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COMPOSITIONS AND METHODS FOR INCREASING NEUROTROPHIC
PEPTIDES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application Ser. No.

61/642,086 filed on May 3, 2012, which 1s incorporated herein by reference in its entirety.

STATEMENT  REGARDING  FEDERALLY  SPONSORED  RESEARCH  OR
DEVELOPMENT

This 1nvention was made with government support under -

. 'The government has certain rights in the invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ON A COMPACT
DISC

Not applicable.
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BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates to pharmaceutical compositions and methods for

increasing neurotrophic peptides related to the antagonism of sortilin.

2. Description of Related Art

Sortilin (see Figure 1) 1s a toroid protein that 1s mvolved 1n the trafficking of other

proteins, notably neurotensin, amyloid-beta precursor protem, and progranulm (PRGN). In

the case of progranulin, sortilin is one of the primary receptors, the other being tumor
necrosis factor receptor (INFR). In the neurons, PRGN 1s removed by sortilin-
mediated endocytosis. Brain PRGN 1s known to be haploinsutficient (about 50% of
normal) in patients with frontotemporal dementia (FID). This condition causes
degeneration of the frontal lobe of the brain, and 1s progressive with age. F1D 1s
associated with behavioral changes, speech and language problems, and 1n rarer cases
motor disorders that resemble Parkinsonism. Without being bound to a particular
theory, 1t 1s believed that FI'D 1s due primarily to deletions or mutations in the PRGN
oene. Mutations 1n the PRGN gene, e.g2., have been identified as a major cause of
frontotemporal lobar disease, with ubiquitin-positive inclusions (FILD-U). There 1s

currently no etfective pharmacological treatment for F1D.

Another protein, the survival motor neuron (SMN) protein that is found 1n cortical
neurons, 1s known to be present at levels far below normal 1n patients with spinal
muscular atrophy (SMA). This disorder, in which neural support of muscle integrity 1s
lacking, 1s fairly common and 1s fatal in infants. SMA also occurs 1n older patients. It is
a neuromuscular disease characterized by the specific degeneration of SMN protein.
Without being bound to a particular theory, 1t 1s believed that this 1s due primarily to
deletions or mutations in the SMNI gene. Currently there 1s no effective treatment for
this disorder. Other diseases and disorders characterized by loss or reduction of SMN

protein include motor neuron diseases such as amyotrophic lateral sclerosis (ALS), also
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called Lou Gehrig’s disease.

Thus, the need exists for effective pharmacological and pharmaceutical
compositions and methods for increasing the level of defined neurotrophic proteins in
humans, and for treating, preventing, inhibiting, or reversing neurodegenerative diseases
or conditions in a subject in need thereof wherein the disease or condition 1s mediated at

least 1n part by the level of said defined neural proteins.

BRIEF SUMMARY OF THE INVENTION

Accordingly, pharmaceutical compositions and methods are provided which
address the needs outlined herein. By inhibition of sortilin with small, druglike molecules,
the ablation of neurotrophins such as progranulin (PRGN) and survivor motor neuron (SMN)
protein, respectively, are reduced or prevented. Thus, levels of defined neurotrophic peptides
such as PRGN and SMN 1n an organism or tissue may be increased or enhanced by the
administration of one or more of the compositions described herein. In one embodiment, the
invention further provides for the use of one or more compounds of the invention in the
manufacture of a medicament for halting or decreasing neurodegenerative diseases, including
FID and SMA. The invention further relates to a method of treating neurodegenerative
diseases, including FID and SMA, in a subject in need of treatment, comprising
administering to said subject a therapeutically effective amount of a pharmaceutical
composition of the invention. In various embodiments the pharmaceutical composition of the
invention may include as an active ingredient a compound represented by the following

general formulas and exemplary embodiments:
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Compound T K =CH,, R,=CH., K. =H, R, ,=H

Compound > R,=CH,, B,=H, K =H, K,=H
Compound B R =CH,, Bo=CH,, K=0H, R,=H
Compound /o RKo=CH,, Ro=0H,, K=, K, =01

Wherein R; = H or CHs, Ro = H or CHs, R; = H or OH, and Ry, = H or OH;
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[
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Compound 2 K= COCH,
Compound s K, = H

Wherein R1 = H or COCHa;



CA 02871926 2014-10-28

WO 2013/166413 PCT/US2013/039508

11
C I\ H Q
R]:fﬁ““:‘xxf ‘x‘f”ﬁ"‘gx
A ~h
N g -
2

i
F

1

Compound 3 K,=CH, R, =H
Compoundd K, =H .= H
Compound 10 K= CH, K= OH
Compound 11 K, =H = OH

Wherein R; = H or CHs and R, = H or OH; and
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Compound 4 R =CH, K =H
Compound 12 R, =H, R,=H
Compound 13 R, =CH,, K, =0H
Compound 14 R, =H, K, =0H
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Wherein R; = H or CHs and R, = H or OH.

These and other features, aspects and advantages of the present invention will become

better understood with reference to the following description, examples and appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
The presently disclosed subject matter will be better understood from reading the
following description of non-limiting embodiments, with reference to the attached figures,

wherein below:

Figure 1 1s a representation of the structure of the protein sortilin, showing the toroid
presentation and the secondary structure (depicted in color versions of Figure 1 as purple
ribbons for beta sheets and red ribbons for alpha helices). Sortilin 1s the receptor site for
progranulin as well as for compounds of the invention, as described in the examples for
compounds 1 — 4. The binding site for progranulin, neurotensin, and compounds of the
invention 1s located at approximately 10 o’clock 1n the figure. Experimental results show that
compounds 1 — 4 possess high atfinities (K; in the micromolar to nanomolar range) for the

binding site and in the models prevent the binding of progranulin to sortilin.

Figure 2 1s a molecular representation of the structure of sortilin with the terminal ten
residues of the protein neurotensin bound to the receptor site. This structure was developed

through computational molecular docking of the neurotensin surrogate to sortilin.

Figure 3 1s a molecular representation of the structure of the protein sortilin with the

terminal ten residues of progranulin bound to the receptor site. This structure was developed

through computational molecular docking of the progranulin residues to sortilin.

Figure 4 1s a molecular representation of the structure of the survival motor neuron
protein as derived from the RCSB Protein Databank. The secondary structure (beta sheets) 1s
indicated by ribbons.

Figure 5 shows the dot blot information that indicates the enhancement of progranulin

levels 1n cortical neuron cultures.
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Figure 6 1s a picture of the immunoblotting experiments that reveal the enhancement
of the SMN protein 1n cortical neuron cultures. The tubulin line 1s a housekeeping protein that

the concentrations of SMN are determined against. TDP-43 1s an unrelated protein.

DETAILED DESCRIPTION

Abbreviations and Definitions

The foregoing summary, as well as the following detailed description of certain
embodiments will be better understood when read 1n conjunction with the appended figures.
As used herein, an element or step recited 1n the singular and proceeded with the word "a" or
"an" should be understood as not excluding plural of said elements or steps, unless such
exclusion 1s explicitly stated. Furthermore, reterences to "one embodiment” or “an
embodiment” are not intended to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features. Moreover, unless explicitly stated to
the contrary, embodiments "comprising” or "having" an element or a plurality of elements

having a particular property may include additional such elements not having that property.

As used herein, the term "therapeutically effective amounts” means those amounts
that, when administered to a particular subject in view of the nature and severity of that
subject's disease or condition, will have the desired therapeutic effect, e.g2., an amount which

will cure, prevent or at least partially arrest or inhibit the disease or condition.

The term “‘treating” or “treatment” means any treatment of a disease, including
preventing, 1.e., causing the clinical symptoms of the disease not to develop; inhibiting, 1.e.,
arresting or counteracting the development of clinical symptoms, as well as relieving, 1.e.,

causing the regression and/or amelioration of clinical symptoms.

The term “excipient” 1s meant to include any carrier, vehicle, solvent or any more or
less 1nert substance (in terms of the treated disease) added to a pharmaceutical to adjust the

composition of the dosage form to the appropriate route of administration.
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By "pharmaceutically acceptable salts” 1s meant those salts that are safe for topical or
systemic administration. These salts include the sodium, potassium, calcium, magnesium, and

ammonium salts.
Active Compounds

In various embodiments, the present invention includes the use of one or more
compounds of the invention in the manufacture of a medicament, or pharmaceutical
composition, that treats, inhibits or prevents neurodegenerative diseases. There are a number
of disorders that have been implicated by or believed to be mediated at least 1n part by sortilin
activity, where sortilin activity 1s believed to play a role 1n triggering disease onset. Disorders
of this type that may be amenable to treatment with the compounds of the invention include

the following but not limited to: FI'D, FILD-U, SMA, amyotrophic lateral sclerosis (ALS),

and Alzheimer’s disease.

In various embodiments the pharmaceutical composition of the invention may include
as an active ingredient a compound represented by the following general formulas and

exemplary embodiments:
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Compound T K =ChH,, R,=CH.,, K. =H, K,=M

Compound 2 Ko=CH,, K=, B=R, K, =h
Compound B R =CH,, Ro=0H,, K=0H, K, =H
Compound S R, =CH,, Ko=CH,, Ko=R, R,=0F

Wherein R; = H or CHsz, Ro = H or CHs, R; = H or OH, and Ry, = H or OH;
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Compound 2 K= COCH,
Compound 8 K= H

Wherein Ry = H or COCHa;
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Compound 3 K,=CH, R, =H
Compoundd K, =H .= H
Compound 10 K= CH, K= OH
Compound 11 K, =H = OH

Wherein R; = H or CHs and R, = H or OH; and
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Compound 4 R =CH, K =H
Compound 12 R, =H, R,=H
Compound 13 R, =CH,, K, =0H
Compound 14 R, =H, K, =0H
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Wherein R; = H or CHs and R, = H or OH.

Specific preferred embodiments, Compounds 1-4, of compounds within the scope of

general formulas I-1V, respectively, are disclosed as follows:

WaW

H

C
|
0

S  Compound 1: 5-benzyl-3-(3,4-dimethoxyphenyl)-2-methyl-4H, 7H-pyrazolo[ 1,5,a]pyrimidin-
7-01’16; C22H21N303;

()

I N = gt % =0
Ljf”j" "Ljff'“x.m e /
0 f"fJ\t: H.

Compound 2: N-(1,1-dioxo-2,3-dihydro-1- 6-thiophene-?a-yl)-N-(4-

phenoxyphenyl)acetamide; C1gH7INO4S

| r:
W“‘HC‘J

ClxﬁfNHwS
s
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Compound 3: 2-(benzenesulfonyl)-N-(5-chloro-2-methoxyphenyl)acetamide; CisHi4CINO4S

e

T

T

| N”§,'NH
Df“t::avf,f ( /

| CH -

CH- H3l

Compound 4: 2-(N-ethyl-4-methoxybenzenesulfonamido)-N-(2-methylphenyl)  acetamide;

C18H22N2045
CPD FW Formula RB clogP H... H,., log Sw
1 375.4204 C5,H>1 N304 3 2.7 4 1 -4.243
2 343.3969 CsHi7NOLS 4 2.17 4 0 -3.557
3 339.794  C,;sH4,CINO,S 4 2.01 4 1 -3.39
4 362.4433  CigH>»nN,O4S 4 2.97 5 1 -4.37

“RB” 1s the number of rotatable bonds in the respective compounds, “clogP” is the
octanol:water partition coefficient (a measure of hydrophilicity and lipophilicity), “Ha..~ 18
the number of hydrogen bond acceptors, “Hgon~ 18 the number of hydrogen bond donors, and

logSw

“log Sw” 1s the water solubility coefficient. 107" "= the water solubility of the compound in

mol/liter.

Activity of the compounds of the present invention for increasing PRGN and SMN
levels 1n brain neurons can be demonstrated using the procedures outlined 1n the examples

below.

The present invention 1s also directed to methods and compositions for the prevention
and treatment of neurodegenerative diseases, including but not limited to FI'D and SMA,
comprising administering preferred compositions containing active compounds of the types
described herein. The compositions of this invention may be administered to the subject

subcutaneously, i1ntravenously/or 1ntramuscularly. In a preferred embodiment, the
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compositions of this 1nvention are administered to a subject subcutaneously or

intramuscularly.

For use 1n treatment or prophylaxis of subjects, the compounds of the invention can be
formulated as pharmaceutical or veterinary compositions. Depending on the subject to be
treated, the mode of administration, and the type of treatment desired (e.g., inhibition,
prevention, prophylaxis, therapy), the compounds are formulated 1n ways consonant with
these parameters. The compositions of the present invention comprise a therapeutically or
prophylactically effective dosage of an active compound. The composition 1s a sortilin
inhibitor as described in more detail above. The active compounds of this invention are used

in combination with a pharmaceutically acceptable carrier or excipient.

The compositions of the present invention may be incorporated 1n conventional
pharmaceutical formulations (e.g2. injectable solutions) for use 1n treating humans or animals
in need thereof. Pharmaceutical compositions can be administered by subcutaneous,
intravenous, or intramuscular injection, or as large volume parenteral solutions and the like.
The term parenteral as used herein includes subcutaneous injections, 1ntravenous,

intramuscular, intrasternal injection, or infusion techniques.

For example, a parenteral therapeutic composition may comprise a sterile 1sotonic saline
solution containing between 0.1 percent and 90 percent weight to volume of the active
compounds of the invention. A preferred solution contains from about 5 percent to about 25

welght percent active compounds 1n solution (% weight per volume).

Injectable preparations, for example, sterile injectable aqueous or oleaginous suspensions
may be formulated according to the known art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation may also be a sterile injectable solution
Or suspension in a nontoxic parenterally acceptable diluent or solvent, for example, as a
solution 1n 1, 3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, and 1sotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this

purpose any bland fixed oil may be employed including synthetic mono- or diglycerides.
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Total daily dose administered to a subject 1n single or divided doses may be 1n amounts,
for example, from about 0.00025 to about 20 mg/kg body weight daily, more preferably from
about 0.001 to about 10 mg/kg body weight daily, and more usually about 0.01 to about 3
mg/kg body weight daily, when given as a parenteral injection or continuous infusion.

Dosage unit compositions may contain such amounts of sub-multiples thereof to make
up the daily dose. The amount of active ingredient that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the subject treated and
the particular mode of administration. For instance, systems such as transdermal
administration or oral administration, which are substantially less etficient delivery systems,
may require dosages at least an order of magnitude above those required for parenteral
administration. The amount of active ingredient that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the host treated and the
particular mode of administration. It will be appreciated that the unit content of active
ingredients contained in an individual dose of each dosage form need not in itseltf constitute
an effective amount, as the necessary etfective amount could be reached by administration of
a number of 1ndividual doses. The selection of dosage depends upon the dosage torm utilized,
the condition being treated, and the particular purpose to be achieved according to the

determination of those skilled in the art.

The dosage regimen for treating a disease condition with the compounds and/or
compositions of this invention 1s selected in accordance with a variety of factors, including
the type, age, weight, sex, diet and medical condition of the patient, the route of
administration, pharmacological considerations such as the activity, efficacy,
pharmacokinetic and toxicology profiles of the particular compound employed, whether a
drug delivery system 1s utilized and whether the compound 1s administered as part of a drug
combination. Thus, the dosage regimen actually employed may vary widely and therefore

may deviate from the preferred dosage regimen set forth above.

The pharmaceutical compositions of the present invention are preferably administered to
a human. However, besides being useful for human treatment, these extracts are also useful

for veterinary treatment of companion animals, exotic animals and farm animals, including
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mammals, rodents, avians, and the like. More preferred animals include horses, dogs, cats,

sheep, and pigs.

The detailed description set forth above 1s provided to aid those skilled in the art in
practicing the present invention. Even so, this detailed description should not be construed to
unduly limit the present invention as modifications and variation in the embodiments
discussed herein can be made by those of ordinary skill in the art without departing from the

spirit or scope of the present inventive discovery.

Depending upon the particular route of administration, and compatibility with the active
compound chosen, a variety of pharmaceutically-acceptable carriers, well-known 1n the art,
may be used. These include solid or liquid filler, diluents, hydrotropes, excipients, surface-
active agents, and encapsulating substances. The amount of the carrier employed 1n
conjunction with the catalyst 1s sufficient to provide a practical quantity of material per unit

dose.

Pharmaceutically-acceptable carriers for systemic administration that may be
incorporated into the compositions of this invention, include sugars, starches, cellulose and
its derivatives, malt, gelatin, talc, calcium sulfate, vegetable oil, synthetic oils, polyols,

alginic acid, phosphate butfer solutions, emulsifiers, 1sotonic saline, and pyrogen-free water.

The catalysts can be administered parenterally in combination with a pharmaceutically
acceptable carrier such as corn oi1l, Cremophor EL or sterile, pyrogen-free water and a water-
miscible solvent (e.g., ethyl alcohol) at a practical amount of the catalyst per dose. Preferably,
the pharmaceutically-acceptable carrier, 1n compositions for parenteral administration,
comprises at least about 90% by weight of the total composition. Parenteral administration
can be by subcutaneous, intradermal, intramuscular, intrathecal, intraarticular or intravenous
injection. The dosage by these modes of administration is usually 1n the range of from about

0.1 mg to about 20 mg per day.

Various oral dosage forms can be used, including such solid forms as tablets, capsules,

granules and bulk powders. These oral torms comprise a sate and effective amount, usually at
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least about 5%, and preterably from about 25% to about 50% of the catalyst. Tablets can be
compressed, tablet triturates, enteric-coated, sugar-coated, {film-coated or multiple
compressed, containing suitable binders, lubricants, diluents, disintegrating agents, coloring
agents, flavoring agents, preservatives, flow-inducing agents, and melting agents. Liquid oral
dosage forms 1nclude aqueous solutions, emulsions, suspensions, solutions and/or
suspensions reconstituted from noneffervescent granules and effervescent preparations
reconstituted from effervescent granules, containing suitable solvents, preservatives,
emulsifying agents, suspending agents, diluents, sweeteners, melting agents, coloring agents,
and flavoring agents. Preferred carriers for oral administration include gelatin, propylene
glycol, ethyl oleate, cottonseed o1l and sesame o1l. Specific examples of pharmaceutically-
acceptable carriers and excipients that may be used to formulate oral dosage torms containing
the catalysts used in this invention are described in U.S. Pat. No. 3,903,297, Robert, issued
Sep. 2, 1975, incorporated by reference herein. Techniques and compositions for making
solid oral dosage forms are described in Marshall, "Solid Oral Dosage Forms,” Modern
Pharmaceutics, Vol. 7 (Banker and Rhodes, editors), 359-427 (1979), incorporated by

reference herein.

It 1s to be understood that the above description 1s intended to be illustrative, and not
restrictive. For example, the above-described embodiments (and/or aspects thereof) may be
used 1in combination with each other. In addition, modifications may be made to adapt a
particular situation or material to the teachings of the various embodiments of the invention
without departing from their scope. Many other embodiments will be apparent to those of
skill 1n the art upon reviewing the above description. The scope of the various embodiments
of the invention should, therefore, be determined with reference to the appended claims,

along with the tull scope of equivalents to which such claims are entitled.

This written description uses examples to disclose the various embodiments of the
invention, including the best mode, and also to enable any person skilled in the art to practice
the various embodiments of the invention, including making and using any medicaments or
pharmaceutical compositions and performing any incorporated methods. The patentable

scope of the various embodiments of the invention 1s defined by the claims, and may include
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other examples that occur to those skilled in the art. Such other examples are intended to be
within the scope of the claims 1f the examples have insubstantial ditfferences from the literal

languages of the claims.
EXAMPLES

Without further elaboration, it 1s believed that one skilled 1n the art can, using the
preceding description, utilize the present invention to its fullest extent. The tollowing
speciiic examples are offered by way of 1llustration and not by way of limiting the remaining

disclosure.
Example 1: Virtual Screening

The tools of structural bioinformatics were employed to identity potential sortilin
antagonists. The primary technique employed in this research was high-resolution molecular
docking, also known as virtual screening. The work was accomplished with the Autodock-4
program (Version 4.2, the Scripps Research Institute). Autodock 4 was used for large-scale
experiments 1 which 1,200 potential ligands were screened at one time using high-
performance computing. In a docking experiment, small molecules from an extensive database
were tested within a grid on the receptor. As the molecules moved over the receptor protein, the
interactions were scored by their energies, and the process was driven to progressively lower
energy levels until a minimum was found. At the minimum, the test molecule has found a
binding site, and is said to be "docked". Docking log files from Autodock 4 containing the
information about each docked molecule was visualized in the computer to ascertain that the
binding site made chemical sense. Docking experiments were conducted under high-throughput
conditions, screening thousands of compounds in one experiment. Prior to the extensive virtual
screening experiments, the model was validated by docking two peptides, neurotensin (N'T)
and the C-terminal ten amino acid sequence of progranulin (PRGNcterm) to the structure of
sortilin (x-ray structure in the RCSB protein database 3F6K). Both of these peptides possess a
leucine at their C-terminus, and this residue 1s known to be the binding determinant of
neurotensin and PRGN with sortilin. In the case of NT, structures of 15 different

conformations (NMR solution structures) were docked with sortilin. The C-terminal
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decapeptide of PRGN was studied with three different starting conformations, namely alpha
helical, beta strand, and random coil. In both the NT and PRGNcterm docking experiments,
Tripos’ Sybyl-X Surtlex-Dock package was used (smaller scale) and yielded docked poses ot
exactly correct binding to sortilin. Hence, the docking model was validated and this showed
that virtual screening could be predicted to result 1n reliable receptor-ligand interactions.

Surflex-Dock experiments were conducted using a Silicon Graphics workstation.

The single-pose structures of sortilin bound to neurotensin and progranulin are depicted
in Figures 2 and 3.

Example 2: ChemBridge CNS Database Screen: The ChemBridge Corporation
maintains several extensive compound databases that are available to the public at no charge.
For the work described in this application, the CNS (central nervous system) database was
chosen. This database consists of over 54,000 compounds, and each of these 1s predicted to
be orally bioavailable and to possess high penetrance of the blood-brain barrier. The

database 1s furnished 1n SDF format. SDF files are directly readable into Surflex-Dock and
Autodock-4.

Ten thousand compounds were screened by molecular docking from the ChemBridge
CNS database. Of the 10,000 potential ligands, 100 were chosen based upon their low
energy scores and high cluster populations, which indicated that multiple poses of a given
ligand showed high-affinity docking. These 100 were visualized i1n their docked
configurations on the sortilin receptor using the program VMD (Visual Molecular
Dynamics, University of Illinois at Urbana-Champaign), and ligands demonstrating the best
binding interactions (binding at the NT1/PRGN site) were chosen. Ten such candidate
compounds were 1dentified and chosen for experimental testing 1n primary cortical neurons.
These compounds were purchased commercially from the ChemBridge Company.

Example 3: Tissue

Murein E14—E1S cortices were dissected and removed to Hanks Balanced Salt
Solution (HBSS) The tissue was dissociated with 0.05% trypsin in HBSS for 10 min at
37°C, and then filtered through a 70pm cell strainer. Cells were plated on poly-D-lysine
(PDL)- coated plates at —3.2 x 10° cells/cm® in CEMEM (10% fetal bovine serum, 10%
horse serum, 2 mM L-glutamine, and 1% penicillin/streptomycin) for 45 min 1n a 37°C
humidified tri-gas incubator (5% CO2 and 5% 02). The medium was changed to
Neurobasal medium (Invitrogen, Carlsbad, CA) with a B27 supplement (Gibco) containing
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antioxidants (NB plus AQ) to specifically enhance neuronal growth. After 3 days the media
were half changed with NB plus AO. All treatments were done at day 5 with complete media
change containing vehicle, SAHA (suberoyl anilide hydroxamic acid; Vorinostat), and test

compounds at final concentrations ranging from 125uM to 1nM for 24 hours.

> Example 4. Cell Viability Assay

The MTS non-radioactive cell viability assay employed [3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sultophenyl)-2H-tetrazolium, inner salt with phenazine
methosulfate added as an electron coupling reagent, MTS 1s bioreduced by cells into a
formazan product that 1s soluble 1n tissue culture medium and can be measured at 490nm.

10 MTS was performed at 24 hours per manufacturer recommendations (Promega, (G5421).

Example 5: Immunoblotting

Culture medium was collected and cells were lysed 1n lysis buffer containing 50 mM

Tris-HCI, pH 7.5, 150 mM sodium chloride, 1% Nonidet P-40, 0.5% sodium deoxycholate,

I mM sodium orthovanadate, SmM sodium fluoride, and a protease inhibitor cocktail.

15  Sample concentrations were determined to ensure equal loading, placed in Laemmli sample
buffer containing B-mercaptoethanol, and denatured at 100 °C for 5 mun. Proteins were
separated on a 4% stacking and 12% resolving SDS-PAGE Tris-glycine gel, transferred to
polyvinylidene difluoride membrane (Millipore), and blocked in 5% instant milk or 5%
bovine serum albumin in ‘Tris-buftered saline with 0.1% ‘I'ween for 1 hour. For

20 mmmunoblotting, primary antibodies were incubated overnight at 4 °C with 1/1000 tubulin
(Developmental Studies Hybridoma), and 1/1000 Progranulin (ProteinTech Group). 15uL of
media was loaded from each sample. Ponceau red staining on the membrane before
immunological probing was used to show equal loading to look for secreted progranulin and

survival of motor neurons protein.

25

SUBMTITUTE SHEET (RULE 26)
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Results

Dot blots of the dosed culture extracts are shown in Figure 5. It can be seen that
compounds 1 and 5 (5 renumbered to 3) elicited accumulation of progranulin in the primary

cortical neurons. Both of these compounds were found to be etfective in extremely low
5  doses, and were apparently nontoxic to the neurons. These results were confirmed by repeat

triplicate experiments.

Effect on Survival Motor Neuron Protein (SMN)

Two of the compounds (2 and 4) were found to dramatically increase the cellular
10 concentration of the survival motor neuron (SMN) protein 1n cortical neurons (Figure 6). The

SMN protein 1s known to be present at far below normal levels 1n patients with spinal muscular

atrophy (SMA).

SUBMTITUTE SHEET (RULE 26)
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CLAIMS:

What 1s claimed 1s:

1.

A pharmaceutical composition comprising a pharmaceutically acceptable excipient
and a pharmaceutically and physically acceptable amount of one or more compounds

selected from the group consisting of:

Chemical Formula I, wherein R; = H or CHs, Ro = H or CHs, R; = H or OH, and R4 =
H or OH;

Chemical Formula II, wherein R; = H or COCHz;;
Chemical Formula III, wherein Ry = H or CHs and R, = H or OH; and

Chemical Formula IV, wherein Ry = H or CH; and R, = H or OH, or a

pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 1 or a pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 2 or a pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 3 or a pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 4 or a pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 5 or a pharmaceutically acceptable salt thereof.
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7. 'The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 6 or a pharmaceutically acceptable salt thereof.

3. 'The pharmaceutical composition of claim 1 wherein the one or more compounds

S comprises Compound 7 or a pharmaceutically acceptable salt thereof.

9. 'The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 8 or a pharmaceutically acceptable salt thereof.

10 10. The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 9 or a pharmaceutically acceptable salt thereof.

11. The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 10 or a pharmaceutically acceptable salt thereof.

15
12. The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 11 or a pharmaceutically acceptable salt thereof.

13. The pharmaceutical composition of claim 1 wherein the one or more compounds

20 comprises Compound 12 or a pharmaceutically acceptable salt thereof.

14. The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 13 or a pharmaceutically acceptable salt thereof.

25 15. The pharmaceutical composition of claim 1 wherein the one or more compounds

comprises Compound 14 or a pharmaceutically acceptable salt thereof.

16. A method of increasing a level of a defined neurotrophic peptide 1n an organism or
tissue comprising the administration of a pharmaceutically and physically acceptable

30 amount of one or more of the compositions of claim 1.
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The method of claim 16 wherein the defined neurotrophic peptide comprises PRGN
or SMN.

The method of claim 16 wherein the defined neurotrophic peptide comprises PRGN
and the one or more compounds of the compositions of claim 1 comprises a
compound having Chemical Formula I, wherein Ry = H or CHs, R, = H or CHj3, R3 =
H or OH, and R4, = H or OH, or Chemical Formula III, wherein Ry = H or CH; and R,

= H or OH, or a pharmaceutically acceptable salt thereof.

The method of claim 18 wherein the one or more compounds of the compositions of
claim 1 1s selected from the group consisting of Compounds 1, 3,5, 6, 7,9, 10, and 11

or a pharmaceutically acceptable salt thereof.

The method of claim 19 wherein the one or more compounds comprises Compound

1 or a pharmaceutically acceptable salt thereof.

The method of claim 19 wherein the one or more compounds comprises Compound 3

or a pharmaceutically acceptable salt thereof.

The method of claim 16 wherein the defined neurotrophic peptide comprises SMN
and the one or more compounds of the compositions of claam 1 comprises a
compound having Chemical Formula II, wherein Ry = H or COCH3, Chemical
Formula IV, wherein Ry = H or CH; and R, = H or OH, or a pharmaceutically

acceptable salt thereof.

The method of claim 22 wherein the one or more compounds of the compositions of
claim 1 1s selected from the group consisting of Compounds 2, 4, 8, 12, 13 and 14 or a
pharmaceutically acceptable salt thereotf.

The method of claim 23 wherein the one or more compounds comprises Compound

2 or a pharmaceutically acceptable salt thereof.
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25. The method of claim 23 wherein the one or more compounds comprises Compound 4

or a pharmaceutically acceptable salt thereof.

26. A method for treating a neurodegenerative disease mediated at least 1n part by sortilin
S activity, 1n a subject in need thereof, the method comprising administering a

therapeutically etfective amount of the pharmaceutical composition of Claim 1.

27. The method of claim 26 wherein the neurodegenerative disease 1s selected from the
oroup consisting of FI'D, FILD-U, SMA, ALS, and Alzheimer’s disease.

10
28. The method of claim 26 wherein the neurodegenerative disease 1s FI'D, FTLD-U, or

Alzheimer’s disease and the one or more compounds of the compositions of claim 1 1s
a compound having Chemical Formula I, wherein Ry = H or CHs, Ry, = H or CH3, R3

= H or OH, and R; = H or OH, or Chemical Formula III, wherein R; = H or CH; and

15 R, = H or OH, or a pharmaceutically acceptable salt thereof.

29. The method of claim 28 wherein the one or more compounds of the compositions of
claim 1 selected from the group consisting of Compounds 1, 3, 5,6, 7,9, 10, and 11

or a pharmaceutically acceptable salt thereof.

20
30. The method of claim 28 wherein the one or more compounds of the compositions of

claim 1 comprises Compound 1 or a pharmaceutically acceptable salt thereof.

31. The method of claim 28 wherein the one or more compounds of the compositions of

25 claim 1 comprises Compound 3 or a pharmaceutically acceptable salt thereof.

32. The method of claim 26 wherein the neurodegenerative disease 1s FI'D and wherein
the one or more compounds of the compositions of claim 1 is selected from the group

consisting of Compounds 1 and 3 or a pharmaceutically acceptable salt thereof.

30
33. The method of claim 26 wherein the neurodegenerative disease is selected from the

group consisting of SMA and ALS and the one or more compounds of the

compositions of claim 1 1s a compound having Chemical Formula II, wherein Ry = H
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or COCH5; Chemical Formula IV, wherein Ry = H or CH; and R, = H or OH, or a

pharmaceutically acceptable salt thereotf.

34. The method of claim 33 wherein the one or more compounds of the compositions of
claim 1 1s selected from the group consisting of Compounds 2, 4, 8, 12, 13 and 14 or a

pharmaceutically acceptable salt thereotf.

35. The method of claim 33 wherein the one or more compounds of the compositions of
claaim 1 1s selected from the group consisting of Compounds 2 and 4, or a

pharmaceutically acceptable salt thereof.
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Figure 2; Terminal residues of neurotensin bound to sortilin
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Figure 3; Terminal 10 residues of progranulin bound to sortilin
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Figure 4; The SMN protein
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Figure 5; Dot blot experiments
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Figure 6; SMN Immunoblotting Experiments
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