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CUPTSM FOR THE TREATMENT OF NEURODEGENERATIVE DISORDERS

RELATED APPLICATION
This application claims pricrity to U.S. Provisional Application No. 82/878,581, fited July
25, 2019, The entire contents of this application are incorporated herein by reference.

BACKGROUND

Neurodegenerative diseases are age-dependent disorders that are becoming
increasingly prevalent, in part due io the increasing elderly population {Heemels, Nature (2016}
539:179).

For example, amyotrophic lateral sclerosis (ALS), also known as motor neuron disease,
Lou Gehrig’s disease, or Charcot's disease, is estimated to affect 30,000 Americans and over
400,000 people worldwide at any given time. Approximately 5,000 Americans are diagnosed
with ALS every year. The disease causes the urwelenting death of motor neurons, resulting in a
progressive paralysis that kills its victims within one o five years on average. Most people
diagnosed with ALS live 3-5 years after their first signs of disease. About 10% of people with
ALS survive at feast 10 years. The variable rate of disease progression makes prognosis
difficult fo predict, and therapies challenging to develop.

Only two agents (riuzole and edaravone) have been approved by the FDA for treating
ALS, and while both slow disease progression in a subset of patients, and can extend life by up
to a few monihs, neither is able to freat or cure the disease.

Some inherited forms of ALS are caused by genetic mutations. The genetic change
alters an abundant enzyme within cells called copper-zine superoxide dismutase {Cu-Zn
superoxide dismutase, now called commonly SCE1). This enzyme serves 1o keep cells safe
from metabolic waste that can cause damage if not rendered harmiless.

CuATSM has been shown to be protective in the high expressing superoxide dismutase
SOD18%% mice by the rigorous criferia established in the art. However, the high copper affinity
of CUATSM causes this agent to be an inefficient delivery vehicle to bypass the distribution
system that naturally limits copper transport into the central nervous systerm ("CNS”).

There is therefore a need in the art for improved therapeutic agents that can treat
neurological diseases and/or copper deficiency-related disorders.
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SUMMARY

This disclosure provides methods and compositions for the treatment of
neurodegenerative disorders in a subject in need thereof. In particular, in one aspect provided
herein is & method of treating or preventing neurcdegenerative disease in a subject in need
thereof, comprising adminisiering o the subject a therapeutically effective amount of copper
PTSM {CuPTSM). It has been surprisingly found that CuPTSM is more efficacious than
CuATSM for treating symptoms of ALS at significantly lower doses and markedly less in vive
drug exposure,

In various embodiments, treating the subject comprises administering a therapeutically
effective amount of copper PTSM (CuPTSM).

In various embodiments, the neurodegenerative disease is amyotrophic fateral sclerosis
{ALS), frontal temporal dementia (FTD), Parkinson's disease, Huntington's disease, and
Alzheimer's disease.

In various embodiments, the neurodegenerative disease is ALS. In varicus
embodiments, the ALS is familial or sporadic.

In various embodiments, the subject is treatment naive. in various embodiments, the
subject has received previous treatment for ALS,

In various embodiments, the therapeutically effective dose of CuPTSM is 6.01
mg/kg/day to 12 mg/kg/day.

In various embodiments, the subject is human, and the human has a genetic mutation
associated with ALS. [n various embaodirnents, the genetic mutation asscciated with ALS
comprises a mutation in the SODT gene.

In various embodiments, the CuPTSM is administered o the subject in combination with
an additional ALS treaiment therapy.

In various embodiments, the CuPTSM is administered at a dose that achieves a plasma
Cmax of about 50-640 ng/mi. in the subject.

In another aspect, provided herein is a pharmaceutical composition comprising CuPTSM
and a pharmaceutically acceptable excipient.

In various embodiments, the pharmaceutically acceptable excipient comprises cellulose
and a surfactant. in various embodiments, the gellufose is methyvicellulose. in various
embodiments, the surfactant is a polysorbate. In various embodiments, the polysorbate is
TWEEN-80.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a graph depicting the plasma concentrations of CuPTSM over a period of 6 hr
after administration of a single dose of 30 mg/kg. FIG. 1B is a graph depicting plasma
concentrations of CUATSM over a period of 6 hr after administration of a single bolus dose of 30
mg/kg.

FHI3. 2A is a graph depicting the spinal cord concentrations of CuPTSM over a period of
6 hr after administration of a single dose of 30 mg/fikg. FIG. 2B is a graph depicting spinal cord
concentrations of CUATSM over a peried of 8 hr after administration of a single boius dose of 30
mg/kg.

FIG. 3Ais a simulation using PK parameters derived from the experiment of FIG. 1A and
FIG. 18, assuming linear pharmacokinetics. Plasma concentrations (ng/ml.} in mice receiving 6
mgikg CuPTSM, 30 mg/kg CuATSM, or 100 mgfkg CUATSM are depicted over time (hours}.
FIG. 3B is a simulation using PK parameters derived from the experiment of FiG. 1A and FIG.
18, assuming linear pharmacokinetics. Spinal cord concenirations (ng/ml.) in mice receiving 6
mg'kg CuPTSM, 30 mg/kg CuATSM, or 100 mg/kg CuATSM are depicted over time (hours).

FIG. 4A is a set of plots depicting the percentage of the populations experiencing onset
of paresis throughout the study. FIG. 4B #llustrates the efficacy of 6 mg/kg CuPTSM, 30 mgikg
CUuATSM, or 100 mgikg CUATSM as measured by onset of paresis compared to mice given
vehicle only.

FIG. 5A is a set of plots tracking the percent survival of each treatment population
throughout the study. FIG. 5B itfustrates the lifespan of mice given 6 mg/kg CuPTSm, 30 mg/kg
CuATSEM, or 100 mgikg CUATSM over those receiving vehicle.

FIG. 6Ais a plot of percent survival over fime of mice given 6 mg/kg CUATSM compared
to a control cohort of mice. FIG. 6B is a plot illusirating the percentage of the pepulation of mice
experiencing onset of paresis given 6 mgfkg CuATSM compared to condrol.

FIG. 7A illustrates differences in compound muscle action potential (CMAP)
measurements between male mice given 2, 8, or 12 mg/kg CuPTSM compared to vehicle. FIG.
7B illustrates differences in CMAP measurements between mice treated with 10 or 30 mg/kg
CuATSM and mice treated with vehicle.

DETAILED DESCRIPTION
Provided herein are methods of treating a neurcdegeneralive disease in a subject in
need thereof, the method comprising administering o the subject a therapeutically effective
amount of CuPTSM. in an embodiment, the neurodegenerative disease is amyotrophic lateral

B



WO 2021/016554 PCT/US2020/043479

sclerosis {ALS), frontotemporal dementia (FTD}, Parkinson’s disease, Huntington’s disease, and
Alzheimer's disease. in an embodiment, the neurcdegenerative disease is ALS.

As discussed above, CuUATSM has been used clinically for the treatment of ALS, but
suffers from significant drawbacks that severely imit its use as a therapeutic agent. Further,

5  CuATSM has a compact, symmetric structure, which contribuies to another limitation associated
with this compound: its compact structure allows the ATSM ligand component to rapidly form
extremely stable crystals, which causes several challenges in making and formulating this
compound, hindeting its ability to serve as suitable pharmacological agent. For example, the
metal-free ATSM ligand component crysiailizes within seconds during ifs synihesis in alt

10 common refluxing solvents; thus, it is difficult to subsequently add copper in the final step of the
synthesis, particularly at an indusirial scale needed to produce the large quantities required for
clinical use.

To address these challenges, provided herein is CuPTSM as an effective therapeutic for
the treatment of neurodegenerative diseases, including ALS. CuPTSM is an asymmeiric

15  copper{il} bis{thiosemicarbazone) complex, in which the bis{thiosemicarbazone) figand is
coordinated to the copper center in a x* fashion. This compound was first synthesized in 1987
{Int. J. Rad. Appl. Instr., part B, 1987, 14, 53}, and has been used as a tracer for positron
emission fomography. CuPTSM differs from CuATSM in the symmeiry of the gand backbone
{see structures below). It has been surprisingly found that despite the lower drug exposure in

20 vivo of CuPTSM compared o CuATSM, CuPTSM is more efficacious at treating symptoms of
ALS at significantly lower dosages.

/N VARY
A ™S -TEY
) { ) A
\ S/ \S / \ S /
HN NH HN NH
\ / A\ /
CuATSM CuPTSM
Definitions
25 Listed below are definitions of various terms used herein. These definitions apply © the

terms as they are used throughout this specification and claims, unless otherwise limited in
specific instances, either individually or as part of a larger group.
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Unless defined otherwise, all technical and scientific terms used herein generally have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Generally, the nomenclature used herein and the laboratory procedures in
cell culture, molecular genetics, organic chemistry, and peptide chemistry are those well-known
and commoenly employed in the art,

As used herein, the articles “a” and “an” refer fo one or to more than one (i.e., to at least
one) of the grammatical object of the article. By way of example, “an element” means one
element or more than one element. Furthermore, use of the term “including” as well as other
forms, such as “include,” "includes,” and “included.” is not fimiting.

As used herein, the term “about” will be understood by persons of ordinary skilt in the art
and will vary to some extent on the context in which it is used. As used herein when referring 1o
a measurable value such as an amount, a temporal duration, and the like, the term “about’ is
meant to encompass variations of £20% or £10%, including £5%, 1%, and 20.1% from the
specified value, as such variations are appropriate to perform the disclosed methods.

As used in the specification and in the claims, the term “comprising” may include the
embaodiments “consisting of” and “consisting essentially of.” The {erms *comprise(s),”
“include(s),” “having,” *has,” "may,” “contain(s}),” and variants thereof, as used herein, are
intended to be open-ended fransitional phrases, tferms, or words that require the presence of the
named ingredients/steps and permit the presence of other ingredients/steps. However, such
description should be construed as also describing compositions or processes as “consisting of”
and “consisting essentially of” the enumerated compounds, which aflows the presence of only
the named compounds, along with any pharmaceutically accepiable carriers, and excludes
ofher compounds.

The term “treatment” refers {o the application of one or more specific procedures used
for the amelioration of a disease. [n certain embodiments, the specific procedure is the
administration of one or more pharmaceuticat agents. “Treatment” of an individual {(e.g. a
mammal, such as a human) or a cel is any type of intervention used in an attempt to alter the
natural course of the individual or cell. Treatment includes, but is not imited o, administration
of a pharmaceutical composition, and may be performed either prophylactically or subsequent
to the initiation of a pathologic event or contact with an eticlogic agent. Treatment includes any
desirable effect on the symptoms or pathology of a disease or condition, and may include, for
exampie, minimal changes or improvements in one or more measurable markers of the disease
or condition, and may include, for example, minimat changes or improvements in one or more
measurable markers of the disease or condition being treated.

e
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As used herein, the term “prevent’ or “prevention” means no disorder or disease
development if none had occurred, or no further disorder or disease development if there had
alkeady been development of the disorder or disease. Also considered is the ability of one to
prevent some or all of the symptoms associated with the disorder or disease.

As used herein, the term “use” includes any one or more of the following embodiments
of the invention, respectively: the use in the treatment of ALS, the use for the manufacture of
pharmaceutical compositions for use in the tfreatment of these diseases, e.g., in the
manufacture of a medicament; methods of use of compounds of the invention in the treatment
of these diseases; pharmaceutical preparations having compounds of the invention for the
treatment of these diseases; and compounds of the invention for use in the freatment of these
discases; as appropriate and expedient, if not stated otherwise. In an embodiment, provided
hergin is the use of CuPTSM for use as a medicament.

As used herein, the term “patient,” “individual,” or “subject” is intended to include
organisms, €.g., prokaryotes and eukaryoies, which are capable of suffering from or afflicted
with a disease, disorder or condition associated with the activity of a protein kinase. Examples
of subjects include mammals, e.9., humans, dogs, cows, horses, pigs, sheep, goats, cals, mice,
rabhits, rats, and transgenic non-human animais. in certain embodiments, the subject is a
human, e.g., a8 human suffering from, at risk of suffering from, or potentially capable of suffering
from, schizophrenia. In another embodiment, the subject is a cefl.

When used with respect to methods of treatment/prevention and the use of the
compounds and pharmaceutical compositions thereof described herein, an individual “in need
thereof’ may be an individual who has been diagnosed with or previously freated for the
condition to be treated. With respect to prevention, the individual in need thereof may alse be an
individual who s at risk for a condition {e.g., a family history of the condition, life-style factors
indicative of risk for the condition, eic.). Typically, when a step of administering a compound of
the invention is disclosed herein, the invention further contemplates a step of identifying an
individual or subject in need of the particular treatment to be administered or having the
particutar condition to be treated.

In some embodiments, the individual is a mammal, including, but not imited to, bovine,
horse, feline, rabbit, canine, rodent, or primate. In some embediments, the mammal is a
primate. in some embodiments, the primate is a human. in some embodiments, the individual is
human, including aduits, children and premature infants. In some embodiments, the individual is

a nor=mammal, In some variations, the primate is a non-human primate such as chimpanzees
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and other apes and monkey species. The term “individual” does not dencte a particular age or
SEeX.

As used herein, the terms “effective amount,” “pharmaceutically effective amount,” and
“therapeutically effective amount” refer to a nontoxic but sufficient amount of an agent to provide
the desired bhiclogical resulf. That result may be reduction or alleviation of the signs, symptoms,
or causes of a disease, or any other desired alteration of a biclogical system. An appropriate
therapeutic amount in any individual case may be determined by one of ordinary skill in the art
using routine experimentation.

As used herein, the term “compaosition” or “pharmaceutical composition” refers to a
mixture of at least one compound useful within the invention with a pharmaceutically acceptable
carrier. The pharmaceutical composition facilitates administration of the compound {o a patient
or subject. Mullipie techniques of administering a2 compound exist in the art including, but not
fimited o, intravenous, oral, asrosol, parenteral, ophthalmic, pulmonary, and topical
administration,

"o

The terms "combination,” “therapeutic combination,” or “pharmaceutical combination” as
used herein refer to either a fixed combination in one dosage unit form, or non-fixed
combination, or a kit of parts for the combined administration where two or more therapeutic
agenis may be administered independently, at the same time or separately within time intervals,
especially where these time inlervals allow that the combination partners show a cooperative,
e.g., synergistic, effect.

The term “sporadic” refers tc a neurodegenerative disease, ALS for example, that is not
inherited. Sporadic ALS accounts for about 20% of cases, where the affected individual is the
only member of the family with the disease. The cause of sporadic ALS is not well understood,
but may be due to a combination of environmental and genetic risk factors.

The term *familial” refers {0 a neurodegenerative disease, ALS for example, that is
inherited. Familial ALS accounts for about 10% of cases, where more than one person in the
family has ALS and sometimes family members have frontotemporal dementia as well. People
with famitial ALS often start showing symptoms at earlier ages than in sporadic ALS. Familial
ALS is most often autosomal dominant.

“Elimination hal-life” is used in the ordinary sense, as in Goodman and Gillman’s The
Pharmaceutical Basis of Therapeutics (Alfred Goodman Gilman, Louis S. Goodman, and Alfred
Gilman, eds., 6th ed. 1980}, Briefly, the term is meant to encompass a quantitative measure of
the time course of drug elimination. The elimination of most drugs is exponential {i.e., follows
first-order kinetics), since drug concentrations usually do not approach those required for

T
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saturation of the elimination process. The rate of an exponential process may be expressed by
its rate constant, k, which expresses the fractional change per unit of time, or by ifs half-time,
11/2, the time required for 50% completion of the process. The units of these two constants are
time—1 and time, respectively. A first-order rate constant and the hali-time of the reaction are
simply related (kx11/2=0.693) and may be interchanged accordingly. Since first-order elimination
kinetics dictates that a constant fraction of drug is iost per unit time, a plot of the log of drug
concentration versus time is linear at all fimes following the initiat distribution phase {i.e. afler
drug absorption and distribution are complete}. The half-time for drug elimination can be
accurately determined from such a graph. “Absorption half-life” is defined as the amount of time
necessary for one-half of a dose of CuPTSM to be absorbed.

Methods of Treatment

The methods described herein comprise administering a therapeutically amount of
CuPTSM 1o a subject in need thereof. A "therapeutically effective amount” is an amount of
CuPTSM that, when administered io a patient by itself, effectively treats @ neurcdegenerative
disecase. An amount that proves to be a “therapeutically effective amount” in a given instance,
for a particuiar subject, may not be effective for 100% of subjects similarly treated for the
disease or condition under consideration, even though such dosage is deemed a
“therapeutically effective amount’ by skilied practitioners. The amount of the CuPTSM that
corresponds to a therapeuticaily effective amount is strongly dependent on the type of disease,
stage of the disease, the age of the patient being treated, and other facts.

In an aspect, provided herein is a method of treating or preventing ALS in a subject in
need thereof, the method comprising administering {o the subject a therapeutically effective
amount of CuPTSM.

In another aspect, provided herein is the use of CuPTSM for the manufacture of a
medicament for treating ALS in a subject.

In different embodiments, depending on the effective amount of CuPTSM used, the
CuPTSM can sffectively treat ALS.

In certain embodiments, the therapeutically effective dose of CuPTSM is 0.01 mg/kg/day
to 12 mg/kg/day.

In certain embodiments, the dose of CuPTSM for trestment is about, per day, 0.1 mg,
G.5 mg, 1mg, 2mg. 3mg, 4 mg, 5 mg, 6 mg, 7 mg. 8 mg, S mg, 10 mg, 11 mg. 12 mg, 13 mg, 14
mg, 15 mg, 16 mg, 17 mg, 18 mg, 19 myg, 20 mg, 21 mg, 22 mg, 28 mg, 24 mg, 25 mg, 26 mg,
27 mg, 28 mg, 29 mg, 30 mg, 31 mg, 32 mg, 33 mg, 34 mg, 35 mg, 36 mg, 37 mg, 38 mg, 39

8-



10

15

20

25

30

WO 2021/016554 PCT/US2020/043479

mg, 40 mg, 41 mg, 42 mg, 43 mg, 44 mg, 45 mg, 46 mg, 47 mg, 48 mg, 489 mg, 50 mg, 51 mg,
52 mg, 53 myg, 54 mg, 55 mg, 56 mg, 57 mg, 58 mg, 59 mg, 60 mg, 61 mg, 62 mg, 63 mg, 64
mg, 65 mg, 66 mg, 67 mg, 68 mg, 69 mg, 70 mg, 71 mg, or 72 mg. in an embodimeny, the dose
of CuUPTSM for treatment is about, per day, 0.1 mg - 72 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 0.1 mg, 6.5 mg,
1mg, 2mg, 3mg, 4 mg, Smg, 6 mg, 7 mg, 8 mg, 8 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15
mg, 16 mg, 17 mg, 18 mg, 19 mg, 20 myg, 21 mg, 22 myg, 23 mg, 24 mg, 25 mg, 26 mg, 27 mg,
28 mg, 29 mg, 30 mg, 31 mg, 32 mg, 33 mg, 34 mg, 35 mg, 36 mg, 37 mg, 38 mg, 39 mg, 40
mg, 41 mg, 42 mg, 43 mg, 44 mg, 45 mg, 46 mg, 47 mg, 48 mg, 49 mg, 50 mg, 51 mg, 52 mg,
53 mg, 54 mg, b5 mg, 56 mg, 57 mg, 58 mg, 59 mg, 60 mg, 681 mg, 62 mg, 63 myg, 64 mg, 85
mg, 66 mg, 67 mg, 68 mg, 69 mg, 70 mg, 71 mg, or 72 mg. In an embodiment, the dose of
CuPTSM for treatment is, per day, 0.1 mg - 72 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 0.1 mg,
0.5 mg, 1mg, 2mg. 3mg. 4 mg, 5 mg, 8 mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg. 12 mg, 13 mg, 14
mg, 15 mg, 16 mg, 17 mg, 18 mg, 19 myg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, 26 mg,
27 mg, 28 mg, 29 mg, 30 mg, 31 mg, 32 mg, 33 mg, 34 mg, 35 mg, 36 mg, 37 mg, 38 mg, 39
mg, 40 mg, 41 mg, 42 mg, 43 mg, 44 mg, 45 mg, 46 mg, 47 mg, 48 mg, 49 mg, 50 mg, 51 myg,
852 mg, 53 myg, 54 mg, 55 myg, 56 mg, 57 mg. 58 mg, 5% mg, 60 mg, 61 mg, 62 mg, 63 mg, or 64
mg. in an embodiment, the dose of CuPTSM for treatment is about, per day, 0.1 mg - 64 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 0.1 mg, 0.5 mg,
1mg, 2mg, 3mg, 4 mg, 5mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg. 13 mg, 14 mg, 15
mg, 16 mg, 17 mg, 18 mg, 18 mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, 26 mg, 27 mg,
28 mg, 29 mg, 30 mg, 31 mg, 32 mg, 33 mg. 34 mg, 35 mg, 36 mg, 37 mg, 38 mg, 389 mg, 40
mg, 41 mg, 42 mg, 43 mg, 44 mg, 45 mg, 46 mg, 47 mg, 48 mg, 49 mg, 50 mg, 51 mg, 52 mg,
53 mg, 54 myg, 55 mg, 56 mg, 57 mg, 58 mg, 59 mg, 60 mg, 61 myg, 62 mg, 63 mg, or 64 myg.
In an embodiment, the dose of CuPTSM for treatment is, per day, 0.1 mg - 64 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 0.1 mg.
0.5 mg, 1mg, 2mg, 3mg, 4 mg, 5§ mg, 6§ mg, 7 mg, 8 mg, 8 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14
mg, 15 mg, 18 mg, 17 mg, 18 mg, 19 mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, 26 mg,
27 mg, 28 mg, 29 myg, 30 mg, 31 mg, 32 mg, 33 mg, 34 mg, 35 myg, 36 mg, 37 mg, 38 mg, 39
mg, 40 mg, 41 mg, 42 mg, 43 mg, 44 mg, 45 mg, 46 mg, 47 mg, 48 mg, 48 mg, 50 mg, or 51
mg. in an embodiment, the dose of CUPTSM for freatment is about, per day, 6.1 mg - 51 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 0.1 mg, 0.5 mg,
tmg, 2mg, 3mg, 4 mg, 5mg, 6 mg, 7 mg, 8 mg, 8 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15
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mg, 16 mg, 17 mg, 18 mg, 19 mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, 26 mg, 27 mg,
28 mg, 29 mg, 30 mg, 31 mg, 32 mg, 33 mg, 34 mg, 35 mg, 36 mg, 37 mg, 38 mg, 39 mg, 40
mg, 41 mg, 42 mg, 43 mg, 44 mg, 45 mg, 46 mg, 47 mg, 48 mg, 49 mg, 50 mg, or 51 mg. in an
embodiment, the dose of CuPTSM for treatment is, per day, 0.1 mg ~ 51 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 0.1 mg,
C.5 mg, 1mg, 2mg, 3mg, 4 mg, 5 mg, 6§ mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 myg, 14
mg, 15 mg, 16 mg, 17 mg, 18 mg, 19 myg, 20 mg, 21 myg, 22 mg, 23 mg, 24 mg, 25 mg, 26 mg,
27 mg, 28 mg, 28 mg, 30 mg, 31 mg, 32 mg, 33 mg, 34 mg, 35 mg, 36 mg, 37 myg, 38 mg, or 39
mg. in an embodiment, the dose of CUPTSM for freatment is about, per day, 6.1 mg - 39 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 0.1 mg, 0.5 mg,
tmg, 2mg, 3mg, 4 mg, 5mg, 6 mg, 7 mg, 8 mg, 8 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15
myg, 16 mg, 17 mg. 18 mg, 19 mg, 20 mg, 21 mg, 22 mg. 23 mg, 24 mg, 25 my, 26 mg, 27 mg,
28 mg, 29 mg, 30 mg, 31 mg, 32 mg, 33 mg, 34 mg, 35 mg, 36 mg, 37 mg, 38 myg, or 39 mg. In
an embodiment, the dose of CuPTSM for treatment is, per day, 6.1 mg —~ 39 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 1mg, 2mg,
3mg, 4 mg, 5mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg, 12mg, 13 mg, 14 mg, 15 mg, 16 mg,
17 mg, 18 mg, 19 mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, or 26 mg. in an
embodiment, the dose of CuPTSM for freatment is about, per day, 1 mg — 26 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 1mg, 2mg, 3mg,
4mg, 5mg, 6 mg, 7 mg, 8 mg, 8 myg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17
mg, 18 mg. 18 mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, or 26 mg. In an embodiment,
the dose of CuPTSM for treatment is, per day, 1 mg -~ 26 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 5 mg, 6
mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 myg, 17 mg, 18 mg, 19
mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, or 26 mg. In an embodiment, the dose of
CuPTSM for treatment is aboul, per day, 5 mg - 26 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 5 mg. 6 mg, 7
mg, 8 mg, 9mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 myg, 18 mg, 19 mg, 20
mg, 21 mg, 22 mg, 23 mg, 24 mg, 25 mg, or 26 mg. in an embodiment, the dose of CuPTSM
for treatment is, per day, 5 mg — 26 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 1 mg, 2
myg, 3mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16
mg, 17 mg, 18 myg, 19 mg, or 20 mg. Inan embodiment, the dose of CuPTSM for treatment is
about, per day, 1 mg - 20 mg.

10~
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In certain embodiments, the dose of CuPTSM for treatment is, per day, 1 mg, 2 mg, 3
mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 myg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg,
17 mg, 18 mg, 19 mg, or 20 mg. in an embodiment, the dose of CUPTSM for treatment is, per
day, 1 mg - 20 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 5 mg, 6
mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 18 mg, 19
mg, or 20 mg. In an embodiment, the dose of CuPTSM for freatment is about, per day, 5mg —
20 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 5 mg. 6 mg, 7
mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 18 mg, 19 mg, or
20 mg. in an embodiment, the dose of CuPTSM for treatment is, per day, 5 mg — 20 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 10 mg, 11
mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 18 mg, 19 mg, or 20 mg. |n an embodiment,
the dose of CuPTSM for treatment is about, per day, 16 mg — 20 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 10 mg, 11 mg,
12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 myg, 18 mg, 19 mg, or 20 mg. In an embodiment, the
dose of CuPTSM for treatment is, per day, 10 mg - 20 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 10 mg, 11
mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, or 18 mg. In an embodiment, the dose of
CuPTSM for freatment is about, per day, 10 mg — 18 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 10 mg, 11 mg,
12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, or 18 mg. in an embodiment, the dose of
CuPTSM for treatment is, per day, 10 mg — 18 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 12 mg, 13
mg, 14 mg, 15 mg, or 16 mg. In an embodiment, the dose of CUPTSM for treatment is about,
per day, 12 mg - 16 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 12 mg, 13 mg,
14 mg, 15 mg, or 16 mg. in an embodiment, the dose of CuPTSM for treatment is, per day, 12
mg — 16 mg.

In certain embodiments, the dose of CuPTSM for treatment is about, per day, 13 mg, 14
mg, or 15 mg. |n an embodiment, the dose of CuUPTSM for treatment is about, per day, 13 mg —
15 mg.

In certain embodiments, the dose of CuPTSM for treatment is, per day, 13 mg, 14 mg, or
15 mg. in an embodiment, the dose of CuPTSM for treatment is, per day, 13 mg — 15 mg.
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In certain embodiments, the dose of CuPTSM for treatment is about, per day, 14 mg. in
certain embodiments, the dose of CuPTSM for freatment is, per day, 14 mg.

In other embodiments, provided herein is a method of treating ALS in a subject in need
thereof, wherein the subject is administered a low dose of CUPTSM. The term “low dose” as
used herein refers to a dose that is below the therapeutically effective amount of the reference
compound CuATSM when administered to treat ALS. In some embodiments, the term "low
dose” refers {o a dose that is one or more orders of magnitude lower than the therapeutically
effective amount of the reference compound CuATSM when administered to treat ALS. in some
embodirnents, the term "low dose" refers 1o a dose that is ong-half, one-third, one-fourth, one-~
fifth, one-sixth, one-seventh, one-eighth or less than the therapeutically effective amount of the
reference compound CuATSM when administered to treat ALS. In some embodiments, a "low
dose” of CuPTSM is within the doses, or dose ranges, described herein. While the amounts of
CuPTSM should result in the effective treatment of ALS, the amounts are preferably not
excessively toxic to the patient {i.e., the amounts are preferably within toxicity limits as
established by medical guidelines). In some embodiments, either to prevent excessive {oxicity
or provide a more efficacious treaiment, or both, of ALS, a limitation on the total administered
dosage is provided. Typically, the amounts considered herein are per day; however, half-day
and two-day or three~day cycles are aiso considered herein.

In certain embodiments, the subject in need thereof is treatment naive. in certain
embodiments, the subject in need thereof has received previous freaiment for ALS other than
CuPTSM that has been inadequate (e.g., assessed by the subject and/or a physician}, has been
ineffective, and/or has not resulted in a detectable improvement in one or more parameters or
symptoms associated with ALS and/or has not caused a biological effect that is correlated with
the underlying pathology giving rise fo the sympioms of ALS.

In certain embodiments, the subject in need thereof is human, and the human has a
genetic mutation associated with ALS, wherein the genetic mutation associated with ALS
comprises a mutation in the SODT gene.

In an aspect, provided herein is a method for treating or preventing a superoxide
dismutase 1 (SOD1) associated neurodegenerative disorder in a subject in need thereof,
comprising administering to the subject CUPTSM. in an embodiment, the SOD1 associated
neurodegenerative disorder is SOD1-associated amyotrophic lateral sclerosis (ALS).

In certain embodiments, the CuPTSM is administered {o the subject in combination with
an additional ALS treatment therapy. Cutrent treatment for ALS includes administration of
riluzole and edaravone, which have been shown to be modestly effective. Other therapies for
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ALS include medications {o treat specific symptoms associated with the disease, for example
muscle relaxants such as baclofen or diazepam may be prescribed to treat muscle cramps,
spasms, and spasticity. Gabapentin may be prescribed o help control pain, Such medicines
like amitriptyline, trihexyphenidyi, scopaderm, and giycopyrrolate can be administered to treat
excess sativa in the mouth due to difficulty swallowing. Medication may also be required for the
treatment of constipation, fatigue, depression, difficulty sleeping, and pseudcbulbar affect
associated with ALS.

In certain embodiments, the CuPTSM is administered at a dose that achieves a plasma
Cmax of about 50-650 ng/mk in the subject. The term “Cmax” is defined as the maximum
concentration of active CUPTSM or CuATSM achieved in the plasma or spinal cord following
administration of the drug.

Pharmaceutical Compositions
The formulation of therapeutic compositions and their subsequent administration

{dosing} is within the skill of those in the art. Dosing is dependent on severity and
responsiveness of the disease state {o be freated, with the course of freatment lasting from
several days to several months, or until 2 sufficient diminution of the disease state is achigved.
Optimat dosing schedules can be galculated from measurements of drug accumutation in the
body of the patient.

Persons of ordinary skill can easily determine optimum dosages, dosing methodologies
and repetition rates. Optimum dosages may vary depending on the relative potency of the
CuPTSM, and can generally be estimated based on EC50s found to be effective in in vitro and
in vivo animat models. in general, dosage is from 0.01 ug to 100 g/kg of bady weight, and may
be given once or more daily, weekly, monthly or vearly, or even once every 2 to 20 years.
Persons of ordinary skill in the art can easily estimate repetition rates for dosing based on
measured residence times and concentrations of the drug in bodily fluids or tissues. Following
successiul reatment, § may be desirable to have the patient underge mainienance therapy {o
prevent the recurrence of the disease state, wherein CuPTSM is administered in maintenance
doses, ranging from Q.01 pg to 100 g/kg of body weight, once or more daily, to once every 20
years.

Different dosage regiments may be used to treat ALS. in some embodiments, a daily
dosage, such as any of the exemplary dosages described above, is administered onge, twice,
three times, or four times a day for three, four, five, six, seven, eight, nine, or ten days.
Depending on the stage and severity of the disease being treated, a shorter treatment time
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{e.g., up to five days) may be employed along with a high dosage, or a longer treatment time
{e.g., ten or more days, or weeks, or a month, or longer) may be empioyed along with a low
dosage. In some embodiments, a once- or twice-daily dosage is administered every other day.

In an aspect, the CuPTSM may be administered alone or in combination with at least
one pharmaceutically acceptable excipient. The expression “pharmaceutically acceptable”
means acceptable for use in the pharmaceutical and veterinary arls, i.e., not being unacceptably
toxic or otherwise unsuitable. Examples of pharmaceutically acceptable adjuvants include
diluents, excipients and the ke, Reference may be made to "Remingion’s: The Science and
Practice of Pharmacy,” 21st Ed., Lippincott Willlams and Witkins, 2005, for guidance on drug
formulations generally.

CuPTSM, in pure form or in an appropriate pharmaceutical compaosition, can be
adminisiered via any of the accepted modes of administration or agents known in the art. The
CuPTSM can be administered, for example, orally, nasally, parenterally (intravenous,
intramuscutar, or subcutaneous), topically, fransdermally, intravaginally, infravesically,
intracistemally, or recially. The dosage form can be, for example, a solid, semi-solid, lyophilized
powder, or liguid dosage forms, such as for example, tablets, pills, soft elastic or hard gelatin
capsules, powders, solutions, suspensions, suppositories, aeroscls, or the tike, for example, in
unit dosage forms suitable for simple administration of precise dosages. Some examples of
suitable pharmaceutical carriers, including pharmaceutical diluents, are gelatin capsules; sugars
such as lactose and sucrose; starches such as corn starch and potato starch, cellulose
derivatives such as sodium carboxymethy! celiulose, ethyl cellulose, methylcefluicse, and
cellulose acetate phthalate; gelatin; talc; stearic acid; magnesium stearate; vegetable oils such
as peanut oil, cottonseed oif; sesame oil, olive cil, corn oil, and ol of theobroma; propylens
glycol, giycerin; sorbitol; polyethylene glycol; water; agar; alginic acid; isotonic saline, and
phosphate buffer solutions; as well as other compatible substances normally used in
pharmaceutical formulations. A particular route of administration is oral, particularly one in which
a convenient daily dosage regimen can be adjusted according o the degree of severity of the
disease to be treated.

Auxiliary and adjuvant agents may include, for example, preserving, wetting,
suspending, sweetening, fiavoring, perfuming, emulsifying, and dispensing agenis. Emulsifiers
can include polysorbates, such as TWEEN, for example TWEEN-20 and TWEEN-80. TWEEN-
80 is CayH124046, 1s derbead from polvethoxylated sorbitan and aleic acld, and is aiso referred to as

polyoxyethylene (20} sorbitan mencoleate and (x}-sorbitan mone-8-ocladecencaie palyioxy-1,2-
ethansdivi). Prevention of the action of microorganisms is generally provided by various

14~



10

15

20

25

30

WO 2021/016554 PCT/US2020/043479

antibacterial and antifungal agents, such as, parabens, chiorobutanoi, phenot, sorbic acid, and
the like. Isotonic agents, such as sugars, sodium chloride, and the like, may also be included.
Prolonged absorphion of an injectable pharmaceutical form can be brought about by the use of
agenis delaying absorption, for example, aluminum monostearate and gelatin. The auxifiary
agenis aiso can include wetting agents, emulsifying agents, pH buffering agents, and
antimddanis, such as, for example, cifric acid, sorbitan monolaurate, triethanolamine oleate,
butylated hydroxytoluene, and the like.

Sofid dosage forms can be prepared with coatings and shells, such as enteric coatings
and others weltbknown in the art. They can contain pacifying agents and can be of such
composition that they release CuPTSM in a certain part of the intestinal tract in a delayed
manner. Examples of embedded compositions that can be used are polymeric substances and
waxes. The CuPTSM also can be in micreencapsulated form, i appropriate, with cne or more
of the above-mentioned excipients.

Liguid dosage forms for oral administration include pharmacsutically acceptabie
emulsions, solutions, suspensions, syrups, and elixirs. Such dosage forms are prepared, for
exampie, by dissolving, dispersing, etc., CuPTSM, and optional pharmaceutical adjuvards in a
carrigr, such as, for example, water, saline, aqueous dextrose, glycerol, ethano!f and the like;
solubiiizing agenis and emulsifiers, as for example, ethyt alcohol, isopropyt alcohot, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propyleneglycol, 1,3- butyleneglycol,
dimethyt formamide; oils, in particular, cottonseed o, groundnut oif, corn germ oill, olive o,
castor cil and sesame ail, glycerol, tetrahydrofurfuryt alcohol, polyethylenegiycols and fatty acid
esters of sorbitan; or mixtures of these substances, and the like, {o thereby form a solution or
suspension.

Generally, depending on the intended mode of administration, the pharmaceutically
acceptable compositions will contain about 1% to 99% by weight of CuPTSM described herein,
and 99% fo 1% by weight of a pharmaceutically acceptable excipient. in one exampie, the
composition will be between about 5% and about 75% by weight of the CuPTSM described
herein, with the rest being suitable pharmaceutical excipients.

In various embodiments, the pharmaceutically composition is for the treatment of ALS in
a subject in need thereof.

In various embodiments, the pharmaceutical compaesition comprises CuPTSM at any of
the doses provided herein.
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Actuat methods of preparing such dosage forms are known, or wif be apparent, {o those
skilled in this art. Reference is made, for example, to Remington’s Pharmaceutical Sciences,
18th Ed. (Mack Publishing Company, Easton, Pa., 1890},

The invention is further described in detail by reference to the following experimental
examples. These exampies are included merely for purposes of iffustration of certain aspects
and embodiments of the presant invention, and are not intended to fimit the invention. Thus, the
invention should in no way be construed as being Himited 1o the following examples, but rather,
should be construed to encompass any and all variation which become evident as a result of the
teaching provided herein.

EXAMPLES
Example 1 ~ Pharmacokinetics of CuPTSM compared to CuATSM
The SOD 1% fransgenic mouse model of ALS has been the most widely used animal

model since the 1980s. The mouse was genetically engineered fo overexpress a mutant form
of the human Cu/Zn superoxide dismutase 1 (SOD1} gene harboring an ALS-associated glycine
to alanine mutation at amino acid position 83 {G83A). Currently, the clinical strategy for the
treatment of ALS with CUATSM is to escalate human dosing untif ALS patients show plasma
fevels equivalent to those seen in mice given 30 mgikg/day.

To compare the effects of CUPTSM to CuATSM in vive, a single bolus of 30 mg/kg
CuPTSM or 30 mg/kg CuATSM in an oral suspension of 0.5% methyicellulose/0.4% TWEEN-
80/0.9% normal saline was administered fo SOD15%4 mice. Absorption half-ife, elimination
hali-life, and Cmax measurements were taken from both plasma and spinal cord samples to
measure drug exposure of CuPTSM or CUATSM for up to 6 hr after administration of drug. A
decrease in plasma concenfrations of CuPTSM was chserved over time (FIG. 1A}, with an
absorption half-life of 0.54 hr, an elimination half-life of 2.44 br, and a plasma Cmax of 1565
ng/mbt. Plasma concentrations of CUATSM plateaued and remained constant & hours after
administration (FIG. 1B), with an absorption half-iife of 0.24 hr, an elimination half-life of 13.7 hy,
and a plasma Cmax of 198 ng/mL.

Similar measurements were recorded for concenirations of CuPTSM and CuATSM in
the spinal cord. As with the plasma concentrations from the mice administered 30 mg/kg
CuPTSM, concentrations decreased over ime {FIG. 2A), and the CuPTSM was found {c have
an absorption haif-life of 1.0 hr, an elimination haif-life of 1.8 hr, and a Cmax of 7.27 ng/mb. As
with the plasma concentrations, the spinal cord concentrations of CUATSM remained constant,
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even 6 hr after administration {FIG. 2B). in the spinai cord, CUATSM had an absorption half-life
of 0.65 hr, an elimination half-life of 13.8, and a Cmax of 2 ng/mL.

Using the data and parameters derived from the above experiments using a single bolus
of 8 mg'kg CuPTSM, 30 mgikg CUATSM, or 100mgikg CuATSM, plasma and spinal cord
concentrations were recorded on a pict over time {hours) to lllustrate pharmacokinetic
simulations over time. Linear kinetics were assumed. Previcus siudies using CuPTSM
demonsirated that while 30 mgfkg of CUATSM is well~tolerated by mice, CuPTSM at the same
dosing is toxic to mice. Plasma concentrations of 30 mgfkg CuATSM and 100 mgikg CUATSM
did not return {o O ng/ml. prior the next dose. In contrast, the CuPTSM plasma concentration
fevels increased after administering 8 mgikg to the mige, and plasma levels returned to 0 ng/mL
prior {o the next dose (FIG. 3A). Similar results were obtained when concentrations were
measured in spinal cord samples {FIG. 3B).

Example 2 — Efficacy of CuPTSM in SOD1% mice

To test the efficacy of CuPTSM compared to CUATSM, mice were tested for defays in
paresis and overall lifespan. Mice were given 6 mg/kg CuPTSM {n=32), 30 mg/kg CuATSM {n
=32}, and 100 mg/kg CuATSM {n=32) once a day (o assess disease progression, and identify
drug-induced changes in SOD1%% mice compared to their respective vehicle-only control mice.
Neurological scoring 1o test the onset of paresis for each mouse was performed throughout the
study according o the protocol as disciosed in Halzipetros et al. (2015, J. Visualized
Experiments. doi:10.3791/83257), incorporated herein by reference in its entirety. Briefly, mice
were scored on a scale of NS 0 {pre-symptomatic) to NS 4 (humane end-point} based on a
combination of a tail suspension fest, a walking tesf, and a “righting reflex” fest. Onset of
paresis was measured throughout the study (FIG. 4A), with either CuPTSM or CuUATSM
delaying onset over the conirol. However, when each experimental group was compared to its
respective control group, the mice administered 8 mg/kg CuPTSM significantly delayed onset of
paresis over CUATSM at either the 30 mg/kg dose or the CuATSM 100 mg/kg group over their
respective control groups (FIG. 4B).

Survival for each cohort was also tracked throughout the study.  As with the paresis
study, mice administered & mg/kg CuPTSM, 30 mgikg CUATSM, or 100 mg/kg CuATSM
demonstrated an increase in survival over the control counterparis (FIG. 5A}). When the
experimental groups were compared to one anocther, the cohort freated with CuPTSM had
markedly improved survival over the groups treated with either dose of CUATSM (FIG. 5B8).
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To compare the effects of CuPTSM administered at a much lower dose than CuATSM,
mice were administered 6 mg/kg CuATSM and survival and onset of paresis were measured as
before. The population of mice that received the 6 mg/kg CuATSM experienced no significant
difference in survival when compared to the controf mice (FIG. 8A). Simitarly, no significant
improvemery in onset of paresis was seen with administration of 6 mg/kg CuATSM compared o
controt {FIG. 6B).

Compound muscle action potential {(CMAP) was measured in mice given CuPTSM,
CuATSM, or vehicle. CMAP is an electrophysiological technique that assess functional integrity
of motor axons. The sciatic nerve is stimulated using implanted microsiectrodes proving smakl
electrical currents, and the response is measured in the innervated tibialis anterior {TA) muscle
using an implanted recording electrode. It is known that the CMAP signal is decreased in the
case of neuromuscular diseases, ke in ALS patients, and recapitulated in the SOD1%%A mouse
mode! due to motor unit loss. in male SOD15%4 mice, it has been shown that CMAP changes
may happen as early as age day 50 and invariably worse after. In the present study, mice were
treated once a day for 14 days with 2, 6, or 12 mg/kg CuPTSM; 10 or 30 mg/kg CuATSM, or
vehicle {control}. A total of 8 male mice were tesied for each condition,

Prior to drug administration and assignment of mice {o a cohort, CMAP was recorded for
each mouse {c establish a baseline measurement. Mice were then randomized into each
treatment cohort, and administered the respective compounds and dosages of the cohort via
oral gavage daily for two weeks. CMAP data was recorded at the end of the two weeks, and
compared to the baseline measurements to calculate percent of baseline {o illusirate the
efficacy of CUPTSM and CuATSM compared {o just vehicle. Male mice administered CuPTSM
demonsirated a significantly greater change from baseline at all doses over the mice treated
with just the vehicle (FIG. 7A). The cohorts of mice treated with 10 mg/ikg or 30 mgikg CuATSM
experienced no significant difference in CMAP measurements over the mice treated with vehicle
{FIG. 7B).

Considering the data, CuPTSM was surprisingly more efficacious at delaying paresis,
improving survival, and protecting the functional integrity of motor axons than CuATSM, despite
markedly less drug exposure, as measured by pharmacokinetics.
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