(43) International Publication Date
12 September 2014 (12.09.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/137997 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
A61K 38/00 (2006.01) AG61P 3/10 (2006.01)

International Application Number:
PCT/US2014/020170

International Filing Date:
4 March 2014 (04.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/772,296 4 March 2013 (04.03.2013) US
Applicant: JOSLIN DIABETES CENTER, INC.

[US/US]; One Joslin Place, Boston, MA 02215 (US).

Inventors: GOODYEAR, Laurie, J.; 17 Ledge Hill Road,
Southborough, MA 01772 (US). STANFORD, Kristin, L.;
75 Glendower Road, #2, Roslindale, MA 02131 (US).

Agent: FARRELL, Kevin, M.; Pierce Atwood LLP, 100
Summer Street, Suite 2250, Boston, MA 02210 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

20147137997 AT I 0000 10 100 0O 00

Exercise Trained

o treat or prevent diabetes in said subject.

(54) Title: EXERCISE-REGULATED ADIPOKINES AS THERAPY FOR DIABETES MANAGEMENT

(57) Abstract: The present invention is related to methods and compositions eftective in regulating glycemic control in subject indi -
viduals in need of the regulation of glycemic control. Said individuals may have diabetes or be prediabetic condition receive thera-
peutically effective amounts of identified secreted proteins in an amount suitable for modulating glycemic control and to thereby
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EXERCISE-REGULATED ADIPOKINES AS THERAPY FOR DIABETES MANAGEMENT

This work was supported by grant R21 DK091764 from the National Institutes of
Health (NIH) and the National Institute of Diabetes and Digestive and Kidney Diseases

(NIDDK). The government may have certain rights to the invention.

Background of the Invention

The identification of factors effective in modulating diabetes and glucose metabolism
in subjects needing such intervention such as, for example, persons with diabetes (type | or
type 1) is needed. Persons suffering from defects in glucose metabolism and diabetes have
limited treatment options at the present time. Current research is focused on the
identification and synthesis of, for example, small molecules suitable for intervention.
Exercise is known to modulate glucose metabolism and have modulating effects on diabetes
in patient subjects. [Kourtoglou, Diabetes. Res. Clin. Pract. 93 Suppl 1:573-7 (2011);
Brandt and Pedersen, J. Biomed. Biotechnol. 2010: 520258-64 (2010); Goodyear and
Kahn, Ann. Rev. Med. 49: 235-261 (1998); Sigal et al., Diabetes Care 27: 2518-39 (2004)].
Still, little work has been directed towards the physiological basis for these observations.
What is needed are methods for the identification of native physiological pathways and
factors that mediate glucose control and metabolism in vivo.

Summary of the Invention

An emerging concept in metabolic research is that physical exercise activates tissue-
to-tissue communication throughout the organism and this tissue “cross-talk” can mediate
some of the beneficial metabolic effects of exercise. Investigation of exercise-induced
tissue cross-talk has been focused on muscle-derived myokines that may function in both an
autocrine and endocrine fashion. More recently, a novel concept and approach developed
by the present Inventors in exercise biology is that exercise training regulates adipose tissue
in a manner that results in tissue-to-tissue communication between adipose tissue and
skeletal muscle, liver, heart, brown adipose tissue, and potentially many other tissues. The
present invention provides methods of identifying the factors that mediate cross-talk
between adipose tissue and other tissues that are effective in the modulation of glucose
control, glycemic control and metabolism and modulation of diabetes (esp., type Il diabetes)
in subjects. Further, the present invention is related to methods and compositions effective
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in regulating glucose tolerance (glycemic control) in subject individuals in need of the
regulation of glucose tolerance. Also, the present invention relates to control of or
modulation of insulin sensitivity, glucose control, weight loss, lipid control and cardiovascular
control in individuals in need of said control and/or modulation. Said individuals may have

diabetes or be prediabetic.

Brief Description of the Figures

Figure 1 shows a proposed model for the effects of exercise-trained subcutaneous
adipose tissue on glucose homeostasis. Data show that exercise training results in
profound adaptations to subcutaneous white adipose tissue. It also shows that
transplantation of exercise-trained subcutaneous adipose tissue into a sedentary recipient
mouse improves glucose homeostasis. This effect is mediated by secreting proteins called
“adipokines” that have endocrine effects to increase metabolism in multiple tissues including
skeletal muscle, liver and brown adipose tissue (BAT).

Figure 2 shows a chart listing secreted proteins that have been identified in the
present invention as prospective adipokines.

Figure 3 shows a chart listing the most effective adipokines as disclosed in Figure 2.

Figure 4 shows transplantation of trained scWAT into sedentary recipients improves
glucose homeostasis. Mice (12 wk old) were transplanted with 0.85 g sc(WAT (scWAT) from
Trained (Red) or Sedentary (Sed) (White) mice, or were sham-operated (Black). (A) Glucose
tolerance test (GTT; 2 g glucose/kg, i.p.) at 9 days post-transplantation, (B) Calculated area
under the curve (AUC) from GTTs at 9, 14, and 28 days post-transplantation, (C)
Homeostasis model of assessment-insulin resistance (HOMA-IR) at 9 days post-
transplantation and (D) Respiratory exchange ratio (RER). N=7/group, **p<0.01; ***p<0.001
compared to sham-operated mice.

One of the putative adipokines identified is TGFp2. Figure 5 shows that exercise
training increases TGFB2 mRNA and protein, and TGF[2 recombinant protein increases
glucose uptake. (A), (B) Mice were housed in static cages (Sedentary, N = 5) or in wheel
cages for 11 days (Trained, N = 5). mRNA (A) and protein (B) were measured in SCWAT,
**p<0.01, **p<0.001 vs. sedentary. Differentiated C2C12 Muscel Cells (C), and WT-1
Brown Adipocytes (D), were incubated with vehicle or TGFB2 (20 mg/ml) for 20 hrs in
complete DMEM and then (-) FBS for 4 hrs. 2-deoxy-D-[3H] glucose uptake was measured
and normalized for protein content. N = 3 in duplicate, *p<0.05, **p,0.01, ***p,0.001 vs.

vehicle.
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Figure 6 shows effect of incubating intact soleus muscles with TGFB2 for 4 hrs. This
incubation significantly increased glucose uptake, showing physiological relevance.

Another identified adipokines is Wnt3a.

Figure 7 shows that incubation of C2C12 muscle cells with Wnt3a increases glucose
uptake.

Figure 8 shows that incubation of 3T3L1 adipose cells with Wnt3a increases glucose
uptake.

Detailed Description of the Present Invention

The present invention relates to methods and compositions use for the treatment of
subjects in need of Glycemic control, glucose tolerance and glucose homeostasis. Cross-
talk between various cells and even differing tissue types is becoming understood as
instrumental the regulation of homeostasis, the breakdown or disregulation of which may be
causative in various disease states. The present invention is related to the discovery of
factors produced by adipose tissue that are stimulated by exercise. In this regard, exercise
induces adipose tissues to produce a range of proteins. The majority of these proteins,
before the present discovery, were not known to be related to adipose tissues, nor known to
be involved in the regulation of glucose (glycemic control, glucose homeostasis) in subjects.
None were known to be stimulated in adipose tissues by exercise. These discoveries are
based, at least in part, on experiments wherein the transplantation of subcutaneous white
adipose tissue from exercise-trained mice into the visceral cavity of recipient sedentary mice
significantly improved glucose tolerance compared to transplantation of subcutaneous white
adipose tissue from sedentary mice. Mice transplanted with subcutaneous white adipose
tissue from trained donors also had a significant increase in glucose disposal into skeletal
muscle and brown adipose tissue, lower circulating insulin, glucose, and lipid levels, as well
as complete protection from the deleterious effects of high fat feeding.

“Glucose tolerance” is the ability of a subject to regulate blood glucose levels to
normal, accepted ranges, i.e., to maintain glucose homeostasis or control blood glucose
levels. A glucose tolerance test is a test in which glucose is given to a subject and the rate
of clearance from the blood is measured.

“Impaired glucose tolerance” (IGT) is a pre-diabetic state of hyperglycemia that is
associated with insulin resistance and increased risk of cardiovascular pathology. IGT may
precede type 2 diabetes mellitus by many years. IGT is also a risk factor for mortality.
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"Lipid control” in defined herein as the regulation of lipids in a subject. Lipid control
in often not adequately regulated in a subject due to medical conditions such as diabetes
thereby causing, for example, weight gain. Thus, the present invention can aid subjects in
“lipid management” by modulating lipid control.

“Cardiovascular control” is defined herein as modulating conditions that may lead to
cardiovascular disease and/or pre-cardiovascular disease, such as angina, blood clots and
other conditions brought about by glucose and lipid imbalance in a subject. Thus, the
present invention can aid subjects in managing cardiovascular disease conditions and pre-

disease conditions by modulating glucose and lipid management in the subject.

Measuring Glycemic Control and Glucose Tolerance in a Subject

The term “Glycemic control” and methods of monitoring glycemic control (and, by
extension, glucose tolerance) are known to those of ordinary skill in the art.

“Glycemic control” is a medical term referring to the typical levels of blood sugar
(glucose) in a person with diabetes mellitus. Much evidence suggests that many of the long-
term complications of diabetes, especially the microvascular complications, result from many
years of hyperglycemia (elevated levels of glucose in the blood). Good glycemic control, in
the sense of a "target” for treatment, has become an important goal of diabetes care,
although recent research suggests that the complications of diabetes may be caused by
genetic factors or, in type 1 diabetics, by the continuing effects of the autoimmune disease
which first caused the pancreas to lose its insulin-producing ability.

Because blood sugar levels fluctuate throughout the day and glucose records are
imperfect indicators of these changes, the percentage of hemoglobin which is glycosylated
is used as a proxy measure of long-term glycemic control in research trials and clinical care
of people with diabetes. This test, the hemoglobin A1c or glycosylated hemoglobin reflects
average glucoses over the preceding 2—3 months. In nondiabetic persons with normal
glucose metabolism the glycosylated hemoglobin is usually 4-6% by the most common
methods (normal ranges may vary by method).

"Perfect glycemic control” would mean that glucose levels were always normal (70—
130 mg/dl, or 3.9-7.2 mmol/L) and indistinguishable from a person without diabetes. In
reality, because of the imperfections of treatment measures, even "good glycemic control"
describes blood glucose levels that average somewhat higher than normal much of the time.
In addition, one survey of type 2 diabetics found that they rated the harm to their quality of
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life from intensive interventions to control their blood sugar to be just as severe as the harm
resulting from intermediate levels of diabetic complications.

Accepted "target levels" of glucose and glycosylated hemoglobin that are considered
good control have been lowered over the last 25 years, because of improvements in the
tools of diabetes care, because of increasing evidence of the value of glycemic control in
avoiding complications, and by the expectations of both patients and physicians. What is
considered "good control" also varies by age and susceptibility of the patient to
hypoglycemia.

In the 1990s the American Diabetes Association (ADA) conducted a publicity
campaign to persuade patients and physicians to strive for average glucose and hemoglobin
A1c values below 200 mg/dl (11 mmol/l) and 8%. Currently many patients and physicians
attempt to do better than that.

Poor glycemic control refers to persistently elevated blood glucose and glycosylated
hemoglobin levels, which may range from 200-500 mg/dl (11-28 mmol/L) and 9-15% or
higher over months and years before severe complications occur.

Personal (home) glucose monitoring

Control and outcomes of both types 1 and 2 diabetes may be improved by patients
using home glucose meters to regularly measure their glucose levels. Glucose monitoring is
both expensive (largely due to the cost of the consumable test strips) and requires
significant commitment on the part of the patient. The effort and expense may be worthwhile
for patients when they use the values to sensibly adjust food, exercise, and oral medications
or insulin. These adjustments are generally made by the patients themselves following
training by a clinician.

Regular blood testing, especially in type 1 diabetics, is helpful to keep adequate
control of glucose levels and to reduce the chance of long term side effects of the disease.
There are many (at least 20+) different types of blood monitoring devices available on the
market today. The principle of the devices is virtually the same: a small blood sample is
collected and measured. In one type of meter, the electrochemical, a small blood sample is
produced by the patient using a lancet (a sterile pointed needle). The blood droplet is
usually collected at the bottom of a test strip, while the other end is inserted in the glucose
meter. This test strip contains various chemicals so that when the blood is applied, a small
electrical charge is created between two contacts. This charge will vary depending on the
glucose levels within the blood. In older glucose meters, the drop of blood is placed on top
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of a strip. A chemical reaction occurs and the strip changes color. The meter then measures
the color of the strip optically.

Self-testing is clearly important in type | diabetes where the use of insulin therapy
risks episodes of hypoglycemia and home-testing allows for adjustment of dosage on each
administration. However its benefit in type 2 diabetes is more controversial as there is much
more variation in severity of type 2 cases. It has been suggested that some type 2 patients
might do as well with home urine-testing alone. The best use of home blood-sugar
monitoring is being researched.

Continuous Glucose Monitoring (CGM) CGM technology has been rapidly
developing to give people living with diabetes an idea about the speed and direction of their
glucose changes. While it still requires calibration from SMBG and is not indicated for use in

correction boluses, the accuracy of these monitors are increasing with every innovation.

HbA1c test

A useful test that has usually been done in a laboratory is the measurement of blood
HbA1c levels. This is the ratio of glycated hemoglobin in relation to the total hemoglobin.
Persistent raised plasma glucose levels cause the proportion of these molecules to go up.
This is a test that measures the average amount of diabetic control over a period originally
thought to be about 3 months (the average red blood cell lifetime), but more recently thought
to be more strongly weighted to the most recent 2 to 4 weeks. In the non-diabetic, the
HbA1c level ranges from 4.0-6.0%; patients with diabetes mellitus who manage to keep their
HbA1c level below 6.5% are considered to have good glycemic control. The HbA1c test is
not appropriate if there has been changes to diet or treatment within shorter time periods
than 6 weeks or there is disturbance of red cell aging (e.g. recent bleeding or hemolytic
anemia) or a hemoglobinopathy (e.g., sickle cell disease). In such cases the alternative
Fructosamine test is used to indicate average control in the preceding 2 to 3 weeks.

Ongoing monitoring

Recently, devices have been manufactured which provide ongoing monitoring of
glucose levels on an automated basis during the day, for example:

1. The Minimed Paradigm REAL-Time by Minimed, is a continuous glucose monitoring
system (CGMS) that provides blood glucose measurements to be made every five
minutes over a three-day period. The patient can thus adjust an insulin infusion
pump immediately and mimic the "feed-back" mechanism of a pancreas.
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2. The Dexcom Seven™ by Dexcom, is another blood glucose monitoring device. Like
the Minimeds Paradigm, it provides measurement every 5 minutes. The sensors
lasts 7 days (against medtronics 3 day sensor) before they have to be changed.

3. The US Food and Drug Administration (FDA) has also approved a non-invasive
blood glucose monitoring device, the GlucoWatch G2 Biographer (Cygnus, Inc.,
Redwood City, CA). This allows checking blood glucose levels, while puncturing the
skin as little as twice a day. Once calibrated with a blood sample, it pulls body fluids
from the skin using small electrical currents, taking six readings an hour for as long
as thirteen hours. It has not proven to be reliable enough, or convenient enough to
be used in lieu of conventional blood monitoring. Other non-invasive methods like
radio waves, ultrasound and energy waves are also being tested. The accuracies of
these non-invasive devices are at the current stage behind the devices that are
inserted or operated into the body.

4. In the fall of 2010 FDA tightened the document requirements needed for receiving
FDA approval for CGMS devices and insulin-pump / CGMS devices. As a result,
release dates of many innovative and improved systems are delayed until 2012 and
later.

Pharmaceutical Compositions

The methods described herein include the manufacture and use of pharmaceutical
compositions, which include compounds identified by a method described herein as active
ingredients. Also included are the pharmaceutical compositions themselves.

The factors identified by the present invention will, in some circumstances, be
formulated into pharmaceutical compositions. Pharmaceutical compositions typically include
a pharmaceutically acceptable carrier. As used herein the language “pharmacological

composition,” “pharmacological carrier” or "pharmaceutically acceptable carrier" includes
compositions and carriers comprising one or more of, for example, saline, solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, buffers and the like, compatible with pharmaceutical administration.
Supplementary active compounds can also be incorporated into the compositions. Suitable
pharmaceutical compositions and carriers are also defined herein to include compositions
and carriers suitable for in vitro use, e.g., for diagnostic use, research use and ex vivo

manipulation of cells and tissues.
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Pharmaceutical compositions are typically formulated to be compatible with its
intended route of administration. Examples of routes of administration include parenteral,
e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical),
transmucosal, and rectal administration.

Methods of formulating suitable pharmaceutical compositions are known to one of
ordinary skill in the art, see, e.g., the books in the series Drugs and the Pharmaceutical
Sciences: a Series of Textbooks and Monographs (Dekker, NY). For example, solutions or
suspensions used for parenteral, intradermal, or subcutaneous application can include the
following components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfate; chelating agents such as ethylenediaminetetraacetic acid (EDTA); buffers
such as acetates, citrates or phosphates and agents for the adjustment of tonicity such as
sodium chloride or dextrose. pH can be adjusted with acids or bases, such as hydrochloric
acid or sodium hydroxide. The parenteral preparation can be enclosed in ampules,
disposable syringes or multiple dose vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use can include sterile agueous
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersion. For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or
phosphate buffered saline (PBS). In all cases, the composition must be sterile or capable of
being sterilized and should be fluid to the extent that easy syringability exists. It should be
stable under the conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion
and by the use of surfactants. Prevention of the action of microorganisms can be achieved
by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to
include isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, sodium
chloride, in the composition. Prolonged absorption of the injectable compositions can be
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brought about by including in the composition an agent that delays absorption, for example,
aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound in
the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle, which contains a basic
dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum drying and freeze-drying, which yield a powder of the
active ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. For the
purpose of oral therapeutic administration, the active compound can be incorporated with
excipients and used in the form of tablets, troches, or capsules, e.g., gelatin capsules. Oral
compositions can also be prepared using a fluid carrier for use as a mouthwash.
Pharmaceutically compatible binding agents, and/or adjuvant materials can be included as
part of the composition. The tablets, pills, capsules, troches and the like can contain any of
the following ingredients, or compounds of a similar nature: a binder such as microcrystalline
cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating
agent such as alginic acid, PRIMOGEL® (sodium starch glycollate), or corn starch; a
lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide;
a sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint,
methyl salicylate, or orange flavoring.

For administration by inhalation, the compounds can be delivered in the form of an
aerosol spray from a pressured container or dispenser that contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer. Such methods include those described in
U.S. Pat. No. 6,468,798, which is incorporated herein by reference.

Systemic administration of a therapeutic compound as described herein can also be
by transmucosal or transdermal means. For transmucosal or transdermal administration,
penetrants appropriate to the barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic acid derivatives. Transmucosal
administration can be accomplished through the use of nasal sprays or suppositories. For

transdermal administration, the active compounds are formulated into ointments, salves,
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gels, or creams as generally known in the art, or into adhesive pads, as is generally known
in the art.

The pharmaceutical compositions can also be prepared in the form of suppositories
(e.g., with conventional suppository bases such as cocoa butter and other glycerides) or
retention enemas for rectal delivery.

The therapeutic compounds may include proteins of one or more of the factors
identified herein or functional or structural analogs thereof, or mutants thereof. Any
biologically functional fragment, functional analog, structural analog or mutants of the factors
(i.e., the proteins) identified in Figures 2 and 3 of the present specification are contemplated
to be effective in the methods of the present invention. One of ordinary skill in the art can
produce and test the effective levels of such fragments, analogs and mutants based on the
teachings of the present invention. Further, such fragments, analogs or mutants may be
synthetic or naturally occurring. Further still, the sequences of the proteins given in Figures
2 and 3 (and analogs and homologs thereof) are know to one of ordinary skill in the art as
exemplified by the sequence listings in available data banks such as GenBank.

Therapeutic compounds may include nucleic acids (i.e., a nucleic acid encoding one
or more of the factors identified herein or functional or structural analogs thereof) can be
administered by any method suitable for administration of nucleic acid agents, such as a
DNA vaccine. These methods include gene guns, bio injectors, and skin patches as well as
needle-free methods such as the micro-particle DNA vaccine technology disclosed in U.S.
Pat. No. 6,194,389, and the mammalian transdermal needle-free vaccination with powder-
form vaccine as disclosed in U.S. Pat. No. 6,168,587, which are incorporated herein by
reference. Additionally, intranasal delivery is possible, as described in, inter alia, Hamajima,
et al., Clin. Immunol. Immunopathol. 88(2), 205-10 (1998). Liposomes (e.g., as described in
U.S. Pat. No. 6,472,375, which is incorporated herein by reference) and microencapsulation
can also be used. Biodegradable targetable microparticle delivery systems can also be used
(e.g., as described in U.S. Pat. No. 6,471,996, which is incorporated herein by reference).

In one embodiment, the therapeutic compounds are prepared with carriers that will
protect the therapeutic compounds against rapid elimination from the body, such as a
controlled release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Such
formulations can be prepared using standard techniques as are known to one of ordinary
skill in the art. The materials can also be obtained commercially from Alza Corporation and

10
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Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to
infected cells with monoclonal antibodies to viral antigens) can also be used as
pharmaceutically acceptable carriers. These can be prepared according to methods known
to those skilled in the art, for example, as described in U.S. Pat. No. 4,522,811, which is
incorporated herein by reference.

The pharmaceutical compositions can be included in a kit, container, pack or

dispenser together with instructions for administration.

Methods of Treatment

The methods described herein include methods for the treatment of disorders
associated with impaired glucose tolerance, e.g., for the improvement of glycemic control,
insulin sensitivity, weight loss, lipid control and cardiovascular control. In some
embodiments, the disorder is type 1 or type 2 diabetes. Generally, the methods include
administering a therapeutically effective amount of therapeutic compound as described
herein, to a subject who is in need of, or who has been determined to be in need of, such
treatment.

As used in this context, to "treat” means to ameliorate at least one symptom of the
disorder associated with impaired glucose tolerance. Often, impaired glucose tolerance
results in hyperglycemia; thus, a treatment can result in a return or approach to
normoglycemia/normal insulin sensitivity. As used in this context, to “prevent diabetes,”
“prevent type 1 diabetes” or "prevent type 2 DM” (i.e., type 2 diabetes mellitus), or similar,
means to reduce the likelihood that a subject will develop diabetes, type 1 diabetes or type 2
DM, respectively. One of skill in the art will appreciate that a preventive treatment is not
required to be 100% effective, but can instead result in a delay in the onset of T1D, T2DM,
or a reduction in symptoms, e.g., an improvement in glucose tolerance.

Dosage, toxicity and therapeutic efficacy of the compounds can be determined, e.g.,
by standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LD50/ED50.
Compounds that exhibit high therapeutic indices are preferred. While compounds that
exhibit toxic side effects may be used, care should be taken to design a delivery system that
targets such compounds to the site of affected tissue in order to minimize potential damage

to uninfected cells and, thereby, reduce side effects.
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The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the ED50 with little or no
toxicity. The dosage may vary within this range depending upon the dosage form employed
and the route of administration utilized. For any compound used in the method of the
invention, the therapeutically effective dose can be estimated initially from cell culture
assays. A dose may be formulated in animal models to achieve a circulating plasma
concentration range that includes the ICx (i.€., the concentration of the test compound that
achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such
information can be used to more accurately determine useful doses in humans. Levels in
plasma may be measured, for example, by high performance liquid chromatography.

An "effective amount,” “therapeutic amount” or “sufficient amount” is an amount
sufficient to effect beneficial or desired results. For example, a therapeutic amount is one
that achieves the desired therapeutic effect. This amount can be the same or different from
a prophylacticly effective amount, which is an amount necessary to prevent onset of disease
or disease symptoms. An effective amount can be administered in one or more
administrations, applications or dosages. A therapeutically effective amount of a
composition depends on the composition selected. The compositions can be administered
one from one or more times per day to one or more times per week; including once every
other day. The skilled artisan will appreciate that certain factors may influence the dosage
and timing required to effectively treat a subject, including but not limited to the severity of
the disease or disorder, previous treatments, the general health and/or age of the subject,
and other diseases present. Moreover, treatment of a subject with a therapeutically
effective amount of the compositions described herein can include a single treatment or a

series of treatments. The terms “administer,” “administered,” administering,” etc., also
includes the terms “caused to be administered” and “causing to be administered,” etc., by,
for example, giving instruction to another to administer.

The pharmaceutical compositions can be included in a container, pack, or dispenser
together with instructions for administration.

In some embodiments, the pharmaceutical composition is injected into a tissue, e.g.,

adipose tissue, muscle tissue or liver tissue.
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Gene Therapy

The nucleic acids described, referenced or otherwise indicated herein (for example,
a nucleic acid encoding one or more of the proteins listed in Figures 2 and 3, the sequences
of which can be found by one of ordinary skill in the art at, e.g., GenBank) can be
incorporated into a gene construct to be used as a part of a gene therapy protocol to deliver
nucleic acids encoding either an agonistic or antagonistic form of an factor or agent
described herein or an active fragment thereof or a functional or structural analog thereof.
The invention features expression vectors for in vivo transfection and expression of one or
more of the proteins listed in Figures 2 and 3 or an active fragment thereof or a functional or
structural analog thereof, described herein. Expression constructs of such components may
be administered in any biologically effective carrier, e.g., any formulation or composition
capable of effectively delivering the component gene to cells in vivo, as are known to one of
ordinary skill in the art. Approaches include insertion of the subject gene in viral vectors
including recombinant retroviruses, adenovirus, adeno-associated virus and herpes simplex
virus-1, or recombinant bacterial or eukaryotic plasmids. Viral vectors transfect cells
directly; plasmid DNA can be delivered with the help of, for example, cationic liposomes
(e.g., LIPOFECTIN™) or derivatized (e.g., antibody conjugated), polylysine conjugates,
gramicidin S, artificial viral envelopes or other such intracellular carriers, as well as direct
injection of the gene construct or CaPO, precipitation carried out in vivo, as is known to one
of ordinary skill in the art.

One approach for in vivo introduction of nucleic acid into a cell is by use of a viral
vector containing nucleic acid, e.g., a cDNA, encoding an alternative pathway component
described herein. Infection of cells with a viral vector has the advantage that a large
proportion of the targeted cells can receive the nucleic acid. Additionally, molecules
encoded within the viral vector, e.g., by a cDNA contained in the viral vector, are expressed
efficiently in cells which have taken up viral vector nucleic acid.

Retrovirus vectors and adeno-associated virus vectors can be used as a
recombinant gene delivery system for the transfer of exogenous genes in vivo, particularly
into humans. These vectors provide efficient delivery of genes into cells, and the transferred
nucleic acids are stably integrated into the chromosomal DNA of the host. The development
of specialized cell lines (termed "packaging cells") which produce only replication-defective
retroviruses has increased the utility of retroviruses for gene therapy, and defective
retroviruses are characterized for use in gene transfer for gene therapy purposes (for a
review see, e.g., Miller, Blood 76:271-78 (1990)). A replication defective retrovirus can be
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packaged into virions which can be used to infect a target cell through the use of a helper
virus by standard techniques. Protocols for producing recombinant retroviruses and for
infecting cells in vitro or in vivo with such viruses can be found in Current Protocols in
Molecular Biology, Ausubel, et al., (eds.) Greene Publishing Associates, (1989), Sections
9.10-9.14, and other standard laboratory manuals. Non-limiting examples of suitable
retroviruses include pLJ, pZIP, pWE and pEM which are known to those of ordinary skill in
the art. Examples of suitable packaging virus lines for preparing both ecotropic and
amphotropic retroviral systems include *Crip, *Cre, *2 and *Am. Retroviruses have been
used to introduce a variety of genes into many different cell types, including epithelial cells,
in vitro and/or in vivo (see, for example, Eglitis, et al., Science 230:1395-1398 (1985); Danos
and Mulligan, Proc. Natl. Acad. Sci. USA 85:6460-6464 (1988); Wilson, et al., Proc. Natl.
Acad. Sci. USA 85:3014-3018 (1988); Armentano, et al., Proc. Natl. Acad. Sci. USA
87:6141-6145 (1990); Huber, et al., Proc. Natl. Acad. Sci. USA 88:8039-8043 (1991); Ferry,
et al., Proc. Natl. Acad. Sci. USA 88:8377-8381 (1991); Chowdhury, et al., Science
254:1802-1805 (1991); van Beusechem, et al., Proc. Natl. Acad. Sci. USA 89:7640-7644
(1992); Kay, et al., Human Gene Therapy 3:641-647 (1992); Dai, et al., Proc. Natl. Acad.
Sci. USA 89:10892-10895 (1992); Hwu, et al., J. Immunol. 150:4104-4115 (1993); U.S. Pat.
No. 4,868,116; U.S. Pat. No. 4,980,286; PCT Application WO 89/07136; PCT Application
WO 89/02468; PCT Application WO 89/05345; and PCT Application WO 92/07573; all of
which are incorporated herein by reference in their entirety).

Another viral gene delivery system useful in the present invention utilizes
adenovirus-derived vectors. The genome of an adenovirus can be manipulated such that it
encodes and expresses a gene product of interest but is inactivated in terms of its ability to
replicate in a normal Iytic viral life cycle. See, for example, Berkner, et al., BioTechniques
6:616 (1988); Rosenfeld, et al., Science 252:431-434 (1991); and Rosenfeld, et al., Cell
68:143-155 (1992). Suitable adenoviral vectors derived from the adenovirus strain Ad type
5 d1324 or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are known to those of
ordinary skill in the art. Recombinant adenoviruses can be advantageous in certain
circumstances in that they are not capable of infecting non-dividing cells and can be used to
infect a wide variety of cell types, including epithelial cells (Rosenfeld, et al. (1992), supra).
Furthermore, the virus particle is relatively stable and amenable to purification and
concentration and, as above, can be modified so as to affect the spectrum of infectivity.
Additionally, introduced adenoviral DNA (and foreign DNA contained therein) is not

integrated into the genome of a host cell but remains episomal, thereby avoiding potential
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problems that can occur as a result of insertional mutagenesis in situ where introduced DNA
becomes integrated into the host genome (e.g., retroviral DNA). Moreover, the carrying
capacity of the adenoviral genome for foreign DNA is large (up to 8 kilobases) relative to
other gene delivery vectors (Berkner, et al. (1998), supra; Haj-Ahmand and Graham , J.
Virol. 57:267 (1986)).

Yet another viral vector system useful for delivery of the subject gene is the adeno-
associated virus (AAV). Adeno-associated virus is a naturally occurring defective virus that
requires another virus, such as an adenovirus or a herpes virus, as a helper virus for
efficient replication and a productive life cycle. (For a review see Muzyczka, et al., Curr.
Topics in Micro. and Immunol. 158:97-129 (1992)). It is also one of the few viruses that may
integrate its DNA into non-dividing cells, and exhibits a high frequency of stable integration
(see for example Flotte, et al., Am. J. Respir. Cell. Mol. Biol. 7:349-356 (1992); Samulski, et
al., J. Virol. 63:3822-3828 (1989); and McLaughlin, et al., J. Virol. 62:1963-1973 (1989)).
Vectors containing as little as 300 base pairs of AAV can be packaged and can integrate.
Space for exogenous DNA is limited to about 4.5 kb. An AAV vector such as that described
in Tratschin, et al., Mol. Cell. Biol. 5:3251-3260 (1985) can be used to introduce DNA into
cells. A variety of nucleic acids have been introduced into different cell types using AAV
vectors (see for example Hermonat, et al., Proc. Natl. Acad. Sci. USA 81:6466-6470 (1984),
Tratschin, et al., Mol. Cell. Biol. 4:2072-2081 (1985); Wondisford, et al., Mol. Endocrinol.
2:32-39 (1988); Tratschin, et al., J. Virol. 51:611-619 (1984); and Flotte, et al., J. Biol. Chem.
268:3781-3790 (1993)).

In addition to viral transfer methods, such as those illustrated above, non-viral
methods can also be employed to cause expression of an nucleic acid agent encoding one
or more of the proteins listed in Figures 2 and 3 or an active fragment thereof or a functional
or structural analog thereof polypeptide encoding nucleic acid) in the tissue of a subject.
Most nonviral methods of gene transfer rely on normal mechanisms used by mammalian
cells for the uptake and intracellular transport of macromolecules. In some embodiments,
non-viral gene delivery systems of the present invention rely on endocytic pathways for the
uptake of the subject gene by the targeted cell. Exemplary gene delivery systems of this
type include liposomal derived systems, poly-lysine conjugates, and artificial viral envelopes.
Other embodiments include plasmid injection systems such as are described in Meuli, et al.,
J. Invest. Dermatol. 116 (1):131-135 (2001); Cohen, et al., Gene Ther 7 (22):1896-905
(2000); or Tam, et al., Gene Ther. 7 (21):1867-74 (2000).
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In a representative embodiment, a gene encoding a peptide identified herein can be
entrapped in liposomes bearing positive charges on their surface (e.g., lipofectins) and
(optionally) which are tagged with antibodies against cell surface antigens of the target
tissue (Mizuno, et al., No Shinkei Geka 20:547-551 (1992); PCT publication WO91/06309;
Japanese patent application 1047381; and European patent publication EP-A-43075).

In clinical settings, the gene delivery systems for the therapeutic gene can be
introduced into a patient by any of a number of methods, each of which is familiar in the art.
For instance, a pharmaceutical preparation of the gene delivery system can be introduced
systemically, e.g., by intravenous injection. Specific transduction of the protein in the target
cells occurs predominantly from specificity of transfection provided by the gene delivery
vehicle, cell-type or tissue-type expression due to the transcriptional regulatory sequences
controlling expression of the receptor gene, or a combination thereof. In other
embodiments, initial delivery of the recombinant gene is more limited with introduction into
the animal being quite localized. For example, the gene delivery vehicle can be introduced
by catheter (see, U.S. Pat. No. 5,328,470) or by stereotactic injection (e.g., Chen, et al,,
PNAS 91: 3054-3057 (1994)).

The pharmaceutical preparation of the gene therapy construct can consist essentially
of the gene delivery system in an acceptable diluent, or can comprise a slow release matrix
in which the gene delivery vehicle is imbedded. Alternatively, where the complete gene
delivery system can be produced intact from recombinant cells, e.g., retroviral vectors, the
pharmaceutical preparation can comprise one or more cells which produce the gene

delivery system.

Cell Therapy

An agent described herein suitable for, for example, improving glycemic control, e.g.,
a one or more of the proteins identified in Figures 2 and 3 (the sequences of which can be
found by one of ordinary skill in the art at, for example, GenBank) or an active fragment
thereof or a functional or structural analog thereof, can also be increased in a subject by
introducing into a cell, e.g., a muscle cell, liver cell or adipose cell. The nucleotide sequence
can include a promoter sequence, e.g., a promoter sequence from the gene encoding the
identified protein or from another gene; an enhancer sequence, e.g., 5' untranslated region
(UTR), e.g., a 5' UTR, a 3' UTR; a polyadenylation site; an insulator sequence; or another
sequence that modulates the expression of the gene, or an active fragment thereof or a
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functional or structural analog thereof. The cell can then be introduced into the subject by
methods know to one of ordinary skill in the art.

Primary and secondary cells to be genetically engineered can be obtained from a
variety of tissues and include cell types which can be maintained and propagated in culture.
For example, primary and secondary cells include adipose cells, fibroblasts, keratinocytes,
epithelial cells (e.g., mammary epithelial cells, intestinal epithelial cells), endothelial cells,
glial cells, neural cells, formed elements of the blood (e.g., lymphocytes, bone marrow cells),
muscle cells (myoblasts) and precursors of these somatic cell types. Primary cells are
preferably obtained from the individual to whom the genetically engineered primary or
secondary cells are administered. However, primary cells may be obtained for a donor
(other than the recipient). The preferred cell for the compositions and methods of the
present invention is an adipose cell(s), a liver cell(s) or muscle cell(s).

The term "primary cell" includes cells present in a suspension of cells isolated from a
vertebrate tissue source (prior to their being plated, i.e., attached to a tissue culture
substrate such as a dish or flask), cells present in an explant derived from tissue, both of the
previous types of cells plated for the first time, and cell suspensions derived from these
plated cells. The term "secondary cell” or "cell strain" refers to cells at all subsequent steps
in culturing. Secondary cells are cell strains which consist of secondary cells which have
been passaged one or more times.

Primary or secondary cells of vertebrate, particularly mammalian, origin can be
transfected with an exogenous nucleic acid sequence which includes a nucleic acid
sequence encoding a signal peptide, and/or a heterologous nucleic acid sequence (e.g.,
encoding one or more of the factors identified in Figures 2 and 3, or an active fragment
thereof or a functional or structural analog thereof) and produce the encoded product stably
and reproducibly in vitro and in vivo, over extended periods of time (i.e., hours, days, weeks
or longer). A heterologous amino acid can also be a regulatory sequence, e.g., a promoter,
which causes expression, e.g., inducible expression or upregulation, of an endogenous
sequence. An exogenous nucleic acid sequence can be introduced into a primary or
secondary cell by homologous recombination as described, for example, in U.S. Pat. No.
5,641,670, the contents of which are incorporated herein by reference. The transfected
primary or secondary cells may also include DNA encoding a selectable marker which
confers a selectable phenotype upon them, facilitating their identification and isolation.

Vertebrate tissue can be obtained by standard methods such a punch biopsy or
other surgical methods of obtaining a tissue source of the primary cell type of interest. For
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example, punch biopsy is used to obtain skin as a source of fibroblasts or keratinocytes. A
mixture of primary cells is obtained from the tissue, using known methods, such as
enzymatic digestion or explanting. If enzymatic digestion is used, enzymes such as
collagenase, hyaluronidase, dispase, pronase, trypsin, elastase and chymotrypsin can be
used.

The resulting primary cell mixture can be transfected directly or it can be cultured
first, removed from the culture plate and resuspended before transfection is carried out.
Primary cells or secondary cells are combined with exogenous nucleic acid sequence to,
e.g., stably integrate into their genomes, and treated in order to accomplish transfection. As
used herein, the term "transfection” includes a variety of techniques for introducing an
exogenous nucleic acid into a cell including calcium phosphate or calcium chloride
precipitation, microinjection, DEAE-dextrin-mediated transfection, lipofection or
electroporation, all of which are routine in the art.

Transfected primary or secondary cells undergo sufficient number doubling to
produce either a clonal cell strain or a heterogeneous cell strain of sufficient size to provide
the therapeutic protein to an individual in effective amounts. The number of required cells in
a transfected clonal heterogeneous cell strain is variable and depends on a variety of
factors, including but not limited to, the use of the transfected cells, the functional level of the
exogenous DNA in the transfected cells, the site of implantation of the transfected cells (for
example, the number of cells that can be used is limited by the anatomical site of
implantation), and the age, surface area, and clinical condition of the patient.

The transfected cells, e.g., cells produced as described herein, can be introduced
into an individual to whom the product is to be delivered. Various routes of administration
and various sites (e.g., renal sub capsular, subcutaneous, central nervous system (including
intrathecal), intravascular, intrahepatic, intrasplanchnic, intraperitoneal (including
intraomental), intramuscularly implantation) can be used. Preferred sites for introduction are
the pancreas or the liver. Once implanted in individual, the transfected cells produce the
product encoded by the heterologous DNA or are affected by the heterologous DNA itself.
For example, an individual who suffers from disease related to impaired glycemic control is a
candidate for implantation of cells producing an agent or factor described herein (see,
Figures 2 and 3) or an active fragment thereof or a functional or structural analog or mimic
thereof as described herein or known to those of ordinary skill in the art.

An immunosuppressive agent, e.g., drug, or antibody, can be administered to a
subject at a dosage sufficient to achieve the desired therapeutic effect (e.g., inhibition of
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rejection of the cells). Dosage ranges for immunosuppressive drugs are known in the art.
See, e.g,, Freed, etal., N. Engl. J. Med. 327:1549 (1992); Spencer, et al., N. Engl. J. Med.
327:1541 (1992); Widner, et al., N. Engl. J. Med. 327:1556 (1992)). Dosage values may
vary according to factors such as the disease state, age, sex, and weight of the individual.
All references cited herein are incorporated herein by reference in their entirety and
are representative of what one of ordinary skill in the art knew at the time of the present

invention.

Exemplification

Example 1 — Fat Transplantation

We have generated considerable preliminary data in support of the hypothesis that
exercise training causes adaptations to scWAT that result in secretion of adipokines that in
turn function in an endocrine manner to improve whole-body and tissue glucose
homeostasis. Remarkably, transplantation of subcutaneous white adipose tissue from
exercise-trained mice into the visceral cavity of recipient sedentary mice significantly
improved glucose tolerance compared to transplantation of subcutaneous white adipose
tissue from sedentary mice. Mice transplanted with subcutaneous white adipose tissue from
trained donors also had a significant increase in glucose disposal into skeletal muscle and
brown adipose tissue, lower circulating insulin, glucose, and lipid levels, as well as
protection from the deleterious effects of high fat feeding. See, Figure 1 for a schematic
diagram of the model proposed based on the present invention.

Transplantation of scWAT from Exercise-Trained Mice Improves Glucose
Homeostasis. To begin to test the novel hypothesis that adipose tissue from trained mice
exerts metabolic effects on glucose homeostasis, we have used a transplantation model.
Male mice (12 wk old) were given free access to a training wheel (Trained) or were housed
individually in standard cages (Sedentary) for 11 days. This duration of training provided a
significant training stimulus without a substantial loss of adipose tissue, which can occur
with longer periods of training. Trained mice completed a total of 70 + 8 km during the 11
days.

The procedure was performed as follows. Twelve-week-old male C57BL/6 mice
(Charles River Laboratories) were used as both donor and recipient mice for transplantation
studies. Fat transplantation was performed using white adipose tissue removed from the
subcutaneous (retroperitoneal) and intra-abdominal perigonadal (visceral) areas of trained
and sedentary mice. Donor mice were sacrificed by cervical dislocation and fat pads were
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removed and kept in saline in a 37 °C water bath until transplantation. Recipient mice were
anesthetized by intraperitoneal injection of 85-100 mg/kg body weight of pentobarbital. For
each recipient mouse, 0.85 g of scWAT or 1.0 g of visceral adipose tissue was transplanted
into the visceral cavity. The tissue was carefully lodged deep between folds within sliced
portions of endogenous perigonadal adipose tissue of the recipient and lodged next to the
mesenteric adipose tissue just below the liver (Tran TT, Yamamoto Y, Gesta S, Kahn CR.
Beneficial effects of subcutaneous fat transplantation on metabolism. Cell Metab.
2008;7(5):410-420; which exemplifies what is known by one of ordinary skill in the art with
regard to murine fat transplantation). Adipose tissue from approximately 4 trained mice and
2 sedentary mice was used in order to equalize the amount of transplanted adipose tissue.
Sham treated “recipient” mice underwent the same surgical procedure, but no adipose
tissue was transplanted. All recipient mice were sedentary throughout the study (i.e.,
housed in static cages). There appeared to be no difference in rate of recovery after the
surgery among the groups based on similar body weights and close monitoring of mice for
several days post-transplant.

For transplantation, trained and sedentary mice were anesthetized and visceral (1.0
g) and subcutaneous (0.85 g) white adipose tissues were removed and implanted into the
visceral cavity of a separate cohort of recipient mice (41). In order to transplant equal
amounts of adipose tissue, adipose tissue from approximately 2 sedentary mice and 4
trained mice was used. Sham-treated “recipient” mice underwent the same surgical
procedure, but no adipose tissue was transplanted. Recipient mice were closely monitored
after transplantation, and there were no differences in recovery among the three groups as
indicated by normal stature, similar body weights post-transplantation, and no elevation in
plasma markers of inflammation or fever (TNF-a, IL-6). Dissection of mice nine days post-
transplant revealed the presence of the transplanted tissue and histology showed intact
adipocytes and vascularization (data not shown). All recipient mice were sedentary
throughout the protocol. Initial assessment of glucose homeostasis was measured by
glucose tolerance tests. Nine days post-transplantation, there was a dramatic improvement
in glucose tolerance in mice receiving sSCWAT from exercise-trained mice compared to both
mice receiving scCWAT from sedentary mice and sham controls (Figure 4A). In fact, the
calculated glucose area under the curve (AUC) for the mice transplanted with trained
SCWAT was only 66% of the sham controls (Figure 4B). These intriguing data were the first
to suggest that scWAT from exercise-trained mice can exert beneficial effects on glucose

tolerance.
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In addition to the marked improvement in glucose tolerance, mice transplanted with
trained scWAT exhibited a significant decrease in fasting blood glucose, insulin, and
cholesterol concentrations nine days post-transplant (not shown). The calculated HOMA-IR
(Figure 4C) and response to a pyruvate tolerance test (not shown) were also attenuated in
mice receiving trained scWAT, providing further evidence for enhanced insulin sensitivity.
Transplantation of scWAT from trained and sedentary mice was not associated with
changes in body weight, food intake, or spontaneous activity (not shown). Energy
expenditure was increased (not shown) and respiratory exchange ratio (RER) was
significantly decreased in the fasted state of mice receiving scWAT from sedentary (Figure
4D), indicating a preference for fatty acids as fuel. Taken together, all of these data clearly
demonstrate that transplantation of exercise-trained adipose tissue has marked beneficial
effects on systemic glucose homeostasis.

The Beneficial Effects of Transplanting Trained scWAT are Short-Lived. The
effect of transplanting trained scWAT on glucose tolerance was short lived, as the effect was
not as pronounced at day 14, and there was only a tendency for improved glucose tolerance
at 28 days post-transplant (Figure 4B). These data raise the possibility that the trained
SCWAT secretes factors that mediate the effects on glucose tolerance.

To determine if the effects of transplanting trained scWAT were specific to the
location of the transplant, trained and sedentary scWAT was transplanted into the flank
region, placed directly atop the inguinal adipose tissue. The scWAT (0.85g) was divided in
half, with one half being placed atop each endogenous adipose tissue pad. After nine days,
mice transplanted with trained scWAT in the subcutaneous cavities had a significant
improvement in glucose tolerance compared to both Sham and mice receiving sedentary
SCWAT (22% decrease in GTT AUC; P<0.01). Thus, transplantation of trained scWAT into
both the visceral and subcutaneous cavity improves glucose tolerance. In an additional
experiment, and in contrast to the effects of transplanting trained scWAT, there was no
difference in glucose tolerance in mice transplanted with visceral WAT from trained or
sedentary mice compared to sham controls.

Transplantation of sSCWAT Increases Glucose Uptake in Skeletal Muscle and
Brown Adipose Tissue. To begin to understand the mechanism for the improvement in
glucose tolerance in mice receiving trained scWAT, in vivo glucose disposal was measured
in a separate cohort of mice. Mice were injected with [*H]-2-deoxyglucose in saline (Basal)
or a 20% glucose solution that results in a physiological insulin release (54-56). In the 45

min following injection, glucose and insulin concentrations were significantly lower in mice
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transplanted with trained scWAT, demonstrating enhanced insulin sensitivity (not shown).
Muscles, heart, and brown adipose tissue were removed and glucose uptake was
determined. Under basal conditions there was no difference in glucose uptake among
groups in any tissue. However, insulin-stimulated glucose uptake in the tibialis anterior
(57% oxidative fibers) and soleus (95% oxidative) muscles was significantly increased in
mice transplanted with trained scWAT, whereas this effect was not present in the more
glycolytic muscles, gastrocnemius (40% oxidative) and extensor digitorum longus (EDL)
(30% oxidative) (57,58). Interestingly, there was also an increase in glucose uptake in
intrascapular brown adipose tissue, but not in the heart. These data demonstrate that
transplanted scWAT from exercise-trained mice exerts beneficial effects on more oxidative
skeletal muscles and brown adipose tissue, and raise the possibility that the trained adipose
tissue communicates with other tissues.

Do Transplanted Exercise-Trained Adipocytes Function as Metabolic
“Sponges”? One interpretation of the improved whole-body and tissue glucose
homeostasis with transplantation of trained scWAT is that the transplanted tissue from
trained mice functions as a “sponge” or “sink” to remove and oxidize circulating glucose and
lipids. If this is the major mechanism, the effects of transplantation on skeletal muscle and
brown adipose tissue would be secondary to the decrease in circulating factors. Consistent
with this hypothesis, exercise training decreases adipocyte size (4,38) and thus
transplantation of trained scWAT could stem from the recipient mice receiving an increased
number of adipocytes compared to mice transplanted with large cells from sedentary mice.
To test this hypothesis we used a new cohort of mice and glucose tolerance was compared
in mice transplanted with trained scWAT from 12 wk old mice, sedentary scWAT from 12 wk
old mice, or sedentary scWAT from 6 wk old mice with a similar cell size to that of the
trained mice. In another experiment, we measured basal and insulin-stimulated glucose
uptake in vivo into the transplanted adipose tissue and found no difference in glucose
uptake between the transplanted adipose tissue from the trained and sedentary mice.
These data demonstrate that the trained adipose tissue does not function as a metabolic
“sponge”, at least not for glucose.

Transplantation of Trained scWAT Ameliorates the Effects of a High-Fat Diet.
We have recently studied an entirely new cohort of mice to test the hypothesis that
transplantation of trained scWAT would improve glucose homeostasis under conditions of
metabolic stress. Recipient mice were fed either a standard chow (21% kcal from fat) or a
high-fat diet (60% kcal from fat; Research Diets) for 6 wks, followed by transplantation of
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either scWAT from sedentary or trained mice. At nine days post-transplant there was a
significant improvement in glucose tolerance in mice receiving both trained and sedentary
SCWAT, although the effect was more pronounced in the mice transplanted with trained
SCWAT (65% decrease in GTT AUC compared to sham high-fat fed; P<0.0086). In fact, mice
receiving trained scWAT had glucose tolerance comparable to chow fed mice, thus fully
ablating the deleterious effect of the high-fat diet.

Example 2 - Identification of Transplanted Factors

Exercise Training Results in Remodeling of scWAT. The remarkable effects of
the trained adipose tissue on glucose homeostasis and the accompanied increase in
skeletal muscle and brown adipose tissue glucose uptake suggest that training results in
marked adaptations to scWAT. To begin to understand the mechanism for the effects of
training on adipose tissue we used microarray analysis to compare the gene expression
profile of sScCWAT obtained from a cohort of mice that were housed in wheel cages for 11
days (Train) or remained sedentary (Sed). Using criteria of P<0.05 and Q<0.05, exercise
training had profound effects on the expression profile of the sCWAT with 1549 genes
significantly increased by training and 1156 genes significantly down-regulated by training.
This vast number of genes altered in the trained scWAT demonstrates that there is
remarkable adaptation in this tissue. In fact, although a direct comparison cannot be made,
the number of genes up-regulated by exercise training in sCWAT is substantially greater
than what has been reported to be increased in skeletal muscle with exercise training (59-
62). Gene Set Enrichment Analysis (GSEA; P<0.05 and Q<0.25) determined that exercise
training resulted in significant increases in genes involved in metabolism, mitochondrial
biogenesis, oxidative stress and signaling, membrane transport, cell stress, proteolysis,
apoptosis, and as will be discussed in more detail below, secreted proteins.

We also performed morphological and biochemical characterization of the trained
sCWAT and a pronounced molecular characteristic of the scWAT from the trained mice is a
clear “browning” effect. Briefly, we found that trained scWAT have: 1) the induction of
numerous brown adipocyte marker genes (e.g., Prdm16, Ucp1, Pgc1a, Elovi3, Cidea); 2)
increased Ucp1 staining; 3) a multilocular appearance; and 4) an increased basal rate of
oxygen consumption measured by Seahorse (588+20 vs 657+15 pmoles/min; P<0.01). In
addition to these mouse studies, in collaboration with the Pedersen laboratory
(Copenhagen), we obtained scWAT samples from human subjects before and after 12
weeks of intensive exercise training. Training significantly increased UCP7 mRNA (not
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shown), demonstrating the physiological relevance of the mouse findings to humans. Our
mouse data are consistent with recent reports showing that four weeks of exposure to an
enriched environment, which included the presence of a running wheel, increased brown
adipose tissue markers (63), and in another study wheel running and swim exercise
significantly increased Ucp? mRNA levels (5). The mechanism for these effects was
reported to result from increases in hypothalamic BDNF (63) or the myokine irisin (5),
respectively. The development of brown fat-like adipocytes in white adipose tissue also
occurs in response to cold exposure (35) and B3-selective adrenergic agonists (29), and
thus a number of different stimuli result in a browning of white adipose tissue. While the
mechanism for the browning effect by exercise and other stimuli is being studied by many
other laboratories, our work will instead focus on the effects of trained scCWAT to mediate
metabolism and to alter the adipokine profile.

To identify factors that mediate the striking effects of trained adipose tissue on
skeletal muscle and whole-body metabolism, we have performed detailed molecular
characterization of exercise-trained subcutaneous white adipose tissue. Factors were
identified by using microarray, PCR and histological techniques know to those of ordinary
skill in the art. Remarkably and unpredictably, it was found that exercise training of mice for
only 11 days significantly increased the expression of >1500 genes in subcutaneous white
adipose tissue. This included significantly increased expression of 55 genes encoding
secreted proteins. (See, Figures 2 and 3). Furthermore, studies comparing exercise-trained
adipose tissue from human subjects support the mouse data and comparative analysis of
these data sets has led us to identify several novel candidates for investigation as putative
therapeutic agents (Figure 3). While some of these proteins have been characterized in
other cell systems and implicated in various diseases, few have been studied in adipose
tissue.

Identification of Secreted Proteins from scWAT Significantly Altered by
Exercise Training. The adipocyte secretome has been investigated in the context of
diabetes and metabolic disease (64), but studies of exercise regulation of adipokines have
been limited (65). As mentioned above, our array analysis shows that exercise training has
profound effects on scWAT from the mouse, including changes in the expression of
secreted proteins. Working with the Boston University/Joslin Computational Core
laboratory, secreted proteins were identified from the overall list of significant genes
(described above) using three databases: Secreted Protein Database (SPD), Gene
Ontology (GO), and Ingenuity Extracellular, all of which are known to those of skill in the art.

24



10

15

20

25

30

WO 2014/137997 PCT/US2014/020170

Comparing scWAT from trained versus sedentary mice, genes encoding 55 secreted
proteins were significantly increased and 217 were significantly decreased. Interestingly,
none of the well-established adipokines were on these lists showing limited effects of
exercise training on known adipokines.

To search for the most relevant genes, we cross-referenced our mouse and human
microarray databases. For this purpose, statistical analysis was performed using Microsoft
Access, Excel, and R/Bioconductor (www.bioconductor.org), as well as a web application
developed in conjugation with the BU/Joslin Computational Core. Approximately 100
transcripts were significant in both mouse and human samples. Based on public databases
of adipose tissue gene profiles, we have identified a number of top candidates, including:
transforming growth factor beta 2 (TGF2), cysteine-rich secretory protein-1 (CRISP-1),
apo-lipoprotein M (APOM), brevican (BCAN), transcobalamin 2 (TCN2) and wingless-type
(WNT3a). We have confirmed by RT-PCR and/or Western blotting that these candidates
are expressed in sSCWAT and increased with exercise training. Interestingly, these genes
have not been previously characterized as adipokines, increasing the novelty of the present
invention. Moreover, most of these proteins have been implicated in some aspect of
metabolism, cell transport, or cell signaling (66-69).

TGFR2 and CRISP-1 are putative adipokines regulated by exercise training in
scWAT. One candidate adipokine is TGFB2. TGFR2 is a glycosylated protein that has
been implicated in developmental biology (70,71) and in extracellular matrix function of the
eye (72), but its potential role as an adipokine has not been explored before this research.
Our array data demonstrate that exercise training significantly increases TGFB2 gene
expression in mouse and human scWAT. In addition, exercise training for 11 days in the
mouse significantly increased both TGFB2 mRNA and protein in scWAT (Figures 7A & B).
Our preliminary data shows that transplantation of trained scWAT increases glucose uptake
into skeletal muscle and brown adipose tissue in vivo. Thus, to determine if TGF2
increases glucose uptake in skeletal muscle cells and brown adipocytes, we incubated
differentiated C2C12 myotubes and WT-1 brown adipocytes with recombinant TGFR2 for 4
or 24 hours at 20 ng/ml (dose based on dose response experiment; not shown). TGFR2
incubation significantly increased basal and insulin-stimulated glucose uptake in both cell
types at both time points (Figures 7C & D; only 24 hr data shown). The increases in glucose
uptake occurred in the absence of changes in glucose transporter expression (not shown).
Figure 6 shows that incubation of intact skeletal muscle with TGFR2 increases glucose
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uptake. These exciting data support the inventive conception that TGF32 mediates the
effects of trained scWAT on glucose homeostasis.

Five additional adipokines identified herein will provide comparable data. CRISP-1 is
a secreted glycoprotein which belongs to the CAP super-family. CRISP-1 has been
primarily studied in the context of epididymal maturation; however, a recent report shows
that CRISP-1 is also highly expressed in multiple tissues including skeletal muscle, thymus,
and uterus (adipose was not studied) (69), increasing the likelihood that CRISP-1 has a
broader role in mammalian physiology. Our preliminary data show that Crisp-1 mRNA is
highly expressed in mouse scWAT relative to other tissues, and using 3T3-L1 adipocytes,
we found that CRISP-1 increases during differentiation. mRNA expression of Crisp-1 was
significantly increased by ~6-fold in scWAT of trained mice, but there was no increase in
Crisp-2, -3, and -4 mRNA expression. BCAN is a brain-specific chondroitin sulfate
proteoglycan (CSPG). The roles of CSPGs in the central nervous system and during
development are well established, however their role in adipose tissue function, as well as
response to exercise, were not known until this work. Our preliminary data show that Bcan
mMRNA is significantly increased with training in mouse scWAT, and increased during
differentiation in 3T3-L1 adipocytes. Apom is a member of the lipocalin superfamily that is
expressed in liver, kidney and adipose tissue (66,73). Plasma APOM is reduced in the
metabolic syndrome and is an anti-atherogenic protein (66). In addition to increases in the
APOM gene in mouse and humans with exercise training, our preliminary data show that
APOM protein and mRNA are expressed in mouse and human scWAT, respectively. TCN2
is expressed in various tissues, including adipose tissue and, among other functions, is
important for normal nervous system regulation. Exercise training increased Tcn2 mRNA in
the mouse and our preliminary data show that training increases TCN2 in scWAT. WNT3a -
the WNT gene family consists of structurally related genes which encode secreted signaling
proteins. These proteins have been implicated in oncogenesis and in several developmental
processes, including regulation of cell fate and patterning during embryogenesis. This gene
is a member of the WNT gene family. It encodes a protein which shows 96% amino acid
identity to mouse Wnt3A protein, and 84% to human WNT3 protein, another WNT gene
product. This gene is clustered with WNT 14 gene, another family member, in chromosome
1942 region. Figures 10 and 11 show that WNT3a incubation increases glucose uptake in
C2C12 muscle cells and 3T3L1 adipose cells. Experiments were conducted as outlined

elsewhere in this specification.
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Example 3 - Characterize and validate effects of selected secreted proteins on
glucose uptake
Glucose Uptake in Muscle and Adipose Cell Lines - We will perform studies to

measure glucose uptake and glucose transporter expression (GLUT1/4) in C2C12 muscle
cells, 3T3L1 adipocytes, and WT-1 brown adipocytes. All three cell lines are currently used
in the Goodyear laboratory. Recombinant proteins will be purchased from commercial
sources. Differentiated cells will be incubated in the presence or absence of selected
proteins at various concentrations. Incubation times will range from 30 min for study of short
term effects on glucose uptake and up to 48 hours to determine long term effects on both
glucose uptake and glucose transporter expression. Glucose uptake. GLUT1, and GLUT4
protein expression will be measured using standard procedures from our laboratory.
Glucose uptake will be measured in the basal state, with submaximal insulin, and with
maximal insulin. Proteins that have positive effects on glucose uptake and/or transporter
expression will be investigated further as detailed below.

The proteins to be studied have been prioritized based on expression level in
adipocytes, degree of increase with exercise training, demonstration of protein or mRNA
expression in humans, and literature reports of protein function in other tissues. We are
actively studying 8-10 secreted proteins based on these criteria.

Isolated mouse skeletal muscles — We have established models for studies of the

effects of various hormones and compounds on rates of glucose uptake in rodent skeletal
muscles. For this purpose, muscles composed of various fiber types [e.g. soleus, extensor
digitorum longus (EDL)] will be obtained from mice and incubated with the candidate protein
at various doses and for various incubation times ranging up to 4 hours. Basal and insulin-
stimulated glucose uptake will be measured, as well as GLUT4 protein expression.
Depending on the outcome of these experiments, we can measure the effects of the
candidate protein on insulin signaling, AMPK signaling, and the energy status of the
muscles. This study will determine if the candidate secreted protein has direct effects on
glucose uptake in skeletal muscle. Based on the outcomes we may also choose to
determine the effects of the proteins on glucose uptake in primary white and brown
adipocytes.

Candidate proteins will be further screened and selected based drug-ability
characteristics, available data on (human) toxicity and amenability for production and
development as a therapeutic.
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Example 4 - Characterize and demonstrate in vivo treatment effect with the
candidate protein(s) in the improvement of systemic and peripheral
metabolism

From Example 3, drug candidates will be selected to determine the effects on whole-
body and tissue glucose metabolism. For these experiments, recombinant proteins will be
generated by subcloning the specific adipokine cDNA along with a flag-tag into a constitutive
expression vector such as pCMV6 (the procedures of which are known to those of ordinary
skill in the art). The vector will be overexpressed in, for example, 293 HEK cells (or other
suitable cells) and the overexpressed protein purified. As an alternative to recombinant
adipokine production, we can employ an adenoviral system (AAV1). Adenovirus will be
generated, injected through the tail vein, resulting in overexpression and secretion from
liver. By this method, sufficient amounts of recombinant protein will be expressed.

To study the physiological response to the adipokine, 12 wk old male mice will be
treated with vehicle or the candidate protein for 1, 5, 9, 14, or 28 days (for example). Using
recombinant protein expression vectors, treatment will be by i.p. injection, two times per day.
The dose will be based on the plasma concentrations of the adipokine in trained mice. To
study whole-body glucose homeostasis, mice will undergo glucose tolerance tests, insulin
tolerance tests, and euglycemic-hyperinsulinemic clamp studies. We will also measure
circulating insulin, triglycerides, free fatty acids, cholesterol, and several established
adipokines. Mice will also be housed in metabolic chambers to assess energy expenditure,
physical activity, RER, etc. To determine if the selected adipokine have tissue-specific
effects, skeletal muscles, brown adipose tissue, and liver will be obtained from the treated
mice and used to measure glucose uptake, fatty acid uptake and oxidation, intracellular
signaling pathways, and the expression and/or activity of key metabolic proteins, as
described throughout this application.

Based on the effect of the adipokines on increasing or decreasing glucose
homeostasis, one or more will next be tested using animal models of obesity and diabetes,
such as the high-fat fed mouse. These experiments will determine the effects of the novel
adipokines on systemic and tissue metabolic homeostasis.

The goal of Example 4 is to complete characterize protein candidates in the animal
models to help facilitate and design human studies in glucose control.

In view of the teachings of the present specification, one of ordinary skill in the art will
be able to identify and characterize novel and nonobvious protein targets as effective
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therapeutic treatments for type 2 diabetes and other metabolic disorders related to glucose

tolerance without undue experimentation.

Prophetic Exemplification

Example 1. This experiment will determine if sSCWAT from exercise-trained mice has
endocrine effects on skeletal muscle metabolism, signaling, mitochondrial markers,
and fiber type.

The data presented herein show that training-induced adaptations to scWAT function to
improve glucose tolerance and skeletal muscle glucose uptake in vivo. These experiments
will follow-up on the data presented here by determining the mechanism by which “trained”
adipose tissue exerts effects on whole-body and skeletal muscle metabolic homeostasis.

Experiment 1a. The effects of transplanting trained subcutaneous adipose on

skeletal muscle glucose uptake in vivo are preserved in vitro

The rapid time course for improved glucose homeostasis and skeletal muscle glucose
uptake with transplantation of trained scWAT indicates that the underlying mechanism
mediating this effect stems from secretion of adipokines from the trained scWAT. This likely
results from direct, short term acute effects of the putative adipokines on the muscle and/or
from adipokine-mediated chronic adaptations to muscle. It will be shown that
transplantation of sCWAT results in chronic adaptations to skeletal muscle and what, if any,
circulating factors are necessary for the increase in muscle glucose uptake observed in vivo.
It will also be shown that transplantation of scCWAT from exercise-trained mice will increase
skeletal muscle glucose uptake in vitro compared to muscles of mice receiving scWAT from
sedentary mice and sham treated mice.

Experimental Methods: Briefly, scWAT (0.85 g) will be removed from 11 day trained or
sedentary control mice and transplanted into the visceral cavity of age-matched sedentary
recipient mice. Sham operated mice will serve as additional “recipient” controls. Body
weights and food intake will be measured every two days post-transplant. Both soleus and
EDL muscle will be studied, since these muscles have different fiber type composition and
were shown to respond differently to transplantation in vivo. Nine days after transplantation,
soleus and EDL muscles from the recipient mice will be isolated and pre-incubated for 40
min in standard Krebs buffer with multiple buffer changes in order to wash out any potential
systemic factors. Glucose uptake will be measured in the basal state and in response to

29



10

15

20

25

30

WO 2014/137997 PCT/US2014/020170

submaximal and maximal insulin concentrations using our standard method (74). If glucose
uptake is enhanced, this will indicate that transplantation of trained adipose tissue causes
chronic adaptations to the skeletal muscle.

Experiment 1b. Transplantation of sScWAT from trained mice enhance intracellular

signaling and the metabolic profile of skeletal muscle

To begin to elucidate the mechanism for enhanced glucose uptake in skeletal muscle, it will
be shown that there are changes in key muscle signaling or metabolic proteins. It will also
be shown that transplantation of scWAT from exercise-trained mice will increase skeletal
muscle insulin signaling, mitochondrial markers, the percentage of oxidative fiber types, and
the number of muscle capillaries.

Experimental Methods: Cohorts of mice will be transplanted as described and nine days
post-transplantation, mice will be studied in the basal state or 10 min following maximal
insulin stimulation via i.p. injection, as we have performed (75, 76). Soleus, tibialis anterior,
EDL, and gastrocnemius muscles, representing muscles composed of varying fiber types,
will be used to measure insulin receptor, IRS, Akt, AS160, and TBC1D1 expression and
phosphorylation using our methods (76-80). GLUT4, GLUT1, and hexokinase Il expression
will be measured by Western blotting, and glycogen, triglyceride, ceramide content, and
multiple mitochondrial markers including citrate synthase activity, NADH cytochrome C
reductase, PDH, and SDH by biochemical assays (81,82). RT-PCR will be used to
determine expression of mitochondrial components for electron transfer (COX Il and 1V), as
we have described (83). Fiber type will be determined by electrophoretic separation of MHC
isoforms (81, 84) and staining of fixed muscle sections (85). Fixed muscle sections will be
used to analyze muscle capillary density (capillaries/mm?) based on CD31
immunofluorescence (86, 87). These studies will determine the underlying metabolic
phenotype of the skeletal muscles from mice transplanted with trained adipose tissue which
will include insulin signaling, mitochondrial markers, the percentage of oxidative fiber types,
and the number of muscle capillaries, and the mechanism for lack of effect in the less

oxidative muscles.

Experiment 1c. Transplantation of sScWAT from trained mice enhance skeletal muscle

fatty acid uptake and oxidation in recipient animals

Mice transplanted with trained scWAT have a decrease in RER, suggesting increased
whole-body fatty acid utilization. Due to its large mass, muscle consumes a large amount of
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free fatty acids. It will be shown that transplantation of trained scWAT will alter fatty acid
metabolism in the muscle of recipient mice. It will also be shown that skeletal muscles from
mice transplanted with trained adipose tissue will have increased fatty acid uptake and
oxidation, and altered expression and/or activity of proteins regulating fatty acid metabolism.
Experimental Methods: Cohorts of mice will be transplanted as described above and
studied nine days later. Mice will be fasted for five hours, anesthetized, followed by injection
(i.v.) of a bolus of [9,10-°H] palmitate and [*C] mannitol (88). Rates of fatty acid uptake will
be measured in soleus, tibialis anterior, EDL, and gastrocnemius muscles. To determine if
putative effects on fatty acid uptake are preserved in vitro, soleus and EDL muscles will be
used for in vitro incubation. Both fatty acid uptake and oxidation will be measured using [1-
“C] palmitate as we (89) and others described (90,91). Muscles obtained in the basal state
from Experiment. 1b will be used to determine AMPK and ACC phosphorylation and activity,
malonyl co-A concentrations, CPT-1 expression and activity, and lipoprotein lipase, FATBP,
FATP1, CD36, and ATGL expression (92,93).

Experiment 1d. Factors secreted from the SCWAT of exercise-trained mice requlate

skeletal muscle glucose uptake and/or fatty acid oxidation

Our preliminary data indicates that exercise training stimulates cross-talk between scWAT
and skeletal muscle. Another approach that can be used to determine if trained scWAT
regulates skeletal muscle glucose uptake will be to incubate muscles with adipose tissue-
conditioned media (37). Depending on the outcome of the fatty acid metabolism studies
(Experiment 1c¢), it will also be shown the effects of conditioned media on fatty acid uptake
and oxidation. It will also be shown that incubation with sedentary scWAT-conditioned
media will reverse the beneficial effects of exercise training on skeletal muscle. It will further
be shown that i) Incubation of skeletal muscles with conditioned media from trained scWAT
will increase rates of glucose uptake, fatty acid uptake and oxidation compared to muscles
incubated with sedentary scWAT; ii) Incubation of trained skeletal muscles with conditioned
media from sedentary scWAT will decrease rates of glucose uptake, fatty acid uptake and
oxidation compared to muscles incubated with sedentary scCWAT.

Experimental Methods: scWAT from trained and sedentary mice will be dissected into 10-
to 15-mg fragments. Fragments will be washed, incubated and rotated gently for 3-5 h.
Tissue will be removed by centrifugation, and the aqueous layer filtered through a 0.2-pm
membrane. The medium will be concentrated 16- to 80-fold at a 1-kDa cutoff in an

ultrafiltration cell, and protein concentration determined. The conditioned adipocyle medium
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can be used immediately or frozen and used for later experiments (94). Soleus and EDL
muscles isolated from control mice and mice trained for 11 days in wheel cages will be
incubated with the conditioned media for 1, 2, or 4 hrs. Glucose uptake, fatty acid uptake,
and fatty acid oxidation will be measured as described above. If incubation of skeletal
muscle with conditioned media from trained mice has effects on glucose and/or fatty acid
metabolism, this will support the hypothesis that there are adipokines released from
exercise-trained scWAT that directly alter skeletal muscle substrate metabolism. Incubation
of trained skeletal muscle with scCWAT from sedentary mice reverses the beneficial effects of
training abd this will show that adipose tissue from sedentary mice can have detrimental
effects on muscle metabolism. Alternatively, we will obtain scWAT from high fat-fed mice
and show that this tissue has detrimental effects on muscle.

Experiment 1e. The stromal vascular fraction (SVF) and/or adipocytes from trained

scWAT requlate skeletal muscle glucose uptake and/or fatty acid oxidation

Rationale: Although approximately 80% of adipose tissue is thought to be composed of
mature adipocytes, the stromal vascular fraction (SVF) of adipose tissue is also a significant
component of this tissue. The SVF is composed of multiple cell types including
preadipocytes, mesenchymal stem cells, endothelial progenitor cells, macrophages, and
immune cells. It will be shown that the SVF is a source for the beneficial effects of SCWAT
on glucose metabolism in skeletal muscle. It will also be shown that incubation of skeletal
muscles with SVF and adipocytes from trained scWAT will increase rates of glucose uptake
and fatty acid uptake/oxidation compared to SVF and adipocytes from sedentary scWAT.
Experimental Methods: scWAT from trained and sedentary mice will be dissected, minced
into small pieces in DMEM growth media, and digested with collagenase A (0.1mg/mL) at
37°C for 15 min or until cells are dispersed (95). Adipocytes will be isolated and cultured,
and the remaining media and pellet (SVF) will be filtered through a 100uM filter and rinsed
with DMEM. The pellet will be incubated for 2 min with erythrocyte lysis buffer, and then
resuspended in PBS. Soleus and EDL muscles from control mice and mice trained for 11
days in wheel cages will be incubated with the isolated adipocytes or SVF for 1, 2, or 4 hrs.
Glucose uptake, fatty acid uptake, and fatty acid oxidation will be measured as described
above.

Alternative Approaches for prophetic Example 1. For prophetic Experiments 1d & e, itis

possible that longer periods of incubation with the conditioned media may be required to
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affect glucose uptake or fatty acid oxidation. If so, one alternative will be to incubate
muscles for periods of up to 8 hours. This prolonged incubation will require changing media
at the 4 hr time point, including the generation of fresh scWAT-condition media, adipocytes,
and SVF. Another alternative approach would be to use C2C12 muscle cells, as we have
described in preliminary data, which will allow for much longer incubation times. We have
successfully used these cells to measure both glucose uptake and fatty acid oxidation.

Prophetic Example 2. To determine the role of brown adipose tissue and liver in the

beneficial effects of transplanting scWAT on glucose homeostasis.

Given the pronounced effects of transplanting scWAT on systemic glucose homeostasis, it is
likely that multiple tissues are affected by the exercise-trained adipose tissue. Consistent
with this hypothesis, our preliminary data demonstrate that in vivo rates of glucose uptake
are increased in brown adipose tissue from mice transplanted with scWAT. The liver is a
critical mediator of glucose tolerance and insulin action, making it likely that transplanting
trained scWAT also has beneficial effects on liver metabolism.

In addition to investigating the effects of transplanting trained scWAT on brown
adipose tissue and liver, substrate utilization of the transplanted adipose tissue itself will
also be investigated. This is important because while we have considerable data showing
that the beneficial effects of transplanting trained adipose tissue has on glucose
homeostasis are mediated by adipokines, the transplanted adipose tissue from trained mice
may also function as a “sponge” or “sink” to remove and oxidize circulating glucose and

lipids.

Experiment 2a. The effects of transplanting exercise-trained scWAT on endogenous

brown adipose tissue metabolism

Transplantation of trained scWAT resulted in a significant increase in glucose uptake in the
endogenous brown adipose tissue of recipient mice. In this experiment, we will use similar
methods described prophetic Example 1, above, for the study of skeletal muscle metabolism
in order to determine if chronic adaptations or acute stimuli are responsible for the enhanced
glucose uptake in brown adipose tissue, to study fatty acid metabolism, and to determine
the molecular characteristics of the brown adipose tissue. It will be shown that compared to
mice receiving scCWAT from sedentary mice, the endogenous brown adipose tissue from
mice transplanted with scWAT from exercise-trained mice will have: increased glucose
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uptake and metabolism in vitro; increased fatty acid uptake and oxidation; and increased
rates of oxygen consumption.

Experimental Methods: The transplantation method and experimental groups are
described in prophetic Example 1, above. Nine days after transplantation, brown adipose
tissue from the recipient mice will be removed, weighed, and placed in Krebs-bicarbonate-
Hepes buffer. Brown adipose cells will be isolated using 2 mg/ml collagenase (95, 96). Cells
will be pre-incubated for 40 min with multiple buffer changes in order to wash out any
potential systemic factors. Glucose uptake will be measured in the basal state and in
response to submaximal and maximal insulin (37). Fatty acid metabolism will be measured
both in vivo and in vitro. For the in vivo measurement, the same cohorts of mice used in
Experiment 1c, above, will be used to measure fatty acid uptake in intrascapular brown
adipose tissue. To determine if putative effects of exercise-trained scWAT on brown
adipocyte fatty acid metabolism are preserved in vitro, adipocytes will be isolated as
described above and both fatty acid uptake and oxidation will be measured using conversion
of [1-"C] palmitate into CO, (91,97,98).

Oxygen consumption rate will be measured in brown adipose tissue using a
Seahorse Analyzer (99) as we have used for white adipose tissue (see, above) (1,100).
Briefly, adipose tissue (5x10ug tissue/mouse) will be placed on mesh screen circles and
“snapped” into a well of an Islet plate, and 500ul of DMEM with low glucose will be placed in
each well. Plates will be equilibrated without CO,, and then basal oxygen consumption rate
will be measured. Samples will be incubated with various carbohydrate and lipid substrates
to stimulate oxygen consumption, and then treated with oligomycin to inhibit oxygen
consumption. These studies will show that sCWAT from exercise-trained mice will improve
the metabolic phenotype of the brown adipose tissue, which could have significant metabolic
consequences given the recent recognition of the importance of brown adipose tissue in
regulating metabolism (101).

Experiment 2b. Livers from mice transplanted with scWAT from exercise-trained

mice have an improved metabolic profile

Transplantation of scCWAT from exercise-trained mice results in marked improvements in
glucose tolerance and pyruvate tolerance, both indicative of enhanced liver function. It will
be shown that livers from mice transplanted with trained scWAT will have increased insulin
sensitivity, decreased hepatic glucose output, and decreased hepatic lipid concentrations.
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Experimental Methods: Initial assessment of liver function will be done by euglycemic-
hyperinsulinemic clamp studies in conjunction with the Joslin Animal Physiology Core
Laboratory. Simultaneously with scWAT transplantation, surgery will also be performed to
implant catheters in the mice. The clamp procedure will be done nine days post-surgery
using standard procedures (102). Liver triglyceride, diacylglycerol, and ceramide
concentrations will be measured by biochemical assay (81,103,104), and triglyceride
concentrations will also be measured by Oil Red O staining of liver sections. Liver sections
will also be stained to assess monocyte infiltration and steatosis. Oxygen consumption rate
will be measured in liver sections using the method described above for brown adipose
tissue. These experiments will elucidate the liver phenotype, as well as assessing whole-
body insulin sensitivity.

Experiment 2c. Secreted from the scCWAT of exercise-trained mice requlate brown

adipocyte metabolism and hepatic insulin sensitivity

Prophetic Experiments 2a and 2b will determine the effects of transplanting exercise-trained
sCWAT on the metabolic phenotype of the brown adipose tissue and liver. Our preliminary
data indicates that exercise training stimulates cross-talk between scWAT and both
endogenous brown adipose tissue and liver. For this experiment we will show factors
secreted from trained scWAT directly regulate brown adipocyte and hepatocyte function.
Insulin suppressed glucose production by 63.5% and glucagon stimulated glucose output by
6-fold in the primary mouse hepatocytes. It will be shown that incubation of brown
adipocytes and hepatocytes with conditioned media from adipose tissue from trained mice
will increase insulin sensitivity, increase fatty acid uptake, and increase fatty acid oxidation.
Experimental Methods: For these experiments, hepatocytes and brown adipocytes
isolated from control mice will be incubated for 1, 2, or 4 hours in media conditioned with
trained or control scWAT as described in prophetic Experiment 1d, as well as SVF as
described in prophetic Experiment 1e. To assess hepatocyte glucose output, hepatocytes
will be stimulated with various concentrations of insulin or glucagon, and glucose production
into the media will be measured (92). For both hepatocytes and brown adipocytes, we will
also perform pulse-chase experiments using '*C-oleate to measure triglyceride turnover,
triglyceride secretion, and fatty acid oxidation (105). For brown adipocytes, both fatty acid
uptake and oxidation will be measured using the conversion of [1-'*C] palmitate into CO,
(91, 97, 98) and glucose uptake and metabolism will be measured in the basal state and in

response to submaximal and maximal insulin at each time point (37).
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Experiment 2d. Transplanted scWAT from trained mice have increased fatty acid

metabolism

Transplanted trained scWAT could also act as a “sink” to remove and oxidize circulating
glucose and lipids, resulting in improved systemic and tissue function. However, our
preliminary data show that the trained adipose tissue does not function as a sink to remove
glucose, since rates of glucose uptake are not elevated in the transplanted trained scWAT.
Multiple findings from our data indicate that enhanced fatty acid metabolism in the
transplanted trained adipose tissue: 1) mice transplanted with trained adipose tissue have a
slight, but significant decrease in whole-body RER; 2) Seahorse analysis shows that
exercise-trained scWAT has a significant increase in basal oxygen consumption rate (OCR);
and 3) microarray experiments show increased expression of numerous fatty acid
metabolism genes in the trained scWAT. It will be shown that transplanted trained sCWAT
will have increased fatty acid uptake and oxidation, and increased expression of key
markers of fatty acid metabolism compared to mice transplanted with sedentary scCWAT.
Experimental Methods: Cohorts of mice will be transplanted as described in the previous
section and studied nine days later. Mice will be fasted for five hours, anesthetized, and
injected i.v. with a bolus of [9,10-°H] palmitate and ['*C] mannitol, and the transplanted
sCWAT dissected and used to measure fatty acid uptake in vivo (88). Tissues will be
obtained from the mice used for Experiment 1¢ and the endogenous visceral and scWAT, as
well as brown adipose tissue, will be studied and used to compare with the transplanted
adipose tissue. We will also measure fatty acid uptake and oxidation in isolated adipocytes
from transplanted scWAT from trained and sedentary mice (37) using [1-"C] palmitate with
procedures we (89) and others have previously described (37,90,91). To determine if the
transplanted trained scWAT have an increase in key fatty acid regulatory proteins we will
use tissues obtained from animals described in Experiment 1b. The transplanted scWAT
will be used to determine AMPK phosphorylation and activity, ACC phosphorylation and
activity, malonyl co-A concentrations, CPT-1 expression and activity, and lipoprotein lipase,
FATBP, FATP1, CD36, and ATGL expression (92,93). Fixed sections of the endogenous
visceral white adipose tissue, endogenous scWAT, and brown adipose tissue will also be
stained to determine if monocyte infiltration and cell size may be altered in these tissues
from mice transplanted with scWAT. Taken together, these studies will determine the
metabolic phenotype of the transplanted tissue and if these cells function as a metabolic

sink.
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Prophetic Example 3: To determine the function of novel adipokines derived from the
scWAT of exercise-trained mice.

The data provided in this specification show that transplantation of scWAT from exercise-
trained mice into sedentary mice rapidly improves glucose tolerance and increases skeletal
muscle and brown adipose tissue glucose uptake. These findings indicate that trained
SCWAT secretes factors that have beneficial effects on whole-body and tissue metabolism.
Exercise-trained scWAT may also have blunted secretion of adipokines that negatively
regulate glucose homeostasis. Array analysis showed that >250 genes encoding secreted
proteins are significantly increased or decreased in trained scWAT. Candidate adipokines
have been identified that are increased with exercise training. TGFB2, CRISP-1, APOM,
BCAN, and TCN2 have been identified as the most likely proteins to have metabolic effects.

Experiment 3a. Exercise training alters the protein expression of TGFB2, CRISP-1,

APOM. BCAN, and TCN2: the time course of changes in these putative adipokines

following transplantation; these putative adipokines secreted from isolated adipose

tissue.

The microarray studies presented in this specification have identified genes encoding
candidate adipokines that are increased or decreased by exercise training. It will be shown
that TGFB2, CRISP-1, APOM, BCAN, and TCN2 protein will be: expressed in sSCWAT;
increased with exercise training; and detected in scWAT-conditioned media.

Experimental Methods: Antibodies to putative adipokines have (or will be) purchased
from commercial sources and validated for use in mouse tissues [TGFB2 (Cell Signaling
#8406), CRISP-1 (Santa Cruz;sc-21280), APOM (GeneTex; GTX88588), BCAN ( R&D
Systems; 4009-BC-050), and TCN2 (Abcam; ab113873)]. In the event that antibodies are
not effective, we will order custom antibodies. One cohort of mice for this experiment will be
trained or sedentary for 11 days and the scWAT transplanted into sedentary recipients as
described in this application. As suggested by the reviewer, to assess the time course of
changes in the adipose tissue with transplantation, scWAT and serum samples will be
obtained 2, 4, 9, and 28 days post-transplant. TGFB2, CRISP-1, APOM, BCAN, and TCN2
protein and serum concentrations will be measured by Western blotting and/or ELISA.
Circulating adiponectin, leptin, resistin, TNF-a, IL-6, and other cytokines will be measured by
the Joslin Specialized Assay Core Lab. A separate cohort of mice will be used to generate
trained scWAT that will not be used for transplantation. Mice will be trained or sedentary for
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2, 6, or 11 days and scWAT and serum obtained for Western blotting of candidate
adipokines, as well as established adipokines. These two experiments will provide a
detailed time course for the increased expression of adipokines with training, as well as
determining the effects of transplantation on adipokine expression in the scWAT and serum.

In addition to determining the expression of TGFp2, CRISP-1, APOM, BCAN, and
TCNZ2 in whole scCWAT lysates, expression in the SVF and isolated adipocytes from scWAT
will be measured. Depending on the outcome of this study, we may determine if TGF32,
CRISP-1, APOM, BCAN, and TCN2 are detected in media conditioned with whole tissue,
SVF, and/or isolated adipocytes. In the event that the putative adipokine is not detectable,
plasmid vectors containing the protein of interest with a tag on either the C-terminal or N-
terminal to avoid proteolytic cleavage of one terminal prior to adipokine secretion, will be
generated. Vectors will be expressed in 3T3 L1 cells and secretion into the media will be
determined by blotting for the protein tag. We will also assess protein expression in multiple
tissues throughout the body. Based on these findings, we will perform Western blotting of
adipose and other tissues, as well as serum, in animal models of obesity and diabetes.
These studies will show that TGFp2, CRISP-1, APOM, BCAN, and TCN2 have altered

expression under conditions of enhanced and impaired glucose homeostasis.

Experiment 3b. An acute bout of exercise will cause secretion of TGFf2, CRISP-1,
APOM, BCAN, and TCN2 and these effects enhanced in the scWAT of exercise-trained

mice

The preliminary data show robust changes in gene expression with exercise training; the
stimuli for release of these proteins may stem from an acute bout of exercise. It will be
shown that a single bout of exercise causes TGF(2, CRISP-1, APOM, BCAN, and TCN2
secretion from scWAT and this secretion is more pronounced in sSCWAT from exercise-
trained mice.

Experimental Methods: Two approaches will be used to address this question. First, both
trained (wheel cages, 11 days) and sedentary mice will be exercised on a rodent treadmill
for 1 h at 0.8 mile/hr up a 15% grade and blood samples will be obtained at multiple time
points during and after exercise and used to assess adipokine concentration. The effects of
a single bout of exercise will be studied since this is the normal physiological stimulus that
would result in secretion of adipokines. For the other approach, both trained and sedentary
mice will exercise and scWAT will be removed and incubated in vitro as described in
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prophetic Example 1. ELISAs and/or Western blotting will be used as described above to
measure TGFB2, CRISP-1, APOM, BCAN, and TCN2. We will show that an acute bout of
exercise will stimulate adipokine secretion and that this effect will be greater in the trained

mice.

Experiment 3c. Incubation of cultured muscle cells and adipocytes with CRISP-1,

APOM. BCAN. and TCN2 increase glucose uptake and fatty acid uptake and oxidation

Transplantation of trained scWAT increases glucose uptake in skeletal muscle and brown
adipose tissue in recipient mice. Recently, we have generated exciting preliminary data
showing that TGF[2 increases glucose uptake in muscle and fat cells (Figure 5), findings
that also indicate that a protein secreted from trained scWAT may mediate the effects of
transplantation on tissue glucose uptake and systemic glucose homeostasis. In this
experiment it will be determine if the other candidate adipokines also increase glucose
uptake, as well as determine if incubation of cells with all of these proteins increase fatty
acid oxidation.

It will be shown that exercise training-induced scWAT adipokines increase glucose uptake
and fatty acid uptake and oxidation in cultured muscle cells and brown adipocytes.
Experimental Methods: Glucose uptake and glucose transporter expression (GLUT1/4) in
C2C12 muscle cells and WT-1 brown adipocytes will be measured as described above.
Recombinant proteins have (or will be) purchased from commercial sources [TGFp2 (Cell
Signaling 8406), CRISP-1(Abnova; H00000167-P01), APOM (syd labs; BP0O00056-CYT-
715), BCAN (R&D systems; 7188-BC-050), TCN2 (Abnova; H00006948-P02)]. Cells will be
incubated in the presence or absence of selected proteins at various concentrations.
Incubation times will range from 30 min for study of short term effects and up to 48 hours to
determine long term effects. Glucose uptake will be measured in the basal state, with
submaximal and maximal insulin. Fatty acid uptake and oxidation will be measured with [1-
UC] palmitate as we (89) and others (90,91) have used.

Alternative Approach: Depending on the outcome of the cell experiments, we may
measure the effects of TGFpB2, CRISP-1, APOM, BCAN, and/or TCNZ2 incubation on glucose
uptake, fatty acid uptake, and fatty acid oxidation in isolated skeletal muscles. If the
candidate adipokines stimulate metabolism in isolated muscles, this would provide more
support for the in vivo studies described in prophetic Experiment. 3d. Isolated muscles
could also define the mechanism of action through the measurement of intracellular

signaling and transcriptional events.
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Experiment 3d. In vivo treatment of mice with TGFp2, CRISP-1, APOM, BCAN, and

TCN2 improves systemic and peripheral metabolism in mice

It will be shown that treatment of mice with these candidate adipokines will improve systemic
and tissue metabolism.

Experimental Methods: Recombinant adenoviral vectors will be prepared by the
MassGeneral Vector Core (Charlestown, MA). Virus will be injected through the tail vein,
resulting in overexpression and secretion from liver. By this method, sufficient amounts of
recombinant protein should be expressed (5). Male mice (12 wk) will be studied at 2, 9, 14,
or 28 days following injection. To study whole-body glucose homeostasis, mice will undergo
glucose and insulin tolerance tests, euglycemic-hyperinsulinemic clamp studies, circulating
insulin, triglycerides, free fatty acids, cholesterol, and several established adipokines. Mice
will also be housed in metabolic chambers to assess energy expenditure, physical activity,
RER, etc. To determine if the adipokines have tissue-specific effects, skeletal muscles,
brown adipose tissue, and liver will be obtained from the treated mice and used to measure
glucose uptake, fatty acid uptake and oxidation, intracellular signaling pathways, and the
expression and/or activity of key metabolic proteins, as described throughout this
application. If one or more novel adipokines are effective in increasing or decreasing
glucose homeostasis, adipokines will next be tested using animal models of obesity and
diabetes, such as the high-fat fed mouse. These experiments will demonstrate the effects of
the novel adipokines on systemic and tissue metabolic homeostasis.
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Claims

1)

A method of modulating glycemic control in a subject, said method comprising:
administering to a subject in need of modulation of glycemic control one or more of the
factors identified in Figure 2 or Figure 3 in an amount suitable for modulating glycemic
control thereby effecting a modulation of glycemic control in the subject.

The method of Claim 1, wherein the method additionally comprises detecting a
modulating effect on glycemic control in the subject.

The method of Claim 1, wherein the one or more factors are selected from the factors
listed in Figure 3.

The method of Claim 1, wherein the modulating effect of the factor is determined by
comparing the glycemic control of treated subjects with the glycemic control of subjects

not in need of glycemic modulation.

The method of Claim 1, wherein the modulating effect of the factor is determined by
comparing the blood glucose level of the subject with the known accepted range for a
subject not in need of glycemic control .

The method of Claim 1, wherein said subject in need of glycemic control has diabetes.

The method of Claim 6, wherein said subject has type 2 diabetes.

The method of Claim 1, wherein said modulating effect of the factor is determined by
comparing the effect of the administered factor on glucose metabolism before and after

treatment.

The method of Claim 8, wherein said determination of the modulation of glycemic control
is made by measuring blood glucose levels over time.

10) The method of Claim 3, wherein said factor is selected from a group consisting of

TGFB2, CRISP-1, APOM, BCAN and TCN2.

11) A method of identifying exercise-generated factors effective in modulating glycemic

control, said method comprising:
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a. subjecting one or more individuals to exercise for a period of time to induce
upregulation of one or more factors in the individual's adipose tissue that are not
upregulated in a control individual not exposed to exercise;

b. determining the factors that are upregulated in the individual subject to exercise
verses the individual not subject to exercise.

12) The method of Claim 11, wherein said adipose tissue is white adipose tissue.

13) The method of Claim 11, wherein said adipose tissue is brown adipose tissue.

14) A method of modulating insulin sensitivity in a subject, said method comprising:
administering to a subject in need of insulin sensitivity one or more of the factors
identified in Figure 2 or Figure 3 in an amount suitable for modulating insulin sensitivity

thereby effecting a modulation of insulin sensitivity in the subject.

15) The method of Claim 14, wherein the one or more factors are selected from the factors
listed in Figure 3.

16) The method of Claim 15, wherein said factor is selected from a group consisting of
TGFR2, CRISP-1, APOM, BCAN and TCN2.

17) A method of modulating lipid control in a subject, said method comprising: administering
to a subject in need of lipid control one or more of the factors identified in Figure 2 or
Figure 3 in an amount suitable for modulating lipid control thereby effecting a modulation
of lipid control in the subject.

18) The method of Claim 18, wherein the one or more factors are selected from the factors
listed in Figure 3.

19) The method of Claim 18, wherein said factor is selected from a group consisting of
TGFB2, CRISP-1, APOM, BCAN and TCN2.

20) A method of modulating cardiovascular control in a subject, said method comprising:
administering to a subject in need of cardiovascular control one or more of the factors
identified in Figure 2 or Figure 3 in an amount suitable for modulating cardiovascular
control thereby effecting a modulation of cardiovascular control in the subject.
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21) The method of Claim 20, wherein the one or more factors are selected from the factors
listed in Figure 3.

22) The method of Claim 21, wherein said factor is selected from a group consisting of
TGFR2, CRISP-1, APOM, BCAN and TCN2.

23) A method of affecting weight control in a subject, said method comprising: administering
to a subject in need of weight control one or more of the factors identified in Figure 2 or
Figure 3 in an amount suitable for affecting weight control thereby effecting a of weight
control in the subject.

24) The method of Claim 23, wherein the one or more factors are selected from the factors
listed in Figure 3.

25) The method of Claim 24, wherein said factor is selected from a group consisting of
TGFB2, CRISP-1, APOM, BCAN and TCN2.

26) The method of Claim 4, wherein glycemic control is determined by a standard glucose
tolerance test or standard glucose intolerance test.
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