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POLYMERIC NANCOPARTICLES COMPRISING SALINOMYCIN

RELATED APPLICATION

This application claims the benefit of priority to U.S. Provisional Application No.

62/699.963, filed July 18, 2018, The contents of this application are incorporated herein by

5 reference in their entirety.
FIELD
The present invention relates to the field of nanotechnology, in particular, to the use
of biodegradable polymeric nanoparticles for the delivery of therapeutic agents such as
salinomycin.
10 BACKGROUND

Salinomyein, a monocarboxvlic polvether antibiotic isolated from Strepromyces albus,
has traditionally been used as an antibiotic. Salinomyemn has recently been found o affect
cancer cells and cancer stem cells in a number of ways, including causing cell cycle arrest,
apoptosis, and overcoming nuudti-drug resistance. I vifro evidence has shown that

15 salinomycin affects multiple cancer tvpes including breast cancer, ovarian cancer, and
pancreatic cancer. Treatment with salinomycin can result m toxacity, mcluding neurotoxicity,
and there remains a need to reduce such toxacity while still maintaining an effective dose of

salinomyein.

20 SUMMARY

The disclosure is based in part on the discovery that nanoparticles comprising
salinomyein are less toxic when administered at the same dose than salmomycin alone in
treating cancer. Accordingly, m one aspect, the invention provides a composition

comprising: polymeric nanoparticles comprising a block copolvmer comprising poly (lactic

N
(4

acid) (PLA) and poly {ethylene glycol) (PEG); and salinomycin.
The disclosure provides a composition comprising a polymeric nanoparticle
comprising poly (lactic acid)-poly {cthylene glvcol}-poly (propviene glycol)-poly (cthyvlene

glycol} (PLA-PEG-PPG-PEG) tetra-block copolymer and salinomycin,
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In various embodiments of the composition, the PLA-PEG-PPG-PEG tetra-block
copolymer is formed from conjugation of PEG-PPG-PEG tri-block copolymer with PLA.
For example, the conjugation is a chemical conjugation.

In another aspect, provided herein is a method of reducing proliferation, survival,
migration, or colony formation ability of a rapidly proliferating cell in a subject in need
thereof comprising contacting the cell with a therapeutically effective amount of a
composition comprising polymeric nanoparticles comprising a poly{lactic acid)-
poly(ethviene glveol)-poly(propylene glveol)-poly{ethylene glveol) (PLA-PEG-PPG-PEG)
tetra block copolymer, and salinomycin, wherein the therapeutically effective amount is
between about 0.025 mg of salinomvcin per kg of mass of the subject (mg/kg) to about §
mg/kg.

in some embodiments of the methods, the cell 1s a cancer cell. In another
embodiment of the methods, the cell is a cancer stem cell.

In another aspect, provided herein 1s a method for treating cancer in a subject in need
thereot comprising adnunistering to the subject a therapeutically effective amount of a
composition comprising polymeric nanoparticles comprising a poly(lactic acid}-
poly{ethvlene glycoly-polyv{propylene glycol}-poly(ethviene glycol)y {PLA-PEG-PPG-PEG)
tetra block copolymer, and salinomycin; whercin the therapeutically effective amount is
between about 0.025 mg/kg to about 5 mg/kg.

In some embodiments of the methods, the cancer is selected from the group
consisting of breast cancer, ovarian cancer, pancreatic cancer, leukemia, lymphoma,
osteosarcoma, gastric cancer, prostate cancer, colon cancer, lung cancer, liver cancer, kidney
cancer, head and neck cancer, and cervical cancer. In an embodiment, the cancer is
metastatic.

in another embodiment, the method further comprises administering an additional
anti-cancer therapy to the subject. In an embodiment of the methods, the additional anti-
cancer therapy is surgery, chemotherapy, radiation, hormone therapy, immunoctherapy, or a
combination thercof.

In some embodiments of the methods, the cancer 1s resistant or refractory to a
chemotherapeatic agent.

In certain embodiments of the methods, the subject is a human.

in another aspect, provided herein is a method of reducing proliferation, survival,
migration, or colony formation ability of cancer stem cells in a subject in need thereof

comprising adnuinistering to the subject a therapeutically effective amount of a composition
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comprising polvmeric nanoparticles comprising a poly{lactic acid}-polytethvlene glvcob)-
poly{propviene glycol)-poly(ethviene glycol) (PLA-PEG-PPG-PEG) tetra block copolvimer,
and salinomvcin, wherein the therapeutically effective amount is between about 0.025 mg/kg
to about 5 mg/kg.

In embodiments of the methods, the therapeutically effective amount is between
about 0.03 mg/kg and about 0.5 mg/ke.

In other embodiments of the methods, the therapeutically effective amount is
between about 0.05 mg/kg and about 0.8 mg/kg,

In embodmments of the methods, the therapeutically effective amount is between
about 0.08 mg/kg and about 1.1 mg/kg.

In embodiments of the methods, the composition is admimistered intravenously,
mtratumorally, or subcutancously.

In some embodiments of the methods, the composition is administered at least once
per dav, once every other day, once per week, twice per week, once per month, or twice per
month.

In an embodiment of the methods, the composition is administered once per weck or
twice per week for a duration of three weeks.

in an embodiment of the methods, the molecular weight of PLA is between about
10,000 and about 100,000 daltons.

In another embodiment of the methods, the molecular weight of PLA is between
about 20,000 and 90,000 daltons.

In another embodiment of the methods, the molecular weight of PLA is between
about 30,000 and 80,000 dakions.

In another embodiment of the methods, the molecular weight of PLA is between
about 30,000 and 80,000 daltons.

In another embodiment of the methods, the molecular weight of PEG-PPG-PEG 15
between about 2,000 daltons and 18,000 daltons.

In another embodiment of the methods, the molecular weight of PEG-PPG-PEG s
between about 10,000 dalions and 15,000 daltons.

In another embodiment of the methods, the molecular weight of PLA in the
copolymer is 72,000 and the molecular weight of PEG-PPG-PEG is 12,500 daltons.

in another embodiment of the methods, the molecular weight of PLA in the

copolymer 1s 35,000 and the molecular weight of PEG-PPG-PEG 15 12,500 daltons.
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In an embodiment of the methods, the composition further comprises a second
therapeutic agent or a targeted anti-cancer agent.
in another embodiment of the methods, the molecular weight of PLA in the

copolymer 1s 20,000 and the molecular weight of PEG-PPG-PEG 18 2,000 daltons.

(]

In another aspect, provided herein is a pharmaccutical composition comprising
polymeric nanoparticles comprising a poly{lactic acid)-poly{ethylene glycoly-poly{propyiens
glveoly-polviethviene glveol) (PLA-PEG-PPG-PEG) tetra block copolymer, and
salinomycein, and a pharmaceutically acceptable carrier.

In an embodiment of the pharmaceutical composition, the polymeric nanoparticle
10 further comprises a targeting moicty atiached to the outside of the polymeric nanoparticles.

In another aspect, provided herein 1s a dosage form compnsing from about 12.3 mg
to about 500 mg of the pharmaceutical composition comprising polymeric nanoparticles
comprising a poly{lactic acid)-poly{ethylene glycol}-polv{propylene glveoly-poly(ethylene
glveol) (PLA-PEG-PPG-PEG) tetra block copolymer, and salinomycin, and a

15 pharmmaceutically acceptable carrier,

In various embodiments of the composition, the molecular weight of PLA 15 between
about 10,000 and about 100,000 daktons; between about 20,000 and 90,000 daktons; between
about 30,000 and 80,000 daltons; between about 8,000 daltons and 18.000 daltons; or
between about 10,000 daltons and 15,000, For example, the molecular weight of the PLA 1

20 about 10,000; 20,000; 30.000; 40,000; 50,000; 60,000, 70,000, 80,000; 90,000, or 100,000
daltons. In a further embodiment, the molecular weight of the PLA is about 12,500 daltons
{i.e., 12.5 kDA) or about 72,000 daltons (i.e., 72 kDA)}. In an embodiment, the molecular
weight of PEG-PPG-PEG from 2,000 to 12,5000 for generating the totra block in an A-B
structure, i.¢., an altemating copolymer with regular alternating A and B sobunits, 15 12.3
25 kDa.

In various embodiments of the composition, the polymeric nanoparticles are formed
of a polymer consisting essentially of poly{lactic acid}-poly{ethyiene glycol} (PLA-PEG) di-
block copolymer.

In various embodiments of the composition, the polymeric nanoparticles are formed

30 of a polvmer consisting essentially of polv(lactic acid)-polyv{ethyiene glveol}-polv{propylene
glvcoly-polvicthviene glveoly (PLA-PEG-PPG-PEG) tetra-block copolymer.

In various embodiments of the composition, the polymeric nanoparticles further
comprise a targeting moiety attached to the outside of the polvmeric nanoparticies, and

wherein the targeting moiety 1s an antibody, peptide, or aptamer. In various embodiments the



(]

10

20

WO 2020/018778 PCT/US2019/042382

targeting moiety comprises an immunoglobulin molecule, an scFv, a monoclonal antibody, a
humanized antibody, a chimeric antibody, a humanized antibody, a Fab fragment, an Fab'
fragment, an F(ab')2, an Fv, and a disulfide linked Fv.

In various embodments of any of the compositions or methods provided herein, the
nanoparticle is formed of the block copolymer comprising polv{lactic acid) (PLA) and
poly{ethviene glycol) (PEG); and salinomyvein. In an embodiment, the nanoparticle releases
salinomycin over g period of time. I a further embodiment, the period of time is at least |
day to 20 days. In vanous embodiments of the method, the period of time 13 about 5 days to
10 days.

in another aspect, provided herein is a pharmaceutical composition for use in
reducing proliferation, survival, migration, or colony formation ability of a rapidly
proliferating ccll in a subject in need thereof, wherein the pharmaceutical composition
comprises a polyilactic acid-polyv{ethylene ghyveoli-polyv{propylene glycol}-polyicthyiene
glveoly (PLA-PEG-PPG-PEG) tetra block copolvmer, and salinomycin wherein a
therapeutically effective amount ot the pharmaceutical composifion is administered to the
subject, and wherein the therapeutically effective amount is from about 0.025 mg/kg to about
5 mg/kg

in some embodiments of the pharmaceutical composition for use, the cell is a cancer
cell. In another embodiment of the pharmaceutical composition for use, the cell 1s a cancer
stem cell.

In another aspect, provided herein is a pharmaceutical composition for use in treating
cancer in a subject in need thereof, wherein the pharmaceutical composition comprises a
polv{lactic acid)-poly(ethviene glveoly-polyv{(propyiene glycol}-poly{ethyiene glycol) (PLA-
PEG-PPG-PEG) tetra block copolymer, and salinomycin, wherein a therapeutically effective
amount of the pharmaceutical composition is adnunistered to the subject, and wherein the
therapeutically effective amount 1s from about 0.025 mg/kg 1o about 5 mg/kg,

In some embodiments of the pharmaceutical composition for use, the cancer is
selected from the group consisting of breast cancer, ovarian cancer, pancreatic cancer,
leukemia, lvmphoma, osteosarcoma, gastric cancer, prostate cancer, colon cancer, lung
cancer, liver cancer, kidney cancer, head and neck cancer, and cervical cancer. In an
embodiment, the cancer is metastatic.

in another embodiment, the pharmaceutical composition for use further comprises

administering an additional anti-cancer therapy to the subject. In an embodiment of the
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pharmaceutical composition for use, the additional anti-cancer therapy s surgery,
chemotherapy, radiation, hormone therapy, immunotherapy, or a combination thereof

in some embodiments of the pharmaceutical composition for use, the cancer is
resistant or refractory to a chemotherapeutic agent.

In certain embodiments of the pharmaceutical composition for use, the subjectisa
human,

In another aspect, provided herein is a pharmaceutical composition for use in
reducing proliferation, survival, nugration, or colony formation ability of cancer stem cells
i a sabject m need thereof, wherein the pharmaceutical composition compnses a poly{lactic
acidy-polv{cthylene glycoli-polv{propyiene glyveol}-polv{ethviene glyveol) (PLA-PEG-PPG-
PEG) tetra block copolymer, and salinomyvcein, wherein a therapeutically effective amount of
the pharmaceutical composition i1s administered to the subject, and wherein the
therapeutically effective amount is from about 0.025 mg/kgs to about 3 mg/kg,

In embodiments of the pharmaceutical composition for use, the therapeutically
effective amount is between about 0.03 mg/kg and about 0.5 mg/kg.

In other embodiments of the pharmaceutical composition for use, the therapeutically
effective amount is between about 8.05 mg/kg and about 0.8 mg/ke.

in embodiments of the pharmaceutical composition for use, the therapeutically
effective amount is between about 0.08 mg/ke and about 1.1 mg/ks.

In embodiments of the pharmaceutical composition for use, the composition is
administered intravenously, intratumorally, or subcutancousty.

In some embodiments of the pharmaceutical composition for use, the composition 1s
administered at feast once per day, once every other dav, once per week, twice per week,
once per month, or twice per month.

o an cmbodiment of the pharmaceutical composition for use, the composition is
administered once per week or twice per week for a duration of three weeks.

In an embodiment of the pharmaceutical composition for use, the molecular weight
of PLA 1s between about 10,000 and about 100,000 daltons.

In another embodiment of the pharmaceutical composition for use, the molecular
weight of PLA i between about 20,000 and 90,000 daltons.

In ancther embodiment of the pharmaceutical composition for use, the molecular
weight of PLA is between about 30,000 and 80,000 daltons.

In another embodiment of the pharmaceutical composition for use, the molecular

weight of PLA is between about 56,000 and 80,000 daltons.

6
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In ancther embodiment of the pharmaceutical composition for use, the molecular
weight of PEG-PPG-PEG is between about 8,000 daltons and 18,000 dalions.

{n another embodiment of the pharmaceutical composition for use, the molecular
weight of PEG-PPG-PEG 1s between about 10,000 dattons and 15,000 daltons.

Int another embodiment of the pharmaceutical composition for use, the molecular
weight of PLA in the copolymer is 72,000 and the molecular weight of PEG-PPG-PEG is
12,500 daltons.

In another embodiment of the pharmaceutical composition for use, the molecular
weight of PLA in the copolymer is 35,000 and the molecualar weight of PEG-PPG-PEG is
12,500 daltons.

In an embodiment of the pharmaceutical composition for use, the composition further
comprises a second therapeutic agent or a targeted anti-cancer agent.

Those skilled in the art will be aware that the invention described herein is subject to
variations and modifications other than those specifically described. It is to be understood
that the invention described heremn includes all such vanations and modifications. The
mvention also includes all such steps, features, compositions and compounds referred to or
mdicated 10 this specification, individually or collectively, and any and all combinations of

any two or more of the steps or features.

BRIEF DESCRIPTION OF THE FIGURES

The following figures form part of the present specification and arc included to
further itlustrate aspects of the present invention.

FIGS. 1A, 1B, and 1C are mucroscopic images of mouse liver sections stained with
Hé&E showing a healthy liver section from a mouse in the control group (FIG. 1A}, a mixture
of fatty change and cvtoplasmic glveogen from a mouse i the SAL 12.5 mg/kg group (F1G.
1B}, and tension lipidosis from a mouse in the SAL 12.5 mg/kg group (FIG. 1C).

FIGS. 2A and 2B are microscopic images of mouse kidney sections stained with H&E
showing a healthy kidney section with normal glomeruli (5, proximal (PT) and distal (DT)
tubules from a mouse in the control group (FIG. 2A) and spacing of tubules (star) with
atrophy of the liming epithelium, the reticulated casts within the lumina (arrows), and marked
atrophy of renal corpuscle (black arrow} in a mouse from the 12 .5 mg/kg SAL group (FIG.
2B).

FIG. 3A and 3B are microscopic images of mouse testis sections stained with H&E

showing healthy testis from a mouse from the control group (FIG. 3A} and shrunken

7
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seminiferous tubules and vacuolation in the germinal epithebium in a mouse from the 12.5
mg/kg SAL group {FIG. 3B).
FIG. 4A and 4B are nucroscopic images of mouse epididymis scctions stained with

H&E showing healthy epididymus from a mouse from the control group (F1G. 4A) and

(]

disruption of epithelium with occurrence of vacuolization and necrotic cells in a mouse from

the 12.5 mg/kg SAL group (FIG. 4B).

FIG. 5A and 5B are clectron micrographs of the salinomycin-nanoparticles. FIG. 5A

shows a scanming electron micrograph of the salinomycin-nanoparticles. FIG. 5B shows a

scanning electron micrograph of the salinomycem-nanoparticles FIG. 6A and 6B show the size

10 distribution (FIG. 6A) and zeta potential (FIG. 6B) of the salinomycin-nanoparticles.

FIG. 7 15 a graph showing the release of salmomycin from the salimomycin-
nanoparticles.

FIG. 8 is a dose response curve of cell survival in H358 cells following treatment with
salinomyvcin-nanoparticies.

5 FIG. 9A and 9B are dose response curves of cell survival in NCI-H526 cells
followmg treatment with salinomyein-nanoparticles (F1G. 9A). FIG. 9B 13 a dose response
curve following treatment with two different formulations of salinomvein-nanoparticles.

FIG. 10 1s 2 dosc response curve of cell survival in NCI-H69 cells following treatment
with salinomycin-nanoparticles.

20 FIG. 11 is a dose response curve of cell survival in MDA-MB-231 celis following
treatment with salinomycin-nanoparticies.

FIG. 12 15 a dose response curve of cell survival i SUM 149 cells following treatment
with salimomycin-nanoparticles.
FIG. 13 15 a dose response curve of cell survival in MCF7 cells following treatment

25  with salinomycin-nanoparticies.

FIG. 14 13 a dose response curve of cell survival in MDA-MB-468 cells followmg
treatment with salinomycin-nanoparticles.

FIG. 15A and 15B arc graphs showing tumor volume of H69 ceils in mice (FIG. 15A)
and body weight of the same muce (FIG. 15B) followimg treatment with salinomyvein

30 nanoparticles or vehicle control.

FIG. 16A, 168, 16C, 16D, and 16E are graphs showing the body weight and mortality

of wild type mice following treatment with 5 mg/kg (FIG. 16A), 7.5 mg/kg (FIG. 16B), 10

mg/kg (FIG. 16C), 12.5 mg/kg (FIG. 16D}, and 15 mg/kg (FIG. 16E) of salinomycm alone or

salinomycin-nanoparticles.
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FIG. 17A, 178 and 17C are dose response curves showing the percentage inhibition
of salinomycin (FIG. 174), salinomyain nanc-particle {(FIz. 17B) on MBDA-MEB 231 cellsn
3D anti-proliferation assays. FIG. 17C compares the data from FIG. 17A and FIG. 17B.

FIG. 18 shows pictures of cancer stem cells 1solated from a TNBC patient and treate
with PBS, salinomycin, salinomycin-NPs, or paclitaxel, along with the guantification of

CD44-+CD24low cells.

DETAILED DESCRIPTION

The disclosure provides nanoparticles comprising salinomycin that are useful, infer

alia, for treating or preventing cancers. The nanoparticies reduce the toxicity of salinomycin.

Defimitions

For convenience, before further description of the present jnvention, certain terms
used in the specification, examples and appended claims are collected here. These defimtions
should be read in light of the remainder of the disclosure and understood as by a person of
skill in the art. Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by a person of ordinary skill in the art. The
terms used throughout this specification are defined as follows, unless otherwise limited in
specific instances.

The articles “a,” “an” and “the” are used to refer to one or to mowe than one {i.e., to at
least one) of the grammatical object of the article.

LR

The terms “comprise” “comprising” “including” “containing” “characterized by and
grammatical equivalents thereof are used in the inclusive, open sense, meaning that additional
clements may be included. [t is not intended to be construed as “consists of only.”

Ag used herein, “consisting of " and grammatical equivalent thergof exclude any
clement, step or ingredient not specified in the claim.

As used berein, the term “about” or “approximately” means within 5% of a given
value or range.

The term “biodegradable” as used herein refers to both enzvmatic and non-enzymatic
breakdown or degradation of the polvmeric structure.

The term “cationic” refers to any agent, composition, molecule or material that has a
net positive charge or positive zeta potential under the respective environmental conditions.
In various embodiments, nanoparticles described hergin mchude a cationic polymer, peptide,

protein carrnier, or lipid.
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Ag used herein, the term “multi-drug resistant” refers to cancer cells that have
developed resistance to two or more chemotherapy drugs. Cancer cells can become multi-
drug resistant by multiple mechanisms including decreased drug uptake and increased drug

efflux.

(]

As used hergin, the term “resistant” or “refractive” to a therapeutic agent when
referring to a cancer patient means that the cancer has innate, or achieved resistance to, the
cffects of the therapeutic agent as a result of contact with the therapeutic agent. Stated
alternatively, the cancer is resistant to the ordinary standard of care associated with the
particolar therapeutic agent.

10 As used berein, the term “nanoparticle” refers to particles in the range between 10 nm
to 1000 nm m diameter, wherein diameter refers to the diameter of a perfect sphere having
the same volume as the particle. The term “nanoparticle” is used interchangeably as
“nanoparticle(s)”. In some cases, the diameter of the particle is in the range of about 1-1000
nm, 10-5300 nm, 20-300 nm, or 100-300 nm.  In varicus embodiments, the diameter is about

15 30-170 nm. In certamn embodiments, the diameter of the nanoparticle 1s about 1, 5, 10, 25,
30, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375,400, 425, 450, 473, 500,

325,550, 575, 600, 625, 650, 675, 700, 725, 750, 775, 800, 825, 850, 875, 900, 925, 950,
075, or 1000 nm. In other embodiments, the diameter of the nanoparticle is 1, 5, 10, 25, 50,
75,100, 123, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375,400, 425, 450, 475, 500, 525,

20 550, 575, 600, 625, 650, 675, 700, 725, 750, 775, 800, 825, 850, 875, 900, 925, 930, 975, or

1000 nm.

In some cases, a population of particles may be present. As used herein, the diameter
of the nanoparticles 1s an average of a distribution in a particular population.

As ased herein, the term “polymer” is given its ordinary meaning as used in the argt,

25  i.e. amolecular structure comprising one or more repeat units (monomers), connected by
covalent bonds. The repeat units may all be identical, or in some cases, there may be more
than one type of repeat unit present within the polyvmer.

A “chemotherapeutic agent,” “therapeutic agent,” and “drug” 1s a biological (large
molecuie} or chemucal (small molecule) compound useful in the treatment of cancer,

30 regardless of mechamsm of action. Classes of chemotherapeutic agents include, but are not

limited to: alkvlating agents, antimetabolites, spindle poison plant alkaloids,

cvtotoxic/antitumor antibiotics, topoisomerase inhibitors, proteins, antibodies,
photosensttizers, and kinase mhibitors. Chemotherapeutic agents include compounds used in

“targeted therapy” and non-targeted, conventional chemotherapy.

1
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A “targeting moiety” 18 a molecuole that will bind selectively to the surface of targeted
cells. For example, the targeting moicty may be a hgand that binds to the cell surface
receptor found on a particular type of cell or expressed at a higher frequency on target cells
than on other cells.

The targeting moiety or therapeatic agent can be a peptide or protein. “Protetns” and
“peptides” are well-known terms in the art, and as used herein, these terms are given their
ordinary meaning in the art. Generally, peptides arc amino acid sequences of less than about
100 amino acids in length, and proteins are generally considered to be molecules of at least
100 aming acids. The amino acids can be in D- or L- configuration. A protein can be, for
example, a protein drug, an antibody, a recombinant antibody, a recombinant protein, an
enzyme, or the like. In some cases, one or more of the amino acids of the peptide or protem
can be modified, for example by the addition of a chemical entity such as a carbohydrate
group, a phosphate group, a farnesyl group, an isofarnesyl group, a fatty acud group, a linker
for conjugation, functionalization, or other modification such as cyclization, bv-cychization
and any of numerous other modifications intended to confer more advantageous properties on
peptides and proteins. In other instances, one or more of the amino acids of the peptide or
protein can be modified by substitution with one or more non-naturally occurnng amino
acids. The peptides or proteins may by selected from a combinatorial library such as a phage
library, a veast library, or an i1 vifre combinatorial library.

The term “combination,” “therapeutic combination,” or “pharmaceutical
combination” as used heren refer to the combined adnuinistration of two or more therapeutic
agents {e.g., co-delivery). Components of a combination therapy may be administered
simultancously or sequentially, i.e., at least ong component of the combination is
administered at a time temporally distinct from the other component{s). In embodiments, a
component(s) is administered within one month, one week, 1-6 days, 18, 12, 10,9, 8,7, 6, 5,
4, 3,2, 1 hour, or 30, 20, 15, 10, or 5 minutes of the other component(s).

The term “pharmaceutically acceptable” as used herein refers to those compounds,
matcrials, compositions and/or dosage forms, which are, within the scope of sound medical
judgment, suitable for contact with the tissues a warm-blooded amimal, e.g., a mammal or
human, without excessive toxicity, writation allergic response and other problem
complications commensurate with a reasonable benefit/risk ratio.

A “therapeutically effective amount” of a polymeric nanoparticle comprising one or
more therapeutic agents 1s an amount sufficient to provide an observable or clinically

significant improvement over the baseline clinically observable signs and symptoms of the

il



(]

10

20

WO 2020/018778 PCT/US2019/042382

disorders treated with the combination.

The term “subject” or “patient” as used herein is intended to include animals, which
arc capable of sutfering from or afflicted with a cancer or any disorder involving, directly or
mdirectly, a cancer. Exampies of subjects mclude mammals, e. g, humans, apes, monkeys,
dogs, cows, horses, pigs, sheep, goats, cats, nice, rabbits, rats, and transgenic non-human
animals. In an embodiment, the subjoct is a2 human, e.g., a human suffering from cancer.

The term “treating” or “treatment” as used herein comprises a treatment relicving,
reducing or alleviating at least one symptom in a subject or producing a defay m the
progression of a disease. For example, treatment can be the diminishment of one or several
symptoms of a disorder or complete eradication of a disorder, such as cancer. Within the
meaning of the present disclosure, the term “treat” also denotes to arrest and/or reduce the
nsk of worsening a disease. The term “prevent”, “preventing” or “prevention” as used
herein comprises the prevention of at least one symptom associated with or caused by the
state, discase or disorder being prevented.

As used herem, the term “human equivalent dose” refers to a dose of a composition to
be administered to a lnmman that is calculated from a specific dose vsed i an animal study.

ve

As used herein, the term “rapidly proliferating celis™ refers to cells having the
capacity for autonomous growth {e.z., cancer cells).

As used herein, the term “cancer stem celi” refers to a cancer cell that has
characteristics of a stem cell, such as giving rise to all cell types within a particular tumor
type and the ability to self-renew. In some embodiments, the cancer stem cell 15 resistant or

refractory to chemotherapy.

Polvmeric nanoparticles comprising salingmvein

Provided herein are biodegradable polymeric nanoparticles for the delivery of
salinomycin. Nanoparticles comprising salinomycin can be prepared usig methods described
m, e.g., US 2013-0353676 A1, PCT/US2016/060276 (published May 11, 2017}, and
PCT/US2017/059542, filed November 1, 2017,

In an embodiment, the polymeric nanoparticles provided herein comprise a block
copolymer comprising polv(iactic acid) (PLA) and poly{ethvlene glycoly (PEG)Y. Polv(lactic
acid) (PLA), is a hydrophobic polymer, and is a preferred polymer for synthesis of the
polymeric nanoparticles. However, polv{glveolic acid) (PGA) and block copolymer of poly
tactic acid-co~glveolic acid (PLGA) may also be used. The hydrophobic polvmer can also be

biclogically derived or a biopolymer. The molecular weight of the PLA used s generally in
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the range of about 2,000 g/mol to 80,000 g/mol. Thus, in an embodiment, the PLA used 15 in
the range of about 10,000 g/mol to 80,000 g/mol. The average molecular weight of PLA may
also be about 70,000 g/mol.

PEG 1s another preferred component to of the polvmer used to form the polymenc

(]

nanopatticles as it imparts hydrophilicity, anti-phagocytosis against macrophage, and

resistance to immunoclogical recognition. Block copolymers like poly{ethylene glycol)-

polv(propylenc glycol)-poly{ethvlenc glyveol) (PEG-PPG-PEG) are hydrophilic or
hydrophilic-hydrophobic copolymers that can be used in the present mvention. Block
copolymers may have two, three, four, or more numbers of distinet blocks.

10 As used herein, one g/mole is equivalent to one “dalton™ (7.¢., dalton and g/mol arc
mierchangeable when referring to the molecular weight of a polymer). “Kilodalton™ as used
herein refers to 1,000 daltons.

In a further embodiment, the polymeric nanoparticles provided herein comprise
poly({lactic acid)-polv{cthylene glveol) (PLA-PEG) di-block copolymer.

5 In vet a further embodiment, the polymeric nanoparticles provided herein comprise
polv{lactic acid)-poly(ethviene glvecoly-polyv{(propyiene glycol}-poly{ethyiene glycol) (PLA-
PEG-PPG-PEG) tetra-block copolymer. In varous embodiments, the nanoparticles comprise
a NANOPRO™, which is a biodegradable, long blood circulating, stealth, tetra-block
polymertc nanoparticle platform (NanoProteagen Inc.; Massachusetts). The PLA-PEG-PPG-

20 PEG tetra-block copolymer can be formed from chemical conjugation of PEG-PPG-PEG tii-
block copolymer with PLA.

The synthesis and characterization of nanoparticies comprising polv{lactic acid)-
polytethvlene glyeoly-polyipropylene glycolj-poly{ethylene glycol) (PLA-PEG-PPG-PEG)
tetra block copolvimer are described in PCT publication no. W{2313/160773, which is

25 hercby mcorporated by reference in its entirety. Polymeric nanoparticles comprising
polv{lactic acid)-polv{ethylene glveoly-polv{propviene glveol}-polviethviene glveol) (PLA-~
PEG-PPG-PEG) tetra block copolymer have been shown o be safe, stable and non-toxic.

The process used to form this tetra~-block copolymer comprises covalently attaching
PEG-PPG-PEG to the poly-lactic acid (PLA) matrix, resulting m the block copolymer

30 becoming a part of the matrix, i e., a nanoparticle delivery system. This prevents leaching out

of emulsifier into the medium.

in certain embodiments, molecular weight can be expressed as number average

molecular weight or weight average molecunlar weight.
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The number average molecular weight (Mn} is defined by:

Where Mi 1s the molecular weight of a chain and Niis the number of chains of that

molecular weight. The weight average molecular weight (Mw} is defined by:

Compared to Mn, Mw takes into account the molecular weight of a chain n
determining contributions to the molecular weight average. The more massive the chain, the
more the chain contributes to Mw.

In some embodiments, the number average molecular weight (Mn) of the hydrophilic-
hydrophobic block copolyvmer (e.g., PEG-PPG-PEG) 15 generally in the range of 1,000 to
20,000 g/mol. In a further embodiment, the average molecular weight (Mn) of the
hydrophilic-hydrophobic block copolvmer is about 4,000 g/mol to 15.0600 g/mol. In some
cases, the average molecular weight (Mn) of the hyvdrophilic-hydrophobic block copolymer is
4,400 g/mol, 8,400 g/mol, or 14,600 g/mol. In certain embodiments, the Mn of PEG-PPG-
PEG s 1,100-15,000 g/mol, e.g., 4,000 10 13, 000 g/mol. In certain embodiments, the Ma of
PEG-PPG-PEG 15 10,000-13,000 g/mol. In other embodiments, the Mn of PEG-PPG-PEG is
about 12,500 g/mol.

In some embodiments, a block copolymer of the mstant invention consists essentially
of a segment of poly{lactic acid) (PLA) and a segment of poly{ethylene glycoh-
poly{propvicne glycol)-poly{cthyiene glycol) (PEG-PPG-PEG).

In an embodiment, a specific biodegradable polvmeric nanoparticie is formed of the
block copolymer poly(lactic acid}-poly{ethylene glveoly-poly{propyiene glyeol}-
polyiethviene glveol) (PLA-PEG-PPG-PEG).

Another specific biodegradable polymeric nanoparticle of the instant mvention is
formed of the block copolvmer poly{(lactic acid)-poly{ethylene glveoly-polv{propvience
glvcoly-polvicthviene glveoly-poly{iactic acid)y (PLA-PEG-PPG-PEG-PLA).

The biodegradable polvmers of the instant invention can be formed by chemically

modifying PLA with a hvdrophilic-hydrophobic block copolvmer using a covalent bond.
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The biodegradable polvmeric nanoparticles of the instant invention have, in various
embodiments, a size in the range of about 1-1000 nm, a size in the range of about 30-300 nm,
a size in the range of about 100-300 nim, or a size in the range of about 100-250 nm, or a size

of at Jeast about 100 nm.

(]

The biodegradable polymeric nanoparticles of the mstant invention have, in various
embodiments, a size m the range of about 30-120 nm, a size of about 120-200 nm, or a size of
about 200-260 nm, or a size of at feast about 260 nim.

In an embodiment, the biodegradable polymer of the instant mvention is substantiaily
free of enuldsifier, or may comprise external emulsifier by an amount of about 0.5%to 5% by
10 weight

In an embodiment, the biodegradable polymenic nanoparticle of the present invention
ts PLA-PEG-PPG-PEG, and the average molecular weight of the poly{lactic acid} block is
about 60,000 g/mol, the average weight of the PEG-PPG-PEG block is about 8,400 or about
14,600 g/mol, and the external emulsifier is about 0.5% to 5% by weight.

5 In another embodiment, the biodegradable polvmeric nanoparticle of the present
mvention 13 PLA-PEG-PPG-PEG, and the an average molecular weight of the polv{lactic
acid) block is less than or equal to approximately 16,000 g/mol, the average weight of the
PEG-PPG-PEG block is about 8,400 g/mol or about 14,600 g/mol, and wherein the
composition is substantially free of emulsifier.

20 In an embodiment, the biodegradable polymeric nanoparticle 1s PLA-PEG-PPG-PEG,
and the average molecular weight of the polv{lactic acid) block is between about 10,000 and
about 100,000 dakions, between about 20,000 and 90,000 daltons, between about 30,000 and
80,000 daltons, between about 50,000 and 80,000 daltons, and about 72,000 daltons, the
average weight of the PEG-PPG-PEG block is between about 8,000 dalions and 18,000

25 daltons, between about 12,000 daltons and 17000 daltons and between about 8,400 or about
14,600 g/mol, and the external emulsifier is about 0.5% 1o 5% by weight.

In another embodiment, the biodegradabie polvmeric nanoparticle is PLA-PEG-PPG-
PEG, and the an average molecular weight of the poly{lactic acid) block is less than or equal
to approximately 100,000 daltons , the average weight of the PEG-PPG-PEG block is about

30 12,000 daltons or about 17 000 daltons, and wherein the composition 1s sabstantially free of

emulsificr.

In another embodiment, the polymeric nanoparticles provided herein further comprise

a cationic peptide.
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In another aspect, provided herein 1s a polymeric nanoparticle formed of a polymer
consisting essentially of a PLA-PEG-PPG-PEG tetra-block copolymer or PLA-PEG di-block
copolymer, wherein the polymenc nanoparticles are loaded with salinomyein and, optionally,
a second therapeutic agent.

Nanoparticles {also referred to herein as “NPs”) can be produced as nanocapsules or
nanospheres. Salinomvcin loading in the nanoparticle can be performed by either an
adsorption process or an encapsulation process {(Spada er /., 201 1; Protein delivery of
polymenc nanoparticles; World Academy of Science, Engineering and Technology: 76,
meorporated herein, by reference, 1n its entirety). Nanoparticles, by using both passive and
active targeting strategies, can enhance the intracellular concentration of drugs i cancer cells
while avoiding toxicity in normal cells. When nanoparticles bind to specific receptors and
enter the cell, they are usually enveloped by endosomes via receptor-mediated endocytosis,
thereby bypassing the recognition of P-givcoprotein, one of the main drug resistance
mechanisms (Cho ef al., 2008, Therapeutic Nanoparticles for Dimg Delivery in Cancer, Chn.
Cancer Res 2008, 14:1310-1316, incorporated herein, by reference, i its entirety).
Nanoparticles are removed from the body by opsonization and phagocytosis (Scsnik ef af.,
2008; Polymeric Nanocarriers: New Endeavors for the Optimization of the Technclogical
Aspects of Drogs; Recent Patents on Biomedical Enginecring, 11 43-39, incorporated herein,
by reference, 1n its entirety). Nanocarrier based systems can be used for effective drag
delivery with the advantages of improved intracellular penetration, localized delivery, protect
drugs against promature degradation, controlled pharmacokinetic and drug tissue distribution
profile, lower dose requirement and cost effectiveness (Farokhzad OC, er o/ ; Targeted
nanoparticle-aptamer bioconjogates for cancer chemotherapy i vive. Proe. Natl. Acad. 5ci.
USA 2006,103 (16): 6315-20; Fonseca C, ef af., Paclitaxel-loaded PLGA nanoparticles:
preparation, physicochenical characterization and i vifro anti-tumoral activity. J. Controlled
Release 2002; 83 (2): 273-86; Hood ef ol , Nanomedicine, 2011, 6{7%:.1257-1272,
mcorporated herein, by reference, in their entireties).

The uptake of nanoparticles 15 indirectly proportional to their small dimensions. Due
to their small size, the polymeric nanoparticles have been found to evade recognition and
gptake by the reticulo-endothelial system (RES), and can thus circulate in the blood for an
extended period (Borchard ef o/, 1996, Pharm. Res. 7 1055-1058, mcorporated hergin, by
reference, m its entirety). Nanoparticles are also able to extravasate at the pathological site
like the leaky vasculature of a solid tumor, providing a passive targeting mechanism. Due to

the higher surface arca leading to faster solubilization rates, nano-sized structures usually
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show higher plasma concentrations and arca under the curve (AUC) values. Lower particle
size helps in evading the host defense mechanism and increase the blood circulation time.
Nanoparticle size affects drug release. Larger particles have slower diffusion of drugs into
the system. Smaller particles offer larger surface area but lead to fast drug release. Smaller
particles tend to aggregate during storage and fransportation of nanoparticle dispersions.
Hence, a compromise between a small size and maximum stability of nanoparticles ig
desired. The size of nanoparticles used in a drug delivery system should be large cnough to
prevent their rapid leakage mio blood capillanes but small enough to escape capture by fixed
macrophages that are lodged in the reticuloendothelial system, such as the liver and spleen.

in addition to their size, the surface characteristics of nanoparticles arc also an
mmportant factor in determiming the life span and fate during civculation. Nanoparticles should
ideally have a hyvdrophilic surface to escape macrophage capture. Nanoparticles formed from
block copolvmers with hvdrophilic and hydrophobic domains meet these criteria. Controlled
polymer degradation also allows for increased levels of agent delivery to a discased state.
Polyvmer degradation can also be affected by the particle size. Degradation rates increase with
merease in particle size i vitre (Biopolymeric nanoparticles; Sundar ef ¢/, 2010, Science and
Technology of Advanced Materials; doi: 10.1088/1468-6996/11/1/014104, incorporaied
herein, by reference, in its entirety).

Polv(lactic acid) (PLA) has been approved by the US FDA for applications m tissue
engineering, medical materials and drug carriers and polyv(lactic acid}-poly{ethylene glycol}
PLA-PEG based drug delivery systems are known in the art. USZ006/0165987A1,
mecorporated herein, by reference, in 1ts entirety, describes a stealthy polymeric biodegradable
nanosphere comprising poly{ester}-polv{ethylene) muldtiblock copolymers and optional
components for imparting negidity to the nanospheres and incorporating pharmaceuatical
corapounds. USZ008/0081075A1, incorporated hercin, by reference, in its entirety, discloses
a novel mixed micelle structure with a functional inner core and hyvdrophilic outer shells, self-
assembled from a graft macromolecule and one or more block copolymer.
US2010/0004398 A1, incorporated herein, by reference, in its entirety, describes a polvmeric
nanoparticle of sheli/core configuration with an interphase region and a process for producing
the same.

In various embodiments, the invention further comprises a cationic molecule that
interacts with a therapeutic molecule to form a stable nanocomplex and/or serves as a cell
penetrating peptide. In various embodiments, the cationic molecule cell comprises a

penetrating peptide comprises or a protein transduction domain. In various embodiments, the
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cationic molecule 18 a cationic peptide that facilitates transduction of the therapeutic agent to
the nucleus.

Provided herein are methods for preparing a polyvmernic nanoparticle comprising
salinomycin and additional therapeutics. The resulting polvmeric nanoparticie is not only
non-toxic, safe, and biodegradable, but also stable /2 vive with high storage stability, and can
be safely used in a nanocarrier systom or drug delivery system 1o the field of medicine. In
embodiments, the polymeric nanoparticles provided herein can increase the half-life of the
deliverable drug or therapeutic agent in vivo.

The preparation process can include providing salimomycin, dissolving a block
polymer in a solvent to form a block copolymer solution; and adding the complex to the
block copolvmer solution to torm a solution comprising the complex and the block
copolymer.

In an embodiment, the block copolvmer is PLA-PEG di-block copolymer.

In an embodiment, the block copolymer is PLA-PEG-PPG-PEG tetra-block
copolymer.

In an embodiment, the block copolymer sohition is prepared at a concentration
between about 2 mg/ml and 10 mg/ml. In a further embodiment, the block copolymer
solution of is prepared at a concentration of about & mg/ml.

In an embodiment, the process further comprises adding the solution compnsing
salinomycin to a sohution comprising a surfactant. In a further embodiment, the sclution
resulting from combining salinomyein and the block polymer solution is stirred unii} stable
nanoparticles are formed.

In various embodiments, the polymeric nanoparticles can adopt a non-spherical
configuration upon swelling or shrinking.

The nanoparticle in various embodumentis 1s amphiphilic i nature.

¢ zeta potential and PDI (Polvdispersity Index) of the nanoparticles may be
calculated {see U.S. patent number 9,149 426, incorporated herein, by reference, in s
entirety}.

The polymernic nanoparticles have dimensions that may be measured using a
Transmission Electron Microscope. In suitable embodiments, the diameter of the polymeric
nanoparticles provided herein will be between about 100 and 350 am in diameter or between
about 100 and 30 nm in diameter or between about 100 and 250 ma. 1o a further

embodiment, the diameter of the polymenc nanoparticles provided heremn are about 100 nm,
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110 am, 120, nm, 130 nm, 140 am, 150 nm, 160 nm, 170 nm, 180 nm, 190 nm, 200 am, 210
nm, 220 nm, 230 nm, 240 nm, or 250 am.

{n an embodiment, the polymeric nanoparticles comprising a complex have a zeta-
potential between about +5t0 -90 mV, e g +t4 to -75 mV, +3 to 30 mV, +2 10 -25mV, +i o
40 mV.. In a further embodiment, the complex has a zeta-potential of about -30 mV,

Specific processes for polymeric nanoparticle formation and uses in pharmaceoutical
composition are provided herein for purpose of reference. These processes and uses may be

carried out through a vanety of methods apparent to those of skill in the art.

Pharmaceutical Compositions

Also provided herein is a pbarmaceutical composition comprising a salinomycin
polymeric nanoparticle for use in medicine and in other ficlds that use a carrier system or a
reservoir or depot of nanoparticles. The nanoparticies can be used in prognostic, therapeutic,
diagnostic and/or theranostic compositions. Suitably, the nanoparticles of the present
mvention are used for drug and agent delivery {e. g, within a tumor cell}, as well as for
disease diagnosis and medical imaging in human and animals. Thus, the instant invention
provides a method for the treatment of disease using the nanoparticles further comprising a
therapeutic agent as described herein. The nanoparticies of the present mvention can also be
use in other applications such as chemical or biological reactions where a reservoir or depot

is required, as biosensors, as agents for immobilized enzymes and the like.

Thus, in an aspect, provided herein is a pharmaceutical composition comprising

a) a polymeric nanoparticle comprising a block copolymer compnsing polv(lactic
acid) (PLA) and poly{cthylenc glycol) (PEG); and

b} salinomyeim.

In an embodiment, the polymeric nanoparticle compnses poly(lactic acid)-
poiy{ethviene glyeol) (PLA-PEG) di-block copolymer.

In an embodiment, the polvmeric nanoparticle comprises polv{lactic acid)-
poly(ethylene glyveoly-polvipropyiene glveol)-polv{cthylene glycol) (PLA-PEG-PPG-
PEG) tetra-block copolymer.

In a further embodiment, the PLA-PEG-PPG-PEG tetra-block copolymer is
formed from chemical conjugation of PEG-PPG-PEG tri-block copolymer with PLA.

In an embodiment, the molecular weight of PLA 1s between about 10,000 and

about 100,000 daltons.
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In an embodiment of the compositions provided herein, the polymeric
nanoparticles are formed of a polymer consisting essentially of poly{lactic acid}-
poiy{ethviene glyeol) (PLA-PEG) di-block copolymer.

in an embodiment of the compositions provided herein, the polvmeric
nanoparticles are formed of a polvmer consisting essentially of polvilactic acid)-
polv{ethyiene glveoh-polv{propylene glyeol)-poly{ethyiens glvcol} (PLA-PEG-PPG-
PEG) tetra-block copolymer.

In an embodiment of the compositions provided herein, the polvmeric
nanoparticles further comprise a targeting moiety attached 1o the outside of the
polymeric nanoparticles, and whercin the targeting moicty is an antibody, peptide, or
aptamer.

Suitable pharmaceatical compositions or formulations can contain, for example,
from about 0.1% to about 99.9%, preferably from about 1% to about 60%, of the active
mgredient(s). Pharmaccutical formulations for enteral or parenteral administration are,
for example, those in unit dosage forms, such as sugar-coated tablets, tablets, capsules
or supposttories, or ampoules. If not indicated otherwise, these are prepared in a
manner known per se, for example by means of conventional mixing, granulating,
sugar-coating, dissolving or lvophilizing processes. It will be appreciated that the unit
content of a combination partner contained in an individeal dose of each dosage form
need not 1o itself constitute an effective amount since the necessary effective amount
may be reached by administration of a plurality of dosage units.

The pharmaceutical compositions can contain, as the active mgredient, one or
more of nanoparticles in combination with one or more pharmaceutically acceptable
carriers {excipients). In making the compositions of the invention, the active ingredient
is typically mixed with an excipient, diluted by an excipient or ¢nclosed within such a
carnier in the form of, for example, a capsule, sachet, paper, or other container. When
the excipient serves as a diluent, it can be a solid, semi-solid, or higuid material, which
acts as a vehicle, carrier or medium for the active ingredient. Thus, the compositions can
be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions,
cmulstons, solutions, syrups, acrosols (as a solid or in a liquid medium), ointments
containing, for example, up to 10% by weight of the active compound, soft and hard
gelatin capsules, suppositories, stenle injectable solutions, and sterile packaged

powders,
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Some examples of suitable excipients include lactose (e.g. lactose monohydrate),
dextrose, sucrose, sorbitol, mannitol, starches {e.g. sodium starch glycolate), gum
acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, colloidal

silicon dioxide, microcrystalline cellulose, polyvinylpyrrolidone {(e.g. povidone},

(]

cellulose, water, syrup, methyl cellulose, and hydroxypropyl celhidose. The formulations
can additionally include: fubricating agents such as talc, magnesium stearate, and
minecral oil; wetting agents; emulsifying and suspending agents; preserving agents such
as methyl- and propyvthydroxy-benzoates; sweetening agents; and flavoring agents.

The liquid forms in which the compounds and compositions of the present
10 invention can be incorporated for administration orally or by injection include agueous
solutions, suttably flavored syrups, aqueous or oif suspensions, and flavored emulsions
with edible oils such as cottonseed o1l, sesame oil, coconut ¢il, or peanut o1l, as well as

clixirs and similar pharmaceutical vehicles.

Methods of Treatment

15 The nanoparticles disclosed herein can be used to treat or prevent any condition
or disorder which 1s known 1o or suspected of benefitting from treatment with
salinomycin.

In one aspect, the salinomycin-containing nanoparticles are used to treat or
prevent cancer of a precancerous condition. In some embodiments, the cancer is selected

20 from the group consisting of breast cancer, ovarian cancer, pancreatic cancer, leukenua,
lymphoma, osteosarcoma, gastric cancer, prostate cancer, colon cancer, lung cancer, liver
cancer, kidney cancer, head and neck cancer, and cervical cancer.

In an embodiment, the cancer is breast cancer. In another embodiment, the breast

cancer is triple negative breast cancer. In another embodiment, the breast cancer 1s

N
(4

hormone-dependent breast cancer.

{n an cmbodiment, the cancer 15 lung cancer. In another embodiment, the lung
cancer 1s non-small cell lung cancer. In another embodiment, the lung cancer is small cell
tung cancer.

In one embodiment, the cancer s resistant or refractory to a chemotherapeutic
30 agent. In another embodiment, the cancer is multi-drug resistant.

In an aspect, provided herein 1s a method for treating a disease in a subject in
need thereof comprising administering to the subject a therapeutically effective amount
of a pharmaceutical composition comprising a} a polymeric nanoparticle formed of a
polymer comprising PLA-PEG di-block copolvmer; and salinomycin.
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In an embodiment of the methods provided kerein, the pharmaceatical
composition further comprises a chemotherapeutic agent or a targeted anti-cancer agent
selected from the group counsisting of lenalidonude, cnzotinib, gleevee, herceptin,

avstin, PD-1 checkpomnt inhibitors, PDL-1 checkpoint inhibitors, CTLA-4 checkpoint

(]

ihibitors, doxonbicin, daunorubicin, decitabing, irinotecan, SN-38, cytarabine,
docetaxel, triptolide, geldanamycin, 17-AAG, 5-FU, oxaliplatin, carboplatin, taxotere,
methotrexate, paclitaxel, and an indenoisoquinoline.
In an embodiment of the methods provided herein, the disease 1s cancer, an
autoimmune disease, an inflammatory disease, a metabolic disorder, a developmental
10 disorder, a cardiovascular discase, iver discase, an intestinal discase, an infectious
disease, an endocrine disease and a newrological disorder.
In an embodiment of the methods provided herein, the nanoparticles are formed
of a polymer consisting essentially of PLA-PEG di-block copolymer.
In an embodiment of the methods provided herein, the nanoparticies are tormed
15 of a polymer consisting essentially of PLA-PEG-PPG-PEG tetra-block copolymer.
In an embodiment, the polvmeric nanoparticles are formed of a polymer
consisting essentially of PLA-PEG di-block copolvmer.
in an cmbodiment, the polymeric nanoparticles are formed of a polymer
consisting essentially of PLA-PEG-PPG-PEG tetra-block copolymer,
20 The admiuustration of a pharmaceutical composition provided herein may result
not only in a beneficial effect with regard to alleviating, delayving progression of or
mhibiting the symptoms of a discase or disorder, but also in further surprising beneficial
cffects, e.g. fewer side-effects, more durable response, an improved quality of life ora
decreased morbidity, compared with, for example, debivering the agent without using

25 the polymeric nanoparticle svstem described herem or by any other conventional means.

Dosace and Adnunistration

In one aspect, the present disclosure is directed to methods of treating cancerm a
subject in need thereof, comprising administenng to the subject a therapeotically effective
amount of a composition comprising polvmeric nanoparticles comprising a poly{lactic acid)-

30 poly{ethviene glycol)-poly(propyiene glveoby-poly{cthylene glycoly (PLA-PEG-PPG-PEG)
tetra block copolvmer, and salinomycin; wherein the therapeutically effective amount s
between about 0.025 mg/kg to about 5 mg/kg.

In anocther aspect, provided herein is a method of reducing proliferation, survival,
migration, or colony formation ability of cancer stem cells in a subject comprising
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administering to the subject a therapeutically effective amount of a composition comprising
polymeric nanoparticles comprising a poly{lactic acid)-poly{ethylene givcol}-poly{propvienc
glvcol}-polvicthyiene glycol) (PLA-PEG-PPG-PEG) tetra block copolymer, and

salinomycin, wherein the therapeutically effective amount is between about 0.025 mg/kg 1o

(]

about 5 mg/kg.

In embodiments of the methods, the therapeutically effective amount is between
about 0.1 mg/kg and about 2.5 mg/kg. in embodiments of the methods, the therapeutically
effective amount is between about 0.5 mg/kg and about 5 mg/kg. In embodiments of the
methods, the therapeutically effective amount is between about 1 mg/kg and about 5 mg/kg,
10 In cmbodiments of the methods, the therapeutically effective amount is between about 2.5

mg/kg and about 5 mg/kg. In embodiments of the methods, the therapeutically effective
amount 18 between about 0.025 mg/kg and about 0.5 mg/kg. In embodiments of the methods,
the therapeutically effective amount is between about 0.025 mg/kg and about 0.1 mg/kg.

In other embodiments of the methods, the therapeutically effective amount is

15 between about 0.025 mg/kg and about T mg/kg. In embodiments of the methods, the
therapeutically effective amount is between about | mg/ke and abowt 2 mg/kg. In
embodiments of the methods, the therapeutically effective amount is between about 2 mg/kg
and about 3 mg/kg. In erabodiments of the methods, the therapeutically effective amount is
between about 3 mg/kg and about 4 mg/kg. In embodiments of the methods, the

20 therapeutically effective amount is between about 4 mg/kg and about 5 mg/kg.

In embodiments of the methods, the therapeutically effective amount 15 between
about 0.03 mg/kg and about 0.5 mg/ke. In an embodiment of the methods, the
therapeutically effective amount 1s about .35 mg/kg. In an embodiment of the methods, the
therapeutically effective amount is about 0.4 mg/kg.In other embodiments of the methods,

25 the therapeutically effective amount 1s between about 0.05 mg/kg and about 0.8 mg/kg. In an
embodiment of the methods, the therapeutically effective amount 1s about 0.61 mg/kg. In an
embodiment of the methods, the therapeutically effective amount 15 about 0.69 mg/kg.

In embodiments of the methods, the therapeutically effective amount 15 between
about 0.08 mg/kg and about 1.1 mg/ke. In an embodiment of the methods, the

30 therapeutically effective amount is about 0.89 mg/kg. In an embodiment of the methods, the

therapeutically effective amount is about 1.0 mg/kg.

In embodiments of the methods, the composition is administered intravenously,

miratumorally, or subcutancously.

o]
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In some embodiments of the methods, the composition 1s admimstered at least once
per day, once every other day, once per week, twice per week, once per month, or twice per
month. In an embodiment of the methods, the composition is adminisicred at least once per
day. In an embodiment of the methods, the composition 1s adounistered at least once every
other day. In an embodiment of the methods, the composition 18 administered at least once
per week. In an embodiment of the methods, the composition is administered at least twice
per week. fn an embodiment of the methods, the composition is administered at least once
per month. In an embodiment of the methods, the composition is administered at least twice
per month. In another embodiment, the composition is administered more than once per day.

in some embodiments of the methods, the composition is administered over a period
of three weeks. In other embodiments of the methods, the composition 1s admimistered over
a period of 30 davs. In other embodiments of the methods, the composition is administered
over a period of 60 davs. In other embodiments of the methods, the composition is
adnunistered over a period of 90 days. fn other embodiments of the methods, the
composition is adminisiered over a period of 120 davs. In other embodiments of the
methods, the composttion is administered over a period of 150 days. In other embodiments
of the methods, the composition is administered over a period of 6 months. o other
cmbodiments of the methods, the composition i1s administered over a period of about 6
months to about 1 vear. In other embodiments of the methods, the composition is
administered over a period of about 1 vear to about 2 years.

The methods and dosages disclosed herein have been found to reduce toxicity of
salinomyvem iz vivo. Further, the compositions described herein allow salinomyein
nanoparticles to be administered to a subject at a higher dose than salimomycin alone.

In certain embodiments, the therapeutically effective amount is a human equivalent
dose that is determined from an animal experiment.

In an embodiment of the pharmaceutical composttion, the polymenc nanoparticle
further comprises a targeting moiety attached to the outside of the polymeric nanoparticies.

In another aspect, provided herein is a dosage form comprising from about 12.5 mg
to about 500 mg of the pharmaceutical composition comprising polymenc nanoparticles
comprising a polv{lactic acid)-poly{ethyviene glycol)-polyv{propylens glveol}-polyv{ethylens
ghveoly (PLA-PEG-PPG-PEG) tetra block copolymer, and salinomycin, and a
pharmaceutically acceptable carrier.

¢ effective dosage of the polymeric nanoparticies provided herein may vary

depending on the particular protein, nucleic acid, and or other therapeutic agent used,

24
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the mode of admmistration, the condition being treated, and the severity of the condition
being treated. Thus, the dosage regimen of the polymeric nanoparticle 1s sclected in
accordance with a variety of factors including the route of administration and the renal

and hepatic function of the patient.

(]

To determine efficacy, treatment may further comprise comparing one or more
pre-treatment or post-treatment phenotypes to a standard phenotype. The standard
phenotype is the corresponding phenotype in a reference cell or population of cells.
Reference cells are one or more of the following, cells from a person or subject that 1s
not suspected of having a protein degradation disorder, cells from the subject, cultured
10 celis, cultured cells from the subject, or cells from the subject pre-treatment. Cells from
the subject may include, for example, a bone marrow stromal cell, (BMSC), a peripheral
blood mononuclear cell (PBMC), lymphocyies, hair follicles, blood cells, other
epithelial cells, bone marrow plasma cells, primary cancer cells, patient derived tumor
cells, normal or cancerous hematopoictic stem cells, neural stem cells, solid tumor cells,

I3 astrocytes, cancer stem cells, and the like.

Combination Treatments

The compositions provided herein optionally further comprise an additional
treatment modality, e. g, a therapeutic agent {¢.g., a chemotherapeutic agent), radiation
agent, hormonal agent, biological agent or an anti-inflammatory agent that is

20 administered to a subject along with salinomycin.

Therapeutic agents that can be used in a combination therapy with salinomyein
may include, e.g, lenalidomide, crizotinib or a histone deacetylase mhibitor (HBAC),
such as those disclosed in US Patent No. 8,883,842, incorporated by refercnce, herein,

m its entirety. Additional therapeutic agents include, e.g., gleevec, herceptin, avstin,

N
(4

PD-1 checkpoint mhibitors, PDL-1 checkpoint inhibitors, CTLA-4 checkpoint
inhibitors, tamoxifen, trastuzamab, raloxifene, doxorubicin, fluorouracil/5-fu,
pamidronate disodium, anastrozole, exemestane, cyclophos-phamide, epirubicin,
letrozole, toremifeng, fulvestrant, fluoxyvmester-one, trastuzinmab, methotrexate,
megastrol acetate, docetaxel, paclitaxel, testolactone, aziriding, vinblasting,

30 capecitabine, gosclenin acetate, zoledronic acid, taxol, vinblastine, and/or vincristine,
Useful non-steroidal anti-inflammatory agents, include, but are not limited o, aspirin,
thuprofen, diclofenac, naproxen, benoxaprofen, fhurbiprofen, fenoprofen, flubufen,
ketoprofen, indoprofen, piroprofen, carprofen, oxaprozin, pramoprofen, murcprofen,
trioxaprofen, suprofen, aminoprofen, tiaprofenic acid, fluprofen, bucloxic acid,
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mdomethacin, sulindac, tolmetin, zomepirac, tiopinac, zidometacin, acemetacin,
fentiazac, chidanac, oxpinac, mefenamic acid, meclofenamic acid, flufenamic acid,
niflumic acid, tolfenamic acid, diflurisal, flufenisal, piroxicam, sudoxicam, isoxicam;
salicvlic acid derivatives, including aspirin, sodium salicvlate, choline magnesium
trisalicyiate, salsalate, diflunisal, salicyisalicvlic acid, sulfasalazine, and olsalazin; para-
aminophennol derivatives including acetaminophen and phenacetin; indole and indene
acetic acids, including indomethacin, sulindac, and etodolac; heteroaryl acetic acids,
meluding tolmetin, diclofenac, and ketorolac; anthranilic acids (fenamates), including
mefenamic acid, and meclofenamic acid; enclic acids, including oxicams (piroxicam,
tenoxicam), and pyrazolidinediones {phenylbutazone, oxyphenthartazone); and
alkanones, including nabumetone and pharmaceutically acceptable salis thereof and
mixtures thereof. For a more detailed descniption of the NSAIDs, sece Paul A Insel,
Analgesic-Antipyretic and Antunflammatory Agents and Drugs Emploved in the
Treatment of Gout, in Goodman & Gilman's The Pharmacological Basis of Therapeutics
617-57 Perry B. Molinhoff and Raymond W. Ruddon eds., 9" ed 1996, Glen R. Hanson,
Analgesie, Antipyretic and Anti-Inflammatory Drugs in Remington: The Science and
Practice of Pharmacy Vol 1 1196-1221 and A. R. Gennaro ed. 19® ed. 1995 which are
hereby incorporated by reference in their entiretics.

In an embodiment, the additional chemotherapeutic agent or a targeted anti-
cancer agent selected from the group consisting of doxorubicin, daunorubicin, decitabine,
winotecan, SN-38, cytarabing, docetaxel, triptolide, geldanamycin, 17-AAG, 5-FU,
oxaliplatin, carboplatin, taxotere, methotrexate, paclitaxel, and an indenoisoguinoline.

Although the subject matter has been described in considerable detail with
reference to certain embodiments thereof, other embodiments are possible. As such, the
spirit and scope of the appended claims should not be limited to the description of the

specitic embodiments contained therein.

EXAMPLES

The disclosure will now be illusirated with working examples, and which is
mtended to thustrate the working of disclosure and not mntended to restrictively any
Limitations on the scope of the present disclosure. Unless defined otherwise. all
technical and scientific terms used herein have the same meaning as commonly
wnderstood to one of ordinary skill m the art to which thus disclosure belongs. Although

methods and materials stmilar or equivalent to those descnbed herein can be used n the
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practice of the disclosed methods and compositions, the exemplary methods, devices

and matenals are descnbed herein.

Example 1. Preparation of Polvimeric nanoparticles of PLA-PEG-PPG-PEG block copolvmer

Poly{lactic acid) (MW -45,000-60,000 g/mol), PEG-PPG-PEG and tissue culture
reagents were obtained from Sigma-~ Aldrich (St Lows, MO). All reagents were analvtical
grade or above and used as received, uniess otherwise stated. Cell hines were obtammed from
NCCS Pune, India or from ATCC, Marvland, USA

5 gm of poly {lactic acid) (PLA) with an average molecular weight of 60,000 g/mol
was dissolved in 100 mil CH>Cl (dichloromethanc) in a 250 md round bottom flask. To this
solution, 0.7 g of PEG-PPG-PEG polvmer (molecular weight range of 1100-8400 Mn) was
added. The solution was stirred for 10-12 hours at 0°C. To this reaction mixture, 3 ml of 1%
M N-dicyclohexyicarbodimide (DCC) solution was added foliowed by slow addition of 5 mi
of 0.1% 4-Dimethylaninopyridine (DMAP) at -4°C to 0°C/sub zero temperatures. The
reaction mixture was stirred for the next 24 hours followed by precipitation of the PLA-PEG-
PPG-PEG block copolvimer with dicthyl ether and filtration using Whatman filter paper No.
1. The PLA-PEG-PPG-PEQG block copolymer precipitates so obtained were dued under low
vacuum and stored at 2°C to 8°C until further use.

The PLA-PEG-PPG-PEG nanoparticles were prepared by an emulsion precipitation
method. 100 mg of the PLA-PEG-PPG-PEG copolymer cbtained by the above mentioned
process was separately dissolved in an organic solvent, for example, acctonitrile, dimethy!
formamide (DMF) or dichloromethane to obtain a polvmeric solotion.

The nanoparticles were prepared by adding this polvmeric solution drop wise to the
aqueous phase of 20 nd distilled water. The solution was stirred magnetically at room
temperature for 10 to 12 hours to aliow residual solvent evaporation and stabilization of the
nanoparticles. The nanoparticles were then collected by centrifugation at 25,000 rpm for 10
min and washed thrice using distilled water The nanoparticles were further lyophilized and
stored at 2°C to §8°C until further use.

The shape of the nanoparticles obtained by the process mentioned above is essentially
spherical. The particle size range was about 30 to 120 nm. The hvdrodynamic radius of the
nanoparticle was measured using a dvnamic light seattering (DLS) instrument and is in the

range of 110-120 nm.
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Example 2. Preparation of a Salinomvcin-encapsulated nanoparticle

The nanoparticles of the present invention are amphiphillic in nature and are
capablc of being loaded with both bvdrophobic and bvdrophilic dmgs.

100 mg of the PLA-PEG-PPG-PEG nanoparticle prepared using the process of
Example 1 1s dissolved in 5 o of an organic solvent like acetonitrife {CH3CN),
dimethy! formamide (BMF; C3H/NO), acetone or dichloromethane (CH:Clo).

1-10 mg of salinomyein is dissolved in an aguecous solution and is added to the
above polvmeric solution. Salinomyvcein is usually taken in the weight range of about
10-20% weight of the polvmer. This solution is briefly sonicated for 10-15 scconds at
250-400 rpm to produce a fine primary emulsion.

The fine primary emulsion is added drop wise using a syringe/micropipetic to
the aqueous phase of 20 ml distilled water containing F-127 poloxomer and stirred
magnetically at 250 to 400 rpm at 25 °C to 30°C for 10 to 12 hours in order to allow
solvent evaporation and nanoparticle stabilization. The aqueous phase further
comprises a sugar additive. The resulting nanoparticle suspension is allowed to stir
overnight, in an open, uncovered condition to evaporate the residual organic solvent.
The salinomyein encapsulated polymeric nanoparticles are collected by centrifugation
at 10,000 g for 10 min or by uitrafiltration at 3000 g for 15 mun. {(Amicon Ultra,
Ultracel membrane with 100,000 NMWL, Millipore, USA). The nancparticles are
resuspended in distilled water, washed thrice, and lvophilized. They are stored at 2°C

to &8°C untl further use. The polvmeric nanoparticles are highly stable.

Example 3. Proof of Concept of Salinomvein-nanoparticles (SAL-NPs) preliminary toxicity

study i £D2 Male mice and companson head-to-head with equal-doses of SAL

A study was conducted m wild-type CD2 male mice to evaluate and compare the
effects of salinomycin (SAL) at three different concentrations and compared to a formulation

of SAL in hiodegradable tetra-block polymeric nanoparticles.

MICE
20-25 g male CD2 mice between the ages 6 to 8 weeks from Taconic were used. The

animals were acclimatized for five days before initiating the study.
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Aramals were injected mtravencusly either with 5.0 mg/kg, 8.5 mg/kg, or 12.5 mg/kg

of SAL or SAL-NPs once, according to Table 1 below. Control animals were treated with

PBS.
Table 1. Experimental design.

Groups Bose {mg/kg) Number
A~ SAL 5 3

B- SAL 8.5 3

C- SAL 12.5 3

D- SAL-NPs 5 2
E-SAL-NPs 8.5 3

F- SAL-NPs [2.5 3

G- Control PBS 3

METHODS

All animals were observed for changes (body weight, food and water intake) daily for

seven davs. Tolerability of the drug by animals was measured via clinical, weight and

behavioral changes. The compounds were administered once on day 1. Seven days following

adounistration, alf animals were euthanized and blood was collected for a complete blood

chemistry and hematology analysis (scc Table 2 and 3 below). Post mortem was conducted

to examine all of the animals. Different organs {(brain, heart, fung, hiver, spleen, stomach,

mtesting, kidney, and skin} were also isolated for histo-pathological evaluation by H& E

staining.

Y
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RESULTS
Fach experimental animal was individually and closely observed for any clinical and
behavioral changes, mncluding their water and food mtake, urination, defecation and any other

observable changes m the course of the study.

(]

There was observable change 1n body weight of the group that received 12.5 mg/kg
SAL. Moreover, slight reduction in weight was also observed in a group of animals dose
with 8.5 mg/kg SAL. No observable changes were there in the 5 mg/kg SAL group.
Interestingly, there were no observable changes in the body weight of animals in the groups
where SAL-NPs werg administered at all doses. Food and water intake were at a constant
10 level for all of the groups. except on the 7% day for the 12.5 mg/kg SAL group. See Table 4
below for body weight data and Table S for post mortem findmgs.

Table 4. Body weight observations.

Group B 12- 13- 14- 1s- 16-
Mar Mar Mar Mar Mar 17-Mar | 18-Mar | 19-Mar

ASAL 11 237 1234 1234 1235 1233 1236 1236 |239
meghke 1 741 24 3.9 242 | 241 744 | 243 %

3 YR 34 SR Y Y S Y R Y
B-SAL i M7 1242 241 245 244 247 (245 247
fomgke 15 YR CERE 243 243 245 | 244 | 246

3 236 1234 233 1234 236  |237 238 |24
“SAL T M1 1237 1335 T73a 33 73 329 227
tzimgfke 3 245 1242 | 241 4 3o |24 238 1235

47|24 24 3.9 1237 1234 1235 | 233
D-SAL- |1 242 |24 241 243 (242 [Z46 | z46 |48
:ﬁgkg 2 236 1235 1237 1238 239 |24 M1 245

3
E-SAL- 11 Th6 1244 1243 T2re 1z a8 17de s
NP 2 38 1235 1236 239 1239 241|242 | 243
smgkg |3 24 237 1239 241 244 (245 247 249
FSAL- 11 A6 1244 1243 241 243 243 | 245|247
NP 2 42 1239 139 241 243|242 244|244
Smgkg |3 O A N A X Y SIS I YY)
G-control | | 237 1239 1237 241|243 242|246
satine 2 241 245 243 243 247 248 247

3 239 1237 1239 (243|241 245 | 246

jo8]
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Table 5. Post mortem sbservations,
Group n Post-mortem findings | Testis Wt Trauma Hind Leg
A-SAL Smg/kg 1 No Changes observed 3.65
2 No Changes observed 427
3 No Changes observed 3.92
B-SAL 8.5mg/kg | 1 No Changes observed | 2.71
Slight enlargement of No tranma Hind leg
2 testis with redness 2.89 lagging 3/18
3 Mo Changes observed 2.86
C-SAL Testis enlarged, red in
12.5mglkg color, inflammation. No Trauma Hind leg
1 Epidydimus enalrged 2.14 noted lagging 3/17
Testis enlarged, red in
color, inflanmmation. No Trauma Hind leg
2 Epidvdimus enalrged 1.09 noted lagging 3/18
Testis enlarged, red in
color, inflammation. No Trauma Hind leg
3 Epidydirus enalrged 2.32 noted lagging 3/18
B-5AL-NP 1 No changes observed 3.47
Smg/kg
2 No changes observed 4.69
3
E-SAL-NP 1 No changes observed 4.1%
8.5mgfkg 2 No changes observed 3.96
3 No changes observed 4.23
F-SAL-NP 1 No changes observed 4.62
12.5mglkg 2 No changes observed 3.87
3 No chaoges observed 4.06
G-control saling 1 4.18
2 4.32
3 4.19

No changes m unnation and defecation were observed in animals from all the groups.

Slight rough coat was observed on the 6% day on animal mumbers 2 and 3 inthe 12.5 mg/kg

SAL group. Roughness of the fur was slightly worsened on day 7 in this group of animals.

)
)
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There was a clear sign of hind leg lagging and decreased movement on day 6 in
animal number 1 in the 12.5 mg/kg SAL group, which worsened on day 7. This lagging of the
bind himbs was also seen in animals 2 and 3 (SAL group of 12.5 mg/kg) on day 7. Hind leg
lagging was seen to a lesser extent in the SAL 8.5 mg/kg group. All animals inthe 12.5
meg/keg SAL, 8.5 mg/kg SAL and 5 mg/kg SAL groups were lethargic in movement.

Importantly, none the animals in the groups that received SAL-NPs showed any
symptoms of hind leg lagging and bad no vapaivment of movement. This data shows that the
formulation of nanoparticles and salinomycin is surprisingly less toxic than salinomyein
alone.

On day 7 of the study, a post mortem inspection was conducted on cach and every
animal. The group that received 5 mg/kg SAL did not show any observable changes under a
dissection microscope in any of the 11 organs examined. Animal namber 2 of the 8.5 mg/kg
SAL group had a slightly reddish and shightly enlarged testis. All the amimals in this group
had reduced testis weight as compared to the normal animals. There was slight enlargemoent
observed on the fascia around the testis. No trauma was observed and the epididynus was
found to be free of any changes. All the animals in the group that received 12.3 mg/kg SAL
had reduction in the weight of testis and epididymis, reddening of the fascia surrounding
testis, thereby looking as if it is enlarged. None of these animals showed any signs of trauma.
All the animals in the groups that received SAL-NPs (3 mg/kg, 8.5 mg/kg and 12.5 mg/kg)
did not show any such changes and appeared normal.

All the animals did well in the study, except the Salinomycin 12.5 mg/kg group. The
histopathological studies were conducted on brain, heart, lung, liver, spleen, stomach,
mtesting, kidney, muscles, and skin tissues by H & E staining. The tissues were collected on
the day 7 and passed through ascending concentration of alcchol, and then preserved in
Buovins Solution for sectioning.

On mucroscopical examination of all the tissues, no changes were observed in the
brain, heart, tong, spleen, stomach, testis, epididymis, sciatic nerves, intestine, muscles and
skin of all the animals in the study that received SAL-NPs. However, changes were observed
m the kidney, liver, testis and epididynus of the groups that received 12.5 mg/kg of SAL.

There was mixture of fatty change, cvtoplasmic glycogen and tension lipidosis in the
livers of animals that received 12.5 mg/kg SAL. These changes were scen 1n alf thiee animals
at the 12.5 mg/kg SAL dose. No changes in the liver were obscrved in animals that received
12.5 mg/kg SAL-NPs.

The testis of all three animals that received 12.5 mg/kg of SAL had the seouniferous
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tibules shranken and vacuolation i the germinal eptthelivm. The disruption of epitheliim
with occurrence of vacuolization and necrotic cells were observed in the cross section of
cpididymis in animals that received 12.5 mg/kg SAL. The treatment induced various
structural changes (shrinkage) in the seminiferous tbules and nterstitium of the testis.
Epithelial gaps, epithelial sloughing and germ cell degeneration were alse observed.
Surprisingly, the animals treated with 12.5 mg/kg of SAL-NPs had no changes in their
epididymis.

All three animals dosed with 12.5 mg/kg SAL showed spacing of tubules with atrophy
of the lining epithelivm of the kidney. The reticulated casts within their lumina was observed
and there were marked atrophy of renal corpuscle. The animals treated with 12.5 mg/kg of

SAL-NPs had no changes 1o the kidoeys.

CONCLUSION

There is clear indication that the animals treated with SAL bad toxicity to the liver,
kidney, testis, and epididymis, whereas there were no changes observed even at the highest
concentration of the SAL-NPs groups. This study indicates that all three concentrations of the

SAL-NPg were well tolerated by the animals.

Example 4. Calculation of the Human Equivalent Bose (HED) of Salinomycin-nanoparticles

(SAL-NPs

The human equivalent doses (HEDs) of the salinomycin-nanoparticle (SAL-NP)
doses used 1n the mouse study were calculated by two different equations as disclosed in Nair
and Jacob, “A simple practice guide for dose conversion between antmals and human™ (2016)
and J. Basic Clin. Pharma. 27-31; and also disclosed in the FDA’s “Guidance for Industry”
{July 2005}, incorporated, herein, by reference in their entireties. Specific embodiments of

HEDs for SAL-NPs are disclosed in Table 6 below.

Tabie 6. HEDs of SAL-NFP doses used in Example 3.

Mouse dose (mg/kg) HED Equation 1 (mg/kg) HED Equatien 2 (mg/kg)
5 (.35 0.4

8.5 0.61 0.69

12.5 (.89 1.61

The disclosures of each and every patent, patent application, and pubhication cited

herein are hereby incorporated herein by reference in their entirety.
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While the imvention has been disclosed with reference to specific embodiments, it is

apparent that other embodiments and vanations of this invention can be devised by otherg

skilled 1n the art without departing from the true spurit and scope of the invention. The

appended claims are mntended to be construed to include all such embodiments and equivalent

variations.

Example 5. Effect of Salinomycin-contiainii

nanoparticies on cell survival of multiple

cancer cell lines

The effect of salinomycin-containing nanoparticles on cancer cell survival was

assessed using the Alamar Blue assay. Based on the growth rate of cach cell ling, 1500

to 4000 cells/well were plated i 96 well plates and allowed to grow overnight at 37°C,

-4

5% COn. Cells were treated with different concentrations of salinomycin-containing

nanoparticles for five days with three-fold serial dilutions for eight concentrations.

Alamar Bhue reagent (1:10 dilution in the culture medium} was then added to the

wells and incubated for 2-4 hrs. The change 1n absorption was measured with excitation

at 570 oM and cnussion at 600 nM. The percentage survival was caleulated compared to

the untreated control as 100%.

The results of Bronchioalveolar carcinoma {non-small cell lung cancer) cell lines are

shown 1 FIG. & (NCI-H358). The results of small cell hung cancer cell lines are shown in

FIG. 9A (NCE-HS26), FIG, 9B (NCI-H326, two different formulations of SAL-NPs) and FIG.

10 (NCI-H69). The results of triple negative breast cancer cell lines are shown in FIG.

1H{MDBA-MB-231). FIG. 12 (SUM149), and FiG. 14 (MDA-MB-468). The results for

hormone-dependent breast carcinoma celis are shown in FIG. 13 (MCF-73. Shown i all

graphs 1s the percent survival (v-axis) as a function of nanoparticle concentration (x-axis).

The I so value of each cell hne was calculated from the cell survival data (sec Table 7

below).

Table 7. ICs values of SAL-NPs in cancer cell lines

Cell line §Cs0 (ubi)
NCI-H358 0,228
NCI-H326 1165
NCE-H69 (.54¢6
MDA-MB-231 2.406
SUMI149 0.3
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MCF-7 1.5

MDA-MB-463 0.91

Example 6. Effect of Salinomvein-containing nancparticles on manunospheres.,

Cancer stem cell-mediated mammospheres were gencrated in serum-free
tmorosphere growing special media from MBA-MB-231 Tople Negative Breast Cancer
{TNBC) cells as 3D cultures. Following successful gencration, mammospheres were treated
with eight different concentrations of salinomyein or salinomycin-NPs using duplicate wells
for 72 hours. Following mcubation, WST-1 reagent was added and the plates were mcubated
for an additional 60 minutes and read for luminescence or absorbance at 630 nm. The results
of the anti-proliferation assays in 3D Mammospheres with SAL and SAL-NPs are shown in

FIG 17A-17C.

Example 7. Effect of Salinomycin-contaiming nanoparticles on cancer stem cells 1solated

from a TNBC patient,

Flow cytomeitric identification of cancer stem cells (CSCs) by CD24-PE & CD44-
FITC antibody staining in triple negative breast cancer (TNBC) patient tumor derived celis
cultured as spheroid cultures and then treated with the ndicated drugs for72h. Following 72
hours of treatment of the mammospheres, cells were dissociated with Acutase treatment.
Following washing, cells were stamed with CD24-PE & CD44-FITC antibody, washed and
analyzed by FACS. The subpopulation of CB44+/CD24-low cells were gated and quantified.
A significant effect was observed on CD44-+/CD24low cells with salinomycin and
salinomycin-NPs; not much effect was observed with Pachitaxel {see FIG. 18).
Example 8. Effects of Salinomyvem-NPs on Tumor Growth inbibition in an animal

xenograt mouse model

The ability of salinomycin-containing nanoparticles to inhibit growth of H69
small cell lung carcinoma cells implanted in mice was examined.

Four to stx-week-old Balb/c nuw/nu mice were injected subcutanccusly with
5% 10° H69 small cell tung carcinoma cells in the left flank. Mice with cstablished
H6Y9 tumors (90-120 mm?*) were randomized mto groups of 6 mice cach and treated
1.p. (1) cach day with vehicle control or {11} once each week with 5 mg/kg
salinomycin- nanoparticles for 3 weeks. Tumors were measured every other day with

calipers, and tumor volumes were calculated using the formula (AXB?)/0.5, where A
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and B are the longest and shortest tumor diameters, respectively. Statistical analysis of
tumor volumes was performed by one-way ANOVA and the Duonnett test using Origin
8.0 (Ongin Lab).

The results are shown m FIG. 15A. Shown is tumor volume (y-axis) over time

(]

(x-axis). Tumor volume in mice treated with vehicle conirol reached 2000 mm®. In
contrast, tumor volume in mice treated with salinomycin-containing nanoparticies did

not exceed 1000 mny,

Example 9. Assessment of body weight in H69 xenoeraft mice treated with
10 salinomvein-containing nanoparticles

The body weight of H6Y senograft mice treated with salimomyein-
nanoparticles and control mice, as discussed in Example 6 above, was examined and
corapared to body weight of mice treated with vehicle over a period of 21 days.

15 The results are shown m FIG. 15B. Body weight remained stable or slightly
mcreased 1o both groups during the length of the study. These results demonstrate that

the salinomvcin-containing nanoparticics do not adversely affect body weight.

Exanmple 10, Comparative toxacity i wild-tvpe muce of varving doses of salinomyvein
20 and salinomvein-containing nanoparticles

The effect of nanoparticles in mitigating the toxicity of salinomycin was
examined in wild-type mice. Different doses of salinomyein alone (5, 7.5, 10, 12.5

and 15 mg/kg) or salinomvein-nanoparticles (SAL-NP) (5, 7.5, 10, 12.5 and 15

o
[

mg/kg) were mjected nto wild-type mice. Three mice were used in each group of
salinomycin alone and salinomycin-NP groups, body weights, food and water uptake
were measured every day for 22 days.
The results are shown in FIG. 16A-E. The resulis show body weight changes

or lethality in mice treated with salinomycin alone and salinomycin-NPs. At the
30 lowest doses, body weight was sigrificantly higher at the end of the study in mice

treated with salinomycin-nanoparticies relative to mice treated with salinomycin alone

(FI1G. 16A and 16B; 5 and 7.5 mg/kg doses, respectively).

At the next two higher doses tested, lethality was observed tested in mice treated with

salinomycin alone; no mouse treated with salinomycin alone survived longer than five days

35 (FIG. 160, 10 mg/kg dose) or three days (F1G. 16Dy 12.5 mg/kg dose). In contrast, mice

treated with salinomycin-containing nanoparticies at these concentrations survived for the
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duration of the study with body weight essentially unchanged.
Lethality was observed in both groups at the highest concentration of salinomycin
{(FIG.16E; 15 mg/kg). However, mice in the salinomycin-containing nanoparticle group

survived until days 10-12 of the study, while all members of the group treated with

(]

salinomyein alone died after day 3.
These results demonstrate that nanoparticles mitigate the toxic effects of mcreasing

doses of salinomvcin in mice.

Example 11 Characterization of salinomvan-containing nanopatrticles

10
FIGS. 5A and 5B provide transmission electron micrographs providing the size and
shape of the salinomycm-nanoparticles used m the Exaroples above. FIG. 7 15 a graph
showing the slow and sustained release of salmomycin from the nanoparticles over 30 days in

an jn vitro cell free buffer system.

[
(v

FIG. 6A and FIG. 6B are graphs showing the size distribution and zeta potential
distribution of salinomycin-nanoparticles. The physio~chemical characteristics of
salinomyeim-nanoparticles are detailed in Table 8 below and the gel permeation

chromatography (GPC) of the co-polymers used is disclosed in Table 9 below.

20 Table 8. Physio-chemical Characteristics of SAL-NPs

Samples Drug/polymer | Size (nm) Zeta P P
ratio

PLA - 100.1+/-2.6 ~214+/-2.1 0151

PLA-PEG-PPG- | - 102.1+/-2.1 ~13.9+/-13 0.072

PEG

SAL-~NPs 110 108.5+/-3.6 ~16.14+/-1.8 0.039

Table 9. GPC of nanoparticles

Samples GPC of Co-Polymers

Mun (kD) Mw (ki) Mw/Mn
PLA X 51.297 70,941 1.383
PLAT.PEG-PPG- | 67.557 83,293 1.242
PEG
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CLAIMS

1. A method of reducing proliferation, survival, nugration, or colony formation ability
of a rapidly proliferating cell in a subject in need thereof comprising contacting the cell with
a therapeutically effective amount of a composition comprising

aj polymeric nanoparticles comprising a poly (lactic acid)-poly {ethylene glvcol)-

poly {propvlene glyeol)-poly (ethviene glveol) (PLA-PEG-PPG-PEG) tetra block copolymer,

and;
b} salinomycin;
wherein the therapeutically effective amount is from about $.025 mg/ke to about 5
mg/ke
2. The method of claim 1, wherein the cell is a cancer ¢ell.
3. The method of claim 1 or 2, wherein the cell is a cancer stem cell.
4, A method for treating cancer in a subject in need thereof comprising administerning to

the subject a therapeutically effective amount of a composition comprising
a) polymerntc nanoparticles comprising a poly {(lactic acid)-poly (ethvlene glyveol)-

poly {propylene glycol}-poly {ethylene glvcol) (PLA-PEG-PPG-PEG]) tetra block copolymer,

and;

b} salinomycin;

wherein the therapeutically effective amount 1s from about 0.025 mg/kg to about 3
mg/kg.
3. The method of claim 4, wherein the cancer is selected from the group consisting of

breast cancer, ovarian cancer, pancreatic cancer, leukemia, lymphoma, gsteosarcoma, gastric
cancer, prostate cancer, colon cancer, non-small cell fong cancer and small cell lung cancer,

liver cancer, kidney cancer, head and neck cancer, and cervical cancer.

6. The method of claim 4, wherein the cancer 1s metastatic.
7. The method of claim 4, further comprising admimstering an additional anti-cancer

therapy to the subject.

8. The method of claim 7, wherein the additional anti-cancer therapy is surgery,
chemotherapy, radiation, hormone therapy, immunotherapy, or a combination thereof.
9. The method of claim 4, wherein the cancer is resistant or refractory to a
chemotherapeutic agent.

10. The method of claim 4, wherein the subject 15 a human.
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11, A method of reducing proliferation, survival, migration, or colony formation ability
of cancer stem cells in a subject in need thereof comprising administering to the subjecta
therapeutically cffective amount of a composition comprising

a) polymeric nanoparticles comprising a poly (lactic acid}-poly (ethylene glveol)-

5 poly (propylene glycol)-poly {cthylene glveol) (PLA-PEG-PPG-PEG) tetra block copolymer,
and;
b} salinomycin;
wherein the therapeutically effective amount is from about 0.025 mg/kg to about 5
mg/kg.
10 12, The method of any of claims 1-11, wherein the therapeutically effective amount is

from about 0.03 mg/kg to about 0.5 mg/kg.
13. The method of any of claims 1-11, wherein the therapeutically effective amount s
from about 0.5 mg/kg to about 0.8 mg/kg.
14. The method of any of claims 1-11, wherem the therapeutically effective amount is
15 between about 0.8 mg/kg to about §.1 ma/kg.
15, The method of any of claims 1-14, wherein the composition is administered
miravenously, itratumorally, or subcutancously.
16. The method of any of claims 1-13, wherein the composition s administered at least
once per day, once every other day, once per week, twice per week, once per month, or twice
20 per month.
17.  The method of any of claims 1-16, wherein the composition is adounistered once per
week or twice per week for a period of three weeks.
18.  The method of any of claims 1-17, wherein the PLA-PEG-PPG-PEG tetra-block
copolymer is formed from chemical conjugation of PEG-PPG-PEG tri-block copolymer with
25 PLA.
19, The method of anvy of claims 1-17, wherein the molecular weight of PLA is between
about 10,000 and about 100,000 daltons.
20.  The method of any of claims 1-17, wherein the molecular weight of PLA is between

about 20,000 and 90,000 dalions.

30 21, The method of any of claims 1-17, wherein the molecolar weight of PLA is between
about 30,000 and 80,000 daktons.
22 The method of any of claims 1-17, wherein the molecular weight of PEG-PPG-PEG

1s between about 8,000 daltons and 18,000 daltons.
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23, The method of any of claims 1-17, wherein the molecuolar weight of PEG-PPG-PEG
18 between about 12,000 daltons and 17,000 daltons.
24 The method of any of claims 1-17, wherein the molecular weight of PLA n the
copolymer s between about 30,000 and 80,000 daltons and the molecular weight of PEG-
PPG-PEG 15 12,000 daltons and 17,000 daltons.
25. The method of any of claims 1-17, wherein the average diameter of the polymeric
nanoparticles is between 80 and 120 nm.
26. The method of any of claims 1-17, wherein the average diameter of the polymeric
nanoparticles 1s between 90 and 110 nm.
27 The method of any of claims 1-17, wherein the average diameter of the polymeric
nanoparticles is between 95 and 105 nm.
28. The method of any of claims 1-17, further comprising a second therapeutic agent or a
targeted anti-cancer agent.
29. A pbarmaceutical composition comprising

a) polymeric nanoparticles comprising a poly (lactic acid)-poly {cthylene glycol)-
poly {propylene glveol)-poly (ethviene glveoly (PLA-PEG-PPG-PEG) tetra block
copolymer,;

b} salinomycin; and

¢) a pharmaceutically acceptable carner.
30. The pharmaceutical composition of claim 29, wherein the polymeric nanoparticle
further comprises a targeting moicty attached to the outside of the polymeric nanoparticles.
31. A dosage form comprising from about 12.5 mg to about 500 mg of the pharmacentical
composition of claim 25,
32 A pharmaceutical composition for use m reducing prohiferation, survival, migration,
ot colonv formation ability of a rapidly proliferating cell 1n a subject in need thercof,
wherein the pharmaceutical composition comprises

a) polymeric nanoparticles comprsing a poly {(lactic acid)-poly (ethylene glyveol)-
poly {propylenc glyeol}-poly (ethvlene glyvcol) (PLA-PEG-PPG-PEG) tetra block copolymer,
and;

b} salinomycin;

wherein a therapeutically effective amount of the pharmaceutical composition is
administered to the subject, and wherein the therapeutically effective amount is from about

0.025 mg/kg to about S mg/ke.
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33, The phamaceutical composition for use according to claim 32, wherein the cell is a
cancer cell.
34, The pharmaceutical composition for use according to claim 32 or 33, whercin the cell
is a cancer stem cell.
35, A pharmaccutical composition for use in the treatment of cancer in a subject in need
thereof, wherein the pharmaceutical composition comprises

a) polymeric nanoparticles comprising a poly (lactic acid)-poly {cthylenc glveol)-
poly {propylene glveol)-poly (ethylene glycol)y (PLA-PEG-PPG-PEG) tetra block copolymer,
and:

b} salinomycin;

wherem a therapeutically etfective amount of the pharmaceutical composition 1s
administered to the subject, and wherein the therapeutically effective amount is from about
$.025 mg/kg to about 5 mg/ke.
356, The pharmaceutical composition for use according to claim 35, wherein the cancer is
selected from the group consisting of breast cancer, ovarian cancer, pancreatic cancer,
leukemia, lvmphoma, osteosarcoma, gastric cancer, prostate cancer, colon cancer, non-gmall
cell lung cancer and small cell lung cancer, liver cancer, kidrey cancer, head and neck

cancer, and cervical cancer,

37.  The pharmaceutical composition for ase according to claim 35, wherein the cancer is
metastatic.
3% The pharmaceutical composition for use according to claim 35, further comprising

administering an additional anti-cancer therapy to the subject.

39.  The phamaceutical composition for use according to claim 38, wherein the
additional anti-cancer therapy is surgery, chemotherapy, radiation, hormone therapy,
immunotherapy, or a combination thereof.

40, ¢ phammaceutical composition for use according to claim 35, wherein the cancer is

resistant or refractory to a chemotherapeutic agent.

41, The pharmaceutical composition for use according to claim 35, wherein the subject is
a human.
42, A pharmaceutical composition for use in reducing proliferation, survival, migration,

or colony formation ability of cancer stem cells in a subject i need thereof, wherein the

pharmaceutical composition comprises
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aj polyvmeric nanoparticles comprising a poly (lactic acid)-poly {ethylene glvcol)-
poly (propylene glycol}-poly {ethvlene glyeol) (PLA-PEG-PPG-PEG) tetra block copolymer,
and;

b} salinomycin;

5 wherein a therapeutically effective amount of the pharmaceutical composition is
adninistered to the subject, and wherein the therapeutically effective amount is from about
0.0235 mg/kg to about 5 mg/kg.

43, The pharmaceutical composition for use according to any of claims 32-42, wherein
the therapeutically effective amount is from about 0.03 mg/kg to about 0.5 mg/kg.
10 44 The phamaceutical composition for use according to anv of claims 32-42, whercin

the therapeutically effective amount 1s from about 0.5 mg/kg to about 0.8 mg/kg.
45. The pharmaceutical composition for use according to any of claims 32-42, wherein
the therapeutically effective amount is between about 0.8 mg/kg to about 1.1 mg/kg.
46.  The pharmaceutical composition for use according to any of claims 32-43, whercin
15 the composition is administered intravenously, mtratumorally, or subcutaneousiy.
47, The phamaceutical composition for use according to any of claims 32-46, wherein
the composition is administered at least once per day, once every other day, once per waek,
twice per week, once per month, or twice per month.
48. The pharmaceutical composition for use according to any of claims 32-47, whercein
20 the composition 1s administered once per week or twice per week for a period of three
weeks.
49, The pharmaceutical composition for use according to any of claims 32-48, wherein
the PLA-PEG-PPG-PEG tetra-block copolymer is formed from chemical conjugation of
PEG-PPG-PEG tri-block copolymer with PLA.
25 50, The pharmaceutical composition for use according to anv of claims 32-48, whercin
the molecular weight of PLA 15 between about 10,000 and about 100,000 daltons.
51, 'The pharmaceutical composition for use according to anv of claims 32-48, wherein
the molecular weight of PLA 15 between about 20,000 and 90,000 daltons.
52, The pharmaceutical composition for use according to any of claims 32-48, wherein
30 the molecular weight of PLA is between about 30,000 and 80,000 daltons.
53, The pharmaceutical composition for use according to any of claims 32-48, wherein
the molecular weight of PEG-PPG-PEG is between about 8,000 daltons and 18,000 daltons.
54. ¢ phammaceutical composition for use according to any of claims 32-48, wherein

the molecular weight of PEG-PPG-PEG is between about 12,000 daltons and 17,000 daltons.
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55, The phamaceutical composition for use according to any of claims 32-48, wherein
the molecular weight of PLA in the copolymer is between about 30,000 and 80,000 daltons

and the molecular weight of PEG-PPG-PEG 15 12,000 daltons and 17,000 daltons.

56. ¢ phammaceutical composition for use according to any of claims 32-48, wherein
5 the average diameter of the polymeric nanoparticles is between 80 and 120 nm.
57.  'The pharmaceutical composition for use according to anv of claims 32-48, wherein
the average diameter of the polymeric nanoparticles is between 90 and 110 nm.
58. The pharmaceutical composition for use according to any of claims 32-48, wherein
the average diameter of the polymeric nanoparticles is between 95 and 105 nm.
10 59 The phammaceutical composition for use according to anv of claims 32-48, further

comprising a second therapeutic agent or a targeted anti-cancer agent.
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FIG. 17A FIG. 178
Dose response of Salinomysin Dose response of Salinomycin
on MDA-MB 231 cell line in 3D Nano-particle on MDA-MB 231
anti-proliferation assay cell line in 3D anti-proliferation assay
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FIG. 17C

Dose response of free and conjugated
Salinomycin on MDA-MB 231 cell line in 3D
anti-proliferation assay
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