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TITLE OF THE INVENTION
“STEM CELL MODULATION H”
[0001] This application claims priority to Australian Provisional Application No.
2013903589 entitled “Stem Cell Modulation II” filed 18 September 2013, the contents of

which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

[0002] This invention relates generally to compositions and methods for
modulating cancer stem cells. More particularly, the present tnvention relates to the use of
protein kinase C theta inhibitors (PKC-8) for inhibiting the growth of PKC-F-overexpressing
cells including cancer stem cells, for enhancing the biological effects of chemotherapeutic
drugs or irradiation on cancer cells, for treating cancer, including metastatic cancer and/or for
preventing cancer recurrence.

BACKGROUND OF THE INVENTION

[0003] Epithelial-to-mesenchymal cell transition (EMT) is a key step in cancer
progression and metastasis. However, only a small subpopulation of tumor cells referred to as
cancer stem cells (CSCs), or “precursor’ metastatic cells, potentially plays a significant role
for metastatic tumor initiation and recurrence. C8Cy initiate tumors and drive malignant
progression by generating and supporting replication of more differentiated non-stem cell
progeny (see, for example, Kleffel ef al., 2013, Addv Exp Med Biol. 734:145-79; Chen ei al.,
2013, Acta Pharmacologica Sinica 34 732-740; Paez er al., 2012, Clin Cancer
Res. 18(3):645-53). C8Cs have been demonstrated to be fundamentally responsible for
tumorigenesis, cancer metastasis, twmor relapse, drog resistance, and chemo- and radio-
therapy failure. Unfortunately, the mechanisms by which CSCs cause tumor formation and
growth and the potential role of CSC-specific differentiation plasticity in turmorigenicity are

currently unknown.

[0004]  Ofinterest, CSCs share many similar traits with normal stem cells. For
example, C8Cs have self-renewal capacity, namely, the ability to give rise to additional
tumorigenic cancer stem cells, typically at a slower rate than other dividing tumor cells, as
opposed to a limited number of divisions. CSCs also have the ability to differentiate into
multiple cell types (7.e., they are multipotent), which would explain histological evidence that
not only many tumors contain multiple cell types native to the host organ, but also that

heterogeneity is commonly retained in tumor metastases.
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[0005] CSCs express certain cell surface markers as histed for example in Table 1
below:

TARLE 1 CSC miarkers for distinet solid tumor types
Braast, Colon Glioma Liver Lung Melanoma | Ovarian Pangreatic Prostate
ABCRE
ALDH1 ALDHI ABSG2
G024 B-catenin activity Ch15 CD13 | ALDH1 | ABCES ALDHA ALDHY
D44 ch24 090 2024 | ABCG2 ALDHM Cl24 CD24 CDa4
cDso CD26 Cb133 CD44 CDYG ch20 D44 Ch44 CD133
o133 Chag azinfegrin | CDSG § CDAYY CD133 o147 Co133 gz P+ infegrin
Hedgahog-Gl £D44 Nestin | CD133 | CO133 | cD27t | oD o-Met as integrin
aclivity
as infegrin GD133 CXCR4 Trop2
CD185 Nestin
LGRS Modal-Activin

j0006]  Normal somatic stem cells are naturally resistant to chemotherapeutic agents
- they have various pumps (such as multi-drug resistance {MDR) proteins) that pump out
drugs, and efticient DNA repair mechanisms. Further, they also have a slow rate of ¢ell
turnover while chemotherapeutic agents target rapidly replicating cells. C8Cs, being the
mutated counterparts of normal stem cells, may also have similar mechanisms that allow them
to survive drug therapies and radiation treatment. In other words, conventional
chemotherapies and radiotherapies kill differentiated or differentiating cells, which form the
bulk of the tumor that are unable to regenerate tumors. The population of CSCs that gave rise
1o the differentiated and differentiating cells, on the other hand, could remain untouched and
cause a relapse of the disease. A turther danger for the conventional anti-cancer therapy is the
possibility that the treatment of, for instance, chemotherapy, leaves only chemotherapy-

resistant CSCs, and the ensuing recurrent tumor will likely also be resistant to chemotherapy.

[0007] Counsequently, there is a pressing need for the identification of novel
approaches that target cytotoxic drug-resistant, tumor-initiating CSCs for preventing and/or

treating disease recurrence and distant metastatic spread.
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SUMMARY OF THE INVENTION

[0008] The present invention is based 10 part on the determination that PKC-9 is
overexpressed in CSC and non-CSC tumor cells and is important for controlling EMT as well
as the formation and maintenance of CSC and non-C8C tumor cells. The present inventors
have also found that it is possible to inhibit EMT, formation and maintenance of CSC and
non-C8C tumoar cells, as well as wducing mesenchymal-to-epithelial cell transition (MET) by
inhibiting the activity of this enzyme. It is proposed, theretore, that PKC-@ inhibitors are
useful for reducing or inhibiting proliferation of CSC and non-CSC tumor cells, including
inhibiting EMT, stimulating or inducting MET and reducing cancer recurrence, as described

hereafier.

[0009] Accordingly, in one aspect, the present invention provides methods for
altering at least one of’ (1) formation; {11) proliferation; (i) maintenance; (iv) EMT; or (v}
MET of a PKC-B-overexpressing cell. These methods generally comprise, consist or consist
essentially of contacting the PKC-8-overexpressing cell with a formation-, proliferation-,
maintenance-; EMT- or MET-modulating amount of a PKC-8 inhibitor. Suitably, the PKC-6-
overexpressing cell is selected from a CSC and a non-CS8C tumor cell, illustrative examples of
which include breast, prostate, lung, bladder, pancreatic, colon, melanoma, liver or glioma
C8C and non-CSC tumor cells. fn some embodiments, the CSC is a breast C8C (e.g., a breast
epithelial CSC, including a breast ductal epithelial CSC). In some embodiments, the non-CSC
tumor cell 15 a breast non-CSC tumor cell (e.g., a breast epithelial non-CSC tumor cell,
including a breast ductal epithelial non-CSC tumor cell}. Suitably, the PKC-8-overexpressing
cell is contacted with one or more of a PKC-8-overexpressing cell formation-inhibiting,
proliferation-inhibiting, maintenance-inhibiting, EMT-iuhibiting amount or MET-
stimulating/inducing amount of the PKC-0 inhibitor. In some embodiments, overexpression of
PKC-8 in the PKC-8-overexpressing cell comprises presence or an increased amount of

PKC-8 in the nucleus of the PKC-8-overexpressing cell.

[0010] In some embodiments in which the PKC-0-overexpressing cell is a CSC, the
CSC expresses one or more (e.g., 1,2, 3,4, 5, 6, 7, 8 or more) CSC markers selected from
ABCBS, ALDHI, ABCGQG2, ugintegrin, oy B integrin, B-catenin activity, CD15, CD13, CD20,
CD24, CD26, CD29, (D44, CDY0, CD133, CD166, CD271, ¢-Met, Hedgehog-Gli, Nestin,
CXCR4, LGRS, Trop2 and Nodal-Activin. In some embodiments, the CSC expresses one or
more (e.g., 1,2, 3,4, 5,6, 7, 8 or more) CSC markers selected from ALDHI, CD24, CD44,
CD90, CD133, Hedgehog-Gli, usintegrin. n illustrative examples of this type, the C8C
expresses CD24 and CD44 (e.g., CD44™" (D24,
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[0011] Non-limiting examples of suitable PKC-8 inhibitors include nucleic acids,

peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other organic {carbon
containing) or inorganic molecules. In specific embodiments, the PKC-8 inhibitor 1s selected
from small molecole inhibitors and nucleic acid molecules (e.g., ones that inhibit the
transcription or translation of a PKC-8 geneg or that mediate RNA interference}. In some
embodiments, the PKC-8 inhibitor reduces the expression of the PKC-0 gene or the level or
functional activity of a PKC-8 expression product (e.g., reduces the level of a PKC-8
polypeptide, reduces PKC-0-mediated phosphorylation, inhibits binding of PKC-6 to the
promoter of U444 or uPAR, reduces binding of PKC-8 (e.g., active PKC-8) to chromatin;
reduces PKC-8-mediated mhibition of guanine exchange factor, GIV/Girdin, reduces PKC-6-
mediated inhibition of regulatory T cell function, or reduces PKC-8-mediated EMT) to less
than about 9/10, 4/5, 7/10, 3/5, ¥+, 2/5, 3/10, U3, 1/10, 1/20, 1/50, 107, 107, 107, 10107,
10,107, 10", 107, 1077, 107, 10, 101, 10 or about 107 of the expression of the PKC-
# gene, or the level or functional activity of a corresponding PRC-8 expression product 1n the
absence of the inhibitor. In some embodiments, the PRC-0 inhibitor is a selective PK{-0

inhibitor. In other embodiments, the PKC-8 inhibitor is a non-selective PKC-8 inhibitor.

[0012] Insome embodiments, the methods for altering at least one of! (i) formation;
(i) proliferation; (iti) maintenance; (iv) EMT; or (v) MET of the PKC-8-overexpressing cell
further comprise detecting overexpression of FRC-# (e.g., relative to the expression of PK(-0
in a normal cell (e.g., a normal breast cell)) in the PKC-0-overexpressing cell prior to
contacting the PKC-8-overexpressing cell with the PKC-8 inhibitor. In non-limiting examples
of this type, the methods comprise detecting overexpression of PKC-0 tn a CSC. In other non-
limiting examples, the methods comprise detecting overexpression of PKC-@ in a non-CSC
tumor cell. In still other non-limiting examples, the methods comprise detecting

overexpression of PKC-0 in a CSC and a non-CSC tumor cell.

[0013]  In some embodiments, the methods for altering at least one of: (i) formation;
(ii) profiferation; (ii1) maintenance; (iv) EMT; or (v) MET of the PKC-8-overexpressing cell
further comprise detecting presence or an increased amount of PKC-§ in the nucleus of the
PKC-8-overexpressing cell {e.z., relative to the amount of PKC-8 m the nucleus of a normal
cell (e.g., a normal breast cell)) prior to contacting the PKC-8-overexpressing cell with the
PKC-8 inhibitor, In illustrative examples of this type, the methods comprise detecting
presence or an increased amount of PKC-8 in the nucleus of a CSC. In other illustrative
examples, the methods comprise detecting presence or an incrgased amount of PKC-8 in the
nucleus of a non-CSC tumor cell. In still other illustrative examples, the methods comprise
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detecting presence or an increased amount of PKC-9 in the nucleus of a CSC and a non-CSC

tumor cell.

[0014]  In some embodiments, the methods for altering at least one of: (1) formation;
(i1) proliferation; (111) maintenance; (iv) EMT; or (v) MET of the PRC-8-overexpressing cell
further comprise detecting binding of PKC-0 to the promoter of C1294 or #PAR in the PKC-8-
overexpressing cell prior to contacting the PKC-8-overexpressing cell with the PKC-0
inhibitor, In representative examples of this type, the methods comprise detecting binding of
PKC-8 1o the promaoter of CD44 or uPAR in a CSC. In other representative examples, the
methods comprise detecting the methods comprise detecting binding of PKC-0 to the
promoter of CD4 or 4P AR in a non-C3C tumor cell. In still other representative examples,
the methods comprise detecting the methods comprise detecting binding of PKC-0 to the

promuoter of CD44 or uPAR in a C8C and a non-CSC tumor cell.

[0015]  In some embodiments, the methods for altering at least one of: (i) formation;
(i1) proliferation; (ii1) maintenance; {iv) EMT; or (v} MET of the PKC-0-overexpressing cell
further comprise detecting binding of PKC-6 to chromatin in the PKC-8-overexpressing cell
prior to contacting the PKC-8-overexpressing cell with the PKC-0 inhibitor. In non-limiting
examples of this type, the methods comprise detecting binding of PKC-0 to chromatinin a
CSC. In other non-limiting examples, the methods comprise detecting binding of PKC-8 to
chromatin in & non-CSC tumor cell. In still other non-limiting examples, the methods

comprise detecting binding of PKC-8 to chromatin in 2 CSC and a non-CSC tumor cell.

[0016]  Suitably, the methods for altering at least one of? (1) formation; (i)
proliferation; (iit} maintenance; (iv) EMT; or (v) MET of the PKC-8-overexpressing cell
further comprise detecting that the PKC-8-overexpressing cell expresses one or more CSC

markers as broadly described above.

[0017] Io another aspect, the present invention provides methods for treating or
preventing a cancer (.g., a metastatic cancer) in a subject, wherein the cancer comprises at
least one PKC-f-overexpressing cell. These methods generally comprise, consist or consist
essentially of administering to the subject a PKC-8 inhibitor in an effective amount to alter at
least one of: (1) formation; (i1} proliferation; (it} maintenance; (v} EMT; or (v} MET of the at
least one PKC-8-overexpressing cell. Suitably, the PKC-8 intubitor is administered to the
subject in an effective amount to inhibit (1) formation, (it} proliferation, (iii) maintenance, or
{(iv) EMT of the at least one PKC-8-overexpressing cell, or to stimulate or induce (v) MET of

the at least one PRC-8-overexpressing cell. In some embodiments, the PKC-8 inhibitor is a
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selective PIXC-8 inhibitor. In other embodiments, the PKC-6 inhibitor is a non-selective PKC-

& inhibitor. Suitably, the at least one PKC-8-overexpressing cell is selected from a CSC and &

non-CSC tumor cell,

{0018] In some embodiments, the cancer is selected from breast, prostate, lung,
bladder, pancreatic, colon, melanoma, liver or glioma cancer. Suitably, the cancer is breast
cancer. In some embodiments, the C3Cs give tise to non-CSC tumor cells that are hormone-

resistant.

[0019]  In some embodiments, the methods for treating or preventing a cancer
further comprise detecting overexpression of a PK{ -0 gene in a tumor sample obtained from
the subject, wherein the tumor sample comprises the at {east one PKC-8-overexpressing cell
{e.g., a CSC and/or a non-CSC tumor cell), prior to administering the PKC-8 inhibitor to the

subject.

[0020]  In some embodiments, the methods for treating or preventing a cancer
further comprise detecting expression of one or more CSC markers as broadly deseribed
above in a tumor sample obtained from the subject, wherein the tumor sample comprises the
at least one PKC-8-overexpressing cell, prior to administering the PKC-0 whibitor to the

subject.

[0021]  Yetanother aspect of the present invention provides methods for treating or
preventing a cancer (e.g., a metastatic cancer) in a subject, wherein the cancer comprises a
CSC and a non-CSC tumor cell. These methods generally comprise, consist or consist
essentially of concurrently admirustering to the subject (1} a PKC-6 mhibitor in an effective
amount to inhibit at least one of: (i) formation, (1i) proliferation, or (1ii) maintenance of the
CSC and/or the non-CSC tumor cell; and/or to inhibit (iv) EMT of the CSC; and/or to
stimulate or induce (v) MET of the CSC, and (2) a cancer therapy or agent that inhibits the
proliferation, survival or viability of the nen-CSC tumor cell, to thereby treat or prevent the
cancer. Suitably, the PKC-6 inhibitor is administered to the subject in an effective amount to
inhibit (1) formation, (it) proliferation or {iii) maintenance of the CSC and/or non-CSC tumor
cell, and/or to inhibit (1v) EMT of the CSC, and/or to stimulate or induce (v) MET of the
CSC. In some embodiments, the PKC- inhibitor is a selective PKC-8 inhibitor. In other
embodinments, the PKC-8 inhibitor 1s 4 non-selective PKC-8 inhibitor, In some embodiments,
the cancer therapy or agent is selected from radiotherapy, surgery, chemotherapy, hormone

ablation therapy, pro-apoptosis therapy and immunotherapy. In illustrative examples of this
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type, the cancer therapy or agent targets rapidly dividing cells or disrupts the cell cycle or cell

division,

[0022]  Suitably, the methods further comprise identitying that the subject has or is
at risk of developing a cancer comprising the CSC and the non-CS8C tumor cell prior to the
co-administration. In some embodiments, the cancer is selected from breast, prostate, lung,
bladder, pancreatic, colon, melanoma, liver or ghoma cancer. Suitably, the cancer is selected

from breast, prostate, lung, bladder, pancreatic, colon, melanoma, liver or brain cancer.

[0023]  In some embodiments, the methods for treating or preventing a cancer
further comprise detecting overexpression of PKC-0 (e.g., relative to the expression of PKC-0
in a normal cell (e.g., a normal breast cell)) in a tumor sample obtained from the subject,
wherein the tumor sample comprises the CSC or the non-CSC tumor cell or both, prior to

administering the PKC-8 inhibitor to the subject.

[0024]  In some embodiments, the methods for treating or preventing a cancer
further comprise detecting presence or an increased amount of PKC-8 in the nucleus ot a CSC
and/or a non-CSC tumor cell (e.g., relative to the amount of PKC-8 in the nucleus of a normal
cell {e.g., a normal breast cell)) in a tumor sample obtained from the subject, wherein the
tumor sample comprises the CSC or the non-CSC tumor cell or both, prior to administering

the PKC-8 inhibitor to the subject.

{0023] In some embodiments, the methods for treating or preventing a cancer
further comprise detecting binding of PKC-0 to the promoter of C/44 or uPAR in a CSC
andfor a non-CSC tymor cell of a tumor sample obtained from the subject, wherein the twmor
sample comprises the CSC or the non-CSC tumaor cell or both, prior to administering the

PKC-8 inhibitor to the subject.

{0026] In some embodiments, the methods for treating or preventing a cancer
further comprise detecting binding of PKC-0 to chromatin in a CSC and/or a non-CSC tumor
cell of a tumor sample obtained from the subject, wherein the fumor sample comprises the
C8C or the non-C8C tumor cell or both, prior to administering the PKC-8 inhibitor to the

subject.

{0027] Insome embodiments, the methods for treating or preventing a cancer
further comprise detecting that the CSC expresses one or more CSC markers as broadly

described above prior to administering the PKC-8 inhibitor to the subject.
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[0028]  Suitably, the PKC-8 inhibitor and the cancer therapy agent are administered

in synergistically effective amounts.

[0029]  Typically, one or both of the PKC-0 inhibitor and the cancer therapy or
agent are administered on a routine schedule, for example, every day, at least twice a week, at
least three times a week, at least four times a week, at least five times a week, at least six
times a week, every week, every other week, every third week, every fourth week, every

month, every two raonths, every three months, every four months, and every six months.

[{0030]  In some embodiments, the cancer therapy is likely to expose the subject to a
higher rigk of infection with a pathogenic organism. Accordingly, in these embodiments, the
methods may further comprise administering simultaneously, sequentially or separately with
the PK.C-8 inhibitor and/or the cancer therapy/agent at least one anti-infective agent that is
effective against an infection that develops or that has an increased risk of developing by
administration of the cancer therapy or agent, wherein the anti-infective agent is selected from
antimicrobials, antibiotics, antivirals, antifungals, anthelmintics, antiprotozoals and

nematocides,

[0031] In yet ancther aspect, the invention provides methods for wdentifying agents
that are usetul for inhibiting (1) formation, (i1} proliferation, or (i11) maintenance of a PKC-6-
overexpressing cell {¢.g., a CSC and/or a non-CSC tumor cell), or for mhibiting (iv) EMT of a
PKC-8-overexpressing cell {(e.g., a CSC), or for stimulating or inducing (v) MET of a PKC-0-
overexpressing cell {e.g, a CSC), or for treating or preventing a cancer in a subject, wherein
the cancer comprises a PKC-8-overexpressing cell {e.g., a C8C and/or a non-CSC tumor cell),
These methods generally comprise contacting a preparation with a test agent, wherein the
preparation comprises (i) a polypeptide comprising an amino acid sequence corresponding to
at least a biologically active fragment of a PKC-9, or to a variant or derivative thereof’ or {ii)
a polynucleotide comprising g nucleotide sequence from which a transcript of a PKC-6 gene
or portion thereof is producible, or (iii) a polynucleotide comprising at least a portion of a
genetic sequence (e.g., a transcriptional element) that regulates the expression of a FPKC-8
gene, which 18 operably linked to a reporter gene. A detected reduction in the level and/or
functional activity {e.g., as broadly described above) of the polypeptide, transcript or
transcript portion or an expression product of the reporter gene, relative to a normal or
reference level and/or functional activity in the absence of the test agent, indicates that the
agent is useful for inhibiting (1) formation, (ii) proliferation, or (iii) maintenance a PKC-0-

overexpressing cell (e.g., a C8C and/or a non-CSC tumor cell), or for inhibiting (iv) EMT of &
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PKC-8-overexpressing cell {e.z., a CSQC), or for stimulating or inducing (v) MET of a PKC-8-

overexpressing cell {e.g., a CSC), or for treating or preventing a cancer.

[0032]  Still another aspect of the present invention provides methods of producing
art agent for inhibiting (1) formation, (i1) proliferation, or (i) maintenance of a PKC-8-
overexpressing cell (e.g., a CSC and/or a non-CSC tumor cell), or for inhibiting (iv) EMT of a
PKC-8-overexpressing cell {e.z., a CSC), or for stimulating or inducing (v) MET of a PKC-8-
overexpressing cell {e.g., a CSC), or for treating or preventing a cancer in a subject, wherein
the cancer comprises a PKC-8-overexpressing cell (e.g., a CSC and/or a non-CSC tumor cell),
as broadly described above. These methods generally comprise: testing an agent suspected of
inhibiting a PKC-0 as broadly described above; and synthesizing the agent on the basis that it
tests positive for the inhibition. Suitably, the method further comprises derivatizing the agent,
and optionally formulating the derivatized agent with a pharmaceutically acceptable carrier
and/or diloent, to improve the efficacy of the agent for inhibiting (1) formation, (it}
proliferation, or (11} maiotenance of a PKC-8-overexpressing cell {e.g., a CSC and/or a non-
CSC tumor cell), or for inhibiting (iv) EMT of a PKC-6-overexpressing cell (e.g., a CSC), or
for stimulating or inducing (v) MET of a PKC-8-overexpressing cell {e.g., a CSC), or for
freating or preventing a cancer in g subject, wherein the cancer comprises a PKC-0-

overexpressing cell {e.g., a CSC and/or a non-C8C tumor cell).

[0033]  Another aspect of the present invention provides pharmaceutical
compositions for inhibiting at least one of: (1) formation, (i) proliferation, or (i) maintenance
of a C8C and/or a non-CSC tumor cell; and/or for inhibiting (iv) EMT of a CSC; and/or for
stimulating {v) MET of a C8C; and/or for treating or preventing a cancer that comprises a
CSC andfor a non-CSC tumor cell, as broadly described above. These compositions generally
comprise, consist or consist essentially of @ PKC-8 inhibitor and a second/auxiliary agent that
inhibits the proliferation, survival or viability of the non~-CS8C tumor cell. In some
embodiments, the PKC-8 inhibitor is a selective PKC-8 inhibitor. In other embodiments, the

PRC-8 inhibitor 15 a non-selective PKC-8 inhibitor,

[0034] 1o a further aspect, the present invention provides the use of a PKC-8
inhibitor for altering at least one of: (i) fermation; (i1) proliferation; (i11) maintenance; (1v)
EMT; or (v) MET of a PKC-8-overexpressing cell or for treating or preventing a cancer that
comprises a PKC-8-overexpressing cell {e.g., a CSC or a non-CSC tumor cell), as broadly

described above.
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[0035]  Still another aspect of the present invention provides the use of a PKC-0

inhibitor tor enbhancing the efficacy of a cancer therapy or agent that inhibits the proliferation,

survival or viability of a non-CSC tumor cefl.

[0036]  In yet another aspect, the present invention provides the use of PKC-6
inhibitor and a cancer therapy or agent that inhibits the proliferation, survival or viability of a
non-CSC tumor cell for treating or preventing a cancer that comprises a CSC and a non-CSC
tumor cell, as broadly described above. In some embodiments, the PKC-8 inhibitor and
optionally the cancer therapy or agent are prepared or manufactured as medicaments tor this

purpose.
BRIEF DESCRIPTION OF THE DRAWINGS

[0037]  Figure 1A is a graphical representation showing that stimulation of MCF-7
cells in the MCE-IM model with the PKC inducer, Phorbol 12-Myristate 13-Acetate (PMA)
results in maximal EMT. MCF-7 cells were either non-stimulated (NS) ar stimulated with
TNF-a (20 ng/mL), EGF (50 ng/mL), IL-6 (50 ng/mL), TGF-B (2.5 ng/mL) or PMA
(Z0ng/ml.) tor 60 hr. Three or more phase contrast images were captured for every stimulus
using Olympus 17X1 microscope. Al least 200 cells were counted in every image and average
percentage (%) of the cells undergoing EMT was calculated and subsequently a graph was

plotted. Results are shown as average + standard error from two independent experiments.

[0038]  Figure 1B is a photographic representation showing morphological EMT
changes and differential intracellular staining patterns of EMT marker, Laminin-3 in the
MCF-IM model. MCF-7 cells were either non-stimulated (NS} or stimulated with PMA (8T)
(0.65 ng/mL for 60 hrs.} and subsequently either photographs were taken by phase contrast
microscopy or stained with anti-laminin-5 antibody (green color) or DAPI stain (nuclear
stain) (blue color) respectively. Confogal microscopic images of MCF-7 were captured using

Leica microscope at 60« magnification.

[0039]  Figure 1C 18 a photographic representation showing greater wound healing
in the MCF-TM model. MCF-7 cells were stimulated for 18 hrs. with () PMA (065 ng/mL) or
(i1) left untreated, non-stimulated (NS). Phase contrast images of wound healing assay were
subsequently captured by Olympus 17X1 using 10x magnification at time points, O hr. (red
line) and 1B hrs. {(green line). An overlaying (red and green line together in one image) of the
two images was done to show wound healing ability of the treatment.

[0040]  Figore 1D 1s a graphical representation showing higher PKC kinase activity

in a MCFE-IM and basal/metastatic model. MCF-7 cells were either non-stimulated (NS) or
-10 -
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stimulated (ST) with PMA (0.65 ng/mL}. PKC ELISA-based kinase assays were performed
either on whole cell lysate (WCL), cytoplasmic extract (CE) or nuclear extract (NE} from
both NS and 8T treated MCF-7 cells and MDA-MD 231 cells. Absorbance was measurad at
450 nm. Data are plotted as relative kinase activity compared to the negative control. Data are
representative of the mean & SE of three independent experiments and statistical significance

was determined by a two-tailed paired ¢-test using GraphPad Prism 5.03,

[0041]  Figure 1E is a graphical representation showing FACS gating strategies for
sorting of CD44™ D24 -cancer stem-like cell (CSC) sub-population in a MCF-IM miodel.
MCFE-7 cells were either left untreated, non-stimulated (NS) or stimulated (ST) with PMA (0.65
ng/mL) for 60 hr. Cells were subsequently stained with Hoechst, APC-anti-CD44 and PE-anti-
D24 cocktail prior to FACS sorting, Cancer stem-like cell (CSC) population was defined by
CD44™YCD24' stain. Gates for CSC-like and NCSC sub-populations were first made on PMA
stimulated populations and these gates were copied to non-stimulated population to confirin that the
CSC-like population was below 0. 1% in non-stimulated cells. Representative FACS plot of 10

independent expeniments has been shown for highlighting the gating strategy.

[0042]  Figure 1F 15 a graphical representation showing that the MCF-IM model
results in a high percentage of CD44"™/CD24"™ or CSC-like sub-population. MCF-7 cells were
either left untreated, non-stimulated {NS) or stimulated (ST) with PMA (0.65 ng/mL) for 60 hr.
FACS analysis was carried out using gating strategies described in Figure 1E and subsequently, the
mean % CSC-like subpopulation was plotted (error bars are standard errors) from ten independent

experiments,

[0043]  Figure 1G is a photographic and graphical representation showing that the
MOCF-IM model leads to the generation of mammospheres. Mamumasphere assay was
performed with 4 x 10* MCF-7 cells/ well in ultra low attachment 6 well plates. Cells were
either (A) non-stimulated (NS), or stimulated with (B) PMA (0.65 ng/mL) or {(C) TNF-q {10
ng/mL). Images were captured using phase contrast microscopy for mammosphere assay atter
6 days of assay commencement and a graph was plotied. Experiment was performed in
duplicate and mammospheres in each well were counted tor average. Data represent the
average £ SE of two independent experiments,

[0044]  Figure 1H is a graphical representation showing that induced CSC-like sub-
populations have distinct transcriptional profile in the MCF-IM model. Transcript analysis
was carried out on MCF-7 cells, either non-stimulated (NS}, or PMA stimulated (0.65 ng/mL

for 60 hrs) and FACS sorted sub-population-cancer stema-like cells (CSC-like) and non-cancer
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stem like cells (INCSC), for genes CD44, laminin-5, uPAR, Fibronectin and Integrin-§.

TagMan® real time PCR was performed on cDNA synthesized trom total RNA isolated from
above said three populations, Threshold cyele (Ct) values generated for each time points were
converted to arbitrary copy number and normalized to Cyclophilin A reference levels, mRNA
levels are expressed in arbitrary copy numbers and fold change in comparison to non-
stimulated cells 1s shown above the errar bars. Data represent the mean + standard ervor (SE)

of three independent experiments.

[0045]  Figure 11is a graphical representation showing that induced CSC-like and
NCSC sub-populations results in reduced expression of miR200 family members in the MCF-
IM model. MictoRNA cDNA levels for miR 200b and miR 200c¢ were measured by
TagMan® microRNA real-time analysis from either MCF-7 cells left untreated, non-
stimulated (NS}, or PMA stimulated {0.65 ng/mL for 60 hrs.} FACS sorted sub-populations-
cancer stem-like cells (CS8C-like) and non-cancer stem like cells (NCSC). Threshold cycle
{Ct) values generated for each time points were converted to arbitrary copy number and
normalized to RNUGB reference levels. MicroRNA levels are expressed in arbitrary copy and

data represent the mean = standard error (SE) of three independent experiments.

[0046]  Figure 2A is a photographic representation showing that the broad spectrum
PKC inhibitor, bisindolylmaleimide-I inhibits EMT in the MCF-IM model. Phase contrast
microscopy images of non-stimulated (NS) and PMA (0.65 ng/ul for 60 hrs.) stimulated (ST)
MCF-7 cells were captured either without pre-treatment of PKC specific inhibitor (ST-BIS),
with 1 hr. pre-treatment of bisindolylmaleimide {1 pM) before PMA stimulation (ST+BIS).

[0047]  Figure 2B is a graphical representation showing that only very high
concentration of bisindolvimaleimide-l but not Go 6976 inhibits CD44 high CD24 low-CS5C-
like subpopulation in the MCF-IM model. MCF-7 cells were either pre-incubated with vehicle
alone or with bisindelvimaleimide-1 {100 nm and I pM) or Go6976 (1 uM), prior to PMA
(0,65 ng/ul. for 60 hrs.) stimulation {ST) or. Cells were subsequently stained with Hoechst
33528, APC-anti-CD44 and PH-anti-CD24 for 20 minutes on ice and subjected to FACS
analysis. Circles on FACS plot indicate appropriate gating of CD44%% CD24 ™ CSC-like
subpopulation and % CSC-like subpopulation 15 shown above the gates respectively.

[6048] Figure 2C 15 an alternate graphical representation of the data presented in
Figure 2B. Data represent the mean + standard error {(SE) of two independent experiments.

j0049]  Figure 2D is a photographic representation showing that 1 uM

Bisindolylmaleimide- I reduce mammosphere formation in the MCF-IM model.
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Mammasphere assay was performed with 4 x 107 MCP-7 cells/well in an ultra low attachment

6 well plates. MCE-7 cells were pre-incubated either with vehicle alone or
bisindelylmaleimide-1 (1 pM for 1 hr.) prior to PMA stimulation (0.65 ng/ml. for & days)
(ST or left non-stimulated (NS). Phase contrast microscopic images of mammospheres were

taken after 6 days of assay and only mammospheres larger than 60 um were counted.

[0050]  Figure 2E is an alternate graphical representation of the data presented in

Figure 2B. Data represent the mean = standard error {SE) of two independent experiments.

[0051]  Figure 2F is a graphical representation showing that 100 nM
hisindolylmaleimide-1 treatment cannot inhibit transcription of key inducible EMT/CSC
genes in the MCF-IM model. MCF-7 cells were either left untreated, non-stimulated (NS) or
pre-treated with either bisindolylmaleimide-1 (100 oM) for | hour prior to PMA (0.65 ng/ul.
for 60 hrs.) stimulation (8T). TagMan®: real time PCR analysis for EMT/CSC genes-laminin-
5, uPAR and CD44 was performed on ¢DNA synthesized from total RNA. Threshold cycele
{Ct) values generated for each time point were converted to arbitrary copy number and
normalized to Cyclophiilin A reference levels. mRNA levels are expressed in fold change in
comparison to non-stimulated cells, Data represent the mean + standard error (SE) of two

independent experiments.

[0052] Figure 2(ris a graphical representation showing that 1 pM
bisindolyimaleimide-1 treatment inhibits transcription of key inducible EMT/CSC genes in
thae MCF-IM model. MCF-7 cells were either left untreated, non-stimulated {N8) or pre-
treated with either bisindolylmateimide-F (1 pM) for 1 hour prior to PMA (0.65 ng/ul for 60
hrs. ) stimulation (ST). TagMan® real time PCR analysis for EMT/CSC genes-laminin-5,
uPAR and CD44 was performed on cDNA synthesized from total RNA. Threshold cycle (Ct)
values generated for each time point were converted to arbitrary copy number and normalized
to Cyclophilin 4 reference levels. mRNA levels are expressed in fold change in comparison to
non-stimulated cells. Data represent the mean + standard ervor (SE) of two independent

experinments.

j0053]  Figure 2H is a graphical representation showing that 1 pM Go6976
treatment failed to inhibit transeription of key inducible EMT/CSC genes in the MCF-IM
model. MCF-7 cells were either left untreated, non-stimulated (NS) or pre-treated with either
Go6976 (1 uM) for | hour prior to PMA (0.65 ng/uL for 60 hrs) stimulation (ST). TagMan®
real time PCR analysis for EMT/CSC genes-laminin-35, uPAR and CD44 was performed on

¢DNA synthesized from total RNA. Threshold cyele (Ct) values generated for each time point
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were converted to arbitrary copy number and normalized to Cyelophilin A reference levels,

mRNA levels are expressed in fold change 1n companson to non-stimulated cells. Data

represent the mean + standard error (SE) of two independent experiments.

{0034]  Figure 2L1s a photographic representation showing that the broad spectrum
PKC inhibitor, bisindolvlmaleimide-I inhibits EMT in a basal/metastatic model. Phase
contrast microscopy tmages of MDA-MB 231 cells were captured either without pre-
treatment of PKC specific inhibitor (-BIS) or with treatment of Bisindolylmaleimide (4 pM)
(+BIS).

[0053]  Figure 2] 15 a graphical representation showing that bisindolylmaleimide-1
inhibits CD44 high CD24 low-C8C-like subpopulation in Basal/metastatic model. MDA-MB
231 cells were either incubated with vehicle alone or with bisindolylmaleimide-1 (4 uMj.
Cells were subsequently stained with Hoechst 33528, APC-anti-CD44 and PE-anti-CD24 for
20 minutes on ice and subjected to FACS analysis. Percent CSC-like subpopulation is shown
in the bar graph. Data represent the mean + standard error (SE) of two independent

experiments.

[0056] Figure 2K is a graphical representation showing that bisindolylmaleimide-{
treatment inhibits transeription of key inducible EMT/CSC genes in a basal/metastatic model.
MDA-MB 231 cells were either incubated with vehicle alone or with bisindolylmaleimide-1
(4 uM}). TagMan® real time PCR analysis for EMT/CSC genes-laminin-5, uPAR and (D44
was performed on ¢DNA synthesized from total RNA. Threshold cycle (Ct) values generated
for each time point were converted to arbitrary copy number and normalized to Cyclophifin A
reference levels. mRNA levels are expressed in fold change in comparison to non-stimulated

cells. Data represent the mean + standard error (SE) of two independent experiments,

[0057]  Figure 3A is a photographic representation showing that a very low
concentration of a PKC-8 peptide inhibitor abolishes EMT in the MCF-IM model. Phase
contrast microscopy images of non-stimulated (NS) and PMA (0,65 ng/pL for 60 hrs.)
stimulated (§8T) MCF-7 cells were captured either without pre-treatment of inhibitor or with

24 hrs. pre-treatment of PKC-8 specific peptide (30 uM) before PMA stimulation.

[0058] Figure 3B is a graphical representation showing that a PKC-0 peptide
inhibitor inhibits CD44 high CD24 low-CSC-like subpopulation in the MCF-IM model.
MCF-7 cells were either pre-incubated with vehicle alone or with PKC-9 specific peptide (30
pM), prior to PMA (0.65 ng/ul for 60 hirs.) stimulation {(ST). Cells were subsequently stained
with Hoechst 33528, APC-anti-C44 and PE-anti-CI>24 for 20 minutes on ice and subjected
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to FACS analysis, Appropriate gating of CD44™% CD24 ' CSC-like subpopulation was

done and a bar graph was plotted. Data represent the mean & standard error (SE) of two

independent experunents.

10039]  Figure 3C is a graphical representation showing that a PKC-8 peptide
inhibitor treatment reduces transcription of key indueible EMT/CSC genes in the MCF-IM
model. MCF-7 cells were either pre-incubated with vehicle alone or with PKC-6 specific
peptide (30 uM), prior to PMA {0.65 ng/ul. for 60 hrs.} stimulation (ST). TagMan® real time
PCR analysis for EMT/CSC gene-CD44 was performed on ¢DNA synthesized from total
RNA. Threshold cycle (Ct) values generated for gach time point were converted to arbitrary
copy number and normalized to Cyclophilin A reference levels. mRNA levels are expressed in
fold change in comparison to non-stimulated cells. Data represent the mean + standard error

(SE) of two independent experiments.

[0060]  Figure 3D is a graphical representation showing that PKC-6 knockdown
results in abolishment of PMA-induced CSC-like subpopulation while PKC- knockdown
enhances PMA-induced CSC-like subpopulation in MCF-IM model. MCF-7 cells were
transfected with either mock siRNA (mock), PKC-8 siRNA or PKC-3 siRNA for 48 hr and
followed by either left untreated , non-stimulation (NS) or PMA stimulation (ST} (0.65 ng/mL
for 60 hrs.). FACS analvsis was subsequently carried out by staining cells with Hoechst,
APC-anti-CD44 and PE-anti-CD24 antibodies stain cocktail. Appropriate gating of CSC-like
subpopulation was done and % CSC-like subpopulation is shown in a bar graph. Data

represent the mean + standard error {SE) of two independent experiments.

[6061] Figure 3E is a graphical representation showing that PKC-0 knockdown
reduces mammosphere formation in MCF-IM model. Mammosphere assay was performed
with 4 x 10" MCF-7 cells/well in an ultra low attachment 6 well plates. MCF-7 cells were
transfected with either mock siRNA (mock) or PKC-8 siRNA for 48 hrs. and followed by
either left untreated , non-stimulation (NS) or PMA stinwilation (ST} (0.65 ng/mL for 60 hrs.).
Phase contrast microscopic images of mammospheres were taken after 6 days of assay and
only mammospheres larger than 60 um were counted and a bar graph was plotted. Data

represent the mean + standard error {SE) of two independent experiments.
[0062]  Figure 3F is a graphical representation showing that PKC-8 knockdown
results in inhibition of transcription of key inductble EMT/CSC genes in MCF-IM model

while PKC-P knockdown does not have this inhibition in n MCF-IM model. MCE-7 cells
were transfected with etther mock siRNA (mock), PKC-8 siRNA or PKC-f} siRNA for 48 hrs.
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and followed by either left untrested , non-stimulation (NS) or PMA stimulation (8T} (0.65

ng/mk for 60 hrs.). TagMan® real time PCR analysis for EMT/CSC genes- uPAR and CD44
was performed on ¢DNA synthesized from total RNA. Threshold cycle (Ct) values generated
tor each time point were converted to arbitrary copy number and normalized to Cyelophilin A
reference levels. mRNA levels are expressed in fold change in comparisen to non-stimulated

cells. Data represent the mean + standard error (SE) of two independent experiments,

[0063] Figure 3G is a photographic representation showing that over-expression of
PKC-8 NLS (Nuclear Localization Signal) mutation reduces entry of PKC-8 in nucleus. Over-
expression of PKC-8 WT (Wild Type) or PKC-8 NLS was performed in the MCF-IM model

tor 72 hrs. before confocal microscopy.

{0064]  Figure 3H is a graphical representation showing that over-expression of
PKC-8 NLS (Nuclear Localization Signal) mutation reduces the % CSC in the MCF-IM
model. Over-expression of Mock vector, PKC-6 WT (Wild Type) or PKC-8 NLS was
performed in MCF-IM model for 72 hrs. before cells were stimulated {0.65 ng/ml. for 60
brs. ). FACS analysis was subsequently carned out by staining cells with Hoechst, APC-anti-
CD44 and PE-anti-CD24 antibodies stain cocktail. Appropriate gating of CSC-like
subpopulation was done and % increase in CSC-like subpopulation above the mock was
calculated and is shown in a bar graph. Data represent the mean + standard error {SE) of two

independent experiments.

[0065]  Figure 311is a graphical representation showing that over-expression of
PKC-8 NLS (Nuclear Localization Signal) mutation results in inhibition of transcription of
kev inducible EMT/CSC genes in the MCF-IM model. Over-expression of Mock vector,
PRC-8 WT (Wild Type) or PKC-0 NLS was performed in MCF-IM model for 72 hours
before cells were stimulated (0.65 ng/ml. for 60 hr), TagMan® real time PCR analysis for
EMT/CSC genes- uPAR and CD44 was performed on ¢cDNA synthesized from total RNA.
Threshold cycle {Ct) values generated for each time point were converted to arbitrary copy
number and normalized to Cyclephilin A reference levels. mRNA levels are expressed in fold
change in comparison to non-stimulated cells. Data represent the mean + standard error (SE})
of two independent experiments.

[6066] Figure 4A is a graphical representation showing that PKC-6 is associated
with chromatin at the promoter region of the (44 gene in cancer stem cells. ChIP assays
were performed on immuno-precipitated DNA with antibodies anti-PKC-8 antibody in MCF-

M, HMLE-TM and basal metastatic model. Real time PCR analysis was carried out on these
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immuno-precipitated DNA using CD44 promoter primers. The data are shown graphically as

ChiIP enrichment ratio of immuno-precipitated DNA relative to the nil antibody control and
normalized against the total input DNA. The results represent the ChIP enrichment ratio from

one of the three independent experiments.

[0067] Figure 4B and C are graphical representations showing that the active form
of PKC-8, PKC-8 (phospho) is highly enriched with chromatin at the promoter region of CSC
inducible genes in the MCF-IM model. MCF-7 cells were either non-stimulated (NS) or
stimulated with PMA (8T) (0.65 ng/ul for 60 hrs.). ChIP assays were subsequently
performed on immuno-precipitated DNA with antibodies anti-PKC-0 (phospho). Real time
PCR analysis was carried out on these immuno-precipitated DNA using (B) uPAR and (C)
CD44 promoter primers, The data are shown graphically as ChIP enrichment ratio of
immuno-precipitated DNA relative to the nil antibody control and normalized against the total
input DNA. The results represent the ChiP enrichment ratio from one of the three independent

experimants.

[0068]  Figure 4D is a graphical representation showing that PKC-8 physically
interacts with Pol I on CSC inducible gene uPAR in the MCF-IM model. Sequential ChIP
was performed on either non-stimulated (NS) or PMA stimulated (ST} (0.65 ng/mL for 60
hours) MCF-7 cells. First primary chromatin inununoprecipitation was carried out, and then
secondary chromatin immunoprecipitation was performed on chromatin recovered from the
primary immunoprecipitation. The antibodies used were: Primnary ChIP with anti Pol 11
antibody and secondary ChIP with anti-PKC-8 antibody. Real time PCR analysis was
performed on the immuno-precipitated DNA using uPAR promoter directed primers. The data
are shown graphically as ChIP enrichment ratio of immunoe-precipitated DNA relative to the
nil antibody control and normalized against the total input DNA. “Nil antibody™ refers to the
sample where no antibody (neither of primary or secondary} have been added to the cross-
linked DNA. The results represent the ChIP enrichment ratio from one of three independent

experiments,

[0069] Figure 4E is a graphical representation showing that pharmacological
inhibition or knockdown of PKC-8 reduces 1ts chromatin assoeiation across the uPAR
promoter in the MCF-IM model. MCF-7 cells that were first pre-incubated for [ hr. with
vehicle alone or with bisindolylmaleimide-I (1 pM) and subsequently stimulated (ST) with
PMA (0.65 ng/ul for 60 hours). In a separate experiment cells were transfected with either
mock sIRNA (mock) or PKC-9 siRNA followed by PMA stimulation (S8T) (0.65 ng/mL for 60

hrs.) 48 hrs. post-transfection. ChIP assays were subsequently perfermed on immuno-
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precipitated DNA with anti-PKC-8 antibodies. Real time PCR analysis was performed on

these immuno-precipitated DNA by using uPAR promoter primer. The data are shown
graphically as ChIP enrichment ratio of immuno-precipitated DNA relative to the nil antibody
control and normalized against the total input DNA. The results represent the ChIP

enrichment ratio from one of the three independent experiments.

[0070] Figure S is a photographic representation showing nuclear staining of active
PKC-8 in human normal and invasive breast cancer tissue. Nuclear staining of normal and human
breast cancer tissue was carried out using anti-PKC-6 {phosphor) antibody and

photomicrographs were taken.

[0071]  Figure 6A is a graphical representation showing PKC ELISA-based kinase
assays for PKC-0 specific activity inhibitor compound 27 (C27). Kinase activity was

calculated after subtracting blank wells.

[0072] Figure 6B 15 a graphical representation showing PKC ELISA-based kinase
assays of nuclear extract - or cytoplasmic extract - from MCF-IM without (~) or with (+) C27
inhibitor. Assays were performed without specific immunoprecipitates for global PKC
activity.

[0073]  Figure 6C is a graphical representation showing FACS analysis of
CD44"CD24% CSC subpopulation in MCF-TM model. MCE-7 cefls were stimulated with
PMA {0.65 ng/ml for 60 h) either without pre-treatment of PKC-0 specific activity inhibitor

compound 27 (-C27) or with pre-treatment with compound 27 (+C27) (1uM for 24 hours).

[0074]  Figure 6D is a graphical representation showing mRINA expression by real-

time PCR with samples.

[0075]  Figure 6F and F is a graphical representation showing nuclear pS0 or
nuclear pa3s activity after treatment of MCF-IM either with vehicle alone or with PKC-6
specific inhibitor, compound 27 {C27).

[6076] Figure 6G is a photographic and graphical representation showing
immunoblotting of MCF-IM nuclear extracts for phosphorylated NF-xB p65 at serine 468
(p468) atter with (+) or without (-) compound 27 treatment, 15 pg of the protein was used for
western blots and histone H3 antibody was used as a nuclear control.

{0077]  Figure 6H is a photographic and graphical representation showing

immunoblotiing of MCF-IM nuclear fraction for global NF-xB p63$ after with (+) or without
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{-) compound 27 treatment. Densitometric analyses were carried out using Image I software

provided below western blots.

[0078]  Figure 61 is a photographic and graphical representation showing
immunoblotiing of MCF-IM cytoplasmic fraction for global NF-xB p68 after with (+) or
without () compound 27 treatment. Densitometric analyses were carried out using Image J

software provided below western blots,

[0079]  Figure 6J is a photographic representation showing halfway ChIP analysis
of stimulated MCF-IM cells with anti-PKC-8 antibody, {WCL.) is the whole cell lysate
utilized for the immunoprecipitation (IP) experiments. WCL is immunoblotted with anti-
PKC-B antibody. (~-Ab) is the absence of antibedy. Immunoblot with either anti-RNA Pol 1,
anti-p63 antibodies or anti-PKC-8 antibody. All results represent either the mean + the
standard error of three independent experiments or a representative experiment from three

replicates (N=3) ** P<0.01, *, P<0.05 and ns, not significant.
DETAILED DESCRIPTION OF THE INVENTION

1. Definitions

[0080] Unless defined otherwise, all techumical and scientific termas used herein have
the same meaning as commonly understood by those of ordinary skill in the art to which the
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, preferred
methods and materials are described. For the purposes of the present invention, the following

terms are defined below,

[0081] The articles “a” and “an” are used herein to refer to one or to more than one
(i.e., to at least one) of the grammatical object of the article. By way of example, “an element”

means one element or more than one element,

[0082]  The terms “administration concurrently” or “administering concurrently™ or
“co-administering” and the like refer to the administration of a single composition containing
two or more actives, or the administration of each active as separate composttions and/or
delivered by separate routes either contemporansously or simultaneously or sequentially
within a short enough period of time that the effective result is equivalent to that obtained
when all such actives are administered as a single composition. By “simultaneously” is meant
that the active agents are administered at substantially the same time, and desirably together in

the same formulation. By “contemporaneously” it is meant thai the active agents are
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administered closely in time, e.g., one agent 1s administered within from about one minute to
within about one day before or atter another. Any contemporaneous time is useful. However,
it will often be the case that when not administered simultaneously, the agents will be
admintstered within about one minunte to within about eight hours and suitably within less
than about one to about four hours. When administered contemporaneously, the agents are
suitably administered at the same site on the subject. The term “same site” includes the exact
location, but can be within about 0.5 to about 15 centimeters, preferably from within about
0.5 to about 5 centimeters. The term “separately” as used herein means that the agents are
administered at an interval, for example at an interval of about a day to several weeks or
months. The active agents may be admimstered 1n either order. The term “sequentially™ as
used herein means that the agents are administered in sequence, for example at an interval or
intervals of minutes, hours, days or weeks. If appropriate the active agents may be

adrnnuistered in a regular repeating cycle.

[0083]  The term “agent” or “modulatory agent” includes a compound that induces a
desired pharmacological and/or physiological effect. The term also encompasses
pharmaceutically acceptable and pharmacologically active ingredients of those compounds
specifically mentioned herein including but not limited to salts, esters, amides, prodrugs,
active metabolites, analogs and the like. When the above term is used, then it 1s to be
understood that this includes the active agent per se as well as pharmaceutically acceptable,
pharmacologically active salts, esters, amides, prodrugs, metabolites, analogs, etc. The term
“agent” is not to be construed narrowly but extends to small molecules, proteinaceous
miolecules such as peptides, polypeptides and proteins as well as compositions comprising
them and genetic molecules such as RNA, DNA and mimetics and chemical analegs thereof
as well as cellular agents, The term “agent” includes a cell that is capable of producing and
secreting a polypeptide referred to herein as well as a polynucleotide comprising a nucleotide
sequence that encodes that polvpeptide. Thus, the term “agent” extends to nucleic acid
constructs including vectors such as viral or non-viral vectors, expression vectors and

plasmids for expression in and secretion in a range of cells.

[0084] By “antigen-binding molecule™ ts meant a molecule that has binding affinity
for a target antigen. It will be understood that this term extends to immunoglobulins,
immunoeglobulin fragments and non-immunoglobulin derived protein frameworks that exhibit

antigen-binding activity.

[0085] “Antigenic or immunogenic activity” refers to the ability of a pelypeptide,

fragment, variant or dertvative according to the invention to produce an antigenic or
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immunogenic response in an animal, spitably a mammal, to which it is administered, wherein
the response includes the production of elements which specifically bind the polypeptide or

fragment thereof.

[0086]  “Aralkyl” means alkyl as defined above which is substituted with an aryl
group as defined above, ¢.g.,-CHaphenyl ~(CHa)aphenyl ~(CHs hsphenyl -
H;CH{CH)CH:phenyl, and the like and denvatives thereof,

[0087]  As used beremn, “aromatic” or “aryl” is intended to mean any stable
monocyclic or bicyelic carbon ring of up to 7 atoms in each ring, wherein at least one ring is
aromatic. Examples of such aryl elements include, but are not limited to, phenyl, naphthyl,

tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl or acenaphthyl.

j0088]  In certain instances, substituents may be defined with a range of carbons
that includes zero, such as (Co-Celatkylene-aryl. If aryl is taken to be phenyl, this definition
would include phenyl itself as well as, for example,-CH;Ph,-CH>CH,Ph,
CH{CH;)CH,CH{CH;)Ph.

[0089]  Itwill also be recognized that the compounds described herein may possess
asymmetric centers and are therefore capable of existing in more than one sterecisomeric
form. The tnvention thus also relates to compounds in substantially pure isomeric form at one
Or more asymmetric centers e.g., greater than about 90% ee, such as about 95% or 97% ee or
greater than 99% ee, as well as mixtures, including racemic mixtures, thereof. Such isomers
may be naturally ocearring or may be prepared by asymmetric synthesis, for example vsing

chiral intermediates, or by chiral resolution.

[0090]  As used herein, the term “binds specifically,” “specifically immuno-
interactive” and the like when referring to an antigen-binding molecule retfers to a binding
reaction which is determinative of the presence of an antigen in the presence of a
heterogeneous population of proteins and other biologics. Thus, under designated
immunoassay conditions, the specified antigen-binding melecules bind to a particular antigen
and do not bind in a sigmficant amount to other proteins or antigens present in the sample.
Specific binding to an antigen under such conditions may require an antigen-binding molecule
that 15 selected for its specificity for a particular antigen. For example, antigen-binding
molecules can be raised to a selected protein antigen, which bind to that antigen but not to
other proteins present in a sample, A variety of immunoassay formats may be used to select
antigen-binding molecules specifically immuno-interactive with a particular protein. For
example, solid-phase ELISA immunoassays are routinely used to select monoclonal
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antibodies specifically immuno-interactive with a protein, See Harlow and Lane (1988)

Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York, for a
description of immunacassay fornats and conditions that can be used to determine specific

immunoreactivity,

[0091] The term “cancer stem cell” or CSC refers to a cell that has tumor-initiating
and tumor-sustaining capacity, including the ability to extensively proliferate, form new
tumors and maintain cancer development, Z.e., cells with indefinite proliferative potential that
drive the formation and growth of tumors. CSCs are biclogically distinet from the bulk tumor
cells and possess characteristics associated with stem cells, specifically the ability to self
renew and to propagate and give rise to all cell types found in a particular cancer sample. The
term “cancer stem cell” or CSC includes both gene alteration in stem cells (8Cs) and gene
alteration in a cell which becomes a CSC. In specific embodiments, the CSCs breast CS8Cs,
which are suitably CD24~ CD44”, illustrative examples of which include CD44™# CD24"".

[0092] By “coding sequence” is meant any nucleic acid sequence that contributes to
the code for the polypeptide product of a gene. By contrast, the term “non-coding sequence”
refers to any nucleic acid sequence that does not contribute to the code for the polypeptide

product of a gene.

[0093]  Throughout this specification, unless the context requires otherwise, the
words “comprise,” “comprises” and “comprising” will be understood to imply the inclusion
of a stated step or element or group of steps or elements but not the exclusion of any other
step or element or group of steps or elements. Thus, use of the term “comprising” and the like
indicates that the listed elements are required or mandatory, but that other elements are
optional and may or may not be present. By “consisting of” is meant including, and limited to,
whatever follows the phrase “consisting of”. Thus, the phrase “consisting of” indicates that
the listed elements are required or mandatory, and that no other elements may be present. By
“consisting essentially of " is meant including any elements listed after the phrase, and limited
to other elements that do not interfere with or contribute to the activity or action specified in
the disclosure for the listed elements. Thus, the phrase “consisting essentially of” indicates
that the listed elements are required or mandatory, but that other elements are optional and
may or may not be present depending upon whether or not they affect the activity or action of

the listed elements.

[0094] By “corresponds to” or “corresponding to” is meant a nucleic acid sequence

that displays substantial sequence identity to a reference nucleic acid sequence (e.g., at least
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about 50, 51, 52, 53, 54, 55, 56, 57, 58, 89, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 97, 88, 89, 90, 91, 92, 93, 94, 95, 94, 97,
98, 99% or even up to 100% sequence identity to all or a portion of the reference nucleic acid
sequence) or an amino acid sequence that displays substantial sequence similarity or identity
to a reference amino acid sequence (e.g., at least 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, R0, 81, 82, §3, 84, 83, §6,
97, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% or even up to 100% sequence similarity or

identity to all or a portion of the reference amino acid sequence).

[0095]  The term “derivatize,” “derivatizing” and the like refer to producing or
obtaining a compound from another substance by chemical reaction, e.g:, by adding one or
more reactive groups to the compound by reacting the compound with a functional group-

adding reagent, efc.

[0096]  The term “derivative” refers to a compound having a structure derived (e g,
by chemical transformation) from the structure of a parent compound (e.g., a compound
disclosed herein) and whose structure s sufficiently similar to those disclosed herein and
based upon that similarity, would be expected by one skilled in the art to exhibit the same or
similar activities and utilities as the claimed compounds, or to induce, as a precursor, the same
or similar activities and utilities as the claimed compounds. Exemplary derivatives of small
molecules include salts, esters, amides, salts of esters or amides, and N-oxides of a parent
compound. With reference to polypeptides, the term “derivative”™ refers to a polypeptide that
has been derived from the basic sequence by modification, for example by conjugation or
complexing with other chemical moieties or by post-translational modification techniques as
would be understood in the art. The term “derivative” also includes within its scope
alterations that have been made to a parent sequence including additions or deletions that
provide for functional equivalent molecules. The preparation of derivatives can be carried out

by methods known in the art.

[0097]  The term “differentiation” of cancer stem cells as used herein refers to both
the change ot cancer stem cells into pluripotent tumor progenttors and the change of
pluripotent tumor progenitors into unipotent tumor progenitors and/or terminally

differentiated tumeor cells.

[0098] By “effective amount”, in the context of treating or preventing a condition is
meant the administration of an amount of an agent or composition to an individual in need of

such treatment or prophylaxis, either in a single dose or as part of a series, that 15 effective for
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the prevention of incurring a symptom, holding in check such symptoms, and/or treating
existing symptoms, of that condition. The effective amount will vary depending upon the
health and physical condition of the individual to be treated, the taxonomic group of
individual to be treated, the tformulation of the composition, the assessment of the medical
situation, and other relevant factors. Tt is expected that the amount will fall 10 a relatively

broad range that can be determined through routine trials.

[0099]  As used herein, the term “epithelial-to-mesenchymal transition” (EMT)
refers 1o the conversion from an epithelial to a mesenchymal phenotype, which is a normal
process of embryonic development. EMT is also the process whereby injured epithelial cells
that function as ion and fluid transporters become matrix remodeling mesenchymal cells. In
carcinomas, this transformation typically results in altered cell morphology, the expression of
mesenchymal proteins and increased invasiveness. The criteria for defining EMT in virro
involve the loss of epithelial cell polarity, the separation into individual cells and subsequent
dispersion after the acquisition of cell motility {see, Vincent-Salomon ef al., Breast Cancer
Res. 2003; 5(2): 101-106), Classes of molecules that change in expression, distribution,
and/or function during EMT, and that are causally involved, include growth factors {e.g.,
transforming growth factor (TGF ), wats), transcription factors (e.g, Snail, SMAD, LEF,
and nuclear B-catenin), molecules of the cell-to-cell adhesion axis (cadhering, catenins),
cytoskeletal modulators (Rho family), and extracellular proteases (matrix metalloproteinases,
plasminogen activators) (see, Thompson et ., Cancer Research 65, 5991-5995, Jul. 15,

2005),

[0100]  Asused herein, the termt “mesenchymal-to-epithelial transition” (MET) is a
reversible biological process that involves the transition from motile, multipolar or spindle-
shaped mesenchymal cells to planar arrays of polarized cells called epithelia. MET is the
reverse process of EMT. METs occur 1n normal development, cancer metastasis, and indoced

pluripotent stem cell reprogramiming,

[0101]  As used herein, the term “epithelium” refers to the covering of internal and
external surfaces of the body, including the lining of vessels and other small cavities. It
consists of a collection of epithelial cells forming a relatively thin sheet or layer due to the
constituent cells being mutually and extensively adherent laterally by cell-to-cell junctions.
The layer is polarized and has apical and basal sides. Despite the tight regimentation of the
epithelial cells the epithelium does have somie plasticity and cells in an epithelial layer can

alter shape, such as change from flat to columnar, or pinch in at one end and expand at the
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other, However, these tend to occor in cell groups rather than individually (see, Thompson ef

al., 2005, supra).

[0102]  As used herein, the term “mesenchyme” refers to the part of the embryonic
mesodern, consisting of loosely packed, unspecialized cells set in a gelatinous ground
substance, from which connective tissue, bone, cartilage, and the circulatory and lymphatic
svstems develop. Mesenchyme s a collection of cells which form a relatively diffuse fissue
network, Mesenchyme is not a complete cellular layer and the cells typically have only points
on their surface engaged in adhesion to their neighbors. These adhesions may also involve

cadherin associations (see, Thompson et al., 2005, supra).

[0103]  The term “expression” refers the biosynthesis of a gene product. For
example, in the case of a coding sequence, expression involves transcription of the coding
sequence into mRNA and transfation of mRNA into one or more polypeptides. Conversely,
expression of a noin-coding sequence involves transcription of the non-coding sequence into a

franscript only.

[0104] By “expression vector” is meant any genetic element capable of directing
the transcription of a polvoucleotide contained within the vector and suitably the synthesis of
a peptide or polypeptide encoded by the polynucleotide. Such expression vectors are known

to practitioners in the art.

[0105]  Asused herein, the term “function” refers to a biological, enzymatic, or

therapeutic function.

[0106]  The term “gene” as used herein refers to any and all discrete coding regions
of the cell’s genome, as well as associated non-ceding and regulatory regions. The term 1s
intended to mean the open reading frame encoding specific polypeptides, introns, and
adjacent 5” and 3” non-coding nucleotide sequences involved in the regulation of expression.
In this regard, the gene may further comprise control signals such as promaoters, enhancers,
termination and/or polyadenylation signals that are naturally associated with a given gene, or
heterologous control signals. The DNA sequences may be ¢cDNA or genomic DNA or &
fragment thereof. The gene may be introduced into an appropriate vector for

extrachromasomal maintenance or for tntegration into the host,

[0807]  The term “group” as applied to chemical species refers to a set of atoms that
forms a portion of a molecule, In some instances, a group can include two or more atoms that
are bonded to one another to form a portion of a molecule. A group can be monovalent or

polyvalent (¢. g, bivalent) to allow bonding to one or more additional groups of a molecule.
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For example, a monovalent group can be envisioned as a molecule with one of its hydrogen
atoms removed to allow bonding to another group of a molecule. A group can be positively or
negatively charged. For example, a positively charged group can be envisioned as a neutral
group with one or more protons (i.e., H) added, and a negatively charged group can be
envisioned as a neutral group with ong or more protons removed. Non-limiting examples of
groups include, but are not limited to, alkyl groups, alkylene groups, alkenyl groups,
alkenylene groups, alkynyl groups, alkvnyvlene groups, aryl groups, arvlene groups, iminyl
groups, tminylene groups, hydride groups, halo groups, hydroxy groups, alkoxy groups,
carboxy groups, thio groups, alkylthio groups, disulfide groups, cyano groups, nitro groups,
amino groups, alkylamino groups, dialkylamino groups, silyl groups, and siloxy groups.
Groups such as alkyl, alkenyl, alkynyl, aryl, and heterocyclyl, whether used alone orina
compound word or in the definition of a group may be optionally substituted by one or more
substituents. “Optionally substituted,” as used herein, refers to a group may or may not be
further substituted with one or more groups selected trom alkyl, alkenyl, alkynyl, aryl, halp,
haloalkyl, haloalkenyl, haloalkynyi, hatoaryl, hydroxy, alkoxy, alkenyloxy, arvloxy,
benzyloxy, haloalkoxy, haloalkenyloxy, haloaryloxy, nitro, nitroalkyl, nitroalkenyl,
nitroalkynyl, nitroaryl, nitroheterocyelyl, amino, alkylamino, dialkylamine, alkenylamino,
alkynylamino, arylamino, diarylamine, phenylamino, diphenylamino, benzylamino,
dibenzylamino, hydrazino, acyl, acylamino, diacylamino, acyloxy, heterocyclyl,
heterocycloxy, heterocyclamino, haloheterocyclyl, carboxy ester, carboxy, carboxy amide,
mercapto, alkyvlthio, benzylthio, acyithio and phosphorus-containing groups. As used herein,
the term “optionally substituted™ may also refer to the replacement of a CH: group with a
carbonyl (C=0) group. Non-limiting examples of optional substituents include alkyl,
preterably Ci.¢ alkyl {e.g., C, . alkyl such as methyl, ethyl, propyl, butyl, cyclopropvl,
evelobutyl, cyclopentyl or cyclohexyl), hydroxy Cigalkyl {e.g, hydroxymethyl,
hydroxyethyl, hydroxypropyl), alkoxyalkyl {e.g., methoxvmethyl, methoxvethyl,
methoxypropyl, ethoxymethyl, ethoxyethyl, ethoxypropyl ¢fc.} Cig alkoxy, (e.g, Crs alkoxy
such as methoxy, ethoxy, propoxy, butoxy, cyclopropoxy, cyclobutoxy), hale (fluore, chloro,
bromo, iode), triflucromethyl, trichloromethyl, tribromomethyl, hydroxy, pheny! (which itself
may be further substituted, by an optional substituent as described herein, e.g., hydroxy, halo,
methyl, ethyl, propyl, butyl, methoxy, ethoxy, acetoxy, amino), benzyl (wherein the CH;
and/or phenyl group may be further substituted as described herein), phenoxy (wherein the
CH; and/or phenyl group may be further substituted as described herein), benzyloxy (wherein

the CH; and/or phenyl group may be further substituted as described herein), amino, Ci
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alkylamino {e.g., Cis alkyl, such as methylamino, ethylamino, propylamino), di Ciu

alkylamino {2.g., Ci alkyl, such as dimethylamino, diethylamino, dipropylamino), acylamine
(e.g., NHC(O)CHz3), phenylamino {(wherein phenyl itself may be further substituted as
described herein), nitro, formyl, ~C(O)-Cix atkyl (e.g., Ci alkyl, such as acetyl), O-C(O)-
alkyl {e.2., Ci alkyl, such as acetyloxy), benzoyl (wherein the CH» and/or phenyl group itself
may be further substituted), replacement of CH; with C=0, CO,H, CO; Cy5alkyl (2., Cr4
alkyl such as methyl ester, ethyl ester, propyl ester, butyl ester), CO,phenyl (wherein phenyl
itself may be further substituted}, CONH;, CONHphenyl (wherein phenyl itself may be
further substituted as described herein), CONHbenzyl (wherein the CH) and/or phenyl group
may be further substituted as described herein), CONH Cy.; alkyl (e.g., C16 alkyl such as
methyl amide, ethyl amide, propyl amide, butyl amide), CONHdi C 5 alkyl (e.g., Cipalkyl).

[0108]  “Heteroaralkyl” group means alkyl as defined above which is substituted
with a heteroaryl group, e.g.,~-CHypyridinyl,-(CH ppyrimidinyl,~(CHy jximidazolyl, and the

like, and derivatives thereot.

[0809]  The term “heteroaryl” or “heteroaromatic”, as used herein, represents a
stable monocyelic or bicyelic ring of up to 7 atoms in each ring, wherein at least one ring is
aromatic and contains from 1 to 4 heteroatoms selected from the group consisting of O, N and
S. Heteroaryl groups within the scope of this definition include but are not limited to:
acridinyl, carbazolyl, cinnolinyl, quinoxalinyl, pyrazotyl, indolyl, benzotriazolyl, furanyl,
thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl, oxazolyl, 1soxazolvl, indolyl,
pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, tetrahydroquinoline. As with the
definition of heterocycle below, “heteroaryl” is also understood to include the N-oxide

derivative of any nitrogen-containing heteroaryl.

[0810]  Further examples of “heterocyclyl™ and “heteroaryl” include, but are not
limited to, the following: benzoimidazolyl, benzofuranyl, benzofurazanyl, benzopyrazolyl,
benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, furanyl,
imidazoyl, indolinyl, indolyl, indolazinyl, indazolyl, isobenzofuranyl, isoindelyl, isoquinolyl,
isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl, oxazolyl, oxazoline, isoxazoline,
oxetanyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridopyndinyl, pyridazinyl, pyridyl,
pyrimidyl, pyrrolvl, quinazolinyl, quinolyl, quinoxalinyl, tetrahydropyranyl, tetrazolyl,
tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, azetidinyl, azindinyl, 1,4-dioxanyl,
hexahydroazepinyl, piperazinyl, piperidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl,
dihydrobenzoimidazolyl, dihydrobenzofuranyl, dihydrobenzothiophenyl,

dihydrobenzoxazolyl, dihydrofuranyl, dihvdroimidazolyl, dihydroindelyl, dihydroiscoxazolyl,
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dihydraisothiazolyl, dihydrooxadiazolyl, dihvdrooxazolyl, dikvdropyrazinyl,

dihydropyrazolyl, dibydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl, dihydroguinolinyl,
dihvdrotetrazolyl, dihydrothiadiazolyl, dihydrothiazalyl, dihydrothienyl, dihydrotriazolyl,

dihydroazetidinyl, methylenedioxybenzoyl, tetrahydroturanyl, and tetrahydrothienyl, and N-
oxides thereof. Attachment of a heterocyclyl substituent can oceur vig a carbon atom or via a

heteroatom.

[0111]  As used herein, “hetercarylene” refers to a bivalent monoeyclic or
multicyelic ring system, preferably of about 3 to about 13 members where one or more, more
preferably 1 to 3 of the atoms in the ring system is a heteroatom, that is, an element other than
carbon, for example, nitrogen, oxygen and sulfur atoms. The heteroarylene group may be
optionally substituted with one or more, suitably 1 to 3, aryl group substituents. Exemplary

heteroarvlene groups include, for example, 1,4-imidazolylene.

[0112]  The term “heterocyele”, “heteroaliphatic™ or “heterocyelyl” as used herein is
intended to mean a 5-to 10-membered nonaromatic heterocycele containing trom 1 to 4

heteroatoms selected trom the group consisting of O, N and S, and includes bicyclic groups.

[0813] “Heterocyclylalkyl” group means alkyl as defined above which is
substituted with a heterocvele group, e.g.,-CHpyrrolidin-1-y1 -(CH; )zpiperidin-1-yl, and the

like, and derivatives thereof

[0114]  The term “high,” as used herein, refers to g measure that 1s greater than
normal, greater than a standard such as a predetermined measure or a subgroup measure or
that is relatively greater than another subgroup measure. For example, CD44"™" refers to a
measure of CD44 that is greater than a normal €44 measure. Consequently, “CD44 ™
always corresponds to, at the least, detectable CD44 in a relevant part of a subject’s body or a
relevant sample from a subject’s body. A normal measure may be determined according to
any method available to one skilled in the art. The term “high” may also refer to a measure
that is equal to or greater than a predetermined measure, such as a predetermined cutoff. If a
subject is not “high” for a particular marker, it is “low” for that marker. In general, the cut-off
used for determining whether a subject is “high” or “low” should be selected such that the

division becomes clinically relevant.

[0¥15] “Homolog™ is used hersin to denote a gene or its product, which is related to

another gene or product by decent from a common ancesiral DNA sequence.
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[0E16]  The term “homology™ is used herein as equivalent to “sequence identity” or

“sequence similarity” and is not intended to require identity by descent or phylogenetic

relatedoess.

[0117]  The term “hormone receptor negative (HR-) tumor”™ means a tumor that
does not express a receptor for a hormone that stimulates the proliferation, survival or
viability of the tumor above a certain threshold as determined by standard methods {(e.g.,
immunohistochemical staining of nuclei in the patients biological samples. The threshold may
be measured, for example, using an Allred score or gene expression. See, e.g., Harvey e af.
(1999 J Clin Qneol 17:1474-1481) and Badve et al. (2008. J Clin Oncol 26(15).2473-2481).
In some embodiments, the tumor does not express an estrogen receptor (ER-) and/or a

progesterone receptor {PR-),

[0118]  The term “hormone receptor positive (HR+) tumor” means a tumor that
expresses a receptor for a hormone that stimulates the proliferation, survival or viability of
the tumor above a certain threshold as determined by standard methods {e.g.,
immunphistochemical staining of nuclet in the patients bielogical samples. The threshold may
be measured, for example, using an Allred score or gene expression. See, e.g., Harvey ef al.
(1999. J Clin Oncol 17:1474~1481) and Badve ef al. {2008. J Clin Oncol 26(15):2473-2481).
a tumor expressing either estrogen receptor (ER) or progesterone receptor (PR) as determined
by standard methods {e.g., immunohistochemical staining of nuelei in the patients biological

samples).

[0119]  The term “hormone-resistant cancer” as used herein refers to a cancer that
has a decreased or eliminated response to a hormone therapy or endocrine therapy when
compared to a non-hermone-resistant cancer. From a biclogical and clinical standpoint,
several patterns of resistance can be distinguished: A) tumors that are inherently insensitive to
endocrine receptor (e.g., estrogen receptor) targeting despite endocrine receptor expression
(pan-endocrine therapy resistance or de novo resistance), B) tumors that are hormone
dependent but resistant to one or more specific endocring therapies (agent-selective resistance;
for example responded to tamoxiten but not aromatase inhibitor); and C) tumors that initially
respond to endocrine therapy but subsequently progress (acquired resistance). All types of
resistance are included herein, In some embodiments, the hormone-resistant cancer is a cancer
that is hormone-resistant prior to the administration of a hormone or endocrine therapy (Z.¢., it
is de nove hormone-resistant). In other embodiments, the hormone-resistant cancer is a cancer
that 1s inttially not hormone-resistant, but becomes hormone-resistant atter at least one

treatment of a hormone or endocrine therapy.
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[0820]  The term “hormone therapy”™ or “endocring therapv™ as used herein is

defined as a treatment pertaining to blocking or removing hormones. The treatment may
remove the gland that synthesizes the hormone or the prohormone, block or inhibit hormone
synthesis, or prevent or inhibit the hormone from binding to its receptor, or down-regulate or

degrade the hormone receptor.

[0¥21] “Hybuadization™ is used herein to denote the pairing of complementary
nucleotide sequences to produce a DNA-DNA hybrid or a DNA-RNA hybrid.
Complementary base sequences arg those sequences that are related by the base-pairing rules,
In DNA, A pairs with T and C pairs with . In RNA U pairs with A and C pairs with . In
this regard, the terms “match™ and “mismatch™ as used herein refer to the bybrdization
potential of paired nucleotides in complementary nucleic acid strands. Matched nucleotides
hybridize efficiently, such as the classical A-T and G-C base pair mentioned above.
Mismatches are other combinations of nucleotides that do not hybridize efficiently. In the
present invention, the preferred mechanism of pairing involves hydrogen bonding, which may
be Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding, between
complementary nucleoside or nucleotide bases (nucleobases) of the strands of oligomeric
compounds. For example, adening and thymine are complementary nucleobases which pair
through the formation of hydrogen bonds. Hybridization can occur under varying

circumstances as known to those of skill in the art.

[0122]  The phrase “hybridizing specifically t0” and the like refer to the binding,
duplexing, or hybridizing of a molecule only to a particular nucleotide sequence under
stringent conditions when that sequence is present in a complex mixture (e.g., total cellular}
DNA or RNA.

[0823]  The term “hvdrocarbyl” as used herein inchudes any radical containing
carbon and hydrogen including saturated, unsaturated, aromatic, straight or branched chain or
cyelic including polycyclic groups. Hydrocarbyl includes but is not limited to C,-Cgalkyl, C;-
Caalkenyl, Co-Caalkynyl, Cy-Cracvcloatkyl, aryl such as phenyl and naphthyl, Ar (C,-Cglalkvl
such as benzyl, any of which may be optionally substituted.

[0124]  Reference herein to “immuno-interactive” includes reference to any
interaction, reaction, or other form of association between molecules and in particular where
one of the molecules is, or mimics, a component of the immune system.

[0125]  As used herein, the term “inhibitor” means an agent that decreases or
inhibits the function or biological activity of a PKC-0 polypeptide, or the expression of a
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PEC-0 gene (e.g., PRKCQ — also known as, PRKCT, PKCT, MGCI263 14, MGUI41919,
nPKC-theia).

[0126] By “isolated” is meant material that is substantially or essentially free from

components that normally accontpany 1t in its native state.

[0127]  The term “low,” as used herein, refers to a measure that is lower than
normal, [ower than a standard such as a predetermined measure or a subgroup measure or that
is relatively lower than another subgroup measure. For example, CD24"" refers to a measure
of CD24 that 1s lower than a normal CD24 measure. A pormal measure may be determined
according to any method available to one skilled 1n the art. The term “low” may also refer to a
measure that is equal to or lower than a predetermined measure, such as a predetermined

cutoft.

[0128]  The term “lower alkyl” refers to straight and branched chain alkyl groups
having from 1 to 6 carbon atoms, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, tert-
butyl, sec-butyl, n-pentyl, n-hexyl, 2-methylpentyl, and the like. In some embodiments, the

lower alkyl group is methyl or ethyl.

[0129]  The term “lower alkoxy™ refers to straight and branched chain alkoxy
groups having from 1 to 6 carbon atoms, such as methoxy, ethoxy, n-propoxy, iso-propoxy, n-
butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n- hexoxy, 2-methyl-pentoxy, and the like.

Usually, the lower alkoxy group is methoxy or ethoxy.

[0130] By “modulating” is meant increasing or decreasing, either directly or
indirectly, the level or functional activity of a target molecule. For example, an agent may
indirectly modulate the level/activity by interacting with a molecule other than the target
molecule. In this regard, indirect modulation of a gene encoding a target polypeptide includes
within its scope modulation of the expression of a first nucleic acid molecule, wherein an
expression product of the first nucleic acid molecule modulates the expression of a nucleic
actd molecule encoding the target polypeptide.

S

[0831]  The term “oligonucleotide” as used herein refers to a polymer composed of
a multiplicity of nucleotide residues (deoxyribonucleotides or ribonucleotides, or related
structural variants or synthetic analogues thereof) linked via phosphodiester bonds (or related
structural variants or synthetic analogues thereof). Thus, while the term “oligonucleotide”
typically refers to g nucleotide polymer in which the nucleotide residues and linkages between
them are naturally occurring, it will be understood that the term also includes within its scope

various analogues including, but not restricted to, peptide nucleic acids (PNAg),
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phosphoramidates, phosphorothioates, methyl phosphenates, 2-O-methyl ribonucleic acids,

and the like. The exact size of the molecule can vary depending on the particular application.
An oligonucleotide is typically rather short in length, generally from about 10 to 30
nucleotide residues, but the term can refer to molecules of any length, although the term

“polynucleotide” or “nucleic acid” is typically used for large oligonucieotides.

[0832]  The term “operably connected” or “operably linked” as used herein means
placing a structural gene under the regulatory control of a regulatory element including but
not Hmited to a promoter, which then controls the transcription and optionally translation of
the gene. In the construction of heterologous promoter/structural gene combinations, it 13
generally preferred to position the genetic sequence or promoter at a distance from the gene
transcription start site that is approximately the same as the distance between that genetic
sequence or promoter and the gene it controls in its natural setting; i.e., the gene from which
the genetic sequence or promoter is derived. As is known in the art, some variation in this
distance can be accommodated without loss of tunction. Similarly, the preferred positioning
of a regulatory sequence element with respect to a heterclogous gene 1o be placed under its
control is defined by the positioning of the element in its natural setting; i.¢., the genes from

which it 15 dertved.

[0133]  The terms “overexpress,” “overexpression,” or “overexpressed”
interchangeably refer to a gene (e.g., a PK(C-6 gene) that s transcribed or translated at a
detectably greater level, usually in a cancer cell, in comparison to a normal cell.
Overexpression therefore refers to both overexpression of protein and RNA (due to increased
transcription, post transcriptional processing, translation, post translational processing, altered
stability, and altered protein degradation), as well as local overexpression due to altered
protein traffic patterns (increased nuclear localization), and augmented functional activity,
e.g.. as in an increased enzyme hydrolysis of substrate. Overexpression can also be by 10%,
209, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more it comparison to a normal cell or

comparison cell {e.g, a breast cell).

[0834]  The terms “patient,” “subject,” “host™ or “individual™ used interchangeably
herein, refer to any subject, particularly a vertebrate subject, and even more particularly a
mammalian subject, for whom therapy or prophylaxis is desired. Suitable vertebrate animals
that fall within the scope of the invention include, but are not restricted to, any member of the
subphylum Chordata including primates {(e.g., humans, monkeys and apes, and includes
species of monkeys such from the genus Macaca {¢.g., cynomologus monkeys such as

Maecacafascicularis, and/or thesus monkeys (Macaca mulatta)) and baboon (Papio ursinus),
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genus Saimiri) and tamarins (species from the genus Saguinnus), as well as species of apes
such as chimpanzees (Pan iroglodyies)), rodents {e.g., mice rats, guinea pigs}, lagomorphs
(v.g., rabbits, hares), bovines (e.g., cattle), ovines (e g., sheep), caprines (e.g., goats), porcines
(e.g., pigs), equines (e.g., horses), canines {e.g, dogs), felines (e.g., cats), avians {e.g,
chickens, turkeys, ducks, geese, companion birds such as canaries, budgerigars efc.), marine
mammals {e.g., dolphins, whales), reptiles (snakes, frogs, lizards ef¢.), and fish. In specific
embodiments, the subject is & primate such as a human. However, it will be understood that

the atorementioned terms do not imply that symptoms are present.

[0¥33] By “pharmaceutically acceptable carrier” is meant a pharmaceutical vehicle
comprised of a material that is not biologically or otherwise undesirable, 7.¢., the material may
be administered to a subject along with the selected active agent without causing any or a
substantial adverse reaction. Carriers may include excipients and other additives such as
diluents, detergents, coloring agents, wetting or emulsifying agents, pH buftering agents,

preservatives, transfection agents and the like.

[0136]  Similarly, a “pharmacologically acceptable™ salt, ester, amide, prodrug or
derivative of a compound as provided herein 1s a salt, ester, amide, prodrug or derivative that
this not biologically or otherwise undesirable.

i Mg

[0837]  The terms “polynucleotide,” “genetic material.” “genetic forms,” “nucleic
actds” and “nucleotide sequence” include RNA, cDNA, genomic DNA, synthetic forms and
mixed polymers, both sense and antisense strands, and may be chemically or biochemically
modified or may contain non-natural or derivatized nucleotide bases, as will be readily

appreciated by those skilled in the art.

[0138]  “Phenylalky]l™ means alkyl as defined above which is substituted with
phenyl, e.g.,-CHyphenyl -{CHy)aphenvl,-«(CH, sphenyl, CH;CH{CH:)CH;phenyl, and the like

and derivatives thereof. Phenylalkyl is a subset of the aralkyl group.

[0139]  The terms “polynucleotide variant™ and “variant” refer to polynucleotides
displaving substantial sequence identity with a reference polynucleotide sequence or
polynucleotides that hybridize with a reference sequence under stringent conditions as known
in the art (see for example Sambrock ¢t ¢, Molecular Cloning. A Laboratory Manual”, Cold
Spring Harbor Press, 1989). These terms also encompass polynucleotides in which one or
more nucleotides have been added or deleted, or replaced with different nucleotides. In this
regard, it 1s well understood in the art that certain alterations inclusive of mutations, additions,
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deletions and substitutions can be made to a reference polynucleotide whereby the altered

polvnucleotide retains a biological function or activity of the reference polynucleotide. The

terms “polynucleotide variant” and “variant” also include naturally cecurring allelic variants.

ROt

[0140]  The terms “polypeptde,” “proteinacecus molecule,” “peptide” and
“protein” are used interchangeably herein to refer to a polymer of amino acid residues and to
variants and svnthetic analogues of the same. Thus, these terms apply to amino acid polymers
in which one or more amino acid residues s a synthetic non-naturally-oceurting amino acid,
such as a chemical analogue of a corresponding naturally-occuiting amino acid, as well as to
naturally-occurtring amino acid polymers. These terms do not exclude modifications, for
example, glycosylations, acetylations, phosphorylations and the like. Soluble forms of the
subject proteinaceous molecules are particularly useful. Included within the definition are, for
example, polypeptides containing one or more analogs of an amine acid including, for

example, unnatoral amine acids or polypeptides with substituted linkages.

[0841]  The term “polypeptide variant” refers to polypeptides in which one or more
amino acids have been replaced by different amine acids. It is well understood in the art that
some amine acids may be changed to others with broadly similar properties without changing
the nature of the activity of the polypeptide (conservative substitutions) as described
hereinafter. These terms also encompass polypeptides in which one or more amino acids have

been added or deleted, or replaced with ditferent amino acids.

[0¥42]  The term *pro-drug” is used in its broadest sense and encompasses those
derivatives that are converted i vive to the compounds of the invention. Such derivatives
would readily occur to those skilled in the art, and include, for example, compounds where a
free hydroxy group is converted into an ester derivative.

kIR 4

[0143]  Asused herein, the terms “prevent,” “prevented,” or “preventing,” referto a
prophviactic treatment which increases the resistance of a subject to developing the disease or
condition or, in other words, decreases the likelihood that the subject will develop the disease
or condition as well as a treatment after the disease or condition has begun in order to reduce
or eliminate it altogether or prevent it from becoming worse. These terms also include within
their scope preventing the disease or condition from occurting in a subject which may be

predisposed to the disease or condition but has not yet been diagnosed as having it.
[0144]  As used herein, “racemate” refers to a mixture of enantiomers,

[0145]  The terms “salts™ and “prodrugs” include any pharmaceutically acceptable
salt, ester, hydrate, or any other compound which, upon administration to the recipient, is
- 34 -
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capable of providing (directly or indirectly) a compound of the invention, or an active

metabolite or residue thereot. Suitable pharmaceutically acceptable salts include salts of
pharmaceutically acceptable inorganic acids such as hydrochloric, sulfuric, phosphorie, nitrie,
carbonic, boric, sulfamic and hydrobromic acids, or salts of pharnmaceutically acceptable
organic acids such as acetic, propionic, butyric, tartaric, maleic, hydroxymaleic, fumaric,
citric, lactic, mucic, gluconic, benzoic, succinie, oxalic, phenylacetic, methanesulfonic,
toluenesulfonie, benzenesulfonic, salicyclic, sulfanilic, aspartic, glutamic, edetic, stearic,
palmitic, oleic, lauric, pantothenic, tannic, ascorbic and valeric acids. Base salts include, but
are not limited to, those tormed with pharmaceutically acceptable cations, such as sodium,
potassium, lithium, calcium, magnesium, ammonum and alkylammonium. Also, basic
nitrogen-containing groups may be quaternized with such agents as lower alkyl halides, such
as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl sulfates like
dimethyl and diethy!] sultate; and others. However, it will be appreciated that non-
pharmaceutically acceptable salts also fall within the scope of the invention since these may
be useful in the preparation of pharmaceutically acceptable salts. The preparation of salts and
prodrugs can be carried out by methods known in the art. For example, metal salts can be
prepared by reaction of a compaund of the invention with a metal hydroxide. An acid salt can

be prepared by reacting an appropriate acid with a compound of the invention.

[0846]  The term “selective” refers to compounds that inhibit or display antagonism
towards PKC-0 without substantial inhibiting or antagonizing the function of another PKC
enzyme such as PKC-a, PKC-f, PKC~y, PKC-8, PKC-g, PKC-{, PKC-1, PKC-A, PKC-y, or
PKC-v. By contrast, the term “non-selective” refers to compounds that inhibit or display
antagonism towards PKC-0 and that also substantially inhibit or antagonize the function of at
least one other PKC enzyme such as PKC-a, PKC-, PKC-y, PKC-§, PKC-¢, PKC-{, PKC-1,
PKC-%, PRC-, or PKC-v. Generally, a compound that 1s selective for PKC-8 exhibits PKC-0
selectivity of greater than gbout 2-fold, S-fold, 10-fold, 20-fold, 50-fold or greater than about
100-fold with respect to inhibition or antagonism of another PKC (7.e., a PKC other than
PKC-8 such as PKC-p, PKC-f, PKC-y, PKC-§, PKC-g, PKC-(, PKC-y, PKC-A, PKC-p, or
PKC-v). In some embodiments, selective compounds display at least S0-fold greater
inhibition or antagonism towards PKC-6 than towards another PKC {i.e., a PKC other than
PKC-8 such as PKC-g, PKC-f, PKCwy, PKC-3, PKC-g, PKC-{, PKC-n, PKC-A, PKC-y, or
PRC-v). In still other embodiments, selective compounds inhibit or display at least 100-fold
greater inhibition or antagonism towards PKC-0 than towards another PKC (7.¢., a PKC other
than PKC-6 such as PKC-u, PKC-B, PKC-y, PKC-3, PKC-¢, PKC-{, PKC-n, PKC-A, PKC-p1,
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or PKC-v), In still other embodiments, selective compounds display at least S00-fold greater

inhibition or antagonism towards PKC-8 than towards another PKC {(i.e., PKC other than
PKC-8 such as a PKC-a, PKC-B, PKC-v, PKC-0, PKC-g, PKC-{, PKC-1, PKC-A, PKC-y, or
PKC-v). In still other embodiments, selective compounds display at least 1000-fold greater
inhibition or antagonism towards PKC-0 than towards another PKC {i.e., a PKC other than
PKC-8 such as PKC-o, PKC-, PKC-y, PKC-6, PKC-g, PKC-{, PKC-y), PKC-#, PKC-y, or
PKCv).

[0147]  The term “sequence identity” as used herein refers to the extent that
sequences are identical on a nucleotide-by-nucleotide basis or an amino acid-by-amino acid
basis over a window of comparison. Thus, a “percentage of sequence identity” is calculated
by comparing two optimally aligned sequences over the window of comparison, determining
the number of positions at which the identical nucleic acid base (e.g., A, T, C. G, 1) or the
identical amino acid residue (¢.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, lle, Phe, Tyr, Tip, Lys,
Arg, His, Asp, Glu, Asn, Gln, Cys and Met) occurs in both sequences to vield the number of
matched positions, dividing the number of matched positions by the total number of positions
in the window of comparison {i.e., the window size}, and multiplying the result by 100 to
vield the percentage of sequence identity. For the purposes of the present invention,
“sequence identity” will be understood to mean the “match percentage” calculated by an
appropriate method. For example, sequence identity analysis may be carried out using the
DNASIS computer program (Version 2.3 for windows; available from Hitachi Sofiware
engineering Co., Ltd., South San Francisco, California, USA) using standard defaults as used

in the reference manual accompanying the software.

[0F48]  “Similarity” refers to the percentage number of amino acids that are

identical or constitute conservative substitutions as defined in Table 2.

TABLE 2
ORIGINAL RESIDUE EXEMPLARY SUBSTITUTIONS
Ala Ser
Arg Lys
Asn Gin, His
Asp Glu
Cys Ser
Gln Asn
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ORIGINAL RESIDUE EXEMPLARY SUBSTITUTIONS

Glu Asp

Gly Pro

His Asn, Gln
lle Leu, Val
Leu {le, Val
Lys Arg, Gln, Glu
Met Leu, He,
Phe Met, Leu, Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr Trp, Phe
Val ile, Leu

[0149]  Similarity may be determined using sequence comparison programs such as
GAP (Deveraux ef ol 1984, Nucleic Acids Research 12, 387-395). In this way, sequences of a
stmilar or substantially different length to those cited herein might be compared by insertion
of gaps into the alignment, such gaps being determined, for example, by the comparison

algorithm used by GAP.

[0150]  Terms used to describe sequence relationships between two or more
polyvnuclectides or polypeptides include “reference sequence”, “comparison window™,
“sequence identity”, “percentage of sequence identity” and “substantial identity”. A
“reference sequence” is at least 12 but frequently 15 to 18 and often at least 25 monomer
units, inclusive of nucleotides and amino acid residues, in length. Because two
polynuclectides may each comprise (1) a sequence (7.e., only 4 portion of the complete
polynucleotide sequence) that is similar between the two polynucleotides, and (2) a sequence
that is divergent between the two polynucleotides, sequence comparisons between two (or
more) polynucleotides are typically performed by comparing sequences of the two
polynucleotides over a “comparison window™ to identify and compare local regions of
sequence similarity. A “comparison window™ refers to a conceptual segment of at least 6
contiguous positions, usually about 50 to about 100, more usually about 100 to about 150 in
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which a sequence is compared to a reference sequence of the same number of contiguous
positions after the two sequences are optimally aligned. The companson window may
comprise additions or deletions (i.e., gaps} of about 20% or less as compared to the reference
sequence (which does not comprise additions or deletions) for optimal alignment of the two
sequences. Optimal alignment of sequences for aligning a comparison window may be
conducted by computerized implementations of algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package Release 7.0, Genetics Computer
Group, 575 Science Drive Madison, W1, USA}) or by inspection and the best alighment (i.e.,
resulting in the highest percentage homology over the comparison window) generated by any
of the various methods selected. Reference also may be made to the BLAST family of
programs as for example disclosed by Altschul ef ., 1997, Nucl. Acids Res. 25:3389. A
detailed discussion of sequence analysis can be found in Unit 193 of Ausubel et af , “Current

Protocols in Molecular Biology,” Yohn Wiley & Song Ing, 1994-1998, Chapter 15.

[0ES1]  Asused herein a “small molecule” refers to a composition that has a
molecular weight of less than 3 kilodaltons (kDa), and typically less than 1.5 kilodaltons, and
more preferably less than about 1 kilodalton. Small molecules may be nucleic acids, peptides,
polypeptides, peptidomimetics, carbohydrates, lipids or other arganic (carbon-containing) or
imorganic molecules, As those skilled in the art will appreciate, based ou the preseunt
description, extensive libraries of chemical and/or biclogical mixtures, often fungal, bacterial,
or algal extracts, may be screened with any of the assays of the invention to 1dentify
compounds that modulate a bioactivity. A “small organic molecule” is an organic compound
(or organic compound complexed with an inorganic conmpound {e.g., metal)) that has a
molecular weight of less than 3 kilodaltons, less than 1.5 kilodaltons, or even less than about
1 kDa.

[0152]  “Stringency” as used herein refers to the temperature and ionic strength
conditions, and presence or absence of certain organic solvents, during hybridization. The
higher the stringency, the higher will be the observed degree of complementarity between
sequences. “Stringent conditions” as used herein refers to temperature and ionic conditions
under which only pelynucleotides having a high proportion of complementary bases,
preferably having exact complementarity, will hybridize. The stringency required is
nucleotide sequence dependent and depends upon the various components present during
hybridization, and 1s greatly changed when nucleotide analogues are used. Generally,
stringent conditions are selected to be about 10° C to 20° C less than the thermal melting
potut (T} for the specific sequence at a defined ionie strength and pH. The Tm 15 the
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temperature (under defined 1onic strength and pH) at which 50% of a target sequence

bybndizes to a complementary probe, Tt will be understood that a polynucleotide will
hybridize to a target sequence under at least low stringency conditions, preferably under at
least medium stringency conditions and more preferably under high siringency conditions.
Reference herein to low stringency conditions include and encomipass from at least about 1%
v/v to at least about 13% v/v formamide and from at least about I M to at least about 2 M salt
for hybridization at 427 C, and at least about 1 M to at least about 2 M salt for washing at 42°
C. Low stringency canditions also may include 1% Bovine Serum Albumin (BSA), I mM
EDTA, 0.5 M NaHPO4 (pH 7.2), 7% SDS for hybridization at 65° €, and (3) 2x88C, 0.1%
SDS; or (i1) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO4 (pH 7.2), 5% SDS for washing at
room temperature. Medium stringency conditions include and encompass from at least about
16%a v/v to at least about 30% v/v formamide and from at least about 0.5 M to at least about
0.9 M salt tor hybridization at 42° C, and at {east about 0.5 M to at 1east about 0.9 M salt for
washing at 42° C. Medium stringency conditions also may include 1% Bovine Serum
Albumin (BSA), 1 mM EDTA, 0.5 M NalHHPO4 (pH 7.2}, 7% SDS for hybridization at 65° C,
and (1) 2 x S8C, 0.1% SDS; or (1i) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO4 (pH 7.2), 5%
SDS for washing at 42° C. High stringency conditions include and encompass from at least
about 31% v/v to at least about $0% v/v formamide and from at least about 0.01 M to at least
about 0.15 M salt for hybridization at 42° C, and at least about 0.01 M to at least about 0.15
M salt for washing at 42° C. High stringency conditions also may include 1% BSA, 1 mM
EDTA, 0.5 M NaHPO4 (pH 7.2), 7% SDS for hybridization at 65° C, and (1) 0.2 x 88C, 0.1%
SDS; or (i) 0.5% BSA, ImM EDTA, 40 mM NaHPO4 (pH 7.2), 1% SDS for washing at a
temperatore in exgess of 65° €. One embodiment of high stringency conditions includes
hybridizing in 6 x 8SC at about 457 C, followed by one or more washes in 0.2 « §8C, 0.1%
SDS at 65° C. One embodiment of very high stringency conditions includes hybridizing 0.5
M sodium phosphate, 7% SDS at 657 C, followed by one or more washes at 0.2 x §8C, 1%
SDS at 65° C. Other stringent conditions are well known in the art. A skilled addressee will
recognize that various factors can be manipulated to optimize the specificity of the
hybridization. Optimization of the stringency ot the final washes can serve to ensure 4 high
degree of hybridization. For detailed examples, see CUBRRENT PROTOCOLS IN
MOLECULAR BIOLOGY (supra) at pages 2.10.1 t0 2.10.16 and MOLECULAR
CLONING. A LABORATORY MANUAL (Sambrook, ef af., eds.) (Cold Spring Harbor
Press 1989) at sections 1,101 to 1.104,
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[0E53] By “substantially complementary” it is meant that an oligonucleotide or a

subsequence thereof 13 sufficiently complementary to hybridize with a target sequence.
Accordingly, the nucleotide sequence of the oligonucleotide or subsequence need not reflect
the exact complementary sequence of the target sequence. In a preferred embodiment, the

oligonucleotide contains no mismatches and with the target sequence.

[0E34]  As used heretn, the term “synergistic™ means that the therapeutic effect of a
PKC-8 inhibitor when administered in combination with a cancer therapy or agent (or vice-
versa) is greater than the predicted additive therapeutic effects of the PKC-0 inhibitor and the
cancer therapy or agent when admimstered alone. The term “synergistically effective amount”
as applied to a PKC-8 inhibitor and & cancer therapy agent refers to the amount of each
component in a composition {generally a pharmaceutical composition}, which is effective for
inhibiting (1) formation, (i) proliferation, (iti) maintenance, or {iv) EMT of a PKC-8-
overgxpressing cell (e.g., a CSO), or for stimulating or inducing (v) MET of a PKC-8-
overexpressing cell (e.g., a CSC) and inhibiting proliferation, survival or viability of a non-
CSC tumor cell, to thereby treat or prevent the cancer, and which produces an effect which
does not intersect, in a dose-response plot of the dose of PKC-8 inhibitor versus a dose of the
cancer therapy agent versus inhibiting the (1) formation, (11) proliferation, (iil) maintenance, or
(iv) EMT of a PKC-8-overexpressing cell (e.g., a CSC), or stimulating or inducing (v) MET
of a PKC-8-overexpressing cell {e.g., a CSC), and inhibiting the proliferation, survival or
viability of a non-C8C tumor cell, either the dose PKC-8 inhibitor axis or the dose cancer
therapy agent axis. The dose response curve used to determine synergy in the art is described
for example by Sande et al (yee, p. 1080-1105 in A. Goodman ¢ al., ed., the Pharmacological
Basis of Therapeutics, MacMillan Publishing Co., Inc., New York (1980)). The optimum
synergistic amounts can be determined, using a 95% confidence limit, by varying factors such
as dose level, schedule and response, and using a computer-generated model that generates
isobolograms from the dose response curves for various combinations of the PKC-8 inhibitor
and the cancer therapy agent. The highest inhibition of proliferation, survival or viability of
CSCs and non-CSC tumor cells on the dose response curve correlates with the optimam
dosage levels.

h <Y

[0155]  As used herein, the terms “treatment,” “treating,” and the like, refer to
obtaining a desired pharmacologic and/or physiclogic effect. The effect may be therapeutic in
terms of a partial or complete cure for a disease ot condition {e.g., a cancer including a
metastatic cancer) and/or adverse effect attributable to the disease or condition. These terms
also cover any treatment of a condition or disease in a manmmal, particularly 1n 8 buman, and
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include: {(a) inhibiting the disease or condition, ie., arresting its development; or (b) relieving

the disease or condition, ie., causing regression of the disease or condition,

[0E56]  The term “tumor,” as used berein, refers to any neoplastic cell growth and
proliferation, whether malignant or benign, and all pre-cancerous and cancerous cells and
tissues. The terms “cancer” and “cancerous”™ refer to or describe the physiological condition in
mammals that is typically characterized in part by unregulated cell growth. As used herein,
the term “cancer” refers to non-metastatic and metastatic cancers, including early stage and
late stage cancers. The term “precancerous” refers to a condition or a growth that typically
precedes or develops into a cancer. By “non-metastatic” is meant a cancer that is benign or
that remains at the primary site and has not penetrated into the lymphatic or blood vessel
system or to tissues other than the primary site. Generally, a non-metastatic cancer is any
cancer that is a Stage 0, [, or Il cancer, and occasionally a Stage I cancer, By “early stage
cancer” 1s meant a cancer that 1s not invasive or metastatic or 1s classified as a Stage 0, 1, or il
cancer. The term “late stage cancer” generally refers to a Stage I or Stage IV cancer, but can
also refer to a Stage 11 cancer or a substage of a Stage H cancer. One skilled i the art will
appreciate that the classification of a Stage Il cancer as either an early stage cancer or a late
stage cancer depends on the particular type of cancer. Hlustrative examples of cancer include,
but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical caucer,
pancreatic cancer, colorectal cancer, lung cancer, hepatocellular cancer, gastric cancer, liver
cancer, bladder cancer, cancer of the urinary tract, thyroid cancer, renal cancer, carcinoma,
melanoma, brain cancer, non-small cell lung cancer, squamous cell cancer of the head and
neck, endometrial cancer, multiple myeloma, rectal cancer, and esophageal cancer. In an

exemplary embodiment, the cancer is breast cancer.

[0E57]  The term “tumor sample” as used herein means a sample comprising tumor
material obtained from a cancerous patient. The term encompasses clinical samples, for
example tissue obtained by surgical resection and tissue obtained by biopsy, such as for
example a core biopsy or a fine needle biopsy. The term also encompasses samples
comprising tumor cells obtained from sites other than the primary tumor, e.g., circulating
tumor cells, as well as well as preserved tumor samples, such as formalin-fixed, paraffin-
embedded tumor samples or trozen tumor samples. The term encompasses cells that are the
progeny of the patient’s tumor cells, e.g., cell culture samples derived from primary tumor
cells or circulating tumor cells. The term encompasses samples that may comprise protein or
nucleic acid material shed from tumor cells i vivo, e.g., bone marrow, blood, plasma, serum,
and the like. The term also encompasses samples that have been enriched for tumor cells or
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otherwise manipulated after their procurement and samples comprising polynucleotides

and/or polypeptides that are obtained from a patient’s tumor material.

[0E58] By “vector” is meant a polynucleotide molecule, preferably a DNA
molecule derived, for example, from a plasmid, bacteriophage, yeast orvirus, into which a
polynucleotide can be inserted or cloned. A vector preferably contains one or more unique
restriction sites and can be capable of autonomous replication in a defined host cell including
a target cell or tissue or a progenitor cell or tissue thereof, or be integrable with the genome of
the defined host such that the cloned sequence is reproducible. Accordingly, the vector can be
an autonomously replicating vector, /.., a vector that exists as an extrachromosomal entity,
the replication of which is independent of chromosomal replication, e.g., a linear or closed
circular plasmid, an extrachromosomal element, 8 minichromosome, or an artificial
chromosome. The vector can contain any means for assuring self-replication. Alternatively,
the vector can be one which, when imtroduced into the host cell, is integrated into the genome
and replicated together with the chromosome(s) into which it has been integrated. A vector
system can comprise a single vector or plasmid, two or more vectors or plasmids, which
together contain the total DNA to be introduced into the genome of the host cell, or a
transposon. The choice of the vector will typically depend con the compatibility of the vector
with the host cell into which the vector is to be introduced. In the present case, the vector is
preferably a viral or viral-derived vector, which is operably functional in animal and
preferably mammalian cells, Such vector may be derived from a poxvirus, an adenovirus or
veast. The vector can also include a selection marker such as an antibiotic resistance gene that
can be used for selection of suitable transformants. Exaniples of such resistance genes are
known to those of skill in the art and include the nptll gene that confers resistance to the
antibiotics kanamycin and G418 (Geneticin®) and the Aph gene, which confers resistance to

the antibiotic hygromyein B.

[0159]  Asused herein, underscoring or italicizing the name of a gene shall indicate
the gene, in contrast to its protein product, which is indicated by the name of the gene in the
absence of any underscoring or italicizing. For example, “PKC-¢" shall mean the PKC-¢
gene, whereas “PKC-87 shall indicate the protein product or products generated from

transcription and translation and/or alternative splicing of the PKC -8 gene.

[0160]  Each embodiment described herein is to be applied mutatis mutanidis to each

and every embodiment unless specifically stated otherwise.
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2. Compasitions and methods for reducing or abrogating the proliferation or viability of
cancer stem cells

[0161]  The present invention is based in part on the determination that breast
cancers are enriched for CSC and that PK(C-# is overexpressed in those CSC as well as in
non-CSC tumor cells. Based on these findings, the present inventors treated breast cells,
breast CSC and breast non-CSC tumor ¢ells with PKC-8 inhibitors and found that they
specifically inhibited formation, proliferation or maintenance of breast CSC and non-C8C
tumor cells, inhibited EMT of breast CSC, and/or stimulated/induced MET in breast CSC.
Without wishing to be bound by any theory or mode of operation, it is proposed that PKC-0 is
important at both the level of its signaling and epigenetic roles for the functioning of breast
CSC and that overexpression of this enzyme stimulates not only the production and
maintenance of breast C8C and non-CSC tumor cells but alse the production of CSC and non-

CSC tumor cells generally.

[0162] Based on the above observations, the present inventors propose that PKC-8
inhibition will result in reduced formation, proliferation or maintenance of CSC and/or non-
CSC wmor cells, andfor in reduced EMT of C8C, and/or in increased MET of CSC, which
will in turn result in fewer non-CSC tumor cells differentiating therefrom and in more

effective treatment of non-C8C tumeor cells with a cancer therapy or agent.

[0163]  Thus, in accordance with the present invention, methods and compositions
are provided that take advantage of a PKC-8 inhibitor to reduce or abrogate formation,
proliferation or maintenance of CSC and/or non-CSC tumor cells, and/or to rednce or
abrogate EMT of CSC, and/or to stimulate or induce MET of CSC for the treatment or
prophylaxis of a cancer (e.g., a metastatic cancer). ln specific embodiments, the PKC-6
inhibitor is used in combination with a cancer therapy or agent that reduces the proliferation,
survival or viability of non~CSC tumor cell progeny of those cells. The methods and
compositions of the present invention are thus particularly useful in the treatment or

prophylaxis of cancers, including metastatic cancers, as described hereatter.

2.1 PKC-6 inhibitors

[0164]  The PKC-8 inhibitor includes and encompasses any active agent that
reduces the accurulation, fanction or stability of a PKC-0; or decreases expression of a AKC-
¢ gene, and such inhibitors include without limitation, small molecules and macromolecules

such as nucleic acids, peptides, polypeptides, peptidomimetics, carbohydrates,
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polysaccharides, lipopolysaccharides, hpids or other organic (carbon containing) or inorganic

molecules.

[0185]  In some embodiments, the PKC-8 inhibitor is an antagonistic nucleic acid
molecule that functions to inhibit the transcrption or translation of FRC-6 transceripts.
Representative transcripts of this type include nucleotide sequences corresponding to any one
the following sequences: (1) human PKC-6 nucleotide sequences as set forth for example in
GenBank Accession Nos. XM (005252496, XM 005252497, XM 005252498, and
XM 005252499, (2) nuclectide sequences that share at least 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 00, 91, 92, 93, 94, 95, 96, 97, 98, 99% sequence
identity with any one of the sequences referred to in (1); (3) nucleotide sequences that
hybridize under at least low, mediuwm or high stringency conditions to the sequences referred
to in (1} (4) nucleotide sequences that encode any one of the following amino acid sequences;
homan PKC-8 amino acid sequences as set forth for example in GenPept Accession Nos.

XP_ 005252553, XP_ 005252554, XP 005252555 and XP_005232556; (3) nucleotide
sequences that encode an amino acid sequence that shares at least 70, 71, 72, 73, 74, 75, 76,
77,78, 79,80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
sequence stmilanity with any one of the sequences referred to in (4); and nucleotide sequences
that encode an amino acid sequence that shares at least 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% sequence identity

with any one of the sequences referred to in (4).

[0t66]  IHustrative antagonist nucleic acid molecules include antisense molecules,
aptamers, ribozymes and triplex forming molecules, RNAI and external guide sequences. The
nucleic acid molecules can act.ag effectors, inhibitors, modulators, and stimulators of a
specific activity possessed by a target molecule, or the functional nucleic acid molecules can

possess a de novo activity independent of any other molecules.

[0167]  Antagonist nucleic acid molecules can interact with any macromolecule,
such as DNA, RNA, polypeptides, or carbohydrate chains. Thus, antagonist nucleic acid
molecules can interact with PEC-0 mRNA or the genomic DNA of PKC-0 or they can
interact with a PKC-8 polypeptide. Often antagonist nucleic actd molecules are designed to
interact with other nucleic acids based on sequence homology between the target molecule
and the antagonist nucleic acid molecule. In other situations, the specific recognition between
the antagonist nucleic acid molecule and the target molecule is not based on sequence
homeology between the antagonist nucleic acid molecule and the target molecule, but rather is

based on the formation of tertiary structure that allows specific recognition to take place.
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[0E68] In some embodiments, anti-sense RNA or DNA molecules are used to

directly block the translation of PKC-8 by binding to targeted moRNA and preventing protein
translation. Antisense molecules are designed to interact with a target nucleie acid molecule
through either canonical or non-canonical base pairing. The interaction of the antisense
molecule and the target molecule may be designed fo promote the destruction of the target
molecule through, for example, RNAseH mediated RNA-DNA hybrid degradation.
Alternatively the antisense molecule may be designed to interrupt a processing function that
normally would take place on the target molecule, such as transeription or replication.
Antisense molecules can be designed based oo the sequence of the target molecule. Numerous
methods for optimization of antisense efficiency by finding the most accessible regions of the
target molecule exist. Non-limiting methods include /n vifro selection experiments and DNA
maodification studies using DMS and DEPC. In specific examples, the antisense molecules
bind the target molecule with a dissociation constant (Kg) less than or equal to 107, 107, 107,
or 107, In specific embodiments, antisense oligodeoxyribonucleatides derived from the

translation initiation site, e.g., between —10 and +10 regions are employed.

[0169] Aptamers are molecules that interact with a target molecule, suitably in a
specific way. Aptamers are generally small nucleic acids ranging from 15-50 bases in length
that fold into detined secondary and tertiary structures, such as stem-~loops or G-quartets,
Aptamers can bind small molecules, such as ATP and theophvlline, as well as large
molecules, such as reverse transcriptase and thrombin. Aptamers can bind very tightly with
Kds from the target molecule of less than 10" M. Suitably, the aptamers bind the target
molecule with a K4 less than 107, 107, 107 or 10", Aptamers can bind the target molecule
with a very high degree of specificity. For example, aptamers have been isolated that have
greater than a 10,000 fold difference in binding affinities between the target molecule and
another molecule that differ at ounly a single position on the molecule. It is desirable that an
aptamer have a Ky with the target molecule at least 10-, 100-, 1000-, 10,000-, or 100,000-fold
lower than the Ky with a background-binding molecule. A suitable method for generating an
aptamer to a target of interest (e.g., PKC-8) is the “Systematic Evolution of Ligands by
EXponential Enrichment” (SELEX™). The SELEX™ method is desciibed 1o U.S. Pat. No.
5,475,090 and ULS. Pat. No. 5,270,163 (see also WO 91/19813). Briefly, a mixture of nucleic
acids is contacted with the target molecule under conditions favorable for binding. The
unbound nucleic acids are partitioned from the bound nucleic acids, and the nucleic acid-
target complexes are dissociated. Then the dissociated nucleic acids are amplified to yield a

ligand-enriched mixture of nucleic acids, which is subjected to repeated cycles of binding,
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partitioning, dissociating and amplifying as desired to yield highly specific high affinity

nucleic acid ligands to the target molecule.

[017¢]  In other embodiments, anti-PKC-8 ribozymes are used for catalyzing the
specific cleavage of FKC-6 RNA. The mechanism of ribozyme action involves sequence
specific hybridization of the ribozyme molecule to complementary target RNA, followed by a
endonucleolytic cleavage. There are several different types of ribozvmes that catalyze
nuclease or nucleic acid polymerase type reactions, which are based on ribozymes found in
natural systems, such as hammerhead ribozymes, hairpin ribozymes, and tetrahymena
ribozymes. There are also a number of ribozymes that are not found in natoral systems, but
which have been engineered to catalyze specific reactions de nove. Representative ribozymes
cleave RNA or DNA substrates, In some embodiments, ribozymes that cleave RNA substrates
are employed. Specific ribozyme cleavage sites within potential RNA targets are initially
identified by scanning the target molecule for nbozyme cleavage sites, which include the
following sequences, GUA, GUU and GUC. Once identified, short RNA sequences of
between 15 and 20 ribonucleotides corresponding to the region of the target gene containing
the cleavage site may be evaluated for predicted structural features such as secondary
structure that may render the oligonucleotide sequence unsuitable. The suitability of candidate
targets may also be evaluated by testing thetr accessibility to hybridization with

complementary oligonucleotides, using ribonuclease protection assays.

[0171]  Troplex forming functional nucleic acid molecules are molecules that can
interact with either double-stranded or single-stranded nucleic acid. When triplex molecules
interact with a target region, a structure called a triplex is formed, in which there are three
strands of DNA forming a complex dependent on both Watson-Crick and Hoogsteen base
pairing. Triplex molecules are preferred because they can bind target regions with high
affinity and specificity. It is generally desirable that the triplex forming molecules bind the

target molecule with a Kg less than 10, 10 107, or 107

[0172]  External guide sequences (EGSs) are molecules that bind a target nucleic
acid molecule forming a complex, and this complex is recognized by RNAse P, which cleaves
the target molecule. EGSs can be designed to specifically target a RNA molecule of choice,
RNAse P aids in processing transfer RNA ({RNA) within a cell. Bacterial RNAse P can be
recruited to cleave virtually any RNA sequence by using an EGS that causes the target
RNAEGS complex to mimic the natural tRNA substrate. Similarly, evkaryotic EG3/RNAse

P-directed cleavage of RNA can be utilized to cleave desired targets within enkaryotic cells.
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[0873]  In other embodiments, RNA molecules that mediate RNA interference

(RNAT1) of a PKC-6 gene or PKC-8 transeript can be used to reduce or abrogate gene
expression. RNAT refers to interference with or destraction of the product of a target gene by
introducing a single-stranded or nsually a double-stranded RNA (dsRINA) that 13 homologous
to the transcript of a target gene. RNAI methods, including double-stranded RNA interference
(dsRNA1) or small interfering RNA (siRNA), have been extensively documented in a number
of organisms, including mammalian cells and the nematode C. elegans (Fire ef al., 1998,
Narture 391, 806-811). In mammalian cells, RNAI can be triggered by 21- to 23-nucleotide
{(nt) duplexes of small interfering RNA (siIRNA) (Chiu ef al,, 2002 Aol Cell. 10:549-561;
Elbashir ef af., 2001, Nature 411:494-498), or by micro-RNAs (miRNA), functional small-
hairpin RNA (shRNA), or other dsRNAs which are expressed in vivo using DNA templates
with RNA pelymerase HI promoters (Zeng ef af., 2002, Mol Cell 9:1327-1333 ; Paddison ez
al., 2002 Gepes Dev, 16:948-938; Lee ef al., 2002, Natyre Biotechnol 20:500-505; Paul ef
al., 2002, Neture Biotechnol, 20:505-508; Tuschl, T., 2002, Nature Biotechnol. 20.440-448;
Yu et al., 2002, Proc. Natl. Acad. Sci. USA 99(9).6047-6052; McManus ef ¢, , 2002, RNA
B:842-850; Sui er al., 2002, Proc. Natl Acad. Sci, /S4 99(6).5515-5520).

[0174]  Inspecific embodiments, dsRNA per se and especially dsRNA-producing
constructs cotresponding to at least a portion ot a PKC -} gene are used to reduce or abrogate
its expression. RNAi-mediated inhibition of gene expression may be accomplished using any
of the techniques reported in the art, for instance by transfecting a nucleic acid construct
encoding a stem-loop or hairpin RNA structure into the genome of the target cell, or by
expressing a transtected nucleic acid construct having homology for a PKC-8 gene from
between convergent promoters, or as a head to head or tail to tail duplication from behind a
single promoter. Any similar construct may be used so long as it produces a single RNA
having the ability to fold back on itself and produce a dsRNA, or so long as 1t produces two
separate RNA transeripts, which then anneal to form a dsRNA having homology to a target

gene.

[0175]  Absolute homology is not required tor RNAL, with a lower threshold being
described at about 85% homology for a dsRNA of about 200 base pairs (Plasterk and Ketting,
2000, Current Opinion in Genetics and Dev.10: 562-67). Therefore, depending on the fength
of the dsRNA, the RNAi-encoding nucleic actds can vary in the level of homology they
contain toward the target gene transcript, i.e., with dsRNAs of 100 to 200 base pairs having at
least about 85% homology with the target gene, and longer dsRNAs, J.e., 300 to 100 base
pairs, having at least about 75% homelogy to the target gene. RNA-encoding constructs that
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express a single RNA transcript designed to anneal to a separately expressed RNA, or single

constructs expressing separate transcripts from convergent promoters, are suitably at least
about 100 nucleotides in length. RNA-encoding constructs that express a single RNA
designed to form a dsBRNA via internal folding are usually at least about 200 nucleotides in

length.

[0876]  The promoter used to express the dsRNA~forming construct may be any
type of promoter if the resulting dsRNA is specific for a gene product in the cell lineage
targeted for destruction. Alternatively, the promoter may be lineage specific in that it 1s only
expressed in cells of a particular development lineage. This might be advantageous where
some overlap in homology is observed with a gene that 1s expressed in a non-targeted cell
lineage. The promoter may also be inducible by externally controlled factors, or by

intracellular environmental factors.

[0177]  In some embodiments, RNA molecules of about 21 to about 23 nucleotides,
which direct cleavage of specific mRNA to which they correspond, as for example described
by Tuschl ef af. in U.S. 2002/0086356, can be utilized for mediating RNAIL Such 21-to 23-nt
RNA molecules can comprise a 3' hydroxyl group, can be single-stranded or double stranded
{as two 21~ to 23-nt RNAs) wherein the dsRNA molecules can be blunt ended or comprise

overhanging ends (e.g., 5', 3").

[0878]  In some embodiments, the antagonist nucleic acid molecule is a siRNA,
siRNAs can be prepared by any suttable method. For example, reference mav be made to
International Publication WO 02/44321, which discloses siRNAs capable of sequence-
specific degradation of target mRNAs when base-paired with 3' overhanging ends, which is
incorporated by reference herein. Sequence specific gene silencing can be achieved in
mammalian cells using synthetic, short double-stranded RNAs that mimic the siRNAs
produced by the enzyvme dicer. siRNA can be chemically or in vitro-synthesized or can be the
result of short double-stranded hairpin-like RNAs (shRNAs} that are processed into siRNAs
inside the cell. Synthetic siIRNAs are generally designed using algorithms and a conventional
DNA/RNA synthesizer. Suppliers include Ambion (Austin, Tex.), ChemGenes (Ashland,
Mass.}, Dharmacon (Lafavette, Colo.), Glen Research (Sterling, Va.), MWB Biotech
(Esbersberg, Germany), Proligo (Boulder, Colo.}, and Qiagen (Vento, The Netherlands).
siRNA can also be synthesized in vitro using kits such as Ambion's SILENCER™ giRNA

Construction Kit.
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[0879]  The production of stIRNA from a vector is more commonly done through the

transcription of a short hairpin RNAs (shRNAs), Kits for the production of vectors
comprising shRNA are available, such as, for example, Imgenex’s GENESUPPRESSOR™
Construction Kits and Invitrogen’s BLOCK-IT™ inducible RNAI plasmid and lentivirus
vectors, In addition, methods for formulation and delivery of siRNAs to a subject are also
well known in the art. See, e.g., US 2005/0282188; US 2005/0239731; US 2005/0234232; US
2005/0176018; US 2005/0059817, US 2005/0020525; US 2004/0192626; US 2003/0073640;
US 2002/0150936; US 2002/0142980; and US 2002/0120129, each of which is incorporated

herein by reference.

[0¥80]  Ilustrative RNAI molecules {e.g, PKC-A 5siRNA and shRNA} are described
in the art {e.g., Ma ef ¢l., 2013, BMC Biochem. 14 20; and Kim ef o, 2013, amune Netw,
13(2),55-62) or available commercially from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA), OnGene Technologies, Inc. (Rackville, MD, USA), Sigma-Aldrich Pty Lid
(Castle Hill, NSW | Australia).

[0¥81]  The present invention further contemplates peptide or polypeptide based
inhibitor compounds, For example, various PKC-6 isozyme- and variable region-specific

peptides are known, illustrative examples of which include:

[0182] (a) BV derived peptides 8V1-1 and 6V1-2, having the amino acid sequence
GLSNFDCG {SEQ ID NO: 1] (PKC-0 residues 8-15) or YVESENGOMYI [SEQ ID NO:2]
(PKC-0 residues 36-46), respectively, as disclosed for example in US Patent No. 5,783,403,

which is hereby incorporated by reference herein in its entirety;

[0183] (b) €VS derived peptides having the amino acid sequence VKSPFDCS
[SEQ 1D NO:3] (PKC-8 residues 655-662) or DRALINS [SEQ ID NO:4], or modified peptide
VrSPFDCS [SEQ ID NO:5), as disclosed for example in US 2004/0009922, which is hereby

incorporated by reference herein in its entirety; and

[0E84] (c) W6 RACK denved peptides having the aminoe acid sequence
KGDNVDLI [SEQ ID NO:6], KGENVDLI [SEQ ID NO: 7], KGKEVDLI [SEQ 1D N(:8],
KGKNVDLI [SEQ ID NO:9], RGKNVELA [SEQ ID NO:10], RGENVELA [SEQ ID
NO:117, KGKOQVNLI [SEQ ID NO: 12], KGKQVNLI [SE(} ID NO:13], KGDQVNLI [SEQ
ID NO:14], or KGEQVNLI [SEQ 1D NO:15] as disclosed for example in US 2010/0311644,

which is hereby incorporated by reference herein in its entirety,

[0185] PKC-6 inhibitory peptides, as described for example above may be moditied

by being part of a fusion protein. The fusion protein may include a transport protein or peptide
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that functions to increase the cellular uptake of the peptide inhibitors, has another desired

biological effect, such as a therapeutic effect, or may have both of these functions, The fusion
protein may be produced by methods known to the skilled artisan. The inhibitor peptide may
be bound, or otherwise conjugated, to another peptide in a variety of ways known to the art.
For example, the inhibitor peptide may be bound te a carrier peptide or other peptide
described herein via cross-linking wherein both peptides of the fusion protein retain their
activity. As a further example, the peptides may be linked or otherwise conjugated to each
other by an amide bond from the C-terminal of ong peptide to the N-terminal of the other
peptide. The linkage between the inhibitor peptide and the other member of the fusion protein
may be non-cleavable, with a peptide bond, or cleavable with, for example, an ester or other

cleavable bond known to the art.

[0186] In some embodiments, the transport protein or peptide may be, for example,
a Drasophila Antennapedia homeodomain-derived sequence comprising the amino acid
sequence CROIKIWFONRRMKWEKK [SEQ 1D NO: 16], and may be attached to the inhibitor
by cross-linking vig an N-terminal Cys-Cys bond (as discussed, for example, in Theodore ef
al., 1995, 1. Neurosel. 15:7158-7167; Johnson ef af., 1996. Circ. Res 79:1086). Alternatively,
the inhibitor may be modified by a trausactivating regulatory protein {Tat)-derived transport
polypeptide (such as from amino acids 47-57 of Tat shown in SEQ ID NO:17;
YGRKKRRQRRRY} from the human immunodeficiency virus, Tvpe 1, as described in Vives
eral, 1997. 1 Biol. Chem, 272:16010-16017, U.S, Pat. No. 3,804,604 and GenBank
Accession No. AAT48070; or with polyarginine as described in Mitchell ef of, 2000. I.
Peptide Res. S6:318-325 and Rolhbard ef al, 2000, Nature Med. 5:1253-1257). The inhibitors
may be modified by other methods known to the skilled artisan in order to increase the

cellular uptake of the inhibitors.

[0187] A PKC-@inhibitory peptide can also be introduced into a cell by introducing
into the cell a nucleic acid comprising a nucleotide sequence that encodes a PKC-8 inhibitory
peptide. The nucleic acid can be in the form of a recombinant expression vector. The PKC-8
intubitory peptide-encoding sequence can be operably linked to a transeriptional control
element(s), e.g., a promoter, in the expression vector. Suitable vectors include, e.g.,
recombinant retroviruses, lentiviruses, and adenoviruses; retroviral expression vectors,
lentiviral expression vectors, nucleic acid expression vectors, and plasmid expression vectors,
In some cases, the expression vector is integrated into the genome of a cell. In other cases, the

expression vector persists in an episomal state in a cell.
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[188] Suitable expression vectors include, but are not limited to, viral vectors

(e.g., viral vectors based on vaccinia virus; poliovirus; adenovitus (see, e.g., Li ef o/, Invest
Opthalmiol Vis Sci 35:2543 2549, 1994; Borras ¢f ¢, Gene Ther 6:515 524, 1999; Li and
Davidson, PNAS 92:7700 7704, 1995; Sakamoto ¢f al., H Gene Ther 51088 1097, 1999: WO
94/12649, WO 93/03769;, WO 93/19191;, WO 94/28938; W 95/11984 and WO 95/00655);
adeno-associated virus (see, e.g., Ali ef af., Hum Gene Ther 9:8186, 1998, Flannery et al,
PNAS 94:6916 6921, 1997, Bennett ¢f af., Invest Opthalmol Vis Sci 38:2857 2863, 1997,
Jomary ef af. , Gene Ther 4:683 690, 1997, Rolling er ¢f., Hum Gene Ther 10641 648, 1999,
Ali ef al., Hum Mol Genet, 5:591 594, 1996; Srivastava in WO 93/09239, Samulsk: et af., 1.
Vir. 63;3822-3828, 1989, Mendelson ef &f., Virol. 166:154-165, 1988, and Flotte ¢f af., PNAS
(1993) 90:10613-10617); SV40; herpes simplex virus; human immunodeficiency virus (see,
e.g., Miyoshi er al., PNAS 94:10319 23, 1997, Takahashi ef o/, J Virol 73:7812 7816, 1999);
a retroviral vector (e.g, murine leukemia virus, spleen necrosis virus, and vectors derived
from retroviruses such as Rous sarcoma virus, Harvey sarcoma virus, avian leucosis virus, a
lentivirus, human immunodeficiency virus, myeloproliferative sarcoma virus, and mammary

tumor virus); and the like.

|0189]  The present invention also contemplates small molecule agents that reduce
the functional activity of PKC-8 (e.g., reduce PKC-8-mediated phosphorylation, whibit
binding of PKC-8 to the promoter of CD44 or uPAR, reduce binding of PKC-6 (e.g., active
PKC-8) to chromatin; reduce PKC-8-mediated inhibition of guanine exchange factor,
GIV/Girdin, reduce PKC-8-mediated inhibition of regulatory T cell function, reduce PKC-8-
mediated EMT efe.).

[0890]  Small molecule agents that reduce functional activity of PKC-8 that are
suitable for use in the present invention include pyndine dertvatives that intubit PKC-8
functional activity; purine compounds that inhibit PKC-8 functional activity, pyrnimidine
derivatives that inhibit PKC-0 functional activity; aniline compounds that inhibit PKC-0

functional activity, indole derivatives that inhibit PKC-8 functional activity, and the like.

[0£91] 1o some embodiments, small wolecule PKC-8 inhibitors are selected from
substituted indole derivatives as described for example by Cooke ¢f ¢l in US Publication No.
2013/0157980, which is incorporated herein by reference in its entirety. Illustrative

derivatives of this type include compounds according to formula {1}
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(0
[0192]  or a pharmaceutically acceptable salt, or hyvdrate thereof.
[0193] In some embodiments of the compounds according to formula (I):
[0194] XisCHor N;

5 [0195] RisH or POsH;:

[0196f R1isH; or Ciaalkyl; R2 s H; or Cgalkyl; R3 is H; Craalkyl; CN; Hal; or
OH; and R4 and R3S are independently from each other H, or Cyalkyl; or R4 and RS form
together with the carbon atom to which they are attached a 3-6 membered cycloalkyl group.

[0197}  In other embodiments of the compounds according to formula (I

10 [6198] XisCH;

[0199] R isPO;H,;

[0200] R1isH;

[0201] R2is H; or Cigalkyl; R3 is H; or Crgalkyl; and R4 and RS are
independently from each other H; or R4 and R5 form together with the cartbon atom to which

15 they are attached a 3-6 membered cycloalkyl group.
[0202}  In still other embodiments of the compounds according to formula (1)
[0203] Xis CH;
[0204] RisH;

[0208] RIisH,
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[0206] R2isH; or Ciaalkyl; R3 is H; or C.alkyl; and R4 and RS are

independently from each other H; or R4 and RS form together with the carbon atom to which

they are attached a 3-6 membered cyeloaltkyl group.
[0207]  In still other embodiments of the compounds according to formula (1)
[0208] XisN:
[0209] R s PO;H;;
[0210] RIisH:
[0211] R2is H; or Ciaalkyl;
[0212] R3isH; and

[0213] R4 and RS are independently from each other H; or R4 and R5 form

together with the carbon atom to which they are attached a 3-6 membered cycloalkyl group.
[0214]  In still other embodiments of the compounds according to formula (1):
[0218] XisN;
[0216] R is POsHy;
[0217] RlisH;
[0218] R2is H; or Ciaalkvl;
[021%] R3isH; and
[0220] R4 and RS are independently from each other H; or Cisalkyl.

[0221] In some embodiments, the substituted indole derivatives that inhibit PKC-0

functional activity include compounds according to formula (I1):

&

(D
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[0222]  or a pharmaceutically acceptable salt thereof.

[0223]  1In other embodiments, the substituted indole derivatives that inhibit PKC-g

functional activity include compounds according to formula {(1H):

O

&
N
C

H {111
[0224]  or a pharmacentically acceptable salt or hydrate thereof,

[0225}]  In still other embodiments, the substituted indole derivatives that inhibit

PKC-8 functional activity include compounds according to formula (IV):

\ (1v)
[0226]  or a pharmaceutically acceptable salt thereof.
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[0227]  Representative examples of compounds according to formula (1) include:
phosphoric acid mono-~[3-[3-(4,7-diaza-spiro{2.5]oct-7-yl)-isoquinolin-1-y1]-4-(7-methyl- 1 -
H-indol-3-y1)-2,5-dioxa-2, 5-diliydro-pyrrol-1-ylmethyl Jester, mono-hydrate; 3-[3-(4.7-diaza-
spirof 2.5 Joct-7-y-isoquinolin-1-yl }- I-hydroxvmethyl-4-(- 7-methyl-1H-indol-3-yD)-pyrrole-
2,5-dione or a pharmaceutically acceptable salt thereof, and phosphoric acid mono-{3-(1H-
ndol-3-y1)-4-[2-{4-methyl-piperazin-1-yl)-quinazolin-4-y1]-2,5~dioxo-2 5-dihydro-pyrrol-1-

ylmethyl fester or a pharmaceutically acceptable salt thereof.

[6228]  In other embodiments, small molecule PKC-8 inhibitors are selected from
pyrimidine diamine derivatives as described for example by Zhao ef o/ in US Publication No.
2013/0143875, which is incorporated herein by reference in its entirety. Representative

derivatives of this type include compounds according to formula (V):

(V)
[0229]  wherein:

[0230] R'is selected from hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, —
CIOYOR™, ~$(O)R™, and ~S(0O)R'; wherein each of R™ R, and R is independently

hydrogen, alkyl or phenyl-alkyl;
[0231] R" R" R°and R independently are selected from hydrogen and alkyl;
[0232] m s an integer from one to five;
[0233] pis an integer from zero to six;

[0234] R’ is selected from acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, substituted
alkyl, substituted alkoxy, amino, substituted amine, aminoacyl, acylamine, azido, carboxyl,
carboxylalkyl, evano, halogen, nitro, aminoacyloxy, oxyacylamino, thioalkoxy, substituted
thiovalkoxy, ~8QG-alkyl, -SO-substituted alkyl, ~SOQ-aryl, ~SO-heteroaryl, ~-SO;-alkyl, ~S0;-
substituted alkyl, -8Oy-aryl, ~SO;-heteroaryl, and trihalomethyl;

[0235] X', X% and X7 are CR® or one of X*, X% and X7 is N and rest are CR’,

[0236] R’is selected from hydrogen, halogen, alkyl and substituted alkyl;
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[0237] R’ and R are, for each cceurrence, independently selected from hydrogen,
alkyl, substituted alkyl, alkoxy, substituted atkoxy, acyl, acylamino, acyloxy, amino,
substituted amino, amincacyl, aminoacyloxy, oxyaminoacyl, azido, cvano, halogen, hvdroxyl,
oxo, thioketo, carboxyl, carboxylalkyl, thiol, thicalkoxy, substituted thioalkoxy, arvl, aryloxy,
hydroxyamino, alkoxyamine, nitro, —-80-alkyl, —SO-substituted alkyl, —-SO-aryl, -S0-
heteroaryl, —SO,-alkyl, —SO,-substituted alkyl, —80;-aryl and —8$O;-heteroaryl; or R® and R
together with the carbon atom to which they are attached form a carbocyelic or heterocyelic 4

to 8-membered ring;
[0238] nis an integer from one to three;
[0239] Z', Z% and Z" are selected from CR'R™ N, 0, and §;
[0240]  Z'and Z are selected from N, C, and CR™,
[0241] R°is selected from hydrogen, halogen, alkyl and substituted alkyl;

[0242]  R*is selected from hydrogen, halogen, alkyl and substituted alkyl or is

absent to satisty valence requirements; and
[0243]  the dashed lines represent a single bond or double bond,;
[0244]  or a salt or solvate or stereoisomer thereof,

[0245]  In some embadiments of compounds according formula (V), R”, R®, R® and
RY represent lower alkyl groups. Illustrative examples of such compounds include those

wherein R, R", R® and R® are methyl groups and have formula (VI);

B o,

(VD

[0246]  In other embodiments of compounds according formula (V), X5 X and X°

are each CH. These compounds have the following formula (VII):
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3 &
G O RS

TEN

HaC O, (VII)

[0247]  In other embodiments of compounds according formula (V). X', X, and X

are each CH; and m 1s 2. These compounds have the following formula (V)

iy O

23
N
H;{;‘:M
G (VI
5 [0248] In still other embodiments of compounds aceording formula (V), X', X7,
and X° are each CH; and m is one. These compounds have the following formula (IX):
e oy
w4
HN
B ¢y ~
EX {;H} (IX)

[0249]  In still other embodiments of compounds according formula (V), X', X°,
and X’ are each CH; n is 2; and one set of R* and R* is hydrogen. These compounds have the

10 following formula (X}

B O (X)

[0250] 1o still other embodiments of compounds according formula {V), X' isN

and X' and X7 are each CH. These compounds have the following formula (XT);
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HC oy .

[0251]  In still other embodiments of compounds according formula (V), X' is N

and X' and X* are each CH. These compounds have the following formula (X1H):

5 [0252] I other embodiments of compounds according formula (V), Z'is C and Z°

18 N. Such compounds have the following formula (X1

RA

MO CH:

tOEN

HC oy

(XIIT)
[0253]  Exemplary compounds of formula V inchxde; N2-(4H-
benzo[b]tetrazolof 1,5-d][ 1.4 ]oxazin-8-y1)-5-flucro-N4-(2,2 6, 6-tet~- ramethylpiperidin-4-

10 yDpyrmidine-2,4-diamine; N2-(4H-benzo{bltetrazolof 1,5-d]f 1 4]oxazin-8-vl)-5-fluoro-N4-
(1,2.2,6,6-p- entamethylpiperidin-4-yl )pyrinidine-2 4-diamine; N2-(4H-benzo[b]pyrrolo[1,2-
d][1,4]oxazin-8-yl}-5-fluore-N4-(2,2,6,6-tetra- methylpiperidin-4-ylpyrimidine-2 4-diamine;
N2-(4H-benzo[blpyrrolof 1.2-d][ 1,4 ]oxazin-8-y1}-5-fluora-N4-(1,2.2.6,6-
pentamethylpiperidin-4-yl )pyrimidine-2,4-diamine; N2-(4,4-difluoro-4H-

15 benzo[blteirazolof 1,5-d][1,4]oxazin-8-y1}-3-fluoro-N4- -(2,2,6,6-tetramethylpiperidin-4-
yl)pyrimidine-2,4-diamine;, N2-(4,4-difluoro-4H-benzofbltetrazolo[1,5-d}{ 1,4 joxazin-8-y1 }-5-
fluore-N4- -(1,2,2.6,6-pentamethylipiperidin-4-yDpyrimidine-2,4-diamine; N2-(4,4-dimethyl-
4H-benzo[btetrazolo[ 1,5-d][1,4]oxazin-8-y1)-5-fluoro-N4- «(1,2,2.6 6-pentamethylpiperidin-

4-yDpyrimidine-2 4-diamine;, N2-(4,4-dimethyl-4H-benzo[bltetrazolof1,5-d][ 1,4 ]Joxazin-8-
-8 -
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y1)-5-flucro-N4- -(2,2,6,6-tetramethylpiperidin-4-vl )pyrimidine-2_4-diamine; N2-(5,5-
dimethvl-SH-benzofe]tetrazolo]1,5~¢][ 1,3 Joxazin-9-yl)-5-fluoro-N4- ~(2,2,6,6~
tetramethylpiperidin-4-yl)pyrimidine-2,4-diamine; N2-(5,5-dimethyl-SH-
benzoleltetrazolo|1,5-c}[ 1,3 Joxazin-9-y1)-53-tluoro-N4- -(1,2,2,6,6-pentamethvlpiperidin-4-
vDpyrimidine-2 4-diamine; N2-(8,9-dihydrospiro[benzo{bhetrazolof 1,5-d][ 1,4 Joxazine-4,1'-
cyclobutan- e}-8-vl)-S-fluoro-N4-(2,2,6,6-tetramethylpiperidin-4-yDpyrimidine-2,4-diamine;
N2-(8 9-dihydrospiro[benzo[ bltetrazolof 1,5-d]f T 4 Joxazine-4, {'-cyclobutane]-8-v1)-3-fluoro-
N4-(1,2,2.6,6-pentamethypiperidin-4-yDpyrimidine-2 4-diamine; S-flooro-N2-(4-methyl-8,9-
dihydro-4H-benzolbltetrazolof1,5-d}[ | 4Joxazin— 8-y1)-N4-(2,2.6,6-tetramethyl piperidin-4-
vDpyrimiding-2,4-diamine; 5-fluoro-N2-(4-methyl-8, 9-dihydro-4H-benzo[bltetrazolo[1,5-
d][1,4]oxazin- 8-y1)-N4-(1,2,2 6, 6-pentamethylpiperidin-4-y)pyrimidine-2 4-diamine; N2-
{4H-benzo[bltetrazolo[1,5-d][ 1 ,4}oxazin-8-yl }-5-fluoro-N4-((1,2- 2 5,5~
pentamethylpyrrolidin-3-ylmethyDpyrimidine-2, 4-diamine; N2-{(dH-benzo[bltetrazolo[1,5-
d][ 1. 4]oxazin-8-v1)-5-fluoro-N4-((2,2,5,5-te- tramethylpyrrolidin-3-yDmethyl )pyrimidine-2,4-
diamine; N2-(4,4-dimethyl-4H-benzob [tetrazolo[1,5-d][ 1,4 Joxazin-B-y1 )-5-fluoro-N4- -
((1,2.2,5,5-pentamethylpyrrolidin-3-yymethy)pyrimidine-2 4-diamine; N2-(4,4-dimethvi-
4H-benzo[bftetrazolo[ 1,5-d][ 1,4Joxazin-8-y1)-5-{1- uoro-N4-({2,2,5,5~tetramethvlpyrrolidin-3-
vhmethylpyrimidine-2 4-diamine- ; N2-(4 4-dimethyl-4H-benzofb]tetrazolo[1,5-
d][1,4]oxazin-8-y1)-5-f~ luoro-N4-(((38)-2,2, 5-trimethylpyrrolidin-3-yymethyl)pyrimidine-
2 4~dianmui- ne; and N2-(4,4-dimethyl-4H-benzo{bltetrazolof 1,5-d}[ 1,4 ]oxazin-8-v1)-5-fluoro-
N4- ~({(3R)-2,2, 5-trimethylpyrrolidin-3-ymethyl ypyrimidine-2,4-dianine,

[0284}]  or salts or solvates or stereoisomers thereof,

[02585]  Alternative small molecule PKC-0 inhibitors compounds may be selected
from aminopyridine compounds as described for example by Maltais ef ol in US Publication
No. 2013/0137703, which is incorporated herein by reference in its entirety. Non-limiting

compounds of this type have the formula (XIV}):

By

0

{(XIV)
[0256]  or a pharmaceutically acceptable salt thereof

[0257}  wherein:
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[0258] Ryis-H, C1-C3 ahphatic, F, or Cl. Ring B is 8 5- or 6-membered

monocyclic heteroaromatic ring. X is —CH—, —5— or -NR— Rzis absent or -H, Y is-Y1 or -

Q1. Y1 a C1-10 aliphatic group optionally and independently substituted with one or more F.
[0259] Q1 is phenyl or a 5-6 membered monocyclic heteroaryl ring having 0-3

heteroatoms independently selected from nitrogen, oxygen, and sulfur; and Q1 is optionally

and independently substituted with one or more J,.
[0260] DisnngCor -Q-Rs,

[0261] Ring C is a 6-8-membered non-aromatic monocyclic ring having 1-2
nitrogen atoms, or an 8-12 membered non-aromatic bridged bicyclic ring system having 1-3
heteroatoms selected from nitrogen and oxygen; and ring C is optionally and independently

substituted with one or more J,.
[0262] Qis-NH-, or -0,

[0263] R;isa C1-10 alkyl substituted with ~OH, or ~NHz; wherein three to six
methylene units in Ry may optionally form a C3-C6 membered eycloalkyl ring; and Ry is

further independently optionally and independently substituted with one or more 1.
[0264]  EHach J, is independently ¥ or C1-Cé alkyl.

[0268]  Jy 1s C1-C10 alkyl wherein up to three methylene units are optionally
replaced —O—; and wherein the C1-C10 alkyl is optionally and independently substituted with
or more Jg; or Jp 18 C3-C6 cycloaltkyl, or C5-C6 heteroaryl; or Jy s phenyl optionally and
independently substituted with Jg; or two I on the same carbon atom form =0 or spiro C3-C6

cveloalkyl.
[0266]  Each J. is independently F, ~OH, or C3-C6 cycloalkyl.
[0267]  Each J; is independently F or CL.

[0268]  Each I is independently phenyl, a 5-6-membered monocyclic aromatic or
non-aromatic ring having 1-3 heteroatoms independently selected from nitrogen, oxygen, and
sulfur, or two I on the same carbon atom form a spiro C3-C6 cycloalkyl.

[0269] wisOorl

[0270]  In some embodiments, ring B is pyridyl; ring C is selected from the group
comsisting of piperidinyl, piperizinyl, diazepanyl, iriazepanyl, azocanyl, diazocanyl,

triazocanyl, indolyl, indazelyl, or diazabicyclooctyl; and ring C is optionally and

-60 -~
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independently substituted with one or more Jy and the remainder of the variables are as
described above,

[0271]  Representative compounds according to formula (XIV) include:

H

"

o
o
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[0272]  The present invention also contemplates pyrazolopyridine compounds as
described for example by Jimenez ef af. in US Publication No. 2013/0053395, which is
5 incorporated herein by reference in its entirety. lHustrative dertvatives of this type include

compounds according to formula (XV:

(XV)

[0273]  orapharmaceutically acceptable salt thereof,
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[0274]  wherein:

[0275] T is -NH- or abseat;

[0276]  each J. and Jeo is independently ~CN, ~F, ~Cl, ~OR, ~CHOR, or ~CF3;

[0277}  each Uy, U, and Us; is independently ~H, Z, or J, wherein no more than one

5 of Uy, Uy, and Uy is —H; or two of Uy, U,, and Uj join together to form a Cig eycloalkyl ning

having 0-1 heteroatomas optionally and independently substituted with one aor more Jg;

[0278] Z1s ¥Y2-Q2;

[0279] Y2 is absent or Ci.s alkyl optionally and independently substituted with ong
or more Iy,

10 [0280] Q2 is absent or (a.g cycloalkyl having 0-1 heteroatoms optionally and

independently substituted with one or more J., wherein Y2 and Q2 are not both absent;

[0281]  each Jyisindependently -F, -OR, -CN, —CF;, -N(R)z, ~-C{ON(R):, Cis
alkyl optionally and independently substituted with one or more J;;

[0282]  each J, is independently ~F, ~OR, ~N{R}),, or ~C(ON(R):;

nd
th

[0283]  each ]y is independently ~OR, ~CN, ~C{OIN(R},, ~N{R); or F;

[0284]  each . is independently Cy. alkyl, ~OR, ~N(R}s, ~CF;, or F; and

[0285]  each Ris-H or €16 alkyl,

[0286] In some embodiments there is an achiral center at the carbon indicated by *

[0287] Non-limiting examples of compounds according to formula (XV) include

20 compounds represented by the following structures:

-7 -
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[0288]  In still other embodiments, small molecule PKC-8 inhibitors are selected
from pyrazolopyridine compounds as described for example by Bovall ef al. in US
Publication No. 2012/0071494, which is incorporated herein by reference in its entirety. Non-~

5  limiting compounds of this type are represented by formula (XVa):

{XVa)
[0289]  or a pharmaceutically acceptable salt thereof,
[0290]  wheren:
[0291] tisO, 1, or2;
10 [0292] wisQorl;
[0293]  each . 1s independently -CN, ~F, -Cl, -0OR, -CH,0R, or -CFy;
[0294] UisZ or i,
[0295] Zis Y2-Q2;

[6296] Y2 is absent or Cyis alkyl optionally and independently substituted with one

15 ormore Iy

- 79 -
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[0297] Q2 is absent or Cs.g cycloalkyl having 0-1 hetercatoms optionally and

independently substituted with one or more J,, wherein Y2 and Q2 are not both absent;

[0298]  each 1, is independently —F, —OR, —-CN, —CF5, —-N(R)z, ~“CION(R ), €1

alkvl optionally and independently substituted with one or more J
5 [0299]  each ], is independently ~F, ~OR, ~N{R);, or ~C(ON(R);;
[0300]  each J4 is independently ~OR, —CN, —<C{OMN(R}), -N(R}; or F;
[0301]  each J, is independently ~OR, ~CF3, ~-N({R},, or F;
[0302] Tis —CH:—, -CH{Jp)—, —C(Jp)2-, -NH- or -N{Jy)—; and
[0303] each R is —H or Ci¢ alkyl.

10 [0304] Inspecific embodiments, compounds according to formula XVa are
represented by formula XVal, as disclosed for example by Jimenez ef al. (2013, J. Med

Chem. 56 1799-180), which is incorporated herein by reference in its entirety:

{XVal)
[0305] wherein:

15 [0306) RYis independently E, Cl or CF3; and
[0307] R*isindependently H. F, Cl, OH, CN or CH.OH.

[0308]  In specific embodiments, the pyrazolopyridine compound is represented by

formula {(XVaZ2):

~-80 -
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(XVaZ)

[0309]  This compound is designated in Jimenez ef af. (2013, ] Med. Chem. 56
1799-180) as (R)-2-(8)-4-(3-chloro-3-fluoro-6-( 1H-pyrazolo] 3, 4-b6]pyridin-3-yDpyridin-2-

5 ylpiperazin-2-yl)-3-methylbutan-2-of or Conpound 27 (also referred to herein as “C277).

[0310]  In still other embodiments, small molecule PKC-8 inhibitors are selected
from tri-cyclic pyrazolopyridine compounds as described for example by Brenchley ef ¢/ in
US Publication No. 2012/0184534, which is incorporated herein by reference in its

entirety. Non-linmiting compounds of this type are represented by formula (XVI):

10 (XVI)

[0311]  or a pharmaceutically acceptable salt thereof,

[0312]  wherein:

[0313]  Ryis-H, halogen, —OR!, -N(R"),, -C{O)YOR!, -C(Q)N(R),, -NR'C{O)R/,
NR'C{OYOR', -CN, —-NO;, Cyqu aliphatic optionally and independently substituted with one or

15 more J,, or Cag cycloaliphatic opticnally and independently substituted with cne or more Jy,.

[0314]  Ryis-H, halogen, ~CN, -NO3, ~OR’, -N(R";, ~C(O)OR!, ~C{(ONR "), -
NR'C{OIR', -NR'C{OYOR', C}.i9 aliphatic optionally and independently substituted with one
or more 1, or Caz cveloaliphatic optionally and independently substituted with one or more
Js.

-81-
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[0315] X5 -C—or-N—

[0316] R*is absent or —H.

[0317] Ring B is a 3-membered monocyclic hetercaromatic ring optionally fused to
an aromatic or non-aromatic ring; and ring B is optionally substituted with one Y and

independently further optionally and independently substituted with one or more I,
[0318] Y is-YI-Ql

[0319] Y1 is absent, or Cy.y; aliphatic, wherein up to three methylene units of Y1
are optionally and independently replaced with G' wherein G' is ~0-, ~C(O)-, -N{R"}-, or —

S{O)y-; and Y1 is optionally and independently substituted with one or more Jg.

[0320] Q1 is absent, or a Cy.x membered saturated, partially unsaturated, or fully
unsaturated monocyclie ring having 0-3 heterocatoms independently selected from nitrogen,
oxygen, and sulfur; and Q1 is optionally and tudependently substituted with one or more Jy,;

wherein Y1 and Q1 are not both absent,

[0321] Ring Cis a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 hetercatoms independently selected from nitrogen,
oxygen, and sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heterpatoms independently selected from nitrogen, oxygen,
and sulfur; and ring C 1s optionally substituted with one Z and independently further

optionally and independently substituted with one or more Jy.
[0322] Zis-Y2Z-Q2.

[0323] Y2 isabsent, or Cy.gp aliphatic, wherein up to three methylene units of Y2
are optionally and independently replaced with G' wherein G' 18 O, ~C(O)~, ~N(R"}-, or -

S(O)p— and Y2 15 optionally and independently substituted with one or more I4.

[0324] Q2 is absent, Cxy membered saturgted, partially unsaturated, or fully
unsaturated monocyclie ring having 0-3 hetercatoms independently selected from nitrogen,
oxygen, and sulfur, or an 8-12 membered saturated, partially unsaturated, or tully unsaturated
bicvelic ring system having 0-3 heteroatoms independently selected from nitrogen, oxygen,
and sulfur; and Q2 is optionally and independently substituted with one or more J;; wherein

Y2 and Q2 are not both absent.

[0325] Each R'is independently -H, or Cy.s alkyl optionally and independently

substituted with one or more J,.
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[0326] Each I, is independently halogen, ~OR, ~N{R),, ~C{OYOR, ~C(OMN(R )2, -
NRC(OR, =NRC{O)OR, —CN, =NO;, or oxo,

[0327}  Each J, is independently halogen, —OR, =N{R )z, —C{OYOR, ~C{O)N(R ), —
NRC(OR, -NRC{O)OR, ~CN, ~NQ;, oxo, or C1-C6 alkyl optionally and independently
substituted with J.,.

[0328]  Each J. is independently halogen, ~OR’, ~N(R"),, ~C{OYOR!, ~C{OIN(R'}, -
NR'C(OJR, -NR'C{QYOR', -CN, -NQs, ar C1-C10 aliphatic optionally and independently
substituted with one or more J,, or C3-C8 cycloaliphatic optionally and independently
substituted with one or more Jy,.

[0329]  Each Iy is independently halogen, —CN, or -NO». Each I, 15 independently
halogen, —CN, -NOs, oxo, C1-10 aliphatic, wherein up to three methylens units are optionally
and independently replaced with &' wherein G' is ~0—, ~C(O)— -N(R")~, or -8§{0),~ and the
aliphatic group 15 optionally and independently substituted with one or more Jy, or J;is Caig

cvcloaliphatic optionally and independently substituted with one or more Jy,.
[0330] EachR isindependentdy -H or C, alkyl.
[0331] Each pis ndependently O, 1, or 2.

[0332] Representative examples of corapounds according to formula (XV1)

include:

; 0o
N y o
N

C.

N
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[0333]  Still other embodiments of small molecule PKC-8 inhibitors include 2-
(amino-substituted)-d-aryl pyrimidine compounds as described for example by Fleming e/ o,
5 in US Publication No, 201 1/0071134, which is incorporated herein by reference in its entirety.

Representative compounds of this type are represented by formula (XVII):

(XVID)

[0334]  or a pharmaceutically acceptable sali thereof,
-84 -
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[0335] wherein:

[0336] R'and R” are each independently H, Cy.; alkyl or Cs-3cycloalkyl;
[0337] R’isHorF,

[0338] RYisH, F, -OR" ~C(OIR?, -C(O)OR" or -N(RYs; or R’ and R* together
with the carbon atom to which they are attached form a carbonyl group; wherein each

accurrence of R is independentty H, Cy.zalkyl or C3-Scycloalkyl;

[0339]  Ring A is optionatly substituted with 1 or 2 independent occurrences of R,
wherein each R” is independently selected from halo, C .y aliphatie, ~CN, ~OR", -SR",
N(R), ~NRPC(OIR®, ~NROC(OIN(R )2, ~NRPCORE, ~COR, -COR®, ~CLOMNRY,, -
OC{OIN(R),, —=S(O1R", =SON(R),, —S(ORE, -NRSONRY), -NRSO:RE, or €.
«aliphatic optionally substituted with halo, ~CN, ~OR", ~SR*, -N(R"),, NR"C(O)R", -
NRC(OINR)z, ~-NR’CO;R®, ~COR’, ~C(OIR”, ~CIOIN(R )z, ~OC(OIN(R)z, ~S(O)R", -
SO;N{Rb'}g, NS((})RC, mNRbSOzN(Rb)z, or ~NR" S()Q_RC, wherein each occurrence of R? is
independently H or C aliphatic; or two R” on the same nitrogen atom taken together with the
nitrogen atom form a 5-8 membered aromatic or non-aromatic ring having in addition to the
nitrogen atom 0-2 ring heteroatoms selected from N, O or §; and each occurrence of R is

independently C,.y aliphatic;

[0340]  Cy'is selected from: a) a 6-membered aryl or heteroaryl ring substituted by
one occurrence of W at the meta or para position of the ring; or b) a 5-membered heteroaryl

ring substituted by one occurrence of W,

[0341]  wherein Cy' is optionally further substituted by one to three independent
oceurrences of R®, wherein each cccurrence of R” is independently selected from -halo, Cr»
aliphatic, ~CN, ~OR", ~8R”, -N(RF),, ~NREC(O)R®, ~NREC(OW(R}, ~NRFCORP,
COR’, ~C(OIR", ~CLOIN(R"), “OCIOIN(R"), ~S{O}R, ~SO:NR"), -SOOR”, -
NRESON(RFY,, ~NRFSO;RP, ~C{=NH)}-N(R);, or 15 aliphatic optionally substituted with
halo, ~CN, ~OR®, -8R, -N{R"),, -NRF*C(OIR", -NR¥C{ONRF},, -NRECO,R®, ~CO,RP, -
CIOIR®, —CLOIN(RYy, “OC(OIN(R ), —S(O)R”, ~SO:N(R™ ), —S(O)R", “NR"SO,N(R"),, —
‘_NRE‘SGQRD,. or —C(:NH)—N(_RE)% wherein each occurrence of R” is € .6 aliphatic and each
occurrence of R¥ is independently H, Cy. aliphatic, ~C(=0)R°, ~C(O)OR” or ~SO.R™: or twa
R” on the same nitrogen atom taken together with the nifrogen atom form a 5-8 membered
aromatic or non-gromatic ring having in addition to the nitrogen atom 0-2 ring heteroatoms

selected from N, O or §;
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[0342] Wis-R* VoR® L-R7, V-L-R7, 1-V-R%, or L1-V-Lo-R"; wherein: Ly and

Lz are each independently an optionally substituted Cy alkylene chain;, V15 ~CHy~, ~O~, -5~
, ~S(0)-, ~$(0), ~C(O)~, ~COr-, ~NR*-NRFC(0)-, -NRFCO3-, -NR*SO,-, ~C(ONR")-,
~SON(R Y-, ~NREC(OIN(R"}- or ~OC(0)- R is H, halo, ~OH, -N(RD),, ~CN, ~OR®, -
C(ORY, —COH, —CO;RE, —SR® —S(O)RE, —S(01RE —NRHIC(ORY, -NRHICO,RE, -
NRHSORE, ~COWNRY,, ~S0,NRD),, -NERFICOMNR,, ~OCOIRY or an optionally
substituted group selected from C 4, aliphatic, Cyjparyl, 3-14 membered heterocyelyl or 5-14
membered heteroaryl, ‘wherein each occurrence of R” is independently H, Ci.¢ aliphatic, Cq.
waryl, 3-14 membered heterocyelyl, 5-14 membered heteroaryl, —C(:O}Rb, —tif(j())C*],{h or —
SO,R”; or two R on the same nitrogen atom taken together with the nitrogen atom form an
optionally substituted 5-8 membered aromatic or non-aromatic ring having in addition to the
nitrogen atom 0-2 ring heteroatoms selected from N, O or §; and each occurrence of R% is €.
« aliphatic, Cs.naryl, 3-14 membered heteroeyclyl, or 5-14 membered heteroaryl; RY is an
optionally substituted group selected from Cy.yp aliphatic, Ce.in aryl, 3-14 membered

heterocyclyl or 5-14 membered heteroaryl;
[0343] Qs abond, CH; or C(=0};

[0344] Cyz is @ Ce.yp aryl, a 5-10 membered heteroaryl, or a 5-10 membered
heterocyelvl ring, wherein each ring 15 optionally substituted by one to three independent

. )
occurrences of R and one occurrence of R,

[0345]  wherein each occurrence of R” is independently selected from Cy.4aliphatic,
“N{R"),, halo, NO,, ~CN, ~OR", ~C{O)R?, ~CO,R?, -SR", ~S(OIR", ~S(O),R", ~OS(0),R -,
N(R®)C(OIR?, -NR")COR?, ~NR®ISO,R?, ~C{ON(R ), ~SONR )y, ~NRDC{OINRY,,
OC{O)R?, or Cy.4 aliphatic optionally substituted by ’»N(Rb‘)z, halo, NO;, ~CN, »{)Rb, -
CLOIRY, —COR?, —SRE, —S(OIRE, —OS(0OLRE, —S(ORRY, -NRMCIOIR?, “NR"CO,R?, —
N(RMSOR?, ~CIOIN(RYY,, ~SOMN(R),, ~NRIIC(OINR Y, or ~OC(OIRY, and

[0346] R is selected from phenyl, or a 5-6 membered heterocyclyl or hetercaryl

ring,

[0347]  In certain embodiments, contpounds of formula XVII are subject to one or

more, or all of, the following limitations:

[0348] 1) when Cy'is phenyl substituted in the meta position with W then:
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[0349]  a) when W is —-OMe, R, R% RY, and R are each hydrogen, and € is a bond,

then when ring A is further substituted with R°, R® is a group other than —CF; or —
COIN(R),; and

[0350]  b) when W is ~OMe, R', R, R?, and R* are each hydrogen, and Q is ~CHy-,
then Cy’ is other than 1 H-benzimidazol-1-yl;

[0351]  2) when Cy' is phenyl substituted in the para position with W, and R', R*,
RY, and R are cach hydrogen then:

[8352] &) when Q15 a bond, W is other than: 1) ~CONH»; i1} --CONHRS, where R
is an optionally substituted group selected from phenyl, -alkylphenyl, alkyl, or -
alkylheterocyele; iii) ~CFy; iv) —=SO:Me; v) -NHy; vi) -tBu; vii) ~COsH when Cy' is
morpholine; viii) ~O(phenyl) when Cy” is indole; and ix) ~OMe;

[0353] b} when Q is ~CHy—, W is other than: i) ~CONH;, when Cy? is optionally
substituted imidazole or benzimidazole, i) ~CONHR?®, where R® is an optionally substituted
group selected from phenyl, -alkylphenyl, or -alkyltheterocyele; 11) —CF5; iv) —SO:Me; v —
OH, where Cy” i3 a 5-10 membered heterocyelyl ring; vi) tBu, when Cy” is a 5-10 membered
heterocyclyl ring; and vii) ~OMe; and 3) when Cy' is a 5-membered heteroaryl ring then:

[0354]  a) when Cy'is isoxazole, R', R®, R’, and R" are each hydrogen, Q is a bond,
and W is p-fluoro-phenyl, then Cy” is a group other than pyridyl or N-pyrrolidinyl;

[0355]  b) when Cy' is triazolyl, R, R?, R, and R* are each hydrogen, Q is a bond,
and W is «(CH: kN(cyclopenty JC(O)YCH (naphthyl), then Cy? is a group other than N-
piperidinyl;

[0356] ¢) when Cyl 15 imidazolyl, R" R® R* and R* are each hydrogen, Qis a
bond, and W is meta-CF;-phenyl, then R" is a group other than C{(0YQOCH,CHs; and

[0357]  d) when Cy' is imidazol-5-yl and W is para-fluoro-phenyl, then R® is a
group other than cyclohexyl.

[0358] Non-limiting compounds of this type are represented by the following

gtructures:

-87 -



WO 2015/039187 PCT/AU2014/050237

£y O
¥
i

N N

N Nity

QH

OH

1

\\“(}

NEy

- 88 -



WO 2015/039187 PCT/AU2014/050237

-89 -



WO 2015/039187 PCT/AU2014/050237

- 90 -



WO 2015/039187 PCT/AU2014/050237

-91 -



WO 2015/039187 PCT/AU2014/050237

-92 -



WO 2015/039187 PCT/AU2014/050237

(¥

Ny

& YR

L‘J\% \/Q

A
/.,,.,,.



WO 2015/039187 PCT/AU2014/050237

- 94 -



LA

WO 2015/039187

- 95 -

PCT/AU2014/050237

OH



WO 2015/039187

- 96 -

PCT/AU2014/050237



WO 2015/039187 PCT/AU2014/050237

-97 -



WO 2015/039187 PCT/AU2014/050237




WO 2015/039187 PCT/AU2014/050237

- 99 -



WO 2015/039187 PCT/AU2014/050237

£

QN

- 100 -



WO 2015/039187

B
‘Y
st £

- 101 -

PCT/AU2014/050237



PCT/AU2014/050237

WO 2015/039187

Ry
P

[

- 102 -



WO 2015/039187 PCT/AU2014/050237




WO 2015/039187 PCT/AU2014/050237

- 104 -



WO 2015/039187 PCT/AU2014/050237

- 105 -



WO 2015/039187 PCT/AU2014/050237

- 106 -



WO 2015/039187 PCT/AU2014/050237

¥ 3

O

“0t

£

TOH



WO 2015/039187 PCT/AU2014/050237

O

- 108 -



WO 2015/039187 PCT/AU2014/050237

- 109 -



124

WO 2015/039187
1

N

~ 110 -

PCT/AU2014/050237



WO 2015/039187 PCT/AU2014/050237

OH

~ 111 -



WO 2015/039187

~112 -

PCT/AU2014/050237



WO 2015/039187 PCT/AU2014/050237

N
W £
TNH

~ 113 -



WO 2015/039187 PCT/AU2014/050237

H
"f\ A\\\v N L
O

O

~ 114 -



WO 2015/039187 PCT/AU2014/050237

(<4




WO 2015/039187 PCT/AU2014/050237

- 116 -



WO 2015/039187 PCT/AU2014/050237




WO 2015/039187

~118 -

PCT/AU2014/050237

G



WO 2015/039187

~119 -

PCT/AU2014/050237



LR

WO 2015/039187

PCT/AU2014/050237

21



WO 2015/039187 PCT/AU2014/050237

&l

G

-121 -



WO 2015/039187

Of

PCT/AU2014/050237

X

(¥

S122 -



WO 2015/039187 PCT/AU2014/050237




WO 2015/039187

124 -

PCT/AU2014/050237

Ol



WO 2015/039187 PCT/AU2014/050237

GH

332

N

. § s
‘ R "\Y\, e O
¥
|
s

o
w |

¥ g
| RN ’(\ K
X \)\d;,’{‘?




tHt

WO 2015/039187

- 126 -

PCT/AU2014/050237



¥ 1]

WO 2015/039187

27

PCT/AU2014/050237

P

-



WO 2015/039187

LR

128 -

PCT/AU2014/050237

U SN



WO 2015/039187 PCT/AU2014/050237

129 -



WO 2015/039187 PCT/AU2014/050237

1

130 -



WO 2015/039187 PCT/AU2014/050237




WO 2015/039187 PCT/AU2014/050237

¥

~132 -



WO 2015/039187 PCT/AU2014/050237




WO 2015/039187

PCT/AU2014/050237

QH

Ntz

el

[—

<

{iH

<
J

YR o]

rerrre £,

Y rrrrs v
Lo o e

N

Ph:

T



WO 2015/039187 PCT/AU2014/050237

0
i
A O
a
Ox , !E ANE
i

s £

and

[03589]  1n yet other embodiments, small molecule PKC-0 inhibitors include
pyrimidine derivatives as described for example by Cardozo et ¢l in US Publication No.
5 2005/0124640, which is incorporated herein by reference in its entirety. Representative

compounds of this type are represented by formula (X VIII):

Ry {XVIID)
[0360] wherein:

[0361] R,y is Cigalkyl, Crsoveloalkyl, Caoseveloalkyl-Cigalkyl, naphthyl,

10 quinolinyl, aryl-Cysalkyl, or heteroaryl-Cj.qalkyl, wherein in each of the Cy.aalkyl groups a
methylene group may optionally be replaced by ~-NHC(O)- or ~C{O)NH-~, and wherein each
of the Ciaalkyl groups is optionally substituted by an oxo group or one or more Cysalkyl
groups wherein two alkyl substituents on the same carbon atom of a Cygalkyl group may

optionally be combined to form a Cg.s alkylene bridge, and wherein the arvl group is

[
LA

optionally substituted on adjacent carbon atoms by a Cs. alkylene bridge group wherein a

methylene group is optionally replaced by an oxygen, ~8-, —=8(O}-, ~8O5— or -N(Re)—;
[0362] or R, has the following stracture:

ACHRk

EE

S A

R

SN
QL

[0363] wherein x and y are independently 0, 1, 2, 3 or 4, provided that x+y is 2 to 4,
20 zis 0, 1 or2, and one or two CH, groups in the ring may optionally be replaced by ~Q-, ~S-,
~S{0 ), SOz or ~N(Rg);
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[0364]  wherein each R group is optionally substituted by one or more of the

tollowing groups: Cisalkyl, Cygeycloalkyl, halogen, mitro, hydroxy, Crsalkyloxy, Cy.
salkylthio, aryl, arylCqalkyl, arvloxy, arylthio, aminosulfonyl, or amino optionally
substituted by one or two Csalkyl groups, wherein each aryl group is optionally substituted

5 by one or more Cyqalkyl, halogen, nitro, hydroxy or amine optionally substituted by one or
two C.salkyl groups, and wheremn in each of the Crsalkyl groups a methvlene group may
optionally be replaced by -NHC(O)- or ~C{())NH-, and wherein each of the Cyalkyl groups

is optionally substituted by one ar more halogens;

[0368] R, isselected from the following groups:

st IO
7
10 = ;
e R
\
QRy
Ry
f
[0366] wherein:

15 [0367] nisan integer from 3 to §,

[0368] pisanioteger from 1 to 3
[6369] qis an integer from 0 to 3;

[0370} R, and Rs are each independently selected from hydrogen, Cysalkyl,
arylCygalkyl, or amidino, wherein each aryl group is optionally substituted by one or more ;.

20 ealkyl, halogen, nitro, hydroxy or amino optionally substituted by ene or two Cigalkyl groups,

- 136 -
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and wherein each of the Cr.salkyl groups is optionally substituted by one or more halogens,

and wherein the amidino 15 optionally substituted by one to three € qalkyl;
[0371]  Reis hydrogen or Cy.salkyl;

[0372]  wherein each R, group is optionally substituted by one or more Cysalkyl,
Crealkeoxy, CN, ~OH, —-NH,; or halogen;

[0373] Rsis halogen, cvano, nitro, Crsalkyl, Crsalkyloxyearbonyl or
aminpearbonyl, wherein each of the C.ealkyl groups is optionally substituted by one or more

halogens;

[0374]  or a tautomer, pharmaceutically acceptable salt, solvate, or amino-protected

derivative thereof,

[0375] In some embadiments of the pyrimidine derivative compounds of formula
{(XVHIy:

[0376] Ry is aryl-Caalkyl or heteroaryl-Cisalkyl, wherein in each of the Craalkyl
groups a methylene group may optionally be replaced by -NHC(O)- or ~C{Q)NH-, and
wherein each of the Cy4alkyl groups is optionally substituted by an oxo group or one or more
Ciaalkyl groups wherein two alkyl substituents on the sanie carbon atom of a Cy.salkyl group
may optionally be combined to form a C,.s alkylene bridge, and wherein the aryl group is
optionally substituted on adjacent carbon atoms by a Cssatkylene bridge group wherein a

methylene group is optionally replaced by an oxygen, sulfur or ~N{Rg)-;

[0377]  or Ry has the following structure:

X

-

(CHgy

R

(CHy

[0378]  wherein x and y are independently 0, 1, 2 or 3, provided that x-+y is 210 3,

andzisDor 1;

[0379]  wherein "heteroaryl” is defined as pyridyl, furyl, thienyl, pyrrolyl,

imidazolyl, or indolyl;

[0380]  wherein each Ry group is optionally substituted by one or more of the
following groups: Cgalkyl, Cl, Br, F, nitro, hydroxy, CF3, ~OCF, ~OCF;H, ~SCF;, C,.
salkyloxy, Ciaalkylthio, phenyl, benzyl, phenyloxy, phenylthio, aminosulfonyl, or amino

optionally substituted by one or twa Cy.zalkyl groups;

- 137 -
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[0381] R, is selected from the following groups:

S (ol
,, N \
. Ry
% o and

5 [0382] wherein:
[0383] nisaninteger from Sto 7,
[0384] pis an integer from 1 to 2;
[0385] ¢ is an integer from | to 2;

[0386] Ruand R;s are each independently selected from hydrogen, Csalkyl, arylCy.

10 galkyl, or amidino;
[0387]  Rgis hydrogen;
[0388] R:is Br, CL F, cyano or nitro;

[0389]  or a tautomer, pharmaceutically acceptable salt, solvate, or amino-protected

dernivative thereof
15 [0390]  In other embodiments of the pyrimidine derivative compounds of formula
(XVHIL):
[039%] R, is phenyl-Cyqalkyl or naphthylC)aalkyl,

[0392]  wherein each Ry group is optionally substituted by one or more of the
following groups: methyl, Cl, Br, ¥, nitro, hydroxy, CFs, “OCF3, -SCF;, Craalkyloxy or Cy.

20 salkylthio;
[0393] R, is selected from the following groups:

- 138 -



L

10

15

WO 2015/039187 PCT/AU2014/050237

[0394]  wherein:

[0395] R, and R; are each independently selected from hydrogen, €.z alkyl, or

amidino;
[0396]  Riis Br, Cl, cvano or nitre;

[0397]  or a tautomer, pharmaceutically acceptable salt, solvate, or amino-protected

denvative thereof:

[0398]  1n still other embodiments of the pyrimidine derivative compounds of

formula (X VIII);
[0399] R, is phenylCH,—

[0400]  wherein the phenyl group is optionally substituted by one or mere of the
following groups: methyl, Cl, Br, F, nitro, hydroxy, CF;, ~QCF;, ~8CF;, C.qalkyloxy or C,.
qalkylthio;

[0401] R, isselected from the following groups:

[0402]  Rjis nitro;

[0403] R, and R; are each independently selected from hydrogen, methyl, or

amidino;

[0404]  or a tautomer, pharmaceutically acceptable salt, solvate, or amino-protected

derivative thereof.

139 -
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[0405]  Non-limiting examples of the pyrimidine derivative compounds of formula

( XV are selected from:

[0406]  ethyl 4-({[4-(aminomethyl)cyclohexyl fmethyl jamino)-2-[{2-
chlorobenzyDamino]pyrimidine-S-carboxylate; N*-{[4-(aminomethyDcyclohexyl]- methyl -
5-nitro-N"-[(2R)~1 .2.3 4-tetrahydronaphthal- en-2-vlipyrimidine-2,4-diamine; N*-{[4-
(aminomethylcyclohexyl Jmethyt -5-nitro-N>-[(28)-1,2,3,4-tetrahydronaphthalen-2-
vl]pyrimidine-2 4-diamine; N'-{[4-(aminomethyl)cyclohexyl jmethyl }-5-nitro-N*-[ (1R }-
1.2.3 4-tetrahydronaphthalen-1-vl |pyrimidine-2 4-diamine; N'-{{4-
(aminomethyl)cyclohexyl]- methyl }-5-nitro-N-[(18)-1.2,3 4-tetrahydronaphthal- en-1-
yllpyrimidine-2 . 4-diamine; N‘“‘—{ [4-(aminomethylJoyvelohexyl Jmethyl } -N>-[2-(4-
chlorophenyl)ethyl]-3-nitropynmidine-2, 4-diamine; N*-{[4-

{aminomethyl)eyclohexyl Jmethyl} -N°- -[2-(2-methylphenyl Yethyl]-5-nitropyrimidine-2, 4-
diamine; N*-{[4-(aminomethyDcyclohexyl |methyl }-N°-[2-(3-methylphenyDethyl }-5-
nitropyri- midine-2,4-diamine; N*-{[4-{aminomethyDeyclohexyl Jmethyl §-N"[2-(4-
methylphenyl)ethyl]-S-nitropyrimidine-2,4-diamine; N*-{[4-

{aminomethyl)eyclohexyl jmethyl}-N°-{2- -(2-fluoropheny! Jethyl]-5-nitropyrimidine-2, 4-
diamine; N*-{ [4-(aminoruethylcyclohexyl |- methyl $-N*-{2-(3-fluorophenylethyl ]-5-
nitropyrimid- ine-2,4~diamine; N*-{[4-(aminomethyDeyelohexyl]m ethyl} NI2-(4-
flucrophenyljethyl]-3-nitropyrimidine-2 4-diamine; N°+(2-aminobenzyl)-N*-{[4-
(aminomethyl)eyclohexyl jmethyl }-5-nitropyrimidine-2, 4-diamine; N*-{[4-
{(aminomethyl)eyelohexylm- ethyl }-N*-(3,5-dimethoxybenzyl)-5-nitropyrimidine-2-,4-
diamine; N*-{ [4-(aminomethylcyclohexyl Jmethyl 1-N2-[3,5-bis(trifluoromethylbenzyl]-5-
nitropyrimidine-2,4-diamine; {3-[({2-[{2-chlorobenzyhamino]-S-nitropynmidin-4-

yl jaminojmethyl jphenyl jmethane amine; 2-( {{4-(1{4-

{aminomethy|)cyclohexyljmethyl Jamino)-5- -nitropyrimidin-2-yljamino} methyl phenol; N?
(5-amino-2-chlorobenzyl}-N*-{ [4-(aminomethyl Jevclohex vl methyl }-S-nitropynmidine-2,4-
diamine; 4-({[4~(aminomethyl}eyclohexyl jmethyl tamino)-2-[(2~

chlorobenizyl Jamino]pyrimidine-3-carboxamide, N'-{[{4-(aminomethy!jeyclohexyl jmethy! } -
NZ-(2~chlm‘obenzyl)-5~ﬂ uorapyrimidine-2, 4-diamioe; 3-({{4-({{4-
(aminomethylevelohexyl methyl famino)-S-nitropyrimidin-2-vl Jamino fmethyl)-N-[2-(2-
methylphenyhethyljbenzamide; (18,2R)}-2-({[4-({{4-

(aminomethyl)evelohexyl jmethyl famino)-5- nitropyrimidin-2-

yllaminoe pmethyhDeyclohexanol; (1R, 2R-2-(4 [4-({[4-

{aminomethylecyclohexyljmethyl jamine)-5- nitropyrimidin-2-
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yllamino tmethvlcyclohexanol; methyl 4-{{{4-(aminomethyl)cyclohexylimethyl }amine)-2-

{(Z~chlorobenzyamino]pyrimidine-S-carboxylate; 4-{[4-({[4~

(aminomethyleyclohexyl imethyl famino)-5-nitropyrimidin-2-yl Jaming §-N-[ 2-(2-
methylphenyDethyl jbutanamide; 5-{{4-({{4-(aminomethyl)cyclohexyl]methyl famino)-5-
nitropyrimidin-2-ylJamino}-N-[2-(2-methylphenyljethyl]pentanamide; 6-{[4-({[4-
(aminomethylcyclohexyl jmethyl Jamino)-S-nitropyrimidin-2-vl Jamino }-N-[2-(2-
methylphenyljethvl thexanamide; (1R 3R)-3-({{4-({{4~

(aminomethyl)cvelohexylmethyl }amine)-5-nitropyrimidin-2-yl Jamino f methvl)-4,4-
dimethvicyclohexanol, N*( t4-cis-{{dimethyl- amino)methyllcyclobexyl imethyl 4}“}\12—(1 =
naphthylmethyl)-5-nitropyrimidine-2.4-digmine; N*-[2-(methylthio)benzyl}-5-nitro-N*-
{piperidin-4-ylmethyl)pyrimidine-2,4-diamine; S-nitro-N"-(piperidin-4-ylmethyl)}-N"-{2-
[(trifluoromethy)thiolbenzyl } pyrimidine-2,4-diamine; N’-(1-naphthylmethyl)-5-nitro-N*-
(piperidin-4-yimethyDpyrimidine-2,4-diamine; N'<({4-

[(dimethylamino)methyl jeyclohexyl imethyl)- N*-[2-(methylthio)benzyl]-5-nitropyrimidine-
2 4-diamine; N'-({4-[(dimethylaminoymethyl Jcyclohexyl methyl }-5-nitro-N"-{2-
[(triflucromethyDthio]benzyl } pyrimidine-2,4-diamine; N*-({4-
[{dimethylamino)methyl jeyel ohexyl imethyl)-N*-(1-naphthylmethy)-5-nitropyrimidine-2,4-
diamine; N'-{4-[(dimethylamino)methyl [benzyl }-N>-[2-{methylthio)benzyl ]-5-
nitropyrimidine- 2,4-diamine; N*-{4-[(dimethylamino)methyl Jbenzyl }-3-nitro-N*-{2-
[(tiiflucromethyithio]benzyl ) pytimidine-2,4-diamine; N*-{4-

[(dimethylamino)methyl Jbenzyl § - N>-(1-naphthylmethyl)-S-nitropyrimidine-2, 4-digmine; N*-
[{1-methylpiperidin-4-yDmethyl ]-N*-[ 2-(methylthio)benzyl]-S-nitropyrimidine-2- 4-diamine;
N4—[(l -methylpiperidin-4 yDmethyl}-5-nitro-N{ 2-[(triflucrom ethyljthio]benzyl } pyrimidine-
2, 4-diamine; N*-[(1-methylpiperidin-d-ylimeth yl}Nz‘-(l ~naphthylmethyl)-S-nitropynmidine-
2,4-diamine; N*-(2-chlorobenzyl)-N*-{{1-m- ethylpiperidin-4-yl)methyl]-5-nitropynmidine-

2 4-diamine; N*-(2-methoxybenzyl}<N"- -[(1-methylpiperidin-d-vl ymethyl |-5-nitropyrimidine-
2, 4-diamine; N*-{[4-(aminometbyDeyclohexyl Jmethyl }-N*-(2-methoxybenzyl}-S-nitropyrim-
idine-2,4-diamine; N*-{[4-(aminomethylleyclohexyl Jmethyl ! -5-nitro-N*- [2-

{trifluoromethy! Ybenzyl |pyrimidine-2,4-diamine; N'-{[4-(aminomethyl)cyclohexyl Jmethyl } -
N-(- 2, 4-dichlarobenzyl)-5-nitropyrimidine-2_ 4-diamine; N*-{[4-
(aminomethyl)cyclohexylJmethyl -N*-(3-methosybenzyl J-Senitropyrimidine-2,4-diamine;
N*-{[4-(aminomethy]eyclohexyl Jmethyl §-N*-[4-flnore-2-(trifluoromethyl benzyl}-5-
nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethyleyelohexyl jmethyl }-N*= (3-

methylbenzyl )-S-nitropyrimidine-2,4-diamine; N'-{[4-(aminomethyljeyclohexyl jmethyl}-5-
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nitro-N*-(pyridin-2-ylmethyl)pyrimidine-2,4-diamine; N*-{[4-(aminomethyl)-

cyclohexyl Imethyl 1-N*-(3-chlorobenzyl)-5-nitropyrimidine-2,4-diamine; N*-{[4-
{aminomethyl)eyelohexyl jmethyt} -N*-(4-chlorobenzyl)-S-nitropyrimidine-2 4-diamine; N*-
{{4-(aminomethyl)cyclohexyl fmethyl | -N-(4-bromobenzyl)-S-nitropyrimidine-2 4-diamine;
N*-{[4-(aminomethyl)cyclohexylJmethyl -N*(2,4-dimethoxybenzyl}-5-nitropyrimidine-2.4-
diamine; N'-{[4-(aminomethyl)evclobexyl Jmethyl 1-N s- up.2-[2-chloro-5-

(tritluoromethyl benzyl}-S-nitropyrimidine-2 4-diamine; N-{[4-
(aminomethyl)cyclohexyl Jmethyl 3 -N*-(2, 5-dichlorobenzyl)-S-nitropyrimidine-2, 4-diamine;
N*- { [4-(aminomethylevclohexylmethyl }-3 -nitro-N*-[2-

(trifluoromethoxy)benzyl pyrimidine-2 4-diamine; N*-{[4-

{aminomethyl)eyclohexyl |methyl } -N°~(2-chloro-6-methylbenzyl )-S-nitropyrimidine-2,4-
diamine; N*- {[4-(aminomethyl)cyclohexyl|methyl § NE-(2,3-dicklorab enzyl)-5-
nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethy!cyclohexyl]- methyl }-N"-(2-farylmethyl -
S-nitropyrimidine-2 4-diaming; N*-{ [4-(aminomethylevelohexyl jmethyl }-3-nitro-N*-(thien-
2-ylmethyl)pyrimidine-2 4-diamine; N*-{{4-(aminomethy!)evclohexylmethyl }-N*~(2-
chlorobenzyl)-S-methylpyrimidine-2,4-diamine; N*-{6-aminohexyl}-N’-(2-chlorobenzyl)-3-
nitropyrimidine-2,4-diamine; N-{4-(aminomethyl)benzyl]-N*-(2-chlorobenzyl }-3-
nitropyrimidine-2 4-diamine; N*-(7-aminohepty!}-N"~(2-chlorobenzyl )}-5-nitropyrimidine-2,4-
diamine; N*-{[3-(aminomethyljeyclohexyl Jmethyl }-N-(2-chlorobenzyl)-5-nitropyrimidine-
2,4-diamine; N*~{[4-(aminomethyl }cyclohexylJmethyl }-N*-(1-methyl-1-phenylethyl)-5-
nitropyrimidine-2 4-digmine; 4-(4.4'-bipipedidin-1-v1)-N-(2-chlorobenzyl }-S-nitropyrimidin-
2-amine; N*-(2-chlorobenzyD-N'-({4-{(dimethylamino)methyl jeyclohexyl i methyl)-5-
nitropyri; N*-{ [4-~{aminomethyl)eyclohexylim- ethyl} N2, 5-difluorob enzyl)-5-
vitropyrimidine-2,- 4~diamine; N*-{[4-(aminomethyi- Yeyclohexyl Jmethyl} N [4-
(difluoromethoxy)benzyl]- S-nitropyrimidine-2,4-diamine; N*-{[4-
(aminomethyl)cvelohexyl jmethyl}-N"-(2-ethoxybenzyl)-S-nitropyrimidine-2,4-diamine; N*-
{[4-(aminomethyl)cyclohexyl Jrethyl §-5-nitro-N*-[(18)-1-phenylethyl [pyrimidine-2,4-
diamine; N*-{[4-(aminomethyDeyclohexyl]methyl }-N s- up.2-(2-methylbenzyl)-5-
nitropyrimidine-2,4-diamine; N'-{[4-(aminomethyl)cyclohexyl jmethyl $-N*-(2-fluorobenzyl)-
S-nitropyrimidine-2,4-dia- mine; N*-{[4-(aminomethyleyclohexyl Jmethyl }-N°-(3-chloro-2-
fluorobenzyl)-5-nitropyrimidine-2 4-diamine; N*-{{4-(aminomethylcyclobexyl imethyl }-5-
nitro-N*-(4-pentylbenzyl )pyrimiding-2 4-diamine; N*-{[4-(aminomethyl)cyclohexylJmethyl }-
N-(4-butoxybenzyl)-3-nitropyrimidine-2 4-diamine; N'-{[4-

(aminomethyl)eyclohexyl Jmethyl} -N"~(2, 3-dimethoxybenzy! )-5-nitropynmidine-2.4-diamine;
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N*-{[4-(aminomethyl)- cyelohexyl imethyl $-N-(2,5-dimethoxybenzyl }-3-nitro- pyrimidine-
2 4-digming; NZ*( 2-ChlOI'Obell.Ey"l)~N4~[7~( dimethviaminojheptyl}-S-nttropyrimidine-2,4-
diamine; N’-{[4-(aminomethyl)cyclohexyl Jmethyl }-N*-(1,1'-biphenyl-2-ylmethyl)-5-
nitropyrimidine-2,4-diamine; N*-{[4-(aminomethy!)eyclohexyl fmethyl } -N*-(- 4-
fluorabenzyl)-S-nitropyrimidine-2,4-diamine; N'-{[4-(aminomethyoyclohexyllme- thyl}-
N?-(2 4-difluorobenzyl)-3-nitropyrimidine-2 - 4-diamine; N*-{[4-(aminomethyl-
jeyelohexyl]methyl }-N-(3-fluoro-4-methylbenzyl)-5-nitropyrimidine-2, 4-diamine; N*-{[4-
(aminomethyl)cyclohexyl Jmethyl 3 -N*-(2,3-difluorobenzy])-3-nitropyrimidine-2, 4-diamine;
N*- { [4-(aminomethyl)eyvclohexylmethyl }-5 bromo-N? ~{Z-chlorobenzyDpyrimidine-2,4-
diamine; N*-{[4-(aminomethyl)eyclohexyl]- methyl }-N*-(2 6-dimethoxybenzyl)-5-
nitropyrimidine— 2 4-diamine; N*-§ [4-(aminomethybeyclohexyl jmethyl }-N*~(2,6-
difluorobenzyl )-5-nitropyrinidine-2,4-diamine; Nt {{4-(aminomethyl)eyclohexyl jmethyl } -
NE-[2-fluor- o-3~(triflucromethylbenzyl ]-5-nitropyrimidine-2 4-diamine; N'-{[4-
(aminomethyl)eyclohexyl Jmethyl }-N*«(4-chloro-2-flucrobenzyl)-5-nitropy- rimidine-2,4-
diamine; N*-{[4-(aminomethyl)cyclohexyl methyl }-S-nitro-N"-(1-
phenyleyelopropylpyrimidine-2,4-diamine; N*-{ [4-(aminomethyDeyclohexylJmethyl }-N°- -
[1-(2-chlorophenyl)- 1-methylethyl }-S-nitropyrimidine-2-  4-diamine; N*-{[4-
(aminomethyl)eyclohexyl Jmethyt 1-N*(2,3-dihydro-1-benzofuran-5-ylmethyl)-5-
nitropyrimidine-2,4-diamine; N*-{[4-(aminomethyl)eyclohexyl jmethyl} N -[(1,5-dimethyl-
[H-~pyrrol-2-y!ymethyl]- S-nitropyrimidine-2,4-diamine; N*-{[4-
(aminomethyl)eyelohexyl Jmethyl }-N-(2-bromobenzyl)}-3-nitronyrimidine-2,4-diamine; N*-
{[4-(aminomethyDeyclohexyl Jmethyl { -N*-(2 3-dimethylbenzyl }-S-nitropyrimidine-2, 4-
diamine; N*-§ [4-(aminomethylcyclohexyl |methyl ) N-(2,4-dimethyltbenzyl)-5-
nitropyrimidine-2- 4-diamine; N*-{ [4~{aminomethyl)evclohexyl Jmethyl 3 -N(2,5-
dimethylbenzyl)-S-nitropyrimidine-2 4-diamine; 2 N*-{[4-(aminomethyDcyclohexyl Jmethyl -
N2-[2-fluoro- 5- (trifluoromethyl }henzyl[-S-nitropyrimidine-2,4-diamine; N*-{[4-
(aminomethyl}cyclohexyl jmethyl }-N2-[2- (methylthiotbenzyl }-S-nitropyrimidine-2,4-
diamine; N*-{[4-(aminomethyl)cyclohexylmethyl }-5- -nitro-N 242~ [{trfluoromethyl)thiol-
benzyl } pyrimidine-2,4-diamine; N*-{[4-(aminomethyl Jeyclohexyl methyl }-N*-(3-
fluorobenzy!)-S-nitropyrimidine-2 4-diamine; N*-{{4-(aminomethy! jeyclohexyl jmethyl }-N-
-{6-chloro-2- fluoro-3-methylbenzyl }-5-nit- ropyrimidine-2 4-diamine; N*- {4-
(aminomethyl)eyclohexyl Jmethyl t-N"<(2-chloro-6- fluoro-3-methylbenzyl)-5-
nitropyrimidine-2, 4-diamine; N'-{ [4-(aminomethylJcyclohexyl imethyl }-N*-2-naphthyl- 5-

nitropyrimidine-2,4-diamine; N*-{[4-(aminomethyl)eyclohexyl jmethyl }-N*-(1-
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naphthylmethyl)-S-nitropyrimidine-2 4-diamine, N*-{[4-(aminomethyl)cyclohexyl Jmethyl } N

N*-[2-fluoro-4- {(trifluoromethyl)benzyl |-5— nitropyrimidine-2,4-diamine; N*-{[4-
(aminomethyl)evelohexyl fmethyt} -N*-(4-clilore-2- methylbenzyl)-S-nitropyrimidine-2,4-
diamine; N*-{[4-(aminomethylcyclohexyl meth- v1}-N'~(5-chloro-2-) methylbenzyl)-5-
nitropyrimidine-2,4-diamine; N‘“iv—{ [4-(aminomethylJevelohexylJmethyl ) -N*-(3-chloro-2-
methylbenzyl)-5-nitropyrimidine-2,4-diamine; N*-{[4-(aminomethylcyclohexyl]- methyl §-
N*-[5-fluoro-2- (trifluoromethyl)benzyl]-5-nitropyrimidine-2 4-diamine; N*-{[4-
(aminomethyl)cyclohexyl Jmethyl }-N-(- 5-chloro-2-fluorobenzyl)-S-nitropyrimidin- e-2,4-
diamine; N*-{[4-( aminomethyl- )eyclohexyl]methyl ‘-NZ«(Z 3- difluoro-4-methylbenzyl }-5-
nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethyl)eyelohexyl fmethyl }-N*-(- 5-fluoro-2-
methylbenzyl }-S-nitropyrimidin- e-2,4-diamine; N*-{[4-(aminomethyl- Yeyclohexyl|methyl }-
N°-1-naphthyl- S-nitropyrimidine-2,4-diamine, f4—tram~[({ 2- [(2 chlorobenzyl Jamino]-5-
nitropyrimidin- 4-yl jaminoymethyl]eyelohexyl bmethanel; N'-{[4-
(aminomethyl)eyclohexyl Jmethy }-5-bromo-N'- (2,3-dichlorobenzyl)pyrimidine-2, 4-diamine;
N*-{[4-(aminomethyl)cyclohesyl fmethyl }-5-bromo-N"- (2, 4-dichlorobenzylpyrimidine-2,4-
diamine; N*-{[d-(aminomethyl)cyctohexyl Jmethyl t-3-bromo-N*~(2-bromobenzyl)pyrimidine-
2 4-diaming; N'-{[4-(aminomethyheyclohexyl Jmethyl }-N.su- p.2- (eyclohexylmethyl)-5-
nitropyrimidine-2, 4-diamine; N*-{[4-(aminomethyleyclohexyl fmethyl }-N"-(2-
naphthylmethyl)-S-nitropyrimidine-2 4-diamine, N*-{[4-(aminomethyl)cyclohexyl jmethyl} -
3-bromo-N*-[2- (trifluorom ethoxy)benzyl|pyrimidine-2 4-diamine; N*- {[4-
(aminomethyl)eyelohexyl Jmethyl }-5-bromo-N*-[2- {trifluoromethylbenzyl pyrimidine-2,4-
diamine; N*'-{[4-(aminomethylcyclohexyl Jmethyl } -N°-[ 2- (difluoromethoxy)benzyl]-5-
nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethyl)eyclohexyl- fmethyl }-N*[3-
(difluoromethoxy)benzyl]-S-nmitropyrimidine-2, 4-diamine; N*-{[4-
{aminomethyl)eyelohexyl jmethyl} -N*~(- 2-chloro-4-fluorobenzyl)-S-nitropyrimidine- -2, 4-
diamine; N*-{[4-(aminomethyl)- eyclohexyljmethyl }-N*~(2-chloro- 3 ,6~diﬂu0mben zyl)-5-
nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethyl Jeyclohexyl Imethyl )} -5-nitro-N (,..,;’ 3,5-
triflyorobenzyl)pyrimidine-2,4-diamine; N*-{[4-(aminomethyl)cyclohexyl Jmethyl } -5-nitro-
NZ- (2,34, 5-tetrafluorobenzylpyrimidine-2, 4-diamine; N*-{{4-
{(aminomethyl)eyclohexyl jmethyl}-5-nitro-N"- [(1R)-1-phenylethyl ipyrimidine-2 4-diamine:
N*-{[4-(aminomethyDeyclohexyljm- ethyl}-N>-2,3-dihydro- 1H-inden-2-y1-5-
nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethyljevelohexyl Imethvl } -N*-[(18)-2,3-
dihydro-1H-inden-1-y1]-5-nitropyrimidine-2 4-diamine; N*-{[4-

(aminomethyl)eyclohexyl Jmethyt} -N"-{{1R)-2,3- dihydro-1H-inden-1-yl}-5-nitropyrimidine-
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2, 4-diamine; N*-{[4-(aminomethyl)cyclohexyl imethyl } -N2-(4-ch- loro-1- naphthyl)-5-
nitropyrimidine-2,4-diamine; N'-{ [4-{(aminometh ylieyvelohexyllmethyl} ~N*-(4-methoxy- 2~
naphthyl)-5-nitropyrimidine-2,4-diamine; N'-{[4-(aminomethyl)eyclohexyl jmethyl }-5-nitro-
N- quinohn-6-ylpyrimidine-2 4-diamine; N*-{{4-trans-(aminomethyl}eyclobexylmethyl - -
N2-(2,3-dichlorobenzyl)-S-nitropyrimidine-2,4-diamine; N*-{[4-trans-
(aminomethyl)eyclohexyl Jmethylt }-N°~(2, 3-dichtorobenzyl)-S-nitropyrimidine-2,4-diamine;
N4 [4-(aminomethyljcyclohexylfmethyl }- N2~[2~(E—chleropllenyi Jyethyl}-S-nitropyrimidi- ne-~
2 4-diaming; N'-{[4-(aminomethyDeyclohexyl fmethyl {-N*-[2-(3-chlorophenyl)ethyl ]-5-
nitropyrimidine-2 4-diamine; N¥-{[4-(aminom ethyl jeyelohexylimethyl} ~‘N2~(2-chloro- ~{-
phenoxybenzyl)-S-nitropyrimidine-2,4-di- amine; N*-{[4-(aminomethyl)cyelohexyl methyl i -
5-bromo-N"-2- naphthylpyrimidine-2 4-diamine; N*-{[4-(aminomethyl)cyclohexyl jmethyl |-
5-bromo-N’(1-naphthylmethyl)pyrimidine-2, 4-diamine; N*-{[4-

(aminomethyl)evclobexyl Jmethyt §-5-~ ~nitro-N2- (pyridin-3-ylmethy)pyrimidine-2,4-diamine;
4-(} [4-(aminomethyl yeyclohexyljmethyl }amino)-2-{(2- chlorobenzyl)amino]pyrimidine-5-
carbonitrile; N*-{[4-(aminomethy]cyclohesxyl |methyl } <N’-[4- (dimethylamino)benzyl ]-5-
nitropvrimid- ine-2,4-diamine; N*-{[4-trans-(aminomethylJcyclohexyljmethyl §-N*-(2-
bromobenzyl)-S-nitropyrimidine-2, 4-diamine; N*'-(7-aminoheptyl)-N*-(2-bromobenzyl- )-5-
nitropyrimidine-2, 4-diamine; N*«(7-aminoheptyl}-N'~(2, 5-dichlorobenzyl)-5-
nitropyrimidine-2 4-diamine; N-({4-[{{2-[(2-chlorobenzyljamino]-S-nitropyrimidin-4-
yl}amino)methyljcyclohexyl imethyl-)guanidine; N*~(3-aminobenzyl)-M-] -
[4(aminomethyDeyelohexyl jmethyl }-3-nitro- pyrimidine-2,4-diamine; N*-{[4-
(aminomethyl)evelohexyl Jmethyl §-S-nitro-N~(2-nitrobenzyl )pyrimidine-2,4-diamine; N'-
{[4-(aminomethyl)cyclohexyl Imethyl }-N*-{- 2-(2-bromophenyljethyl}-S-nitropyrimidine—

2 4-diamine; N*-{[4-(aminomethyleyclohexyl jmethyl }4N2~(2~br0m0benzyl)-5 -
chloropyrimidine-2 4-diamine; {4-{{(2-{{2-(1H-indol-3-yl)ethvl]amino}-S-nitropyrimidin-) 4-
vhaminojmethyl{cvelobexylimethanaminiom chloride; N-({3-[{{2-{(2-chlorobenzyl)-
amino]-3-nitropyrimidin-4- vl }amino)methyljeyclohexyl ymethylyguanidine; 3-{ [4-({[4-
{aminomethvDcyclohexyl jmethyl bamine)-5- nitropyrimidin-2-yl Jamino fmethylphenol; (4-
{{E2-{[2-(1H-imidazol-4-yDethyl Jamino }-5- nitropyrimidin-4- vDaminolmethyl} eyclohexyl )-
methananiinium chloride; N*-(2-chlorobenzyl)-M-( {4-cis-

[(dimethylamino)methyl Joyclohexyl ymethyl)-3- nitropyrimidine-2,4-diamine; N*-{[4-
(aminomethyl)cyelohexyl Jmethyl §-5-chioro-N’<«(2- chlorobenzyl)pyrimidine-2,4-diamine; N
(2-chlorobenzyl)-5-nitro-N*-(pipe- ridin-d-ylmethyl)pyrimidine-2 4-diamine; N*-{[4-

(aminomethyl)eyclohexyl Jmeth- yl}-5-nitro-N"~(2-phenviethyl )pyrimidine-2,4-diamine, N*-
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{[4-(aminomethyl)eyclohexyl Jmethy] }-5-nitro-N*<(3-phenylpropyDpyrimidine-2, 4-diamine;
N*-{ [4-{aminomethyl Jeyclohexyl frethyl }~S-nitro-N- 2—(4~phenylbutyl)pyrimi dine-2,4-diami-
ng; N'-{[4-(aminomethyl)eyclohexyl-Jmethyl i-S-nitro-N°-(2-phenylpropyl)pyrimidine-2,4-
diamine; N*-{[4-(aminomethyl)cyclohexyl jmethyl } -N"-[2-(4-methoxypheny]ethyl]-3-
nitropyrimidine-2,4-diamine; N‘“iv—{ [4-(aminomethylJeyclohexyljmethyl }— N*-[2-(3-
methoxyphenylethyl]-3-nitropyrimidine-2 4-diamine; N*-{[4-

(aminomethyl)eyclohexyl Jmethyl} -N"-{2-(2-methoxyphenyl Jethyl}-5-nitropyrimidine-2,4-
diamine; 4-[({2-[(2-chlorobenzyl)amino}-S-nitropyrimidin-4-y1 }aminomethyl piperidine-1-
carboximidamide; N*- { [4-(aminomethyleyelohexyl jmethyl } N3, 5-di chlorobenzyl)-5-
nitropyrimidine-2,4-diamine; N*-(S-aminopentyl)-N2-(2-chlorobenzyl}-3- nitropyrimidine-
2 4-diamine; 2-(benzylamino)}-4-(1,4.6, 7-tetrahydro-imidazof4,5- cipyridin~5-yl)-5-
trifluoromethyl-pyrimidine; 2-(4-chlorobenzylaminoe)-4-(1,4,6,7-tetrahydro-imidazo[4,5-
¢lpyridin-5-y1)-5-nitro-pyrimidine; 2-{2-chlorobenzylamino)-4-{1,4,6,7-tetrahydro-
imidazof4,3-c]pyridin-3-y1)-S-nitro-pyrimidine; 2-{(benzylamino)-4-(1,4,6,7-tetrahvdro-
imidazo[4,5-c]pyridin-5-y1)-S-nitro-pyrimidine; or N*-{trans-4-
{aminomethyl)eyclohexyl Jmethyl}-S-nitro- N*=[2-(trifluoromethoxy)benzyl Jpyrimidine-2,4-

diamine.

[0407] 1o some embodiments, the pyrimidine derivative compounds of formula

(XVII) are selected from:

[0408]  N'-{[4-(aminomethyl)cyclohexylmethyl }-S-nitro-N*-[(2R)-1,2,3 4-
tetrahydronaphthalen-2-yl|pyrimidine-2.4-diamine; N {{4-
(aminomethyl)eyclohexyl Jmethy!} -N*-{2-(4-chiorophenyljethyl]-5- nitropyrimidine-2,4-
diamine; N*-{[4-(aminomethyDeyclohexyl [methyl }-N2-[2-(3 -methylphenylethyl}-5-
nitropyrimidine-2, 4-diamine; N*-{[4-(aminomethyl- Yevelohexyl jmethyl }-N*-[2-{4-
methylphenyl)ethyl]-5- nitropyrimidine-2 4-diamine; N*-{[4-
{(aminomethyl jeyclohexyljmethyl LNE2-(3-fluorophenylethyl |-5- nitropyrimidine-2,4-
diamine; N*-{[4-(aminomethyleyclohexyl methyl }-N*-| 2-(4-fluorophenyl jethyl |-5-
nitropyrimidine-2 4-diamine; (1R,3R)-3-({ [4-({ [4-(aminomethyl}eyclohexyl Jmethyl famino)-
S-nitropyrimidi- n-2-yl Jamino ymethyl -4,4-dimethyleyelchexanol; N*-({4-cis-
[(dimethyl amino)methyl Jeyclobexyl} methyl}-N*-( 1-naphthylmethyl)-5- nitropyrimidine-2,4~
diamine; N*-[2-(methylthio)benzyl]-5-nitro-N*-(piperidin-4-ylmethyDpyrimidine-2,4-
diamine; S-nitro-N*-(piperidin-d-ylmethyl)-N*-{- 2-[{trifluoromethyl)thio] benzyl }
pyrimidine-2 4-diamine; N°-(1-naphthylmethyl)-3-nitro-N*-(piperidin-4-ylmethyl)pyrimidine-
2, 4~-diamine; N*({4-[(dimethylamino)methyl Jeyclohexylmethyl- }-N2-[2-
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(methylthio)benzyl]-5- nitropyrimidine-2,4-diamine; N*-({4-
{{diethylamino)methvljeyelohexyl } methyl)-5-nitro-N*= {2-

[(triflucromethyDthio]benzyl } pyrimidine-2,4-diamine; N'-({4-

[{dimethylamine)methyl jcyclohexyl imethyl)-N"-(1-naphthyl- methyl)-3- nitropyrimidine-

2, 4-diamine; N*-{4-[(dimethylamino)methyl Jbenzyl}-N*-{2-(methylthio)benzyl]- 5-
nitropyrimidine- 2 4-diamine; N*'-{4-{(dimethylaminoymethyljbenzy! }-5-nitro-N’-{2-
[(triflucromethylithio] benzyl }pyrimidine-2 4-diamine; N 10 -methylpiperidin-d-ylymethyl]-
N -[2-(niethylthio)benzyl |-3-nitropyrimidine-2,4-diaming; N*-{(1-methylpiperidin-4-
vhmethyl]-5-ni tro-N-{2-[(tdfluorom ethvlithio] benzy! }pyrimidine-2.4-diamine; N1 [4-
(aminomethyl)eyclohexyl jmethy! {-N°«(2-methoxybenzyl -S-nitropyrimidine- 2 4-diamine;
N*-{[4-(aminomethyljcyclohexyl fmethyl} -5-nitro-N-{2-

(trifluoromethyl benzyl Jpyrimidine— 2 4-diamine; N*-{[4-(aminomethyl)cyclohexyl jmethyl }-
N*-(2,- 4-dichlorobenzyl)-5-nitropyrimidine- 2,4-diamine; N*-{[4-

(aminomethyDeyclohexyl Jmethyl }-N*-{4-fluoro-2~(triflucromethyl) benzyl ]-5-
nitropyrimidine-2,4-diamine; N'-{[4-(aminomethyl)cyclohexyl Jmethyl }-N"-(3-

methylbenzyl }-5-ni- tropyrimidine-2,4-diamine; N*-{[d4-(aminomethyl)cyclohexyl jmethyl } -
N*-(3-chlorobenzyl)-5-nitropyrimidine-2,4-diamine; N*-{[4-

(aminomethyleyelohexyl Jmethyt t-N*(d-bromobenzyl- -5-nitropyrimidine-2,4-diamine; N'*-
{[4-(aminomethyl)eyclohexyljmethyl }-N*-[2-chloro-5-(trifluoromethyl) benzyl}-5-
nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethyl)cyclohexyljmethyl $-N+(2,5-
dichlorobenzy!)-5-nitropyrimidine- 2,4-diamine; N*-{[4-(aminomethyleyelohexyl jmethyl }-
S-nitro-N*-[2-{trifluoromethoxy) benzyl lpyrimidine-2,4-diamine; N*-{[4-
(aminomethyl)cyclohexyl Jmethyl }-N’-{2-chloro-6-methylbenzyl)-3- nitropyrimidine-2,4-
diamine; N'-{[4-(aminomethyl- JevelohexylJmethyl} -N"~(2,3-dichlorobenzyl }-5-
nitropyrimidine- 2 4-diamine; N*-{[3-(aminomethyl Jeyelohexyl imethyl }-N*-(2- -
chlarobenzyl -S-nitropyrimidine-2, 4-diamine; N*(2-chlorobenzyl)-N'-({4-
[(dimethylamino)methyl]cyclohexyl tmethyl)-5- nitropyrimidine-2,4-diamine; N*-{[4-
{aminomethyl)cyclohexyl Jmethyl }-N2<(2, 5-difluorobenzyl )-3-nitropyriniidine- 2,4-diamine;
N*-{[4-(aminomethyl)cyclohexyl fmethyl }-N*-(- 2-ethoxybenzy!l}-S-nitropyrimidine-2 4-
diamine; N*-{[4-(aminomethylcyclohexyl |methyl | -N*-(2-methylbenzyl)-5-ni- tropyrimidine-
2,4-diamine; N*-{[4-(aminomethyDcyclohexyl fmethyl } N (2-fluorebenzyl)-5-
nitropyrimidine-2,4-diamine; N'-{ [4-(aminomethyl jevclohexyl Imethyl }-N*-(3-chloro-2-
fluorobenzyl)-5- nitropyrimidine-2,4-diamine; N*-{{4-(aminomethyl)eyclohexyl jmethyl }-N*-

(1,1'-biphenyl-2-y! methyl)-5- nitropyrimidine-2,4-diamine; N*-{{4-
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(aminomethyl)cyclohexyl Jmethyl }-N*«(2 4-difluorobenzyl )-S-nitropyrinmidine- 2,4-diamine;
N {4 am‘inon'lethyl_)c_yclohexyl]methyl}~N2~(~ 2,3-difluorobenzyl}-S-nitropynimidine- 2,4~
diamine; N’-{[4-(aminomethylcyclohexyl Jmethyl }-N*-(2, 6-difluorobenzyl }- 5-
nitropyrimidine- 2,4-diamine; N*-{[4-(aminomethyl)cyclohexyljmethyl } -N*-[ 2-fluoro-3-
(trifluoromethyl) benzyl]-3- nitropyrimidine-2, 4-diamine; N*-{[4-
(aminomethyl)eyclohexyl jmethyt  -N°~(4-chloro-2-fluorobenzy! }-S- nitropyrimidine-2,4-
diamine; N*-{[4-(aminomethyl)cyclohexylJmethyl }-N*-(2-bromabenzyl)-5-nitropyrimidine-
2 4-diaming; N'-{[4-(aminomethyl- Yeyclohexyl|methyl }-N~(2,3-dimethylbenzyl)-5-
nitropyrimidine- 2 4-diamine; Nt {{4-{aminomethylevclohexyl jmethyl § -N’z—[;?a- -
(methylthio)benzyl]-5- nitropyrimidine-2,4-diamine; N*-{[4-

{aminomethyl)eyclohexyl jmethyl} -5-nitro-N°-{ 2-{(trifluoromethyljthio]benzyl} pyrimidine-
2. 4-diamine; N*- { [4~(aminomethybieyelohexyljmethyl 1-NE-(3-fluorobenzyl )-5-ni-
tropyrimidine-2.4-diamine; N*-{ [4-(aminomethylcyclohexylJmethyl }-N*-(6-chloro-2-fluoro-
3-methylbenzyl)-5- nitropyrimidine-2 4-diamine; N*-{ [4-(aminomethyl)cvclohexyl jmethyl }-
N’-(2-chloro-6-fluoro-3-methylbenzyl)-5- nitropyrimidine-2 4-diamine; N*-{[4-
(aminomethyl jeyclohexyljmethyl 1-N*-2-naphthyl-S-pitropyrimidine-2,4-diamine; N*-{[4-
(aminomethyl)evelohexyl Jmethyl }-N*-(1-naphthylmethyl)-5- nitropyrimidine- 2,4-diamine;
N*-{[4-(aminomethyl)eyclohexyl jmethyl }-N"<(4-chloro-2-methylbenzyl)-5- nitropyrimidine-
2, 4-diamine; N*-{[4-(aminomethyh)eyclohexyl jmethyl }-N*-(5-chloro-2-methylbenzyl -5-
nitropyrimidine-2,4-diamine; N*-{[4-(aminomethyl)eyclohexyl jmethyl {-N*-(3~chloro-2- -
methylbenzyl)-5- nitropyrimidine-2,4-diamine; N*-{[4-(aminomethyl)eyclohesyl Jmethyl -
N[ 5-fluoro-2-{trifluoromethyl Jbenzyl ]-3- nitropyrimidine-2, 4-diamine; N*-{[4-
(aminomethyl)cyclohexyljmethyl 1-N*{5-chloro-2-fluorobenzyl)-5- nitropyrimidine-2,4-
diamine; N'-{[4-(aminomethyl- Jevelohexyl Jmethyl} -N*~(2,3-difluoro-4-methylbenzyl }-5-
nitropyrimidine-2 4-diamine;, N*- {[4-(aminomethyl)cyclohexyl jmethyl }-N*-(5-fluoro-2-
methylbenzyl)-3- nitropyrimidine-2,4-diamine; N*-{[4-(aminomethyl)cyclohexyl Jmethyl } -5~
bromo-N*-(2,- S-dichlorobenzyl)pyrimidine- 2,4-diamine; N*-{[4-
(amirmmethyl)cyclDhexyl]methyl}—5—bromu—N3—(:2—bromobenzy— b pyrimiding- 2 4-diamine;
N*-{[4-(aminomethylcyclohexyl fmethyl }-N*-(cyclohexylmethyl}-S-nitropyrimidine- 2,4-
diamine; N*-{[4-(aminomethyDcyclohexyl [methyl }-3-bromo-N"-[2-

(trifluoromethyDbenzyl Jpyrimidine-2, 4-diamine; N*-{[4-(aminomethyl Joyclohexyl methyl } -
N*-[2-(difluoromethoxy)benzyl]-3- nitropyrimidine-2,4-diamine; N*'-{[4-
(aminomethyl)eyclohexyl Jmethyl }-N°<(2-chloro-4-fluoroben- zyl)-5- nitropyrimidine-2,4-

diamine; N*- {[4-(aminomethyl- )eyelohexylimethyl} N -(2-chloro-3,6-difluorobenzyl)-5-
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nitropyrimidine-2,4-diamine; N*-{ [4-(aminomethyleyelohexyl Jmethyl §-5-nitro-N"-(2,3,5-
trifluorobenzyl)pyrimidine- 2,4~diamine; N'-{ [4-(aminomethyl)eyclohexyl fmethyl } NE2 -3
dihydro-1H-inden-2-y1-5- nitropyrimidine-2,4-diamine; N*'-{[4-

(aminomethyl)cyclohexyl Jmethyl}-N"-(4-chloro-1-naphthyl)- -S-nitropyrimidine- 2,4
diamine; N*-{[4-(aminomethyljcyclohexyl Jmethyl} N-(4-methoxy-2-naphthyl)-5-

2

nitropyrimidine-2,4-diamine;, N*-{ [4-(aminomethyl)cyclohexyl jmethyl $-5-nitro-N -quinolin-
6-ylpytimidine-2,4-diamine; N*-{[4-trans-(aminomethy! jeyelohexyljmethyl }-N*-(2,3-
dichlorobenzyl)-5- nitropyrimidine-2,4-diamine; N'-{{4-(aminomethylevelohexyl jmethyi }-
N’z—[2-(2-chlorophenyl)ethyl.]—5- nitropynmidine-2,4-diamine; N4~{ f4-~
(aminomethyljeyclohexyl Jmethyi -N*-{2-(3-chlorophenylethyl]-5- nitropyrimidine-2,4-
diamine; N*-{[4-(aminomethyl)cyclohexy! Jmethyl }-5-bromo-N*-2-n- aphthylpyrimidine-2 4-
diamine; 4-({[4-(aminomethyljcyclohexyljmethyl jamino}-2-[(2-chlorobenzyl)
amino]pyrimidine-5-carbonitrile; N'-{ [4—trans~(aminomethyleyclohexyl Jmethyl }-N-(2-
brom-cbenzyl}-5- nitropyrimidine-2,4-diamine; N -(7-aminoheptyl)-N"-(2-bromobenzyl)}-3-
nitropyrimidine-2,4-diamine; N'-(7-aminoheptyl)}-N"-(2,5-dichlorobenzyl)-5-nitropy-
rimidine-2 4-diamine; N-{{4-[{{2-[{2-chlorobenzyl)amino]-S-nitropyrimidin-4-

vl taminoymethyljevelohexyl Jmethyl)guanidine; N*-{[4-(aminomethyl )eyclohexyl jmethyl }-5-
nitro-N*-(2-nitrobenzy- Dpyrimidine-2, 4-diamine; N*-{{4-(aminomethyl jeyclohexyl |methyl } -
NZ[2-(2-bromophenyljethyl]-5- nitropyrimidine-2,4-diamine; N'-{[4-
{aminomethylcyclohexyl Jmethy! }-N*«(2-bromobenzy!)-5-chloropyrimidine-2,4-diamine; N-
({3-[({2-[(2-chlorobenzylyamino]-5-nitropyrimidin-4-

vl taminoymethyljevelohexyl methyleuanidine 3-({{4-({{4-

(aminomethyl)eyclohexy! Jmethyl jaming)-S-nitropyrimidin-2-y! Jamino} methyl)phenol; N°-
(2-chlorobenzyl)-N*~{{4-cis-[(dimethylamino)methyl]cyclohexyl }methyl)-3- nitropyrimidine-
2,4-diamine; N*-(2-chlorobenzyl)-5-nitro-N'-{ piperidin-4-ylmethyljpyrimidine-2 4-diamine;
N'-{[4-(aminomethyl)eyclohexyl imethyl }-5-nitro-N"~(2-phenylethy- Dpyrimidine-2,4-
diamine; N*-{ [4-(aminomethyljcyclohexylJmethyl } -S-nitro-N*-(4-phenyl butyl)pyrimidine-

2 4-diamine; or N*-{[trans-4-(aminomethyheyclohexyl Jmethyl} -5-nitro-N 2—{‘;’.—

(trifluoromethoxy)- benzyl pyrimidine-2,4-diamine.

[0409] In yet other embodiments, the pyrimidine derivative compounds of formula

(XVII) are selected from:

[0410]  N'-({4-[(dimethylamino}methyl joyclohexyl fmethyl}-N2-(1-
naphthylmethyl)-5- nitropyrimidine-2,4-diamine; N*-[2-(methylthio)benzy! |--nitro-N"-
(piperidin-4-ylmethypyrimidine-2 4-diamine; S-nitro-N'~(piperidin-4-ylmethy)-N 2.4-2-
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[(trifluoromethyljthio] benzyl }pyrimidine-2,4-diamine; N*-(1-naphthylmethyl)-5-nitro-N*-

(piperidin-4-ylmethyl)pyrimidine-2 4-diamine; N'-({4-
[(dimethylamino)methyl Joyclohexyl imethyl- 1-N*-[2-(methylthiolbenzyl]-5- nitropyrimidine-
2, 4-diamine; N'-({4-[(dimethylamino)methy!Jcyclohexyl jmethyl)-5-nitro-N"- {2-
[(trifluoromethy!thio]benzyl ipyrimidine-2,4-diamine; N*-({4-
[(dimethylaminomethyl Jevelohexyl jmethyl )-N°~( I-naphthyl- methyl)-S- nitropyrimidine-
2. 4-diamine; N*- { 4-[{dintethylanyinoymethyljbenzyl 1-N*-[2-(methylthio)benzyl]- 5-
nitropyrimidine- 2, 4-diamine; N'-{4-[(dimethylamino)methylJbenzyl | -5-nitro-N*-{2-
[(trfluoromethyl)thio] benzyl }pyrimidine-2,4-diamine; N -[(1-methylpiperidin-4-yD)methyl }-
N°-[2-(methylthio)benzyl -5-nitropyrimidine-2,4-diamine; N'-{{ 1-methylpiperidin-4-
yhmethyl]-5-nitro-N’-{ 2-[(trifluoromethyl)thio]| benzyl} pyrimidine-2 4-diamine; N*-{[4-
(ammam ethylyevclohexyljmethyl} -N"~(?-methowb enzyl)-S-nitropyrimidine- 2, 4-diamine;
-{[4~(aminomethyl)eyelohexyljmethyl } -S-nitro-N"-[2-(trifluoromethoxy )
benzyl]pyrimidine-2,4-diamine; N*- [4-(aminomethyljeyclohexyl]- nethyl }-N*-(2,3-
dichlorobenzyl)-S-nitropyrimidine- 2,4-diamine; N*-{{3-(aminomethyl)cyclohexy! jmethyl }-
N-(2-chlorobenzy- 1)-5-nitropyrimidine-2,4-diamine; N*-(2-chlorobenzyl)-N- *-({4-
[{dimethylamino)methyl jeyclohexyl Ymethyl)-5- nitropyrimidine-2, 4-diamine; N*-{[4-
(aminomethyl}eyclohexyl Jmethyl }-N*-(2-bromobenzyl )-3-nitropyrimidine-2 4-diamine; N*-
{ [4-(aminomethy! )eyclohexyl jmethyl } -Nl'-[’?-(’methylthio)benzvi - |-5~ nitropyrinudine-2,4-
diamine; N*- -{[4-(aminomethyl)cyclohexylmethyl }-5 ~nitro-N- {2-
[{triflucromethyDthio[benzyl }- pyrimidine-2 4-diamine; N*-{[4-
(aminomethyl)cyelohexyl Jmethyl }— N 1-naphthylmethyl)-S-nitropyrimidine- 2,4-diamine;
N*-{[4- ~(aminomethyDeyclohexyl jmethyl } N(2,3 ~dichlorobenzyl}- S-nitropyrimidine~ 2,4~
diamine; N* -{ [4-{aminomethyl)cyclohexyl|methyl 1-N2-(2-bromobenzyl)-$-nitropyrimidine-
2,4-diamine; N*-(2-chlorobenzyl)-5-nitro-N'-{ piperidin-4-ylmethyljpyrimidine-2 4-diamine;
or N*-{[trans-4-(aminomethyl)eyclohexvlmethyl }-5-nitro-N [ 2-{trifluoromethoxy }-

benzylJpyrimidine-2,4-diamine.

[0411]  Alternative PKC-8 inhibitor pyrimidine derivatives include the compounds
described by Barbosa ef af. in US Publication No. 2010/0318929, which is incorporated

herein by reference in its entirety, These compounds are represented by formula (XIX):
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(XIX)

[0412] R, is selected from the following groups:

[0413]  wherein: pis 1, 2 or 3; gis 0 or 1, Rs, Ry are each independently selected
from: {A) hvdrogen, (B} Cy.salkyl, or wherein Rs and Ry together constitute a methylene
bridge which together with the nitrogen atom between them forms a four to six-membered
ting wherein one of the methylene groups is opttonally replaced by an oxygen or nitrogen
atom, and which ring is optionally and independently substituted by one or more of the
following groups: (i) Crsalkyl (i) COR», wherein R+ is: {a) Ci.ealkyl, (b) Crsalkyloxy, (C)
Cigalkylearbonyl, (D) Cigalkyvlsulfonyl, (E) -CONRRy, wherein Ry and Ry are each
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independently selected from: (i} hydrogen (i1) Cy¢alkyl; Ry 1s selected from the following

groups: (F) CF5, (G) cyano, (H) CONH; (I} balogen, or (J) nitro; Rs is selected from the
following groups: {(A) hvdrogen, (B) Csalkyl, which is optionally substituted with halogen,
() Crealkyloxy, which is optionally substituted with halogen, (D) halogen, Ry is selected
from the following groups: (A} heteroaryl, which 1s optionally substituted with Cixalkyl; (B)
aryl or heteroaryl, which is substifuted with one or more of the following groups: (1) Cy.ealkyl,
which is substituted with hvdroxyl, oxo, or NRgRy;, wherein Ry and Ry; are each
independently selected from the following groups: (a) hydrogen, (b) Ci.salkyl, which is
optionally substituted with hydroxyl or CONH;, (¢) Cisalkylcarbonyl, which is optionally
substituted with one or more halogens, (d) Csalkvlsutfonyl, (e) or wherein Ry and Ry
constitute a methylene bridge which together with the nitrogen atom between them forms a
four to six-membered ring, (ii) CONR,sR 13, wherein Ry; and Ry3 are each independently
selected from hydrogen or Cyealkyl, (1i1) SO;NR 2R3, wherein Ry; and Ry are each
independently selected from hydrogen or Cy galkyl, (C) ~-NRyyRys, wherein Ry and Rys are
each independently selected from: (1) Cyealkylcarbonyl, which is substituted with amino, (i)
ot wherein Ry and Rys constitute a methylene bridge which together with the nitrogen atom
between them forms a four to seven-membered ring, wherein one of the methylene groups 1s
substituted with Cyealkyl, and wherein each Cyalkyl is optionally substituted with hydroxyl
or NRgR 11, wherein Ry and Ry, are as defined previously, (D)-CONR 4R 5, wherein R and
Ry are each independently selected from: (1) Calkyl, which is substituted with hydroxyl or
NR 3R o, wherein Ry and Ry are each independently sefected from hydrogen or Csalkyl, or
wherein Rz and Ryo constitute a methylene bridge which together with the nitrogen atom
between them forms a four to six-membered ring, wherein one of the methylene groups is
optionally replaced by an oxygen; (E) Cealkynyl group optionally substituted by amino, C,.
salkylamino, or di+(Cy.aalkyl)amino; and A is independently selected from carbon or nitrogen;

or a tautomer, pharmaceutically acceptable salt, solvate or amino-protected derivative thereof.

[0414]  Inillustrative examples of this type: R, is selected (rom the following

groups’
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[0415] wherein: ¢ is 0 or 1, Rs, Rg are each independently selected from: (A)
hydrogen, (B) or wherein Ry and Rg together constitute a methylene bridge which together
with the nitrogen atom between them forms a five to six-membered ring wherein one of the
methylene groups is optionally replaced by a nitrogen atom, and which ring is optionally and
independently substituted by one or more of the following groups: (iv) Cisalkyl (v) COR,
wherein R» is Cyealkyloxy, (€) Crsalkylcarbonyl (D) Csalkvisulfonyl; R is selected from
the following groups: (A) cyano, or {B) nitro; Ry ts selected from the following groups: (A)
Ciaalkyl, (B} Ciaalkvloxy, which is optionally substituted with fluorine, (C) halogen; Ry is
selected from the following groups: {A) aryl, which is substituted with one or more of the
following groups: (i)} Cisalkyl, which is substituted with hydroxyl or NRyRyy, wherein Ry
and Ry, are each independently selected from the following groups: () hydrogen, {g) C,.
salkyl, which is optionally substituted with hydroxyl or CONH;, (h) or wherein Ry and Ry
constitute a methylene bridge which together with the nitrogen atom between them forms a
five to six-membered ring, (1) CONH, (ii1) SO;:NH;, (B) 3-pyndyl, which is optionally
substituted with Cysalkyl, wherein each alkyl group is optionally substituted with amino, (C)
~NR2»Rz3, wherein Ry and Ra; constitute a methylene bridge which together with the
nitrogen atom between them forms a five to six-membered ring, wherein one of the methylene
groups is substituted with Ciaalkyl, and wherein each Cizalkyl is optionally substituted with
OH or NRyoRz1, where Ry and Ry are as defined previousty, (D) ~CONRy4Rzs, wherein Ryy

and Ras are each independently selected from: (i) Cyaalkyl, which is substituted with C.
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salkylamine; and A is independently selected from carbon or nitrogen; or a tautomer,
pharmaceutically acceptable salt, solvate or amino-protected derivative thereof,

[0416]  In other illustrative examples, the compounds of formula {XIX) are

represented by formula (XIXa):

5
[0417]  wherein:
[0418] R, is selected from the following groups:
10 [6419]  wherein: g is O or 1 Rs, Rg are each independently selected from: {A)

hydrogen, (B) Ciealkylcarbonyl, (€) Csalkylsulfonyl; Ra is selected from the following
groups: (A} cyano, or (B) nitro; Ry is selected from the following groups: (A) CHg, (B) OCF;,

{C) CL Ry is selected from the following groups:

2 2e 2aa

{XIXa)
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[0420]  wherein: Rys is selected from the following groups: (A} Ci.alkyl, which is
substituted with hvdroxyl or NRp:Rog, wherein Ryr and Ryg are each independently selected
from the following groups: (1) hydrogen, (i1) C,salkyl, which is optionally substituted with
hydroxyl or CONH,y, (B) CONH; {C) SO:NH;; and A is carbon or nitrogen; or a tautomer,

pharmaceutically acceptable salt, solvate or amino-protected derivative thereof

[0421]  Alse contemplated as small molecule PKC-8 inhibitors are aniline
compounds as described for example by Ajioka et o in US Publication No. 2010/0120869,
which is incorporated herein by reference in its entirety, Representative compounds of this

type are represented by formula (XX}

; ~§§4

r’\
‘\/’

[0422]  wherein X of formula XX is arvl or heteroaryl, each substituted with 1-5 R
groups. Y of formula XX is ~O-, ~8(O)—, ~N(R}- and ~C(R*),-, wherein subscript n is 0-2.

(XX)

Z of formula XX is ~N= or ~CH=, Each R' of formula XX is independently from the group
consisting of H, halogen, Cig alkyl, Cy.¢ heteroalkyl, Ci1.s haloalkyl, Cy. alkenyl, Cyg alkynyl,
C1. haloalkoxy, —OR™, —C(O)R "™, —C{OYORY™ —C{O)NRMR™, -NR¥R™ _sRM, -
NRMCORY, -NRCOOR'®, -NR™MCIOINRR'®, ~OP(OYORYY,, ~S(0),0R", -
S(O)NR MR -§(0),-C.5 haloalkyl, ~CN, cycloalkyl, heterocycloalkyl, aryl or heteroaryl.
Each of R™ and R' of formula XX is independently H or Cy alkyl. Each R of formula XX
is independently H, halogen, Cy alkyl, Cy.¢ haloalkyl, Ca alkenyl, Cos alkynyl, -NR¥R'®, —
NRMC(O¥-C g alkyl, ~NRPC{O)-C 1. haloalkyl, -NR"*~(CHy}-NR"PR™ -NR'*-C(0O)-
NRYR™ or -NR™-C{O)OR", alternatively, adjacent R’ groups and adjacent R* groups can
be combined to form a cycloalkyl, heteroeycloalkyl, arvl or heteroaryl. R of formula XX is —
NR¥R™ or -NCO. Each of R™ and R™ of formula XX are independently H, Ci. alkyl, -
C{O)-C 1.6 alkyl, ~C(O)-C 1.5 haloalkyl, ~(CHy}-NR¥R™® ~C{O)}-NRPR™, ~C(O)OR™, -
C($)YCN, an amino acid residue, a peptide or an oligopeptide. Each R* of formula XX is
independently H or Cy.¢ alkyl, or when more than one R” group is attached to the same ator,
the R* groups are optionally combined to form a Cs.g cycloatkyl. The compounds of formula

XX also include the salts, hydrates and prodrugs thereof.

[0423]  In some embodiments, the aniline compounds of formula XX are
represented by formula XXa:

- 155 -
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(XXa)
[0424]  wherein each R' of formula XXa is independently H, halogen, Cyy alkyl,

Cj.6 heteroalkyl, Cy haloalkyl, Cys alkenyl, Cru alkynyl, C)4 haloalkoxy, ~OR"™ -CN,

eveloalkyl, heterocycloalkyl, arvl or heteroaryl, and each of R™ and R*® of formula XXa are

independently H, —C(O)-Cy.s alkyl, an amino acid residue, a peptide or an oligopeptide.

[0425]  In still other embodiments, each R' of formula XXa is independently H,

halogen, Cy.g alkyl, C;.¢ haloalkyl, Cis haloalkoxy, —C(O}OR;] ?, evcloalkyl, or heteroaryl.

Furthermore, each R* of formula XXa is independently H, halogen, or -NR¥C{Q}-C 4 alkyl.

In vet other embodiments, each R of formula XXa is independently H, methyl, n-propyl,
isopropyl, t-butyl, t-pentyl, C1, Br, CF3, OCF;, cyclopentyl, pyrrolyl, or CO»H, and each R” is
independently H or CI. In other embodiments, R*™ of formula XX is an amino acid residue,

and R™ is H, Suitably, the amino acid residue is an arginine residue.

[0426]  In still other embodiments, the aniline compounds of formula XX have the
formula XXb:

R

[0427]  In some other embodiments, Y of formula XXb is 8. In still other
embodiments, Y of formula XXb is O. In some embodiments, each R" of formula XXb is
independently H, methyl, n-propyl, isopropyl, t-butyl, t-pentyl, Cl, Br, CF;, OCF;,
cyclopentyl, pyrrolyl, or CO,H. In yet other embodiments, each R* of formula XXb is
independently C.g alkyl or eveloalkyl. In still vet other embodiments, each R' of formula

XXb is independently 4-t-butyl, 4-cyclopentyl or 4-t-pentyl.

[0428]  In other embodiments, small molecule PKC-8 inhibitors are selected trom
rottlerin (also known as mallotoxin or 1-{6-[(3-acetyl-2,4,6-trihydroxy-35-
methylphenyl)ymethyl]-5, 7-dihydroxy-2,2- ~-dimethyl-2H-1-benzopyran-8-~yl]-3-phenyl-2-
propen-1-one, available from Calbiochem, San Diego, Calit)) having formula (XXI), or a

derivative or analogue thereof.
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(XXD)

[0429]  In still other embodiments, small molecute PKC-8 inhibitors include
substituted diaminopyrimidines as disclosed for example by Baudler in US Patent Application
Publication US 2005/0222186 A1, which is incorporated herein by reference in its entirety.

These compounds are represented by formula (XXIT}:

CXXII)

[0430]  wherein R', R? and R are independently selected from the group consisting
of substituted or unsubstituted phenyl, naphthyl, pyrrolyl, pyrazolyl, imidazolyl, 1,23~
triazolyl, indolyl, benzimidazolyl, turanyl(furyl), benzofuranyl{benzofuryl},
thiophenyl(thienyl), benzothiophenyl(benzothienyl), thiazolyl, isoxazolyl, pyridinyl,
pyrimidinyl, quinolinyl and isoquinolinyl; R* is hydrogen or methyl; R" is hydrogen or
methyl; Alis C1.3 alkvlene or ethyleneoxy (-CH,—CH,—0-); and Alis i alkylene or

ethyleneoxy (~CHy~CHy-0-); and hydrates, solvates, salts, or esters thereof,

[0431] Non-limiting examples of such compounds include [ 1-benzyl(4-
piperidyD)]{2-[(2-pyridylmethyDamino]-5-(3-thienyDpynmidin-4-yl jamine; {S-(4-
methoxyphenyl)-2-[(4-pyridvimethyamino)pyrimidin-4-yi [ 1-benzyl-(- 4-piperidyl}]amine;

{ S-phenvl-2-[(4-pynidylmethyl yamino)pynmidin-4-y1 } [ I-benzyl(4-piperidy-1- Yamine; {5-(4-
chlorophenyl )-2-[(4-pyridylmethylJamino)pyrimidin-4-yl H{ 1 -benzyl(4-pipendyl)jamine; {5-
(4-(N,N-dimethylaminojphenyl)-2-[(4-pyridvimethylamino)pyrimidin-4-yl- }[1-benzyl(4-
pipendyl)]amine; {5-(phenyl-d-carboxamido)-2-[(4-pyridylmethyl yamino)pyrimidin-4-y1 }{ 1~
benzyl(4-piperidyl}]-amine; {5-(4-carboxyphenyl)-2-[(4-pyridylmethyl)amine)pyrimidin-4-
ylH I-benzyl-(- 4-piperidyl}Jamine; {5-(2-thienyl)-2-[(4-pyridylmethyl)amino)pyrimidin-4-
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vl 1-benzyl(d-piperidyl}]amine; {5-(2-furanyl)-2-[(4-pyridylmethyljaminojpyrimidin-4-

vyl I-benzyl{4-piperidyl}]amine; {5-{3-furanyl)-2-[(4-pyridylmethyhamino)pyrimidin-4-
yl}[1-benzyl{4-piperidvl)]amine; N{4)-( -benzyl-piperidin-4-y1)-53-(3-chloro-4-fluoro-
phenyl}-N(2 }-pyridin- 2-ylmethyl-pyrimidine-2 4-diamine, N-(3-{4-{1-benzyl-piperidin-4-
vlamino)-2-[(pyridin-2-vimethyl }-amino}-pyrimidin-5-yl} phenvl)-acetamide; 3-[4-(1-benzyl-
piperidin-4-ylamine)-2-{(pyridin-2-vimethyl }-amino]-pyrimidin-5-yl]-phenol; and 4-{4-(1-
benzyl piperidin-4-ylamino)-2-[(pyridin-2-ylmethyl }-amino]-pyrimidin-5-y1 } N, N-di- methyi-

benzamide.

[0432] In still other embodiments, small molecute PKC-8 inhibitors are selected
from substituted pyridine compounds as disclosed for example by Brunette in US Patent
Application Publication US 2006/0217417, which s mcorporated herein by reference n its

entirety. These compounds are represented by formula (XX

(XXIID)

[0433] wherein X is a bond or €6 substituted or unsubstituted alkyl wherein one or
two of the methylene units can be replaced by an oxygen or sulfur atom; Y 1s -NH-, -O—or -
S R'is a Cyp substituted or unsubstituted cycloatkyl, substituted or unsubstituted aryl or
substituted or unsubstituted heteroaryl; R* is selected from the following group consisting of

triflucromethyl, cyano, ~CONH,, halogen, and nitro; and R'is

or

[0434]  wherein p i3 an integer from 1 to 3, inclusive; ¢ is an mteger from 0 to 3,
inclusive; n is an integer from 0 to 5, inclusive; R* and R’ are each independently selected
from the group consisting of hydrogen, Cy.q, substituted or unsubstituted alkyl, or wherein R*
and R together constitute methylene bridges which together with the nitrogen atom between

them form a four to six-membered substituted or unsubstitoted ring wherein one of the
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methylene groups is optionally replaced by an oxygen, sulfur er NR group, wherein R is
hvdrogen or Cy.q substituted or unsubstituted alkyl; tantomers; and pharmaceutically

acceptable salts, solvates or amino-protected derivatives thereof.

[0435] Non-limiting examples of the compounds having formula (XXIII) include S-
nitro-N4-piperidin-4-yimethyl-N2-(2-trifluoromethoxy-benzyly-pyridine-2- 4-diamine; N2-
(2,3-dichloro-benzyl)-5-nitro-N4-piperidin-4-vimethyl-pyridine-2 4-diamine; N2-[2-(3-
chloro-phenyl)-ethyl]-5-mtro-Nd-piperidin-4-ylmethyl-pyridine-2,4-diamine; S-nitro-N2-
phenethyl-N4-piperidin-4-ylmethyl-pyridine-2,4-diamine; N4-(4-aminomethyl-
eyclohexylmethyl}-S-nitro-N2-(2-trifluoromethoxy-benzyl-)-pyndine-2 4-diamineg;, N4-(4-
aminomethyl-cyclohexylmethyl }-N2-(2, 3-dichloro-benzyl)-5-nitro-pyri- dine-2.4-diamine;
Nd~(4-aminomethyl-cyclohexylmethyl}-5-nitro-N2-phenethyvl-pyridine-2 4-dia~- mine; N4-(4-
aminomethyl-cyclohexylmethyl)-N2-[2-(3-chloro-phenyl J-ethyl]-S-nitro- 1 -pyridine-2, 4-
diamine; N4-(4-aminomethyl-cyclohexylmethyl}-5-nitro-N2-(2-chloro-benzyl)-pyridine- -2 4~
diamine; N4-{4-trans-aminomethyl-cyclohexylmethyl)-S-nitro-N-2-(2-trifluoromethoxy-
benzyl)-pyndine-2 4-diamine; N4~(4-trans-amino-cyclohexylmethyl)-3-nitro-N2-(2-
trifluoromethoxy-benzyl- »pyridine-2 4-diamine; 4-[{4-aminomethyl-cyclohexylmethyl)-
amino]-6-(2-chloro-benzylamino)-nicotinamide; and 4-[{4-aminomethyl-cyclohexylmethyl)-

amino]-6-{2-chloro-benzylamino)-nicotinonitrile.

[0436] 1u still other embodiments, small molecule PKC-8 wnhibitors are selected
from indolyl-pyrroledione derivatives as disclosed for example by Auberson in US Patent
Application Publication US 2007/0142401, which 1s incorporated herein by reference in its

entirety. These compounds are represented by formula (XXIV):

(XX1IV)
0437}  wherein

[0438] R,is H: Craalkyl; or Ciyalkyl substituted by OH, NH», NHC salkyl or
N{di-Cyaalkyl);

[0439] Ry is H: or Cysalkyl:
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[0440] R is aradical of formula (a), (b), {c), (d), (g) or (f)

(a) .
Rix
Rys
V»\;E‘“\ \
! N
¢ (
-
@ S Fae

[0441]  wherein each of Ry, Ry, R+, Ry, Ry; and Ry, is OH; SH; a heterocyelic
residue; NR R 1> wherein each of Ryg and Ry, independently, is H or Ciaalkyl or Rig and Ry»
form together with the nitrogen atom to which they are bound a heterocyclic residue; ora
radical of formula o ~X-Re~Y (i) wherein X is a direct bond, O, S or NRyg wherein Ryzis H
or Ciaalkyl, R is Ciualkylene or Cyalkylene wherein one CH; is replaced by CR(R,
wherein one of Ry and Ry is H and the other is CH3, each of Ry and Ry is CH; or Re and Ry
form together —CH,—CHy—, and Y is bound to the terminal carbon atom and is selected from
(OH, a heterocyclic residue and ~NR19R30 wherein each of Ry and Ry independently is H,
Chgeycloalkyl, Csgeycloalkyl-Calkyl, aryl-Ci4atkyt or C)yalkyl optionally substituted on
the terminal carbon atom by OH, or Ryg and Ry form together with the nitrogen atom to

which they dre bound a heterocychic residug;

[0442]  each of Ry, Rz, Rs, Re, Ro, Ru, Ryz, Ryz, Rys and R'ys, independently, 13 H,
halogen, Cyaalkyl, CF5, OH, SH, NH,;, Cisalkoxy, Craalkylthio, NHCsalkyl, N{di-C,.
salkyl)y or ON;

[0443]  either Eis ~N=and G is ~CH= or E 15 ~CH= and G is ~N=; and
[0444]  ring A is optionally substituted,
[6445]  or a salt thereof

[0446]  In illustrative examples, the heterocyclic residue as Ry, Ry, Rs, Ra, Rin, R
or Y or formed, respectively, by NRsR 1y or NR 9Rag, 18 a three to eight membered saturated,
unsaturated or aromatic heterocyclic ring comprising 1 or 2 heterogtoms, and optionally

substituted on one or more ring carbon atoms and/or on a ring nitrogen atom when present,
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[0447]  In specific embodiments, the heterocyelic residue is Ry, R4, R, Re, Ryy, Rug

or Y or formed, respectively, by NRgR 7 or NR 9Ryy, is a residue of formula (y).

¢ (1)
[0448]  wherein

[0449] thering Disa 5, 6 or 7 membered saturated, unsaturated or aromatic ring;
[0450] Xy is N, ~C-or -CH-

[0451) X, is —N=, —NR—, -CRs= or —-CHRs— wherein R is a substituent for a ring
nitrogen atom and i3 selected from Cyqalkyl; acyl; Cigeveloatkyl; Csaeycloatkyl-Cyqalkyl;

phenyl; phenvi-Ciaatkyl;
[0452]  a heterocyclic residue; and a residue of formula B ~Ry~Y' ()

[0453]  wherein Ry is Cialkylene or Cyalkylene interrupted by O and Y' is OH,
NHz, NH(C salkyl) or N(Ci4alkyl)s; and Re- is a substituent for a ring carbon atom and 1s

selected from Cqalkyl;
[04584]  Cs-cycloalkyl optionally further substituted by Cyy-alkyl;

JRe: Hy

£\

'ii:i-;ig_;}p

[0455]  wherein pis 1, 2 or 3; CF;5;

[0456]  halogen; OH; NH3; ~-CHy~NH,; ~CHx~OH; piperidin-1-yl; and pyrrolidinyl;
[0457]  the bond between €| and C; 1s either saturated or unsaturated;

[0458]  each of Cy and C;, independently, is a carbon atom which is optionally
substituted by one or two substituents selected among those indicated above for a ring carbon

atom; and

[0459]  the line between Cs and X;, and between C; and Xy, respectively, represents

the number of carbon atoms as required to obtain a 5, 6 or 7 membered ring D.

[0460]  In other non-limiting examples of compounds according to formula (XXIV})
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[0461] Rais H; CHs CHy-CHs; or isepropyl,

[0462] Rbis H; halogen; C)¢-alkoxy; or Cigalkyl, and either

[0463] 1 R is aradical of formula (a)

(a)

5 [0464]  wherein R, is piperazin-1-yl optionally substituted by CHj in position 3 or
4: or 4,7-diaza~spiro (2.3] oct-7-vl, Ry 15 Cl;, Br; CFy; or CHy; and R; is H; CHs; or CF3; R;
being other than H when Ra is H or CH3, Rb is H and Ry 1s 4-methyl-1-piperazinyl; or

[0465] IL R is aradical of formula {(b)

Ry (b)

10 [0466] wherein Ry is piperazin-1-yl substituted in positions 3 and/or 4 by CHs; or
4,7-diaza-~spiro [2.5] oct-7-vl; Ra being other than H or CH; when Ry is 4-methyl-1-
piperazinyl; or

[0467]  IIL R is a residue of formula {¢)

aié\é’“\ \\

Ry ()

15 [0468]  wherein Ry is piperazin-1-yl optionally substiteted by CH; in position 3
and/or 4 or in posttion 3 by ethyl, phenyl-Calkyl, Ciaalkoxy-Calkyl or halogeno-Cy.
salkyl; or 4,7-diaza-spiro [2.5] oct-7-yl; Rys is halogen: CFz; or CHa; Rys being other than CH;
when Ra is Hor CHs, Rb 18 H and R,y is 4-methyl-1-piperazinyl; and Ryg 1s H; CHs: or CF;
Ry being other than H when Ry5 is CI, Rais H or CHy, Rbis H and Ryy 1s 4-methyl-1-~

20 piperazinyl; or
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[0469]

[0470]

I-yl; or

[0471]

[0472]

position 3 by methyl or ethyl and opticunally 1 position 4 by methyl,

[0473]
[0474]

[0475]

1V, R is a radical of formula (d)

PCT/AU2014/050237

(d)

wherein Ry is piperazin-1-yl, 3-methyl-piperazin-1-yl or 4-benzyl-piperazin-

V. R is a radical of formula (e)

©

wherein Ry is 4,7-diaza-spiro [2.5] cct-7-yl; or piperazin-1-yl substituted in

In some embodiments of compounds according to formula (XXIV)

when R s of formula (a}

R is «(4-methyl-piperazin-I-vl}, l-piperazinyl, 3-methyl-piperazin-1-yl or -

(4, 7-diaza-spire[2.5Joct-7-v1)

[0476]
[0477]
[0478]
[0479]
[0480]

[0481]

Ry is 2-Cl or 2-CH;

Rs is 3-CHs, 3-CFsor H
Rais Hor CHs

and when,

R is of formula (b}

Ry 15 -(4,7-diaza-spirof 2. Sjoct-7-y1), 3-methyl-piperazin-1-yl or 4-methyl-3-

methyl-piperazin-1-vl

[0482]
[0483]

[0484]

R, is HorCHy
and when

R is of formula (¢}
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Rus 18 -4-methyl-piperazin-1-yl, 3-methyl-piperazin-1-vl, -4,7-diaza-

spirof 2. Sjoct-7-yl, 1-piperazinyl, 4-methyl-3-methyl-piperazin-yl, 3-methoxvethyl-piperazin-

I-yl, 3-ethyl-piperazin-1-yl, 3-benzyl-piperazin-1-vl or 3-CH,F-piperazin-1-vl

[0486]
[0487]
[0488]
[0489]
[0490]
[0491]
[0492]
[0493]
[0494]
[0495]

[0496]

Rys1is Cl, Br, CF;, F

Ry 1s CH;, H, CH;—CH;

Rais Hor CH;

Ry is H, CH,—CH;—CH;, ¥, CH{CH3), Cl, OCHs, CHz or CH>—CH;
and when

R 15 of formula (d)

Ry is 3-methyl-piperazin-1-yl, 4-benzyl-1-piperazinyl or 1-piperazinyl

RyisCH;orH

and when
R is of formula (e)

Ry is -4,7-diaza-spiro]2.5]oct-7-yl, 3-ethyl-piperazin-1-vl, 3-methyl-

piperazin-1-yl, 4-methyl-3-methyl-piperazin-1-yl or 3-ethyl-piperazin-1-yl

[0497]
[0498]

[0499]

Ra 15 HJ CTH_},“CH3 or CH(CHg)z
Rh is CH_;, F, CH(C}I’;)g7 QCHg, CHE‘“CH} or Cl.

Specific embodiments of compounds according to formula {(XXIV) include

3-[2-Chloro-5-(4-methyl-piperazin-1-yi}-3-trifluoromethyl-phenyl}-4-( 1 H-indol-3-yl }-

pyrrole-2,5-dione having the formula

; arnd
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[0500]  3-(1H-Indol-3-y1)-4-[2-(4-methyl-piperazin-1-vi)-quinazolin-4-yl }-pyrrole-

2,5-dione having the formula

[0501]  In other embodiments, PKC-8 inhibitors are selected from selective PKC-8
5  small molecule compounds disclosed by Ajioka in US Patent Application Publication US
2013/0225687, which ts incorporated herein by reference in its entirety. These compounds are

represented by formula (XX V)

(XXV)
[0502]  wherein;
10 [0503] Y isselected from the group consisting of —O-, and ~S—; and

[0504]  each R'is independently selected from the group consisting of n-propyl,
isopropyl, t-butyl, t-pentyl, CF;, OCF;, cyclopentyl, pyrrolyl, and CO.H and salts, hydrates

and prodrugs thereof, thereby selectively inhibiting PRC-6,

[0565]  Theinvention not only encompasses known PKC-8 inhibitors but PKC-6
15 inhibitors identified by any suitable screening assay. Accordingly, the present invention
extends to methods of screening for modulatory agents that are useful for inhibiting a PKC-0
and, in turn, for altering at least one of: (i) formation; (i1) proliferation; (1ii} maintenance; (iv)
EMT; or {(v) MET of a PKC-0-overexpressing cell (e.g., a C8C), or for treating or preventing
a cancer {£.g., a metastatic cancer). In some embodiments, the screening methods comprise
20 (1) contacting a preparation with a test agent, wherein the preparation comprises (i) a
polypeptide comprising an amino acid sequence corresponding to at least a biologically active

fragment of a PKC-9 , or to a variant or dertvative thereof, or {(it) a polynuclectide
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comprising a nucleotide sequence from which a transcript of a PKC'-# gene or portion thereof
is producible, or (111) a polynucleotide comprising at least a portion of a genetic sequence
(e.g., a transcriptional element) that regulates the expression of a PRC-0 gene, which is
operably linked to a reporter gene; and (2) detecting a change in the level or fonctional
activity of the polypeptide, the polynucleotide or an expression product of the reporter gene,
relative to a reference level or functional activity in the absence of the test agent. A detected
reduction in the level and/or functional activity of the polypeptide, transcript or transcript
portion ar an expression product of the reporter gene, relative to a normal or reference level
and/or functional activity 1o the absence of the test agent, indicates that the agent is useful for
altering at least one of: (1) formation; (it} proliferation; (i11) maintenance; (iv) EMT; or (v)
MET of a PKC-8-overexpressing cell (e.g., a C8C), or for treating or preventing a cancer
{e.g., a metastatic cancer). Suitably, this is confirmed by analyzing or determining whether the
test agent alters at least one of’ (i) formation; (1t) proliferation; (1ii) maintenance; (iv) EMT; or

(v) MET of a PKC-8-overexpressing cell, or {reats or prevents the cancer.

[0506] Modulators falling within the scope of the present invention include
inhibitors of the level or functional activity of a PKC-8, including antagonistic antigen-
binding molecules, and inhibitor peptide fragments, antisense molecules, ribozymes, RNA1
molecules and co-suppression molecules as well as polysacchande and lipopolysaccharide
inhibitors of a PKC-8.

[0507] Candidate agents encompass numerons chemical classes, though typically
they are organic molecules, preferably small organic compounds having a molecular weight
of more than 50 and less than about 2,500 Dalton. Candidate agents comprise functional
groups necessary for structural interaction with proteins, particularly hydrogen bonding, and
typically include at least an amine, carbonyl, hydroxyl or carboxyl group, desirably at least
two of the functional chemical groups. The candidate agent often comprises cyclical carbon or
heterocyclic structures or aromatic or polyaromatic structires substituted with one or more of
the above functional groups. Candidate agents are also found among biomolecules including,
but not limited to: peptides, saccharides, fatty acids, steroids, purines, pyrimidines,

derivatives, structural analogues or combinations thereof

[0508]  Small {(non-peptide) molecule modulators of a PKC-0 are particularly
advantageous. In this regard, small molecules are desirable because such molecules are more
readily absorbed after oral admuinistration, have fewer potential antigenic déterminants, or are
more likely to cross the cell membrane than larger, protein-based pharmaceuticals, Small

organic molecules may also have the ability to gan entry into an appropriate cell and affect
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the expression of a gene (e.g., by interacting with the regulatory region or transcription factors
involved in gene expression); or affect the activity of a gene by inhibiting or enhancing the

binding of accessory molecules.

[0509]  Alternatively, libraries of natural compounds in the form of bacterial,
fungal, plant and animal extracts are available or readily produced. Additionally, natural or
svnthetically produced libraries and compounds are readily modified through conventional
chemical, physical and biochemical means, and may be used to produce combinatorial
libraries. Known pharmacological agents may be subjected to directed or random chemical
modifications, such as acylation, alkylation, esterification, amidification, efc. to produce

structural analogues.

[0510]  Screening may also be directed to known pharmacelogically active

compounds and chemical analogues thereof,

[0511]  Screening for modulatory agents according to the invention can be achieved
by anv suitable method. For example, the method may include contacting a cell expressing a
polynucleotide corresponding to a gene that encodes a PKC-0 with an agent suspected of
having the modulatory activity and screening for the modulation of the level or functional
activity of the PKC-6, or the modulation of the level of a transcript encoded by the
polynucleotide, or the modulation of the activity or expression of a downstream cellular target
of the polypeptide or of the transcript (hereafter referred to as target molecules). Detecting
such modulation can be achieved utilizing techniques including, but not restricted to, ELISA,
cell-based ELISA, inhibition ELISA, Western blots, immunoprecipitation, slot or dot blot
assays, immunostaining, RTIA, scintillation proximity assays, fluorescent immunoassays using
antigen-binding molecule conjugates or antigen conjugates aof fluorescent substances such as
fluorescein or thodamine, Ouchterlony double diffusion analysis, immunocassays employing
an avidin-biotin or a streptavidin-biotin detection system, and nucleic acid detection assays

including reverse transcriptase polymerase chain reaction (RT-PCR).

[0512] It will be understood that a polynucleotide from which a PKC-8 is regulated
or expressed may be naturally occurring in the cell which is the subject of testing or it may
have been 1ntroduced into the bost cell for the purpose of testing. In addition, the naturally-
occurning or introduced polynucleotide may be constitutively expressed — thereby providing a
model useful in screening for agents which down-regulate expression of an encoded product
of the sequence wherein the down regulation can be at the nucleic acid or expression product

level. Further, to the extent that a polyuucleotide is introduced into a cell, that polynucleotide
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may comprise the entire coding sequence that codes for the PKC-6 or it may comprise a

portion of that coding sequence {(e.g., the active site of the PKC-0) or a portion that regulates
expression of the corresponding gene that encodes the PKC-8 {(e.g., a PKC-0 promoter). For
example, the promoter that is naturally associated with the polynucleotide may be introduced
into the cell that is the subject of testing. In this instance, where only the prometer is utilized,
detecting modulation of the promaoter activity can be achieved, for example, by operably
linking the promoter to a suitable reporter polynucleotide including, but not restricted to,
green fluorescent protein (GFP), luciferase. [3-galactosidase and catecholamine acetyl
transterase (CAT). Modulation of expression may be determined by measuring the activity

associated with the reporter polynucleotide.

[0513] These methods provide a mechanism for performing high throughput
screening of putative moduolatory agents such as proteinacecus or non-proteinaceous agents
comprising synthetic, combinatorial, chemical and natural libraries. These methods will also
tacilitate the detection of agents which bind either the polynucleotide encoding the target
molecule or which modulate the expression of an upstream molecule, which subsequently
modulates the expression of the polynucleotide encoding the target molecule. Accordingly,
these methods provide a mechanism of detecting agents that either directly or indirectly

modulate the expression or activity of a target molecule according to the invention.

[0514] In alternative embodiments, test agents are screened using commercially
available PKC-8 assays, illustrative examples of which include ADP-Glo™ PK(C-8 Kinase
Assay (Promega Corporation, Madison, W1}, the PKC Theta KinEASE™ FP Floorescein
Green Assay (EMD Millipore, Billerica, MA) and or using the PKC-6 assay disclosed in US
Patent Application Publication UUS2008/0318929.

[05185] Compounds may be further tested in the animal models to identify those
compounds having the most potent in vivo effects. These molecules may serve as “lead
compounds” for the further development of pharmaceuticals by, for example, subjecting the
compounds to sequential modifications, molecular modeling, and other routine procedures

employed in rational drug design.

3. Therapeutic and Prophylactic Uses

[0516] In accordance with the present invention, it is proposed that agents that
inhibits PKC-8 function are pseful as actives for altering at least one of! (i) formation; (it}
proliferation; or (11i) maintenance of a PKC-8-overexpressing cell {e.g., a CS8C or a non-C8C

tumor cell); (iv) EMT of a PKC-8-overexpressing cell (e.g., a CSC); or (v) MET of a PKC-0-

- 168 -



10

_—,
i

WO 2015/039187 PCT/AU2014/050237

overexpressing cell (e.g., a CSC), or for treating or preventing a cancer (e.g., a metastatic
cancer). Thus, PKC-9 inhibitor compounds, in accordance with the present invention, are
useful, suitably in pharmaceutical compositions, for treating or preventing cancers, including
metastatic cancers. As such the present invention contemplates pharmaceutical compositions
for treating, preventing and/or relieving the symptoms of a malignancy, particularly a
metastatic cancer, wherein the compositions comprise an effective amount of a PKC-8

inhibitor and a pharmaceutically acceptable carrier and/or diluent.

[0517]  Any PKC-8 inhibitor can be used in the compositions and methods of the
present invention, provided that the inhibitor is pharmaceutically active. In some
embodiments, the PKC-6 inhibitor is a non-selective PKC-8 inhibitor, In specific
embodiments, the PKC-8 inhibitor is a selective PKC-8 inhibitor, A “pharmaceutically active”
PKC-8 inhibitor is in a form that results in a reduction, impairment, abrogation or prevention
it the (1) formation; (it) proliferation; or (i11) maintenance of a PKC-0-overexpressing cell
{e.g., a CSC or non-CSC tumor cell); or (iv) EMT of a PKC-0-overexpressing cell {e.g., a
CS8C), and/or in the enhancement of (v) MET of a PKC-8-overexpressing cell (e.g., a CSC),
and/or in the treatment and/or prevention of a malignancy, particularly a metastatic cancer,
including the prevention of incurring a symptom, holding i check such symptoms or treating
existing svioptoms associated with the metastatic cancer, when administered to an individual

in need thereof.

[0518] Modes of administration, amounts of PKC- inhibitor administered, and
PKC-8 inhibitor formulations, for use in the methods of the present invention, are routine and
within the skill of practitioners in the art. Whether a malignancy, particularly a metastatic
cancer, has been treated is determined by measuring one or more diagnostic parameters
indicative of the course of the disease, compared to & suitable control, In the case of an animal
experiment, a “suitable control” 18 an animal not treated with the PKC-8 inhibitor, or treated
with the pharmaceutical composition without the PKC-8 inhibitor. In the case of a human
subject, a “suitable control” may be the individual before freatment, or may be a human {e.g,
an age-matched or similar control) treated with a placebo. In accordance with the present
invention, the treatment of a metastatic cancer includes and encompasses without limitation:
(1) impairing, abrogating, reducing, preventing, or arresting the development of, the (i)
formation; (i1) proliferation; (iil) maintenance; or {iv) EMT of 4 PKC-8-overexpressing cell
(e.g., a C8C), or enhancing MET of a PKC-8-overexpressing cell (e.g., a CSC), in a patient;
(2) treating a cancer (e.g., a metastatic cancer) in a subject; (3} preventing a cancer (e.g., a
metastatic cancer) in a subject that has a predisposttion to the cancer but has not yet been
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diagnosed with the cancer and, accordingly, the treatment constitutes prophylactic treatment

of the cancer; or (111} causing regression of a cancer (e.g., a metastatic cancer),

[0519]  The compositions and methods of the present invention are thus suitable for
treating an individual who has been diagnosed with a cancer (e.g.. a metastatic cancer), who is
suspected of having a cancer (e.g., a metastatic cancer), who is known to be susceptible and
who 15 considered likely te develop a cancer (e.g., a metastatic cancer), or who is considered
likely to develop a recurrence of a previously treated cancer (e.g., a metastatic cancer). The
cancer (e.g., a metastatic cancer) may be hormone receptor positive or hormone receptor
negative. In some embodiments, the cancer (e.g., a metastatic cancer) is hormone receptor
negative and is thus resistant to hormone or endocrine therapy. In some embodiments in
which the cancer is breast cancer, the breast cancer (e.g., the non-breast CMC tumor cells) is
hormone receptor negative (e.g., estrogen receptor (ER) negative and/or progesterone receptor

(PR) negative).

[0520] In some embodiments, and dependent on the intended mode of
administration, the PKC-8 inhibitor-containing compositions will generally contain about
0.000001% to 90%, about 0.0001% to 30%, or about 0.01%% to about 25%, by weight of PKC-
8 inhibitor, the remainder being suitable pharmaceutical carriers or diluents etc. The dosage of
the PKC-8 ihibitor can depend on a variety of factors, such as mode of administration, the
species of the affected subject, age, sex, weight and general health condition, and can be
easily determined by a person of skill in the art using standard protocols. The dosages will
also take into consideration the binding affinity of the PKC-8 inhibitor to its target molecule,
its bioavailability and its i vivo and pharmacokinetic properties. In this regard, precise
amounts of the agents for administration can also depend on the judgment of the practitioner.
In determining the effective amount of the agents to be administered in the treatment or
prevention of a cancer (e.g., a metastatic cancer), the physician or veterinarian may evaluate
the progression of the disease or condition over time. In any event, those of skill in the art
may readily determine snitable dosages of the PKC-8 inhibitor without undue
experimentation. The dosage of the actives administered to a patient should be sufficient to
effect a beneficial response in the patient over time such as reduction, impairment, abrogation
or prevention in the (i) formation; (i1) proliferation; {ii1) maintenance; or (iv) EMT of a PKC-
B-pverexpressing cell (e.g., a C8C), and/or in the enhancement of (v) MET of a PK(C-8-
overexpressing cell (e.g., a C8C), and/or in the treatment and/or prevention of a cancer (e.g., a
metastatic cancer). The dosages may be administered at suitable intervals to ameliorating the
symptoms of the hematologic malignancy. Such intervals can be ascertained using routine
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procedures known to persons of skill in the art and can vary depending on the type of active

agent employed and its formulation. For example, the interval may be daily, every other day,

weekly, fortnightly, monthly, bimonthly, quarterly, half-yearly or yearly.

[0521]) Dosage amount and interval may be adjusted individually to provide plasma
levels of the active agent, which are sufficient to maintain PKC-8-inhibitory effects. Usual
patient dosages tor systemic administration range from 1-2000 mg/day, commonly from 1-
230 mg/day, and typically from 10-150 mg/day. Stated in terms of patient body weight, usual
dosages range from 0.02-25 mg/kg/day, commonly from 0.02-3 mg/kg/day, typically from
0.2-1.5 mgrkg/day. Stated in terms of patient body surface areas, usual dosages range from

0.5-1200 mg/m*/day, commonly from 0.5-150 mg/m™/day, typically from 3-100 mg/m%day.

[0522]  In specific embodiments of the present invention, inhibition of PKC-0 by
the PK.C-0 inbibitor will result in reduced formation, proliferation, maintenance or EMT of
CSC (e.g&, breast cancer CSC), or in enhanced MET of CSC {e.g., breast cancer CSC), which
will in turn result in fewer non-CSC turnor cells differentiating from the CSC and in more
effective treatment of non-CSC tumor cells with a cancer therapy or agent. Thus, the present
invention further contemplates administering a PKC- inhibitor concurrently with at least one
cancer therapy that inhibits the proliferation, survival or viability of nen-CMC tumor cells.
The PKC-8 inhibitor may be used therapeuntically after the cancer therapy or may be used
before the therapy is administered or together with the therapy. Accordingly, the present
invention contemplates combination therapies, which employ a PKC-6 mhibitor and
concurrent administration of an cancer therapy, non-limiting examples of which include
radiotherapy, surgery, chemotherapy, hormone ablation therapy, pro-apoptosis therapy and

immunaotherapy.

3.1 Radiotherapy
[0523] Radiotherapies include radiation and waves that induce DNA damage for
example, y-trradiation, X-rays, UV irradiation, microwaves, electronic emissions,
radioisotopes, and the like. Therapy may be achieved by irradiating the localized tumor site
with the above described forms of radiations. It is most likely that all of these factors effect a
broad range of damage DNA, on the precursors of DNA, the replication and repair of DNA,

and the assembly and maintenance of chromosomes.

[0524] Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens for

prolonged periods of time (3 to 4 weeks), to single doses of 2000 to 8000 roentgens. Dosage
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ranges for radicisotopes vary widely, and depend on the half life of the isotope, the strength

and type of radiation emitted, and the uptake by the neoplastic cells.

[0525] Non-limiting examples of radiotherapies include conformal external beam
radiotherapy (50-100 Grey given as fractions over 4-8 weeks), either single shot or
fractionated, high dose rate brachytherapy, permanent interstitial brachytherapy, systemic
radio-isotopes (e.g., Strontium 89). In some embodiments the radiotherapy may be
administered in combination with a radiosensitizing agent. lHlustrative examples of
radiosensitizing agents include but are not limited to efaproxiral, etanidazole, fluosol,

misonidazole, nimorazole, temoporfin and tirapazamine.

3.2 Chemotherapy
[0526] Chemotherapeutic agents may be selected from any one or more of the

following categories:

[527] (i) antiproliferative/antineoplastic drugs and combinations thereof, as used
in medical oncology, such as alkylating agents (for example cis-platin, carboplatin,
cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan and nitrosoureas);
antimetabelites {for example antifclates such as fluorepyridines like S-fluorouracil and
tegatur, raltittexed, methotrexate, cytosine arabinoside and hydroxyurea; anti-tumor
antibiotics (for example anthracvelines like adriamyein, bleomyein, doxorubicin,
daunomycin, epirubicin, idarubiein, mitomycin-C, dactinomyecin and nuthramycin);
antimitotic agents (for example Vinca alkaloids like vincristine, vinblastine, vindesine and
vinorelbine and taxoids like paclitaxel and docetaxel; and topoisomerase inhibitors (for
example epipodophyllotoxing like etoposide and tenipostde, amsacrine, topotecan and

camptothecin);

[0528] (i) cytostatic agents such as antiestrogens {for example tamoxifen,
toremifene, raloxifene, droloxifene and idoxifene}, oestrogen receptor down regulators (for
example fulvestrant), antiandrogens (for example bicalutamide, flutamide, nilutamide and
cyproterone acetate), UH antagonists or LHRH agonists (for example goserelin, leuprorelin
and buserelin), progestogens (for example megestrol acetate), aromatase inhibitors (for
example as anastrozole, letrozole, vorozole and exemestane) and inhibitors of Sa-reductase

such as tinasteride;

[0529] (iii) agents which inhibit cancer cell invasion {for example
metalloproteinase inhibitors like marimastat and inhibitors of urokinase plasminogen activator
receptor function),
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[0530] (iv) inhibitors of growth factor function, for example such inhibiters inclode

growth factor antibodies, growth factor receptor antibodies (for example the anti~erbb2
antibody trastuzumab [Herceptin™] and the anti-erbb] antibody Cetuximab [C225]), farnesyl
transferase inhibitors, MEK inhibitors, tyrosine kinase inhibitors and serine/threoning kinase
inhibiters, for example other inhibitors of the epidermal growth factor family (for example
other EGFR family tyrosine kinase inhibifors such as N-(3-chlorg-4-fluorophenyl)-7-
metheoxy-0~(3-morpholinopropoxy yquinazolin-4- -amine (Gefitinib, AZD1839), N-(3~
ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (Erlotinib, O81-774) and 6~
acrylamido-N-(3-chloro-4-fluorophenyl }-7-(3-morpholinopropoxy)quinazoli-n-4-amine (CI
1033)), for example intubitors of the platelet-derived growth factor family and for example

inhibitors of the hepatocyte growth factor family;

[0831] (v) anti-angiogenic agents such as those which inhibit the effects of vascular
endothelial growth factor, (for example the anti-vascular endothelial cell growth factor
antibody bevacizumab [Avastin™], compounds such as those disclosed in International Patent
Applications WQ 97/22596, WO 97/30035, WO 97/32856 and WQ 98/13354) and
compounds that work by other mechanisms (for example linomide, inhibitors of integrin avp3

function and angiostatin;

[0532] (vi)vascular damaging agents such as Combretastatin A4 and compounds
disclosed in International Patent Applications WO 99/02166, WOO/40529, WO 00/41669,
W001/92224, WO02/04434 and WQO02/08213;

[0533] (vii) antisense therapies, for example those which are directed to the targets

listed above, such as ISIS 2503, an anti-ras antisense; and

[0534] (viil) gene therapy approaches, including for example approaches to replace
aberrant genes such as aberrant p53 or aberrant GDEPT (gene-directed enzyme pro-drug
therapy) approaches such as those using cytosing deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or

radiotherapy such as multi-drug resistance gene therapy.

3.3 Immunoctherapy

[0535] Immunotherapy approaches, include for example ex-vivo and in-vive
approaches to increase the immunogenicity of patient tumor cells, such as transfection with
cvtokines such as interleukin 2, interfeukin 4 or granulocyte-macrophage colony stimulating
as cytokine-transfected dendritic cells, approaches using cytokine-transtected tumor cell lines
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and approaches using anti-idiotvpic antibodies. These approaches generally rely on the use of

immune effector cells and molecules to target and destroy cancer cells. The immune effector
may be, for example, an antibody specific for some marker on the surface of a malignant cell.
The antibody alone may serve as an effector of therapy or it may recruit other cells to actually
facilitate cell killing. The antibedy also may be conjugated to a drug or toxin
{chemotherapeutic, radionuclide, ricin A chain, cholera toxin, perfussis toxin, etc.) and serve
merely as a targeting agent. Alternatively, the effector may be a lymphocyte carrying a
surface molecule that interacts, either directly or indirectly, with a malignant cell target.

Various effector cells include cytotoxic T cells and NK cells.

3.4 Other Therapies

[0536] Examples of other cancer therapies include photatherapy, cryotherapy, toxin
therapy or pro-apoptosis therapy. One of skill in the art would know that this list is not
exhaustive of the types of treatment modalities available for cancer and other hyperplastic

{estons.

[0537]  Itis well known that chemotherapy and radiation therapy target rapidly
dividing cells and/or disrupt the cell cycle or cell division. These treatments are offered as
part of the treating several forms of cancer, aiming either at slowing their progression or
reversing the symptoms of disease by means of a curative treatment. However, these cancer
treatments may lead to an immunocompromised state and ensuing pathogenic infections and
thus the present invention also extends to combination therapies, which employ both a PKC-8
inhibitor, a cancer therapy and an anti-infective agent that is effective against an infection that
develops or that has an increased risk of developing from an immunocompromised condition
resulting from the cancer therapy. The anti-infective drug is suttably selected from
antimicrobials, which include without limitation compounds that kill or inhibit the growth of
microorganisms such as viruses, bacteria, yeast, fungi, protozoa, ete. and thus include
antibiotics, amebicides, antifungals, antiprotozoals, antimalarials, antituberculotics and
antivirals. Anti-infective drugs also include within their scope anthelmintics and nematocides.
Nustrative antibiotics include quinolones {e.g., amifloxacin, cinoxacin, ciprofloxacin,
enoxacin, fleroxacin, flumequine, lomefloxacin, nalidixic acid, narfloxacin, ofloxacin,
fevofloxacin, lomefloxacin, oxolinic acid, pefloxacin, rosoxacin, temafloxacin, tosufloxacin,
sparfloxacin, clinafloxacin, gatifloxacin, moxifloxacin; gemifloxacin; and garenoxacin),
tetracyclines, glyeyleyclines and oxazolidinones (e.g., chlortetracycline, demeclocycline,
doxycycline, lymecycline, methacycline, minocycline, oxytetracycline, tetracycline,

tigecycline; linezolide, eperezolid), glycopeptides, annnoglveosides (e.g., amikacin,
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arbekacin, butirasin, dibekacin, fortimicing, gentamicin, kanamycin, menomycin, netilnucin,
ribostamycin, sisomicin, spectinomycin, streptomycin, tobramycin), fi-lactams (e.g.,
imipenem, meropenem, biapenem, cefaclor, cefadroxil, cefamandole, cefatrizine, cefazedone,
cefazaolin, cefixime, cefmenoxime, cefodizime, cefonicid, cefoperazone, cetforanide,
cefotaxime, cefotiam, cefpimizole, cetpiramude, cefpodoxime, cefsulodin, ceftazidime,
cefteram, ceftezole, ceftibuten, ceftizoxime, ceftriaxone, cefuroxime, cefuzonam,
cephaceirile, cephalexin, cephaloglycin, cephaloridine, cephalothin, cephapirin, cephradine,
cefinetazole, cefoxitin, cefotetan, azthreonam, carumonam, flomoxef, moxalactam,
amdinocillin, amoxicilhing ampicillin, azlocilhn, carbenicillin, benzylpenicilling carfecillin,
cloxacillin, dicloxacillin, methicillin, mezlocillin, nafeillin, oxacillin, peaicillin G,
piperacillin, sulbenicillin, temocillin, ticarcillin, cefditoren, SCO04, KY -020, cefdinir,
ceftibuten, FK-312, §-1090, CP-0467, BK-218, FK-037, DQ-2536, FK-518, cefozopran,
ME1228, KP-736, CP-6232, Ro 09-1227, OPC-20000, LY206763), rifamycins, macrolides
(e.g., azithromycin, clarithromycin, erythromyein, oleandomycin, rokitamyein, rosaramicin,
roxithrontyein, troleandomycin), ketolides {e.g., telithromyein, cethromycin), coumermycins,

hncosamides {2.g., clindamycin, lincomayein) and chloramphenicol.

[0538]  1lustrative antivirals include abacavir sulfate, acyclovir sodium, amantadine
hydrochloride, amprenavir, cidofovir, delavirdine mesylate, didanosine, efavirenz,
famciclovir, fomivirsen sodium, foscarnet sodium, ganciclovir, indinavir sulfate, lamivudine,
lamivudine/zidovudine, nelfinavir mesylate, nevirapine, oseltamivir phosphate, ribavirin,
rimantadine hydrochlonde, ritonavir, saguinavir, saquinavir mesvlate, stavudine, valacyclovir

hydrochloride, zalcitabine, zanamivir, and zidovudine.

[0539] Non-limiting examples of amebicides or antiprotozoals include atovaquone,
chloroguine hydrochloride, chloroguine phosphate, metronidazole, metronidazole
hydrochloride, and pentamidine isethionate. Anthelmintics can be at least one selected from
mebendazole, pyrantel pamoate, albendazole, ivermectin and thiabendazole. IHustrative
antifungals can be selected from amphotericin B, amphotericin B cholesteryl sulfate complex,
amphotericin B lipid complex, amphotericin B liposomal, fluconazole, flucytosine,
griseofulvin microsize, griseofulvin ultramicrosize, itraconazole, ketoconazole, nystatin, and
terbinafine hvdrochloride. Non-limiting examples of antimalarials include chloroquine
hydrochloride, chlorequine phosphate, doxycycline, hyvdroxychloroquine sulfate, mefloquine
hydrochloride, primaquine phosphate, pyrimethamine, and pyrimethamine with sulfadoxine.

Antituberculotics include but are not restricted to clofazimine, cycloserine, dapsone,
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cthambutel hydrochloride, isoniazid, pyrazinamide, rifabutin, rifampin, rifapentine, and

streptomyein sulfate.

[0540]]  As noted above, the present invention encompasses co-administration of an
PRC-8 mhibitor in concert with an additional agent. I will be understood that, in
embodiments comprising administration of the PKC-0 inhibitor with other agents, the dosages
of the actives in the combination may on their own comprise an effective amount and the
additional agent(s) may further augment the therapeutic or prophylactic benefit to the patient.
Alternatively, the PKC-8 inhibitor and the additional agent({s) may together comprise an
effective amount tor preventing or treating the cancer (¢.g., metastatic cancer). It will also be
understood that effective amounts may be defined in the context of particular treatment
regimens, including, e.g., timing and number of administrations, modes of administrations,
formulations, etc. In some embodiments, the PKC-8 inhibitor and optionally the cancer
therapy are administered on a routine schedule. Alternatively, the cancer therapy may be
adnministered as symptoms arise. A “routine schedule” as used herein, refers to a
predetermined designated period of time. The routine schedule may encompass periods of
time which are identical or which differ in length, as long as the schedule is predetermined.
For instance, the routine schedule may nvolve admimstration of the PKC-0 inhibitor on a
daily basis, every two days, every three days, every tour days, every five days, every six days,
a weekly basis, a monthly basis or any set number of davs or weeks there-between, every two
months, three months, four months, five months, six months, seven months, eight months,
nine months, ten months, eleven months, twelve months, etc. Alternatively, the predetermined
routing schedule may tnvolve concurrent administration of the PKC-8 whibitor and the cancer
therapy on a daily basis for the first week, followed by a monthly basis for several months,
and then every three months after that. Any particular combination would be covered by the
routine schedule as long as it is determined ahead of time that the appropriate schedule

involves administration on g certain day.

[0541]  Additionally, the present invention provides pharmaceutical compositions
for reducing, impairing, abrogating or preventing the (i) formation; {ii) proliferation; (iii)
maintenance; or {iv} EMT of a PKC-8-overexpressing cell (e.g., a C8C), and/or for enhancing
{(v) MET of a PKC-8-overexpressing cell {e.g., a CSC), and for preventing or treating
malignancies, particalarly metastatic cancers, which comprise a PKC-8 inhibitor and
optionally a cancer therapy agent useful for treating malignancies. The formulations of the
invention are administered in pharmaceutically acceptable solutions, which may routinely
contain pharmaceutically acceptable concentrations of salt, buffering agents, preservatives,
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compatible carriers, adjuvants, and optionally other therapeutic ingredients, Depending on the

spectfic conditions being treated, the formulations may be admimstered systemically or
locally. Techniques for formulation and administration may be found in “Remington’s
Pharmaceutical Sciences,” Mack Publishing Co., Easton, Pa., latest edition. Suitable routes
may, for example, include oral, rectal, transmucosal, or intestinal administration; parenteral
delivery, including intramuscular, subcutaneous, intramedullary injections, as well as
intrathecal, direct intraventricular, intravenous, intraperitoneal, intranasal, or intraocular
injections. For injection, the active agents or drugs of the invention may be formulated in
aqueous solutions, suitably in physiologically compatible buffers such as Hanks™ solution,
Ringer’s solution, or physiological saline buffer. For transmucosal admintstration, penetrants
appropriate to the barrier to be permeated are used in the formulation. Such penetrants are

generally known in the art.

[0542]  The drugs can be formulated readily using pharmaceutically acceptable
carriers well known in the art into dosages sujtable for oral administration. Such carriers
enable the compounds of the invention to be formulated in dosage forms such as tablets, pills,
capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient
to be treated. These carriers may be selected from sugars, starches, cellulose and its
derivatives, malt, gelatin, tale, calcium sulfate, vegetable otls, synthetic ols, polyols, alginic

actd, phosphate buftered solutions, emulsifiers, isotonic saling, and pyrogen-tree water,

[0543]  Pharmaceutical formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form. Additionally, suspensions of the
active compounds may be prepared as appropriate cily injection suspensions. Suitable
lipophilic solvents or vehicles include fatty oils such as sesame oi, or synthetic fatty acid
esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may
contain substances, which increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents, which increase the solubility of the compounds to allow for the

preparation of highly, concentrated solutions.

[0544] Pharmaceutical preparations for oral use can be obtained by combining the
active compounds with solid excipient, optionally grinding a resulting mixture, and
processing the mixture of granules, after adding suitable auxiliaries, if desired, to obtain
tablets or dragee cores. Suitable excipients are, in particular, fillers such as sugars, including
lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as. | for example, maize

starch, wheat starch, rice starch;, potato starch, gelatin, gum tragacanth, methyl cellulose.
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hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, or polyvinylpyrrolidone

(PVP). If desired, disintegrating agents may be added, such as the cross-linked polyvinyl
pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate. Such compaesitions
may be prepared by any of the methods of pharmacy but all methods include the step of
bringing into association one or more drugs as described above with the carrier, which
constitutes one or more necessary ingredients. In general, the pharmaceutical compositions of
the present invention may be manufactured in a manner that is itself known, e.g, by means of
conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying,

encapsulating, entrapping or lyvophilizing processes.

[0543]  Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum arabig, tale,
polyvinyl pyrrolidone, carbopol gel, polyethylene glycal, or titanium dioxide, lacquer
solutions, and suitable organic solvents or solvent mixtures. Dyestuifs or pigments may be
added to the tablets or dragee coatings for identification or to characterize ditferent

combinations of active compound doses.

[0546] Pharmaceutical which can be used orally include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or
sorbitol. The push-fit capsules can contain the active ingredients in admixtare with filler such
as lactose, binders such as starches, or lubricants such as talc or magnesium stearate and,
optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended
iy suitable liquids, such as fatty oils, liquid paraffin, or liquid polvethylene glycols. In

addition, stabilizers may be added.

[0547] Dosage forms of the drugs of the invention may also include injecting or
implanting controlled releasing devices designed spectfically tor this purpose or other torms
of implants modified to act additionally i this fashion, Controlled release of an agent of the
invention may be achieved by coating the same, for example, with hydrophobic polymers
including acrvlic resins, waxes, higher aliphatic aleohols, polviactic and polyglycolic acids
and certain cellulose derivatives such as hydroxypropvimethyl cellulose. In addition,
controlled release may be achieved by using other polymer matrices, lippsomes or

microspheres.

[0548]  The drugs of the invention may be provided as salts with pharmaceutically
compatible counterions. Pharmaceutically compatible salts may be formed with many acids,

including but not limited to hydrochlorie, sulfuric, acetic, lactic, tartaric, malic, succinic, efe.
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Salts tend to be more soluble in aqueous or other protonic solvents that are the corresponding

free base forms.

[0549]  For any compound used in the method of the invention, the therapeutically
effective dose can be estimated initially from cell culture assays. For example, a dose can be
formulated in animal models to achieve a circulating concentration range that includes the
IC50 as determined in cell culture (e.g., the concentration of an active agent, which achieves a
half-maximal inhibition in activity of a PKC-8 polypeptide). Such information can be used to

more accurately determine useful doses in humans.

[0550]  Toxicity and therapeutic efficacy of such drugs can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LDSO (the dose lethal to 50% of the population} and the EDSC (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LDSO/EDSO.
Compounds that exhibit large therapeutic indices are preferred. The data obtained from these
cell culture assays and animal studies can be used in formulating a range of dosage for use in
human. The dosage of such compounds lies preferably within a range of circulating
concentrations that include the ED50 with little or no toxicity. The dosage may vary within
this range depending upon the dosage form emploved and the route of administration utilized.
The exact formulation, route of administration and dosage can be chosen by the individual
physician in view of the patient’s condition. (See for example Fingl ef af, 1975, in “The

Pharmacological Basis of Therapeutics™, Ch. 1 pl}).

[0551]  Alternately, one may administer the compound in a local rather than
systemic manner, for example, vig injection of the compound directly into a tissue, which 1s

preferably subcutaneous or omental tissue, often tn a depot or sustained release formulation.

[0552]  Furthermore, one may administer the drug in a targeted drug delivery
system, for example, in a particle, which is suitably targeted to and taken up selectively by a
cell or tissue. In some embodiments, the PKC-8 inhibitor is contained or otherwise associated
with a vehicle selected from the group consisting of liposomes, micelles, dendnimers,
biodegradable particles, artificial DNA nanostructure, lipid-based nanoparticles, and carbon
or gold nanoparticles. Tn illustrative examples of this type, the vehicle selected from the group
consisting of Poly(lactic acid) (PLA), Poly({glycolic acid) (PGA); polymer poly(lactic-co-
glyeolic acid) (PLGA); poly(ethylene glycol) (PEG), and PLA-PEG copolymers, or any

combinations thereat.
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[0553]  In cases of local administration or selective uptake, the effective local

concentration of the agent may not be related to plasma concentration,

[0554]  In order that the invention may be readily understood and put into practical
effect, particular preferred embodiments will now be described by wav of the following non-

limiting examples.
EXAMPLES
EXAMPLE |

PKC PATHWAY: EMT anp CSC

[0555] PKC pathway is associated by EMT and CSC utilizing a variety of cellular
assays. First, PKC pathway inducer, PMA caused highest EMT changes as observed by
morphological changes (Figure 1 A and B), EMT marker-Laminin-8"s intracellular staining
(Figure 1 B) and wound healing (Migration assays) (Figure 1 C) in MCF-IM model. Second,
PKC 1s active in both cytoplasm and nuclet in the MCF-IM and basal/metastatic model
(Figure 1 D). Third, induction of PKC pathway by PMA results in the generation of
CD44"™CD24°%.CSC like cells as observed by flow cytometry (FACS) analysis (Figure 1 E
and F), mammosphere assay (Figure 1 G) and transeript analysis of (SC-inducible genes
{(Figure 1 H) and microRNAs (Figure 1 I).

[0556]  Owerall these results show that PKC pathway 1s important for EMT and

CSC formation.
EXAMPLE 2
INHIBITION OF PKC ACTIVITY REDUCES EMT AND CSU FORMATION

[0557] Broad spectrum PKC pathway inhibitor results in inhibition of EMT and
CSC formation in MCF-IM model as monitored by morphology (Figure 2 A), FACS (Figure
2 B & C), mammosphere assay (Figure2 D & E) and transcript analysis of CSC-inducible
genes (Figure 2 F & ) and also in basal metastatic model (Figure 2 I, T & K). In contrast, pre-
incubation with Go6976, a conventional PKC inhibitor did not prevent PMA-induced EMT-ike
morphological changes or CSC formation (Figure 2 C & H).

[0558] Overall these results show that PKC activity is essential for EMT and CSC

formation.
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EXAMPLE 3

INHIBITION OF PKC-0 SIGNALING AND NUCLEAR EFFECT RESULTS IN ABOLISHMENT OF
EMT anp CSC
[0559]  PKC-8 specific peptide inhibitor abolishes EMT and CSC as monitored by

morphology (Figure 3 A), FACS (Figure 3 B) and transcript analysis (Figure 3 C) in MCF-IM
model. Knockdown of PKC-8 but not PKC-P results in inhibition of EMT and CSC in MCF-
IM model (Figure 3 D, E & F). Over-expression of PKC-8 NLS (Nuclear Localization Signal)
mutation reduces entry of PKC-0 in nucleus and therefore results in reduction of EMT and
CSC effects in comparison to effect of PKC-8 Wild type vector in MCF-IM model (Figure 3
G Haod )

[0560]  Overall these results show that PKC-8 is the master-regulator of EMT and

CSC formation. In addition, nuclear PKC-0 is imaportant for EMT and CSC formation.
EXAMPLE 4
DIRECT BINDING OF NUCLEAR PKC-8 ON INDUCIBLE GENE PROMOTERS IN CSC

[0561] Chromatin immune-precipitation assay {(ChIP) PKC-0 showed that PKC-8
directly tethers to the promoter of CSC inducible genes CD44 in various CSC models (Figure
4 A). Active form of PKC-8 (PKC-8-phospho) associates with chromatin on C5C inducible
genes-uPAR and CD44 in MCE-IM model (Figure 4 B & C) and this active form is present in
the active transcription mark RNA Polymerase-11 (Pol IT) (Figure 4 D). PKC inhibitor and

knockdown of PKC-8 results in reduction of binding of PKC-0 on the CD44 gene promoter.

[0562]  Owerall these results show that active PKC-8 1s the epigenetic regulator of
EMT and CSC formation.

EXAMPLE §

NUCLEAR ACTIVE PKC-0 : A MARKER OF INVASIVE BREAST CANCER

[0563]  Clinical relevance of PKC-8 in breast cancer progression was analysed by
investigating PKC-8 protein expression in normal breast tissue and invasive breast cancers
from patients. Strong cytoplasmic expression of PKC-8 in ER/PR™/ Her-2" invasive cancer
subtype was observed when compared to breast tissue from healthy individuals. Additionally,
ER/PR/ Her-2" invasive cancer subtype had faint nuclear staining of active-PKC-8 (Figure 5).
All breast cancer types showed weak cytoplasmic immune-reactivity for active-PKC-6 with
strong nuclear staining seen in the breast cancer cells undergoing mitosis regardless of

recepior status.
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[0564]  Overall these results show that active PKC-6 in nuclet is a diagnostic marker

of aggressive/ invasive breast cancer,
EXAMPLE 6

ATP-COMPETITIVE PKC-8 SPECIFIC INHIBITOR, COMPOUND 27 PREVENTS CSC
FORMATION IN MCF-IM AND SIGNALING ¥4 PKC-8 1S A PRE-REQUISITE FOR NF-KB
ACTIVITY.

[0565] A novel, highly selective ATP-competitive PKC-0 specific inhibitor,
compound 27 (C27) (himenez, J.-M. e ¢l , 2013, Design and optimization of selective protein

kinase C theta (PKCtheta) inhibitors for the treatment of autoimmune diseases. Journal of
Medicinal Chemistry 56:1799-1810.) abrogated PKC-0 activity both in in-vitro PKC-0
activity assay (Figure 6A) and in nuclear and ceflular extracts generated from MCFE-IM pre-
treated with C27 (Figure 6B and C). €27 also abolished CSC formation as measured by
FACS (Figure 6C) and transcription of CSC inducible genes (Figure 6D). Furthermore, C27
significantly decreased p30 and p63 nuclear activity (Figure 6E and F), suggesting that PKC-6

also signals to NF-kB proteins in the mesenchymal state.

[0566] Immunoblotting analysis of nuclear extracts from MCF-IM was carried out
with anti-phospho p6S (serine-408) antibodies. p65-phosphorylated at serine 468 (p65-P-468)
was induced following stimulation and this phosphorylation was inhibited in the presence of
C27 (Figure 6G). However, immunoblotiing with pan-p63 antibody revealed that C27 also
inhibited p65 abundance in the nuclel of both epithelial and mesenchymal state (Figure 6H).
On the other hand, global accumulation of p65 was observed in the cytoplasmic fraction of
C27 treated epithelial and mesenchymal cells derived from the MCF-IM (Figure 61).
Collectively, this suggests that PKC-0 activity is possibly required globally for both
maintaining p6S in the nucleus and also for its phosphorylation at a key active site (serine

468) of this transcription factor.

[0567] PKC-8 halfway ChIP on MCF-IM nuclear extracts showed an association
between endogenous PKC-0 and p65 or RNA Pol [T (Figure 5J). Hence, nuclear PKC-0 exists
in the proximity of NF-kB and the active transcription complex in a mesenchymal state.

[0568]  Owerall, these data suggest that ATP-Competitive PKC-0 specitic inhibitor,

compound 27 prevents CSC formation and active PKC-8 collaborates with active NEF-xB

farmily members.
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CrLL CULTURE AND SEPARATION OF CSC FROM NOSC

[0569]  The adherent human mammary adenocarcinoma MCOF-7 and MDA-MB-231
cells were cultured in low glucose DMEM (Gibeo) and both supplemented with 10% FCS,
2mM L-glutamine and 0.1% PSN antibiotics. Cells were stimulated with 0.65 ng/ml of
phorbel 12-myristate 13-acetate (PMA) (Sigma-Aldrich) or 20 ng/ml of TGF-R (R&D
systems) for the times indicated. For Bisindolylmaleimide-~! (Calbiochem) or PKC-8 peptide
inhibitor (Calbiochem) studies, cells were pre-treated with 1 pM or 30 uM of inhibitor
respectively for 1 h prior to stimulation in MCF-7 cells. In case of MDA-MB-231, cells were

treated with 4 uM or 30 pM Bisindolylmaleimide-I or PKC-8 peptide inhibitor respectively.

[0570] To separate C8C from non-CSC {(NCSC}, florescence activated cell sorting
(FACS} was performed on single-cell suspensions that were stained with anti-CD44-APC
(559942, BD Biosciences) and anti-CD24-PE antibodies (535428, BD Biosciences) along
with Hoechst 33258 to monitor cell viability. As used throughout this work, CSC are
defined by minority CD44M* /024" whereas NCSC are defined by rest of the cell

populations.

[05871] Mammosphere culture media components were purchased from
StemCell Technologies and mammosphere assays were performed as recommended by
the manufacturer's guidelines, Briefly, 40,000 cells/2 ml cell dilutions were then prepared
and 2 ml of cells were seeded in the & well-ultralow adherent, flat bottom plates
{Costar). Mammospheres larger than 60 pm were counted per well on day 7 and pictures
were taken.

PHASE CONTRAST MICROSCOPY

[0572]  phase contrast micrascopy was petformed where cells were viewed at x 4
magnification {wound healing assay) or x 10 magnification {EMT) using an Olvmpus
tluorescence 1X71 microscope (Olympus) and images were captured using DPController
software (2002 Olympus Optical Co. LTD) and analysed using Photoshop €83 (Adobe

Svstems Ing.). Scans were taken with a 10 pm scale bar,

WouUND-HEALING ASSAY

[0573] MCF-7 cell manclayer was wounded with a sterile plastic tip. Cells were
washed twice with PBR and once with DMEM. Reference marks were created on the dish for

each well and a time zero image was acquired by microscopy. Cells were treated with PMA
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{0.65 ng/ml) for 60 hr and a second image was taken in the matched region. The edges of two

sides of wound monolayer were drawn and overlapped using Photoshop CS3 (Adobe Systerus
Inc.).
PrAsSMIDS
[0574] Within the full length PKC-8 wild type gene sequence the nuclear

localization site (N1.S) was mutated and were cloned into the pTracer-CMV vector in frame

with a C-terminal HA-tag as described before (Sutcliffe et of., 2012. Front Immunol, 3:260).

PRIMERS

[8575]  Huoman TagMan™ primer sets used were: CD44, Hs00153304, CD24,
Hs002735361, uPAR, Hs00182181, Laminin-5, Hs00194333, Zeb-1, Hs00611018,
Fibronectin, Hs00415006 and Integrin-B. Hs00168458 (Applied Biosystems). Primers used
for SYBR Green real-time PCR are: Zeb] (sense: 57°-
GTGCTGTAAGTGCCATTTCTCAGTA-3™ and antisense: 5=
CAAGAGACAAATCAACAAATGCTAGTT-3") and Cyclophilin A {sense: 5°-
CTCCTTTGAGCTGTTTGCAG-3" and antisense; S"-CACCACATGCTTGCCATCC-3").

TRANSFECTION CONDITIONS
[0576]  Human PKC-0 siRNA {s¢-36252), pS0 siIRNA (sc-44211} and p65 siRNA (s¢-
44212} were purchased from Santa Cruz Biotechnologies and forward transfections with 100M

siIRNA were performed by using Lipofectamine 2000 (Invitrogen).

ToTAL RNA ISOLATION AND QUANTITATIVE REAL-TIME PCR ANALYSIS
[0577] Total RNA was extracted using TRIzol® Reagent (Invitrogen) and first
strand cDNA was synihesized using the Superseript™ Il RNase H- reverse transcriptase kit
(Invitrogen). TagMan® Gene Expression Assayvs and SYBR. Green real-time PCR were
performed as previously described (Sutchiffe ef al | 2009, Molecular and Cellular Biology. 29
1972-86), MicroRNA assays were performed with the TagMan® MicroRNA Reverse
Transcription Kit {ABI 4366596) and the data were normalized to RNU6B as previously

described in Sutcliffe ef gl (2010, Molecular Cell. 41: 704-719).
CHIP AND SEQUENTIAL CHIP ASSAYS

[0578]  ChiP butfers were purchased from Upstate Biotechnology and ChIP assays
were performed according to the protocol supplied by Upstate Biotechnology as previously
described (Sutcliffe ef al, 2011, Molecular Cell. 41: 704-719 ). Antibody vused were: Anti-
PK.C-0 (Santa Cruz, sc-212), Anti-PKC-0 Phospho s695 (Abcam, ab76568) and Pol 1 ¢-21
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{Abcam, ab817). Promoter primers used for RT-PCR were human CD44 (Fwd:
TGAGCTCTCCCTCTTTCCAL, Rev: TTGGATATCCTGGGAGAGGA), uPAR (Fwd;
GGGAAGCAAAGCAAGGGTTA, Rev: GTTTTGTCAGGAGGGATACTGG) and [L-6
(Fwd: CTCACCCTCCAACAAAGATTT, Rev: CAGAATGAGCCTCAGACAT(Q).

Sequential ChIP assays performed as described previcusly by Suteliffe esal, (2011,
Molecular Cell 41: 704-719) .
PKC ACTIVITY ASSAY

[0579] PKC activity assay were purchased from Enzo Life Sciences (DI-EKS-
420A) and assays were performed according to the manufacture’s protocol as previously
described (Sutcliffe, 2012, supra).

IMMUNOFLUORESCENCE

[0580]  The immunchistochemistry was performed on Bond automated system
{Vision Biosystems}, following a standard protocol. In brief, 5uM tissue sections were
dewaxed, rehydrated though graded alcohol, and stained separately with anti-PKC-0 or anti-
PKC-0 phospho antibadies (as described in 0539). Heat retrieval for 28 min at pH 8 was used.
The Chromogen Fast Red (Leica Biosystems) and DAKO Enviston kit were used to visualize
the signals. Haematoxylin counterstain was used to visualize the nuclei. In each run a positive
and a negative isotype-matched controls were included on each slide to ensure that there is no
false- positive staining.

[0581]  Intracellular staining was performed as described previously in Sutelifte et
al., 2011, Molecular Cell. 41 TO4-719,

DATA ANALYSIS

[0582]  Data was analyzed using Microsoft Excel (Microsott) and graphs were

generated using Prism (version 5.0, GraphPad software),
PRC ACTIVITY ASSAY FOR EXAMPLE 6

[0583] PKC-8 and PKC-J activity assays {(Enzo Life Sciences; DI-EKS-420A)
were performed according to the manufacturer’s protocol and as previously described
(Suteliffe et. Al, 2012, Chromatinized Protein Kinase C-theta: Can It Escape the Clutches of
NF-kappaB? Front Immunol 3:260)).

NF-kB ACTIVITY ASSAY FOR EXAMPLE 6

[0584]  TransAM NF-xB Family kit was used for NF-«B activity assays (43296,
Active Motit). Assays were performed according to the manufacturer’s guidelines. Spg
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protein from MDA-MB231 or MCF-IM denived whole cell, nuclear and cytoplasmic extracts

were used in triplicate for the assays. Raji nuclear extract was vsed as a positive control.
Wild-type and mutated consensus oligenucleotides were also used as a negative and positive
controls respectively.
IMMUNOBLOT ANALYSIS FOR EXAMPLE 6

[0585]  Imnunoblot analysis was performed according to the manufacturer’s
protocol and as previously described (Rao et. al., 2003, ¢-Rel is required for chromatin
remodeling across the IL-2 gene promoter. Journal of immunology 170:3724-3731.) with
anti-PKC-8 (s8¢-212, SantaCruz), anti-p63 (ab7970, Abcarn), anti-p65 phospho (ser-468)
(3039, Cell Signaling), anti-p65 phospho (ser-5363 (3031, Cell Signaling) and RNA Pol II{c-
21) (ab817, Abcam) antibodies.

[0586]  The disclosure of every patent, patent application, and publication cited

herein is hereby incorporated herein by reference in its entirety.

[0587]  The citation of any reference herein should not be construed as an admission

that such reference is available as “Prior Art” to the instant application.

[0588]  Throughout the specification the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one embodiment or
specttic collection of features. Those of skill in the art will theretore appreciate that, w light
of the instant disclosure, various moditications and changes can be made in the particular
embodiments exemplified without departing from the scope of the present invention. All sach
moditications and changes are intended to be included within the scope of the appended

claims.

- 186 -



10

15

20

P
wn

WO 2015/039187 PCT/AU2014/050237

WHAT IS CLATMED IS:

1. A method for altering at least one of: (1) formation; (i) proliferation; (ii1)
maintenance; (iv) EMT; or (v} MET of a PKC-8-overexpressing cell, the method
compriging, consisting or consisting essentially of contacting the PKC-8-overexpressing
cell with a formation-, proliferation-, maintenance-; EMT- or MET-modulating amount
of a PKC-@ inhibitor.

2. A method according to claim 1, wherein the PKC-8-overexpressing cell is
selected from a CSC and a non-CSC tunior cell

3. A method according to claim 1, wherein the PKC-8-averexpressing cell is a
CSC.

4. A method according to claim 1, wherein the PKC-8-overexpressing cell is a
non-C8C tumor cell.

5. A method according to any one of claims | to 4, wherein the PKC-0-
overexpressing cell is contacted with a PKC-8-overexpressing cell formation-inhibiting
amount of the PKC-6 inhibitor,

6. A method according to any one of claims 1 to 4, wherein the PKC-8-
overexpressing cell 1s contacted with & PKC-8-overexpressing cell proliferation-
inhibiting amount of the PKC-8 inhibitor.

7. A method according to any one of claims 1 to 4, wherein the PKC-6-
overexpressing cell 1s contacted with a PRC-0-overexpressing cell EMT-inhibiting
amount of the PKC-8 inhibitor.

8. A method according to any one of claims | to 4, wherein the PKC-8-
overexpressing cell is contacted with a PKC-B-overexpressing cell MET-stimulating or -
inducing amount of the PKC-0 inhibitor.

9. A method according to elaim 2 or claim 3, wherein the CSC is a breast,
prostate, lung, bladder, pancreatie, colon, melanoma, liver or glioma CSC.

10. A method according to claim 9, wherein the CSC is a breast CSC.

11. A method according to claim 10, wherein the breast CSC is a breast
epithelial CSC.

12. A method according to claum 11, wherein the breast epithelial C8C is a
breast ductal epithelial CSC.

13. A method according to any one of claims 2, 3 and 9 to 12, wherein the CSC

has impaired or abrogated expression of the pluripotent stem cell markers Octd or Sox2,
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14. A method according to claim 2 or ¢laim 4, wherein the non-CSC tumor cell
15 a breast, prostate, lung, bladder, pancreatic, colon, melanoma, liver or glioma non-
CSC tumor cell .

15, A method according to claim 14, wherein the non-CSC tomor cell is a breast
non-CSC tumor cell .

16. A method according to claim 15, wherein the breast non-CSC tumor cell is a
breast epithelial non-CSC tumor cell .

17. A method according to claim 16, wherein the breast epithelial non-CSC
tumeor cell is a breast ductal epithelial non-CSC tumor cell .

18. A method according to any one of claims 2, 3 or 9 to 13, wherein the CSC
expresses one or more CSC markers selected from ABCBS, ALDHI, ABCG2, ag
integrin, oy B integrin, f-catenin activity, CDIS, CD13, €CD20, CD24, CD26, CD29,
CD44, CD90, CD133, CD166, CD271, e-Met, Hedgehog-Gli, Nestin, CXCR4, LGRS,
Trop2 and Nodal-Activin,

19. A method according to any one of claims 2, 3 or 9 to 13, wherein the CSC
expresses one or more CSC markers selected from ALDHI, CD24, CD44, CD9O,
D133, Hedgehog-Gli, ug integrin.

20. A method aceording to any one of claims 2, 3, 9 to 13, 18 or 19, wherein the
CSC expresses CD24 and CD44 (e.g., CD44"™*, CD24°™),

21. A method according to any one of claims 1 to 20, wherein the PKC-8
inhibitor is a selective PKC-6 inhibitor.

22, A method according to any one of claims | to 20, wherein the PKC-0
inhibitor is a non-selective PKC-8 inhibitor .

23, A method according to any one of claims 1 to 22, wherein the PKC-8
inhibitor reduces the expression of a PK(-¢ gene or the level or functional activity of an
expression product of that gene.

24. A method according to any one of claims I to 22, wherein the PKC-6
hibitor inhibits the function of the PKC-9, including reducing or abrogating the
activity of at least one of its ligand-binding sites.

25 A method according to any one of claims | to 24, further comprising
detecting overexpression of a PKU-@ gene i the PKC-8-overexpressing cell prior to
contacting the PKC-0-overexpressing cell with the PKC-8 inhibitor.

26. A method according to any one of claims 1 to 25, further comprising
detecting presence or an increased amount of PKC-8 in the nucleus of the PKC-8-
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overexpressing cell prior to contacting the PKC-8-overexpressing cell with the PKC-6
mhibitor,

27. A method according to any one of claims 1 to 26, further comprising
detecting binding of PKC-0 to the promoter of (D44 or «l4R in the PKC-6-
overexpressing cell prior to contacting the PKC-8-overexpressing cell with the PKC-8
inhibitor,

28. A method according to any one of claims 1 to 27, further comprising
detecting binding of PKC-8 to chromatin in the PKC-8-overexpressing cell prior to
contacting the PKC-8-overexpressing cell with the PKC-8 inhibitor.

29. A method according to any one of claims 1 to 28, further comprising
detecting that the PKC-B-overexpressing cell expresses one or more CSC markers (as
defined for example in any one of claims 18 to 20}

30, A method for treating or preventing a cancer by inhibiting formation,
proliferation, maintenance of at least one PKC-8-overexpressing cell, and/or by
mhibiting EMT of a CSC, and/or by stimulating or inducing MET of a C8C in a sobject,
the method comprising administering to the subject a PKC-0 inhibitor in an effective
amount to treat or prevent the cancer.

31. A method according to claim 30, wherein the cancer is a metastatic cancer.

32. A method according to claint 31, further comprising identifying that the
subject has or is at risk of development of the metastatic cancer, suitably prior to
administration of the PKC-8 inhibitor .

33, A method according to any one of claims 30 to 32, wherein the at least one
PKC-B-overexpressing cell is a CSC.

34. A method according to any one of claims 30 to 32, wherein the at least one
PKC-0-overexpressing cell is a non-CSC tumor cell.

35, A method according to any one of claims 30 to 32, wherein the at least one
PK.C-8-pverexpressing cell is a CSC and a non-CSC tumor cell.

36, A method according to claim 34 or claim 36, further comprising co-
administering to the subject at least one cancer therapy that inhibits the proliferation of
the non-CSC tumor cell or treats or ameliorates the syvmptoms or reverses or inhibits the
development or progression of the cancer in the subject.

37. A method according to claim 36, wherein the cancer therapy is selected

from radiation therapy, chemotherapy, stem cell transplant; and antibody therapy.
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38. A method according to any one of claims 30 to 37, wherein the cancer is
selected from breast, prostate, lung, bladder, pancreatic, colon, melanoma, liver or
glioma cancer.

39. A method according to any one of claims 30 to 37, wherein the cancer is
breast cancer,

40. A method for treating or preventing a cancer in a subject, wherein the
cancer comprises a CSC and a non-CSC tumor cell, the method comprising
administering to the subject a PKC-0 inhibitor in an effective amount to inhibit
formation, proliteration, maintenance or EMT of the CSC or to stimulate or induce
MET of the CSC,

41. A method according to claim 40, wherein the cancer is a metastatic cancer.

42. A method according to claim 40 or claim 41, further comprising identifving
that the subject has or is at risk of developing a cancer comprising a C8C and a non-
CSC tumor cell prior to the administration of the PKC-8 inhibitor,

43. A method according to any one of claims 40 to 42, wherein the cancer is
selected from breast, prostate, lung, bladder, pancreatic, colon, melanoma, liver or
glioma cancer.

44. A method aceording to any one of claims 40 to 42, wherein the cancer is
breast cancer.

45. A method according to any one of claims 40 to 44, further comprising
detecting overexpression of a FKC-¢ gene in a tumor sample obtained from the subject,
wherein the tumor sample comprises the CSC and/or the non-CSC tumor cell, prior to
administering the PKC-8 inhibitor to the subject.

46. A method according to claim 43, further comprising detecting expression of
one or more CSC markers (as defined for example in anv one of claims 18 te 20)ina
tumor sample obtained from the subject, wherein the tumor sample comprises the CSC
and/or the non-CSC tumor cell, prior to administering the PKC-8 inhibitor to the
subject.

47. A method for treating or preventing a cancer in a subject, wherein the
cancer comprises a8 CSC and a non-CSC tumor cell, the method comprising
concurrently administering to the subject a PKC-8 inhibitor in an effective amount to
inhibit formation, proliferation, maintenance or EMT of the CSC or to stimulate or
induce MET of the CSC, and a cancer therapy or agent that inhibits the proliferation,
survival or viability of the non-CSC tumor cell, to thereby treat or prevent the cancer.
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48. A method according to claim 47, wherein the cancer therapy or agent 1s
selected from radiotherapy, surgery, chemotherapy, hormone ablation therapy, pro-
apoptosis therapy and immunotherapy.

49, A method according to claim 47 or claim 48, wherein the cancer therapy or
agent targets rapidly dividing cells or disrupts the cell cycle or cell division,

50. A method according to claim 47, wherein the cancer is a metastatic cancer,

51. A method according to any one of claims 47 to 30, further comprising
identifying that the subject has or is at risk of developing a cancer comprising the CSC
and the non-CSC tumor cell prior to the co-administration.

52. A method according to any one of claims 47 to 51, wheremn the cancer is
selected from breast, prostate, lung, bladder, pancreatic, colon, melanoma, liver or
glioma cancer.

533, A method according to any one of claims 47 to 51, wherein the cancer is
breast cancer.

54. A method according to any one of claims 47 to 53, further comprising
detecting overexpression of a PRC-H gene in a tumor sample obtained from the subject,
wherein the tumor sample comprises the CSC and/or the non-CSC tumor cell, prior to
administering the PKC-8 inhibitor to the subject.

55. A method according to any one of claims 47 to 54, wherein the C8C is a
breast CSC.

56. A method according to any one of claims 47 to 55, further comprising
detecting that the CSC expresses one or more CSC markers (as defined for example in
any one of claims 18 to 20} prior to administering the PKC-8 inhibitor to the subject.

57. A method according to any one of claims 47 to 56, wherein the PKC-8
inhibitor and the cancer therapy agent are administered in synergistically effective
anopnts.

58. A method for identifving agents that are useful for inhibiting formation,
proliferation, maintenance or EMT of a PKC-8-overexpressing cell or for stimulating or
inducing MET of a PKC-8-overexpressing cell, or for treating or preventing a cancer
(e.g., a metastatic cancer) in a subject, wherein the cancer comprises a PKC-6-
overexpressing cell, the method comprising contacting a preparation with a test agent,
wherein the preparation comprises (i} a polypeptide comprising an amino acid sequence
gorresponding to at least a biologically active fragment of a PKC-8, or to a variant or
derivative thereof; or (i) a polynucleotide comprising a nuclectide sequence from
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which a transcript of a PKC-6 gene or portion thereof is producible, or (iii) a
polynucleotide comprising at Jeast a portion of a genetic sequence {e.g., a transcriptional
element) that regulates the expression of a PRC-0 gene, which is operably linked to a
reporter gene; and detecting a reduction in the level and/or functional activity of the
polypeptide, transcript or transcript portion or an expression product of the reporter
gene, relative to a normal or reference level and/or functional activity in the absence of
the test agent, indicates that the agent is usefid for inhibiting formation, proliferation,
maintenance or EMT of the PKC-8-overexpressing cell or for stimulating or inducing
MET of the PKC-8-overexpressing cell, or for treating or preventing the cancer.

59. A method according to claim 58, wherein the PKC-0-overexpressing cell 1s
selected from a CSC and a non-C8C tumor cell.

60. A method according to claim 58 or claim 59, wherein the agent inhibits the
binding between a PKC-0 and a PKC-8 ligand, as determined by: contacting the PKC-8
and the ligand with the agent and measuring the binding of the PKC-8 with the ligand.

61. A method of producing an agent for inhtbiting formation, proliferation,
maintenance or EMT of a PKC-8-overexpressing cell or for stimulating or inducing
MET of a PKC-8-overexpressing cell, or for treating or preventing a cancer (e.g., a
metastatic cancer) that comprises a PKC-8-overexpressing cell, the method comprising:
testing an agent suspected of inhibiting the function of PKC-0 as defined 1n any one of
claims 58 to 60; and synthesizing the agent on the basis that it tests positive for the
inhibition, stimulation/induction or treatment/prevention.

62. A method according to claim 61, wherein the PKC-8-overexpressing cell 1s
selected from a C8C and a non-CSC tumor cell.

63. A method according to claim 61 or claim 62, further comprising
derivatizing the agent, and optionally formulating the derivatized agent with a
pharmaceutically acceptable carrier and/or diluent, to improve the efficacy of the agent
for inhibiting formation, proliferation, maintenance or EMT of a PKC-6-overexpressing
cell or for stimulating or inducing MET of a PKC-8-overexpressing cell, or for treating
or preventing a cancer (e.g., a metastatic cancer) that comprises a PKC-9-
overexpressing cell.

64. Use of a PKC-§ inhibitor for inhibiting formation, proliferation,
maintenance or EMT of a PKC-8-overexpressing cell or for stimulating or inducing
MET of a PKC-8-overexpressing cell, or for treating or preventing a cancer (e.g., a
metastatic cancer) that comprises a PKC-0-overexpressing cell (e.g., a CSC).
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65. Use of a PKC-0 inhibitor in the manufacture of a medicament for inhibiting
formation, proliferation, maintenance or EMT of a PKC-8-overexpressing cell or for
stimulating or inducing MET of a PKC-8-overexpressing cell, or for treating or
preventing a cancer (e.g., a metastatic cancer) that comprises a PKC-0-overexpressing
cell .

66. A use according to claim 65, wherein the PKC-8-overexpressing cell is
selected from a CSC and a non-CSC tumor cell.

67. A use according to claim 66, wherein the PKC-0 inlubitor is contained or
otherwise associated with a vehicle selected from the group consisting of liposomes,
micelles, dendrimers, biodegradable particles, artificial DNA nanostructure, lipid-based
nanoparticles, and carbon or gold nanoparticles.

68. A use according te claim 67, wherein the PKC-0 inlibitor is administered to
the subject by a vehicle selected from the group consisting of Poly{lactic acid) (PLA),
Poly(glycolic acid) (PGA); polvmer poly(lactic-co-glycolic acid) (PLGA);
poly{ethylene glycol) (PEG), and PLA-PEG copolymers, or any combinations thereof.

69. A method for enhancing the biological effects of a cancer therapy or agent
on a cancer ¢ell, comprising administering to a subject in need thereof along with 4
cancer therapy or agent an effective amount of a PKC-8 inhibitor,

70. A method according to claim 69, wherein the cancer therapy or agent
chemotherapeutic drug or irradiation.

71. A pharmaceutical composition for inhibiting fornation, proliferation,
maintenance or EMT of a PKC-8-overexpressing cell or for stimulating or inducing
MET of a PKC-8-overexpressing cell, or for treating or preventing a cancer (¢.g., a
metastatic cancer) that comprises a PKC-0-overexpressing cell, the composition
comprising a PKC-6 inhibitor and an agent that inhibits the proliferation, survival or
viability of a non-CSC tumor cell.

72. Use of a PKC-0 inhibitor for enhancing the efficacy of a cancer therapy or
agent that inhibits the proliferation, survival or viability of a non-CSC tumor cell.

73. Use of a PKC-D inhibitor and a cancer therapy or agent that inhibits the
proliferation, survival or viability of a non-CSC tunor cell for treating or preventing a
cancer that comprises a PKC-8-overexpressing cell {e.g., a C8C) and a non-CSC tumor
celis.

74. A use according to claim 73, wherein the PKC-8 inhibitor and optionally the
cancer therapy or agent are prepared or manufactured as medicaments for this purpose.
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