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(57) ABSTRACT 
Disclosed is a method to identify compounds useful for 
reducing insulin resistance in a patient, and particularly a 
patient that has insulin resistance associated With obesity 
and/or type II diabetes. Also disclosed is a method of 
reducing insulin resistance in a patient by administering a 
compound identi?ed using the method of the invention, and 
particularly, by administering an antagonist of melanocortin 
stimulating hormone (MSH) biological activity. 
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METHOD FOR TREATMENT OF INSULIN 
RESISTANCE IN OBESITY AND DIABETES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This invention claims priority under 35 U.S.C. § 
119(e) from US. Provisional Application Serial No. 60/232, 
292, ?led Sep. 13, 2000, entitled, “Method for Investigating 
and Treating Diabetes”. The entire disclosure of US. Pro 
visional Application Serial No. 60/232,292 is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a non-human ani 
mal model for obesity and uses of such an animal for 
studying and developing methods for identifying com 
pounds for use in the regulation of insulin resistance in 
obesity and type II diabetes, as Well as a method of treating 
insulin resistance in obesity and type II diabetes by admin 
istration of such compounds. 

BACKGROUND OF THE INVENTION 

[0003] Diabetes, and conditions related thereto, are major 
health concerns throughout the World, and, particularly in 
the United States, contribute to morbidity and mortality. 
Non-insulin dependent diabetes mellitus (NIDDM), also 
knoWn as type II diabetes, is the major form of diabetes in 
developed countries. While a large number of environmental 
and genetic factors contribute to the risk of NIDDM in the 
United States, prolonged obesity is by far the largest risk 
factor. The molecular basis of this association, hoWever, is 
not fully understood. As a consequence, efficient means of 
therapeutical intervention are lacking. 

[0004] Before the development of diabetes, many obese 
patients develop a peripheral resistance to the actions of 
insulin. The molecular basis of insulin-resistance in obesity 
has been the subject of intensive study, by nonetheless 
remains elusive. Insights into components and mechanisms 
of the link betWeen obesity and insulin resistance have been 
gained from mouse models of obesity Which display obesity 
induced insulin resistance. The molecular basis of the vari 
ous mouse obesity models covers a range of mechanisms; 
nonetheless these all develop diabetes, either before or after 
the onset of obesity. 

[0005] Obesity in humans and rodents is commonly asso 
ciated With insulin resistance, (i.e., smaller than expected 
responses to a given dose of insulin) (LeRoith et al., Dia 
betes Mellitus: a Fundamental and Clinical Text. (Lippin 
cott-Raven, Philadelphia, 1996); DeFronZo et al., Diabetes 
Care 15:318-68 (1992); Rifkin et al., Diabetes Mellitus, 
(Elsevier, NY, 1990)). The mechanisms linking obesity and 
insulin resistance are not knoWn. Studies on the potential 
mechanistic basis of obesity-induced insulin resistance have 
revealed numerous potential sites, making a single basic 
mechanism for explaining insulin insensitivity unlikely 
(Rifkin et al., Diabetes Mellitus, (Elsevier, NY, 1990)). 
Both insulin secretion and action can be impaired. Accord 
ingly, sites at the anatomical, cellular, and molecular level 
are the [3-cells of the pancreas, and membrane carriers and 
enZymes regulating metabolic pathWays in liver, fat, and 
muscle. An example for impaired insulin secretion can be 
found in a rodent model of obesity With non-insulin-depen 
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dent diabetes mellitus, the Zucker diabetic fatty (fa/fa) rat, 
Where overaccumulation of triglycerides in the pancreatic 
islets leads to gradual depletion of [3 cells (Lee et al., Proc 
NailAcaa' Sci USA 91:10878-82 (1994); Shimabukuro et al., 
Proc NatlAcaa' Sci USA 95 :2498-502 (1998)). Insulin action 
can be impaired in a number of Ways, involving insulin 
sensitive carriers or pathWays, or the insulin receptor 
directly. Earlier studies indicated that quantitative regulation 
of the insulin sensitive glucose transporters (Glut-4) may 
contribute to insulin resistance; hoWever, this factor alone is 
probably inadequate to explain the extent of insulin resis 
tance. For instance, mutant mice lacking Glut-4 develop 
only mild hyperinsulinemia (KatZ et al., Nature 377:151-5 
(1995)). More recently studies have focused on defects at the 
level of the insulin receptors themselves and at post-receptor 
events in type 2 diabetes, speci?cally the intrinsic catalytic 
activity of the insulin receptor and doWnstream signaling 
events. A reduction in tyrosine phosphorylation of both the 
insulin receptor (IR) and the insulin receptor substrate-1 
(IRS-1) has been noted in both animals and humans With 
type 2 diabetes (Le Marchand-Brustel et al.,] Recept Signal 
T ransductRes 19:217-28 (1999)). Importantly, this occurs in 
all of the major insulin-sensitive tissues, namely the muscle, 
fat and liver. Disruption of IRS-2 in mice impairs both 
peripheral insulin signaling and pancreatic [3-cell function 
(Withers et al., Nature 391:900-4 (1998)). Activation of 
phosphatidylinositol 3-kinase (PI 3-kinase) Was found to be 
profoundly affected in response to insulin (KerouZ et al., J 
Clin Invest 100:3164-72 (1997)). The regulation of gene 
expression by insulin in the liver is impaired for the genes 
for glucokinase and phosphoenolpyruvate carboxykinase 
(PEPCK) (Friedman et al., J Biol Chem 272:31475-81 
(1997)). A modulator of insulin action is tumor necrosis 
factor(TNF)-ot, Which blocks insulin through its ability to 
inhibit insulin receptor tyrosine kinase activity (Feinstein et 
al., JBiol Chem 268:26055-8 (1993)). Mice lacking TNF-ot 
function are protected from obesity-induced insulin resis 
tance (Uysal et al., Nature 389:610-4 (1997)). Another 
modulator of insulin sensitivity is protein tyrosine phos 
phatase-1 B (FTP-1B) Which acts as a negative regulator of 
insulin signaling (Cicirelli et al., Proc Natl Acad Sci USA 
87:5514-8 (1990)). Mice de?cient in FTP-1B are interest 
ingly more sensitive to insulin but resistant to obesity 
(Elchebly et al., Science 283:1544-8 (1999)). Most recent 
studies have focused on the peroxisome proliferator-acti 
vated receptor y (PPARY), a member of the nuclear-hor 
mone-receptor family (AuWerx, Diabetologia 42:1033-49 
(1999)). Mutations in humans of PPARY suggest that this 
molecule is required for normal insulin sensitivity in humans 
(Barroso et al., Nature 402:880-3 (1999)). It is not clear at 
the moment Whether insulin resistance in human obesity 
might result from impaired PPARY signaling. What is noW 
clear is that decreased signaling capacity of the insulin 
receptor can be an important component of obesity-induced 
insulin resistance. 

[0006] At the intracellular, metabolic enZyme, level, insu 
lin-resistance in obesity seems to consist of increased activi 
ties of key enZymes of pathWays knoWn to be stimulated by 
insulin (i.e. glycolysis, lipogenesis), but also of increased 
activities of key enZymes of pathWays normally depressed 
by insulin (Bel?ore et al., IntJ Obes 3:301-23 (1979)). This 
failure of insulin to depress enZymes of catabolic pathWays 
manifests itself in enhanced basal lipolysis in adipose tissue, 
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increased amino acid release from muscle, and elevation in 
the activity of key gluconeogenic enzymes in the liver. 

[0007] As mentioned above, there are a number of mouse 
models With genetic obesity-diabetes syndromes (Herberg, 
et al., Metabolism 26:59-99 (1977)). They characteristically 
have hyperglycemia, hyperinsulinemia, and obesity, albeit to 
different degrees, With different times of onset, and for 
different reasons. In the yelloW obese mouse (Ay/a) a 
dominant mutation of the agouti locus causes the ectopic, 
ubiquitous expression of the agouti protein, resulting in a 
condition similar to adult-onset obesity and non-insulin 
dependent diabetes mellitus (Michaud et al., Proc NatlAcad 
Sci USA 91:2562-6 (1994)). Obese (ob/ob) (Zhang et al., 
Nature 372:425-32 (1994)), diabetes (db/db) (Tartaglia et 
al., Cell 83:1263-71 (1995)), fat (cpe/cpe) (Naggert et al., 
Nat Genet 10:135-42 (1995)) and tubby (tub/tub) (Kleyn et 
al., Cell 85:281-90 (1996); Noben-Trauth et al., Nature 
380:534-8 (1996)) are mutations in single recessive genes, 
speci?cally in the genes for leptin, the leptin receptor, 
carboxypeptidase E, and a member of a neW family of genes 
encoding tubby-like proteins, respectively. Obese mice have 
a diabetes-like syndrome of hyperglycemia, glucose intol 
erance, and elevated plasma insulin. The diabetes syndrome 
develops after the onset of obesity, and is probably the result 
of it. In diabetes mice elevation of plasma insulin at 2 Weeks 
of age precedes the onset of obesity at 3-4 Weeks; blood 
glucose levels are elevated at 4-8 Weeks. Fat mice have 
hyperinsulinemia consistent throughout life in association 
With hypertrophy and hyperplasia of the islets of Langer 
hans; hyperglycemia is transient. In tubby mice, plasma 
insulin is increased prior to obvious signs of obesity, and 
islets of Langerhans are enlarged; here blood glucose is 
normal. 

[0008] As discussed above, the molecular basis for insulin 
resistance in obesity is unknoWn. Increased leptin levels 
cannot account for this, since insulin resistance occurs in the 
leptin de?cient ob/ob mutants. Therefore, there must be 
some other molecular “signal” in obesity Which mediates the 
insulin-resistance seen in obesity. 

[0009] Faced With such a long felt, but unsolved need for 
simple and effective methods to prevent or reduce the 
negative effects of diabetes, researchers, over the last several 
decades, have expended literally hundreds of millions of 
dollars to investigate compounds that can be used to treat 
and/or prevent diabetes. While altering glucose can affect 
the occurrence and the severity of diabetes, so can the 
regulation of insulin resistance in obesity. This latter 
approach has been an under-appreciated ?eld relative to 
diabetes. The present invention is directed to the prevention 
and/or treatment of diabetes through the regulation of insulin 
resistance in obesity. 

SUMMARY OF THE INVENTION 

[0010] One embodiment of the present invention relates to 
a method to identify compounds useful in regulating insulin 
resistance in obesity and type II diabetes. This method 
includes the steps of: (a) administering a compound having 
melanocyte stimulating hormone (MSH) biological activity 
to a genetically modi?ed non-human animal comprising a 
genetic modi?cation Within tWo alleles of its Pomc locus, 
Wherein the genetic modi?cation results in an absence of 
proopiomelanocortin (Pomc) peptide activity in the animal, 
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and Wherein administration of the compound having MSH 
activity induces insulin resistance in the animal; (b) admin 
istering a compound to be evaluated to the non-human 
animal model; and, (c) selecting compounds from (b) that 
decrease the insulin resistance in the non-human animal as 
compared to in the absence of the compound of 

[0011] In one embodiment, the genetic modi?cation is 
selected from the group consisting of a deletion, an inser 
tion, a substitution and an inversion of nucleotides in the 
Pomc locus. 

[0012] In another embodiment, the genetic modi?cation is 
a deletion of a nucleic acid sequence Within tWo alleles of 
the Pomc locus, Wherein the deletion results in an absence 
of expression of Pomc peptides by the animal. In another 
embodiment, the genetic modi?cation is a deletion of a 
nucleic acid sequence comprising exon 3 of Pomc or a 
portion of exon 3 of Pomc sufficient to prevent expression of 
Pomc peptides by tWo alleles of the Pomc locus. In another 
embodiment, the animal is a mouse, and Wherein the genetic 
modi?cation is a deletion from the genome of exon 3 of 

Pomc (SEQ ID NO:7). 

[0013] In one aspect, the compound having MSH biologi 
cal activity in step (a) is selected from the group consisting 
of: MSH, a biologically active fragment of MSH, a homo 
logue of MSH, a peptide mimetic of MSH, a non-peptide 
mimetic of MSH, and a fusion protein comprising an MSH 
protein or fragment thereof. In another aspect, the compound 
of (a) having MSH biological activity is ot-MSH. 

[0014] In one aspect, the compound of (b) to be evaluated 
is an antagonist of MSH biological activity. In another 
aspect, the compound of (b) to be evaluated is administered 
prior to the step of administering the compound of (a) having 
MSH biological activity. 

[0015] Yet another embodiment of the present invention 
relates to a method to decrease insulin resistance in a 
mammal, comprising administering to the mammal that has 
insulin resistance a therapeutic composition comprising an 
antagonist of melanocortin stimulating hormone (MSH) 
biological activity, Wherein the antagonist decreases insulin 
resistance in the mammal. In one aspect, the antagonist of 
melanocortin stimulating hormone (MSH) is selected from 
the group consisting of a fragment of MSH having MSH 
antagonist action, a homologue of MSH having MSH 
antagonist action, a peptide mimetic of MSH having MSH 
antagonist action, a non-peptide mimetic of MSH having 
MSH antagonist action, and a fusion protein comprising any 
of the MSH antagonist compounds. In another aspect, the 
antagonist of MSH is a soluble MSH receptor or fragment 
thereof that binds MSH. In yet another aspect, the antagonist 
of MSH is an antibody that selectively binds to MSH and 
thereby reduces or blocks the activity of MSH. In another 
aspect, the antagonist of MSH is an antibody that selectively 
binds to a receptor for MSH and reduces or blocks the ability 
of MSH to bind to the receptor. 

[0016] The therapeutic composition can be administered 
by any suitable route, including, but not limited to, trans 
dermally, topically, and parenterally. In one aspect, the 
therapeutic composition is administered in a controlled 
release formulation. In one aspect, the MSH antagonist is 
administered in a dose of from about 0.1 pg to about 10 mg 
per kg body Weight of the animal. 
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[0017] Another embodiment of the present invention 
relates to a method to treat diabetes associated With insulin 
resistance in a mammal, comprising administering to the 
mammal that has insulin resistance and diabetes a therapeu 
tic composition comprising an antagonist of melanocortin 
stimulating hormone (MSH) biological activity, Wherein the 
antagonist decreases insulin resistance in the mammal. 

BRIEF DESCRIPTION OF THE DRAWINGS OF 
THE INVENTION 

[0018] FIG. 1A is a schematic diagrams and restriction 
map of the mouse Pomc locus, the targeting vector, and the 
predicted structure of the Pomc locus after homologous 
recombination. 

[0019] FIG. 1B is a scanned image of a Southern blot 
analysis of tail DNAs from F2 littermates. 

[0020] FIG. 1C is a bar graph shoWing an RIA analysis of 
serum ACTH levels in F2 male littermates. 

[0021] FIG. 2A is a line graph of Weight measurements 
taken from male mice of Wildtype and mutant POMC 
genotype. 

[0022] FIG. 2B is a bar graph illustrating that mutant 
POMC mice shoW increased linear groWth. 

[0023] FIG. 2C is a bar graph illustrating that POMC null 
mice have elevated leptin serum levels. 

[0024] FIG. 2D is a bar graph illustrating Weight change 
for POMC null mice and Wildtype mice being fed a standard 
diet or a high fat diet. 

[0025] FIG. 2E is a bar graph illustrating food intake for 
POMC null mice and Wildtype mice being fed a standard 
diet or a high fat diet. 

[0026] FIG. 3A is a bar graph shoWing that corticosterone 
levels in mutant POMC mice Were beloW the detection limit 
of the RIA. 

[0027] FIG. 3B is a bar graph shoWing that aldosterone 
levels in mutant POMC mice Were beloW the detection limit 
of the RIA. 

[0028] FIG. 3C is a bar graph shoWing that epinephrine 
levels Were signi?cantly loWer in mutant POMC mice as 
compared to Wildtype mice. 

[0029] FIG. 3D is a bar graph shoWing that norepineph 
rine levels Were not signi?cantly different in mutant POMC 
mice as compared to Wildtype mice. 

[0030] FIG. 3E is a bar graph shoWing that dopamine 
levels Were slightly increased in mutant POMC mice as 
compared to Wildtype mice. 

[0031] FIG. 4A is a bar graph shoWing the blood glucose 
levels in POMC null mutant mice and controls in the fed 
state. 

[0032] FIG. 4B is a bar graph shoWing the insulin levels 
in POMC null mutant mice and controls in the fed state. 

[0033] FIG. 4C is a bar graph shoWing the blood glucose 
levels in POMC null mutant mice and controls in the fasting 
state. 

[0034] FIG. 4D is a bar graph shoWing the insulin levels 
in POMC null mutant mice and controls in the fasting state. 
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[0035] FIG. 5 is a line graph shoWing the blood glucose 
levels of POMC null mutants over time. 

[0036] FIG. 6 is a line graph shoWing the blood glucose 
levels during an insulin tolerance test With POMC null 
mutants. 

[0037] FIG. 7 is a bar graph shoWing the effects of 
corticosterone treatment on blood glucose in POMC null 
mutants. 

[0038] FIGS. 8A and 8B are line graphs shoWing the 
effects of corticosterone treatment on blood glucose in an 
insulin tolerance test With POMC null mutants. 

[0039] FIG. 9 is a line graph shoWing the effects of MSH 
and ACTH treatment on blood glucose in an insulin toler 
ance test With POMC null mutants. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The present invention generally relates to methods 
for identifying compounds the decrease insulin-resistance 
associated With obesity and diabetes, and to methods of 
decreasing insulin-resistance in a mammal in need of such 
treatment. The present invention is also directed to the 
treatment of diabetes associated With insulin-resistance. The 
invention is predicated upon the present inventors’ surpris 
ing discovery that a non-human animal model for obesity, in 
contrast to previously described animal models for obesity, 
is protected from obesity-induced insulin resistance and 
diabetes. Given the close relationship betWeen obesity and 
diabetes, an obesity mutant Which is resistant to diabetes 
represents a unique disconnection betWeen the tWo condi 
tions. More speci?cally, the present inventors have created 
a genetic mouse model of obesity, the POMC null mouse 
(YasWen et al., Nat Med 5:1066-1070 (1999)), Which the 
present inventors have surprisingly found is protected from 
obesity-induced type 2 diabetes and is sensitive to insulin. 
The POMC null mouse has been previously described in 
US. patent application Ser. No. 09/374,827, ?led Aug. 12, 
1999, entitled, “Non-Human Animal Model for Obesity and 
Uses Thereof”, in US. Provisional Application Serial No. 
60/111,581, ?led Dec. 9, 1998, entitled, “Composition and 
Method for Controlling Obesity”, and in US. Provisional 
Application Serial No. 60/146,306, ?led Jul. 29, 1999, 
entitled “Composition and Method for Controlling Body 
Weight and Conditions Related Thereto”, each of Which is 
incorporated herein by reference in its entirety. HoWever, 
prior to the present invention, it Was not knoWn that the 
POMC null mutant mouse Would be neither insulin-resistant 
nor diabetes prone, and as mentioned above, such a discov 
ery Was surprising. The present inventors have additionally 
found that administration of a melanocortin stimulating 
hormone (MSH) to the POMC null mouse induces insulin 
resistance in the mouse, indicating that it is the lack of MSH 
in the mouse model that protects the animal from insulin 
resistance. This mouse model can noW be used to investigate 
the biochemical and molecular mechanisms associated With 
insulin-resistance and diabetes, and to identify compounds 
that reduce insulin-resistance in an animal and/or reduce the 
symptoms of type II diabetes. Moreover, the present inven 
tors have provided evidence that indicates that antagonizing 
the biological activity of MSH can be used to reduce insulin 
resistance in an individual, Which in turn Would be bene?cial 
in the treatment of diabetes associated With insulin resis 
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tance. Indeed, subsequent to the present invention, Katsuki 
et al. showed that elevated plasma levels of ot-MSH are 
correlated With insulin resistance in obese men (Katsuki et 
al., October 2000, Int. J. Obesity 24:1260-1264). 

[0041] As discussed above, the present inventors have 
disclosed the development and characteriZation of a Pomc 
mutant mouse Which is a model of obesity. This model has 
noW surprisingly been found to be insulin-sensitive, rather 
than insulin-resistant as are other obese mouse models, thus 
providing a useful animal model for dissecting the factors 
that contribute to obesity and insulin-resistance. The Pomc 
mutant mouse Was engineered to carry an autosomal reces 

sive null allele of the Pomc gene (i.e., pomc). This mouse 
lacks all of the peptide hormones encoded by the Pomc 
locus. The present inventors have discovered that mice 
lacking the Pomc peptides have obesity, a defect in adrenal 
development, and altered pigmentation. This phenotype is 
similar to the recently identi?ed human Pomc mutants 
(Krude, et al., 1998, Nat Genet 19,155-7). In addition to a 
dysregulation of fat metabolism, the POMC-de?cient mice 
shoWed increased food intake. 

[0042] When the present inventors treated the mutant mice 
peripherally With a stable ot-MSH agonist, these mice lost 
over 40% of their excess Weight after tWo Weeks, Whereas 
Wildtype non-obese mice did not lose signi?cant Weight. The 
present inventors have shoWn that the Weight changes in 
POMC null mice are not simply regulated through feeding 
behavior, but rather through both central and peripheral 
actions of melanocortins. 

[0043] The genetically modi?ed non-human animal useful 
in the present invention comprises a genetic modi?cation 
Within at least one allele of its Pomc locus, Wherein the 
genetic modi?cation results in a reduction in proopiomel 
anocortin (Pomc) peptide action (activity) in the animal 
(e.g., a heteroZygous mutant animal). In one embodiment, 
the genetic modi?cation includes, but is not limited to, a 
deletion, an insertion, a substitution and/or an inversion of 
nucleotides in the Pomc locus Which result in a reduction in 
Pomc peptide action in the animal. The genetic modi?cation 
can be a modi?cation including or Within exon 3 of the Pomc 
locus Which results in a reduction in Pomc peptide action, 
and/or a modi?cation in a region of the Pomc locus other 
than exon 3 Which results in a reduction in Pomc peptide 
action (e.g., exon 1, exon 2 and/or a regulatory region of the 
Pomc locus). In a preferred embodiment, the genetic modi 
?cation is a deletion of a nucleic acid sequence Within at 
least one allele of the Pomc locus, Wherein the deletion 
results in an reduction of expression of Pomc peptides by 
said animal. In another embodiment, the animal comprises a 
genetic modi?cation Within tWo alleles (i.e., both alleles) of 
the Pomc locus, Wherein the genetic modi?cation results in 
an absence of Pomc peptide action in the animal (e.g., a 
homoZygous mutant animal). Preferably, the genetic modi 
?cation is a deletion of a nucleic acid sequence Within both 
alleles of the Pomc locus, Wherein the deletion results in an 
absence of expression of Pomc peptides by the animal. 

[0044] Proopiomelanocortin (Pomc) peptides, including 
the melanocortins: adrenocorticotrophin (ACTH); ot-, [3- and 
y-melanocyte stimulating hormones (MSH); and the opioid 
receptor ligand [3-endorphin, have a diverse array of bio 
logical activities, including roles in pigmentation, adreno 
cortical function, regulation of energy stores, and the 
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immune, central nervous and peripheral circulation system 
(Smith, A. I. et al., Endocr Rev 9, 159-179 (1988); Konig, 
“Peptide and protein hormones: structure, regulation, activ 
ity, a reference manual” (Weinheim; NY 1993)). As used 
herein, reference to Pomc peptides is intended to refer 
generically to any one or more of the Pomc peptides encoded 
by the Pomc locus. If reference to a speci?c Pomc peptide, 
such as MSH, is intended, the name of the speci?c peptide 
Will be used. The nucleic acid and amino acid sequences for 
the naturally occurring Pomc peptides in a large variety of 
animals (i.e., human, mouse, rat, rabbit, bovine, ovine, 
macaque, amphibian, etc.) are knoWn in the art. Such 
sequences can be found, for example, in a protein or nucleic 
acid database such as GenBank. GenBank accession num 
bers for such Pomc peptide (i.e., amino acid) sequences 
include, but are not limited to: Accession Nos. NPi000930 
or CAA24754 (Homo sapiens); Accession No. P06297 
(rabbit); Accession No. P01194 (rat); Accession No. P01193 
(mouse); Accession No. P01191 (sheep); and, Accession No. 
P01190 (bovine). GenBank accession numbers for such 
Pomc nucleic acid sequences include, but are not limited to: 
Accession No. NMi000939 (Homo sapiens); Accession 
No. AH005319 (mouse); Accession Nos. J00016, J00019, 
J00021 (bovine); Accession No. S73519 (sWine); S57982 
(ovine); and Accession No. AH002232 (rat). Exons 1, 2 and 
3 for the mouse Pomc locus are identi?ed as GenBank 

Accession Nos. J00610, J00611 and J00612, respectively. 

[0045] As used herein, a non-human animal suitable for 
genetic modi?cation and use according to the present inven 
tion is any non-human animal for Which the Pomc locus can 
be manipulated, including non-human members of the Ver 
tebrate class, Mammalia, such as non-human primates and 
rodents. Preferably, such a non-human animal is a rodent, 
and more preferably, a mouse. Genetically modi?ed mice 
Which have either a reduction or an absence of Pomc peptide 
expression are described in detail in the Examples section 
(e.g., see Example 1). 

[0046] According to the present invention, a “genetically 
modi?ed” animal, such as any of the preferred non-human 
animals described herein, has a genome Which is modi?ed 
(i.e., mutated or changed) from its normal (i.e., Wild-type or 
naturally occurring) form such that the desired result is 
achieved (e.g., a reduction in the action of Pomc peptides). 
Genetic modi?cation of an animal is typically accomplished 
using molecular genetic and cellular techniques, including 
manipulation of embryonic cells and DNA (e.g., DNA 
comprising the Pomc locus). Such techniques are generally 
disclosed for mice, for example, in “Manipulating the 
Mouse Embryo” (Hogan et al., Cold Spring Harbor Labo 
ratory Press, 1994, incorporated herein by reference in its 
entirety). Additionally, techniques for genetic modi?cation 
of a mouse through molecular technology are described in 
detail in the Examples section. 

[0047] A genetically modi?ed non-human animal can 
include a non-human animal in Which nucleic acid mol 
ecules have been modi?ed (i.e., mutated; e.g., by insertion, 
deletion, substitution, and/or inversion of nucleotides), in 
such a manner that such modi?cations provide the desired 
effect Within the animal (i.e., reduction in Pomc peptide 
action). As used herein, genetic modi?cations Which result 
in a reduction in gene expression, in the function of the gene, 
or in the function of the gene product (i.e., the protein 
encoded by the gene) can be referred to as inactivation 
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(complete or partial), deletion, interruption, blockage or 
doWn-regulation of a gene. For example, a genetic modi? 
cation in a gene Which results in a decrease in the function 
of the protein encoded by such gene, can be the result of: a 
partial or complete deletion of the gene or of an exon Within 
the gene (i.e., the gene does not exist, and therefore the 
protein can not be produced); a mutation (e.g., a deletion, 
substitution, insertion and/or inversion) in the gene Which 
results in incomplete or no translation of the protein (e.g., a 
mutation Which causes a frame shift so that the correct 
protein is not expressed, a mutation in one or more exons of 
the gene so that the protein or at least a portion of the protein 
is not expressed, or a mutation in a regulatory region so that 
the protein is not expressed or has reduced expression); or a 
mutation in the gene Which decreases or abolishes the 
natural function of the protein (e.g., a protein is expressed 
Which has decreased or no biological activity or action). 

[0048] According to the present invention, a genetic modi 
?cation of a non-human animal results in a reduction (i.e., 
decrease, inhibition, doWn-regulation) of the action of Pomc 
peptides. Such a genetic modi?cation includes any type of 
modi?cation to a genome of the animal, particularly includ 
ing modi?cations made at the embryonic stage of develop 
ment of the animal (or in the ancestor of the animal). Such 
modi?cations are described above. According to the present 
invention, reference to reducing “the action” (or activity) of 
Pomc peptides refers to any genetic modi?cation in the 
non-human animal Which results in decreased functionality 
of one or more of the Pomc peptides, including: reduced 
biological activity of the peptides (e.g., reduced in vivo 
hormonal activity); inhibition or degradation of the peptides 
(i.e., the peptides are expressed, but are inhibited or 
degraded as a result of the genetic modi?cation); and 
reduced, or abolished, expression of the peptides (i.e., by 
complete or partial gene deletion, substitution, insertion, 
etc.). For example, the action of Pomc peptides can be 
decreased by blocking or reducing the production of the 
peptides, “knocking out” the gene or a portion of the gene 
encoding the peptides, reducing peptide activity, or inhibit 
ing the activity of the peptides. 

[0049] In one embodiment of the present invention, a 
non-human animal of the present invention is genetically 
modi?ed by modi?cation of a nucleic acid sequence Within 
one (i.e., heteroZygous) or both (i.e., homoZygous) alleles of 
the Pomc locus, Wherein such modi?cation can include, but 
is not limited to, a deletion, an insertion, a substitution 
and/or an inversion Within the one or more nucleotides in the 
Pomc locus. In one embodiment, the genetic modi?cation is 
in a nucleic acid sequence that includes exon 3 of the Pomc 
locus, such modi?cation resulting in a decrease in Pomc 
peptide action in the animal. In another embodiment, the 
genetic modi?cation is in a region of the Pomc locus other 
than exon 3, Whereby the modi?cation results in a decrease 
in Pomc peptide action in the animal. Such other regions 
include exon 1, exon 2 or a regulatory region of the Pomc 
locus. According to the present invention, a regulatory 
region of a gene includes any regulatory sequences that 
control the expression of nucleic acid molecules, including 
promoters, enhancers, transcription termination sequences, 
sequences that regulate translation, and origins of replica 
tion. 

[0050] In a preferred embodiment of the present invention, 
a non-human animal of the present invention is genetically 
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modi?ed by deletion of a nucleic acid sequence Within one 
or both alleles of the Pomc locus, Wherein the deletion 
results in a reduction or absence, respectively, of expression 
of Pomc peptides by the animal. An animal having a 
modi?cation in both alleles of the Pomc locus such that the 
modi?cation results in the absence of Pomc activity, can be 
referred to as a null mutant or POMC null mutant. In one 

embodiment, such a genetic modi?cation is a deletion of a 
nucleic acid sequence comprising exon 3 of Pomc. In 
another embodiment, the genetic modi?cation is a deletion 
of exon 3 of Pomc. In yet another embodiment, the genetic 
modi?cation is a deletion of a portion of exon 3 of Pomc 
suf?cient to reduce or prevent expression of Pomc peptides 
by at least one allele and more preferably, by both alleles, of 
the Pomc locus of the animal. 

[0051] In one embodiment of the present invention, the 
genetically modi?ed non-human animal is a mouse, also 
referred to herein as a POMC homoZygous mutant mouse or 

POMC null mutant mouse. In this embodiment, the genetic 
modi?cation is preferably a deletion from the genome of a 
nucleic acid sequence comprising SEQ ID NO:7, although 
any genetic modi?cation of the Pomc locus as described 
above is encompassed by the present invention. SEQ ID 
NO:7 represents exon 3 of the mouse (i.e., Mus musculus) 
Pomc locus and can be located in the GenBank database as 
GenBank Accession No. J00612. SEQ ID NO:7 encodes an 
amino acid sequence represented herein as SEQ ID NO:8. 
Preferably, the genetic modi?cation in the mouse is a 
deletion from the genome of exon 3 of Pomc (SEQ ID 
NO:7). 
[0052] The genetically modi?ed non-human animal of the 
present invention can be characteriZed by several pheno 
types Which result from the reduction or absence in Pomc 
peptide action in the animal. Such phenotypic characteristics 
include: obesity, a defect in adrenal development, and/or 
altered pigmentation. In addition, the present inventors have 
discovered that such a genetically modi?ed non-human 
animal has measurably increased serum leptin levels as 
compared to a Wild-type sibling of the animal. Other phe 
notypic characteristics associated With the genetic modi? 
cation include: an increased food uptake as compared to a 
Wild-type sibling of the animal and/or measurably reduced 
serum levels of a hormone selected from the group of 
corticosterone, aldosterone and epinephrine as compared to 
a Wild-type sibling of the animal. Most importantly in the 
present invention, phenotypic characteristics associated With 
the genetic modi?cation also include normal glucose and 
insulin levels over the life of the animal and an inhibited 
glucoregulatory response during an insulin tolerance test. 

[0053] As used herein, a Wild-type sibling, or Wild-type 
littermate, is an animal Which is born to the same or 
genetically identical parents as a genetically modi?ed ani 
mal described herein, and preferably, is born in the same 
litter as a genetically modi?ed animal described herein, but 
Which did not inherit a genetically modi?ed allele at the 
Pomc locus. Such an animal is essentially a normal animal 
and is useful as an age-matched control for the methods 
described herein. 

[0054] According to the present invention, a non-human 
animal can be genetically modi?ed by any method Which 
results in the desired effect (i.e., reduction in Pomc peptide 
action in the animal). Such methods are typically molecular 
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techniques, and include, but are not limited to, any deletion 
of at least a portion of the Pomc locus in the animal, any 
insertion of a non-Pomc sequence into at least a portion of 
the Pomc locus in the animal, or any substitution of at least 
a portion of the Pomc locus in the animal With any non 
Pomc sequence or mutated Pomc sequence, suf?cient to 
reduce Pomc peptide action in the animal. For eXample, a 
Pomc locus in the genome of an animal (or an embryonic 
cell) can be genetically modi?ed by inserting into at least 
one allele of the Pomc locus of the animal or cell an isolated 
nucleic acid molecule Which encodes at least a section of the 
Pomc gene. At least a portion of this isolated section of the 
Pomc gene is mutated (i.e., by deletion of the portion, 
substitution of the portion With another, non-Pomc 
sequence, or insertion of a non-Pomc sequence into the 
section of Pomc), such that When the isolated nucleic acid 
molecule is inserted into the endogenous Pomc locus of the 
animal or cell, the animal or cell Will have a reduction or 
elimination in the action of Pomc peptides as described 
above. As another eXample, in one embodiment of the 
invention, a genetically modi?ed mouse is produced by 
inserting into the genome of an embryonic stem (ES) cell an 
isolated nucleic acid molecule (e.g., a targeting vector) 
having an isolated nucleic acid sequence encoding the 
murine Pomc gene. In this isolated nucleic acid sequence, 
eXon 3 of the murine Pomc gene has been deleted and 
replaced With a non-Pomc nucleic acid sequence (e.g., a 
marker sequence, such as a neomycin cassette). The isolated 
nucleic acid molecule is preferably designed such that When 
the molecule is injected into embryonic stem (ES) cells, the 
isolated nucleic acid molecule Will integrate into the genome 
of the cells, preferably at the endogenous Pomc locus (i.e., 
targeted integration). 

[0055] Techniques for achieving targeted integration of an 
isolated nucleic acid molecule into a genome are Well knoWn 
in the art and are described, for eXample in “Manipulating 
the Mouse Embryo”, supra. For eXample, the isolated 
nucleic acid molecule can be engineered into a targeting 
vector Which is designed to integrate into a host genome. 
According to the present invention, a targeting vector is 
de?ned as a nucleic acid molecule Which has the folloWing 
three features: (1) genomic sequence from the target locus in 
the host genome to stimulate homologous recombination at 
that locus; (2) a desired genetic modi?cation Within the 
genomic sequence from the target locus suf?cient to obtain 
the desired phenotype; and (3) a selectable marker (e.g., an 
antibiotic resistance cassette, such as G418, neomycin, or 
hygromycin resistance cassettes). Such targeting vectors are 
Well knoWn in the art. FolloWing introduction of the isolated 
nucleic acid molecule of the targeting vector into the ES 
cells, ES cells Which homologously integrate the isolated 
nucleic acid molecule are injected into mouse blastocysts 
and chimeric mice are produced. These mice are then bred 
onto the desired mouse background to detect those Which 
transmit the mutated gene through the germ line. HeteroZy 
gous offspring of germline transmitting lines can then be 
mated to produce homoZygous progeny. 

[0056] Mice Which carry one or more mutated Pomc 
alleles can be identi?ed using any suitable method for 
evaluating DNA. For example, genotypes can be analyZed 
by PCR and con?rmed by Southern blot analysis as 
described (Sambrook et al., 1988, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Press, Cold Spring 
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Harbor Laboratory, Cold Spring Harbor, NY. or Current 
Protocols in Molecular Biology (1989) and supplements). 

[0057] According to the present invention, an isolated 
nucleic acid molecule suitable for use in the present inven 
tion (e.g., suitable for use in a targeting vector according to 
the invention) is typically produced using recombinant DNA 
technology (e.g., polymerase chain reaction (PCR) ampli? 
cation, cloning) or chemical synthesis. DNA comprising the 
desired nucleic acid sequence (e.g., the Pomc locus, modi 
?ed or unmodi?ed) may be created, for eXample, by using 
polymerase chain reaction (PCR) techniques or other clon 
ing techniques. The template can be a genomic or cDNA 
library isolated from central nervous system or pituitary 
tissue. Such methodologies are Well knoWn in the art (Sam 
brook et al., supra). 

[0058] Isolated nucleic acid molecules useful in the 
present invention can be modi?ed by nucleotide insertions, 
deletions, and substitutions (e.g., nucleic acid homologues) 
in a manner such that the modi?cations produce the desired 
effect (e.g., a deletion or substitution of a portion of a Pomc 
gene suf?cient to reduce POMC action in an animal When 
the nucleic acid molecule is integrated into the animal’s 
genome). An isolated nucleic acid molecule encoding Pomc 
peptides can include degeneracies. As used herein, nucle 
otide degeneracies refers to the phenomenon that one amino 
acid can be encoded by different nucleotide codons. Thus, 
the nucleic acid sequence of a nucleic acid molecule that 
encodes a Pomc peptide of the present invention can vary 
due to degeneracies. 

[0059] One embodiment of the present invention relates to 
a method to identify compounds, and particularly antago 
nists of MSH biological activity, for use in regulating insulin 
resistance in obesity and particularly, in non-insulin depen 
dent diabetes mellitus (NIDDM) or type II diabetes. Such a 
method includes screening a compound to be evaluated for 
its ability to decrease insulin resistance in a genetically 
modi?ed non-human animal of the present invention (i.e., a 
POMC null mutant) in Which insulin resistance has been 
induced. Compounds identi?ed by such a method may then 
be useful in a method to reduce insulin resistance in a 
patient, Which is another embodiment of the present inven 
tion. Such a method can be performed in vitro (e.g., by using 
cells, tissues or body ?uids of the genetically modi?ed 
animal) or in vivo (e.g., by administering regulatory com 
pounds to a genetically modi?ed animal of the present 
invention and evaluating the effects of such compounds in 
vivo). Regulatory compounds identi?ed by this method are 
useful for inhibiting insulin resistance in an animal that has 
insulin resistance (e.g., an obese animal or a type II diabetic 
animal), and may have additional bene?cial therapeutic 
effects on disorders and conditions related to excess body 
Weight in an animal. 

[0060] In one aspect, such a method includes the steps of: 
(a) harvesting cells, tissues or body ?uids from a genetically 
modi?ed non-human animal Which comprises a genetic 
modi?cation Within tWo (both) alleles of its Pomc locus, 
Wherein the genetic modi?cation results in an absence of 
Pomc peptide activity in the animal; and, (b) comparing the 
cells, tissues or body ?uids from the genetically modi?ed 
non-human animal to cells, tissues or body ?uids from a 
Wild-type sibling of the genetically modi?ed non-human 
animal in the presence and absence of a compound to be 
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evaluated for its ability to regulate insulin resistance, or after 
administration of a compound to be evaluated to the animal. 
The step of harvesting is performed using any of the Well 
known methods of harvesting cells, tissues and/or body 
?uids from an animal, and depend on the tissues to be 
studied and the status of the experiment to be performed. For 
example, cells can be harvested by biopsy, dissection, or 
lavage; tissues can be harvested by surgery, biopsy or 
dissection; and body ?uids can be harvested by WithdraWal, 
sWiping, or lavage. 

[0061] The step of comparing is performed by an assay 
that is suitable for the tissue to be evaluated and the goal of 
the experiment. For example, suitable assays Which might be 
performed on the cells, tissues, and/or body ?uids of a 
genetically modi?ed non-human animal of the present 
invention include, but are not limited to: morphological 
examination of the cells, tissues or body ?uids; histological 
examination of the cells, tissues or body ?uids; evaluation of 
Pomc peptide biological activity in the animal; evaluation of 
free fatty acid metabolism in the animal; evaluation of 
lipolysis and fatty acid sequestration in the animal; evalu 
ation of insulin, glucagon and glucose levels; evaluation of 
Weight gain or loss in the animal; evaluation of hormone 
levels in the animal; evaluation of blood biochemistry in the 
animal. A variety of such assays are Well knoWn in the art. 

[0062] In another aspect, the method of the present inven 
tion includes the steps of: (a) administering a compound 
having melanocortin stimulating hormone (MSH) biological 
activity to a genetically modi?ed non-human animal Which 
comprises a genetic modi?cation Within tWo (both) alleles of 
its Pomc locus, Wherein the genetic modi?cation results in 
an absence of Pomc peptide activity in the animal, and 
Wherein the administration of the compound induces insulin 
resistance in the animal in the absence of any other opposing 
factor; (b) administering a compound to be evaluated to the 
animal, either prior to, simultaneous With, or after admin 
istration of the compound having MSH biological activity of 
(a); and, (c) selecting compounds in (b) Which reduce insulin 
resistance in the animal, as compared to in the absence of the 
administration of the compound in 

[0063] One step of the method of the present invention 
includes the step of administering to the genetically modi 
?ed non-human animal that is a homoZygous Pomc mutant 
a compound that has melanocyte stimulating hormone 
(MSH) biological activity, Wherein administration of such a 
compound induces insulin resistance in said animal. Accord 
ing to the present invention, in general, the biological 
activity or biological action of a protein such as an MSH 
peptide or homologue or mimetic thereof refers to any 
function(s) exhibited or performed by the protein (or 
mimetic) that is ascribed to the naturally occurring form of 
the protein as measured or observed in vivo (i.e., in the 
natural physiological environment of the protein) or in vitro 
(i.e., under laboratory conditions). In particular, the biologi 
cal activity of MSH that is of interest herein includes the 
ability of MSH to induce insulin resistance in a POMC null 
mutant mouse. 

[0064] According to the present invention, “insulin resis 
tance”, Which can also be described as a reduction in insulin 
sensitivity, refers to a reduced sensitivity in the tissues of the 
body to the action of insulin, as compared to a previous, 
“predicted” or “normal” value for insulin action. More 
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speci?cally, insulin resistance is de?ned as an impaired 
biological response to either exogenous or endogenous 
insulin. When insulin resistance, or reduced insulin sensi 
tivity, exists, the body attempts to overcome this resistance 
by secreting more insulin from the pancreas. This compen 
satory state of hyperinsulinemia (high insulin levels in the 
blood) can be used as a marker for the existence of insulin 
resistance. The high insulin levels resulting from insulin 
resistance contribute to abnormalities in blood lipids, includ 
ing cholesterol and triglycerides. 

[0065] A variety of procedures have been developed to 
detect the presence of insulin resistance. Such procedures 
include, but are not limited to, measurement by the eugly 
cemic insulin clamp, measurement by the minimal model, 
and measurement of the fasting insulin level. Brie?y, in the 
euglycemic insulin clamp method, exogenous insulin is 
infused, so as to maintain a constant plasma insulin level 
above fasting, While glucose is ?xed at a basal level by 
infusing glucose at varying rates. This glucose infusion is 
delivered via an indWelling catheter at a rate based on 
plasma glucose measurements every 5 min. When the 
plasma glucose level falls beloW basal, the glucose infusion 
rate is increased to return plasma glucose to basal levels and 
vice versa. The total amount of glucose infused over time (M 
value) is an index of insulin action on glucose metabolism. 
The more glucose that has to be infused per unit time, then 
the more sensitive the patient is to insulin. Conversely, the 
insulin-resistant patient requires much less glucose to main 
tain basal plasma glucose levels. 

[0066] In the minimal model, glucose and insulin are 
sampled frequently from an indWelling catheter during an 
intravenous glucose tolerance test; the results are entered 
into a computer model, Which generates a value that is an 
index of insulin sensitivity (called Si). The acute insulin 
release (AIR) in response to glucose is also determined by 
the test. 

[0067] The measurement of fasting insulin level is typi 
cally performed in the overnight fasted condition. There is a 
signi?cant correlation betWeen fasting insulin levels and 
insulin action as measured by the clamp technique. More 
over, it is generally true that very high plasma insulin values 
in the setting of normal glucose levels are very likely to 
re?ect insulin resistance. 

[0068] Therefore, according to the present method, an 
increase in insulin resistance (e.g., a decrease in insulin 
sensitivity) or a decrease in insulin resistance (an increase in 
insulin sensitivity), refers to a change in the ability of an 
animal to respond to insulin as compared to a previous 
measure, to a general control measure that has been estab 
lished for that animal, or to a predicted “normal” measure 
that has been established for that animal. An increase or 
decrease in insulin resistance or sensitivity can be any 
detectable change in response to insulin as determined by 
any suitable method of measuring insulin sensitivity/resis 
tance. 

[0069] Preferably, compounds having MSH biological 
activity (e.g., MSH and MSH agonists) are any compound 
having one or more of the folloWing properties or identify 
ing characteristics: (1) an ability to bind to an MSH receptor; 
and, (2) an ability to stimulate lipolysis and/or to inhibit the 
uptake of fatty acids by adipocytes. Particularly preferred 
MSH compounds for use in step (a) of the present method 
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include homologues and mimetics of naturally occurring 
MSH peptides Which have substantially similar, or even 
more preferably, enhanced, properties or identifying char 
acteristics as compared to the naturally occurring (i.e., 
prototype) MSH (e.g., agonists). Such properties or identi 
fying characteristics can include: (1) enhanced ability to 
bind to a MSH peptide receptor; (2) enhanced serum half 
life (i.e., enhanced stability under physiological conditions); 
and/or (3) enhanced ability to stimulate lipolysis and/or to 
inhibit the uptake of fatty acids by adipocytes. 

[0070] In one embodiment, the compound having MSH 
biological activity can include any peptide that has an amino 
acid sequence Which includes the amino acid sequence 
represented herein by SEQ ID NO: 1 (EHFRW), or a 
homologue or mimetic thereof. In another embodiment, a 
preferred compound having MSH biological activity 
includes, but is not limited to, a melanocortin stimulating 
hormone peptide, fragments of such peptides, fusion pro 
teins comprising such peptides, and any MSH agonist, 
including homologues of MSH peptides, mimetics (peptide 
or non-peptide) of such peptides, and any pharmaceutical 
salts of such peptides. Preferred melanocyte stimulating 
hormones (MSH) include ot-MSH, [3-MSH and y-MSH, 
fragments of such peptides, homologues of such peptides, 
mimetics (peptide or non-peptide) of such peptides, fusion 
proteins comprising such peptides, and any pharmaceutical 
salts of such peptides. 

[0071] The amino acid sequence of human A-MSH is: 

[0072] Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp 
Gly-Lys-Pro-Val-NH2; 

[0073] and is represented herein by SEQ ID NO:2. It 
should be noted that since amino acid sequencing and 
nucleic acid sequencing technologies are not entirely error 
free, any sequences presented or referenced herein, at best, 
represent apparent sequences of MSH peptides, homo 
logues, peptide mimetics, and nucleic acid sequences encod 
ing such peptides, useful in the present invention. 

[0074] Another step of the method of the present inven 
tion, Which can be performed prior to, simultaneously With, 
or after the step of administering the compound having MSH 
biological activity, includes the step of administering to the 
genetically modi?ed non-human animal a regulatory com 
pound to be evaluated. According to the present invention, 
suitable compounds to be evaluated for regulatory activity in 
the present method preferably include compounds Which 
have an unknown regulatory activity or an undetermined 
level of regulator activity, at least With respect to the ability 
of such compounds to regulate insulin resistance. Particu 
larly preferred putative regulatory compounds to test in the 
method of the present invention include any antagonist of 
MSH biological activity, and can include a homologue of a 
MSH With MSH antagonist activity, a peptide or non-peptide 
mimetic of MSH With MSH antagonist activity, a fusion 
protein including an MSH antagonist peptide, or a recom 
binant nucleic acid molecule encoding such a peptide, 
fragment, homologue, peptide mimetic, or fusion protein 
thereof. A suitable regulatory compound can also include 
any compound, such as a small molecule or drug that has 
MSH antagonist activity (i.e., it need not necessarily be 
structurally similar to MSH). 

[0075] According to the present invention, the term “com 
pound” encompasses any of the folloWing compounds: a 
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peptide, a fragment of a knoWn peptide (including both 
biologically active and inactive fragments), a homologue of 
such a peptide, a mimetic (peptide or non-peptide) of such 
a peptide, a fusion protein comprising such a peptide, and 
any pharmaceutical salts of such a peptide, as Well as any 
small molecule or drug. In addition, peptides useful as 
regulatory compounds in the present invention may eXist, 
particularly When formulated, as dimers, trimers, tetramers, 
and other multimers. Such multimers are included Within the 
scope of the present invention. As used herein, the term 
“analog”, as used in connection With a Pomc peptide accord 
ing to the present invention, refers generically to any homo 
logue or mimetic (peptide or non-peptide) of a Pomc pep 
tide. Terms used herein in connection With Pomc genes and 
proteins (e.g., “compound”, “analog”, “homologue”, 
“mimetic”) can be similarly used With speci?c Pomc genes 
and proteins (e.g., an MSH peptide, an MSH compound, an 
MSH analog, etc.). Homologues and mimetics are described 
in detail beloW. Analogs can include both agonists and 
antagonists of the prototype Pomc peptide. 

[0076] As used herein, the phrase “MSH agonist ligand” 
or “MSH agonist” refers to any compound that interacts With 
an MSH receptor (i.e., a receptor that naturally binds to 
MSH, such as under physiological conditions) and that 
elicits an observable response. More particularly, an MSH 
agonist can include, but is not limited to, a protein, a peptide, 
a nucleic acid, an antibody or antigen-binding fragment 
thereof, a carbohydrate-based compound, a lipid-based com 
pound, a natural organic compound, a synthetically derived 
organic compound, or other compound (e.g., any product of 
drug design) that selectively binds to and activates or 
increases the activation of an MSH receptor; and most 
commonly includes a homologue or mimetic of MSH, 
including a synthetic MSH Which is characteriZed by its 
ability to agoniZe (e. g., stimulate, induce, increase, enhance) 
the biological activity of a naturally occurring MSH receptor 
in a manner similar to the natural agonist, MSH (e.g., by 
interaction/binding With and/or direct or indirect activation 
of an MSH receptor). The action of an agonist on one MSH 
receptor may have undesirable consequences in one tissue 
type and bene?cial consequences in another tissue type. 
HoWever, the term agonist is intended to refer to the ability 
of the ligand to act on an MSH receptor in a manner that is 
substantially similar to the action of the natural MSH ligand, 
MSH, on the MSH receptor. 

[0077] The phrase, “MSH antagonist ligand” or “MSH 
antagonist” refers to any compound Which inhibits the effect 
of an MSH agonist, as described above. More particularly, 
an MSH antagonist is capable of associating With an MSH 
receptor such that the biological activity of the receptor is 
decreased (e.g., reduced, inhibited, blocked, reversed, 
altered) in a manner that is antagonistic (e.g., against, a 
reversal of, contrary to) to the action of the natural agonist, 
MSH, on the receptor. An MSH antagonist can also act 
directly on an MSH agonist (e.g., MSH) to reduce or block 
the ability of MSH to bind to and activate its receptor, or to 
cause the elimination of MSH. Such a compound can 
include, but is not limited to, a protein, a peptide, a nucleic 
acid, an antibody or antigen-binding fragment thereof, a 
carbohydrate-based compound, a lipid-based compound, a 
natural organic compound, a synthetically derived organic 
compound, a soluble MSH receptor, or other compound 
(e.g., any product of drug design) that selectively binds to 
and blocks access to the receptor by a natural or synthetic 
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agonist ligand (e.g., by binding to either the receptor or a 
natural or synthetic agonist of the receptor) or reduces or 
inhibits the activity of an MSH receptor; or a product of drug 
design that blocks the receptor or alters the biological 
activity of the receptor. In general, the term antagonist is 
intended to refer to the ability of the ligand to act on an MSH 
receptor (or MSH) in a manner that is antagonistic to the 
action of the natural MSH ligand, MSH, or a synthetic MSH 
agonist or MSH homologue, on the MSH receptor. 

[0078] According to the present invention, agonists and 
antagonist ligands can include any regulatory ligand or 
compound that has the above-mentioned characteristics With 
regard to regulation of an MSH receptor (i.e., any MSH 
receptor including, but not limited to MCl-R, MCZ-R, 
MC3-R, MC4-R and MCS-R). An agonist can be strong or 
Weak With many levels in betWeen. An antagonist can also 
be strong or Weak. Some antagonists may have “mixed” 
agonist/antagonist properties. 

[0079] As used herein, the term “homologue” is used to 
refer to a peptide Which differs from a naturally occurring 
peptide (i.e., the “prototype”) by minor modi?cations to the 
naturally occurring peptide, but Which maintains the basic 
peptide and side chain structure of the naturally occurring 
form. Such changes include, but are not limited to: changes 
in one or a feW amino acid side chains; changes one or a feW 
amino acids, including deletions (e.g., a truncated version of 
the peptide) insertions and/or substitutions; changes in ste 
reochemistry of one or a feW atoms; and/or minor derivati 
Zations, including but not limited to: methylation, glycosy 
lation, phosphorylation, acetylation, myristoylation, 
prenylation, palmitation, amidation and/or addition of gly 
cosylphosphatidyl inositol. Preferably, a homologue has 
either enhanced or substantially similar properties compared 
to the naturally occurring peptide as discussed above (i.e., 
agonists), although peptides With properties that antagoniZe 
the activity of the natural peptide (i.e., antagonists) are also 
encompassed by certain embodiments of the present inven 
tion. 

[0080] Homologues of Pomc peptides (e.g., homologues 
of MSH) can be the result of natural allelic variation or 
natural mutation. A naturally occurring allelic variant of a 
nucleic acid encoding Pomc peptide (or a protein comprising 
an Pomc peptide) is a gene that occurs at essentially the 
same locus (or loci) in the genome as the gene Which 
encodes such Pomc peptide, but Which, due to natural 
variations caused by, for eXample, mutation or recombina 
tion, has a similar but not identical sequence. Allelic variants 
typically encode proteins having similar activity to that of 
the protein encoded by the gene to Which they are being 
compared. One class of allelic variants can encode the same 
protein but have different nucleic acid sequences due to the 
degeneracy of the genetic code. Allelic variants can also 
comprise alterations in the 5‘ or 3‘ untranslated regions of the 
gene (e. g., in regulatory control regions). Allelic variants are 
Well knoWn to those skilled in the art. 

[0081] Homologues can be produced using techniques 
knoWn in the art for the production of proteins including, but 
not limited to, direct modi?cations to the isolated, naturally 
occurring protein, direct protein synthesis, or modi?cations 
to the nucleic acid sequence encoding the protein using, for 
eXample, classic or recombinant DNA techniques to effect 
random or targeted mutagenesis. 
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[0082] A mimetic refers to any peptide or non-peptide 
compound that is able to mimic the biological action of a 
naturally occurring peptide, often because the mimetic has a 
basic structure that mimics the basic structure of the natu 
rally occurring peptide and/or has the salient biological 
properties of the naturally occurring peptide. Mimetics can 
include, but are not limited to: peptides that have substantial 
modi?cations from the prototype such as no side chain 
similarity With the naturally occurring peptide (such modi 
?cations, for eXample, may decrease its susceptibility to 
degradation); anti-idiotypic and/or catalytic antibodies, or 
fragments thereof; non-proteinaceous portions of an isolated 
protein (e.g., carbohydrate structures); or synthetic or natu 
ral organic molecules, including nucleic acids and drugs 
identi?ed through combinatorial chemistry, for eXample. 
Such mimetics can be designed, selected and/or otherWise 
identi?ed using a variety of methods knoWn in the art. 
Various methods of drug design, useful to design mimetics 
or other therapeutic compounds useful in the present inven 
tion are disclosed in Maulik et al., 1997, Molecular Bio 
technology: Therapeutic Applications and Strategies, 
Wiley-Liss, Inc., Which is incorporated herein by reference 
in its entirety. 

[0083] A POMC mimetic (e.g., an MSH mimetic) can be 
obtained, for eXample, from molecular diversity strategies (a 
combination of related strategies alloWing the rapid con 
struction of large, chemically diverse molecule libraries), 
libraries of natural or synthetic compounds, in particular 
from chemical or combinatorial libraries (i.e., libraries of 
compounds that differ in sequence or siZe but that have the 
similar building blocks) or by rational, directed or random 
drug design. See for eXample, Maulik et al., supra. 

[0084] In a molecular diversity strategy, large compound 
libraries are synthesiZed, for example, from peptides, oligo 
nucleotides, carbohydrates and/or synthetic organic mol 
ecules, using biological, enZymatic and/or chemical 
approaches. The critical parameters in developing a molecu 
lar diversity strategy include subunit diversity, molecular 
siZe, and library diversity. The general goal of screening 
such libraries is to utiliZe sequential application of combi 
natorial selection to obtain high-af?nity ligands for a desired 
target, and then to optimiZe the lead molecules by either 
random or directed design strategies. Methods of molecular 
diversity are described in detail in Maulik, et al., ibid. 

[0085] Maulik et al. also disclose, for example, methods of 
directed design, in Which the user directs the process of 
creating novel molecules from a fragment library of appro 
priately selected fragments; random design, in Which the 
user uses a genetic or other algorithm to randomly mutate 
fragments and their combinations While simultaneously 
applying a selection criterion to evaluate the ?tness of 
candidate ligands; and a grid-based approach in Which the 
user calculates the interaction energy betWeen three dimen 
sional receptor structures and small fragment probes, fol 
loWed by linking together of favorable probe sites. 

[0086] Preferred POMC analogs (homologues or mimet 
ics) for use or evaluation in the method of the present 
invention include POMC analogs (agonists or antagonists) 
of the melanocortins. Particularly preferred POMC analogs 
for evaluation in the method of the present invention include 
analogs of MSH proteins (peptides). Numerous analogs 
(homologues and mimetics) of Pomc peptides, and particu 






























