein X, is Glu or Gln
and X, is Phe, Met, Leu, His or Val; and

exposing the medulloblastoma cancer cell to a therapeutic

radiation,

wherein the medulloblastoma cancer cell is contacted
with the thrombin peptide derivative before the
radiation,

wherein the thrombin peptide derivative is adminis-
tered between 1 hour and 60 hours before the expos-
ng;

and wherein the viability of the medulloblastoma can-
cer cell is decreased compared to the viability of the
medulloblastoma cancer before the contacting and
exposing.

23. The method of claim 22 wherein the medulloblastoma
cancer cell is ex vivo.

24. The method of claim 22 wherein the thrombin peptide
derivative comprises the sequence Arg-Gly-Asp-Ala-Cys-
X,-Gly-Asp-Ser-Gly-Gly-Pro-X,-Val (SEQ ID NO:1),
wherein X, is Glu or Gln and X, is Phe, Met, Leu, His or Val.

25. The method of claim 22 wherein the thrombin peptide
derivative comprises the sequence Ala-Gly-Tyr-Lys-Pro-
Asp-Glu-Gly-Lys-Arg-Gly-Asp-Ala-Cys-X, -Gly-Asp-Ser-
Gly-Gly-Pro-,-Val (SEQ ID NO:2), an N-terminal truncated
fragment thereof comprising at least fourteen amino acid
residues, wherein X, is Glu or Gln and X, is Phe, Met, Leu,
His or Val.
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26. The method of claim 22 wherein the thrombin peptide
derivative is H-Ala-Gly-Tyr-Lys-Pro-Asp-Glu-Gly-Lys-
Arg-Gly-Asp-Ala-Cys-Glu-Gly-Asp-Ser-Gly-Gly-Pro-Phe-
Val-NH, (SEQ ID NO3).

27. A method comprising:

contacting a medulloblastoma cancer cell with an effec-

tive amount of a thrombin peptide derivative, wherein

the thrombin peptide derivative comprises the polypep-

tide Arg-Gly-Asp-Ala-Xaa-X,-Gly-Asp-Ser-Gly-Gly-

Pro-X,-Val (SEQ ID NO:4), wherein Xaa is alanine,

glycine, serine or an S-protected cysteine; X, is Glu or

Gln; and X, is Phe, Met, Leu, His or Val; and

exposing the medulloblastoma cancer cell to a therapeutic

radiation,

wherein the medulloblastoma cancer cell is contacted
with the thrombin peptide derivative before the
radiation,

wherein the thrombin peptide derivative is adminis-
tered between 1 hour and 60 hours before the expos-
ng;

and wherein the viability of the medulloblastoma can-
cer cell is decreased compared to the viability of the
medulloblastoma cancer before the contacting and
exposing.

28. The method of claim 22 wherein the thrombin deriva-
tive comprises a C-terminal amide, an acylated N-terminus,
or a combination thereof, wherein said C-terminal amide is
represented by —C(O)NR_R,, wherein R, and R, are inde-
pendently hydrogen, an aliphatic group comprising up to 10
carbon atoms, or R, and R,, taken together with the nitrogen
to which they are bonded, form a C;-C,, non-aromatic
heterocyclic group, and wherein said N-terminal acyl group
is represented by R_C(O)—, where R_ is hydrogen, an
aliphatic group comprising up to 10 carbon atoms or a
phenyl group optionally substituted with one or more groups
selected from C,-Cg alkyl, C,-C4 alkoxy, C,-C¢ haloalkyl,
C,-C; haloalkoxy, nitro and cyano.

29. The method of claim 10 wherein the cells of the
medulloblastoma having decreased viability comprise can-
cer stem cells.

30. The method of claim 10 wherein the administration is
systemic.

31. The method of claim 30 wherein the systemic admin-
istration is intravenous.

32. The method of claim 10 wherein the subject is a child
or young adult.

33. The method of claim 10 wherein the medulloblastoma
is a relapse following an initial treatment.

34. The method of claim 10 wherein the thrombin deriva-
tive comprises a C-terminal amide, an acylated N-terminus,
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or a combination thereof, wherein said C-terminal amide is
represented by —C(O)NR_R,, wherein R, and R, are inde-
pendently hydrogen, an aliphatic group comprising up to 10
carbon atoms, or R, and R, taken together with the nitrogen
to which they are bonded, form a C,-C,, non-aromatic
heterocyclic group, and wherein said N-terminal acyl group
is represented by R_.C(O)—, where R_ is hydrogen, an
aliphatic group comprising up to 10 carbon atoms or a
phenyl group optionally substituted with one or more groups
selected from C,-Cg alkyl, C,-C4 alkoxy, C,-C haloalkyl,
C,-C haloalkoxy, nitro and cyano.

35. The method of claim 20 wherein the administration is
systemic.

36. The method of claim 35 wherein the systemic admin-
istration is intravenous.

37. The method of claim 20 wherein the subject is a child
or young adult.

38. The method of claim 20 wherein the medulloblastoma
is a relapse following an initial treatment.

39. The method of claim 20 wherein the thrombin deriva-
tive comprises a C-terminal amide, an acylated N-terminus,
or a combination thereof, wherein said C-terminal amide is
represented by —C(O)NR_R,, wherein R, and R, are inde-
pendently hydrogen, an aliphatic group comprising up to 10
carbon atoms, or R, and R,, taken together with the nitrogen
to which they are bonded, form a C;-C,, non-aromatic
heterocyclic group, and wherein said N-terminal acyl group
is represented by R_C(O)—, where R_ is hydrogen, an
aliphatic group comprising up to 10 carbon atoms or a
phenyl group optionally substituted with one or more groups
selected from C,-C; alkyl, C,-C alkoxy, C,-C haloalkyl,
C,-C; haloalkoxy, nitro and cyano.

40. The method of claim 27 wherein the medulloblastoma
cancer cell is ex vivo.

41. The method of claim 27 wherein the thrombin deriva-
tive comprises a C-terminal amide, an acylated N-terminus,
or a combination thereof, wherein said C-terminal amide is
represented by —C(O)NR_R,, wherein R, and R, are inde-
pendently hydrogen, an aliphatic group comprising up to 10
carbon atoms, or R, and R, taken together with the nitrogen
to which they are bonded, form a C,-C,, non-aromatic
heterocyclic group, and wherein said N-terminal acyl group
is represented by R_C(O)—, where R_ is hydrogen, an
aliphatic group comprising up to 10 carbon atoms or a
phenyl group optionally substituted with one or more groups
selected from C,-C; alkyl, C,-C alkoxy, C,-C haloalkyl,
C,-C; haloalkoxy, nitro and cyano.

#* #* #* #* #*



