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METHODS AND COMPOSITIONS TO TREAT CANCER

RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No.
62/367,832 filed July 28, 2016 entitled “Role of Midkine Inhibitors in
Malignant Pleural Mesothelioma” which is incorporated herein by reference in

its entirety for all purposes.

BACKGROUND OF THE INVENTION
Malignant pleural mesothelioma is an aggressive tumor of mesenchymal
origin and is increasing worldwide as a result of widespread exposure to
asbestos. The median survival of patients with mesothelioma from time of
diagnosis ranges between 1 and 2 years. The mortality is expected to increase,
at least until 2020, which is mainly due to the long latency (30-50 years) of
the disease. Despite considerable advances in the understanding of its
pathogenesis and etiology, malignant mesothelioma remains largely
unresponsive to standard modalities of cancer therapy. Thus, there is an urgent

need for new therapeutic options for mesothelioma.

SUMMARY OF THE INVENTION
Embodiments provided herein relate to methods and compositions for treating

mesothelioma and/or a small cell lung cancer that express midkine.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1. Midkine is commonly expressed in human malignant pulmonary
mesothelioma. A. Immunoblot analysis of MDK in indicated cells. B. MDK
expression in primary pulmonary adenocarcinoma samples of 40 patients, lung

squamous cell lung cancer samples of 40 patients and 22 malignant pulmonary



WO 2018/022973 PCT/US2017/044335

[0005]

[0006]

[0007]

[0008]

[0009]

[00010]

mesothelioma who underwent surgical tumor resection. Percentage values are
given in parentheses.

FIG 2. iMDK suppressed cell viability of MDK expressing malignant
pulmonary mesothelioma cells. Dose-dependent growth inhibition by iMDK
was observed in the MDK-positive H2052, MSTO-211H, H2452 and H28
mesothelioma cells after 48 hours of treatment. Cell viability was assessed by
trypan blue exclusion assay. Statistical significance was defined as p<0.01 (¥).
FIG 3. iMDK suppressed colony formation of malignant pulmonary
mesothelioma cells cells. Colony formation of MSTO-211H cells treated with
iMDK. Fourteen days after the treatment, cells were fixed and stained with
crystal violet. Representative images of experiments performed in triplicate
are shown.

FIG 4. iMDK induced apoptosis malignant pulmonary mesothelioma cells.
Cells were treated for 48 h at a indicated concentration of iMDK then TUNEL
staining was performed to detect apoptosis using the DeadEnd colorimetric
TUNEL system (Promega, Madison, WI) according to the manufacturer’s
protocol. Statistical significance was defined as p<0.01 (*).

FIG 5. ABT263 enhanced iMDK-mediated suppression of cell proliferation in
MSTO-211H mesothelioma cells. ABT263 enhanced growth inhibition in
MSTO-211H cells after 48 hours of treatment.

FIG 6. iMDK effectively reduced malignant pleural mesothelioma growth in a
xenograft mouse model. Volume of the tumors derived from MSTO-211H
cells was significantly reduced after the treatment with iMDK (9 mg/kg, i.p.)
and iIMDK (5 mg/kg, i.p.) compared control (DMSO) in a xenograft mouse
model. Eight mice were used in each group. Tumor growth is expressed as
mean tumor volume; bars represent SD. Statistical significance was defined as
p<0.05 (#)

FIG 7. Activity of Compound 5 on protein expression. 1uM of Compound 5

inhibits protein expression
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FIG 8. Activity of Compound 9 on protein expression. 1luM of Compound 9
inhibits protein expression.

FIG 9. Activity of Compound 8 on protein expression. 1uM of Compound 8
inhibits protein expression.

FIG 10. Activity of Compound 6 on protein expression. luM of Compound 6
inhibits protein expression.

FIG 11. Activity of Compound 1 on protein expression. 1uM of Compound 1
inhibits protein expression.

FIG 12. Activity of Compound 10 on protein expression. 1uM of Compound
10 inhibits protein expression.

FIG 13. Detection of MDK Expression in MPM cells and NCSLC cells by
immunoblot analysis. Growth inhibition was increased by the MDK
knockdown in H441 lung adenocarcinoma cells. MDK was detected in
HEK?293 cells, H441 lung adenocarcinoma cells and H520 human lung
squamous cell carcinoma cells but not in the other kinds of cells including
NHLF (Normal Human Lung Fibroblast) cells. Protein expression of MDK
and p-actin was confirmed by immunoblot as described in Methods. A. MDK
was suppressed by two different MDK siRNAs (MDK siRNA1 and MDK
siRNA2) in H441 cells. Protein expression was confirmed by immunoblot as
described in A. B. Growth inhibition in H441 cells after MDK gene silencing
was significantly increased. Cell viability was assessed by trypan blue
exclusion assay as described in Methods. Statistical significance was defined
as p<0.01 (*).

FIG 14. iMDK (#3) and its derivatives (A6, D9 and E6) inhibits growth of
MSTO211H mesothelioma cells.. MSTO211H mesothelioma cells were
treated with iMDK (#3) or iMDK derivatives (A6, D9 or E6) at indicated
different final concentrations. Forthy-eight hours after treatment, number of
cells was counted using Countess II (Themo Fisher Scientific). iMDK and

iMDK derivatives significantly inhibited the growth of MSTO211H cells in a
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dose-dependent manner. *, p<0.05 (Student t-test; triplicate samples) was
considered significant compared to DMSO control (0 pM).

FIG 15. iMDK (#3) and its derivatives (F5, F6 and F7) inhibits growth of
MSTO211H mesothelioma cells. MSTO211H mesothelioma cells were
treated with iMDK (#3) or iMDK derivatives (F5, F6 or F7) at indicated
different final concentrations. Forthy-eight hours after treatment, number of
cells was counted using Countess II (Themo Fisher Scientific). iMDK and
iMDK derivatives significantly inhibited the growth of MSTO211H cells in a
dose-dependent manner. *, p<0.05 (Student t-test; triplicate samples) was
considered significant compared to DMSO control (0 pM).

FIG 16. iMDK (#3) and its derivatives (A6, D9 and E6) inhibits growth of
MESO4 mesothelioma cells. MESO4 mesothelioma cells were treated with
iMDK (#3) or iMDK derivatives (A6, D9 or E6) at indicated different final
concentrations.  Forthy-eight hours after treatment, number of cells was
counted using Countess II (Themo Fisher Scientific). iMDK and iMDK
derivatives significantly inhibited the growth of MESO4 cells in a dose-
dependent manner. *, p<0.05 (Student t-test; triplicate samples) was
considered significant compared to DMSO control (0 pM).

FIG 17. iMDK (#3) and its derivatives (F5, F6 and F7) inhibits growth of
MSTO211H mesothelioma cells. MESO4 mesothelioma cells were treated
with iMDK (#3) or iMDK derivatives (F5, F6 or F7) at indicated different
final concentrations. Forthy-eight hours after treatment, number of cells was
counted using Countess II (Themo Fisher Scientific). iMDK and iMDK
derivatives significantly inhibited the growth of MESO4 cells in a dose-
dependent manner. *, p<0.05 (Student t-test; triplicate samples) was
considered significant compared to DMSO control (0 pM).

FIG 18. Compounds #2 (also known as F6), #3 (also known as iMDK), #5, #7,
and #8 also suppressed endogenous midkine expression in H441 lung
adenocarcinoma cells. A. H441 lung adenocarcinoma cells were treated with

iMDK and related compounds at a final concentration of 10uM. Twenty-four



WO 2018/022973 PCT/US2017/044335

[00022]

[00023]

[00024]

hours after treatment, cells were harvest and protein expression was assessed
using western blotting assay. These compunds may inhibit the expression of
midkine expressed in mesothelioma cells as well, which suggest that these
compounds can be used to treat mesothelioma. B. Shown is stuructures of
compounds #2 (also known as F6), #3 (also known as iMDK), #5, #7, and #8.
C. Wright-Giemsa staining of 293 cells 3days after treatment (10 uM) shows
that compounds #2 (also known as F6), #3 (also known as iMDK), #5, #7, and
#8 inhibited cell viablity of H441 cells (not shown here) and 293 cells
(shown). DMSO was used as control.

FIG 19. Compounds found to be toxic to H441 cells. These compounds are

likely to be toxic to mesothelioma cells as well.

DETAILED DESCRIPTION

As used herein and in the appended claims, the singular forms “a,” “and,” and
“the” include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to “a method” includes a plurality of such
methods and reference to “a dose” includes reference to one or more doses and
equivalents thereof known to those skilled in the art, and so forth.

The term “about” or “approximately” means within an acceptable error range
for the particular value as determined by one of ordinary skill in the art, which
will depend in part on how the value is measured or determined, e.g., the
limitations of the measurement system. For example, “about” can mean within
1 or more than 1 standard deviations, per the practice in the art. Alternatively,
“about” can mean a range of up to 20%, or up to 10%, or up to 5%, or up to
1% of a given value. Alternatively, particularly with respect to biological
systems or processes, the term can mean within an order of magnitude,
preferably within 5-fold, and more preferably within 2-fold, of a value. Where
particular values are described in the application and claims, unless otherwise

stated the term “about” meaning within an acceptable error range for the

particular value should be assumed.
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“Dosage unit form™ as used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated, each unit containing a
predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the preferred embodiments are
dictated by and directly dependent on the unique characteristics of the active
compound and the particular therapeutic effect to be achieved, and the
limitations inherent in the art of compounding such an active compound for
the treatment of individuals.

The terms “individual,” “host,” “subject,” and “patient” are used
interchangeably to refer to an animal that is the object of treatment,
observation and/or experiment. “Animal” includes vertebrates and
invertebrates, such as fish, shellfish, reptiles, birds, and, in particular,
mammals. “Mammal” includes, without limitation, mice, rats, rabbits, guinea
pigs, dogs, cats, sheep, goats, cows, horses, primates, such as monkeys,
chimpanzees, and apes, and, in particular, humans.

As used herein the language “pharmaceutically acceptable carrier” is intended
to include any and all solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Pharmaceutically acceptable
carriers include a wide range of known diluents (i.e., solvents), fillers,
extending agents, binders, suspending agents, disintegrates, surfactants,
lubricants, excipients, wetting agents and the like commonly used in this field.
These carriers may be used singly or in combination according to the form of
the pharmaceutical preparation, and may further encompass “pharmaceutically
acceptable excipients” as defined herein.

As used herein, “pharmaceutically acceptable excipient” means any other
component added to a pharmaceutical formulation other than the active
ingredient and which is capable of bulking-up formulations that contain potent

active ingredients (thus often referred to as "bulking agents,” "fillers," or
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"diluents") to allow convenient and accurate dispensation of a drug substance
when producing a dosage form. Excipients may be added to facilitate
manufacture, enhance stability, control release, enhance product
characteristics, enhance bioavailability drug absorption or solubility, or other
pharmacokinetic  considerations, enhance patient acceptability, etc.
Pharmaceutical excipients include, for example, carriers, fillers, binders,
disintegrants, lubricants, glidants, colors, preservatives, suspending agents,
dispersing agents, film formers, buffer agents, pH adjusters, preservatives etc.
The selection of appropriate excipients also depends upon the route of
administration and the dosage form, as well as the active ingredient and other
factors, and will be readily understood by one of ordinary skill in the art.

As used herein, the term “therapeutically effective amount” means the total
amount of each active component of the pharmaceutical composition or
method that is sufficient to show a meaningful patient benefit, e.g., healing of
chronic conditions or in an increase in rate of healing of such conditions, or in
a reduction in aberrant conditions. This includes both therapeutic and
prophylactic treatments. Accordingly, the compounds can be used at very early
stages of a disease, or before early onset, or after significant progression.
When applied to an individual active ingredient, administered alone, the term
refers to that ingredient alone. When applied to a combination, the term refers
to combined amounts of the active ingredients that result in the therapeutic
effect, whether administered in combination, serially or simultaneously.

Midkine (MDK) is a heparin-binding growth factor that is highly expressed in
many malignant tumors, including lung cancers. We have previously reported
that a MDK inhibitor, iMDK, suppresses non-small cell lung cancer
expressing MDK without harming normal cells. Importantly, iMDK inhibits
the PI3 kinase / Akt pathway and induces apoptosis in MDK expressing non-
small cell lung cancer cells. In the present study, we have investigated the
anti-tumor effect of iIMDK against malignant mesothelioma both in vitro and

in vivo. 48 hours after treatment, iMDK dose-dependently inhibited cell
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growth of MDK expressing malignant mesothelioma cells. iMDK also
suppressed colony formation of MSTO-211H mesothelioma cells. TUNEL
positive cells were significantly increased in MSTO-211H cells 48 hours after
iMDK treatment in a dose dependent manner, confirming the induction of
apoptosis in mesothelioma cells by iMDK. Combination treatment of iMDK
and Bcl-2 inhibitor ABT-263 is more effective than each drug alone in
MSTO-211H mesothelioma cells. Moreover, systemic administration of
iIMDK significantly inhibited tumor growth in a mesothelioma xenograft
tumor in vivo. Inhibition of MDK with iMDK provides a potential therapeutic
approach for the treatment of malignant mesothelioma that is driven by MDK.
Disclosed herein are low molecular weight compounds, including “iMDK”
that suppress endogenous MDK expression. In one aspect, disclosed are
methods of treating malignant mesothelioma and/or a small cell lung cancer
that express midkine. The methods may comprise the step of administering to
an individual in need thereof, an effective amount of a pharmaceutical
composition comprising a compound of formula (I) and a pharmaceutical

carrier, wherein formula (I) may be:

D
or a pharmaceutically acceptable salt thereof,
wherein:
R! may be hydrogen, -OCH3, -CH3, -CF;3 or halogen;
R? may be hydrogen or chlorine;

R3 may be hydrogen, chlorine or -CF3; and
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[00032] In one aspect,
R! may be hydrogen or halogen;
R? may be hydrogen or chlorine;
R3 may be hydrogen or chlorine, when R! is hydrogen then R? and R? are
chlorine, and when R? and R? are chlorine then R! is hydrogen.

[00033] In one aspect, R! may be selected from hydrogen, -OCH3 and halogen; and R?

and R? are hydrogen.
[00034] In one aspect, R! may be fluorine.
[00035] In one aspect, formula (I) may be selected from the group consisting of:
S S
IR O
FC N% F N\)\Q\
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[00038] In one aspect, the method may comprise the step of administering to said

individual a BCL-2 inhibitor. The BCL-2 inhibitor may be selected from
ABT-263 (Navitoclax), ABT-737, ABT-199, GDC-0199, GX15-070
(Obatoclax), and combinations thereof, all available from Abbott
Laboratories. In one aspect, the BCL-2 inhibitor may be ABT-263 Suitable
BCL-2 inhibitors are described, for example, in US 2017-0087162 A1 to
Starczynowski et al, published March, 30, 2017.

[00039] In one aspect, a method of treating malignant mesothelioma and/ or a small

cell lung cancer that express midkine is disclosed. The method may comprise

-10-
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the step of administering to an individual in need thereof an effective amount

of a pharmaceutical composition comprising a compound selected from
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pharmaceutically acceptable salts thereof, and combinations thereof, and a

pharmaceutical carrier.
[00040] In one aspect, the above compounds may be administered with a

therapeutically effective amount of a BCL-2 inhibitor, for example, ABT-263,

or any of the aforementioned BCL-2 inhibitors.

-12-
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PHARMACEUTICAL COMPOSITIONS
In one aspect, a composition comprising any one or more compounds or
pharmaceutically acceptable salts thereof as disclosed above, in combination
with a a BCL-2 inhibitor and a pharmaceutically acceptable excipient is
disclosed. In one aspect, the BCL-2 inhibitor may be ABT-263. The
combination may take any form as disclosed herein.
In one aspect, small molecules provided herein may be administered in an
intravenous or subcutaneous unit dosage form; however, other routes of
administration are also contemplated. Contemplated routes of administration
include but are not limited to oral, parenteral, intravenous, and subcutaneous.
In some embodiments, small molecules provided herein can be formulated
into liquid preparations for, e.g., oral administration. Suitable forms include
suspensions, syrups, elixirs, and the like. In some embodiments, unit dosage
forms for oral administration include tablets and capsules. Unit dosage forms
configured for administration once a day; however, in certain embodiments it
can be desirable to configure the unit dosage form for administration twice a
day, or more.
In one aspect, pharmaceutical compositions are isotonic with the blood or
other body fluid of the recipient. The isotonicity of the compositions can be
attained using sodium tartrate, propylene glycol or other inorganic or organic
solutes. An example includes sodium chloride. Buffering agents can be
employed, such as acetic acid and salts, citric acid and salts, boric acid and
salts, and phosphoric acid and salts. Parenteral vehicles include sodium
chloride solution, Ringer’s dextrose, dextrose and sodium chloride, lactated
Ringer’s or fixed oils. Intravenous vehicles include fluid and nutrient
replenishers, electrolyte replenishers (such as those based on Ringer’s
dextrose), and the like.
Viscosity of the pharmaceutical compositions can be maintained at the
selected level using a pharmaceutically acceptable thickening agent.

Methylcellulose is useful because it is readily and economically available and

-13-
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is easy to work with. Other suitable thickening agents include, for example,
xanthan gum, carboxymethyl cellulose, hydroxypropyl cellulose, carbomer,
and the like. In some embodiments, the concentration of the thickener will
depend upon the thickening agent selected. An amount can be used that will
achieve the selected viscosity. Viscous compositions are normally prepared
from solutions by the addition of such thickening agents.

A pharmaceutically acceptable preservative can be employed to increase the
shelf life of the pharmaceutical compositions. Benzyl alcohol can be suitable,
although a variety of preservatives including, for example, parabens,
thimerosal, chlorobutanol, or benzalkonium chloride can also be employed. A
suitable concentration of the preservative is typically from about 0.02% to
about 2% based on the total weight of the composition, although larger or
smaller amounts can be desirable depending upon the agent selected.
Reducing agents, as described above, can be advantageously used to maintain
good shelf life of the formulation.

In one aspect, small molecules provided herein can be in admixture with a
suitable carrier, diluent, or excipient such as sterile water, physiological saline,
glucose, or the like, and can contain auxiliary substances such as wetting or
emulsifying agents, pH buffering agents, gelling or viscosity enhancing
additives, preservatives, flavoring agents, colors, and the like, depending upon
the route of administration and the preparation desired. See, e.g., “Remington:
The Science and Practice of Pharmacy”, Lippincott Williams & Wilkins; 20th
edition (June 1, 2003) and “Remington’s Pharmaceutical Sciences,” Mack
Pub. Co.; 18" and 19" editions (December 1985, and June 1990, respectively).
Such preparations can include complexing agents, metal ions, polymeric
compounds such as polyacetic acid, polyglycolic acid, hydrogels, dextran, and
the like, liposomes, microemulsions, micelles, unilamellar or multilamellar
vesicles, erythrocyte ghosts or spheroblasts. Suitable lipids for liposomal
formulation include, without limitation, monoglycerides, diglycerides,

sulfatides, lysolecithin, phospholipids, saponin, bile acids, and the like. The

-14-
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presence of such additional components can influence the physical state,
solubility, stability, rate of in vivo release, and rate of in vivo clearance, and
are thus chosen according to the intended application, such that the
characteristics of the carrier are tailored to the selected route of administration.
For oral administration, the pharmaceutical compositions can be provided as a
tablet, aqueous or oil suspension, dispersible powder or granule, emulsion,
hard or soft capsule, syrup or elixir. Compositions intended for oral use can be
prepared according to any method known in the art for the manufacture of
pharmaceutical compositions and can include one or more of the following
agents: sweeteners, flavoring agents, coloring agents and preservatives.
Aqueous suspensions can contain the active ingredient in admixture with
excipients suitable for the manufacture of aqueous suspensions.

Formulations for oral use can also be provided as hard gelatin capsules,
wherein the active ingredient(s) are mixed with an inert solid diluent, such as
calcium carbonate, calcium phosphate, or kaolin, or as soft gelatin capsules. In
soft capsules, the inhibitors can be dissolved or suspended in suitable liquids,
such as water or an oil medium, such as peanut oil, olive oil, fatty oils, liquid
paraffin, or liquid polyethylene glycols. Stabilizers and microspheres
formulated for oral administration can also be used. Capsules can include
push-fit capsules made of gelatin, as well as soft, sealed capsules made of
gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit capsules can
contain the active ingredient in admixture with fillers such as lactose, binders
such as starches, and/or lubricants such as talc or magnesium stearate and,
optionally, stabilizers.

Tablets can be uncoated or coated by known methods to delay disintegration
and absorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period of time. For example, a time delay material such as
glyceryl monostearate can be used. When administered in solid form, such as
tablet form, the solid form typically comprises from about 0.001 wt. % or less

to about 50 wt. % or more of active ingredient(s), for example, from about

-15-
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0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8, 0.9, or 1 wt. % to about 2, 3, 4, 5,6, 7, 8,9, 10, 15, 20, 25, 30,
35, 40, or 45 wt. %.

Tablets can contain the active ingredients in admixture with non-toxic
pharmaceutically acceptable excipients including inert materials. For example,
a tablet can be prepared by compression or molding, optionally, with one or
more additional ingredients. Compressed tablets can be prepared by
compressing in a suitable machine the active ingredients in a free-flowing
form such as powder or granules, optionally mixed with a binder, lubricant,
inert diluent, surface active or dispersing agent. Molded tablets can be made
by molding, in a suitable machine, a mixture of the powdered inhibitor
moistened with an inert liquid diluent.

In some embodiments, each tablet or capsule contains from about 1 mg or less
to about 1,000 mg or more of a small molecule provided herein, for example,
from about 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg to about 150, 200,
250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, or 900 mg. In
some embodiments, tablets or capsules are provided in a range of dosages to
permit divided dosages to be administered. A dosage appropriate to the patient
and the number of doses to be administered daily can thus be conveniently
selected. In certain embodiments two or more of the therapeutic agents can be
incorporated to be administered into a single tablet or other dosage form (e.g.,
in a combination therapy); however, in other embodiments the therapeutic
agents can be provided in separate dosage forms.

Suitable inert materials include diluents, such as carbohydrates, mannitol,
lactose, anhydrous lactose, cellulose, sucrose, modified dextrans, starch, and
the like, or inorganic salts such as calcium triphosphate, calcium phosphate,
sodium phosphate, calcium carbonate, sodium carbonate, magnesium
carbonate, and sodium chloride. Disintegrants or granulating agents can be
included in the formulation, for example, starches such as corn starch, alginic

acid, sodium starch glycolate, Amberlite, sodium carboxymethylcellulose,
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ultramylopectin, sodium alginate, gelatin, orange peel, acid carboxymethyl
cellulose, natural sponge and bentonite, insoluble cationic exchange resins,
powdered gums such as agar, karaya or tragacanth, or alginic acid or salts
thereof.

Binders can be used to form a hard tablet. Binders include materials from
natural products such as acacia, tragacanth, starch and gelatin, methyl
cellulose, ethyl cellulose, carboxymethyl cellulose, polyvinyl pyrrolidone,
hydroxypropylmethyl cellulose, and the like.

Lubricants, such as stearic acid or magnesium or calcium salts thereof,
polytetrafluoroethylene, liquid paraffin, vegetable oils and waxes, sodium
lauryl sulfate, magnesium lauryl sulfate, polyethylene glycol, starch, talc,
pyrogenic silica, hydrated silicoaluminate, and the like, can be included in
tablet formulations.

Surfactants can also be employed, for example, anionic detergents such as
sodium lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl sodium
sulfonate, cationic such as benzalkonium chloride or benzethonium chloride,
or nonionic detergents such as polyoxyethylene hydrogenated castor oil,
glycerol monostearate, polysorbates, sucrose fatty acid ester, methyl cellulose,
or carboxymethyl cellulose.

Controlled release formulations can be employed wherein the amifostine or
analog(s) thereof is incorporated into an inert matrix that permits release by
either diffusion or leaching mechanisms. Slowly degenerating matrices can
also be incorporated into the formulation. Other delivery systems can include
timed release, delayed release, or sustained release delivery systems.

Coatings can be used, for example, nonenteric materials such as methyl
cellulose, ethyl cellulose, hydroxyethyl cellulose, methylhydroxy-ethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl-methyl cellulose, sodium
carboxy-methyl cellulose, providone and the polyethylene glycols, or enteric
materials such as phthalic acid esters. Dyestuffs or pigments can be added for

identification or to characterize different combinations of inhibitor doses.
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When administered orally in liquid form, a liquid carrier such as water,
petroleum, oils of animal or plant origin such as peanut oil, mineral oil,
soybean oil, or sesame oil, or synthetic oils can be added to the active
ingredient(s). Physiological saline solution, dextrose, or other saccharide
solution, or glycols such as ethylene glycol, propylene glycol, or polyethylene
glycol are also suitable liquid carriers. The pharmaceutical compositions can
also be in the form of oil-in-water emulsions. The oily phase can be a
vegetable oil, such as olive or arachis oil, a mineral oil such as liquid paraffin,
or a mixture thereof. Suitable emulsifying agents include naturally-occurring
gums such as gum acacia and gum tragacanth, naturally occurring
phosphatides, such as soybean lecithin, esters or partial esters derived from
fatty acids and hexitol anhydrides, such as sorbitan mono-oleate, and
condensation products of these partial esters with ethylene oxide, such as
polyoxyethylene sorbitan mono-oleate. The emulsions can also contain
sweetening and flavoring agents.

Pulmonary delivery may also be employed. The inhibitor is delivered to the
lungs while inhaling and traverses across the lung epithelial lining to the blood
stream. A wide range of mechanical devices designed for pulmonary delivery
of therapeutic products can be employed, including but not limited to
nebulizers, metered dose inhalers, and powder inhalers, all of which are
familiar to those skilled in the art. These devices employ formulations suitable
for the dispensing of inhibitor. Typically, each formulation is specific to the
type of device employed and can involve the use of an appropriate propellant
material, in addition to diluents, adjuvants, and/or carriers useful in therapy.
The active ingredients may be prepared for pulmonary delivery in particulate
form with an average particle size of from 0.1 um or less to 10 pm or more,
for example, from about 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, or 0.9 um to about 1.0,
1.5,2.0,25,3.0,35,4.0,45,5.0,55, 60, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, or 9.5
um. Pharmaceutically acceptable carriers for pulmonary delivery of inhibitor

include carbohydrates such as trehalose, mannitol, xylitol, sucrose, lactose,
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and sorbitol. Other ingredients for use in formulations can include DPPC,
DOPE, DSPC, and DOPC. Natural or synthetic surfactants can be used,
including polyethylene glycol and dextrans, such as cyclodextran. Bile salts
and other related enhancers, as well as cellulose and cellulose derivatives, and
amino acids can also be used. Liposomes, microcapsules, microspheres,
inclusion complexes, and other types of carriers can also be employed.
Pharmaceutical formulations suitable for use with a nebulizer, either jet or
ultrasonic, typically comprise the inhibitor dissolved or suspended in water at
a concentration of about 0.01 or less to 100 mg or more of inhibitor per mL of
solution, for example, from about 0.1, 1, 2, 3,4, 5, 6,7, 8,9, or 10 mg to
about 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, or 90 mg per
mL of solution. The formulation can also include a buffer and a simple sugar
(e.g., for protein stabilization and regulation of osmotic pressure). The
nebulizer formulation can also contain a surfactant, to reduce or prevent
surface induced aggregation of the inhibitor caused by atomization of the
solution in forming the aerosol.

Formulations for use with a metered-dose inhaler device generally comprise a
finely divided powder containing the active ingredients suspended in a
propellant with the aid of a surfactant. The propellant can include
conventional propellants, such as chlorofluorocarbons,
hydrochlorofluorocarbons, hydrofluorocarbons, and hydrocarbons. Example
propellants  include  trichlorofluoromethane,  dichlorodifluoromethane,
dichlorotetrafluoroethanol, 1,1,1,2-tetrafluoroethane, and combinations
thereof. Suitable surfactants include sorbitan trioleate, soya lecithin, and oleic
acid.

Formulations for dispensing from a powder inhaler device typically comprise
a finely divided dry powder containing inhibitor, optionally including a
bulking agent, such as lactose, sorbitol, sucrose, mannitol, trehalose, or xylitol
in an amount that facilitates dispersal of the powder from the device, typically

from about 1 wt. % or less to 99 wt. % or more of the formulation, for
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example, from about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 wt. % to about 55,
60, 65, 70, 75, 80, 85, or 90 wt. % of the formulation.

In some embodiments, a small molecule provided herein can be administered
by intravenous, parenteral, or other injection, in the form of a pyrogen-free,
parenterally acceptable aqueous solution or oleaginous suspension.
Suspensions can be formulated according to methods well known in the art
using suitable dispersing or wetting agents and suspending agents. The
preparation of acceptable aqueous solutions with suitable pH, isotonicity,
stability, and the like, is within the skill in the art. In some embodiments, a
pharmaceutical composition for injection can include an isotonic vehicle such
as 1,3-butanediol, water, isotonic sodium chloride solution, Ringer’s solution,
dextrose solution, dextrose and sodium chloride solution, lactated Ringer’s
solution, or other vehicles as are known in the art. In addition, sterile fixed oils
can be employed conventionally as a solvent or suspending medium. For this
purpose, any bland fixed oil can be employed including synthetic mono or
diglycerides. In addition, fatty acids such as oleic acid can likewise be used in
the formation of injectable preparations. The pharmaceutical compositions can
also contain stabilizers, preservatives, buffers, antioxidants, or other additives
known to those of skill in the art.

The duration of the injection can be adjusted depending upon various factors,
and can comprise a single injection administered over the course of a few
seconds or less, to 0.5, 0.1, 0.25, 0.5, 0.75,1,2,3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 hours or more of continuous
intravenous administration.

In some embodiments, small molecules provided herein can additionally
employ adjunct components conventionally found in pharmaceutical
compositions in their art-established fashion and at their art-established levels.
Thus, for example, the compositions can contain additional compatible
pharmaceutically active materials for combination therapy (such as

supplementary antimicrobials, antipruritics, astringents, local anesthetics, anti-
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inflammatory agents, reducing agents, chemotherapeutics and the like), or can
contain materials useful in physically formulating various dosage forms, such
as excipients, dyes, thickening agents, stabilizers, preservatives or
antioxidants. Anti-cancer agents that can be used in combination with the
small molecules provided herein include vinca alkaloids such as vinblastine
and vincristine; anthracyclines such as doxorubicin, daunorubicin, epirubicin;
anthracenes such as bisantrene and mitoxantrone; epipodophyllo-toxins such
as etoposide and teniposide; and other anticancer drugs such as actinomyocin
D, mithomycin C, mitramycin, methotrexate, docetaxel, etoposide (VP-16),
paclitaxel, docetaxel, and adriamycin); and immunosuppressants (e.g.,
cyclosporine A, tacrolimus).

In some embodiments, the small molecules provided herein can be provided to
an administering physician or other health care professional in the form of a
kit. The kit is a package which houses a container which contains the
inhibitor(s) in a suitable pharmaceutical composition, and instructions for
administering the pharmaceutical composition to a subject. The kit can
optionally also contain one or more additional therapeutic agents, e.g.,
chemotherapeutics currently employed for treating the sarcomas described
herein. For example, a kit containing one or more compositions comprising
small molecules provided herein in combination with one or more additional
chemotherapeutic agents can be provided, or separate pharmaceutical
compositions containing a small molecule provided herein and additional
therapeutic agents can be provided. The kit can also contain separate doses of
a small molecule provided herein for serial or sequential administration. The
kit can optionally contain one or more diagnostic tools and instructions for
use. The kit can contain suitable delivery devices, e.g., syringes, and the like,
along with instructions for administering the inhibitor(s) and any other
therapeutic agent. The kit can optionally contain instructions for storage,

reconstitution (if applicable), and administration of any or all therapeutic
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agents included. The kits can include a plurality of containers reflecting the
number of administrations to be given to a subject.
EXAMPLES
Midkine (MDK) is a heparin-binding growth factor that is highly expressed in
many malignant tumors, including lung cancers. We have previously reported
that a MDK inhibitor, iMDK, suppresses non-small cell lung cancer
expressing MDK without harming normal cells. Importantly, iMDK inhibits
the PI3 kinase/Akt pathway and induces apoptosis in MDK expressing non-
small cell lung cancer cells. In the present study, Applicant investigated the
anti-tumor effect of iIMDK against malignant mesothelioma both irn vitro and
in vivo. 48 hours after treatment, iMDK dose-dependently inhibited cell
growth of MDK expressing malignant mesothelioma cells. iMDK also
suppressed colony formation of MSTO-211H mesothelioma cells. TUNEL
positive cells were significantly increased in MSTO-211H cells 48 hours after
iMDK treatment in a dose dependent manner, confirming the induction of
apoptosis in mesothelioma cells by iMDK is more effective than each drug
alone in MSTO-211H mesothelioma cells. Moreover, systemic administration
of iMDK significantly inhibited tumor growth in a mesothelioma xenograft
tumor in vivo. Inhibition of MDK with iMDK provides a potential therapeutic
approach for the treatment of malignant mesothelioma that is driven by MDK.
3-[2-(4-fluorobenzyl)imidazo[2,1-b][1,3]thiazol-6-yl]-2H-chromen-2-one
(herein after “iMDK” (Compound A, below) was purchased from ChemDiv
(San Diego, CA) . Bcl-2 inhibitor: ABT-263 (Compound B) was purchased
from Selleck Chemicals (Houston, TX).

Compound A

8
oy
F N
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Compound B

Cell lines: The human malignant pulmonary mesothelioma cells MSTO-211H,
H2452, H2052, H28 MESO-1 and MESO-4 were grown in RPMI 1640
supplemented with 10% heat-inactivated fetal bovine serum. The human
pulmonary adenocarcinoma cells: H441 and the human embryonic kidney
cells: HEK293 were grown in high glucose Dulbecco’s modified Eagle
supplemented with 10% heat-inactivated fetal bovine serum. All cell lines
were cultured in 5% CO2 at 37°C.

Antibodies: Antibody specific for B-actin antibody was obtained from Sigma
(St. Louis, MO) and antibody specific for AKT, phosphorylated-AKT
(Serd473), ERK, and phosphorylated-ERK (Ser473) were obtained from Cell
Signaling Technology (Beverly, MA).

iIMDK (Compound A, above) inhibited the cell growth of MDK- positive
malignant pulmonary mesothelioma cells both in vitro and in vivo. BCl-2
inhibitor ABT263 enhanced iMDK-mediated suppression of cell proliferation
in MSTO-211H mesothelioma cells. Inhibition of MDK with iMDK provides
a potential therapeutic approach for the treatment of lung cancers that are

driven by MDK.
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Concentration
to inhibit
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[00075]

[00076]

[00077]

The term “comprising” as used herein is synonymous with “including,”
“containing,” or “characterized by,” and is inclusive or open-ended and does
not exclude additional, unrecited elements or method steps.

All numbers expressing quantities of ingredients, reaction conditions, and so
forth used in the specification are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary,
the numerical parameters set forth herein are approximations that may vary
depending upon the desired properties sought to be obtained. At the very least,
and not as an attempt to limit the application of the doctrine of equivalents to
the scope of any claims in any application claiming priority to the present
application, each numerical parameter should be construed in light of the
number of significant digits and ordinary rounding approaches.

The above description discloses several methods and materials of the present
invention. This invention is susceptible to modifications in the methods and
materials, as well as alterations in the fabrication methods and equipment.
Such modifications will become apparent to those skilled in the art from a

consideration of this disclosure or practice of the invention disclosed herein.
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Consequently, it is not intended that this invention be limited to the specific
embodiments disclosed herein, but that it cover all modifications and
alternatives coming within the true scope and spirit of the invention.

All percentages and ratios are calculated based on the total composition unless
otherwise indicated.

It should be understood that every maximum numerical limitation given
throughout this specification includes every lower numerical limitation, as if
such lower numerical limitations were expressly written herein. Every
minimum numerical limitation given throughout this specification will include
every higher numerical limitation, as if such higher numerical limitations were
expressly written herein. Every numerical range given throughout this
specification will include every narrower numerical range that falls within
such broader numerical range, as if such narrower numerical ranges were all
expressly written herein.

The dimensions and values disclosed herein are not to be understood as being
strictly limited to the exact numerical values recited. Instead, unless otherwise
specified, each such dimension is intended to mean both the recited value and
a functionally equivalent range surrounding that value. For example, a
dimension disclosed as “20 mm” is intended to mean “about 20 mm.”

Every document cited herein, including any cross referenced or related patent
or application, is hereby incorporated herein by reference in its entirety unless
expressly excluded or otherwise limited. The citation of any document is not
an admission that it is prior art with respect to any invention disclosed or
claimed herein or that it alone, or in any combination with any other reference
or references, teaches, suggests or discloses any such invention. Further, to the
extent that any meaning or definition of a term in this document conflicts with
any meaning or definition of the same term in a document incorporated by
reference, the meaning or definition assigned to that term in this document

shall govern.
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Claims

WHAT IS CLAIMED IS:

1.

A method of treating malignant mesothelioma and/ or a small cell lung cancer
that express midkine, comprising the step of administering to an individual in
need thereof, an effective amount of a pharmaceutical composition comprising

a compound of formula (I) and a pharmaceutical carrier, wherein formula (I)

R2
S
| =N
R1/©/\EN\)\ \
R3 R

@

or a pharmaceutically acceptable salt thereof,

is:

wherein:
R!is hydrogen, -OCH3, -CHj3, -CF5 or halogen;
R? is hydrogen or chlorine;

R? is hydrogen, chlorine or -CFs; and

N
R*is m 34@0/.

The pharmaceutical composition of claim 1, wherein:

R! is hydrogen or halogen;

R? is hydrogen or chlorine;

R3 is hydrogen or chlorine, when R! is hydrogen then R? and R? are chlorine,
and when R? and R? are chlorine then R! is hydrogen.

The method of any preceding claim, wherein R! is selected from hydrogen, -
OCH3 and halogen; and R? and R? are hydrogen.

The method of any preceding claim, wherein R! is fluorine.

The method of claim 1, wherein formula (I) is selected from the group

consisting of:
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6. The method of claim 1, wherein formula (I) is:
S
O
F N _ pZ
@) @)

7. The method of claim 1, wherein said formula (I) is
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8. The method of any preceding claim, wherein said step comprises
administering to said individual a therapeutically effective amount of a BCL-2
inhibitor.

9. The method of claim 8, wherein said BCL-2 inhibitor is ABT-263

10. The method of any preceding claim, wherein the subject is mammalian.
11. The method of any preceding claim, wherein the subject is human.
12. A method of treating malignant mesothelioma and/ or a small cell lung cancer

that express midkine, comprising the step of administering to an individual in
need thereof an effective amount of a pharmaceutical composition comprising

a compound selected from

A
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pharmaceutically acceptable salts thereof, and combinations thereof, and a

pharmaceutical carrier.

13. The method of claim 12, wherein said step comprises administering to said
individual a therapeutically effective amount of a BCL-2 inhibitor.
14. The method of claim 13, wherein said BCL-2 inhibitor is ABT-263
15.  The method of claim 12, wherein the subject is mammalian.
16.  The method of claim 12, wherein the subject is human.
17. A composition comprising
a) a compound or pharmaceutically acceptable salt of a compound selected from
Claim 1 or Claim 12, or a combination thereof;
b) a BCL-2 inhibitor; and
¢) apharmaceutically acceptable excipient.

18. The composition of claim 17, wherein said BCL-2 inhibitor is ABT-263.
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FIG 1.
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