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Methods and Compositions for Inducing Brown Adipogenesis

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Serial No. 63/191,271, filed May 20, 2021,
the disclosure of which is hereby incorporated by reference in its entirety, including all figures,

tables and amino acid or nucleic acid sequences.

STATEMENT REGARDING SEQUENCE LISTING
[0002] The Sequence Listing for this application is labeled “Seq-List.txt” which was created
on May 20, 2022 and is 24513 bytes. The entire content of the sequence listing is incorporated

herein by reference in its entirety.

TECHNICAL FIELD

[0003] The present disclosure relates to compositions and methods related to enhancing brown
adipocytes, and/or brown adipocyte mass, in conditions such as type 2 diabetes, obesity,
insulin-resistance, and dyslipidemia and which results in body weight loss and improves other
parameters of metabolic health such as blood glucose and insulin through the recruitment of
brown adipocyte stem/progenitor cells to increase the mass of brown adipose tissue (BAT) and

increase energy expenditure or metabolic rate with no significant effects on food intake.

BACKGROUND

[0004] The epidemic of obesity is closely associated with increases in the prevalence of
diabetes, hypertension, coronary heart disease, cancer and other disorders. The role of white
adipose tissue is to store lipids, and it is associated with obesity. The role of brown adipose
tissue ("BAT") is effectively the opposite. It is specialized in lipid combustion and the
dissipation of energy as heat. Indeed, the brown adipocyte contains numerous mitochondria (in
which cellular combustion occurs) and uniquely expresses uncoupling protein-1 ("UCP1").
UCPI acts as an uncoupler of oxidative phosphorylation, resulting in dissipation of energy as
heat. The sympathetic nervous system stimulates mitochondriogenesis and UCP1 expression
and activity. BAT-associated thermogenesis in rodents is increased upon exposure to low
temperature (e.g., preventing hypothermia) or as a result of overeating, burning excess

absorbed fat and preventing weight gain. BAT, by modifying susceptibility to weight gain and
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by consuming large amounts of glucose, also improves insulin sensitivity. It therefore plays an
important role in the maintenance of body temperature, energy balance and glucose metabolism.
[0005] Experiments with transgenic animals support the potential anti-obesity properties of
BAT. For example, the genetic ablation of BAT has been reported to cause obesity, while
genetic increase in the amount and/or function of BAT (and/or UCP1 expression) reportedly
promotes a lean and healthy phenotype. Specifically, mice with a higher amount of BAT gain
less weight and are more insulin-sensitive than control mice. Recently, ectopic BAT depots
were evidenced in the mouse muscle, which have been shown to provide a genetic mechanism

of protection from weight gain and metabolic syndrome.

SUMMARY

[0006] The present disclosure provides compositions for the treatment of metabolic disease,
including obesity, excess body fat, overweight, diabetes, hyperglycemia, insulin resistance,
hyperlipidemia, and other conditions in a patient or animal. The methods disclosed herein
utilize a combination of compounds that affect energy expenditure, for example enhance
energy expenditure, in subjects or animals treated with the compounds.

[0007] This disclosure demonstrates that human Fibroblast Growth Factor-7 (hFGF7) and
analogs thereof induce body weight loss and improve other parameters of metabolic health
such as blood glucose and insulin through the recruitment of brown adipocyte stem/progenitor
cells to increase the mass of BAT and increases energy expenditure or metabolic rate with no
significant effects on food intake. Surprisingly, applicants found that the effects were enhanced
when a combination of agents was used. For example, when bezafibrate and oxaprozin were
co-administered with the GLP-1 receptor agonist semaglutide, the effects on body weight, and
several other parameters of metabolic health were more than additive. These findings would
not be expected by those skilled in the art. In addition, it was found that the effects of hFGF7,
when used in combination with GLP-1 receptor agonists were much greater than expected. For
example, when hFGF7 was co-administered with the GLP-1 receptor agonist semaglutide, the

effects on body weight were more than additive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIGURE 1 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day, also known as

EGS2632) and semaglutide (0.012 mg/kg BW by intraperitoneal injection every 3 days) on
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body weight in Diet-Induce Obese (DIO) mice. Bezafibrate+oxaprozin with semaglutide
synergistically lowered body weight.

[0009] FIGURE 2 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and semaglutide
(0.012 mg/kg BW by intraperitoneal injection every 3 days) on body fat (measured by magnetic
resonance imaging, MRI) in DIO mice (body fat in grams). Bezafibratet+oxaprozin with
semaglutide synergistically lowered body fat mass.

[0010] FIGURE 3 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and semaglutide
(0.012 mg/kg BW by intraperitoneal injection every 3 days) on liver fat (liver triglycerides
(%)/liver weight) in DIO mice. Bezafibratetoxaprozin with semaglutide synergistically
lowered liver fat.

[0011] FIGURE 4 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and semaglutide
(0.012 mg/kg BW by intraperitoneal injection every 3 days) on plasma leptin levels in DIO
mice. Leptin is a hormone produced by white adipocytes that serves as a measure of total body
fat stores. Bezafibrate+oxaprozin with semaglutide synergistically lowered leptin levels.
[0012] FIGURE 5 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) with either
semaglutide (0.012 mg/kg BW by intraperitoneal injection every 3 days), exenatide (0.05
mg/kg by intraperitoneal injection every day), or lixisenatide (0.243 mg/kg by intraperitoneal
injection every day), on blood glucose levels in DIO mice. It should be noted that while the
DIO mouse is a model of obesity and insulin resistance (prediabetes), mice have only mildly
elevated non-fasting and fasting blood glucose.

[0013] FIGURE 6 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) with either
semaglutide (0.012 mg/kg BW by intraperitoneal injection every 3 days), exenatide (0.05
mg/kg by intraperitoneal injection every day), or lixisenatide (0.243 mg/kg by intraperitoneal
injection every day), on plasma insulin levels in DIO mice. Bezafibratetoxaprozin with
semaglutide synergistically lowered insulin (pvalue 3.1e-03); bezafibratetoxaprozin with
exenatide or with lixisenatide showed a trend toward synergy (pvalues of 1.0e-01 and 1.2e-01,

respectively).
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[0014] FIGURE 7 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and semaglutide
(0.012 mg/kg BW by intraperitoneal injection every 3 days) on insulin sensitivity in DIO mice,
as determined using the homeostasis model assessment of insulin resistance (HOMA-IR).
Bezafibrate+oxaprozin with semaglutide reduced HOMA-IR beyond the reduction achieved
with semaglutide alone.

[0015] FIGURES 8 and 8A show the effects of the combination of hFGF7 at 1 mg/kg BW or
at 0.5 mg/kg BW (by intraperitoneal injection once a day) and semaglutide (0.012 mg/kg BW
by intraperitoneal injection every 3 days) on body weight in DIO mice (Fig. 8). Fig. 8A shows
body weight at study terminus. Both doses of hFGF7 with semaglutide synergistically lowered
body weight.

[0016] FIGURES 9 and 9A show the effects of the combination of hFGF7 at 1 mg/kg BW or
at 0.5 mg/kg BW (by intraperitoneal injection once a day) and semaglutide (0.012 mg/kg BW
by intraperitoneal injection every 3 days) on epididymal white adipose (WATepi) depot weight
(an index of body fat mass) in DIO mice. The results are shown as a percentage of body weight
(Fig. 9) or in mg (Fig. 9A).

[0017] FIGURE 10 shows the effects of the combination of hFGF7 at 1 mg/kg BW or at 0.5
mg/kg BW (by intraperitoneal injection once a day) and semaglutide (0.012 mg/kg BW by
intraperitoneal injection every 3 days) on plasma leptin levels in DIO mice.

[0018] FIGURE 11 shows the effects of the combination of hFGF7 at 1 mg/kg BW or at 0.5
mg/kg BW (by intraperitoneal injection once a day) and semaglutide (0.012 mg/kg BW by
intraperitoneal injection every 3 days) on blood glucose levels in DIO mice.

[0019] FIGURE 12 shows the effects of the combination of hFGF7 at 1 mg/kg BW or at 0.5
mg/kg BW (by intraperitoneal injection once a day) and semaglutide (0.012 mg/kg BW by
intraperitoneal injection every 3 days) on plasma insulin levels in DIO mice.

[0020] FIGURE 13 shows the effects of the combination of hFGF7 at 1 mg/kg BW or at 0.5
mg/kg BW (by intraperitoneal injection once a day) and semaglutide (0.012 mg/kg BW by
intraperitoneal injection every 3 days) on insulin sensitivity in DIO mice, as determined using
the homeostasis model assessment of insulin resistance (HOMA-IR).

[0021] Similarly to the combination of EGS2632 with semaglutide or other GLP-1R agonists,
the magnitude of the effects of the combination of FGF7 or analogs thereof and semaglutide
on body weight could not have been anticipated based on the known effects of these individual

agents. In fact, surprisingly, synergistic effects were observed.
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[0022] FIGURE 14 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and exenatide (0.05
mg/kg by intraperitoneal injection every day) on body weight in DIO mice.
Bezafibrate+oxaprozin with exenatide synergistically lowered body weight.

[0023] FIGURE 15 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and exenatide (0.05
mg/kg by intraperitoneal injection every day) on body fat (measured by magnetic resonance
imaging, MRI) in DIO mice (body fat in grams). Bezafibratetoxaprozin with exenatide
synergistically lowered body fat mass.

[0024] FIGURE 16 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and exenatide (0.05
mg/kg by intraperitoneal injection every day) on liver fat (liver triglycerides (%)/liver weight)
in DIO mice. Bezafibratet+oxaprozin with exenatide synergistically lowered liver fat.

[0025] FIGURE 17 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and exenatide (0.05
mg/kg by intraperitoneal injection every day) on plasma leptin levels in DIO mice. Leptin is a
hormone produced by white adipocytes that serves as a measure of total body fat stores.
Bezafibrate+oxaprozin with exenatide reduced leptin levels beyond the reduction achieved
with exenatide alone.

[0026] FIGURE 18 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and exenatide (0.05
mg/kg by intraperitoneal injection every day) on insulin sensitivity in DIO mice, as determined
using the homeostasis model assessment of insulin resistance (HOMA-IR).
Bezafibrate+oxaprozin with exenatide synergistically lowered insulin resistance.

[0027] FIGURE 19 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and lixisenatide
(0.243 mg/kg by intraperitoneal injection every day) on body weight in DIO mice.
Bezafibrate+oxaprozin with lixisenatide synergistically lowered body weight.

[0028] FIGURE 20 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and lixisenatide
(0.243 mg/kg by intraperitoneal injection every day) on body fat (measured by magnetic
resonance imaging, MRI) in DIO mice (body fat in grams). Bezafibratet+oxaprozin with

lixisenatide synergistically lowered body fat mass.
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[0029] FIGURE 21 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and lixisenatide
(0.243 mg/kg by intraperitoneal injection every day) on liver fat (liver triglycerides (%)/liver
weight) in DIO mice. Bezafibrate+oxaprozin with lixisenatide synergistically lowered liver fat.
[0030] FIGURE 22 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and lixisenatide
(0.243 mg/kg by intraperitoneal injection every day) on plasma leptin levels in DIO mice.
Leptin is a hormone produced by white adipocytes that serves as a measure of total body fat
stores. Bezafibrate+oxaprozin with lixisenatide synergistically lowered leptin levels.

[0031] FIGURE 23 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and lixisenatide
(0.243 mg/kg by intraperitoneal injection every day) on insulin sensitivity in DIO mice, as
determined using the homeostasis model assessment of insulin resistance (HOMA-IR).
Bezafibrate+oxaprozin with lixisenatide reduced insulin resistance beyond the reduction
achieved with lixisenatide alone.

[0032] FIGURE 24 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and dulaglutide
(0.6 mg/kg by intraperitoneal injection once weekly) on body weight in DIO mice.
Bezafibrate+oxaprozin with dulaglutide synergistically lowered body weight.

[0033] FIGURE 25 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and dulaglutide
(0.6 mg/kg by intraperitoneal injection once weekly) on body fat (measured by magnetic
resonance imaging, MRI) in DIO mice (body fat in grams). Bezafibratet+oxaprozin with
dulaglutide synergistically lowered body fat mass.

[0034] FIGURE 26 shows the effects of the combination of bezafibrate (60 mg/kg BW by oral
gavage once a day) + oxaprozin (50 mg/kg BW by oral gavage once a day) and dulaglutide
(0.6 mg/kg by intraperitoneal injection once weekly) on liver fat (liver triglycerides (%)/liver

weight) in DIO mice. Bezafibratet+oxaprozin with dulaglutide synergistically lowered liver fat.

DETAILED DESCRIPTION
[0035] The present disclosure provides compositions for the treatment of metabolic disease,
including obesity, excess body fat, overweight, diabetes, hyperglycemia, insulin resistance,

hyperlipidemia, and others conditions in a patient. The methods disclosed herein utilize a
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combination of compounds that affect energy expenditure, for example enhance energy
expenditure, in subjects treated with the compounds.

[0036] in addition, it has been found that two different compounds used together can provide
synergistic effects on body weight, liver fat, body fat, leptin levels, and/or insulin resistance
such that the effect is greater than the effect that can be obtained with the compounds alone.
For example, one combination of compounds is bezafibrate and ozaprozin in combination with
a Glucagon-Like Peptide-1 (GLP-1) receptor agonist, for example, dulaglutide, semaglutide,
exenatide, liraglutide, lixisenatide, albiglutide, tirzepatide, danuglipron (PF-06882961), PF-
07081532, or LY3502970. Another combination of compounds is human Fibroblast Growth
Factor-7 (hFGF7) or analogs thereof ir: combination with a Glucagon-Like Peptide-1 (GLP-1)
receptor agonist, for example, dulaglutide, semaglutide, exenatide, liraglutide, lixisenatide,
albiglutide, tirzepatide, danuglipron (PF-06882961), PF-07081532, or LY3502970. Ancther
combination of cornpounds that can provide an effect on body weight, Hiver tat, body fat, leptin
fevels, and/or insulin resistance is bezafibrate or analogs thereof in combination with a
Glucagon-Like Peptide-1 (GLP-1) receptor agonist, for example, dulaglutide, semaglutide,
exenatide, liraglutide, lixisenatide, albiglutide, tirzepatide, danuglipron (PF-06882961), PF-
07081532, or LY3502970.

[0037] Accordingly, in one aspect, the disclosure features methods of treating a subject, e.g.,
decreasing fat stores or weight in a subject such as a human. The methods include
admuinistering to the subject a combination of compounds disclosed herein. In a further aspect,
the disclosure features methods of administering a population of compound-activated BAT
progenitor  cells, wherein said population of compound-activated  progenitor  cells
undergo brown adipogenesis following stimulation with a combination of compounds as
disclosed herein.

[0038] The methods can optionally include idestifving a subject i need of
decreasing fat stores or weight. In a further aspect, the disclosure includes methods of
enhancing insulin sensitivity in a subject, ¢.g., a subject that 15 insulin-resistant. The methods
include administering to the subject a compound, or a population of compound-activated BAT
progenitor cells, wherein said population of compound-activated BAT progenitor cells
undergo brown adipogenesis. The methods can optionally include identifying a subject in need
of enhanced insulin sensitivity.

[0039] in anocther aspect, the disclosure features methods of modulating brown adipose tissue

function or development, e.g., promoting BAT adipogenesis, in a subject. The methods include
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administering to the subject a combination of compounds or a population of compound-
activated BAT progentior cells, wherein said population of compound-activated progeunitor
cells undergo brown adipogenesis.

[0040] Asused herein, "compound-activated” means that the BAT progenttor cell or cells have
been treated with the combinations of compounds as described herein. The cells can be
autologous, allogeneic, or xenogeneic.

[0041] In some embodiments, methods described heretn can include tmplanting a population
of compound-activated BAT progenitor cells into a subject. The compound-activated cells can
be implanted directly or can be administered 1u a scaftold, roatrix, or other implantable device
to which the cells can attach (examples include carriers made of e g, collagen, fibronectin,
elastin, cellulose acetate, cellulose wnitrate, polysaccharide, fibrin, gelatin, self-assembling
small peptides, and combinations therecf). In general, the methods include implanting a
population of compound-activated BAT progenitor cells comprising a sufficient number of
cells to promote increased brown adipocyte mass in the subject, e.g., 1o increase the amount of
brown adipocytes in the subject by at least 1%, e.g., 2%, S%, 7%, 10%, 15%, 20%, 25% or
more.  As discussed above, the BAT progenitor cells can be activated by a combination of
compounds that comprise (a) bezafibrate or an analog thereof, (b} oxaprozin or an analog
thereof, and (¢) hFGF7 or analogs thereof, or (d) FGF7 or analogs thereof, for example, human
FGE7 and a GLP-1 receptor agonist, or (e} bezafibrate or an analog thereof and oxaprozin or
an analog thereof and a GLP-1 receptor agonist.

[0042] In general, the subject is a mammal. In some embodiments, the subject ts a human
subject, e.g., an ohese or overweight human subject. In some embodiments, the subject is a
non-human mammal, e.g., an experimental animal, 3 companion animal, or a food animal, e.g.,
a cow, pig, or sheep that is raised for food In some embodiments, the methods include
evaluating the subject for one or more of ) weight, white adipose tissue stores, brown adipose
tissue stores, adipose tissue morphology, insulin levels, insulin metabolism, glucose levels,
thermogenic capacity, and cold seusitivity. The evaluation can be performed before, during,
and/or after the administration of the combination of compounds or compound-activated BAT

14

progenttor cells. For example, the evaluation can be performed at least 1 day, 2 days, 4, 7, 14,

21, 30 or more days before and/or after the administration.
[0043] In some embodiments, the methods include one or more additional rounds of treatment

with a combination of compounds or implantation of compound-activated BAT progenitor
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cells, e g, to increase brown adipocyte mass, €.g., to maintain or further reduce obesity in the
subject.

[0044] iIn some embodiments, the disclosure features a composition that includes, either
individually or in combination {a) bezatibrate or an analog thereof, (b) oxaprozin or an analog
thereof, and (¢ hFGF7 or analogs thereof, wheretn the hFGF7, bezafibrate and oxaprozin or
treat, prevent, or reduce a metabolic disorder (e g., obesity or diabetes). Bezafibrate may also
be referred to as EGS2026 herein. Oxaprozin may also be referred to as EGS2032 herein.
[0045] in other embodiments, the disclosure features a composition that includes, either
individually or in combination {(a) bezafibrate or an analog thereof, (b) oxaprozin or an analog
thereof, {¢} hFGF7 or an analog or avalogs thereof, and {d) a GLP-1 receptor agonist or
agonists, wherein the hFGF7 or analogs thereof, bezafibrate or analogs thereof, oxaprozin or
analogs thereof, and a GLP-1 receptor agonist or agonists are present in amounts that, when
administered o a patient, are sufficient to treat, prevent, or reduce a metabolic disorder {e.g,,
obesity or diabetes).

[0046] The compositions of the disclosure may be formulated for local administration or
systemic administration. If more than one agent is employed, therapeutic agents may be
delivered separately or may be admixed into a single formulation. When agents are present in
different pharmaceutical compositions, different routes of administration may be employed.
Routes of administration for the various embodiments include, but are not limited to, topical,
transdermal, and systemic administration (such as, intravenous, intramuscular, subcutaneous,
inhalation, rectal, buccal, vaginal, intraperitoneal, intraarticular, ophthalmic or oral
administration). As used herein, “systemic administration” refers to all nondermal routes of
administration, and specifically excludes topical and transdermal routes of administration.
Desirably, the agent of the disclosure and additional therapeutic agents are administered within
at least 1, 2, 4, 6, 10, 12, 18, 24 hours, 3 days, 7 days, 10 days, or 14 days apart. The dosage
and frequency of administration of each component of the combination can be controlled
independently. For example, one compound may be administered three times per day, while
the second compound may be administered once per day. Combination therapy may be given
in on-and-off cycles that include rest periods so that the patient’s body has a chance to recover
from any as yet unforeseen side effects. The compounds may also be formulated together such
that one administration delivers the compounds (for example, orally as a solid dosage form

(e.g., powder, tablet, capsule, liquid capsule, etc.) or as an injectable composition). Optionally,
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any of the agents of the combination may be administered in a low dosage or in a high dosage,
each of which is defined herein.

[0047] Generally, when administered to a human, the dosage of bezafibrate and oxaprozin or
analogs thereof are provided in amounts that range for a therapeutically effective amount of
bezafibrate from about 100mg to about 400mg, about 100mg to about 300mg, about 200 mg to
about 450 mg, or about 5mg to about 500mg, and a therapeutically effective amount of
oxaprozin that ranges from about 100mg to about 400mg, about 100mg to about 300mg, about
200 mg to about 450 mg, or about Smg to about 5S00mg, about 300mg to about 900mg, about
300mg to about 1200mg, or about Smg to about 5S00mg for each compound or analogs thereof.
Alternatively, bezafibrate or oxaprozin can be dosed in amounts that range from about 0.001
mg to about 2000 mg per day, desirably about 1 mg to about 1000 mg per day, about 200 mg
to about 400 mg per day or about 5 mg to about 500 mg per day for each compound or analog
thereof. Dosages up to 2000 mg per day for each compound may be necessary. Administration
of each drug in the combination can, independently, be one to four times daily for one day to
one year, and may even be for the life of the patient. Chronic, long-term administration will be
indicated in many cases.

[0048] With respect to the GLP-1 receptor agonists, these compounds can be dosed in the
following amounts:

[0049] Dulaglutide: about 0.5 to about 5 mg per dose (typically once weekly);

[0050] Exenatide: about 0.25 to about 15 mcg per dose, typically between 5 and 10 mcg per
dose, the amounts being dosed daily;

[0051] Exenatide (BYDUREON): about 1 to about 3 mg weekly, preferably about 2 mg weekly;
[0052] Liraglutide: about 0.5 to about 2 mg daily, preferably about 1 to about 1.5 mg daily;
[0053] Lixisenatide, about 5 to about 30 mcg daily, preferably about 10 mcg to about 20 mcg
daily;

[0054] Semaglutide (injectable): about 0.25 to about 1.5 mg weekly, preferably about 0.5 to
about 1.0 mg weekly;

[0055] Semaglutide (oral): about 2.5 to about 20 mg daily, preferably about 7 to about 14 mg
daily.

[0056] Tirzepatide (injectable): about 1 mg to about 30 mg weekly, preferably about 2.5 mg to
about 15 mg weekly;

[0057] Danuglipron: about Smg to about 200mg twice a day;
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[0058] Recommended dosages for GLP-1 receptor agonists are known in the art (see, for
example, Hinuen D Glacagon-Like Peptide 1 Receptor Agomats for Type 2 Dhabetes. Dighefes
Spectr. ZO1730(33:202-210. doi:10.2337/ds16-0026, which 1s hereby incorporated by
reference in its entirety, particularly with reference to Table 1, and https://www.mounjaro.com).
[0059] In certain embodiments, FGF7 and other FGF7 analogs can be used. These analogs can
be modified FGF7 proteins with modification that include, but are not limited to, PEGylation,
fusion to an immunoglobulin (including Fc domains), fusion to Human Serum Albumin (HSA),
fusion to human transferrin, genetic fusion of non-exact repeat peptide sequence (XTENylation,
also known as rPEG), fusion to CTP peptide from human chorionic gonadotrophin -subunit
(CTP fusion), fusion to elastin-like peptide (ELPylation), fusion with artificial GLK (gelatin-
like protein; GLK fusion), fusion to HAP homo-amino acid polymer (HAPylation), and fusion
toproline-alanine-serine polymer (PASylation). Non-limiting examples of these analogs
include SEQ ID NOs: 1-7 (which are disclosed in U.S. Provisional Application 63/067,675,
filed August 19, 2020, having attorney docket number 130204-010400/PRO, and entitled
“Analogs of Human Fibroblast Growth Factors”, the disclosure of which is hereby incorporated
by reference in its entirety). SEQ ID NO: 8 is the sequence for human FGF7. Analogs of
FGF7, including hFGF7, have one or more of the following functional activities: improves
parameters of metabolic health, recruitment of brown adipocyte stem/progenitor cells to
increase the mass of BAT, increases energy expenditure or metabolic rate with no significant
effects on food intake, morphogenesis of epithelium, reepithelialization of wounds, hair
development, early lung organogenesis, and other mitogenic activity in keratinocytes.

[0060] With respect to FGF7 or analogs thereof, for example human FGF7, the amounts
administered to a subject will be on the order of about 0.4 to about 1.5 mg/kg for animals, such
as rodents (e.g., mice, etc.). For humans, the dose administered in the context of this disclosure
will be about 0.001 to about 0.1 mg/kg, preferably about 0.01 to about 0.08 mg/kg. In some
embodiments, these amounts can be reduced by between about 25% and about 80% when used
in combination with a GLP-1 receptor agonist. In certain embodiments, analogs of FGF7 can
be administered at higher doses than human FGF7. For example, the amounts of FGF7 analogs
administered to a subject will be on the order of about 0.4 to about 10 mg/kg or about 3 to about
5 mg/kg for animals, such as rodents (e.g., mice, etc.). For humans, the dose administered in
the context of this disclosure will be about 0.001 to about 1 mg/kg, preferably about 0.01 to
about 0.5 mg/kg.
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[0061] In some embodiments, the GLP-1 receptor agonists disclosed herein, when used in
combination with either FGF7 or analogs thereof or the combination of bezafibrate or an analog
thereot and oxaprozin or an analog thereof, can be administered in reduced amounts, for
example amounts that are between about 25% and about 80% lower than a standard dose.
[0062] The therapeutic agents of the disclosure may be admixed with additional active or inert
ingredients, e.g., in conventional pharmaceutically acceptable carriers. A pharmaceutical
carrier can be any compatible, non-toxic substance suitable for the administration of the
compositions of the present disclosure to a mammal. Pharmaceutically acceptable carriers
include, for example, water, saline, buffers, and other compounds described for example in the
Merck Index, Merck & Co., Rahway, N.J. Slow-release formulation or a slow release apparatus
may be also be used for continuous administration.

[0063] If more than one agent is employed, each agent may be formulated in a variety of ways
that are known in the art. Desirably, the agents are formulated together for the simultaneous or
near simultaneous administration of the agents. Such co-formulated compositions can include
two or three agents formulated together in the same pill, tablet, capsule, liquid, etc. It is to be
understood that, when referring to the formulation of such combinations, the formulation
technology employed is also useful for the formulation of the individual agents of the
combination, as well as other combinations of the disclosure. By using different formulation
strategies for different agents, the pharmacokinetic profiles for each agent can be suitably
matched.

[0064] The methods of this disclosure may also be used prophylactically, in patients who are
an increased risk of developing obesity, diabetes or a condition associated with obesity or
diabetes such as insulin resistance. Risk factors include for example, family history of diabetes
or obesity or associated conditions, quality of nutrition, level of physical activity, presence of
molecular markers of obesity or diabetes, history of bariatric surgery for obesity with or without
co-morbidities, age, race, or sex. Patients affected with other non-related disorders may also be
predisposed to secondary obesity or diabetes. In certain embodiments, the compositions and
methods of this disclosure may be used in patients to maintain a weight, particularly in patients
that were formerly obese and/or that have undergone bariatric surgery.

[0065] The disclosure also features a method for treating, preventing, or reducing a metabolic
disorder in a patient in need thereof by administering to the patient (1) bezafibrate or an analog

thereof and (i1) oxaprozin or an analog thereof and (i1t} a GLP-1 receptor agonist, wherein the
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bezafibrate and oxaprozin or analogs thereof and GLP-1 receptor agonist are admunistered in
amounts that together are sufficient to treat, prevent, or reduce a metabolic disorder.

[0066] The disclosure also features a method for treating, preventing, or reducing a metabolic
disorder in a patient in need thereof by administering to the patient (1) bezafibrate or an analog
thereof and (1) ozagrel or an analog thereof and (111} a GLP-1 receptor agonist, wherein the
bezafibrate and ozagrel or analogs thereof and GLP-1 receptor agonist are administered in
amounts that together are sufficient fo treat, prevent, or reduce a metabolic disorder.

[0067] The disclosure also features a method for treating, preventing, or reducing a metabolic
disorder 1o a patieut in need thereof by administering to the patient (1) bezafibrate or av analog
thereof and (i1} zaltoprofen or an analog thereof and (11t} a GLP-1 receptor agonist, wherein the
bezafibrate and zaltoprofen or analogs thereof and GLP-1 receptor agonist are administered in
amounts that together are sufficient to treat, prevent, or reduce a metabolic disorder.

[0068] The individually or separately formulated agents can be packaged together as a kit.
Non-limiting examples include kits that contain, e.g., two pills and an injectable solution, two
pills and a powder, a suppository and a liquid in a vial, two topical creams, etc. The kit can
include optional components that aid in the administration of the unit dose to patients, such as
vials for reconstituting powder forms, syringes for injection, customized IV delivery systems,
inhalers, etc. Additionally, the unit dose kit can contain instructions for preparation and
administration of the compositions. The kit may be manufactured as a single use unit dose for
one patient, multiple uses for a particular patient (at a constant dose or in which the individual
compounds may vary in potency as therapy progresses);, or the kit may contain multiple doses
suitable for administration to multiple patients (“bulk packaging”). The kit components may
be assembled in cartons, blisterpacks, bottles, vials, syringes, tubes, and the like.

[0069] In some aspects the treated metabolic disease may be obesity, overweight, type II
diabetes, insulin resistance, hyperinsulinemia, hyperglycemia, pre-diabetes, hypertension,
hyperlipidemia, hepatosteatosis, fatty liver, non-alcoholic fatty liver disease, hyperuricemia,
polycystic ovarian syndrome, acanthosis nigricans, hyperphagia, endocrine abnormalities,
triglyceride storage disease, Bardet-Biedl syndrome, Laurence-Moon syndrome, Prader-Willi
syndrome, neurodegenerative diseases, and Alzheimer's disease.

[0070] In other embodiments, compositions may be used to activate isolated BAT progenitor

cells that are then used for treatment of a subject, including a human subject.
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[0071] In one example, we propose that the administration of FGF7 or analogs thereof,
bezafibrate and oxaprozin to a patient having a metabolic disorder such as obesity or diabetes
within 14 days of each other will treat, prevent, or reduce the metabolic disorder.

[0072] The agents are desirably administered within 10 days of each other, more desirably
within seven days of each other, and even more desirably within twenty-four hours of each
other, one hour of each other, or even simultaneously (i.e., concomitantly). If desired, any or
all of the agents may be administered in low dosage (for example, in an amount that is about
10 to about 75% lower than the dose of the agent approved for use in a subject, for example
humans).

[0073] By “treating” is meant ameliorating a condition. The terms “treatment, treating, treat”
or equivalents of these terms refer to healing, alleviating, relieving, altering, remedying,
ameliorating, improving, or affecting the condition or the symptoms of a subject as conipared
with an equivalent untreated control, such reduction or degree of amelioration 15 at least 5%,
10%, 20%, 40%, S0%, 60%, 80%, 90%, 95%, or 100% as measured by any standard technique.
[0074] In the context of compositions containing amounts of ingredients where the terms
“about” 1s used, these compositions contain the stated amount of the ingredient with a variation
(error range) of 0-10% around the value (X + 10%). In other contexts the term “about” is
provides a variation (error range) of 0-10% around a given value (X £ 10%).

[0075] In the present disclosure, ranges are stated in shorthand to avoid having to set out at
length and describe each and every value within the range. Any appropriate value within the
range can be selected, where appropriate, as the upper value, lower value, or the terminus of
the range. For example, a range of 0.1-1.0 represents the terminal values of 0.1 and 1.0, as well
as the intermediate values of 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and all intermediate ranges
encompassed within 0.1-1.0, such as 0.2-0.5, 0.2-0.8, 0.7-1.0, etc. Values having at least two
significant digits within a range are envisioned, for example, a range of 5-10 indicates all the
values between 5.0 and 10.0 as well as between 5.00 and 10.00 including the terminal values.
When ranges are used herein, combinations and subcombinations of ranges (e.g., subranges
within the disclosed range) and specific embodiments therein are explicitly included.

[0076] A patient who 1s being treated for a metabolic disorder 1s one who a medical practitioner
has diagnosed as having such a condition. PHagnosis may be performed by any suitable means,
such as those described herein. A patient in whom the development of diabetes or obesity is
being prevented may or may not have received such a diagnosis. One 1u the art will understand

that patients of the discliosure may have been subjected to standard tests or may have been
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identified, without examination, as one at high risk due to the presence of one or more risk
factors, such as faroily history, obesity, particular ethnicity {(e.g., African Americans and
Hispanic Americans), gestational diabetes or delivering a baby that weighs more than nine
pounds, hypertension, having a pathological condition predisposing to obesity or diabetes, high
biood levels of triglycerides, high blood levels of cholesterol, presence of molecular markers
{e.g., presence of autoantibodies), a history of bariatric surgery, and age {over 45 vears of age).
An individual is considered chese when their weight 1s 20% (25% in women) or more over the
maximum weight desirable for their height. An adult who i1s more than 100 pounds overweight
18 considered to be morbidly obese. Gbesity is also defined as a body mass index (BMI) over
30 kg/mZ and morbid cbesity as a body mass index {(BMI} over 40 kg/m?2.

[0077] By “a metabolic disorder” is meant any pathological condition resulting from an
alteration in a patient's metabolism. Such disorders include those resulting from an alteration
in glucose homeostasis resulting, for example, in hyperglvcemia. According to this disclosure,
an alteration in glucose levels is typically an increase in glucose levels by at least 5%, 10%,
20%, 30%. 40%. 50%., 60%, T0%, 80%, 90%, 100%, 200%., 300%. or even 400% relative to
such levels in a healthy individual. Metabolic disorders include obesity and diabetes {(e.g,,
diabetes type I, diabetes type 1, MODY, and gestational diabetes), dyslipidemia,
hepatosteatosis, and endocrine deficiencies of aging.

[0078] By “reducing glucose levels” is meant reducing the level of glucose by at least 10%,
2%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100% relative to an untreated control.
Desirably, glucose levels are reduced to normoglycemic levels, e, between 150 to 60 mg/dL,
between 140 to 70 mg/dL, between 130 to 70 mg/dL, between 125 to 80 mg/dL, and preferably
between 120 to 80 mg/dL.

[0079] By "patient” or “subject” is meant any animal (e.g., a human), including horses, dogs,
cats, pigs, goats, rabbits, hamsters, monkeys, guinea pigs, rats, mice, lizards, Snakes, sheep,
cattle, fish, and birds.

[0080] By “an arnount sufficient” is meant the aroount of a compound, alone or in combination
with another therapeutic regimen, required to treat, or reduce, or prevent a metabolic disorder
such as diabetes or obesity in a clinmically relevant manner. A sufficient amount of an active
compound used to practice the present disclosure for therapeutic treatment of metabolic
disorders varies depending upon the manner of administration, the age, body weight, and
general health of the mammal or patient. Ultimately, the prescribers will decide the appropriate

amount and dosage regimen. Additionally, an effective amount may be an amount of compound



WO 2022/246230 PCT/US2022/030299
16

in the combination of the disclosure that is safe and efficacious in the treatment of a patient
having a metabolic disorder such as diabetes over each agent alone as determined and approved
by a regulatory authority (such as the U.S. Food and Drug Administration}.

[0081] By “more effective” is meant that a treatment exhibits greater efficacy, or is less toxic,
safer, more convenient, or less expeunsive than ancther treatment with which it is being
compared. Efficacy may be measured by a skilled practitioner using any standard method that
is appropriate for a given indication.

[0082] Compounds usetul in the disclosure include those described herein in any of their
pharmaceutically acceptable forms, including 1somers such as diastereomers and enantiomers,
salts, esters, solvates, and polymorphs thereof, as well as racemic mixtures and pure isomers
of the compounds described herein.

[0083] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Methods and matertals are described herein for use in the present disclosure; other,
suttable methods and matenials known in the art can also be used. The materials, methods, and
examples are illustrative only and not intended to be limiting. All publications, patent
applications, patents, database entries, and other references mentioned herein are incorporated
by reference in their entirety. To case of conflict, the present specification, wncluding definitions,
will control.

[0084] Bezafibrate (2-(4-{2-[(4-chlorobenzoyl)amino]ethyl } phenoxy)-2-methylpropanoic

acid) has the following structure:
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EXAMPLES

[0086] Aspects of the present teachings may be further understood in light of the following
examples, which should not be construed as limiting the scope of the present teachings in any
way.

[0087] Example 1: The combination of bezafibrate and oxaprozin plus semaglutide
induces greater than expected body weight loss, body fat loss, and reduction in
hepatosteatosis in a mouse model of obesity and pre-diabetes.

[0088] Applicants previously demonstrated that agents which enhance energy expenditure,
such as those promoting the differentiation of human or non-human brown adipocyte
progenitor cells into brown adipocytes, i.e., an agent that recruits brown adipocytes or BAT in
Vivo, can cause improvement in parameters of metabolic health in obese individuals or animals
or diabetic individuals or animals or individuals of animals with other metabolic conditions,
such as decreases in body weight, body fat content, plasma levels of leptin, glucose, insulin,
and an index of insulin resistance, the Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR). The HOMA-IR equals the plasma insulin [microlU/ml] x plasma glucose [mM])
/22.5).

[0089] These findings were made in the commonly used mouse model of environmental
obesity and pre-diabetes, or insulin resistance, the Diet-Induced Obese (DIO) mouse. In order
to uncover possible greater effects between agents that increase energy expenditure, for
example by recruiting brown adipocytes, and an agent that decreases body weight by reducing
food intake, we investigated the effects of the combination of bezafibrate and oxaprozin and
the GLP-1 receptor agonist semaglutide.

[0090] Bezafibrate and oxaprozin both recruit brown adipocytes and are known, or are believed,
to affect different molecular targets and intracellular signaling pathways. Semaglutide
decreases food intake though activation of the GLP-1 receptor.

[0091] Materials and Methods

[0092] Animal studies

[0093] Obesity and insulin resistance, an early stage in the development of type 2 diabetes
(also known as pre-diabetes), was induced in C57BI/6 mice by feeding the mice with a high fat
diet (Research Diets, Cat# D12492, 60% fat kcal) for 12 weeks starting at 6 weeks of age, and
throughout the period of compound dosing. The mice were housed at 22-23 °C and abundant

nestlets/bedding material was provided to allow the animals to maintain a microenvironment



WO 2022/246230 PCT/US2022/030299
18

close to their thermoneutrality of 28-30 °C, starting 2 weeks prior to the dosing period and for
the full dosing period with a 12h/12h light/dark cycle. These environmental conditions are
understood by those skilled in the art to reduce the stimulus for maintaining BAT, a
thermogenic tissue that is recruited physiologically by cold stimulus, and permit a wider
window for observing effects related to BAT recruitment.

[0094] Mice were dosed once per day by oral gavage (100 pul per mouse) with vehicle (PBS +
0.5% CMC + 0.1% Tween-80) alone or with bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
(also referred to as EGS2632) dissolved in the vehicle, for 34 days. In addition, the mice
received every 3 days by intraperitoneal injection (100 pul per mouse) either vehicle (9.6 mg/ml
mannitol, 4.8 mg/ml sucrose, 0.37 mg/ml L-histidine, 0.025 mg/ml polysorbate 20 (Tween 20,
CAS#9005-64-5), pH adjusted to 7.4 with HCI) or semaglutide (0.012 mg/kg = 3 nmol/kg)
dissolved in the vehicle.

[0095] Body weight was recorded every day, and body composition (fat and lean mass with
EchoMRI) was assessed at the end of the study (University of Cincinnati Mouse Metabolic
Phenotyping Center). At the end of the dosing period, animals were euthanized by CO2, and a
piece (approximately 50 mg) of liver was collected and frozen for triglyceride quantification
(Triglyceride Quantification Kit, Sigma-Aldrich, St. Louis, MO). Blood plasma was isolated
from submandibular blood collected from animals fasted for 6 hours at baseline and at the end
of the dosing period. Plasma glucose, insulin and leptin levels were assessed at baseline and at
the end of the dosing period (University of Cincinnati Mouse Metabolic Phenotyping Center).
Insulin sensitivity was determined using the homeostasis model assessment of insulin
resistance (HOMA-IR). HOMA-IR = (plasma insulin [microlU/ml] x plasma glucose [mM]) /
22.5.

[0096] Statistical analysis

[0097] Data from in vivo mouse studies are presented as means + SEM. Significance values
were evaluated based on the Z-test with normal approximations. For body fat and liver fat,
since the distributions of these values were both skewed, we used the log-transformed values
to better approximate the normal distribution. To assess synergistic effects of A and B, the
combination A+B was compared to the sum of A alone and B alone. To quantify synergistic
effects, we used percent changes from baseline when baseline data were available and used the
difference from vehicle for parameters without baseline data.

[0098] Results
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[0099] Applicants tested the effects of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg),
semaglutide (0.012 mg/kg) alone, and the combination of bezafibrate (60 mg/kg) + oxaprozin
(50 mg/kg) with semaglutide (0.012 mg/kg) in DIO mice over 34 days of dosing on parameters
of metabolic health.

[00100] Bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg) over 34 days, compared to
treatment with vehicle, induced significant decreases in body weight of 11.2% (Fig. 1, pvalue
9.9¢-32), body fat mass (Fig. 2, pvalue 1.5e-07), plasma leptin (Fig. 4, pvalue 3.5e-14), plasma
insulin (Fig. 6, 4.24e-05) and insulin resistance index (HOMA-IR) (Fig. 7, pvalue 1.2e-05).
[00101] In addition, the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with semaglutide (0.012 mg/kg) caused further decreases beyond semaglutide alone in several
of these metabolic parameters. Surprisingly, the weight loss-inducing effect of the combination
with semaglutide (Fig. 1) as well as the effects on body fat (Fig. 2) and hepatic fat (Fig. 3) were
greater than additive. In fact, bezafibrate+oxaprozint+semaglutide produced highly significant
reduction in body weight in DIO mice over 34 days (p<0.0001). For body weight, we evaluated
drug effects based on the percent change from baseline on day 35 (generally), however in the
case of semaglutide, which was dosed every 3 days, we used the average weights on days 33-
35. The observed synergistic effect was 12.0 percent greater reduction in body weight beyond
the sum of the EGS2632 and semaglutide groups as a result of concurrent treatment with
EGS2632 with semaglutide (pvalue 2.81e-09).

[00102] Comparing the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with semaglutide to the sum of the bezafibrate/ozaprozin and semaglutide alone groups also
showed an additional reduction in liver fat as a result of treatment with bezafibrate/ozaprozin
with semaglutide (pvalue 2.3e-08); there is furthermore an additional reduction in body fat as
a result of treatment with EGS2632 with semaglutide (pvalue 8.3e-03).

[00103] Bezafibrate+oxaprozin with semaglutide also synergistically lowered leptin
levels, with a 28.5 percent reduction from baseline beyond the sum of the
bezafibratet+oxaprozin and semaglutide groups (pvalue 4.5e-04). Bezafibratetoxaprozin with
semaglutide reduced HOMA-IR beyond the reduction achieved with semaglutide alone (pvalue
3.6e-03).

[00104] In summary, the magnitude of the effects of the combination of
bezafibratetoxaprozin and semaglutide on body weight and other metabolic parameters could
not have been anticipated based on the known effects of these individual agents. In fact,

surprisingly, synergistic effects were observed on several parameters of metabolic status.
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[00105] Example 2: The combination of human FGF7 and semaglutide induces
body weight loss, an increase in insulin sensitivity, and improvement in blood glucose
homeostasis in a mouse model of obesity and diabetes.

[00106] As above, applicants previously demonstrated that agents which enhance energy
expenditure, such as hFGF7, which promotes the differentiation of human or non-human brown
adipocyte progenitor cells into brown adipocytes, i.e., recruits brown adipocytes or BAT in
Vivo, can cause improvement in parameters of metabolic health in obese individuals or animals
or diabetic individuals or animals or individuals of animals with other metabolic conditions,
such as decreases in body weight, body fat content, plasma levels of leptin, glucose, insulin,
and an index of insulin resistance, the Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR). The HOMA-IR equals the plasma insulin [microlU/ml] x plasma glucose [mM])
/22.5).

[00107] These findings were made in the commonly used mouse model of
environmental obesity and pre-diabetes, or insulin resistance, the Diet-Induced Obese (DIO)
mouse. In order to uncover possible greater effects between agents that increase energy
expenditure, for example by recruiting brown adipocytes, and an agent that decreases body
weight by reducing food intake, we investigated the effects of the combination of hFGF7 and
the GLP-1 receptor agonist semaglutide.

[00108] hFGF7 recruits brown adipocytes. Semaglutide decreases food intake though
activation of the GLP-1 receptor.

[00109] Materials and Methods

[00110] Animal studies

[00111] Obesity and insulin resistance, an early stage in the development of type 2

diabetes (also known as pre-diabetes), was induced in C57BI/6 mice by feeding the mice with
a high fat diet (Research Diets, Cat# D12492, 60% fat kcal) for 12 weeks starting at 6 weeks
of age, and throughout the period of compound dosing. The mice were housed at 22-23 °C and
abundant nestlets/bedding material was provided to allow the animals to maintain a
microenvironment close to their thermoneutrality of 28-30 °C, starting 2 weeks prior to the
dosing period and for the full dosing period with a 12h/12h light/dark cycle. These
environmental conditions are understood by those skilled in the art to reduce the stimulus for
maintaining BAT, a thermogenic tissue that is recruited physiologically by cold stimulus, and

permit a wider window for observing effects related to BAT recruitment.
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[00112] Mice were dosed once per day by intraperitoneal injection (100 pl per mouse)
with vehicle (9.6 mg/ml mannitol, 4.8 mg/ml sucrose, 0.37 mg/ml L-histidine, 0.025 mg/ml
polysorbate 20 (Tween 20, CAS#9005-64-5), pH adjusted to 7.4 with HCI) alone or
recombinant hFGF7 (1 mg/kg, also referred to as EGS0501 in corresponding figures) dissolved
in the vehicle for 28 days. In addition, some mice also received semaglutide (0.012 mg/kg =3
nmol/kg) every 3 days by intraperitoneal injection (100 ul per mouse) dissolved in the vehicle.
[00113] Body weight was recorded every day and body composition (fat and lean mass
with EchoMRI) was assessed at the end of the study (University of Cincinnati Mouse Metabolic
Phenotyping Center). At the end of the dosing period, animals were fasted for 6 hours and
euthanized by CO2, blood was collected, and plasma was isolated and frozen at -20 °C. Plasma
glucose, insulin and leptin levels were assessed at baseline and at the end of the dosing period
(mice were fasted for 6 hours before all plasma collection) (University of Cincinnati Mouse
Metabolic Phenotyping Center). Insulin sensitivity was determined by HOMA-IR.

[00114] Statistical analysis

[00115] Data from in vivo mouse studies are presented as means = SEM. Significance
values were evaluated based on the unpaired two-tailed t-test versus vehicle using GraphPad
Prism version 7 or 8 (GraphPad Software, San Diego, CA). To assess synergistic effects of A
and B, the combination A+B was compared to the sum of A alone and B alone. To quantify
synergistic effects, we used percent changes from baseline when baseline data were available
and used the difference from vehicle for parameters without baseline data.

[00116] Results

[00117] Applicants tested the effects of hFGF7 alone at 1 mg/kg and at 0.5 mg/kg,
semaglutide alone, and each dose of hFGF7 combined with semaglutide (0.012 mg/kg), in DIO
mice over 28 days of dosing on parameters of metabolic health.

[00118] Treatment of DIO mice with hFGF7 at 1 mg/kg over 28 days, compared to
treatment with vehicle, induced significant decreases in body weight (Figs. 8 and 8A),
epididymal white adipose (WATepi) depot weight (an index of body fat mass) (Figs. 9 and 9A),
plasma leptin (Fig. 10), plasma glucose (Fig. 11), plasma insulin (Fig. 12), and insulin
resistance index (HOMA-IR) (Fig. 13). The lower dose of hFGF7 (0.5 mg/kg) had a significant
effect only on plasma glucose (Fig. 11) and insulin resistance index (HOMA-IR) (Fig. 13).
[00119] Semaglutide alone had a significant effect only on epididymal white adipose
(WATepi) depot weight (Figs. 9 and 9A) and plasma glucose (Fig. 11).
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[00120] Applicants found that the combination of hFGF7 at 1 mg/kg with semaglutide

further reduced body weight (Figs. 8 and 8A). Surprisingly, the weight loss-inducing effect of
the combination was synergistic (i.e., greater than additive). Moreover, the combination of
hFGF7 at 0.5 mg/kg with semaglutide also caused greater reductions in body weight than the

sum of the 2 agents (Figs. 8 and 8A), i.e., the weight loss-inducing effect of the combination

again was synergistic.

[00121] We found that hFGF7 (1 mg/kg) + semaglutide produced highly significant
reduction in body weight in DIO mice over 28 days (p<0.0001). To assess synergistic effects,

the percent change from baseline with the combination was compared with the sum of the

percent changes from baseline of the hFGF7 and semaglutide groups using two-sided Z-tests.

The observed synergistic effect was 5.8% beyond the sum of the two individual drugs (p=0.022)
when hFGF7 was used at 0.5 mg/kg/day and 6% (p=0.037) when hFGF7 was used at 1

mg/kg/day.

[00122] Example 3: The combination of bezafibrate and oxaprozin plus exenatide

induces greater than expected body weight loss, body fat loss, and reduction in

hepatosteatosis in a mouse model of obesity and pre-diabetes.

[00123] Applicants previously demonstrated that agents which enhance energy

expenditure, such as those promoting the differentiation of human or non-human brown
adipocyte progenitor cells into brown adipocytes, i.e., an agent that recruits brown adipocytes

or BAT in vivo, can cause improvement in parameters of metabolic health in obese individuals

or animals or diabetic individuals or animals or individuals of animals with other metabolic
conditions, such as decreases in body weight, body fat content, hepatosteatosis, plasma levels

of leptin, glucose, insulin, and an index of insulin resistance, the Homeostatic Model

Assessment for Insulin Resistance (HOMA-IR). The HOMA-IR equals the plasma insulin
[microlU/ml] x plasma glucose [mM]) / 22.5).

[00124] These findings were made in the commonly used mouse model of
environmental obesity and pre-diabetes, or insulin resistance, the Diet-Induced Obese (DIO)

mouse. In order to uncover possible greater effects between agents that increase energy

expenditure, for example by recruiting brown adipocytes, and an agent that decreases body

weight by reducing food intake, we investigated the effects of the combination of bezafibrate

and oxaprozin and the GLP-1 receptor agonist exenatide. This is the second of 4 GLP-1

receptor agonists we investigated in combination with bezafibrate and oxaprozin.
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[00125] Bezafibrate and oxaprozin both recruit brown adipocytes and are known, or are
believed, to affect different molecular targets and intracellular signaling pathways. Exenatide

decreases food intake though activation of the GLP-1 receptor.

[00126] Materials and Methods
[00127] Animal studies
[00128] Obesity and insulin resistance, an early stage in the development of type 2

diabetes (also known as pre-diabetes), was induced in C57BI/6 mice by feeding the mice with
a high fat diet (Research Diets, Cat# D12492, 60% fat kcal) for 12 weeks starting at 6 weeks
of age, and throughout the period of compound dosing. The mice were housed at 22-23 °C and
abundant nestlets/bedding material was provided to allow the animals to maintain a
microenvironment close to their thermoneutrality of 28-30 °C, starting 2 weeks prior to the
dosing period and for the full dosing period with a 12h/12h light/dark cycle. These
environmental conditions are understood by those skilled in the art to reduce the stimulus for
maintaining BAT, a thermogenic tissue that is recruited physiologically by cold stimulus, and
permit a wider window for observing effects related to BAT recruitment.

[00129] Mice were dosed once per day by oral gavage (100 ul per mouse) with vehicle
(PBS + 0.5% CMC + 0.1% Tween-80) alone or with bezafibrate (60 mg/kg) + oxaprozin (50
mg/kg) (also referred to as EGS2632) dissolved in the vehicle, for 34 days. In addition, the
mice received every day by intraperitoneal injection (100 ul per mouse) either vehicle (9.6
mg/ml mannitol, 4.8 mg/ml sucrose, 0.37 mg/ml L-histidine, 0.025 mg/ml polysorbate 20
(Tween 20, CAS#9005-64-5), pH adjusted to 7.4 with HCIl) or exenatide ((0.05 mg/kg)
dissolved in the vehicle.

[00130] Body weight was recorded every day, body composition (fat and lean mass with
EchoMRI) was assessed at the end of the study (University of Cincinnati Mouse Metabolic
Phenotyping Center). At the end of the dosing period, animals were euthanized by CO2, and a
piece (approximately 50 mg) of liver was collected and frozen for triglyceride quantification
(Triglyceride Quantification Kit, Sigma-Aldrich, St. Louis, MO). Blood plasma was isolated
from submandibular blood collected from animals fasted for 6 hours at baseline and at the end
of the dosing period. Plasma glucose, insulin and leptin levels were assessed at baseline and at
the end of the dosing period (University of Cincinnati Mouse Metabolic Phenotyping Center).
Insulin sensitivity was determined using the homeostasis model assessment of insulin
resistance (HOMA-IR).

[00131] Statistical analysis
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[00132] Data from in vivo mouse studies are presented as means = SEM. Significance
values were evaluated based on the Z-test with normal approximations. For body fat and liver
fat, since the distributions of these values were both skewed, we used the log-transformed
values to better approximate the normal distribution. To assess synergistic effects of A and B,
the combination A+B was compared to the sum of A alone and B alone. To quantify synergistic
effects, we used percent changes from baseline when baseline data were available and used the
difference from vehicle for parameters without baseline data.

[00133] Results

[00134] Applicants tested the effects of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg),
exenatide (0.05 mg/kg) alone, and the combination of bezafibrate (60 mg/kg) + oxaprozin (50
mg/kg) with exenatide (0.05 mg/kg) in DIO mice over 34 days of dosing on parameters of
metabolic health.

[00135] Bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg) over 34 days, compared to
treatment with vehicle, induced significant decreases in body weight of 11.2% (Fig. 14, pvalue
9.9e-32), body fat mass (Fig. 15, pvalue 1.5e-07), plasma leptin (Fig. 17, pvalue 3.5e-14),
plasma insulin (Fig. 6, 4.24e-05) and insulin resistance index (HOMA-IR) (Fig. 18, pvalue
1.2¢-05).

[00136] In addition, the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with exenatide (0.05 mg/kg) caused further decreases beyond exenatide alone in several of
these metabolic parameters. Surprisingly, the weight loss-inducing effect of the combination
with exenatide (Fig. 14) as well as the effects on body fat (Fig. 15) and hepatic fat (Fig. 16)
were greater than additive. In fact, bezafibratetoxaprozintexenatide produced highly
significant reduction in body weight in DIO mice over 34 days (p<0.0001). For body weight,
we evaluate drug effects based on the percent change (on day 35). The observed synergistic
effect was an additional 14.1 percent of reduction in body weight beyond the sum of the
EGS2632 and exenatide groups as a result of concurrent treatment with EGS2632 with
exenatide (pvalue 2.19e-09).

[00137] Comparing the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with exenatide to the sum of the bezafibrate/ozaprozin and exenatide alone groups showed an
additional reduction in liver fat as a result of treatment with bezafibrate/ozaprozin with
exenatide (pvalue 2.78e-02); there is furthermore an additional reduction in body fat as a result

of treatment with EGS2632 with exenatide (pvalue 4.77e-02).
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[00138] Bezafibratetoxaprozin with exenatide lowered leptin levels beyond that
achieved with exenatide alone (pvalue 8.5e-03). Bezafibratetoxaprozin with exenatide
synergistically reduced HOMA-IR by 219 percent greater than the sum of the
bezafibratet+oxaprozin and exenatide groups (pvalue 3.4e-02).

[00139] In summary, the magnitude of the effects of the combination of
bezafibratet+oxaprozin and exenatide on body weight and other metabolic parameters could not
have been anticipated based on the known effects of these individual agents. In fact,
surprisingly, synergistic effects were observed on several parameters of metabolic status.
[00140] Example 4: The combination of bezafibrate and oxaprozin plus lixisenatide
induces greater than expected body weight loss, body fat loss, and reduction in
hepatosteatosis in a mouse model of obesity and pre-diabetes.

[00141] Applicants previously demonstrated that agents which enhance energy
expenditure, such as those promoting the differentiation of human or non-human brown
adipocyte progenitor cells into brown adipocytes, i.e., an agent that recruits brown adipocytes
or BAT in vivo, can cause improvement in parameters of metabolic health in obese individuals
or animals or diabetic individuals or animals or individuals of animals with other metabolic
conditions, such as decreases in body weight, body fat content, plasma levels of leptin, glucose,
insulin, and an index of insulin resistance, the Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR). The HOMA-IR equals the plasma insulin [microlU/ml] x plasma
glucose [mM]) / 22.5).

[00142] These findings were made in the commonly used mouse model of
environmental obesity and pre-diabetes, or insulin resistance, the Diet-Induced Obese (DIO)
mouse. In order to uncover possible greater effects between agents that increase energy
expenditure, for example by recruiting brown adipocytes, and an agent that decreases body
weight by reducing food intake, we investigated the effects of the combination of bezafibrate
and oxaprozin and the GLP-1 receptor agonist lixisenatide.

[00143] Bezafibrate and oxaprozin both recruit brown adipocytes and are known, or are
believed, to affect different molecular targets and intracellular signaling pathways. Lixisenatide

decreases food intake though activation of the GLP-1 receptor.

[00144] Materials and Methods
[00145] Animal studies
[00146] Obesity and insulin resistance, an early stage in the development of type 2

diabetes (also known as pre-diabetes), was induced in C57BI/6 mice by feeding the mice with
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a high fat diet (Research Diets, Cat# D12492, 60% fat kcal) for 12 weeks starting at 6 weeks
of age, and throughout the period of compound dosing. The mice were housed at 22-23 °C and
abundant nestlets/bedding material was provided to allow the animals to maintain a
microenvironment close to their thermoneutrality of 28-30 °C, starting 2 weeks prior to the
dosing period and for the full dosing period with a 12h/12h light/dark cycle. These
environmental conditions are understood by those skilled in the art to reduce the stimulus for
maintaining BAT, a thermogenic tissue that is recruited physiologically by cold stimulus, and
permit a wider window for observing effects related to BAT recruitment.

[00147] Mice were dosed once per day by oral gavage (100 ul per mouse) with vehicle
(PBS + 0.5% CMC + 0.1% Tween-80) alone or with bezafibrate (60 mg/kg) + oxaprozin (50
mg/kg) (also referred to as EGS2632) dissolved in the vehicle, for 34 days. In addition, the
mice received every day by intraperitoneal injection (100 ul per mouse) either vehicle (9.6
mg/ml mannitol, 4.8 mg/ml sucrose, 0.37 mg/ml L-histidine, 0.025 mg/ml polysorbate 20
(Tween 20, CAS#9005-64-5), pH adjusted to 7.4 with HCl) or lixisenatide (0.243 mg/kg)
dissolved in the vehicle.

[00148] Body weight was recorded every day, body composition (fat and lean mass with
EchoMRI) was assessed at the end of the study (University of Cincinnati Mouse Metabolic
Phenotyping Center). At the end of the dosing period, animals were euthanized by CO2, and a
piece (ca. 50 mg) of liver was collected and frozen for triglyceride quantification (Triglyceride
Quantification Kit, Sigma-Aldrich, St. Louis, MO). Blood plasma was isolated from
submandibular blood collected from animals fasted for 6 hours at baseline and at the end of the
dosing period. Plasma glucose, insulin and leptin levels were assessed at baseline and at the
end of the dosing period (University of Cincinnati Mouse Metabolic Phenotyping Center).
Insulin sensitivity was determined using the homeostasis model assessment of insulin
resistance (HOMA-IR).

[00149] Statistical analysis

[00150] Data from in vivo mouse studies are presented as means = SEM. Significance
values were evaluated based on the Z-test with normal approximations. For body fat and liver
fat, since the distributions of these values were both skewed, we used the log-transformed
values to better approximate the normal distribution. To assess synergistic effects of A and B,
the combination A+B was compared to the sum of A alone and B alone. To quantify synergistic
effects, we used percent changes from baseline when baseline data were available and used the

difference from vehicle for parameters without baseline data.
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[00151] Results

[00152] Applicants tested the effects of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg),
lixisenatide (0.243 mg/kg) alone, and the combination of bezafibrate (60 mg/kg) + oxaprozin
(50 mg/kg) with lixisenatide (0.243 mg/kg) in DIO mice over 34 days of dosing on parameters
of metabolic health.

[00153] Bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg) over 34 days, compared to
treatment with vehicle, induced significant decreases in body weight of 11.2% (Fig. 19, pvalue
9.9e-32), body fat mass (Fig. 20, pvalue 1.5e-07), plasma leptin (Fig. 22, pvalue 3.5e-14),
plasma insulin (Fig. 6, 4.24e-05) and insulin resistance index (HOMA-IR) (Fig. 23, pvalue
1.2¢-05).

[00154] In addition, the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with lixisenatide (0.243 mg/kg) caused further decreases beyond lixisenatide alone in several
of these metabolic parameters. Surprisingly, the weight loss-inducing effect of the combination
with lixisenatide (Fig. 19) as well as the effects on body fat (Fig. 20) and liver fat (Fig. 21)
were greater than additive. In fact, bezafibrate+oxaprozintlixisenatide produced highly
significant reduction in body weight in DIO mice over 34 days (p<0.0001). The observed
synergistic effect was an additional 13.7 percent reduction in body weight beyond the sum of
the bezafibratetoxaprozin and lixisenatide groups as a result of concurrent treatment with
bezafibrate+oxaprozin with lixisenatide (pvalue 1.07e-09).

[00155] Comparing the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with lixisenatide to the sum of the bezafibrate/ozaprozin and lixisenatide alone groups showed
an additional reduction in liver fat as a result of treatment with bezafibrate/ozaprozin with
lixisenatide (pvalue 1.83e-05); there is furthermore an additional reduction in body fat as a
result of treatment with EGS2632 with lixisenatide (pvalue 2.74e-02).

[00156] Bezafibrate+oxaprozin with lixisenatide synergistically lowered leptin levels
from baseline by 22.7 percent beyond the sum of the bezafibrate/ozaprozin and lixisenatide
alone groups (pvalue 3.51e-03). Bezafibrate+oxaprozin with lixisenatide reduced HOMA-IR
to a level greater than lixisenatide alone (pvalue 3.25¢-02).

[00157] In summary, the magnitude of the effects of the combination of
bezafibrate+oxaprozin and lixisenatide on body weight and other metabolic parameters could
not have been anticipated based on the known effects of these individual agents. In fact,

surprisingly, synergistic effects were observed on several parameters of metabolic status.
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[00158] Example S: The combination of bezafibrate and oxaprozin plus dulaglutide
induces greater than expected body weight loss, body fat loss, and reduction in
hepatosteatosis in a mouse model of obesity and pre-diabetes.

[00159] Applicants previously demonstrated that agents which enhance energy
expenditure, such as those promoting the differentiation of human or non-human brown
adipocyte progenitor cells into brown adipocytes, i.e., an agent that recruits brown adipocytes
or BAT in vivo, can cause improvement in parameters of metabolic health in obese individuals
or animals or diabetic individuals or animals or individuals of animals with other metabolic
conditions, such as decreases in body weight, body fat content, plasma levels of leptin, glucose,
insulin, and an index of insulin resistance, the Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR). The HOMA-IR equals the plasma insulin [microlU/ml] x plasma
glucose [mM]) / 22.5).

[00160] These findings were made in the commonly used mouse model of
environmental obesity and pre-diabetes, or insulin resistance, the Diet-Induced Obese (DIO)
mouse. In order to uncover possible greater effects between agents that increase energy
expenditure, for example by recruiting brown adipocytes, and an agent that decreases body
weight by reducing food intake, we investigated the effects of the combination of bezafibrate
and oxaprozin and the GLP-1 receptor agonist dulaglutide.

[00161] Bezafibrate and oxaprozin both recruit brown adipocytes and are known, or are
believed, to affect different molecular targets and intracellular signaling pathways. Dulaglutide

decreases food intake though activation of the GLP-1 receptor.

[00162] Materials and Methods
[00163] Animal studies
[00164] Obesity and insulin resistance, an early stage in the development of type 2

diabetes (also known as pre-diabetes), was induced in C57BI/6 mice by feeding the mice with
a high fat diet (Research Diets, Cat# D12492, 60% fat kcal) for 12 weeks starting at 6 weeks
of age, and throughout the period of compound dosing. The mice were housed at 22-23 °C and
abundant nestlets/bedding material was provided to allow the animals to maintain a
microenvironment close to their thermoneutrality of 28-30 °C, starting 2 weeks prior to the
dosing period and for the full dosing period with a 12h/12h light/dark cycle. These
environmental conditions are understood by those skilled in the art to reduce the stimulus for
maintaining BAT, a thermogenic tissue that is recruited physiologically by cold stimulus, and

permit a wider window for observing effects related to BAT recruitment.
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[00165] Mice were dosed once per day by oral gavage (100 ul per mouse) with vehicle
(PBS + 0.5% CMC + 0.1% Tween-80) alone or with bezafibrate (60 mg/kg) + oxaprozin (50
mg/kg) (also referred to as EGS2632) dissolved in the vehicle, for 34 days. In addition, the
mice received every 7 days by intraperitoneal injection (100 ul per mouse) either vehicle (9.6
mg/ml mannitol, 4.8 mg/ml sucrose, 0.37 mg/ml L-histidine, 0.025 mg/ml polysorbate 20
(Tween 20, CAS#9005-64-5), pH adjusted to 7.4 with HCl) or dulaglutide (0.6 mg/kg)
dissolved in the vehicle.

[00166] Body weight was recorded every day, body composition (fat and lean mass with
EchoMRI) was assessed at the end of the study (University of Cincinnati Mouse Metabolic
Phenotyping Center). At the end of the dosing period, animals were euthanized by CO2, and a
piece (ca. 50 mg) of liver was collected and frozen for triglyceride quantification (Triglyceride
Quantification Kit, Sigma-Aldrich, St. Louis, MO). Blood plasma was isolated from
submandibular blood collected from animals fasted for 6 hours at baseline and at the end of the
dosing period. Plasma glucose, insulin and leptin levels were assessed at baseline and at the
end of the dosing period (University of Cincinnati Mouse Metabolic Phenotyping Center).
Insulin sensitivity was determined using the homeostasis model assessment of insulin
resistance (HOMA-IR).

[00167] Statistical analysis

[00168] Data from in vivo mouse studies are presented as means = SEM. Significance
values were evaluated based on the Z-test with normal approximations. For body fat and liver
fat, since the distributions of these values were both skewed, we used the log-transformed
values to better approximate the normal distribution. To assess synergistic effects of A and B,
the combination A+B was compared to the sum of A alone and B alone. To quantify synergistic
effects, we used percent changes from baseline when baseline data were available and used the
difference from vehicle for parameters without baseline data.

[00169] Results

[00170] Applicants tested the effects of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg),
dulaglutide (0.6 mg/kg) alone, and the combination of bezafibrate (60 mg/kg) + oxaprozin (50
mg/kg) with dulaglutide (0.6 mg/kg) in DIO mice over 34 days of dosing on parameters of
metabolic health.

[00171] Bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg) over 34 days, compared to
treatment with vehicle, induced significant decreases in body weight of 11.2% (Fig. 24, pvalue

9.9e-32), body fat mass (Fig. 25, pvalue 1.5e-07), plasma leptin (Fig. 22, pvalue 3.5e-14),
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plasma insulin (Fig. 6, 4.24e-05) and insulin resistance index (HOMA-IR) (Fig. 23, pvalue
1.2¢-05).

[00172] In addition, the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with dulaglutide (0.6 mg/kg) caused further decreases beyond dulaglutide alone in several of
these metabolic parameters. Surprisingly, the weight loss-inducing effect of the combination
with dulaglutide (Fig. 24) as well as the effects on body fat (Fig. 25) and liver fat (Fig. 26)
were greater than additive. In fact, bezafibratetoxaprozin+dulaglutide produced highly
significant reduction in body weight in DIO mice over 34 days (p<0.0001). For body weight,
we evaluated drug effects based on the percent change from baseline on day 35 (generally),
however in the case of dulaglutide, which was dosed every 7 days, we used the average weights
on days 29-35. The observed synergistic effect was an additional 13.6 percent reduction in
body weight beyond the sum of the bezafibratet+oxaprozin and dulaglutide groups as a result
of concurrent treatment with bezafibrate+oxaprozin with dulaglutide (pvalue 4.71-09).
[00173] Comparing the combination of bezafibrate (60 mg/kg) + oxaprozin (50 mg/kg)
with dulaglutide to the sum of the bezafibrate/ozaprozin and dulaglutide alone groups showed
an additional reduction in liver fat as a result of treatment with bezafibrate/ozaprozin with
dulaglutide (pvalue 4.36e-03); there is furthermore an additional reduction in body fat as a
result of treatment with EGS2632 with dulaglutide (pvalue 2.68e-02).

[00174] In summary, the magnitude of the effects of the combination of
bezafibratet+oxaprozin and dulaglutide on body weight and other metabolic parameters could
not have been anticipated based on the known effects of these individual agents. In fact,
surprisingly, synergistic effects were observed on several parameters of metabolic status.
[00175] Given these surprising yet conclusive data generated with 4 different marketed
GLP-1 agonists showing synergistic effects between EGS2632 and each individual GLP-1
agonist drug on body weight, body fat, and liver fat, as well as improvements beyond the
individual GLP-1 agonist drugs (additive and even synergistic effects in some cases) on leptin
and HOMA-IR, it can be concluded that these are general effects of EGS2632 when
administered with any drug comprising GLP-1 agonism as its mechanism, either in whole or

in part.
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SEQ ID NO 1:
SYDYMEGGDIRVRRLFCRTQWYLRIDKRGKVKGTQEMKNNYNIMEIRTVAVGIVAI
KGVESEFYLAMNKEGKLYAKKECNEDCNFKELILENHYNTYASAKWTHNGGEMFV
ALNQKGIPVRGKKTKKEQKTAHFLPMAIT

SEQ ID NO 2:
CNDMTPEQMATNVNCSSPERHTRSYDYMEGGDIRVRRLFCRTQWYLRIDKRGKVK
GTQEMKNNYNIMEIRTVAVGIVAIKGVESEFYLAMNKEGKLYAKKECNEDCNFKELI
LENHYNTYASAKWTHNGGEMFVALNQKGIPVRGKKTKKEQKTAHFLPMAITAEPK
SSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA
PIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS
PGK

SEQ ID NO 3:
APLEPKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLSPGGGGSGGGGSCNDMTPEQMATNVNCSSPERHTRSYDYMEGGDIRVRRLF
CRTQWYLRIDKRGKVKGTQEMKNNYNIMEIRTVAVGIVAIKGVESEFYLAMNKEGK
LYAKKECNEDCNFKELILENHYNTYASAKWTHNGGEMFVALNQKGIPVRGKKTKK
EQKTAHFLPMAIT

SEQ ID NO 4:
CNDMTPEQMATNVNCSSPERHTRSYDYMEGGDIRVRRLFCRTQWYLRIDKRGKVK
GTQEMKNNYNIMEIRTVAVGIVAIKGVESEFYLAMNKEGKLYAKKECNEDCNFKELI
LENHYNTYASAKWTHNGGEMFVALNQKGIPVRGKKTKKEQKTAHFLPMAITERKSS
VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDG
VEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISK
TKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDISVEWESNGQPENNYKTTP
PMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO 5:
APLERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLP



WO 2022/246230 PCT/US2022/030299
32

APIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDISVEWESNGQP
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGKGGGGSGGGGSCNDMTPEQMATNVNCSSPERHTRSYDYMEGGDIRVRRLFCRT
QWYLRIDKRGKVKGTQEMKNNYNIMEIRTVAVGIVAIKGVESEFYLAMNKEGKLYA
KKECNEDCNFKELILENHYNTYASAKWTHNGGEMFVALNQKGIPVRGKKTKKEQK
TAHFLPMAIT

SEQ ID NO é6:
CNDMTPEQMATNVNCSSPERHTRSYDYMEGGDIRVRRLFCRTQWYLRIDKRGKVK
GTQEMKNNYNIMEIRTVAVGIVAIKGVESEFYLAMNKEGKLYAKKECNEDCNFKELI
LENHYNTYASAKWTHNGGEMFVALNQKGIPVRGKKTKKEQKTAHFLPMAITESKY
GPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVD
GVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTIS
KAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLG

SEQ ID NO 7:
CNDMTPEQMATNVNCSSPERHTRSYDYMEGGDIRVRRLFCRTQWYLRIDKRGKVK
GTQEMKNNYNIMEIRTVAVGIVAIKGVESEFYLAMNKEGKLYAKKECNEDCNFKELI
LENHYNTYASAKWTHNGGEMFVALNQKGIPVRGKKTKKEQKTAHFLPMAITGGGG
SESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFN
WYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSS
IEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSL
G

SEQ ID NO 8:
MHKWILTWILPTLLYRSCFHIICLVGTISLACNDMTPEQMATNVNCSSPERHTRSYDY
MEGGDIRVRRLFCRTQW YLRIDKRGKVKGTQEMKNNYNIMEIRTVAVGIVAIKGVE
SEFYLAMNKEGKLYAKKECNEDCNFKELILENHYNTYASAKWTHNGGEMFVALNQ
KGIPVRGKKTKKEQKTAHFLPMAIT
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CLAIMS

1. A pharmaceutical composition comprising:
a) bezafibrate as a first active ingredient, oxaprozin as a second active ingredient, and a
glucagon-like peptide-1 (GLP-1) receptor agonist as a third active ingredient and a
pharmaceutically acceptable carrier; or
b) a GLP-1 receptor agonist as a first active ingredient, fibroblast growth factor 7 (FGF7) or

analogs thereof as a second active ingredient and a pharmaceutically acceptable carrier.

2. The pharmaceutical composition of claim 1, comprising a GLP-1 receptor

agonist, bezafibrate and oxaprozin.

3. The pharmaceutical composition of claim 2, comprising: (a) a therapeutically
effective amount of bezafibrate ranging from about 25% to about 75% of the clinically
approved dosage of BEZALIP® SR (bezafibrate sustained release); and (b) a therapeutically
effective amount of oxaprozin ranging from about 25% to about 100% of the clinically

approved dosage of DAYPRO®™ (oxaprozin).

4. The pharmaceutical composition of claim 3, wherein the therapeutically
effective amount of bezafibrate ranges from about 100mg to about 400 mg, and wherein the

therapeutically effective amount of oxaprozin range from about 200mg to about 2000mg.

5. The pharmaceutical composition of claim 2, comprising: (a) a therapeutically
effective amount of bezafibrate ranging from about 25% to about 100% of the clinically
approved dosage of BEZALIP® SR; and (b) a therapeutically effective amount of oxaprozin
ranging from about 25% to about 75% of the clinically approved dosage of DAYPRO®.

6. The pharmaceutical composition of claim 5, wherein the therapeutically
effective amount of bezafibrate ranges from about 100mg to about 400mg or about Smg to
about 500mg, and wherein the therapeutically effective amount of oxaprozin ranges from about

200mg to about 1800mg or about 250mg to about SO0mg.
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7. The pharmaceutical composition of claim 1, wherein the therapeutically
effective amount of said GLP-1 receptor agonist is about 10% to about 100% of the clinically
approved dosage of said GLP-1 receptor agonist.

8. The pharmaceutical composition of claim 1, comprising a GLP-1 receptor

agonist and FGF-7.

0. The pharmaceutical composition of claim 8, wherein the therapeutically
effective amount of said GLP-1 receptor agonist is about 10% to about 100% of the clinically
approved dosage of said GLP-1 receptor agonist and the FGF-7 dosage is about 0.02 to about
0.1 mg/kg, about 0.04 to about 0.08 mg/kg or about 10% to about 100% of said FGF-7 dosage.

10. The pharmaceutical composition according to any one of claims 1-9, wherein
the GLP-1 receptor agonist is selected from the group consisting of’ dulaglutide, semaglutide,
exenatide, liraglutide, lixisenatide, albiglutide, tirzepatide, danuglipron (PF-06882961), PF-
07081532, LY3502970, and combinations thereof.

11. The pharmaceutical composition according to any one of the preceding claims,

wherein the composition is in an injectable form or a solid dosage form.

12. The pharmaceutical composition of any one of claims 1-11, wherein said active
ingredients are provided in therapeutically effective amounts that, when administered to a

patient, are sufficient to treat or reduce obesity or maintain a weight.

13.  The pharmaceutical composition of any one of claims 1-11, wherein said active
ingredients are provided in therapeutically effective amounts that, when administered to a

patient, are sufficient to treat or reduce type II diabetes.

14.  The pharmaceutical composition of any one of claims 1-13, wherein said
composition has one or more biological activities selected from the group consisting of:

(a) an increase in thermogenesis in brown adipose tissue, skeletal muscle tissue and/or
white adipose tissue; (b) an increase in insulin sensitivity of skeletal muscle, white adipose

tissue, or liver; (c) an increase in glucose tolerance; (d) an increase in basal respiration,
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maximal respiration rate, or uncoupled respiration; (e) an increase in metabolic rate; (f) a
decrease in hepatosteatosis; (g) a decrease in body weight; (h) a decrease in body fat mass; (i)
a decrease in plasma leptin levels; (j) a decrease in glycemia; (k) a decrease in plasma insulin
levels; (1) a decrease in insulin resistance; (m) a decrease in circulating lipid levels; or a

combination thereof.

15. The pharmaceutical composition of any one of claims 1-14 for use in

modulating a metabolic response in a subject in need thereof.

16.  The pharmaceutical composition of any one of claims 1-14, for use in treating

a metabolic disorder in a subject in need thereof.

17.  The pharmaceutical composition of claim 14, wherein the metabolic disorder is
one or more of obesity, overweight, type Il diabetes, insulin resistance, hyperinsulinemia,
hyperglycemia, pre-diabetes, hypertension, hyperlipidemia, hepatosteatosis, fatty liver, non-
alcoholic fatty liver disease, hyperuricemia, polycystic ovarian syndrome, acanthosis nigricans,
hyperphagia, endocrine abnormalities, triglyceride storage disease, Bardet-Biedl syndrome,
Laurence-Moon syndrome, Prader-Willi syndrome, neurodegenerative diseases, and

Alzheimer's disease.

18. A method of promoting brown adipogenesis in a subject in need thereof, the
method comprising administering to the subject the pharmaceutical composition of any one of

claims 1-10.

19. The method of claim 18, further comprising modulating a metabolic response

in the subject and/or treating a metabolic disorder in the subject.

20. The method of claim 19, wherein the metabolic disorder is one or more of
obesity, overweight, type Il diabetes, insulin resistance, hyperinsulinemia, hyperglycemia, pre-
diabetes, hypertension, hyperlipidemia, hepatosteatosis, fatty liver, non-alcoholic fatty liver
disease, hyperuricemia, polycystic ovarian syndrome, acanthosis nigricans, hyperphagia,
endocrine abnormalities, triglyceride storage disease, Bardet-Biedl syndrome, Laurence-Moon

syndrome, Prader-Willi syndrome, neurodegenerative diseases, and Alzheimer's disease.



WO 2022/246230 PCT/US2022/030299

36

21.  The pharmaceutical composition, use, or method of any preceding claim,
wherein the FGF7 or analog thereof comprises SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, 8 or any

combination thereof.

22.  The pharmaceutical composition of claims 1-5, wherein the therapeutically
effective amount of said GLP-1 receptor agonist is about 10% to about 100% of the clinically
approved dosage of said GLP-1 receptor agonist.

23.  The pharmaceutical composition of any one of claims 1-10, wherein the FGF7

or analog thereof comprises SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, 8 or any combination thereof.

24, A method of promoting brown adipogenesis in a subject in need thereof, the
method comprising administering to the subject the pharmaceutical composition of any one of

claims 1-14.

25. The method of claim 24, further comprising modulating a metabolic response

in the subject and/or treating a metabolic disorder in the subject.

26. The method of claim 25, wherein the metabolic disorder is one or more of
obesity, overweight, type Il diabetes, insulin resistance, hyperinsulinemia, hyperglycemia, pre-
diabetes, hypertension, hyperlipidemia, hepatosteatosis, fatty liver, non-alcoholic fatty liver
disease, hyperuricemia, polycystic ovarian syndrome, acanthosis nigricans, hyperphagia,
endocrine abnormalities, triglyceride storage disease, Bardet-Biedl syndrome, Laurence-Moon

syndrome, Prader-Willi syndrome, neurodegenerative diseases, and Alzheimer's disease.

27. The method of any one of claims 18-20, wherein the FGF7 or analog thereof
comprises SEQ IDNO: 1, 2, 3,4, 5, 6, 7, 8 or any combination thereof.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US22/30299

A. CLASSIFICATION OF SUBJECT MATTER
IPC - INV.AG1K 31/025; A61K 31/19; A61P 3/06; A61P 3/10 (2022.01)

ADD. CO7K 14/50; CO7K 14/605; CO7K 14/705 (2022.01)

CPC - INV. AB1K 31/025; A61K 31/19; A61P 3/06; AB1P 3/10

ADD. CO7K 14/50; CO7K 14/605; CO7K 14/705

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2006/0069161 A1 (LEE, et al.) 30 March 20086; paragraphs [0009], [0063], [0116] 1-10, 22

A US 2018/0185450 A1 (SANOFI) 5 July 2018; paragraphs [0341], [0414], [0425] 1-10, 22

A ~ | (KOEHLER, JA et al.) GLP-1R Agonists Promote Normal and Neoplastic Intestinal Growth 1-10, 22

through Mechanisms Requiring Fgf7. Cell Metabolism. 3 March 2015, Vol. 21, No. 3; pages 1-3;
abstract; page 2, 1st column, 2nd paragraph; page 3, 2nd column, 4th paragraph; DOI:
10.1016/j.cmet.2015.02.005

A -1 (XU, X et al.) Activin, BMP and FGF pathways cooperate to promote endoderm and pancreatic | 1-10, 22
lineage cell differentiation from human embryonic stem cells. Mechanisms of Development.
September 2011, Epub 10 August 2011, Vol. 128, No. 7-10; page 1; abstract; DOI:
10.1016/j.mod.2011.08.001

D Further documents are listed in the continuation of Box C. [j See patent family annex.
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

“D”  document cited by the applicant in the international application “X™ document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step

“E” earlier application or patent but published on or after the international 3
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which “Y”™ document of particular relevance; the claimed invention cannot
is cited to establish t qr{)ublxcatlon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0" documentreferringtoanoral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
31 July 2022 (31.07.2022) AUG 1 7 2022
Name and mailing address of the [SA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 574.973-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US22/30299

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.¢ of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. m forming part of the international application as filed:
IX' in the form of an Annex C/ST.25 text file.
I:I on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13zer 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13¢er1(a)).
I:I on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713).
2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statemnents that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:I Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2, D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. [Z Claims Nos.: 11-21,23-27
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. l:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. l:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees:

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. L—_l No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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