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PLATINUM COMPOUNDS THAT INHIBIT
CONSTITUTIVE STAT3 SIGNALING AND
INDUCE CELL CYCLE ARREST AND
APOPTOSIS OF MALIGNANT CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a continuation of Ser.
No. 17/077,100, filed Oct. 22, 2020, which 1s a continuation
of Ser. No. 15/978,499, filed May 14, 2018, now U.S. Pat.
No. 10,813,927, 1ssued Oct. 27, 2020, which 1s a continu-
ation of Ser. No. 14/947,786, filed Nov. 20, 2015, now U.S.
Pat. No. 9,968,599, which 1s a divisional application of U.S.
application Ser. No. 14/354,400, filed Apr. 25, 2014, now
abandoned, which 1s the National Stage of International
Application No. PCT/US2012/062272, filed Oct. 26, 2012,
which claims the benefit of U.S. Provisional Application Ser.
No. 61/551,737, filed Oct. 26, 2011, each of which 1s hereby
incorporated by reference herein 1n 1ts entirety, including
any figures, tables, nucleic acid sequences, amino acid
sequences, and drawings.

GOVERNMENT SUPPORT

[0002] This invention was made with government support
under Grant No. CA55652 awarded by the National Cancer
Institute. The government has certain rights 1n the mnvention.

SEQUENCE LISTING

[0003] The Sequence Listing for this application 1s labeled
“2UJ8858.XML” which was created on Jan. 30, 2023 and 1s

6,145 bytes. The entire contents of the sequence listing 1s
incorporated herein by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

[0004] Cellular responses to growth factors and cytokines
are characterized by the activation of signal transduction
pathways, including the Signal Transducer and Activator of
Transcription (STAT) family of cytoplasmic transcription

tactors (Darnell et al., 1994; Schindler et al., 1993; Darnell,
1997; Stark et al., 1998). Activation of STAT proteins 1s
initiated upon their tyrosine phosphorylation, a key event 1n
the formation of phosphotyrosine-SH2 (pTyr-SH2) interac-
tions and the dimerization between two STAT monomers. In
turn, dimers of STATs translocate to the nucleus and bind to
specific DNA-response elements, thereby inducing the
expression of genes essential for cellular responses. Normal
physiological functions of STATs include regulation of cell
proliferation, differentiation, development and apoptosis (re-
viewed 1 (Bromberg et al.,, 1996; Fukada et al., 1996;
Kotenko et al., 2000; Smithgall et al., 2000; Hirano et al.,
2000; Akira, 2000)).

[0005] In contrast to the tightly-regulated normal STAT
signaling, constitutive activation of STAT proteins 1s ire-
quently observed i human tumors (Turkson et al., 1998;
Bromberg et al., 1998) and has been linked to tumor
progression. Persistent activation of one STAT family mem-
ber, Stat3, 1s detected 1n breast cancer, prostate cancer, head
and neck squamous cell carcinoma, as well as 1n lymphomas
and leukemias (Garcia et al., 1997; Nielsen et al., 1997;
Catlett-Falcone et al., 1999; Nielsen et al., 1999; Bromberg,
2000; Grandis et al., 2000; Garcia et al., 2001; Epling-
Burnette et al., 2001), reviewed 1n (Bowman et al., 2000a;

Turkson et al., 2000; Song et al., 2000; Cofler et al., 2000;

Jun. 29, 2023

Lin et al., 2000; Buettner et al., 2002; Yu et al., 2004
Turkson, 2004a). In malignant cell lines and tumors that
harbor constitutively-active Stat3, studies also reveal over-
expression of Stat3-regulated genes encoding the anti-apop-
totic proteins Bel-xL and Mcl-1, the cell cycle regulators,
Cyclin D1 and c-Myc, the angiogenesis factor, VEGE, as
well as altered expression of immune-modulatory factors
(Catlett-Falcone et al., 1999; Nielsen et al., 1999; Grandis et
al., 2000; Epling-Bumette et al., 2001; Bowman et al.,
2000b; N1u et al., 2002; Wang et al., 2004a). These abnormal
gene expression changes contribute to dysregulated cell
cycle progression, survival and angiogenesis, and to
repressed host immune functions (reviewed i (Yu et al.,
2004 ; Turkson, 2004b)). Thus, inhibition of abnormal Stat3
signaling 1s suflicient to repress the induction of these genes,
resulting 1n cell cycle arrest and apoptosis of malignant cells
(Catlett-Falcone et al., 1999; Grandis et al., 2000; Epling-
Burnette et al., 2001; Niu et al., 1999), sensitization of tumor
cells to chemotherapy-induced apoptosis (Oshiro et al.,
2001), anti-tumor 1immune responses (Wang et al., 2004a),
and tumor regression (Niu et al., 1999). Small-molecule
inhibitors of Stat3, therefore, have the potential to 1mpact
tumors that harbor constitutively-active Stat3 with signifi-
cant clinical benefits.

[0006] Previous studies have implicated signal transduc-
tion pathways in the antitumor activity of platinum com-
plexes. Evidence shows that Cisplatin might modulate the
mitogen-activated protein kinase family and the PI-3-kinase/
Akt pathway (Sanchez-Perez et al., 1998; Persons et al.,
1999; Bose, 2002; Siddik, 2003). Platinum complexes that
inhibit Stat3 signaling and induce tumor regression have
previously been reported (Turkson et al., 2004b).

BRIEF SUMMARY OF THE INVENTION

[0007] The subject invention concerns a compound and
compositions having activity as an inhibitor of Stat3 protein
and methods of using the compound and compositions. In

one embodiment, a compound of the invention, designated
herein as PLATINUM-401, has the structure shown 1n
formula I:

()

[0008] The compound 1n formula I 1s designated herein as
Platinum-401. Analyses of in vitro DNA-binding activity
and transcriptional regulation indicate that PLATINUM-401
interacts directly with Stat3, thereby inhibiting Stat3 binding
to a consensus DNA response element and Stat3 transcrip-
tional activity. Inhibition of constitutively-active Stat3 in
malignant cells by PLATINUM-401 suppresses the induc-
tion of Stat3-regulated genes, including Bcel-xL and Cyclin
D1. Studies 1n v-Src-transformed fibroblasts as well as 1n
human and mouse tumor cell lines that harbor constitutive
Stat3 activity reveal a G,/G, cell cycle arrest and apoptosis
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following treatment with PLATINUM-401, which correlate
with the inhibition of aberrant Stat3 signaling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGS. 1A-1E. Inhibition of in vitro Stat3 DNA-
binding activity by a platinum complex. Nuclear extracts or
cell lysates containing activated Statl, Stat3 and Stat5, or
E2F1 prepared from NIH3T3/hEGFR that are stimulated
with EGF or S1-9 msect cells that are infected with bacu-
lovirus expressing Statl, Stat3, Stat3, or E2F1, respectively,
were treated with or without the indicated concentrations of
platinum complex, PLATINUM-401 or Cisplatin, for 30 min
at room temperature prior to incubation with radiolabeled
oligonucleotide probes, and subjected to EMSA analysis.

(FIG. 1A) (1) Statl and Stat3 binding activities to hSIE
probe, (1) Statl and StatS binding activities to MGFe probe,

and (111) plot of % oligonucleotide probe-STAT:STAT com-
plexes versus concentration of PLATINUM-401. Insert,
IC, values for the inhibition of STAT:STAT DNA-binding
activity; (FI1G. 1B) (1) E2F1 binding activity to the dihydro-
folate reductase promoter oligonucleotide probe, and (11)
Statl and Stat3 binding activities to hSIE probe; (FIG. 1C)
PLATINUM-401 effect on the 1n vitro DN A-binding activity
of Stat3, (1) 3-30 min after binding, or 1n the presence and
absence of (11) mactive Stat3 monomer, (111) inactive Statl

monomer, (1v) mactive Stat5> monomer, or (v) E2F1 protein;
(FIG. 1D) Statl and Stat3 binding to PLATINUM-401-

treated and untreated (DMSQO) radiolabeled hSIE probe; and
(FIG. 1E) structural formula of PLATINUM-401. Positions
of STAT:STAT-DNA complexes 1n gel are labeled. In (A) to
(C), the control lanes represent DMSO (vehicle)-treatment.
[0010] FIGS. 2A-2E. Kinetics of PLATINUM-401-med:-
ated 1nhibition of 1n vitro Stat3 DNA-binding activity. Cell
lysates containing activated Stat3 were incubated with radio-
labeled hSIE probe for 30 min at room temperature in the
presence or absence of PLATINUM-401 and then subjected
to EMSA analysis. (FIG. 2A) DNA-binding activities for
different Stat3 protein amounts 1n the presence of increasing
concentrations of PLATINUM-401; (FIG. 2B) Levels of
Stat3 binding to increasing amounts of hSIE oligonucleotide
probe 1n the absence (control) and presence of PLATINUM-
401; (FIG. 2C) Levels of Stat3 binding to hSIE oligonucle-
otide probe 1n the presence of increasing concentrations of
PLATINUM-401; (FI1G. 2D) Plots of hSIE-Stat3:Stat3 com-
plex versus levels of hSIE oligonucleotide probe under
different concentrations (0.3-2 uM) of PLATINUM-401;
(FIG. 2E) Lineweaver-Burke analysis (double reciprocal
plot) of hSIE-Stat3 complex versus levels of hSIE under
different concentrations (0.3-2 uM) of PLATINUM-401.
Positions of Stat3:Stat3-DNA complexes 1n gels are labeled.
[0011] FIGS. 3A-3D. Inhibition of Stat3-mediated gene
expression by PLATINUM-401. (FIG. 3A) and (FIG. 3B)
v-Src-transformed mouse fibroblasts that stably express
Stat3-dependent (NIH3 T3/v-Src/pLucTKS3) and Stat3-1n-
dependent (NIH3T3/v-Src/pRLSRE) luciferase reporters or
3-galactosidase (p-gal), as well as normal mouse fibroblast
(NIH3T3) transiently transtected with pLucTKS3, pGL2-
VEGF-Luc, NFkB-Luc or pLucSRE together with or with-
out v-Src were treated with or without PLATINUM-401 for
48 h. Cytosolic extracts were then prepared from cells for
luciferase and 8-gal activities measurements. Values are the
means and S.D. of three to five independent assays; (FIG.
3C) and (FIG. 3D) Nuclear extracts or whole cell lysates
were prepared from IL-6-stimulated normal mouse fibro-
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blasts (NIH3T3) or their v-Src-transformed counterpart
(NIH3'T3/v-Src) that are treated with or without PLATI-
NUM-401 for different times. Samples of equal total pro-
teins were then subjected to 1 vitro DNA-binding activity

and EMSA analysis or for SDS-PAGE and Western blot
analysis for phosphorylated and total Stat3.

[0012] FIG. 4. Abrogation of Stat3-dependent viral Src
transformation. Viral Src-transformed fibroblasts (NIH3T3/
v-Src) and their Ras-transtormed counterparts (NIH3T3/v-
Ras) were seeded 1n soit agar and growing cells were treated
every 2-3 days with or without the indicated concentrations
of PLATINUM-401 until large colonies were evident. Num-
ber of colonies of cells 1 soft agar were counted and
expressed as % of control (non-treated) cells. Values are the
mean and S.D. of the three independent assays.

[0013] FIGS. 5A and 5B. Evaluation for effects of PLATI-
NUM-401 on cellular constitutive Stat3 activation and cell
proliferation. Normal or malignant cells were treated with or
without PLATINUM-401 and nuclear extracts were pre-
pared for Stat3 DNA-binding activity assay with hSIE
probe, or cells were processed for nuclear Ki67 immuno-
histochemistry. (FIG. SA) EMSA analysis of Stat3 DNA-
binding activity; (FIG. 5B) Graphical representations of
quantified nuclear staining of Ki-67 proliferation index.
Stat3:Stat3-DNA complexes 1n gels are labeled. The Ki-67
proliferation indexes were calculated as the percent positive
tumor cells relative to the total number of cells. Ki67 values
are representative ol 3 independent assays.

[0014] FIG. 6. Analysis of relative cellular DNA content
using BrdU labeling and flow cytometry. Relative DNA
content of human breast cancer cell lines following treat-
ment with or without PLATINUM-401 was analyzed by
BrdU incorporation and flow cytometry. The population of
cells determined from the relative DNA content 1s shown 1n
cach panel for each treatment condition. Results are the
representative of 3 independent determinations.

[0015] FIGS. 7A-7C. TUNEL analysis of PLATINUM-
401-mediated apoptosis. (FIG. 7A) Normal NIH3T3 fibro-
blasts and their v-Src-transtormed counterparts (NIH3T3/v-
Src), human breast carcinoma cell lines (MDA-MB-453,
MDA-MB-435, MDA-MB-468, and MDA-MB-231),
human non—small cell lung cancer cell line (A549), human
prostate cancer cell line (DU145), multiple myeloma
STGMI1 (mouse) and U266 (human) cell lines, mouse mela-
noma cell line (B16) and human pancreatic cancer cell line
(Pancl) were all treated with or without PLATINUM-401
for 48 h and analyzed by TUNEL for DNA damage. For each
cell line, the activated Stat3 status 1s indicated as (-), no
constitutively-active Stat3 and (+), constitutively-active
Stat3 (see FIG. 5A). Data are representative of 3 indepen-
dent determinations; (FIG. 7B) Human breast cancer cell
lines (MDA-MB-453, MDA-MB-468 and MDA-MB-435)
were transiected with or without Stat3f or Stat3 antisense
(Stat3AS), or were treated with or without Stat3 peptidomi-
metic ihibitor, ISS 610 (1 mM) or PLATINUM-401 (5
uM)). Forty-eight hours afterwards, cells were harvested and
processed for TUNEL analysis; (FIG. 7C) The viral Src-
transformed NIH3T3/v-Src fibroblasts were transfected with
or without wild-type Stat3 (pRc/CMV Stat3 Flag) and
treated with or without 5 uM PLATINUM-401 for 36 h.
Cells were subsequently harvested for nuclear extracts
preparation and Stat3 DNA-binding assay in vitro with
EMSA analysis (left panel), or were processed for TUNEL

analysis (right panel).
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[0016] FIGS. 8A and 8B. Inhibition of Cyclin D1 and
Bcel-xL induction by PLATINUM-401. Viral Src-trans-
tormed fibroblasts (NIH3T3/v-Src) and human breast cancer
cell line MDA-MB-435 that contain constitutively-activated
Stat3 were treated with or without platinum complex for 48
h. Cells were processed for immunohistochemistry, or cell
lysates were prepared from cells and subjected to 5% PAGE
and Western blot analysis, as indicated 1n “Materials and
Methods.” (FIG. 8A) Detection of Cyclin D1; (FIG. 8B)
Detection of Bcel-xL. Positions of Cyclin D1 and Bcl-xL
proteins are shown. Beta-actin levels are shown for normal-
izing for equal total protein. Data are representative of 3
independent determinations.

[0017] FIG.9. STAT3 DNA-binding activity/ EMSA assay
in vitro and the eflects of compounds. Nuclear extracts or
cell lysates containing activated Stat3 were treated with or
without the indicated concentrations of NSC 251168, plati-
num complex K2PtCl6, PLATINUM-401 (supplied by Dir.
Turkson), PLATINUM-401 (supplied by Dr. Lawrence as
described 1n Example 10 herein), RPM1581 (iree base)
(supplied by Dr. Lawrence as described in Example 10
herein and also designated as YL3-108), or RPM1581-2HCI
(salt form) (supplied by Dr. Lawrence), for 30 min at room
temperature prior to incubation with radiolabeled oligo-
nucleotide probes, and subjected to EMSA analysis.

[0018] FIG. 10. Inhibition of Stat3 activation in tumor
cells. In each case, NIH3T3/y-Src or human SKOV3 cells
were treated with 0, 10, or 30 micromolar concentrations of
NSC 251168, platinum complex K2PtCl6, or PLATINUM-
401 (supplied by Dr. Lawrence as described in Example 10
herein) drug for 24 hr, and Stat3 activation assayed by

EMSA.

L1

BRIEF DESCRIPTION OF THE SEQUENCES

[0019] SEQ ID NO:1 1s an oligonucleotide that can be
used as described herein.

[0020] SEQ ID NO:2 1s an oligonucleotide that can be
used as described herein.

[0021] SEQ ID NO:3 1s an oligonucleotide that can be
used as described herein.

[0022] SEQ ID NO:4 1s an oligonucleotide that can be
used as described herein.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

[0023] The subject mvention concerns compounds and
compositions disclosed herein having activity as inhibitors
of Stat3 protein and methods of using the compounds and
compositions. In one embodiment, a compound of the

invention, designated herein as PLATINUM-401, has the
structure shown 1n formula I:

(D
OH

i 17 H H CHa.
o f‘ o 1/ \I f 3
thx’ N* N*

a” | S H3C\<7 __/
- Cl -

OH
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[0024] In another embodiment, a compound of the inven-
tion, designated herein as RPM 1581, has the structure
shown 1n formula II (as a free base) or 1n formula III (as a
salt):

(1)

gy
ch\<7 \_/

e
N’ N*
HBC \<7 \ /

OH

(I11)

[0025] Inoneembodiment, the compound of formula III 1s
provided as the chlonde salt.

[0026] The subject invention also concerns compositions
comprising a compound of formula I, or formula II, or
tormula III, and a carrier, bufler, and/or adjuvant.

[0027] The subject invention also concerns methods for
treating a person or animal having a disorder or condition
associated with aberrant or excessive Stat3 activity or inter-
action 1n a cell or decreased apoptosis of a cell, or a disorder
or condition associated with inhibition or downregulation of
apoptosis of a cell. In one embodiment, the disorder or
condition 1s an oncological disorder or condition. In one
embodiment, a person or animal 1s administered an effective
amount of an inhibitor compound or composition of this
invention. In one embodiment, the compound 1s the com-
pound designated herein as PLATINUM-401 (formula I). In
another embodiment, the compound 1s a chloroplatinic acid
(H,PtCl, or K,PtCl,, etc.). In still a further embodiment, the
compound 1s the compound designated herein as RPM 13581
which can be 1n a free base (formula II) or salt form (e.g.,
formula III). In one embodiment, compounds and compo-
sitions of the invention can be used in combination with
other Stat3 inhibitors, including, but not limited to, NSC
748359 (also known as S31-201; Siddiquee et al. (2007)),
protein inhibitor of activated Stat3 (PIAS3) (Ueki et al.
(1999)), WP1066 (Farzana Hussain et al. (2007)), or STA-21
(Song et al. (2003)). Oncological disorders include, but are
not limited to, prostate cancer, head and neck squamous cell
carcinoma, lymphomas, leukemias, and breast cancer.

[0028] The subject invention also concerns methods of
inducing apoptosis 1 a cell. In one embodiment, a cell 1s
contacted with an eflective amount of an inhibitor com-
pound or composition of this invention. In one embodiment,
the compound 1s the compound designated herein as PLATI-
NUM-401 (formula I). In another embodiment, the com-
pound 1s a chloroplatinic acid (H,PtCl, or K,PtCl,). In still
a further embodiment, the compound 1s the compound
designated herein as RPM 1581 which can be 1n a free base
(formula II) or salt form (e.g., formula III). Cells can be any
amimal cell, such as a mammalian cell. Cells can be any
mammalian cell, such as a human cell, canine cell, feline
cell, or equine cell. In one embodiment the cell 1s a tumor
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cell, a cancer cell or a transformed cell. In one embodiment,
the tumor or cancer cell 1s a breast cancer cell, prostate
cancer cell, head and neck squamous cell carcinoma, lym-
phoma cell, leukemia cell, multiple myeloma cell, glioma
cell, non-small cell lung cancer cell, melanoma cell, gastro-
intestinal stromal tumor cell, renal cell carcinoma, esopha-
geal cell carcinoma, ovarian cancer cell, cervical cancer cell,
or gastric cancer cell. In one embodiment, compounds and

compositions of the mvention can be used in combination
with other Stat3 inhibitors, including, but not limited to,
NSC 74859, PIAS3, WP1066, or STA-21.

[0029] The subject invention also concerns methods for
inhibiting Stat3 interaction 1n a cell. In one embodiment, a
cell 1s contacted with an eflective amount of an inhibitor
compound or composition of this invention. In one embodi-
ment, the compound 1s the compound designated herein as
PLATINUM-401 (formula I). In another embodiment, the
compound 1s a chloroplatinic acid (H,PtCl, or K,PtCl,). In
still a further embodiment, the compound 1s the compound
designated herein as RPM 1581 which can be 1n a free base
(formula II) or salt form (e.g., formula III). Cells can be any
amimal cell, such as a mammalian cell. Cells can be any
mammalian cell, such as a human cell, canine cell, feline
cell, or equine cell. In one embodiment the cell 1s a tumor
cell, a cancer cell or a transtformed cell. In one embodiment,
the tumor or cancer cell 1s a breast cancer cell, prostate
cancer cell, head and neck squamous cell carcinoma, lym-
phoma cell, leukemia cell, multiple myeloma cell, glioma
cell, non-small cell lung cancer cell, melanoma cell, gastro-
intestinal stromal tumor cell, renal cell carcinoma, esopha-
geal cell carcinoma, ovaran cancer cell, cervical cancer cell,
or gastric cancer cell. In one embodiment, compounds and

compositions of the invention can be used in combination
with other Stat3 inhibitors, including, but not limited to,
NSC 74859, PIAS3, WP1066, or STA-21.

[0030] In some embodiments of the methods of the imnven-
tion, the method further comprises a step to determine
whether the disorder or condition 1s associated with aberrant
or excessive Stat3 activity or interaction, or to verify that the
cell aberrantly or constitutively expresses active Stat3. Pret-
erably, this 1s carried out as a screening step prior to use of
the compound. For example, 1n the treatment method, this
determination can be made by measuring a level of Stat3
activity or interaction in a biological sample collected from
the subject and comparing the measured level to a reference
level of Stat3 activity or interaction. The biological sample
will be appropriate and informative for the disorder or
condition 1n question. For example, i the disorder or con-
dition 1s a cancer, a sample of one or more of the cancer cells
should be collected from the subject. The sample may be a
bodily fluid or tissue sample, for example. In the apoptosis
induction method, this determination can be made by mea-
suring a level of Stat3 activity or interaction 1n the cell to be
contacted or 1n another cell that 1s representative of the cell
to be contacted with the compound (e.g., a cell 1n proximity
to the target cell or a cell of the same type or apparently
sullering from the same disorder or condition as the target
cell). For example, if the cell 1s a tumor cell, one or more
samples of the tumor may be taken to determine Stat3 status.
Preferably, the determination 1s made prior to administering
the compound to the subject or contacting the cell with the
compound. As used herein, singular terms such as “cell” are
inclusive of the plural form such as “cells”. For example, the
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compound may be administered to a single cell or a plurality
of cells. In some embodiments, the plurality of cells may be
a tissue.

[0031] Methods for directly or indirectly measuring the
level of Stat activity or interaction (such as Stat3 activity or
interaction) are known 1n the art (see, for example, Turkson
et al., 1998; Bromberg et al., 1998; Garcia et al., 1997,
Nielsen et al., 1997 Catlett-Falcone et al., 1999; Nielsen et
al., 1999; Bromberg, 2000; Grandis et al., 2000; Garcia et
al., 2001; Epling-Burnette et al., 2001; Epling-Burnette et
al., 2001; Bowman et al., 2000b; Niu et al., 2002; Wang et
al., 2004a, which are each incorporated herein by reference
in 1ts entirety). Various Stat3 measurement methods known
in the art and/or disclosed herein may be used to assess the
Stat3 status of a cell or disorder/condition.

[0032] The subject invention also concerns a packaged
dosage formulation comprising in one or more containers an
inhibitor compound or composition of the invention. In one
embodiment, a packaged dosage formulation comprises a
compound designated herein as PLATINUM-401 (formula
I). In another embodiment, the compound 1s a chloroplatinic
acid (H,PtCl, or K,PtCly). In still a further embodiment, the
compound 1s the compound designated herein as RPM 1381
which can be 1n a free base (formula II) or salt form (e.g.,
formula III). A packaged dosage formulation can optionally
comprise 1 one or more containers a pharmaceutically
acceptable carrier or diluent. A packaged dosage formulation
can also optionally comprise, 1n addition to an inhibitor

compound or composition of the invention, other Stat3
inhibitors, including, but not limited to, NSC 74859, PIAS3,
WP1066, or STA-21.

[0033] In vivo application of the subject compound, and
compositions containing 1t, can be accomplished by any
suitable method and technique presently or prospectively
known to those skilled 1n the art. The subject compound can
be formulated 1n a physiologically- or pharmaceutically-
acceptable form and administered by any suitable route
known 1n the art including, for example, oral, nasal, rectal,
and parenteral routes of administration. As used herein, the
term parenteral includes subcutaneous, intradermal, intrave-
nous, mtramuscular, intraperitoneal, and intrasternal admin-
istration, such as by injection. Administration of the subject
compound of the mnvention can be a single administration, or
at continuous or distinct intervals as can be readily deter-
mined by a person skilled 1n the art.

[0034] The compound of the subject invention, and com-
positions comprising it, can also be administered utilizing
liposome technology, slow release capsules, implantable
pumps, and biodegradable containers. These delivery meth-
ods can, advantageously, provide a uniform dosage over an
extended period of time. The compounds of the invention
can also be administered in their salt derivative forms or
crystalline forms.

[0035] Compounds of the subject invention can be formus-
lated according to known methods for preparing physiologi-
cally acceptable compositions. Formulations are described
in detail 1n a number of sources which are well known and
readily available to those skilled in the art. For example,
Remington’s Pharmaceutical Science by E. W. Martin
describes formulations which can be used 1n connection with
the subject invention. In general, the compositions of the
subject mvention will be formulated such that an effective
amount of the compound 1s combined with a suitable carrier

in order to facilitate eflective administration of the compo-
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sition. The compositions used 1n the present methods can
also be 1n a variety of forms. These include, for example,
solid, semi-solid, and liquid dosage forms, such as tablets,
pills, powders, liquid solutions or suspension, suppositories,
injectable and infusible solutions, and sprays. The preferred
form depends on the intended mode of administration and
therapeutic application. The compositions also preferably
include conventional physiologically-acceptable carriers
and diluents which are known to those skilled in the art.
Examples of carriers or diluents for use with the subject
compounds include ethanol, dimethyl sulfoxide, glycerol,
alumina, starch, saline, and equivalent carriers and diluents.
To provide for the administration of such dosages for the
desired therapeutic treatment, compositions of the mnvention
will advantageously comprise between about 0.1% and 99%,
and especially, 1 and 15% by weight of the total of one or
more of the subject compounds based on the weight of the
total composition including carrier or diluent.

[0036] Compounds of the invention, and compositions
comprising them, can be delivered to a cell etther through
direct contact with the cell or via a carrier means. Carrier
means for delivering compounds and compositions to cells
are known 1n the art and include, for example, encapsulating
the composition 1n a liposome moiety. Another means for
delivery of compounds and compositions of the invention to
a cell comprises attaching the compounds to a protein or

nucleic acid that 1s targeted for delivery to the target cell.
U.S. Pat. No. 6,960,648 and Published U.S. Patent Appli-

cation Nos. 20030032594 and 20020120100 disclose amino
acid sequences that can be coupled to another composition
and that allows the composition to be translocated across
biological membranes. Published U.S. Patent Application
No. 20020035243 also describes compositions for transport-
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ing biological moieties across cell membranes for intracel-
lular delivery. Compounds can also be incorporated into
polymers, examples of which mclude poly (D-L lactide-co-
glycolide) polymer for intracranial tumors; poly|[bis(p-car-
boxyphenoxy) propane:sebacic acid] i a 20:80 molar ratio
(as used 1n GLIADEL); chondroitin; chitin; and chitosan.
[0037] The subject invention also concerns methods for
treating oncological disorders 1n a patient. In one embodi-
ment, an eflective amount of one or more compounds or
compositions of the present mvention 1s administered to a
patient having an oncological disorder and who 1s 1n need of
treatment thereof. Methods of the invention can optionally
include 1dentifying a patient who 1s or may be 1n need of
treatment of an oncological disorder. The patient can be a
human or other mammal, such as a primate (monkey,
chimpanzee, ape, etc.), dog, cat, cow, p1g, or horse, or other
amimals having an oncological disorder. Means for admin-
istering and formulating compounds for administration to a
patient are known 1in the art, examples of which are
described herein. Oncological disorders within the scope of
the invention include, but are not limited to, cancer and/or
tumors of the anus, bile duct, bladder, bone, bone marrow,
bowel (including colon and rectum), breast, eye, gall blad-
der, kidney, mouth, larynx, esophagus, stomach, testis, cer-
viX, head, neck, ovary, lung, mesothelioma, neuroendocrine,
penis, skin, spinal cord, thyroid, vagina, vulva, uterus, liver,
muscle, pancreas, prostate, blood cells (including lympho-
cytes and other immune system cells), and brain. Specific
cancers contemplated for treatment with the present inven-
tion include prostate cancer, head and neck squamous cell
carcinoma, lymphomas, leukemias, and breast cancer.
[0038] Examples of cancers that can be treated according
to the present invention are listed 1n Table 1.

TABLE 1

Examples of Cancer Types

Acute Lymphoblastic Leukemia, Adult
Acute Lymphoblastic Leukemia,
Childhood

Acute Myeloid Leukemia, Adult
Acute Myeloid Leukemia, Childhood
Adrenocortical Carcinoma
Adrenocortical Carcinoma, Childhood
AIDS-Related Cancers

AIDS-Related Lymphoma

Anal Cancer

Astrocytoma, Childhood Cerebellar
Astrocytoma, Childhood Cerebral
Basal Cell Carcinoma

Bile Duct Cancer, Extrahepatic
Bladder Cancer

Bladder Cancer, Childhood

Bone Cancer, Osteosarcoma/Malignant
Fibrous Histiocytoma

Bramn Stem Glioma, Childhood

Brain Tumor, Adult

Braimn Tumor, Brain Stem Glioma,
Childhood

Brain Tumor, Cerebellar Astrocytoma,
Childhood

Brain Tumor, Cerebral
Astrocytoma/Malignant Glioma,
Childhood

Brain Tumor, Ependymoma, Childhood
Brain Tumor, Medulloblastoma,

Childhood

Brain Tumor, Supratentorial Primitive
Neuroectodermal Tumors, Childhood
Brain Tumor, Visual Pathway and

Hairy Cell Leukemia

Head and Neck Cancer

Hepatocellular (Liver) Cancer, Adult
(Primary)

Hepatocellular (Liver) Cancer, Childhood
(Primary)

Hodgkin’s Lymphoma, Adult

Hodgkin’s Lymphoma, Childhood
Hodgkin’s Lymphoma During Pregnancy
Hypopharyngeal Cancer

Hypothalamic and Visual Pathway Glioma,
Childhood

Intraocular Melanoma

Islet Cell Carcinoma (Endocrine Pancreas)
Kaposi’s Sarcoma

Kidney (Renal Cell) Cancer

Kidney Cancer, Childhood

Laryngeal Cancer

Laryngeal Cancer, Childhood

Leukemia, Acute Lymphoblastic, Adult
Leukemia, Acute Lymphoblastic, Childhood
Leukemia, Acute Myeloid, Adult
Leukemia, Acute Myeloid, Childhood
Leukemia, Chronic Lymphocytic
Leukemia, Chronic Myelogenous
Leukemia, Hairy Cell

Lip and Oral Cavity Cancer

Liver Cancer, Adult (Primary)

Liver Cancer, Childhood (Primary)

Lung Cancer, Non-Small Cell

Lung Cancer, Small Cell

Lymphoma, AIDS-Related

Lymphoma, Burkitt’s
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TABL.

5 1-continued

Examples of Cancer Types

Hypothalamic Glioma, Childhood
Braimn Tumeor, Childhood

Breast Cancer

Breast Cancer, Childhood

Breast Cancer, Male

Bronchial Adenomas/Carcinoids,
Childhood

Burkitt’s Lymphoma

Carcinoid Tumor, Childhood
Carcinoid Tumor, Gastrointestinal
Carcinoma of Unknown Primary
Central Nervous System Lymphoma,
Primary

Cerebellar Astrocytoma, Childhood
Cerebral Astrocytoma/Malignant
Glioma, Childhood

Cervical Cancer

Childhood Cancers

Chronic Lymphocytic Leukemia
Chronic Myelogenous Leukemia
Chronic Myeloproliferative Disorders
Colon Cancer

Colorectal Cancer, Childhood
Cutaneous T-Cell Lymphoma, see
Mycosis Fungoides and Sezary
Syndrome

Endometrial Cancer

Ependymoma, Childhood
Esophageal Cancer

Esophageal Cancer, Childhood
Ewing’s Family of Tumors
Extracranial Germ Cell Tumor,
Childhood

Extragonadal Germ Cell Tumor
Extrahepatic Bile Duct Cancer
Eve Cancer, Intraocular Melanoma
Evye Cancer, Retinoblastoma
Gallbladder Cancer

Gastric (Stomach) Cancer

Gastric (Stomach) Cancer, Childhood
Gastrointestinal Carcinoid Tumor
Germ Cell Tumor, Extracranial,
Childhood
Germ Cell Tumor, Extragonadal
Germ Cell Tumor, Ovarian
Gestational Trophoblastic Tumor
Glioma, Adult

Glioma, Childhood Brain Stem
Glioma, Childhood Cerebral
Astrocytoma

Glioma, Childhood Visual Pathway and
Hypothalamic

Skin Cancer (Melanoma)

Skin Carcinoma, Merkel Cell

Small Cell Lung Cancer

Small Intestine Cancer

Soft Tissue Sarcoma, Adult

Soft Tissue Sarcoma, Childhood
Squamous Cell Carcinoma, see Skin
Cancer (non-Melanoma)

Squamous Neck Cancer with Occult
Primary, Metastatic

Stomach (Gastric) Cancer

Stomach (Gastric) Cancer, Childhood
Supratentorial Primitive
Neuroectodermal Tumors, Childhood
T-Cell Lymphoma, Cutaneous, see
Mycosis Fungoides and Sezary
Syndrome

Testicular Cancer

Thymoma, Childhood

Thymoma and Thymic Carcinoma
Thyroid Cancer

Thyroid Cancer, Childhood
Transitional Cell Cancer of the Renal

Lymphoma, Cutaneous T-Cell, see Mycosis
Fungoides and Sezary Syndrome
Lymphoma, Hodgkin’s, Adult

Lymphoma, Hodgkin’s, Childhood
Lymphoma, Hodgkin’s During Pregnancy
Lymphoma, Non-Hodgkin’s, Adult
Lymphoma, Non-Hodgkin’s, Childhood
Lymphoma, Non-Hodgkin’s During
Pregnancy

Lymphoma, Primary Central Nervous System
Macroglobulinemia, Waldenstrom’s
Malignant Fibrous Histiocytoma of
Bone/Osteosarcoma

Medulloblastoma, Childhood

Melanoma

Melanoma, Intraocular (Evye)

Merkel Cell Carcinoma

Mesothelioma, Adult Malignant
Mesothelioma, Childhood

Metastatic Squamous Neck Cancer with
Occult Primary

Multiple Endocrine Neoplasia Syndrome,
Childhood

Multiple Myeloma/Plasma Cell Neoplasm
Mycosis Fungoides

Myelodysplastic Syndromes
Myelodysplastic/Myeloproliferative Diseases
Myelogenous Leukemia, Chronic

Myeloid Leukemia, Adult Acute

Myeloid Leukemia, Childhood Acute

Myeloma, Multiple

Myeloproliferative Disorders, Chronic
Nasal Cavity and Paranasal Sinus Cancer
Nasopharyngeal Cancer

Nasopharyngeal Cancer, Childhood
Neuroblastoma

Non-Hodgkin’s Lymphoma, Adult
Non-Hodgkin’s Lymphoma, Childhood

Non-Hodgkin’s Lymphoma During Pregnancy

Non-Small Cell Lung Cancer

Oral Cancer, Childhood

Oral Cavity Cancer, Lip and
Oropharyngeal Cancer
Osteosarcoma/Malignant Fibrous
Histiocytoma of Bone

Ovarian Cancer, Childhood

Ovarian Epithelial Cancer

Ovarian Germ Cell Tumor

Ovarian Low Malignant Potential Tumor
Pancreatic Cancer

Pancreatic Cancer, Childhood

Pancreatic Cancer, Islet Cell

Paranasal Sinus and Nasal Cavity Cancer
Parathyroid Cancer

Penile Cancer

Pheochromocytoma

Pineoblastoma and Supratentorial Primitive
Neuroectodermal Tumors, Childhood
Pituitary Tumor

Plasma Cell Neoplasm/Multiple Myeloma
Pleuropulmonary Blastoma

Pregnancy and Breast Cancer

Pregnancy and Hodgkin’s Lymphoma
Pregnancy and Non-Hodgkin’s Lymphoma
Primary Central Nervous System Lymphoma
Prostate Cancer

Rectal Cancer

Renal Cell (Kidney) Cancer

Renal Cell (Kidney) Cancer, Childhood
Renal Pelvis and Ureter, Transitional Cell
Cancer

Retinoblastoma
Rhabdomyosarcoma, Childhood

Salivary Gland Cancer
Salivary Gland Cancer, Childhood
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TABLE 1-continued
Examples of Cancer Types
Pelvis and Ureter Sarcoma, Ewing’s Family of Tumors
Trophoblastic Tumor, Gestational Sarcoma, Kaposi’s
Unknown Primary Site, Carcinoma of, Sarcoma, Soft Tissue, Adult
Adult Sarcoma, Soft Tissue, Childhood
Unknown Primary Site, Cancer of, Sarcoma, Uterine
Childhood Sezary Syndrome
Unusual Cancers of Childhood Skin Cancer (non-Melanoma)

Ureter and Renal Pelvis, Transitional Skin Cancer, Childhood
Cell Cancer

Urethral Cancer

Uterine Cancer, Endometrial

Uterine Sarcoma

Vaginal Cancer

Visual Pathway and Hypothalamic

Glioma, Childhood

Vulvar Cancer
Waldenstrom’s Macroglobulinemia
Wilms® Tumor

[0039] As used herein, the term “tumor” refers to all
neoplastic cell growth and proliferation, whether malignant
or bemign, and all pre-cancerous and cancerous cells and
tissues. For example, a particular cancer may be character-
1zed by a solid mass tumor. The solid tumor mass, if present,
may be a primary tumor mass. A primary tumor mass refers
to a growth of cancer cells 1n a tissue resulting from the
transformation of a normal cell of that tissue. In most cases,
the pnmary tumor mass 1s 1dentified by the presence of a
cyst, which can be found through visual or palpation meth-
ods, or by 1rregularity in shape, texture or weight of the
tissue. However, some primary tumors are not palpable and
can be detected only through medical imaging techniques
such as X-rays (e.g., mammography), or by needle aspira-
tions. The use of these latter techniques 1s more common in
carly detection. Molecular and phenotypic analysis of cancer
cells within a tissue will usually confirm if the cancer is
endogenous to the tissue or 1f the lesion 1s due to metastasis
from another site.

[0040] For the treatment of oncological disorders, the
compounds and compositions of this invention can be
administered to a patient in need of treatment 1n combination
with other antitumor or anticancer substances and/or with
radiation and/or photodynamic therapy and/or with surgical
treatment to remove a tumor. These other substances or
treatments may be given at the same as or at diflerent times
from the compounds and compositions of this invention. For
example, the compounds of the present invention can be
used 1n combination with mitotic inhibitors such as taxol or
vinblastine, alkylating agents such as cyclophosamide or
ifostamide, antimetabolites such as 5-fluorouracil or
hydroxyurea, DNA 1ntercalators such as adriamycin or bleo-
mycin, topoisomerase inhibitors such as etoposide or camp-
tothecin, antiangiogenic agents such as angiostatin, anties-
trogens such as tamoxifen, and/or other anti-cancer drugs or
antibodies, such as, for example, GLEEVEC (Novartis
Pharmaceuticals Corporation) and HERCEPTIN (Genen-
tech, Inc.), respectively. In one embodiment, compounds
and compositions of the imnvention can be used in combina-
tion with other Stat3 inhibitors, including, but not limited to,
NSC 74859, PIAS3, WP1066, or STA-21.

[0041] The methods of the present invention can be used
with humans and other animals. As used herein, the terms

22 &

“subject”, “patient”, and “individual” refer to a human or
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non-human animal. The other animals contemplated within
the scope of the mnvention include domesticated, agricul-
tural, or zoo- or circus-maintained animals. Domesticated
amimals 1nclude, for example, dogs, cats, rabbits, ferrets,
guinea pigs, hamsters, pigs, monkeys or other primates, and
gerbils. Agricultural animals include, for example, horses,
mules, donkeys, burros, cattle, cows, pigs, sheep, and alli-
gators. Zo0o- or circus-maintained amimals include, for
example, lions, tigers, bears, camels, girailes, hippopota-
muses, and rhinoceroses. In one embodiment, the subject 1s
a mammal. In one embodiment, the mammalian subject 1s a
human. In another embodiment, the mammalian subject 1s a
non-human mammal.

[0042] While inhibitor compounds of the invention can be
administered to a subject or contacted with a cell as 1solated
compounds, these compounds can also be administered or
contacted as part of a pharmaceutical composition. The
subject mvention thus further provides compositions com-
prising one or more compounds 1n association with at least
one pharmaceutically acceptable carrier. The pharmaceutical
composition can be adapted for various routes of adminis-
tration, such as enteral, parenteral, intravenous, intramuscu-
lar, topical, subcutaneous, and so forth. Administration or
contact can be continuous or at distinct intervals, as can be
determined by a person of ordinary skill in the art. In cases
where the cells are contacted 1n vivo, the cells are contacted
by administration of the compound to a subject with the
cells. The compound may be administered to a subject
locally at a desired site of action or systemically.

[0043] The inhibitor compounds of the imnvention can be
formulated according to known methods for preparing phar-
maceutically useful compositions. Formulations are
described in a number of sources which are well known and
readily available to those skilled in the art. For example,
Remington’s Pharmaceutical Science (Martin 1995)
describes formulations which can be used 1n connection with
the subject mvention. Formulations suitable for administra-
tion include, for example, aqueous sterile injection solu-
tions, which may contain antioxidants, bufllers, bacteriostats,
and solutes that render the formulation isotonic with the
blood of the mtended recipient; and aqueous and nonaque-
ous sterile suspensions which may include suspending
agents and thickening agents. The formulations may be
presented in unit-dose or multi-dose containers, for example
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sealed ampoules and vials, and may be stored 1n a freeze
dried (lyophilized) condition requiring only the condition of
the sterile liquid carrier, for example, water for injections,
prior to use. Extemporaneous injection solutions and sus-
pensions may be prepared from sterile powder, granules,
tablets, etc. It should be understood that 1n addition to the
ingredients particularly mentioned above, the compositions
ol the subject mvention can include other agents conven-
tional 1n the art having regard to the type of formulation in
question.

[0044] Therapeutic application of compounds and/or com-
positions contaiming them can be accomplished by any
suitable therapeutic method and technique presently or pro-
spectively known to those skilled in the art. Further, com-
pounds and agents of the invention have use as starting
materials or intermediates for the preparation of other usetul
compounds and compositions.

[0045] Compounds of the invention, and compositions
thereol, may be locally administered at one or more ana-
tomical sites, such as sites of unwanted cell growth (such as
a tumor site or benign skin growth, e.g., mjected or topically
applied to the tumor or skin growth) or sites of fungal
infection, optionally 1n combination with a pharmaceutically
acceptable carrier such as an 1nert diluent. Compounds of the
invention, and compositions thereof, may be systemically
administered, such as intravenously or orally, optionally 1n
combination with a pharmaceutically acceptable carrier such
as an 1nert diluent, or an assimilable edible carrier for oral
delivery. They may be enclosed 1n hard or soft shell gelatin
capsules, may be compressed into tablets, or may be incor-
porated directly with the food of the patient’s diet. For oral
therapeutic administration, the active compound may be
combined with one or more excipients and used 1n the form
of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, waiters, aerosol sprays, and the like.

[0046] The tablets, troches, pills, capsules, and the like
may also contain the following: binders such as gum traga-
canth, acacia, corn starch or gelatin; excipients such as
dicalcium phosphate; a disintegrating agent such as corn
starch, potato starch, alginic acid and the like; a lubricant
such as magnesium stearate; and a sweetening agent such as
sucrose, fructose, lactose or aspartame or a flavoring agent
such as peppermint, o1l of wintergreen, or cherry flavoring
may be added. When the unit dosage form 1s a capsule, 1t
may contain, in addition to materials of the above type, a
liguid carrier, such as a vegetable o1l or a polyethylene
glycol. Various other materials may be present as coatings or
to otherwise modily the physical form of the solid umit
dosage form. For instance, tablets, pills, or capsules may be
coated with gelatin, wax, shellac, or sugar and the like. A
syrup or elixir may contain the active compound, sucrose or
fructose as a sweeteming agent, methyl and propylparabens
as preservatives, a dye and flavoring such as cherry or
orange tlavor. Of course, any material used in preparing any
unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. In addi-
tion, the active compound may be incorporated into sus-
tained-release preparations and devices.

[0047] Compounds and compositions ol the invention,
including pharmaceutically acceptable salts or analogs
thereol, can be administered intravenously, intramuscularly,
or intraperitoneally by infusion or 1njection. Solutions of the
active agent or 1ts salts can be prepared in water, optionally
mixed with a nontoxic surfactant. Dispersions can also be
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prepared 1 glycerol, liqud polyethylene glycols, triacetin,
and mixtures thereof and in o1ls. Under ordinary conditions
of storage and use, these preparations can contain a preser-
vative to prevent the growth of microorganisms.

[0048] The pharmaceutical dosage forms suitable {for
injection or mfusion can include sterile aqueous solutions or
dispersions or sterile powders comprising the active ingre-
dient which are adapted for the extemporaneous preparation
of sterile injectable or infusible solutions or dispersions,
optionally encapsulated 1n liposomes. The ultimate dosage
form should be sterile, fluid and stable under the conditions
of manufacture and storage. The liquid carrier or vehicle can
be a solvent or liqud dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mix-
tures thereol. The proper fluidity can be maintained, for
example, by the formation of liposomes, by the maintenance
of the required particle size in the case of dispersions or by
the use of surfactants. Optionally, the prevention of the
action ol microorganisms can be brought about by various
other antibacterial and antifungal agents, for example, para-
bens, chlorobutanol, phenol, sorbic acid, thimerosal, and the
like. In many cases, 1t will be preferable to include 1sotonic
agents, for example, sugars, bullers or sodium chloride.
Prolonged absorption of the mjectable compositions can be
brought about by the inclusion of agents that delay absorp-
tion, for example, aluminum monostearate and gelatin.

[0049] Sterile 1njectable solutions are prepared by incor-
porating a compound of the invention 1n the required amount
in the appropriate solvent with various other ingredients
enumerated above, as required, followed by filter steriliza-
tion. In the case of sterile powders for the preparation of
sterile 1njectable solutions, the preferred methods of prepa-
ration are vacuum drying and the freeze drying techniques,
which vield a powder of the active ingredient plus any

additional desired ingredient present in the previously ster-
1le-filtered solutions.

[0050] For topical admimstration, compounds of the
invention may be applied 1n as a liquid or solid. However,
it will generally be desirable to administer them topically to
the skin as compositions, in combination with a dermato-
logically acceptable carrier, which may be a solid or a liquad.
Compounds and compositions of the subject invention can
be applied topically to a subject’s skin to reduce the size
(and may include complete removal) of malignant or benign
growths, or to treat an infection site. Compounds of the
invention can be applied directly to the growth or infection
site. Preferably, the compounds and agents are applied to the
growth or infection site 1n a formulation such as an ointment,
cream, lotion, solution, tincture, or the like. Drug delivery
systems for delivery of pharmacological substances to der-
mal lesions can also be used, such as that described 1n U.S.

Pat. No. 5,167,649.

[0051] Usetul solid carriers include finely divided solids
such as talc, clay, microcrystalline cellulose, silica, alumina
and the like. Usetul liquid carriers include water, alcohols or
glycols or water-alcohol/glycol blends, in which the com-
pounds can be dissolved or dispersed at eflective levels,
optionally with the aid of non-toxic surfactants. Adjuvants
such as fragrances and additional antimicrobial agents can
be added to optimize the properties for a given use. The
resultant liquid compositions can be applied from absorbent
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pads, used to impregnate bandages and other dressings, or
sprayed onto the aflected area using pump-type or aerosol
sprayers, for example.

[0052] Thickeners such as synthetic polymers, fatty acids,
tatty acid salts and esters, fatty alcohols, modified celluloses
or modified mineral materials can also be employed with
liquid carriers to form spreadable pastes, gels, ointments,
soaps, and the like, for application directly to the skin of the
user. Examples of useful dermatological compositions

which can be used to deliver a compound to the skin are
disclosed in U.S. Pat. Nos. 4,608,392: 4,992,478, 4,559,157,
and 4,820,508.

[0053] Usetul dosages of the compounds and pharmaceus-
tical compositions of the present invention can be deter-
mined by comparing their 1n vitro activity, and 1 vivo
activity in animal models. Methods for the extrapolation of
cllective dosages 1n mice, and other animals, to humans are
known to the art; for example, see U.S. Pat. No. 4,938,949,

[0054] The present invention also concerns pharmaceuti-
cal compositions comprising a compound of the imnvention 1n
combination with a pharmaceutically acceptable carrier.
Pharmaceutical compositions adapted for oral, topical or
parenteral administration, comprising an amount of a com-
pound constitute a preferred embodiment of the mmvention.
The dose administered to a patient, particularly a human, 1n
the context of the present invention should be suflicient to
achieve a therapeutic response 1n the patient over a reason-
able time frame, without lethal toxicity, and preferably
causing no more than an acceptable level of side eflects or
morbidity. One skilled 1n the art will recognize that dosage
will depend upon a variety of factors including the condition
(health) of the subject, the body weight of the subject, kind
of concurrent treatment, i any, Irequency of treatment,
therapeutic ratio, as well as the severity and stage of the
pathological condition.

[0055] For the treatment of oncological disorders, com-
pounds and compositions contemplated by the present
invention can be administered to a patient 1n need of
treatment prior to, subsequent to, or 1n combination with
other anfitumor or anticancer agents or substances (e.g.,
chemotherapeutic agents, immunotherapeutic agents, radio-
therapeutic agents, cytotoxic agents, etc.) and/or with radia-
tion therapy and/or with surgical treatment to remove a
tumor. For example, compounds and compositions of the
present invention can be used in methods of treating cancer
wherein the patient 1s to be treated or 1s or has been treated
with mitotic mnhibitors such as taxol or vinblastine, alkylat-
ing agents such as cyclophosamide or ifosfamide, antime-
tabolites such as 5-fluorouracil or hydroxyurea, DNA inter-
calators such as adriamycin or bleomycin, topoisomerase
inhibitors such as etoposide or camptothecin, antiangiogenic
agents such as angiostatin, antiestrogens such as tamoxifen,
and/or other anti-cancer drugs or antibodies, such as, for
example, GLEEVEC (Novartis Pharmaceuticals Corpora-
tion) and HERCEPTIN (Genentech, Inc.), respectively.
These other substances or radiation treatments may be given
at the same as or at different times from the compounds of
this mnvention. Examples of other chemotherapeutic agents
contemplated within the scope of the invention include, but
are not limited to, altretamine, bleomycin, bortezomib
(VELCADE), busulphan, calcium {folinate, capecitabine,
carboplatin, carmustine, chlorambucil, cisplatin, cladribine,
crisantaspase, cyclophosphamide, cytarabine, dacarbazine,
dactinomycin, daunorubicin, docetaxel, doxorubicin, epiru-
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bicin, etoposide, fludarabine, fluorouracil, gefitimib (IRES
SA), gemcitabine, hydroxyurea, idarubicin, ifosfamide, 1ima-
timb (GLEEVEC), irinotecan, liposomal doxorubicin,
lomustine, melphalan, mercaptopurine, methotrexate, mito-
mycin, mitoxantrone, oxaliplatin, paclitaxel, pentostatin,
procarbazine, raltitrexed, streptozocin, tegatur-uracil, temo-
zolomide, thiotepa, tioguanine/thioguanine, topotecan, treo-
sulfan, vinblastine, vincristine, vindesine, vinorelbine. In an
exemplified embodiment, the chemotherapeutic agent 1is
melphalan. Examples of immunotherapeutic agents contem-
plated within the scope of the mvention include, but are not
limited to, alemtuzumab, cetuximab (ERBITUX),
gemtuzumab, 10dine 131 tositumomab, rituximab, trastu-
zamab (HERCEPTIN). Cytotoxic agents include, {for
example, radioactive isotopes (e.g., I'>", I'*, Y77, P>, etc.),
and toxins of bacterial, fungal, plant, or animal origin (e.g.,
ricin, botulinum toxin, anthrax toxin, aflatoxin, jellyfish
venoms (e.g., box jellyfish), etc.) The subject invention also
concerns methods for treating an oncological disorder com-
prising administering an effective amount of a compound
and/or composition of the invention prior to, subsequent to,
and/or 1n combination with administration of a chemothera-
peutic agent, an immunotherapeutic agent, a radiotherapeu-

tic agent, or radiotherapy.

10056]

Examples of some chemotherapeutic agents that

can be used according to the present invention are listed 1n

Table 2.

TABLE 2

Examples of Chemotherapeutic Agents

13-c1s-Retinoic Acid Mylocel
2-Amino-6- Letrozole
Mercaptopurine Neosar

2-CdA Neulasta
2-Chlorodeoxvyadenosine Neumega
S-fluorouracil Neupogen

5-FU Nilandron

6-TG Nilutamide
6-Thioguanine Nitrogen Mustard
6-Mercaptopurine Novaldex

o-MP Novantrone
Accutane Octreotide
Actinomycin-D Octreotide acetate
Adriamycin Oncospar

Adrucil Oncovin

Agrylin Ontak

Ala-Cort Onxal
Aldesleukin Oprevelkin
Alemtuzumab Orapred
Alitretinoin Orasone
Alkaban-AQ Oxaliplatin
Alkeran Paclitaxel
All-transretinoic acid Pamidronate
Alpha interferon Panretin
Altretamine Paraplatin
Amethopterin Pediapred
Amifostine PEG Interferon
Aminoglutethimide Pegaspargase
Anagrelide Pegfilgrastim
Anandron PEG-INTRON
Anastrozole PEG-L-asparaginase
Arabinosylcytosine Phenylalanine Mustard
Ara-C Platinol

Aranesp Platinol-AQ
Aredia Prednisolone
Arimidex Prednisone
Aromasin Prelone

Arsenic trioxide Procarbazine
Asparaginase PROCRIT

ATRA Proleukin
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TABLE 2-continued TABLE 2-continued

Examples of Chemotherapeutic Agents Examples of Chemotherapeutic Agents

Avastin Prolifeprospan 20 with Carmustine implant Eloxatin HMM

BCG Purinethol Elspar Hycamtin

BCNU Raloxifene Emcyt Hydrea

Bevacizumab Rheumatrex Epirubicin Hydrocort Acetate

Bexarotene Rituxan Epoctin alfa Hydrocortisone

Bicalutamide Rituximab Erbitux Hydrocortisone sodium phosphate

BiCNU Roveron-A (interferon alfa-2a) Erwinia L-asparaginase Hydrocortisone sodium succinate

Blenoxane Rubex Estramustine Hydrocortone phosphate

Bleomycin Rubidomycin hydrochloride Ethyol Hydroxyurea

Bortezomib Sandostatin Etopophos Ibritumomab

Busulfan Sandostatin LAR Etoposide Ibritumomab Tiuxetan

Busulfex Sargramostim Etoposide phosphate Idamycin

C225 Solu-Cortef Fulexin Idarubicin

Calcium Leucovorin Solu-Medrol Evista Ifex

Campath STI-571 Exemestane IFN-alpha

Camptosar Streptozocin Fareston [fosfamide

Camptothecin-11 Tamoxifen Faslodex IL-2

Capecitabine Targretin Femara IL-11

Carac Taxol Filgrastim Imatinib mesylate

Carboplatin Taxotere Floxuridine Imidazole Carboxamide

Carmustine Temodar Fludara Interferon alfa

Carmustine wafer Temozolomide Fludarabine Interferon Alfa-2b (PEG conjugate)

Casodex Teniposide Fluoroplex Interleukin-2

CCNU TESPA Fluorouracil Interleukin-11

CDDP Thalidomide Fluorouracil (cream) Intron A (interferon alfa-2b)

CeeNU Thalomid Fluoxymesterone Leucovorin

Cerubidine TheraCys Flutamide Leukeran

cetuximab Thioguanine Folinic Acid Leukine

Chlorambucil Thioguanine Tabloid FUDR Leuprolide

Cisplatin Thiophosphoamide Fulvestrant Leurocristine

Citrovorum Factor Thioplex G-CSF Leustatin

Cladribine Thiotepa Gefitinib Liposomal Ara-C

Cortisone TICE Gemcitabine Liqud Pred

Cosmegen Toposar Gemtuzumab ozogamicin  Lomustine

CPI-11 Topotecan Gemzar L-PAM

Cyclophosphamide Toremifene Gleevec L-Sarcolysin

Cytadren Trastuzumab Lupron Meticorten

Cytarabine Tretinoin Lupron Depot Mitomycin

Cytarabine liposomal Trexall Matulane Mitomycin-C

Cytosar-U Trisenox Maxidex Mitoxantrone

Cytoxan TSPA Mechlorethamine M-Prednisol

Dacarbazine VCR Mechlorethamine MTC

Dactinomycin Velban Hydrochlorine MTX

Darbepoetin alfa Velcade Medralone Mustargen

Daunomycin VePesid Medrol Mustine

Daunorubicin Vesanoid Megace Mutamycin

Daunorubicin Viadur Megestrol Myleran

hydrochloride Vinblastine Megestrol Acetate Iressa

Daunorubicin liposomal Vinblastine Sulfate Melphalan Irinotecan

DaunoXome Vincasar Pis Mercaptopurine I[sotretinoin

Decadron Vincristine Mesna Kidrolase

Delta-Cortef Vinorelbine Mesnex Lanacort

Deltasone Vinorelbine tartrate Methotrexate L-asparaginase

Denileukin diftitox VLB Methotrexate Sodium LCR

DepoCyt VP-16 Methylprednisolone

Dexamethasone Yumon

Dexamethasone acetate Xeloda

ﬁi}igfiamm sodium %:;Siir [0057] The subject invention also concerns methods for
Dexasone Zinecard inhibiting Stat3 protein 1n a cell by contacting the cell with
Dexrazoxane Loladex an eflective amount of a compound or composition of the
DHAD Zoledronic acid : : : :

DIC 7 o meta invention. In one embodiment, the cell 1s a human or
Diodex Gliadel wafer mammalian cell, and can be a cancer or tumor cell or other
Docetaxel Glivec cell that exhibits abnormal proliferation, survival, migration
Doxil -~ GM-CSE or differentiation. In one embodiment, the cell constitutively
Doxorubicin Goserelin

Doxorubicin liposomal
Droxia

granulocyte - colony stimulating factor
Granulocyte macrophage colony stimulating

expresses or expresses elevated or abnormal levels of Stat3.
In one embodiment, the tumor or cancer cell 1s a breast

DTIC factor cancer cell, prostate cancer cell, head and neck squamous
DTIC-Dome Halotestin cell carcinoma, lymphoma cell, leukemia cell, multiple
Duralone Herceptin :

EE oy Hexadrol myeloma cell, glioma cell, non-small cell lung cancer cell,
Eligard Hexalen melanoma cell, gastrointestinal stromal tumor cell, renal cell
Ellence Hexamethylmelamine carcinoma, esophageal cell carcinoma, ovarian cancer cell,

cervical cancer cell, or gastric cancer cell. In one embodi-
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ment, the compound 1s the compound designated herein as
PLATINUM-401 (formula I). In another embodiment, the
compound 1s a chloroplatinic acid (H,PtCl, or K,PtCl,). In
still a further embodiment, the compound 1s the compound
designated herein as RPM 1581 which can be 1n a free base
(formula II) or salt form (e.g., formula III).

[0058] The subject invention also concerns methods for
treating a person or animal (1.e., a subject) having a disorder
associated with constitutive, abnormal, or elevated expres-
sion ol Stat3 in a cell, wherein a therapeutically eflective
amount of a compound or composition of the mvention 1s
administered to the person or animal. The disorder can be
one characterized, for example, by abnormal cell prolifera-
tion, cell survival, cell migration, and/or cell differentiation.
In one embodiment, the compound 1s the compound desig-
nated heremn as PLATINUM-401 (formula I). In another
embodiment, the compound 1s a chloroplatinic acid
(H,PtCl, or K,PtCl,). In still a further embodiment, the
compound 1s the compound designated herein as RPM 1581

which can be 1n a free base (formula II) or salt form (e.g.,
formula III).

[0059] Depending upon the disorder or disease condition
to be treated, a suitable dose(s) may be that amount that waill
reduce proliferation or growth of the target cell(s). In the
context of cancer, a suitable dose(s) 1s that which will result
in a concentration of the active agent in cancer tissue, such
as a malignant tumor, which 1s known to achieve the desired
response. The preferred dosage 1s the amount which results
in maximum 1inhibition of cancer cell growth, without
unmanageable side effects. Administration of a compound
and/or agent can be continuous or at distinct intervals, as can
be determined by a person of ordinary skill in the art.

[0060] To provide for the admimstration of such dosages
tor the desired therapeutic treatment, in some embodiments,
pharmaceutical compositions of the mnvention can comprise
between about 0.1% and 45%, and especially, 1 and 15%, by
weight of the total of one or more of the compounds based
on the weight of the total composition including carrier or
diluents. Illustratively, dosage levels of the administered
active imgredients can be: intravenous, 0.01 to about 20
mg/kg; intraperitoneal, 0.01 to about 100 mg/kg; subcuta-
neous, 0.01 to about 100 mg/kg; intramuscular, 0.01 to about
100 mg/kg; orally 0.01 to about 200 mg/kg, and preferably
about 1 to 100 mg/kg; intranasal instillation, 0.01 to about 20
mg/kg; and aerosol, 0.01 to about 20 mg/kg of amimal (body)
weight.

[0061] The subject invention also concerns methods for
screening and/or diagnosing an oncological condition or
disorder using a compound or composition of the mnvention
wherein the condition or disorder 1s associated with consti-
tutive active Stat3 expression or active Stat3 overexpression
in a cell. In one embodiment, a cell 1s contacted with a
PLATINUM-401 compound or composition and observing
the cell for induction of apoptosis. Only cells expressing
constitutively active Stat3 will exhibit induction of apopto-
si1s upon exposure to PLATINUM-401 (formula I). In
another embodiment, the compound 1s a chloroplatinic acid
(H,PtCl, or K,PtCly). In still a further embodiment, the
compound 1s the compound designated herein as RPM 1381
which can be 1n a free base (formula II) or salt form (e.g.,

formula III).

[0062] The subject invention also concerns kits compris-
ing a compound or a composition comprising an inhibitor
compound and/or agent of the invention 1 one or more
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containers. In one embodiment, the compound 1s the com-
pound designated herein as PLATINUM-401 (formula I). In
another embodiment, the compound 1s a chloroplatinic acid
(H,PtCl, or K,PtCly). In still a further embodiment, the
compound 1s the compound designated herein as RPM 1381
which can be 1n a free base (formula II) or salt form (e.g.,
formula III). Kits of the mvention can optionally include
pharmaceutically acceptable carriers and/or diluents. In one
embodiment, a kit of the invention includes one or more
other components, adjuncts, or adjuvants as described
herein. In another embodiment, a kit includes one or more
anti-cancer agents, such as those agents described herein. In
one embodiment, a kit of the invention includes 1nstructions
or packaging materials that describe how to administer a
compound or composition of the kit. Containers of the kat
can be of any suitable matenal, e.g., glass, plastic, metal,
etc., and of any suitable size, shape, or configuration. In one
embodiment, a compound and/or agent of the invention is
provided 1n the kit as a solid, such as a tablet, pill, or powder
form. In another embodiment, a compound and/or agent of
the invention 1s provided 1n the kit as a liquid or solution. In
one embodiment, the kit comprises an ampoule or syringe
containing a compound and/or agent of the invention 1n
liguid or solution form. A kit of the invention can also
optionally comprise, in addition to an inhibitor compound or

composition of the mvention, other Stat3 inhibitors, includ-
ing, but not limited to, NSC 74859, PIAS3, WP1066, or
STA-21.

[0063] Mammalian species which benefit from the dis-
closed methods include, but are not limited to, primates,
such as apes, chimpanzees, orangutans, humans, monkeys;
domesticated animals (e.g., pets) such as dogs, cats, guinea
pigs, hamsters, Vietnamese pot-bellied pigs, rabbits, and
ferrets; domesticated farm animals such as cows, buflalo,
bison, horses, donkey, swine, sheep, and goats; exotic ani-
mals typically found 1n zoos, such as bear, lions, tigers,
panthers, elephants, hippopotamus, rhinoceros, girafles,
antelopes, sloth, gazelles, zebras, wildebeests, prairie dogs,
koala bears, kangaroo, opossums, raccoons, pandas, hyena,
seals, sea lions, elephant seals, otters, porpoises, dolphins,
and whales. Other species that may benefit from the dis-
closed methods include fish, amphibians, avians, and rep-
tiles. As used herein, the terms “patient”, “individual”, and
“subject” are used interchangeably and are intended to
include such human and non-human species. Likewise, 1n
vitro methods of the present invention can be carried out on

cells of such human and non-human species.

[0064] The compound designated herein as PLATINUM-
401 functions as a Stat3 inhibitor by directly interacting with
the protein. The evidence indicates that PLATINUM-401
interacts with the Stat3 protein, both the inactive monomer
and the activated dimer, and represses the Stat3 phosphoty-
rosine levels, DNA-binding activity and transcriptional
regulation. Differences are evident in the modes of activity
and selectivity between PLATINUM-401 and the widely
used anti-tumor agent Cisplatin (Siddik, 2003; Wang et al.,
2004b), which has no effect on Stat3 activity (Turkson et al.,
2004b). By contrast, PLATINUM-401 blocks the binding of
activated Stat3 to a specific DNA-response element. While
the exact site(s) within the Stat3 protein that interacts with
PLATINUM-401 1s not yet known, preliminary evidence
(data not shown) implicates cysteine residue(s). This 1s
consistent with previous reports that Cisplatin and other
platinum complexes interact with cysteine and methionine
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residues 1n serum albumin and y-globulins (Bose, 2002;
Trynda-Lemiesz et al., 1999; Allain et al., 2000; Trynda-
Lemiesz and Luczkowski, 2004), forming thiol conjugates
of platinum complexes (Allain et al., 2000; Heudi et al.,
1999; Heud:1 et al., 2001). It 1s conceivable that such a
modification 1n the Stat3 protein by PLATINUM-401 1n turn
occludes the binding of Stat3 to its consensus DINA-re-
sponse element.

[0065] A non-competitive type inhibition by PLATINUM-
401 was observed, supported by the reduced maximum
DNA-binding activity of Stat3 following PLATINUM-401
treatment. The treatment of activated Stat3 with PLATI-
NUM-401 also induces an apparent change in the protein’s
binding afhinity for the consensus DNA sequence. Inferring
from the known interactions of other platinum complexes
with thiol-containing biological molecules (Siddik, 2003;
Allain et al., 2000; Heud1 et al., 1999; Heuds et al., 2001),
the expected reaction of PLATINUM-401 with thiol groups
of Stat3 would be irreversible. Those earlier studies and ours
together suggest that PLATINUM-401 irreversibly modifies
the Stat3 protein, thereby blocking the DNA-binding activ-
ity of the protemn and subverting its transcriptional and
biological functions. The lack of any PLATINUM-401 effect
on Stat3 protein pre-bound to DNA suggests a shielding of
the key amino acid(s) within the protein once the latter 1s
first bound to DNA. This raises the possibility that both
PLATINUM-401 and the DNA consensus sequence bind to
the same region of Stat3 in the DNA-binding domain, or the
Stat3 protein undergoes conformational changes upon bind-
ing to the DNA sequence, which restrict access to the key
amino acid residue(s) and prevent interaction with PLATI-
NUM-401. Indeed, the crystal structure of Stat313 dimer
bound to DNA (Becker et al., 1998) shows that the protein
1s clamped around the DNA double helix, which may be
suflicient to 1mpede access by PLATINUM-401 to the
DNA-binding domain.

[0066] Previous reports have established constitutively-
active Stat3 as key to the dysregulated growth, survival,
angilogenesis, and immune evasion that characterize tumori-
genesis (Turkson and Jove, 2000; Yu and Jove, 2004). The
biological effects of PLATINUM-401 are manifest in malig-
nant cells harboring constitutively-active Stat3, including
inhibition of Stat3-dependent transformation, as well as
inhibition of cell growth with G,/G, cell cycle arrest and
apoptosis of malignant cells (Catlett-Falcone et al. 1999;
(Garcia et al., 2001; Bowman et al., 2000b; Turkson et al.,
2004b). Thus, PLATINUM-401 inhibits Stat3-mediated
induction of critical genes, including the cell cycle regulator,
Cyclin D1, the anti-apoptotic Bcl-xL, as well as the pro-
angiogenic VEGEF, which are important in tumor processes
(Catlett-Falcone et al. 1999; Niu et al., 2002; Bromberg et
al., 1999; Sinibald: et al., 2000).

[0067] In contrast to the DNA denaturation and the for-
mation of platinum-DNA adducts by Cisplatin (Siddik,
2003; Perez et al., 2003), direct modification of DNA 1s not
a key factor in the inhibition of Stat3 signaling and biologi-
cal functions by PLATINUM-401. Findings herein show
that the Stat3-binding integrity of the DN A response element
1s preserved following treatment of DNA with PLATINUM-
401. Moreover, oligonucleotide melting and re-annealing
analysis with agarose gel electrophoresis show a retention of
the overall integrity of the PLATINUM-401-treated DNA
response element (data not shown). The eflects of PLATI-
NUM-401 on Stat3 observed here also contrast that of
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Cisplatin and others that modulate the PI-3-kinase/Akt and
MAPKSs family pathways, which contribute to their biologi-
cal eflects (Sanchez-Perez et al., 1998; Persons et al., 1999;
Bose, 2002; Siddik, 2003). The mventors do not observe

ellects of PLATINUM-401 on Stat3-independent transcrip-
tional events.

Exemplified Embodiments

[0068] Embodiment 1: A compound having the structure
shown 1n formula I, formula II, or formula III:
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Embodiment 2: The compound of embodiment 1, wherein
the compound has the structure of formula I.

Embodiment 3: The compound of embodiment 1, wherein
the compound has the structure of formula II.
Embodiment 4: The compound of embodiment 1, wherein
the compound has the structure of formula III.
Embodiment 5: The compound of embodiment 1, wherein
the compound 1s a chloroplatinic acid (H,PtCl, or K,PtCl).

Embodiment 6: The compound of embodiment 1, wherein
the compound 1s RPM 13581.

Embodiment 7: A composition comprising a compound of
embodiment 1 and a carrier, bufler, adjuvant, a combination
of two or more of the foregoing.

Embodiment 8: A method for treating a subject having a
disorder or condition associated with aberrant or excessive
Stat3 activity or interaction 1n a cell, comprising adminis-
tering an eflective amount of a compound of embodiment 1
to the subject.

Embodiment 9: The method of embodiment 8, wherein the
disorder 1s an oncological disorder.

Embodiment 10: The method of embodiment 8 or 9, wherein
the compound has the structure of formula I.

Embodiment 11: The method of embodiment 8 or 9, wherein
the compound has the structure of formula II.
Embodiment 12: The method of embodiment 8 or 9, wherein
the compound has the structure of formula III.
Embodiment 13: The method of embodiment 8 or 9, wherein
the compound 1s a chloroplatinic acid (H,PtCl, or K,PtCl,).
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Embodiment 14: The method of embodiment 8 or 9, wherein
the compound 1s RPM 1381.

Embodiment 15: The method of any preceding embodiment,
wherein the method further comprises, determiming that the
disorder or condition 1s associated with aberrant or excessive
Stat3 activity or interaction 1n a cell (e.g., prior to admin-
istering the compound).

Embodiment 16: The method of embodiment 15, wherein
the determining comprises measuring a level of Stat3 activ-
ity or interaction in a biological sample collected from the
subject and comparing the measured level to a reference
level of Stat3 activity or interaction.

Embodiment 17: The method of any preceding embodiment,
wherein the compound 1s administered to the subject in a
composition comprising the compound and a carrier, bufler,
adjuvant, or a combination of two or more of the foregoing.
Embodiment 18: The method of any preceding embodiment,
wherein the subject 1s a mammal.

Embodiment 19: The method of embodiment 18, wherein
the subject 1s a non-human mammal.

Embodiment 20: The method of embodiment 18, wherein
the subject 1s human.

Embodiment 21: A method for inducing apoptosis i a cell
aberrantly or constitutively expressing active Stat3, com-
prising contacting the cell with an effective amount of a
compound of embodiment 1.

Embodiment 22: The method of embodiment 21, wherein
the cell 1s a malignant cell.

Embodiment 23: The method of embodiment 21 or 22,
wherein the compound has the structure of formula I.
Embodiment 24: The method of embodiment 21 or 22,
wherein the compound has the structure of formula II.
Embodiment 25: The method of embodiment 21 or 22,
wherein the compound has the structure of formula III.
Embodiment 26: The method of embodiment 21 or 22,
wherein the compound 1s a chloroplatinic acid (H,PtCl, or
K, PtCly).

Embodiment 27: The method of embodiment 21 or 22,
wherein the compound 1s RPM 1581.

Embodiment 28: The method of any preceding embodiment,
wherein the method further comprises, determiming that the
cell or a representative cell aberrantly or constitutively
expresses active Stat3 (e.g., prior to contacting the cell with
the compound).

Embodiment 29: The method of embodiment 28, wherein
the determining comprises measuring a level of Stat3 activ-
ity or interaction in the cell or representative cell and
comparing the measured level to a reference level of Stat3
activity or interaction.

Embodiment 30: The method of any preceding embodiment,
wherein the contacting comprises contacting the cell with a
composition comprising the compound and a carrier, bufler,
adjuvant, or a combination of two or more of the foregoing.
Embodiment 31: The method of any preceding embodiment,
wherein the contacting 1s carried out 1n vitro.
Embodiment 32: The method of any one of embodiments 23
to 24, wherein the contacting 1s carried out 1n vivo.
Embodiment 33: The method of embodiment 30, wherein
the contacting comprises administering the effective amount
of the compound to a human.

Embodiment 34: A method for screeming and/or diagnosing
an oncological condition or disorder using a compound of
embodiment 1, wherein the condition or disorder 1s associ-
ated with constitutive active Stat3 expression or active Stat3
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overexpression 1 a cell, wherein the method comprises
contacting a cell with a compound of embodiment 1 and
observing the cell for induction of apoptosis.

Embodiment 335: A kit comprising a compound of embodi-
ment 1 1n one or more containers.

Materials and Methods

[0069] Cells and reagents—Src-transformed NIH3T3/v-
Src, NIH3T3/v-Src/pLucTKS3, NIH3T3/v-Src¢/pRLSRE,
and NIH3T3/hEGFR fibroblasts, human breast cancer
(MDA-MB-231, MDA-MB-435, MDA-MB-453, and
MDA-MB-468), human prostate cancer (DU145), multiple
myeloma U266 (human) and 5TGMI1 (mouse), mouse mela-
noma (B16), and human pancreatic cancer (Panc1l) cell lines
have all been previously described (Catlett-Falcone et al.,
1999; Garcia et al., 2001; Niu et al., 1999; Johnson et al.,
1985; Yuetal., 1995; Turkson et al., 2001; Mora et al., 2002
Oval ob1 et al., 2003). Cells were grown 1 Dulbecco’s
modified Eagle’s medium (DMEM) containing 3% 1ron-
supplemented bovine calf serum, with or without G418 or
zeocin, or i RPMI containing 10% heat-inactivated fetal
bovine serum. The recombinant human epidermal growth
tactor (rhEGF) and interleukin-6 (IL-6) were obtained from
R & D Systems (Minneapolis, Minn.).

[0070] Plasmids—The Stat3 reporter, pLucTKS3, Stat3-
dependent VEGF promoter-driven reporter (pGL2-VEGEF-
Luc), and the Stat3-independent reporter, pLucSRE, all of
which drive the expression of firefly luciferase, as well as the
Stat3-independent pRLSRE renilla luciferase reporter have
all been previously described (Turkson et al., 1998; Niu et
al., 2002; Turkson et al., 1999). The pLucTKS3 plasmid
harbors seven copies of a sequence corresponding to the
Stat3-specific binding site 1n the promoter of the human
C-reactive protein gene (Zhang et al., 1996). The pRLSRE
and pLucSRE, each contains two copies of the serum
response element (SRE) from the c-fos promoter (Turkson et
al., 1998; Yamauchi et al., 1993), subcloned into the renilla
(pRL-null) or firetfly (pGL2) luciferase reporter, respectively
(Promega, Madison, Wis.). The plasmid pNFkB-Luc 1s
firefly luciferase obtained from Strategene (La Jolla, Calif.).
The plasmid pRc/CMYV Stat3 Flag tagged was a giit from Dir.
James Darnell, Jr. (The Rockefeller University).

[0071] Cytosolic extract preparation and luciferase
assays—Cytosolic extract preparation from fibroblasts and
luciferase assays were previously described (Turkson et al.,
1998; Turkson et al., 1999). Briefly, after two washes with
PBS and equilibration for 5 min with 0.5 ml of PBS-0.5 mM
EDTA, cells were scraped ofl the dishes and the cell pellet
was obtained by centrifugation (4,500xg, 2 min, 4° C.).

Cells were resuspended in 0.4 ml of low-salt HEPES buitler
(10 mM HEPES [pH 7.8], 10 mM KCIl, 0.1 mM EGTA, 0.1

mM EDTA, 1 mM phenylmethylsulfonyl fluoride (PMSF),
and 1 mM dithiothreitol (DTT)) for 15 min, lysed by the
addition of 20 ul of 10% Nomdet P-40 (NP-40), and
centrifuged (10,000xg, 30 s, 4° C.) to obtain the cytosolic
supernatant, which was used for luciferase assays (Promega)
measured with a luminometer. Cytosolic lysates were pre-
pared from recombinant baculovirus-infected S1-9 cells for
Stat3 protein, as previously described (Zhang et al., 2000).
Brietly, cultured dishes of S1-9 cells were washed twice with
ice-cold 1xPBS and then PBS containing 1 mM sodium
orthovanadate. Cells were then lysed i 1% NP-40 lysis
buffer (50 mM HEPES [pH 7.9], 150 mM NaCl, 1% NP-40,
20 mM NaF, 1 mM sodium orthovanadate, 1 mM tetraso-
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dium pyrophosphate, 1 mM DTT, 0.5 mM PMSF, 2 mM
EGTA, 2 mM EDTA, 0.1 uM aprotinin, 1 uM leupeptin, and
1 uM antipain) on i1ce for 10 min, and centrifuged (13,000xg,
30 s, 4° C.) to obtain lysate.

[0072] Nuclear extract preparation and gel shift assays—

Nuclear extract preparation from NIH3T3 stimulated by
rhlL-6, NIH3T3/hEGFR stimulated by rhEGE, v-Src-trans-

formed fibroblasts (NIH3'1T3/v-Src) or tumor cell lines and
clectrophoretic mobility shift assay were carried out as
previously described (Turkson et al., 1998; Garcia et al.,
1997; Yu et al., 1995). The **P-labeled oligonucleotide
probes used are hSIE (high athnity sis-inducible element
from the c-fos gene, m67 wvanant, 3S'-AGCTTCAIT-
TTCCCGTAAATCCCTA) (SEQ ID NO:1) that binds Statl
and Stat3 (Garcia et al., 1997; Wagner et al., 1990) and
MGFe (mammary gland factor element from the bovine
B-casein gene promoter, 5-AGATTTCTAGGAATTCAA)
(SEQ ID NO:2) for Statl and Stat5 binding (49,50). Except
where indicated, inhibitor compound was pre-incubated
with the nuclear extract for 30 min at room temperature prior
to mncubation with radiolabeled probe.

[0073] Western blot—Whole-cell lysates were prepared 1n
boiling sodium dodecyl sulfate (SDS) sample-loading bufler
to extract total proteins from the cytoplasm and nucleus.
Equivalent amounts of total cellular protein were electro-
phoresed on an SDS-10% polyacrylamide gel and trans-
terred onto nitrocellulose membranes. Probing of nitrocel-
lulose membranes with primary antibodies and detection of
horseradish peroxidase-conjugated secondary antibodies by
enhanced chemiluminescence (Amersham, Piscataway,
N.I.) were performed as previously described (Garcia et al.,
2001; Turkson et al., 2004b; Zhang et al., 2000). The probes
used were anti-Cyclin D1 (Cell Signaling Technologies,
Beverly, Mass.), anti-Bcl-xL (Cell Signaling Technologies),
and anti--Actin (Sigma-Aldrich, St. Lows, Mo.) antibod-
1e8.

[0074] Soft-agar colony formation assays—Colony for-
mation assays were carried out in six-well dishes as previ-
ously described (Turkson et al., 1999). In brief, each well
contained 1.5 ml of 1% agarose in DMEM as the bottom
layer, and 1.5 ml of 0.5% agarose in DMEM containing
4000 or 6000 NIH3T3/v-Src or NIH3T3/v-Ras fibroblasts,
respectively, as the top layer. Treatment with PLATINUM-
401 was mitiated 1 day after seeding cells by adding 75-100
wl of medium with or without compound, and repeated every
three days, until large colonies were evident. Colonies were
quantified by staining with 20 ul of 1 mg/ml 1odonitrotet-
razolium violet, incubating at 37° C. overmight and counting,
the next day.

[0075] Cell proliferation and TUNEL assays—Proliferat-
ing cells were first treated with or without PLATINUM-401
for up to 48 h. A portion of cells were harvested for BrdU
incorporation following the manufacturer’s (BD Biosci-
ences Pharmingen, San Diego, Calif.) mstructions and ana-
lyzed by flow cytometry. Harvested cells were also analyzed
for apoptosis via detection of TdT-mediated dUTP nick-end
labeling (TUNEL) assay using Apoptosis Detection Systems
Fluorescein according to the manufacturer’s (Roche, India-
napolis, Ind.) 1nstructions.

[0076] Oligonucleotides and plasmids Transfections. The
Stat3 antisense (5'-GCTCCAGCATCTGCTGCTTC-3")
(SEQ ID NO:3) or control mismatch oligonucleotides (5'-
GCTCCAATACCCGTTGCTTC-3") (SEQ ID NO:4) were

synthesized using phosphorothioate chemistry and were
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synthesized with 2'-Omethoxyethyl modification of the five
terminal nucleotides (underlined; (Mora et al., 2002; Karras
et al., 2000)) to increase stability. Transiections of Stat3AS
and plasmids were carried out with Lipofectamine 2000
(LF) according to the manufacturer’s instructions (Invitro-
gen, Carlsbad, Calif.). Briefly, cells were seeded at 1-2x10°
cells/10-cm tissue-culture plates 18 h before transfection.
Immediately before transfection, cells were washed once
with PBS. Cells were transtected with luciferase reporters (4
ug) in the presence or absence of v-Src (4 ug), or were
transiected with Stat33 (4 ug) or pRC/CMV Stat3 Flag (4
Stat3AS transfections were carried out LF alone, or with
LF/Stat3 antisense oligonucleotides, or LF/Stat3 mismatch
oligonucleotides (final concentration of the oligonucleotides
was 250 nM). After 2-3 h, the transfection medium was
aspirated and cells washed with PBS before fresh medium
added contaiming 10% FBS was added. Forty-eight h after
transiection cells were washed and cytosolic lysates pre-
pared for luciferase, as previously described (Turkson et al.,
1998; Turkson et al., 1999), or processed for TUNEL
staining.

[0077] Immunohistochemistry—The indirect peroxidase-
antiperoxidase test was performed on cytospins prepared
from cell lines (control and treated). After inhibition of
endogenous peroxidase with 0.3% H,O, and methanol for
30 min, slides were rinsed in PBS [pH 7.4], treated for 30
min with 1.5% normal goat serum and then incubated for 1
h with primary antibody against Ki-67 (Vector Laboratories,
Burlingame, Calif.) at 1:100 dilution. Slides were then
rinsed mm PBS and incubated with biotinylated secondary
antibody (Vector Laboratories) at 1:200 dilution for 30 min.
Following washing with PBS, the preparations were further
incubated in avidin-peroxidase conjugate (Vector Laborato-
ries). The visualization was carried out with 3,3'-diamino-
benzidine (Vector Laboratories) for 2 min. For microscopic
evaluation, the preparations were counterstained with hema-
toxylin and mounted. Negative controls consisted of
replacement of the primary antibody with PBS. The pres-
ence ol Ki-67 nuclear staining was calculated as percent
positive tumor cells 1n relation to the total number of cells.
[0078] All patents, patent applications, provisional appli-
cations, and publications referred to or cited herein are
incorporated by reference in their entirety, including all
figures and tables, to the extent they are not inconsistent with
the explicit teachings of this specification.

[0079] Following are examples that illustrate procedures
for practicing the mvention. These examples should not be
construed as limiting. All percentages are by weight and all
solvent mixture proportions are by volume unless otherwise
noted.

Example 1—Identification of PLATINUM-401 as
an Inhibitor of Stat3 DNA-Binding Activity

[0080] Compounds from the NCI 2000 diversity set were
screened for inhibition of Stat3 signaling in an 1n vitro
DNA-binding activity assay based on analysis by electro-
phoretic mobility shift assay (EMSA). A platinum (IV)
complex, PLATINUM-401 (NSC 295338) (FIG. 1E), was
identified as a potent inhibitor of Stat3 and was further
characterized for its anfti-Stat3 properties. In the 1n vitro
DNA-binding activity assay, nuclear extracts of equal total
protein containing active Statl, Stat3 and Stat5 were pre-
incubated with different concentrations of PLATINUM-401

for 30 min prior to incubation with a [*“P]-labeled oligo-
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nucleotide, the m67 high aflinity sis-inducible element
(hSIE) probe that binds Statl and Stat3, or the mammary
gland factor element (MGFe) that binds Statl and Stat5.
Samples were then subjected to EMSA. Results show that
the presence of PLATINUM-401 1n nuclear extracts leads to
a dose-dependent reduction in the levels of DNA-binding
activity of Stat3:Stat3 homodimer (FIG. 1A (1), upper band),
Statl:Stat3 heterodimer (FIG. 1A (1), intermediate band),
and to a lesser extent of Statl:Statl homodimer (FIG. 1A (1)
and (11), lower band). In contrast, EMSA analysis shows that
the presence of PLATINUM-401 does not significantly
ailect the level of DNA-binding activity of Stat5:Stat5 dimer
(FIG. 1A (11), upper band). These results indicate that
PLATINUM-401 selectively disrupts Stat3 over Statl (IC.,
values of 1.4 uM and 4.1 uM, respectively, FIG. 1A (111)),
consistent with our previous findings with other platinum
(IV) complexes (Turkson et al., 2004b).

[0081] In control studies, the effect of PLATINUM-401
was evaluated on the DNA-binding activity of the E2F1
protein that 1s unrelated to STATs. Analysis by EMSA shows
that pre-incubation with PLATINUM-401 of cell lysates
containing E2F1 prior to incubation with a [*°P]-labeled
dihydrofolate reductase (DHFR) promoter sequence as
probe has no significant effect on the DNA-binding actlwty
(FIG. 1B (1)). In another control study, Cisplatin was simi-
larly evaluated on DNA-binding activities of STAT proteins
and E2F1 and has no detectable effect on the DNA-binding
activities of Statl, Stat3 and Stat5 (FIG. 1B (1)) and data not
shown), or of E2F1 (data not shown) DNA-binding activity
in vitro. These findings together suggest that the eflect of
PLATINUM-401 1s selective for Stat3, and that 1t 1s not a
general phenomenon of all platinum compounds to inhibit
the activities of transcription factors.

Example 2—ILack of Effect of PLATINUM-401 on
STAT Proteins Pre-Bound to DNA

[0082] To further characterize the disruption of in vitro
Stat3 DNA-binding activity by PLATINUM-401, the
sequence of addition of reagents during the DNA- blndlng
activity assay was changed to determine how 1t affects the
kinetics of PLATINUM-401-mediated inhibition. Nuclear
extracts containing activated Stat3 were first incubated with
radiolabeled hSIE probe for 30 min (to allow prior Stat3
binding to the oligonucleotide probe) followed by the addi-
tion of PLATINUM-401 for an additional 3-30 min, and then
subjected to EMSA analysis. PLATINUM-401 fails to dis-
rupt Stat3 DNA-binding activity when the protein 1s first
bound to the DNA-response element probe (FIG. 1C (1),
lanes 1-6 compared to control lanes 7-12). These findings
indicate that DNA-bound Stat3 protein 1s occluded from
inhibition by PLATINUM-401, suggesting that the Stat3
region required for interaction with PLATINUM-401 1s
already bound to DNA. By contrast, EMSA analysis shows
that the simultaneous addition of PLATINUM-401 and the
hSIE oligonucleotide probe to nuclear extracts containing,
activated Stat3 protein results 1n 1nhibition of Stat3 DNA-
binding activity (data not shown), as observed in FIG. 1A,

suggesting that Stat3 has a higher preference for PLATI-
NUM-401 over hSIE.

Example 3—Interaction of PLATINUM-401 with
STAT Proteins

[0083] Because the evidence suggested a possible inter-
action of activated Stat3 dimers with PLATINUM-401, the
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inventors asked the question whether mactive STAT mono-
mer proteins could do the same. To address this, cell lysates
of mactive STAT monomer proteins were added to that of
activated Stat3 and the mixture was pre-incubated with
PLATINUM-401 for 30 min prior to incubation with radio-
labeled hSIE probe and EMSA analysis. While 1nactive
STAT monomer proteins do not bind the DNA response

clement or alter the binding of activated Stat3 dimer protein
to DNA (FIG. 1C (1), lane 7), 1t they could interact with

PLATINUM-401 the inventors reasoned that they would
lower the concentration of the PLATINUM-401 and thereby
diminish the extent of PLATINUM-401-mediated inhibition
on the DNA-binding activity of activated Stat3 dimer.

[0084] Consistent with this possibility, EMSA analysis
shows that the presence of mactive Stat3 monomer signifi-
cantly diminishes the inhibitory effects of PLATINUM-401
on activated Stat3 DNA-binding activity (FIG. 1C (1),
compare lanes 10-13 to 2-5). Indeed, the presence of the
mactive Stat3 monomer protein completely restores the
DNA-binding activity of active Stat3 dimers that was hith-
erto abolished by the 1-10 uM PLATINUM-401 (FIG. 1C
(11), lanes 11-12 vs. 3-40) and results 1n partial recovery of
the active Stat3 DNA-binding activity that 1s otherwise
completely disrupted at high (30 uM) concentrations of
PLATINUM-401 (FIG. 1C (1), lanes 13 vs. 5). However, at
the level of protein present in the mixture, the mactive Stat3

monomer 1s insuflicient to impact higher concentrations (50
uM) of PLATINUM-401 and hence no recovery of active

Stat3 DNA-binding activity 1s observed (FIG. 1C, last lane).
These findings together show that monomer Stat3 interacts
with PLATINUM-401 and titrates it out, thereby reducing
the levels that are available to inhibit active Stat3. The
interaction of PLATINUM-401 with Stat3 protein 1s 1nde-

pendent of the activation status of the protein.

[0085] Similar observations were made when inactive
Statl monomer was present 1n the mixture (FIG. 1C (111),
compare lanes 8-12 to lanes 1-6), suggesting that PLATI-
NUM-401 also interacts with Statl protemn. In contrast,
mactive Statd5 monomer or a non-STAT-related protein,
E2F1, failed to significantly influence PLATINUM-401"s
ellect on Stat3 DNA-binding activity (FIG. 1C (1v), compare
lanes 8-14 to lanes 1-6 and FIG. 1C (v), compare lanes 7-12
to lanes 1-6).

[0086] To investigate the possibility that PLATINUM-401
might alter the integrity of the hSIE oligonucleotide probe
that 1s used 1n the DNA-binding activity studies and thereby
inhibit Stat3 binding, the oligonucleotide was first treated
with PLATINUM-401 for 30 min. Pre-treated oligonucle-
otide was then radiolabeled and tested for 1ts ability to bind
to activated Stat3 in vitro. EMSA analysis reveals that the
PLATINUM-401 pre-treated radiolabeled hSIE probe bound
activated protein similarly to the non-treated oligonucleotide
probe (FIG. 1D, lanes 1 vs. 2), indicating that the pre-
PLATINUM-401 treatment of oligonucleotide has no
observable eflect on the ability of the Stat3-responsive DNA
sequence to bind to activated Stat3 in vitro. While PLATI-
NUM-401 was 1n direct contact with the oligonucleotide
probe during the pre-treatment stage and prior to radiola-
beling of the probe, 1t 1s unlikely to have been retained with
the oligonucleotide probe following purification of the probe
and therefore would not have come 1nto contact with Stat3
protein at the time of the in vitro DNA-binding assay. Thus,
under the conditions of the i1n vitro DNA-binding assay,

PLATINUM-401 does not directly alter the binding proper-
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ties of the Stat3-responsive DNA element, suggesting the
DNA eclement may not directly interact with the PLATI-
NUM-401.

Example 4—Kinetics of PLATINUM-401-Mediated
Inhibition of Stat3 DNA-Binding Activity

[0087] To further explore the interaction of PLATINUM-
401 with Stat3 protein, the levels of activated Stat3 protein
and radiolabeled hSIE oligonucleotide probe were varied

during the 1 vitro DNA-binding assay and the extent of
PLATINUM-401-mediated inhibition was determined.

EMSA analysis shows that i vitro Stat3 DNA-binding
activity increases with increasing protein amounts (FIG. 2A,
lanes 1, 6 and 11). At low (1 ug) protein amount, the
presence of PLATINUM-401 causes a strong and a dose-
dependent decrease 1n the level of Stat3 DNA-binding
activity (FI1G. 2A, lanes 2-5), consistent with FIG. 1A (1). In
contrast, there 1s diminished effect of PLATINUM-401 on
Stat3 DNA-binding activity at higher (2-3 ug) protein levels
(FIG. 2A lanes 6-13), suggesting that increasing the Stat3
protein amount overcomes the inhibitory effects of PLATI-
NUM-401 (FIG. 2A, compare lanes 8-10, 13-15 to lanes
3-5). The apparent restoration of Stat3 DNA-binding activ-
ity at greater protein amounts suggests high levels of
residual active Stat3 protein (in excess ol the amount that

interacted with PLATINUM-401), which in turn bound the
probe. Altogether, the findings (FIGS. 1 and 2A) indicate
that PLATINUM-401 interacts with Stat3 protein and
thereby inhibits Stat3 DNA-binding activity.

[0088] For the same protein amount, results further show
that increasing the level of radiolabeled hSIE probe results
in an increased level of 1 vitro DNA-binding activity of
Stat3 (FI1G. 2B, FIG. 2C, lanes 1, 6, 11 and 16, and FIG. 2D),
until a maximum DNA-binding activity 1s reached at higher
levels of hSIE (a saturation or plateau phase in the plot of
Stat3-DNA complex versus amount of hSIE) (FIG. 2D). In
the presence of PLATINUM-401, however, the maximum
binding levels (plateau phase) attained are dimimished, par-
ticularly at high (1-2 uM) concentrations of PLATINUM-
401 (FIG 2B, FIG. 2C and FIG. 2D), suggesting that
Increasing probe levels fail to overcome the inhibitory effect
of higher concentrations of PLATINUM-401. Instead, vary-
ing degrees of saturation of Stat3 DNA-binding activity are
observed with increasing probe levels under high (0.3-2 uM)
PLATINUM-401 concentrations (FIG. 2D). Thus, increas-
ing the oligonucleotide probe levels does not restore the
maximum DNA-binding activity that 1s expected for any
given amount of protein at different PLATINUM-401 con-
centrations (1 uM and higher) (FIG. 2D). A Lineweaver-
Burke (double reciprocal) plot of Stat3-DNA complex ver-
sus concentration of hSIE suggests the inhibitory effect on
Stat3 DNA-binding activity by PLATINUM-401 displays
non-competitive type kinetics (FIG. 2E), with apparent
changes 1n aflinity and maximum binding levels.

Example 5—PLATINUM-401 Selectively Blocks
Intracellular Stat3 Signaling and Stat3-Mediated
Transformation

[0089] To further investigate the activities of PLATI-
NUM-401, the inventors treated malignant cells and mea-

sured eflects on Stat3 signaling. In stable cell lines
(NIH3T3/v-Src/pLucTKS3  and NIH3T3/v-Src¢/RLSRE)
harboring constitutively-active Stat3 and overexpressing
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Stat3-dependent firefly (pLucTKS3) and Stat3-independent
renilla (pRLSRE) luciferase reporters (Turkson et al., 2001),
PLATINUM-401 strongly suppresses the induction of Stat3-
dependent reporter but not the Stat3-independent luciferase
reporter or the induction of the [3-galactosidase (p-gal) in the
v-Src-transformed fibroblasts expressing [p-gal vector (FIG.
3). Similar results were obtained in transient transiection
studies of mouse NIH3T3 fibroblasts with the Stat3 reporter,
pLucTKS3, or the Stat3-dependent VEGF promoter-driven
luciterase reporter (pGL2-VEGF-Luc) (Niu et al., 2002)
following the activation of Stat3 by v-Src (Turkson et al.,
1998) and the treatment with PLATINUM-401 (FIG. 3B,
upper two panels). Taken together with the results 1n FIG. 1,
these findings indicate that PLATINUM-401 blocks the
binding of activated Stat3 to its responsive elements 1n the
promoters ol target genes. Moreover, 1 a time- and dose-
dependent manner, PLATINUM-401 1nhibits the constitu-
tive or ligand-induced activation of Stat3 DNA-binding
activity (FIG. 3C), as well as tyrosine phosphorylation 1n
mouse fibroblasts (FIG. 3D and data not shown). The
inventors noted IL-6-induced Stat3 activation was inhibited
by PLATINUM-401 as early as 30 min (FIG. 3C, lower
panel), while the inhibition of constitutively-active Stat3 in
v-Src-transformed NIH3T3/v-Src by PLATINUM-401
required longer than 12 h to be significant (data not shown).
Changes 1n Stat3 protein levels were minimal. In contrast,
the platinum compound has no inhibitory effects on the
induction of Stat3-independent NFkB promoter-driven
(NFkB-Luc) or c-fos promoter-driven (pLucSRE) luciferase
reporter activity in transient transiection studies 1n mouse
fibroblasts (FIG. 3B, lower two panels). Results together
indicate that at the 5-10 uM PLATINUM-401 that inhibits
intracellular Stat3 signaling, there 1s no observable non-
specific eflect on non-Stat3 related pathways 1nvestigated
here. These findings together demonstrate that PLATINUM -
401 selectively represses the tyrosine phosphorylation and
DNA-binding activity of Stat3, as well as the transcriptional
regulation 1n cells by Stat3.

[0090] PLATINUM-401 was next evaluated for effects on
Stat3-mediated v-Src transformation (Turkson et al., 1998;
Bromberg et al., 1998; Turkson et al., 1999). In soft-agar
growth assays of v-Src-transformed (NIH3T3/v-Src) fibro-
blasts, results show that treatment of cells with PLATINUM-
401 strongly suppresses growth (FIG. 4, left panel). In
contrast, similar treatment of v-Ras-transformed (NIH3T3/
v-Ras) fibroblasts growing 1n soit agar only partially mnhibits
growth (FIG. 4, right panel). These findings are consistent
with mhibition of constitutively-active Stat3 by PLATI-
NUM-401 and attenuation of growth of v-Src transformed
cells, and show that the PLATINUM-401 inhibitory effect 1s
selective against cells harboring constitutively-active Stat3.

Example 6—PLATINUM-401-Induced Block of
Cell Cycle Progression and Proliferation

[0091] The inventors further examined the biological
cllects of PLATINUM-401 and determined whether any
changes might correlate with the inhibition of constitutively-
active Stat3. Normal NIH3T3 and their v-Src-transformed
counterparts, human breast cancer cell lines harboring con-
stitutively-active Stat3 (MDA-MB-435, MDA-MB-231, and
MDA-MB-468) and those that do not harbor Stat3 activity
(MDA-MB-453 and MCF-7), as well as a human non-small
cell lung cancer cell line (A549), a human prostate cancer
cell line (DU145) and a murine multiple myeloma cell line
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(5TGM1), all of which harbor constitutively-active Stat3
(Garcia et al., 2001; Mora et al., 2002; Song et al., 2003),
were treated with or without PLATINUM-401 for 24 h. Cells
were then harvested for nuclear extract preparation and in
vitro Stat3 DNA-binding activity assay with EMSA analy-
s1s, or processed for cell proliferation and cell cycle analysis
by tlow cytometry.

[0092] EMSA analysis of Stat3 DNA-binding activity 1n
nuclear extracts prepared from malignant cells harboring
constitutively-active Stat3 and treated with PLATINUM-
401 reveals significant inhibition of constitutive activation
of Stat3 in those cells (FIG. 5A). These observations support
the mhibition of Stat3 transcriptional activity (FIG. 3) and
together indicate that PLATINUM-401 selectively blocks
constitutive activation of Stat3 signaling in diverse cell
types. Normal NIH3T3 fibroblasts and human the breast
cancer cell line, MDA-MB-453, do not harbor constitu-
tively-active Stat3 (FIG. SA).

[0093] Changes 1n cell proliferation induced by treatment
with PLATINUM-401 were assayed in terms of K167 pro-
liferation index by immunohistochemistry. The presence of
Ki-67 nuclear staining was calculated as the percent positive
tumor cells 1n relation to the total number of cells. In contrast
to the lack of effect of PLATINUM-401 on the proliferation
of normal NIH 3T3 fibroblasts or the human breast cancer
cell line MDA-MB-453 that do not harbor persistent Stat3
activity, treatment with PLATINUM-401 causes significant
decreases 1n K167 nuclear staining for the malignant cells
harboring constitutively-active Stat3 (FIG. 5B), which cor-
relates with inhibition of Stat3 activity (FIG. SA).

[0094] In flow cytometric analyses for cell cycle changes
in PLATINUM-401-treated and untreated (control) cells
exposed to BrdU, results show that the breast cancer cell
line, MDA-MB-231, 1s arrested at G,/G; phase following
PLATINUM-401 treatment (FIG. 6). A significant decrease
in S phase cells 1s also observed, which parallels the drop 1n
DNA synthesis as judged from the level of incorporation of
BrdU, and persists up to 48 h. Similar results are observed
after 6 h of PLATINUM-401-treatment of the breast cancer
cell line, MDA-MB-468 (FIG. 6, and data not shown). In the
case of the MDA-MB-435 cell line, similar observations are
made following 24 h treatment (FIG. 6). In contrast, no
significant change 1n cell cycle profile 1s observed when the
breast cancer cell line MDA-MB-453 that does not harbor
constitutively-active Stat3 1s treated with PLATINUM-401
(FIG. 6). These findings together show that malignant cells
harboring persistently-elevated Stat3 activity are more sen-
sitive to PLATINUM-401 than cells that do not, consistent
with the ability of PLATINUM-401 to mhibit constitutively-

active Stat3 and its biological functions.

Example 7—PLATINUM-401-Mediated Apoptosis
of Malignant Cells

[0095] Malignant cells harboring persistent Stat3 signal-
ing and those that do not were examined for evidence of
apoptosis following treatment with PLATINUM-401. Cells
were analyzed for DNA-strand breaks by TUNEL staining.
Significant TUNEL staining was detected in v-Src-trans-
formed {fibroblasts (NIH3T3/v-Src), human breast carci-
noma cell lines (MDA-MB-435, MDA-MB-468, MDA.-
MD-231), human non-small cell lung cancer cell line
(A549), human prostate carcinoma cell line (DU145), mul-
tiple myeloma cell lines 5TGM1 (mouse) and U266 (hu-

man), mouse melanoma cell line (B16), and human pancre-
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atic cancer cell lmme (Pancl), all of which harbor
constitutively-active Stat3, following treatment with PLATI-

NUM-401 (FIG. 7). In contrast, no TUNEL staining was

observed 1n control (DMSO-treated) cells, or 1n mouse
fibroblast cells (NIH31T3) and human breast cancer cells
(MDA-MB-453) that do not contain aberrant Stat3 activity
and were treated with PLATINUM-401 (FIG. 7). The 1nci-
dence of apoptosis correlated with the prevalence of con-
stitutively-active Stat3 i malignant cells (FIG. 7, lower
panel). Moreover, the incidence of apoptosis by PLATI-
NUM-401 1n breast cancer cell lines (MDA-MB-468 and
MDA-MB-4335) harboring constitutively-active Stat3 com-
pares favorably to that induced by other previously inves-
tigated Stat3 inhibitory approaches, such as Stat3p (Garcia
et al., 2001), Stat3 antisense (Stat3AS) (Mora et al., 2002),
peptidomimetic inhibitor of Stat3 (ISS 610) (FIG. 7B)
(Turkson et al., 2004c), and contrasts with the absence of
apoptosis 1n breast cancer cell line, MDA-MB-453 that lacks
constitutively-active Stat3. These results indicate differences
in sensitivity of cells to PLATINUM-401, which are depen-
dent on the activation status of Stat3 inside cells. The
susceptible malignant cells are those that harbor constitu-
tively-active Stat3, which undergo cell cycle arrest and
apoptosis 1 response to PLATINUM-401, consistent with
previous reports (Catlett-Falcone et al., 1999; Grandis et al.,
2000; Garcia et al., 2001; Epling-Burnette et al., 2001;
Bowman et al., 2000b; Turkson et al., 2004b; Mora et al.,
2002).

Example 8—In Vivo Overexpression ol Stat3
Protein Aflects PLATINUM-401 Activity and Effect

[0096] To further elucidate the interaction between Stat3
and PLATINUM-401, v-Src-transformed mouse fibroblasts
were transiected with Stat3 protein and then used to mves-
tigate PLATINUM-401 activity. The transfection of wild-
type Stat3 into the v-Src-transformed fibroblasts results in
higher Stat3 DNA-binding activity over that of parentals, as
measured by in vitro DNA-binding activity and EMSA
analysis (FIG. 7C, left panel, lanes 3 and 6 versus 1 and 2).
This 1s due to the increased expression of Stat3 protein and
the consequent phosphorylation by oncogenic Src tyrosine
kinase that i1s present in these cells. EMSA analysis of
nuclear extracts prepared from parental, mock-transiected
cells and treated with PLATINUM-401 show significant
reduction in constitutively-active Stat3 DNA-binding activ-
ity (FIG. 7C, left panel, lanes 4 and 5 versus 1 and 2), as
previously observed (FIG. 3C, top panel, FIG. SA, lanes 3
and 4). In contrast, EMSA analysis show that cells trans-
fected with exogenous wild-type Stat3 and treated waith
PLATINUM-401 show no significant reduction in constitu-
tively-active Stat3 DNA-binding activity (FIG. 7C left
panel, lane 6 versus 3). This finding 1s consistent with data
from the in vitro DNA-binding assay (FIG. 1C (1)) and
together indicates that the presence of higher Stat3 protein,
either as a monomer or dimer, diminishes the relative
potency of PLATINUM-401, thus further confirming that
PLATINUM-401 interacts with Stat3 protein. Moreover, 1n
diminishing the eflect of PLATINUM-401 on Stat3 DNA-
binding activity, studies show that the overexpression of
Stat3 1n v-Src-transformed mouse fibroblasts mimimizes the
extent of PLATINUM-401-mediated apoptosis (FIG. 7C,
right panel, two far right images). Finally, this finding 1s
important i suggesting that the potency of direct inhibitors




US 2023/0201191 Al

of Stat3 activation as therapeutics for tumors harboring
constitutively-active Stat3 1s influenced by the expression
levels of the Stat3 protein.

Example 9—PLATINUM-401 Represses Induction
of Bcl-xL and Cyclin D1

[0097] To mnvestigate the molecular changes downstream
from Stat3 that may contribute to the biological responses
induced by PLATINUM-401, 1n situ detection and Western
blot analyses were performed for cell cycle and apoptosis
regulators. Results show that Cyclin D1 was significantly
diminished 1n  v-Src-transformed mouse {fibroblasts
(NIH3'T3/v-Src) and a human breast cancer cell line (MDA -
MB-435) in response to PLATINUM induced inhibition of
Stat3 activation (FIG. 8). Similar observations were made
for the anti-apoptotic Bcl-xL protein 1n both malignant cell
lines, which harbor constitutively-active Stat3, following
treatment with PLATINUM-401 (FIG. 8). These findings
parallel the cell cycle or proliferation changes and the
induction of apoptosis by the PLATINUM-401 treatment
(FIGS. 5, 6, and 7), and indicate that inhibition of consti-

tutively-active Stat3 by PLATINUM-401 blocks Cyclin D1
and Bcl-xL induction.

Example 10—Synthesis of 10 g Sample of
PLATINUM-401

[0098]
H O
N D_ MeOH
N
-
reflux, 3.5 h, Ar.
\ e
N
H
OH OH
N )ﬁN -/H
H>PtClg PO 12-
(8% wt 1n water) [ d
- +
N 0° C.rt, 1h N
N f,N
H
OH OH
RPM1581-BTC 3 Platinum-401

(YL5-108), 56% Batches 4-7, 59-87%

[0099] Synthesis of RPM1581. A mixture of piperazine
(Fisher/Acros AC13129) (28.1 g, 0.326 mol), and propylene
oxide (Fisher/Acros AC14962-0010)(41.47 g, 0.714 mol) 1n
anhydrous methanol (32 mL) 1n a 250 mL round bottom
flask was refluxed under argon for 3.5 h. After cooling to
room temperature, the reaction mixture was allowed to stand
at room temperature for overnight. The precipitate was

filtered, washed with cold methanol (20 mL), then diethyl
cther (20 mL) providing the product (28.16 g). The {iltrate

was concentrated and slurried with MeOH, filtered and dried

to provide additional pure product (8.97 g). The solids were
combined to provide RPM1381-BTC3 (37.13 g, 56%) as a
white solid.
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[0100] Synthesis of PLATINUM-401. Chloroplatinic acid
(H,PtCl,, Aldrich cat.#262587) (13.11 mL of 8 wt % 1n
water, 2.56 mmol) was added over 5 minutes to RPM1581-
BTC 3 (0.518 g, 2.56 mmol) in a flask cooled 1n an 1ce water
bath. The reaction mixture was clear after approximately 1
ml. of chloroplatinic acid solution was added (i.e., the
RPM1381 dissolved). An orange precipitate formed while
the addition of the remaining RPM1581 was ongoing. The
reaction mixture was stirred 1n r.t. for another hour. The
orange precipitate was filtered and washed with water (20
ml.x4). The solid was dried under high vacuum (5 torr) at

80° C. for 3 days to provide pure PLATINUM-401 (1.180 g,
76%) as an orange solid.

[0101] PLATINUM-401 batch 5: 2xscale gave (2.72 g,
87%)
[0102] PLATINUM-401 batch 6: 4xscale gave (4.66 g,
74%)
[0103] PLATINUM-401 batch 7: 4xscale gave (3.74 g,
59%)
[0104] PLATINUM-401 Batches 4,5,6,7 were combined,

thoroughly mixed, and dried under high vacuum (5 torr)) at
80° C. overnight. Flemental Analysis: Found C, 19.56%; H,
3.91; Cl, 35.28, N, 441. C,,H,,CI.N,O,Pt requires C,
19.62%; H, 3.95; Cl, 34.75; N, 4.38.

[0105] It should be understood that the examples and
embodiments described herein are for illustrative purposes
only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are
to be included within the spirit and purview of this appli-
cation and the scope of the appended claims. In addition, any
clements or limitations of any invention or embodiment
thereol disclosed herein can be combined with any and/or all
other elements or limitations (individually or 1n any com-
bination) or any other invention or embodiment thereof
disclosed herein, and all such combinations are contem-
plated with the scope of the invention without limitation
thereto.
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We claim:
1. A compound having the structure shown in formula I,
formula II, or formula III:
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2. A composition comprising the compound of claim 1;
and a carrier, bufler, adjuvant, or a combination of two or
more of the foregoing.

3. A kit comprising the compound of claim 1, 1n one or
more containers.
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