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Description

FIELD

[0001] Provided herein is amlexanox or a pharmaceutically acceptable salt thereof for use in a method of treating a
subject having obesity, insulin resistance, hepatic steatosis, diabetes, metabolic syndrome, chronic inflammation in liver,
or chronic inflammation in adipose tissue.

BACKGROUND

[0002] Generally, obesity is defined as an excess of adipose tissue. Clinically, it is generally defined as that amount
of adiposity that imparts a health risk. Even mild obesity, at 20% over desirable weight according to standard height-
weight charts, may increase the risk for disease and premature death. While the etiology of obesity and diabetes is not
entirely overlapping, it is now amply clear that both share appreciable biochemical and physiological components.
[0003] The incidence of the metabolic disorders of diabetes and obesity has reached epidemic levels. It has been
estimated that over 120 million Americans are clinically overweight and over 25 million have diabetes, including 1.9
million new cases in 2010 among those aged 20 and older. Obesity and diabetes can cause or contribute to the devel-
opment of, or at least affect the treatment of, other diseases and disorders such as cardiovascular diseases, stroke,
hypertension, kidney failure, asthma, and cancer. The economic burden of diabetes alone was estimated to be over
$174 billion per year in 2007. Obesity and diabetes have a major impact on human health and the various national
healthcare systems all over the world.
[0004] Recently launched weight-loss drugs have failed or have demonstrated limited efficacy and undesirable side
effects. Similarly, despite a tremendous medical need, the pharmaceutical industry has realized only limited success
developing therapeutics to manage diabetes. The most common therapeutics (sulfonylureas) are not effective and the
most promising new drugs (thiazolidinediones) have demonstrated rare but fatal side effects. Thus, there is an urgent
need for a more comprehensive understanding of the molecular basis of obesity and diabetes, for tests that allow early
detection of predispositions to the disorders, and for more effective pharmaceuticals for preventing and treating the
diseases and conditions.

SUMMARY

[0005] Provided herein is amlexanox or a pharmaceutically acceptable salt thereof for use in a method of treating a
subject having obesity, insulin resistance, hepatic steatosis, diabetes, metabolic syndrome, chronic inflammation in liver,
or chronic inflammation in adipose tissue.For example, pharmaceutically acceptable compositions are provided employ-
ing amlexanox or a pharmaceutically acceptable salt thereof, alone or in combination with other agents and/or medical
interventions, for use in the treatment, prevention, and management of such diseases and conditions.
[0006] Described herein are methods of treatment comprising: administering a pharmaceutically effective amount of
amlexanox, a derivative thereof, or a pharmaceutically acceptable salt thereof, alone or in combination with another
agent, to a subject with a condition associated with obesity or insulin resistance. In some instances, the administration
causes one or more of: a reduction in or elimination of one or more symptoms of the condition, prevention of increased
severity of one or more symptoms of the condition, and/or reduction, prevention, or elimination of further diseases or
conditions.
[0007] In certain embodiments, the insulin resistance is in the subject’s adipocyte cells, liver cells, or muscle cells. In
particular embodiments, the insulin resistance causes the subject to have impaired glucose metabolism. In further
instances, the administering causes an increase in glucose metabolism by adipocytes and correction in the appearance
of adipose tissue macrophages of the subject. In some embodiments, the increase in glucose metabolism is caused by
increased insulin receptor signaling in response to insulin.
[0008] In particular instances, the administering causes a reduction of body fat in the subject (e.g., the size of adipocytes
in the subject is reduced). In certain instances, the administering causes the patient to lose at least 10 pounds (e.g., 10,
15, 20, 35, 60, 100, 200 or more pounds). In some instances, the administration causes at least a 5% reduction in the
patient’s body weight (e.g., at least 7%, 10%, 20%, 30%, 50%, 75% reduction or more).
[0009] In some embodiments, the condition treated is obesity. In other embodiments, the condition treated is diabetes
(e.g., type II or both types I and II). In further embodiments, the condition treated is insulin resistance.
[0010] In some embodiments, the subject is experiencing or is at risk of experiencing obesity, diabetes, and insulin
resistance. In some embodiments, the treatment results in an outcome of increased glucose metabolism, reduction in
body fat, lack of increase in body fat, increased insulin receptor signaling, reduction in or prevention of chronic inflammation
in the liver, reduction in or prevention of chronic inflammation in adipose tissue, reduction in or prevention of hepatic
steatosis, promotion of metabolic energy expenditure, reduction in circulating free fatty acids, and/or reduction in cho-
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lesterol.
[0011] Conditions and disease states that may be treated by Amlexanox, a derivative thereof, or a pharmaceutically
acceptable salt thereof include, but are not limited to: diabetes mellitus, type II diabetes, metabolic syndrome, insulin
resistance syndrome, lipid metabolic conditions, and hepatic steatosis disease (also referred to as fatty liver disease).
Fatty liver disease can range from fatty liver alone (steatosis) to fatty liver associated with inflammation (steatohepatitis).
This condition can occur with alcohol use (alcohol-related fatty liver) or in the absence of alcohol use (nonalcoholic fatty
liver disease (NAFLD)). Other factors that may lead to fatty liver disease include, but are not limited to, drugs (e.g.,
amiodarone, tamoxifen, methotrexate), alcohol, metabolic abnormalities (e.g., galactosemia, glycogen storage diseases,
homocystinuria, tyrosinemia), nutritional status (e.g., overnutrition, severe malnutrition, total parenteral nutrition (TPN),
starvation diet), or other health problems (e.g., celiac sprue, Wilson disease). Individuals genetically predisposed to fatty
liver disease may exhibit normal or underweight body composition.
[0012] Amlexanox, a derivative thereof, or a pharmaceutically acceptable salt thereof find use in the treatment of
overweight subjects and/or prevention of obesity. The World Health Organization (WHO) provides the most widely
accepted clinical definition of obesity. Under this convention for adults, grade 1 overweight (commonly and simply called
overweight) is a body mass index (BMI) of 25-29.9 kg/m2. Grade 2 overweight (commonly called obesity) is a BMI of
30-39.9 kg/m2. Grade 3 overweight (commonly called severe or morbid obesity) is a BMI greater than or equal to 40
kg/m2. The surgical literature often uses a different classification to recognize particularly severe obesity. In this setting,
a BMI greater than 40 kg/m2 is described as severe obesity, a BMI of 40-50 kg/m2 is termed morbid obesity, and a BMI
greater than 50 kg/m2 is termed super obese. The definition of obesity in children involves BMIs greater than the 85th
(commonly used to define overweight) or the 95th (commonly used to define obesity) percentile, respectively, for age-
matched and sex-matched control subjects. Secondary causes of obesity include but are not limited to hypothyroidism,
Cushing syndrome, insulinoma, hypothalamic obesity, polycystic ovarian syndrome, genetic syndromes (e.g., Prader-
Willi syndrome, Alström syndrome, Bardet-Biedl syndrome, Cohen syndrome, Börjeson-Forssman-Lehmann syndrome,
Fröhlich syndrome), growth hormone deficiency, oral contraceptive use, medication-induced obesity (e.g., phenothi-
azines, sodium valproate, carbamazepine, tricyclic antidepressants, lithium, glucocorticoids, megestrol acetate, thiazo-
lidine diones, sulphonylureas, insulin, adrenergic antagonists, serotonin antagonists (especially cyproheptadine)), eating
disorders (especially binge-eating disorder, bulimia nervosa, night-eating disorder), hypogonadism, pseudohypoparath-
yroidism, and obesity related to tube feeding.
[0013] In some embodiments, amlexanox or a pharmaceutically acceptable salt thereof provided herein are used to
treat a subject having a condition associated with obesity, insulin resistance, or hepatic steatosis, wherein the subject
does not have an allergy, an apthous ulcer, or bronchial asthma. In some embodiments, the pharmaceutically acceptable
compositions of amlexanox provided herein are used to treat a subject having a condition associated with obesity, insulin
resistance, hepatic steatosis, or one or more of the above diseases or conditions but are not used to treat one or more
of the following diseases or conditions or are lacking at least one (or multiple or all) of the following diseases or conditions
or are not in need of treatment of at least one (or multiple or all) of the following diseases or conditions: allergies, hay
fever, asthma (e.g., bronchial asthma), aphthous ulcers, rhinitis, bronchitis, lung inflammation, osteoarthritis, juvenile
arthritis, rheumatoid arthritis, spondylo arthopathies, gouty arthritis, chronic granulomatous diseases such as tubercu-
losis, leprosy, sarcoidosis, and silicosis, nephritis, amyloidosis, ankylosing spondylitis, chronic bronchitis, scleroderma,
systemic lupus erythematosus, polymyositis, appendicitis, inflammatory bowel disease, Crohn’s disease, gastritis, irri-
table bowel syndrome, ulcerative colitis, colorectal cancer, Sjorgen’s syndrome, Reiter’s syndrome, psoriasis, pelvic
inflammatory disease, orbital inflammatory disease, thrombotic disease, menstrual cramps, tendinitis, bursitis, psoriasis,
eczema, bums, dermatitis, and inappropriate allergic responses to environmental stimuli such as poison ivy, pollen,
insect stings, and certain foods, including atopic dermatitis and contact dermatitis, migraine headaches, periarteritis
nodosa, thyroiditis, aplastic anemia, Hodgkin’s disease, sclerodoma, rheumatic fever, myasthenia gravis, sarcoidosis,
nephrotic syndrome, Behcet’s syndrome, polymyositis, gingivitis, hypersensitivity, conjunctivitis, swelling occurring after
injury, lipopolysaccharide-induced septic shock, tissue regeneration, neurodegenerative disease (e.g., Alzheimer’s dis-
ease), tissue rejection, osteoporosis, cachexia, and neurodegeneration. In some embodiments, the compositions are
used to treat subjects not in need of tissue regeneration. In some embodiments, amlexanox, a derivative thereof, or a
pharmaceutically acceptable salt thereof are used to treat subjects lacking cell proliferative disorders such as, for instance,
benign prostate hyperplasia, familial adenomatosis, polyposis, neuro-fibromatosis, psoriasis, pulmonary fibrosis, and
arthritis glomerulonephritis.
[0014] In some embodiments, amlexanox, a derivative thereof, or a pharmaceutically acceptable salt thereof are not
used to treat one or more of the following cancers or are used to treat subjects who do not have at least one of the
following cancers: carcinoma such as bladder, breast, colon, kidney, liver, lung (including small cell lung cancer), es-
ophagus, gall-bladder, ovary, pancreas, stomach, cervix, thyroid, prostate, and skin (including squamous cell carcinoma);
hematopoietic tumors of lymphoid lineage, including leukemia, acute lymphocytic leukemia, acute lymphoblastic leuke-
mia, B-cell lymphoma, T-cell-lymphoma, Hodgkin’s lymphoma,
non-Hodgkin’s lymphoma, hairy cell lymphoma and Burkett’s lymphoma; hematopoietic tumors of myeloid lineage,
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including acute and chronic myclogenous leukemias, myelodysplastic syndrome and promyelocytic leukemia; tumors
of mesenchymal origin, including fibrosarcoma and rhabdomyosarcoma; tumors of the central and peripheral nervous
system, including astrocytoma, neuroblastoma, glioma and schwannomas; other tumors, including melanoma, semino-
ma, teratocarcinoma, osteosarcoma, xeroderma pigmentosum, keratoxanthoma, thyroid follicular cancer and Kaposi’s
sarcoma.
[0015] In some embodiments, the methods described herein comprise testing a subject for a disease or condition
such as impaired insulin signaling, obesity, diabetes, insulin resistance, metabolic syndrome, hepatic steatosis, chronic
inflammation in liver, and chronic inflammation in adipose tissue, followed by administering amlexanox, a derivative
thereof, or a pharmaceutically acceptable salt thereof, alone or in combination with other agents. In some embodiments,
methods comprise administering to a subject amlexanox, a derivative thereof, or a pharmaceutically acceptable salt
thereof, alone or in combination with other agents, followed by testing the subject for a disease or a condition such as
impaired insulin signaling, obesity, diabetes, insulin resistance, metabolic syndrome, hepatic steatosis, chronic inflam-
mation in liver, and chronic inflammation in adipose tissue. In some embodiments, methods comprise testing a subject
for a disease or condition such as impaired insulin signaling, obesity, diabetes, insulin resistance, metabolic syndrome,
hepatic steatosis, chronic inflammation in liver, and chronic inflammation in adipose tissue, followed by administering
amlexanox, a derivative thereof, or a pharmaceutically acceptable salt thereof, alone or in combination with other agents,
followed by a second round of testing for a disease or condition such as impaired insulin signaling, obesity, diabetes,
insulin resistance, metabolic syndrome, hepatic steatosis, chronic inflammation in liver, and chronic inflammation in
adipose tissue (e.g., to monitor the effect of the treatment). In some embodiments, methods comprise testing a subject
for a disease or condition such as impaired insulin signaling, obesity, diabetes, insulin resistance, metabolic syndrome,
hepatic steatosis, chronic inflammation in liver, and chronic inflammation in adipose tissue, followed by administering
amlexanox, a derivative thereof, or a pharmaceutically acceptable salt
thereof, alone or in combination with other agents, followed by a second round of testing for a disease or condition such
as impaired insulin signaling, obesity, diabetes, insulin resistance, metabolic syndrome, hepatic steatosis, chronic in-
flammation in liver, and chronic inflammation in adipose tissue, and a second administration of amlexanox, a derivative
thereof, or a pharmaceutically acceptable salt thereof, alone or in combination with other agents, with this second
administration being modified in dose, duration, frequency, or administration route in a manner dependent upon the
results of the prior testing.
[0016] The technology provided may comprise use of amlexanox, a derivative thereof, or a pharmaceutically acceptable
salt thereof, alone or in combination with other agents in the manufacture of a medicament for the treatment of a condition
such as impaired insulin signaling, obesity, diabetes, insulin resistance, metabolic syndrome, hepatic steatosis, chronic
inflammation in liver, and chronic inflammation in adipose tissue.
[0017] In some embodiments, the technology provides amlexanox or a pharmaceutically acceptable salt thereof, for
use in a method for the treatment of a condition associated with obesity, insulin resistance, or hepatic steatosis.
[0018] Amlexanox, a derivative thereof, or a pharmaceutically acceptable salt thereof, can be co-administered with
one or more additional therapeutic agents or medical interventions. Co-administration can involve co-formulation of two
or more agents together into the same medicament.The agents can be in separate formulations but are administered
together, either simultaneously or in sequence (e.g., separated by one or more minutes, hours, days, etc.). Where a
synergistic or additive benefit is achieved, the co-administered agent may be provided at a lower dose than would
normally be administered if that agent were being used in isolation to treat the disease or condition. For example, one
or more of the following agents or interventions can be co-administered or co-applied with amlexanox, a derivative
thereof, or a pharmaceutically acceptable salt thereof: low calorie diet, very low calorie diet (less than 800 calories per
day), low-fat diet, gluten-free diet, exercise, appetite-suppressant medications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and other features, aspects, and advantages of the present technology will become better understood
with regard to the following drawings:

Figure 1A shows a plot of IKKe phosphorylation activity measured in vitro as a function of amlexanox concentration.
Figure 1B shows a plot of TBK1 phosphorylation activity as a function of amlexanox concentration.
Figure 2 shows a double-reciprocal plot depicting competitive inhibition of ATP binding to IKKe by amlexanox.
Figure 3 shows a plot of body weight versus time for mice fed a high-fat diet and treated with amlexanox.
Figure 4 shows a plot of body weight versus time for mice fed a high fat diet (HFD) and gavaged with amlexanox
at 25 mg/kg (grey squares) or 100 mg/kg (black squares) or with vehicle control (white squares = HFD, white circles
= ND). Initiation of gavage in the preventative group coincided with high fat diet (HFD) feeding at 8 weeks of age
(n=5 per group).
Figure 5A shows a plot of body weight versus time (duration of gavage) for mice fed a high-fat diet and treated with
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amlexanox.
Figure 5B shows a plot of food intake during treatment for mice fed a high-fat diet and then treated with amlexanox.
Figure 5C shows a plot of body weight for mice treated preventatively with 25 mg/kg amlexanox (black squares) or
vehicle control (white squares) for 8 weeks, after which the withdrawal group (black Xs) was switched to vehicle
control treatment (n=7 per group).
Figure 5D sows a plot of total (left panel) and relative (right panel) fat and lean body mass of mice in the treatment
group. ND vehicle control: light grey bars, ND 25 mg/kg amlexanox: dark grey bars, HFD vehicle control: white bars
and HFD 25 mg/kg amlexanox: black bars. (n=4 for ND groups, n=8 for HFD groups).
Figure 6A shows a plot of food intake for Ob/ob mice treated with amlexanox.
Figure 6B shows a plot of body weight versus duration of treatment for Ob/ob mice treated with amlexanox.
Figure 6C shows a plot of fasting glucose levels versus duration of treatment for Ob/ob mice treated with amlexanox.
Figure 6D shows a plot of oral glucose tolerance. ND vehicle control (white circles), HFD vehicle control (white
squares) HFD 25 mg/kg amlexanox (black squares). (n=5 per group).
Figure 6E shows a plot of fasting blood glucose and serum insulin levels in mice: ND vehicle control (grey bars),
HFD vehicle control (white bars) and HFD 25 mg/kg amlexanox treated (black bars). (n=8 per group).
Figure 6F shows a plot of insulin tolerance. ND vehicle control (white circles), HFD vehicle control (white squares)
HFD 25 mg/kg amlexanox (black squares). (n=8 per group).
Figure 7A shows a plot of blood glucose level as a function of time after glucose gavage for amlexanox-treated
Ob/ob mice.
Figure 7B shows a plot of blood glucose level as a function of time after glucose injection for amlexanox-treated
Ob/ob mice.
Figure 8A shows a plot of the percent of initial glucose remaining as a function of time after insulin injection for
amlexanox-treated Ob/ob mice.
Figure 9A shows plots of liver mass and liver triglycerides for amlexanox-treated Ob/ob mice.
Figure 9B shows a plot of liver glycogen for amlexanox-treated Ob/ob mice.
Figure 9C shows a plot of liver weight relative to mouse body weight for amlexanox-treated Ob/ob mice.
Figure 9D shows a plot of liver triglycerides for amlexanox-treated Ob/ob mice.
Figure 10 shows relative gene expression (as relative mRNA levels) for lipogenic genes expressed in livers of
amlexanox-treated Ob/ob mice.
Figure 11A shows relative mRNA levels for inflammatory genes expressed in the livers of amlexanox-treated Ob/ob
mice.
Figure 11B shows relative mRNA levels for macrophage marker genes expressed in the livers of amlexanox-treated
Ob/ob mice.
Figure 12A shows relative mRNA levels for inflammatory genes expressed in epididymal adipose tissue of amlex-
anox-treated Ob/ob mice.
Figure 12B shows relative mRNA levels for macrophage marker genes expressed in epididymal adipose tissue of
amlexanox-treated Ob/ob mice.
Figure 13 shows a plot of serum cytokine levels in ob/ob mice gavaged with vehicle control (white bars) or 100
mg/kg amlexanox (black bars). (n=6 per group).
Figure 14 shows expression of inflammatory genes and macrophage markers in white adipose tissue from ob/ob
mice gavaged with vehicle control (white bars) or 100 mg/kg amlexanox (black bars) determined by Q-PCR (n=6
per group).
Figure 15 shows a western blot of white adipose tissue protein levels of UCP1, non-canonical IKKs, and phospho-
rylation of S6K at threonine 389 and HSL at serine 562. RalA levels are shown as loading controls.
Figure 16 shows a western blot of amlexanox-stimulated induction of TBK1 phosphorylation at serine 172 and
inhibition of IRF3 phosphorylation at serine 396 in 3T3-L1 adipocytes treated with and without poly I:C. The amlexanox
dose curve is a two-fold serial dilution with a highest concentration of 50 mM. Results were replicated in multiple
experiments. RalA levels are shown as loading controls.
Figure 17 is a western blot showing that cayman dependently reverses LPS and poly I:C induction of pIRF3, while
inducing IKKβ and TBK1 phosphorylation in RAW264.7 cells. Results were replicated in multiple experiments. RalA
levels are shown as loading controls.
Figure 18 is a plot of oxygen consumption (VO2 versus time for mice treated with amlexanox; ND (left panel - light
grey circles = vehicle, dark grey circles = 25 mg/kg amlexanox) and HFD (right panel - white squares = vehicle,
black squares = 25 mg/kg amlexanox). (n=4 for ND groups, n=8 for HFD groups). HFD amlexanox treated mean
values are significantly higher than HFD vehicle mean values during all three light and dark cycles, P value < 0.05.

Figure 19 is a plot showing core body temperature in ND fed mice gavaged with vehicle (grey bar), HFD fed mice
gavaged with vehicle (white bar) and HFD fed mice gavaged with 25 mg/kg amlexanox (black bar). * P value < 0.05
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HFD vehicle control versus HFD amlexanox treated or ob/ob vehicle control versus ob/ob amlexanox treated.  P
value < 0.05 ND vehicle control versus HFD vehicle control.
Figure 20A is a plot showing an increased lipolytic rate in 3T3-L1 adipocytes treated with amlexanox, as measured
by glycerol release (left panel). Corresponding HSL and TBK1 phosphorylation levels are shown in the right panel.
RalA levels are shown as loading controls.
Figure 20B is western blot showing that amlexanox partially restores forskolin-stimulated HSL phosphorylation at
serine 660 in 3T3-L1 adipocytes chronically treated with TNFα. Phosphorylation of TBK1 at serine 172 is also
restored by amlexanox treatment. Reduced PEARγ and increased IKKε protein levels are positive controls for TNFα
effectiveness. Results were replicated in more than three experiments. RalA levels are shown as loading controls.
Figure 21 is a plot showing the expression of BAT specific markers in BAT of treatment group determined by Q-
PCR. Grey bars: ND vehicle control, white bars: high fat diet vehicle control; black bars: high fat diet gavaged daily
with 25 mg/kg amlexanox (n=6 per group).
Figure 22 is a western blot showing UCP-1 protein levels in BAT of treatment group. Akt levels are shown as loading
controls. * P value < 0.05 vehicle control versus amlexanox treated; # P value < 0.1 HFD vehicle control versus
HFD amlexanox treated; † P value < 0.05 ND vehicle control versus HFD vehicle control.
Figure 23 is a western blot showing BAT protein levels of non-canonical IKKs, and phosphorylation of S6 at serine
235/236. RalA levels are shown as loading controls. Lipid oxidation rate in ex vivo BAT treated with amlexanox
(black bar) or vehicle control (white bar). (n=6 per group). * P value < 0.05 vehicle versus amlexanox treated.
Figure 24 is a plot showing the lipid oxidation rate in ex vivo BAT treated with amlexanox (black bar) or vehicle
control (white bar). (n=6 per group). * P value < 0.05 vehicle versus amlexanox treated.

DETAILED DESCRIPTION

[0020] Provided herein are amlexanox or a pharmaceutically acceptable salt thereof, alone or in combination with other
agents and/or medical interventions, for use in a method of treating a subject having obesity, insulin resistance, hepatic
steatosis, diabetes, metabolic syndrome, chronic inflammation in liver, or chronic inflammation in adipose tissue.

Definitions

[0021] To facilitate an understanding of embodiments described herein, a number of terms are defined below.
[0022] As used herein, "a" or "an" or "the" can mean one or more than one. For example, "a" cell can mean one cell
or a plurality of cells.
[0023] As used herein, "active" or "activity" refers to native or naturally occurring biological and/or immunological activity.
[0024] As used herein the term, "in vitro" refers to an artificial environment and to processes or reactions that occur
within an artificial environment. In vitro environments may include, but are not limited to, test tubes and cell cultures.
The term "in vivo" refers to the natural environment (e.g., an animal or a cell) and to processes or reactions that occur
within a natural environment.
[0025] As used herein, the terms "subject" and "patient" refer to any animal, such as a mammal like a dog, cat, bird,
livestock, and preferably a human (e.g., a human with a disease such as obesity, diabetes, or insulin resistance).
[0026] As used herein, the term "effective amount" refers to the amount of a composition sufficient to effect beneficial
or desired results. An effective amount can be administered in one or more administrations, applications, or dosages
and is not intended to be limited to a particular formulation or administration route.
[0027] As used herein, the term "administration" refers to the act of giving a drug, prodrug, or other agent, or therapeutic
treatment to a subject. Exemplary routes of administration to the human body can be through the eyes (ophthalmic),
mouth (oral), skin (transdermal, topical), nose (nasal), lungs (inhalant), oral mucosa (buccal), ear, by injection (e.g.,
intravenously, subcutaneously, intratumorally, intraperitoneally, etc.), and the like.
[0028] As used herein, the term "co-administration" refers to the administration of at least two agents or therapies to
a subject. In some embodiments, the co-administration of two or more agents or therapies is concurrent. In other
embodiments, a first agent/therapy is administered prior to a second agent/therapy. Those of skill in the art understand
that the formulations and/or routes of administration of the various agents or therapies used may vary. The appropriate
dosage for co-administration can be readily determined by one skilled in the art. In some embodiments, when agents
or therapies are co-administered, the respective agents or therapies are administered at lower dosages than appropriate
for their administration alone. Thus, co-administration is especially desirable in embodiments where the co-administration
of the agents or therapies lowers the requisite dosage of a potentially harmful (e.g., toxic) agent.
[0029] As used herein, the term "pharmaceutical composition" refers to the combination of an active agent with a
carrier, inert or active, making the composition especially suitable for therapeutic use.
[0030] The terms "pharmaceutically acceptable" or "pharmacologically acceptable", as used herein, refer to compo-
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sitions that do not substantially produce adverse reactions, e.g., toxic, allergic, or immunological reactions, when ad-
ministered to a subject.
[0031] As used herein, the term "treating" includes reducing or alleviating at least one adverse effect or symptom of
a disease or disorder through introducing in any way a therapeutic composition of the present technology into or onto
the body of a subject. "Treatment" refers to both therapeutic treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down (lessen) the targeted pathologic condition or disorder. Those in need of
treatment include those already with the disorder as well as those prone to have the disorder or those in whom the
disorder is to be prevented.
[0032] As used herein, "therapeutically effective dose" refers to an amount of a therapeutic agent sufficient to bring
about a beneficial or desired clinical effect. Said dose can be administered in one or more administrations. However,
the precise determination of what would be considered an effective dose may be based on factors individual to each
patient, including, but not limited to, the patient’s age, size, type or extent of disease, stage of the disease, route of
administration, the type or extent of supplemental therapy used, ongoing disease process, and type of treatment desired
(e.g., aggressive versus conventional treatment).
[0033] As used herein, the term "sample" is used in its broadest sense. In one sense, it is meant to include a specimen
or culture obtained from any source, as well as biological and environmental samples. Biological samples may be
obtained from animals (including humans) and encompass fluids, solids, tissues, and gases. Biological samples include
blood products, such as plasma, serum and the like. Environmental samples include environmental material such as
surface matter, soil, water, crystals and industrial samples. Such examples are not however to be construed as limiting
the sample types applicable to the present technology.

Embodiments of the technology

[0034] The embodiments concern amlexanox (2-amino-7-isopropyl-1-azaxanthone-3-carboxylic acid; 2-amino-7-iso-
propyl-5-oxo-5H-chromeno[2,3-b]pyridine-3-carboxylic acid), or a pharmaceutically acceptable salt thereof. Amlexanox
and its synthesis are described in U.S. Pat. No. 4,143,042. The compound has the structure of Formula I:

wherein R1 is an amino group, m is 1; .
[0035] In Formula (I), the alkyl group represented by R2 is isopropyl.
[0036] The compound of general Formula (I) can be converted to the corresponding organic amine salts, alkali metal
salts, or ammonium salts by reacting (I) in the per se conventional manner with an organic amine (e.g., ethanolamine,
diethanolamine, dl-methylephedrin, 1-(3,5-dihydroxyphenyl)-L-isopropylaminoethanol, isoproterenol, dextromethor-
phan, hetrazan (diethylcarbamazine), diethylamine, triethylamine, etc.), an alkali metal hydroxide (e.g., sodium hydroxide,
potassium hydroxide, etc.) or ammonia, for example by mixing them together and heating in a suitable solvent.
[0037] It is generally contemplated that the compounds according to the technology provided are formulated for ad-
ministration to a mammal, and especially to a human with a condition that is responsive to the administration of such
compounds. Therefore, where contemplated compounds are administered in a pharmacological composition, it is con-
templated that the contemplated compounds are formulated in admixture with a pharmaceutically acceptable carrier.
For example, contemplated compounds can be administered orally as pharmacologically acceptable salts, or intrave-
nously in a physiological saline solution (e.g., buffered to a pH of about 7.2 to 7.5). Conventional buffers such as
phosphates, bicarbonates, or citrates can be used for this purpose. Of course, one of ordinary skill in the art may modify
the formulations within the teachings of the specification to provide numerous formulations for a particular route of
administration. In particular, contemplated compounds may be modified to render them more soluble in water or other
vehicle, which for example, may be easily accomplished with minor modifications (salt formulation, esterification, etc.)
that are well within the ordinary skill in the art. It is also well within the ordinary skill of the art to modify the route of
administration and dosage regimen of a particular compound in order to manage the pharmacokinetics of the present
compounds for maximum beneficial effect in a patient.
[0038] In certain pharmaceutical dosage forms, prodrug forms of contemplated compounds may be formed for various
purposes, including reduction of toxicity, increasing the organ or target cell specificity, etc. Among various prodrug forms,
acylated (acetylated or other) derivatives, pyridine esters, and various salt forms of the present compounds are preferred.
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One of ordinary skill in the art will recognize how to readily modify the present compounds to prodrug forms to facilitate
delivery of active compounds to a target site within the host organism or patient. One of ordinary skill in the art will also
take advantage of favorable pharmacokinetic parameters of the prodrug forms, where applicable, in delivering the present
compounds to a targeted site within the host organism or patient to maximize the intended effect of the compound.
Similarly, it should be appreciated that contemplated compounds may also be metabolized to their biologically active
form, and all metabolites of the compounds herein are therefore specifically contemplated. In addition, contemplated
compounds (and combinations thereof) may be administered in combination with yet further agents for treating obesity
and related disorders, including, but not limited to insulin resistance, diabetes, steatosis, nonalcoholic steatotic hepatitis,
and atherosclerosis.
[0039] With respect to administration to a subject, it is contemplated that the compounds be administered in a phar-
maceutically effective amount. One of ordinary skill recognizes that a pharmaceutically effective amount varies depending
on the therapeutic agent used, the subject’s age, condition, and sex, and on the extent of the disease in the subject.
Generally, the dosage should not be so large as to cause adverse side effects, such as hyperviscosity syndromes,
pulmonary edema, congestive heart failure, and the like. The dosage can also be adjusted by the individual physician
or veterinarian to achieve the desired therapeutic goal.
[0040] As used herein, the actual amount encompassed by the term "pharmaceutically effective amount" will depend
on the route of administration, the type of subject being treated, and the physical characteristics of the specific subject
under consideration. These factors and their relationship to determining this amount are well known to skilled practitioners
in the medical, veterinary, and other related arts. This amount and the method of administration can be tailored to achieve
optimal efficacy but will depend on such factors as weight, diet, concurrent medication, and other factors that those
skilled in the art will recognize.
[0041] Amlexanox, a derivative thereof, or a pharmaceutically acceptable salt thereof, can be administered in a phar-
maceutically effective amount.
Amlexanox, a derivative thereof, or a pharmaceutically acceptable salt thereof, can be administered in a therapeutically
effective dose.
[0042] The dosage amount and frequency are selected to create an effective level of the compound without substantially
harmful effects. When administered orally or intravenously, the dosage of amlexanox or related compounds will generally
range from 0.001 to 10,000 mg/kg/day or dose (e.g., 0.01 to 1000 mg/kg/day or dose; 0.1 to 100 mg/kg/day or dose).
[0043] Methods of administering a pharmaceutically effective amount include, without limitation, administration in
parenteral, oral, intraperitoneal, intranasal, topical, sublingual, rectal, and vaginal forms. Parenteral routes of adminis-
tration include, for example, subcutaneous, intravenous, intramuscular, intrastemal injection, and infusion routes. Aml-
exanox, a derivative thereof, or a pharmaceutically acceptable salt thereof, can be administered orally.
[0044] Pharmaceutical compositions preferably comprise one or more compounds of the present technology associ-
ated with one or more pharmaceutically acceptable carriers, diluents, or excipients. Pharmaceutically acceptable carriers
are known in the art such as those described in, for example, Remingtons Pharmaceutical Sciences, Mack Publishing
Co. (A. R. Gennaro edit. 1985). Accordingly, the composition can be formulated as a tablet, a capsule, a time release
tablet, a time release capsule; a time release pellet; a slow release tablet, a slow release capsule; a slow release pellet;
a fast release tablet, a fast release capsule; a fast release pellet; a sublingual tablet; a gel capsule; a microencapsulation;
a transdermal delivery formulation; a transdermal gel; a transdermal patch; a sterile solution; a sterile solution prepared
for use as an intramuscular or subcutaneous injection, for use as a direct injection into a targeted site, or for intravenous
administration; a solution prepared for rectal administration; a solution prepared for administration through a gastric
feeding tube or duodenal feeding tube; a suppository for rectal administration; a liquid for oral consumption prepared as
a solution or an elixir; a topical cream; a gel; a lotion; a tincture; a syrup; an emulsion; or a suspension.
[0045] The time release formulation can be a sustained-release, sustained-action, extended-release, controlled-re-
lease, modified release, or continuous-release mechanism, e.g., the composition is formulated to dissolve quickly, slowly,
or at any appropriate rate of release of amlexanox over time.
[0046] The compositions can be formulated so that the active ingredient is embedded in a matrix of an insoluble
substance (e.g., various acrylics, chitin) such that the dissolving drug finds its way out through the holes in the matrix,
e.g., by diffusionThe formulation can be enclosed in a polymer-based tablet with a laser-drilled hole on one side and a
porous membrane on the other side. Stomach acids push through the porous membrane, thereby pushing the drug out
through the laser-drilled hole. In time, the entire drug dose releases into the system while the polymer container remains
intact, to be excreted later through normal digestion. In some sustainid-release formulations, the amlexanox dissolves
into the matrix and the matrix physically swells to form a gel, allowing the drug to exit through the gel’s outer surface. In
some embodiments, the formulations are in a micro-encapsulated form, e.g., which is used in some embodiments to
produce a complex dissolution profile. For example, by coating amlexanox around an inert core and layering it with
insoluble substances to form a microsphere, some embodiments provide more consistent and replicable dissolution
rates in a convenient format that is combined in particular embodiments with other controlled (e.g., instant) release
pharmaceutical ingredients, e.g., to provide a multipart gel capsule.
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[0047] The pharmaceutical preparations and/or formulations of the technology can be provided in particles. Particles
as used herein means nano or microparticles (or in some instances larger) that can consist in whole or in part of amlexanox
or the other therapeutic agent(s) as described herein. The particles may contain the preparations and/or formulations
in a core surrounded by a coating, including, but not limited to, an enteric coating. The preparations and/or formulations
also may be dispersed throughout the particles. The preparations and/or formulations also may be adsorbed into the
particles. The particles may be of any order release kinetics, including zero order release, first order release, second
order release, delayed release, sustained release, immediate release, and any combination thereof, etc. The particle
may include, in addition to the t preparations and/or formulations, any of those materials routinely used in the art of
pharmacy and medicine, including, but not limited to, erodible, nonerodible, biodegradable, or nonbiodegradable material
or combinations thereof. The particles may be microcapsules which contain the formulation in a solution or in a semi-
solid state. The particles may be of virtually any shape.
[0048] Both non-biodegradable and biodegradable polymeric materials can be used in the manufacture of particles
for delivering the preparations and/or formulations. Such polymers may be natural or synthetic polymers. The polymer
is selected based on the period of time over which release is desired. Bioadhesive polymers of particular interest include
bioerodible hydrogels described by H. S. Sawhney, C. P. Pathak and J. A. Hubell in Macromolecules, (1993)26:581-587.
These include polyhyaluronic acids, casein, gelatin, glutin, polyanhydrides, polyacrylic acid, alginate, chitosan, poly(me-
thyl methacrylates), poly(ethyl methacrylates), poly(butylmethacrylate), poly (isobutyl methacrylate), poly(hexylmethacr-
ylate), poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenylmethacrylate), poly(methyl acrylate), poly(iso-
propyl acrylate), poly(isobutyl acrylate), and poly(octadecyl acrylate).
[0049] The technology also provides methods for preparing stable pharmaceutical preparations containing aqueous
solutions of amlexanox or salts thereof to inhibit formation of amlexanox degradation products. A solution is provided
that contains amlexanox or salts thereof and at least one amlexanox inhibiting agent. The solution is processed under
at least one sterilization technique prior to and/or after terminal filling the solution in the sealable container to form a
stable pharmaceutical preparation. The present formulations may be prepared by various methods known in the art so
long as the formulation is substantially homogenous, e.g., the pharmaceutical is distributed substantially uniformly within
the formulation. Such uniform distribution facilitates control over drug release from the formulation.
[0050] Amlexanox can be formulated with a buffering agent. The buffering agent may be any pharmaceutically ac-
ceptable buffering agent. Buffer systems include citrate buffers, acetate buffers, borate buffers, and phosphate buffers.
Examples of buffers include citric acid, sodium citrate, sodium acetate, acetic acid, sodium phosphate and phosphoric
acid, sodium ascorbate, tartartic acid, maleic acid,
glycine, sodium lactate, lactic acid, ascorbic acid, imidazole, sodium bicarbonate and carbonic acid, sodium succinate
and succinic acid, histidine, and sodium benzoate and benzoic acid.
[0051] Amlexanox can be formulated with a chelating agent. The chelating agent may be any pharmaceutically ac-
ceptable chelating agent. Chelating agents include ethylenediaminetetraacetic acid (also synonymous with EDTA, edetic
acid, versene acid, and sequestrene), and EDTA derivatives, such as dipotassium edetate, disodium edetate, edetate
calcium disodium, sodium edetate, trisodium edetate, and potassium edetate. Other chelating agents include citric acid
and derivatives thereof. Citric acid also is known as citric acid monohydrate. Derivatives of citric acid include anhydrous
citric acid and trisodiumcitrate-dihydrate. Still other chelating agents include niacinamide and derivatives thereof and
sodium desoxycholate and derivatives thereof.
[0052] Amlexanox can be formulated with an antioxidant. The antioxidant may be any pharmaceutically acceptable
antioxidant. Antioxidants are well known to those of ordinary skill in the art and include materials such as ascorbic acid,
ascorbic acid derivatives (e.g., ascorbylpalmitate, ascorbylstearate, sodium ascorbate, calcium ascorbate, etc.), butylat-
ed hydroxy anisole, buylated hydroxy toluene, alkylgallate, sodium meta-bisulfate, sodium bisulfate, sodium dithionite,
sodium thioglycollic acid, sodium formaldehyde sulfoxylate, tocopherol and derivatives thereof, (d-alpha tocopherol, d-
alpha tocopherol acetate, dl-alpha tocopherol acetate, d-alpha tocopherol succinate, beta tocopherol, delta tocopherol,
gamma tocopherol, and d-alpha tocopherol polyoxyethylene glycol 1000 succinate) monothioglycerol, and sodium sulfite.
Such materials are typically added in ranges from 0.01 to 2.0%.
[0053] Amlexanox can be formulated with a cryoprotectant. The cryoprotecting agent may be any pharmaceutically
acceptable cryoprotecting agent. Common cryoprotecting agents include histidine, polyethylene glycol, polyvinyl pyrro-
lidine, lactose, sucrose, mannitol, and polyols.
[0054] Amlexanox can be formulated with an isotonicity agent. The isotonicity agent can be any pharmaceutically
acceptable isotonicity agent. This term is used in the art interchangeably with iso-osmotic agent, and is known as a
compound which is added to the pharmaceutical preparation to increase the osmotic pressure, e.g., in some embodiments
to that of 0.9% sodium chloride solution, which is iso-osmotic with human extracellular fluids, such as plasma. Preferred
isotonicity agents are sodium chloride, mannitol, sorbitol, lactose, dextrose and glycerol.
[0055] The pharmaceutical preparation may optionally comprise a preservative. Common preservatives include those
selected from the group consisting of chlorobutanol, parabens, thimerosol, benzyl alcohol, and phenol. Suitable pre-
servatives include but are not limited to: chlorobutanol (0.30.9% W/V), parabens (0.01-5.0%), thimerosal (0.004-0.2%),
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benzyl alcohol (0.5-5%), phenol (0.1-1.0%), and the like.
[0056] The amlexanox can be formulated with a humectant to provide a pleasant mouth-feel in oral applications.
Humectants known in the art include cholesterol, fatty acids, glycerin, lauric acid, magnesium stearate, pentaerythritol,
and propylene glycol.
[0057] An emulsifying agent can be included in the formulations, for example, to ensure complete dissolution of all
excipients, especially hydrophobic components such as benzyl alcohol. Many emulsifiers are known in the art, e.g.,
polysorbate 60.
[0058] With regard to oral administration, it may be desirable to add a pharmaceutically acceptable flavoring agent
and/or sweetener. Compounds such as saccharin, glycerin, simple syrup, and sorbitol are useful as sweeteners.
[0059] Amlexanox has been used as an oral tablet (e.g., 25-mg tablets) in Japan for treatment of bronchial asthma
and as a topical oral paste in the United States (Aphthasol) for treatment of aphthous ulcers (canker sores). Either of
these formulations may be used for the indications described herein. In other instances, different formulations can be
used. Aphthasol contains 5% amlexanox in an adhesive oral paste. Each gram of beige colored oral paste contains 50
mg of amlexanox in an adhesive oral paste base consisting of benzyl alcohol, gelatin, glyceryl monostearate, mineral
oil, pectin, petrolatum, and sodium carboxymethylcellulose.
[0060] A single dose of amlexanox can be administered to a subject. In other instances, multiple doses are administered
over two or more time points, separated by hours, days, weeks, etc. In some instances, compounds are administered
over a long period of time (e.g., chronically), for example, for a period of months or years (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, or more months or years). In such instances, compounds may be taken on a regular scheduled basis (e.g.,
daily, weekly, etc.) for the duration of the extended period.
[0061] The present technology generally relates to therapeutic compositions and formulations comprising amlexanox.
More particularly, the present technology relates to an oral medicament, a dietary supplement, a nutritional supplement,
a food supplement, a food additive, a pharmaceutical, a nutraceutical, or nutratherapeutical formulation.
[0062] The technology provided herein also includes kits for use in the described methods. Kits of the technology
comprise one or more containers comprising amlexanox, a derivative thereof, or a pharmaceutically acceptable salt
thereof, and/or a second agent, and in some variations further comprise instructions for use in accordance with any of
the methods provided herein. The kit may further comprise a description of selecting an individual suitable treatment.
Instructions supplied in the kits of the technology are typically written instructions on a label or package insert (e.g., a
paper insert included with the kit), but machine-readable instructions (e.g., instructions carried on a magnetic or optical
storage disk) are also contemplated. In some instances, the kit is a package containing a sealed container comprising
any one of the preparations described above, together with instructions for use. The kit can also include a diluent container
containing a pharmaceutically acceptable diluent. The kit can further comprise instructions for mixing the preparation
and the diluent. The diluent can be any pharmaceutically acceptable diluent. Well known diluents include 5% dextrose
solution and physiological saline solution. The container can be an infusion bag, a sealed bottle, a vial, a vial with a
septum, an ampoule, an ampoule with a septum, an infusion bag or a syringe. The containers can optionally include
indicia indicating that the containers have been autoclaved or otherwise subjected to sterilization techniques. The kit
can include instructions for administering the various solutions contained in the containers to subjects.
[0063] The technology also describes methods of treatment with amlexanox. According to another aspect of the
technology, a method is described for treating a
subject in need of such treatment with an effective amount of amlexanox or a salt thereof. The method involves admin-
istering to the subject an effective amount of amlexanox or salt thereof in any one of the pharmaceutical preparations
described above and/or detailed herein, and/or set forth in the claims. The subject can be any subject in need of such
treatment. In the foregoing description, the technology is in connection with amlexanox or salts thereof. Such salts
include, but are not limited to, bromide salts, chloride salts, iodide salts, carbonate salts, and sulfate salts. It should be
understood, however, that amlexanox is a member of a class of compounds and the technology is intended to embrace
pharmaceutical preparations, methods, and kits containing related derivatives within this class. Another aspect of the
technology then embraces the foregoing summary but read in each aspect as if any such derivative is substituted
wherever "amlexanox" appears.
[0064] A subject can be tested to assess the presence, the absence, or the level of a disease (e.g., obesity and/or a
related disorder, including, but not limited to insulin resistance, diabetes, steatosis, nonalcoholic steatotic hepatitis, and
atherosclerosis), e.g., by assaying or measuring a biomarker, a metabolite, a physical symptom, an indication, etc., to
determine the risk of or the presence of obesity and/or a related disorder, including, but not limited to insulin resistance,
diabetes, steatosis, nonalcoholic steatotic hepatitis, and atherosclerosis, and thereafter the subject is treated with am-
lexanox based on the outcome of the test. A patient can be tested, treated, and then tested again to monitor the response
to therapy. Cycles of testing and treatment may occur without limitation to the pattern of testing and treating (e.g.,
test/treat, test/treat/test, test/treat/test/treat, test/treat/test/treat/test, test/treat/treat/test/treat/treat, etc), the periodicity,
or the duration of the interval between each testing and treatment phase.
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Examples

Methods

Reagents

[0065] All chemicals were obtained from Sigma-Aldrich (Saint Louis, Missouri) unless stated otherwise. Anti-IKKε,
anti-TBK1, Phospho-TBK1 (ser172), anti-IKKα/β, phospho-IKKα/β ser176/177) anti-AKT, phospho-AKT (ser473), anti-
S6K, phospho- S6K (thr389), anti-S6, phospho-S6 (ser235/236), anti-IRF3, phospho-IRF3 (ser396), anti-HSL, phospho-
HSL (ser563 or ser660), and anti-PPARγ antibodies were purchased from Cell Signaling (Danvers, Massachusetts).
Anti-RalA antibody was obtained from BD Bioscience (San Jose, California). Anti-UCP1 antibody was obtained from
Alpha Diagnostics (San Antonio, Texas). Enhanced chemiluminescence (ECL) reagents were purchased from NEN,
Inc. EDTA-free protease inhibitor tablet was purchased from Roche Diagnostics (Indianapolis, Indiana).
[0066] During the development of embodiments of the technology provided herein, particular formulations of amlexanox
were used. For example, in the experiments described, amlexanox was solubilized in NaOH, the pH of the solution was
adjusted to 7.6 with 1 M Tris, pH 7.4, and the volume was adjusted with autoclaved, distilled water. The final concentration
of NaOH was equimolar to the concentration of amlexanox. As a specific example, to make 20 ml of a 20 mg/ml amlexanox
solution, 400 mg of amlexanox were dissolved in 10 ml of 132 mM NaOH, and then 5.2 ml of 1 M Tris, pH 7.4, and 4.8
ml of water were added. The solution of amlexanox was sterilized through a 0.2 micrometer filter. The vehicle control
was made with the same buffer without amlexanox. During the development of embodiments of the technology described
herein, amlexanox was administered to test subjects. For example, in the some of the experiments described amlexanox
was delivered to mice by oral gavage.

Animals and animal care.

[0067] Wild type male C57BL/6 mice were fed a high fat diet consisting of 45% of calories from fat (D12451 Research
Diets Inc., New Brunswick, New Jersey) starting at 8 weeks of age for 12-24 weeks, while normal diet C57BL/6 controls
were maintained on normal chow diet consisting of 4.5% fat (5002 Lab Diet, Philadelphia, Pennsylvania). Diets containing
ω-3 fatty acids were fed as previously described 24. Rosiglitazone treatment was administered for three weeks by addition
of the compound to the diet in mice that had been on HFD for 16 weeks. Each mouse consumed on average 3.5 mg/kg
rosiglitazone per day. Amlexanox was administered by daily oral gavage. For the prevention groups, amlexanox (25
mg/kg or 100 mg/kg) administration was begun concurrently with HFD feeding at 8 weeks of age. For the treatment
groups, 25 mg/kg amlexanox treatment was begun at 20 weeks of age after 12 weeks of HFD. To test the effect of
amlexanox withdrawal, mice in the treatment group were switched from amlexanox gavage to vehicle control after 8
weeks of amlexanox treatment. Control and ob/ob mice were maintained on a normal chow diet and gavaged with 100
mg/kg amlexanox or vehicle control beginning at 10 weeks of age. Animals were housed in a specific pathogen-free
facility with a 12-hour light/12-hour dark cycle and given free access to food and water. All animal use was in compliance
with the Institute of Laboratory Animal Research Guide for the Care and Use of Laboratory Animals and approved by
the University Committee on Use and Care of Animals at the University of Michigan and UCSD.

Physiological tests and biochemical assays

[0068] Particular physiological tests were used during the development of the technology provided herein. For example,
in some of the experiments described below, subjects were tested for tolerance of injected glucose and insulin according
to the methods described in Chiang et al. ("The protein kinase IKKepsilon regulates energy balance in obese mice", Cell
(2009) 138: 961-975, incorporated herein by reference in its entirety for all purposes). In some of the experiments
described below, subjects were tested for tolerance of oral glucose. In particular, mice were fasted for 6 hours before
the studies. For ob/ob mice, 1.0-1.5 mg/g of glucose was gavaged into mice, and blood glucose was measured with a
glucometer (e.g., OneTouch Ultra glucometer). Measurement of triglycerides, mRNA, and cytokines were performed
according to the methods described in Chiang et al. (The protein kinase IKKepsilon regulates energy balance in obese
mice. Cell (2009) 138: 961-975).

Food intake

[0069] The remaining weight of food provided was determined daily for singly housed mice. Daily food consumption
was calculated from a three-day average.



EP 2 675 275 B1

13

5

10

15

20

25

30

35

40

45

50

55

Energy expenditure and respiratory quotient

[0070] C57B16 mice in the amlexanox treatment group were placed in metabolic cages. The University of Michigan
Animal Metabolic Phenotyping Core measured oxygen consumption (VO2), carbon dioxide production (VCO2) and
spontaneous motor activity during 3 consecutive days using the Comprehensive Laboratory Monitoring System (CLAMS,
Columbus Instruments), an integrated open-circuit calorimeter equipped with an optical beam activity monitoring system.
The respiratory quotient was calculated by dividing carbon dioxide production by oxygen consumption. The mean values
for light and dark cycles were used to analyze statistical significance.

Body composition

[0071] The University of Michigan Animal Phenotyping Core used NMR analysis to quantify body fat, lean body mass
and fluid content in ob/ob mice and C57BL/6 mice in the amlexanox treatment group.

Core body temperature

[0072] Rectal temperature measurements were performed using a YSI 4600 Precision thermometer (YSI, Inc., Yellow
Springs, Ohio).

Blood chemistry analysis

[0073] Blood glucose was measured by OneTouch Ultra Glucometer. Plasma from mice fasted for six hours was
isolated from whole blood collected into heparinized tubes. Insulin concentrations were measured by insulin ELISA kit
(Crystal Chem Inc., Downers Grove, Illinois). Leptin and adiponectin levels were measured by ELISA kits purchased
from Cayman Chem Inc. (Ann Arbor, Michigan). Cytokine levels were quantified utilizing luminex technology in a multi-
analyte panel plate purchased from Millipore (Billerica, Massachusetts). Additionally, TNFα levels were measured using
ELISA kits purchased from R&D Systems (Minneapolis, Minnesota).

Glucose and insulin tolerance tests

[0074] For glucose tolerance tests, after a six-hour fast mice were orally gavaged with glucose at a dose of 1.5 g/kg
(C57BL/6 mice) or 1.2 g/kg (ob/ob mice). For insulin tolerance tests, mice were fasted for three hours then given an
intraperitoneal injection of insulin (1.2 units/kg for C57BL/6 mice and 2.0 units/kg for ob/ob mice). Blood glucose was
measured at basal, 15, 30, 45, 60, 90, 120 and 180 minutes from tail blood using the One Touch Ultra glucometer
(Lifescan, Milpitas, California).

Liver lipid content

[0075] Liver lipids were isolated as previously described (Norris et. Al. 2003) and the triglyceride levels were measured
by Triglyceride Reagent kit.

Liver glycogen content

[0076] Determination of glycogen in liver was performed as follows. Briefly, liver tissue was digested in a 30% potassium
hydroxide solution, and then glycogen was precipitated using ethanol. After three washes to remove any traces of
glucose, glycogen was digested by addition of amyloglucosidase. Released glucose was quantified using a colorimetric
kit (Wako, Richmond, Virginia).

Stromal vascular fraction (SVF) and adipocyte isolation

[0077] Excised WAT was digested in PBS containing 1% BSA and 1mg/mL type II collagenase for 30 minutes at 37°C
with gentle agitation. The cell suspension was filtered through a 100 mm filter and then spun at 700 x g for 5 minutes to
separate floating adipocytes from SVF pellet. Floating adipocytes were washed twice with PBS containing 1% BSA and
the SVF pellet collected after each wash.

Western analysis

[0078] Tissues were homogenized in lysis buffer (50 mM Tris, pH 7.5, 5 mM EDTA, 250 mM sucrose, 1% NP40, 2
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mM DTT, 1 mM sodium vanadate, 100 mM NaF, 10 mM Na4P2O7, and freshly added protease inhibitor tablet), then
incubated for one hour at 4°C. Crude lysates were then centrifuged at 14,000 3 g for 15 minutes twice and the protein
concentration was determined using BioRad Protein Assay Reagent. Samples were diluted in sodium dodecyl sulfate
(SDS) sample buffer. Bound proteins were resolved by SDS-polyacrylamide gel electrophoresis and transferred to
nitrocellulose membranes (Bio-Rad, Hercules, California). Individual proteins were detected with the specific antibodies
and visualised on film using horseradish peroxidase-conjugated secondary antibodies (Bio-Rad, Hercules,California)
and Western Lightning Enhanced Chemiluminescence (Perkin Elmer Life Sciences, Waltham, Massachusetts).

Histochemistry

[0079] Tissues were fixed in formalin for 3 days. Histology was performed by the University of Michigan Cancer Center
Research Histology Laboratory.

Gene expression analysis

[0080] Mouse tissues were isolated, rinsed in Phosphate Buffered Saline (PBS), frozen in liquid nitrogen and stored
at -80 °C until extraction. Total RNA was extracted from Liver, WAT and BAT tissues as well as differentiated 3T3-L1
cells using the RNeasy Lipid Tissue Kit (Qiagen, Valencia, California) according to the manufacturer’s instructions with
the inclusion of a DNase digestion step. Total RNA was extracted from BMDM and SVF cells using the RNeasy Kit
(Qiagen, Valencia, California) with a DNase step. The Superscript First-Strand Synthesis System for RTPCR (Invitrogen,
Grand Island, New York) was used with random primers for reverse transcription. Realtime PCR amplification of the
cDNA was performed on samples in triplicate with Power SYBR Green PCR Master Mix (Applied Biosystems, Carlsbad,
California) using the Applied Biosystems 7900HT Fast Realtime PCR System. Adrp or GAPDH were chosen as the
internal control for normalization after screening several candidate genes; their expression was not significantly affected
by experimental conditions. Data was analyzed using the 2-ΔΔCT method, and statistical significance was determined
using the unpaired heterocedastic Student’s t-test with one averaged sample value per mouse.

Lipid oxidation rate

[0081] Intrascapular BAT was excised and placed in DMEM with 2% BSA with and without 5 mM amlexanox then
incubated at 37°C for 1 hour, after which the media was changed to DMEM with 2% BSA, 0.25 mM carnitine, 0.2 mM
palmitic acid and 3H-palmitic acid and incubated for one more hour at 37 °C and then the media collected, and the
aqueous faction isolated. Lipid oxidation was determined by the conversion of 3H-palmitic acid to 3H2O.

IKKε and TBK1 in vitro kinase assays

[0082] In vitro kinase assays were performed by incubating purified kinase (IKKε or TBK1) in kinase buffer containing
25 mM Tris (pH7.5), 10 mM MgCl2, 1 mM DTT, and 10 mM ATP for 30 minutes at 30°C in the presence of 0.5 mCi γ-[32P]
-ATP and 1 mg myelin basic protein (MBP) per sample as a substrate. Kinase reaction was stopped by adding 4X sodium
dodecyl sulfate (SDS) sample buffer and boiling for 5 minutes at 95°C. Supernatants were resolved by SDS-polyacry-
lamide gel electrophoresis, transferred to nitrocellulose, and analyzed by autoradiography using a Typhoon 9410 phos-
phorimager (GE Lifesciences, Piscataway, New Jersey). The bands were quantified using ImageQuant.

IKKε and TBK1 immune-complex kinase assay

[0083] Liver and White adipose tissues were collected from C57BL/6 mice on normal chow or high fat diet. Tissues
were homogenized using Dounce homogenizer with lysis buffer containing 50 mM Tris (pH7.5), 150 mM NaCl, 2 mM
EDTA, 5 mM NaF, 25 mM β-glycerophosphate, 1 mM sodium orthovanadate, 10% glycerol, 1% TritonX-100, 1 mM DTT,
and 1 mM PMSF in the presence of protease inhibitors (Roche Diagnostics). Tissue cell lysates were incubated for 1
hour at 4 °C and cleared by spinning at 13,000 rpm for 15 minutes at 4 °C in a table-top centrifuge. Each 1 mg of lysate
was subjected to immunoprecipitation using 5 ml of rabbit-polyclonal antibody against TBK1 or IKKε, for 1.5 hours at
4°C. Immunocomplexes were harvested by incubation with ProtA beads (Roche Diagnostics, Indianapolis, Indiana) for
2 hours at 4 °C. Immunoprecipitates were extensively washed once with lysis buffer and three times with wash buffer
containing 20 mM Hepes (pH 7.4), 50 mM NaCl, 20 mM β-glycerophosphate, 1 mM sodium orthovanadate, 5 mM NaF,
10 mM MgCl2, and 1 mM DTT. An in vitro kinase assay using the immunoprecipitated kinases was performed as
described above. Relative levels of MBP phosphorylation were detected by autoradiograph and normalized to the levels
of IKKε or TBK1 kinase detected in the immunoprecipitate by immunoblotting.
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Cell culture and transfection

[0084] 3T3-L1 fibroblasts (American Type Culture Collection, Manassas, Virginia) were cultured and differentiated
using standard methods known in the art. Cells were routinely used within 7 days after completion of the differentiation
process; only cultures in which >90% of cells displayed adipocyte morphology were used. 3T3-L1 adipocytes were serum
starved with 0.5% fetal bovine serum (FBS) in Dulbecco’s modified eagle medium (DMEM) prior to treatment. TNFα
treatments (50 ng/mL unless otherwise noted) were performed during the 24 hour prior to harvest, after pretreatment
with IKKβ inhibitor compound VIII (EMD Biosciences, Philadelphia, Pennsylvania) for 1 hour where indicated. 3T3-L1
adipocytes were pre-treated for 1 hour with amlexanox at the given concentrations, then treated with 20 mg/ml of poly
I:C for 1 hour. Alternatively, 3T3-L1 adipocytes were treated with 50 mM forskolin for 15 minutes, after a 30 minute
amlexanox pretreatment. Cells were treated with or without 10 nM of insulin for 15 minutes. RAW264.7 cells were serum
starved with 0.5% FBS DMEM media and pre-treated with or without Cay-10576 (Cayman Chemical, Ann Arbor, Mich-
igan). The cells were then treated with LPS (0.5 mg/ml) or poly I:C (50 mg/ml) for 1 hour. Cells were harvested for total
RNA and analyzed by real-time PCR. Cell lysates were resolved on SDS-PAGE and analyzed by immunoblot using the
indicated antibodies.

Statistics

[0085] During the development of embodiments of the technology provided herein, statistical analyses were used to
evaluate data. For instance, data were assessed using the Student T-test. In figures showing data collected during
development of the technology, data with a p value less than 0.05 are marked with a single asterisk (*) and data with a
p value less than 0.01 are marked with a double asterisk (**). In addition, in figures showing data collected during the
development of the technology, error bars indicate the standard error of the mean (S.E.M.) for the data.

Molecular modeling of amlexanox in the IKKε ATP binding site.

[0086] The structure of IKKε was determined by homology modeling using the high resolution crystal structure of the
kinase domain of mitogen-activated protein kinase p38 (sequence identity 56%) as the template structure (PDB accession
1P38). The amlexanox complex with IKKε, was modeled on the basis of the crystal structure of MAP kinase p38 complexed
to an ATP competitive inhibitor (2-amino-phenylaminodibenzosuberone) (PDB accession 3ZYA).

Example 1

[0087] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
blocked IKKe and TBK1 activity. As shown in Figure 1, the kinase activity of both IKKe and TBK1 decreased with
increasing doses of amlexanox. Analysis of the dose-response curves shows that amlexanox blocked IKKe and TBK1
activity with an IC50 of approximately 1-2 mm. Amlexanox had no effect on IKKα or β at these concentrations, and did
not block any others from a broad panel of kinases representing most families.

Example 2

[0088] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
competes with ATP for binding to IKKe. Figure 2 shows a double-reciprocal plot of amlexanox activity versus ATP
concentration in the presence of three different amlexanox concentrations. Phosphorylation of myelin basic protein
(MBP) by IKKe was measured at three different amlexanox concentrations and three different ATP concentrations. The
reciprocal of the measured activity was plotted versus the reciprocal of the ATP concentration. With increasing amlexanox
concentration, the slope of the line fitting the data changes but not the y-intercept, consistent with a competitive mode
of enzyme inhibition.
[0089] TBK1 and IKKε, share 65% sequence similarity, and are 72% identical in the ATP binding region. Inhibition of
IKKε or TBK1 by amlexanox was competitive for its substrate ATP, indicating that it interacts with the enzymes in the
ATP-binding site. This is consistent with a model of the compound docked in the presumed ATP binding pocket of IKKε
(see below), based on the structure of p38.

Example 3

[0090] During the development of embodiments of the technology provided herein, computer modeling was used to
examine the interaction of amlexanox with IKKe. The presumed ATP binding site of IKKe can has the appropriate size
and geometry to accommodate the amlexanox molecule.
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Example 4

[0091] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
prevents weight gain in mice fed a high-fat diet. C57B1/6 mice were fed a diet of 45% fat and subject to daily gavage
with 25 or 100 mg/kg amlexanox. Controls were mice fed normal chow and subject to daily vehicle gavage and mice
fed high-fat diets and subject to daily vehicle gavage. After 12 weeks on the 45% fat diet, mice were challenged with a
60% fat diet. Mouse body weight was monitored throughout the experiment for 18 weeks. As shown in Figure 3, treatment
of animals with either dose of amlexanox prevented weight gain produced by a high-fat diet. After switching mice to the
60% fat diet, amlexanox still prevented substantial weight gain at both doses.
[0092] In additional experiments, C57B1/6 mice were given a diet of 45% fat, and subject to daily gavage with a vehicle
control, 25 mg/kg, or 100 mg/kg amlexanox. Weights of the mice were monitored as shown in Figure 4. Normal chow-
fed mice on vehicle gavage were used as a lean control. Treatment of animals with either dose of amlexanox prevented
the weight gain produced by high fat diet; drug-treated mice maintained weights equivalent to those of control diet mice
throughout 12 weeks. There was no effect of the drug on food intake, either at the beginning or end of the study

Example 5

[0093] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
produced weight loss after diet-induced obesity had been established. Mice were fed a 45% high-fat diet for 12 weeks,
and then treated with 25 mg/kg of amlexanox for 3 weeks. Control mice were fed a 45% high-fat diet for 12 weeks, and
then treated with vehicle control for 3 weeks. As shown in Figures 5a, amlexanox produced a 10-g weight loss after only
4 weeks of treatment. Amlexanox produced this effect without a simultaneous reduction in food intake (see Figure 5b).
[0094] To determine whether the effects of the drug were reversible, amlexanox treatment was stopped after 8 weeks
of treatment, after which mice were instead given vehicle control. Mice quickly regained the weight that had been lost,
returning to control weights 6-8 weeks after treatment was stopped (Figure 5c). Weight loss during the treatment phase
was accompanied by more than a 6 gram reduction in overall mass of adipose tissue, as well as an 80% decrease in
fasting levels of leptin, whereas serum triglycerides, free fatty acids and cholesterol were unchanged (Figure 5d).
[0095] In Figure 5, data marked with a single asterisk (*) have a p value of less than 0.05 and data marked with a
double asterisk (**) have a p value of less than 0.01.

Example 6

[0096] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
treatment produces weight loss and improved glucose tolerance and insulin sensitivity in Ob/ob mice. Ob/ob mice are
genetically obese due to loss of the gene encoding the satiety factor leptin. Ob/ob mice were treated with 100 mg/kg
amlexanox or with vehicle as a control, and mouse body weight was monitored (Figure 6b). Although treatment had no
effect on food intake (Figure 6a), amlexanox produced a 7-8 g weight loss after 4 weeks of treatment and produced a
25% reduction in fasting glucose levels (Figure 6c). Amlexanox also caused a significant decrease in adipose tissue
mass in these mice, and an increase in circulating adiponectin levels. In Figure 6, data marked with a double asterisk
(**) have a p value of less than 0.01.
[0097] In additional experiments, glucose homeostasis was evaluated in a model of obese insulin resistance. Diet
induced obese mice were treated with 25 mg/kg amlexanox or vehicle control for 8 weeks either before or after obesity
was established, followed by assessment of metabolic parameters. Mice treated with amlexanox concurrently with high
fat diet had dramatically improved glucose tolerance, with an approximate 30-40% reduction in the area under the curve
for glucose (Figure 6d). Diet-induced obesity caused fasting blood glucose and serum insulin levels to rise significantly
(Figure 6e). Treatment of mice with amlexanox after established Diet-induced obesity reversed elevations in fasting
serum insulin caused by high fat diet, suggesting improved insulin sensitivity. Insulin tolerance tests showed that the
drug produces an improvement in insulin sensitivity. Amlexanox dramatically improved insulin sensitivity in mice with
established diet-induced obesity, as indicated by a restoration in insulin responsiveness to normal diet levels (Figure
6f).The drug did not affect insulin sensitivity in normal diet-fed mice.
[0098] Taken together, these effects are comparable to what is observed with established insulin sensitizing drugs
such as the thiazolidinediones or metformin, demonstrating that amlexanox acts as an insulin sensitizer.

Example 7

[0099] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
treatment results in increased glucose tolerance. Over an 8-week period, Ob/ob mice were treated with 100 mg/kg
amlexanox or vehicle as a control and tested for oral glucose tolerance. Over the 8-week experiment, glucose tolerance
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was dramatically improved in the drug-treated mice as demonstrated by the 30-40% reduction in the area under the
curve for drug-treated mice relative to control mice (Figure 7a).
[0100] Similar experiments tested tolerance to injected glucose. Over a 5-week period, Ob/ob mice were treated with
100 mg/kg amlexanox or vehicle as a control and tested for tolerance to injected glucose. As seen in Figure 7b, amlexanox-
treated mice demonstrated faster clearance of blood glucose after injection. In Figure 7, data marked with a single
asterisk (*) have a p value of less than 0.05 and data marked with a double asterisk (**) have a p value of less than 0.01.

Example 8

[0101] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
treatment results in increased sensitivity to insulin. Over an 8-week period, Ob/ob mice were treated with 100 mg/kg
amlexanox or vehicle as a control and tested for responsiveness to injected insulin. Over the 8-week experiment, insulin
sensitivity was dramatically improved in the drug-treated mice as demonstrated by the restoration in insulin responsive-
ness for drug-treated mice relative to control mice (Figure 8). The effects seen in Examples 7 and 8 are similar to the
effects seen in conventional insulin sensitization therapies. In Figure 8, data marked with a single asterisk (*) have a p
value of less than 0.05 and data marked with a double asterisk (**) have a p value of less than 0.01.

Example 9

[0102] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
improved hepatic steatosis in mice fed a high-fat diet. Diet induced obese mice were treated with 25 mg/kg amlexanox
or vehicle control for 8 weeks. Mice were then sacrificed and livers were examined. The hepatomegaly normally observed
in high fat fed mice was largely reversed by the drug, with a greater than 20% reduction in liver weight (Figure 9a).
Moreover, triglyceride content in liver was reduced more than 50% in the amlexanox-treated mice compared to vehicle
control (Figure 9a). Additionally, hepatic glycogen levels, which are elevated in high fat diet-fed mice, were lower in mice
treated with amlexanox as compared to control high fat diet-fed mice (Figure 9b). Interestingly, these beneficial reductions
in hepatic lipids were reversed in livers from mice that were taken off drug and continued on high fat diet, as detected
in stained tissue sections.
[0103] IKKe knockout mice do not develop a fatty liver, also known as hepatic steatosis, on a high-fat diet when
compared to control mice. To determine if amlexanox could mimic this effect of IKKe gene deletion, Ob/ob mice were
treated with 100 mg/kg amlexanox or vehicle control for 14 weeks. At the end of the treatment period, mice were sacrificed
and livers were examined (Figure 9c). The hepatomegaly normally observed in ob/ob mice was largely reversed by the
drug, with a greater than 20% reduction in liver weight (Figure 9c). In addition, triglyceride contents in livers were reduced
by more than 50% in the amlexanox-treated mice (Figure 9d). In Figure 9, data marked with a double asterisk (**) have
a p value of less than 0.01.

Example 10

[0104] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
treatment results in reduced size of triglyceride droplets in the liver. Ob/ob mice were treated with 100 mg/kg amlexanox
or vehicle control for 14 weeks. At the end of the treatment period, mice were sacrificed and livers were examined using
H & E staining. In control Ob/ob mice, large lipid droplets were apparent. These were largely disseminated in livers from
amlexanox-treated mice, consistent with the reduced triglycerides and liver weight observed in Example 8.
[0105] In addition, diet induced obese mice were treated with 25 mg/kg amlexanox or vehicle control for 8 weeks.
Mice were then sacrificed and livers were examined by H & E staining. In diet induced obese mice treated with vehicle
control, large lipid droplets were apparent. These were largely disseminated in livers from amlexanox-treated mice,
consistent with the major reduction in triglycerides, glycogen and liver weight.

Example 11

[0106] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
treatment results in the reduced expression of certain key lipogenic genes. Ob/ob mice were treated with 100 mg/kg
amlexanox or vehicle control for 14 weeks. At the end of the treatment period, mice were sacrificed and liver mRNA
levels were measured for acetyl CoA carboxylase (ACC), fatty acid synthase (FAS), and stearyl CoA desaturase (SCD1).
As shown in Figure 10, the expression of these genes was reduced in amlexanox-treated mice compared to vehicle-
treated control mice. In Figure 10, data marked with a single asterisk (*) have a p value of less than 0.05 and data marked
with a double asterisk (**) have a p value of less than 0.01. Similar experiments in mice with diet induced obesity showed
that genetic measures of hepatosteatosis were similarly reduced.
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Example 12

[0107] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
treatment results in the reduced expression of several inflammatory cytokines in the liver (Figures 11a). Ob/ob mice
were treated with 100 mg/kg amlexanox or vehicle control for 14 weeks. At the end of the treatment period, mice were
sacrificed and liver mRNA levels were measured for TNFα, IL-10, MIP1α, Rantes, and markers of macrophage infiltration
(F4/80 and Cd11c). As shown in Figures 11a and 11b, the expression of these genes was reduced in amlexanox-treated
mice compared to vehicle-treated control mice. In Figure 11, data marked with a single asterisk (*) have a p value of
less than 0.05 and data marked with a double asterisk (**) have a p value of less than 0.01.

Example 13

[0108] During the development of embodiments of the technology provided herein, it was discovered that amlexanox
reduced chronic inflammation in the adipose tissue of Ob/ob mice. Ob/ob mice were treated with 100 mg/kg of amlexanox
or vehicle as a control for 12 weeks. At the conclusion of treatment, epididymal fat tissue was examined by H & E staining.
Amlexanox treatment markedly reduced the infiltration of inflammatory macrophages in adipose tissue compared to
control, vehicle-treated mice. Amlexanox-dependent reduction in the appearance of macrophages in crown like structures
was accompanied by a marked reduction in the levels of mRNAs in adipose tissue encoding key inflammatory genes
TNFα, MIP1α, MCP-1, IL-10, Rantes, F4/80, and CD11c (Figure 12a and 12b).
[0109] Cytokine levels in serum were also measured. As shown in Figure 13, circulating levels of MCP-1 and Rantes
were not significantly affected by amlexanox treatment, but the levels of TNFα, IL-1α, and MIP1α in serum were markedly
reduced. In Figures 12 and 13, data marked with a single asterisk (*) have a p value of less than 0.05 and data marked
with a double asterisk (**) have a p value of less than 0.01.
[0110] Additionally, serum levels of the antiinflammatory cytokine, IL-10 33, were elevated in amlexanox-treated mice
compared to controls. Increased expression of fat cell-enriched proteins such as Glut4 and PPARγ, which are indicative
of improved insulin sensitivity, was observed in WAT from amlexanox-treated mice (Figure 14). The levels of UCP-1
protein were also increased in the adipose tissue of amlexanox-treated diet induced obese mice as compared to high
fat diet vehicle-treated controls (Figure 15).

Example 14

[0111] During the development of embodiments of the technology provided herein, experiments demonstrated that
addition of amlexanox to 3T3-L1 adipocytes produced the increased phosphorylation of TBK1 on serine 172, and blocked
polyinosinic: polycytidylic acid (poly I:C)-stimulated phosphorylation of interferon responsive factor-3 (IRF3), a presumed
substrate of IKKε and TBK1 26 (Figure 16). Furthermore, addition of the previously identified IKKε/TBK1 inhibitor Cay-
10576 (cayman) 27 to RAW264.7 macrophages stimulated with LPS or poly I:C also blocked the phosphorylation of
IRF3, and stimulated phosphorylation of TBK1 on serine 172 (Figure 17). This increased phosphorylation of TBK1 was
also observed in peritoneal macrophages derived from IKKε, knockout mice, and is likely due to blockade of feedback
inhibition of the pathway 28, as evidenced by increased IKKβ phosphorylation in cayman-treated RAW cells.

Example 15

[0112] During the development of embodiments of the technology provided herein, experiments demonstrated that
amlexanox caused weight loss due to increased energy expenditure. Metabolic cages were used to monitor energy
expenditure in diet induced obese mice treated with or without the drug. Four-week treatment with 25 mg/kg amlexanox
resulted in significantly increased oxygen consumption as compared to vehicle control, consistent with an increase in
energy expenditure (Figure 18). Exhaled carbon dioxide was also significantly increased, such that the respiratory
exchange ratio remained unchanged compared to control-treated mice. These data suggest that amlexanox induces an
increase in thermogenesis; is support of this, rectal temperatures were measured (Figure 19). Amlexanox treatment
produced an approximate one-degree increase in body temperature compared to HFD vehicle treated mice.

Example 16

[0113] During the development of embodiments of the technology provided herein, experiments demonstrated that
amlexanox administration regulates phosphorylation and promotes energy expenditure in adipose tissue. As described
above, amlexanox is a specific inhibitor of IKKε and TBK1. To discern if the compound directly influences phosphorylation
in vivo, a number of proteins known to undergo hyperphosphorylation in states of obesity were examined. Phosphorylation
of proteins in the mTORC1 pathway such as S6K were increased in response to a high fat diet; this increase was largely



EP 2 675 275 B1

19

5

10

15

20

25

30

35

40

45

50

55

attenuated in amlexanox-treated diet induced mice (Figure 15, compare pS6K, phosphorylated form to S6K, unphos-
phorylated form). The drug blocked high fat diet induction of IKKε protein and also prevented TBK1 phosphorylation in
adipose tissue. This finding was consistent with the fact that overexpression of wild-type, but not kinase inactive TBK1,
in cells increased the stimulation of S6K phosphorylation by insulin, while knockdown of IKKε or TBK1 in 3T3-L1 adipocytes
reduced insulin-stimulated rS6 phosphorylation. In adipose tissue from high fat diet-fed mice, hormone sensitive lipase
phosphorylation was reduced, consistent with the known desensitization of the β-adrenergic pathway in this tissue during
obesity. Amlexanox treatment prevented the reduction in hormone sensitive lipase phosphorylation associated with high
fat diet (Figure 15, compare pHSL, phosphorylated form to HSL, unphosphorylated form). Moreover, treatment of 3T3-
L 1 adipocytes with amlexanox increased basal lipolytic rate and restored forskolin stimulated hormone sensitive lipase
phosphorylation in cells that had been chronically treated with TNFα to induce IKKε, and TBK1 activities (Figure 20a
and Figure 20b). However, amlexanox did not affect the down regulation of PPARγ produced by treatment with TNFα.
[0114] Because brown adipose tissue (BAT) can play a major role in regulation of thermogenesis, the effects of the
drug on this fat depot were examined. In control treated mice on high fat diet, brown adipose tissue accumulated large
lipid droplets, and acquired some of the features of white fat. Brown fat reverted to its normal appearance in amlexanox-
treated mice. When amlexanox treatment was stopped, lipids again accumulated in the BAT, reverting to the high fat
diet phenotype of control obese mice. Expression of the brown fat-specific marker Cidea was increased in amlexanox-
treated mice (Figure 21). Additionally, amlexanox treatment increased levels of UCP1 protein in brown fat (Figure 22),
although there were no increases in mitochondrial genes compared to control. Additionally, amlexanox treatment reduced
IKKε and TBK1 protein levels in BAT (Figure 23). Reduced signaling through the mTORC1 pathway was also observed
in BAT of amlexanox-treated mice as compared to controls. Ex vivo treatment with amlexanox acutely stimulated lipid
oxidation in BAT explants, supporting a direct effect of amlexanox on energy expenditure (Figure 24).

Claims

1. Amlexanox or a pharmaceutically acceptable salt thereof for use in a method of treating a subject having obesity,
insulin resistance, hepatic steatosis, diabetes, metabolic syndrome, chronic inflammation in liver, or chronic inflam-
mation in adipose tissue.

2. Amlexanox for use according to claim 1, wherein the method reduces or eliminates one or more symptoms of the
condition; prevents increased severity of one or more symptoms of the condition; or reduces, prevents, or eliminates
further diseases or conditions.

3. Amlexanox for use according to claim 1, wherein the insulin resistance is in the subject’s adipocytes, adipose tissue
macrophage cells, liver cells, or muscle cells; or wherein the insulin resistance causes the subject to have impaired
glucose metabolism.

4. Amlexanox for use according to claim 1, wherein the administering causes an increase in glucose metabolism by
adipocytes and adipose tissue macrophages, reduction in body fat, lack of increase in body fat, increased insulin
receptor signaling, decreased level of insulin receptor phosphorylation, reduction in or prevention of chronic inflam-
mation in the liver, reduction in or prevention of chronic inflammation in adipose tissue, reduction in or prevention
of hepatic steatosis, promotion of metabolic energy expenditure, reduction in circulating free fatty acids, or reduction
in cholesterol.

5. Amlexanox for use according to claim 4, wherein the increase in glucose metabolism is caused by increased insulin
receptor signaling in response to insulin.

6. Amlexanox for use according to claim 1, wherein the subject has or is at risk of experiencing obesity, diabetes,
insulin resistance, hepatic steatosis, or steatohepatitis; wherein the subject has a body mass index of 25-29.9 kg/m2,
30-39.9 kg/m2, or greater than or equal to 40 kg/m2; wherein the subject is obese according to World Health Or-
ganization criteria; and/or wherein the subject is a human adult or a human child.

7. Amlexanox for use according to claim 6, wherein the human child has a body mass index greater than the 85th
percentile for its age group and/or wherein the human child has a body mass index greater than the 95th percentile
for its age group.

8. Amlexanox for use according to claim 1, wherein:
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a) the subject does not have an allergy, an aphthous ulcer, or bronchial asthma;
b) the subject is not in need of tissue regeneration and/or is not suffering from tissue rejection;
c) the subject does not have a cell proliferative disorder;
d) the subject does not have a carcinoma;
e) the subject does not have a hematopoietic tumor of lymphoid lineage;
f) the subject does not have a hematopoietic tumor of myeloid lineage;
g) the subject does not have a tumor of mesenchymal origin;
h) the subject does not have a tumor of the central or peripheral nervous system; and/or
i) the subject does not have a melanoma, seminoma, teratocarcinoma, osteosarcoma, xeroderma pigmentosum,
keratoxanthoma, thyroid follicular cancer, or Kaposi’s sarcoma.

9. Amlexanox for use according to claim 1, wherein the administering comprises administering amlexanox in combi-
nation with an additional therapeutic agent or medical intervention.

10. Amlexanox for use according to claim 9, wherein amlexanox is administered with the additional therapeutic agent
mixed together in a same medicament; or wherein amlexanox and the additional therapeutic agent are administered
in separate formulations simultaneously; or wherein amlexanox and the additional therapeutic agent are administered
in separate formulations sequentially.

11. Amlexanox for use according to any one of claims 1 or 9, the method further comprising a step comprising testing
the subject for a disease or condition such as impaired insulin signaling, obesity, diabetes, insulin resistance, met-
abolic syndrome, hepatic steatosis, chronic liver inflammation, or chronic inflammation in adipose tissue, wherein
the testing step is performed before the administering step and/or after the administering step

12. Amlexanox for use according to claim 11, the method further comprising a step comprising administering a second
dose of amlexanox after the testing step.

Patentansprüche

1. Amlexanox oder ein pharmazeutisch akzeptables Salz davon zur Verwendung bei einem Verfahren zum Behandeln
eines Subjektes mit Adipositas, Insulinresistenz, hepatischer Steatose, Diabetes, metabolischem Syndrom, chro-
nischer Leberentzündung oder chronischer Entzündung des Fettgewebes.

2. Amlexanox zur Verwendung gemäß Anspruch 1, wobei das Verfahren ein oder mehrere Symptome des Leidens
reduziert oder beseitigt, einen erhöhten Schweregrad eines oder mehrerer Symptome des Leidens verhindert oder
weitere Erkrankungen oder Leiden reduziert, verhindert oder beseitigt.

3. Amlexanox zur Verwendung gemäß Anspruch 1, wobei die Insulinresistenz in den Adipozyten, Makrophagenzellen
im Fettgewebe, Leberzellen oder Muskelzellen des Subjektes vorliegt; oder wobei die Insulinresistenz bewirkt, dass
das Subjekt einen gestörten Glucosestoffwechsel aufweist.

4. Amlexanox zur Verwendung gemäß Anspruch 1, wobei die Verabreichung eine Zunahme des Glucosestoffwechsels
durch Adipozyten und Fettgewebemakrophagen, eine Reduktion des Körperfetts, eine fehlende Zunahme des Kör-
perfetts, eine erhöhte Insulin-Rezeptor-Signalgebung, ein erniedrigtes Niveau der Insulin-Rezeptor-Phosphorylie-
rung, eine Reduktion oder Prävention einer chronischen Leberentzündung, eine Reduktion oder Prävention einer
chronischen Entzündung des Fettgewebes, eine Reduktion oder Prävention einer hepatischen Steatose, eine Be-
günstigung des Stoffwechselenergieaufwands, eine Reduktion zirkulierender freier Fettsäuren oder eine Reduktion
von Cholesterin bewirkt.

5. Amlexanox zur Verwendung gemäß Anspruch 4, wobei die Zunahme des Glucosestoffwechsels durch eine erhöhte
Insulin-Rezeptor-Signalgebung als Reaktion auf Insulin hervorgerufen wird.

6. Amlexanox zur Verwendung gemäß Anspruch 1, wobei das Subjekt an Adipositas, Diabetes, Insulinresistenz, he-
patischer Steatose oder Steatohepatitis leidet oder bei ihm ein Risiko hierfür besteht; wobei das Subjekt einen Body-
Mass-Index von 25-29,9 kg/m2, 30-39,9 kg/m2 oder mehr als oder gleich 40 kg/m2 aufweist; wobei das Subjekt
gemäß den Kriterien der Weltgesundheitsorganisation adipös ist; und/oder wobei das Subjekt ein erwachsener
Mensch oder ein Kind ist.
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7. Amlexanox zur Verwendung gemäß Anspruch 6, wobei das Kind einen Body-Mass-Index von mehr als dem 85.
Perzentil für seine Altersgruppe aufweist und/oder wobei das Kind einen Body-Mass-Index von mehr als dem 95.
Perzentil für seine Altersgruppe aufweist.

8. Amlexanox zur Verwendung gemäß Anspruch 1, wobei:

a) das Subjekt keine Allergie, keinen aphthösen Ulkus bzw. kein Asthma bronchiale aufweist;
b) das Subjekt keine Geweberegeneration benötigt und/oder nicht an einer Gewebeabstoßung leidet;
c) das Subjekt keine Zellproliferationsstörung aufweist;
d) das Subjekt kein Karzinom aufweist;
e) das Subjekt keinen hematopoetischen Tumor lymphoider Abstammung aufweist;
f) das Subjekt keinen hematopoetischen Tumor myeloider Abstammung aufweist;
g) das Subjekt keinen Tumor mesenchymalen Ursprungs aufweist;
h) das Subjekt keinen Tumor des zentralen oder peripheren Nervensystems aufweist; und/oder
i) das Subjekt kein Melanom, Seminom, Teratokarzinom, Osteosarkom, Xeroderma pigmentosum, Keratoxan-
thom, follikuläres Schilddrüsenkarzinom oder Kaposi-Sarkom aufweist.

9. Amlexanox zur Verwendung gemäß Anspruch 1, wobei die Verabreichung das Verabreichen von Amlexanox in
Kombination mit einem zusätzlichen Therapeutikum oder einer medizinischen Intervention umfasst.

10. Amlexanox zur Verwendung gemäß Anspruch 9, wobei Amlexanox mit dem zusätzlichen Therapeutikum in ein-
und demselben Medikament zusammen gemischt verabreicht wird; oder wobei Amlexanox und das zusätzliche
Therapeutikum als separate Formulierungen gleichzeitig verabreicht werden; oder wobei Amlexanox und das zu-
sätzliche Therapeutikum als separate Formulierungen nacheinander verabreicht werden.

11. Amlexanox zur Verwendung gemäß einem der Ansprüche 1 oder 9, wobei das Verfahren ferner umfasst einen
Schritt umfassend Testen des Subjektes auf eine Erkrankung oder ein Leiden wie zum Beispiel gestörte Insulin-
Signalgebung, Adipositas, Diabetes, Insulinresistenz, metabolisches Syndrom, hepatischer Steatose, chronische
Leberentzündung oder chronische Entzündung im Fettgewebe, wobei der Testschritt vor dem Verabreichungsschritt
und/oder nach dem Verabreichungsschritt durchgeführt wird.

12. Amlexanox zur Verwendung gemäß Anspruch 11, wobei das Verfahren ferner umfasst einen Schritt umfassend
Verabreichen einer zweiten Dosis Amlexanox nach dem Testschritt.

Revendications

1. Amlexanox ou sel pharmaceutiquement acceptable de celui-ci pour une utilisation dans un procédé de traitement
d’un sujet souffrant d’obésité, d’insulinorésistance, de stéatose hépatique, de diabète, de syndrome métabolique,
d’inflammation chronique du foie ou d’inflammation chronique du tissu adipeux.

2. Amlexanox pour une utilisation selon la revendication 1, où le procédé réduit ou élimine un ou plusieurs symptôme(s)
de l’affection ; prévient l’augmentation de gravité d’un ou de plusieurs symptôme(s) de l’affection ; ou réduit, prévient
ou élimine d’autres maladies ou affections.

3. Amlexanox pour une utilisation selon la revendication 1, où l’insulinorésistance se présente dans les adipocytes,
les cellules macrophages du tissu adipeux, les cellules hépatiques ou les cellules musculaires du sujet ; ou où
l’insulinorésistance provoque une altération du métabolisme du glucose chez le sujet.

4. Amlexanox pour une utilisation selon la revendication 1, où l’administration provoque une augmentation du méta-
bolisme du glucose par les adipocytes et les macrophages du tissu adipeux, une réduction de la graisse corporelle,
un manque d’augmentation de la graisse corporelle, une augmentation de signalisation des récepteurs de l’insuline,
une diminution du niveau de phosphorylation des récepteurs de l’insuline, une réduction ou une prévention de
l’inflammation chronique du foie, une réduction ou une prévention de l’inflammation chronique du tissu adipeux,
une réduction ou une prévention de la stéatose hépatique, une dépense d’énergie métabolique favorisée, une
réduction des acides gras libres en circulation, ou une réduction du cholestérol.

5. Amlexanox pour une utilisation selon la revendication 4, où l’augmentation du métabolisme du glucose est provoquée
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par une augmentation de signalisation des récepteurs de l’insuline en réponse à l’insuline.

6. Amlexanox pour une utilisation selon la revendication 1, où le sujet souffre ou risque de souffrir d’obésité, de diabète,
d’insulinorésistance, de stéatose hépatique ou de stéatohépatite ; où le sujet présente un indice de masse corporelle
allant de 25 à 29,9 kg/m2, de 30 à 39,9 kg/m2 ou supérieur ou égal à 40 kg/m2 ; où le sujet est obèse selon les
critères de l’Organisation Mondiale de la Santé ; et/ou où le sujet est un adulte humain ou un enfant humain.

7. Amlexanox pour une utilisation selon la revendication 6, où l’enfant humain présente un indice de masse corporelle
supérieur au 85ème centile pour sa tranche d’âge et/ou où l’enfant humain présente un indice de masse corporelle
supérieur au 95ème centile pour sa tranche d’âge.

8. Amlexanox pour une utilisation selon la revendication 1, où :

a) le sujet ne souffre pas d’une allergie, d’un ulcère aphteux ou d’asthme bronchique ;
b) le sujet n’a pas besoin de régénération tissulaire et/ou ne souffre pas de rejet de tissu ;
c) le sujet ne souffre pas d’un trouble de prolifération cellulaire ;
d) le sujet ne souffre pas d’un carcinome ;
e) le sujet ne souffre pas d’une tumeur hématopoïétique de la lignée lymphoïde ;
f) le sujet ne souffre pas d’une tumeur hématopoïétique de la lignée myéloïde ;
g) le sujet ne souffre pas d’une tumeur d’origine mésenchymateuse ;
h) le sujet ne souffre pas d’une tumeur du système nerveux central ou périphérique ; et/ou
i) le sujet ne souffre pas d’un mélanome, d’un séminome, d’un tératocarcinome, d’un ostéosarcome, de xero-
derma pigmentosum, d’un kératoxanthome, d’un cancer folliculaire thyroïdien ou d’un sarcome de Kaposi.

9. Amlexanox pour une utilisation selon la revendication 1, où l’administration comprend le fait d’administrer l’amlexanox
en combinaison avec un agent thérapeutique supplémentaire ou une intervention médicale.

10. Amlexanox pour une utilisation selon la revendication 9, où l’amlexanox est administré avec l’agent thérapeutique
supplémentaire en étant mélangés ensemble dans un même médicament ; ou où l’amlexanox et l’agent thérapeu-
tique supplémentaire sont administrés dans des formulations distinctes simultanément ; ou où l’amlexanox et l’agent
thérapeutique supplémentaire sont administrés dans des formulations distinctes séquentiellement.

11. Amlexanox pour une utilisation selon l’une quelconque des revendications 1 et 9, le procédé comprenant en outre
une étape qui comprend le fait de tester le sujet pour une maladie ou une affection telle qu’une altération de
signalisation de l’insuline, l’obésité, le diabète, l’insulinorésistance, le syndrome métabolique, la stéatose hépatique,
l’inflammation chronique du foie ou l’inflammation chronique du tissu adipeux, où l’étape de test est effectuée avant
l’étape d’administration et/ou après l’étape d’administration.

12. Amlexanox pour une utilisation selon la revendication 11, le procédé comprenant en outre une étape qui comprend
le fait d’administrer une deuxième dose d’amlexanox après l’étape de test.
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