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NOVEL PEPTIDE INVOLVED IN ENERGY
HOMEOSTASIS

[0001] This application is a continuation-in-part of copend-
ing international (PCT) application No. PCT/US20006/
030686, filed Aug. 7, 2006, designating the United States,
which application claims priority to U.S. provisional appli-
cation 60/705,940 filed Aug. 5, 2005.

TECHNICAL FIELD

[0002] This invention pertains to a novel gene and resulting
protein, named “Energy Homeostasis Associated-1” (Enho1)
which was found to be involved in the association of obesity
with insulin resistance and lipidemia.

BACKGROUND ART

[0003] Obesity is an increasingly prevalent global disease
and has reached epidemic proportions. Current estimates sug-
gest that at least 50% of the Western population is either
overweight or obese. Obesity, particularly abdominal obesity,
combined with other conditions such as insulin resistance,
dyslipidemia, hepatic steatosis, and hypertension is known as
the Metabolic, or Insulin Resistance, Syndrome. The central
pathophysiological features of the dyslipidemia associated
with insulin resistance and type 2 diabetes are increased
plasma triglycerides (TG) in very low density lipoproteins
(VLDL), and reduced high density lipoprotein (HDL) cho-
lesterol. Commonly, increased circulating TGs are hydro-
lyzed into free fatty acids (FFA) and are taken up by periph-
eral tissues including the liver and can lead to hepatic
steatosis, or non-alcoholic fatty liver. Studies of several
mutant mouse models of obesity and metabolic disorders
suggest that the link between insulin resistance and dysregu-
lated TG is complex and involves both peripheral and central
factors.

[0004] Insulin resistance refers to reduced insulin-stimu-
lated glucose uptake in skeletal muscle and fat, and an
impaired suppression of liver glucose output (2). Hypergly-
cemia and hyperlipidemia are both side effects of, and caus-
ative agents in, the pathophysiology of type 2 diabetes. Glu-
cotoxicity and lipotoxicity further promote insulin resistance
and type 2 diabetes due to suppression of insulin action and
secretion from the p-cell. Hyperinsulinemia is initially suc-
cessful in suppressing liver glucose output, however the del-
eterious effects of increased insulin offset the gains associ-
ated with maintaining normal blood glucose levels (2).
Hyperinsulinemia is thought to be a factor in a cluster of
metabolic abnormalities, including hypertension, non-alco-
holic fatty liver disease (NAFL.D) and coronary heart disecase
(2). NAFLD disease is commonly associated with insulin
resistance, and requires two transcription factors: sterol regu-
latory element binding protein-lc (SREBP1c) and peroxi-
some proliferator receptor-y (PPARYy) (3-6). Absence of
SREBP1, or PPARY signaling in liver inhibits the develop-
ment of liver steatosis that occurs in obese insulin resistant
mice (5-7).

[0005] Defining a common mechanism explaining insulin
resistance has been difficult because of the complexity of the
insulin receptor (IR) signaling system, and the realization that
it is not one, but many factors that contribute to the develop-
ment of this disorder. The tyrosine phosphorylation of two
adaptor proteins, IRS1 and IRS2, is a critical early step in the
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stimulation of glucose uptake by insulin (8-11). IRS1 and
IRS2 have no intrinsic enzymatic activity, and are thought to
function as part of a molecular scaffold that facilitates the
formation of complexes of proteins with kinase, phosphatase
or ubiquitin ligase function (12). Stimulation of phosphoi-
nositide 3' kinase (PI3K) by association with the IRS is a
critical step in insulin-stimulated glucose uptake. Activation
of'the p110 catalytic subunit of PI3K activates the lipid kinase
domain, which phosphorylates phosphatidylinositol-4,5-bis-
phosphate. Activation of PI3K is necessary for full stimula-
tion of glucose uptake by insulin, although other pathways
might also be involved (12).

[0006] A metabolic state conducive to the development of
insulin resistance is thought to result from an imbalance of
caloric intake with oxidative metabolism (13,14). Studies
suggest that reduced mitochondrial function in muscle is a
factor in the development of insulin resistance associated
with obesity (14,15). Stimulation of energy expenditure and
suppression of appetite both result in improved glucose
metabolism in mouse models of obesity and type 2 diabetes.
A well-characterized example of this is the adipocytokine
leptin. Leptin acts in the hypothalamus and hindbrain to sup-
press appetite and through stimulation of the autonomic ner-
vous system increases oxidative metabolism in skeletal
muscle (16-20). However, leptin can also improve hepatic
insulin sensitivity independently of marked effects on food
intake or body weight (17).

[0007] Infusion of fatty acids (FA) is associated with rapid
reductions in insulin sensitivity in muscle within 4-6 h (21-
23). The exact mechanism by which FA’s reduce insulin-
stimulated glucose uptake remains a matter of debate. Recent
data indicate that FA’s interfere with the IR signal transduc-
tion pathways that stimulate glucose uptake (21,22,24). One
hypothesis is that an increase in the intracellular concentra-
tion of FA’s and diacyl-glycerol leads to the activation of a
serine kinase, protein-kinase C? (PKC?) (25). Phosphoryla-
tion of IRS1 on Ser*®” by PKC? inhibits the phosphorylation
of IRS-1 by the IR, leading to reduced activation of PI3K and
a reduction in the stimulation of glucose uptake by insulin.

[0008] Abnormal activity of secreted polypeptides as a link
between obesity and insulin resistance. Determining mecha-
nisms linking obesity with insulin resistance is important for
developing new glucose lowering therapies. Recent research
investigating insulin resistance has focused on adipocytes.
Obesity is associated with aberrant regulation and function of
a regulatory network of polypeptides secreted from adipo-
cytes (adipocytokines). Adipocytokines such as leptin, adi-
ponectin, and resistin regulate hepatic glucose production,
glucose disposal in muscle, and the proliferation and storage
of lipid in adipocytes (26). Leptin regulates energy homeo-
stasis through effects on neurons located in the hypothalamus
and hindbrain, regulating ingestive behavior, autonomic ner-
vous activity, and neuroendocrine system that govern
metabolism (thyroid, adrenals) (16). Leptin resistance or
reduced serum adiponectin associated with obesity are fac-
tors that contribute to insulin resistance, through diminished
insulin-sensitizing actions and by increasing risk for devel-
oping steatosis (intracellular fatty acid accumulation) (27,
28). Non-adipose tissues also secrete peptides that affect
energy metabolism and insulin sensitivity, such as musclin
from muscle (29) and angiopoietin-related growth factor
from liver (30). These factors may also be targets for the
treatment of the metabolic syndrome.
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[0009] Melanocortin receptor knockouts for investigating
the link between obesity and insulin resistance: Two melano-
cortin receptors expressed in areas of the central nervous
system are involved in energy homeostasis. Targeted deletion
of the neuronal melanocortin-4 receptor (MC4R) gene in
mice (Mcdr-/- or Mc4rKO mice) causes obesity and hyper-
insulinemia, and is also associated with increased hepatic
lipogenic gene expression and hepatic steatosis. Mice defi-
cient for another neuronal melanocortin receptor (Mc3r-/- or
Mc3rKO mice) develop a similar degree of obesity to
Mc4r—/- mice when fed a high fat diet, but do not exhibit the
same level of insulin resistance, hyperlipidemia and
increased hepatic steatosis Work Mc3rKO and Mc4rKO on
the C57BL/6] (B6) strain both exhibit an exaggerated diet-
induced obesity, however the deterioration of insulin sensi-
tivity in Mc4rKO is more rapid and severe (31,32). FIGS.
1A-1E illustrate some of the known differences in wild-type
mice (C57BL/6J) and the two knockout mice in terms of body
mass as a function of either a low fat diet or a high fat diet.
(31,32) Severe insulin resistance in mice and humans is asso-
ciated with hepatomegaly and steatosis, with increased
hepatic lipogenesis (33). Mc4rKO develop hepatic insulin
resistance and hepatomegaly in the obese state, and on a high
fat diet (HFD) exhibit a marked deterioration of glucose
homeostasis associated with severe glucose and insulin intol-
erance. FIGS. 2A-2E show the differences in hepatomegaly
and steatosis in the two mouse strains, and also differences in
expression of genes involved in lipid metabolism. (4,17,57)
On the other hand, Mc3rKO matched to Mc4rKO for fat mass
(FM) exhibit a very modest impairment of glucose homeo-
stasis.

[0010] Sequences of cDNA Similarto ENHO1. A sequence
and putative open reading frame of a cDNA encoding a puta-
tive protein homologous to ENHO1 have previously been
published by several consortiums involved in large-scale
sequencing of cDNAs. See R. L. Stausberg et al., “Generation
and initial analysis of more than 15,000 full-length human
and mouse cDNA sequences,” Proc. Natl. Acad. Sci. U.S.A.,
vol. 99, pp. 16899-16903 (2002) (Genbank accession num-
ber: BC021944, cDNA with complete coding sequence); and
H. F. Clark et al., “The secreted protein discovery initiative
(SPDI), a large-scale effort to identify novel human secreted
and transmembrane proteins: a bioinformatics assessment,”
Genome Res., vol. 13, pp. 2265-2270 (Genbank accession
number: NM_ 198573, cDNA with complete coding
sequence). A protein with similar homology for the first 37
amino acid residues of SEQ ID NO:2 has been identified.
However, the nucleotide and amino acid sequence of this
described protein may be incorrect, due to a single nucleotide
error in the sequencing of the cDNA.

DISCLOSURE OF INVENTION

[0011] We have discovered a novel secreted peptide
(Enhol) based on an investigation using two transgenic
murine models of obesity. Using microarray gene expression
analysis and validation by RealTime quantitative PCR, the
expression of an mRNA (genbank accession number:
AK009710) encoding a putative 76 amino acid, secreted pro-
tein was found to be reduced 10-fold in severely insulin
resistant and glucose intolerant Mc4rKO and Leptin-deficient
(Lep®’/Lep®®) mice. In contrast, in obese Mc3rKO mice,
which are moderately glucose intolerant but exhibit a normal
response to insulin, there was a modest 30-40% reduction in
the expression of the Enhol protein. In C57BL/6J mice, a
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negative correlation was found in the hepatic expression
Enhol mRNA with fasting glucose levels. The expression of
Enhol in the hypothalamus also declined with obesity and
insulin resistance. We also confirmed that the mRNA encoded
a secreted protein. Based on the negative effect of diet-in-
duced obesity and insulin resistance on Enho1 mRNA expres-
sion in liver and brain, the gene encoding the protein was
initially designated “Swirl” (“suppressed with insulin resis-
tance”), but was later renamed “Enho1” (“energy homeosta-
sis associated-17). A recombinant adenovirus was used to
increase the expression of ENHO1 in mouse models of obe-
sity. Over-expression of ENHO1 by adenovirus injection sig-
nificantly and reproducibly reduced fasting insulin, triglyc-
eride and cholesterol levels. Additionally, the expression of a
key gene involved in lipogenesis (fatty acid synthase) and
FAS protein levels were reduced by ENHO1 adenoviral treat-
ment in Lep®/Lep®” mice.

[0012] A transgenic FVB/NI strain of mouse was created
which over expresses the Enhol open reading frame, using
Enhol DNA (SEQ ID NO: 1) controlled by the human [3-actin
promoter which is expressed in all tissues. Female FVB/NJ
mice over expressing Enho1 had a significant reduction in fat
mass, and a higher metabolic rate determined by measuring
oxygen consumption (VO2) using indirect calorimetry (Oxy-
max, Columbus Instruments, Columbus, Ohio). The increase
in metabolic rate observed in the transgenic mice had been
predicted, based on the results from experiments using
recombinant adenovirus expressing Enhol. Mice infected
with recombinant adenovirus expressing Enhol lost more
weight during an overnight fast, suggesting an impaired abil-
ity to reduce metabolic rate to compensate during fasting.
FVB/NIJ Enhol transgenic mice exhibit the same exaggerated
weight loss during a fast, associated with a higher metabolic
rate. A component of Enhol’s anti-diabetic actions may
therefore involve stimulation of pathways involved in oxida-
tive metabolism. That is, Enhol may improve the metabolic
profile of obese, insulin resistant individuals partially through
normalizing the balance ofkJ consumption with kJ expended
through effects on physical activity, basal metabolic rate, or a
combination of both.

[0013] Full-length Enhol peptide, or peptide derivatives,
homologues, analogues, or mimetics thereof, delivered by
oral intake, injection, subcutaneous patch, or intranasal
routes, could be used as therapeutic or diagnostic agents for
hypercholesterolemia, hypertriglyceridemia, insulin resis-
tance, obesity, diabetes, and/or disorders of energy imbal-
ance.

[0014] Antibodies (AB1 (SEQIDNO:8) and AB2 (SEQID
NO:9)) were raised against peptide fragments derived from
the open reading frame predicted for BC021944, and shown
in FIG. 5. These antibodies were used to verify the presence
of Enhol-immunoreactivity in human serum and in rat brain,
strongly supporting the conclusion that the open reading
frame predicted for BC021944 encodes a small secreted pep-
tide. Enhol-immunoreactivity was detected in human
plasma. (data not shown) In rat brain, neurons with Enhol
immunoreactivity have been identified in the arcuate nucleus
of the hypothalamus. The significance of this observation is
that neurons in the arcuate nucleus of the hypothalamus have
been implicated in the regulation of energy expenditure,
through effects on both facultative thermogenesis and physi-
cal activity, and on glucose homeostasis [Cone R D. Anatomy
and regulation of the central melanocortin system. Nat. Neu-
rosci. 2005 May; 8(5):571-8; Coppari R, Ichinose M, Lee C



US 2009/0253619 Al

E, Pullen A E, Kenny C D, McGovern R A, Tang V, Liu S M,
Ludwig T, Chua S C Jr, Lowell B B, Elmquist J K. The
hypothalamic arcuate nucleus: a key site for mediating lep-
tin’s effects on glucose homeostasis and locomotor activity.
Cell Metab. 2005 January; 1(1):63-72.] The increased energy
expenditure and physical activity of the FVB/NJ Enhol trans-
genic mice may therefore involve action in the central ner-
vous system, and more specifically through actions based on
regulating activity of neurons in the arcuate nucleus of the
hypothalamus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A illustrates the differences in body mass in
6-month-old, female mice after 12 weeks feeding either a
low-fat diet (LF) or a high-fat diet (HF) among three different
strains, wild-type (WT), Mc3r -/~ deficient mice (Mc3rKO),
and Mcdr —/- deficient mice (Mc4rKO). (Significant effect of
diet is indicated by “*” (p<0.001) or “#” (p<0.05); significant
effects within diet indicated by letters, with groups signifi-
cantly different (p<0.05) given different letters; significance
based on 2-way AVOVA)

[0016] FIG. 1B illustrates the differences in body weight
gain as a percent of starting weight in 6-month-old, female
mice after 12 weeks feeding either a low-fat diet (LF) or a
high-fat diet (HF) among three different strains, wild-type
(WT), Mc3r -/- deficient mice (Mc3rKO), and Mcdr /-
deficient mice (Mc4rKO). (Significant effect of diet is indi-
cated by “*” (p<0.001) or “#” (p<0.05); significant effects
within diet indicated by letters, with groups significantly
different (p<0.05) given different letters; significance based
on 2-way AVOVA)

[0017] FIG. 1C illustrates the differences in percent body
fat in 6-month-old, female mice after 12 weeks feeding either
alow-fat diet (LF) or a high-fat diet (HF) among three difter-
ent strains, wild-type (WT), Mc3r —/- deficient mice
(Mc3rKO), and Mcdr —/- deficient mice (Mc4rKO). (Signifi-
cant effect of diet is indicated by “*” (p<0.001) or “#” (p<0.
05); significant effects within diet indicated by letters, with
groups significantly different (p<0.05) given different letters;
significance based on 2-way AVOVA)

[0018] FIG. 1D illustrates the differences in fat mass in
6-month-old, female mice after 12 weeks feeding either a
low-fat diet (LF) or a high-fat diet (HF) among three different
strains, wild-type (WT), Mc3r -/~ deficient mice (Mc3rKO),
and Mcdr —/- deficient mice (Mc4rKO). (Significant effect of
diet is indicated by “*” (p<0.001) or “#” (p<0.05); significant
effects within diet indicated by letters, with groups signifi-
cantly different (p<0.05) given different letters; significance
based on 2-way AVOVA)

[0019] FIG. 1Eillustrates the differences in fat-free mass in
6-month-old, female mice after 12 weeks feeding either a
low-fat diet (LF) or a high-fat diet (HF) among three different
strains, wild-type (WT), Mc3r -/~ deficient mice (Mc3rKO),
and Mcdr —/- deficient mice (Mc4rKO). (Significant effect of
diet is indicated by “*” (p<0.001) or “#” (p<0.05); significant
effects within diet indicated by letters, with groups signifi-
cantly different (p<0.05) given different letters; significance
based on 2-way AVOVA)

[0020] FIG. 2A illustrates a comparison of liver histology,
as shown in liver cross-sections stained with hemotoxylin and
eosin, from female mice fed a high fat diet among three mice
strains, wild-type (WT), Mc3r -/~ deficient mice (Mc3rKO),
and Mcdr —/- deficient mice (Mc4rKO).
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[0021] FIG. 2B illustrates the differences in liver weight as
a function of adiposity (percent body fat) in mice fed both low
and high fat diets among three mice strains, wild-type (WT),
Mc3r —/- deficient mice (Mc3rKO), and Mc4r —/- deficient
mice (Mc4rKO).

[0022] FIG. 2C illustrates the differences in mean liver
weight (n=5-6/group) of male and female mice fed a moder-
ate high fat diet among three mice strains, wild-type (WT),
Mc3r —/- deficient mice (Mc3rKO), and Mc4r —/- deficient
mice (Mc4rKO). (“*” indicates p<0.05 versus WT and
Mc3rKO0 mice).

[0023] FIG. 2D illustrates the differences in expression of
stearoyl-CoA desaturase 1 (SCD1) in liver of mice fed a high
fat diet among three mice strains, wild-type (WT), Mc3r —/-
deficient mice (Mc3rKO), and Mc4r —/- deficient mice
(Mc4rKO). Data is expressed as arbitrary units (a.u.). (“*”
indicates p<0.05 versus WT and Mc3rKO mice).

[0024] FIG. 2E illustrates the differences in expression of
apolipoprotein A4 (ApoA4) in liver of mice fed a high fat diet
in three mice strains, wild-type (WT), Mc3r —/- deficient
mice (Mc3rKO), and Mc4r —/— deficient mice (Mc4rKO).
(“*” indicates p<0.05 versus WT and Mc3rKO mice; “#”
indicates p<0.05 versus WT mice, within gender).

[0025] FIG. 3A illustrates the amount of hepatic
AKO009710 mRNA expression (given as a percent of WT
expression) in wild-type (WT) mice and in obese Mc3r —/-
deficient mice (Mc3rKO).

[0026] FIG. 3Billustrates the amount ofhepatic AK009710
mRNA expression (given as a percent of WT expression) in
wild-type mice (WT), Mcdr /- deficient mice (Mc4rKO),
and leptin-deficient Lep®?/Lep®? mice (two models of obe-
sity).

[0027] FIG. 3Cillustrates the amount of hepatic AK009710
mRNA expression (given as a percent of expression with
saline) in leptin-deficient Lep°*/Lep®” mice injected 4 times
over 2 days with either saline or leptin (0.5 mg/g).

[0028] FIG. 4 illustrates the nucleic acid sequence of the
Enhol gene (Mouse AK009710; SEQ ID NO:1), with the
open reading frame encoding the Enhol protein underlined,
and its putative amino acid translation product Enhol (SEQ
1D NO:2).

[0029] FIG. 5 illustrates the alignment of the putative
Enhol protein sequences for mouse (SEQ ID NO:2), human
(SEQIDNO:14), rat (SEQ ID NO:12), dog (SEQ ID NO:15),
pig (SEQ ID NO:16), cow (SEQ ID NO:17), sheep (SEQ ID
NO:18), and chimpanzee (SEQ ID NO:13), showing the
regions of the putative secreted polypeptide used to generate
polyclonal antibodies (pAB1 ((SEQ ID NO:8) and pAB2
(SEQ ID NO:9)).

[0030] FIG. 6A illustrates the results of a Northern blot
analysis using a radioactive-labeled portion of the AK009710
DNA sequence encoding Enhol protein on human tissue
samples (Lanes 1-8 represents RNA from heart, brain, pla-
centa, lung, liver, skeletal muscle, kidney and pancreas,
respectively).

[0031] FIG. 6B illustrates the relative intensity of Enhol
mRNA bands from a Northern blot analysis using the full-
length mouse AK009710 DNA probe on mouse tissue
samples.

[0032] FIG. 6C illustrates the results of a Western blot
analysis for FLAG immunoreactivity in media (M) and cell
lysates (Pel) from HEK293 human-kidney derived cells
transfected with pCMV-Enhol:Flag, pCMV-GFP, or in
media from HEK293 cells infected with adenoviral vector
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expressing Enhol:Flag fusion protein [no transfected DNA
(lanes 1, 2); transfected with a pCMV-Enhol:FLAG con-
struct (lanes 3, 4); transfected with pCMV-Enho1 (lanes 5, 6);
or transfected with pCMV-GFP (lanes 7, 8); infected with
AdSEnhol:FLAG (lane 9); infected with AdSEnhol (lane
10); or infected with AdSGFP (lane 11)]. To visualize Enhol
protein, a fusion protein was created with a C-terminal
FLAG-epitope tag.

[0033] FIG. 6D illustrates the results of a Western blot
analysis for ENHO1 protein in various tissues (liver, muscle,
and brain) from Mc4r—/- mice injected with AdS-ENHO1:
FLAG 4 days prior to the assay, along with controls, both
positive (HEK293 cells infected with Ad5S-ENHO1:FLAG)
and negative (Liver from non injected Mc4r—/— mice).
[0034] FIG. 7A illustrates the results of a Western blot
analysis using lysate from HEK293 cells infected with
recombinant AdSEnho1 (native protein) or AdSEnho1:FLAG
(C-terminal FLLAG-tagged fusion protein) after incubation
with a polyclonal antibody (pAB1) against the N-terminus of
Enhol (as shown in FIG. 5).

[0035] FIG. 7B illustrates the results of a Western blot
analysis using lysate from HEK293 cells infected with
recombinant AdSEnho1 (native protein) or AdSEnho1:FLAG
(C-terminal FLLAG-tagged fusion protein) after incubation
with a polyclonal antibody (pAB2) against the C-terminus of
Enhol (as shown in FIG. 5).

[0036] FIG. 7C illustrates the treatment protocol used to
administer Ad5SEnhol or Ad5-GFP into the tail vein of vari-
ous strains of mice to test the effects of Enhol treatment on
mice metabolism (results presented in Table 1).

[0037] FIG. 8A illustrates the expression level of fatty acid
synthase (Fasn) mRNA in liver from obese leptin-deficient
(Lep°®/Lep®®) mice eight days after injection with either Ad5-
ENHO1 or Ad5-GFP. Data expressed in arbitrary units (AU)
(n=6-8/group; “*” p<0.05).

[0038] FIG. 8B illustrates the expression level of stearoyl-
CoA desaturase (Scdl) protein in liver from obese leptin-
deficient (Lep®’/Lep°?) mice eight days after injection with
either AdS-ENHOI1 or Ad5-GFP. Data expressed in arbitrary
units (AU) (n=6-8/group; “*” p<0.05).

[0039] FIG. 8C illustrates the expression level of acetyl
CoA carboxylase (Acc) mRNA in liver from obese leptin-
deficient (Lep®’/Lep°?) mice eight days after injection with
either AdS-ENHOI1 or Ad5-GFP. Data expressed in arbitrary
units (AU) (n=6-8/group; “*” p<0.05).

[0040] FIG. 8D illustrates the expression level of a gene
involved in insulin resistance (a suppressor of cytokine sig-
naling) in liver from obese leptin-deficient (Lep®®/Lep®®)
mice eight days after injection with either AdS-ENHOI1 or
AdS-GFP. Data expressed in arbitrary units (AU) (n=6-8/
group; “*” p<0.05).

[0041] FIG. 9A illustrates the construction of the transgene
(BAP-Enhol) used to generate transgenic mouse strains that
over express Enhol.

[0042] FIG. 9B illustrates the amount of Enhol expression
in livers from transgenic mice pups (produced using the trans-
gene of FIG. 9A) from FVB/NJ founders at 5 weeks.

[0043] FIG. 9C illustrates the level of fasting triglycerides
(TG) from serum of transgenic mice pups (produced using the
transgene of FIG. 9A) from FVB/NIJ founders at 9 weeks.
[0044] FIG. 9D illustrates the body composition as mea-
sured by percent body fat (% body fat; left graph) and fat mass
(showing both free fat mass (FFM) and fat mass (FM); right
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graph) in transgenic mice pups (produced using the transgene
of FIG. 9A) from FVB/NJ founders at 5 and 9 weeks as
compared with control.

[0045] FIG. 9E illustrates change in fat mass (showing both
free fat mass (FFM) and fat mass (FM)) of transgenic mice
pups (produced using the transgene of FIG. 9A) from FVB/
NIJ founders after 7 days on a 60% high fat diet.

[0046] FIG. 10 illustrates the results from a PCR screen for
integration of BAP-Enhol1 into the genome of C57BL/6] pups
(from injection of BAP-Enhol into C57BL/6J oocytes) show-
ing six pups out of 23 with integration of the transgene into the
genome.

[0047] FIG. 11A illustrates the increase in Erk phosphory-
lation in 3T3-L.1 adipocytes 15 minutes after the application
of the secreted portion of protein Enho1 (Enho13#7%; SEQ ID
NO:10).

[0048] FIG. 11B illustrates the increase in Erk phosphory-
lation in HepG2 hepatocytes 15 minutes after the application
of the secreted protein Enhol (Enho1?*7%; SEQ ID NO: 10).
[0049] FIG. 12A illustrates the association between hypo-
thalamic Enhol mRNA expression and body weight in six-
month-old mice from three strains (C57BL/6J(WT),
Mc3rKO (Mc3r), or Mc4rKO (Mcdr) fed for three months on
one of two diets (LF=10% kJ/fat; HF=60% kJ/fat).

[0050] FIG. 12B illustrates the association between hypo-
thalamic Enhol mRNA expression and HOMA-IR [(fasting
insulinxglucose)/22.5] in six-month-old mice from three
strains (C57BL/6J(WT), Mc3rKO (Mc3r), or Mc4rKO
(Mcdr) fed for three months on one of two diets (LF=10%
klJ/fat; HF=60% klJ/fat).

[0051] FIG. 12C illustrates the association between
HOMA-IR [(fasting insulinxglucose)/22.5] and hypotha-
lamic Socs3 (suppressor of cytokine signaling 3) mRNA
expression in six-month-old mice from three strains (C57BL/
6J(WT), Mc3rKO (Mc3r), or Mc4rKO (Mc4r) fed for three
months on one oftwo diets (LF=10% kJ/fat; HF=60% klJ/fat).
[0052] FIG. 13A illustrates the physical activity (measured
in beam breaks/10 min) in wild-type (WT) and BAP-Enhol
transgenic mice (Tg) over 3 days.

[0053] FIG. 13B illustrates the physical activity (measured
in average number beam breaks/10 min for the period) in dark
and light periods in wild-type (WT) and BAP-Enhol trans-
genic mice (Tg) over a 24 hr.

[0054] FIG. 13C illustrates whole body fat oxidation
(RER) in dark and light periods in wild-type (WT) and BAP-
Enhol transgenic mice (Tg) over a 24 hr.

[0055] FIG. 13D illustrates the metabolic rate (measured as
VO2 (ml/hx10)) in dark and light periods in wild-type (WT)
and BAP-Enhol transgenic mice (Tg) over a 24 hr.

[0056] FIG. 13E illustrates the metabolic rate as a function
of free fat mass (measured as VO2 (ml/h/gFFMx10?)) in dark
and light periods in wild-type (WT) and BAP-Enhol trans-
genic mice (Tg) over a 24 hr.

[0057] FIG. 13F illustrates the metabolic rate as a function
of body weight (measured as VO2 (ml/h/gBWx10%)) in dark
and light periods in wild-type (WT) and BAP-Enhol trans-
genic mice (Tg) over a 24 hr.

MODES FOR CARRYING OUT THE INVENTION

[0058] The present invention discloses a novel secreted
protein (Enhol) and identifies some of its functions. The
sequence of this protein was found to be highly conserved
across several mammalian species, and the sequences are
shown in SEQ ID NOS:2 and 12-18. In addition the nucleic
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acids that encode this protein was used to make mice that over
expressed the Enhol protein, either by infection with a
recombinant adenovirus expressing Enhol or by making a
transgenic strain using Enhol DNA controlled by an actin
promoter.

[0059] In one embodiment, the Enhol protein, fragment,
derivative or analogs are used therapeutically to prevent a
pathophysiology associated with increased body mass, e.g.,
obesity, hyperglycemia, hyperinsulinemia, insulin resistance,
hyperlipidemia, and non-insulin dependent (type 2) diabetes
mellitus.

[0060] Inanother embodiment, the purified Enhol protein,
fragment, derivative or analog is isolated from various mam-
mals, or made synthetically, or made using cell cultures that
express the protein.

[0061] In another embodiment, antibodies are made to the
Enhol protein, its fragments, derivatives or analogs. These
antibodies can be used in a kit to identify the Enho1 protein
from various samples, including body fluids.

[0062] In another embodiment, transgenic animals are
made that over express the Enhol protein by linking the
Enhol sequence to an active promoter, e.g., an actin pro-
moter. In another embodiment, a transformation vector com-
prising at least the open reading frame of SEQ ID NO: 1 (the
portion underlined in FIG. 4) are made.

Example 1
Discovery of Enhol Protein and its Function

[0063] Microarrays analyzing hepatic gene expression in
lean and obese Mc3rKO were performed using arrays printed
from libraries of 16,463-18,400 70-mer oligonucleotides
(Mouse Array-Ready Oligo Set Version 2.0, Qiagen Operon,
Alameda, Calif.) (34-36). The microarray data indicated
increased expression of genes involved in lipid metabolism
(apoliproteins) and oxidative stress secondary to obesity.
Interestingly, the expression of only three genes was reduced
in liver of Mc3rKO irrespective of age, gender, and adiposity.
Two of the genes encoded proteins with known function:
neuraminidase 3 (neu3), encoding an enzyme that cleaves
sialic acid from glycoproteins and glycolipids, and solute
carrier family 21 (slc21al) which encodes an organic anion
transporter. The third gene (AK009710) was novel and had no
assigned function in the databases.

[0064] Quantitative RealTime PCR confirmed the microar-
ray data showing a tendency for a modest reduction in the
expression of AK009710 in liver of Mc3rKO (FIG. 3A).
Intriguingly, a more dramatic reduction in the expression of
AKO009710 was observed in liver of severely insulin resistant
Mc4rKO and leptin-deficient (Lep°“/Lep®”) mice (FIG. 3B).
In addition, short term treatment with leptin (4 injections of
0.5 mg/g leptin over 2 days) significantly increased Enhol in
the liver of Lep®?/Lep®® mice. (FIG. 3C). Expression of
AKO009710 in 6 wk old lean Mc4rKO is normal (data not
shown), indicating that the decline in liver expression of
Mc4rKO is secondary to the age-related onset of obesity,
insulin resistance and hepatic steatosis (32). Moreover,
AKO009710 expression correlated negatively with fasting glu-
cose in diet-induced obese B6 mice (n=13, R®*=0.67, P<0.
001) (data not shown).

[0065] Overall, these results indicate the identification of a
small secreted protein whose expression in liver declines with
insulin sensitivity and hepatic steatosis. Based on the obser-
vation that the decline in AK009710 expression in liver cor-
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relates with the severity of hepatic steatosis and insulin resis-
tance, and that this decline is reversed by an insulin sensitizor,
the name “suppressed with insulin resistance 1” (swirl) was
chosen, but later renamed “energy homeostasis associated-1”
(Enhol).

[0066] Oligonucleotide primers targeted to AK009710
mRNA were utilized to measure AK009710 gene expression
in liver cDNA from various mouse models of obesity and
insulin resistance. Sequences of primers were: sense 5-cct-
gagggtactgtetgtecatg-3' (SEQ ID NO:3), antisense 5'-cagtag-
cagcaagaagcctacg-3' (SEQ ID NO:4), probe 5'-6FAM-ctct-
catcgccategtetgea-BHQ-3' (SEQ ID NO:5). In agreement
with the initial microarray result, AK009710 mRNA was
down regulated in the liver of Mc3r—/- mice compared to WT
mice (by 55%, p<0.05; FIG. 3A). Next was examined the
AKO009710 liver mRNA expression in two other models of
obesity: Mc4r—/- mice and leptin-deficient Lep®’/Lep°®
mice. AK009710 mRNA was expressed at approximately
10-fold lower levels in both of these models compared to
wild-type mice (WT) (FIG. 3B). When all animals were
grouped together negative relationships between AK009710
mRNA expression and glucose and insulin values were
observed (Data not shown). AK009710 gene expression was
not altered in the liver of young and aged WT mice fed ad
libitum, fasted for 16 h, or fasted for 24 h and re-fed for 4 h.
(data not shown) AK009710 is not thought to be altered by
nutritional status.

[0067] In order to determine whether AK0O09710 mRNA
might be regulated secondary to the development of insulin
resistance, AK009710 mRNA was measured in the liver of
young, normoinsulinemic and older hyperinsulinemic
Mc4r-/- mice. AK009710 mRNA was observed to be similar
to the wild-type mice in young Mc4r—/- mice (average age ~7
weeks), whereas it was significantly reduced in older (~16
weeks) Mcdr—/- mice. (data not shown). Furthermore,
AKO009710 mRNA was also measured in a small number
(n=4) of human-derived hepatocytes from diabetic and non-
diabetic subjects. Although the expression tended to be lower
in the diabetic samples, the difference was not statistically
significant (data not shown).

[0068] Thus, while obesity of Mc3r-/- and Mc4r-/- mice
is similar, insulin resistance and elevated serum lipids (trig-
lyceride, cholesterol) are known to be far more severe for
Mc4r—/- mice. The reduction in AK009710 gene expression
in the liver correlated with the known severity of insulin
resistance and hyperlipidemia in Mc4r-/- mice.

Example 2
Sequence and Bioinformatics Analysis

[0069] AKO009710 is a mouse tongue cDNA clone 1247 bp
in length and belongs to the Unigene cluster Mm.34074,
2310040A07Rik: RIKEN ¢cDNA 2310040A07 gene. It hypo-
thetically could encode a 534 amino acid protein immediately
from the 5' end of the sequence. Given that this putative
protein did not start with a methionine residue, it was listed as
a truncated product. BLAST analysis of AK009710 for
homologous EST or cDNA sequences on the NCBI database
revealed a significant match with NM 198573, a human tran-
script discovered by a large-scale Secreted Protein Discovery
Initiative encoding a hypothetical protein of 87 aa (UNQ470/
GAAI470) (37). The match with human sequence—NM__
198573 was 85% identity across 392 nucleotides, p=5¢~%°.
The human sequence encoded an 87 amino acid protein in one
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exon. Translation of AK009710 in six frames revealed an
open reading frame encoding a 76 amino acid protein (SEQ
ID NO:2). An alignment between this putative mouse protein
and the human protein encoded by NM__198573 (GAAI470,
or UNQ470) revealed strong homology over the first 37 resi-
dues. UNQ470/GAAI470 maps to chromosome 9p13.2. and
is adjacent to the ciliary neurotrophic factor receptor
(CNTFR) gene.

[0070] The sequence of AK009710 was verified using
c¢DNA isolated from mouse liver. Moreover, an 868 bp cDNA
cloned from mouse liver by the National Institutes of Health
Mammalian Gene Collection (MGC) Program, with the
accession number BC021944, recently posted on the NCBI
database agrees with our sequencing data. (FIG. 4, SEQ ID
NO: 1) BLAST analysis revealed that the predicted 76 aa
sequence for mouse (SEQ ID NO:2) is highly conserved in
several mammalian species (FIG. 5; SEQ ID NO:12 (rat),
SEQID NO:13 (chimpanzee); SEQ ID NO:14 (human); SEQ
IDNO:15 (dog); SEQID NO:16 (pig); SEQ ID NO:17 (cow);
SEQ ID NO:18 (sheep)). In FIG. 5, pAB1 (SEQ ID NO: 8)
and pAB2 (SEQ ID NO:9) refer to the regions of the putative
secreted polypeptide used to generate polyclonal antibodies.
The predicted signal sequence is underlined. In addition pep-
tides were synthesized corresponding to amino acids 34
through 76 (Enho13*7%; SEQ ID NO:10), and to amino acids
39 through 76 (Enho1%°7%; SEQID NO:11) of SEQ ID NO:2,
the mouse protein.

[0071] Further analysis of the putative mouse sequence
from AK009710 and the human GAAI470 sequence revealed
a single nucleotide gap in the human sequence on GenBank.
Therefore a mouse AK009710 PCR product was cloned and
sequenced in both directions to confirm which sequence,
either the mouse or the human, was correct. The sequence-
verified AK009710 mouse clone revealed a 76 amino acid
translation product (SEQ ID NO:2) (FIG. 4). A publicly avail-
able Origene clone of human GAAI470 was analyzed and
shown not to contain the nucleotide gap, indicating a
sequencing error in the NM__ 198573 sequence on GenBank.
Alignment of AK009710 sequence from different species,
including human, revealed a 100% homology between rat,
human, mouse and chimp sequences at the protein level (FIG.
5).

[0072] Bioinformatics analysis revealed that this protein is
highly likely to be a secreted peptide (87% probability, Sig-
nalP 3.0) with the most likely cleavage site between positions
33 and 34. The human sequence contains 1 possible serine
site, and 1 possible threonine phosphorylation sites, all 3' to
the predicted cleavage point, as well as 6 possible glycosyla-
tion sites, also all 3' to the cleavage site.

Example 3
Tissue Distribution of Enhol

[0073] In order to examine the tissue distribution of
AKO009710 mRNA a Northern blot was performed using the
210 nt sequence containing the 76 amino acid protein
ENHOI1 and a human Multiple Tissue Northern blot (BD
Biosciences, Palo Alto, Calif.). As can be seen in FIG. 6A, a
single band of ~1.35 kb was detected in humans in brain and
liver samples only, with highest levels detected in the liver.
However, as seen in FIG. 6B, Enhol was found in mice in the
liver, brain, and muscle.

Example 4
Confirmation that Enhol is a Secreted Polypeptide

[0074] Bioinformatics analysis predicted the presence of a
putative signal sequence suggesting that AK009710 is a
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secreted peptide. To test this, the coding sequence of the 76
amino acid protein was amplified from mouse liver cDNA by
PCR wusing primers with Notl (5'-ggggcggecgeac-
catgggggcagccatctcccaa-3' (SEQ ID NO:6)) and Xhol (5'-
gggetegagggccagageccttcagggetgcag-3' (SEQ 1D NO:7))
restriction enzyme sites attached. The product was ligated
into a pCMV-Tag] vector with a FLAG epitope at the C-ter-
minal end (pCMV-Enhol:FLAG), then transiently trans-
fected into HEK human kidney-derived cells. This product
was also used to create two adenoviral constructs—one with
Enhol attached to a FLAG epitope (Ad-Enhol:FLAG), and
another without the FLLAG epitope (Ad-Enhol).

[0075] HEK293 cells were transfected with pCMV-Enhol,
or pCMVEnhol:FLAG. Media was collected after 16 h,
immunoprecipitated, and then run on a 20% polyacrylamide
gel to be visualized by an anti-FLLAG antibody. These experi-
ments were repeated using recombinant adenovirus (AdS)
expressing native or FLAG-tagged Enhol.

[0076] When HEK293 cells were untransfected (lanes 1,
2), or transfected with empty vector (lanes 5, 6), or vector
containing GFP (lanes 7, 8) no FLAG-immunoreactive bands
were visualized (FIG. 6C). However, when the pCMV-
Enhol:FLAG construct was transfected into HEK293 cells
(lanes 3, 4), FLAG-positive immunoreactivity was detected
in both the media and the cell pellet, indicating that at least
some of the transfected Enhol product was being actively
secreted by the cells into the media. Similar results were
observed in the media of HEK293 cells infected with
Ad-Enhol:FLAG (FIG. 8, lane 9). Lanes 10 and 11 show no
FLAG immunoreactivity in media of cells infected with aden-
ovirus containing Enhol without the FLAG epitope, or with
GFP, respectively. Thus the presence of FLAG immunoreac-
tivity in cultured media of HEK-293 cells transfected with an
expression vector expressing an epitope-tagged fusion pro-
tein (pCMV-Enho1FLAG) confirmed that an undefined por-
tion of the 76 aa protein is secreted.

[0077] Mostadenovirus injected in the tail vein infects liver
(38). To test whether tail vein injection of adenovirus leads to
increased expression of ENHO1 mRNA in the liver, as well as
other tissues, three Mc4r—/— mice were injected with AdS-
ENHOI1:FLAG adenovirus and the tissues collected after four
days. Analysis by Western blot revealed the presence of
FLAG immunoreactivity in the liver, muscle and brain tissue
indicating the presence of ENHOI in these tissues. (FIG. 6D)
The distribution of Enho1FLAG immunoreactivity in tissues
of mice infected with Ad5-Enhol FLAG is consistent with a
polypeptide secreted into the circulatory system from liver.
Both of these tests indicated that Enho1 is a secreted protein.

Example 5

Treatment of Obese Insulin Resistant Mice with
Ad5-Enhol: Mc4rKO

[0078] Recombinant adenoviral vector-mediated expres-
sion has been used to investigate regulation of liver metabo-
lism and insulin sensitivity (39-41). Three recombinant aden-
ovirus vectors were constructed expressing the 76 aa protein
(Ad5-Enhol), a C-terminal FLLAG-tagged fusion protein
(Ad5-Enhol:FLLAG), or green fluorescent protein for the
negative control (Ad5-GFP). Expression of protein following
tail vein injection was confirmed using anti-FLAG antibody
(FIG. 6D and data not shown). Synthesis of Enho1 was con-
firmed in HEK293 cells transfected with Ad5-Enhol using
polyclonal antibodies (pAB1 & pAB2 in FIG. 5) against N-
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and C-terminal regions of the putative secreted protein
(Sigma Genosys, The Woodlands, Tex.) (FIG. 7A, B).
[0079] To investigate whether ENHO1 is involved in glu-
cose metabolism, Ad5-ENHO1 or Ad5-GFP (5x10® pfu) was
injected into the tail vein of 20-week-old male and female
Mcdr—/- (n=3 of each sex per group). Both groups of animals
were matched for body weight, glucose levels and glucose
tolerance before Ad5-ENHO1 or AdS-GFP injections. An
intraperitoneal glucose tolerance test (IPGTT) was per-
formed one week prior to injection of AdS-ENHO1 or AdS-
GFP, and all mice were observed to be glucose intolerant.
IPGTT were performed on mice after an overnight fast, with
a single intraperitoneal injection of 1 g/kg glucose, and blood
glucose measured with a blood glucose meter and test strips
(Glucometer Elite, Bayer Corp., Elkhart, Ind.) from the tail
blood of the animals at several intervals, as described by W.
Fan et al., “The Central Melanocortin System Can Directly
Regulate Serum Insulin Levels,” Endocrinology, vol. 141, pp.
93072-3079 (2000).

[0080] Mice were injected with 5x10°® pfu of Ad5-ENHO1
or Ad5-GFP in 100 pl of diluent (DMEM) into the tail vein.
Animals were observed and weighed daily throughout the
4-day experiment. On day 4 animals were given another
IPGTT (0.4 mg glucose/g body weight).

[0081] Four days after injection of Ad5-ENHO1, the mice
demonstrated improved glucose tolerance as measured using
IPGTT (data not shown). There was no change in body
weight, blood glucose or cholesterol levels throughout the
experiment. There was a trend for a decrease in insulin and
serum triglyceride levels (Table 1).
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vein of male C57BL6 Ay/a mice (n=9 per group) that had been
maintained on a very high fat diet for ~3 months. Mice were
given 1 week to recover from the injections, and then an
IPGTT was performed. Then the mice were given another
week to recover, and an insulin tolerance test (ITT) was
performed.

[0083] No differences in body weight (40.3+1.3 g for the
AdS-ENHOI1 mice; 41.4x1.2 g for the AdS-GFP mice), fast-
ing insulin (0.97+0.2 ng/ml. for the Ad5-ENHOI1 mice;
1.132£0.2 ng/mL for the Ad5-GFP mice), or fasting glucose
levels (126x7 mg/dl. for the Ad5-ENHOI1 mice; 139+8
mg/dL for the AdS-GFP mice) were observed at 20 days after
injection. IPGTT 7 days after injection revealed a very mod-
est improvement in glucose tolerance in the AdS-ENHO1
group at the 30-minute (p=0.06) and 45-minute (p=0.15) time
points. Changes in blood glucose levels 14 days after injec-
tion were significantly different between groups, being sig-
nificantly reduced in the AdS-ENHO1 group (data not
shown). An ITT 14 days post-infection revealed no significant
difference in insulin sensitivity at any time point; however Ki
(calculated as glucose at 30 minutes post insulin injection
subtracted from baseline glucose, divided by 30) was signifi-
cantly different.

[0084] The lower fasting blood glucose levels observed in
these mice 14 days after infection was not apparent at 21 days
after infection. In agreement with the first adenoviral experi-
ment in Mc4r—/— mice, there was a trend for a decrease in
serum triglycerides in the AdS-ENHO1 group (Table 2).

TABLE 2

Infection with Ad5-Enhol is associated with evidence of improved metabolic profile in
mouse models of obesity and insulin resistance.

Liver
Liver wgt lipid Total Serum Serum
BW pre- BWpost- Liver wgt as a% content liver lipid TG TC HOMA-

Strain  Treatment  injection  injection (g) BW (mg/g) (mg) (mg/dL)  (mg/dL) IR
OBOB GFP 64019 648+20 47x02 74£03 142=x8 654 £ 25 63£6 173+6 308 +114

Enhol 65022 646+20 43x02 6703 1287 55250 38x4* 146 x8* 157=x18
KKAy GFP 48.0+19 467+17 2102 4703 57 =10 117+24  435+£53  214+13  98+19

Enhol 46612 453+08 1.8=x0.1 43=0.1 33 £2% 58x5%  315x16% 1729 62 =11
Ay/a GFP 452£25 446+21 22x02 51+02 119=x11 282 =39 71 =18 79+3 406

Enhol 44814 445+1.1 18x02 42=x03% 8120 145 £41*% 53 +4 72x2 284
*P < 0.05 compared to AdS-GFP treated controls (within strain), n = 5-8/group.

Example 7

TABLE 1

Characteristics of Mc4r—/— mice 4 days post adenoviral infusion.

Body Cho- Tri-
Weight Glucose Insulin lesterol  glycerides
Group (g) (mg/dL)  (ng/mL) (mg/dL)  (ng/mL)
AdS5-ENHO1 504 =18 184 =10 5915 917 264
Ad5-GFP 49522 169+16 104 £2.0 82+6 38x6
Example 6

Treatment of Obese Insulin Resistant Mice with
Ad5-Enhol: B6 Ay/a

[0082] A second adenoviral experiment was performed
whereby AdS-ENHO1 or Ad5-GFP was injected into the tail

Treatment of Obese Insulin Resistant Mice with
Ad5-Enhol: Agouti (KK-A") Mice (Genetically
Obese and Hyperlipidemic Mice)

[0085] To more specifically address the effect of adenoviral
infusion on measures of blood lipids, the adenoviral con-
structs were further purified to remove any contaminating
viral particles and cellular debris. Another adenoviral experi-
ment was then conducted whereby Ad5-ENHO1 or AdS-
GFPAdS-GFP was injected into the tail vein of genetically
obese and hyperlipidemic KK-A” mice (n=6 female per
group). Mice were given an IPGTT 5 days post virus injec-
tion, and then sacrificed 2 days later after an overnight fast.

[0086] IPGTT revealed that glucose tolerance was not sig-
nificantly improved by Ad5-ENHOI1 treatment compared to
Ad5-GFPAdS-GFP treatment. Statistically significant reduc-
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tions in circulating triglycerides (by 28%, p=0.04) and cho-
lesterol (by 20%, p=0.02) were observed in the Ad5-ENHO1
group compared to AdS5-GFP controls (Table 1). Liver weight
of AdS-ENHO1 mice tended to be lower than liver weight of
Ad5-GFP controls (Table 2). Body weight, and serum glucose
and insulin levels were not significantly different between
AdS-ENHOI1 and Ad5-GFP controls (Table 2).

TABLE 3

Characteristics of KK-A” mice treated with
Ad5-ENHO1 or Ad5-GFEP for 8 days.

Liver Liver as %

Body weight of body Glucose Insulin
Treatment Weight (g) (g) weight (mg/dL)  (ng/mL)
AdS5-ENHO1 41909 18+01 43=x01 239=x19 43=x0.7
Ad5-GFP 441x15 2102 46+02 24641 51=x09
[0087] ENHO1 mRNA was elevated approximately 4-fold

in the liver of KK-A” Ad5-ENHO1 -treated mice compared to
Ad5-GFP-treated mice (data not shown).

Example 8

Treatment of Obese Insulin Resistant Mice with
Ad5-Enhol: Lep®®/Lep®® Mice

[0088] To confirm the lipid-lowering effect of adenoviral-
mediated ENHO1 overexpression, another experiment was
performed in which Ad5-ENHO1 or AdS5-GFP was injected
into the tail vein of Lep®®/Lep°® (OBOB) mice (n=7-8 male
per group), another mouse model ofhyperlipidemia, steatosis
and insulin resistance. The injected mice were not given an
IPGTT, but were monitored for body weight changes, and
then sacrificed 7 days post injection after an overnight fast.

[0089] AdS-GFP-treated mice gained approximately 1 g of
body weight over the 7-day period. However, AdS-ENHO1
treatment blocked weight gain in these obese Lep°®/Lep®”
mice (data not shown). Mean body weight was not statisti-
cally different between groups, and food intake was not mea-
sured. Similar phenotypic changes to that observed in KK-A
mice (See Example 7 above) were also observed. Serum
triglycerides were reduced by 40% in the Ad5-ENHO1 group
(Ad5-GFP 63+6 mg/dL (AdS-GFP); 38x4 mg/dL (AdS-
ENHOL1), p=0.006; Table 2). A 15% reduction in serum cho-
lesterol levels was also observed (1736 mg/dL. (Ad5-GFP);
146+8 mg/dL. (Ad5-ENHO1), p=0.02; Table 2). A trend for a
reduction in liver weight was observed that was not signifi-
cant when expressed as a percentage of body weight (p=0.12).
Trends for reduced fasting blood glucose and insulin levels in
the Ad5-ENHOI1 group did not reach statistical significance.

[0090] Purification of the adenoviral constructs and use of
larger sample populations in the experiments using KK-A”
mice and Lep°?/Lep®® mice demonstrated that overexpres-
sion of ENHOI1 for 7-8 days lead to reduced circulating
triglyceride and cholesterol levels compared to control mice.
(Table 2) Trends for these effects were observed in previous
experiments using unpurified adenovirus with observations at
later time points. ENHO1 gene expression in the liver was
elevated in AdS-ENHO1 -treated group in these experiments,
whereas no increase was detectable in previous experiments
at later time points. Without wishing to be bound by this
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theory, it is believed that increased gene expression of
ENHOL1 leads to increased circulating levels of the ENHO1
protein.

Example 9

Summary of Results of Treatment of Obese Insulin
Resistant Mice with Ad5-Enhol

[0091] Insummary, 5x10° pfi of Ad5-Enhol or Ad5-GFP
was administered into the tail vein of KKAy, B6 Ay/a, or
OBOB mice purchased from the Jackson Laboratory (Bar
Harbor, Me.). The treatment protocol, shown in FI1G. 7C, was
based on the pilot experiments demonstrating peak expres-
sion of AdS5-Enhol:FLAG during this period (data not
shown). Animal and food weight were recorded daily. AdS-
Enhol infection was well tolerated in mouse strains used for
these experiments. There were no marked differences in the
body weight (Table 2) of mice infected with AdS-Enhol
compared to controls infected with Ad5-GFP over the treat-
ment period. A 4-5 fold increase in Enhol mRNA was
observed in mice infected with Ad5-Enhol, compared to
Ad5-GFP treated controls (data not shown).

[0092] Liver weight and lipid content were consistently
reduced in mice infected with Ad5-Enhol. In KKAy and
OBOB mice, significant reductions (~40%) in fasting triglyc-
eride and total cholesterol were observed. A smaller decline
was observed in Ay/a mice. Meta-analysis of data from sev-
eral experiments using obese OBOB, KKAy and Ay/a mice
indicated a 40% reduction of HOMA-IR [(fasting insulinx
glucose)/22.5] in OBOB, KK Ay and Ay/a mice (Table 4). In
Ay/a mice, fasting insulin levels were significantly reduced
with Ad5-Enhol (2.620.4 vs.3.9+0.3 ng/ml, P<0.05), with no
difference in blood glucose (175+12 vs. 162+11 mg/dL).

TABLE 4

Meta-analysis of HOMA-IR, calculated by
mutiplying fasting insulin and glucose, from OBOB, KK Ay and
Ay/a mice infected with Ad5-GFP or Ad5-Enhol.

Ad5-GFP AdS-Enhol Student’s t-test

100 = 12% 62 4% P <0.005

Data are expressed as % = SEM of control group.

Example 10

Overexpression of ENHO1 Effects on Genes
Involved in Lipid Biosynthesis

[0093] Reversal of hepatic steatosis by adipocytokines is at
least partially attributable to the suppression of hepatic lipo-
genesis and stimulation of fatty acid oxidation (42,43). To
investigate the mechanism by which Enhol reduced hepatic
lipid content, the expression of genes involved in lipogenesis
was measured by quantitative RT-PCR (FIGS. 8A-8D). There
was a coordinate 40-50% reduction in the expression of sev-
eral genes involved in lipogenesis in the liver of OBOB and
KKAy mice infected with Ad5-Enhol. Enhol may therefore
reduce hepatic lipid content, at least in part, by inhibiting
hepatic lipogenesis.

[0094] A significant decrease in fatty acid synthase (Fasn)
mRNA in the Ad5-ENHO1-treated group was observed com-
pared to the Ad5-GFP controls (FIG. 8A, p=0.02), as well as
adecrease in protein levels (data not shown). FasnmRNA and
protein levels were measured using quantitative RealTime
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PCR and western blot, as described in D. C. Albarado et al.,
“Impaired Coordination of Nutrient Intake and Substrate
Oxidation in Melanocortin-4 Receptor Knockout Mice,”
Endocrinology, vol. 145, pp. 243-252 (2004). Gene expres-
sion of the fatty acid translocase CD36 was also significantly
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tection from diet-induced obesity (FIG. 9E). Reduced body
weight and fat content was still observed after 1 month on
HFD, associated with a tendency for reduced fasting insulin
levels of BAP-Enhol transgenics compared to WT controls
(180£60vs.310+40 pg/ml, 2-tailed Student’s t-test P=0.085).

TABLE §

Data from the first 3 litters of FVB.Tg mice.

Body weight Liver weight Liveras % of  Glucose  Triglyceride Cholesterol
(2) (2) body weight (mg/dL) (mg/dL) (mg/dL)
FVBWT 205+1.1  0.88+0.01 43+04 151 +14 105 +3 219 =7
FVB.Tg 17.8 0.1*  0.69 £0.01* 3.9+02 105 = 6* 82 = 6* 198 + 4%

All mice are female aged approximately 4.5 weeks, n = 3-5 per group.
*P < 0.05 compared to control group.

elevated in the Ad5-ENHO1 group (p=0.02, not shown). FIG.
8A illustrates the expression level of fatty acid synthase
(Fasn) mRNA in liver from obese leptin-deficient (Lep®?/
Lep®”) mice eight days after injection with either Ad5-
ENHO1 or Ad5-GFP. Data expressed in arbitrary units (AU)
(n=6-8/group; “*” p<0.05). Enho1 overexpression caused a
decrease in Fasn. FIG. 8B illustrates the expression level of
stearoyl-CoA desaturase (Scdl) protein in liver from obese
leptin-deficient (Lep°’/Lep°®”) mice eight days after injection
with either AdS-ENHO1 or Ad5-GFP. Data expressed in arbi-
trary units (AU) (n=6-8/group; “*”, p<0.05). Again, Enhol
overexpression caused a decrease in Scd1. FIG. 8C illustrates
the expression level of acetyl CoA carboxylase (Acc) mRNA
in liver from obese leptin-deficient (Lep®”/Lep°?) mice eight
days after injection with either Ad5-ENHO1 or AdS-GFP.
Data expressed in arbitrary units (AU) (n=6-8/group; “*”
p<0.05). Again, the mice with Enhol showed lower levels of
liver Acc. FIG. 8D illustrates the expression level of a gene
involved in insulin resistance (suppressor of cytokine signal-
ing 3 or Socs3) in liver from obese leptin-deficient (Lep®®/
Lep®”) mice eight days after injection with either Ad5-
ENHO1 or Ad5-GFP. Data expressed in arbitrary units (AU)
(n=6-8/group; “*” p<0.05). The presence of Enhol again
decreased the gene express of Socs3.

Example 11
Transgenic Over Expression of Enhol (BAP-Enhol)

[0095] Transgenic strains over expressing Enho1 were gen-
erated using a construct (BAP-Enho1) containing the human
[-actin promoter, a synthetic exon 1 and intron, and an open
reading frame encoding the 76 aa Enhol protein (FIG. 9A;
see FIG. 4, the open reading frame is underlined). Eight
founders were obtained (2 FVB/NJ, 6 C57BL/61), with one of
the FVB strains [FVB/NJ. Tg-(BAP-Enho1)AAB20], hereaf-
ter referred to as FVB.Tg, exhibiting an increase in hepatic
Enhol expression at 5-6 wk of age (FIG. 9B). FIG. 10 illus-
trates the results of PCR screening the pups in the first round
of injection of BAP-Enho1 into C57BL/6J oocytes, showing
six pups (6, 8, 14, 19, 21, and 22) with integration of the
transgene into the genome.

[0096] At5-6wkofage, reductions in serum TG and TC are
already evident in FVB.Tg (Table 5, FIG. 9C). Body weight
(Table 5) and FM (FIG. 9D) of FVB.Tg transgenics was
reduced relative to WT littermate. Weight gain of FVB.Tg
mice was also reduced on HFD (60% kJ/fat), indicating pro-

[0097] As shown above, it was observed that over expres-
sion of Enhol impairs metabolic adaptation to fasting, per-
haps indicating increased energy expenditure. To determine
whether Enhol increases energy expenditure, VO2 and RER
was measured using indirect calorimetry (15,46,50). The
Pennington Biomedical Research Center has a 16 chamber
comprehensive laboratory animal monitoring system
(CLAMS) housed in a temperature controlled incubator. The
CLAMS simultaneously measured oxygen consumption
(VO2), respiratory exchange ratio (RER, an indicator of
whole animal substrate oxidation), physical activity in the X
and 7 axis, and food intake. Mice were placed in the CLAMS
system, and the parameters indicated recorded for 72 h. Mice
were fed ad libitum for 48 h, with a fast for final 24 h. The
results for FVB.Tg are shown in FIGS. 13A-13F. Increased
weight loss was observed after an overnight fast in obese
KKAy, in obese B6 Ay/a mice expressing AdSEnhol (%
weight loss after overnight fast for AdS-Enho1 vs AdS-GFP:
5.5+0.4% vs. 3.5£0.4%, P<0.01), and in 9 wk old lean FVB.
Tg (13.6x1.1% vs. 10.0+£0.7%, P<0.05). After 1 month of
high fat feeding, measurement of energy metabolism by indi-
rect calorimetry indicated significantly increased oxygen
consumption (VO2 in ml/h: BAP-Enhol Tg 4551240, WT
FVB 3807+145, P<0.05) and physical activity during lights
off (X beam breaks per hour: BAP-Enhol Tg 1431+181; WT
FVB 2678+327, P<0.01). Increased energy expenditure may
thus be a factor in the amelioration of diet-induced obesity
and insulin resistance by Enhol.

Example 12
Enhol Effects Adipocytes

[0098] An experiment was conducted to test the use of a
recombinant or synthetic forms of the short secreted polypep-
tide Enho1°*7% (SEQ ID NO:10). A study was conducted
where the response of adipocytes and hepatocytes, two poten-
tial sites of Enhol action, to synthetic Enho1*7% was ana-
lyzed with changes in extracellular regulated kinase (ERK) as
the measured response. ERK1/2 and p38a are important in
the regulation of lipolysis and thermogenesis in adipocytes.

[0099] Application of 1 ug/ml Enho1**7° was associated
with a robust increase in the phosphorylation of Erk1 in fully
differentiated 3T3-L.1 adipocytes (FIG. 11A) and in HepG2
cells (FIG. 11B). These results indicate that functional recep-
tors for Enho13#7¢ are active in adipocytes and hepatocytes,
indicating that the synthetic peptide is biologically active. In
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addition, a shorter, second peptide was synthesized using
amino acids 39 through 76 of SEQ ID NO:2, and called
“Enho1°*7%" (SEQ ID NO:11). Similar results using adipo-
cytes and hepatocytes were observed with this peptide. The
loss of four amino acids did not appear to affect Enhol func-
tion.

Example 13
Enhol Function in Hypothalamus

[0100] Hypothalamic Enhol may be involved in the regu-
lation of energy homeostasis. Preliminary analysis using
pAB1 demonstrated the presence of Enhol-immunoreactiv-
ity in neurons located in the arcuate nucleus of the hypothala-
mus (data not shown). It was predicted that a negative corre-
lation exists between hypothalamic Enhol expression and
obesity and insulin resistance. In other words, reduced syn-
thesis of Enhol in liver and hypothalamus in situations of
obesity may be a factor contributing to obesity and insulin
resistance.

[0101] Enhol mRNA expression was measured by quanti-
tative RT-PCR in mediobasal hypothalamic blocks from con-
trol (low fat diet) and diet-induced obese C57BL/6J, Mc3rKO
and Mc4rKO mice (FIGS. 12A-12B). As predicted, Enhol
mRNA abundance in the hypothalamus was reduced in the
obese state (FIG. 12A). Enhol expression was also low in
mice with elevated HOMA-IR values, an indicator of insulin
resistance (FIG. 12B).

[0102] In contrast, Socs3 mRNA expression was elevated
in situations of obesity and insulin resistance (FIG. 11C). This
data indicates that reduced synthesis of Enhol in situations of
obesity is not be limited to the liver. Reduced Enho1 activity
in the hypothalamus would also contribute to the develop-
ment of obesity and insulin resistance.

[0103] In summary, an expression vector was constructed
using a partial cDNA sequence encoding the predicted 76
residues of ENHO1 (between nucleotides 207 and 437 of
BC021944), with an epitope-tag inserted onto the carboxy-
terminal end to allow visualization of the protein on western
blot using a commercially available antibody. Using this con-
struct, it was verified that the reported sequences encoded a
secreted protein. This expression vector and an expression
vector encoding the native protein without an epitope label
were then used to construct a recombinant adenovirus (AdS5-
ENHO1) for use in mouse studies. Injections of 5x10® pfu of
the adenovirus into the tail vein resulted primarily in infection
of the liver, and to a lesser extent, the spleen. Using the
adenovirus expressing the epitope-tagged ENHOI, it was
demonstrated that 5 days after injection of the virus, there was
wide spread distribution of ENHO1 protein in liver, brain, and
skeletal muscle. Using this adenovirus expressing the native
form of ENHOL1, a new function (reduction of fasting serum
triglyceride and cholesterol) was shown for the secreted pro-
tein. A reduction in liver ENHO1 mRNA expression was
observed in obese mice with hyperlipidemia, with the mag-
nitude of the reduction correlating with the increase of total
cholesterol and triglyceride. Using the adenovirus expressing
the native form of ENHO1, it was shown that increasing the
expression of the mRNA encoding the ENHO1 protein in
mouse models of obesity with high cholesterol and triglycer-
ides was effective at reducing both cholesterol and triglycer-
ides toward normal levels. The effects of Ad5-ENHO1 infec-
tion to reduce triglyceride and total cholesterol were
reproducible, being observed in three different mouse strains
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(Lep®®/Lep®®, KKA?, and C57BL/6]). In some mice, an
improvement in insulin sensitivity was observed in a trend of
lower fasting insulin and glucose and an improvement in
glucose tolerance test results. The latter observations sug-
gested that ENHO1 may also be effective at improving insulin
sensitivity in an obese, insulin-resistant patient.

[0104] The data strongly suggest that full-length ENHO1
peptide (SEQ.ID.NO. 2), or peptide derivatives, homologues,
analogues, or mimetics thereof, delivered by oral intake,
injection, subcutaneous patch, or intranasal routes, could be
used as therapeutic or diagnostic agents for hypercholester-
olemia, hypertriglyceridemia, insulin resistance, obesity, dia-
betes, and/or energy imbalance. By methods known in the art,
substitutions within the native coding sequence can be made
to make derivatives of ENHO1 with increased stability and/or
biological potency. Moreover, the ENHO1 peptide can be
used to identify its cell receptor which can then be used as
as-yet-unidentified receptor(s) for ENHO1 is (are) a potential
drug target(s) for the development of therapies aimed at
reducing total cholesterol, triglycerides, insulin resistance,
obesity, diabetes and/or energy imbalance.

[0105] A novel secreted protein, Enhol, thatis an important
factor in the etiology of insulin resistance and hepatic steato-
sis in the obese state has been identified by Microarray analy-
sis of gene expression in mouse models of moderate- to
severe-diabesity. Enhol significantly reduces HOMA-IR, an
index of fasting insulin and glucose, and serum lipids in
mouse models of type 2 diabetes, and significantly reduces
hepatic lipids indicating a reversal of hepatic steatosis. Trans-
genic over expression of Enhol is associated with a lean
phenotype. Enhol may act in a manner similar to leptin and
adiponectin, improving metabolic profile in the obese insulin
state by stimulating energy expenditure and increasing oxi-
dative metabolism.

Example 14

Enhol Treatment Will Reverse Hepatic Insulin
Resistance

[0106] Preliminary data from Ad5-Enhol and BAP-Enhol
transgenics (shown above) indicate improved insulin action
and lipid metabolism. In FVB.Tg mice, increased oxidative
metabolism is a likely factor explaining these effects. It may
not be possible to dissect the anti-diabetic actions of Enhol
from those secondary to reductions of FM. Preliminary data
using recombinant adenovirus indicate that Enhol reduces
hyperinsulinemia and hyperlipidemia independently of
effects on obesity. Further experiments using recombinant
adenovirus and synthetic peptide may therefore provide
important information regarding ‘direct’ effects of Enhol on
liver metabolism and insulin sensitivity.

[0107] Experiments will be conducted to determine
whether the reversal of hepatic steatosis with Ad-Enhol treat-
ment is associated with improved insulin sensitivity in liver
and skeletal muscle by measuring insulin receptor signaling.
These will include analysis of insulin receptor substrates 1
and 2 phosphorylation, which are distal to the insulin receptor
tyrosine kinase. Activity of protein kinase B (PKB)/Akt, a
serine/threonine kinase involved in regulating glucose trans-
port that is downstream of phosphatidyl-3' kinase (44,45),
will also be measured as an indicator of insulin receptor
activation. Pilot data showing significantly greater weight
loss of mice infected with Ad5-Enhol suggests increased
basal metabolic rate. Whether AdS-Enhol increases whole
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body metabolic rate during postprandial and fasting states
will be determined using indirect calorimetry, and oxidative
metabolism in tissue lysates from liver, skeletal muscle and
brown adipose tissue shall be determined.

[0108] The basic protocol for adenovirus treatment is
shown in FIG. 7C. Briefly, all mice will have 5x10° pfu of
AdS-ENHOI1 or Ad5-GFP injected into the tail vein (n=12/
group, 24 total). Mice shall be allowed 4 d to recover before
use in the following experiments. A liver sample taken at
termination will be used to estimate infection by measuring
Enhol mRNA by RealTime PCR and Northern blot analysis.
In preliminary experiments, a 4-fold increase in Enhol
mRNA was observed 4-7 d post infection. Enho1 protein shall
also be measured either by Western blot, or through the use of
assays (RIA/ELISA) currently under development. Mice
shall be weighed on the day of adenovirus injection, and pre-
and post-fasting. If possible, body composition shall be deter-
mined using nuclear magnetic resonance (NMR) (15,32,46).
Mice shall be acclimated to housing in wire-mesh caging that
allows for measurement of food intake and spillage, as pre-
viously described (15).

[0109] Ifthe sexual dimorphic phenotype of the FVB.Tgis
reproducible and observed in BAP-Enhol transgenics on the
C57BL/6] background, the AdS experiments will be modified
to investigate the response of males and females. Most of the
experiments investigating the response of obese insulin resis-
tant mice to Ad5-Enhol treatment used males; it may be that
females will exhibit a different response, perhaps exhibiting
weight loss in addition to improved insulin sensitivity. This
would not be unprecedented, for example sexual dimorphism
has been observed in the response of male and female rats to
the anorectic actions of insulin and leptin (47,48).

[0110] Determine Whether Reversal of Hepatic Steatosis Is
Associated With Increased Insulin Sensitivity. This experi-
ment will involve KK Ay and Ay/a mice, with two groups of
twelve within genotype (Ad5S-Enhol, Ad5-GFP controls) (24
KKAy, 24 Ay/a). On day 5 after an overnight fast, six of the
AdS-ENHOI1 and Ad5-GFP groups shall be administered a
single intraperitoneal of insulin (1 U/kg), with the remaining
six receiving saline. Mice shall be euthanized either 10 or 20
minutes (n=3/group) post injection, and tissue samples col-
lected (liver, quadriceps muscle) and snap frozen on liquid
nitrogen. IRS phosphorylation, PKB activity, and FoxOl1
phosphorylation shall be measured as previously described
(15,49). This experiment shall be repeated two more times
with only 8 mice per group to do insulin and glucose tolerance
tests.

[0111] It is predicted that the anti-steatotic effect of AdS-
ENHO1 will increase insulin-stimulated activity of the insu-
lin receptor tyrosine kinase cascade in liver. AdS-ENHO1
may also improve insulin signaling in muscle and/or adipose
tissue. The initial studies investigating glucose clearance
resulted in mixed results (data not shown), perhaps due to
sub-optimal experimental design [i.e., small numbers of mice
(n=4-5); performed at variable times (up two two weeks) after
adenovirus injection]. It is predicted that AdS5-Enhol will
improve glucose clearance in response to glucose/insulin
injections.

[0112] Determine Whether Enhol Increases Whole Body
Energy Expenditure and Oxidative Metabolism. To deter-
mine whether hepatic expression of Enhol increases energy
expenditure, VO2 and RER of obese Ay/a and lean and diet-
induced obese C57BL/6J mice infected with Ad5-Enhol or
Ad5-GFP (n=8/group) shall be measured using indirect calo-
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rimetry (15,46,50). The Pennington Biomedical Research
Center has a 16 chamber comprehensive laboratory animal
monitoring system (CLAMS) housed in a temperature con-
trolled incubator. The CLAMS simultaneously measures
oxygen consumption (VO2), respiratory exchange ratio
(RER, an indicator of whole animal substrate oxidation),
physical activity in the X and Z axis, and food intake. Mice
shall be placed in the CLAMS system 96 h after adenovirus
injection, and the parameters indicated recorded for 72 h.
Mice shall be allowed to feed ad libitum for 48 h, with a fast
for final 24 h. In a separate experiments, fatty acid oxidation
(C**-palmitate) and mitochondrial enzyme function (citrate
synthase activity, cytochrome ¢ oxidase) will be measured in
liver, gastrocnemius, and brown adipose tissue collected from
Ay/a and C57BL/6] mice infected with Ad5-Enhol or AdS5-
GFP (n=8/group). A portion of liver shall be collected and
snap frozen for measurement of mRNA and protein expres-
sion of transcription factors (i.e., SREBP1c, PPARYy) and
enzyme involved in lipogenesis (32).

[0113] The increased weight loss of mice infected with
Ad5-Enhol indicates increased basal metabolic rate, a find-
ing corroborated by fasting weight loss and indirect calorim-
etry data from BAP-Enhol transgenics. (See FIGS. 13A-F) It
is predicted that infection with Ad5-Enho1 will increase VO2,
although this may only be evident during the fasting phase.
An increase in mitochondrial oxidative enzyme activity in
liver only would be consistent with Enho1 acting as an auto-
crine/paracrine factor. Increased mitochondrial oxidative
enzyme activity in skeletal muscle and brown adipose tissue
would suggest an endocrine function, either acting through
the autonomic nervous system or through receptors expressed
in muscle and/or brown adipose tissue. If Ad5-Enho1 is mark-
edly increasing energy expenditure (as observed in FVB.Tg)
but is not affecting body weight, then a compensatory
increase in food intake would be predicted. A reduction in the
expression of genes involved in lipogenesis, as observed in
OBOB mice treated with AdS-Enhol, is also predicted. (FIG.
8A-8D).

Example 15

Transgenic Expression of Enhol Prevents Obesity
and Insulin Resistance

[0114] Transgenic mice over expressing leptin (51,52) and
adiponectin (53,54) have demonstrated the anti-diabetic
action of over expression of either protein. It is expected that
over expression of Enho1 will have outcomes comparable to
that observed with over expression of adiponectin and leptin;
i.e. improved insulin sensitivity and glucose tolerance, and
lower fasting lipids in situations of diet- and genetically
induced obesity. It is also predicted that Enho1 will increases
energy expenditure by increasing oxidative metabolism in
liver, skeletal muscle, and/or brown adipose tissue. A com-
prehensive analysis of the physiology of Enhol action is
important for future experiments that focus on the mechanism
(s) by which this polypeptide regulates energy metabolism
and insulin signaling.

[0115] Transgenics: A sequence encoding the 76 aa protein
has been ligated into a synthetic transgene controlled by the
human p-actin promoter (BAP) (FIG. 9A). Enhol is a
secreted polypeptide (FIG. 4), and thus tissue-selectivity is
not important for these transgenic studies. Promoters specific
for tissues have not been used where the endogenous gene is
abundantly expressed, because suppression of the endog-
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enous gene may limit efficacy of over expression (53,54). A
comprehensive analysis of mRNA expression shall be com-
pleted using quantitative RT-PCR (qRT-PCR) as previously
described (31,32,46) and Northern blot analysis. Protein lev-
els shall be measured by Western blot using the two poly-
clonal antibodies against the N- and C-terminus of Enho®*7¢
(pAB1, pAB2) (FIG. 5). This may require using immunopre-
citipitation to detect protein. Alternatively, if antibodies in
hand or in development are useful for developing sensitive
and quantitative assays, then these shall be used. Transgene
copy number shall be determined by Southern blot analysis. A
sub-aim of'this experiment is therefore a more comprehensive
analysis of Enhol mRNA expression in mouse tissues (liver,
hypothalamus, forebrain, hindbrain, skeletal and cardiac
muscle, retroperitoneal and inguinal adipose depots, stom-
ach, intestine, pancreas, kidney). Major organs (heart, kidney,
gut, liver) shall be weighed and inspected histologically for
major morphological changes.

[0116] Wehave shownthatEnhol is one ofa small group of
secreted polypeptides (leptin, adiponectin) that, when over
expressed, improves metabolic profile (i.e. increased insulin
sensitivity, reduced hepatic lipogenesis) in mouse models of
obesity and insulin resistance. The over expression of Enhol
has leptin-like effects on energy metabolism, protecting
against diet-induced obesity and insulin resistance. Adminis-
tering Enho1 can reverse insulin resistance and dyslipidemia
associated with diet- and genetically-induced obesity, and
can prevent or delay onset of diabesity.

[0117] Examples 16 to 25 were carried out using human
Enhol, a 76 amino acid peptide having the sequence:

CHSRSADVDSLSESSPNSSPGPCPEKAPPPQKPSHEGSYLLQP

[0118] Statistical analysis of the results was carried out
using ANOVA analysis tools with post hoc tests. Data are
reported as the meanzstandard error (SE).

[0119] Of course, the skilled artisan would know and real-
ize that experiments similar to those described herein may be
carried out to determine the effect of Enho-1 upon various
parameters of metabolism such as weight loss, hepatic ste-
atosis, lipids and triglycerides, glucose, insulin levels and the
like. For example, the length of treatment time may be varied,
the genetic make up of the mice or rat strains may be different,
different diet regimes may be applied, etc. These experiments
are in no way intended to be binding and are representative of
those which are useful to study the effects of peptides such as
Enho-1 in mammals.

Example 16

Effect of Enhol on Weight Loss (Short-Term Treat-
ment)

[0120] The effect of Enho-1 upon weight loss was tested
over the course of 3 days using KK Ay mice. The mice were
fed Breeder Chow (Purina 5015) and were approximately
12-14 weeks of age at the start of the experiment. Six control
mice received vehicle only while six test mice each received
doses of either 900 nmol/kg/d or 9000 nmol/kg/d. The injec-
tions were given as 3 intraperitoneal (ip) injections at 0600,
1400 and 2000 h on days 1 and 2; over the 3 day period, the
mice received a total of 7 injections. All animals were eutha-
nized 5 hours after the last injection given the morning of the
third day. Food was removed after the final injection.
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[0121] The six control mice had a mean pre-treatment
weight 0f35.3 g (SEx1.2 g) and a mean post-treatment weight
01'33.6 g (SEx1.0). The difference of -1.7 g (SEx0.3) repre-
sents a —4.8% (SE+0.6) reduction in weight.

[0122] The six test mice which received 900 nmol/kg/d of
Enho 1 had a pre-treatment weight of 35.3 g (SE+1.1) and
post-treatment weight of 33.0 g (SE+1.0). The difference of
-2.3 g (SEx0.2) represents a —-6.5% (SE+0.6) reduction in
weight.

[0123] The six test mice which received 9000 nmol/kg/d of
Enho 1 had a pre-treatment weight of 35.6 g (SE+0.6) and
post-treatment weight of 33.1 g (SE+0.4). The difference of
-2.6 g (SEx0.3) represents a —=7.1% (SE+0.8) reduction in
weight.

[0124] These results are reported in Table 6.
TABLE 6
the effect of Enho-1 upon weight loss
Control 900 nmol/kg/d 9000 nmol/kg/d
Weight 353x12g 353 =11 35.6+0.6
(pre-treatment)
Weight 33.6 1.0 33.0x1.0 33.1+x0.4
(termination)
Delta body weight
Grams -1.7+0.3 -23=0.2 -2.6x0.3
% -4.8x0.6 -6.5x0.6 -7.1£0.8
P =0.073 ANOVA
Example 17

Effect of Enhol on Insulin and Glucose Levels

[0125] The effect of Enho-1 upon insulin and glucose was
tested over the course of 3 days using KK Ay mice. The mice
were fed Breeder Chow (Purina 5015) and were approxi-
mately 12-14 weeks of age at the start of the experiment. Six
control mice received vehicle only while five or six test mice
each received doses of either 900 nmol/kg/d or 9000 nmol/
kg/d, respectively. The injections were given as 3 ip injections
at 0600, 1400 and 2000 h on days 1 and 2; over the 3 day
period, the mice received a total of 7 injections. All animals
were euthanized 5 hours after the last injection given the
morning of the third day. Food was removed after the final
injection. The HOMA-IR for each treatment was calculated
using the following formula: ((glucose mg/dL.+18)x(insulin
ng/mlx25.05))+22.5

[0126] The six control mice demonstrated a post-test mean
blood glucose level of 524 mg/dl. (SE+48) and an insulin
level of 7.4 ng/ml (SE+0.6); the HOMA-IR value for the
control group was determined to be 234 (SEx16).

[0127] The five test mice which received 900 nmol/kg/d of
Enho 1 demonstrated a posttest mean blood glucose level of
474 mg/dlL (SE£29) and an insulin level of 5.7 ng/ml (SE+0.
5); the HOMA-IR value for this group was determined to be
167 (SE£18), representing a decrease of 29% as compared to
the control group. The blood glucose levels decrease by
approximately 10% while the insulin levels were reduced by
about 22%.

[0128] The six test mice which received 9000 nmol/kg/d of
Enho 1 demonstrated a posttest mean blood glucose level of
480 mg/dlL (SE£38) and an insulin level of 7.0 ng/ml (SE+0.
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8); the HOMA-IR value for this group was determined to be
213 (SE+37), representing a decrease of 9% as compared to
the control group.

[0129] These results are reported in Table 7.

TABLE 7

the effect of Enho-1 upon insulin and glucose

Control 900 nmol/kg/d 9000 nmol/kg/d

Blood glucose 524 =48 474 £ 29 480 =38
(mg/dL)

Insulin 7.4+0.6 5.7+0.5 7.0+0.8
(ng/ml)

HOMA-IR 234 =16 167 =18 213 =37

(2 29%) (2 9%)
Example 18
Effect of Enhol on Hepatic Steatosis
[0130] The effect of Enho-1 upon liver weight, liver lipid

content and liver TG was tested over the course of 3 days
using KK Ay mice. The mice were fed Breeder Chow (Purina
5015) and were approximately 12-14 weeks of age at the start
of the experiment. Six control mice received vehicle only
while five or six test mice each received doses of either 900
nmol/kg/d or 9000 nmol/kg/d, respectively. The injections
were given as 3 ip injections at 0600, 1400 and 2000 h on days
1 and 2; over the 3 day period, the mice received a total of 7
injections. All animals were euthanized 5 hours after the last
injection given the morning of the third day. Food was
removed after the final injection.

[0131] The six control mice exhibited a mean liver weight
of 1.6 g (SEx0.1), representing 4.6% (SEx0.2) of total body
weight. The mean liver lipid level for the control group was 94
mg/g (SE+6), with total lipids measuring 147 mg/g (SEx14).
Liver TG for the control group was determined to be 59 mg/g
(SE+5; P<0.05) while the total liver TG was determined to be
92 mg/g (SEx10; p=0.062).

[0132] The five test mice which received 900 nmol/kg/d of
Enho 1 demonstrated a posttest mean liver weight of 1.6 g
(SEx0.1), representing 5.0% (SE+0.2) of body weight. The
mean liver lipid level for this group was determined to be 82
mg/g (SEx9), with total lipids measuring 137 mg/g (SEx18).
Liver TG for this group was determined to be 40 mg/g (SE+8;
P<0.05) while the total liver TG was determined to be 66 mg/g
(SEx13; p=0.062).

[0133] The six test mice which received 9000 nmol/kg/d of
Enho 1 demonstrated a posttest mean liver weight of 1.6 g
(SEx0.1), representing 4.9% (SE+0.3) of body weight. The
mean liver lipid level for this group was determined to be 87
mg/g (SEx6), with total lipids measuring 143 mg/g (SEx17).
Liver TG for this group was determined to be 32 mg/g (SE+5;
P<0.05) while the total liver TG was determined to be 53 mg/g
(SEx11; p=0.062).

[0134] These data show that Enho 1 is capable of inducing
a dose-dependent reversal of hepatic steatosis. In mice receiv-
ing the 900 nmol/kg/d and the 9000 nmol/kg/d dosage, the
livers, the TG was reduced by 32% and 46%, respectively, as
compared to the control group.
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[0135] These results are reported in Table 8.

TABLE 8

the effect of Enho-1 upon liver weight, liver lipid content and liver TG

Control 900 nmol/kg/d 9000 nmol/kg/d
Liver weight
() 1.6 £0.1 1.6 0.1 1.6 £0.1
% body weight 4.6 0.2 5.0+0.2 49+0.3
Liver lipid
mg/g 94 =6 82x9 87 x6
total 147 = 14 137+ 18 143 £ 17
Liver TG
mg/g 59«5 40+ 8 32«5
P < 0.05 ANOVA P < 0.05 vs control
total 92 =10 66 =13 53 =11
P =0.062 ANOVA

Example 19

Effect of Enhol on Weight Loss (Short Term) in
Obese Mice

[0136] The effect of Enho-1 upon weight loss was tested
over the course of 3 days using diet induced obese (DIO)
C57BL/6] mice (Jackson Laboratories, Bar Harbor, Me.).
The mice were fed Research Diets 12492 (60% kJ/fat) for 12
weeks, resulting in obesity and moderate hyperglycemia in
the animals. The mice were approximately 20-22 weeks of
age and 30-50 g in weight at the start of the experiment.
Fasting blood glucose was determined to be approximately
170-220 mg/dL. Six control mice received vehicle only while
six test mice each received doses of either 90 nmol/kg/d, 900
nmol/kg/d or 9000 nmol/kg/d. The injections were given as 3
ip injections at 0600, 1400 and 2000 h on days 1 and 2; over
the 3 day period, the mice received a total of 7 injections. All
animals were euthanized 5 hours after the last injection given
the morning of the third day. Food was removed after the final
injection.

[0137] The six control mice exhibited mean pre- and post-
treatment weights of 42.7 g (SE+2.4 g) and 41.7 g (SE£2.3),
respectively, representing a 2.4% (SE+0.5) reduction in total
body weight.

[0138] The six test mice receiving 90 nmol/kg/d Enho 1
exhibited mean pre- and post-treatment weights of 42.9 g
(SEx1.2) and 41.7 g (SD=0.9), respectively, representing a
2.9% (SE=+0.6) reduction in total body weight.

[0139] The six test mice receiving 900 nmol/kg/d Enho 1
exhibited mean pre- and post-treatment weights of 42.8 g
(SEx2.9) and 41.3 g (SE+2.7), respectively, representing a
3.5% (SE+0.7) reduction in total body weight.

[0140] The six test mice receiving 9000 nmol/kg/d Enho 1
exhibited mean pre- and post-treatment weights of 42.7 g

(SEx1.6) and 40.9 g (SEx1.6), respectively, representing a
4.1% (SE=0.6) reduction in total body weight.
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[0141] These results are reported in Table 9.

TABLE 9
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[0148] These results are reported in Table 10.

TABLE 10

the effect of Enho-1 upon weight loss

the effect of Enho-1 upon insulin and glucose

9000

Control 90 nmol/kg/d 900 nmol/kg/d  nmol/kg/d
Weight 42724 42912 42.8£29 427+1.6
(pre-treatment)
Weight 41.7£23 41.7£09 41327 409 £1.6
(termination)
Delta body
Weight
Grams -1.0+0.2 -1.3+03 -1.5+03 -1.7+0.2
% -24=x05 -29=x0.6 -35=+0.7 -41=0.6

Example 20

Effect of Enhol on Insulin and Glucose Levels

[0142] The effect of Enho-1 upon insulin and glucose was
tested over the course of 3 days using diet induced obese
(DIO) C57BL/6J mice (Jackson Laboratories, Bar Harbor,
Me.). The mice were fed Research Diets 12492 (60% kJ/fat)
for 12 weeks, resulting in obesity and moderate hyperglyce-
mia in the animals. The mice were approximately 20-22
weeks of age and 30-50 g in weight at the start of the experi-
ment. Fasting blood glucose was determined to be approxi-
mately 170-220 mg/dL. Six control mice received vehicle
only while six test mice each received doses of either 90
nmol/kg/d, 900 nmol/kg/d or 9000 nmol/kg/d. The injections
were given as 3 ip injections at 0600, 1400 and 2000 h on days
1 and 2; over the 3 day period, the mice received a total of 7
injections. All animals were euthanized 5 hours after the last
injection given the morning of the third day. Food was
removed after the final injection.

[0143] The HOMA-IR for each treatment was calculated
using the following formula: ((glucose mg/dL.+18)x(insulin
ng/mlx25.05))+22.5

[0144] The six control mice demonstrated a post-test mean
blood glucose level of 196 mg/dlL. (SE+7) and an insulin level
of 4.8 ng/ml (SE+0.2); the HOMA-IR value for the control
group was determined to be 59 (SE+3; p=0.065).

[0145] The six test mice which received 90 nmol/kg/d of
Enhol demonstrated a post-test mean blood glucose level of
204 mg/dL. (SE+7) and an insulin level of 3.8 ng/ml1 (SE+0.4);
the HOMA-IR value for this group was determined to be 50
(SEx5), representing a decrease of 15% as compared to the
control group.

[0146] The six test mice which received 900 nmol/kg/d of
Enho 1 demonstrated a posttest mean blood glucose level of
166 mg/dL (SEx13; P>0.05) and an insulin level 0f 4.2 ng/ml
(SEx0.5); the HOMA-IR value for this group was determined
to be 42 (SE+3), representing a decrease of 29% (p<0.02) as
compared to the control group. The blood glucose levels
decreased by approximately 15% while the insulin levels
were reduced by about 14%.

[0147] The six test mice which received 9000 nmol/kg/d of
Enho 1 demonstrated a posttest mean blood glucose level of
198 mg/dL. (SE+9) and an insulinlevel of 4.2 ng/m1 (SE+0.3);
the HOMA-IR value for this group was determined to be 52
(SEx4), representing a decrease of 12% as compared to the
control group.

9000

Control 90 nmol/kg/d 900 nmol/kg/d  nmol/kg/d
Blood glucose 196 =7 204 7 166 =13 198 +9
(mg/dL) P <0.05vs 90
P <005
ANOVA
Insulin 4.8+0.2 3804 4205 4.2+£03
(ng/ml)
HOMA-IR 39«3 505 42 £3 524
1-way (7 15%) (7 29%) (7 12%)
ANOVA
p =0.065

Example 21

Effect of Enhol on Hepatic Steatosis

[0149] The effect of Enho-1 upon liver weight, liver lipid
content and liver TG was tested over the course of 3 days
using diet induced obese (DIO) C57BL/6J mice (Jackson
Laboratories, Bar Harbor, Me.). The mice were fed Research
Diets 12492 (60% kJ/fat) for 12 weeks, resulting in obesity
and moderate hyperglycemia in the animals. The mice were
approximately 20-22 weeks of age and 30-50 g in weight at
the start of the experiment. Fasting blood glucose was deter-
mined to be approximately 170-220 mg/dL.. Six control mice
received vehicle only while six test mice each received doses
of either 90 nmol/kg/d, 900 nmol/kg/d or 9000 nmol/kg/d.
The injections were given as 3 ip injections at 0600, 1400 and
2000 h on days 1 and 2; over the 3 day period, the mice
received a total of 7 injections. All animals were euthanized 5
hours after the last injection given the morning of the third
day. Food was removed after the final injection.

[0150] The six control mice exhibited a mean liver weight
of 1.6 g (SEx0.2), representing 3.7% (SE+0.2) of total body
weight. The mean liver lipid level for the control group was
155 mg/g (SE+39), with total lipids measuring 272 mg/g
(SEx89). Liver TG for the control group was determined to be
58 mg/g (SEx11) while the total liver TG was determined to
be 87 mg/g (SEx15).

[0151] The six test mice which received 90 nmol/kg/d of
Enho 1 demonstrated a post-test mean liver weight of 1.5 g
(SEx0.0), representing 3.6% (SE+0.1) of body weight. The
mean liver lipid level for this group was determined to be 126
mg/g (SE+9), with total lipids measuring 188 mg/g (SEx13).
Liver TG for this group was determined to be 57 mg/g (SEx8)
while the total liver TG was determined to be 86 mg/g
(SEx14).

[0152] The six test mice which received 900 nmol/kg/d of
Enho 1 demonstrated a posttest mean liver weight of 1.5 g
(SEx0.2), representing 3.5% (SE+0.2) of body weight. The
mean liver lipid level for this group was determined to be 137
mg/g (SEx34), with total lipids measuring 226 mg/g
(SEx77). Liver TG for this group was determined to be 48
mg/g (SEx12) while the total liver TG was determined to be
66 mg/g (SEx14).

[0153] The six test mice which received 9000 nmol/kg/d of
Enho 1 demonstrated a posttest mean liver weight of 1.4 g
(SEx0.2), representing 3.4% (SE+0.3) of body weight. The
mean liver lipid level for this group was determined to be 139
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mg/g (SE+42), with total lipids measuring 230 mg/g
(SE+96). Liver TG for this group was determined to be 47
mg/g (SE+9) while the total liver TG was determined to be 63
mg/g (SE+10).

[0154] These data show that Enho1 is capable of inducing a
dose-dependent reversal of hepatic steatosis. In mice receiv-
ing the 9000 nmol/kg/d dosage, the livers, the liver TG was
reduced by 18-19% while serum TG was reduced by 20%
(p<0.05; 1-tailed t-test) as compared to the control group.

[0155] These results are reported in Table 11.

TABLE 11

The effect of Enho-1 upon liver weight, liver lipid content and liver TG

Control 90 nmol/kg/d 900 nmol/kg/d 9000 nmol/kg/d
Liver weight
grams 1.6 0.2 1.5£0.0 1.5£0.2 1.4+0.2
% body 3.7+0.2 3.6 0.1 35+0.2 34+03
weight
Liver lipid
mg/g 155 =39 126 =8 137 =34 139+ 42
total 272 £ 89 188 =13 226 =77 230 £ 96
Liver TG
mg/g 58«11 57«8 48 x12 479
total 87+ 14 86 =14 66 =14 63 =10

Example 22

Effect of Enhol on Serum Lipids

[0156] The effect of Enho-1 upon liver serum lipid content

was tested over the course of 8 days using obese (ob/ob) mice.
The mice were fed Research Diets 12450 and were approxi-
mately 9-10 weeks of age at the start of the experiment.
Control mice received vehicle only while test mice each
received doses of either 90 nmol/kg/d, 900 nmol/kg/d or 9000
nmol/kg/d. The injections were given as 3 ip injections at
0800, 1200 and 1600 h for 7 days. On day 8, the mice were
given the 0800 h injection and were sacrificed 1-3 h later, at
which time blood samples were taken.

[0157] Blood glucose levels were measured using an Accu-
Chek glucometer. Insulin levels were measured by ELISA
(Mercodia Mouse Insulin ELISA, ALPCO) while triglycer-
ides were measured using a Triglyceride L-Type TG H kit
(Wako Diagnostics).

[0158] Eight control mice exhibited a mean blood triglyc-
eride level 0f 29.6 mg/dL. (SE+5.9).

[0159] Eight test mice which received 90 nmol/kg/d of
Enho 1 demonstrated a post-test blood TG level of 19.4
mg/dl, (SEx2.2), a decrease of 34% in comparison with the
control.

[0160] Seven test mice which received 900 nmol/kg/d of
Enho 1 demonstrated a post-test blood TG level of 18.4
mg/dl (SE£2.3), a decrease of 38% from the control.

[0161] The final group of seven mice which received 9000
nmol/kg/d of Enhol demonstrated a post-test blood TG level
0f'22.0 mg/dL. (SE+2.2), a decrease of 26% from the control.
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[0162] These results are reported in Table 12.

TABLE 12

The effect of Enho-1 upon liver serum lipid content
Control 90 nmol/kg/d 900 nmol/kg/d 9000 nmol/kg/d

TG 29.6 5.9 19422 18.4£23 22.0x2.2
(mg/dL) (2 34%) (7 38%) (7 26%)

Example 23

Effect of Enhol on Weight Loss

[0163] The effect of Enho-1 upon weight loss was tested

over the course of 7 days using DIO C57BL/6J mice (Charles
River Laboratories). The mice were fed a high fat diet (Re-
search Diets 12492) for 10 weeks prior to the start of the
experiment, which was begun when the mice were 15-16
weeks of age. Control mice received vehicle only while test
mice each received doses of either 90 nmol/kg/d, 900 nmol/
kg/d or 9000 nmol/kg/d. The injections were given as 3 ip
injections at 0800, 1200 and 1600 h for 7 days. On day 8, the
mice were given the 0800 h injection and were sacrificed 1-3
h later.

[0164] The eight control mice exhibited mean pre- and
post-treatment weights of 34.2 g (SEx1.5 g) and 32.6 g
(SEx1.0), respectively, representing a 4.5% (SEx1.5) reduc-
tion in total body weight.

[0165] Eight test mice receiving 90 nmol/kg/d Enho 1
exhibited mean pre- and post-treatment weights of 36.5 g
(SEx1.3) and 34.0 g (SD=0.9), respectively, representing a
6.6% (SEx1.1) reduction in total body weight.

[0166] Seven test mice receiving 900 nmol/kg/d Enho 1
exhibited mean pre- and post-treatment weights of 37.9 g
(SEx1.4) and 36.0 g (SEx1.2), respectively, representing a
7.1% (SE=x1.2) reduction in total body weight.

[0167] Lastly, seven test mice receiving 9000 nmol/kg/d
Enhol exhibited mean pre- and post-treatment weights of
33.8 g (SE+10.8) and 31.6 g (SE+0.7), respectively, repre-
senting a 6.7% (SEx1.3) reduction in total body weight.

[0168] These results are reported in Table 13.

TABLE 13

The effect of Enho-1 upon weight loss
9000
Control 90 nmol/kg/d 900 nmol/kg/d  nmol/kg/d

Weight 342=+1.5 36513 37914 33.8+0.8
(pre-treatment)
Weight 326 1.0 340+1.0 36.0+1.2 31.6 £0.7
(termination)
Delta body
weight
Grams -1.6 0.6 -2.5+04 -2.8+0.6 2305
% -45=+1.5 -6.6 £1.1 -71=+1.2 -6.7+1.3

Example 24

Effect of Enhol on Insulin and Glucose

[0169] The effect of Enho-1 upon insulin and glucose was

tested over the course of 7 days using DIO C57BL/6] mice
(Charles River Laboratories). The mice were fed a high fat
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diet (Research Diets 12492) for 10 weeks prior to the start of
the experiment, which was begun when the mice were 15-16
weeks of age. Control mice received vehicle only while test
mice each received doses of either 90 nmol/kg/d, 900 nmol/
kg/d or 9000 nmol/kg/d. The injections were given as 3 ip
injections at 0800, 1200 and 1600 h for 7 days. On day 8, the
mice were given the 0800 h injection and were sacrificed 1-3
h later at which time blood samples were collected and levels
of insulin and glucose determined.

[0170] The HOMA-IR for each treatment was calculated
using the following formula: ((glucose mg/dL.+18)x(insulin
ng/mlx25.05))+22.5

[0171] Eight control mice demonstrated a post-test mean
blood glucose level of 191 mg/dl. (SE£10) and an insulin
level of 1.9 ng/ml (SE+0.3); the HOMA-IR value for the
control group was determined to be 22 (SEx4).

[0172] The eight test mice which received 90 nmol/kg/d of
Enho 1 demonstrated a posttest mean blood glucose level of
182 mg/dL, (SE£17) and an insulin level of 1.3 ng/ml (SE+0.
1); the HOMA-IR value for this group was determined to be
15 (SEx2), representing a decrease of 15% as compared to the
control group.

[0173] The seven test mice which received 900 nmol/kg/d
of Enhol demonstrated a post-test mean blood glucose level
of 212 mg/dl. (SEx11) and an insulin level of 2.2 ng/ml
(SEx0.3); the HOMA-IR value for this group was determined
to be 29 (SE+4), representing a decrease of 29% (p<0.02) as
compared to the control group.

[0174] The seven test mice which received 9000 nmol/kg/d
of Enho 1 demonstrated a post-test mean blood glucose level
of 190 mg/dl. (SEx16) and an insulin level of 1.3 ng/ml
(SEx0.2); the HOMA-IR value for this group was determined
to be 16 (SE+4), representing a decrease of 27 as compared to
the control group.

[0175] These results are reported in Table 14.

TABLE 14

The effect of Enho-1 upon insulin and glucose

9000
Control 90 nmol/kg/d 900 nmol/kg/d  nmol/kg/d
Blood glucose 191 =10 182 =17 212 =11 190 £ 16
(mg/dL)
Insulin 1.9£0.3 1.3=+0.1 2203 1.3+0.2
(ng/ml)
HOMA-IR 22+4 152 29 x4 16 +4
(2 32%) (2 27%)
Example 25
Effect of Enhol on Blood Lipids
[0176] The effect of Enho-1upon levels of blood lipids was

tested over the course of 7 days using DIO C57BL/6] mice
(Charles River Laboratories). The mice were fed a high fat
diet (Research Diets 12492) for 10 weeks prior to the start of
the experiment, which was begun when the mice were 15-16
weeks of age. Control mice received vehicle only while test
mice each received doses of either 90 nmol/kg/d, 900 nmol/
kg/d or 9000 nmol/kg/d. The injections were given as 3 ip
injections at 0800, 1200 and 1600 h for 7 days. On day 8, the
mice were given the 0800 h injection and were sacrificed 1-3
h later at which time blood samples were collected and levels
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of trigylcerides determined. Triglycerides were measured
using a Triglyceride L-Type TG H kit (Wako Diagnostics).
[0177] Eight control mice exhibited a mean blood triglyc-
eride level of 22.9 mg/dL. (SE+2.8).

[0178] Eight test mice which received 90 nmol/kg/d of
Enho 1 demonstrated a post-test blood TG level of 22.5
mg/dl, (SE£6.0).

[0179] Seven test mice which received 900 nmol/kg/d of
Enho 1 demonstrated a post-test blood TG level of 38.0
mg/dl, (SE£12.5).

[0180] The final group of seven mice which received 9000
nmol/kg/d of Enho 1 demonstrated a post-test blood TG level
ot 18.5 mg/dL. (SEx1.7), a decrease of 19% from the control.

[0181] These results are reported in Table 15.
TABLE 15
The effect of Enho-1 upon levels of blood lipids

Control 90 nmol/kg/d 900 nmol/kg/d 9000 nmol/kg/d
TG 22928 22560 38.0x12.5 185 1.7
(mg/dL) (7 19%)
[0182] Miscellaneous
[0183] An “effectiveamount” ofa Enhol protein or peptide

is an amount that decreases the level of insulin resistance or of
dyslipidemia, or that prevents, delays or reduces the inci-
dence of the onset of type 2 diabetes in obese insulin resistant
patients by a statistically significant degree. “Statistical sig-
nificance” is determined as the P<0.05 level, or by such other
measure of statistical significance as is commonly used in the
art for a particular type of experimental determination.
[0184] The term “Enhol” used herein and in the claims
refers to the protein Enhol (SEQ.ID.NO. 2), its functional
peptides (e.g., Enho1**7), derivatives and analogs. The
terms “derivatives” and “analogs™ are understood to be pro-
teins that are similar in structure to Enhol and that exhibit a
qualitatively similar effect to the unmodified Enho1. The term
“functional peptide” refers to a piece of the Enho1 protein that
still binds to the Enhol receptor or is able to activate changes
inside body cells, e.g., adipocytes or hepatocytes.

[0185] The administration of Enhol, its functional pep-
tides, its analogs and derivatives in accordance with the
present invention may be used to reverse insulin resistance
and dyslipidemia, to delay onset to type 2 diabetes in obese
insulin resistant subjects, and to prevent or delay onset of
obesity. These compounds can also be used as therapeutic or
diagnostic agents for hypercholesterolemia, hypertriglyceri-
demia, insulin resistance, obesity, and diabetes.

[0186] The term “therapeutically effective amount™ as used
herein refers to an amount of Enhol protein, a fragment, or a
derivative or analog sufficient either increase body energy
expenditure, decrease serum triglyceride, decrease serum
cholesterol, decrease hyperlipidemia, or decrease insulin
resistance to a statistically significant degree (p<0.05). The
dosage ranges for the administration of Enhol protein are
those that produce the desired effect. Generally, the dosage
will vary with the age, weight, condition, sex of the patient. A
person of ordinary skill in the art, given the teachings of the
present specification, may readily determine suitable dosage
ranges. The dosage can be adjusted by the individual physi-
cian in the event of any contraindications. In any event, the
effectiveness of treatment can be determined by monitoring
either the body metabolism, body weight, or the serum glu-
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cose, triglyceride, cholesterol levels by methods well known
to those in the field. Moreover, Enhol can be applied in
pharmaceutically acceptable carriers known in the art.
[0187] This method oftreatment may be used in vertebrates
generally, including human and non-human mammals. Pep-
tides in accordance with the present invention may be admin-
istered to a patient by any suitable means, including oral,
intravenous, parenteral, subcutaneous, intrapulmonary, and
intranasal administration.

[0188] Parenteral infusions include intramuscular, intrave-
nous, intraarterial, or intraperitoneal administration. The
compound may also be administered transdermally, for
example in the form of a slow-release subcutaneous implant,
or orally in the form of capsules, powders, or granules. It may
also be administered by inhalation.

[0189] Pharmaceutically acceptable carrier preparations
for parenteral administration include sterile, aqueous or non-
aqueous solutions, suspensions, and emulsions. Examples of
non-aqueous solvents are propylene glycol, polyethylene gly-
col, vegetable oils such as olive oil, and injectable organic
esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions,
including saline and buffered media. Parenteral vehicles
include sodium chloride solution, Ringer’s dextrose, dextrose
and sodium chloride, lactated Ringer’s, or fixed oils. The
active therapeutic ingredient may be mixed with excipients
that are pharmaceutically acceptable and are compatible with
the active ingredient. Suitable excipients include water,
saline, dextrose, glycerol and ethanol, or combinations
thereof. Intravenous vehicles include fluid and nutrient
replenishers, electrolyte replenishers, such as those based on
Ringer’s dextrose, and the like. Preservatives and other addi-
tives may also be present such as, for example, antimicrobi-
als, anti-oxidants, chelating agents, inert gases, and the like.
[0190] The form may vary depending upon the route of
administration. For example, compositions for injection may
be provided in the form of an ampule, each containing a unit
dose amount, or in the form of a container containing multiple
doses.

[0191] The compound may be formulated into therapeutic
compositions as pharmaceutically acceptable salts. These
salts include acid addition salts formed with inorganic acids,
for example hydrochloric or phosphoric acid, or organic acids
such as acetic, oxalic, or tartaric acid, and the like. Salts also
include those formed from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium or ferric
hydroxides, and organic bases such as isopropylamine, trim-
ethylamine, histidine, procaine and the like. The composi-
tions may be administered intravenously, subcutaneously,
intramuscularly.

[0192] Controlled delivery may be achieved by admixing
the active ingredient with appropriate macromolecules, for
example, polyesters, polyamino acids, polyvinyl pyrrolidone,
ethylenevinylacetate, methylcellulose, carboxymethylcellu-
lose, prolamine sulfate, or lactide/glycolide copolymers. The
rate of release of the active compound may be controlled by
altering the concentration of the macromolecule.

[0193] Another method for controlling the duration of
action comprises incorporating the active compound into par-
ticles of a polymeric substance such as a polyester, peptide,
hydrogel, polylactide/glycolide copolymer, or ethyleneviny-
lacetate copolymers. Alternatively, an active compound may
be encapsulated in microcapsules prepared, for example, by
coacervation techniques or by interfacial polymerization, for
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example, by the use of hydroxymethylcellulose or gelatin-
microcapsules or poly(methylmethacrylate) microcapsules,
respectively, or in a colloid drug delivery system. Colloidal
dispersion systems include macromolecule complexes, nano-
capsules, microspheres, beads, and lipid-based systems
including oil-in-water emulsions, micelles, mixed micelles,
and liposomes.

[0194] In addition, all or portions of the nucleic acid
sequence (SEQ ID NO: 1) (e.g., the open reading frame
underlined in FIG. 4) can be used to make plasmids or vectors
to incorporate the Enhol gene into organisms to increase the
production of the Enhol protein. It will be understood by
those skilled in the art that the nucleic acid sequence of SEQ
ID NO: 1 is not the only sequence that can be used to produce
the Enhol protein. Also contemplated are those nucleic acid
sequences that encode identical proteins but that, because of
the degeneracy of the genetic code, possess different nucle-
otide sequences. The genetic code may be found in numerous
references concerning genetics or biology, including, for
example, FIG. 9.1 on page 214 of B. Lewin, Genes VI (Oxford
University Press, New York, 1997). FIG. 9.3 on page 216 of
Lewin directly illustrates the degeneracy of the genetic code.
For example, the codon for asparagine may be AAT or AAC.
[0195] The invention also encompasses nucleotide
sequences encoding Enhol proteins having one or more silent
amino acid changes in portions of the molecule not involved
with receptor binding or protein secretion. For example, alter-
ations in the nucleotide sequence that result in the production
of a chemically equivalent amino acid at a given site are
contemplated; thus, a codon for the amino acid alanine, a
hydrophobic amino acid, may be substituted by a codon
encoding another hydrophobic residue, such as glycine, or
may be substituted with a more hydrophobic residue such as
valine, leucine, or isoleucine. Similarly, changes that result in
the substitution of one negatively-charged residue for
another, such as aspartic acid for glutamic acid, or one posi-
tively-charged residue for another, such as lysine for arginine,
can also be expected to produce a biologically equivalent
product. See, e.g., FIG. 1.8 on page 10 of Lewin (1997),
showing the nature of the side chains of the “standard” 20
amino acids encoded by the genetic code. (Note also a typo-
graphical error in that published figure, namely that the abbre-
viation for glutamine should be “GIn.”)
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<160>

<210>
<211>
<212>
<213>

SEQ ID NO 1
LENGTH: 868
TYPE: DNA

ORGANISM: mus sp.

<400> SEQUENCE: 1

ccegttgtee cggaccctet

ggtgggcatc

ttggccacce

gegetggect

ccategtetyg

gggcctgeca

geecctggece

acctgetgea

agtcagagceg

ctggacccag

dagagaaagyg

tgctccatce

ctcectaggt

ggcceettet

aaaaaaaaaa

<210>
<211>
<212>
<213>

<400>

Met

1

Gly

Ala

Pro

Lys
65

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gly

Leu

Cys

Asn

50

Pro

Ala

Val

His

35

Ser

Ser

ttcectgeca

cagagttgtg

gagggtgctg

caatggecte

ttetegatet

ctgtectgag

gecctgaagyg

tggaatcgga

cagcctagat

cctggagggyg

caagggccaa

tggggagcaa

ctggtectee

aaaaaaaaaa

SEQ ID NO 2
LENGTH: 76
TYPE:
ORGANISM: mus

PRT

SEQUENCE: 2

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 18

cgegggegeyg
agaagtcget
ccteggeatyg
tctgtcatgyg
gtaggcettet
getgacgteyg
aaggcgeccac
getetggect
tccaagaagt
tgtagccage
gggttaggag
gggetgagte
acgggaaccc
cactgtttgt

aaaaaaaa

sp.

Ala Ile Ser Gln Gly

5

Gly Phe Leu Leu Leu

20

Ser Arg Ser Ala Asp

40

Ser Pro Gly Pro Cys

55

His Glu Gly Ser Tyr

70

SEQ ID NO 3
LENGTH: 22
TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Synthet

SEQUENCE: 3

cctgagggtyg ctgtetgtea tg

caccgggete
gtgtgtggac
ggcettgecy
gggcagccat
tgctgctact
attctctcte
caccccagaa
agcctggagt
cagtcggect
ctggctecaa
ttggtgctag
catgeccettee
catggcaata

tgggtaataa

Ala Leu Ile
10

Leu Leu Trp
25
Val Asp Ser

Pro Glu Lys

Leu Leu Gln
75

ic primer

aactcaggec

aggacagcca

ctgaggcage

ctcccaaggy

getetgggte

ggaatccagt

gcccagecat

cctggaccty

ggggtccagt

gagaggccetg

ggccagggcec

ctaggctcag

atgggagggt

atggaactat

Ala

Val

Leu

Ala

60

Pro

Ile

Ile

Ser

45

Pro

Val

Leu

30

Glu

Pro

caggactgca
ccttggatgy
tccactgtet
getetecateg
attctetget
cccaacteca
gaaggcagct
agtatacctyg
cgatttgaca
agtggcccta
atctggactce
cacatctggyg
gtccaggetyg

ggcttgcaaa

Cys Asn
15
Cys Trp

Ser Ser

Pro Gln

60

120

180

240

300

360

420

480

540

600

660

720

780

840

868

22
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<210> SEQ ID NO 4
<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 4

cagtagcagc aagaagccta cg 22

<210> SEQ ID NO 5
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 5

ctctcatcge catcgtcetge a 21

<210> SEQ ID NO 6
<211> LENGTH: 35
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 6

ggggcggeceyg caccatgggg gcagccatct cccaa 35

<210> SEQ ID NO 7
<211> LENGTH: 33
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 7

gggctegagg gccagagcece ttcagggetyg cag 33

<210> SEQ ID NO 8
<211> LENGTH: 14
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 8

Cys His Ser Arg Ser
1 5

<210> SEQ ID NO 9
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: mus

<400> SEQUENCE: 9

Pro Pro Pro Gln Lys
1 5

<210> SEQ ID NO 10
<211> LENGTH: 43
<212> TYPE: PRT
<213> ORGANISM: mus

sp.

Ala Asp Val Asp Ser Leu Ser Glu Ser
10

sp.

Pro Ser His Glu Gly Ser Tyr Leu Leu Gln Pro
10 15

sp.
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-continued

<400> SEQUENCE: 10
Cys His Ser Arg Ser
1 5

Asn Ser Ser Pro Gly
20

Pro Ser His Glu Gly
35

<210> SEQ ID NO 11
<211> LENGTH: 38
<212> TYPE: PRT
<213> ORGANISM: mus
<400> SEQUENCE: 11

Ala Asp Val Asp Ser
1 5

Pro Cys Pro Glu Lys

Ala Asp Val Asp Ser Leu Ser Glu Ser Ser Pro
10 15

Pro Cys Pro Glu Lys Ala Pro Pro Pro Gln Lys
25 30

Ser Tyr Leu Leu Gln Pro
40

sp.

Leu Ser Glu Ser Ser Pro Asn Ser Ser Pro Gly
10 15

Ala Pro Pro Pro Gln Lys Pro Ser His Glu Gly

20 25 30
Ser Tyr Leu Leu Gln Pro
35
<210> SEQ ID NO 12
<211> LENGTH: 76
<212> TYPE: PRT
<213> ORGANISM: Rattus rattus
<400> SEQUENCE: 12
Met Gly Ala Ala Ile Ser Gln Gly Ala Leu Ile Ala Ile Val Cys Asn
1 5 10 15
Gly Leu Val Gly Phe Leu Leu Leu Leu Leu Trp Val Ile Leu Cys Trp
20 25 30
Ala Cys His Ser Arg Ser Ala Asp Val Asp Ser Leu Ser Glu Ser Ser
35 40 45
Pro Asn Ser Ser Pro Gly Pro Cys Pro Glu Lys Ala Pro Pro Pro Gln
50 55 60
Lys Pro Ser His Glu Gly Ser Tyr Leu Leu Gln Pro
65 70 75
<210> SEQ ID NO 13
<211> LENGTH: 76
<212> TYPE: PRT
<213> ORGANISM: Pan troglodytes
<400> SEQUENCE: 13
Met Gly Ala Ala Ile Ser Gln Gly Ala Leu Ile Ala Ile Val Cys Asn
1 5 10 15
Gly Leu Val Gly Phe Leu Leu Leu Leu Leu Trp Val Ile Leu Cys Trp
20 25 30
Ala Cys His Ser Arg Ser Ala Asp Val Asp Ser Leu Ser Glu Ser Ser
35 40 45
Pro Asn Ser Ser Pro Gly Pro Cys Pro Glu Lys Ala Pro Pro Pro Gln
50 55 60
Lys Pro Ser His Glu Gly Ser Tyr Leu Leu Gln Pro
65 70 75
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<210> SEQ ID NO 14

<211> LENGTH: 76

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Met

1

Gly

Ala

Pro

Lys
65

Gly Ala Ala Ile Ser Gln Gly Ala Leu Ile Ala Ile Val Cys

Leu Val Gly Phe Leu Leu Leu Leu Leu Trp Val Ile Leu Cys
20 25 30

Cys His Ser Arg Ser Ala Asp Val Asp Ser Leu Ser Glu Ser

Asn Ser Ser Pro Gly Pro Cys Pro Glu Lys Ala Pro Pro Pro

50 55 60

Pro Ser His Glu Gly Ser Tyr Leu Leu Gln Pro
70 75

<210> SEQ ID NO 15

<211> LENGTH: 76

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 15

Met

1

Gly

Ala

Pro

Lys
65

Gly Ala Ala Ile Ser Gln Gly Ala Leu Ile Ala Ile Val Cys

Leu Val Gly Phe Leu Leu Leu Leu Leu Trp Val Ile Leu Cys
20 25 30

Cys His Ser Arg Ser Ala Asp Ile Asp Ser Leu Ser Glu Ser

Asn Ser Ser Pro Gly Pro Cys Pro Glu Lys Ala Pro Pro Pro

50 55 60

Pro Ser His Glu Gly Ser Tyr Leu Leu Gln Pro
70 75

<210> SEQ ID NO 16
<211> LENGTH: 76

<212> TYPE: PRT

<213> ORGANISM: Sus sp.

<400> SEQUENCE: 16

Met

1

Gly

Ala

Pro

Lys
65

Gly Ala Ala Ile Ser Gln Gly Ala Leu Ile Ala Ile Ile Cys

Leu Val Gly Phe Leu Leu Leu Leu Leu Trp Val Ile Leu Cys
20 25 30

Cys His Ser Arg Ser Ala Asn Ile Asp Ser Leu Ser Glu Ser

Asn Ser Ser Pro Gly Pro Cys Pro Glu Lys Ala Pro Pro Pro

50 55 60

Pro Ser His Glu Gly Ser Tyr Leu Leu Gln Pro
70 75

<210> SEQ ID NO 17
<211> LENGTH: 76

<212> TYPE: PRT

<213> ORGANISM: Bovidae

<400> SEQUENCE: 17

Asn

Trp

Ser

Gln

Asn

Trp

Ser

Gln

Asn

Trp

Ser

Gln
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-continued

Met Gly Ala Ala Leu

5

Ser Gln Gly Ala Leu Ile

Gly Leu Val Gly Phe Val Ile

20

Leu Leu

25

Leu Leu Leu Trp

Ala His Ala Ile

35

Cys Ser Arg Ser

45

Asn Ser Leu

40

Ser Asp

Glu Ala

60

Asn Ser Ser Pro

50

Pro Gly Pro Pro Pro

55

Cys Lys

Lys Pro Ser His Glu Gln

65

Gly Ser Tyr Leu Leu Pro

<210>
<211>
<212>
<213>

SEQ ID NO 18
LENGTH: 76
TYPE: PRT
ORGANISM: Ovis aries

<400> SEQUENCE: 18

Met Gly Ala Ala

1

Leu Ser Gln Gly Ala Leu Ile Ala Ile

Leu Val Phe Leu Leu Val Ile

25

Gly Gly Leu Leu Leu

20

Trp

Ala His Ser Ala Ile

35

Cys Ser

45

Asn Ser Leu

40

Arg Ser Asp

Asn Ser Ser

50

Pro Glu Ala

60

Pro Pro Pro

55

Pro Gly Cys Lys

Lys Pro Ser His Glu Gln

65

Gly Ser Tyr Leu Leu Pro

Ala Ile Ile Cys

Leu
30
Glu

Pro

Ile

Leu
30

Pro

Asn
15

Cys Trp

Ser Ser

Pro Gln

Cys Asn

15

Cys Trp

Ser

Ser

Pro Gln

1. A purified Enho 1 peptide, and fragment, homologs,
analogs and derivatives thereof, wherein the peptide has the
following characteristics:

a. it is a substantially homogenous preparation; and

b. it has at least 70% homology to any one of the sequences

set forth in SEQ ID NOS: 2 and 8-18; wherein

c. the peptide modulates energy metabolism, lipid metabo-

lism, and/or insulin action.

2. A peptide of claim 1, wherein the peptide is a mamma-
lian peptide.

3. A peptide of claim 1, wherein the peptide is a murine
peptide.

4. A peptide of claim 1, wherein the peptide is a human
peptide.

5. A peptide of claim 1, wherein the peptide is a synthetic
peptide.

6. A peptide of claim 1, wherein said homology to any one
of'the sequences set forth in SEQ ID NOS: 2,10, 11, 12-18 is
greater than 85%.

7. A peptide of claim 6, wherein the homology is greater
than 95%.

8. A pharmaceutical composition comprising an Enhol
peptide of claim 1, and a pharmaceutical acceptable carrier.

9. A method for treating or preventing a pathophysiology
relating to homeostasis of body mass, comprising adminis-
tering to a subject a therapeutically effective amount of a
pharmaceutical composition comprising a Enhol peptide
according to claim 1, or fragments, homologs, analogs and
derivatives thereof.

10. A method according to claim 9, wherein the Enhol
peptide has at least 70% homology to any one of the
sequences set forth in SEQ ID NOS: 2 and 10-18.

11. A method according to claim 9, wherein the patho-
physiology is obesity.

12. A method according to claim 9, additionally compris-
ing administering to a subject a compound selected from the
group consisting of leptin and adiponectin.

13. A method according to claim 9, wherein the patho-
physiology is one related to obesity comprising any one of
hyperglycemia, hyperinsulinemia, insulin resistance, hyper-
lipidemia, Type II diabetes mellitus, and non-insulin depen-
dent diabetes mellitus.

14. A method according to claim 9, wherein the step of
administering to a subject comprises intraperitoneal admin-
istration.

15. A vector comprising a least 200 nucleic acids of the
open reading frame of the nucleic acid sequence of SEQ ID
NO: 1.

16. A cultured cell that produces a Enhol peptide accord-
ing to claim 1.

17. The cell of claim 16, wherein the cell is selected from
the group consisting of bacteria, yeast, mammalian cells,
plant cells, and insect cells.

18. A method for preparing a Enho1 peptide comprising:

a. culturing a cell containing a nucleic acid corresponding

to at least the open reading frame of SEQ ID NO: 1 under
conditions that provide for expression of the peptide;
and

b. recovering the expressed peptide.
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19. A pharmaceutical composition comprising at least the
open reading frame of SEQ ID NO: 1, wherein the nucleic
acid encodes a Enhol peptide, and a pharmaceutical accept-
able carrier.

20. An antibody, and fragments, derivatives, homologs and
analogs thereof, which immunospecifically binds to the pep-
tide of claim 1.

21. An antibody of claim 20 labeled with a detectable label.

22. An antibody of claim 20, wherein said antibody is
generated using any one of the peptides of SEQ ID NOS: 2
and 8-18, and fragments, derivatives, homologs, and analogs
of said peptide.

23. An antibody or fragment of claim 20, wherein the
antibody is a polyclonal antibody.

24. An antibody or fragment of claim 20, wherein the
antibody is a monoclonal antibody.

25. A recombinant non-human animal containing a nucleic
acid, wherein the nucleic acid is an isolated nucleic acid
comprising a nucleotide sequence encoding any one of the
Enhol related peptides of SEQ ID NOS:2 and 8-18, and
fragments, derivatives, homologs, and analogs thereof of
those peptides.

26. A method to ameliorate or decrease insulin resistance in
a subject, comprising administering to a subject a therapeu-
tically effective amount of a Enhol peptide according to
claim 1, and fragments, derivatives, homologs, and analogs
thereof of those peptides.

27. A method to ameliorate or treat symptoms of diabetes
in a subject, comprising administering to the subject a thera-
peutically effective amount of a Enhol peptide according to
claim 1, and fragments, derivatives, homologs, and analogs
thereof of those peptides.

28. A method to prevent or delay the onset of obesity in a
subject, comprising administering to the subject a therapeu-
tically effective amount of a Enhol peptide according to
claim 1, and fragments, derivatives, homologs, and analogs
thereof of those peptides.

29. A method to ameliorate or decrease hyperlipidemia in
a subject, comprising administering to the subject a therapeu-
tically effective amount of a Enhol peptide according to
claim 1, and fragments, derivatives, homologs, and analogs
thereof of those peptides.

30. A method to decrease total cholesterol in the serum in
a subject, comprising administering to the subject a therapeu-
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tically effective amount of a Enhol peptide according to
claim 1, and fragments, derivatives, homologs, and analogs
thereof of those peptides.

31. A method to decrease serum triglycerides in a subject,
comprising administering to the subject a therapeutically
effective amount of a Enho1 peptide according to claim 1, and
fragments, derivatives, homologs, and analogs thereof of
those peptides.

32. A method of any one of claims 28-33, additionally
comprising administering to a subject a compound selected
from the group consisting of leptin and adiponectin.

33. A non-human transgenic animal having cells that carry
a exogenous promoter and a cDNA corresponding to at least
the open reading frame of SEQ ID NO: 1 wherein said cells
constitutively over express a Enhol peptide with a sequence
as given in SEQ ID NOS:2 and 8-18, and fragments, deriva-
tives, homologs, and analogs thereof of those peptides.

34. The transgenic animal of claim 33, wherein said exog-
enous promoter is an actin promoter.

35. The transgenic animal of claim 33, wherein said non-
human animal is a mouse.

36. A transformation vector comprising at least the open
reading frame of a nucleic acid sequence as recited in SEQ ID
NO: 1.

37. A host cell comprising at least the open reading frame
of the nucleic acid sequence as recited in SEQ ID NO: 1.

38. A nucleic acid construct comprising at least the open
reading frame of the nucleic acid sequence as recited in SEQ
ID NO: 1, wherein said sequence is operably linked to a
promoter that is functional in mammals.

39. A nucleic acid construct as recited in claim 38, wherein
said promoter is an actin promoter.

40. An animal transformed with a nucleic acid construct as
recited in claim 39.

41. A purified Enhol peptide, and fragment, homologs,
analogs and derivatives thereof, wherein the peptide has the
following characteristics:

a. it is a substantially homogenous preparation; and

b. it has at least 70% homology to any one of the sequences

set forth in SEQ ID NOS: 10-11; wherein

c. the peptide modulates energy metabolism, lipid metabo-

lism, and/or insulin action.

42. A peptide of claim 41, wherein said homology to any
one of the sequences set forth in SEQ ID NOS: 10-11 is
greater than 85%.



