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METHODS AND FORMULATIONS FOR THE TREATMENT OF OBESITY
AND OBESITY-RELATED METABOLIC DISEASES

The present invention relates to methods and formulations of treatment of
metabolic diseases. The invention has particular utility in connection with treatment of
obesity and in general, although trestmeent of other obesity-related metabolic related
diseases and conditions inchuding but not limited to dizbetes, muscle loss due to
deconditioning, Duchenne muscle dystrophy {DMD), nonalcoholic fatty liver disease or
nonalcoholic steatohepatitis (NASH), cancer recovery, hypertension and/or dyshipidemia
also advantageously may be treated.

Over 1.9 billion people globally are overweight and of those people, more than
650 million are obese. Obesity 15 the second leading cause of preventable death in the
United States and a growing epidemic. Being obese significantly increases the risk of
ather diseases, such as cardiovascular disease, type I diabetes, endometrial cancer, liver
eancer, Kidney cancer, and pancreatic cancer. Currently, approximately 5% of all deaths
in the United States are related to obesity,

Current treatments for obesity bave limited results and serious side effects. For
example, prescription medications that target the central nervous system, hormonal
pathways, and/or gastrointestinal tract exhibit minimal physical improvement and carry
sigmificant side effects. Barlatric surgery, including gastric bypass, LAP-band, and
gastric sleeve procedures are highly invasive and expensive. Lifestyle changes, such as
diet and exercise, are not applicable for serious cases of obesity and exhibit mixed
results.

The risk factors contributing to obesity ave complex and diverse. In particular,
genetic factors, medical conditions, energy intake, energy expenditwre, sociceconomic
factors, and/or psychosocial factors may all contribute to an individual’s risk for obesity.
Previously known treatments for obesity and related conditions are inadequate and
typically only address one or two of these risk factors,

Therapentic corpounds and formulations for the treatment of obesity and obesity
related metabolic diseases are described herein, along with methods of production and
use. The disclosed therapeutic agents can significantly improve long-term obesity
outcomes as compared to other treatiment options cuwrrently available, To date, the
disclosed therapies have been demonstrated to alter the biological characteristics of mice,
human muscle cells, and adipocytes. These sffects have been well documented in mwrine

models, which lead to significant weight-loss and muscle gain in obese mice. As
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disclosed in detail below, the disclosed therapeutics and treatment methods are designed
to promote muscle growth and also decrease adipocytes in patients {(e.g., bumans and
other animals}.

The disclosed therapentic formulations are novel gene pathway regulators and
work to provide initial reatment, promote growth and metabolic change, and provide
long-lasting effects. Specifically, at the start of treatment, a cocktail formulation
regulates the expression of several genes 10 increase the growth of skeletal muscle and
diminish accumulation of fat in adipocytes. During treatment, growth and metabolic
change oceurs as skeletal muscle mass begins to increase by burning adipocyte mass and
fat storage. As treatment continues, fong-lasting effects are experionced (such as
persistent diminished fat sccomulation), even after therapeutic formulations are no
longer provided {0 a patient.

Fu one aspect of the invention there is provided a method for treatment of ohesity
and obesity-related metabolic diseases in animals including humnans which method
comprises increasing the animal’s metabolic function by administering to the animal 2
therapeutically effective amount of an antisense oligonucleotide,

In one embodiment the antisense oligonucleotide has a structure defined by the following
foromla:

o} .
¥
{

wherein B is a pyrimidine or purine nucleic acid base, an analogue thereof, X and ¥ are
identical or different, and each represents a hydrogen atom, an alkyl group, an alkenyl
group, an alkynyl group, a cycloatkyl group, an aralkyl group, an aryi group, an acyl
group, or a silyl group, or an amidite derivative thereof. In such embodiment, B
preferably includes the following sequence:
Sequence (§7-37) +GFHTHHTHERARGFA VTR ARGRORASHTHORLA G,

in ancther embodiment the therapeutic agent may be administered orally,
parenterally, topically, directly to the lungs, rectally or vaginally.

In one embodiment the antisense oligonuclestide is administered in a dose of

between 1 mg/kg and 20 mg/kg based on the patient’s weight inkg. In such



WO 2019/226952

16

15

20

embodiment, the dose preferably is administered once, twice or, three time or more per
day.

In another embodiment treatment is continued daily for 30, 45, 60 or 90 days.

T another embodiment, the disease is selected from the group consisting of
nonaleobolic fatty lver disease, metabolic syndrome, Duchenne muscular dystrophy
(BMD), diabetes, cancer recovery, muscle loss due to deconditioning, hypertension,
nonaleoholic steatohepatitis (NASH), dyslipidemia and ohesity.

The present invention also provides a therapeutic formulation for treatment of
obesity, and ohesity-related metabolic diseases comprising an antisense oligonucleotide
in a pharmaceutically acceptable carrier therefor.

In one embodiment, the antisense oligonucleotide has a structure defined by the

following formula:

wherein B is 2 pyrimidine or purine nucleie acid base, an analogue thereof, X and Y are
identical or different, and each represents a hydrogen atom, an alkyl group, an alkenyl
group, an alkynyl group, & cycloalkyl group, an aralky! group, an aryl group, an acyl
group, or a silyl group, or an amidite derivative thereof. In such embodiment, B
preferably includes the following sequence:

Sequence {57-37): +OH+THHTHGHARGRARTHFARGROPARITRCR ARG,

In the working examples below, this compound is designated as “M4”,

In another embodiment the therapeutic agent is in a pharmaceutically acceptable
carrier selected form the group consisting of a tablet, capsule, liquid, solution,
suspension, syrup, elixir, cream, ointment, lotion, gel, patch, dry powder and
SUPROSHHTY.

T yot another embodiment, the antisense oligonucieotide is in an unit dosage
form.

Tu still yet another embodiment, the disease is selected from the group consiatin

£

of nonaleohelic fatty liver disease, metabolic syndrome, Duchenne muscular dystrophy
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(BMD), diabetes, cancer recovery, muscle loss due to deconditioning, hypertension,
nonalcoholic steatohepatitis (NASH), dyslipidemia and obesity.

Obesity has a number of eticlogical pathways. One such pathway of interest is
Hnited rouscle mass. Diet, inactivity, and/or genetic predisposition can lead fo reduced
muscle mass, increasing the fnability to burn excess cslories and fead to adipocyies
storing excess calories as fat. The present disclosure provides therapeutic agents which
effectively can regulate muscle growth of obese patients, through gene knockdown
therapy, and improve their overall metabolic function. Specifically, the disclosed
compounds and formulations have been shown to regulate the expression of several
genes o increase the growth of skeletal muscle and diminish the accumulation of fat in
adipoeytes. Additionally, skeletal muscle mass begins to increase during the treatments
as adipocyte mass is reduced. The therapies disclosed herein have also been
demonstrated to provide long-lasting results, even months after treatment has concluded,
with diminished fat accumulation reported after treatrent,

As deseribed below in detail below, the disclosed therapeutic agents {¢.z.,
compounds, mixtures, formulations, and/or cockiails) include one or more antisense
oligonucleotides with a locked backbone. For example, in some embodiments, the
antisense oligomucleotide(s} used in the disclosed therapies may be prepared according to
the methods described in U.S. Patent Nos. 6,268,490, 6,770,748 and US RE44,779,
which is incorporated herein by reference. In some particular smbodiments, the

antisense oligonucleotide has a structure defined by the following formula:

wherein B is a pyrimidine or purine nucleic acid base, an analogue thereof, X and Y are
tdentical or different, and each represents a hydrogen atom, an alkyl group, an alkenyl
group, an alkynyl group, a cycloalkyl group, an aralkyl group, an aryl group, an acyl
group, or a silyl group, or an amidite derivative thereof

The alkyl group represents a siraight chain or branched chain allyl group with 1
to 20 carbon atoms. Its exaroples inchude methyl, ethyl, n-propyl, L-propyl, n-buiyl,

butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl
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The alkenyl group represents a straight chain or branched chain alkenyl group
with 2 to 20 carbon atoms. s examples inchude vinyl, allyl, butenyl, pentenyl, geranyl,
and farnesyl.

The aliunyl group represents a straight chain or branched chain alkiny! group
with 2 to 20 carbop atoms. Its examples include ethynyl, propynyvl, and butynyl,

The cycloalicyl group represents a eyveloalkyl group with 3 o § carbon atoms, and
includes, for example, cyclopropyl, eyelobutyl, cyclopentyl, cyclobexyl, cveloheptyl, and
cyelooetyl. Another exaniple is a heterocyclic group in which one or more arbitrary
methylene groups on the ring of the cycloalkyl group bave been substituted by an oxygen
atorm, a sulfur atom, or an alkyl-subsiituted nitrogen atom. It is, for instance, a
tetrahydropvrany! group.

The aryl group refers to a monovalent substituent formed by removing one
bydrogen atom from an aromatic heterocyelic group or an aromatic hydrocarbon group,
Preferably, it represents a monovalent substituent formed by removing one hydrogen
atom from an aromatic hydrocarbon group, and inchudes, for example, phenyl, tolyl,
xyiyl, biphenyl, naphthyl, anthryl, and phenanthryl. The carbon atom on the ring of the
aryl group may be substituted by one or more of a halogen atom, a lower alkyl group, a
hydroxyl group, an alkoxyl group, an amine group, a nitro group, and a trifhuoromethyl
group. The substituent in this case is, for cxample, a halogen atom, a hvdroxyl group, an
amino group, an alkoxy group, or an aryloxy group.

The aralkyl group refers to an alkyl group bonded to an arvl group, and may be
substitated. The aralkyl group that may be sebstituted represents an alkyl group bonded
to an aryl group, with one or more arbitrary hydrogen atoms of the aryl group and the
afkyl group being optionally substituted by the following substituents: Examples of the
substituents are acyl, amino, aryl, alkyl, cycloalkyl, alkoxy, hydroxyl, nitro, and
balogen.

The amino group need not be substituted, but the amino group when substituted
inchudes, for example, allkylamino, arylamine, and acylamino. Examples of the atkoxy
group arc meethoxy, ethoxy, n-propoxy, 1-propoxy, n-butoxy, I-butoxy, s-butoxy, ¢
butoxy, pentyloxy, hexyloxy, and phenoxy. Examples of the halogen atom are fluorine,
chiorine, hromine, and iodine.

The preferred examples of the arallov group are trityl, benzyl, phenethyl,
tritybmethyl, diphenylmethyl, naphthylmethyl, and 4,4'-dimethoxytrityl (DMTr).
Particularly preferred is a DMTr group.
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As the acyl group, acetyl, formyl, propionyl, benzovl, and benzyloxycarbonyi can
be exemplified. An example of the silyl group is a wrialkylsilyl group, prefembly
trimethyleilyl, tristhyleilyl, tiisopropylsilyl, t-butyldimethylsilyl or t-butvidiphenylailyl,
and more preferably wimethyisilvl,

5 In select embodiments, B includes the following sequence:
Sequence (§7-37) +G¥HTHH TG ARGHAR TR ARGRFCRARFTHCF ARG
which we designated as “M4”.

The antisense cligonucleotide(s) and other therapeutic compounds (if present)
may be administered to a patient in Hquid or solid form. In some embodiments, the

10 therapeutic agents may be administered orally (e.g., as a tablet, capsule, liguid, solution,
suspension, syrup, or elixir), parenteraily {e.g., through a needle or catheter inserted
intravenously, intranwscularly, subcutancously, intra-arterial, intrathecally, ot
intradermally}, topically (e.g., as a cream, ointment, lotion, gel, or transdermal patch),
rectally or vaginally {(e.g., as a suppository) or directly to the lungs (e.g., using a DPFL,

15 MDD or nebulizer).

The therapeutic compounds may be administered fo a patient using any dosing
scheme determined appropriate by a medical professional. In some example
embodiments, a dose of between 1 mg/Kyg and 20 mg/Kg may be administered to a
patient (based on the patient’s weight in Kg). In other embodiments, however, dosing

20 maybel 4,6, 8, 10,12, 14, 16 or 18 mg/Kg (based on the patient’s weight in Kg)

In some embodiments, a patient may be treated with an appropriate dose of
therapeuntic agent once, twice, three times, or more during a day. Treatment may
continue for a select muimber of days, such as 30 days, at 45 days, at 60 days, at 90 days,
Of I9oTE.

25 After treatment has concluded, the patient may exhibit measurable improvements
in physical heslth. For example, in some cases, patients may experience increased
wuscle mass, a reduction in fat cells, and/or other improvements during or after
treatment. In some particular embodiments, a patient may experience at least 5%, 10%,
13%, 20%, 25%, 30%, 35%, 40%, or more fat loss (after, for example 30 days of

30 wreatment). In these and other embodiments, a patient may exhibit a gain in muscle of at
Jeast 5%, 10%, 15%, 20%, 25%, 30%, 35%, or more (after, for example 30 days wesks
of treatment}. Numerous other health improvements may also be experienced by a

patient during and after treatment,
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In some embodiments, health improvements experienced during treatment may
persist afler reatment. For example, in some embodiments, muscle gain and/or fat loss
experienced during treatment may continue or stabilize after treatment for a period of at
least three months, at least six months, at least nine months, or more.

in addition to treating obesity, the disclosed formulations also may be used to
treat, provent, and/or manage symptoms of other obesity-related metabolic discases and
conditions, such as nonalecholic fatty liver disease, metabolic syndrome, Duchenne
muscalar dystrophy (MDY}, diabetes, muscle loss due to deconditioning cancer
recovery, hypertension, nonalcoholic steatohepatitis (NASH) and/or dyslipidemia,
During treatment, muscle cells grow at the expense of liver fat storage, thus reversing the
cause of fatty iver. Metabolic improvements generated by treatroent may also prevent
the liver from accumulating excess fat afler treatment. Metabolic syndrome includes
several comrmon symptoms, including high blood sugar (type-II disbetes), high blood
pressure (hypertension), abnormal lipid counts (dyslipidemis), and a variety of other
conditions, Whale current medicines for metabolic syndrome can only target these
conditions mdividually, the disclosed treatments are capable of improving the whole
metabolic system, thus treating the oot causes of these diseases. DMD is a severs type
of muscular dystrophy, and one of the most common X-linked recessive Mendelian
diseases. Approximately 1 in 5,000 males are born with DMD, resulting in muscle loss,
fat content increase and loss of the ability to walk, Currently, steroids {with extensive
side effects) are the only available treatment for DMD. Compared to sisroids, the
diselosed treatments have higher efficacy and reduced side effects and thus have the
potential to significantly improve the lives of DMD patients.

The disclosed therapeutic compounds and treatment methods are designed to
reduce {and in some cases climinate) obesity in a patient as well as related diseases and
conditions. The disclosed compounds and methods may be used in any mammalian
patient, including humans, primates, dogs, cats, mice, or any other mammal. Prior to
conducting clinical trials in humans, experiments were conducted in mice and human
adipocytes and myocytes. Clindcal data from these trials are described below,

Murine Models

in a first climical experiment, the effect of 2 themapeuntic compound, as described

above, at times referred to herein as “M4,” was evaluated in obese and non-obese mice

against a control,
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The “M4” therapeutic compound administered to the test subjects was prepared
following the teachings of US RE44,77¢.
A total of 42 test subjects were included in the study, with 21 obese and 21 non~

obese test subjects. The test subjects were provided with three different doses (Smg/Kg,

(¥

10mg/Kg and 20mg/Kyg) of the therapeutic compound for a period of four weeks, During
the course of treatment, obese subjects were fed a 60% fat diet and non-obese subijects
were fod a 10% fat diet. Weight of the test subjects was recorded twice a week,

The test subjects {mice) participating in the study were black 6 (B6-M) and diet-
induced obese B (B6-DIO-M), provided by Taconic Biosciences. Both models shared
10 the same genotype. Phenotypic differences in the test subjects were due to percent fat in

diet {i.e.,, 10% as compared to 60%).
The diet for the test subjects was a rodent diet with 109 keal% fat (#D 124505
and rodent diet with 60% keal%fat (#12124921), provided by Research Diets, Ine.
All test subjects were housed separately in a 0.22 micron high-energy particular
15 absorber (HEPA) filtered vivarium. There were three ireatrnent groups in the study: a
low dose treatment group {5 mp/Kg), 8 medium dose treatment group (10 mg/Kg), and a
high dose treatment group (20 mg/Kg). Three mice were included in each treatment
group. Drog formulations and conirol formulations were adminisiered via tail vein
irjection twice a week.
20 Three stock solutions of M4 and serambled LNA were produced for the study and
sterilized by filtration. The stock solutions were produced as follows: a 2.5 mg/mL for
the 5 mg/Kg group, a § mg/mL solution for the 10 mg/Kg group, and 2 10 mg/mL
solution for the 20 mg/Kg group. For cach treatment, a dosing of 2 ul/g was administered
to the fest subject. Dosing was determined by model weight (in grams).

Non-Qbese Low Dose Study Results

]
W

FIG. 1 dlustrates the average weight change over time for the non-chese low dose
{5 mg/Kg) controf group and test group during days 1-32 of the study. As shown in FIG.
1, the non-obese control exhibited a gradual increasing trend throughout the testing
period and the group treated with M4 displayed a similar trend, however, weight change
3 decreased after day 28 for the M4 group. Without wishing to be bound by theory, M4
seems to present higher weight gain as compared to the control. The weight gain
observed is largely attributed to muscle gain in the individuals that have Httle fat to lose.

At the end of the treatment time pertod, non-obese models who were injected with 5
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mg/Kg of the control had 4.85% larger change in weight compared to those treated with
M4,

FIG. 2 illustrates the average weight change over time for the non-obese low dose
{5 mg/Kg} control group and the group treated with M4 during days 59-85 of the study.

As shown in FIG. 2, the non-obese control group exhibited a gradual increasing
irend through the testing period and the M4 group displayed a slight increase, but
exhibited fluctuations in weight change throughout days 59-85.

FEGS. 3A and 3B are photographs of the subcutancous fat of non-obese test and
comtrol participants given the low dose (5 mg/Kg) treatment in the study.

FIGS. 4A and 4B are photographs of the muscle (with subcutaneous fat removed)
of non-obese test and control participants given the low dose (8 mg/Kg) treatment in the
stady.

FIGS. 5A-3C are photographs of the livers of non-obese low dose study
participants. In particular, FIG. 5A shows the liver of a naive mouse, FIG. 5B dows the
fiver of a control mouse, and FIG, 5C shows the liver of a mouse treated with M4,

FIG. 6 18 a chart iflustrating average heart weight for non-obese study participants
who received g low dose (5 mg/Kg) treatment. As shown in FIG. 6, on average, pon-
obese control nice had the heaviest hoarts while the naive had the lightest hearts.
However, the averages between the three groups are within the same range.

FIGB. 7A-TC are photographs showing the hearts of low dose study participants.
In particular, FIG. 7A shows the heart of & naive mouse, FIG. 78 shows the heart of g
control mouse, and FIG. 7C shows the heart of 3 mouse treated with M4,

FIGS. 8A-8C are photographs showing subcutaneous fat of non-obese low dose
{3 mg/Kg) study participants. In particular, FIG. 8A shows subcutaneous fat of a naive
specimen, FIG. 8B shows subcutaneous fat of a control specimen, and FIG. 8C shows
subcutansous fat of an M4 specimen.

FIG. 9 is a chart showing average IP fat for non-obese low dose (5 mg/Kg) study
parlicipants.

FIGS. 10A-10C are photographs showing IP fat of non-obese fow dose (5
mg/Kg) study participants. In particular, FIG. 10A shows IP fat of a naive specimen,
FIG, 108 shows IP fat of a control specimen, and FIG, 10C shows IP fat of an M4
spectmen.

FIGS. 11A-11C are photographs showing kidneys of non-obese low dose (5
mg/Kg) study participants. In particular, FIG. 114 shows a kidney of a naive specimen,

9
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FIG. 11B shows a kidoey of a control specimen, and FIG. 11C shows a kidoey of an M4
specimen,

FIG. 12 is a chart of average kidney weight in non-obese low dose (5 mg/Kg)
study participants.

Non-Obese Medium Dose Study Resulis

FIG. 13 illustrates the average weight change over time for the nopn-obese
medium dose {10 mg/Kg) control group and test group during days 1-32 of the study. As
shown in FIG. 13, both the control group and the group treated with M4 exhibited a
positive weight change from day 2-32. Overall, M4 has the higher weight change pattern
and specumens injected with M4 exhibited higher weight gain. At the end of the
treatment period, non-obese participants injected with control had 7.73% smaller change
m weight as compared 1o those injected with M4.

FIG. 14 iflustrates the average weight change of these study participants during
days 57-85 of the study.

FHGE. 154 and 138 are photographs of the subcutaneous fat of non-obese fest
and control participants given the medium dose (10 mg/Kg) treatment in the study.

FIGS. 16A and 168 are photographs of the muscle (with subcutaneous fat
removed} of non-obese test and control participants given the medium dose {10 mg/Kg)
treatment in the study.

FIG. 17 is a chart showing average liver weight for non-ohese medium dose (10
mg/Kg) study participants.

FIGS. 18A-18C are photographs of the livers of non-obese medium dose study
participants. In particular, FIG. 18A shows the liver of a uatve mouse, FIG. 188 shows
the Hiver of a control mouse, and FIG. 183C shows the liver of 3 mouse treated with M4,

FIGS. 18A-18C are photographs showing the hearts of medinm dose study
participants, In particular, FIG. 19A shows the heart of a paive mouse, FIG. 198 shows
the heart of a control mouse, and FIG. 19C shows the heart of 2 mouse treated with M4,

FIG. 20 is a chart illustrating average subcutaneous fat for non-obese mediom
dose (10 mg/Kg) study participants.

FIGS. 21A-21C are photographs showing subcutaneous fat of non-obese medium
dose (10 mg/Kg) study participants. In particular, FIG. 21 A shows subcutaneous fat of a
naive specimen, FIG. 21B shows subcutancous fat of a control specimen, and FIG. 21C

shows subcutaneous fat of an M4 specimen.

19
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FIG. 22 s a chart showing average [P fat for non-obese medivm dose (10 mg/Kg)
study participants.

FIGS. 23A-23C are photographs showing IP fat of non-obese medium dose (10
mg/Kg) stndy participants. In particular, FIG. 23A shows IP fat of a naive specimen,
FIG. 238 shows IP fat of a control specimen, and FIG, 23C shows IP fat of an M4
specimen,

FIG. 24 is a chart of average kidoey weight in non-obese medium dose (10
mg/Kg) study participants,

FIG8, 25A-25C are photographs showing kidneys of non-obese medium dose (10
mg/Kg} study participants. In particular, FIG. 25A shows a kidney of a nafve specimen,
FIG. 258 shows a kidney of a control specimen, and FIG. 25C shows a kidoey of an M4

specimen.

FI1G. 26 iHlustrates the average weight change over time for the non-ohese high
dose (20 mg/Kg) control group and test group during days 1-33 of the study. As shown
i FIG. 26, both the control group and the group treated with M4 exhibited a positive
weight change from day 3-33, Overall, M4 scems 1o exhibit 4 lower average weight
change pattern compared to the control. At the end of the treatment period, non-obese
participants injected with control had 3.89% larger change in weight as compared to
those yected with M4,

F1G. 27 tlustrates the average weight changs of these study participants during
days 63-88 of the study.

FIGS. 28A and 288 are photographs of the subcutancous fat of non-obese test
and control participants given the high dose {20 mg/Kg) treatment in the study. FIG.
28A shows the control participant and FIG. 288 shows the M4 participant.

FIG, 29 is a chart showing average liver weight for non-obese high dose (20
mg/Kg) study participants.

FIGS. 30A-30C are photographs of the livers of non-obese high dose study
participants. Tn particular, FIG. 30A shows the Hiver of 3 naive mouse, FIG. 30B shows
the liver of a control mouse, and FIG. 30C shows the liver of a mouse treated with M4,

FI(. 31 is a chart illusirating average heart weight for non-obese study

participants who received a high dose (20 mg/Kg) treatment.
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FIGS, 32A-32C are photographs showing the hearts of high dose study
participants. In particnlar, FIG. 32A shows the heart of a naive mouse, FIG, 328 shows
the heart of a control mouse, and FIG. 32C shows the heart of 8 mouse freated with M4,

FIG. 33 1 a chart dllustrating average subcutanecus fat for non-obese high dose

20 mg/Kg) study participants.

FIGS. 34A-34C are photographs showing subcutaneous fat of non-obese high
dose (20 mg/Kg) study participants. In particular, FIG. 34A shows saboutaneous fat of a
naive specimen, FIG. 34B shows subcutaneous fat of a control specimen, and FIG. 34C
shows subcutsneous fat of an M4 specimen,

FIG. 35 is a chart showing average IP fat for non-obese high dose (20 mg/Kg)
study participants.

FIGS. 36A-36C are photographs showing IP fat of non-obese high dose (20
mg/Kg) study participants. In particular, FIG. 36A shows IP fat of a naive specimen,
FIG. 368 shows IP fat of a control specimen, and FIG, 36C shows IP fat of an M4
specimen.

FIG. 37 is a chart of average kidney weight in nonobese high dose (20 mg/Kg}
study participants,

FIGS. 38A-38C are photographe showing kidneys of non-obese high dose (20
mg/Kg) study participants, In particular, FIG. 384 shows a kidney of a naive specimen,
FIG. 388 shows a kidney of a control specimen, and FIG. 38C shows a kidney of an M4
specimen,

{bese Low Dose Study Resulis

FIG. 39 illustrates the average weight change over time for the obese low dose (5
mg/Kg) control group and test group during days 1-33 of the study. As shown in FIG.
39, the obese control exhibited a gradual increasing weight trend for 31 days. M4
displays the same trend with a large porcent increase in weight from days 14-24 and a
large decrease in weight on day 28. At the end of the treatment time period, ohese
models who were Injected with 5 mg/Kg of the control bad 2.02% smaller change in
weight compared to those treated with M4,

FIG. 40 ilhustrates the average weight change over time for the obese low dose {5
mg/Kg) control group and the group treated with M4 during days 59-74 of the study.

FIGS. 414 and 41B are photographs of the subcutaneous fat of obese test and
control participants given the low dose {5 mg/Kg} treatment in the study. FIG. 41A
shows the control participant and FI(G. 41B shows the M4 participant.
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FIG, 42 is a chart showing average Hver weight for obese low dose {5 mg/Kg)
study participants.

FIGS. 43A-43C are photographs of the livers of obese low dose study
participants. In particular, FIG. 43A shows the liver of 2 naive mouse, FIG. 438 shows
the liver of a control mouse, and FIG, 43C shows the liver of a mouse treated with M4,

FIG. 44 s a chart illustrating average heart weight for obese study participants
who received a low dose (5 mg/Kg) treatment.

FIGS, 45A-45C are photographs showing the hearts of low dose obese study
participants. In particular, FIG. 45A shows the heart of a nalve mouse, FIG. 458 shows
the heart of a control mouse, and FIG. 45C shows the heart of a mouse treated with M4,

FIG. 46 is a chart showing average IP fat of obese low dose (5 mg/Kg) study
participants,

FIGS. 47A-47C are photographs showing IP fat of obese low dose (5 mg/Kg)
study participants. In particular, FIG. 47A shows IP fat of & naive specimen, FIG. 478
shows IP fat of a control specimen, and FIG. 47C shows IP fat of an M4 specimen,

FIG. 48 15 a chart of average kidney weight in obese low dose (5 mp/Kg) study
participants.

FIGS. 49A-49C are photographs showing kidneys of obese low dose (5 mg/Kg)
study participants. In particular, FIG. 494 shows kidneys of a maive specimen, FIG. 498
shows kidneys of a control specimen, and FIG. 49C shows kidneys of an M4 specimen.

Ohese Medium Dose Study Results

FIG. 50 illustrates the average weight change over time for the obese medivm
dose (10 mg/Kg) control group and test group during days 1-32 of the study. As shown
in FIG. 50, the obese control exhibited a gradual increasing weight trend for 31 days.
M4 displays the same trend with fluctuations between days 8 and 18, The fluctuations
cease after day 18 and exhibit a large increase thereafter. At the end of the treatment
time period, obese models who were injected with 10 mg/Kg of the control had 2.02%
smaller change in weight compared to those treated with M4,

FIG. 51 illustrates the gverage weight change over time for the obese medium
dose (10 mg/Kg) control group and the group treated with M4 during days §7-75 of the
study.

FIGS. 52A and 52B are photographs of subcutaneous fat of obese test and control
participants given the medivm dose {10 mg/Kg) treatment in the study, FIG. 524 shows

the control participant, and FIG. 528 shows the M4 participant.
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FIG. 53 18 a chart showing average liver weight for obese medium dose (10
mg/Kg) study participanis.
FIGE. 54A-34C are photographs of the livers of obese medium dose study
participants. In particudar, FIG. 54A shows the Hver of a naive mouse, FIG. 54B shows
S the liver of 3 control mouse, and FIG. 534C shows the liver of a mouse treated with M4,
FIG. 55 is a chart illustrating average heart weight for obese study participants
who received a mediom dose (10 mg/Kg} treatment.
FIGB. 56A-36C are photographs showing the hearts of medium dose obese stady
participants. In particular, FIG. 56A shows the heart of a natve mouse, FIG. 368 shows
10 the heart of a control mouse, and FIG. 56C shows the heart of 3 mouse treated with M4,
FIG. 57 is a chart illustrating average subcntaneous fat for obese medium dose
(10 mg/Kg) study participants.
FIGS. 58A-58C are photographs showing subcutaneous fat of obese medium
dose (10 mg/Xg) study participants. In particolar, FIG, 58A shows subcutaneous fat of a
15 naive specimen, FIG. S8B shows subcutancous fat of a control specimen, and FIG. 58C
shows subcutaneous fat of an M4 specimen.
FIG. 39 is a chart showing average [P fat of obese medium dose {10 mg/Kg)
stady participants.
FIGS. 60A-60C are photographs showing TP fat of obese medium dose (10
20 mg/Kg) study participants. In particular, FIG. 60A shows IP fat of a naive specimen,
FIG. 608 shows IP fat of a control specimen, and FIG. 60C shows IP fat of an M4
specumen.
FIG. 61 is a chant of average kidney weight in obese medivm dose (10 mg/Kg)
study participanis.
25 FIGS. 62A-62C are photographs showing kidneys of obese medium dose (10
mg/Kg) study participants. In particular, FIG, 62A shows kidneys of a naive specimen,
FIG. 628 shows kidneys of a control specimen, and FIG. 62C shows kidneys of an M4
specimen.

Obese High Dose Study Results

30 FIG. 63 illustrates the average weight change over time for the obese high dose
{20 mg/Kg} control group and test group during days 1-33 of the study. As shown in
FIG. 65, both the obese control and M4 groups exhibited a posttive weight change. M4

displays a lower overall average. At the end of the treatment time period, obese models
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who were injected with 20 mg/Kg of M4 had 6.39% smaller change in weight compared
to those treated with the control,
FIG. 64 illustrates the average weight change over time for the obese high dose

20 mg/Kg) controf group and the group treated with M4 doring days 63-81 of the study.

L

FIGS. 65A and 658 are photographs of subcutaneous fat of obese test and control
participants given the high dose (20 mg/Kg) treatment in the study. FIG, 65A shows the
control participant and FIG. 658 shows the M4 participant.

FIG. 66 is a chart showing average Hver weight for obese high dose (20 mg/K g}
study participanis.

10 FIGS. 67A-67C are photographs of the livers of obese high dose study
participants. In particular, FIG. 67A shows the liver of 3 naive mouse, FIG. 67B shows
the liver of a control mouse, and FIG. 67C shows the liver of a mouse treated with M4.

FIG. 68 is a chart illustrating average heart weight for obese study participants
who received a high dose (20 mg/Kg) treatment.

i85 FIGS. 69A-69C are photographs showing the hearts of high dose obese study
participants. Tn particular, FIG. 69A shows the heart of 2 najve mouse, FIG. 69K shows
the heart of a control mouse, and FIG. 69C shows the heart of 3 mouse treated with M4.

FiG. 70 is a chart showing average IF fat of obese high dose (20 mg/Kg) study
participants.

20 FIGS. TLA-71C are photographs showing IP fat of obese high dose (20 mg/Kg)
study participants. In particular, FIG. 71A shows IP fat of a naive specimen, FIG. 71B
shows IP fat of a control specimen, and FIG. 71C shows IP fat of an M4 specimen.

FIG. 72 is a chart of average kidney weight in obese high dose (20 mg/Kg) study
participants.

25 FIGB. 73A-73C ave photographs showing kidneys of obese high dose (20 mg/Kg)
study participants. In particular, FIG. 73A shows kidneys of a nafve specimen, FIG. 738
shows kidneys of a control specimen, and FIG. 73C shows kidneys of an M4 specimen.
In surnmary, the murine study participants exhibited a 30% (average) fat loss. 25% of
study participants gained muscle. There was no evidence of toxicity of the therapeutic

30 agent(s}). Reduced fatty liver infiltration was also noted for study participants,

Effectiveness exiending beyond treatment timeline was noted, such as greater than 6

months of effectiveness {20-50% of mice lifespan). Long-term prevention of meiabolic

syndrome was also noted.

Adipocyte Calinre Models
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The following experimentation was performed to deterntine the efficacy of M4
treatment on human adipocyte cells. In this experimentation, preadipocytes were
obtained from Lonza Group (Lonza, Basel, Switzerland). The adipocyies were fsolated

from fat from normal, un-diseased donors.

L9

Human preadipocyte cells, as opposed t© human adipocytes, were used in the
following experiment, The maintenance media used was preadipocyte growth medium-2
(PGM-2} plus supplements: preadipocyte basal medium (500 mL), FBS (10%), L-
ghutamine (2 mg/mL}, GA-1000 (30 ug/mL). The differentiation media used was PGM-
2 {100 ml}, insulin (2 mg/ml), dexamethasone (0.2 mg/mL), indomethacin (0.4
10 mg/mb}, isobutyl-methylaanthine (0.2 mg/mL).

Primary Iniman preadipocytes were pre-plated in 6 well plates and induced to
become adipocytes. The adipocytes were then exposed to (.08 mg/mL experimental
compound or a control vehicle for 14 days. The resulting cells were snalyzed by phase
contrast microscopy set (o identify lipid engorged cells, MTT (viability), a cell staining,

15 FIGS. 74A-74B show images of control human adipocyte cultures obiained with
Hght microscopy. In particular, FIG. 74A shows a calture at high magnification and
FIG. 748 shows the same culture at low magnification. Lipid engorged and nou-
engorged human adipocvies can be seen in FIGS. 74A-74B,

FI(8. 75A and 758 show images of human adipocyte cultures having lipid

20 engorged adipocytes. The images shown in FIGS. 75A and 758 were obtained using
low magnification phase contrast microscopy. FIG. 75A shows cells exposed to a
control and FIG. 758 shows cells exposed to M4. As shown in FIGS. 75A and 758,
significantly more lipid engorged adipocytes are present in the control sample as
compared to the sample treated with the experimental compound,

FIGRS. 76A and 768 show images of human adipocyte cultures having lipid
engorged adipocytes. The images shown in FIGS. 76A and 76B were obtained using
low magnification phase contrast micrographs, FIG. 76A shows cells exposed to a
control and FIG. 768 shows cells exposed to M4, As shown in FIGS. 76A and 768,
significanily more lipid engorged adipocytes are present in the control sample as
3¢ compared to the sample treated with the experimental compound.

FIGS. 77A and 77B show images of human adipocyte cultures having lipid
engorged adipocytes. The tmages shown in FIGS. 77A and 77B were obtained using
low magnification phass conirast micrographs. FIG. 77A shows cells exposed to g

control and FIG. 77B shows cells exposed to M4, As shown in FIGS. 774 and 778,

16
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significantly more lipid engorged adipocytes are present in the control sample as
compared to the sample treated with the experimental compound,

FIGS. 78A and 788 show images of human adipocyte cultures obtained using
crystal viclet stain (DNA and protein stain}. FIG. 78A shows cells exposed to a control
and FIG. 788 shows cells exposed to M4, The similar number of cells shown in FIGS.
78A and 788 suggests the difference in the number of Hpid engorged cells is not a result
of eytotoxicity,

FIGS. 79A and 79B are images of human adipocytes obtained by MTT to
approximate reduced cofacior NADH/NADPH levels. FIG. 79A shows cells exposed to
a control and FIG. 79B shows cells exposed to M4, As shown in FIGS. 794 and 798,
both adipocyte populations are viable and there are slightly higher concentrations of
reduced nucleotides in the control sample,

FIG. 80 iz a chart showing quantitative MTT results as measured for control
samples and M4 samples. As shown fn FIG. 80, the control cells have slightly higher
levels of NADH/NADPH. Without wishing to be bound by theory, M4 treatment may
reduce the level of white fat in a patient, possibly replacing some or all of the white fat
with brown fat. As brown fat uses up reduced cofactors to generate heat, reduced levels
of these cofactors when there are the same number of cells may indicate that white
adipocytes are converted to brown adipocytes during ireatment with M4,

These experimental results show there are fewer lipid engorged adipocytes after
treatment with the experimental commpound, M4, Additionally, the total number of cells
are similar in control and in treatment groups, which indicates low toxicity of M4.
Furthermore, there is less reduced cofactor related MTT reduction in the ireatment

group, which is consistent with “leaky” brown fat cells.
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What is claimed:

i A method for treatment of obesily and obesity-related metabolic diseases in
antmals which method comprises increasing the animal’s metabolic function by
administering to the animal a therapeutically effective amount of an antisense
oligonucleotide,

2. The method of claim 1, wherein the antisense oligonucleotide has a siructure

defined by the following formula:

wherein B is a pyrimidine or purine nueleic acid base, an analogue thereof, X and Y are
identical or different, and each represents a hydrogen atorn, an alkyl group, an alkenyl
group, an alkyny! group, a cycloalicyl group, an aralkyi group, an aryl group, an acyl
group, or a sihyl group, or an amidite derivative thereof
3 The method of claim 2, wherein B includes the following sequence:

Sequence (§7-3") HGFHTHHTRGHARGHAFTEARGHOS ARITHOR ARG,
4. The method of claim 1, wherein the therapeutic agent is administered orally,
parenterally, topically, directly to the lungs, rectally or vaginally.
s, The method of claim 1, whersin the antisense oligonucieotide is administered m a
dose of between | mg/kg and 20 mg/kg based on the patient’s weight in kg,
8. The method of claim S, wherein the dose is administered once, twice or, three

time or more per day.

7. The method of claim 3, wherein treatment is continued daily for 30, 45, 60 or 90
days.
2. The method of claim 1, wherein the animal is 3 hunan, and the disease is selected

from the group consisting of nonalecholic fatty liver disease, metabolic syndrome,
Duchenne rauscular dystrophy (IMD), diabetes, cancer recovery, muscle loss due to
deconditioning, hypertension, nonalecholic steatohepatitis (NASH), dysipidemia and

obesity.

ig8
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g A therapeutic formulation for treatment of obesity, and obesity-related metabolic
diseases comprising an antisense oligonucleotide in a pharmaceutically acceptable carrier
therefor,

10, The formulation of claim 9, wherein the antisense oligonucleotide has a structure

5 defined by the following formula:

wherein B is 2 pyrimidine or purine nucleic acid base, an analogue thereof, X and Y are
identical or different, and each represents a hydrogen atom, an alkyl group, an alkenyl
group, an alkynyl group, a cycloalkyl group, an aralkyl group, an ary! group, an acyl

10 group, or a silyl group, or an amidite derivative thereof,
11, The formulation of claim 10, wherein B inchudes the following sequence:

Sequence (57-37): HEMHTHHTHGHARGRFATTHAFGRORARFTHCHHARG,

12, The formulation of claim 9, wherein the therapeutic agentisina
pharmaceuntically accepiable carrier selected form the group consisting of a tablet,

15 capsule, liquid, solution, suspension, syrup, elixir, cream, ointment, lotion, gel, patch,
dry powder and suppository.
13, The formulation of claim 9, wherein the antisense oligonucleotide is in an unit
dosage form.
14, The formulation of claim 9, wherein the disease is selected from the group

20 consisting of nonalcoholic fatty liver disease, metabolic syndrome, Duchenne muscular
dystrophy {DMD), diabetes, cancer recovery, muscle loss due to deconditioning,

hypertension, nonalcoholic steatohepatitis (NASH), dyslipidemia and obesity.

19
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