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DESCRIPTION

CELL-SPECIFIC DELIVERY OF MIRNA MODULATORS FOR THE TREATMENT
OF OBESITY AND RELATED DISORDERS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Application Serial No. 61/679,461,
filed on August 3, 2012, U.S. Application Serial No. 61/681,739, filed on August 10, 2012,
and U.S. Application Serial No. 61/695,477, filed on August 31, 2012, each of which hereby

incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

A. Field of the Invention

[0002] The invention generally concerns compositions comprising microRNAs
(miRNAs) and targeting agents, as well as methods for delivering a therapeutic composition
comprising the same, and the use of these compositions to treat obesity or cardiometabolic

disorders.

B. Description of Related Art

[0003] Obesity has reached pandemic proportions globally, affecting all ages and
socioeconomic groups. The World Health Organization estimated that in 2008, 1.5 billion
adults aged 20 years and older were overweight and over 500 million men and women were
obese. These numbers are estimated to increase to 2.16 billion overweight and 1.12 billion
obese individuals by 2030. Obesity is the source of lost earnings, restricted activity days,
absenteeism, lower productivity at work (presenteeism), reduced quality of life, permanent
disability, significant morbidity and mortality, and shortened lifespan. The total annual
economic cost of overweight and obesity in the United States and Canada caused by medical
costs, excess mortality and disability was estimated to be about $300 billion in 2009.
International studies on the economic costs of obesity have shown that they account for

between 2% and 10% of total health care costs.

[0004] Obesity is the result of a chronic imbalance between energy intake and
expenditure. This leads to storage of excess energy in adipocytes, which typically exhibit

both hypertrophy (increase in cell size) and hyperplasia (increase in cell number or
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adipogenesis). The recent worsening of obesity is due to the combination of excessive
consumption of energy-dense foods high in saturated fats and sugars, and reduced physical

activity.

[0005] The current symptomatic medical treatments of obesity fail to achieve their
long-term therapeutic goals, largely due to limited drug efficacy and patients’ poor adherence
with lifestyle changes and therapies. Several obesity drugs have been removed from the
market for safety reasons and small molecules currently in development are struggling to gain
regulatory approval because of their modest short-term efficacy and unknown safety profile.
Presently, only restrictive and malabsorptive bariatric surgery can achieve significant long-

term reduction of weight excess with some favorable cardiovascular benefits.

[0006] Accordingly, there is a need in the art for novel treatments for obesity.

SUMMARY OF THE INVENTION

[0007] In some aspects, disclosed herein are compositions comprising a miRNA
agent and a targeting agent. In some embodiments, the targeting agent may be an aptamer, an

exosome, or both an aptamer and an exosome.

[0008] MicroRNAs (abbreviated miRNAS) are naturally occurring, small non-coding
RNA s that are about 17 to about 25 nucleotide bases (nt) in length in their biologically active
form. miRNAs post-transcriptionally regulate gene expression by repressing target mRNA
translation. It is thought that miRNAs function as negative regulators, i.e. greater amounts of
a specific miRNA will correlate with lower levels of target gene expression. In some
embodiments, the miRNA agent is a miRNA or analog thereof. In some embodiments, the
miRNA agent is thermogenic, adipogenic, or thermogenic and adipogenic. In some
embodiments, the miRNA agent is thermogenic and adipogenic. In some embodiments, the
miRNA agent is thermogenic. In some embodiments, the miRNA agent is a miRNA analog.

In some embodiments, the miRNA analog is a miRNA agomir or a miRNA antagomir.

[0009] In some embodiments, the miRNA is (miRBase V.19 nomenclature) hsa-miR-
515-3p, hsa-miR-141-3p, hsa-miR-20a-5p, hsa-miR-16-5p, hsa-miR-125a-5p, hsa-miR-let-
7d-3p, hsa-miR-371a-3p, hsa-miR-195-5p, hsa-miR-106b-3p, hsa-miR-605, hsa-miR-217,
hsa-miR-148a-3p, hsa-miR-19b-3p, hsa-miR-192-5p, hsa-miR-101-5p, hsa-miR-200b-3p,
hsa-miR-487b, hsa-miR-1179, hsa-miR-223-3p, hsa-let-7a-3p, hsa-let-7a-5p, hsa-let-7b-3p,
hsa-let-7b-5p, hsa-let-7¢, hsa-let-7d-5p, hsa-let-7e-3p, hsa-let-7e-5p, hsa-let-7f-1-3p, hsa-let-
7f-2-3p, hsa-let-7f-5p, hsa-let-7g-3p, hsa-let-7g-5p, hsa-let-7i-3p, hsa-let-7i-5p, hsa-miR-1,
2.
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hsa-miR-100-3p, hsa-miR-100-5p, hsa-miR-101-3p, hsa-miR-103a-2-5p, hsa-miR-103a-3p,
hsa-miR-103b, hsa-miR-105-5p, hsa-miR-106a-3p, hsa-miR-106a-5p, hsa-miR-106b-5p, hsa-
miR-107, hsa-miR-10a-3p, hsa-miR-10a-5p, hsa-miR-10b-3p, hsa-miR-10b-5p, hsa-miR-
1178-3p, hsa-miR-1180, hsa-miR-1181, hsa-miR-1182, hsa-miR-1183, hsa-miR-1184, hsa-
miR-1185-5p, hsa-miR-1204, hsa-miR-1207, hsa-miR-1208, hsa-miR-122-3p, hsa-miR-122-
5p, hsa-miR-1224, hsa-miR-1226, hsa-miR-1227-3p, hsa-miR-1228-5p, hsa-miR-1229-3p,
hsa-miR-1231, hsa-miR-124-3p, hsa-miR-1245a, hsa-miR-1246, hsa-miR-1249, hsa-miR-
125a-3p, hsa-miR-125b-1-3p, hsa-miR-125b-2-3p, hsa-miR-125b-5p, hsa-miR-1251, hsa-
miR-1252, hsa-miR-1253, hsa-miR-1255a, hsa-miR-1255b-5p, hsa-miR-126-3p, hsa-miR-
1260a, hsa-miR-1260b, hsa-miR-1262, hsa-miR-1263, hsa-miR-1265, hsa-miR-1268a, hsa-
miR-127-3p, hsa-miR-1270, hsa-miR-1272, hsa-miR-1273a, hsa-miR-1275, hsa-miR-1276,
hsa-miR-1277-3p, hsa-miR-1278, hsa-miR-128, hsa-miR-1285-3p, hsa-miR-1286, hsa-miR-
1287, hsa-miR-129-2-3p, hsa-miR-1292-5p, hsa-miR-1293, hsa-miR-1301, hsa-miR-1302,
hsa-miR-1303, hsa-miR-1305, hsa-miR-130a-3p, hsa-miR-130a-5p, hsa-miR-130b-3p, hsa-
miR-130b-5p, hsa-miR-132-3p, hsa-miR-132-5p, hsa-miR-1321, hsa-miR-1323, hsa-miR-
1324, hsa-miR-133a, hsa-miR-133b, hsa-miR-134, hsa-miR-135a-3p, hsa-miR-135a-5p, hsa-
miR-135b-3p, hsa-miR-135b-5p, hsa-miR-136-3p, hsa-miR-136-5p, hsa-miR-137, hsa-miR-
138-1-3p, hsa-miR-138-2-3p, hsa-miR-138-5p, hsa-miR-139-3p, hsa-miR-139-5p, hsa-miR-
140-3p, hsa-miR-140-5p, hsa-miR-142-3p, hsa-miR-142-5p, hsa-miR-143-3p, hsa-miR-143-
5p, hsa-miR-144-3p, hsa-miR-144-5p, hsa-miR-145-3p, hsa-miR-145-5p, hsa-miR-1468, hsa-
miR-146a-5p, hsa-miR-146b-3p, hsa-miR-146b-5p, hsa-miR-147a, hsa-miR-147b, hsa-miR-
148a-5p, hsa-miR-148b-3p, hsa-miR-148b-5p, hsa-miR-149-3p, hsa-miR-149-5p, hsa-miR-
150-3p, hsa-miR-150-5p, hsa-miR-151a-3p, hsa-miR-151a-5p, hsa-miR-152, hsa-miR-153,
hsa-miR-1538, hsa-miR-1539, hsa-miR-154-3p, hsa-miR-154-5p, hsa-miR-155-5p, hsa-miR-
15a-3p, hsa-miR-15a-5p, hsa-miR-15b-3p, hsa-miR-15b-5p, hsa-miR-16-1-3p, hsa-miR-16-
2-3p, hsa-miR-17-3p, hsa-miR-17-5p, hsa-miR-181a-2-3p, hsa-miR-181a-3p, hsa-miR-181a-
5p, hsa-miR-181b-5p, hsa-miR-181¢-3p, hsa-miR-181¢-5p, hsa-miR-181d, hsa-miR-182-5p,
hsa-miR-1827, hsa-miR-183-3p, hsa-miR-183-5p, hsa-miR-184, hsa-miR-185-3p, hsa-miR-
185-5p, hsa-miR-186-3p, hsa-miR-186-5p, hsa-miR-187-3p, hsa-miR-187-5p, hsa-miR-188-
5p, hsa-miR-18a-3p, hsa-miR-18a-5p, hsa-miR-18b-3p, hsa-miR-18b-5p, hsa-miR-190a, hsa-
miR-190b, hsa-miR-191-3p, hsa-miR-191-5p, hsa-miR-1915-3p, hsa-miR-192-3p, hsa-miR-
193a-3p, hsa-miR-193a-5p, hsa-miR-193b-3p, hsa-miR-193b-5p, hsa-miR-194-5p, hsa-miR-
195-3p, hsa-miR-196a-3p, hsa-miR-196a-5p, hsa-miR-196b-5p, hsa-miR-197-3p, hsa-miR-
198, hsa-miR-199a-3p, hsa-miR-199a-5p, hsa-miR-199b-3p, hsa-miR-199b-5p, hsa-miR-19a-
-3-
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3p, hsa-miR-19a-5p, hsa-miR-1909-3p, hsa-miR-1911-3p, hsa-miR-200a-3p, hsa-miR-200a-
5p, hsa-miR-200b-5p, hsa-miR-200c-3p, hsa-miR-200c-5p, hsa-miR-202-3p, hsa-miR-202-
5p, hsa-miR-203a, hsa-miR-203b-5p, hsa-miR-204-5p, hsa-miR-205-5p, hsa-miR-206, hsa-
miR-208b, hsa-miR-20a-3p, hsa-miR-20b-3p, hsa-miR-20b-5p, hsa-miR-21-3p, hsa-miR-21-
5p, hsa-miR-210, hsa-miR-211-5p, hsa-miR-2110, hsa-miR-212-3p, hsa-miR-214-3p, hsa-
miR-214-5p, hsa-miR-215, hsa-miR-216a-5p, hsa-miR-218-1-3p, hsa-miR-218-5p, hsa-miR-
219-1-3p, hsa-miR-219-5p, hsa-miR-22-3p, hsa-miR-22-5p, hsa-miR-221-3p, hsa-miR-221-
5p, hsa-miR-222-3p, hsa-miR-222-5p, hsa-miR-223-5p, hsa-miR-224-3p, hsa-miR-224-5p,
hsa-miR-2355-3p, hsa-miR-23a-3p, hsa-miR-23a-5p, hsa-miR-23b-3p, hsa-miR-23b-5p, hsa-
miR-24-1-5p, hsa-miR-24-2-5p, hsa-miR-24-3p, hsa-miR-25-3p, hsa-miR-25-5p, hsa-miR-
26a-2-3p, hsa-miR-26a-5p, hsa-miR-26b-3p, hsa-miR-26b-5p, hsa-miR-27a-3p, hsa-miR-
27a-5p, hsa-miR-27b-3p, hsa-miR-27b-5p, hsa-miR-28-3p, hsa-miR-28-5p, hsa-miR-296-3p,
hsa-miR-296-5p, hsa-miR-297, hsa-miR-298, hsa-miR-299-3p, hsa-miR-299-5p, hsa-miR-
29a-3p, hsa-miR-29a-5p, hsa-miR-29b-1-5p, hsa-miR-29b-2-5p, hsa-miR-29b-3p, hsa-miR-
29¢-3p, hsa-miR-29¢-5p, hsa-miR-2909, hsa-miR-301a-3p, hsa-miR-301b, hsa-miR-302a-5p,
hsa-miR-302b-5p, hsa-miR-302c-5p, hsa-miR-302d-3p, hsa-miR-302d-5p, hsa-miR-302f,
hsa-miR-3064-5p, hsa-miR-3065-3p, hsa-miR-3065-5p, hsa-miR-3074-3p, hsa-miR-3074-5p,
hsa-miR-30a-3p, hsa-miR-30a-5p, hsa-miR-30b-3p, hsa-miR-30b-5p, hsa-miR-30c-1-3p, hsa-
miR-30¢-2-3p, hsa-miR-30c-5p, hsa-miR-30d-3p, hsa-miR-30d-5p, hsa-miR-30e-3p, hsa-
miR-30e-5p, hsa-miR-31-3p, hsa-miR-31-5p, hsa-miR-3120-3p, hsa-miR-3120-5p, hsa-miR-
3184-5p, hsa-miR-32-3p, hsa-miR-32-5p, hsa-miR-320a, hsa-miR-320b, hsa-miR-320c, hsa-
miR-323a-3p, hsa-miR-323b-5p, hsa-miR-324-3p, hsa-miR-324-5p, hsa-miR-325, hsa-miR-
326, hsa-miR-328, hsa-miR-329, hsa-miR-330-3p, hsa-miR-330-5p, hsa-miR-331-3p, hsa-
miR-331-5p, hsa-miR-335-3p, hsa-miR-335-5p, hsa-miR-337-3p, hsa-miR-337-5p, hsa-miR-
338-3p, hsa-miR-338-5p, hsa-miR-339-3p, hsa-miR-339-5p, hsa-miR-33a-5p, hsa-miR-33b-
3p, hsa-miR-33b-5p, hsa-miR-340-3p, hsa-miR-340-5p, hsa-miR-342-3p, hsa-miR-342-5p,
hsa-miR-345-5p, hsa-miR-346, hsa-miR-34a-3p, hsa-miR-34a-5p, hsa-miR-34b-3p, hsa-miR-
34b-5p, hsa-miR-34c¢-3p, hsa-miR-34c-5p, hsa-miR-3591-3p, hsa-miR-361-3p, hsa-miR-361-
5p, hsa-miR-3613-5p, hsa-miR-3615, hsa-miR-3619, hsa-miR-362-3p, hsa-miR-362-5p, hsa-
miR-363-3p, hsa-miR-363-5p, hsa-mir-365a-3p, hsa-mir-365a-5p, hsa-mir-3653, hsa-miR-
3656, hsa-miR-367-3p, hsa-miR-367-5p, hsa-miR-3676-3p, hsa-miR-369-3p, hsa-miR-369-
5p, hsa-miR-370, hsa-miR-372, hsa-miR-373-3p, hsa-miR-373-5p, hsa-miR-374a-3p, hsa-
miR-374a-5p, hsa-miR-374b-3p, hsa-miR-374b-5p, hsa-miR-375, hsa-miR-376a-2-5p, hsa-
miR-376a-3p, hsa-miR-376a-5p, hsa-miR-376b-3p, hsa-miR-376¢-3p, hsa-miR-377-3p, hsa-
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miR-377-5p, hsa-miR-378a-3p, hsa-miR-378a-5p, hsa-miR-378¢, hsa-miR-378d, hsa-miR-
379-3p, hsa-miR-379-5p, hsa-miR-380-3p, hsa-miR-380-5p, hsa-miR-381-3p, hsa-miR-382-
3p, hsa-miR-382-5p, hsa-miR-383, hsa-miR-384, hsa-miR-3912, hsa-miR-3928, hsa-miR-
409-3p, hsa-miR-409-5p, hsa-miR-410, hsa-miR-411-3p, hsa-miR-411-5p, hsa-miR-412, hsa-
miR-421, hsa-miR-422a, hsa-miR-423-3p, hsa-miR-423-5p, hsa-miR-424-3p, hsa-miR-424-
5p, hsa-miR-425-3p, hsa-miR-425-5p, hsa-miR-429, hsa-miR-4291, hsa-miR-431-5p, hsa-
miR-432-5p, hsa-miR-433, hsa-miR-4421, hsa-miR-449a, hsa-miR-450a-5p, hsa-miR-450b-
3p, hsa-miR-450b-5p, hsa-miR-4505, hsa-miR-4510, hsa-miR-4516, hsa-miR-451a, hsa-miR-
452-3p, hsa-miR-452-5p, hsa-miR-4533, hsa-miR-4539, hsa-miR-454-3p, hsa-miR-454-5p,
hsa-miR-455-3p, hsa-miR-455-5p, hsa-miR-4634, hsa-miR-4732-3p, hsa-miR-4732-5p, hsa-
miR-4747-5p, hsa-miR-4792, hsa-miR-483-3p, hsa-miR-483-5p, hsa-miR-484, hsa-miR-485-
5p, hsa-miR-486-3p, hsa-miR-486-5p, hsa-miR-489, hsa-miR-490, hsa-miR-491-3p, hsa-
miR-491-5p, hsa-miR-492, hsa-miR-493-3p, hsa-miR-493-5p, hsa-miR-494, hsa-miR-495-
3p, hsa-miR-496, hsa-miR-497-3p, hsa-miR-497-5p, hsa-miR-498, hsa-miR-499a-5p, hsa-
miR-500a-3p, hsa-miR-501-3p, hsa-miR-501-5p, hsa-miR-502-3p, hsa-miR-502-5p, hsa-
miR-503-5p, hsa-miR-504, hsa-miR-505-3p, hsa-miR-505-5p, hsa-miR-506-3p, hsa-miR-
508-3p, hsa-miR-508-5p, hsa-miR-509-3p, hsa-miR-511, hsa-miR-512-5p, hsa-miR-513a-3p,
hsa-miR-513a-5p, hsa-miR-513b, hsa-miR-514a-3p, hsa-miR-514a-5p, hsa-miR-515-5p, hsa-
miR-516b-3p, hsa-miR-516b-5p, hsa-miR-517a-3p, hsa-miR-518a-3p, hsa-miR-518b, hsa-
miR-518e-3p, hsa-miR-518e-5p, hsa-miR-518f-3p, hsa-miR-519a-5p, hsa-miR-519b-5p, hsa-
miR-519¢-3p, hsa-miR-519¢-5p, hsa-miR-519d, hsa-miR-519¢-5p, hsa-miR-520¢-3p, hsa-
miR-520¢, hsa-miR-520f, hsa-miR-520g, hsa-miR-520h, hsa-miR-521, hsa-miR-522-5p, hsa-
miR-523-5p, hsa-miR-525-3p, hsa-miR-532-3p, hsa-miR-532-5p, hsa-miR-539-5p, hsa-miR-
541, hsa-miR-542-3p, hsa-miR-542-5p, hsa-miR-543, hsa-miR-545-3p, hsa-miR-545-5p, hsa-
miR-548a-3p, hsa-miR-548d-3p, hsa-miR-548e, hsa-miR-5481, hsa-miR-548m, hsa-miR-549,
hsa-miR-550a-3p, hsa-miR-550a-5p, hsa-miR-551b-3p, hsa-miR-551b-5p, hsa-miR-552, hsa-
miR-553, hsa-miR-554, hsa-miR-557, hsa-miR-563, hsa-miR-564, hsa-miR-567, hsa-miR-
569, hsa-miR-570-3p, hsa-miR-571, hsa-miR-572, hsa-miR-574-3p, hsa-miR-574-5p, hsa-
miR-575, hsa-miR-576-3p, hsa-miR-576-5p, hsa-miR-577, hsa-miR-578, hsa-miR-580, hsa-
miR-582-3p, hsa-miR-582-5p, hsa-miR-583, hsa-miR-584-5p, hsa-miR-585, hsa-miR-586,
hsa-miR-589-3p, hsa-miR-589-5p, hsa-miR-590-3p, hsa-miR-590-5p, hsa-miR-593-3p, hsa-
miR-593-5p, hsa-miR-595, hsa-miR-598, hsa-miR-601, hsa-miR-602, hsa-miR-603, hsa-
miR-606, hsa-miR-608, hsa-miR-609, hsa-miR-611, hsa-miR-612, hsa-miR-613, hsa-miR-
615-3p, hsa-miR-615-5p, hsa-miR-616-5p, hsa-miR-618, hsa-miR-619, hsa-miR-620, hsa-
-5-
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miR-623, hsa-miR-625-5p, hsa-miR-626, hsa-miR-627, hsa-miR-628-3p, hsa-miR-628-5p,
hsa-miR-629-3p, hsa-miR-629-5p, hsa-miR-630, hsa-miR-631, hsa-miR-634, hsa-miR-635,
hsa-miR-636, hsa-miR-638, hsa-miR-639, hsa-miR-641, hsa-miR-642a-3p, hsa-miR-642a-
5p, hsa-miR-643, hsa-miR-645, hsa-miR-646, hsa-miR-647, hsa-miR-649, hsa-miR-650, hsa-
miR-651, hsa-miR-652-3p, hsa-miR-653, hsa-miR-654-3p, hsa-miR-655, hsa-miR-656, hsa-
miR-657, hsa-miR-658, hsa-miR-659-3p, hsa-miR-660-5p, hsa-miR-663a, hsa-miR-663b,
hsa-miR-664a-3p, hsa-miR-664a-5p, hsa-miR-668, hsa-miR-671-5p, hsa-miR-675-3p, hsa-
miR-675-5p, hsa-miR-7-1-3p, hsa-miR-7-2-3p, hsa-miR-7-5p, hsa-miR-708-3p, hsa-miR-
708-5p, hsa-miR-718, hsa-miR-744-3p, hsa-miR-744-5p, hsa-miR-761, hsa-miR-765, hsa-
miR-766, hsa-miR-767-3p, hsa-miR-769-3p, hsa-miR-769-5p, hsa-miR-770-5p, hsa-miR-
874, hsa-miR-875, hsa-miR-876, hsa-miR-877-3p, hsa-miR-877-5p, hsa-miR-885-3p, hsa-
miR-887, hsa-miR-888-3p, hsa-miR-889, hsa-miR-890, hsa-miR-891a, hsa-miR-891b, hsa-
miR-9-3p, hsa-miR-9-5p, hsa-miR-92a-3p, hsa-miR-92b-3p, hsa-miR-92b-5p, hsa-miR-921,
hsa-miR-922, hsa-miR-93-3p, hsa-miR-93-5p, hsa-miR-935, hsa-miR-940, hsa-miR-941,
hsa-miR-942, hsa-miR-95, hsa-miR-96-3p, hsa-miR-96-5p, hsa-miR-98-5p, hsa-miR-99a-3p,
hsa-miR-99a-5p, hsa-miR-99b-3p, and/or hsa-miR-99b-5p, or an analog thercof. The
sequences of these miRNAs are well known in the art and may be found, for example, on the

world wide web at mirbase.org.

[0010] In some currently preferred embodiments, the miRNA is hsa-miR-515-3p,
hsa-miR-141-3p, hsa-miR-20a-5p, hsa-miR-16-5p, hsa-miR-125a-5p, hsa-miR-let-7d-3p,
hsa-miR-371a-3p, hsa-miR-195-5p, hsa-miR-106b-3p, hsa-miR-605, hsa-miR-217, hsa-miR-
148a-3p, hsa-miR-19b-3p, hsa-miR-192-5p, hsa-miR-101-5p, hsa-miR-200b-3p, hsa-miR-
487b, hsa-miR-1179, hsa-miR-223-3p, hsa-miR-20b-5p, hsa-miR-27b-3p, hsa-miR-103a-3p,
hsa-miR-22-3p, hsa-miR-34a-5p, hsa-miR-130b-3p, hsa-miR-132-3p, hsa-miR-181b-5p, hsa-
miR-211-5p, hsa-miR-148b-3p, hsa-miR-17-5p, hsa-miR-182-5p, hsa-miR-27a-3p, hsa-miR-
301a-3p, hsa-miR-204-5p, hsa-miR-143-3p, hsa-miR-1, hsa-miR-9-5p, hsa-miR-30a-5p, hsa-
miR-138-5p, hsa-miR-382-5p, hsa-miR-106a-5p, hsa-miR-107, hsa-miR-135a-5p, hsa-miR-
93-5p, hsa-miR-21-5p, hsa-miR-155-5p, hsa-miR-181a-5p, hsa-miR-519d, hsa-miR-96-5p,
hsa-miR-212-3p, hsa-miR-29a-3p, hsa-miR-98-5p, hsa-let-7c, hsa-let-7d-5p, hsa-miR-183-
5p, hsa-miR-19a-3p, hsa-miR-196a-5p, hsa-miR-30b-5p, hsa-miR-378a-3p, hsa-miR-302c-
5p, hsa-miR-30e-5p, hsa-miR-130a-3p, hsa-let-7e-5p, hsa-miR-216a-5p, hsa-miR-450a-5p,
hsa-miR-26b-5p, hsa-miR-181c-5p, hsa-miR-186-5p, hsa-miR-519¢-3p, hsa-let-7b-5p, hsa-
miR-10b-5p, hsa-miR-125b-5p, hsa-miR-134, hsa-miR-137, hsa-miR-150-5p, hsa-miR-153,
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hsa-miR-15b-5p, hsa-miR-196b-5p, hsa-miR-23a-3p, hsa-miR-29¢-3p, hsa-miR-373-3p, hsa-
miR-7-5p, hsa-miR-214-3p, hsa-miR-421, hsa-miR-15a-5p, hsa-miR-193b-3p, hsa-miR-194-
5p, hsa-miR-30d-5p, hsa-miR-424-5p, hsa-miR-454-3p, hsa-miR-545-3p, hsa-miR-485-5p,
hsa-miR-335-5p, hsa-miR-133a, hsa-miR-222-3p, hsa-miR-494, hsa-miR-498, hsa-miR-
513a-5p, hsa-miR-92a-3p, hsa-miR-495-3p, hsa-miR-503-5p, hsa-miR-539-5p, hsa-miR-16-
2-3p, hsa-miR-302b-5p, hsa-miR-425-3p, hsa-miR-99a-3p, hsa-let-7a-3p, hsa-miR-126-3p,
hsa-miR-20a-3p, hsa-miR-499a-5p, hsa-let-7g-5p, hsa-miR-152, hsa-miR-26a-5p, hsa-miR-
124-3p, hsa-miR-203a, hsa-miR-24-3p, hsa-miR-301b, hsa-miR-590-3p, hsa-miR-325, hsa-
miR-552, hsa-miR-185-5p, hsa-miR-455-3p, hsa-miR-583, hsa-miR-122-5p, hsa-miR-1305,
hsa-miR-139-5p, hsa-miR-146a-5p, hsa-miR-18a-5p, hsa-miR-18b-5p, hsa-miR-199b-5p,
hsa-miR-340-5p, hsa-miR-34c¢c-5p, hsa-miR-423-3p, hsa-miR-489, hsa-miR-520f, hsa-miR-
520g, hsa-miR-668, hsa-let-7a-5p, hsa-let-7f-5p, hsa-miR-10a-3p, hsa-miR-135b-5p, hsa-
miR-144-3p, hsa-miR-181d, hsa-miR-200¢-3p, hsa-miR-218-5p, hsa-miR-23b-3p, hsa-miR-
25-3p, hsa-miR-29b-3p, hsa-miR-383, hsa-miR-202-3p, hsa-miR-381-3p, hsa-miR-377-3p,
hsa-miR-452-5p, hsa-miR-501-3p, hsa-miR-514a-3p, hsa-miR-654-3p, hsa-let-7b-3p, hsa-
miR-125a-3p, hsa-miR-133b, hsa-miR-199a-3p, hsa-miR-30c-5p, hsa-miR-335-3p, hsa-miR-
374a-5p, hsa-miR-410, hsa-miR-429, hsa-miR-497-5p, hsa-miR-513a-3p, hsa-miR-542-3p,
hsa-miR-653, hsa-miR-122-3p, hsa-miR-1178-3p, hsa-miR-191-5p, hsa-miR-214-5p, hsa-
miR-302d-5p, hsa-miR-572, hsa-miR-574-3p, hsa-miR-26a-2-3p, hsa-miR-611, hsa-let-7f-1-
3p, hsa-let-7i-3p, hsa-miR-100-5p, hsa-miR-106b-5p, hsa-miR-132-5p, hsa-miR-135b-3p,
hsa-miR-136-3p, hsa-miR-150-3p, hsa-miR-154-3p, hsa-miR-15a-3p, hsa-miR-15b-3p, hsa-
miR-16-1-3p, hsa-miR-181a-2-3p, hsa-miR-181c-3p, hsa-miR-186-3p, hsa-miR-195-3p, hsa-
miR-20b-3p, hsa-miR-223-5p, hsa-miR-224-3p, hsa-miR-24-1-5p, hsa-miR-24-2-5p, hsa-
miR-27a-5p, hsa-miR-27b-5p, hsa-miR-29b-1-5p, hsa-miR-302a-5p, hsa-miR-3065-5p, hsa-
miR-30d-3p, hsa-miR-34a-3p, hsa-miR-373-5p, hsa-miR-374a-3p, hsa-miR-376a-5p, hsa-
miR-378a-5p, hsa-miR-424-3p, hsa-miR-451a, hsa-miR-452-3p, hsa-miR-493-5p, hsa-miR-
500a-3p, hsa-miR-502-3p, hsa-miR-516b-3p, hsa-miR-518e-3p, hsa-miR-518f-3p, hsa-miR-
519a-5p, hsa-miR-519b-5p, hsa-miR-521, hsa-miR-523-5p, hsa-miR-545-5p, hsa-miR-585,
hsa-miR-7-2-3p, hsa-miR-93-3p, hsa-miR-96-3p, and/or hsa-miR-99b-3p, or an analog
thereof.

[0011] In some currently even more preferred embodiments, the miRNA is hsa-miR-
515-3p, hsa-miR-141-3p, hsa-miR-20a-5p, hsa-miR-16-5p, hsa-miR-125a-5p, hsa-miR-let-
7d-3p, hsa-miR-371a-3p, hsa-miR-195-5p, hsa-miR-106b-3p, hsa-miR-605, hsa-miR-217,
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hsa-miR-148a-3p, hsa-miR-19b-3p, hsa-miR-192-5p, hsa-miR-101-5p, hsa-miR-200b-3p,
hsa-miR-487b, hsa-miR-1179, and/or hsa-miR-223-3p, or an analog thercof.

[0012] In some embodiments, the composition comprises 1, 2, 3,4, 5,6, 7, 8, 9, 10,

or more distinct miRNA agents or any range derivable therein.

[0013] In some embodiments, the targeting agent is capable of binding to a cell
surface marker. In some embodiments, the cell surface marker is selected from the group
consisting of: CD9 (tetraspan), CD10 (MME), CD13 (ANPEP), CD29 (B-1 integrin), CD36
(FAT), CD44 (hyaluronate), CD49d (a-4 integrin), CD54 (ICAM-1), CD55 (DAF), CD59,
CD73 (SH3), CD90 (Thyl), CD91 (LPR1), CD105 (SH2, Endoglin), CD137, CD146 (Muc
18), CD166 (ALCAM), HLA-ABC, adiponectin, caveolin-1, caveolin-2, CD36 (FAT), CLH-
22 (clathrin heavy chain chromosome 22), DPT (dermatopotin), FABP4 (adipocyte protein 2,
ap2), SLC27A1 (FATP1), SLC27A2 (FATP2), GLUT4 (glucose transporter 4), perilipin 2,
resistin, neprilysin (CD10), FAT (CD36), Thy-1 (CD90), low density lipoprotein receptor-
related protein 1 (LRP1, CD91), caveolin-1, caveolin-2, fatty acid binding protein 4
(FABP4), cell surface glycoprotein MUC18 (CD146), activated leukocyte cell adhesion
molecule (CD166) and Natriuretic peptide receptor A (NPR1). In some embodiments, the
targeting agent does not bind to a hematopoietic lincage marker selected from the group
consisting of: CD11b (a-M integrin), CD14, CD18§, CD19, CD31, CD34, CD45 (LCA),
CD79 alpha, c-kit (ABCG2), STRO-1, HLAII, Lin1, Ter119, and HLA-DR.

[0014] In some embodiments, the targeting agent is an aptamer, an exosome, or a

combination of an aptamer and an exosome.

[0015] Aptamers are usually single-stranded, short molecules of RNA, DNA or a
nucleic acid analog, that may adopt three-dimensional conformations complementary to a

wide variety of target molecules.

[0016] Exosomes are small membrane vesicles of endocytic origin that are secreted
by many cell types. For example, exosomes may have a diameter of about 30 to about 100
nm. They may be formed by inward budding of the late endosome leading to the formation
of wvesicle-containing multivesicular bodies (MVB) which then fuse with the plasma
membrane to release exosomes into the extracellular environment. Though their exact
composition and content depends on cell type and disease state, exosomes all share certain
characteristics. In some embodiments, the composition further comprises a nanoparticle,

such as an exosome, wherein the nanoparticle has a diameter of no more than 100 nm. In
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some embodiments, the nanoparticle has a diameter of equal to or between about 30 nm and
about 100 nm. In some embodiments, the miRNA agent is encapsulated by the nanoparticle.
In some embodiments, the targeting agent is bound to the outside of the nanoparticle. In some

embodiments,

[0017] In some embodiments, the miRNA agent is covalently coupled to the targeting
agent. In some embodiments, the miRNA agent is non-covalently coupled to the targeting
agent. In some embodiments, the miRNA agent is coupled to the targeting agent by a linker.
In some embodiments, the linker is selected from the group consisting of: a polyalkylene
glycol, polyethylene glycol, a dendrimer, a comb polymer, a biotinstreptavidin bridge, and a

ribonucleic acid.

[0018] In some embodiments, the composition is an aptamir composition. In some
embodiments, the aptamir composition is an adipocyte-specific aptamir composition. In

some embodiments, the composition further comprises a pharmaceutically acceptable carrier.

[0019] Also disclosed herein are the use of the compositions disclosed herein to treat
obesity or metabolic disorders in a subject. In some embodiments, the compositions
disclosed herein may be for use as a medicament. In some embodiments, the compositions

disclosed herein may be for use in treating obesity or metabolic disorders in a subject.

[0020] In some embodiments, disclosed herein are methods for delivering a
therapeutic microRNA (miRNA) to a specific cell, tissue, or organ in a subject comprising
administering any of the aptamir compositions disclosed herein to the subject. In some
embodiments, the cell is an adipocyte or adipose tissue derived mesenchymal stem cell. In
some embodiments, the miRNA agent modulates activity of at least one mitochondrial
uncoupler. In some embodiments, the mitochondrial uncoupler is UCP1, UCP2, or UCP3. In
some embodiments, the miRNA modulator directly binds to the mRNA or promoter region of
at least one mitochondrial uncoupler. In some embodiments, the miRNA agent directly binds

to the 5'UTR or coding sequence of the mRNA of at least one mitochondrial uncoupler.

[0021] In some embodiments, disclosed herein are methods for treating obesity or
metabolic disorders in a subject, comprising administering the aptamir composition of any
one of the compositions disclosed herein to the subject. In some embodiments, the
composition may contain an effective amount of any one of the compositions disclosed
herein. In some embodiments, the aptamir composition is delivered to a cell, tissue, or organ

in the subject. In some embodiments, the cell is an adipocyte or adipose tissue derived
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mesenchymal stem cell. In some embodiments, the miRNA agent modulates activity of at
least one mitochondrial uncoupler. In some embodiments, the mitochondrial uncoupler is
UCP1, UCP2, or UCP3. In some embodiments, the miRNA modulator directly binds to the
mRNA or promoter region of at least one mitochondrial uncoupler. In some embodiments,
the miRNA agent directly binds to the S'UTR or coding sequence of the mRNA of at least

one mitochondrial uncoupler.

[0022] “Treatment” or “treating,” as used herein, is defined as the application or
administration of a therapeutic agent (e.g., a miRNA agent or vector or transgene encoding
same) to a patient, or application or administration of a therapeutic agent to an isolated tissue
or cell line from a patient, and includes (1) inhibiting a disease in a subject or patient
experiencing or displaying the pathology or symptomatology of the disease (e.g., arresting
further development of the pathology and/or symptomatology), (2) ameliorating a disease in a
subject or patient that is experiencing or displaying the pathology or symptomatology of the
disease (e.g., reversing the pathology and/or symptomatology), and/or (3) effecting any
measurable decrease in a disease in a subject or patient that is experiencing or displaying the

pathology or symptomatology of the disease.

[0023] “Effective  amount” or  “therapeutically effective  amount” or
“pharmaceutically effective amount” means that amount which, when administered to a
subject or patient for treating a disease, is sufficient to effect such treatment for the disease.
In some embodiments, the subject is administered at least about 0.01, 0.02, 0.03, 0.04, 0.05,
0.06, 0.07, 0.08, 0.09, 0.1,0.2,0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2, 3,4, 5, 6, 7, 8§, 9, 10, 20,
30, 40, 50, 60, 70, 80, 90, or 100 mg/kg (or any range derivable therein).

[0024] The composition may be administered to (or taken by) the patient 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more times, or any range derivable
therein, and they may be administered every 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18,19, 20, 21, 22, 23, 24 hours, or 1, 2, 3, 4, 5, 6, 7 days, or 1, 2, 3, 4, 5 weeks, or 1, 2, 3,
4, 5,6, 7, 8 9, 10, 11, 12 months, or any range derivable therein. It is specifically
contemplated that the composition may be administered once daily, twice daily, three times
daily, four times daily, five times daily, or six times daily (or any range derivable therein)
and/or as needed to the patient. Alternatively, the composition may be administered every 2,

4,6, 8, 12 or 24 hours (or any range derivable therein) to or by the patient.
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[0025] In some embodiments, the compounds described herein are comprised in a
pharmaceutical composition. In further embodiments, the compounds described herein and
optional one or more additional active agents, can be optionally combined with one or more
pharmaceutically acceptable excipients and formulated for administration via epidural,
introperitoneal, intramuscular, cutaneous, subcutaneous or intravenous injection. In some
aspects, the compounds or the composition is administered by aerosol, infusion, or topical,
nasal, oral, anal, ocular, or otic delivery. In further embodiments, the pharmaceutical

composition is formulated for controlled release.

[0026] In additional embodiments, there are pharmaceutical compositions comprising
the compositions discussed herein. Such a composition may or may not contain additional
active ingredients. In certain embodiments, there is a pharmaceutical composition consisting
essentially of a composition discussed herein. It is contemplated that the composition may
contain non-active ingredients. Other aspects are directed to pharmaceutical compositions
comprising an effective amount of a composition disclosed herein and a pharmaceutically

acceptable carrier.

[0027] “Pharmaceutically acceptable” means that which is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable and includes that which is acceptable for veterinary use as well as

human pharmaceutical use.

[0028] The methods for producing the compounds described herein are not limited to
the exemplary methods described herein. The compounds may be synthesized by any
suitable method known in the art and it will be obvious to those skilled in the art that various
adaptations, changes, modifications, substitutions, deletions or additions of procedures may

be made without departing from the spirit and scope of the invention.

[0029] Throughout this application, the term “about” is used to indicate that a value

includes the inherent variation of error for the measurement or quantitation method.

[0030] The use of the word “a” or “an” when used in conjunction with the term
“comprising” may mean “one,” but it is also consistent with the meaning of “one or more,”

“at least one,” and “one or more than one.”

[0031] The words “comprising” (and any form of comprising, such as “comprise” and
“comprises”), “having” (and any form of having, such as “have” and “has”), “including” (and

any form of including, such as “includes” and “include”) or “containing” (and any form of
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containing, such as “contains” and “contain”) are inclusive or open-ended and do not exclude

additional, unrecited elements or method steps.

2 (13

[0032] The compositions and methods for their use can “comprise,” “consist
essentially of,” or “consist of” any of the ingredients or steps disclosed throughout the
specification. Compositions and methods “consisting essentially of”” any of the ingredients or
steps disclosed limits the scope of the claim to the specified materials or steps which do not

materially affect the basic and novel characteristic of the claimed invention.

[0033] It is contemplated that any embodiment discussed in this specification can be
implemented with respect to any method or composition of the invention, and vice versa.

Furthermore, compositions of the invention can be used to achieve methods of the invention.

[0034] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the specific examples, while indicating specific embodiments of the
invention, are given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The following drawings illustrate by way of example and not limitation. For
the sake of brevity and clarity, every feature of a given structure may not be labeled in every
figure in which that structure appears. Identical reference numbers do not necessarily
indicate an identical structure. Rather, the same reference number may be used to indicate a
similar feature or a feature with similar functionality, as may non-identical reference

numbers.

[0036] FIG. 1 illustrates a schematic representation of the in vitro aptamer selection

(SELEX™) process from pools of random sequence oligonucleotides.

[0037] FIG. 2 illustrates a schematic representation of the Cell-SELEX process, a

variation of the SELEX™ process that uses live intact cells.

[0038] FIG. 3 illustrates a schematic representation showing various modifications
that can be made to an aptamer to increase its stability and functionality, such as one or more

modifications at the sugar, base, or internucleotide linkage.
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[0039] FIG. 4 illustrates a schematic representation of an exosome loaded with
miRNAs.
[0040] FIG. 5 illustrates a schematic representation of a miRNA analog-loaded

exosome whose envelope is studded with targeting aptamers.

[0041] FIG. 6 illustrates a schematic representation of an alternative embodiment of
an exosome-based aptamir (so-called exomir) where the targeting aptamers at the surface of

the exosome are coupled to anchoring proteins like Lamp2 or CD63.

[0042] FIG. 7 illustrates a schematic representation of the fate of an exomir entering

a target cell.

[0043] FIG. 8 illustrates the results of a FACS experiment assessing binding of
selected fluorescent aptamers to human hepatocytes and adipocytes. The top panel graphs are

hepatocytes and the bottom panel graphs are adipocytes.

[0044] FIG. 9 illustrates the effect of several miRNA mimics on the expression level
of the human UCPI mRNA two weeks after a single transfection of mature human
subcutaneous adipocytes with one of these mimics. The control condition (maintenance
medium) is set at 100% and the PPARG agonist rosiglitazone is included as a positive

control.

DETAILED DESCRIPTION OF THE INVENTION

[0045] MicroRNAs (miRNAs) are attractive drug candidates for regulating cell fate
decisions and improving complex diseases because the simultancous modulation of many
target genes by a single miRNA may provide effective therapies of multifactorial diseases
like obesity. miRNA-based therapies offer several advantages over classical small molecules,
which should translate into shorter and less expensive drug development times. Several
miRNA agonists (agomirs) and antagonists (antagomirs) are currently developed to treat

various human diseases, including cardiometabolic disorders.

[0046] miRNAs are extensive regulators of adipocyte differentiation, development
and function and are viable therapeutic agents for obesity. A targeted intracellular delivery of
miRNAs to specific cells or tissues should enhance their efficacy and safety. Nucleic acid-
based aptamers and/or exosomes targeting cell surface molecules/receptors are promising

delivery vehicles to target a distinct disease or tissue in a cell-type specific manner.
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[0047] Thermogenic miRNA modulators are highly attractive as a therapy for obesity
as they allow for the reduction of body fat in a subject without the need to adjust their caloric
intake through dieting, modify their physical activity or undergo bariatric surgery.
Moreover, such modulators open the possibility of a pharmacologically driven switch from
energy-storing and lipid-filled white adipose tissue (WAT) to energy-consuming brown
adipose tissue (BAT). In exemplary embodiments, the thermogenic miRNA modulator is
capable of modulating an intracellular thermogenic regulator (e.g., a mitochondrial
uncoupler, such as Thermogenin or Uncoupling Protein 1 (UCP1), Uncoupling Protein 2
(UCP2), or Uncoupling Protein 3 (UCP3). Accordingly, by facilitating targeted intracellular
delivery to specific target cells or tissue, the targeted compositions of the invention enhance

the safety and efficacy of the miRNA modulator.

A. Compositions Comprising Adipocyte-Specific miRNA Modulators

[0048] In some aspects, the present invention relates to compositions for modulating
miRNAs. The compositions of the invention may comprise target miRNA modulators in
which one or more miRNA modulator elements (e.g., any of the miRNA modulator agents or
miRNA agents described herein) are combined with one or more carrier/targeting elements
(c.g., any of the targeting agents described herein) to enhance specific cellular uptake,
cellular distribution, and/or cellular activity of the miRNA modulator or miRNA analog. As
used herein, the term “miRNA analog” refers to an oligonucleotide or oligonucleotide
mimetic or inhibitor that directly or indirectly reprograms mesenchymal stem cells
(ATMSCs) or white adipocytes (WAT) to become brown adipocytes (BAT). miRNA analogs
can act on a target gene or an activator or repressor of a target gene, or on a target miRNA
that directly or indirectly modulates the activity of a thermogenic regulator (e.g., a
mitochondrial uncoupler or an activator or repressor thereof). As used herein, the term
“mitochondrial uncoupler” refers to a protein (or the encoding nucleic acid) that can dissipate
of the mitochondrial inner membrane proton gradient, thereby preventing the synthesis of
ATP in the mitochondrion by oxidative phosphorylation. Exemplary mitochondrial
uncouplers include UCP1, UCP2 and UCP3.

[0049] In some embodiments, the miRNA analog is linked (covalently or non-
covalently) to the targeting agent (e.g., aptamer). In other embodiments, the miRNA
modulator is admixed with the targeting element in a single composition (e.g., in a exosome

or nanoparticle formulation).
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1. AptamiR Compositions

[0050] In certain exemplary embodiments, the miRNA modulator is combined with
an aptamer to create an “AptamiR” composition. There are many different ways to combine
an aptamer and miRNA analog(s) to create an aptamir. They include, for example, aptamer—
miRNA analog chimeras, aptamer-splice-switching oligonucleotide chimeras, and aptamer

conjugated to nanoparticles or exosomes containing the miRNA analog(s).

[0051] Aptamers are usually single-stranded, short molecules of RNA, DNA or a
nucleic acid analog, that may adopt three-dimensional conformations complementary to a
wide variety of target molecules. Methods of constructing and determining the binding
characteristics of aptamers are well known in the art. For example, such techniques are
described in U.S. Patent Nos. 5,582,981, 5,595,877 and 5,637,459, each incorporated herein

by reference.

[0052] Aptamers may be prepared by any known method, including synthetic,
recombinant, and purification methods, and may be used alone or in combination with other
ligands specific for the same target. In general, a minimum of approximately 3 nucleotides,
preferably at least 5 nucleotides, are necessary to effect specific binding. Aptamers of
sequences shorter than 10 bases may be feasible, although aptamers of 10, 20, 30 or 40

nucleotides may be preferred.

[0053] Aptamers need to contain the sequence that confers binding specificity, but
may be extended with flanking regions and otherwise derivatized. In preferred embodiments,
the target-binding sequences of aptamers may be flanked by primer-binding sequences,
facilitating the amplification of the aptamers by PCR or other amplification techniques. In a
further embodiment, the flanking sequence may comprise a specific sequence that
preferentially recognizes or binds a moiety to enhance the immobilization of the aptamer to a

substrate.

[0054] Aptamers may be isolated, sequenced, and/or amplified or synthesized as
conventional DNA or RNA molecules. Alternatively, aptamers of interest may comprise
modified oligomers. Any of the hydroxyl groups ordinarily present in aptamers may be
replaced by phosphonate groups, phosphate groups, protected by a standard protecting group,
or activated to prepare additional linkages to other nucleotides, or may be conjugated to solid
supports. One or more phosphodiester linkages may be replaced by alternative linking
groups, such as P(O)O replaced by P(O)S, P(O)NR,, P(O)R, P(O)OR’, CO, or CNR,, wherein
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R is H or alkyl (1-20C) and R’ is alkyl (1-20C); in addition, this group may be attached to

adjacent nucleotides through O or S. Not all linkages in an oligomer need to be identical.

[0055] Methods for preparation and screening of aptamers that bind to particular
targets of interest are well known, for example U.S. Patent No. 5,475,096 and U.S. Patent No.
5,270,163, cach incorporated by reference. The technique generally involves selection from a
mixture of candidate aptamers and step-wise iterations of binding, separation of bound from
unbound aptamers and amplification. Because only a small number of sequences (possibly
only one molecule of aptamer) corresponding to the highest affinity aptamers exist in the
mixture, it is generally desirable to set the partitioning criteria so that a significant amount of
aptamers in the mixture (approximately 5-50%) are retained during separation. Each cycle
results in an enrichment of aptamers with high affinity for the target. Repetition for between
six to twenty selection and amplification cycles may be used to generate aptamers that bind
with high affinity and specificity to the target. Aptamers may be selected to specifically bind

to adipocytes and related cells.

[0056] In one embodiment, an aptamiR composition comprises an aptamer that is
directly linked or fused to miRNA modulators. Such aptamiRs are entirely chemically
synthesized, which provides more control over the composition of the conjugate. For
instance, the stoichiometry (ratio of miRNA analog per aptamer) and site of attachment can
be precisely defined. The linkage portion of the conjugate presents a plurality (2 or more) of
nucleophilic and/or electrophilic moieties that serve as the reactive attachment point for the
aptamers and miRNA analogs. In addition, the aptamir may further comprise a linker
between the aptamer and the miRNA analog. In some embodiments, the linker is a
polyalkylene glycol, particularly a polyethylene glycol. In other embodiments, the linker is a
exosome, dendrimer, or comb polymer. Other linkers can mediate the conjugation between
the aptamer and the miRNA analog, including a biotinstreptavidin bridge, or a ribonucleic
acid. Exemplary non-covalent linkers include linkers formed by base pairing a single
stranded portion or overhang of the miRNA eclement and a complementary single-stranded

portion or overhang of the aptamer element.
2. ExomiR Composition

[0057] In a further particular embodiment, an aptamer is combined with a miRNA
analog in the form of a carrier-based aptamiR, described as an “ExomiR”. Exemplary

carriers include nanoparticles or exosomes. Nanoparticle approaches have several functional
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advantages, including, for example, cellular uptake, the ability to cross membranes, and
triggered nanoparticle disassembly. In some embodiments, the miRNA agent is encapsulated
within the nanoparticle exosome. In some embodiments, the targeting agent is bound to the

outside of the nanoparticle. The nano particle is no more than 100 nm in diameter.

[0058] In a particular embodiment, an aptamer is anchored at the surface of an
exosome containing a load of miRNA analogs, i.e., an ExomiR composition. Exosomes are
spherical nanostructures made of a lipid bilayer that can be loaded with pharmaceuticals, such

as miRNAs.

[0059] Exosomes were first described as a means for reticulocytes to selectively
discard transferrin receptors as they matured into erythrocytes (Johnstone, et al., 1987). For a
long time thereafter, they were seen as mere ‘garbage cans’ for the removal of unwanted
cellular components. However, since the discovery that B cells shed exosomes containing
antigen-specific MHC 1I capable of inducing T cell responses (Raposo, et al., 1996), an
abundance of exosome research has revealed that these small vesicles are involved in a

multitude of functions, both physiological and pathological.

[0060] Exosomes are small membrane vesicles of endocytic origin that are secreted
by many cell types. For example, exosomes may have a diameter of about 30 to about 100
nm. They may be formed by inward budding of the late endosome leading to the formation
of wvesicle-containing multivesicular bodies (MVB) which then fuse with the plasma
membrane to release exosomes into the extracellular environment. Though their exact
composition and content depends on cell type and disease state, exosomes all share certain

structural characteristics.

[0061] In certain aspects, the exosomes may be purified by ultracentrifugation in a
sucrose gradient, then identified by the presence of marker proteins such as Alix and CD63
(Schorey & Bhatnagar, 2008) or enrichment of tetraspanins and heat shock protein 70 (Lee, et

al., 2011), all of which are specifically expressed in exosomes.

[0062] Exosomes also have the potential for directional homing to specific target
cells, dependent on the physical properties of their membranes. Their effect can be local,
regional or systemic. Exosomes do not contain a random sampling of their parent cell’s
cytoplasm, but are enriched in specific mRNA, miRNA, and proteins (Bobrie, ef al., 2011).
This cargo is protected from degradation by proteases and RNases while the vesicle is in the

interstitial space, and retains bioactivity once taken up by a recipient cell. In this way, they
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facilitate the transfer of interactive signaling and enzymatic activities that would otherwise be
restricted to individual cells based on gene expression (Lee, ef al., 2011). For example, Skog
and coworkers show that mRNA for a reporter protein can be incorporated into exosomes,

transferred to a recipient cell, and translated (Skog, et al., 2008).

[0063] Selective purification or enrichment of physiologically active subpopulations
of exosomes may be achieved via several procedures. In certain embodiments, effective
exosomes may be concentrated to an enriched sample via use of specific surface protein
markers and related separation techniques. In other embodiments, effective exosomes may
be harvested from enriched primary cells cultures identified as capable of producing the
effective exosomes. In further embodiments, based on screening procedures used to identify
candidate effective exosome species, other exosomes may be fabricated using molecular
engineering strategies designed to selectively produce exosomes containing the target (i.e.,
postulated) therapeutic molecular species. The latter may be confirmed by application of
exosomes containing fabricated species to naive cultures, where the desired effect (e.g.,

increased myelination) may be verified.

[0064] The exosome surface can be loaded with different substances, such as
polyethylene glycol (extending their systemic half life) or molecular recognition elements
like aptamers for specific binding and fusion to targeted cells. For example, aptamer-
modified exosomes have been developed, with each exosome displaying approximately 250
aptamers tethered to its surface to facilitate target binding (Figure 5).
Glycosylphosphatidylinositol-anchored adiposomes transfer antilipolytic compounds from

large donor adipocytes to small acceptor adipocytes.

[0065] In a preferred embodiment, exosomes are created to encapsulate miRNA
analog(s) and display at their surface aptamers that specifically bind with high affinity and
specificity to molecules (e.g. lipid transporters) highly expressed at the surface of adipocytes
and ATMSCs. See Figure 4. The fusion of the exosomes with the targeted cells causes the
release of the miRNA analog(s) into the cell cytoplasm, which then alter a specific intra-
cellular pathway. Alternatively, stable thioaptamers may be inserted at the surface of
exosomes to guide delivery of the exosome miRNA analog(s) load to targeted ATMSCs and
adipocytes. See Figure 5.

[0066] Exosomes are naturally occurring biological membrane vesicles measuring 30

to 100 nm that are secreted by most cells. They display surface receptors/molecules for cell
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targeting, adhesion and fusion, and also contain lipids, proteins, mRNAs and miRNAs.
Exosomes are involved in the transport of genetic material while preserving it from
circulating nucleases, the modulation of the immune system and cell-to-cell communications.
Exosomes and their cargo load can efficiently cross barriers such as the skin, the intestinal
mucosae and the blood-brain barrier. Exosomes are not recognized by macrophages, are not
subject to attack by opsonins, complement factors, coagulation factors or antibodies in the

circulation. They do not trigger innate immune reactions and are not cytotoxic.

[0067] Being natural shuttles of functional miRNAs, exosomes represent novel nano-
scale delivery vehicles of miRNA analogs directly into the cytosol of target cells, as an
alternative to liposomes. For instance, human breast milk exosomes contain 602 unique

mature miRNAs which can be transferred from the mother to her infant (Zhou, 2012).

[0068] Exosomes  released by  “donor  adipocytes”,  which  harbor
glycosylphosphatidylinositol (GPI)-anchored proteins like Gee-1 and CD73, can specifically
transfer mRNAs and miRNAs to “acceptor adipocytes” where they modulate lipogenesis and
cell size (Miiller, 2011). Such paracrine and endocrine regulation of adipocyte functions and
size represents a novel therapeutic approach to metabolic diseases such as obesity and

metabolic syndrome.

[0069] Such carrier-based aptamir compositions have the capability of delivering a
cargo of multiple miRNA modulators to the target cell in a single carrier. To accomplish
targeting and accumulation, the carriers are formulated to present the targeting element on
their external surface so they can react/bind with selected cell surface antigens or receptors on
the adipose target cell. See Figure 6. As an example, carriers may be created to encapsulate
miRNA modulators while displaying at their surface aptamers that specifically bind with high
affinity and specificity to molecules (e.g. lipid transporters) highly expressed at the surface of
adipocytes and ATMSCs. The internalized exosomes release inside the cell cytoplasm their

miRNA analog(s) load, which alters a specific intra-cellular pathway. See Figure 7.

[0070] In one embodiment, the carrier is an exosome. Exosomes, which originate
from late endosomes, are naturally occurring nanoparticles that are specifically loaded with
proteins, mRNAs, or miRNAs, and are secreted endogenously by cells. Exosomes are
released from host cells, are not cytotoxic, and can transfer information to specific cells based
on their composition and the substance in/on the exosome. Because exosomes are particles

of approximately 30-100 nm in diameter, the exosomes evade clearance by the mononuclear
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phagocyte system (which clears circulating particles >100 nm in size), and are very

efficiently delivered to target tissues.

[0071] Moreover, synthetic exosomes may offer several advantages over other
carriers. For example, they may deliver their cargo directly into the cytosol, while their
inertness avoids immune reactions and clearance in the extracellular environment. The
structural constituents of exosomes may include small molecules responsible for processes
like signal transduction, membrane transport, antigen presentation, targeting/adhesion, among

many others.

B. miRNA Modulator Elements

[0072] In some embodiments, the present invention relates to compositions
comprising a miRNA agent. In some embodiments, the miRNA agent is a miRNA, or an
agomir or antagomir thereof. As used herein, the term “miRNA” refers to a single-stranded
RNA molecule (or a synthetic derivative thereof), which is capable of binding to a target gene
(cither the mRNA or the DNA) and regulating expression of that gene. In certain
embodiments, the miRNA is naturally expressed in an organism. In some embodiments, the

miRNA agent is a thermogenic miRNA or analog thereof.

[0073] MicroRNAs (abbreviated miRNAS) are naturally occurring, small non-coding
RNAs that are about 17 to about 25 nucleotide bases (nt) in length in their biologically active
form. miRNAs post-transcriptionally regulate gene expression by repressing target mRNA
translation. It is thought that miRNAs function as negative regulators, i.e. greater amounts of

a specific miRNA will correlate with lower levels of target gene expression.

[0074] There are three forms of miRNAs existing in vivo, primary miRNAs (pri-
miRNAs), premature miRNAs (pre-miRNAs), and mature miRNAs. Primary miRNAs (pri-
miRNAs) are expressed as stem-loop structured transcripts of about a few hundred bases to
over 1 kb. The pri-miRNA transcripts are cleaved in the nucleus by an RNase II endonuclease
called Drosha that cleaves both strands of the stem near the base of the stem loop. Drosha
cleaves the RNA duplex with staggered cuts, leaving a 5" phosphate and 2 nt overhang at the
3" end.

[0075] The cleavage product, the premature miRNA (pre-miRNA) is about 60 to
about 110 nt long with a hairpin structure formed in a fold-back manner. Pre-miRNA is
transported from the nucleus to the cytoplasm by Ran-GTP and Exportin-5. Pre-miRNAs are

processed further in the cytoplasm by another RNase II endonuclease called Dicer. Dicer

-20 -



10

15

20

25

30

WO 2014/022852 PCT/US2013/053613

recognizes the 5" phosphate and 3’ overhang, and cleaves the loop off at the stem-loop
junction to form miRNA duplexes. The miRNA duplex binds to the RNA-induced silencing
complex (RISC), where the antisense strand is preferentially degraded and the sense strand
mature miRNA directs RISC to its target site. It is the mature miRNA that is the biologically
active form of the miRNA and is about 17 to about 25 nt in length.

[0076] MicroRNAs function by engaging in base pairing (perfect or imperfect) with
specific sequences in their target genes' messages (mRNA). The miRNA degrades or
represses translation of the mRNA, causing the target genes' expression to be post-
transcriptionally down-regulated, repressed, or silenced. In animals, miRNAs do not
necessarily have perfect homologies to their target sites, and partial homologies lead to
translational repression, whereas in plants, where miRNAs tend to show complete

homologies to the target sites, degradation of the message (mRNA) prevails.

[0077] MicroRNAs are widely distributed in the genome, dominate gene regulation,
and actively participate in many physiological and pathological processes. For example, the
regulatory modality of certain miRNAs is found to control cell proliferation, differentiation,
and apoptosis; and abnormal miRNA profiles are associated with oncogenesis. Additionally,
it is suggested that viral infection causes an increase in miRNAs targeted to silence “pro-cell
survival” genes, and a decrease in miRNAs repressing genes associated with apoptosis

(programmed cell death), thus tilting the balance towards gaining apoptosis signaling.

[0078] In some embodiments, the miRNA is (miRBase V.19 nomenclature) hsa-let-
7d-3p, hsa-miR-101-5p, hsa-miR-106b-3p, hsa-miR-1179, hsa-miR-125a-5p, hsa-miR-141-
3p, hsa-miR-148a-3p, hsa-miR-16-5p, hsa-miR-192-5p, hsa-miR-195-5p, hsa-miR-19b-3p,
hsa-miR-20a-5p, hsa-miR-200b-3p, hsa-miR-217, hsa-miR-223-3p, hsa-miR-371a-3p, hsa-
miR-487b, hsa-miR-515-3p, hsa-miR-605, hsa-let-7a-3p, hsa-let-7a-5p, hsa-let-7b-3p, hsa-
let-7b-5p, hsa-let-7¢, hsa-let-7d-5p, hsa-let-7e-3p, hsa-let-7e-5p, hsa-let-7f-1-3p, hsa-let-7f-2-
3p, hsa-let-7f-5p, hsa-let-7g-3p, hsa-let-7g-5p, hsa-let-7i-3p, hsa-let-7i-5p, hsa-miR-1, hsa-
miR-100-3p, hsa-miR-100-5p, hsa-miR-101-3p, hsa-miR-103a-2-5p, hsa-miR-103a-3p, hsa-
miR-103b, hsa-miR-105-5p, hsa-miR-106a-3p, hsa-miR-106a-5p, hsa-miR-106b-5p, hsa-
miR-107, hsa-miR-10a-3p, hsa-miR-10a-5p, hsa-miR-10b-3p, hsa-miR-10b-5p, hsa-miR-
1178-3p, hsa-miR-1180, hsa-miR-1181, hsa-miR-1182, hsa-miR-1183, hsa-miR-1184, hsa-
miR-1185-5p, hsa-miR-1204, hsa-miR-1207, hsa-miR-1208, hsa-miR-122-3p, hsa-miR-122-
5p, hsa-miR-1224, hsa-miR-1226, hsa-miR-1227-3p, hsa-miR-1228-5p, hsa-miR-1229-3p,
hsa-miR-1231, hsa-miR-124-3p, hsa-miR-1245a, hsa-miR-1246, hsa-miR-1249, hsa-miR-
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125a-3p, hsa-miR-125b-1-3p, hsa-miR-125b-2-3p, hsa-miR-125b-5p, hsa-miR-1251, hsa-
miR-1252, hsa-miR-1253, hsa-miR-1255a, hsa-miR-1255b-5p, hsa-miR-126-3p, hsa-miR-
1260a, hsa-miR-1260b, hsa-miR-1262, hsa-miR-1263, hsa-miR-1265, hsa-miR-1268a, hsa-
miR-127-3p, hsa-miR-1270, hsa-miR-1272, hsa-miR-1273a, hsa-miR-1275, hsa-miR-1276,
hsa-miR-1277-3p, hsa-miR-1278, hsa-miR-128, hsa-miR-1285-3p, hsa-miR-1286, hsa-miR-
1287, hsa-miR-129-2-3p, hsa-miR-1292-5p, hsa-miR-1293, hsa-miR-1301, hsa-miR-1302,
hsa-miR-1303, hsa-miR-1305, hsa-miR-130a-3p, hsa-miR-130a-5p, hsa-miR-130b-3p, hsa-
miR-130b-5p, hsa-miR-132-3p, hsa-miR-132-5p, hsa-miR-1321, hsa-miR-1323, hsa-miR-
1324, hsa-miR-133a, hsa-miR-133b, hsa-miR-134, hsa-miR-135a-3p, hsa-miR-135a-5p, hsa-
miR-135b-3p, hsa-miR-135b-5p, hsa-miR-136-3p, hsa-miR-136-5p, hsa-miR-137, hsa-miR-
138-1-3p, hsa-miR-138-2-3p, hsa-miR-138-5p, hsa-miR-139-3p, hsa-miR-139-5p, hsa-miR-
140-3p, hsa-miR-140-5p, hsa-miR-142-3p, hsa-miR-142-5p, hsa-miR-143-3p, hsa-miR-143-
5p, hsa-miR-144-3p, hsa-miR-144-5p, hsa-miR-145-3p, hsa-miR-145-5p, hsa-miR-1468, hsa-
miR-146a-5p, hsa-miR-146b-3p, hsa-miR-146b-5p, hsa-miR-147a, hsa-miR-147b, hsa-miR-
148a-5p, hsa-miR-148b-3p, hsa-miR-148b-5p, hsa-miR-149-3p, hsa-miR-149-5p, hsa-miR-
150-3p, hsa-miR-150-5p, hsa-miR-151a-3p, hsa-miR-151a-5p, hsa-miR-152, hsa-miR-153,
hsa-miR-1538, hsa-miR-1539, hsa-miR-154-3p, hsa-miR-154-5p, hsa-miR-155-5p, hsa-miR-
15a-3p, hsa-miR-15a-5p, hsa-miR-15b-3p, hsa-miR-15b-5p, hsa-miR-16-1-3p, hsa-miR-16-
2-3p, hsa-miR-17-3p, hsa-miR-17-5p, hsa-miR-181a-2-3p, hsa-miR-181a-3p, hsa-miR-181a-
5p, hsa-miR-181b-5p, hsa-miR-181¢-3p, hsa-miR-181¢-5p, hsa-miR-181d, hsa-miR-182-5p,
hsa-miR-1827, hsa-miR-183-3p, hsa-miR-183-5p, hsa-miR-184, hsa-miR-185-3p, hsa-miR-
185-5p, hsa-miR-186-3p, hsa-miR-186-5p, hsa-miR-187-3p, hsa-miR-187-5p, hsa-miR-188-
5p, hsa-miR-18a-3p, hsa-miR-18a-5p, hsa-miR-18b-3p, hsa-miR-18b-5p, hsa-miR-190a, hsa-
miR-190b, hsa-miR-191-3p, hsa-miR-191-5p, hsa-miR-1915-3p, hsa-miR-192-3p, hsa-miR-
193a-3p, hsa-miR-193a-5p, hsa-miR-193b-3p, hsa-miR-193b-5p, hsa-miR-194-5p, hsa-miR-
195-3p, hsa-miR-196a-3p, hsa-miR-196a-5p, hsa-miR-196b-5p, hsa-miR-197-3p, hsa-miR-
198, hsa-miR-199a-3p, hsa-miR-199a-5p, hsa-miR-199b-3p, hsa-miR-199b-5p, hsa-miR-19a-
3p, hsa-miR-19a-5p, hsa-miR-1909-3p, hsa-miR-1911-3p, hsa-miR-200a-3p, hsa-miR-200a-
5p, hsa-miR-200b-5p, hsa-miR-200c-3p, hsa-miR-200c-5p, hsa-miR-202-3p, hsa-miR-202-
5p, hsa-miR-203a, hsa-miR-203b-5p, hsa-miR-204-5p, hsa-miR-205-5p, hsa-miR-206, hsa-
miR-208b, hsa-miR-20a-3p, hsa-miR-20b-3p, hsa-miR-20b-5p, hsa-miR-21-3p, hsa-miR-21-
5p, hsa-miR-210, hsa-miR-211-5p, hsa-miR-2110, hsa-miR-212-3p, hsa-miR-214-3p, hsa-
miR-214-5p, hsa-miR-215, hsa-miR-216a-5p, hsa-miR-218-1-3p, hsa-miR-218-5p, hsa-miR-
219-1-3p, hsa-miR-219-5p, hsa-miR-22-3p, hsa-miR-22-5p, hsa-miR-221-3p, hsa-miR-221-
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5p, hsa-miR-222-3p, hsa-miR-222-5p, hsa-miR-223-5p, hsa-miR-224-3p, hsa-miR-224-5p,
hsa-miR-2355-3p, hsa-miR-23a-3p, hsa-miR-23a-5p, hsa-miR-23b-3p, hsa-miR-23b-5p, hsa-
miR-24-1-5p, hsa-miR-24-2-5p, hsa-miR-24-3p, hsa-miR-25-3p, hsa-miR-25-5p, hsa-miR-
26a-2-3p, hsa-miR-26a-5p, hsa-miR-26b-3p, hsa-miR-26b-5p, hsa-miR-27a-3p, hsa-miR-
27a-5p, hsa-miR-27b-3p, hsa-miR-27b-5p, hsa-miR-28-3p, hsa-miR-28-5p, hsa-miR-296-3p,
hsa-miR-296-5p, hsa-miR-297, hsa-miR-298, hsa-miR-299-3p, hsa-miR-299-5p, hsa-miR-
29a-3p, hsa-miR-29a-5p, hsa-miR-29b-1-5p, hsa-miR-29b-2-5p, hsa-miR-29b-3p, hsa-miR-
29¢-3p, hsa-miR-29¢-5p, hsa-miR-2909, hsa-miR-301a-3p, hsa-miR-301b, hsa-miR-302a-5p,
hsa-miR-302b-5p, hsa-miR-302c-5p, hsa-miR-302d-3p, hsa-miR-302d-5p, hsa-miR-302f,
hsa-miR-3064-5p, hsa-miR-3065-3p, hsa-miR-3065-5p, hsa-miR-3074-3p, hsa-miR-3074-5p,
hsa-miR-30a-3p, hsa-miR-30a-5p, hsa-miR-30b-3p, hsa-miR-30b-5p, hsa-miR-30c-1-3p, hsa-
miR-30¢-2-3p, hsa-miR-30c-5p, hsa-miR-30d-3p, hsa-miR-30d-5p, hsa-miR-30e-3p, hsa-
miR-30e-5p, hsa-miR-31-3p, hsa-miR-31-5p, hsa-miR-3120-3p, hsa-miR-3120-5p, hsa-miR-
3184-5p, hsa-miR-32-3p, hsa-miR-32-5p, hsa-miR-320a, hsa-miR-320b, hsa-miR-320c, hsa-
miR-323a-3p, hsa-miR-323b-5p, hsa-miR-324-3p, hsa-miR-324-5p, hsa-miR-325, hsa-miR-
326, hsa-miR-328, hsa-miR-329, hsa-miR-330-3p, hsa-miR-330-5p, hsa-miR-331-3p, hsa-
miR-331-5p, hsa-miR-335-3p, hsa-miR-335-5p, hsa-miR-337-3p, hsa-miR-337-5p, hsa-miR-
338-3p, hsa-miR-338-5p, hsa-miR-339-3p, hsa-miR-339-5p, hsa-miR-33a-5p, hsa-miR-33b-
3p, hsa-miR-33b-5p, hsa-miR-340-3p, hsa-miR-340-5p, hsa-miR-342-3p, hsa-miR-342-5p,
hsa-miR-345-5p, hsa-miR-346, hsa-miR-34a-3p, hsa-miR-34a-5p, hsa-miR-34b-3p, hsa-miR-
34b-5p, hsa-miR-34c¢-3p, hsa-miR-34c-5p, hsa-miR-3591-3p, hsa-miR-361-3p, hsa-miR-361-
5p, hsa-miR-3613-5p, hsa-miR-3615, hsa-miR-3619, hsa-miR-362-3p, hsa-miR-362-5p, hsa-
miR-363-3p, hsa-miR-363-5p, hsa-mir-365a-3p, hsa-mir-365a-5p, hsa-mir-3653, hsa-miR-
3656, hsa-miR-367-3p, hsa-miR-367-5p, hsa-miR-3676-3p, hsa-miR-369-3p, hsa-miR-369-
5p, hsa-miR-370, hsa-miR-372, hsa-miR-373-3p, hsa-miR-373-5p, hsa-miR-374a-3p, hsa-
miR-374a-5p, hsa-miR-374b-3p, hsa-miR-374b-5p, hsa-miR-375, hsa-miR-376a-2-5p, hsa-
miR-376a-3p, hsa-miR-376a-5p, hsa-miR-376b-3p, hsa-miR-376c-3p, hsa-miR-377-3p, hsa-
miR-377-5p, hsa-miR-378a-3p, hsa-miR-378a-5p, hsa-miR-378¢, hsa-miR-378d, hsa-miR-
379-3p, hsa-miR-379-5p, hsa-miR-380-3p, hsa-miR-380-5p, hsa-miR-381-3p, hsa-miR-382-
3p, hsa-miR-382-5p, hsa-miR-383, hsa-miR-384, hsa-miR-3912, hsa-miR-3928, hsa-miR-
409-3p, hsa-miR-409-5p, hsa-miR-410, hsa-miR-411-3p, hsa-miR-411-5p, hsa-miR-412, hsa-
miR-421, hsa-miR-422a, hsa-miR-423-3p, hsa-miR-423-5p, hsa-miR-424-3p, hsa-miR-424-
5p, hsa-miR-425-3p, hsa-miR-425-5p, hsa-miR-429, hsa-miR-4291, hsa-miR-431-5p, hsa-
miR-432-5p, hsa-miR-433, hsa-miR-4421, hsa-miR-449a, hsa-miR-450a-5p, hsa-miR-450b-
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3p, hsa-miR-450b-5p, hsa-miR-4505, hsa-miR-4510, hsa-miR-4516, hsa-miR-451a, hsa-miR-
452-3p, hsa-miR-452-5p, hsa-miR-4533, hsa-miR-4539, hsa-miR-454-3p, hsa-miR-454-5p,
hsa-miR-455-3p, hsa-miR-455-5p, hsa-miR-4634, hsa-miR-4732-3p, hsa-miR-4732-5p, hsa-
miR-4747-5p, hsa-miR-4792, hsa-miR-483-3p, hsa-miR-483-5p, hsa-miR-484, hsa-miR-485-
5p, hsa-miR-486-3p, hsa-miR-486-5p, hsa-miR-489, hsa-miR-490, hsa-miR-491-3p, hsa-
miR-491-5p, hsa-miR-492, hsa-miR-493-3p, hsa-miR-493-5p, hsa-miR-494, hsa-miR-495-
3p, hsa-miR-496, hsa-miR-497-3p, hsa-miR-497-5p, hsa-miR-498, hsa-miR-499a-5p, hsa-
miR-500a-3p, hsa-miR-501-3p, hsa-miR-501-5p, hsa-miR-502-3p, hsa-miR-502-5p, hsa-
miR-503-5p, hsa-miR-504, hsa-miR-505-3p, hsa-miR-505-5p, hsa-miR-506-3p, hsa-miR-
508-3p, hsa-miR-508-5p, hsa-miR-509-3p, hsa-miR-511, hsa-miR-512-5p, hsa-miR-513a-3p,
hsa-miR-513a-5p, hsa-miR-513b, hsa-miR-514a-3p, hsa-miR-514a-5p, hsa-miR-515-5p, hsa-
miR-516b-3p, hsa-miR-516b-5p, hsa-miR-517a-3p, hsa-miR-518a-3p, hsa-miR-518b, hsa-
miR-518e-3p, hsa-miR-518e-5p, hsa-miR-518f-3p, hsa-miR-519a-5p, hsa-miR-519b-5p, hsa-
miR-519¢-3p, hsa-miR-519¢-5p, hsa-miR-519d, hsa-miR-519¢-5p, hsa-miR-520¢-3p, hsa-
miR-520¢, hsa-miR-520f, hsa-miR-520g, hsa-miR-520h, hsa-miR-521, hsa-miR-522-5p, hsa-
miR-523-5p, hsa-miR-525-3p, hsa-miR-532-3p, hsa-miR-532-5p, hsa-miR-539-5p, hsa-miR-
541, hsa-miR-542-3p, hsa-miR-542-5p, hsa-miR-543, hsa-miR-545-3p, hsa-miR-545-5p, hsa-
miR-548a-3p, hsa-miR-548d-3p, hsa-miR-548e, hsa-miR-5481, hsa-miR-548m, hsa-miR-549,
hsa-miR-550a-3p, hsa-miR-550a-5p, hsa-miR-551b-3p, hsa-miR-551b-5p, hsa-miR-552, hsa-
miR-553, hsa-miR-554, hsa-miR-557, hsa-miR-563, hsa-miR-564, hsa-miR-567, hsa-miR-
569, hsa-miR-570-3p, hsa-miR-571, hsa-miR-572, hsa-miR-574-3p, hsa-miR-574-5p, hsa-
miR-575, hsa-miR-576-3p, hsa-miR-576-5p, hsa-miR-577, hsa-miR-578, hsa-miR-580, hsa-
miR-582-3p, hsa-miR-582-5p, hsa-miR-583, hsa-miR-584-5p, hsa-miR-585, hsa-miR-586,
hsa-miR-589-3p, hsa-miR-589-5p, hsa-miR-590-3p, hsa-miR-590-5p, hsa-miR-593-3p, hsa-
miR-593-5p, hsa-miR-595, hsa-miR-598, hsa-miR-601, hsa-miR-602, hsa-miR-603, hsa-
miR-606, hsa-miR-608, hsa-miR-609, hsa-miR-611, hsa-miR-612, hsa-miR-613, hsa-miR-
615-3p, hsa-miR-615-5p, hsa-miR-616-5p, hsa-miR-618, hsa-miR-619, hsa-miR-620, hsa-
miR-623, hsa-miR-625-5p, hsa-miR-626, hsa-miR-627, hsa-miR-628-3p, hsa-miR-628-5p,
hsa-miR-629-3p, hsa-miR-629-5p, hsa-miR-630, hsa-miR-631, hsa-miR-634, hsa-miR-635,
hsa-miR-636, hsa-miR-638, hsa-miR-639, hsa-miR-641, hsa-miR-642a-3p, hsa-miR-642a-
5p, hsa-miR-643, hsa-miR-645, hsa-miR-646, hsa-miR-647, hsa-miR-649, hsa-miR-650, hsa-
miR-651, hsa-miR-652-3p, hsa-miR-653, hsa-miR-654-3p, hsa-miR-655, hsa-miR-656, hsa-
miR-657, hsa-miR-658, hsa-miR-659-3p, hsa-miR-660-5p, hsa-miR-663a, hsa-miR-663b,
hsa-miR-664a-3p, hsa-miR-664a-5p, hsa-miR-668, hsa-miR-671-5p, hsa-miR-675-3p, hsa-
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miR-675-5p, hsa-miR-7-1-3p, hsa-miR-7-2-3p, hsa-miR-7-5p, hsa-miR-708-3p, hsa-miR-
708-5p, hsa-miR-718, hsa-miR-744-3p, hsa-miR-744-5p, hsa-miR-761, hsa-miR-765, hsa-
miR-766, hsa-miR-767-3p, hsa-miR-769-3p, hsa-miR-769-5p, hsa-miR-770-5p, hsa-miR-
874, hsa-miR-875, hsa-miR-876, hsa-miR-877-3p, hsa-miR-877-5p, hsa-miR-885-3p, hsa-
miR-887, hsa-miR-888-3p, hsa-miR-889, hsa-miR-890, hsa-miR-891a, hsa-miR-891b, hsa-
miR-9-3p, hsa-miR-9-5p, hsa-miR-92a-3p, hsa-miR-92b-3p, hsa-miR-92b-5p, hsa-miR-921,
hsa-miR-922, hsa-miR-93-3p, hsa-miR-93-5p, hsa-miR-935, hsa-miR-940, hsa-miR-941,
hsa-miR-942, hsa-miR-95, hsa-miR-96-3p, hsa-miR-96-5p, hsa-miR-98-5p, hsa-miR-99a-3p,
hsa-miR-99a-5p, hsa-miR-99b-3p, and/or hsa-miR-99b-5p, or an analog thercof. The
sequences of these miRNAs are well known in the art and may be found, for example, on the

world wide web at mirbase.org.

[0079] In some currently preferred embodiments, the miRNA is hsa-let-7d-3p, hsa-
miR-101-5p, hsa-miR-106b-3p, hsa-miR-1179, hsa-miR-125a-5p, hsa-miR-141-3p, hsa-miR-
148a-3p, hsa-miR-16-5p, hsa-miR-192-5p, hsa-miR-195-5p, hsa-miR-19b-3p, hsa-miR-20a-
5p, hsa-miR-200b-3p, hsa-miR-217, hsa-miR-223-3p, hsa-miR-371a-3p, hsa-miR-487b, hsa-
miR-515-3p, hsa-miR-605, hsa-miR-20b-5p, hsa-miR-27b-3p, hsa-miR-103a-3p, hsa-miR-
22-3p, hsa-miR-34a-5p, hsa-miR-130b-3p, hsa-miR-132-3p, hsa-miR-181b-5p, hsa-miR-211-
5p, hsa-miR-148b-3p, hsa-miR-17-5p, hsa-miR-182-5p, hsa-miR-27a-3p, hsa-miR-301a-3p,
hsa-miR-204-5p, hsa-miR-143-3p, hsa-miR-1, hsa-miR-9-5p, hsa-miR-30a-5p, hsa-miR-138-
5p, hsa-miR-382-5p, hsa-miR-106a-5p, hsa-miR-107, hsa-miR-135a-5p, hsa-miR-93-5p, hsa-
miR-21-5p, hsa-miR-155-5p, hsa-miR-181a-5p, hsa-miR-519d, hsa-miR-96-5p, hsa-miR-
212-3p, hsa-miR-29a-3p, hsa-miR-98-5p, hsa-let-7¢, hsa-let-7d-5p, hsa-miR-183-5p, hsa-
miR-19a-3p, hsa-miR-196a-5p, hsa-miR-30b-5p, hsa-miR-378a-3p, hsa-miR-302¢-5p, hsa-
miR-30e-5p, hsa-miR-130a-3p, hsa-let-7e-5p, hsa-miR-216a-5p, hsa-miR-450a-5p, hsa-miR-
26b-5p, hsa-miR-181c-5p, hsa-miR-186-5p, hsa-miR-519¢-3p, hsa-let-7b-5p, hsa-miR-10b-
5p, hsa-miR-125b-5p, hsa-miR-134, hsa-miR-137, hsa-miR-150-5p, hsa-miR-153, hsa-miR-
15b-5p, hsa-miR-196b-5p, hsa-miR-23a-3p, hsa-miR-29¢c-3p, hsa-miR-373-3p, hsa-miR-7-
5p, hsa-miR-214-3p, hsa-miR-421, hsa-miR-15a-5p, hsa-miR-193b-3p, hsa-miR-194-5p, hsa-
miR-30d-5p, hsa-miR-424-5p, hsa-miR-454-3p, hsa-miR-545-3p, hsa-miR-485-5p, hsa-miR-
335-5p, hsa-miR-133a, hsa-miR-222-3p, hsa-miR-494, hsa-miR-498, hsa-miR-513a-5p, hsa-
miR-92a-3p, hsa-miR-495-3p, hsa-miR-503-5p, hsa-miR-539-5p, hsa-miR-16-2-3p, hsa-miR-
302b-5p, hsa-miR-425-3p, hsa-miR-99a-3p, hsa-let-7a-3p, hsa-miR-126-3p, hsa-miR-20a-3p,
hsa-miR-499a-5p, hsa-let-7g-5p, hsa-miR-152, hsa-miR-26a-5p, hsa-miR-124-3p, hsa-miR-
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203a, hsa-miR-24-3p, hsa-miR-301b, hsa-miR-590-3p, hsa-miR-325, hsa-miR-552, hsa-miR-
185-5p, hsa-miR-455-3p, hsa-miR-583, hsa-miR-122-5p, hsa-miR-1305, hsa-miR-139-5p,
hsa-miR-146a-5p, hsa-miR-18a-5p, hsa-miR-18b-5p, hsa-miR-199b-5p, hsa-miR-340-5p,
hsa-miR-34c-5p, hsa-miR-423-3p, hsa-miR-489, hsa-miR-520f, hsa-miR-520g, hsa-miR-668,
hsa-let-7a-5p, hsa-let-7f-5p, hsa-miR-10a-3p, hsa-miR-135b-5p, hsa-miR-144-3p, hsa-miR-
181d, hsa-miR-200c¢c-3p, hsa-miR-218-5p, hsa-miR-23b-3p, hsa-miR-25-3p, hsa-miR-29b-3p,
hsa-miR-383, hsa-miR-202-3p, hsa-miR-381-3p, hsa-miR-377-3p, hsa-miR-452-5p, hsa-
miR-501-3p, hsa-miR-514a-3p, hsa-miR-654-3p, hsa-let-7b-3p, hsa-miR-125a-3p, hsa-miR-
133b, hsa-miR-199a-3p, hsa-miR-30c-5p, hsa-miR-335-3p, hsa-miR-374a-5p, hsa-miR-410,
hsa-miR-429, hsa-miR-497-5p, hsa-miR-513a-3p, hsa-miR-542-3p, hsa-miR-653, hsa-miR-
122-3p, hsa-miR-1178-3p, hsa-miR-191-5p, hsa-miR-214-5p, hsa-miR-302d-5p, hsa-miR-
572, hsa-miR-574-3p, hsa-miR-26a-2-3p, hsa-miR-611, hsa-let-7f-1-3p, hsa-let-7i-3p, hsa-
miR-100-5p, hsa-miR-106b-5p, hsa-miR-132-5p, hsa-miR-135b-3p, hsa-miR-136-3p, hsa-
miR-150-3p, hsa-miR-154-3p, hsa-miR-15a-3p, hsa-miR-15b-3p, hsa-miR-16-1-3p, hsa-miR-
181a-2-3p, hsa-miR-181c-3p, hsa-miR-186-3p, hsa-miR-195-3p, hsa-miR-20b-3p, hsa-miR-
223-5p, hsa-miR-224-3p, hsa-miR-24-1-5p, hsa-miR-24-2-5p, hsa-miR-27a-5p, hsa-miR-
27b-5p, hsa-miR-29b-1-5p, hsa-miR-302a-5p, hsa-miR-3065-5p, hsa-miR-30d-3p, hsa-miR-
34a-3p, hsa-miR-373-5p, hsa-miR-374a-3p, hsa-miR-376a-5p, hsa-miR-378a-5p, hsa-miR-
424-3p, hsa-miR-451a, hsa-miR-452-3p, hsa-miR-493-5p, hsa-miR-500a-3p, hsa-miR-502-
3p, hsa-miR-516b-3p, hsa-miR-518e-3p, hsa-miR-518f-3p, hsa-miR-519a-5p, hsa-miR-519b-
5p, hsa-miR-521, hsa-miR-523-5p, hsa-miR-545-5p, hsa-miR-585, hsa-miR-7-2-3p, hsa-
miR-93-3p, hsa-miR-96-3p, and/or hsa-miR-99b-3p, or an analog thereof.

[0080] In some currently even more preferred embodiments, the miRNA is hsa-let-
7d-3p, hsa-miR-101-5p, hsa-miR-106b-3p, hsa-miR-1179, hsa-miR-125a-5p, hsa-miR-141-
3p, hsa-miR-148a-3p, hsa-miR-16-5p, hsa-miR-192-5p, hsa-miR-195-5p, hsa-miR-19b-3p,
hsa-miR-20a-5p, hsa-miR-200b-3p, hsa-miR-217, hsa-miR-223-3p, hsa-miR-371a-3p, hsa-
miR-487b, hsa-miR-515-3p, and/or hsa-miR-6035, or an analog thereof.

[0081] In certain aspects, the compositions of invention comprise miRNA modulator
elements for modulating thermogenesis. As used herein, the term “modulate” refers to
increasing or decreasing a parameter. For example, to modulate the activity of a protein that
protein’s activity could be increased or decreased. In exemplary embodiments, the miRNA
analog modulates the activity of at least one mitochondrial uncoupler (e.g., UCP1, UCP2

and/or UCP3). Such methods and compositions are particularly useful for treating obesity.
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See U.S. Application Serial No. 13/826,775, filed on March 14, 2013; and International
Application Serial No. PCT/US2013/037579 filed on April 22, 2013, each of which hereby
incorporated by reference in their entirety. As used herein, the term “activity” of a
mitochondrial uncoupler or thermogenic regulator refers to any measurable biological activity
including, without limitation, mRNA expression, protein expression, or respiratory chain

uncoupling.

[0082] Mitochondrial uncoupling proteins (UCP) are members of the family of
mitochondrial anion carrier proteins (MACP). UCPs separate oxidative phosphorylation
from ATP synthesis with energy dissipated as heat (also referred to as the “mitochondrial
proton leak’). UCPs facilitate the transfer of anions from the inner to the outer mitochondrial
membrane and the return transfer of protons from the outer to the inner mitochondrial
membrane generating heat in the process. UCPs are the primary proteins responsible for
thermogenesis and heat dissipation. Uncoupling Protein 1 (UCP1) (SEQ ID NO:1), also
named thermogenin, is a BAT specific protein responsible for thermogenesis and heat
dissipation. UCP2 (SEQ ID NO:2) is another Uncoupling Protein also expressed in

adipocytes. UCPs are part of network of thermogenic regulator proteins.

[0083] Modulation of thermogenic regulators to induce BAT differentiation and/or
mitochondrial uncoupling provides a method to induce thermogenesis in a subject and, hence,
to treat obesity. However, chemical pharmacologic approaches cannot target these
molecules, as they do not belong to the classic ‘target classes’ (kinases, ion channels, G-
protein coupled receptors, etc.) that dominate the ‘druggable space’ of traditional drug
discovery. Accordingly, the invention provides novel methods and compositions for

modulating these thermogenic regulators using miRNA agents.

[0084] In certain embodiments, miRNA modulators are employed to upregulate the
activity of a mitochondrial uncoupler (e.g., the mRNA expression level, protein expression
level, or mitochondrial uncoupling activity). Upregulation of a mitochondrial uncoupler can
be achieved in several ways. In one embodiment, the miRNA analog directly inhibits the
activity of a naturally occurring miRNA that is responsible for downregulation of the activity
(e.g., the mRNA expression level, protein expression level) of the mitochondrial uncoupler.
In certain embodiments, the miRNA agent directly binds to the mRNA or promoter region of
the mitochondrial uncoupler. For example, the miRNA agent may directly bind to the S'UTR

or coding sequence of the mRNA of at least one mitochondrial uncoupler.
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[0085] In certain embodiments, the miRNA agent modulates the activity of an
activator or repressor of a mitochondrial uncoupling protein. In another embodiment, the
miRNA analog upregulates the activity (e.g., the mRNA expression level, protein expression
level) of an activator of the mitochondrial uncoupler. This upregulation can be achieved, for
example, by directly inhibiting the activity of a naturally occurring miRNA that is responsible
for downregulation of the expression of the activator. In other embodiment, the miRNA
analog downregulates the activity (e.g., the mRNA expression level, protein expression level)
of a repressor of the mitochondrial uncoupler. This downregulation can be achieved, for
example, by directly inhibiting the expression of a repressor of a mitochondrial uncoupler

using a miRNA analog.

[0086] In certain embodiments, the invention employs miRNA analogs for the
modulation of thermogenic regulators (e.g., mitochondrial uncouplers, such as UCP1 and
UCP2). miRNA analogs, suitable for use in the methods disclosed herein, included, without
limitation, miRNA, agomirs, antagomirs, miR-masks, miRNA-sponges, siRNA (single- or
double-stranded), shRNA, antisense oligonucleotides, ribozymes, or other oligonucleotide
mimetics which hybridize to at least a portion of a target nucleic acid and modulate its
function. As used herein, the term “thermogenic regulator” refers to a protein (or the
encoding nucleic acid) that regulates thermogenesis either directly or indirectly. The term
encompasses mitochondrial uncouplers, and also activators and repressors of mitochondrial

uncouplers.

[0087] In certain embodiments, the miRNA analogs are miRNA molecules or
synthetic derivatives thereof (e.g., agomirs and antagomirs). In one particular embodiment,
the miRNA analog is a miRNA. miRNAs are a class of small (e.g., 18-24 nucleotides) non-
coding RNAs that exist in a variety of organisms, including mammals, and are conserved in
evolution. miRNAs are processed from hairpin precursors of about 70 nucleotides which are
derived from primary transcripts through sequential cleavage by the RNAse III enzymes
drosha and dicer. Many miRNAs can be encoded in intergenic regions, hosted within introns
of pre-mRNAs or within ncRNA genes. Many miRNAs also tend to be clustered and
transcribed as polycistrons and often have similar spatial temporal expression patterns. In
general, miRNAs are post-transcriptional regulators that bind to complementary sequences on
a target gene (MRNA or DNA), resulting in gene silencing by, e.g., translational repression or

target degradation. One miRNA can target many different genes simultancously.
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[0088] Exemplary miRNA molecules for use in the disclosed methods include
without limitation those disclosed herein. Additional miRNAs that modulate regulator
molecules may be identified using publicly available Internet tools that predict miRNA
targets. Modulation of a single miRNA can promote the formation of adipocytes from
adipogenic precursor cells. Pathway-specific miRNAs that target multiple genes within one
discrete signaling pathway are preferred, rather than universal miRNAs that are involved in

many signaling pathways, functions or processes.

[0089] The term “agomir” refers to a synthetic oligonucleotide or oligonucleotide
mimetic that functionally mimics a miRNA. An agomir can be an oligonucleotide with the
same or similar nucleic acid sequence to a miRNA or a portion of a miRNA. In certain
embodiments, the agomir has 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 nucleotide differences from the
miRNA that it mimics. Further, agomirs can have the same length, a longer length or a
shorter length than the miRNA that it mimics. In certain embodiments, the agomir has the
same sequence as 6-8 nucleotides at the 5° end of the miRNA it mimics. In other
embodiments, an agomir can be 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49 or 50 nucleotides in length or any range derivable therein. In other embodiments, an
agomir can be 5-10, 6-8, 10-20, 10-15 or 5-500 nucleotides in length or any range derivable
therein. In certain embodiments, agomirs include any of the sequences of miRNAs disclosed
herein. These chemically modified synthetic RNA duplexes include a guide strand that is
identical or substantially identical to the miRNA of interest to allow efficient loading into the
miRISC complex, whereas the passenger strand is chemically modified to prevent its loading
to the Argonaute protein in the miRISC complex (Thorsen, et al,, 2012; Broderick, et al.,
2011).

[0090] The term “antagomir” refers to a synthetic oligonucleotide or oligonucleotide
mimetic having complementarity to a specific microRNA, and which inhibits the activity of
that miRNA. The term “antimir” is synonymous with the term “antagomir”. In certain
embodiments, the antagomir has 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 nucleotide differences from the
miRNA that it inhibits. Further, antagomirs can have the same length, a longer length or a
shorter length than the miRNA that it inhibits. In certain embodiments, the antagomir
hybridizes to 6-8 nucleotides at the 5’ end of the miRNA it inhibits. In other embodiments,
an antagomir can be 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50
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nucleotides in length or any range derivable therein. In other embodiments, an antagomir can
be 5-10, 6-8, 10-20, 10-15 or 5-500 nucleotides in length or any range derivable therein. In
certain embodiments, antagomirs include nucleotides that are complementary to any of the
sequences of miRNAs disclosed herein. The antagomirs are synthetic reverse complements
that tightly bind to and inactivate a specific miRNA. Various chemical modifications are used
to improve nuclease resistance and binding affinity. The most commonly used modifications
to increase potency include various 2’sugar modifications, such as 2’-O-Me, 2’-O-
methoxyethyl (2’-MOE), or 2’-fluoro(2’-F). The nucleic acid structure of the miRNA can
also be modified into a locked nucleic acid (LNA) with a methylene bridge between the
2’oxygen and the 4’ carbon to lock the ribose in the 3’-endo (North) conformation in the A-
type conformation of nucleic acids (Lennox, et al., 2011; Bader, et al. 2011). This
modification significantly increases both target specificity and hybridization properties of the

molecules.

[0091] In certain embodiments, the miRNA analogs are oligonucleotide or
oligonucleotide mimetics that inhibit the activity of one or more miRNA. Examples of such
molecules include, without limitation, antagomirs, interfering RNA, antisense
oligonucleotides, ribozymes, miRNA sponges and miR-masks. As used herein, the term
“antisense oligonucleotide” refers to a synthetic oligonucleotide or oligonucleotide mimetic
that is complementary to a DNA or mRNA sequence (e.g., an miRNA). In one particular
embodiment, the miRNA analog is an antagomir. In general, antagomirs are chemically
modified antisense oligonucleotides that bind to a target miRNA and inhibit miRNA function
by prevent binding of the miRNA to its cognate gene target. Antagomirs can include any base
modification known in the art. In one particular embodiment, the antagomir inhibits the

activity of human miR-22 (van Rooij, et al., 2012; Snead, et al., 2012; Czech, et al., 2011).

[0092] In certain embodiments, the miRNA analogs are 10 to 50 nucleotides in
length.  One having ordinary skill in the art will appreciate that this embodies
oligonucleotides having antisense portions of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,

48, 49, or 50 nucleotides in length, or any range derivable there within.

[0093] In certain embodiments, the miRNA analogs are chimeric oligonucleotides
that contain two or more chemically distinct regions, each made up of at least one nucleotide.
These oligonucleotides typically contain at least one region of modified nucleotides that

confers one or more beneficial properties (such as, for example, increased nuclease
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resistance, increased uptake into cells, increased binding affinity for the target) and a region
that is a substrate for enzymes capable of cleaving RNA:DNA or RNA:RNA hybrids.
Chimeric inhibitory nucleic acids of the invention may be formed as composite structures of
two or more oligonucleotides, modified oligonucleotides, oligonucleosides and/or
oligonucleotide mimetics as described above. Such compounds have also been referred to in
the art as hybrids or gapmers. Representative United States patents that teach the preparation
of such hybrid structures comprise, but are not limited to, US patent nos: 5,013,830;
5,149,797, 5, 220,007; 5,256,775; 5,366,878; 5,403,711; 5,491,133, 5,565,350; 5,623,065;
5,652,355; 5,652,356; and 5,700,922, each of which is herein incorporated by reference in its

entirety.

[0094] In certain embodiments, the miRNA analogs comprise at least one nucleotide
modified at the 2' position of the sugar, most preferably a 2'-0-alkyl, 2'-0-alkyl-0-alkyl or 2'-
fluoro-modified nucleotide. In other preferred embodiments, RNA modifications include 2'-
fluoro, 2'-amino and 2' O-methyl modifications on the ribose of pyrimidines, a basic residue
or an inverted base at the 3' end of the RNA. Such modifications are routinely incorporated
into oligonucleotides and these oligonucleotides have been shown to have a higher Tm (i.e.,

higher target binding affinity) than 2'-deoxyoligonucleotides against a given target.

[0095] A number of nucleotide and nucleoside modifications have been shown to
make an oligonucleotide more resistant to nuclease digestion, thereby prolonging iz vivo half-
life. Specific examples of modified oligonucleotides include those comprising backbones
comprising, for example, phosphorothioates, phosphotriesters, methyl phosphonates, short
chain alkyl or cycloalkyl intersugar linkages or short chain heteroatomic or heterocyclic
intersugar linkages. Most preferred are oligonucleotides with phosphorothioate backbones
and those with heteroatom backbones, particularly CH2 -NH-O-CH2, CH,~N(CH3)~0~CH2
(known as a methylene(methylimino) or MMI backbone], CH2 -O-N (CH3)-CH2, CH2 -N
(CH3)-N (CH3)-CH2 and O-N (CH3)- CH2 -CH2 backbones, wherein the native
phosphodiester backbone is represented as O- P— O- CH,); amide backbones (De
Mesmaceker et al., 1995); morpholino backbone structures (Summerton and Weller, U.S. Pat.
No. 5,034,506); peptide nucleic acid (PNA) backbone (wherein the phosphodiester backbone
of the oligonucleotide is replaced with a polyamide backbone, the nucleotides being bound
directly or indirectly to the aza nitrogen atoms of the polyamide backbone (Nielsen, et al.,
1991), each of which is herein incorporated by reference in its entirety. Phosphorus-

containing linkages include, but are not limited to, phosphorothioates, chiral
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phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters,
methyl and other alkyl phosphonates comprising 3'alkylene phosphonates and chiral
phosphonates, phosphinates, phosphoramidates comprising 3 '-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3 '-5' linkages, 2'-5" linked
analogs of these, and those having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'; see US patent nos. 3,687,808; 4,469,863;
4,476,301; 5,023,243; 5, 177,196, 5,188,897; 5,264,423, 5,276,019; 5,278,302; 5,286,717,
5,321, 131; 5,399,676, 5,405,939; 5,453,496, 5,455, 233; 5,466,677, 5,476,925; 5,519,126;
5,536,821; 5,541,3006; 5,550,111; 5,563, 253; 5,571,799, 5,587,361; and 5,625,050, each of
which is herein incorporated by reference in its entirety. Morpholino-based oligomeric
compounds are known in the art described in Braasch & Corey, 2002; Genesis, 2001;
Heasman, 2002; Nasevicius, et al., 2000; Lacerra, et al., 2000 and U.S. Pat. No. 5,034,506,
issued Jul. 23, 1991, each of which is herein incorporated by reference in its entirety.
Cyclohexenyl nucleic acid oligonucleotide mimetics are described in Wang et al., 2000, the

contents of which is incorporated herein in its entirety.

[0096] Modified oligonucleotide backbones that do not include a phosphorus atom
therein have backbones that are formed by short chain alkyl or cycloalkyl internucleoside
linkages, mixed heteroatom and alkyl or cycloalkyl internucleoside linkages, or one or more
short chain heteroatomic or heterocyclic internucleoside linkages. These comprise those
having morpholino linkages (formed in part from the sugar portion of a nucleoside); siloxane
backbones; sulfide, sulfoxide and sulfone backbones; formacetyl and thioformacetyl
backbones; methylene formacetyl and thioformacetyl backbones; alkene containing
backbones; sulfamate backbones; methylencimino and methylenchydrazino backbones;
sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, O, S
and CH2 component parts; see US patent nos. 5,034,506; 5,166,315; 5, 185,444; 5,214,134,
5,216, 141; 5,235,033; 5,264,562; 5, 264,564; 5,405,938, 5,434,257, 5,466,677, 5,470,967,
5,489,677, 5,541,307, 5,561,225; 5,596, 086; 5,602,240; 5,610,289, 5,602,240; 5,608,046;
5,610,289; 5,618,704; 5,623, 070, 5,663,312; 5,633,360, 5,677,437; and 5,677,439, each of

which is herein incorporated by reference in its entirety.

[0097] In certain embodiments, miRNA analogs comprise one or more substituted
sugar moieties, ¢.g., one of the following at the 2' position: OH, SH, SCHs, F, OCN, OCHzs
OCH3;, OCH3 0(CH2)n CH3, O(CH,)n NH; or O(CH)n CH3 where n is from 1 to about 10; Ci
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to CIO lower alkyl, alkoxyalkoxy, substituted lower alkyl, alkaryl or aralkyl; CI; Br; CN;
CF3 ; OCF3; 0-, S-, or N-alkyl; 0-, S-, or N-alkenyl; SOCH3; S02 CH3; ONO02; N02; N3;
NH2; heterocycloalkyl; heterocycloalkaryl; aminoalkylamino; polyalkylamino; substituted
silyl; an RNA cleaving group; a reporter group; an intercalator; a group for improving the
pharmacokinetic properties of an oligonucleotide; or a group for improving the
pharmacokinetic/pharmacodynamic properties of an oligonucleotide and other substituents
having similar properties. A preferred modification includes 2'-methoxyethoxy [2'-0-
CH,CH,OCHy3, also known as 2'-0-(2-methoxyethyl)]. Other preferred modifications include
2'-methoxy (2'-0-CH3), 2'-propoxy (2'-OCH, CH,CHj3) and 2'-fluoro (2'-F).  Similar
modifications may also be made at other positions on the oligonucleotide, particularly the 3'
position of the sugar on the 3' terminal nucleotide and the 5' position of 5' terminal
nucleotide. Oligonucleotides may also have sugar mimetics such as cyclobutyls in place of

the pentofuranosyl group.

[0098] In certain embodiments, miRNA analogs comprise one or more base
modifications and/or substitutions. As used herein, “unmodified” or “natural” bases include
adenine (A), guanine (G), thymine (T), cytosine (C) and uracil (U). Modified bases include,
without limitation, bases found only infrequently or transiently in natural nucleic acids, e.g.,
hypoxanthine, 6-methyladenine, 5-Me pyrimidines, particularly 5-methylcytosine (also
referred to as 5-methyl-2' deoxycytosine and often referred to in the art as 5-Me-C), 5-
hydroxymethylcytosine (HMC), glycosyl HMC and gentobiosyl HMC, as well as synthetic
bases, e¢.g., 2-aminoadenine, 2-(methylamino)adenine, 2-(imidazolylalkyl)adenine, 2-
(aminoalklyamino)adenine or other heterosubstituted alkyladenines, 2-thiouracil, 2-
thiothymine, 5-bromouracil, 5-hydroxymethyluracil, 8-azaguanine, 7-deazaguanine, N6 (6-
aminohexyl)adenine and 2,6-diaminopurine (Kornberg, 1980; Gebeyehu, ef al., 1987). A
“universal” base known in the art, e.g., inosine, can also be included. 5-Me-C substitutions
can also be included. These have been shown to increase nucleic acid duplex stability by 0.6-
1.20C (Sanghvi, et al., 1993). Further suitable modified bases are described in US patent
nos. 3,687,808, as well as 4,845,205; 5,130,302; 5,134,066, 5,175, 273; 5, 367,060;
5,432,272, 5,457,187, 5,459,255; 5,484,908; 5,502,177, 5,525,711; 5,552,540; 5,587,469;
5,596,091; 5,614,617, 5,750,692, and 5,681,941, each of which is herein incorporated by

reference.
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[0099] It is not necessary for all positions in a given oligonucleotide to be uniformly
modified, and in fact more than one of the aforementioned modifications may be incorporated

in a single oligonucleotide or even at within a single nucleoside within an oligonucleotide.

[00100] In certain embodiments, both a sugar and an internucleoside linkage, i.e., the
backbone, of the nucleotide units are replaced with novel groups. The base units are
maintained for hybridization with an appropriate nucleic acid target compound. One such
oligomeric compound, an oligonucleotide mimetic that has been shown to have excellent
hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA compounds,
the sugar-backbone of an oligonucleotide is replaced with an amide containing backbone, for
example, an aminocthylglycine backbone. The nucleobases are retained and are bound
directly or indirectly to aza nitrogen atoms of the amide portion of the backbone.
Representative United States patents that teach the preparation of PNA compounds comprise,
but are not limited to, US patent nos. 5,539,082; 5,714,331; and 5,719,262, cach of which is
herein incorporated by reference. Further teaching of PNA compounds can be found in

Nielsen et al., Science, 1991.

[00101] Representative United States patents that teach the preparation of PNA
compounds comprise, but are not limited to, US patent nos. 5,539,082; 5,714,331; and
5,719,262, each of which is herein incorporated by reference. Further teaching of PNA

compounds can be found in Nielsen et al., 1991.

[00102] In certain embodiments, the miRNA agent is linked (covalently or non-
covalently) to one or more moieties or conjugates that enhance the activity, cellular
distribution, or cellular uptake of the oligonucleotide. Such moieties include, without
limitation, lipid moieties such as a cholesterol moiety (Letsinger et al,, 1989), cholic acid
(Manoharan et al., 1994), a thioether, e.g., hexyl-S- tritylthiol (Manoharan et al, 1992;
Manoharan et al, 1993), a thiocholesterol (Oberhauser et al., 1992), an aliphatic chain, e.g.,
dodecandiol or undecyl residues (Kabanov et al, 1990; Svinarchuk et al, 1993), a
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylammonium 1 ,2-di-O-hexadecyl- rac-
glycero-3-H-phosphonate (Manoharan et al., 1995a; Shea et al., 1990), a polyamine or a
polyethylene glycol chain (Mancharan et al., 1995b), or adamantane acetic acid (Manoharan
et al., 1995a), a palmityl moiety (Mishra ef al., 1995), or an octadecylamine or hexylamino-
carbonyl-t oxycholesterol moiety (Crooke et al., 1996), each of which is herein incorporated
by reference in its entirety. See also US patent nos. 4,828,979; 4,948,882; 5,218,105;
5,525,465; 5,541,313; 5,545,730; 5,552, 538; 5,578,717, 5,580,731; 5,580,731; 5,591,584,
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5,109,124, 5,118,802; 5,138,045; 5,414,077; 5,486, 603; 5,512,439, 5,578,718; 5,608,046;
4,587,044; 4,605,735; 4,667,025; 4,762, 779; 4,789,737, 4,824,941; 4,835,263; 4,876,335,
4,904,582; 4,958,013; 5,082, 830; 5,112,963; 5,214,136, 5,082,830; 5,112,963; 5,214,136; 5,
245,022; 5,254,469, 5,258,506, 5,262,536; 5,272,250; 5,292,873; 5,317,098; 5,371,241,
5,391, 723; 5,416,203, 5,451,463; 5,510,475, 5,512,667, 5,514,785; 5, 565,552; 5,567,810;
5,574,142, 5,585,481; 5,587,371, 5,595,726; 5,597,696; 5,599,923; 5,599, 928 and 5,688,941,

cach of which is herein incorporated by reference in its entirety.

[00103] The miRNA analogs must be sufficiently complementary to the target mRNA,
i.e., hybridize sufficiently well and with sufficient specificity, to give the desired effect.
“Complementary” refers to the capacity for pairing, through hydrogen bonding, between two
sequences comprising naturally or non-naturally occurring bases or analogs thereof. For
example, if a base at one position of a miRNA analog is capable of hydrogen bonding with a
base at the corresponding position of a target nucleic acid sequence, then the bases are
considered to be complementary to each other at that position. In certain embodiments,
100% complementarity is not required. In other embodiments, 100% complementarity is

required.

[00104] miRNA analogs for use in the methods disclosed herein can be designed using
routine methods. Additional target segments are readily identifiable by one having ordinary
skill in the art in view of this disclosure. Target segments of 5, 6, 7, 8, 9, 10 or more
nucleotides in length comprising a stretch of at least five (5) consecutive nucleotides within
the seed sequence, or immediately adjacent thereto, are considered to be suitable for targeting
a gene. In some embodiments, target segments can include sequences that comprise at least
the 5 consecutive nucleotides from the 5 '-terminus of one of the seed sequence (the
remaining nucleotides being a consecutive stretch of the same RNA beginning immediately
upstream of the 5'-terminus of the seed sequence and continuing until the miRNA agent
contains about 5 to about 30 nucleotides). In some embodiments, target segments are
represented by RNA sequences that comprise at least the 5 consecutive nucleotides from the
3 '-terminus of one of the seed sequence (the remaining nucleotides being a consecutive
stretch of the same miRNA beginning immediately downstream of the 3'-terminus of the
target segment and continuing until the miRNA agent contains about 5 to about 30
nucleotides). As used herein, the term “seed sequence” refers to a 6—8 nucleotide (nt) long
substring within the first 8 nt at the 5-end of the miRNA (i.c., seed sequence) that is an

important determinant of target specificity.
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[00105] One having skill in the art armed with the sequences provided in U.S.
Application Serial No. 61/636,059, filed on April 20, 2012, will be able, without undue
experimentation, to identify further preferred regions to target using miRNA analogs. Once
one or more target regions, segments or sites have been identified, inhibitory nucleic acid
compounds are chosen that are sufficiently complementary to the target, i.c., that hybridize
sufficiently well and with sufficient specificity (i.e., do not substantially bind to other non-

target nucleic acid sequences), to give the desired effect.

[00106] In certain embodiments, miRNA agents used to practice this invention are
expressed from a recombinant vector. Suitable recombinant vectors include, without
limitation, DNA plasmids, viral vectors or DNA minicircles. Generation of the vector
construct can be accomplished using any suitable genetic engineering techniques well known
in the art. In certain embodiments, miRNA agents used to practice this invention are

synthesized in vitro using chemical synthesis techniques.

C. Adipose-Specific Targeting

[00107] In some embodiments, the present invention provides compositions and
methods for targeted delivery of miRNA modulators to adipose tissue, e.g., white adipose
tissue (WAT). Specifically, the goal is to selectively deliver miRNA analogs to adipose
tissue. Human subcutaneous adipose tissue contains several cell types, any of which may be
selectively targeted with the compositions of the invention.  For example, in certain
embodiments, the target cell is an adipocyte. In other embodiments, the target cell may be an
adipocyte precursor such as a pre-adipocyte or adipose tissue mesenchymal stem cell
(ATMSC). ATMSCs possess the ability to differentiate into multiple lineages, such as
adipocytes, osteocytes, and chondrocytes and are present in human subcutancous adipose
tissue in appreciable quantities. Human ATMSCs can be reprogrammed to become brown

adipocytes (BAT) via modulation of a defined set of transcription factors.

[00108] In certain embodiments, the compositions of the invention bind to an adipose-
target cell comprising one or more ATMSC-positive surface markers. Exemplary ATMSC-
positive surface markers include CD9 (tetraspan), CD10 (MME), CD13 (ANPEP), CD29 (j3-
1 integrin), CD36 (FAT), CD44 (hyaluronate), CD49d (a-4 integrin), CD54 (ICAM-1), CD55
(DAF), CD359, CD73 (NTSE), CD90 (Thyl), CD91 (LPR1), CD105 (SH2, Endoglin),
CD137, CD146 (Muc 18), CD166 (ALCAM), and HLA-ABC.
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[00109]

subcutaneous or white adipose tissue (WAT). By selectively binding to WAT, compositions

In other embodiments, the compositions of the invention selectively bind to

of the invention can facilitate targeted delivery of thermogenic miRNA modulators which
promote conversion of white adipocyte to thermogenic brite or brown or beige adipocytes
(BAT). Exemplary WAT-positive markers include adiponectin, caveolin-1, caveolin-2,
CD36 (FAT), CLH-22 (clathrin heavy chain chr. 22), FABP4 (adipocyte protein 2, ap2),
SLC27A1 (FATPI1), SLC27A2 (FATP2), GLUT4 (glucose transporter 4), perilipin 1,

perilipin 2, and resistin.

[00110]

adipose target cell comprising cellular markers (including several lipid transporters) that are

In yet other embodiments, the compositions of the invention bind to an

preferentially expressed at the surface of adipocytes. Exemplary adipocyte cellular markers
include caveolin-1 (CAV1), caveolin-2 (CAV2), CD10 (MME), CD36 (FAT), CD90 (Thy-1),
CDOI1 (low density lipoprotein receptor-related protein 1, LRP1), CD140A (platelet-derived
growth factor receptor, alpha polypeptide, PDGFRA), CD140B (platelet-derived growth
factor receptor, alpha polypeptide, PDGFRB), CD146 (cell surface glycoprotein MUCIS,
MCAM), CD166 (activated leukocyte cell adhesion molecule, ALCAM), CLH-22 (clathrin
heavy chain chromosome 22), DCN (decorin), DPT (dermatopontin), FABP4 (fatty acid
binding protein 4), GLUT4 (glucose transporter 4, SLC2A4), LAMP1 (lysosomal-associated
membrane protein 1), LAMP2 (lysosomal-associated membrane protein 2), NPRI1
(Natriuretic peptide receptor A), SLC27A1 (FATP1), and SLC27A2 (FATP2). See Table 1.
Other specific (positive) markers of adipose tissue include adiponectin, BMP7, BMPS8b,
CIDEC, FGF 17, FGF 19, INSGI1 (Insulin-induced gene 1), leptin, LPL, MetAP2, NR1H3
(LXRA), perilipin 1, perilipin 2, perilipin 3, PPARG, RBP4, and resistin.

Table 1: Human adipocyte surface markers

Name

Entrez
Gene
1D

Ensembl Gene ID

Mean tissue
mRNA
expression
level

Adipocyte
mRNA
expression
level

Expression
Ratio
Adipocyte/
Mean

DPT (Dermatopontin)

1805

ENSG00000143196

20

747

37.4

CD10 (MME)

4311

ENSG00000196549

20

707

354

FABP4

2167

ENSG00000170323

161

5407

33.6

CD140B (PDGFRB)

5159

ENSG00000113721

22

274

12.5

CD36 (FAT)

948

ENSG00000135218

71

885

12.5

Caveolin 1 (CAV1)

857

ENSG00000105974

70

827

11.8

Decorin (DCN)

1634

ENSG00000011465

566

6342

11.2

CD140A (PDGFRA)

5156

ENSG00000134853

101

923

9.1
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CD91 (LRP1) 4035 | ENSG00000123384 100 718 72
Caveolin 2 (CAV2) 858 | ENSG00000105971 46 259 5.6
CD90 (THY1) 7070 | ENSG00000154096 60 299 5.0
CD146 (MCAM) 4162 | ENSG00000076706 8 31 39
CD166 (ALCAM) 214 | ENSG00000170017 27 87 32
LAMPI 3916 | ENSG00000185896 25 79 32
NPR1 4881 | ENSG00000169418 133 189 14
CLH-22 1213 | ENSG00000141367 1085 1040 1.0
GLUT4 (SLC2A4) 6517 | ENSG00000181856 7 7 1.0
SLC27A1 (FATP1) 376497 | ENSG00000130304 5 5 1.0
SLC27A2 (FATP2) 11001 | ENSG00000140284 18 11 0.6
LAMP2 3920 | ENSG00000005893 37 16 04

[00111] In certain embodiments, compositions of the invention may comprise targeting
elements which selectively bind one or more the above-identified markers, thus enhancing
the selective delivery of miRNA modulators to adipocytes in order to enhance thermogenesis.
Knowledge of the cell surface markers allows for their isolation by Flow Cytometry Cell
Sorting (FACS) for subsequent screening and selection of targeting aptamers, for example by

the SELEX or Cell-SELEX processes.

[00112] In some embodiments, aptamers are used to achieve this cell-specific delivery.
An aptamer is an isolated or purified nucleic acid that binds with high specificity and affinity
to a target through interactions other than Watson-Crick base pairing. An aptamer has a three
dimensional structure that provides chemical contacts to specifically bind to a target. Unlike
traditional nucleic acid binding, aptamer binding is not dependent upon a conserved linear
base sequence, but rather a unique secondary or tertiary structure. That is, the nucleic acid
sequences of aptamers are non-coding sequences. Any coding potential that an aptamer may
possess is entirely fortuitous and plays no role whatsoever in the binding of an aptamer to a
target. A typical minimized aptamer is 5-15 kDa in size (15-45 nucleotides), binds to a target
with nanomolar to sub-nanomolar affinity, and discriminates against closely related targets

(e.g., aptamers will typically not bind to other proteins from the same gene or functional

family).

[00113]

aptamer targeting element that selectively binds to at least one of the positive markers

In exemplary embodiments, compositions of the invention comprise an

identified above. Preferably, the aptamer element does not bind to any of the negative

markers identified above. Such aptamers may be identified by any means known in the art,
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¢.g., the SELEX ™ process. Systematic Evolution of Ligands by EXponential Enrichment, or
SELEX™ (Figure 1), is a method for the in vitro evolution of nucleic acid molecules with
highly specific binding to target molecules, see U.S. Patent Nos. 5,270,163 and 5,475,096,
cach of which is incorporated herein by reference in its entirety. More specifically, starting
with a mixture containing a starting pool of nucleic acids, the SELEX™ method includes the
steps of: (a) contacting the mixture with a target under conditions favorable for binding; (b)
partitioning unbound nucleic acids from those nucleic acids that have bound to the target; (c)
amplifying the bound nucleic acids to yield a ligand-enriched mixture of nucleic acids; and
(d) reiterating the steps of contacting, partitioning, and amplifying through as many cycles as
desired to yield highly specific, high affinity aptamers to the target. Additional rounds of
selection progressively favor the best ligands until the resulting nucleic acid mixture is
predominantly composed of only one or a few sequences. By performing iterative cycles of
selection and amplification, the SELEX™ process may be used to obtain aptamers, also
referred to in the art as “nucleic acid ligands”, with any desired level of target binding

affinity.

[00114] In those instances where transcribed aptamers, such as DNA or RNA
aptamers, are being selected, the amplification step of the SELEX™ method includes the
steps of: (i) reverse transcribing the nucleic acids dissociated from the nucleic acid-target
complexes or otherwise transmitting the sequence information into a corresponding DNA
sequence; (i) PCR amplification; and (ii1) transcribing the PCR amplified nucleic acids or
otherwise transmitting the sequence information into a corresponding RNA sequence before

restarting the process.

[00115] There are numerous modifications that may be made to an aptamer either
before, during, and/or after the SELEX™ process, which are known in the art. Pre-SELEX™
process modifications or those made by incorporation into the SELEX™ process yield
aptamers with both specificity for their target and improved stability. Post-SELEX™ process
modifications made to already identified aptamers may result in further improved stability.
Pre-SELEX™ process modifications usually lead to global changes in the aptamer, while

post-SELEX ™ process modifications lead to local changes in the aptamer.

[00116] The starting pool of nucleic acids can be random or partially random or non-
random, modified or unmodified DNA, RNA, or DNA/RNA hybrids, and acceptable
modifications include modifications at a base, sugar, and/or internucleotide linkage. The

oligonucleotides of the starting pool preferably include a randomized sequence portion as
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well as fixed sequences necessary for efficient amplification. Typically, the oligonucleotides
of the starting pool contain fixed 5' and 3' terminal sequences that flank an internal region of
30-50 random nucleotides. The randomized nucleotides can be produced in a number of
ways, including chemical synthesis, size selection from randomly cleaved cellular nucleic
acids, mutagenesis, solid phase oligonucleotide synthesis techniques, or solution phase
methods (such as trimester synthesis methods). The random portion of the oligonucleotide
can be of any length and can comprise ribonucleotides and/or deoxynucleotides, and can
include modified or non-natural nucleotides or nucleotide analogs. The composition of the
starting pool is dependent upon the desired properties of the final aptamer. Selections can be
performed with nucleic acid sequences incorporating modified nucleotides to, e.g., stabilize
the aptamers against degradation in vivo. For example, resistance to nuclease degradation
can be greatly increased by the incorporation of modifying groups at the 2'-position. The
starting library of oligonucleotides may be generated by automated chemical synthesis on a

DNA synthesizer.

[00117] The SELEX process can be modified to incorporate a wide variety of modified
nucleotides in order to generate a chemically-modified aptamer. For example, the aptamer
may be synthesized entirely of modified nucleotides or with a subset of modified nucleotides.
The modifications can be the same or different. Some or all nucleotides may be modified,
and those that are modified may contain the same modification. For example, all nucleotides
containing the same base may have one type of modification, while nucleotides containing
other bases may have different types of modification. All purine nucleotides may have one
type of modification (or are unmodified), while all pyrimidine nucleotides have another,
different type of modification (or are unmodified). In this way, transcripts, or pools of
transcripts, are generated using any combination of modifications, including for example,
ribonucleotides (2'-OH), deoxyribonucleotides (2'-deoxy), 2'-amino nucleotides (2'-NHy), 2'-
fluoro nucleotides (2'-F) and 2'-O-methyl (2'-OMe) nucleotides.

[00118] A SELEX process can employ a transcription mixture containing modified
nucleotides in order to generate a modified aptamer. For example, a transcription mixture
may contain only 2'-OMe A, G, C and U and/or T triphosphates (2'-OMe ATP, 2'-OMe UTP
and/or 2'-OMe TTP, 2'-OMe CTP and 2'-OMe GTP), referred to as an MNA or mRmY
mixture. Aptamers selected therefrom are referred to as MNA aptamers or mRmY aptamers
and contain only 2'-O-methyl nucleotides. A transcription mixture containing all 2'-OH

nucleotides is referred to as a “rN” mixture, and aptamers selected therefrom are referred to
9
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as “rN”, “rRrY” or RNA aptamers. A transcription mixture containing all deoxy nucleotides
is referred to as a “dN” mixture, and aptamers selected therefrom are referred to as “dN”,
“dRAY” or DNA aptamers. Aternatively, a subset of nucleotides (e.g., C, U and /or T) may
comprise a first modified nucleotides (e.g, 2'-OMe) nucleotides and the remainder (e.g., A
and G) comprise a second modified nucleotide (e.g., 2'-OH or 2'-F).  For example, a
transcription mixture containing 2'-F U and 2'-OMe A, G and C is referred to as a “fUmV
mixture, and aptamers sclected therefrom are referred to as “fUmV” aptamers. A
transcription mixture containing 2'-F A and G, and 2'-OMe C and U and/or T is referred to as
a “fRmY” mixture, and aptamers selected therefrom are referred to as “fRmY” aptamers. A
transcription mixture containing 2'-F A and 2'-OMe C, G and U and/or T is referred to as a

“fAmB” mixture, and aptamers selected therefrom are referred to as “fAmB” aptamers.

[00119] In addition to the Pre-SELEX™ process modifications discussed above, one
of skill in the art can improve already identified aptamers using post-SELEX™ process
modifications. Examples of post-SELEX™ process modifications include, but are not
limited to, truncation, deletion, substitution, or modification of a sugar or base or
internucleotide linkage, capping, and PEGylation. In addition, the sequence requirements of
an aptamer may be explored through doped reselections or aptamer medicinal chemistry.
Doped reselections are carried out using a synthetic, degenerate pool that has been designed
based on the aptamer of interest. The level of degeneracy usually varies from about 70-85%
from the aptamer of interest. In general, sequences with neutral mutations are identified
through the doped reselection process. Aptamer medicinal chemistry is an aptamer
improvement technique in which sets of variant aptamers are chemically synthesized. These
variants are then compared to each other and to the parent aptamer. Aptamer medicinal
chemistry is used to explore the local, rather than global, introduction of substituents. For
example, the following modifications may be introduced: modifications at a sugar, base,
and/or internucleotide linkage, such as 2'-deoxy, 2'-ribo, or 2'-O-methyl purines or
pyrimidines, phosphorothioate linkages may be introduced between nucleotides, a cap may
be introduced at the 5' or 3' end of the aptamer (such as 3' inverted dT cap) to block
degradation by exonucleases, or a polyethylene glycol (PEG) element may be added to the

aptamer to increase the half-life of the aptamer in the subject.

[00120] Variations of the SELEX process may also be used to identify aptamers. For
example, one may use agonist SELEX, toggle SELEX, cell SELEX, 2'-Modified SELEX, or
Counter SELEX. Each of these variations of the SELEX process is known in the art. The
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most preferred SELEX method used in the compositions and methods of the invention is
Cell-SELEX, a variation of the SELEX™ process that is shown in Figure 2. In general,
SELEX uses a purified protein as its target. However, cell surface receptors are difficult to

purify in their properly folded and modified conformations.

[00121] Cell-SELEX uses whole living cells as the target, whereby aptamers that
recognize specific molecules in their native conformation in their natural environment on the
surface of intact cells are selected by repeated amplification and binding to living cells.
Thus, Cell-SELEX reflects a more physiological condition because the protein is displayed
on the cell surface, including its post-translational modifications, rather than as an isolated
and purified protein. In this cell-based selection, specific cell surface molecules/receptors,
even unknown, can be directly targeted within their native environment, allowing a
straightforward enrichment of cell-specific aptamers. Cell-SELEX generally consists of 2
procedures: positive selection with the target cells, and negative selection with non-targeted
cells. Therefore, the specificity and affinity of aptamers essentially relies upon the
differences between 2 types of cells or different states of a cell, which also makes it possible

to simultaneously enrich for aptamers against several membrane receptors.

[00122] Cell surface proteins cycle intra-cellularly to some extent, and many surface
receptors are actively internalized in response to ligand binding. For example, the glucose
transporter GLUT4 is internalized by adipocytes through clathrin- and caveolin-mediated
pathways. Therefore, aptamers that bind to cell surface receptors may be exploited for the
delivery of a variety of cargos into cells. As a result, Cell-SELEX is used in the
compositions and methods of the invention to identify aptamers that can drive the selective
delivery of the miRNA analogs to the targeted human cells (for example, ATMSCs and
adipocytes).

[00123] Briefly, the selection of aptamers by Cell-SELEX starts with a library of
single-stranded DNA and modified RNA nucleic acids that contain an approximately 40 to
60-mer random sequence region flanked by two approximately 20-mer PCR primer
sequences. The library is incubated with the live and intact target ATMSCs and adipocyte
cells to allow binding to take place. Then the cells are washed and the nucleic acid sequences
bound to the cell surface are eluted. The collected sequences are then allowed to interact
with excess negative control cells, and only the nucleic acid sequences that remain free in the
supernatant are collected and amplified for the next round selection. The subtraction process

efficiently eliminates the nucleic acid sequences that are bound to the control cells, while
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those target-cell-specific aptamer candidates are enriched. After multi-round selection
(usually about 10 to 20 rounds achieve excellent enrichment of aptamer candidates), the
highly enriched aptamer pools are cloned and sequenced by a high-throughput Next
Generation Sequencing (NGS) method.

[00124] Further optimization for both large-scale synthesis and in vivo applications is
achieved through a progressive set of modifications. Various modifications can be made to
an aptamer to increase its stability and functionality, such as one or more modifications at the
sugar, base, or internucleotide linkage, as shown in Figure 3. These modifications include,
for example, 5’- and 3’-terminal and internal deletions to reduce the size of the aptamer,
reselection for sequence modifications that increase the affinity or efficiency of target
binding, introduction of stabilizing base-pair changes that increase the stability of helical
elements in the aptamer, site-specific modifications of the 2’-ribose and phosphate positions
to increase thermodynamic stability and to block nuclease degradation in vivo, and the
addition of 5°- and/or 3’-caps to block degradation by exonucleases. For example,
pyrimidine bases may be modified at the 5th position with iodide (I), bromide (Br), chloride
(Cl), amino (NHs), azide (N3) to enhance the stability of the aptamer. Also by way of
example, sugar residues may be modified at the 2’ position with amino (NHy), fluoro (F), and
methoxy (OCHj) groups. Other modifications include substitution of 4-thiouridine,
substitution of 5-bromo or 5-iodouracil, backbone modifications, methylations, unusual base
pairing combinations such as isobases, isocytidine, and isoguanodine, and 3’ capping.
Aptamers generated through these optimizations are typically 15 to 40 nucleotides long and

exhibit serum half-lives greater than 10 hours.

[00125] In certain embodiments, the aptamer element may include Locked Nucleic
Acid (LNA) bases or thiophosphate modifications. The incorporation of LNA bases
(methylene link between the 2’oxygen and 4’carbon of the ribose ring) into a stem—loop
structure has been shown to increase the melting temperature, nuclease stability and overall
stability of the secondary structure of aptamers. Thiophosphate-modified aptamers
(thioaptamers) bind to target proteins with high affinity (Kd in nM range) and specificity, and
are characterized by a) enhanced nuclease resistance, b) easy synthesis and chemical
modification, and ¢) lack of immunogenicity. Such modifications may be desirable in certain

applications.
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D. Methods of Treatment

[00126] In some embodiments, provided herein are methods for delivering a
therapeutic microRNA (miRNA) to a specific cell, tissue, or organ in a subject and methods
for treating obesity or metabolic disorders in a subject. The method generally comprises
administering to the human subject an effective amount of a miRNA agent that modulates
activity of at least one thermogenic regulator, (e.g., a mitochondrial uncoupler, such as UCP1

and/or UCP2).

[00127] Such methods of treatment may be specifically tailored or modified, based on
knowledge obtained from the field of pharmacogenomics. Thus, another aspect of the
invention provides methods for tailoring an individual's prophylactic or therapeutic treatment
with either the target gene molecules of the present invention or target gene modulators
according to that individual's drug response genotype. Pharmacogenomics allows a clinician
or physician to target prophylactic or therapeutic treatments to patients who will most benefit
from the treatment and to avoid treatment of patients who will experience toxic drug-related

side effects.

[00128] Aptamirs and exomirs can be tested in an appropriate animal model e.g., an
obesity model including ob/ob mice (Lindstrom, 2007) and db/db mice (Sharma et al., 2003).
For example, an aptamir/exomir as described herein can be used in an animal model to
determine the efficacy, toxicity, or side effects of treatment with said agent. Alternatively, a
therapeutic agent can be used in an animal model to determine the mechanism of action of
such an agent. For example, a miRNA agent can be used in an animal model to determine the
efficacy, toxicity, or side effects of treatment with such an agent. Alternatively, an agent can

be used in an animal model to determine the mechanism of action of such an agent.

[00129] The disclosure also provides a method of inducing pre-adipocytes to
differentiate into white adipocytes and white adipocytes into brown adipocytes, comprising

administering to a population of pre-adipocytes one or more miRNAs disclosed herein.

[00130] The disclosure also provides a method for increasing insulin sensitivity in a
subject in need thereof comprising administering the subject one or more miRNAs disclosed

herein.

[00131] The disclosure also provides a method of causing fat loss in a subject in need

thereof comprising administering the subject one or more miRNAs disclosed herein.
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[00132] A miRNA analog (within an aptamir or exomir) modified for enhance uptake
into cells (e.g., adipose cells) can be administered at a unit dose less than about 15 mg per kg
of bodyweight, or less than 10, 5, 2, 1, 0.5, 0.1, 0.05, 0.01, 0.005, 0.001, 0.0005, 0.0001,
0.00005 or 0.00001 mg per kg of bodyweight, and less than 200 nmole of miRNA analog
(e.g., about 4.4.times.10'® copies) per kg of bodyweight, or less than 1500, 750, 300, 150, 75,
15, 7.5, 1.5, 0.75, 0.15, 0.075, 0.015, 0.0075, 0.0015, 0.00075, 0.00015 nmole of RNA
silencing agent per kg of bodyweight. The unit dose, for example, can be administered by
injection (e.g., intravenous or intramuscular), an inhaled dose, or a topical application.

Particularly preferred dosages are less than 2, 1, or 0.1 mg/kg of body weight.

[00133] Delivery of an miRNA analog (within an aptamir or exomir) directly to an
organ or tissue (e.g., directly to adipose tissue) can be at a dosage on the order of about
0.00001 mg to about 3 mg per organ/tissue, or preferably about 0.0001-0.001 mg per
organ/tissue, about 0.03-3.0 mg per organ/tissue, about 0.1-3.0 mg per organ/tissue or about
0.3-3.0 mg per organ/tissue. The dosage can be an amount effective to treat or prevent
obesity. In one embodiment, the unit dose is administered less frequently than once a day,
e.g., less than every 2, 4, 8 or 30 days. In another embodiment, the unit dose is not
administered with a frequency (e.g., not a regular frequency). For example, the unit dose may
be administered a single time. In one embodiment, the effective dose is administered with

other traditional therapeutic modalities.

[00134] In certain embodiment, a subject is administered an initial dose, and one or
more maintenance doses of a composition. The maintenance dose or doses are generally
lower than the initial dose, e.g., one-half less of the initial dose. A maintenance regimen can
include treating the subject with a dose or doses ranging from 0.01 mg/kg to 1.4 mg/kg of
body weight per day, e.g., 10, 1, 0.1, 0.01, 0.001, or 0.00001 mg per kg of bodyweight per
day. The maintenance doses are preferably administered no more than once every 5, 10, or
30 days. Further, the treatment regimen may last for a period of time which will vary
depending upon the nature of the particular disease, its severity and the overall condition of
the patient. In preferred embodiments the dosage may be delivered no more than once per
day, e.g., no more than once per 24, 36, 48, or more hours, ¢.g., no more than once every 5 or
8 days. Following treatment, the patient can be monitored for changes in conditions, ¢.g.,
changes in percentage of body fat. The dosage of the compound may either be increased in
the event the patient does not respond significantly to current dosage levels, or the dose may

be decreased if a decrease in body fat is observed, or if undesired side effects are observed.
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[00135] The effective dose can be administered in a single dose or in two or more
doses, as desired or considered appropriate under the specific circumstances. If desired to
facilitate repeated or frequent infusions, implantation of a delivery device, e.g., a pump, semi-
permanent stent (e.g., sub-cutancous, intravenous, intraperitoneal, intracisternal or
intracapsular), or reservoir may be advisable. In one embodiment, a pharmaceutical
composition includes a plurality of miRNA agent species. In another embodiment, the
miRNA agent species has sequences that are non-overlapping and non-adjacent to another
species with respect to a naturally occurring target sequence. In another embodiment, the
plurality of miRNA agent species is specific for different naturally occurring target genes. In
another embodiment, the miRNA agent is allele specific. In another embodiment, the
plurality of miRNA agent species target two or more SNP alleles (e.g., two, three, four, five,

six, or more SNP alleles).

[00136] Following successful treatment, it may be desirable to have the patient
undergo maintenance therapy to prevent the recurrence of the disease state, wherein the
compound of the invention is administered in maintenance doses, ranging from 0.01 mg per

kg to 100 mg per kg of body weight (see U.S. Pat. No. 6,107,094).

[00137] The “effective amount” of the miRNA analog (within an aptamir) is an
amount sufficient to be effective in treating or preventing a disorder or to regulate a
physiological condition in humans. The concentration or amount of miRNA agent
administered will depend on the parameters determined for the agent and the method of
administration, e.g. nasal, buccal, or pulmonary. For example, nasal formulations tend to
require much lower concentrations of some ingredients in order to avoid irritation or burning
of the nasal passages. It is sometimes desirable to dilute an oral formulation up to 10-100

times in order to provide a suitable nasal formulation.

[00138] Certain factors may influence the dosage required to effectively treat a subject,
including but not limited to the severity of the discase 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 a composition of the invention can include
a single treatment or, preferably, can include a series of treatments. It will also be
appreciated that the effective dosage of composition for treatment may increase or decrease
over the course of a particular treatment. Changes in dosage may result and become apparent
from the results of diagnostic assays as described herein. For example, the subject can be

monitored after administering a miRNA analog (within an aptamir). Based on information
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from the monitoring, an additional amount of the miRNA analog (within an aptamir) can be

administered.

[00139] Dosing is dependent on severity and responsiveness of the disease condition to
be treated, with the course of treatment lasting from several days to several months, or until a
cure is effected or a diminution of disease state is achieved. Optimal dosing schedules can be
calculated from measurements of drug accumulation in the body of the patient. Persons of
ordinary skill can easily determine optimum dosages, dosing methodologies and repetition
rates. Optimum dosages may vary depending on the relative potency of individual
compounds, and can generally be estimated based on EC50s found to be effective in in vitro
and in vivo animal models. In some embodiments, the animal models include transgenic
animals that express a human gene, e.g., a gene that produces a target mRNA (e.g., a
thermogenic regulator). The transgenic animal can be deficient for the corresponding
endogenous mRNA. In another embodiment, the composition for testing includes a miRNA
analog that is complementary, at least in an internal region, to a sequence that is conserved
between a nucleic acid sequence in the animal model and the target nucleic acid sequence in a

human.

[00140] Several studies have reported successful mammalian dosing using miRNA
agents. For example, Esau, et al., 2006 reported dosing of normal mice with intraperitoneal
doses of miR-122 antisense oligonucleotide ranging from 12.5 to 75 mg/kg twice weekly for
4 weeks. The mice appeared healthy and normal at the end of treatment, with no loss of body
weight or reduced food intake. Plasma transaminase levels were in the normal range (AST %4
45, ALT %4 35) for all doses with the exception of the 75 mg/kg dose of miR-122 ASO, which
showed a very mild increase in ALT and AST levels. They concluded that 50mg/kg was an
effective, nontoxic dose. Another study by Krutzfeldt, et al., 2005, injected antagomirs to
silence miR-122 in mice using a total dose of 80, 160 or 240 mg per kg body weight. The
highest dose resulted in a complete loss of miR-122 signal. In yet another study, locked
nucleic acids (“LNASs”) were successfully applied in primates to silence miR-122. Elmen, et
al., 2008, report that efficient silencing of miR-122 was achieved in primates by three doses
of 10 mg per kg LNA-antimiR, leading to a long-lasting and reversible decrease in total
plasma cholesterol without any evidence for LNA-associated toxicities or histopathological

changes in the study animals.

[00141] The compositions of the invention may be directly introduced into a cell (e.g.,

an adipocyte); or introduced extra-cellularly into a cavity, interstitial space, into the
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circulation of an organism, introduced orally, or may be introduced by bathing a cell or
organism in a solution containing the nucleic acid. Vascular or extravascular circulation, the
blood or lymph system, and the cerebrospinal fluid are sites where the nucleic acid may be

introduced.

[00142] In certain embodiments, the methods described herein include co-
administration of miRNA agents with other drugs or pharmaceuticals, ¢.g., compositions for
modulating thermogenesis, compositions for treating diabetes, compositions for treating
obesity. Compositions for modulating thermogenesis include beta-3 adrenergic receptor

agonists, thyroid hormones, PPARG agonists, leptin, adiponectin, and orexin.

E. Pharmaceutical compositions

[00143] In one aspect, the methods disclosed herein can include the administration of
pharmaceutical compositions and formulations comprising miRNAs associated with aptamers
(aptamirs) or encapsulated in exosomes (exomirs) capable of modulating the activity of at

least one thermogenic modulator.

[00144] In certain embodiments, the compositions of the invention are formulated with
a pharmaceutically acceptable carrier. The pharmaceutical compositions and formulations
can be administered parenterally, topically, by direct administration into the gastrointestinal
tract (e.g., orally or rectally), or by local administration, such as by aerosol or transdermally.
The pharmaceutical compositions can be formulated in any way and can be administered in a
variety of unit dosage forms depending upon the condition or disease and the degree of
illness, the general medical condition of each patient, the resulting preferred method of
administration and the like. Details on techniques for formulation and administration of
pharmaceuticals are well described in the scientific and patent literature, see, e.g.,

Remington: The Science and Practice of Pharmacy. 21st ed., 2005.

[00145] The aptamirs or exomirs can be administered alone or as a component of a
pharmaceutical formulation (composition). The aptamirs or exomirs may be formulated for
administration, in any convenient way for use in human or veterinary medicine. Wetting
agents, emulsifiers and lubricants, such as sodium lauryl sulfate and magnesium stearate, as
well as coloring agents, release agents, coating agents, sweetening, flavoring and perfuming

agents, preservatives and antioxidants can also be present in the compositions.

[00146] Formulations of the compositions of the invention include those suitable for

intradermal, topical, parenteral, and/or intravenous administration. The formulations may
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conveniently be presented in unit dosage form and may be prepared by any methods well
known in the art of pharmacy. The amount of active ingredient (e.g., miRNA analogs) which
can be combined with a carrier material to produce a single dosage form will vary depending
upon the host being treated, the particular mode of administration, e.g., intradermal or
inhalation. The amount of active ingredient which can be combined with a carrier material to
produce a single dosage form will generally be that amount of the compound which produces

a therapeutic effect, ¢.g., an antigen specific T cell or humoral response.

[00147] Pharmaceutical formulations of the invention can be prepared according to any
method known to the art for the manufacture of pharmaceuticals. Such drugs can contain
sweetening agents, flavoring agents, coloring agents and preserving agents. A formulation
can be admixtured with nontoxic pharmaceutically acceptable excipients which are suitable
for manufacture. Formulations may comprise one or more diluents, emulsifiers, preservatives,
buffers, excipients, etc. and may be provided in such forms as liquids, powders, emulsions,
lyophilized powders, sprays, creams, lotions, controlled release formulations, tablets, pills,

gels, on patches, in implants, etc.

[00148] Pharmaceutical formulations for oral administration can be formulated using
pharmaceutically acceptable carriers well known in the art in appropriate and suitable
dosages. Such carriers enable the pharmaceuticals to be formulated in unit dosage forms as
tablets, pills, powder, dragées, capsules, liquids, lozenges, gels, syrups, slurries, suspensions,
etc., suitable for ingestion by the patient. Pharmaceutical preparations for oral use can be
formulated as a solid excipient, optionally grinding a resulting mixture, and processing the
mixture of granules, after adding suitable additional compounds, if desired, to obtain tablets
or dragée cores. Suitable solid excipients are carbohydrate or protein fillers include, e.g.,
sugars, including lactose, sucrose, mannitol, or sorbitol; starch from corn, wheat, rice, potato,
or other plants; cellulose such as methyl cellulose, hydroxypropylmethyl-cellulose, or sodium
carboxy-methylcellulose; and gums including arabic and tragacanth; and proteins, e.g.,
gelatin and collagen. Disintegrating or solubilizing agents may be added, such as the cross-
linked polyvinyl pyrrolidone, agar, alginic acid, or a salt thereof, such as sodium alginate.
Push-fit capsules can contain active agents mixed with a filler or binders such as lactose or
starches, lubricants such as talc or magnesium stearate, and, optionally, stabilizers. In soft
capsules, the active agents can be dissolved or suspended in suitable liquids, such as fatty

oils, liquid paraffin, or liquid polyethylene glycol with or without stabilizers.
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[00149] Aqueous suspensions can contain an active agent (e.g., nucleic acid sequences
of the invention) in admixture with excipients suitable for the manufacture of aqueous
suspensions, ¢.g., for aqueous intradermal injections. Such excipients include a suspending
agent, such as sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and
gum acacia, and dispersing or wetting agents such as a naturally occurring phosphatide (e.g.,
lecithin), a condensation product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene
stearate), a condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g.,
heptadecacthylene oxycetanol), a condensation product of ethylene oxide with a partial ester
derived from a fatty acid and a hexitol (e.g., polyoxyethylene sorbitol mono-oleate), or a
condensation product of ethylene oxide with a partial ester derived from fatty acid and a
hexitol anhydride (e.g., polyoxyethylene sorbitan mono-oleate). The aqueous suspension can
also contain one or more preservatives such as ethyl or n-propyl p-hydroxybenzoate, one or
more coloring agents, one or more flavoring agents and one or more sweetening agents, such

as sucrose, aspartame or saccharin. Formulations can be adjusted for osmolarity.

[00150] In certain embodiments, oil-based pharmaceuticals are used for administration
of the miRNA agents. Oil-based suspensions can be formulated by suspending an active
agent in a vegetable oil, such as arachis oil, olive oil, sesame oil or coconut oil, or in a
mineral oil such as liquid paraffin; or a mixture of these. See e.g., U.S. Patent No. 5,716,928
describing using essential oils or essential oil components for increasing bioavailability and
reducing inter- and intra-individual wvariability of orally administered hydrophobic
pharmaceutical compounds (see also U.S. Patent No. 5,858,401). The oil suspensions can
contain a thickening agent, such as beeswax, hard paraffin or cetyl alcohol. Sweetening
agents can be added to provide a palatable oral preparation, such as glycerol, sorbitol or
sucrose. These formulations can be preserved by the addition of an antioxidant such as

ascorbic acid. As an example of an injectable oil vehicle, see Minto, et al., 1997.

[00151] In certain embodiments, the pharmaceutical compositions and formulations
are in the form of oil-in- water emulsions. The oily phase can be a vegetable oil or a mineral
oil, described above, or a mixture of these. Suitable emulsifying agents include naturally-
occurring gums, such as gum acacia and gum tragacanth, naturally occurring phosphatides,
such as soybean lecithin, esters or partial esters derived from fatty acids and hexitol
anhydrides, such as sorbitan mono-oleate, and condensation products of these partial esters

with ethylene oxide, such as polyoxyethylene sorbitan mono-oleate. The emulsion can also
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contain sweetening agents and flavoring agents, as in the formulation of syrups and elixirs.
Such formulations can also contain a demulcent, a preservative, or a coloring agent. In
alternative embodiments, these injectable oil-in-water emulsions of the invention comprise a
paraffin oil, a sorbitan monooleate, an ethoxylated sorbitan monooleate and/or an ethoxylated

sorbitan trioleate.

[00152] In certain embodiments, the pharmaceutical compositions and formulations
are administered by in intranasal, intraocular and intravaginal routes including suppositories,
insufflation, powders and aerosol formulations (for examples of steroid inhalants, see e.g.,
Rohatagi, 1995; Tjwa, 1995). Suppositories formulations can be prepared by mixing the drug
with a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at
body temperatures and will therefore melt in the body to release the drug. Such materials are

cocoa butter and polyethylene glycols.

[00153] In certain embodiments, the pharmaceutical compositions and formulations
are delivered transdermally, by a topical route, formulated as applicator sticks, solutions,

suspensions, emulsions, gels, creams, ointments, pastes, jellies, paints, powders, and acrosols.

[00154] In certain embodiments, the pharmaceutical compositions and formulations
are delivered as microspheres for slow release in the body. For example, microspheres can be
administered via intradermal injection of drug which slowly release subcutancously; see Rao,
1995; as biodegradable and injectable gel formulations, see, e.g., Gao, 1995; or, as

microspheres for oral administration, see, ¢.g., Eyles, 1997.

[00155] In certain embodiments, the pharmaceutical compositions and formulations
are parenterally administered, such as by intravenous (IV) administration or administration
into a body cavity or lumen of an organ. These formulations can comprise a solution of active
agent dissolved in a pharmaceutically acceptable carrier. Acceptable vehicles and solvents
that can be employed are water and Ringer's solution, an isotonic sodium chloride. In
addition, sterile fixed oils can be employed as a solvent or suspending medium. For this
purpose any bland fixed oil can be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid can likewise be used in the preparation of injectables.
These solutions are sterile and generally free of undesirable matter. These formulations may
be sterilized by conventional, well-known sterilization techniques. The formulations may
contain pharmaceutically acceptable auxiliary substances as required to approximate

physiological conditions such as pH adjusting and buffering agents, toxicity adjusting agents,
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e.g., sodium acetate, sodium chloride, potassium chloride, calcium chloride, sodium lactate
and the like. The concentration of active agent in these formulations can vary widely, and
will be selected primarily based on fluid volumes, viscosities, body weight, and the like, in
accordance with the particular mode of administration selected and the patient's needs. For IV
administration, the formulation can be a sterile injectable preparation, such as a sterile
injectable aqueous or oleaginous suspension. This suspension can be formulated using those
suitable dispersing or wetting agents and suspending agents. The sterile injectable preparation
can also be a suspension in a nontoxic parenterally-acceptable diluent or solvent, such as a
solution of 1,3-butanediol. The administration can be by bolus or continuous infusion (e.g.,

substantially uninterrupted introduction into a blood vessel for a specified period of time).

[00156] In certain embodiments, the pharmaceutical compounds and formulations are
lyophilized. Stable lyophilized formulations comprising an inhibitory nucleic acid can be
made by lyophilizing a solution comprising a pharmaceutical of the invention and a bulking
agent, ¢.g., mannitol, trehalose, raffinose, and sucrose or mixtures thercof. A process for
preparing a stable lyophilized formulation can include lyophilizing a solution about 2.5
mg/mL nucleic acid, about 15 mg/mL sucrose, about 19 mg/mL NaCl, and a sodium citrate

buffer having a pH greater than 5.5 but less than 6.5. See, e.g., U.S. 20040028670.

[00157] The formulations of the invention can be administered for prophylactic and/or
therapeutic treatments. In certain embodiments, for therapeutic applications, compositions are
administered to a subject who is need of reduced triglyceride levels, or who is at risk of or
has a disorder described herein, in an amount sufficient to cure, alleviate or partially arrest
the clinical manifestations of the disorder or its complications; this can be called a
therapeutically effective amount. For example, in certain embodiments, pharmaceutical
compositions of the invention are administered in an amount sufficient to treat obesity in a

subject.

[00158] The amount of pharmaceutical composition adequate to accomplish this is a
therapeutically effective dose. The dosage schedule and amounts effective for this use, i.c.,
the dosing regimen, will depend upon a variety of factors, including the stage of the discase
or condition, the severity of the disease or condition, the general state of the patient's health,
the patient's physical status, age and the like. In calculating the dosage regimen for a patient,

the mode of administration also is taken into consideration.
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[00159] The dosage regimen also takes into consideration pharmacokinetics
parameters well known in the art, i.e., the active agents' rate of absorption, bioavailability,
metabolism, clearance, and the like (see, e.g., Hidalgo-Aragones, 1996; Groning, 1996;
Fotherby, 1996; Johnson, 1995; Rohatagi, 1995; Brophy, 1983; Remington: The Science and
Practice of Pharmacy, 2005). The state of the art allows the clinician to determine the dosage
regimen for each individual patient, active agent and disease or condition treated. Guidelines
provided for similar compositions used as pharmaceuticals can be used as guidance to
determine the dosage regiment, i.e., dose schedule and dosage levels, administered practicing
the methods of the invention are correct and appropriate. Single or multiple administrations
of formulations can be given depending on for example: the dosage and frequency as required
and tolerated by the patient, the degree and amount of cholesterol homeostasis generated after
cach administration, and the like. The formulations should provide a sufficient quantity of
active agent to effectively treat, prevent or ameliorate conditions, diseases or symptoms, ¢.g.,

treat obesity.

[00160] In certain embodiments, pharmaceutical formulations for oral administration
are in a daily amount of between about 1 to 100 or more mg per kilogram of body weight per
day. Lower dosages can be used, in contrast to administration orally, into the blood stream,
into a body cavity or into a lumen of an organ. Substantially higher dosages can be used in
topical or oral administration or administering by powders, spray or inhalation. Actual
methods for preparing parenterally or non-parenterally administrable formulations will be
known or apparent to those skilled in the art and are described in more detail in such

publications as Remington: The Science and Practice of Pharmacy, 21st ed., 2005.

F. Examples

[00161] The present invention will be described in greater detail by way of specific
examples. The following examples are offered for illustrative purposes only, and are not
intended to limit the invention in any manner. Those of skill in the art will readily recognize
a variety of noncritical parameters which can be changed or modified to yield essentially the

same results.

[00162] Furthermore, in accordance with the present invention, there may be employed
conventional molecular biology, microbiology, and recombinant DNA techniques within the
skill of the art. Such techniques are explained fully in the literature. See, e.g., Sambrook,
Fritsch & Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold
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Spring Harbor Laboratory Press, Cold Spring Harbor, New York (herein “Sambrook et al.,
1989”); DNA Cloning: A Practical Approach, Volumes I and II (D.N. Glover ed. 1985);
Oligonucleotide Synthesis (M.J. Gait ed. 1984); Nucleic Acid Hybridization [B.D. Hames &
S.J.Higgins eds. (1985)]; Transcription And Translation [B.D. Hames & S.J. Higgins, eds.
(1984)]; Animal Cell Culture [R.1. Freshney, ed. (1986)]; Immobilized Cells And Enzymes
[IRL Press, (1986)]; B. Perbal, 4 Practical Guide To Molecular Cloning (1984); F.M.
Ausubel et al. (eds.), Current Protocols in Molecular Biology, John Wiley & Sons, Inc.
(1994).

EXAMPLE 1
IN-SILICO ANALYSIS OF THERMOGENIC REGULATORS

[00163] Ninety-two proteins that are involved in the regulation of thermogenesis were
selected based upon a critical assessment and review of the available scientific information
and the experimental data. These proteins were categorized as activators or repressors of
thermogenesis based upon their function(s). These thermogenic regulator proteins are set
forth in Table 2. These thermogenic regulator proteins were utilized to identify putative

thermogenic miRNAs with in silico tools.

Table 2: Thermogenic regulator proteins

Activators
Name Entrez Gene ID | Ensembl Gene ID
1 ALDHIAI1 216 ENSG00000165092
2 | AZGP1 563 ENSG00000160862
3 BMP7 655 ENSG00000101144
4 | BMP8b 656 ENSG00000116985
5 CEBPA 1050 ENSG00000245848
6 CEBPB 1051 ENSG00000172216
7 CEBPD 1052 ENSG00000221869
8 CIDEA 1149 ENSG00000176194
9 COX7A1 1346 ENSG00000161281
10 | CRAT 1384 ENSG00000095321
11 | CREBI 1385 ENSG00000118260
12 | CREBBP 1387 ENSG00000005339
13 | CTBPI1 1487 ENSG00000159692
14 | CTBP2 1488 ENSG00000175029
15 | DIO2 1734 ENSG00000211448
16 | EBF2 64641 ENSG00000221818
17 | ELOVL3 83401 ENSG00000119915
18 | FGF16 8823 ENSG00000196468
19 | FGF19 9965 ENSG00000162344
20 | FGF21 26291 ENSG00000105550
21 | FNDC5 252995 ENSG00000160097
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22 | FOXC2 2303 ENSG00000176692
23 | GDF3 9573 ENSG00000184344
24 | HCRT (OREXIN) 3060 ENSG00000161610
25 | HOXCS 3224 ENSG00000037965
26 | INSR 3643 ENSG00000171105
27 | IRS1 3667 ENSG00000169047
28 | KDM3A (JMJDIA) 55818 ENSG00000115548
29 | KLF4 9314 ENSG00000136826
30 | KLF5 688 ENSG00000102554
31 | KLFé6 1316 ENSG00000067082
32 | KLF11 8462 ENSG00000172059
33 | KLF15 28999 ENSG00000163884
34 | LRP6 4040 ENSG00000070018
35 | MAPK14 1432 ENSG00000112062
36 | MEDI13 9969 ENSG00000108510
37 | NCOAI1 8648 ENSG00000084676
38 | NCOA2 10499 ENSG00000140396
39 | NCOA3 8202 ENSG00000124151
40 | NPPA (ANP) 4878 ENSG00000175206
41 | NR4A3 8013 ENSG00000119508
42 | NRF1 4899 ENSG00000106459
43 | PLACS 51316 ENSG00000145287
44 | PPARA 5465 ENSG00000186951
45 | PPARD 5467 ENSG00000112033
46 | PPARG 5468 ENSG00000132170
47 | PPARGCIA 10891 ENSG00000109819
48 | PPARGCIB 133522 ENSG00000155846
49 | PRDM16 63976 ENSG00000142611
50 | PRDX3 10935 ENSG00000165672
51 | PRKAA1 (AMPKAL1) | 5562 ENSG00000132356
52 | PRKAA2 (AMPKA2) | 5563 ENSG00000162409
53 | PRKACA 5566 ENSG00000072062
54 | PRKACB 5567 ENSG00000142875
55 | PRKGI 5592 ENSG00000185532
56 | PRKARIA 5573 ENSG00000108946
58 | SIRT1 23411 ENSG00000096717
58 | SIRT3 23410 ENSG00000142082
59 | SLC27A2 (FATP2) 11001 ENSG00000140284
60 | SREBF1 6720 ENSG00000072310
61 | SREBF2 6721 ENSG00000198911
62 | STATS5A 6776 ENSG00000126561
63 | TRPMS 79054 ENSG00000144481
64 | UCPI (SLC25A7) 7350 ENSG00000109424
65 | UCP2 (SLC25A8) 7351 ENSG00000175567
66 | UCP3 (SLC25A9) 7352 ENSG00000175564
Repressors
Name Entrez Gene ID | Ensembl Gene ID
1 ATG7 10533 ENSG00000197548
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2 | BMP2 650 ENSG00000125845
3 | BMP4 652 ENSG00000125378
4 | CIDEC 63924 ENSG00000187288
5 | CTNNBI 1499 ENSG00000168036
6 | DLK1 (Pref-1) 8788 ENSG00000185559
7 | E2F4 (p107) 1874 ENSG00000205250
8 | EIF4EBP1 1978 ENSG00000187840
9 | ESRRA (NR3BI1) 2101 ENSG00000173153
10 | GATA2 2624 ENSG00000179348
11 | GATA3 2625 ENSG00000107485
12 | IKBKE 9641 ENSG00000143466
13 | KLF2 10365 ENSG00000127528
14 | KLF7 8609 ENSG00000118263
15 | NR1H3 (LXRA) 10062 ENSG00000025434
16 | NRIP1 (RIP140) 8204 ENSG00000180530
17 | RBI (pRb) 5925 ENSG00000139687
18 | NROB2 (SHP) 8431 ENSG00000131910
19 | RPS6KBI 6198 ENSG00000108443
20 | RUNXITI 862 ENSG00000079102
21 | RUNX2 860 ENSG00000124813
22 | TNFRSFIA 7132 ENSG00000067182
23 | TRPV4 59341 ENSG00000111199
24 | TWIST1 7291 ENSG00000122691
25 | WNTSA 7474 ENSG00000114251
26 | WNTI10B 7480 ENSG00000169884
[00164] The STRING 9.0 database of known and predicted protein interactions (string-

db.org/) was used to test these 92 candidate molecules. The interactions include direct
(physical) and indirect (functional) associations; they are derived from four sources: genomic
context; high-throughput experiments; co-expression; and previous knowledge. STRING
quantitatively integrates interaction data from these sources for a large number of organisms,
and transfers information between these organisms where applicable. The database currently
covers 5,214,234 proteins from 1,133 organisms. As an example, the relationships between
the 92 thermogenic regulator molecules were centered on UCP1, and molecules having direct
and indirect connections with UCP1 could be distinguished using a high confidence score of
0.90. From this analysis, it was discovered that nine molecules (CEBPB, CIDEA, KDM3A,
NRIP1, PRDM16, PPARG, PPARGCIA, PPKAA2, and UCP2) are directly linked to UCPI,

whereas many more molecules are connected to UCP1 on a second or higher degree order.

[00165] Similarly, the interactions among these 92 thermogenic regulator molecules
were independently assessed using the commercially available Ingenuity Pathway Analysis

(IPA) Software program and the Reactome Functional Interaction (Reactome IF) Software
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program, each of which are available online. The IPA and Reactome IF networks differ from
the one obtained with the STRING program. It is not surprising that the results of these
algorithms are different because they rely on different predefined parameters, sources of
information and selection criteria. See International Application Serial No.
PCT/US2013/037579 filed on April 22, 2013, incorporated herein by reference in its entirety.

EXAMPLE 2
IN-SILICO SELECTION OF RELEVANT MIRNA CANDIDATES

[00166] To select thermogenic miRNA analogs, thirty four internet-based resources

were employed to match miRNAs and their targets (the “micronome”).

[00167] Specifically, these tools were used to perform: 1) Integrated Data Mining (8
tools); 2) miRNA Mining and Mapping (6 tools); 3) miRNA Target Targets and Expression
(21 tools); 4) Integrated miRNA Targets and Expression (13 tools); 5) miRNA Secondary
Structure Prediction and Comparison (5 tools); 6) Network Searches and Analyses (8 tools);

7) Molecular Visualization (4 tools); and 8) Information Integration and Exploitation (1 tool).

[00168] A single gene target can be controlled by several miRNAs whereas a single
miRNA can control several gene targets. Sophisticated bioinformatics resources have been
developed to select the most relevant miRNAs to target diseases (Gallagher, et al., 2010;
Fujiki, et al., 2009; Okada, et al., 2010; Hao, et al., 2012; Hao, et al., 2012). However, the
results of these algorithms are acutely dependent on predefined parameters and the degree of
convergence between these algorithms is rather limited. Therefore, there is a need to develop
better performing bioinformatics tools with improved sensitivity, specificity and selectivity

for the identification of miRNA/target relationships.

[00169] Consequently, 8 score matrices predicted by DianaMicroT, miRWalk,
picTardway, picTarSway, PITA, RNA22, TargetScan conserved and TargetScan non
conserved, were created as well as and 4 matrices of miRNA-gene interactions verified
experimentally which were extracted from the following tools: Starbase, miRWalk,
miRTarBase and miRRecords. These matrices have 19,061 rows (genes) and 2,043 columns
(mature miRNAs). The data were fused to form a single score matrix summarizing all such
information, which is used for all ranking procedures. Queries can be either rank all genes
given a certain miRNA, or rank all miRNAs given a certain gene. The data fusion method
consists in first applying logistic regression to predict the All Verified Merged values from

the 8 score values, then applying singular value decomposition and reconstruction of the
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score matrix to improve the resulting scores. Performance was assessed first by training using
half of the verified values (complemented by an equal number of non verified values treated

as negative outcomes). Validation testing on all the remaining values reached an ROC AUC
of 0.91.

[00170] The interactions between miRNAs and their targets go beyond the original
description of miRNAs as post-transcriptional regulators whose seed region of the driver
strand (5' bases 2-7) bind to complementary sequences in the 3’ UTR region of target
mRNAs, usually resulting in translational repression or target degradation and gene silencing.
The interactions can also involve various regions of the driver or passenger strands of the

miRNAs as well as the 5’UTR, promoter, and coding regions of the mRNAs.

[00171] Upon analysis of the available data, it was decided to favor pathway-specific
miRNAs which target multiple genes within one discrete signaling pathway, rather than
universal miRNAs which are involved in many signaling pathways, functions or processes in
various cell types and tissues/organs. Using these 34 publicly available Internet tools
predicting miRNAs and their targets, specific human miRNAs were searched for that could
potentially modulate several targets among the 92 thermogenic regulator molecules (which

include 36 Transcription Factors) selected in Example 1.

[00172] Once the lists of miRNAs of interest and their mRNA targets were produced,

the following filters were applied to refine the results:

[00173] Filters:

1. Expression of miRNAs in tissue/cell of interest

2. Number of algorithms predicting one miRNA for a given gene or set of genes

3. Score/percent from algorithms

4. Number of preferred genes targeted by one miRNA

5. Number of binding sites in a target gene for one miRNA

6. Number of binding sites in a target gene for several miRNAs

7. Over-representation of one miRNA seed complementary sequence among target

genes (miRvestigator)

8. Validated miRNA-mRNA target couples

9. Genomic location of miRNA binding site (5’UTR-Promoter-CDS-3"UTR)
10. Intronic location of miRNA

11. Clustering of miRNAs
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12.  Abundance of miRNA in specific tissue/cell of interest

[00174] Applying the above parameters, it was discovered that 229 miRNAs met at
least two of these criteria. These miRNAs are ranked according to decreasing number of
selection criteria (>2): hsa-miR-20b-5p; hsa-miR-27b-3p; hsa-miR-103a-3p; hsa-miR-22-3p;
hsa-miR-34a-5p; hsa-miR-130b-3p; hsa-miR-132-3p; hsa-miR-181b-5p; hsa-miR-211-5p;
hsa-miR-148b-3p; hsa-miR-17-5p; hsa-miR-182-5p; hsa-miR-20a-5p; hsa-miR-27a-3p; hsa-
miR-301a-3p; hsa-miR-204-5p; hsa-miR-143-3p; hsa-miR-1; hsa-miR-9-5p; hsa-miR-30a-
5p; hsa-miR-138-5p; hsa-miR-217; hsa-miR-19b-3p; hsa-miR-382-5p; hsa-miR-106a-5p;
hsa-miR-107; hsa-miR-135a-5p; hsa-miR-93-5p; hsa-miR-21-5p; hsa-miR-515-3p; hsa-miR-
106b-3p; hsa-miR-125a-5p; hsa-miR-148a-3p; hsa-miR-155-5p; hsa-miR-181a-5p; hsa-miR-
519d; hsa-miR-96-5p; hsa-miR-212-3p; hsa-miR-29a-3p; hsa-miR-98-5p; hsa-let-7c; hsa-let-
7d-5p; hsa-miR-141-3p; hsa-miR-183-5p; hsa-miR-19a-3p; hsa-miR-196a-5p; hsa-miR-30b-
5p; hsa-miR-378a-3p; hsa-miR-302c-5p; hsa-miR-30e-5p; hsa-miR-130a-3p; hsa-let-7e-5p;
hsa-miR-216a-5p; hsa-miR-450a-5p; hsa-let-7d-3p; hsa-miR-26b-5p; hsa-miR-181c-5p; hsa-
miR-186-5p; hsa-miR-519¢-3p; hsa-let-7b-5p; hsa-miR-10b-5p; hsa-miR-125b-5p; hsa-miR-
134; hsa-miR-137; hsa-miR-150-5p; hsa-miR-153; hsa-miR-15b-5p; hsa-miR-16-5p; hsa-
miR-195-5p; hsa-miR-196b-5p; hsa-miR-23a-3p; hsa-miR-29¢-3p; hsa-miR-373-3p; hsa-
miR-7-5p; hsa-miR-214-3p; hsa-miR-421; hsa-miR-15a-5p; hsa-miR-193b-3p; hsa-miR-194-
5p; hsa-miR-223-3p; hsa-miR-30d-5p; hsa-miR-424-5p; hsa-miR-454-3p; hsa-miR-545-3p;
hsa-miR-485-5p; hsa-miR-335-5p; hsa-miR-133a; hsa-miR-222-3p; hsa-miR-494; hsa-miR-
498; hsa-miR-513a-5p; hsa-miR-92a-3p; hsa-miR-495-3p; hsa-miR-503-5p; hsa-miR-539-5p;
hsa-miR-16-2-3p; hsa-miR-302b-5p; hsa-miR-425-3p; hsa-miR-99a-3p; hsa-let-7a-3p; hsa-
miR-126-3p; hsa-miR-20a-3p; hsa-miR-499a-5p; hsa-let-7g-5p; hsa-miR-152; hsa-miR-26a-
5p; hsa-miR-124-3p; hsa-miR-203a; hsa-miR-24-3p; hsa-miR-301b; hsa-miR-590-3p; hsa-
miR-1179; hsa-miR-325; hsa-miR-552; hsa-miR-185-5p; hsa-miR-455-3p; hsa-miR-583;
hsa-miR-122-5p; hsa-miR-1305; hsa-miR-139-5p; hsa-miR-146a-5p; hsa-miR-18a-5p; hsa-
miR-18b-5p; hsa-miR-199b-5p; hsa-miR-340-5p; hsa-miR-34¢-5p; hsa-miR-423-3p; hsa-
miR-489; hsa-miR-520f; hsa-miR-520g; hsa-miR-605; hsa-miR-668; hsa-let-7a-5p; hsa-let-
7f-5p; hsa-miR-10a-3p; hsa-miR-135b-5p; hsa-miR-144-3p; hsa-miR-181d; hsa-miR-200b-
3p; hsa-miR-200c-3p; hsa-miR-218-5p; hsa-miR-23b-3p; hsa-miR-25-3p; hsa-miR-29b-3p;
hsa-miR-383; hsa-miR-202-3p; hsa-miR-381-3p; hsa-miR-377-3p; hsa-miR-452-5p; hsa-
miR-501-3p; hsa-miR-514a-3p; hsa-miR-654-3p; hsa-let-7b-3p; hsa-miR-125a-3p; hsa-miR-
133b; hsa-miR-192-5p; hsa-miR-199a-3p; hsa-miR-30c-5p; hsa-miR-335-3p; hsa-miR-374a-
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5p; hsa-miR-410; hsa-miR-429; hsa-miR-497-5p; hsa-miR-513a-3p; hsa-miR-542-3p; hsa-
miR-653; hsa-miR-122-3p; hsa-miR-101-5p; hsa-miR-1178-3p; hsa-miR-191-5p; hsa-miR-
214-5p; hsa-miR-302d-5p; hsa-miR-572; hsa-miR-574-3p; hsa-miR-26a-2-3p; hsa-miR-611;
hsa-let-7f-1-3p; hsa-let-7i-3p; hsa-miR-100-5p; hsa-miR-106b-5p; hsa-miR-132-5p; hsa-
miR-135b-3p; hsa-miR-136-3p; hsa-miR-150-3p; hsa-miR-154-3p; hsa-miR-15a-3p; hsa-
miR-15b-3p; hsa-miR-16-1-3p; hsa-miR-181a-2-3p; hsa-miR-181¢c-3p; hsa-miR-186-3p; hsa-
miR-195-3p; hsa-miR-20b-3p; hsa-miR-223-5p; hsa-miR-224-3p; hsa-miR-24-1-5p; hsa-
miR-24-2-5p; hsa-miR-27a-5p; hsa-miR-27b-5p; hsa-miR-29b-1-5p; hsa-miR-302a-5p; hsa-
miR-3065-5p; hsa-miR-30d-3p; hsa-miR-34a-3p; hsa-miR-371a-3p; hsa-miR-373-5p; hsa-
miR-374a-3p; hsa-miR-376a-5p; hsa-miR-378a-5p; hsa-miR-424-3p; hsa-miR-451a; hsa-
miR-452-3p; hsa-miR-487b; hsa-miR-493-5p; hsa-miR-500a-3p; hsa-miR-502-3p; hsa-miR-
516b-3p; hsa-miR-518e-3p; hsa-miR-518f-3p; hsa-miR-519a-5p; hsa-miR-519b-5p; hsa-
miR-521; hsa-miR-523-5p; hsa-miR-545-5p; hsa-miR-585; hsa-miR-7-2-3p; hsa-miR-93-3p;
hsa-miR-96-3p; and hsa-miR-99b-3p.

EXAMPLE 3
HIGH-THROUGHPUT MIRNA TARGET SCREENING BY LUCIFERASE
ACTIVITY AND ORT-PCR

[00175] High-throughput screening using luciferase reporter assay constructs are used

to identify novel miRNA targets involved in thermogenesis.

[00176] Luciferase is commonly used as a reporter to assess the transcriptional activity
in cells that are transfected with a genetic construct containing the luciferase gene under the
control of a promoter of interest. SwitchGear Genomics has created a genome-wide library of
over 18,000 human promoters and 12,000 human 3* UTR regions cloned into an optimized
luciferase reporter vector system containing SwitchGear’s RenSP reporter cassette
(GoCloneTM) as a component of the LightSwitchTM Luciferase Assay System. This
modified form of luciferase greatly facilitates detailed kinetic studies, especially those

focusing on repression, which might otherwise be obscured by reporter protein accumulation.

[00177] The multiple microRNAs-one mRNA paradigm was tested with the
SwitchGear Genomic GoClone system, using UCP1 as the single thermogenic target gene. In
order to explore the possible interactions between various human miRNAs and the 3’'UTR
region, the 5’UTR region and the promoter/enhancer region of the human UCP1 gene in Hela

and HepG2 cells, three reporter constructs were made:
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(D) A human UCP1 3’UTR construct containing a reporter gene driven by a strong
constitutive promoter (RPL10-prom) with a 2,218 bp 3’'UTR fragment of the human
UCP1 sequence cloned in the 3’UTR region of the reporter gene. The effects of a
specific miRNA mimic, inhibitor, or non-targeting control on this reporter’s activity
are compared to those of an empty-3’'UTR and an Actin Beta-3’UTR to identify
effects that are specific to the putative UCP1 3’UTR construct.

(2) A human UCP1 Promoter construct containing a reporter gene driven by a
4,147 bp 5’UTR fragment of the human UCP1 sequence that spans the Transcription
Start Site and upstream region covering the methylation region and the enhancer
region of the human UCP1 gene sequence. The effects of a specific miRNA mimic,
inhibitor, or non-targeting control on this reporter’s activity are compared to those of
an Actin Beta-Promoter to identify effects that are specific to the putative UCPI
5’UTR construct.

3) A human UCP1 Enhancer Region construct containing a reporter gene driven
by a short minimal promoter from the HSV-TK locus with a 601 bp 5’UTR fragment
of the human UCP1 sequence that spans the Enhancer Region of the human UCP1
gene sequence. The effects of a specific miRNA mimic, inhibitor, or non-targeting
control on this reporter’s activity are compared to those of an empty 5’Enhancer

Region to identify effects that are specific to the putative UCP1 5’Enhancer construct.

[00178] In addition, miRNAxxx 3’UTR constructs were made. They contain the
reporter gene driven by a strong promoter (RPL10 prom) with a perfect match to the target
sequence of miRNAxxx cloned into the 3’UTR region of the reporter gene. The effect of a
miRNA mimic, inhibitor, or non-targeting control on this reporter's activity can be compared
to EMPTY 3’UTR and Actin B 3’'UTR to determine whether a miRNA mimic's or
inhibitor's activity can be reasonably detected in the experimental cell type. If the cell type
has no endogenous expression of the miRNA in question, the addition of a mimic should
knock down the activity of this reporter, and the addition of an inhibitor should have no
significant effect. If the cell type has high endogenous expression of the miRNA in question,
the addition of an inhibitor should increase the activity of this reporter, and the addition of a
mimic should have no significant effect. The range of endogenous miRNA expression in
Hela and HepG2 cell types is broad, so the synthetic target activity changes are likely to
reflect this variability.
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[00179] For each miRNA candidate (38 in total), the following conditions were tested:
- miRNA mimic (specific) * 8 reporter constructs in Hela cells
- miRNA mimic (specific) * 8 reporter constructs in HepG2 cells
- miRNA mimic non-targeting control * 8 reporter constructs in Hela cells
- miRNA mimic non-targeting control * § reporter constructs in HepG2 cells
- miRNA inhibitor (specific) * 8 reporter constructs in Hela cells
- miRNA inhibitor (specific) * 8 reporter constructs in HepG2 cells
- miRNA inhibitor non-targeting control * 8 reporter constructs in Hela cells
- miRNA inhibitor non-targeting control * 8 reporter constructs in HepG2 cells

[00180] To the extensive list of miRNAs that may bind to the UCP1 sequence, 10
filters were applied (in addition to required binding to UCP1 3’UTR region) to reduce the
number of miRNA candidates to be tested. These filters were length of binding sites, number
of binding sites, binding to the 5’UTR region, chromosomal clustering with other miRNAs,
intronic location, wobbling, expression across species, binding to the Enhancer Region,
binding to the Methylation Region and proof of experimental evidence of a relation to UCP1.

38 miRNAs that met at least 3 of these criteria were tested (Table 3).
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[00181] In these Luciferase reporter gene assay experiments, a miRNA candidate was
considered to interact with UCP1 if both the specific miRNA inhibitor increases the
luciferase signal and the specific miRNA mimic decreases the luciferase signal with an
Inhibitor/Mimic Ratio > 1.5 and or/a p value < 0.05. These selection criteria identify 9
miRNAs (hsa-miR-19b-2-5p, hsa-miR-21-5p, hsa-miR-130b-5p, hsa-miR-211, hsa-miR-325,
hsa-miR-382-3p/5p, hsa-miR-543, hsa-miR-515-3p, and hsa-miR-545) (Table 4). A few more
barely missed these selection criteria; they are hsa-miR-331-5p, hsa-miR-552, hsa-miR-620,
and hsa-miR-1179.

Table 4: miRNA identified as regulators of UCP1 gene expression by luciferase
reporter assay in Hela and/or HepG2 cells

Cell Line(s) miRNA

Hela hsa-miR-130b-5p
Hela + HepG2 | hsa-miR-19b-2-5p
HepG2 hsa-miR-382-3p/5p
Hela hsa-miR-515-3p
Hela hsa-miR-543
HepG2 hsa-miR-545

Hela + HepG2 | hsa-miR-21-5p
Hela hsa-miR-211-5p
Hela + HepG2 | hsa-miR-325

[00182] Out of these 9 selected miRNAs, 3 appear to bind to the 3 regions of UCP1
which were studied (hsa-miR-21-5p, hsa-miR-211, and hsa-miR-515-3p); 3 appear to bind to
2 regions of UCP1 (hsa-miR-19b-2-5p, hsa-miR-130b-5p, and hsa-miR-325), and 3 bind to a
single region of UCP1 (hsa-miR-331-5p, hsa-miR-543, and hsa-miR-545). All but hsa-miR-
331-5p appear to bind to the 3’'UTR region of UCP1 (Table 5).

Table 5: miRNA identified as regulators of UCP1 gene expression by luciferase
reporter assay

miRNA UCP1 3' UTR | UCP1 Enhancer | UCP1 Promoter

1 | hsa-miR-21-5p X X X

2 | hsa-miR-211 X X X

3 | hsa-miR-515-3p X X X

4 | hsa-miR-19b-2-5p X X

5 | hsa-miR-130b-5p X X

6 | hsa-miR-325 X X

7 | hsa-miR-331-5p X

8 | hsa-miR-543 X

9 | hsa-miR-545 X
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[00183] Further screening is performed by transfection of the promoter/3'UTR library
into human adipocytes or adipose-derived mesenchymal stem cells in cell culture, followed
by addition of miRNA agents (e.g., agomirs or antagomirs) to the cell culture. Measurement
of luciferase activity and identification of mRNAs is performed 24 hours after transfection

and addition of miRNA agents.

[00184] In order to confirm the results of the transfection experiments set forth above
over a longer time frame, lentiviral transduction experiments are performed using lentiviral
vectors containing the miRNA agents of interest (from System Biosciences (SBI) collection
of miRNA precursors expressed in the pMIRNA1 SBI vectors allowing the expression of the
copGFP fluorescent marker). Specifically, cells containing the promoter/3'UTR library are
transduced with lentiviral particles at an MOI of 1:10 and GFP-positive cells are sorted by
FACS, according to the supplier’s instructions. The level of expression of the mature
miRNAs and their targeted mRNAs is assessed at several time points (0, 3, and 6 hr.; 1, 4,
and 7 days) by Tagman Quantitative Real-time PCR in control cells (HEK293 cells), Human
Adipose-Derived Mesenchymal Stem Cells, Human Subcutaneous Pre-adipocytes, and
Human Proliferating Subcutaneous Adipocytes. Pooling of RNAs from 5 different time
points after transduction is optionally employed to reduce the complexity of the qRT-PCR

based screening approach while preserving the detection sensitivity.

EXAMPLE 4
HIGH-CONTENT CELLULAR PHENOTYPIC AND GENOTYPIC SCREENING OF
THERMOGENIC MIRNA CANDIDATES

[00185] High-content screening methods were used to screen for novel miRNA agents
that modulate the activity of thermogenic regulators (e.g., UCP1 and UCP2). High-content
screening is a drug discovery method that uses images of living cells to facilitate molecule
discovery. Accordingly, high-content screening methods were used to screen for novel

miRNA agents that modulate the activity of thermogenic regulators.

[00186] In order to assess the effect of miRNA analogs on human white adipocytes
differentiation into brown adipocytes, human subcutaneous pre-adipocytes (SuperLot 0048
from 8§ female donors, ZenBio, NC) were plated on Day 0 into 96-well plates and allowed to
attach overnight in preadipocyte medium (DMEM/Ham’s F-12 (1:1, v/v), HEPES buffer,
Fetal bovine serum and Antibiotics). The next day (Day 1), the medium was removed and
replaced with differentiation medium-2 (DMEM/Ham’s F-12 (1:1, v/v), HEPES buffer, Fetal

bovine serum, Biotin, Pantothenate, Human insulin, Dexamethasone, Isobutyl-
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methylxanthine, Proprietary PPARG agonist and Antibiotics. The cells were allowed to
incubate for 7 days at 37° C, 5% CO,. After 7 days (Day 7), a partial medium exchange was
performed with AM-1 adipocyte maintenance medium (DMEM/Ham’s F-12 (1:1, v/v),
HEPES buffer, Fetal bovine serum, Biotin, Pantothenate, Human insulin, Dexamethasone and
Antibiotics). The cells were allowed to incubate for an additional 7 days at 37° C, 5% CO..
On Day 17, the cells were transfected with miRNA analogs (specific miRIDIAN Mimics and
Hairpin Inhibitors, Dharmacon/Thermo Scientific Molecular Biology, CO) using the
transfecting agent Dharmafect 4. All treatments were in triplicate. Post transfection, the
negative control was maintenance medium only and the positive control was maintenance
medium with 100 nM of the PPARG agonist rosiglitazone. After 2 days, medium was
removed and replaced with fresh maintenance medium. The maintenance medium then
changed every two to three days until the end of the treatment period (Day 30). At the end of
the treatment (total of 30 days in culture) cells were processed for Phenotyping and

Genotyping Screening.

[00187] High Content cellular phenotyping of adipocytes in the presence of controls
and miRNA analogs has been described into International Application Serial No.

PCT/US2013/037579 filed on April 22, 2013 hereby incorporated by reference in its entirety.

[00188] mRNA expression was measured by targeted q-RT-PCR, NanoString and
universal RNA-Sequencing. The NanoString technology has the following advantages: it
does not require RNA extraction, does not require Reverse Transcription and amplification,
employs two very specific =50 base-long probes per mRNA, and utilizes unique molecular
barcode and single molecule imaging for each gene. Universal RNA-Sequencing (or Deep
Sequencing) requires the creation of ¢cDNA libraries, but covers the whole genome in an

“agnostic” way.

[00189] As an example, Day-30 samples of human adipocytes in maintenance medium
(negative control) or treated with rosiglitazone (positive control), or one of the first 191
miRNA analogs of the ranked list of the 229 miRNAs introduced in Example 2 were
submitted to NanoString technology to assess the level of expression of 82 thermogenic

genes and nine control genes.

[00190] Nineteen miRNA mimics induced at least a 50% increase of the human UCP1
mRNA expression level and 13 miRNA mimics induced at least a two-fold increase of the

human UCP1 mRNA expression. It is worthnoting that such alterations were noted 2 weeks
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after a single transfection with the miRNA analog, whereas the positive control,
Rosiglitazone (100 nM) was added with fresh medium every two to three days of culture. (see
Figure 9). Hsa-miR-515-3p which was shown in example 3 above to interact with the human
UCP1 gene in the reporter gene assay produced a 604% increase of the human UCP1 mRNA
expression, as well as a 183% increase of the human UCP2 mRNA expression. Hsa-miR-
141-3p produced 466% and 137% increases of UCP1 and UCP2 mRNAs expression,

respectively.

[00191] As shown on Table 6, the expression of a few targeted genes increased by at
least 25% after exposure to rosiglitazone or a miRNA mimic which produced at least a two-
fold increase of the human UCP1 gene expression. Thye include ANP, AZGP1, BMP7,
BMP8b, CEBPA, CEBPB, DLK1, FGF19, FGF21, FOXC2, HCRT, KLF11, KLF15, KLF5,
MAPK14, NCOA1, NCOA2, NRIP1, PRDX3, PRKAA2, PRKACA, RUNX2, FATP2, and
TRPMS. Of note is the absence of expression change for the following mRNAs: FNDCS5,
MEDI13, PPARGC1A, PPARGC1B, PRDM16 and UCP3. Table 6 shows the levels of
expression of 82 targeted mRNAs after stimulation of human mature subcutancous

adipocytes after exposure to rosiglitazone (RSGLTZ) or one of miRNA mimic.
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EXAMPLE 5§
DEVELOPMENT AND CHARACTERIZATION OF CLONAL NUCLEOTIDE
APTAMERS SPECIFICALLY TARGETING HUMAN ADIPOCYTES OR RELATED
CELLS

[00192] This example demonstrates how to generate an aptamer for use in an aptamir
or an exomir. The Cell-SELEX technology was used to develop and characterize DNA or
RNA aptamers that specifically recognize mature human subcutaneous adipocytes. SELEX

may also be used.
Pool preparation

[00193] A starting pool of random ribonucleic acid sequences (30-50 nucleotides) is
synthesized. Then, fixed sequences are added to the 5' and 3' of the 30-50 random
nucleotides for efficient amplification. The pool is then amplified with the primers, and then
used as a template for in vitro transcription with a modified T7 RNA polymerase.
Transcriptions are typically incubated at 37°C overnight, using 40 mM Tris pH 8.0, 40 mM
DTT, 1 mM spermidine-HCI, 0.002% TritonX-100, 4% (w/v) PEG-8000, 12 mM MgCl,, 3
mM 2'-F-CTP, 3 mM 2'-F-UTP, 3 mM GTP, 3 mM ATP, 0.5X inorganic pyrophosphatase,
and 1X modified T7 polymerase, and approximately 0.5 uM template RNA.

Selection

[00194] Twenty rounds of cell-SELEX are initiated using both positive and negative
selections. First, the RNA pools are incubated with non-target cells containing any one or
more of the negative markers discussed above. RNA sequences that bind to the non-target
cells are removed from the pool. Then, the remaining RNA sequences in the pool are
incubated with target tissue or cells under conditions that are favorable for binding. Next, the
unbound RNA sequences are partitioned from those RNA sequences that bound to the target
tissue or cells. Then, the bound sequences are dissociated from the target tissue or cells, and
reverse transcribed. The resulting cDNA is used as a template for PCR using primers and
Taq polymerase. PCR reactions are done under the following conditions: a) denaturation
step: 94°C for 2 minutes; b) cycling steps: 94°C for 30 seconds, 60°C for 30 seconds, 72°C
for 1 minute; c) final extension step: 72°C for 3 minutes. The cycles are repeated until
sufficient PCR product is generated. The amplified pool template DNA is then isopropanol
precipitated and half of the PCR product is used as template for the transcription of pool
RNA for the next round of selection. The transcribed RNA pool is gel purified using a 10%
polyacrylamide gel every third round. When not gel-purified, the transcribed RNA pool is
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desalted. In all cases, an equivalent of one-tenth of the total transcription product is carried

forward as the starting pool for the subsequent round of selection.
Aptamer generation

[00195] After the Cell-SELEX process, approximately 10-100 nucleic acid sequences
are chosen for further screening and evaluation. Aptamers with the desired binding affinity
(K4) and specificity are isolated from the 10-100 nucleic acid sequences. Typically, 1-4
sequences are chosen for further examination. Each of these 1-4 sequences is then minimized
to determine the smallest, most stable aptamer sequence that will bind to the target tissue or

cells.

[00196] Once the minimized sequence is determined, the aptamer is modified. For
example, the aptamer may be capped, such as with a 3' inverted nucleotide (e.g., dT) cap; 2'-F
and/or 2'-OMe moicties may be added to the aptamer; phosphorothioate linkages may be
added to the aptamer; and a PEG molecule may be added to the aptamer.

[00197] As an example of Cell-SELEX, negative selection was performed with freshly
isolated human hepatocytes and positive selection utilized primary cultures of human
subcutaneous adipocytes. Two rounds of negative selection and five rounds of positive
selection from a 32-mer library were completed. Isolated aptamers were sequenced,

synthesized and labeled with 6-fluorescein amidite (FAM) for binding studies.
In vitro validation of the aptamers identified by Cell-SELEX

[00198] The extent and kinetic profile of fluorescently-tagged aptamers binding to
intact target cells is performed by FACS in cultured ATMSCs, WAT and BAT (and negative
cell lines, e.g. HepG2 cells). Cells are counterstained with 4°,6-diamidino-2-phenylindole
(DAPI) to assess cellular distribution (cytoplasmic vs. nuclear) of aptamer binding. Surface
fluorescence is measured by flow cytometry. Cellular uptake and localization are studied by

non-confocal microscopy. Cell viability is assessed with MTT.

[00199] In the example above, human hepatocytes (negative cells) and adipocytes
(positive cells) were labeled for 15 minutes at room temperature with a saturating
concentration (1 uM) of 6-fluorescein amidite (FAM)-conjugated aptamers and analyzed by
fluorescence-activated cell sorting (FACS). As shown on Figure &, some aptamers (e.g.,
aptamer 974) do not bind to adipocytes nor hepatocytes, some aptamers (e.g., aptamer 975
bind to both adipocytes and hepatocytes, ratio: 2.69) and other aptamers bind preferentially to
adipocytes (e.g., aptamers 972 and 973, ratio: 4.76 and 5.40, respectively). Further
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characterization of these adipocyte-specific aptamers is in progress through additional rounds

of negative and positive selection.

EXAMPLE 6
DEVELOPMENT OF CUSTOMIZED EXOSOMES

[00200] This example demonstrates how exosome vesicles that can be customized to
specifically deliver their load of miRNA modulators to targeted adipocytes and enhance their

intra-cellular penetration while protecting them from degradation.

[00201] For the purpose of creating de novo exosomes that can safely and efficiently
carry and deliver their miRNA analogs load to adipocytes and related cells, the following
criteria are employed (using ExoCarta 2012, a repository database of exosomal proteins,
mRNAs, miRNAs and lipids (available online at exocarta.org), Vesiclepedia, a manually
curated compendium of molecular data of extracellular vesicles (available online at
microvesicles.org) and EVpedia, an integrated and comprehensive proteome, transcriptome,
and lipidome database of extracellular vesicles (available online at evpedia.info), as
references): (1) Elimination of antigen-presenting molecules to avoid the risk of triggering
an innate immune reaction; (2) Restriction of the exosome size to the 30 to 100 nm range,
also to avoid the risk of triggering an innate immune reaction and to reduce clearance by the
mononuclear phagocyte system; (3) Addition of lipids, lipid rafts and cytoskeleton proteins;
(4) Addition of transmembrane proteins like tetraspanins, LAMPs, CD13 and PGRL; (5)
Addition of membrane transport and fusion proteins like caveolins; (6) Addition of
adipocyte-specific glycosylphosphatidylinositol (GPI)-anchored proteins like CD73; (7)
Addition of molecules that are preferentially expressed at the surface of human adipocytes

(see Table 7).

Table 7

Name Entrez Gene ID | Ensembl Gene ID

DPT (Dermatopontin) 1805 | ENSG00000143196
CD10 (MME) 4311 | ENSG00000196549
FABP4 2167 | ENSG00000170323
CD36 (FAT) 948 | ENSG00000135218
Caveolin 1 (CAV1) 857 | ENSG00000105974
CD91 (LRP1) 4035 | ENSG00000123384
Stomatin 2040 | ENSG00000148175
Mfge8 (Lactadherin) 4240 | ENSG00000140545
ITGA7 (integrin, alpha 7) 3679 | ENSG00000135424
Caveolin 2 (CAV2) 858 | ENSG00000105971
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ANXAS (Annexin 5) 308 | ENSG00000164111
CD90 (THY 1) 7070 | ENSG00000154096
ANXA?2 (Annexin 2) 302 | ENSG00000182718
ANXA1 (Annexin 1) 301 | ENSG00000135046
CD146 (MCAM) 4162 | ENSG00000076706
CD151 (TSPAN24) 977 | ENSG00000177697
CD29 (ITGB1) 3688 | ENSG00000150093
CD166 (ALCAM) 214 [ ENSG00000170017
Lampl 3916 | ENSG00000185896
CD13 (ANPEP) 290 | ENSG00000166825
CD63 967 | ENSG00000135404
ANXA6 (Annexin 6) 309 | ENSG00000197043
GYPC (Glycophorin C) 2995 | ENSG00000136732
CD49¢ (ITGA4) 3678 | ENSG00000161638
TSPAN3 10099 | ENSG00000140391
CD81 (TSPAN28) 975 | ENSG00000110651
TSPAN4 7106 | ENSG00000214063
ANXA4 (Annexin 4) 307 | ENSG00000196975
SXT10 (Syntaxin 10) 8677 | ENSG00000104915
Alix (PDCD6IP) 10015 | ENSG00000170248
NPRI 4881 | ENSG00000169418
ANXA7 (Annexin 7) 310 | ENSG00000138279
CD44 (Hyaluronate) 960 | ENSG00000026508
EXAMPLE 6

IN VITRO VALIDATION OF THE THERMOGENIC APTAMIRS

[00202] Once the aptamer and miRNA elements are each validated in vitro, their
combinations (the aptamirs and exomirs) are validated in vitro, using the same techniques as

described above.

EXAMPLE 7
IN VIVO VALIDATION OF THE THERMOGENIC APTAMIRS IN ANIMAL
MODELS OF OBESITY

[00203] Several animal models of obesity have been developed and validated
(Kanasaki, et al., 2011; Speakman, et al, 2007). The most commonly used are the Leptin
Signaling Defects Lepob/ob and Leprdb/db Mouse Models as well as the High-Fat Diet
model in C57BL/6J mice (Wang, et al., 2012). This diet-induced obesity (DIO) model closely

mimics the increased availability of the high-fat/high-density foods in modern society.

[00204] C57Bl/6 mice fed a high fat diet are used to assess the efficacy and safety of

the thermogenic aptamirs, following the protocol described by Esau, et al, 2006, exploring
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the effects of miR-122 inhibition on lipid metabolism. Thus, a DIO mouse model is used for
in vivo validation of the effectiveness of the miRNA analogs described herein for the increase
in thermogenesis and/or the treatment of obesity and other metabolic disorders (Yin, et al.,
2013). DIO mice are administered one or more of an agomir, antagomir, aptamir or exomir.
Rosiglitazone is used as a positive control. Food intake, blood metabolic parameters, body
composition (body weight, body fat, bone mineral and lean mass, body fat distribution, body
temperature, O2 consumption and CO2 production, exercise induced thermogenesis, cold
induced thermogenesis and resting thermogenesis are measured in the mice prior to and after
treatment. A reduction in body mass or body fat or an increase in body temperature or any

kind of thermogenesis indicate the in vivo effectiveness of the administered composition.

3k o sk s s ok ok ok ok ok ok sk s s sk ok ok ok sk ok sk sk koo

[00205] All of the compositions and methods disclosed and claimed herein can be
made and executed without undue experimentation in light of the present disclosure. While
the compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the methods and apparatuses and in the steps or in the sequence of steps of the methods
described herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the invention

as defined by the appended claims.
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CLAIMS
1. An aptamir composition comprising a miRNA agent and a targeting agent.
2. The composition of claim 1, wherein the aptamir composition is an adipocyte-specific
aptamir composition.
3. The composition of any of claims 1-2, wherein the miRNA agent is a miRNA or
analog thereof.
4. The composition of any of claims 1-3, wherein the miRNA agent is thermogenic,

adipogenic, or thermogenic and adipogenic.

5. The composition of claim 4, wherein the miRNA agent is thermogenic and
adipogenic.

6. The composition of claim 4, wherein the miRNA agent is thermogenic.

7. The composition of any of claims 1-6, wherein the miRNA agent is a miRNA analog.
8. The composition of claim 7, wherein the miRNA analog is a miRNA agomir or a

miRNA antagomir.

9. The composition of any of claims 1-8, wherein the miRNA or analog thereof is at
least 75% identical, preferably 80% identical, more preferably 85% identical, more preferably
90% identical, more preferably 95% identical, more preferably 100% identical to the
sequence of a miRNA selected from the group consisting of hsa-miR-515-3p, hsa-miR-141-
3p, hsa-miR-20a-5p, hsa-miR-16-5p, hsa-miR-125a-5p, hsa-miR-let-7d-3p, hsa-miR-371a-
3p, hsa-miR-195-5p, hsa-miR-106b-3p, hsa-miR-605, hsa-miR-217, hsa-miR-148a-3p, hsa-
miR-19b-3p, hsa-miR-192-5p, hsa-miR-101-5p, hsa-miR-200b-3p, hsa-miR-487b, hsa-miR-
1179, hsa-miR-223-3p, hsa-let-7a-3p, hsa-let-7a-5p, hsa-let-7b-3p, hsa-let-7b-5p, hsa-let-7c,
hsa-let-7d-5p, hsa-let-7¢-3p, hsa-let-7e-5p, hsa-let-7f-1-3p, hsa-let-7f-2-3p, hsa-let-7f-5p,
hsa-let-7g-3p, hsa-let-7g-5p, hsa-let-7i-3p, hsa-let-7i-5p, hsa-miR-1, hsa-miR-100-3p, hsa-
miR-100-5p, hsa-miR-101-3p, hsa-miR-103a-2-5p, hsa-miR-103a-3p, hsa-miR-103b, hsa-
miR-105-5p, hsa-miR-106a-3p, hsa-miR-106a-5p, hsa-miR-106b-5p, hsa-miR-107, hsa-miR-
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10a-3p, hsa-miR-10a-5p, hsa-miR-10b-3p, hsa-miR-10b-5p, hsa-miR-1178-3p, hsa-miR-
1180, hsa-miR-1181, hsa-miR-1182, hsa-miR-1183, hsa-miR-1184, hsa-miR-1185-5p, hsa-
miR-1204, hsa-miR-1207, hsa-miR-1208, hsa-miR-122-3p, hsa-miR-122-5p, hsa-miR-1224,
hsa-miR-1226, hsa-miR-1227-3p, hsa-miR-1228-5p, hsa-miR-1229-3p, hsa-miR-1231, hsa-
miR-124-3p, hsa-miR-1245a, hsa-miR-1246, hsa-miR-1249, hsa-miR-125a-3p, hsa-miR-
125b-1-3p, hsa-miR-125b-2-3p, hsa-miR-125b-5p, hsa-miR-1251, hsa-miR-1252, hsa-miR-
1253, hsa-miR-1255a, hsa-miR-1255b-5p, hsa-miR-126-3p, hsa-miR-1260a, hsa-miR-1260b,
hsa-miR-1262, hsa-miR-1263, hsa-miR-1265, hsa-miR-1268a, hsa-miR-127-3p, hsa-miR-
1270, hsa-miR-1272, hsa-miR-1273a, hsa-miR-1275, hsa-miR-1276, hsa-miR-1277-3p, hsa-
miR-1278, hsa-miR-128, hsa-miR-1285-3p, hsa-miR-1286, hsa-miR-1287, hsa-miR-129-2-
3p, hsa-miR-1292-5p, hsa-miR-1293, hsa-miR-1301, hsa-miR-1302, hsa-miR-1303, hsa-
miR-1305, hsa-miR-130a-3p, hsa-miR-130a-5p, hsa-miR-130b-3p, hsa-miR-130b-5p, hsa-
miR-132-3p, hsa-miR-132-5p, hsa-miR-1321, hsa-miR-1323, hsa-miR-1324, hsa-miR-133a,
hsa-miR-133b, hsa-miR-134, hsa-miR-135a-3p, hsa-miR-135a-5p, hsa-miR-135b-3p, hsa-
miR-135b-5p, hsa-miR-136-3p, hsa-miR-136-5p, hsa-miR-137, hsa-miR-138-1-3p, hsa-miR-
138-2-3p, hsa-miR-138-5p, hsa-miR-139-3p, hsa-miR-139-5p, hsa-miR-140-3p, hsa-miR-
140-5p, hsa-miR-142-3p, hsa-miR-142-5p, hsa-miR-143-3p, hsa-miR-143-5p, hsa-miR-144-
3p, hsa-miR-144-5p, hsa-miR-145-3p, hsa-miR-145-5p, hsa-miR-1468, hsa-miR-146a-5p,
hsa-miR-146b-3p, hsa-miR-146b-5p, hsa-miR-147a, hsa-miR-147b, hsa-miR-148a-5p, hsa-
miR-148b-3p, hsa-miR-148b-5p, hsa-miR-149-3p, hsa-miR-149-5p, hsa-miR-150-3p, hsa-
miR-150-5p, hsa-miR-151a-3p, hsa-miR-151a-5p, hsa-miR-152, hsa-miR-153, hsa-miR-
1538, hsa-miR-1539, hsa-miR-154-3p, hsa-miR-154-5p, hsa-miR-155-5p, hsa-miR-15a-3p,
hsa-miR-15a-5p, hsa-miR-15b-3p, hsa-miR-15b-5p, hsa-miR-16-1-3p, hsa-miR-16-2-3p, hsa-
miR-17-3p, hsa-miR-17-5p, hsa-miR-181a-2-3p, hsa-miR-181a-3p, hsa-miR-181a-5p, hsa-
miR-181b-5p, hsa-miR-181c-3p, hsa-miR-181¢c-5p, hsa-miR-181d, hsa-miR-182-5p, hsa-
miR-1827, hsa-miR-183-3p, hsa-miR-183-5p, hsa-miR-184, hsa-miR-185-3p, hsa-miR-185-
5p, hsa-miR-186-3p, hsa-miR-186-5p, hsa-miR-187-3p, hsa-miR-187-5p, hsa-miR-188-5p,
hsa-miR-18a-3p, hsa-miR-18a-5p, hsa-miR-18b-3p, hsa-miR-18b-5p, hsa-miR-190a, hsa-
miR-190b, hsa-miR-191-3p, hsa-miR-191-5p, hsa-miR-1915-3p, hsa-miR-192-3p, hsa-miR-
193a-3p, hsa-miR-193a-5p, hsa-miR-193b-3p, hsa-miR-193b-5p, hsa-miR-194-5p, hsa-miR-
195-3p, hsa-miR-196a-3p, hsa-miR-196a-5p, hsa-miR-196b-5p, hsa-miR-197-3p, hsa-miR-
198, hsa-miR-199a-3p, hsa-miR-199a-5p, hsa-miR-199b-3p, hsa-miR-199b-5p, hsa-miR-19a-
3p, hsa-miR-19a-5p, hsa-miR-1909-3p, hsa-miR-1911-3p, hsa-miR-200a-3p, hsa-miR-200a-
5p, hsa-miR-200b-5p, hsa-miR-200c-3p, hsa-miR-200c-5p, hsa-miR-202-3p, hsa-miR-202-
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5p, hsa-miR-203a, hsa-miR-203b-5p, hsa-miR-204-5p, hsa-miR-205-5p, hsa-miR-206, hsa-
miR-208b, hsa-miR-20a-3p, hsa-miR-20b-3p, hsa-miR-20b-5p, hsa-miR-21-3p, hsa-miR-21-
5p, hsa-miR-210, hsa-miR-211-5p, hsa-miR-2110, hsa-miR-212-3p, hsa-miR-214-3p, hsa-
miR-214-5p, hsa-miR-215, hsa-miR-216a-5p, hsa-miR-218-1-3p, hsa-miR-218-5p, hsa-miR-
219-1-3p, hsa-miR-219-5p, hsa-miR-22-3p, hsa-miR-22-5p, hsa-miR-221-3p, hsa-miR-221-
5p, hsa-miR-222-3p, hsa-miR-222-5p, hsa-miR-223-5p, hsa-miR-224-3p, hsa-miR-224-5p,
hsa-miR-2355-3p, hsa-miR-23a-3p, hsa-miR-23a-5p, hsa-miR-23b-3p, hsa-miR-23b-5p, hsa-
miR-24-1-5p, hsa-miR-24-2-5p, hsa-miR-24-3p, hsa-miR-25-3p, hsa-miR-25-5p, hsa-miR-
26a-2-3p, hsa-miR-26a-5p, hsa-miR-26b-3p, hsa-miR-26b-5p, hsa-miR-27a-3p, hsa-miR-
27a-5p, hsa-miR-27b-3p, hsa-miR-27b-5p, hsa-miR-28-3p, hsa-miR-28-5p, hsa-miR-296-3p,
hsa-miR-296-5p, hsa-miR-297, hsa-miR-298, hsa-miR-299-3p, hsa-miR-299-5p, hsa-miR-
29a-3p, hsa-miR-29a-5p, hsa-miR-29b-1-5p, hsa-miR-29b-2-5p, hsa-miR-29b-3p, hsa-miR-
29¢-3p, hsa-miR-29¢-5p, hsa-miR-2909, hsa-miR-301a-3p, hsa-miR-301b, hsa-miR-302a-5p,
hsa-miR-302b-5p, hsa-miR-302c-5p, hsa-miR-302d-3p, hsa-miR-302d-5p, hsa-miR-302f,
hsa-miR-3064-5p, hsa-miR-3065-3p, hsa-miR-3065-5p, hsa-miR-3074-3p, hsa-miR-3074-5p,
hsa-miR-30a-3p, hsa-miR-30a-5p, hsa-miR-30b-3p, hsa-miR-30b-5p, hsa-miR-30c-1-3p, hsa-
miR-30¢-2-3p, hsa-miR-30c-5p, hsa-miR-30d-3p, hsa-miR-30d-5p, hsa-miR-30e-3p, hsa-
miR-30e-5p, hsa-miR-31-3p, hsa-miR-31-5p, hsa-miR-3120-3p, hsa-miR-3120-5p, hsa-miR-
3184-5p, hsa-miR-32-3p, hsa-miR-32-5p, hsa-miR-320a, hsa-miR-320b, hsa-miR-320c, hsa-
miR-323a-3p, hsa-miR-323b-5p, hsa-miR-324-3p, hsa-miR-324-5p, hsa-miR-325, hsa-miR-
326, hsa-miR-328, hsa-miR-329, hsa-miR-330-3p, hsa-miR-330-5p, hsa-miR-331-3p, hsa-
miR-331-5p, hsa-miR-335-3p, hsa-miR-335-5p, hsa-miR-337-3p, hsa-miR-337-5p, hsa-miR-
338-3p, hsa-miR-338-5p, hsa-miR-339-3p, hsa-miR-339-5p, hsa-miR-33a-5p, hsa-miR-33b-
3p, hsa-miR-33b-5p, hsa-miR-340-3p, hsa-miR-340-5p, hsa-miR-342-3p, hsa-miR-342-5p,
hsa-miR-345-5p, hsa-miR-346, hsa-miR-34a-3p, hsa-miR-34a-5p, hsa-miR-34b-3p, hsa-miR-
34b-5p, hsa-miR-34c¢-3p, hsa-miR-34c-5p, hsa-miR-3591-3p, hsa-miR-361-3p, hsa-miR-361-
5p, hsa-miR-3613-5p, hsa-miR-3615, hsa-miR-3619, hsa-miR-362-3p, hsa-miR-362-5p, hsa-
miR-363-3p, hsa-miR-363-5p, hsa-mir-365a-3p, hsa-mir-365a-5p, hsa-mir-3653, hsa-miR-
3656, hsa-miR-367-3p, hsa-miR-367-5p, hsa-miR-3676-3p, hsa-miR-369-3p, hsa-miR-369-
5p, hsa-miR-370, hsa-miR-372, hsa-miR-373-3p, hsa-miR-373-5p, hsa-miR-374a-3p, hsa-
miR-374a-5p, hsa-miR-374b-3p, hsa-miR-374b-5p, hsa-miR-375, hsa-miR-376a-2-5p, hsa-
miR-376a-3p, hsa-miR-376a-5p, hsa-miR-376b-3p, hsa-miR-376c-3p, hsa-miR-377-3p, hsa-
miR-377-5p, hsa-miR-378a-3p, hsa-miR-378a-5p, hsa-miR-378¢, hsa-miR-378d, hsa-miR-
379-3p, hsa-miR-379-5p, hsa-miR-380-3p, hsa-miR-380-5p, hsa-miR-381-3p, hsa-miR-382-
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3p, hsa-miR-382-5p, hsa-miR-383, hsa-miR-384, hsa-miR-3912, hsa-miR-3928, hsa-miR-
409-3p, hsa-miR-409-5p, hsa-miR-410, hsa-miR-411-3p, hsa-miR-411-5p, hsa-miR-412, hsa-
miR-421, hsa-miR-422a, hsa-miR-423-3p, hsa-miR-423-5p, hsa-miR-424-3p, hsa-miR-424-
5p, hsa-miR-425-3p, hsa-miR-425-5p, hsa-miR-429, hsa-miR-4291, hsa-miR-431-5p, hsa-
miR-432-5p, hsa-miR-433, hsa-miR-4421, hsa-miR-449a, hsa-miR-450a-5p, hsa-miR-450b-
3p, hsa-miR-450b-5p, hsa-miR-4505, hsa-miR-4510, hsa-miR-4516, hsa-miR-451a, hsa-miR-
452-3p, hsa-miR-452-5p, hsa-miR-4533, hsa-miR-4539, hsa-miR-454-3p, hsa-miR-454-5p,
hsa-miR-455-3p, hsa-miR-455-5p, hsa-miR-4634, hsa-miR-4732-3p, hsa-miR-4732-5p, hsa-
miR-4747-5p, hsa-miR-4792, hsa-miR-483-3p, hsa-miR-483-5p, hsa-miR-484, hsa-miR-485-
5p, hsa-miR-486-3p, hsa-miR-486-5p, hsa-miR-489, hsa-miR-490, hsa-miR-491-3p, hsa-
miR-491-5p, hsa-miR-492, hsa-miR-493-3p, hsa-miR-493-5p, hsa-miR-494, hsa-miR-495-
3p, hsa-miR-496, hsa-miR-497-3p, hsa-miR-497-5p, hsa-miR-498, hsa-miR-499a-5p, hsa-
miR-500a-3p, hsa-miR-501-3p, hsa-miR-501-5p, hsa-miR-502-3p, hsa-miR-502-5p, hsa-
miR-503-5p, hsa-miR-504, hsa-miR-505-3p, hsa-miR-505-5p, hsa-miR-506-3p, hsa-miR-
508-3p, hsa-miR-508-5p, hsa-miR-509-3p, hsa-miR-511, hsa-miR-512-5p, hsa-miR-513a-3p,
hsa-miR-513a-5p, hsa-miR-513b, hsa-miR-514a-3p, hsa-miR-514a-5p, hsa-miR-515-5p, hsa-
miR-516b-3p, hsa-miR-516b-5p, hsa-miR-517a-3p, hsa-miR-518a-3p, hsa-miR-518b, hsa-
miR-518e-3p, hsa-miR-518e-5p, hsa-miR-518f-3p, hsa-miR-519a-5p, hsa-miR-519b-5p, hsa-
miR-519¢-3p, hsa-miR-519¢-5p, hsa-miR-519d, hsa-miR-519¢-5p, hsa-miR-520¢-3p, hsa-
miR-520¢, hsa-miR-520f, hsa-miR-520g, hsa-miR-520h, hsa-miR-521, hsa-miR-522-5p, hsa-
miR-523-5p, hsa-miR-525-3p, hsa-miR-532-3p, hsa-miR-532-5p, hsa-miR-539-5p, hsa-miR-
541, hsa-miR-542-3p, hsa-miR-542-5p, hsa-miR-543, hsa-miR-545-3p, hsa-miR-545-5p, hsa-
miR-548a-3p, hsa-miR-548d-3p, hsa-miR-548e, hsa-miR-5481, hsa-miR-548m, hsa-miR-549,
hsa-miR-550a-3p, hsa-miR-550a-5p, hsa-miR-551b-3p, hsa-miR-551b-5p, hsa-miR-552, hsa-
miR-553, hsa-miR-554, hsa-miR-557, hsa-miR-563, hsa-miR-564, hsa-miR-567, hsa-miR-
569, hsa-miR-570-3p, hsa-miR-571, hsa-miR-572, hsa-miR-574-3p, hsa-miR-574-5p, hsa-
miR-575, hsa-miR-576-3p, hsa-miR-576-5p, hsa-miR-577, hsa-miR-578, hsa-miR-580, hsa-
miR-582-3p, hsa-miR-582-5p, hsa-miR-583, hsa-miR-584-5p, hsa-miR-585, hsa-miR-586,
hsa-miR-589-3p, hsa-miR-589-5p, hsa-miR-590-3p, hsa-miR-590-5p, hsa-miR-593-3p, hsa-
miR-593-5p, hsa-miR-595, hsa-miR-598, hsa-miR-601, hsa-miR-602, hsa-miR-603, hsa-
miR-606, hsa-miR-608, hsa-miR-609, hsa-miR-611, hsa-miR-612, hsa-miR-613, hsa-miR-
615-3p, hsa-miR-615-5p, hsa-miR-616-5p, hsa-miR-618, hsa-miR-619, hsa-miR-620, hsa-
miR-623, hsa-miR-625-5p, hsa-miR-626, hsa-miR-627, hsa-miR-628-3p, hsa-miR-628-5p,
hsa-miR-629-3p, hsa-miR-629-5p, hsa-miR-630, hsa-miR-631, hsa-miR-634, hsa-miR-635,
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hsa-miR-636, hsa-miR-638, hsa-miR-639, hsa-miR-641, hsa-miR-642a-3p, hsa-miR-642a-
5p, hsa-miR-643, hsa-miR-645, hsa-miR-646, hsa-miR-647, hsa-miR-649, hsa-miR-650, hsa-
miR-651, hsa-miR-652-3p, hsa-miR-653, hsa-miR-654-3p, hsa-miR-655, hsa-miR-656, hsa-
miR-657, hsa-miR-658, hsa-miR-659-3p, hsa-miR-660-5p, hsa-miR-663a, hsa-miR-663b,
hsa-miR-664a-3p, hsa-miR-664a-5p, hsa-miR-668, hsa-miR-671-5p, hsa-miR-675-3p, hsa-
miR-675-5p, hsa-miR-7-1-3p, hsa-miR-7-2-3p, hsa-miR-7-5p, hsa-miR-708-3p, hsa-miR-
708-5p, hsa-miR-718, hsa-miR-744-3p, hsa-miR-744-5p, hsa-miR-761, hsa-miR-765, hsa-
miR-766, hsa-miR-767-3p, hsa-miR-769-3p, hsa-miR-769-5p, hsa-miR-770-5p, hsa-miR-
874, hsa-miR-875, hsa-miR-876, hsa-miR-877-3p, hsa-miR-877-5p, hsa-miR-885-3p, hsa-
miR-887, hsa-miR-888-3p, hsa-miR-889, hsa-miR-890, hsa-miR-891a, hsa-miR-891b, hsa-
miR-9-3p, hsa-miR-9-5p, hsa-miR-92a-3p, hsa-miR-92b-3p, hsa-miR-92b-5p, hsa-miR-921,
hsa-miR-922, hsa-miR-93-3p, hsa-miR-93-5p, hsa-miR-935, hsa-miR-940, hsa-miR-941,
hsa-miR-942, hsa-miR-95, hsa-miR-96-3p, hsa-miR-96-5p, hsa-miR-98-5p, hsa-miR-99a-3p,
hsa-miR-99a-5p, hsa-miR-99b-3p, and hsa-miR-99b-5p, or analogs thereof.

10.  The composition of claim 9, wherein the miRNA or analog thereof is at least 75%
identical, preferably 80% identical, more preferably 85% identical, more preferably 90%
identical, more preferably 95% identical, more preferably 100% identical to the sequence of a
miRNA selected from the group consisting of hsa-miR-515-3p, hsa-miR-141-3p, hsa-miR-
20a-5p, hsa-miR-16-5p, hsa-miR-125a-5p, hsa-miR-let-7d-3p, hsa-miR-371a-3p, hsa-miR-
195-5p, hsa-miR-106b-3p, hsa-miR-605, hsa-miR-217, hsa-miR-148a-3p, hsa-miR-19b-3p,
hsa-miR-192-5p, hsa-miR-101-5p, hsa-miR-200b-3p, hsa-miR-487b, hsa-miR-1179, hsa-
miR-223-3p, hsa-miR-20b-5p, hsa-miR-27b-3p, hsa-miR-103a-3p, hsa-miR-22-3p, hsa-miR-
34a-5p, hsa-miR-130b-3p, hsa-miR-132-3p, hsa-miR-181b-5p, hsa-miR-211-5p, hsa-miR-
148b-3p, hsa-miR-17-5p, hsa-miR-182-5p, hsa-miR-27a-3p, hsa-miR-301a-3p, hsa-miR-204-
5p, hsa-miR-143-3p, hsa-miR-1, hsa-miR-9-5p, hsa-miR-30a-5p, hsa-miR-138-5p, hsa-miR-
382-5p, hsa-miR-106a-5p, hsa-miR-107, hsa-miR-135a-5p, hsa-miR-93-5p, hsa-miR-21-5p,
hsa-miR-155-5p, hsa-miR-181a-5p, hsa-miR-519d, hsa-miR-96-5p, hsa-miR-212-3p, hsa-
miR-29a-3p, hsa-miR-98-5p, hsa-let-7c, hsa-let-7d-5p, hsa-miR-183-5p, hsa-miR-19a-3p,
hsa-miR-196a-5p, hsa-miR-30b-5p, hsa-miR-378a-3p, hsa-miR-302¢-5p, hsa-miR-30e-5p,
hsa-miR-130a-3p, hsa-let-7e-5p, hsa-miR-216a-5p, hsa-miR-450a-5p, hsa-miR-26b-5p, hsa-
miR-181c¢c-5p, hsa-miR-186-5p, hsa-miR-519¢-3p, hsa-let-7b-5p, hsa-miR-10b-5p, hsa-miR-
125b-5p, hsa-miR-134, hsa-miR-137, hsa-miR-150-5p, hsa-miR-153, hsa-miR-15b-5p, hsa-
miR-196b-5p, hsa-miR-23a-3p, hsa-miR-29¢-3p, hsa-miR-373-3p, hsa-miR-7-5p, hsa-miR-
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214-3p, hsa-miR-421, hsa-miR-15a-5p, hsa-miR-193b-3p, hsa-miR-194-5p, hsa-miR-30d-5p,
hsa-miR-424-5p, hsa-miR-454-3p, hsa-miR-545-3p, hsa-miR-485-5p, hsa-miR-335-5p, hsa-
miR-133a, hsa-miR-222-3p, hsa-miR-494, hsa-miR-498, hsa-miR-513a-5p, hsa-miR-92a-3p,
hsa-miR-495-3p, hsa-miR-503-5p, hsa-miR-539-5p, hsa-miR-16-2-3p, hsa-miR-302b-5p,
hsa-miR-425-3p, hsa-miR-99a-3p, hsa-let-7a-3p, hsa-miR-126-3p, hsa-miR-20a-3p, hsa-miR-
499a-5p, hsa-let-7g-5p, hsa-miR-152, hsa-miR-26a-5p, hsa-miR-124-3p, hsa-miR-203a, hsa-
miR-24-3p, hsa-miR-301b, hsa-miR-590-3p, hsa-miR-325, hsa-miR-552, hsa-miR-185-5p,
hsa-miR-455-3p, hsa-miR-583, hsa-miR-122-5p, hsa-miR-1305, hsa-miR-139-5p, hsa-miR-
146a-5p, hsa-miR-18a-5p, hsa-miR-18b-5p, hsa-miR-199b-5p, hsa-miR-340-5p, hsa-miR-
34c¢-5p, hsa-miR-423-3p, hsa-miR-489, hsa-miR-520f, hsa-miR-520g, hsa-miR-668, hsa-let-
7a-5p, hsa-let-7f-5p, hsa-miR-10a-3p, hsa-miR-135b-5p, hsa-miR-144-3p, hsa-miR-181d,
hsa-miR-200c-3p, hsa-miR-218-5p, hsa-miR-23b-3p, hsa-miR-25-3p, hsa-miR-29b-3p, hsa-
miR-383, hsa-miR-202-3p, hsa-miR-381-3p, hsa-miR-377-3p, hsa-miR-452-5p, hsa-miR-
501-3p, hsa-miR-514a-3p, hsa-miR-654-3p, hsa-let-7b-3p, hsa-miR-125a-3p, hsa-miR-133b,
hsa-miR-199a-3p, hsa-miR-30c-5p, hsa-miR-335-3p, hsa-miR-374a-5p, hsa-miR-410, hsa-
miR-429, hsa-miR-497-5p, hsa-miR-513a-3p, hsa-miR-542-3p, hsa-miR-653, hsa-miR-122-
3p, hsa-miR-1178-3p, hsa-miR-191-5p, hsa-miR-214-5p, hsa-miR-302d-5p, hsa-miR-572,
hsa-miR-574-3p, hsa-miR-26a-2-3p, hsa-miR-611, hsa-let-7f-1-3p, hsa-let-7i-3p, hsa-miR-
100-5p, hsa-miR-106b-5p, hsa-miR-132-5p, hsa-miR-135b-3p, hsa-miR-136-3p, hsa-miR-
150-3p, hsa-miR-154-3p, hsa-miR-15a-3p, hsa-miR-15b-3p, hsa-miR-16-1-3p, hsa-miR-
181a-2-3p, hsa-miR-181c-3p, hsa-miR-186-3p, hsa-miR-195-3p, hsa-miR-20b-3p, hsa-miR-
223-5p, hsa-miR-224-3p, hsa-miR-24-1-5p, hsa-miR-24-2-5p, hsa-miR-27a-5p, hsa-miR-
27b-5p, hsa-miR-29b-1-5p, hsa-miR-302a-5p, hsa-miR-3065-5p, hsa-miR-30d-3p, hsa-miR-
34a-3p, hsa-miR-373-5p, hsa-miR-374a-3p, hsa-miR-376a-5p, hsa-miR-378a-5p, hsa-miR-
424-3p, hsa-miR-451a, hsa-miR-452-3p, hsa-miR-493-5p, hsa-miR-500a-3p, hsa-miR-502-
3p, hsa-miR-516b-3p, hsa-miR-518e-3p, hsa-miR-518f-3p, hsa-miR-519a-5p, hsa-miR-519b-
5p, hsa-miR-521, hsa-miR-523-5p, hsa-miR-545-5p, hsa-miR-585, hsa-miR-7-2-3p, hsa-
miR-93-3p, hsa-miR-96-3p, and hsa-miR-99b-3p, or analogs thereof.

11.  The composition of claim 10, wherein the miRNA is at least 75% identical, preferably
80% 1identical, more preferably 85% identical, more preferably 90% identical, more
preferably 95% identical, more preferably 100% identical to the sequence of a miRNA
selected from the group consisting of hsa-miR-515-3p, hsa-miR-141-3p, hsa-miR-20a-5p,
hsa-miR-16-5p, hsa-miR-125a-5p, hsa-miR-let-7d-3p, hsa-miR-371a-3p, hsa-miR-195-5p,
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hsa-miR-106b-3p, hsa-miR-605, hsa-miR-217, hsa-miR-148a-3p, hsa-miR-19b-3p, hsa-miR-
192-5p, hsa-miR-101-5p, hsa-miR-200b-3p, hsa-miR-487b, hsa-miR-1179, and hsa-miR-
223-3p, or analogs thereof.

12.  The composition of any of claims 1-11, wherein the targeting agent is an aptamer, an

exosome, or a combination of an aptamer and an exosome.

13.  The composition of any of claims 1-12, wherein the targeting agent is capable of

binding to a cell surface marker.

14.  The composition of claim 13, wherein the cell surface marker is selected from the
group consisting of: CD9 (tetraspan), CD10 (MME), CD13 (ANPEP), CD29 (B-1 integrin),
CD36 (FAT), CD44 (hyaluronate), CD49d (0-4 integrin), CD54 (ICAM-1), CD55 (DAF),
CD59, CD73 (SH3), CD90 (Thy1), CD91 (LPR1), CD105 (SH2, Endoglin), CD137, CD146
(Muc 18), CD166 (ALCAM), HLA-ABC, adiponectin, caveolin-1, caveolin-2, CD36 (FAT),
CLH-22 (clathrin heavy chain chromosome 22), DPT (dermatopotin), FABP4 (adipocyte
protein 2, ap2), SLC27A1 (FATP1), SLC27A2 (FATP2), GLUT4 (glucose transporter 4),
perilipin 2, resistin, neprilysin (CD10), FAT (CD36), Thy-1 (CD90), low density lipoprotein
receptor-related protein 1 (LRP1, CD91), caveolin-1, caveolin-2, fatty acid binding protein 4
(FABP4), cell surface glycoprotein MUC18 (CD146), activated leukocyte cell adhesion
molecule (CD166) and Natriuretic peptide receptor A (NPR1).

15.  The composition of any of claims 1-14, wherein the targeting agent does not bind to a
hematopoietic lineage marker selected from the group consisting of: CD11b (a-M integrin),
CD14, CD18, CD19, CD31, CD34, CD45 (LCA), CD79 alpha, c-kit (ABCG2), STRO-1,
HLA I, Linl, Ter119, and HLA-DR.

16.  The composition of any of claims 1-15, wherein the miRNA agent is covalently

coupled to the targeting agent.

17.  The composition of claim 16, wherein the miRNA agent is non-covalently coupled to

the targeting agent.
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18.  The composition of claim 16, wherein the miRNA agent is coupled to the targeting

agent by a linker.

19. The composition of claim 18, wherein the linker is selected from the group consisting of:
a polyalkylene glycol, polyethylene glycol, a dendrimer, a comb polymer, a biotinstreptavidin

bridge, and a ribonucleic acid.

20.  The composition of any of claims 1-18, wherein the targeting agent is an aptamer.

21.  The composition of any of claims 1-20, further comprising a nanoparticle, wherein the

nanoparticle has a diameter of no more than 100 nm.

22.  The composition of claim 21, where the nanoparticle has a diameter of equal to or

between about 30 nm and about 100 nm.

23.  The composition of any of claims 21-22, wherein the miRNA agent is encapsulated
by the nanoparticle.
24.  The composition of any of claims 21-22, wherein the targeting agent is bound to the

outside of the nanoparticle.

25.  The composition of any of claims 21-24, wherein the nanoparticle is an exosome.

26.  The composition of any of claims 1-25, further comprising at least a second miRNA
agent.

27.  The composition of any of claims 1-26, further comprising a pharmaceutically

acceptable carrier.

28.  Use of the aptamir composition of any of claims 1-26 to treat obesity or metabolic

disorders in a subject.

29.  Aptamir compositions of any of claims 1-26 for use as a medicament.
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30.  Aptamir compositions of any of claims 1-26 for use in treating obesity or metabolic

disorders in a subject.

31. A method for delivering a therapeutic microRNA (miRNA) to a specific cell, tissue,
or organ in a subject comprising administering the aptamir composition of any one of claims

1-30 to the subject.

32.  The method of claim 31, wherein the cell is an adipocyte or adipose tissue derived

mesenchymal stem cell.

33.  The method of any of claims 31-32, wherein the miRNA agent modulates activity of

at least one mitochondrial uncoupler.

34, The method of claim 33, wherein the mitochondrial uncoupler is UCP1, UCP2, or
UCP3.

35.  The method of any of claims 33-34, wherein the miRNA modulator directly binds to

the mRNA or promoter region of at least one mitochondrial uncoupler.

36.  The method of any of claims 33-34, wherein the miRNA agent directly binds to the

5'UTR or coding sequence of the mRNA of at least one mitochondrial uncoupler.

37. A method for treating obesity or metabolic disorders in a subject, comprising

administering the aptamir composition of any one claims 1-30 to the subject.

38.  The method of claim 37, wherein the aptamir composition is delivered to a cell,

tissue, or organ in the subject.

39.  The method of claim 38, wherein the cell is an adipocyte or adipose tissue derived

mesenchymal stem cell.

40.  The method of claim 37, wherein the miRNA agent modulates activity of at least one

mitochondrial uncoupler.
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41]. The method of claim 40, wherein the mitochondrial uncoupler is UCP1, UCP2, or
UCP3.

42.  The method of any of claims 40-41, wherein the miRNA modulator directly binds to

the mRNA or promoter region of at least one mitochondrial uncoupler.

43.  The method of any of claims 40-41, wherein the miRNA agent directly binds to the

5'UTR or coding sequence of the mRNA of at least one mitochondrial uncoupler.
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International application No

PCT/US2013/053613

A. CLASSIFICATION OF SUBJECT MATTER

INV. CI12N15/11 C12N15/113
ADD.

C12N15/115

A61K31/7088

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

B. FIELDS SEARCHED

CI2N A61K

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, BIOSIS, Sequence Search, EMBASE, EMBL, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X XIN WU ET AL:

XP055082392,
A figures 1,4,6

ISSN: 1176-9114, DOI: 10.2147/1JN.S23747

"Second-generation 1
aptamer-conjugated PSMA-targeted delivery
system for prostate cancer therapy",
INTERNATIONAL JOURNAL OF NANOMEDICINE,
August 2011 (2011-08), page 1747,

2-43
-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 October 2013

Date of mailing of the international search report

02/01/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer
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Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X LIU NENGHUI ET AL: "Reversal of
paclitaxel resistance in epithelial
ovarian carcinoma cells by a MUC1
aptamer-let-7i chimera",

CANCER INVESTIGATION, INFORMA HEALTHCARE,
us,

vol. 30, no. 8, 19 July 2012 (2012-07-19),
pages 577-582, XP008165144,

ISSN: 1532-4192, DOI:
10.3109/07357907.2012.707265

A figure 1

X AMANDA TIVNAN ET AL: "Inhibition of
Neuroblastoma Tumor Growth by Targeted
Delivery of MicroRNA-34a Using
Anti-Disialoganglioside GD2 Coated
Nanoparticles",

PLOS ONE,

vol. 7, no. 5, 25 May 2012 (2012-05-25),
page e38129, XP055082618,

DOI: 10.1371/journal.pone.0038129

A figures 3,4

X JIN KYEOUNG KIM ET AL: "Molecular imaging
of a cancer-targeting theragnostics probe
using a nucleolin aptamer- and
microRNA-221 molecular beacon-conjugated
nanoparticle",

BIOMATERIALS, ELSEVIER SCIENCE PUBLISHERS
BV., BARKING, GB,

vol. 33, no. 1,

23 September 2011 (2011-09-23), pages
207-217, XP028333971,

ISSN: 0142-9612, DOI:
10.1016/J.BIOMATERIALS.2011.09.023
[retrieved on 2011-09-10]

A figure 1

X EP 1 800 695 Al (FRAUNHOFER GES FORSCHUNG
[DE]) 27 June 2007 (2007-06-27)

claims 1,5,10

X WO 20107135714 A2 (METHODIST HOSPITAL RES
INST [US]; HSUEH WILLA A [US]; DENG TUO
[US]; L) 25 November 2010 (2010-11-25)

Y paragraph [0108]; claim 1; figure 24

_/__

1
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Y

LIU JUN ET AL: "Selection of aptamers
specific for adipose tissue",

PLOS ONE, PUBLIC LIBRARY OF SCIENCE, US,
vol. 7, no. 5, 25 May 2012 (2012-05-25),
page e37789.1, XP002697995,

ISSN: 1932-6203, DOI:
10.1371/JOURNAL.PONE. 0037789

[retrieved on 2012-05-25]

page 4, right-hand column

LET SUN ET AL: "Mirl93b-365 is essential
for brown fat differentiation",

NATURE CELL BIOLOGY,

vol. 13, no. 8, 10 July 2011 (2011-07-10),
pages 958-965, XP055081740,

ISSN: 1465-7392, DOI: 10.1038/ncbh2286

the whole document

US 2010/255545 Al (SMOLKE CHRISTINA D [US]
ET AL) 7 October 2010 (2010-10-07)

claim 1; figures 2,8; table 1

N. PETROVIC ET AL: "Chronic Peroxisome
Proliferator-activated Receptor (PPAR )
Activation of Epididymally Derived White
Adipocyte Cultures Reveals a Population of
Thermogenically Competent, UCPl-containing
Adipocytes Molecularly Distinct from
Classic Brown Adipocytes",

JOURNAL OF BIOLOGICAL CHEMISTRY,

vol. 285, no. 10,

5 March 2010 (2010-03-05), pages
7153-7164, XP055040054,

ISSN: 0021-9258, DOI:
10.1074/jbc.M109.053942

figures 3,4

MUSTAFA ABDO SAIF DEHWAH ET AL:

"MicroRNAs and Type 2 Diabetes/Obesity",
JOURNAL OF GENETICS AND GENOMICS,

vol. 39, no. 1,

29 December 2011 (2011-12-29), pages
11-18, XP055082523,

ISSN: 1673-8527, DOI:
10.1016/j.j9g9.2011.11.007

the whole document

R. A. MCGREGOR ET AL: "microRNAs in the
regulation of adipogenesis and obesity.",
CURRENT MOLECULAR MEDICINE,

vol. 11, no. 4, June 2011 (2011-06), pages
304-316, XP055082623,

the whole document
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A

JAGAT R. KANWAR ET AL: "Chimeric aptamers
in cancer cell-targeted drug delivery",
CRITICAL REVIEWS IN BIOCHEMISTRY AND
MOLECULAR BIOLOGY,

28 September 2011 (2011-09-28), pages
1-19, XP055058076,

ISSN: 1040-9238, DOI:
10.3109/10409238.2011.614592

table 1

LAURA CERCHIA ET AL: "Coupling Aptamers
to Short Interfering RNAs as
Therapeutics",

PHARMACEUTICALS,

vol. 4, no. 12,

27 October 2011 (2011-10-27), pages
1434-1449, XP055082625,

ISSN: 1424-8247, DOI: 10.3390/ph4111434
page 1440 - page 1443; table 2

V BORGDORFF ET AL: "Multiple microRNAs
rescue from Ras-induced senescence by
inhibiting p21Wafl/Cipl",

ONCOGENE,

vol. 29, no. 15,

15 April 2010 (2010-04-15), pages
2262-2271, XP055082518,

ISSN: 0950-9232, DOI: 10.1038/0onc.2009.497
the whole document
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

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

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

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

see additional sheet

-

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

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

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-43(partially)
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

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

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-43(partially)

An aptamir composition comprising a miRNA agent and a
targeting agent,

wherein the miRNA agent is at least 75% identical to
hsa-miR-515-3p,

and wherein the targeting agent is an aptamer.

2-665. claims: 1-43(partially)

An aptamir composition comprising a miRNA agent and a
targeting agent,

wherein in each invention the miRNA agent is selected from
one of the miRNAs listed in claim 9,

and wherein the targeting agent is an aptamer.

666. claims: 1-19, 21-43(all partially)

An aptamir composition comprising a miRNA agent and a
targeting agent,

wherein the miRNA agent is at least 75% identical to
hsa-miR-515-3p,

and wherein the targeting agent is an exosome.

667-1330. claims: 1-19, 21-43(all partially)

An aptamir composition comprising a miRNA agent and a
targeting agent,

wherein in each invention the miRNA agent is selected from
one of the miRNAs listed in claim 9,

and wherein the targeting agent is an exosome.
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Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1800695 Al 27-06-2007  CA 2633776 Al 28-06-2007
CN 101340934 A 07-01-2009
EP 1800695 Al 27-06-2007
EP 1976564 A2 08-10-2008
HK 1123728 Al 22-11-2013
US 2009304717 Al 10-12-2009
WO 2007071777 A2 28-06-2007
WO 2010135714 A2 25-11-2010  NONE
US 2010255545 Al 07-10-2010  NONE
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