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PEPTIDES AND PEPTIDOMIMETICS IN COMBINATION USES AND
TREATMENTS FOR CANCER PATIENT SUBPOPULATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
5 This application claims priority to U.S. Provisional Application No. 61/838,777

filed June 24, 2013, which application 1s incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD
This invention relates to compounds including peptides and peptidomimetics
10 having anti-cell proliferative activity alone, and in combination with treatments that either
directly or indirectly damage nucleic acid (e.g., DNA). The invention compounds are
therefore useful for inhibiting cell proliferation and, as such, for treating cell proliferative

disorders including cancer.

15 INTRODUCTION

The cell cycle comprises S phase (DNA replication), M phase (mitosis), and two
gap phases (G1 and G2 phases) between S and M phases. Checkpoints 1n the cell cycle
ensure accurate progression, such as monitoring the state of DNA 1ntegrity, DNA
replication, cell size, and the surrounding environment (Maller, J.L. Curr. Opin. Cell Biol.,

20 3:26 (1991)). It 1s especially important for multi-cellular organisms to maintain integrity
of genome, and there are multiple checkpoints that monitor the state of genome. Among
them are G1 and G2 checkpoints existing before DNA replication and mitosis,
respectively. It 1s crucial to correct DNA damage before entering S phase, because once
damaged DNA 1s replicated it often gives rise to mutations (Hartwell, L. Cell, 71:543

25 (1992)). Progression through G1 and G2 checkpoints without repairing extensive DNA
damage 1induces apoptosis and/or catastrophe.

Most cancer cells carry abnormalities in G1 checkpoint-related proteins such as
p533, Rb, MDM-2, p16™"** and p19™*" (Levine, A.J. Cell, 88:323 (1997)). Alternatively,
mutations can cause over-expression and/or over activation of oncogene products, €.g.,

30 Ras, MDM-2 and cyclin D, which reduce the stringency of G1 checkpoint. In addition to
these mutations, excessive growth factor signaling can be caused by the over expression
of growth factors and can reduce the stringency of G1 checkpoint. ‘Together with loss
and gain-of-function mutations, continuous activation ot growth factor receptors or

downstream signal-transducing molecules can cause cell transformation by overriding the
1
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G1 checkpoint. Abrogated G1 checkpoint contributes to higher mutation rates and the
many mutations observed in cancer cells.  As a result, most cancer cells depend on (G2
checkpoint for survival against excessive DNA damage (O’Connor and Fan, Prog. Cell
Cycle Res., 2:165 (1996)).

The mechanism that promotes the cell cycle (G2 arrest after DNA damage 1s
believed to be conserved among species from yeast to human. In the presence of
damaged DNA, Cdc2/Cyclin B kinase 1s kept 1nactive because of inhibitory
phosphorylation of threonine-14 and tyrosine-15 residues on Cdc2 kinase or the protein
level of Cyclin B 1s reduced. At the onset of mitosis, the dual phosphatase Cdc235
removes these inhibitory phosphates and thereby activates Cdc2/Cyclin B kinase. The
activation of Cdc2/Cyclin B 1s equivalent to the onset of M phase.

In fission yeast, the protein kinase Chkl1 1s required for the cell cycle arrest 1in
response to damaged DNA. Chkl kinase acts downstream of several rad gene products
and 1s modified by the phosphorylation upon DNA damage. The kinases Rad53 of
budding yeast and Cds1 of fission yeast are known to conduct signals from unreplicated
DNA. It appears that there 1s some redundancy between Chkl and Cds1 because
elimination of both Chkl and Cds1 culminated 1n disruption of the G2 arrest induced by
damaged DNA. Interestingly, both Chkl and Cdsl phosphorylate Cdc25 and promote
Rad24 binding to Cdc25, which sequesters Cdc25 to cytosol and prevents Cdc2/Cyclin B
activation. Therefore Cdc2S appears to be a common target of these kinases implying
that this molecule 1s an indispensable factor in the G2 checkpoint.

In humans, both hChk1, a human homologue of fission yeast Chkl, and
Chk2/HuCds1, a human homologue of the budding yeast Rad53 and fission yeast Cdsl1,
phosphorylate Cdc25C at serine-216, a critical regulatory site, in response to DNA
damage. This phosphorylation creates a binding site for small acidic proteins 14-3-3s,
human homologues of Rad24 and Rad25 of fission yeast. The regulatory role of this
phosphorylation was clearly indicated by the fact that substitution of serine-216 to alanine
on Cdc25C disrupted cell cycle G2 arrest in human cells. However, the mechanism of
(G2 checkpoint 1s not fully understood.

Tumor microenvironment also plays a role 1n the prevention or promotion of
cancer cell growth, 1invasion, metastasis and anti-tumor immunity, which affects patient
prognosis. Macrophages, once expected to work against cancer cells, have been indicated

to play both inhibitory and promoting roles in the tumor development. Macrophages with
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classical anti-tumor phenotype, referred to as M1, are pro-inflammatory, and those with
pro-tumor and anti-inflammatory types are referred to as M2 with at least three major
subtypes within this category (Martinez and Gordon, F1000Prime Reports 6:13 (2014)).
Neutrophil extracellular traps (NETSs) represent another element of the tumor
5 microenvironment along with leukocytes. While the formation of NE'Ts are useful for
neutrophils to fight against invading microorganisms they may contribute to deep vein
thrombosis (DV'T) (Martinnod and Wanger, Blood (2013)) and tumor cell metastasis
(Cools-Lartigue, J., et al. J. Clin. Invest. (2013)) 1n cancer patients. Thus, NETs may
adversely affect patient survival. DV'T 1s common and potentially lethal in cancer patients,
10 and leukocytosis (which leads to high WBC) is a major risk factor (Pabinger, I., et al.
Blood 122:12 (2013); Blix, K., et al. PLOS One 4:8 (2013); Wang, T.F., et al. Thromb.
Res. 133(1):25 (2014)).
SUMMARY
In accordance with the invention, provided are methods and uses of peptide
15 compounds having one or more activities for inhibiting cell proliferation, stimulating
apoptosis or catastrophe, abrogating cell cycle G2 checkpoint of a cell; or treating
undesirable cell proliferation or survival, such as that characterized by a cell proliferative
disorder. For example, the invention provides methods and uses of inhibiting cell
proliferation; abrogating cell cycle G2 checkpoint of a cell; increasing sensitivity ot a cell
20 to a nucleic acid damaging agent or treatment; increasing nucleic acid damage to a cell.
In one embodiment, a method or use for increasing nucleic acid damage of a
hyperproliferating cell or for the prophylaxis or treatment of a cell proliferative
disorder 1n a mammal (e.g2., a human) having a white blood cell count within a normal
range, includes administering a peptide compound, wherein the peptide compound
25 comprises any of the following sequences: A) a peptide comprising residues denoted
P1-P6, with the structure, P1, P2, P3, P4, P5, P6 or P6, PS5, P4, P3, P2, P1l; wherein P1 1s
Cha, Nal(2), (Phe-2,3.,4,5,6-F), (Phe-3,4,5F), (Phe-4CF3), an amino acid that occupies a
similar side chain space, or any amino acid with one or two aromatic, piperidine, pyrazine,
pyrimidine, piperazine, morpholine or pyrimidine group(s), or one indole, pentalene,
30 indene, naphthalene, benzoturan, benzothiophene, quinoline, indoline, chroman,
quinoxaline, quinazoline group in the side chain; wherein P2 1s Cha, Nal(2),
(Phe-2,3.,4,5,6-F), (Phe-3,4,5F), (Phe-4CF3), Bpa, Phe4dNO2, an amino acid that occupies

a sumilar side chain space, or any amino acid with one or two aromatic, piperidine,

602303445v1 3



CA 02916136 2015-12-18

WO 2014/207556 PCT/IB2014/001579

pyrazine, pyrimidine, piperazine, morpholine or pyrimidine group(s), or one indole,
pentalene, indene, naphthalene, benzofuran, benzothiophene, quinoline, indoline,
chroman, quinoxaline, or quinazoline group 1n the side chain; wherein P3, P4, P5 are any
amino acid, or wherein one or more of P3, P4, PS5 1s a stmple carbon chain such that the

5 distance between P2 and P6 1s about the same as the distance when each of P3, P4, P5 are
amino acids; wherein P6 1s Bpa, Phe4NO?2, any one amino acid and Tyr, any one amino
acid and Phe, any amino acid, or nothing; B) or the peptide of A), wherein the amino acid
having a stmple carbon chain 1s 11-aminoundecanoic acid, 10-aminodecanoic acid,
9-aminononanoic acid, 3-aminocaprylic acid, 7-aminoheptanoic acid, 6-aminocaproic

10 acid, or a stmilar structure with one or more unsaturated carbon bonds, and/or wherein the
any one amino acid 1s Ser, and/or wherein P4 1s Trp, and/or wherein the amino acid that
occupies a sumilar side chain space 1s Tyr or Phe; or a peptide comprising residues
denoted P1-P12, with any the following structures:

Pl, P2, P3, P4, PS5, P6 ; P6, PS5, P4, P3, P2, P1; P1, P2, P3, P4, PS5, P6, P7, Ps, PY, P10,

15 P11, P12; P1, P2, P3, P4, PS5, P6, P12, P11, P10, P9, P8, P7; P6, PS5, P4, P3, P2, P1, P7,
Pg, P9, P10, P11, P12; P6, P5, P4, P3, P2, P1, P12, P11, P10, PY, Pg, P7; P7, P8, P9, P10,
P11, P12, P1, P2, P3, P4, PS5, P6; P7, Ps, P9, P10, P11, P12, P6, PS5, P4, P3, P2, P1; P12,
P11, P10, P9, Ps, P7, P1, P2, P3, P4, P5, P6; P12, P11, P10, PY, Pg, P7, P6, PS5, P4, P3,
P2, P1; P12, P11, P6, PY, PS8, P7, P2, P1; P12, P11, P10, P6, PY, P4, P7, P2, P1; P1, P2,

20 P7, Pg, P9, P6, P11, P12; or P1, P2, P7, P4, P9, P6, P10, P11, P12; wherein P1 1s Cha,
Nal(2), (Phe-2,3,4,5,6-F), (Phe-3,4,5F), (Phe-4CF3), Bpa, Phe4NO2, an amino acid that
occupies a similar side chain space (e.g2. d- or 1-Tyr, d- or 1-Phe), or any amino acid with
one or two aromatic, piperidine, pyrazine, pyrimidine, piperazine, morpholine or
pyrimidine group(s), or one indole, pentalene, indene, naphthalene, benzofuran,

25 benzothiophene, quinoline, indoline, chroman, quinoxaline, or quinazoline group in the
side chain; wherein P2 1s Cha, Nal(2), (Phe-2,3,4,5,6-F), (Phe-3,4,5F), (Phe-4CF3), or an
amino acid that occupies a similar side chain space, or any amino acid with one or two
aromatic, piperidine, pyrazine, pyrimidine, piperazine, morpholine or pyrimidine group(s),
or one 1ndole, pentalene, indene, naphthalene, benzofuran, benzothiophene, quinoline,

30 indoline, chroman, quinoxaline, quinazoline group 1n the side chain; wherein P3, P4, P3S
are any amino acid, or wherein one or more of P3, P4, P5 1s a simple carbon chain such
that the distance between P2 and P6 1s about the same as the distance when each of P3, P4,

PS5 are amino acids; wherein P6 1s Bpa, Phe4NO2, any one amino acid and Tyr, any one

602303445v1 4
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amino acid and Phe; and wherein at least three of P/, P8, P9, P10, P11, P12 are basic
amino acids with the rest being any amino acid or absent; or the peptide of C), wherein
the amino acid having a simple carbon chain 1s 11-aminoundecanoic acid,
10-aminodecanoic acid, 9-aminononanoic acid, 8-aminocaprylic acid, 7-aminoheptanoic
5 acid, 6-aminocaproic acid, or a similar structure with one or more unsaturated carbon
bonds, and/or, wherein the any one amino acid 1s Ser, and/or, wherein P4 1s Trp, and/or,
wherein the amino acid that occupies a sumilar side chain space 1s Tyr or Phe; or a peptide
comprising residues denoted P1-P12, with any the following structures:
Pl, P2, P3, P4, P35, P6, P7, P, P9, P10, P11, P12; P12, P11, P10, P9, P8, P7, P6, PS5, P4,

10 P3, P2, P1; P12, P11, P10, P6, P9, P4, P/, P2, P1; or P1, P2, P/, P4, P9, P6, P10, P11,
P12; wherein P1 1sCha, Nal(2), (Phe-2,3,4,5,6-FF), (Phe-3,4,5F), (Phe-4CFE3), Bpa,
Phe4NO2, an amino acid that occupies a sumilar side chain space, or any amino acid with
one or two aromatic, piperidine, pyrazine, pyrimidine, piperazine, morpholine or
pyrimidine group(s), or one indole, pentalene, indene, naphthalene, benzofuran,

15 benzothiophene, quinoline, indoline, chroman, quinoxaline, or quinazoline group in the
side chain; wherein P2 1s Cha, Nal(2), (Phe-2,3,4,5,6-F), (Phe-3,4,5F), (Phe-4CF3), an
amino acid that occupies a similar side chain space, or any amino acid with one or two
aromatic, piperidine, pyrazine, pyrimidine, piperazine, morpholine or pyrimidine group(s),
or one 1ndole, pentalene, indene, naphthalene, benzofuran, benzothiophene, quinoline,

20 indoline, chroman, quinoxaline, quinazoline group in the side chain; wherein P3, P4, PS
are any amino acid, or wherein one or more of P3, P4, P5 1s a simple carbon chain such
that the distance between P2 and P6 1s about the same as the distance when each of P3, P4,
PS5 are amino acids; wherein P6 1s Bpa, Phe4NO?2, any one amino acid and Tyr, any one
amino acid and Phe, any amino acid, or nothing; and wherein at least three of P7, Ps, PY,

25 P10, P11, P12 are basic amino acids with the rest being any amino acid or absent; or the
peptide of E), wherein the amino acid having a simple carbon chain 1s aminoundecanoic
acid or 8-aminocaprylic acid, and/or, wherein the any one amino acid 1s Ser, and/or,
wherein the amino acid that occupies a sumilar side chain space 1s Tyr or Phe; or a peptide
comprising residues denoted P1-P12, with any the following structures: P1, P2, P3, P4,

30 P5, P6 or P6, PS5, P4, P3, P2, P1, wherein P1 1s Cha, Nal(2), (Phe-2,3,4,5,6-F),
(Phe-3.,4,5F), (Phe-4CE3), Bpa, PhedNO?2, Tyr, or Phe; wherein P2 1s Cha, Nal(2),
(Phe-2,3,4,5,6-F), (Phe-3,4,5F), (Phe-4CF3), Bpa, Phe4dNO?2, Tyr, or Phe; wherein P3 1s

Ser, Arg, Cys, Pro, or Asn; wherein P4 1s Irp; wherein P5 1s Ser, Arg, or Asn; or wherein

602303445v1 5
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P3, P4, P35 1s a single aminoundecanoic acid or a single 8-aminocaprylic acid; and
wherein P6 1s Bpa, PhedNO?2, (Ser-Tyr), or (Ser-Phe); or
a peptide comprising residues denoted P1-P12, with any the following structures:
P1, P2, P3, P4, PS5, P6, P7, P8, P9, P10, P11, P12; P1, P2, P3, P4, P5, P6, P12, P11, P10,
5 PY, P3, P7; P6, P35, P4, P3, P2, P1, P7, Ps, PY, P10, P11, P12; P6, PS5, P4, P3, P2, P1, P12,
P11, P10, P9, P8, P7; P7, P8, P9, P10, P11, P12, P1, P2, P3, P4, PS5, P6; P7, P8, P9, P10,
P11, P12, P6, PS5, P4, P3, P2, P1; P12, P11, P10, P9, P3, P7, P1, P2, P3, P4, P5, P6; P12,
P11, P10, P9, P8, P7, P6, PS5, P4, P3, P2, P1; P12, P11, P6, P9, P8, P7, P2, P1; P12, P11,
P10, P6, P9, P4, P7, P2, P1; P1, P2, P7, P8, PY, P6, P11, P12; or P1, P2, P7, P4, P9, P6,
10 P10, P11, P12; wherein P1 1s Cha, Nal(2), (Phe-2,3,4,5,6-F), (Phe-3,4,5F), (Phe-4CF?3),
Bpa, Phe4NO?2, Tyr, or Phe; wherein P2 1s Cha, Nal(2), (Phe-2,3.,4,5,6-F), (Phe-3,4,5F),
(Phe-4CF3), Bpa, Phe4NO?2, Tyr, or Phe; wherein P3 1s Ser, Arg, Cys, Pro, or Asn;
wherein P4 1s 'Trp; wherein PS 1s Ser, Arg, or Asn; or wherein P3, P4, PS5 1s a single
aminoundecanoic acid or a single 8-aminocaprylic acid; wherein P6 1s Bpa, Phe4NO?2,
15 (d-Ser-d-Tyr), or (d-Ser-d-Phe); and wherein at least three of P7, P8, PY, P10, P11, P12
are Arg or Lys with the rest being any amino acid or absent; or
a peptide comprising residues denoted P1-P12, with any the following structures:
P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, P11, P12; P12, P11, P10, P9, P8, P7, P6, P5, P4,
P3, P2, P1; P12, P11, P10, P6, P9, P4, P7, P2, P1; or P1, P2, P7, P4, P9, P6, P10, P11,
20 P12; wherein P1 1s Cha, or Nal(2); wherein P2 i1s (Phe-2,3,4,5,6-F), (Phe-3,4,5F),
(Phe-4CF3); wherein P3 1s Ser; wherein P4 is Trp; wherein PS 1s Ser or Asn; wherein P6
1s Bpa, Phe4NO?2, (Ser-Tyr), or (Ser-Phe); and wherein at least three of P7, Ps, P9, P10,
P11, P12 are Arg with the rest being any amino acid or absent; or a peptide comprising
residues denoted P1-P12, with any the following structures: P1, P2, P3, P4, PS5, P6 or P6,
25 P5, P4, P3, P2, P1; wherein P1 1s Cha, or Nal(2); wherein P2 1s (Phe-2,3.4,5,6-F),
(Phe-3,4,5F) or (Phe-4CF3); wherein P3 1s Ser; wherein P4 1s Trp; wherein PS5 1s Ser; and
wherein P6 1s Bpa, or (Ser-Tyr); or
a peptide comprising residues denoted P1-P12, with any the following structures:
Pl1, P2, P3, P4, PS5, P6; P6, P5, P4, P3, P2, P1; P1, P2, P3, P4, P5, P6, P7, P8, P9, P10,
30 P11, P12; P1, P2, P3, P4, P5, P6, P12, P11, P10, P9, PS8, P7; P6, P35, P4, P3, P2, P1, P7,
Pg, P9, P10, P11, P12; P6, P5, P4, P3, P2, P1, P12, P11, P10, P9, PS8, P7; P7, P8, P9, P10,
P11, P12, P1, P2, P3, P4, PS5, P6; P7, P3, P9, P10, P11, P12, P6, PS5, P4, P3, P2, P1; P12,
P11, P10, PY, P3, P7, P1, P2, P3, P4, P5, P6; P12, P11, P10, PY, P3, P7, P6, PS5, P4, P3,
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P2, P1; P12, P11, P6, P9, Pg, P7, P2, P1; P12, P11, P10, P6, P9, P4, P/, P2, P1; P1, P2,
P7, Pg, P9, P6, P11, P12; or P1, P2, P7, P4, P9, P6, P10, P11, P12; wherein P1 1s Cha,
orNal(2); wherein P2 1s (Phe-2,3,4,5,6-F), (Phe-3,4,5F) or (Phe-4CF3); wherein P3 1s any
amino acid; wherein P4 1s d- or I-Trp; wherein P5 1s any amino acid; wherein P6 1s Bpa or
(Ser-Tyr); wherein P7 1s Arg; wherein P8 1s Arg; wherein P9 1s Arg; wherein P10 1s Gln or
Arg; wherein P11 1s Arg; and wherein P12 1s d- or I-Arg, or

the peptide of K), wherein the any amino acid 1s Ser, or Pro; or

a peptide comprising residues denoted P1-P12, with any the following structures:
Pl1, P2, P3, P4, P5, P6, P7, P3, P9, P10, P11, P12; P12, P11, P10, P9, P8, P7, P6, P5, P4,
P3, P2, P1; P12, P11, P10, P6, P9, P4, P/, P2, P1; or P1, P2, P7, P4, P9, P6, P10, P11,
P12; wherein P1 1s Cha or Nal(2); wherein P2 1s (Phe-2,3,4,5,6-F); wherein P3 1s Ser;
wherein P4 1s Trp; wherein PS 1s Ser; wherein P6 1s Bpa or (Ser-1yr); wherein P7 1s Arg;
wherein PS8 1s Arg; wherein P9 1s Arg; wherein P10 1s Gln or Arg; wherein P11 1s Arg; and
wherein P12 1s Arg; or

a prodrug thereot or a pharmaceutically acceptable salt thereof to the mammal,
thereby increasing nucleic acid damage ot the hyperproliferating cell or prophylaxis or
treatment of the cell proliferative disorder.

In particular embodiments, a method or use employs a peptide compound
including any the following sequences: (d-Bpa) (d-Ser)( d-Trp)( d-Ser)
(d-Phe-2,3,4,5,6-F)( d-Cha)( d-Arg) (d-Arg) (d-Arg) (d-Gln)( d-Arg) (d-Arg);

(d-Arg)(d-Arg)(d-Arg)(d-Gln)( d-Arg)(d-Arg)(d-Bpa)( d-Ser)( d-Trp)( d-Ser)(d-Ph
e-2,3,4,5,6-F) (d-Cha);

(d-Bpa) (d-Ser)( d-Trp)( d-Ser) (d-Phe-2,3.,4,5,6-F)( d-Cha)( d-Arg) (d-Arg)
(d-Gln) (d-Arg) (d-Arg) (d-Arg);

(d-Arg) (d-Arg) (d-Gln) (d-Arg) (d-Arg) (d-Arg) (d-Bpa) (d-Ser)( d-Trp)( d-Ser)
(d-Phe-2,3,4,5,6-F) ( d-Cha);

(d-Cha) (d-Phe-2,3,4,5,6-F) (d-Ser)( d-Trp)( d-Ser) (d-Bpa) (d-Arg) (d-Arg)
(d-Arg) (d-Gln)( d-Arg) (d-Arg);

(d-Arg)(d-Arg)(d-Arg)(d-Gln)(d-Arg)(d-Arg)(d-Cha)(d-Phe-2,3.,4,5,6-F)(d-Ser)(d-
Trp)(d-Ser)(d-Bpay);

(d-Cha)(d-Phe-2,3.4,5,6-F)(d-Ser)(d-Trp)(d-Ser)(d-Bpa)(d-Arg)(d-Arg) (d-Gln)
(d-Arg) (d-Arg) (d-Arg);
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(d-Arg) (d-Arg) (d-Gln) (d-Arg) (d-Arg) (d-Arg) (d-Cha) (d-Phe-2,3.,4,5,6-F)
(d-Ser)( d-Trp)( d-Ser) (d-Bpa);

(d-Arg) (d-Arg) (d-Arg) (d-Arg) (d-Arg) (d-Arg) (d-Cha) (d-Phe-2,3,4,5,6-F)
(d-Ser) (d-Trp)(d-Ser)(d-Bpa);

(d-Cha)(d-Phe-2,3.,4,5,6-F) (d-Ser) (d-Trp)(d-Ser)(d-Bpa)(d-Arg)(d-Arg) (d-Arg)
(d-Arg) (d-Arg) (d-Arg);

(d-Arg) (d-Arg) (d-Arg) (d-Arg) (d-Arg) (d-Arg) (d-Bpa) (d-Ser)( d-Trp)(d-Ser)
(d-Phe-2,3,4,5,6-F)(d-Cha);

(d-Bpa) (d-Ser) (d-Trp)(d-Ser) (d-Phe-2,3.,4,5,6-F)(d-Cha) (d-Arg) (d-Arg)
(d-Arg) (d-Arg) (d-Arg) (d-Arg);

(d-Arg)(d-Arg)(d-Bpa) (d-Arg) (d-Arg) (d-Arg) (d-Phe-2,3,4,5,6-F)( d-Cha);

(d-Cha) (d-Phe-2,3,4,5,6-F) (d-Arg) (d-Arg) (d-Arg) (d-Bpa) (d-Arg)( d-Arg);

(d-Arg) (d-Arg) (d-Arg) (d-Bpa) (d-Arg)(d-Trp) (d-Arg)
(d-Phe-2,3,4,5,6-F)(d-Cha);

(d-Cha) (d-Phe-2,3,4,5,6-F) (d-Arg)(d-Trp) (d-Arg) (d-Bpa) (d-Arg) (d-Arg)
(d-Arg); (d-Arg)(d-Arg)(d-Arg)(d-Arg)(d-Bpa) (d-Arg)(d-Trp)(d-Arg) (d-Phe-2,3,4,5,6-F)
(d-Cha); (d-Cha) (d-Phe-2,3,4,5,6-F) (d-Arg) (d-Trp)(d-Arg) (d-Bpa) (d-Arg) (d-Arg)
(d-Arg) (d-Arg);

(d-Arg) (d-Arg)(d-Arg)(d-Bpa)(d-Arg)(d-Arg) (d-Arg)
(d-Phe-2,3,4,5,6-F)(d-Cha); or (d-Cha) (d-Phe-2,3,4,5,6-F) (d-Arg) (d-Arg) (d-Arg)
(d-Bpa) (d-Arg) (d-Arg) (d-Arg).

In further particular embodiments, a method or use employs a peptide
compound including or consisting of any the following sequences:
(d-Bpa)(d-Ser)(d-Trp)(d-Ser)(d-Phe-2,3.,4,5,6-F)(d-Cha)(SEQ ID NO:1);
(d-Bpa)(d-Ser)(d-Trp)(d-Ser)(d-Phe-2,3.4,5,6-F)(d-Cha)(d-Arg)(d-Arg)(d-Arg)(d-Gln
)N(d-Arg)(d-Arg), or
(d-Arg)(d-Arg)(d-Arg)(d-Gln)(d-Arg)(d-Arg)(d-Bpa)(d-Ser)(d-Trp)(d-Ser)(d-Phe-2.3,
4,5,6-F)(d-Cha).

In additional particular embodiments, a method or use 1s practiced on a

mammal with a white blood cell count of less than about 11,000 white blood cells per
microliter (wbc/LLl) of blood; a mammal with a white blood cell count between about

4,000 to about 11,000 white blood cells per microliter (wbc/l) of blood; a mammal with

a white blood cell count of less than about 10,000 white blood cells per microliter
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(wbc/ul) of blood; a mammal with a white blood cell count of less than about 9,000 white
blood cells per microliter (wbc/ul) of blood; a mammal with a white blood cell count

between about 4,000 to about 9,000 white blood cells per microliter (wbc/ul) of blood; a
mammal with a white blood cell count of less than about 8,000 white blood cells per

5 microliter (wbc/l) of blood; a mammal with a white blood cell count of less than about

7,000 white blood cells per microliter (wbc/l) of blood; or a mammal with a white blood

cell count of less than upper normal limit by each clinical laboratories white blood cells

per microliter (wbc/LL) ot blood.

Methods and uses include a peptide compound 1n a pharmaceutical formulation.

10 Invention methods and uses also include administration by any route. In particular
embodiments, a peptide compound 1s administered locally, regionally or systemically.

Methods and uses include a pharmaceutically acceptable salt of a peptide
compound. In particular aspects, a pharmaceutically acceptable salt 1s any one or a
combination of: acetate, sulfonate, sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,

15 phosphate, monohydrogen-phosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, 10dide, propionate, decanoate, caprylate, acrylate,
formate, 1isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate,
suberate, sebacate, fumarate, maleate, butyne- 1,4-dioate, hexyne-1,6-dioate, benzoate,
chlorobenzoate, methyl benzoates, dinitrobenzoates, hydroxybenzoates,

20 methoxybenzoates, phthalates, , xylenesultonate, phenylacetate, phenylpropionate,

phenylbutyrate, citrate, lactate, y-hydroxybutyrate, glycolate, tartrate, methane-sulfonate,

propanesulfonate, naphthalene- 1-sulfonate, naphthalene-2-sulfonate, and mandelate.
Methods and uses include a peptide compound 1ncluding or consisting of a
length from 6 to 10, 10 to 15, 15 to 20, 20 to 25, 25 to 30, 30 to 40, 40 to 50, 50 to 75, 75
25 to 100, 100 to 150, 150 to 200, or 200 to 300 amino acid residues.
Methods and uses include a peptide compound 1ncluding or consisting of a cell
penetrating molecule attached or conjugated thereto. In particular non-limiting aspects,
a cell penetrating molecule 1s joined to the peptide compound by a covalent bond, or a
peptide or a non-peptide linker. In further particular non-limiting aspects, a cell
30 penetrating peptide comprises an alternating pattern of polar/charged amino acids and
non-polar, hydrophobic amino acids. In still further particular non-limiting aspects, a
cell penetrating peptide comprises a polycationic or amphipathic alpha-helix structure.

In yet additional particular non-limiting aspects, cell penetrating peptide comprises a
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poly-Arginine (Arg) sequence (e.g., a peptide including or consisting of
(d-Arg)(d-Arg)(d-Arg)(d-Gln)(d-Arg)(d-Arg)).

In still further particular aspects, a peptide compound and/or the cell penetrating
peptide includes or consists of L- or D-1somer amino acids, or a mixture of L.- and
D-1somer amino acids.

In additional particular embodiments, a method or use further includes
administering a nucleic acid damaging agent, a nucleic acid damaging treatment, an
anti-proliferative agent, or an anti-proliferative treatment. Non-limiting nucleic acid
damaging agent, nucleic acid damaging treatment, anti-proliferative agent, or
anti-proliferative treatment includes or consists of surgical resection, radiotherapy,
ionizing or chemical radiation therapy, chemotherapy, immunotherapy, local or regional
thermal (hyperthermia) therapy, vaccination, an alkylating agent, an anti-metabolite, a
plant extract, a plant alkaloid, nitrosourea, a hormone, or a nucleoside or nucleotide
analogue.

In still further particular embodiments, a method or use further includes or
consists of the peptide compound administered prior to, with or after a nucleic acid
damaging agent, a nucleic acid damaging treatment, an anti-proliferative agent, or an
anti-proliferative treatment 1s administered. In particular aspects, a peptide compound
1s administered less than 48 hours prior to or after a nucleic acid damaging agent, a
nucleic acid damaging treatment, an anti-proliferative agent, or an anti-proliferative
treatment 1s administered; a peptide compound 1s administered less than 24 hours prior to
or after a nucleic acid damaging agent, a nucleic acid damaging treatment, an
anti-proliferative agent, or an anti-proliferative treatment 1s administered; a peptide
compound 1s administered less than 12 hours prior to or after a nucleic acid damaging
agent, a nucleic acid damaging treatment, an anti-proliferative agent, or an
anti-proliferative treatment is administered; a peptide compound 1s administered less than
6 hours prior to or after a nucleic acid damaging agent, a nucleic acid damaging
treatment, an anti-proliferative agent, or an anti-proliferative treatment 1s administered; a
the peptide compound 1s administered less than 4 hours prior to or after a nucleic acid
damaging agent, a nucleic acid damaging treatment, an anti-proliferative agent, or an
anti-proliferative treatment 1s administered; a peptide compound 1s administered less than
2 hours prior to or after a nucleic acid damaging agent, a nucleic acid damaging

treatment, an anti-proliferative agent, or an anti-proliferative treatment 1s administered; a
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peptide compound 1s administered less than 1 hour prior to or after a nucleic acid
damaging agent, a nucleic acid damaging treatment, an anti-proliferative agent, or an
anti-proliferative treatment 1s administered.
Non-limiting examples of a nucleic acid damaging agent or anti-proliferative
5 agent include a drug. Non-limiting examples of a nucleic acid damaging agent or
anti-proliferative agent include a platinum containing drug, such as cis-platin,
carboplatin, nedaplatin, mitaplatin, satraplatin, picoplatin, triplatin, miriplatin, or
oxaliplatin.
More particularly, methods and uses include or consist of administering a
10 platinum containing drug, cis-platin, carboplatin, oxaliplatin, pemetrexed,
gemcitabine, S-fivorouracil (5-FU), rebeccamycin, adriamycin (ADR), bleomycin (Bleo),
pepleomycin, cisplatin, cisplatinum, or cis-diamminedichloroplatinum(Il) (CDDP),
oxaliplatin, or camptotecin (CPT), cyclophosphamide, azathioprine, cyclosporin A,
prednisolone, melphalan, chlorambucil, mechlorethamine, busulphan, methotrexate,
15 6-mercaptopurine, thioguanine, S-fluorouracil, cytosine arabinoside, AZT, 5-azacytidine
(5-AZC) or a S5-azacytidine related compound, actinomycin D, mithramycin, mitomycin
C, carmustine, lomustine, semustine, streptozotocin, hydroxyurea, cisplatin, mitotane,

procarbazine, dacarbazine, a taxane, vinblastine, vincristine, doxorubicin,

dibromomannitol, radiation or a radioisotope. Particular non-limiting examples of

20 radiation include UVradiation, IR radiation, Xray, or alpha-, beta- or gamma-radiation.

Particular non-limiting examples of radioisotopes include 1131, ['%° : Sr89, Sm?” 3, Y90, or
177
Invention methods and uses are applicable to a cell proliferative or
hyperproliferative disorder or undesirable cell proliferation. In particular
25 embodiments, a cell proliferative disorder comprises a tumor or cancer. In more
particular embodiments, a cell proliferative disorder comprises a metastatic tumor or
cancer.
Particular non-limiting examples of a tumor or cancer include a lung tumor or
cancer, such as a small cell or non-small cell lung cancer, or an adenocarcinoma,
30 squamous cell carcinoma or a large cell carcinoma. Further particular non-limiting
examples of a tumor or cancer include a carcinoma, sarcoma, lymphoma, leukemia,
adenoma, adenocarcinoma, melanoma, glioma, glioblastoma, meningioma,

neuroblastoma, retinoblastoma, astrocytoma, oligodendrocytoma, mesothelioma,
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reticuloendothelial, lymphatic or haematopoietic neoplasia, tumor, cancer or malignancy.
Additional particular non-limiting examples of tumor or cancer 1s a lung, thyroid, head or
neck, nasopharynx, throat, nose or sinuses, brain, spine, breast, adrenal gland, pituitary
gland, thyroid, lymph, gastrointestinal (mouth, esophagus, stomach, duodenum, ileum,
jejunum (small intestine), colon, rectum), genito-urinary tract (uterus, ovary, Cervix,
endometrial, bladder, testicle, penis, prostate), kidney, pancreas, liver, bone, bone marrow,
lymph, blood, muscle, or skin neoplasia, tumor, or cancer.  Still further particular
non-limiting examples of a tumor or cancer include a breast cancer, prostate cancer,
pancreas cancer, gastric cancer, pleural mesothelioma, colon cancer, rectal cancer, large
bowel cancer, small intestinal cancer, esophageal cancer, duodenal cancer, lingual cancer,
pharyngeal cancer, salivary gland cancer, cerebral tumor, schwanoma, liver cancer,
kidney cancer, bile duct cancer, endometrial cancer, cervical cancer, uterine body cancer,
ovarian cancer, bladder cancer, urethral cancer, skin cancer, angioma, malignant
lymphoma, malignant melanoma, thyroid cancer, parathyroid cancer, nasal cancer,
paranasal cancer, auditory organ cancer, carcinoma of oral floor, laryngeal cancer,
parotid cancer, submandibular cancer, bone tumor, angiofibroma, retinal sarcoma, penile
cancer, testicular tumor, pediatric solid cancer, Kaposi's sarcoma, tumor of maxillary
sinus, fibrous histiocytoma, leitomyosarcoma, rhabdomyosarcoma, lymphoma, multiple
myeloma or leukemia.

Particular non-limiting examples of a sarcoma include a lymphosarcoma,
liposarcoma, osteosarcoma, chondrosarcoma, leiomyosarcoma, rhabdomyosarcoma or
fibrosarcoma. Particular non-limiting examples of a haematopoietic tumor, cancer or
malignancy include a myeloma, lymphoma or leukemia.

Invention methods and uses include administering an amount of a peptide
compound effective to treat the tumor or cancer. In poarticualr aspects, a method or use
inhibits or reduces relapse, growth, progression, worsening or metastasis of the tumor or
cancer; results 1in partial or complete destruction of the neoplastic, tumor, cancer or
malignant cell mass, volume, size or numbers of cells, stimulating, inducing or increasing
neoplastic, tumor, cancer or malignant cell necrosis, lysis or apoptosis, reducing neoplasia,
tumor, cancer or malignancy volume size, cell mass, inhibiting or preventing progression
Or an increase in neoplasia, tumor, cancer or malignancy volume, mass, size or cell
numbers, or prolonging lifespan; results 1n reducing or decreasing severity, duration or

frequency of an adverse symptom or complication associated with or caused by the
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neoplasia, tumor, cancer or malignancy; or method results 1n reducing or decreasing pain,
discomfort, nausea, weakness or lethargy, or results in increased energy, appetite,
improved mobility or psychological well being.
Moreover, provided are kits including peptide compounds optionally 1n
5 combination with a nucleic acid damaging treatment (e.2., a nucleic acid damaging agent),
or an anti-proliferative agent. In one embodiment, a kit includes a peptide compound
and 1nstructions for use 1n practicing a method of the invention (e.g2., administering to a
mammal with a white blood cell count 1n a normal range, €.g2., a mammal with a white
blood cell count of less than about 11,000 white blood cells per microliter (wbc/ul) of
10 blood; a mammal with a white blood cell count between about 4,000 to about 11,000
white blood cells per microliter (wbc/ul) of blood; a mammal with a white blood cell
count of less than about 10,000 white blood cells per microliter (wbc/ul) of blood; a
mammal with a white blood cell count of less than about 9,000 white blood cells per
microliter (wbc/ul) of blood; a mammal with a white blood cell count between about
15 4,000 to about 9,000 white blood cells per microliter (wbc/ul) of blood; a mammal with a
white blood cell count of less than about 8,000 white blood cells per microliter (wbc/ul)
of blood; a mammal with a white blood cell count of less than about 7,000 white blood
cells per microliter (wbc/ul) of blood; or a mammal with a white blood cell count of less
than upper normal limit by each clinical laboratories white blood cells per microliter
20 (wbc/ul) of blood).
DESCRIPTION OF DRAWINGS
Figure 1 shows a dose response curve of each compound when used against
bleomycin treated Jurkat cells. X-axis indicates the dose and Y-axis indicates
the % G2/M cells after treatment.
25 Figure 2 shows a dose response curve of each compound when used against
colchicine treated Jurkat cells. X-axis indicates the dose and Y-axis indicates
the %(G2/M cells after treatment.
Figures 3A and 3B Human pancreatic cancer derived cell line MIAPaCa2 treated
with (A) bleomycin (Bleo) or (B) adriamycin (ADR) with various doses of compounds.
30 Harvested cells were stained for their DNA and analyzed with flow cytometry. The %
population of sub-G1 cells are indicated as dead cells.

Figures 4A to 4C are a schematic diagram of the structure activity relationship of

(G2 checkpoint abrogator (1-Gly)(1-Arg)(1-Lys)(1-Lys)(1-Arg)(1-Arg)(1-GIn) (I-Arg)
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(I-Arg)(1-Cha)(1-Phe-2,3,4,5,6-F)(1-Arg)(1-Ser)(1-Pro)(1-Ser)(1- Tyr)(1-Tyr) (SEQ ID
NO:78): (A) G2 checkpoint abrogation activity of amino acid substitutions for I-Cha in
bleomycin treated Jurkat cells are indicted 1n order, [1-Cha=1-Nal(2)] >
[1-Ala(3-Bzt)=1-Nal(1)=I-Trp=1-Dph] > [1-Ala(tBu)=Cys(tBu)=Leu]; (B) M phase
checkpoint abrogating activity and/or non specific toxicity of amino acid substitutions for
1-Cha 1n cholchicine treated Jurkat cells 1n order, [ Ala(3-Bzt)=1-Nal(1)=1-Dph] >
[1-Cha=1-Nal(2)]; (C) G2 checkpoint abrogating activity of amino acid substitution for
1-Phe-2,3.,4,5,6-F are indicted in order, 1-(Phe-2,3.,4,5,6-F)=1-(Phe-3,4,5-F)=1-(Phe-4CF3)]
> |1-(Phe-3Br,4C1,5Br) =1-(Phe-4Cl1)=1-Tyr].

Figure S shows (G2 abrogating activity of various arginine rich sequences.

Indicated peptides were added to Jurkat cells with or without bleomycin. The %G2/M

cells 1s indicated on the Y-axis. X-axis is as follows: 1, Bleomycin alone; 2, 0.21g/ml; 3,
0.39 ug/ml; 4, 0.78 ug/ml; 5, 1.56 ug/ml; 6, 3.125 ug/ml; 7, 6.25 ug/ml; 8, 12.5 ug/ml; 9,
25 ug/ml; and 10, 50 wg/ml. Peptide sequences are as follows: rrrqrrkkr,
(d-Bpa)(d-Ser)(d-Trp)(d-Ser)(d-Phe-2,3,4,5,6-FF)(d-Cha)(d-Arg)(d-Arg) (d-Arg)(d-Gln)
(d-Arg) (d-Arg)(d-Lys)(d-Lys)(d-Arg) (SEQ ID NO:79); CBP301, (d-Bpa)
(d-Ser)(d-Trp)(d-Ser) (d-Phe-2,3,4,5,6-F)(d-Cha) (d-Arg)(d-Arg)(d-Arg)(d-Gln) (d-Arg)
(d-Arg)(SEQ ID NO:80); no TAT, (d-Bpa) (d-Ser)(d-Trp)(d-Ser)(d-Phe-2,3,4,5,6-F)
(d-Cha) (SEQ ID NO:81); rqrr, (d-Bpa)(d-Ser)(d-Trp)(d-Ser) (d-Phe-2,3.4,5,6-F)(d-Cha)
(d-Arg)(d-GIn)(d-Arg) (d-Arg)(SEQ ID NO:82); rrqrr, (d-Bpa)(d-Ser) (d-Trp) (d-Ser)
(d-Phe-2,3,4,5,6-F)(d-Cha)(d-Arg)(d-Arg)(d-Gln) (d-Arg)(d-Arg)(SEQ ID NO:83); rrrq,
(d-Bpa) (d-Ser)(d-Trp)(d-Ser) (d-Phe-2,3,4,5,6-F)(d-Cha)
(d-Arg)(d-Arg)(d-Arg)(d-GIn)(SEQ ID NO:84); and rrrqr, (d-Bpa)(d-Ser)(d-Trp)(d-Ser)
(d-Phe-2,3,4,5,6-F)(d-Cha)(d-Arg)(d-Arg)(d-Arg)(d-Gln) (d-Arg)(SEQ ID NO:85).
Figure 6 shows (G2 abrogating activity of various peptides without (d-Bpa).
Indicated peptides were added to Jurkat cells with or without bleomycin. The %G2/M
cells 1s indicated on the Y-axis. X-axis 1s as follows: 1, Bleomycin alone; 2, 0.2ug/ml; 3,
0.39ug/ml; 4, 0.78ug/ml; 5, 1.56ug/ml; 6, 3.125ug/ml; 7, 6.25ug/ml; 8, 12.5ug/ml; 9,
25ug/ml; and 10, 50ug/ml. Peptide sequences are as follows: CBPO, (d-Arg)(d-Arg)
(d-Arg)(d-Gln)(d-Arg) (d-Arg)(SEQ ID NO:86); CBP451, (d-Tyr)(d-Ser)(d-Pro)
(I-Trp)(1-Ser)(d-Phe-2,3,4,5,6-F)(d-Cha) (d-Arg)(d-Arg)(d-Arg)(d-Gln) (d-Arg)
(d-Arg)(SEQ ID NO:87); CBP452, (d-Tyr)(d-Ser)(1-Pro)(1-Trp)(1-Ser)(d-Phe-2,3,4,5,6-F)
(d-Cha)(d-Arg)(d-Arg) (d-Arg)(d-Gln) (d-Arg) (d-Arg)(SEQ ID NO:88); and CBP301,
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(d-Bpa)(d-Ser)(d-Trp)(d-Ser) (d-Phe-2,3,4,5,6-F)(d-Cha)(d-Arg)(d-Arg)(d-Arg)(d-Gln)
(d-Arg)(d-Arg) (SEQ ID NO:30).

Figure 7 shows G2 abrogating activity of various arginine rich and lysine rich
peptide sequences. Indicated peptides were added to Jurkat cells as above and
the % G2/M cells calculated (Y-axis). Peptide sequences are as follows: CBP603,
(d-Bpa)(d-Ser) (d-Trp) (d-Ser)(d-Phed4NO2)(d-Cha)(d-Arg)(d-Arg)(d-Arg)(d-Gln)
(d-Arg) (d-Arg)(SEQ ID NO:89); CBP607, (d-Bpa) (d-Ser)(d-"Trp)(d-Ser)
(d-Phe-2,3,4,5,6-F)(d-Cha) (d-Arg) (d-Arg) (d-Arg) (d-Arg) (d-Arg)(SEQ ID NO:90);
CBP608, (d-Bpa)(d-Ser)(d-Trp)(d-Ser) (d -Phe-2,3,4,5,6-F)(d-Cha) (d-Arg) (d-Arg)
(d-Arg) (d-Arg) (d-Arg) (d-Arg)(SEQ ID NO91:); and CBP609, (d-Bpa)(d-Ser)(d-Trp)
(d-Ser) (d-Phe-2,3,4,5,6-F) (d -Cha) (d-Lys) (d-Lys) (d-Lys) (d-Lys) (d-Lys) (d-Lys) (SEQ
ID NO:92).

Figure 8 shows that the location of the arginine rich portion of the sequence can
be varied. Indicated peptides were added to Jurkat cells as above and the %G2/M cells
calculated (Y-axis). Peptide sequences are as follows: CBP501, (d-Bpa)
(d-Ser)(d-Trp)(d-Ser) (d-Phe-2,3,4,5,6-F) (d-Cha)(d-Arg)(d-Arg)(d-Arg)(d-Gln) (d-Arg)
(d-Arg) (SEQ ID NO:80); CBP510, (d-Arg)(d-Arg) (d-Gln) (d-Arg) (d-Arg)(d-Arg)
(d-Cha)(d-Phe-2,3,4,5,6-F) (d-Ser)(d-Trp) (d-Ser) (d-Bpa) (SEQ ID NO:93); CBP311,
(d-Arg)(d-Arg) (d-Gln) (d-Arg) (d-Arg)(d-Arg) (d-Bpa)(d-Ser) (d-Trp)(d-Ser)
(d-Phe-2,3,4,5,6-F)(d-Cha) (SEQ ID NO:94); and CBP512, (d-Arg) (d-Arg) (d-Arg)
(d-Arg) (d-Arg) (d-Arg) (d-Cha)(d-Phe-2,3,4,5,6-F)(d-Ser)(d-Trp)(d-Ser) (d-Bpa) (SEQ
ID NO:95).

Figure 9 shows the structure of several studied substituted peptide sequences. G2
abrogating activity increased with the light shaded substitutions (*), M phase checkpoint
abrogating activity and/or non specific toxicity increased with the darker shaded
substitutions (**) and remained about the same for the rest of the substitutions.

Figure 10 shows inhibition of tumor growth (human pancreatic carcinoma) in scid
mice following treatment with CBP501 and cisplatin. Day0 indicates treatment 1nitiation.
Mean tumor sizes with standard deviation for each treatment group are indicated on the
Y-axis and the number of days following treatment initiation are indicated on the X-axis.

Figure 11 shows G2 abrogating activity of peptides having a kinase inhibitng
sequence region and a sequence region based upon an HIV-TA'T transduction sequence,

as above. The %G2/M cells 1s indicated on the Y-axis. X-axis 1s as follows: 1,
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Bleomycin alone; 2, 0.2ug/ml; 3, 0.39 ug/ml; 4, 0.78 wg/ml; 5, 1.56 ug/ml; 6,

3.125 ug/ml; 7, 6.25 ng/ml; 8, 12.5 ug/ml; 9, 25 ug/ml; and 10, S0 wg/ml. Peptide
sequences are as follows: CBP301, (d-Bpa)(d-Ser)(d-Trp)(d-Ser)
(d-Phe-2,3.,4,5,6-F)(d-Cha) (d-Arg)(d-Arg)(d-Arg)(d-Gln) (d-Arg) (d-Arg) (SEQ ID
NO:80); CBP700, (d-Arg)(d-Arg)(d-Bpa) (d-Arg) (d-Arg) (d-Arg) (d-Phe-2,3,4,5,6-F)
(d-Cha) (SEQ ID NO:96); CBP701, (d-Arg) (d-Arg) (d-Arg) (d-Bpa) (d-Arg)(d-Trp)
(d-Arg) (d-Phe-2,3,4,5,6-F)(d-Cha) (SEQ ID NO:97); CBP702, (d-Arg) (d-Arg) (d-Arg)
(d-Arg) (d-Bpa) (d-Arg)(d-Trp) (d-Arg) (d-Phe-2,3.,4,5,6-F)(d-Cha) (SEQ ID NO:98);
CBP703, (d-Arg) (d-Arg)(d-Arg)(d-Bpa) (d-Arg) (d-Arg) (d-Arg)

(d-Phe-2,3,4,5,6-F)( d-Cha) (SEQ ID NO:99).

Figure 12 shows a comparison between (G2 abrogating activity and M abrogating
activity and/or non specific toxicity of peptides with Bleomycin for G2 abrogation
analysis and colchicine for M abrogating activity and/or non specific toxicity. Indicated
peptides were added to Jurkat cells with bleomycin or colchicine. The %G2/M cells 1s
indicated on the Y-axis. X-axis 1s as follows: 1, Bleomycin or Colchicine alone; 2,
0.2ug/ml; 3, 0.39 ug/ml; 4, 0.78 ug/ml; 5, 1.56 wg/ml; 6, 3.125 wg/ml; 7, 6.25 ug/ml; 8,
12.5 ug/ml; 9, 25 ug/ml; and 10, 50 pug/ml. Peptide sequence 1s as follows: CBP501,
(d-Bpa)(d-Ser)(d-Trp)(d-Ser) (d-Phe-2,3,4,5,6-F)(d-Cha) (d-Arg)(d-Arg)(d-Arg)(d-Gln)
(d-Arg) (d-Arg).

Figure 13 shows the molecular structure of CBP301,
(d-Bpa)(d-Ser)(d-Trp)(d-Ser) (d-Phe-2,3.,4,5,6-F)(d-Cha) (d-Arg)(d-Arg)(d-Arg)(d-Gln)
(d-Arg) (d-Arg).

Figure 14 shows Kaplan-Meyer analysis of overall survival in all treated patients
in relation to baseline WBC: Kaplan-Meyer survival curves, Median OS and Hazard
Ratio 1n relation to the baseline WBC 1n all treated patients. The hazard ratio improves as
the cut off level decreases and peaks at WBC 8000/ul as cut off level.

Figure 15 shows Kaplan-Meyer analysis of overall survival in ICON enrolled
patients 1n relation to baseline WBC: Kaplan-Meyer survival curves, Median OS and
Hazard Ratio 1n relation to the baseline WBC 1in ICON enrolled patients. 'The hazard ratio
improves as the cut off level decreases and peaks at WBC 8000/ul as cut off level, and the

difference between Arm A and Arm B was statistically significant at the peak.
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Figure 16 shows Kaplan-Meyer survival curves, median OS, patient numbers,
hazard ratio and p values by Log-rank (Mantel-Cox) test 1n relation to the WBC, >8000 or
<8000, at screening in all treated population shown by the arms.

Figure 17 shows increased NET formation by activated neutrophils with CBP501

3 treatment.

Figure 18 shows increased thrombin/anti-thrombin complexes by CBP501 in

VIVO.

Figure 19 shows CBP501 inhibited phagocytosis of both M1 and M2

macrophages in vitro.

10 Figure 20 shows suppression of TNF release from a mice macrophage cell line
(RAW264.7).
DETAILED DESCRIPTION
15 The invention provides compounds including peptides and peptidomimetics that

inhibit cell proliferation. The 1nvention compounds are therefore useful for treating cell
prolitferative disorders or physiological conditions characterized by undesirable or
unwanted cell proliferation, such as benign and malignant tumor cells.  The ability of
invention peptides and peptidomimetics to 1nhibit cell proliferation appears to be due at
20 least 1n part to abrogation of the cell cycle G2 checkpoint. Because cells can be induced
to enter the cell cycle G2 checkpoint 1n response to nucleic acid damage to allow the cell
to repair the damage betore DNA replication and cell division occurs, by inhibiting the
(G2 checkpoint, invention peptides and peptidomimetics sensitize cells to nucleic acid
damaging agents and treatment protocols. Cells that accumulate enough nucleic acid
25 damage will be unable to complete repair of the damaged nucleic acid because the G2
checkpoint 1s disrupted. Such cells will exhibit decreased proliferation (e.g., due to
mutation of a gene critical for survival that 1s not repaired) and eventually undergo
apoptosis.
Cells having a normal G1 are less susceptible to accumulating damaged nucleic
30 acid since nucleic acid repair can also take place during G1. Thus, normal cells are less
susceptible to the effects of the invention compounds. However, cells having an
impaired or disrupted cell cycle G1 checkpoint are more likely to accumulate damaged

nucleic acid because the G1 checkpoint 1s impaired or disrupted making 1t less likely that
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the cells can completely repair the damaged nucleic acid.  Thus, treating G1 impaired or
disrupted cells with an invention peptide or peptidomimetic that disrupts the (G2
checkpoint makes the cells even less likely to be able to complete repair of the damaged
nucleic acid. G1 mmpaired or disrupted cells are therefore particularly sensitive to such
invention peptides and peptidomimetics. Thus, invention compounds including peptides
and peptidomimetics can be used to inhibit or prevent cell proliferation in general and in
particular inhibit proliferation of cells having an impaired or disrupted (G1 checkpoint.

Cells having an impaired or disrupted G1 cell cycle checkpoint include but are not
limited to cells that rapidly proliferate. Cell proliferative disorders and physiological
conditions characterized by rapidly growing cells, undesirably growing cells or cells that
survive instead of undergoing apoptosis frequently have impaired or disrupted G1 cell
cycle checkpoint. Thus, as it appears that the ability of invention peptides and
peptidomimetics to inhibit proliferation or stimulate apoptosis 1s due, at least 1n part, to
disrupting the G2 cell cycle checkpoint, cells that rapidly or undesirably proliferate due to
an 1mpaired or disrupted G1 checkpoint are particularly attractive targets.

CBP501 1s a cell cycle G2 checkpoint inhibiting peptide TAT-S216A (Suganuma,
M., et al. Cancer Res. 59:5887 (1999)). A cell cycle phenotype-based screening method
was employed to optimize TAT-S216A to reduce the accumulation of cancer cells 1n the
cell cycle (G2 phase 1n response to DNA damaging agents without atfecting cell cycle
phenotype of normal cells (Sha, S., et al. Mol. Cancer Ther. 6:147 (2007)). CBP301 was
found to increase platinum concentration and platinum-DNA adduct formation in
CBP501-sensitive tumor cells and may operate, alternatively, or in addition to G2
checkpoint inhibition/disruption via Calmodulin inhibition (Mine, N., et al. Mol. Cancer
Ther. 10:1929 (2011)).

Invention compounds including peptides and peptidomimetics may suppress cell
proliferation by themselves without additional treatments that damage nucleic acid or that
have anti-proliferative activty since disrupting G2 checkpoint will likely lead to the
accumulation of nucleic acid damage as the cells divide. Accordingly, abnormal or
undesirably proliferating or surviving cells can be treated with a compound of the
invention alone, or in combination with a nucleic acid damaging treatment (e.g., a
chemical agent or treatment protocol), to inhibit or prevent proliferation of the cells or to

stimulate cell apoptosis/catastrophe.
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Unlike conventional anti-cell proliferative agents, which target rapidly
proliferating cells irrespective of whether the cells are normal or abnormal (e.g2., cancer
cell), invention compounds pretferentially target cells having an impaired or disrupted cell
cycle G1 checkpoint. For example, CBP501, unlike cisplatin, does not atfect the growth

5 of HUVEC cells (see, e.g., Table 3). CBP501 also does not atfect M phase cell cycle
arrest and/or non specific toxicity induced by colchicine (see, e.g., Figure 12).
Consequently, invention compounds are less likely to produce excess undesirable side
effects associated with conventional anti-cell proliferative treatment agents, such as bone
marrow suppression, nausea, loss of appetite, diarrhea, and hair loss.  In addition,

10 because the vast majority of cancer cells have an impaired or disrupted cell cycle G1
checkpoint, cancer cells will exhibit increased sensitivity to invention compounds that
abrogate cell cycle G2 checkpoint. That normal cells are less susceptible also means that
invention compounds 1ncluding peptides and peptidomimetics can be used 1n greater
amounts.

15 In accordance with the invention, there are provided compounds including
peptides and peptidomimetics having anti-cell proliferative activity and/or that abrogate
the G2 cell cycle checkpoint. The peptides or peptidomimetics include sequences that
inhibit proliferation of a cell or that stimulate apoptosis of a cell. 'The peptides or
peptidomimetics also include sequences that abrogate cell cycle G2 checkpoint. In one

20 embodiment, a contiguous peptide or peptidomimetic sequence includes the following
structure: P1, P2, P3, P4, P5, P6 (SEQ ID NO:1) or P6, P5, P4, P3, P2, P1 (SEQ ID
NO:2); wherein P1 1s d- or 1-Cha, d- or 1-Nal(2), d- or 1-(Phe-2,3,4,5,6-F), d- or
1-(Phe-3,4,5F), d- or 1-(Phe-4CF3), an amino acid that occupies a similar side chain space
(e.g., d- or I-Tyr, d- or 1-Phe), or any amino acid with one or two aromatic, piperidine,

25 pyrazine, pyrimidine, piperazine, morpholine or pyrimidine group(s), or one indole,
pentalene, indene, naphthalene group, benzofuran, benzothiophene, quinoline, indoline,
chroman, quinoxaline, quinazoline group 1n the side chain; P2 1s d- or 1-Cha, d- or
1-Nal(2), d- or 1-(Phe-2,3,4,5,6-F), d- or 1-(Phe-3,4,5F), d- or 1-(Phe-4CF3), d- or I-Bpa, d-
or I-Phe4NQO2, an amino acid that occupies a sumilar side chain space (e.g. d- or 1-Tyr, d-

30 or 1-Phe), or any amino acid with one or two aromatic, piperidine, pyrazine, pyrimidine,
piperazine, morpholine or pyrimidine group(s), or one indole, pentalene, indene,
naphthalene, benzofuran, benzothiophene, quinoline, indoline, chroman, quinoxaline, or

quinazoline group 1n the side chain; P3, P4, PS are any amino acid or one or more of P3,
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P4, PS5 1s a simple carbon chain such that the distance between P2 and P6 1s about the
same as the distance when each of P3, P4, PS5 are amino acids (d- or 1-1rp 1s an example
at P4; P6 1s d- or 1-Bpa, d- or 1-Phe4NO2, any amino acid and d- or I-Tyr (e.g.,
d-Ser-d-Tyr), any amino acid and d- or 1-Phe (e.g., d-Ser-d-Phe), any amino acid, or

5 nothing. In various aspects, the amino acid having a simple carbon chain 1s d- or
I-11-aminoundecanoic acid, d- or 1-10-aminodecanoic acid, d- or 1-9-aminononanoic acid,
d- or 1-8-aminocaprylic acid, d- or 1-7-aminoheptanoic acid, d- or 1- 6-aminocaproic acid,
or a sumilar structure with one or more unsaturated carbon bonds.

In another embodiment, a contiguous peptide or peptidomimetic sequence

10 includes the following structure: P1, P2, P3, P4, PS5, P6 (SEQ ID NO:3); P6, PS5, P4, P3,
P2, P1 (SEQ ID NO:4); P1, P2, P3, P4, P35, P6, P7, Pg, P9, P10, P11, P12 (SEQ ID
NO:5); P1, P2, P3, P4, PS5, P6, P12, P11, P10, PY, P8, P7 (SEQ ID NO:6); P6, PS5, P4, P3,
P2, P1, P7, P8, P9, P10, P11, P12 (SEQ ID NO:7); P6, P35, P4, P3, P2, P1, P12, P11, P10,
P9, Pg, P7 (SEQ ID NO:3); P7, P38, PY, P10, P11, P12, P1, P2, P3, P4, P5, P6 (SEQ ID

15 NO:9); P7, Pg, PY, P10, P11, P12, P6, PS5, P4, P3, P2, P1 (SEQ ID NO:10); P12, P11, P10,
P9, P3, P7, P1, P2, P3, P4, P5, P6 (SEQ ID NO:11); P12, P11, P10, P9, P3, P7, P6, PS5, P4,
P3, P2, P1 (SEQ ID NO:12); P12, P11, P6, P9, P3, P7, P2, P1 (SEQ ID NO:13); P12, P11,
P10, P6, P9, P4, P7, P2, P1 (SEQ ID NO:14); P1, P2, P7, Ps, PY, P6, P11, P12 (SEQ ID
NO:15); or P1, P2, P7, P4, P9, P6, P10, P11, P12 (SEQ ID NO:16); wherein P1 1s d- or

20 1-Cha, d- or 1-Nal(2), d- or 1-(Phe-2,3,4,5,6-F), d- or 1-(Phe-3,4,5F), d- or 1-(Phe-4CF3), d-
or I-Bpa, d- or 1-Phe4NO2, an amino acid that occupies a similar side chain space (e.2. d-
or I-'Tyr, d- or I-Phe), or any amino acid with one or two aromatic, piperidine, pyrazine,
pyrimidine, piperazine, morpholine or pyrimidine group(s), or one indole, pentalene,
indene, naphthalene, benzoturan, benzothiophene, quinoline, indoline, chroman,

25 quinoxaline, or quinazoline group in the side chain; P2 1s d- or 1-Cha, d- or 1-Nal(2), d- or
1-(Phe-2,3,4,5,6-F), d- or 1-(Phe-3,4,5F), d- or 1-(Phe-4CF3), or an amino acid that
occupies a sumilar side chain space (e.2. d- or 1-Tyr, d- or 1-Phe), or any amino acid with
one or two aromatic, piperidine, pyrazine, pyrimidine, piperazine, morpholine or
pyrimidine group(s), or one indole, pentalene, indene, naphthalene group, benzofuran,

30 benzothiophene, quinoline, indoline, chroman, quinoxaline, quinazoline group(s) in the
side chain; P3, P4, P5 are any amino acid or one or more of P3, P4, P5 1s a simple carbon
chain such that the distance between P2 and P6 1s about the same as the distance when

cach of P3, P4, PS5 are amino acids (d- or 1-Trp 1s an example at P4); P6 1s d- or 1-Bpa, d-
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or I-Phe4NO2, any amino acid and d- or 1-Tyr (e.g., d-Ser-d-Tyr), any amino acid and d- or
1-Phe (e.g., d-Ser-d-Phe), and at least three of P7, P8, P9, P10, P11, P12 are basic amino
acids with the rest being any amino acid or absent. In various aspects, the amino acid
having a stmple carbon chain 1s d- or I-11-aminoundecanoic acid, d- or
5 1-10-aminodecanoic acid, d- or I-9-aminononanoic acid , d- or 1-8-aminocaprylic acid, d-
or I-7-aminoheptanoic acid, d- or I- 6-aminocaproic acid or a a sumilar structure with one
or more unsaturated carbon bonds.
In a further embodiment, a contiguous peptide or peptidomimetic sequence
includes the following structure: P1, P2, P3, P4, PS5, P6, P7, P8, P9, P10, P11, P12 (SEQ
10 ID NO:17); P12, P11, P10, P9, P, P7, P6, PS5, P4, P3, P2, P1 (SEQ ID NO:138); P12, P11,
P10, P6, P9, P4, P7, P2, P1 (SEQ ID NO:19); or P1, P2, P7, P4, P9, P6, P10, P11, P12
(SEQ ID NO:20); wherein P1 is d- or 1-Cha, d- or 1-Nal(2), d- or 1- (Phe-2,3,4,5,6-F), d-
or I- (Phe-3,4,5F), d- or 1- (Phe-4CF3), d- or 1-Bpa, d- or 1-Phe4NO2, an amino acid that
occupies a sumilar side chain space (e.g2. d- or 1-Tyr, d- or 1-Phe), or any amino acid with
15 one or two aromatic, piperidine, pyrazine, pyrimidine, piperazine, morpholine or
pyrimidine group(s), or one indole, pentalene, indene, naphthalene, benzofuran,
benzothiophene, quinoline, indoline, chroman, quinoxaline, or quinazoline group in the
side chain; P2 1s d- or 1-Cha, d- or 1-Nal(2), d- or 1I- (Phe-2,3,4,5,6-F), d- or 1- (Phe-3,4,5F),
d- or 1I- (Phe-4CF3), an amino acid that occupies a similar side chain space (e.g. d- or
20 I-Tyr, d- or I-Phe), or any amino acid with one or two aromatic, piperidine, pyrazine,
pyrimidine, piperazine, morpholine or pyrimidine group(s), or one indole, pentalene,
indene, naphthalene, benzoturan, benzothiophene, quinoline, indoline, chroman,
quinoxaline, quinazoline group 1n the side chain; P3, P4, P5 are any amino acid or one or
more of P3, P4, PS5 1s a stmple carbon chain such that the distance between P2 and P6 1s
25 about the same as the distance when each of P3, P4, PS are amino acids (d- or I-Trp 1s an
example at P4); P6 1s d- or 1-Bpa, d- or 1-Phe4NO2, any amino acid and d- or 1-Tyr (e.g.,
d-Ser-d-Tyr), any amino acid and d- or 1-Phe (e.g., d-Ser-d-Phe), any amino acid, or
nothing; and at least three of P7, Ps, PY, P10, P11, P12 are basic amino acids with the rest
being any amino acid or absent. In various aspects, the amino acid having a simple
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