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INHIBITING CTRP5 ACTION TO IMPROVE INSULIN RESISTANCE
ASSOCIATED WITH OBESITY AND TYPE 2 DIABETES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No.
62/193,792, filed June 17, 2015, which is incorporated herein by reference in its

entirety.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with government support under DK084171 awarded
by the National Institutes of Health. The government may have certain rights in the

invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED
ELECTRONICALLY
This application contains a sequence listing. It has been submitted
electronically via EFS-Web as an ASCII text file entitled “111232-00540_ ST25.txt™.
The sequence listing is 24,576 bytes in size, and was created on July 11, 2016. It is

hereby incorporated by reference in its entirety.

BACKGROUND

The gene that encodes CTRPS, a secreted protein of the Clq family, is
mutated in individuals with late-onset retinal degeneration. CTRPS is widely
expressed outside the eye and also circulates in plasma. Its physiological role in
peripheral tissues, however, has yet to be elucidated. Here, we show that Ctrp5
expression is modulated by fasting and refeeding, and by different diets, in mice.
Adipose expression of CTRPS5 was markedly upregulated in obese and diabetic
humans, and in genetic and dietary models of obesity in rodents. Further, human
CTRPS5 expression in the subcutaneous fat depot positively correlated with BMI. A
genetic loss-of-function mouse model was used to address the metabolic function of
CTRPS in vivo. On a standard chow diet, CTRP5-deficient mice had reduced fasting
insulin but were otherwise comparable to wild-type littermate controls in body weight
and adiposity. However, when fed a high-fat diet, CTRP5-deficient animals had

reduced food intake, attenuated hepatic steatosis, and improved insulin action. Loss

1



WO 2017/015095 PCT/US2016/042446

10

15

20

25

30

of CTRPS also improved the capacity of chow-fed aged mice to respond to
subsequent high-fat feeding, as evidenced by decreased insulin resistance. In cultured
adipocytes and myotubes, recombinant CTRP5 treatment attenuated insulin-
stimulated AKT phosphorylation. Our results provide the first genetic and
physiological evidence for CTRPS as a negative regulator of glucose metabolism and
insulin sensitivity. Inhibition of CTRPS action may result in the alleviation of insulin
resistance associated with obesity and diabetes.

Clg/TNF-related proteins (CTRP1-15) are a highly conserved family of
secreted plasma proteins with a shared signature C1q globular domain (Seldin, et al.,
20141; Wong, et al., 2004). They are widely expressed in human and mouse tissues
and have important metabolic functions (Wong, et al., 2004; Peterson, et al., 2012;
Peterson, et al., 2013; Peterson, et al., Am J Physiol Regul Integr Comp Physiol,
2013; Peterson, et al., 2010; Seldin, et al., 2013; Seldin, et al., 2012: Wei, et al., 2014;
Wei, et al., 2012; Wei, et al., 2011; Wei, et al., 2013; Wong, et al., 2009; Wong, et al.,
2008). CTRPS is expressed by a variety of tissues, including the adipose tissue
(Wong, et al., 2008; Schmid, et al., 2013) and retinal pigment epithelium and ciliary
body of the eye (Mandal, et al., 2006); interestingly, an autosomal dominant missense
mutation (S163R) in the CTRPS/CIQTNF5 gene causes late onset retinal
degeneration (L-ORD) in humans (Hayward, et al., 2003; Ayyagari, et al., 2005;
Subrayan, et al., 2005; Soumplis, et al., 2013; Vincent, et al., 2012). Functional and
structural studies have revealed that Ser-163 plays a critical role in the protein’s
structural integrity, as mutation of this residue promotes protein aggregation and
impairs the secretion and assembly of CTRPS into proper higher-order oligomeric
structures important for its biological function (Mandal, et al., 2006; Hayward, et al.,
2003; Ayyagari, et al., 2005; Shu, et al., 2006; Tu, et al., 2014; Shu, et al., Adv Exp
Med Biol, 2006). Two targeted Ctrp5 S163R knock-in mutant mouse models have
been generated to model the human disease. While one S163R knock-in mouse
model recapitulates the phenotypes of human L-ORD (Chavali, et al., 2011), another
knock-in mouse model, with a different genetic background, lacks discerable retinal
defects (Shu, et al., 2011).

CTRPS is detected beyond the visual system, in peripheral tissues such as
adipose tissue. Its function in the periphery, however, remains uncertain. Several
recent studies suggest a metabolic role for CTRPS. Notably, serum CTRPS levels are
higher in genetic models of obesity and diabetes (0b/0b and db/db mice, OLETF rat)
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(Park, et al., 2009). In obese Pima Indians, the expression of CTRP5 transcript is
upregulated in isolated subcutaneous adipocytes relative to lean controls (Lee, et al.,
2005). In healthy female volunteers, serum CTRPS levels decreased after a 10-week
aerobic exercise regimen and were positively correlated with insulin resistance index
(HOMA-IR) (Lim, et al., 2012). However, in a different study involving a larger
cohort of non-diabetic male and female volunteers, combined aerobic and resistance
exercise for 12 weeks modestly increased serum CTRPS5 levels (Choi, et al., 2013).
In cultured myocytes, CTRPS5 expression and secretion is increased when
mitochondrial DNA is depleted, and recombinant CTRP5 treatment appears to
enhance fatty acid oxidation (Park, et al., 2009). In cultured adipocytes, recombinant
CTRPS treatment also inhibits the secretion of adipokines such as resistin and
adiponectin (Schmid, et al., 2013).
Despite these in vifro observations and correlative studies in humans, the

physiological role of CTRPS in peripheral tissues remains elusive.

SUMMARY

The practice of the present invention will typically employ, unless otherwise
indicated, conventional techniques of cell biology, cell culture, molecular biology,
transgenic biology, microbiology, recombinant nucleic acid (e.g., DNA) technology,
immunology, and RNA interference (RN A1) which are within the skill of the art. Non-
limiting descriptions of certain of these techniques are found in the following
publications: Ausubel, F., et al., (eds.), Current Protocols in Molecular Biology,
Current Protocols in Immunology, Current Protocols in Protein Science, and Current
Protocols in Cell Biology, all John Wiley & Sons, N.Y ., edition as of December 2008;
Sambrook, Russell, and Sambrook, Molecular Cloning. A Laboratory Manual, 34ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 2001; Harlow, E. and
Lane, D., Antibodies—A Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, 1988; Freshney, R. 1., “Culture of Animal Cells, A Manual of
Basic Technique™, 5th ed., John Wiley & Sons, Hoboken, N.J., 2005. Non-limiting
information regarding therapeutic agents and human diseases is found in Goodman
and Gilman's The Pharmacological Basis of Therapeutics, 11th Ed., McGraw Hill,
2005, Katzung, B. (ed.) Basic and Clinical Pharmacology, McGraw-Hill/Appleton &
Lange 10™ed. (2006) or 11th edition (July 2009). Non-limiting information regarding

genes and genetic disorders is found in McKusick, V. A.: Mendelian Inheritance in
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Man. A Catalog of Human Genes and Genetic Disorders. Baltimore: Johns Hopkins
University Press, 1998 (12th edition) or the more recent online database: Online
Mendelian Inheritance in Man, OMIM™. McKusick-Nathans Institute of Genetic
Medicine, Johns Hopkins University (Baltimore, Md.) and National Center for
Biotechnology Information, National Library of Medicine (Bethesda, Md.), as of May
1, 2010, World Wide Web URL: http://www.ncbi.nlm.nih.gov/omim/ and in Online
Mendelian Inheritance in Animals (OMIA), a database of genes, inherited disorders
and traits in animal species (other than human and mouse), at
http://omia.angis.org.au/contact.shtml.

In an effort to illuminate the role of CTRPS in modulating metabolic function,
the presently disclosed subject matter employed a genetic loss-of-function mouse
model to help elucidate the role of CTRPS in vivo.

In an aspect, the presently disclosed subject matter provides a method of
improving insulin sensitivity in a cell, tissue, or subject, the method comprising
administering to a cell, tissue, or subject an effective amount of an agent that
decreases the expression level and/or activity of C1q and tumor necrosis factor related
protein 5 (CTRPS), thereby improving insulin sensitivity in the cell, tissue, or subject.

In an aspect, the presently disclosed subject matter provides a method of
reducing insulin resistance in a subject in need thereof, the method comprising
administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, thereby reducing food intake in the
subject.

In an aspect, the presently disclosed subject matter provides a method of
improving glucose homeostasis in a subject in need thereof, the method comprising
administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, thereby reducing food intake in the
subject.

In an aspect, the presently disclosed subject matter provides a method of
reducing food intake in a subject in need thereof, the method comprising
administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, thereby reducing food intake in the
subject.

In an aspect, the presently disclosed subject matter provides a method of

reducing hepatic tryglycerides in a subject in need thereof, the method comprising
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administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, thereby reducing hepatic tryglycerides in
the subject.

In an aspect, the presently disclosed subject matter provides a method of
treating hepatic steatosis in a subject in need thereof, the method comprising
administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, thereby treating hepatic steatosis in the
subject.

In an aspect, the presently disclosed subject matter provides a method of
treating a metabolic disorder in a subject in need thereof, the method comprising
administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, thereby reducing food intake in the
subject.

In an aspect, the presently disclosed subject matter provides a method of
treating a metabolic disorder in a subject in need thereof, the method comprising
administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, wherein the agent reduces insulin
resistance, improves glucose homeostasis, reduces hepatic triglyceride levels, and/or
reduces food intake in the subject, thereby treating a metabolic disorder in the subject.

In particular embodiments, the expression level and/or activity of CTRPS is
decreased in the cell, tissue, or subject. In particular embodiments, the expression
level and/or activity of CTRPS is decreased in a cell or tissue of the subject.

In particular embodiments, the agent is selected from the group consisting of
small molecules, saccharides, peptides, proteins, peptidomimetics, nucleic acids, an
extract made from biological materials selected from the group consisting of bacteria,
plants, fungi, animal cells, and animal tissues, and any combination thereof.

In particular embodiments, the cell is selected from the group consisting of an
adipocyte, a myocyte, a hepatocyte and combinations thereof. In particular
embodiments, the tissue comprises a peripheral tissue. In particular embodiments, the
tissue is selected from the group consisting of adipose tissue, skeletal muscle, liver,
and combinations thereof. In particular embodiments, the adipose tissue comprises
subcutaneous white adipose tissue.

In particular embodiments, the subject has a metabolic disorder. In particular

embodiments, the subject is obese or at risk of becoming obese. In particular
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embodiments, the subject is obese or at risk of becoming obese and exhbits insulin
resistance. In particular embodiments, the subect is obese or at risk of becoming
obese and has diabetes (e.g., Type II diabetes). In particular embodiments, the subject
has diabetes or is at risk of developing diabetes. In particular embodiments, the
subject: (i) has a metabolic disorder or is at risk of developing a metabolic disorder;
(i1) is obese or at risk of becoming obese; (iii) has hepatic steatosis; and/or (iv) has
diabetes or is at risk of developing diabetes. In particular embodiments, the subject is
refed in a fasted state. In particular embodiments, the subject is refed following a fast.
In particular embodiments, the method includes administering to the subject a high fat
diet. In particular embodiments, the subject is administered a high fat diet in a fasted
state. In particular embodiments, the method includes administering to the subject an
effective amount of an anti-diabetic agent. In particular embodiments, the method
includes administering to the subject an effective amount of an appetite suppressant
agent. In particular embodiments, the method includes administering to the subject an
effective amount of an anti-diabetic agent and/or an appetite suppressant agent.
Certain aspects of the presently disclosed subject matter having been stated
hereinabove, which are addressed in whole or in part by the presently disclosed
subject matter, other aspects will become evident as the description proceeds when
taken in connection with the accompanying Examples and Drawings as best described

herein below.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the presently disclosed subject matter in general terms,
reference will now be made to the accompanying Figures, which are not necessarily
drawn to scale, and wherein:

FIG. 1A and FIG. 1B show evolutionary conservation of C1q/TNF-related
protein 5 (CTRPS) in vertebrates and its tissue expression profile in humans. FIG. 1A
shows sequence alignment of human (NP_001265360), mouse (NP_001177248),
chicken (XP_001232467), frog (Xenopus; XP_002935065), and zebrafish
(NP_001025124) CTRP5 using a web-based Clustal W (version 2) tool (Larkin, et al.,
2007). Identical amino acids are shaded black and similar amino acids are shaded
gray. Shading was done using the web-based BoxShade tool. The NH,-terminal
signal peptide, collagen domain (with G-X-Y repeats), and the COOH-terminal

globular C1q domain are indicated. Sequences shown in FIG. 1A are in order from
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top to bottom: SEQ. ID. NO. 57 (human), SEQ. ID. NO. 58 (mouse), SEQ. ID. NO.
59 (chicken), SEQ. ID. NO. 60 (xenopus), SEQ. ID. NO. 61 (zebrafish). FIG. 1B
shows quantitative real-time PCR analysis of human C7RP5 mRNA expression across
47 tissue types. Expression levels of CTRP5 in each tissue were normalized to
GAPDH.

FIG. 2A, FIG. 2B, FIG. 2C, FIG. 2D, and 2E show Ctrp5 expression in
different metabolic states. FIG. 2A shows quantitative real-time PCR analysis of
Ctrp5 expression in epididymal white adipose tissue (eWAT), skeletal muscle, liver,
and hypothalamus of mice subjected to overnight fast (fasted group, N=7) or
overnight fast followed by 3 h refeeding (refed group, N=8). Expression levels were
normalized to S-actin. FIG. 2B and FIG. 2C show quantitative real-time PCR
analysis of Ctrp5 expression in epididymal white adipose tissue (eWAT) from leptin-
deficient 0b/0b (N=10) and wild-type (WT) lean controls (N=9) or in eWAT and
inguinal white adipose tissue iIWAT) from mice fed a control low-fat diet (LFD;
N=8) vs. a high-fat diet (HFD; N=8). FIG. 2D shows expression levels of C#p35 in
the brain and peripheral tissues of a separate cohort of LFD-fed (N=11) and HFD-fed
(N=11) mice. Expression levels were normalized to S-actin. FIG. 2E shows
quantitative real-time PCR analysis of Ctrp35 expression in brain, heart, liver, kidney,
and eWAT from mice fed a ketogenic diet (N=8) or matched control diet (N=8).
Expression levels were normalized to the average of /8s TIRNA, Gapdh, p-actin and
Rpl-22. #p<0.03, **p<0.01, ***p<0.001.

FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D show expression of CTRPS5 in lean
and obese humans. Quantitative real-time PCR analysis of CTRPS5 in omental as
shown in FIG. 3A and FIG. 3C, or subcutaneous as shown in FIG. 3B and FIG. 3D,
adipose tissue of human abdominal surgery subjects. Expression of CTRPS in the
subcutaneous fat depot is positively correlated with body mass index (BMI) as shown
in FIG. 3B. Expression levels of CTRPS5 are higher in obese individuals with or
without type 2 diabetes relative to lean individuals as shown in FIG. 3D (N=7-8).
Expression levels were normalized to f-actin levels in each sample. **p<0.01

FIG. 4A, FIG. 4B and FIG. 4C show generation of Ctrp5-null mice. FIG 4A
is a schematic showing the strategy for generating Ctrp5 knockout (KO) mice. The
entire Ctrp3 gene, comprising two exons, was replaced by a neomycin-resistance gene
and /acZ reporter cassette. FIG. 4B is PCR genotyping results showing the successful
generation of wild-type (WT; +/+), heterozygous (+/-), and homozygous KO (-/-)

7



WO 2017/015095 PCT/US2016/042446

10

15

20

25

30

alleles using the indicated primer pairs (TUF and TUR for WT allele, lacInF, and
lacInR for KO allele) shown in FIG. 4A. FIG. 4C shows the absence of Ctrp5 mRNA
in eWAT from the knockout (KO) mice was confirmed by RT-PCR with primers
specific for Ctrp5 (mCtrpSF and mCrrpSR).

FIG. 5A, FIG. 5B, FIG. 5C, FIG. 5D, FIG. 5E, FIG. 5F, and FIG. 5G show
metabolic phenotypes of Ctrp5-null mice fed a standard laboratory chow diet. FIG.
5A shows body weight of wild-type (WT) and knockout (KO) male mice over time.
FIG. 5B shows fat and lean mass in WT and KO mice quantified by Echo-MRI. FIG.
5C shows WT and KO blood glucose levels were measured at the indicated time
points during glucose tolerance test (GTT). FIG. 5D shows WT and KO blood
glucose levels were measured at the indicated time points during insulin tolerance test
(ITT). FIG. 5E and FIG. 5F show fasting blood glucose and insulin levels. FIG. 5G
shows calculated insulin resistance (HOMA-IR) index for WT and KO mice at 20
weeks of age. WT, N=7; KO, N=8. *p<0.05, **p<0.01.

FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F, FIG. 6G, FIG. 6H,
FIG. 61, FIG. 6J, FIG. 6K, and FIG. 6L show improved insulin sensitivity in Ctrp3-
null mice fed a high-fat diet. FIG. 6A shows body weight of wild-type (WT) and
knockout (KO) male mice over time. FIG. 6B shows fat and lean mass in WT and
KO mice quantified by Echo-MRI at 21 weeks of age. FIG. 6C, FIG. 6D, FIG. 6E,
and FIG. 6F show fasting blood glucose, insulin, and C-peptide levels as well as the
calculated insulin resistance (HOMA-IR) index for WT and KO mice at 20 weeks of
age. FIG. 6G shows real-time PCR for gluconeogenic gene (G6Pc and Pckl)
expression in liver of WT and KO mice. FIG. 6H shows blood glucose levels for WT
and KO mice were measured at the indicated time points during glucose tolerance test
(GTT). FIG. 6l shows WT and KO serum insulin levels at 0 and 30 min after glucose
injection. FIG. 6] shows WT and KO blood glucose levels measured at the indicated
time point during insulin tolerance test (ITT). FIG. 6K shows the decay constant
(Kyrr) for WT and KO mice based on the ITT data. FIG. 6L shows area-under-curve
for ITT (as shown in FIG. 6J) was calculated for WT and KO mice. WT, N=8; KO,
N=7. *p<0.05, **p<0.01.

FIG. 7A, FIG. 7B, and FIG. 7C show nsulin-stimulated Akt phosphorylation
in Cirp3-null adipose tissue, skeletal muscle, and liver. Quantitative Western blot

analysis of insulin-stimulated Akt (Sert73) phosphorylation in adipose tissue (FIG.
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7A}, skeletal muscle (FIG. 7B), and hiver (FIG. 7C) of WT and KO mice injecied
with insulin {1 U/kg body wt). Tissues were harvesied at 15 min posi-insulin
mjection. A total of 10 ug protein lysaie from each sample was loaded onto
Western blot gels. *P < .05,

FIG. 8A, FIG. 8B, FIG. 8C, FIG. 8D, FIG. 8E, FIG. 8F, FIG. 8G, FIG. 8H,
FIG. 81, and FIG. 8J show lipid and adipokine profiles of Ctrp5-null mice fed a high-
fat diet. FIG. 8A shows representative histologic sections of liver from WT and KO
mice stained with hematoxylin and eosin. FIG. 8B and FIG. 8C show liver
triglyceride and cholesterol levels of WT and KO mice. FIG. 8D, FIG. 8E, FIG. §F,
and FIG. 8G show serum concentrations of triglycerides, cholesterol, and non-
esterified free fatty acids (NEFA) and B-hydroxybutyrate (ketone) in WT and KO
mice. FIG. 8G shows quantitative PCR analysis of genes involved in de novo lipid
synthesis (Scdl, Fasn, Srebplic, and Accl) and fat oxidation (Lcad and Mcad) in WT
and KO mouse liver. FIG. 8H shows skeletal muscle triglyceride levels of WT and
KO mice. FIG. 81 shows quantitative PCR analysis of genes involved in de novo lipid
synthesis (Scdl, Fasn, Srebpic, and Accl) and fat oxidation (Lcad and Mcad) in WT
and KO mouse liver. FIG. 8J shows expression of genes (Gpat, Agpat, Dgar)
involved in triglyceride synthesis in WT and KO mouse liver. All expression levels
were normalized to 18s rRNA. WT, N=8; KO, N=7.

FIG. 9A, FIG 9B, FIG 9C, FIG 9D, FIG 9E, FIG 9F, FIG 9G, FIG 9H, FIG 91,
FIG 9J, and FIG 9K, show inflammatory and fibrotic states of adipose tissue in Ctrp3-
null mice. FIG. 9A shows representative histologic sections of eWAT from WT and
KO mice stained with hematoxylin and eosin. FIG. 9B and FIG. 9C show
quantitative PCR analysis of macrophage marker genes (F'4/80 and Cd11) in visceral
(epididymal; eWAT) and subcutaneous (inguinal; iWAT) white adipose tissue. FIG.
9D and FIG. 9E show expression levels of fibrotic collagen genes (Co/3 and Col6) in
the visceral (eWAT) and subcutaneous (iWAT) fat depots of WT and KO mice. FIG.
9F, FIG. 9G, FIG. 9H, and FIG. 91, show ELISA quantification of serum leptin,
adiponectin, IL-6 and TNF-¢, levels in WT and KO mice. FIG. 9J and FIG. 9K
showexpression levels of adiponectin and CTRPs in the eWAT and iWAT of WT and
KO mice. All expression levels were normalized to 18s rRNA levels. WT, N=8; KO,
N=7.

FIG. 10A, FIG. 10B, FIG. 10C, FIG. 10D, FIG. 10E, FIG. 10F, FIG. 10G, and
FIG. 10H show indirect calorimetry analysis of Ctrp3-null mice fed a high-fat diet.
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FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D show oxygen consumption (Vo,), CO;
production (Vcop), respiratory exchange ratio (RER), and energy expenditure (EE) for
male WT and KO mice at 22 weeks of age. FIG. 10E shows total physical activity
levels for WT and KO mice during the dark and light phases of the photocycle. FIG.
10F shows real-time food intake measurements for WT and KO mice during the dark
and light phases of the photocycle. FIG. 10G shows cumulative food intake (over a
12-h period) for WT and KO mice in the dark and light phases of the photocycle.
*p<0.05 (WT, N=6; KO, N=8).

FIG. 11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 11E, FIG. 11F, FIG. 11G,
FIG. 11H, FIG. 111, FIG. 11J, FIG. 11K, and FIG. 11L show reduced insulin
resistance and hepatic triglyceride synthesis gene expression in aged CtrpS-null mice
fed a high-fat diet later in life. Weaned WT and KO male mice were fed a chow diet
for 21 weeks and then a HFD for a 16 weeks. FIG. 11A shows body weights of male
WT (N=9) and KO (N=7) mice after switching to a HFD. FIG. 11B, FIG. 11C, FIG.
11D, and FIG. 11E show fasting blood glucose, serum insulin, and C-peptide levels as
well as the calculated insulin resistance (HOMA-IR) index of aged WT and KO mice
after high-fat feeding for 16 weeks. FIG. 11F shows blood glucose levels of WT
(N=7) and KO (N=5) mice at the indicated time points during glucose tolerance test
(GTT). FIG. 11G shows serum insulin levels were measured in the same group of
mice during GTT. FIG. 11H shows blood glucose levels of WT (N=7) and KO (N=5)
mice at the indicated time points during insulin tolerance test (ITT). FIG. 111 shows
the decay constant (Kyrr) for WT and KO mice based on the ITT data. FIG. 11J
shows quantitative PCR analysis of genes involved in de novo lipid synthesis (Scdl,
Fasn, Srebplc, and Accl) and fat oxidation (Lcad and Mcad) in WT and KO mouse
liver. FIG. 11K shows expression of genes (Gpat, Agpat, and Dgat) involved in
triglyceride synthesis in WT and KO mouse liver. Food was removed for 3 hours
before liver tissue was harvested from mice. FIG. 11L shows area-under-curve for
ITT (as shown in FIG. 10G) was calculated for WT and KO mice. Expression levels
were normalized to 18s rRNA levels. WT, n=7; KO, n=6.%*p<0.05, **p<0.01.
FIG. 12A, FIG. 12B, FIG. 12C, and FIG. 12D, shows recombinant mouse CTRPS5
attenuates insulin-stimulated Akt phosphorylation. FIG. 12A and FIG. 12C show
mouse 3T3-L1 adipocytes (FIG. 12A) and rat L6 myotubes (FIG. 12C) were treated
overnight with control conditioned medium or conditioned medium containing

recombinant mouse CTRP5. The following day, cells were washed once and then
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stimulated with vehicle control or 100 nM insulin for 5 min. Cell lysates were then
subjected to Western blot analysis with total and phosphorylated Akt antibodies. FIG.
12B shows quantification of immunoblot results for 3T3-L1 adipocytes based on two
independent experiments (N=4). FIG. 12C shows quantification of immunoblot
results for L6 myotubes based on two independent experiments (N=4). *p<0.05;
##p<().01; ***p<0.001

The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawings will be
provided by the Office upon request and payment of the necessary fee.

The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawings will be

provided by the Office upon request and payment of the necessary fee.

DETAILED DESCRIPTION

The presently disclosed subject matter now will be described more fully
hereinafter with reference to the accompanying Figures, in which some, but not all
embodiments of the inventions are shown. Like numbers refer to like elements
throughout. The presently disclosed subject matter may be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will satisfy
applicable legal requirements. Indeed, many modifications and other embodiments of
the presently disclosed subject matter set forth herein will come to mind to one skilled
in the art to which the presently disclosed subject matter pertains having the benefit of
the teachings presented in the foregoing descriptions and the associated Figures.
Therefore, it is to be understood that the presently disclosed subject matter is not to be
limited to the specific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of the appended claims.

The presently disclosed subject matter demonstrates that decreasing the
expression level and/or activity of Clq and tumor necrosis factor related protein 5
(CTRP5) can improve insulin sensitivity in a cell, tissue, or subject. In addition,
decreasing the expression level and/or activity of CTRPS5 can also reduce insulin
resistance, improve glucose homeostasis, and/or reduce food intake in a subject. The

presently disclosed subject matter also provides a method of treating a metabolic
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disorder in a subject by administering an agent that decreases the expression level
and/or activity of CTRPS5. The presently disclosed subject matter further provides a
method of treating hepatic steatosis in a subject in need thereof by administering an

agent that decreases the expression level and/or activity of CTRPS.

I METHODS OF IMPROVING INSULIN SENSITIVITY IN A CELL,
TISSUE, OR SUBJECT

In an aspect, the presently disclosed subject matter provides a method of
improving insulin sensitivity in a cell, tissue, or subject, the method comprising
administering to a cell, tissue, or subject an effective amount of an agent that
decreases the expression level and/or activity of C1q and tumor necrosis factor related
protein 5 (CTRPS), thereby improving insulin sensitivity in the cell, tissue, or subject.
In some embodiments, the expression level and/or activity of CTRPS is decreased in
the cell, tissue, or subject.

As used herein, the term “insulin sensitivity” refers to the physiological
condition in which cells respond to the normal actions of the hormone insulin. This is
in contrast to insulin resistance, which is a physiological condition in which cells fail
to respond to the normal actions of insulin. Accordingly, “improving insulin
sensitivity” in a cell, tissue, or subject means an increase in insulin sensitivity in the
cell, tissue, or subject of at least about 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, or more, or as much as 100%, at least about a 2-fold, or at least
about a 3-fold, or at least about a 4-fold, or at least about a 5-fold or at least about a
10- fold increase, or any increase between 2-fold and 10-fold or greater as compared
to areference level (e.g., the insulin sensitivity before employing the method and/or
agent).

As used herein, “decreasing the expression level and/or activity of Clq and
tumor necrosis factor related protein 5 (CTRPS)” includes any decrease in expression,
protein activity, or level of the CTRPS gene or protein encoded by the CTRPS gene.
The decrease may be at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or
99% or more as compared to the expression of the CTRPS gene or the activity or level
of the CTRPS protein. In some embodiments, the agent may inhibit the interaction of
CTRPS5 with a coactivator, cofactor, or another molecule that interacts with the
CTRPS5 gene and/or protein. In some embodiments, the agent may target a

coactivator, cofactor, or another molecule that interacts with the CTRPS5 gene and/or
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protein and/or is involved in the same pathway as the CTRP5 gene and/or protein to
modulate insulin sensitivity.

In some embodiments, the agent that decreases the expression level and/or
activity of CTRPS is any therapeutic agent that is capable of decreasing the
expression level and/or activity of CTRPS. In some embodiments, the agent is
selected from the group consisting of small molecules, such as small organic or
inorganic molecules; saccharides; oligosaccharides; polysaccharides; a biological
macromolecule selected from the group consisting of peptides, proteins, peptide
analogs and derivatives; peptidomimetics; nucleic acids, such as RNA interference
molecules, selected from the group consisting of siRNAs, shRNAs, antisense RNAs,
ribozymes, dendrimers and aptamers; antibodies, including antibody fragments and
intrabodies; an extract made from biological materials selected from the group
consisting of bacteria, plants, fungi, animal cells, and animal tissues; naturally
occurring or synthetic compositions; and any combination thereof. In some
embodiments, the agent is selected from the group consisting of small molecules,
saccharides, peptides, proteins, peptidomimetics, nucleic acids, an extract made from
biological materials selected from the group consisting of bacteria, plants, fungi,
animal cells, and animal tissues, and any combination thereof. Non-limiting examples
of agents that decrease the expression level and/or activity of CTRPS include CTRP5S
siRNA (GeneCards Human Gene Database, http://www.genecards.org/cgi-
bin/carddisp.pl?gene=C1QTNFS; CTRPS siRNA (h): sc-77053, Santa Cruz
Biotechnology, Inc., http://datasheets.scbt.com/sc-77053.pdf) and CTRPS antibodies
(GeneCards Human Gene Database, http://www.genecards.org/cgi-
bin/carddisp.pl?gene=C1QTNFS; Anti-human CTRPS5 (NT), Universal Biologicals,
http://www.universalbiologicals.com/anti-human-ctrp5-nt-49180), the references of
which are incorporated herein by reference.

As used herein, the term "small molecule" can refer to agents that are "natural
product-like," however, the term "small molecule" is not limited to "natural product-
like" agents. Rather, a small molecule is typically characterized in that it contains
several carbon— carbon bonds, and has a molecular weight of less than 5000 Daltons
(5 kD), preferably less than 3 kD, still more preferably less than 2 kD, and most
preferably less than 1 kD. In some cases it is preferred that a small molecule have a
molecular weight equal to or less than 700 Daltons.

As used herein, an "RNA interference molecule" refers to an agent which
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interferes with or inhibits expression of a target gene or genomic sequence by RNA
interference (RNAIi). Such RNA interfering agents include, but are not limited to,
nucleic acid molecules including RN A molecules which are homologous to the target
gene or genomic sequence, or a fragment thereof, short interfering RNA (siRNA),
short hairpin or small hairpin RNA (shRNA), microRNA (miRNA) and small
molecules which interfere with or inhibit expression of a target gene by RNA
interference (RNAI).

The term "polynucleotide" is used herein interchangeably with "nucleic acid"
to indicate a polymer of nucleosides. Typically a polynucleotide of this invention is
composed of nucleosides that are naturally found in DNA or RNA (e.g., adenosine,
thymidine, guanosine, cytidine, uridine, deoxyadenosine, deoxythymidine,
deoxyguanosine, and deoxycytidine) joined by phosphodiester bonds. However, the
term encompasses molecules comprising nucleosides or nucleoside analogs
containing chemically or biologically modified bases, modified backbones, etc.,
whether or not found in naturally occurring nucleic acids, and such molecules may be
preferred for certain applications. Where this application refers to a polynucleotide it
is understood that both DNA, RNA, and in each case both single- and double-stranded
forms (and complements of each single-stranded molecule) are provided.
"Polynucleotide sequence" as used herein can refer to the polynucleotide material
itself and/or to the sequence information (e.g. The succession of letters used as
abbreviations for bases) that biochemically characterizes a specific nucleic acid. A
polynucleotide sequence presented herein is presented in a 5' to 3' direction unless
otherwise indicated.

The term "polypeptide" as used herein refers to a polymer of amino acids. The
terms "protein" and "polypeptide" are used interchangeably herein. A peptide is a
relatively short polypeptide, typically between about 2 and 60 amino acids in length.
Polypeptides used herein typically contain amino acids such as the 20 L-amino acids
that are most commonly found in proteins. However, other amino acids and/or amino
acid analogs known in the art can be used. One or more of the amino acids in a
polypeptide may be modified, for example, by the addition of a chemical entity such
as a carbohydrate group, a phosphate group, a fatty acid group, a linker for
conjugation, functionalization, etc. A polypeptide that has a non-polypeptide moiety
covalently or non-covalently associated therewith is still considered a "polypeptide".

Exemplary modifications include glycosylation and palmitoylation. Polypeptides
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may be purified from natural sources, produced using recombinant DNA technology,
synthesized through chemical means such as conventional solid phase peptide
synthesis, etc. The term "polypeptide sequence" or "amino acid sequence" as used
herein can refer to the polypeptide material itself and/or to the sequence information
(e.g., the succession of letters or three letter codes used as abbreviations for amino
acid names) that biochemically characterizes a polypeptide. A polypeptide sequence
presented herein is presented in an N-terminal to C-terminal direction unless
otherwise indicated.

In some embodiments, the cell is selected from the group consisting of an
adipocyte, a cell that primarily comprises adipose tissue; a myocyte, a type of cell
found in muscle tissue; a hepatocyte, a cell comprising the main parenchymal tissue
of the liver; and combinations thereof. In some embodiments, the cell is a skeletal
muscle cell. In some embodiments, the cell is cardiomyocyte, a type of cell found in
heart muscle tissue.

In some embodiments, the tissue comprises a peripheral tissue. As used
herein, the term “peripheral tissue” refers to all the tissue in the body other than tissue
in the central nervous system, such as liver, adipose, skeletal muscle, pancreatic
tissue, kidney, etc. In some embodiments, the tissue is selected from the group
consisting of adipose tissue, loose connective tissue comprising mostly adipocytes;
skeletal muscle, a form of striated muscle tissue; liver, and combinations thereof. In
some embodiments, the adipose tissue comprises subcutaneous white adipose tissue.

The presently disclosed subject matter provides the first genetic and
physiological evidence for CTRPS as a negative regulator of glucose metabolism and
insulin sensitivity. Accordingly, in some embodiments, the subject has a metabolic
disorder, such as a disorder associated with obesity and/or diabetes. In some
embodiments, the subject is obese or at risk of becoming obese. As used herein, the
term “obese” refers to a subject with a body mass index (BMI) of at least 30 kg/m”.
In some embodiments, the subject has diabetes or is at risk of developing diabetes.
As used herein, the term “diabetes™ refers the group of metabolic diseases in which a
subject has a high blood sugar level over a prolonged period of time if not treated.
The term “diabetes” includes all kinds of diabetes, such as type 1 diabetes, type 2
diabetes, and gestational diabetes. In some embodiments, the subject is refed in a
fasted state. The term “fasted state™ refers to a state in which a subject does not eat

any food. In some embodiments, the subject does not eat for at least 1 hour, 2 hours,
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4 hours, 6 hours, 8 hours, 10 hours, 12 hours, or more.

IL. METHODS OF REDUCING INSULIN RESISTANCE, IMPROVING
GLUCOSE HOMEOSTASIS, AND/OR REDUCING FOOD INTAKE IN A
SUBJECT

In some embodiments, the presently disclosed subject matter provides a
method of reducing insulin resistance in a subject in need thereof, the method
comprising administering to the subject an effective amount of an agent that decreases
the expression level and/or activity of CTRPS, thereby reducing insulin resistance in
the subject. In some embodiments, “reducing insulin resistance” in a cell, tissue, or
subject means a decrease in insulin resistance in the cell, tissue, or subject of at least
about 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more.

In some embodiments, the presently disclosed subject matter provides a
method of improving glucose homeostasis in a subject in need thereof, the method
comprising administering to the subject an effective amount of an agent that decreases
the expression level and/or activity of CTRPS, thereby improving glucose
homeostasis in the subject. As used herein, the term “glucose homeostasis™ refers to
the balance of insulin and glucagon to maintain blood glucose. “Improving glucose
homeostasis™ refers to the ability of a subject to better maintain blood glucose levels.
In some embodiments, “improving glucose homeostasis™ in a subject means an
improvement of glucose homeostasis in the subject of at least about 1%, 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more.

It has been found that decreasing the expression level and/or activity of
CTRPS in a subject can reduce the amount of food that a subject eats. Accordingly, in
some embodiments, the presently disclosed subject matter provides a method of
reducing food intake in a subject in need thereof, the method comprising
administering to the subject an effective amount of an agent that decreases the
expression level and/or activity of CTRPS, thereby reducing food intake in the
subject. In some embodiments, “reducing food intake™” in a subject means a decrease
in food intake in the subject of at least about 1%, 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70% or more.

III. METHODS OF TREATING HEPATIC STEATOSIS AND/OR REDUCING
HEPATIC TRIGLYCERIDES IN A SUBJECT
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In some embodiments, the presently disclosed subject matter provides a
method of reducing hepatic triglycerides in a subject in need thereof, the method
comprising administering to the subject an effective amount of an agent that decreases
the expression level and/or activity of CTRPS, thereby reducing triglycerides in the
subject. In some embodiments, “reducing hepatic triglycerides” in a subject means a
decrease in hepatic triglycerides in the subject of at least about 1%, 5%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, or more. In some embodiments, reduction of
hepatic tryclerides in the subject ameliorates hepatic insulin resistance in the subject.

In some embodiments, the presently disclosed subject matter provides a
method of treating hepatic steatosis in a subject in need thereof, the method
comprising administering to the subject an effective amount of an agent that decreases
the expression level and/or activity of CTRPS, thereby treating hepatic steatosis in the
subject. In some embodiments, the agent decreases the level of hepatic triglycerides

in the subject, thereby treating hepatic steatosis in the subject.

IV. METHODS OF TREATING A METABOLIC DISORDER IN A SUBJECT

The presently disclosed subject matter also provides a method of treating a
metabolic disorder in a subject in need thereof, the method comprising administering
to the subject an effective amount of an agent that decreases the expression level
and/or activity of CTRPS5, thereby treating the metabolic disorder in the subject. In
some embodiments, the agent reduces insulin resistance, improves glucose
homeostasis, reduces hepatic tryglyceride levels, and/or reduces food intake in the
subject.

In some embodiments, the expression level and/or activity of CTRPS is
decreased in a cell or tissue of the subject. In some embodiments, the cell is selected
from the group consisting of an adipocyte, a myocyte, a hepatocyte and combinations
thereof. In some embodiments, the tissue comprises a peripheral tissue. In some
embodiments, the tissue is selected from the group consisting of adipose tissue,
skeletal muscle, liver, and combinations thereof. In some embodiments, the adipose
tissue comprises subcutaneous white adipose tissue. In some embodiments, the agent
is selected from the group consisting of small molecules, such as small organic or
inorganic molecules; saccharides; oligosaccharides; polysaccharides; a biological

macromolecule selected from the group consisting of peptides, proteins, peptide
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analogs and derivatives; peptidomimetics; nucleic acids, such as RNA interference
molecules, selected from the group consisting of siRNAs, shRNAs, antisense RNAs,
ribozymes, dendrimers and aptamers; antibodies, including antibody fragments and
intrabodies; an extract made from biological materials selected from the group
consisting of bacteria, plants, fungi, animal cells, and animal tissues; naturally
occurring or synthetic compositions; and any combination thereof. In some
embodiments, the agent is selected from the group consisting of small molecules,
saccharides, peptides, proteins, peptidomimetics, nucleic acids, an extract made from
biological materials selected from the group consisting of bacteria, plants, fungi,
animal cells, and animal tissues, and any combination thereof.

In some embodiments, the subject has a metabolic disorder or is at risk of
developing a metabolic disorder. In some embodiments, the subject is obese or at risk
of becoming obese. In some embodiments, the subject has diabetes or is at risk of
developing diabetes. In some embodiments, the subject is refed following a fast. In
some embodiments, the method further comprises administering to the subject a high
fat diet in a fasted state. In some embodiments, a “high fat™ diet is a diet in which at
least 60% kilocalories are derived from fat. In some embodiments, the subject has
hepatis steatosis. In some embodiments, hepatic triglyceride synthesis is increased in
the subject. In some embodiments, the subject has elevated liver triglyceride levels.

In some embodiments, the method further comprises administering to the
subject an effective amount of an anti-diabetic agent, such as an agent that treats
diabetes, lowers blood glucose, as well as an agent that is an appetite suppressant
and/or anti-obesity drug, which can lower the risk of developing diabetes and/or treat
diabetes. Examples of agents include, but are not limited to, insulin (rapid acting,
intermediate acting, or long acting); insulin sensitizers, such as metformin;
thiazolidinediones (TZDs), such as rosiglitazone and pioglitazone, which bind to
PPARy, a type of nuclear regulatory protein involved in transcription of genes
regulating glucose and fat metabolism; secretagogues, such as tolbutamide,
acetohexamide, tolazamide, chlorpropamide, glipizide, glyburide, glimepiride,
gliclazide, glycopyramide, gliquidone, repaglinide, and nateglinide, which increase
insulin output from the pancreas; alpha-glucosidase inhibitors, such as miglitol,
acarbose, and voglibose, which slow the digestion of starch in the small intestine;
injectable glucagon-like peptide analogs and agonists, such as exenatide, liraglutide,

taspoglutide, and lixisenatide, which bind to a membrane glucagon-like peptide

18



WO 2017/015095 PCT/US2016/042446

10

15

20

25

30

(GLP) receptor; dipeptidyl peptidase-4 inhibitors, such as vildagliptin, sitagliptin,
saxagliptin, linagliptin, alogliptin, and septagliptin, which increase the blood
concentration of the incretin GLP-1; and amylin agonist analogues, such as
pramlintide, which slow gastric emptying and suppress glucagon.

In some embodiments, the method further comprises administering to the
subject an effective amount of an appetite suppressant agent. Examples of appetite
suppressant agents include, but are not limited to, phentermine, diethylpropion,
oxymetazoline, benfluorex, butenolide, cathine, diethylpropion, FG-7142,
phenmetrazine, phentermine, phenylpropanolamine, pyroglutamyl-histidyl-glycine,
sibutramine, amphetamine, benzphetamine, bupropion, bupropion,
dextroamphetamine, dexmethylphenidate, glucagon, methylenedioxypyrovalerone,
liraglutide, lorcaserin, lisdexamfetamine dimesylate, methamphetamine,
methylphenidate, phendimetrazine, phentermine, phenethylamine, and topiramate.

As used herein, the term “inhibit,” and grammatical derivations thereof, refers
to the ability of an agent to block, partially block, interfere, decrease, or reduce the
expression level and/or activity of CTRPS. Thus, one of ordinary skill in the art
would appreciate that the term “inhibit” encompasses a complete and/or partial
decrease in the expression level and/or activity of CTRPS, e.g., a decrease by at least
10%, in some embodiments, a decrease by at least 20%, 30%, 50%, 75%, 95%, 98%,
and up to and including 100%.

As used herein, the term “treating” can include reversing, alleviating,
inhibiting the progression of, preventing or reducing the likelihood of the disease,
disorder, or condition to which such term applies, or one or more symptoms or
manifestations of such disease, disorder or condition.

The “subject” treated by the presently disclosed methods in their many
embodiments is desirably a human subject, although it is to be understood that the
methods described herein are effective with respect to all vertebrate species, which
are intended to be included in the term “subject.” Accordingly, a “subject” can
include a human subject for medical purposes, such as for the treatment of an existing
condition or disease or the prophylactic treatment for preventing the onset of a
condition or disease, or an animal subject for medical, veterinary purposes, or
developmental purposes. Suitable animal subjects include mammals including, but
not limited to, primates, e.g., humans, monkeys, apes, and the like; bovines, e.g.,

cattle, oxen, and the like; ovines, e.g., sheep and the like; caprines, e.g., goats and the
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like; porcines, e.g., pigs, hogs, and the like; equines, e.g., horses, donkeys, zebras, and
the like; felines, including wild and domestic cats; canines, including dogs;
lagomorphs, including rabbits, hares, and the like; and rodents, including mice, rats,
and the like. An animal may be a transgenic animal. In some embodiments, the
subject is a human including, but not limited to, fetal, neonatal, infant, juvenile, and
adult subjects. Further, a “subject” can include a patient afflicted with or suspected of
being afflicted with a condition or disease. Thus, the terms “subject” and “patient™
are used interchangeably herein. The term “subject™ also refers to an organism,
tissue, cell, or collection of cells from a subject.

In general, the “effective amount™ of an active agent refers to the amount
necessary to elicit the desired biological response. As will be appreciated by those of
ordinary skill in this art, the effective amount of an agent may vary depending on such
factors as the desired biological endpoint, the agent to be delivered, the makeup of the
pharmaceutical composition, the target tissue, and the like.

The term “combination” is used in its broadest sense and means that a subject
is administered at least two agents. More particularly, the term “in combination”
refers to the concomitant administration of two (or more) active agents for the
treatment of a, e.g., single disease state. As used herein, the active agents may be
combined and administered in a single dosage form, may be administered as separate
dosage forms at the same time, or may be administered as separate dosage forms that
are administered alternately or sequentially on the same or separate days. In one
embodiment of the presently disclosed subject matter, the active agents are combined
and administered in a single dosage form. In another embodiment, the active agents
are administered in separate dosage forms (e.g., wherein it is desirable to vary the
amount of one but not the other). The single dosage form may include additional
active agents for the treatment of the disease state.

Further, the presently disclosed agents described herein can be administered
alone or in combination with adjuvants that enhance stability of the agents, facilitate
administration of pharmaceutical compositions containing them in certain
embodiments, provide increased dissolution or dispersion, increase inhibitory activity,
provide adjunct therapy, and the like, including other active ingredients.

The timing of administration of a presently disclosed agent and at least one
additional therapeutic agent can be varied so long as the beneficial effects of the

combination of these agents are achieved. Accordingly, the phrase “in combination
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with” refers to the administration of a presently disclosed agent and at least one
additional therapeutic agent (e.g., anti-diabetic agent and/or appetite suppressant
agent) either simultaneously, sequentially, or a combination thereof. Therefore, a
subject administered a combination of a presently disclosed agent and at least one
additional therapeutic agent can receive the presently disclosed agent and at least one
additional therapeutic agent at the same time (i.e., simultaneously) or at different
times (i.e., sequentially, in either order, on the same day or on different days), so long
as the effect of the combination of both agents is achieved in the subject.

When administered sequentially, the agents can be administered within 1, 5,
10, 30, 60, 120, 180, 240 minutes or longer of one another. In other embodiments,
agents administered sequentially, can be administered within 1, 5, 10, 15, 20 or more
days of one another. Where the presently disclosed agent and at least one additional
therapeutic agent are administered simultaneously, they can be administered to the
subject as separate pharmaceutical compositions, each comprising either a presently
disclosed agent or at least one additional therapeutic agent, or they can be
administered to a subject as a single pharmaceutical composition comprising both
agents.

When administered in combination, the effective concentration of each of the
agents to elicit a particular biological response may be less than the effective
concentration of each agent when administered alone, thereby allowing a reduction in
the dose of one or more of the agents relative to the dose that would be needed if the
agent was administered as a single agent. The effects of multiple agents may, but
need not be, additive or synergistic. The agents may be administered multiple times.

In some embodiments, when administered in combination, the two or more
agents can have a synergistic effect. As used herein, the terms “synergy,”

2% ¢

“synergistic,” “synergistically” and derivations thereof, such as in a “synergistic
effect” or a “synergistic combination” or a “‘synergistic composition” refer to
circumstances under which the biological activity of a combination of a presently
disclosed agent and at least one additional therapeutic agent is greater than the sum of
the biological activities of the respective agents when administered individually.

Synergy can be expressed in terms of a “Synergy Index (SI),” which generally
can be determined by the method described by F. C. Kull et al., Applied Microbiology
9, 538 (1961), from the ratio determined by:

Q./Qa + Qu/Qs = Synergy Index (SI)
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wherein:

Q4 is the concentration of a component A, acting alone, which produced an
end point in relation to component A;

Q. is the concentration of component A, in a mixture, which produced an end
point;

Qg is the concentration of a component B, acting alone, which produced an
end point in relation to component B; and

Qy is the concentration of component B, in a mixture, which produced an end
point.

Generally, when the sum of Q,/Qx and Q,/Qg is greater than one, antagonism
is indicated. When the sum is equal to one, additivity is indicated. When the sum is
less than one, synergism is demonstrated. The lower the SI, the greater the synergy
shown by that particular mixture. Thus, a “synergistic combination™ has an activity
higher that what can be expected based on the observed activities of the individual
components when used alone. Further, a “synergistically effective amount” of a
component refers to the amount of the component necessary to elicit a synergistic

effect in, for example, another therapeutic agent present in the composition.

In therapeutic and/or diagnostic applications, the agents of the disclosure (e.g.,
agents that decrease the expression level and/or activity of CTRPS, anti-diabetic
agents, anti-obesity agents, and/or appetite suppressant agents) can be formulated for
a variety of modes of administration, including systemic and topical or localized
administration. Techniques and formulations generally may be found in Remington:
The Science and Practice of Pharmacy (20th ed.) Lippincott, Williams & Wilkins
(2000).

Depending on the specific conditions being treated, such agents may be
formulated into liquid or solid dosage forms and administered systemically or locally.
The agents may be delivered, for example, in a timed- or sustained-slow release form
as is known to those skilled in the art. Techniques for formulation and administration
may be found in Remington: The Science and Practice of Pharmacy (20™ ed.)
Lippincott, Williams & Wilkins (2000). Suitable routes may include oral, buccal, by
inhalation spray, sublingual, rectal, transdermal, vaginal, transmucosal, nasal or
intestinal administration; parenteral delivery, including intramuscular, subcutaneous,

intramedullary injections, as well as intrathecal, direct intraventricular, intravenous,
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intra-articullar, intra -sternal, intra-synovial, intra-hepatic, intralesional, intracranial,
intraperitoneal, intranasal, or intraocular injections or other modes of delivery.

For injection, the agents of the disclosure may be formulated and diluted in
aqueous solutions, such as in physiologically compatible buffers such as Hank’s
solution, Ringer’s solution, or physiological saline buffer. For such transmucosal
administration, penetrants appropriate to the barrier to be permeated are used in the
formulation. Such penetrants are generally known in the art.

Use of pharmaceutically acceptable inert carriers to formulate the compounds
herein disclosed for the practice of the disclosure into dosages suitable for systemic
administration is within the scope of the disclosure. With proper choice of carrier and
suitable manufacturing practice, the agents of the present disclosure, in particular,
those formulated as solutions, may be administered parenterally, such as by
intravenous injection. The agents can be formulated readily using pharmaceutically
acceptable carriers well known in the art into dosages suitable for oral administration.
Such carriers enable the agents of the disclosure to be formulated as tablets, pills,
capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by
a subject (e.g., patient) to be treated.

For nasal or inhalation delivery, the agents of the disclosure also may be
formulated by methods known to those of skill in the art, and may include, for
example, but not limited to, examples of solubilizing, diluting, or dispersing
substances, such as saline; preservatives, such as benzyl alcohol; absorption
promoters; and fluorocarbons.

Pharmaceutical compositions suitable for use in the present disclosure include
compositions wherein the active ingredients are contained in an effective amount to
achieve its intended purpose. Determination of the effective amounts is well within
the capability of those skilled in the art, especially in light of the detailed disclosure
provided herein. Generally, the compounds according to the disclosure are effective
over a wide dosage range. For example, in the treatment of adult humans, dosages
from 0.01 to 1000 mg, from 0.5 to 100 mg, from 1 to 50 mg per day, and from 5 to 40
mg per day are examples of dosages that may be used. A non-limiting dosage is 10 to
30 mg per day. The exact dosage will depend upon the route of administration, the
form in which the compound is administered, the subject to be treated, the body
weight of the subject to be treated, the bioavailability of the compound(s), the

adsorption, distribution, metabolism, and excretion (ADME) toxicity of the
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compound(s), and the preference and experience of the attending physician.

In addition to the active ingredients, these agents may contain suitable
pharmaceutically acceptable carriers comprising excipients and auxiliaries which
facilitate processing of the active compounds into preparations which can be used
pharmaceutically. The preparations formulated for oral administration may be in the
form of tablets, dragees, capsules, or solutions.

Pharmaceutical preparations for oral use can be obtained by combining the
active compounds with solid excipients, optionally grinding a resulting mixture, and
processing the mixture of granules, after adding suitable auxiliaries, if desired, to
obtain tablets or dragee cores. Suitable excipients are, in particular, fillers such as
sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations, for
example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum
tragacanth, methyl cellulose, hydroxypropylmethyl- cellulose, sodium
carboxymethyl-cellulose (CMC), and/or polyvinylpyrrolidone (PVP: povidone). If
desired, disintegrating agents may be added, such as the cross-linked
polyvinylpyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.

Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum arabic,
talc, polyvinylpyrrolidone, carbopol gel, polyethylene glycol (PEG), and/or titanium
dioxide, lacquer solutions, and suitable organic solvents or solvent mixtures. Dye-
stuffs or pigments may be added to the tablets or dragee coatings for identification or
to characterize different combinations of active compound doses.

Pharmaceutical preparations that can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin, and a plasticizer,
such as glycerol or sorbitol. The push-fit capsules can contain the active ingredients
in admixture with filler such as lactose, binders such as starches, and/or lubricants
such as talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds may be dissolved or suspended in suitable liquids, such as fatty
oils, liquid paraffin, or liquid polyethylene glycols (PEGs). In addition, stabilizers
may be added.

Although specific terms are employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation. Unless otherwise defined,

all technical and scientific terms used herein have the same meaning as commonly
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understood by one of ordinary skill in the art to which this presently described subject
matter belongs.

Following long-standing patent law convention, the terms “a,” “an,” and “the”
refer to “one or more” when used in this application, including the claims. Thus, for
example, reference to “a subject” includes a plurality of subjects, unless the context
clearly is to the contrary (e.g., a plurality of subjects), and so forth.

Throughout this specification and the claims, the terms “comprise,”
“comprises,” and “comprising” are used in a non-exclusive sense, except where the
context requires otherwise. Likewise, the term “include™ and its grammatical variants
are intended to be non-limiting, such that recitation of items in a list is not to the
exclusion of other like items that can be substituted or added to the listed items.

For the purposes of this specification and appended claims, unless otherwise
indicated, all numbers expressing amounts, sizes, dimensions, proportions, shapes,
formulations, parameters, percentages, quantities, characteristics, and other numerical
values used in the specification and claims, are to be understood as being modified in
all instances by the term “about” even though the term “about” may not expressly
appear with the value, amount or range. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and
attached claims are not and need not be exact, but may be approximate and/or larger
or smaller as desired, reflecting tolerances, conversion factors, rounding off,
measurement error and the like, and other factors known to those of skill in the art
depending on the desired properties sought to be obtained by the presently disclosed
subject matter. For example, the term “about,” when referring to a value can be
meant to encompass variations of, in some embodiments, = 100% in some
embodiments + 50%, in some embodiments + 20%, in some embodiments = 10%, in
some embodiments + 5%, in some embodiments +1%, in some embodiments + 0.5%,
and in some embodiments + 0.1% from the specified amount, as such variations are
appropriate to perform the disclosed methods or employ the disclosed agents.

Further, the term “about” when used in connection with one or more numbers
or numerical ranges, should be understood to refer to all such numbers, including all
numbers in a range and modifies that range by extending the boundaries above and
below the numerical values set forth. The recitation of numerical ranges by endpoints

includes all numbers, e.g., whole integers, including fractions thereof, subsumed
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within that range (for example, the recitation of 1 to S includes 1, 2, 3, 4, and 5, as
well as fractions thereof, e.g., 1.5, 2.25, 3.75, 4.1, and the like) and any range within
that range.

5 EXAMPLES
The following Examples have been included to provide guidance to one of
ordinary skill in the art for practicing representative embodiments of the presently
disclosed subject matter. In light of the present disclosure and the general level of
skill in the art, those of skill can appreciate that the following Examples are intended
10 to be exemplary only and that numerous changes, modifications, and alterations can
be employed without departing from the scope of the presently disclosed subject
matter. The synthetic descriptions and specific examples that follow are only
intended for the purposes of illustration, and are not to be construed as limiting in any
manner to make compounds of the disclosure by other methods.
15
EXAMPLE 1

Summary

Human tissue samples — Subcutaneous and visceral (omental) adipose tissues
20  were obtained from the adipose biology core of the NIH-funded Mid-Atlantic NORC
(Nutrition Obesity Research Center) at the University of Maryland. Study protocols
were approved by the Institutional Review Board for Human Subjects Research at the
University of Maryland. Informed consent was obtained from all human subjects.
Type 2 diabetes mellitus is defined for subjects having a hemoglobin Alc value of 6.5
25  or greater according to the World Health Organization criteria (Alberti, et al., 1998).
Characteristics of the lean (non-T2D), obese (non-T2D), and obese (with T2D)
individuals are presented in Table 1. Fasting serum glucose, cholesterol, triglyceride,

HDL, and LDL levels were not collected from the non-diabetic control individuals.

30  Table 1. Characteristics of lean (nondiabelic), obese
nondiabetic. and obese diabetic groups

Lean (n = 8) Obese Non-T2D Obese T2D
n =8 =7
35
Age 491+ 152 32.8%8.1 440+£8.2
Sex (male or fomale) 8 females 8 females 5 females, 2
males
BMI, kg/m? 240%1.1 477 %73 449438
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35

40

Height,cm 167.6£7.7 1671 £7.0 688 %76

Weight, kg 7812296 13252170 2752194
Fasting glucose, mg/dl G0.9£9.1 170.3 £ 66.4
Cholesterol, mg/di 1605+21.3 1856 %338
Tuglyceride, mp/dt 7791261 1243 £353
HDL, mg/d! 43.6%53 40,6 %104
DL, mg/dl 0123 2181 1093 %33.0

Values are means £ SE, T2D, type 2 diabetes.

Mice — Eight-week-old leptin-deficient 0b/0b male mice and C57BL/6J male
mice were obtained from The Jackson Laboratory (Bar Harbor, ME). Mouse tissues
were collected from fasted and re-fed experiments. For the fasted group, food was
removed for 16 h (beginning at 10 h into the light cycle), and mice were euthanized at
2-3 hinto the light cycle. For the refed group, mice were fasted for 16 h and re-fed
with chow pellets for 3 h before being euthanized. Due to the randomness of food
intake, an ad libitum-fed group was not included in the fasting and refeeding studies.
To generate the diet-induced obesity model, four-week-old C57BL/6J male mice were
fed a high-fat diet (HFD) (60% kcal derived from fat; D12492; Research Diets, New
Brunswick, NJ) or a control low-fat diet (LFD) (10% kcal derived from fat; D12450B;
Research Diets, New Brunswick, NJ) for 12 weeks. A separate cohort of male mice
were also exposed to a ketogenic diet or a matched control diet for a period of 12
weeks (beginning at 8 weeks old) as previously described (Ellis, et al., 2015). All
mice were housed in polycarbonate cages under a 12:12-h light:dark photocycle and
had access to water ad /ibitum throughout the study period. All animal experiments
were approved by the Animal Care and Use Committee of the Johns Hopkins
University School of Medicine.

Ctrp35 knockout mice — The Ctrp5 (Clqtnf3) null mouse strain was created
from ES cell clone 12534A-H11, obtained from the KOMP Repository
(www komp.org) and generated by Regeneron Pharmaceuticals (Tarrytown, New
York). Genotyping primers for the Ctrp5 wild-type (WT) allele were: TUF, 5°-
CAGAAACCCTGATGCCTC TACTC-3" (SEQ. ID. NO. 1) and TUR, 5°-
GGAGAAATTAGGAGCC GCAGAAG-3’ (SEQ. ID. NO. 2). Primers for the
knockout (KO) allele were: LacInf, 5’-GGTAAACTGGCTCGGATTAGG G-3°
(SEQ. ID. NO. 3) and LacInR, 5’-TTGACTGTAGCGGCTGATG TTG-3"(SEQ. ID.
NO. 4). Ctrp5 KO mice were generated on a C57BL/6 genetic background. Unless
otherwise noted, mice were fed ad /ibitum a standard laboratory chow diet (No. 5001,

Lab Diet, St. Louis, MO). Body weights of Ctrp5 WT and KO mice were measured
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weekly. At the end of the studies, tissues were collected after the mice were
euthanized. Epididymal white adipose tissue (eWAT), inguinal white adipose tissue
(IWAT), liver, and skeletal muscle were quickly removed, snap-frozen in liquid
nitrogen for RNA and protein extraction, or prepared for histological study. Blood

samples were collected for serum analysis.

Glucose and insulin tolerance tests — Glucose tolerance tests (GTT) and
insulin tolerance tests (ITT) were performed on Ctrp5 WT and KO mice fed chow
diet or HFD for 16-20 weeks. For the GTT, mice were fasted for 6 h before
intraperitoneal (i.p.) injection of 1g glucose/kg body weight (BW). Blood was
collected via tail bleed before and 30 min after injection, and glucose concentrations
were measured using a glucometer (BD Biosciences, San Jose, CA) at 0, 15, 30, 60,
and 120 min. For the ITT, food was removed 2 h before i.p. injection of 1U
insulin/kg BW. Blood glucose concentrations were measured at 0, 15, 30, 45, 60, and
90 min. The homeostatic model assessment of insulin resistance (HOMA-IR) was
calculated based on fasting glucose and insulin concentrations as HOMA-IR= (fasting

glucose [mM] x fasting insulin [microunits/mL])/22.5 (Mattews, et al., 1985).

RNA isolation and real-time PCR analysis — Total RNA was isolated using
Trizol reagent (Life Technologies, Carlsbad, CA) and 2 ug of RNA was reverse
transcribed using GoScript™ Reverse Transcriptase (Promega, Madison, WI). 10 ng
of cDNA from each sample were used in real-time PCR using SYBR® Green PCR
master mix on a CFX Connect system (Bio-Rad Laboratories, Hercules, CA). Results

were analyzed using the 27"

method (Schmittgen, et al., 2008). Primer sequences
are listed in Table 2. A ready-made human cDNA tissue panel (OriGene) was used to
survey the tissue expression patterns of human C7RP5. To avoid detection of
individual differences in gene expression, tissues were pooled from multiple
individuals (based on the manufacturer’s information); thus, each sample represented

the average expression of C7RPS5 in a particular tissue.
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Table 2. Primers used in real-time PCR

PCT/US2016/042446

Gene Reverse {5=-3=)
Humap #-ACTIN LID CGGCGRTATC : znc 'CEQ ID.NC.6)
Human CTRPS (& 3.7) -“'T‘A-‘T CATTCA {SEQ.ID.NC. 8)
I8¢ IRNA EQ . 9} GGCCTCA C’I‘AAA ATCAA (SEQ LID.NO.10)
Mouse >-Actin SEQ.ID.NG.11) GCCAGAGCA TCTCCTTCT (SEQ.ID.NC.12)
Mouse Rpl-22 CEQ ID.NO.13) CAGCT A {SEQ.ID.NO.14)
Mouse Cirps I0.NG.15 AGAN:C(v“AAv“AAv“'J‘Gv:(‘“ (8BQ.ID.NC.16)
Scdl TR 0.ID.NO. 17} CATCAT TGGTCOTGCT {SEQ.ID.NO.18)
Fasn “CTTC’. GAARAT LID.NQ.19) AGAGACGTGTCACTCCTGGACTT (SEQ.ID.NO.2C)
Srebplc ATTGCACATT | LID.NO.21) GGCUCGEEAAGTCACTAT ‘:E“ ID.NC.22)
Accl ATCGCAGAGAAAG {SEG. TGGAGAGCCCCACA_ ACA {SEQ.ID.NC.24)
Lead ‘“.-xGAGCAI(”\(A (S]<Q :I ) CACTTCTCCAG  (SEQ.ID.ND.26)
Mead AGGETTTAGTT] V“]"‘A(—. ][ LNCL27) ITGTCATATTCCE (SEQ.T
Gpatl CAACACCATCCCC NO. 239} TGCGATCA (SE
Gpat3 GGRGGATGRAGT JNO.31) CCAGTTTTTGAGGCTGCTET (SEQ.
Gpatd TGTCTEETTTOA LNOC.33) TTCTGGS AA’“‘A“(“AGGATGG (s
Ag[m!l J.z.\A(;;\J‘(;v.? : “:1“ No 35} CCATAC 'GACGTGCAG 36)
Agpat2 o 38
Agpari "GRAGACC (& N(r .( )
Agpatd \TETCACCTGGETC L I1 (g LNGC.42)
Agpats GATTGTCAACCTCOTE ‘r‘EQ ID.NO.43) SEQ LNO.44)
Dgatl] ATCCAGGCARGE (S ID.NO.45) (SEQ.ID.NO.46)
Dgar? SAGACTACTT ID.ND.47) : &;GAAACT (SE 0.NO.48)
W/'&’(’ (CAGTGTCCTTACRGRETE ID.NO.49) AGAGTGGATGTCT (8EQ.ID.NC.5BO)
Cdllc TGEATAGCCTTTCT TG 3 .NC.51) 3T ‘GBACTCA (SE LNO.52)
Cols GEGTTTCCCTGGTCCTARAG (SED.ID.NO.53) FmGpTTTCPLA TTTTCTCC (SEQ.ID.NO.54)
Cols GATGAGGGETGARGTGEGAGA (SEQ.ID.NO.55) CAGCACGAAGAGGATGTCRAA (SEQ.ID.ND.56)
CTRP3, Clg/TNF-related protein 5; Scdl, steatovl-CoA desaturase; Fasn, fatty acid s ehplc, sterol regnlatory

10

lcmc‘,tu-bmdmg protein-1c;
chain acyl-CoA debydrogenase; Gpaf. glycerol-3-phosphate acyltrans- ferase
acyltransferase; Dgaf, diacylglycerol-acyliransferase.

isoform; Ag;

15

Aecl, acetyl CoA catboxylase 1. Lead, long-chain acyl-CoA delwd-o*
naf,

Mead, medium-
acylglycerolphosphate

Body composition analysis — Body composition of Ctrp5 WT and KO mice

was determined using a quantitative nuclear magnetic resonance (NMR) instrument

(Echo-MRI-100, Echo Medical Systems LL.C, Waco, TX) at The Johns Hopkins

University School of Medicine mouse phenotyping core facility. EcoMRI analyses

20  measured fat mass, lean mass, and water content.

Indirect calorimetry — Ctrp5 WT and KO mice fed a HFD for 20 weeks were

used for simultaneous assessments of daily body weight change, food intake

(corrected for spillage), physical activity, and whole-body metabolic profile in an

25

29

open-flow indirect calorimeter (CLAMS, Columbus Instruments, Columbus, OH).
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Data were collected for three days to confirm that mice were acclimated to the
calorimetry chambers (indicated by stable body weights, food intakes, and diurnal
metabolic patterns), and data were analyzed from the fourth day. Rates of oxygen
consumption (VO,) and carbon dioxide production (VCO,) in each chamber were
measured throughout the studies. Respiratory exchange ratio (RER=VCO0,/VO,) was
calculated by CLAMS software (version 4.02) to estimate relative oxidation of
carbohydrates (RER=1.0) versus fats (RER=0.7), not accounting for protein
oxidation. Energy expenditure (EE) was calculated as EE=VO,x [3.815 + (1.232 x
RER)]. VO,, VCO,, and EE data were normalized to lean body mass. Physical
activities were measured by infrared beam breaks in the metabolic chamber. Average
metabolic values were calculated per subject and averaged across subjects for

statistical analysis.

Blood chemistry analysis — Tail vein or lateral saphenous vein blood samples
were allowed to clot on ice and then centrifuged for 10 min at 10,000 x g. Serum
samples were stored at -80°C. Serum triglycerides and cholesterol were measured
using an Infinity ™ kit (Thermo Fisher Scientific, Middletown, VA). Non-esterified
free fatty acids were measured using a Wako kit (Wako Chemicals, Richmond, VA).
Serum insulin, leptin, adiponectin, IL-6, and TNF-oa were measured by ELISA

(Millipore, Billerica, MA) according to the manufacturer’s instructions.

Recombinant CTRPS5 production — Full-length mouse recombinant CTRPS,
containing a C-terminal FLAG tag epitope, was produced in mammalian HEK293
cells (GripTite™, Invitrogen, Carlsbad, CA) as described previously (Wong, et al.,
2008). Serum-free conditioned media containing recombinant CTRPS5 was
concentrated 25-fold, and the concentrated media was used in in vitro studies.
Concentrated conditioned media from HEK293 cells transfected with control

pcDNA3 plasmid was used as control.

Cell culture and Western blot analysis — Mouse 3T3-L1 adipocytes and rat L6
myocytes were cultured and differentiated as previously described (Wei, et al., 2013).
For in vitro studies, differentiated 3T3-L1 adipocytes and L6 myotubes were cultured
in 24-well plates. Cells were washed once with PBS, then incubated overnight in 180

uL of DMEM containing 0.5% BSA plus 20 pL of concentrated conditioned medium
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containing recombinant mouse CTRPS or 20 uL of control conditioned media from
cells transfected with pcDNA3 control plasmid. The following day, cells were
washed once with PBS and incubated for 5 min in HEPES buffered saline solution (25
mM HEPES, pH 7.4, 120 mM NaCl, 5 mM KCI, 1.2 mM MgS04, 1.3 mM CaCl2,
1.3 mM KH2PO4, and 0.5% BSA) containing 100 nM insulin or vehicle control.
After that, medium was removed and cells were immediately lysed in lysis buffer (20
mM Tris-HCI, 150 mM NaCl, 1 mM EDTA, 0.5% NP-40, and 10% glycerol) with
PhosSTOP phosphatase inhibitor cocktail (Roche, Basel, Switzerland) and protease
inhibitor cocktail (Sigma-Aldrich, St. Louis, MO), boiled for 10 min in 95°C, and
subjected to Western blot analysis using antibodies specific to AKT and phosphor-
AKT (Ser-473) (Cell Signaling Technology, Beverly, MA). Western blots were
carried out and quantified as previously described (Seldin, et al., 2012).

Histology — Formalin-fixed, paraffin-embedded white adipose tissue and liver
sections were stained with hemotoxylin and eosin (HE) at the Pathology Core facility
at The Johns Hopkins University School of Medicine. Images were captured with a
Zeiss Axioplan upright microscope with a Zeiss Axiocam color CCD camera (Carl

Zeiss Microscopy, Thomwood, NY).

Statistical analysis — Kruskal-Wallis analysis of variance with pairwise
comparisons was used to determine differences among the three human fat depot
groups. Spearman’s correlation coefficient analysis was used to analyze the
associations between adipose expression of C7RP5 and BMI. Other comparisons
were made using either a two-tailed Student’s t-test for two groups or one-way
ANOV A for multiple groups. Values reported are means £SEM. p<0.05 was

considered statistically significant.

RESULTS

Expression of human CTRPS5 in the peripheral tissues — Human and mouse
CTRPS are highly conserved, with similar protein domain structure (FIG. 1A), and
the full-length proteins share 94% amino acid identity. A high degree of amino acid
conservation also extends to chicken (Gallus gallus; 77%), clawed frog (Xenopus

tropicalis; 61%), and zebrafish (Danio rerio; 65%) CTRPS. Expression profiling of
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human CTRP5 across 47 tissue types clearly indicated that the transcript is also
widely expressed in peripheral tissue in addition to being most highly expressed in the
retina (FIG. 1B), suggesting that it likely also has a function outside of the visual

system.

Expression of Ctrp5 in wild-type and obese mice — To explore the role of
CTRPS in metabolic response and energy homeostasis, we first measured the
expression levels of Ctrp5 in several key metabolic tissues in wild-type C57BL/6J
male mice under different metabolic states: either 16 h fast, or 16 h fast followed by 3
h refeeding. The expression levels of Ctrp5 were significantly reduced in epididymal
white adipose tissue (eWAT), skeletal muscle, and liver, but were unchanged in the
hypothalamus of refed mice compared to fasted animals (FIG. 2A). In genetic models
of severe obesity, as in leptin-deficient 0b/0b mice, Ctrp5 mRNA expression was
markedly upregulated in eWAT (FIG. 2B), a change that parallels the increase in
serum CTRPS5 levels seen in these animals (Park, et al., 2009). In diet-induced obese
(DIO) mouse models that more closely resemble human obesity, Ctrp5 expression
was likewise significantly increased in both eWAT and iWAT of HFD-fed mice
relative to animals that fed a control LFD (FIG. 2C).

Although both are high in fat content, HFD and ketogenic diet (low in
carbohydrates) are known to elicit distinct effects on whole-body energy balance and
lipid metabolism (Kennedy, et al., 2007; Jornayvaz, et al., 2010). For this reason, a
separate cohort of mice was exposed to a ketogenic diet or an appropriately matched
control diet. In the context of a ketogenic diet, but not HFD, the expression of Ctrp5
transcript was significantly and selectively reduced in the heart, but not brain, liver, or
kidney (FIG. 2E). In contrast, adipose expression of Ctrp5 in ketogenic diet-fed mice
was higher, but the magnitude of increase was much less compared to HFD-fed mice.
These results indicate the acute and chronic metabolic state-dependent modulations of

Ctrp35 expression in peripheral tissues.

Expression of CTRPS in humans — To address whether adipose expression of
CTRPS is also altered in human obesity, we measured its mRNA levels in
subcutaneous and visceral (omental) fat depots. Expression of CTRPS in
subcutaneous, but not omental, fat depot was positively correlated with BMI (FIG. 3A

and FIG. 3B). A marked increase in the expression of CTRP5 was observed in
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subcutaneous, but not omental, adipose tissue of obese non-diabetic and obese

diabetic individuals when compared to lean controls (FIG. 3C and FIG. 3D).

Generation of Ctrp5 knockout mice — A loss-of-function mouse model was used
to establish the physiological role of Crrp5. To generate Ctrp5-null mice, the entire
gene, comprising two exons and one intron (1,090 bp on chromosome 9), was
replaced with a targeting cassette containing a B-galactosidase reporter gene, lacZ
(FIG. 4A). This strategy ensured that the KO mice were completely devoid of CTRPS
protein. Two sets of primers were designed to amplify a sequence within the protein
coding region of the WT allele and a sequence spanning the upstream deletion site in
the lacZ gene, respectively, to confirm the genotype of WT and KO mice (FIG. 4B).
As expected, Ctrp5 mRNA was absent from the eWAT of KO mice (FIG. 4C). Ctrp5
KO mice were born with the expected Mendelian ratio and appeared normal with no
gross developmental abnormalities (data not shown). Even though Ctrp3 is expressed
throughout development, as early as embryonic day-7 (Wong, et al., 2008), it is

dispensable for embryonic development in KO mice.

Metabolic phenotypes of Ctrp5 WT and KO mice fed a chow diet — To determine
the contribution of Ctrp35 to systemic energy metabolism in the normal and
pathophysiological context of diet-induced obesity, weaned 4-week-old CtrpS WT
and KO mice were fed a standard laboratory chow or a HFD for 20 weeks. On a
chow diet, we observed no differences in body weight, body composition (fat and lean
mass), GTT, and ITT between female WT and KO mice (data not shown). Likewise,
in male Ctrp5 WT and KO mice fed a chow diet, no differences were seen in body
weight, fat and lean mass, glucose, and insulin tolerance (FIG. 5A, FIG. 5B, FIG.5C,
and FIG. 5D). While fasting blood glucose levels were not different between the two
groups of mice (FIG. 5E), chow-fed Ctrp5 KO mice had significantly lower fasting
insulin levels and insulin resistance index (HOMA-IR) (FIG. 5F and FIG. 5G).

Improved insulin sensitivity in Ctrp5 KO mice fed a high-fat diet — We next
examined the metabolic consequences of a calorically dense HFD in our mouse
model. Similar to the chow-fed groups, we observed no differences in body weight,
fat, or lean mass between HFD-fed Ctrp5 WT and KO mice (FIG. 6A and FIG. 6B).

While fasting blood glucose levels were indistinguishable between the two groups,
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HFD-fed Ctrp5 KO mice had markedly lower fasting insulin levels and insulin
resistance index (HOMA-IR), as well as reduced gluconeogenic gene (glucose-6-
phosphatase, G6Pc) expression in the liver (FIG. 6C, FIG. 6D, FIG. 6F, and FIG. 6G).
Despite seeing no differences in a glucose tolerance test (FIG. 6H), we observed
robust insulin secretion in Cfrp5 KO mice in response to glucose challenge, while the
insulin secretion profile was severely blunted in the obese HFD-fed WT mice (FIG.
6I). When challenged with a bolus of insulin, the rate of insulin-stimulated glucose
clearance in peripheral tissues was significantly greater in the Ctrp5 KO mice
compared to WT controls (FIG. 6], and FIG. 6L). Together, these results indicate that

Ctrp5 deficiency improves whole-body insulin sensitivity in HFD-fed mice.

Lipid profiles in HFD-fed Ctrp5 KO mice — Excessive lipid accumulation in the
liver, commonly known as hepatic steatosis, is frequently accompanied by insulin
resistance. We performed histological analysis to determine whether changes in liver
could account for the improvements in whole-body insulin resistance seen in the
HFD-fed Ctrp5 KO mice. Hematoxylin and eosin staining showed that liver sections
from KO mice had reduced steatosis compared to WT controls (FIG. 8A). In support
of the histological data, we also observed reduced hepatic TG content, but not
cholesterol levels, in the KO mouse liver relative to WT controls (FIG. 8B and FIG.
8C). Serum levels of TG, NEFA, and cholesterol, however, were not significantly
different between the two groups (FIG. 8D, FIG. 8E, and FIG. 8F).

We next examined whether changes in the expression of hepatic lipid synthesis
or fat oxidation genes might underlie the observed reduction in hepatic TG content.
However, no differences were found in the expression of genes involved in de novo
lipid synthesis (Scd !, Fasn, Srebplc, Accl), fat oxidation (Lcad, Mcad), or TG
synthesis (Gpat, Agpat, and Dgat family members) between WT and KO mice (FIG.
81 and FIG. 8)J).

Inflammatory and fibrotic states of adipose tissue — HFD-induced obesity is
known to result in adipose tissue inflammation due to macrophage infiltration, as well
as tissue remodeling (i.e., fibrosis), both of which compromise adipose tissue health
and function and lead to dysregulated systemic glucose and lipid metabolism
(Hotamisligil, 2006; Sun, et al., 2013). We sought to determine whether there is a

difference in adipose tissue inflammation and fibrosis in Ctrp5 WT and KO mice in
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response to HFD. Histology of visceral (epididymal) adipose tissue did not reveal any
differences in the size of adipocytes or the extent of immune cell infiltration (FIG.
9A). Consistent with the histology, no significant differences were seen in the
expression of macrophage marker genes (£'4/80 and Cd11) in both visceral
(epididymal) and subcutaneous (inguinal) white adipose tissue (FIG. 9B and FIG.

9C). We also examined the expression of fibrotic collagen genes (Co/3 and Col6) and
did not observe any differences between the two groups of mice (FIG. 9D and FIG.
9E). It has been shown that high-fat diet also disrupts pancreatic islet morphology
and promotes kidney fibrosis (Brownlee, 2005). However, examination of tissue
sections of pancreas and kidney also revealed no differences between WT and KO
animals (data not shown). Since circulating adipokines produced by adipose tissue
play important roles in regulating systemic insulin sensitivity, we measured serum
levels of leptin, adiponectin, IL-6, and TNF-o and did not see any differences between
WT and KO mice (FIG. 9F, FIG. 9G, FIG. 9H, and FIG. 9I).

Given that CTRPS is structurally related to other CTRP family members, such
as adiponectin, which is known to have important metabolic functions (Peterson, et
al., 2012; Peterson, et al., 2013; Peterson, et al., Am J Physiol Regul Integr Com
Physiol, 2013; Wei, et al., 2014; Wei, et al., 2012; Kadowaki, et al., 2006), we sought
to determine whether deletion of the Crrp5 gene could lead to a compensatory
upregulated expression of adiponectin and/or other CTRPs. However, in both visceral
(epididymal) and subcutaneous (inguinal) fat depots, the expression of Ctrpl, Ctrp3,
Ctrp9, Ctrpl2, and adiponectin (adipoq) was not different between WT and KO mice
(FIG. 9J and FIG. 9K).

Reduced food intake in HFD-fed Ctrp5 KO mice — To determine the impact of
CTRPS deficiency on whole-body energy balance, we performed indirect calorimetry
analyses on HFD-fed WT and KO mice. Both groups of mice had similar rates of
oxygen consumption (VO,), carbon dioxide production (VCO,), respiratory exchange
ratios (RER), and energy expenditure (EE) (FIG. 10A, FIG. 10B, FIG. 10C, and FIG.
10D). The physical activity levels during the light and dark phases of the light cycle
were also similar between WT and KO mice (FIG. 10E). Food intake, however, was
reduced in Ctrp5 KO mice relative to WT controls during the dark cycle, when mice

are most active (FIG. 10F and FIG. 10G). Reduced food intake did not result in a
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significant change in average body weight between the two groups of mice over time

(FIG. 6A).

Improved metabolic phenotype in aged Ctrp5 KO mice fed a HFD — Metabolic
derangement is exacerbated by age (Hildrum, et al., 2007). Therefore, we sought to
address how well the aged Ctrp5 KO mice responded to metabolic stress induced by
high-fat feeding. To do so, a separate cohort of WT and KO mice were initially fed a
standard laboratory chow for the first 21 weeks after weaning. Thereafter, mice were
switched over to a HFD for another 16 weeks. This enabled us to determine how well
the aged mice (41-week-old) cope with the metabolic impacts of switching to a high-
fat diet as an adult. After just one week of high-fat feeding, the WT mice gained
proportionally more weight (% BW gain) than the KO animals, and the differences in
percent body weight gain became more significant from weeks 6 to 12 (data not
shown). However, the average body weight (in grams) was not different between the
two groups of mice (FIG. 11A). In aged mice (>10 months of age) fed a HFD later in
life, Ctrp5 deficiency lowered fasting blood glucose and insulin (FIG. 11B and FIG.
11C), reduced insulin resistance (FIG. 11E), and improved glucose and insulin

tolerance (FIG. 11F, FIG. 11G, FIG. 11H, and FIG. 11L).

CTRPS impairs insulin signaling in cultured adipocytes and myotubes — Since
mice lacking CTRPS had improved insulin action and reduced insulin resistance, we
next addressed whether the observed in vivo metabolic phenotypes were due to the
direct action of CTRPS5 on cells or via an indirect mechanism. To test this, we used
established cell culture models of mouse adipocytes (3T3-L.1) and rat myotubes (L6).
As expected, insulin robustly stimulated the phosphorylation of protein kinase B/Akt
in adipocytes and myotubes (FIG. 12). However, when cells were pre-treated with
conditioned media containing recombinant CTRP5, insulin-stimulated Akt
phosphorylation was attenuated compared to cells treated with control conditioned
media (FIG. 12), suggesting that recombinant CTRP5 can act on cells to negatively

modulate insulin signaling.

DISCUSSION
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In the initial description of mouse CTRPS, we showed that the transcript is
widely expressed by a variety of tissues with the highest levels in the eye (Wong, et
al., 2004; Wong, et al., 2008). Expression of human C7RPS5, however, has only been
examined in ocular tissue in the context of disease-causing mutations that result in L-
ORD (Hayward, et al., 2003; Ayyagari, et al., 2005). While the functional capabilities
of CTRPS remain largely unclear, we report here several lines of in vivo evidence to
establish, for the first time, the metabolic function of CTRP5 in peripheral tissues.
Consistent with a metabolic role for CTRPS5, CTRPS expression is highly responsive
to acute and chronic alterations in metabolic state. Whereas refeeding following a fast
reduced the expression of Ctrp5 in adipose, skeletal muscle, and liver relative to the
fasted state, its expression was unchanged in the refed state in hypothalamus. As a
negative regulator of insulin action, reduced Ctrp5 expression in these tissues may
enhance insulin sensitivity in the refed state. We show that different diets also
modulate the expression of C#rp3 in peripheral tissues. While HFD significantly
upregulates the expression of Ctrp5 in the visceral (epididymal) white adipose tissue,
a ketogenic diet not only upregulated Crrp5 expression in eWAT but also
downregulated the expression of C#rp3 in the heart. In rodents, a ketogenic diet has
been shown to promote hepatic insulin resistance despite reduced weight gain
(Jornayvaz, et al., 2010); thus, the upregulated expression of Ctrp35 by a ketogenic diet
may contribute to impaired hepatic insulin action seen in the previous study. The
significance of reduced Crrp5 expression in the heart in response to a ketogenic diet is
presently unclear.

In human and rodent models of obesity, C7TRP5 mRNA expression in the
adipose tissue was significantly upregulated, consistent with previous studies showing
increased human C7RP5 expression in obese Pima Indians (Lee, et al., 2005), as well
as increased serum CTRPS levels in genetic models (0b/0b and db/db) of obesity in
rodents (Park, et al., 2009). In humans, the expression of C7RP5 in subcutaneous, but
not visceral (omental), white adipose tissue is also positively correlated with BMI and
is upregulated in obese individuals with or without type 2 diabetes. Although our
sample size was small, an increase in CTRPS expression in subcutaneous adipose
tissue has also been reported for obese Pima Indians (Lee, et al., 2005). These
observations underscore the relevance of CTRPS to human metabolic disorders.

Previous in vitro studies in mouse C2C12 myocytes and rat L6 myotubes using

either bacterially-produced recombinant rat CTRPS (fused to a GST tag) or the
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truncated globular domain of human CTRPS indicated a role for CTRPS in
ameliorating lipid-induced insulin resistance and enhancing fatty acid oxidation by
activating the conserved energy-sensing AMPK signaling pathway (Park, et al., 2009;
Yang, et al., 2014). In the absence of in vivo data, the physiological relevance of
these in vitro findings remains uncertain. To help resolve this, we used a genetic loss-
of-function approach in the present study to interrogate the metabolic function of
endogenous CTRP5 in a physiological context. We show that mice lacking CTRPS,
fed either control chow, HFD at weaning, or HFD later in life (beginning at 4
months), have improved insulin sensitivity. A reduction in food intake was also
observed in Ctrp5 KO mice fed a HFD, but this was not sufficient to affect the
average body weight of KO mice compared to WT controls. Deleting the Ctrp35 gene
also did not alter whole-body metabolic rate (VO,), physical activity, energy
expenditure, or adipose tissue inflammatory and fibrotic states. Respiratory exchange
ratios (RER) did not reveal any differences in fat oxidation between CtrpS WT and
KO mice, nor did we observe any differences in skeletal muscle AMPK
phosphorylation (Thr-172) and activation between WT and KO animals (data not
shown). Since targeted deletion of Ctrp5 gene improved insulin action, our data
suggest that CTRPS negatively regulates glucose metabolism in vivo, contrary to the
previously suggested positive role of CTRPS based on in vifro studies (Park, et al.,
2009). Our results thus underscore the importance of using a genetic approach to help
establish the critical metabolic function of CTRPS in an intact organism.

Using in vitro cell culture models of adipocytes and myotubes, we show that
CTRPS can attenuate insulin signaling, suggesting that the in vivo phenotypes we
observed in KO mice are likely due to the effects of CTRPS on peripheral tissues. In
our in vitro studies, full-length recombinant CTRP5 was made in mammalian
HEK293 cells, thus ensuring proper posttranslational modifications of CTRPS and the
assembly of higher-order structures likely to be important for the biological function
of the protein. The differences between our findings and those of Park et al. (Park, et
al., 2009) may be attributable to differences between bacterially-produced GST-fusion
and truncated protein versus mammalian-produced full-length CTRPS.

Metabolic regulation in vivo is a complex and robust process largely due to
functional redundancy and compensation. CTRPS belongs to the Clq family of
proteins that includes adiponectin (Scherer, et al., 1995) and fourteen other related

CTRP family members (Seldin, et al., 2014; Wong, et al., 2004; Seldin, et al., 2012;
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Wei, etal., 2012; Wei, et al., 2011; Wei, et al., 2013; Wong, et al., 2009; Wong, et al.,
2008; Byerly, et al., 2014), and these secreted proteins share common structural
features including a signature C-terminal globular domain homologous to the immune
complement C1q (Seldin, et al., 2014; Wong, et al., 2004). Several of the CTRP
family members have been shown to play important roles in regulating glucose and/or
lipid metabolism in peripheral tissues (Peterson, et al., 2012; Peterson, et al., 2013;
Peterson, et al., Am J Physiol Regul Integr Comp Physiol, 2013; Peterson, et al.,
2010; Wei, et al., 2012), as well as having a central role in modulating food intake
(Byerly, et al., 2014; Byerly, et al., 2013; Wei, et al., Am J. Physiol Endocrinol
Metab, 2014). Recent in vitro studies in 3T3-L1 adipocytes using bacterially
produced recombinant protein suggest that CTRP5 can inhibit the secretion of
adiponectin, an insulin-sensitizing adipokine (Schmid, et al., 2013). In Ctrp5 KO
mice, circulating levels of adiponectin were not different compared to WT controls,
suggesting that the improved insulin action seen in the Ctrp5 KO mice is not due to a
compensatory upregulated expression of adiponectin or related CTRP family
members with known metabolic functions iz vivo. Rather, our data suggest a distinct
metabolic role for CTRPS. While other CTRPs have been shown to play positive and
beneficial roles in modulating glucose and fatty acid metabolism (Peterson, et al.,
2012; Peterson, et al., 2013; Peterson, et al., Am J Physiol Regul Integr Comp
Physiol, 2013; Peterson, et al., 2010; Wei, et al., 2012; Enomoto, et al., 2011), CTRP5
appears to serve as a negative regulator of insulin sensitivity and glucose metabolism.
The distinct functions of different CTRP family members is consistent with their
remarkable and high degree of conservation throughout vertebrate evolution (Seldin,
etal., 2014).

In the Ctrp5 KO mice fed a HFD, hepatic TG levels were reduced and,
accordingly, liver histology also indicated reduced liver steatosis when compared to
WT littermate controls. However, the expression of genes involved in de novo
lipogenesis, fat oxidation, and trigly ceride synthesis was not different between WT
and Ctrp5 KO animals. Notably, however, we examined only the mRNA expression
of the enzymes and not their protein levels or enzymatic activity. Since the HFD-fed
Ctrp5 KO mice had reduced fasting insulin and enhanced insulin sensitivity, the
decrease in hepatic TG levels seen in the CTRPS deficient mice may be a
consequence of improvements in systemic insulin sensitivity (Brown, et al., 2008).

Lipid accumulation in hepatocytes has been associated with hepatic insulin resistance
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(Samuel, et al., 2010; Kotronen, et al., 2008; Kotronen, et al., 2007; Sunny, et al.,
2011) but the causal relationship between these two processes remains unclear
(Samuel, et al., 2010; Cohen, et al., 2011; Farese, et al., 2012; Nagle, et al., 2009).
The mechanistic link between hepatic steatosis and insulin resistance remains to be
fully established.

A dominant missense mutation (S163R) in the globular C1q domain of CTRP5
causes L-ORD in humans (Hayward, et al., 2003; Ayvagari, et al., 2005; Subrayan, et
al., 2005). L-ORD appears to be rare and affects individuals in the fifth and sixth
decades of life (Kuntz, et al., 1996; Milam, et al., 2000). A total of close to 50
individuals with L-ORD carrying the S163R mutation in the CTRPS5 gene have thus
far been identified; no metabolic parameters (e.g., BMI and fasting blood glucose) for
these individuals have been reported (Hayward, et al., 2003; Ayyagari, et al., 2005;
Subrayan, et al., 2005). Interestingly, two of the Ctrp5 S163R knock-in mouse
models have contrasting phenotypes; one largely phenocopies the human retinal
defects (Chavali, et al., 2011), while the other has no retinal abnormalities up to two
years of age (Shu, et al., 2011). The differences between the two groups were
attributed to dissimilar genetic backgrounds of the animals. Since metabolic
parameters were not included (Chavali, et al., 2011; Shu, et al., 2011), we do not
know if these single point mutation knock-in mice (either heterozygous or
homozygous for the S163R allele) have improved insulin sensitivity comparable to
the homozygous KO mice reported in the present study, in which the entire Ctrp5
gene was removed. In the case where the S163R knock-in mice developed L-ORD,
overt retinal defects appeared between 12-21 months of age (Chavali, et al., 2011).
Since all of our studies were conducted using Ctrp5 KO mice that are younger
(between 4-10 months of age), and the retinal histology of 10-month old WT and KO
mice revealed no apparent differences (data not shown), we assumed that the Ctrp3-
null animals had normal retinal function within the study period.

Indeed, in Mexican cavefish (Astyanax mexicanus) that live in permanent
darkness, the eye degenerates and the cavefish are blind (Jeffrey, 2001). However, its
genome retains the CTRPS gene (McGaugh, et al., 2014) (GenBank accession
number: XM_007258879). The predicted 4. mexicanus CTRPS transcript
(XP_007258941) is 61% identical to human CTRPS, comparable to the 65% identity
between zebrafish and human CTRPS. The retention of CTRPS gene in blind
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Mexican cavefish further suggests that the encoded secreted protein has a hormonal
role in peripheral tissue in addition to its role in the retina.

Our results support a metabolic function for Ctrp5. The genetic loss-of-
function studies described herein establish CTRPS as a negative regulator of glucose
metabolism and insulin sensitivity, and our results provide a mechanistic link between
increased adipose expression of C7TRP5 and impaired glucose homeostasis in obesity.
Inhibiting CTRPS action may prove valuable in improving insulin resistance
associated with obesity and future studies using KO mice may uncover additional

physiological roles for this secreted protein in both normal and disease states.
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THAT WHICH IS CLAIMED:

1. A method of improving insulin sensitivity in a cell, tissue, or subject,
the method comprising administering to a cell, tissue, or subject an effective amount
of an agent that decreases the expression level and/or activity of C1q and tumor
necrosis factor related protein 5 (CTRPS), thereby improving insulin sensitivity in the

cell, tissue, or subject.

2. The method of claim 1, wherein the expression level and/or activity of

CTRPS is decreased in the cell, tissue, or subject.

3. The method of claim 1, wherein the cell is selected from the group

consisting of an adipocyte, a myocyte, a hepatocyte and combinations thereof.

4. The method of claim 1, wherein the tissue comprises a peripheral

tissue.

5. The method of claim 1, wherein the tissue is selected from the group

consisting of adipose tissue, skeletal muscle, liver, and combinations thereof.

6. The method of claim 6, wherein the adipose tissue comprises

subcutaneous white adipose tissue.

7. The method of claim 1, wherein the subject:

(1) has a metabolic disorder or is at risk of developing a metabolic disorder;
(i1) is obese or at risk of becoming obese;

(iii) has hepatic steatosis; and/or

(iv) has diabetes or is at risk of developing diabetes.

8. The method of claim 1, wherein the subject is refed in a fasted state.

9. The method of claim 1, further comprising administering to the subject

an effective amount of an anti-diabetic agent and/or an appetite suppressant agent.
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10. A method of treating a metabolic disorder in a subject in need thereof,
the method comprising administering to the subject an effective amount of an agent
that decreases the expression level and/or activity of CTRPS, wherein the agent
reduces insulin resistance, improves glucose homeostasis, reduces hepatic triglyceride
levels, and/or reduces food intake in the subject, thereby treating a metabolic disorder

in the subject.

11.  The method of claim 10, wherein the expression level and/or activity

of CTRPS is decreased in a cell or tissue of the subject.

12. The method of claim 10, wherein the cell is selected from the group

consisting of an adipocyte, a myocyte, a hepatocyte and combinations thereof.

13. The method of claim 10, wherein the tissue comprises a peripheral

tissue.

14. The method of claim 10, wherein the tissue is selected from the group

consisting of adipose tissue, skeletal muscle, liver, and combinations thereof.

15. The method of claim 14, wherein the adipose tissue comprises

subcutaneous white adipose tissue.

16. The method of claim 10, wherein the subject:

(1) has a metabolic disorder or is at risk of developing a metabolic disorder;
(i1) is obese or at risk of becoming obese;

(iii) has hepatic steatosis; and/or

(iv) has diabetes or is at risk of developing diabetes.

17. The method of claim 10, wherein the subject is refed following a fast.

18. The method of claim 10, further comprising administering to the
subject a high fat diet.
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19. The method of claim 18, wherein the subject is administered a high fat

diet in a fasted state.
20. The method of claim 10, further comprising administering to the

subject an effective amount of an anti-diabetic agent and/or an appetite suppressant

agent.

54



PCT/US2016/042446

1/39

WO 2017/015095

\af @&N.wﬁwﬂwﬁtﬁ &x&ka;Qﬂwwomd“?Qﬁwhtﬂﬂhﬁﬁ

mp‘mu*xam>mgww«mmma
(m&m IR L

mm@mmwmm m?.\w.m s LESATILE
.Qas ‘:masﬁ?ng&“ BRI L ARG K Kni;a
n..m@svmmm:..\r«mpmmnrw@&»a(kmxm
NBATIRAA DI QST ARG

\A>

Wﬁﬁﬁmmmwmmumﬁ)*wv M)&Mzmﬁwmﬂwaﬁ Qﬁw&wwmﬁwmmwwxﬂmHJmWQma BIDTBATARGATAIED
5 R L6 AT E ARy

(3L

S EE AR AR AL NN dERATRlSOmEN 3L OdEAEAT

asuop salagon

o
37T

TANGATESE]

epidod jpufhy

THL
€871
5%
[AEA
o1z

WD W W
W W
Dalial

IR RARLEL

SRLFgELgRY
#ndEonny
RBFI IR

TENLE
TRWEE

gesEesgey
apdousy
RHHD YYD
SAMOR
WRWTH

GBIXTIGIEZ
BadBUeR
BEHITYD

BB nOR
CRWNH

1A

FIG.

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095

2/39

{news) sugsagu
TR

RinAn

SIS

I3ppepy ARuin
JEYBIN

" vayaeag

peung

anduog

prosAy L
sneAyj

SRES

YRR

tisdey
HTRRRLITE 8

SR

ERIMSBA RURURG
EITET

EULANEY

§ e
BRIEIRY4
REeunnd
RPN
SHIS

SRRINIRY
IR

Aseagy

ansal 3D
BSCINE PRI
BEISIN

ey Aduiny
apau gieky
Fuay

ABAN

Aaupyy

(R0 SLRUIA
(R} sz usey
HEaR

38y

snfieydosy
spuApipy
WnapoRy 1o wed Jupussng
usies

MRy

ureug

MR JU0Y
pueid jeuapy

Human tissue panel

386 -

2 2 =
&8 3
[RABE YNHE SRR

Fic. IB

158 -

T
oo
=
"R

250

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/042446



WO 2017/015095 3/39 PCT/US2016/042446

Fasted

1.5-

ik

Relative Ctrp5 mRNA level

Fic. 24

eWAT

3.0 **kk

Relative Ctrp5 mRNA level

WT ob/ob
FiIG 2B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 4/39 PCT/US2016/042446

Relative Ctrp5 mRNA level
[ %]

eV\;AT

Fic 2C

wh ke .

Relative Ctrp5 mRNA levels

FIG. 2D

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 5/39 PCT/US2016/042446

Control diet
Ml Ketogenic diet

it

o
1

*

—
(4, ]
H

*kk

Relative Ctrp5 mRNA level
a5

e
e

FIG. 2F

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 6/39 PCT/US2016/042446

Omental fat depot

41 r=-0.049
= | P=0.830
g [ ]
2 34
e
&
o 2]
® L4
¢ ® —
- e o
8 1+ ® .. L
o . & o,
0 ] ] 14
0 20 40 60 80
BM! (kg/m?)
Fic. 34

Subcutaneous Fat depot

[
iy

r=0.694
P<0.001

-
w
)
[ )
®

Relative CTRPS level
o B

80

BMI (kg/m?)

FiIc 3B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 7/39 PCT/US2016/042446

Omental fat depot

4-
D @
3 3 ¢
[T
&
e~ 24 —————
© N [ ]
$ #
o 8 & 8 & [ ]
_‘! 14 N i L)
© o #e #
0 T ] t
Lean obese obese
(non-12D) (non-12D) (T2D)
Fic. 3C
Subcutaneous fat depot
20+ *
] Sk
> ———————N—O—S0000000080000
8 15-
W ® ¢
&
~ 4nd # ()
o 10 . ®
4 ST
5 5 o
© w* .
Lean obese obese

(non-T2D) (non-T2D)  (T2D)

Fic. 3D

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 8/39 PCT/US2016/042446

foxP {oxr

BacVec fac? neo’

e TUF TUR A
# soacoclp  accea & A

WT allele

lacinF  ladnR
e e

KO allele fncZ peo’

Fic. 44

Fic 4C

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 9/39 PCT/US2016/042446

Chow diet

Body weight (g)

o~r-rr-r-rrrrTT T T T T T T
4 567 8 910111213141516171819
Age (weeks)
Fic. 54
25
WT
20 I KO
£
5 15+
o
104
5-
0 T

Fat mass Lean mass

Fic. 5B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 10/39 PCT/US2016/042446

a
3
(o)}
E
)]
n
Q
L
2
o
3
§ 1004
i)
0 1 1 3 T t
0 15 30 60 120
Time (min)
Fic 5C
2350+
%‘ ITT
5 2004
E
@ 150
0
o]
Q
= 100+
o))
3
o 50~
m
G t J ] 1 t I
0 15 30 45 60 90
Time (min)
FiG. 5D

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 11/39 PCT/US2016/042446

Fasting glucose (mg/dL)

[=o]

WT KO

Fic S5E

1.5

k%

0.5+

Fasting insulin (ng/mL)

0.0

WT KO

Fic. 5F

15.0
*

 10.0-
g

0

I 504

0.0
KO

FiIG 5G

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 12/39 PCT/US2016/042446

60~ High-fat diet

Body weight (g)

1 1
4 8 12 16 20 24 28
Age (weeks)

FiIc. 6A4

75~ EZ1 WT Wl KO

—_

Weight (g)

4 L
Fat mass Lean mass

FiIc. 6B

250+

Fasting glucose (mg/dL)

WT KO

Fic. 6C

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 13/39 PCT/US2016/042446

-

Fasting insulin (ng/mL)

WT KO

FiIc. 6D

3000~

C-peptide (pM)

Wt KO

FIG. 6E

60.0~

T

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 14/39 PCT/US2016/042446

E WT Il KO

-
(%]
i

-
o
1

ot
a
1

Relative mRNA expression

g
o

G6Pc  Pck1

Fic. 6G

600

400+

Ny
=
[=]

1

Blood glucose {mg/dL.)

G ] 1 ] !
0 15 30 60 120
Time {min)

Fic. 6H

6.0+

by
o
X

Insulin (ng/mL}
)
o
1

0.0

FIG. 61

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095

250~

200+

50

Blood glucose (mg/dL.)

15/39

ITT

PCT/US2016/042446

ITT AUC

xn'y {% / min)
T

FiIc. 6J

WT KO

FIG. 6K

20000

15000

10000

5000+

FIG. 6L

**%

KO

SUBSTITUTE SHEET (RULE 26)

90



WO 2017/015095 16/39 PCT/US2016/042446

Adipose tissue

Insulin () nsudin (+)

WT KO WT KO

P-AKT

AKT

o- * WT
prr m KO

i}
€ 41
b *
< [S—
]

L]

Insutin {-) nsufin (+)
FIG. 74

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 17/39 PCT/US2016/042446

Skeletal muscle

insulin {-) Insufin {+)

WT KO WT KD

2.0~
p=0.06

pAKT/ AKT {fold)
<

insulin {< Insulin {(+)

FIG. 7B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 18/39 PCT/US2016/042446

Liver
tnsutin {-) Insulin (+)

WT KO WT KO

P-AKT

15 wT
M KO
)
2 1.0+
<
& 0.5-
<
o0
0.0

Insulin {-) Insufin (+)

FIG. 7C

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 19/39 PCT/US2016/042446

FiIc. 84

o

Liver TG {mglg tissue)

FiIc. 8B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 20/39 PCT/US2016/042446

10.0+

Liver cholesterol
{mualy tissue}
o
e}
i

0.6~

WI KO

Fic. 8C

Serum TG {mg/dL})

i KO

FIG. 8D

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095

Serum cholesterol {(mg/dl}

SUBSTITUTE SHEET (RULE 26)

500~

400~

300

200~

100~

21/39

WT

FIG.

RO

E

WT

KO

FIG. 8F'

PCT/US2016/042446



WO 2017/015095 22/39 PCT/US2016/042446

o>
&

< < o]
[ 3™ T B
3 1 1

B-Hydroxybutyrate {mM)
<

g
o

Skeletal muscle
88~

40+

20+

Muscle TG (mglg tissue)

KO

FIG. 8H

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 23/39 PCT/US2016/042446

NA level

B3 pa
E-T
§ ¥

Felative mPRA lpved
. .
b‘
3

&

%@@&&&@@@a

{ﬁ @?’e‘ ?\Q‘i’ ?@ ?g? o

Fic. 8J

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 24/39 PCT/US2016/042446

15, F4BO

1.04

9.5{

Relative mRNA level

eWAT WAT

Fic. 9B

0.0+

CD11

L2
b1

o
i

Relative mRMA lavel
]
P

bl
=]

IWAT

Fic 9C

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 25/39 PCT/US2016/042446

1.5

3

1.0+

0.5~

Relative mRNA lsvel

0.0

eWAT WAT

FiIc. 9D

4.5~ Col6

1.8

8.5+

Relative mRNA lovel

0.0

eWAT IWAT

Fic. 9E

Leptin {ng/mL}

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 26/39 PCT/US2016/042446

Adiponectin { pglml)
5

<

KO

Frc 9G

-6 {pgiml)

WT KO

Fic. YH

For {pgiml.}

WT KO

Fic. 91

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095

Halative mRNA lovel

27/39 PCT/US2016/042446

eWAT w7
. KO

...8 N :

T - S, AN
o 0@9& %&‘?‘)

Fic. 9]

....s

PR ) % &,

Fic. 9K

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 28/39 PCT/US2016/042446

-
)
0
g
c 4000-
©
Q
-
g
< 2000+
E
o
b 0~
WT KO
Fic. 104

VCO, (mL/kg Lean mass/h)

WT KO
FiIG 10B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095

1.0

0.8+

RER

0.4-

0.2+

0.0

29/39

WT

KO

Fic. 10C

30.0-

20.0+

o
o
[oeo ]
1

EE (kcal/lkg Lean mass/h)

0.0

SUBSTITUTE SHEET (RULE 26)

WT

KO
Fic. 10D

PCT/US2016/042446



30/39 PCT/US2016/042446

WO 2017/015095

-
=

. KO

30000

20000~
10000 -

(s3unos) ANAnoOe jejo i

Light cycle Dark cycle

I0E

FIG.

Light cycle

Dark cycle

| A
%

o WT
- KO

%,
G b
W\\\\\§*
g,
e
7 ‘

> P
VS 57 |
’

s

P
Grerserersserdflirersserrrrsi
g 2,

%

% \\\ -
Gl

%

Z

3 “

u\\\»\\\\m .

o
%,

1 Y T
< “ ™ e
o oo} [en]

Lo
(y/B) exeju pood

0 2 4 6 8 10 12 14 16 18 20 22 24

(h)

ime

T
Fic. 10F

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 31/39 PCT/US2016/042446

3% & WT
» KO &
o~
2 S
53] 2+ E 3 BN
= N
m N
b
£
B =
2 1 Momn
. R
NI
»
0

Lighf cycle Dark'cycie

FIG. 10G

Il KO

2.0-

1.5+

1.0-

Food intake (gram/12 h)

0.0

Ligl';t cycle Darlz cycle

Fic. 10H

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 32/39 PCT/US2016/042446

607 Chow (21 weeks) = HFD (16 weeks)

C
e
X o
D
o)
2
)
87 e wr
m & KO
0 1 | ] | 1
0 4 8 12 16
Weeks on HFD
FIc 114
{
250~
1
T
o 200~ *
£
2 150-
o
S
5, 100
g
= 50+
@
1]
[ 1
0
WT KO
Fic. 11B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 33/39 PCT/US2016/042446

6.0~
-
E
le7]
=
= *
S
0N
R
o
R
e}
n
e
1

0.0 )

WT KO

Fic 11C

2000 -
s
B 2000
&
5]
e}
Q.
%’.. 1000 -
O

0

WY KO

FIG. 11D

SUBSTITUTE SHEET (RULE 26)



34/39 PCT/US2016/042446

WO 2017/015095
60.0-
r 40.04 .
<
]
0
L 20.0-
0.0 :
WT KO
FIc 11E
500
)
G 4007
£
® 300~
(72}
(o]
Q
= 2007
o))
kS
3 100+
03]
G i 1 1 3 1]
0 15 30 60 120
Time (min)
Frc 11F

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 35/39 PCT/US2016/042446

8.0+
J 6.0
E
g
~  4.04
=
S
o
£ 2.0+
0.0 I
0 min  30min
Fic 11G
250~ ITT o
- . 0 WT
o
o) ]
E
o)
&
o]
&
=)
o)
B
g 501
23]
0 T T T T T 1
0 15 30 45 60 90
Time (min)
Fic. 11H

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095

Relative mRNA levels

36/39

WT KO

FIG. 111

B
g

3 Wt
M KO

L]
A >
A

.Al

&

a
&@ PR N

FIG. 11J

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/042446



WO 2017/015095 37/39 PCT/US2016/042446

1.5+ WT

Relative mRNA levels

FIG. 11K
15000 -
=
2
-
O
< 10000+
(]
g
o
-
&
® 5000
<
b=
1]
WT KO
Fic 11L

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 38/39 PCT/US2016/042446

3T3-L1 adipocytes

CTRPS = * = +
Insulin - - + +
P-AKT

AKT
Fic 124
. *k

o
1

%]
i

pAKT/ AKT (fold)
[ ]

e
(]

Insulin (-) insulin (+)

Fic. 12B

SUBSTITUTE SHEET (RULE 26)



WO 2017/015095 39/39 PCT/US2016/042446

L6 myotubes

CTRPS - + = +
insulin - - + +

P-AKT

Fic 12C

L * ]

34 Pk Cont
| BE CTRP5
T
£ 2-
<
& 14
s

0..

Insulin (-) insulin (+)

Fic. 12D

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/042446

Box No.I Nucleotide and/or amino acid sequence(s) (Continuation of item1.c¢ of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:
a. |X| forming part of the international application as filed:
|Z| in the form of an Annex C/ST.25 text file.
|:| on paper or in the form of an image file.

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

c. |:| furnished subsequent to the international filing date for the purposes of international search only:

[ ] in the form of an Annex C/ST.25 text file Rule 13ter. 1(a)).
|:| on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
C12Q 1/68; CO7K 14/47;, A61K 45/06; GOIN 33/68; C12N 5/077, C12N 5/071

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & keywords: insulin sensitivity, C1q and tumor necrosis factor related protein 5, CTRPS, metabolic disorder,
insulin resistance

C. DOCUMENTS CONSIDERED TO BE RELEVANT
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A YANG et al., "CTRP5 ameliorates palmitate-induced apoptosis and insulin 1-20
resistance through activation of AMPK and fatty acid oxidation',
Biochemical and Biophysical Research Communications, Vol.452, pp.715-721
(2014)

See abstract; p.717, right column, lines 1-23.

A US 20140147421 A1l (WONG et al.) 2014.05.29 1-20
See abstract; claims 12-14.

A US 2015-0099695 A1 (THE JOHNS HOPKINS UNIVERSITY) 2015.04.09 1-20
See abstract; claims 5-7.

A FLEHMIG et al., “Identification of adipokine clusters related to parameters 1-20
of fat mass, insulin sensitivity and inflammation',

PLOS ONE, Vol.9, Issue 6, Article No. €99785 (pp.1-14) (2014.06.26)
See abstract; p.5, left column.

PX LEI et al., “Loss of CIRPS improves insulin action and hepatic steatosis', 1-20
American Journal of Physiology. Endocrinology and Metabolism, Vol.310,
pp.E1036-E1052 (2016.05.03.)

See the whole document .
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filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
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