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7) ABSTRACT

Methods and pharmaceutical compositions useful for modu-
lating lipoprotein levels in vivo. The invention stems from
the discovery that activity of the Lipolysis Stimulated
Receptor (LSR) can be inhibited or enhanced by exogenous
agents, including polypeptides.
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LIPOPROTEIN-REGULATING MEDICANTS

FIELD OF THE INVENTION

[0001] The present invention relates to medicaments that
are useful for modulating lipoprotein levels in vivo. More
particularly, the invention relates to medicaments that
modify the activity of the Lipolysis Stimulated Receptor
(LSR) and that can be used to influence the partitioning of
dietary lipids between the liver and peripheral tissues,
including adipose tissue.

BACKGROUND OF THE INVENTION

[0002] Obesity is a public health problem which is both
serious and widespread. One third of the population in
industrialized countries has an excess weight of at least 20%
relative to the ideal weight. The phenomenon continues to
worsen, particularly in regions of the globe where econo-
mies are modernizing. In the United States, the number of
obese people has escalated from 25% at the end of the 70s
to 33% at the beginning of the 90s.

[0003] Obesity considerably increases the risk of devel-
oping cardiovascular or metabolic diseases. It is estimated
that if the entire population had an ideal weight, the risk of
coronary insufficiency would decrease by 25% and that of
cardiac insufficiency and of cerebral vascular accidents by
35%. Coronary insufficiency, atheromatous disease and car-
diac insufficiency are at the forefront of the cardiovascular
complications induced by obesity. For an excess weight
greater than 30%, the incidence of coronary diseases is
doubled in subjects under 50 years. Studies carried out for
other diseases are equally eloquent. For an excess weight of
20%, the risk of high blood pressure is doubled. For an
excess weight of 30%, the risk of developing a non-insulin-
dependent diabetes is tripled. That of hyperlipidemias is
multiplied six fold.

[0004] The list of diseases having onsets promoted by
obesity is long: hyperuricemia (11.4% in obese subjects,
against 3.4% in the gencral population), digestive patholo-
gies, abnormalities in hepatic functions, and even certain
cancers.

[0005] Whether the physiological changes in obesity are
characterized by an increase in the number of adipose cells,
or by an increase in the quantity of triglycerides stored in
each adipose cell, or by both, this excess weight results
mainly from an imbalance between the quantities of calories
consumed and those of the calories used by the body. Studies
on the causes of this imbalance have been in several direc-
tions. Some have focused on studying the mechanism of
absorption of foods, and therefore the molecules which
control food intake and the feeling of satiety. Other studies
have characterized the pathways through which the body
uses its calories.

[0006] The treatments for obesity which have been pro-
posed are of four types. Food restriction is the most fre-
quently used. The obese individuals are advised to change
their dietary habits so as to consume fewer calories. This
type of treatment is effective in the short-term. However, the
recidivation rate is very high. The increase in calorie use
through physical exercise is also proposed. This treatment is
ineffective when applied alone, but it improves, however,
weight-loss in subjects on a low-calorie diet. Gastrointesti-
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nal surgery, which reduces the absorption of the calories
ingested, is effective but has been virtually abandoned
because of the side effects which it causes. The medicinal
approach uses either the anorexigenic action of molecules
involved at the level of the central nervous system, or the
effect of molecules which increase energy use by increasing
the production of heat. The prototypes of this type of
molecule are the thyroid hormones which uncouple oxida-
tive phosphorylations of the mitochondrial respiratory chain.
The side effects and the toxicity of this type of treatment
make their use dangerous. An approach which aims to
reduce the absorption of dietary lipids by sequestering them
in the lumen of the digestive tube is also in place. However,
it induces physiological imbalances which are difficult to
tolerate: deficiency in the absorption of fat-soluble vitamins,
flatulence and steatorrhoea. Whatever the envisaged thera-
peutic approach, the treatments of obesity are all character-
ized by an extremely high recidivation rate.

[0007] The molecular mechanisms responsible for obesity
in man are complex and involve genetic and environmental
factors. Because of the low efficiency of the treatments
known up until now, it is urgent to define the genetic
mechanisms which determine obesity, so as to be able to
develop better targeted medicaments.

[0008] More than 20 genes have been studied as possible
candidates, either because they have been implicated in
diseases of which obesity is one of the clinical manifesta-
tions, or because they are homologues of genes involved in
obesity in animal models. Situated in the 7g31 chromosomal
region, the OB gene is one of the most widely studied. Its
product, leptin, is involved in the mechanisms of satiety.
Leptin is a plasma protein of 16 kDa produced by the
adipocytes under the action of various stimuli. Obese mice
of the ob/ob type exhibit a deficiency in the leptin gene; this
protein is undetectable in the plasma of these animals. The
administration of leptin obtained by genetic engineering to
ob/ob mice corrects their relative hyperphagia and allows
normalization of their weight. This anorexigenic effect of
leptin calls into play a receptor of the central nervous
system: the ob receptor which belongs to the family of class
1 cytokine receptors. The ob receptor is deficient in obese
mice of the db/db strain. The administration of leptin to these
mice has no effect on their food intake and does not allow
substantial reduction in their weight. The mechanisms by
which the ob receptors transmit the signal for satiety are not
precisely known. It is possible that neuropeptide Y is
involved in this signalling pathway. It is important to specify
at this stage that the ob receptors are not the only regulators
of appetite. The Melanocortin 4 receptor is also involved
since mice made deficient in this receptor are obese (Gura,
Science 275: 751 (1997)).

[0009] The discovery of leptin and the characterization of
the leptin receptor at the level of the central nervous system
have opened a new route for the search for medicaments
against obesity. This model, however, rapidly proved disap-
pointing. Indeed, with only one exception (Montague et al.,
Nature 387:903 (1997)), the genes encoding leptin or its ob
receptor have proved to be normal in obese human subjects.
Furthermore and paradoxically, the plasma concentrations of
leptin, the satiety hormone, are abnormally high in most
obese human subjects.

[0010] Clearly there remains a need for novel medica-
ments that are useful for reducing body weight in humans.
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Such a pharmaceutical composition advantageously would
help to control obesity and thereby alleviate many of the
cardiovascular consequences associated with this condition.

SUMMARY OF THE INVENTION

[0011] One aspect of the present invention relates to an
agent which influences the partitioning of dietary lipids
between the liver and peripheral tissues for use as a medi-
cament. In one embodiment, this agent can be used for
treating a condition in which it is desirable to increase the
partitioning of dietary lipids to the liver, reducing food
intake in obese individuals, reducing the levels of free fatty
acids in obese individuals, decreasing the body weight of
obese individuals, or treating an obesity related condition
selected from the group consisting of obesity-related ath-
erosclerosis, obesity-related insulin resistance, obesity-re-
lated hypertension, microangiopathic lesions resulting from
obesity-related Type II diabetes, ocular lesions caused by
microangiopathy in obese individuals with Type II diabetes,
and renal lesions caused by microangiopathy in obese indi-
viduals with Type II diabetes. According to another embodi-
ment of the invention, the agent which influences the par-
titioning of dietary lipids between the liver and peripheral
tissues is any one of: AdipoQ analogues, AdipoQ homologs,
AdipoQ derivatives or fragments of any of the preceding
agents. In yet another embodiment the agent includes an
LSR antagonist or an LSR agonist.

[0012] Another aspect of the invention relates to a
polypeptide that includes a consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID
NO:2 for use as a medicament.

[0013] Yet another aspect of the invention relates to a
polypeptide comprising an amino acid sequence which
alternatively may have at least 25% homology to one of the
sequences of SEQ ID NOs.: 7-14, at least 50% homology to
one of the sequences of SEQ ID NOs.:7-14 or at least 80%
homology to one of the sequences of SEQ ID NOs:7-14 for
use as a medicament.

[0014] Still yet another aspect of the invention relates to a
Clq polypeptide, derivative, homologue or a fragment of
any of the preceding compounds for use as a medicament.

[0015] A further aspect of the invention relates to an
AdipoQ polypeptide or a derivative or homologue thereof or
a fragment thereof for use as a medicament.

[0016] Another aspect of the invention relates to an ApM1
polypeptide or a derivative or homologue thereof or a
fragment thereof for use as a medicament.

[0017] Still another aspect of the invention relates to the
use of a compound that influences the partitioning of dietary
lipids between the liver and peripheral tissues in the manu-
facture of a medicament for treating a condition in which the
partitioning of dietary lipids to the liver is abnormal or
higher than is desirable. In one embodiment, this medica-
ment can be used for reducing food intake in obese indi-
viduals, reducing the levels of free fatty acids in obese
individuals, decreasing the body weight of obese individu-
als, or treating an obesity related condition selected from the
group consisting of obesity-related atherosclerosis, obesity-
related insulin resistance, obesity-related hypertension,
microangiopathic lesions resulting from obesity-related
Type II diabetes, ocular lesions caused by microangiopathy
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in obese individuals with Type II diabetes, and renal lesions
caused by microangiopathy in obese individuals with Type
II diabetes. According to a different embodiment, the com-
pound is one that is selected is any of: AdipoQ analogues,
AdipoQ homologs, AdipoQ derivatives, and fragments of
any of the preceding agents. According to yet a different
embodiment the compound is an agonist or antagonist of the
Lipolysis Stimulated Receptor. According to still another
embodiment the compound can be any polypeptide com-
prising an amino acid sequence having at least 25% homol-
ogy to one of the sequences of SEQ ID NOs.:7-14, at least
50% homology to one of the sequences of SEQ ID NOs.:7-
14 or at least 80% homology to one of the sequences of SEQ
ID NOs:7-14 According to a different embodiment, the
compound is a polypeptide that specifically binds a y subunit
of the Lipolysis Stimulated Receptor or a gClg-R or a
¢Cl1q-R homologue, but the compound is not a subunit of
the Lipolysis Stimulated Receptor. In this instance, the
compound includes a polypeptide that can be Clg, AdipoQ,
ApM1, Acrp 30, cerebellin or multimerin, or fragments of
any of these polypeptides. In another embodiment, the
compound that influences the partitioning of dietary lipids
between the liver and peripheral tissues can be a polypeptide
having binding specificity for a y subunit of the Lipolysis
Stimulated Receptor or a gCl1g-R or a gC1g-R homologue
for the treatment of obesity. In this instance, the polypeptide
is not a subunit of the Lipolysis Stimulated Receptor.
According to another embodiment, the polypeptide can have
about 25% homology to an ApMI1 protein, about 50%
homology to an ApM1 protein or about 80% homology to an
ApMI protein. More particularly, the polypeptide can be any
of Clq, AdipoQ, ApM1, Acrp 30, cerebellin or multimerin,
or fragments of any of these polypeptides. Additionally, the
polypeptide can be a human polypeptide, and can be the
ApMI1 polypeptide or a fragment of the ApM1 polypeptide.

[0018] Another aspect of the invention relates to a
polypeptide that specifically binds the gC1g-R protein for
use in the treatment of obesity, wherein the polypeptide is
not a subunit of the Lipolysis Stimulated Receptor. In one
embodiment, the polypeptide can be any of Cl1q, AdipoQ,
ApM1, Acrp 30, cerebellin or multimerin.

[0019] A still further aspect of the invention relates to a
composition for modulating activity of the Lipolysis Stimu-
lated Receptor. This composition includes a compound
having binding specificity for the gClg-R protein, but the
compound cannot be a subunit of the Lipolysis Stimulated
Receptor. The invented composition also includes a phar-
maceutically acceptable carrier.

[0020] Another aspect of the invention relates to a com-
position for modulating activity of the Lipolysis Stimulated
Receptor. This composition includes: (1) a polypeptide
comprising an amino acid sequence at least 25% homolo-
gous to a sequence selected from the group consisting of any
one of SEQ ID NOs 7-14, and a pharmaceutically acceptable
carrier.

[0021] Still another aspect of the invention relates to a
composition for modulating the activity of the Lipolysis
Stimulated Receptor and includes: (1) a polypeptide that
includes a consensus sequence that is either SEA ID NO:1
or SEQ ID NO:2, and a pharmaceutically acceptable carrier.

[0022] Another aspect of the invention relates to a method
of reducing plasma lipoprotein levels in an animal. This
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method includes the steps of: first identifying an animal
having a measurable plasma lipoprotein level, then admin-
istering to the animal a composition that includes a phar-
maceutically acceptable carrier and a polypeptide that is at
least 25% homologous to an ApM1 protein and finally
allowing passage of a period of time to permit reduction in
the measurable plasma lipoprotein level. In a particular case
the animal is a mammal. In a particular embodiment the
composition may be administered by injection, for example
by injecting intravenously. Alternatively, the composition
may be administered by surgically implanting an infusion
device that slowly releases the composition.

[0023] Another aspect of the invention relates to a method
of identifying candidate pharmaceutical agents for reducing
plasma triglyceride levels in an animal. This method
involves first identifying a compound that includes a con-
sensus sequence that may be either SEQ ID NO:1 or SEQ ID
NO:2, obtaining a test animal having an initial level of
plasma triglycerides, administering the compound to the test
animal, waiting for a period of time, measuring a post-
treatment level of plasma triglycerides in a blood sample
obtained from the test animal and thereafter identifying as
candidate pharmaceutical agents any compound that results
in a post-treatment level of plasma triglycerides that is lower
than the initial level. In one embodiment the test animal is
a mammal and the method may involve feeding a high-fat
meal to this mammal. The high-fat meal can include about
60% fat, about 20% protein, and about 20% carbohydrate.
The fat component may include about 37% saturated fatty
acids, about 36% polyunsaturated fatty acids and about 36%
polyunsaturated fatty acids.

[0024] Still another aspect of the invention relates to a
method for treating an animal having a condition in which
it is desirable to increase the partitioning of dietary lipids to
the liver. This method includes the step of administering an
LSR agonist to the animal having the condition.

[0025] Still yet another aspect of the invention relates to a
method for treating an animal having a condition in which
it is desirable to decrease the partitioning of dietary lipids to
the liver. This method includes the step of administering an
LSR antagonist to the animal having the condition.

[0026] In another apsect, the invention comprises an agent
which increases the activity of a compound which increases
the partitioning of dietary lipids to the liver for use as a
pharmaceutical. In one embodiment of this aspect, the agent
is for use in reducing food intake in obese individuals,
reducing the levels of free fatty acids in obese individuals,
decreasing the body weight of obese individuals, or treating
an obesity related condition selected from the group con-
sisting of atherosclerosis (whether obesity-related or not),
obesity-related insulin resistance, obesity-related hyperten-
sion, microangiopathic lesions resulting from obesity-re-
lated Type IT diabetes, ocular lesions caused by microangi-
opathy in obese subjects with Type II diabetes, and renal
lesions caused by microangiopathy in obese subjects with
Type II diabetes. In another embodiment of this aspect, the
agent increases the activity of adipoQ, ApM1, a compound
analogous to adipoQ or ApM1, or the LSR receptor. In a
further embodiment of this aspect, the agent is selected from
the group consisting of derivatives of adipoQ, ApM1, Clq,
derivatives of a compound analogous to any of the preceding
compounds wherein the derivatives exhibit greater activity
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than the corresponding wild type protein and antibodies
capable of specifically binding the y subunit, the Clg
receptor (gC1g-R) or a protein related thereto. In yet another
embodiment of this apsect the agent is selected from the
group consisting of derivatives of compounds comprising at
least one of the sequences of SEQ ID NOs.: 1 and 2,
derivatives of compounds comprising an amino acid
sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
derivatives of compounds comprising an amino acid
sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
and derivatives of compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
wherein the derivatives exhibit greater activity than the
corresponding wild type protein. In still a further embodi-
ment of this aspect, the agent comprises a nucleic acid
encoding a polypeptide or protein which influences the
partitioning of dietary lipids between the liver and peripheral
tissues for use as a medicament. In another embodiment of
this aspect, the nucleic acid encodes a protein or polypeptide
selected from the group consisting of adipoQ, ApM1, Clq,
polypeptides analogous to ApM, polypeptides having at
least one of the consensus sequences of SEQ ID NO: 1 and
SEQ ID NO: 2, analogs of any of the preceding polypep-
tides, homologs of any of the preceding polypeptides,
derivatives of any of the preceding polypeptides, and frag-
ments of any of the preceding polypeptides. In still another
embodiment of this aspect, the nucleic acid encodes a
polypeptide selected from the group consisting of polypep-
tides comprising an amino acid sequence having at least
25% homology to one of the sequences of SEQ ID NOs.:
7-14, polypeptides comprising an amino acid sequence
having at least 50% homology to one of the sequences of
SEQ ID NOs.: 7-14, and polypeptides comprising an amino
acid sequence having at least 80% homology to one of the
sequences of SEQ ID NOs: 7-14. In a further embodiment
of this aspect, the agent is selected from the group consisting
of small molecules and drugs. In yet another embodiment of
this aspect, the agent is for administration to an individual
having a below normal level of activity of adipoQ, ApM1,
or an analoguous protein.

[0027] Another aspect of the present invention is an agent
which decreases the activity of a compound which increases
the partitioning of dietary lipids to the liver for use as a
pharmaceutical. In one embodiment of this aspect, the agent
is for use in treating cachexia in subjects with neoplastic or
para-neoplastic syndrome or eating disorders. In another
embodiment of this aspect, the agent decreases the activity
of adipoQ, ApMl1, a compound analogous to adipoQ or
ApML, or the LSR receptor. In a further embodiment of this
aspect, the agent is an antibody which binds a compound
selected from the group consisting of adipoQ, ApM1, Clq,
a protein analogous to any of the preceding proteins, a
derivative of adipoQ, Clqa, Clgb, Clqc, mul, cer, ApM1, or
acrp which inhibits the activity of wild type adipoQ or wild
type ApM1, fragments of any of the preceding polypeptides,
the y subunit, the C1q receptor (gC1g-R) or a protein related
thereto. In yet another embodiment of this aspect, the agent
is an antibody which binds a polypeptide selected from the
group consisting of polypeptides comprising at least one of
the sequences of SEQ ID NOs.: 1 and 2, polypeptides
comprising an amino acid sequence having at least 25%
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homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14, polypeptides comprising an amino
acid sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
and polypeptides comprising an amino acid sequence having
at least 80% homology to a sequence selected from the
group consisting of SEQ ID MOs. 7-14. In a further embodi-
ment of this aspect, the agent is selected from the group
consisting of antisense nucleic acids to the adipoQ gene, the
ApMI1 gene or a portion thereof and nucleic acids capable of
forming a triple helix with a portion of the adipoQ gene or
the ApM1 gene. In yet another embodiment of this aspect,
the agent is selected from the group consisting of antisense
nucleic acids to a gene encoding a polypeptide comprising
at least one of the sequences of SEQ ID NOs.: 1 and 2, a
gene encoding a polypeptide comprising an amino acid
sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14, a
gene encoding a polypeptide comprising an amino acid
sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
and a gene encoding a polypeptide comprising an amino
acid sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14. In
a further embodiment of this aspect, the agent is selected
from the group consisting of small molecules and drugs. In
a further embodiment of this aspect, the agent is for admin-
istration to an individual having a level of adipoQ or ApM1
activity which is above normal.

[0028] Another aspect of the present invention is a method
for determining whether an obese individual is at risk of
suffering from a condition selected from the group consist-
ing of a condition associated with a lower than desirable
level of partioning of dietary lipids to the liver, obesity-
related atherosclerosis, obesity-related insulin resistance,
obesity-related hypertension, microangiopathic lesions
resulting from obesity-related Type II diabetes, ocular
lesions caused by microangiopathy in obese subjects with
Type II diabetes, and renal lesions caused by microangiopa-
thy in obese subjects with Type II diabetes, comprising the
step of determining whether the individual has a lower than
normal level of adipoQ activity, ApM1 activity, or activity of
a compound analogous thereto.

[0029] Another aspect of the present invention is a method
for increasing the partitioning of dietary lipids to the liver
comprising administering an agent which increases the
activity of a compound selected from the group consisting of
adipoQ, ApM1, Clqg, compounds analogous to Clq, com-
pounds comprising at least one sequence selected from the
group consisting of SEQ ID NO:1 and SEQ ID NO:2,
compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14 to
an individual. In one embodiment of this aspect, the indi-
vidual suffers suffers from a condition selected from the
group consisting of obesity, obesity-related atherosclerosis,
obesity-related insulin resistance, obesity-related hyperten-
sion, microangiopathic lesions resulting from obesity-re-
lated Type II diabetes, ocular lesions caused by microangi-
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opathy in obese subjects with Type II diabetes, and renal
lesions caused by microangiopathy in obese subjects with
Type II diabetes. In another embodiment of this aspect, the
agent is selected from the group consisting of a derivative of
adipoQ, ApM1 or an analogous compound which exhibits
greater activity than the corresponding wild type protein,
nucleic acids encoding adipoQ, ApM1, or an analogous
compound, fragments of any of the preceding compounds,
and nucleic acids encoding a derivative of adipoQ, ApM1, or
an analogous compound having greater activity than the
corresponding wild type protein, and fragments of any of the
preceding compounds. In a further aspect of this embodi-
ment, the agent is administered if it is determined that the
level of ApM1, or an analogous protein in the individual is
below normal.

[0030] Another aspect of the present invention is a method
for decreasing the partitioning of dietary lipids to the liver
comprising administering an agent which decreases the
activity of a compound selected from the group consisting of
adipoQ, ApM1, Clqg, compounds analogous to Clq, com-
pounds comprising at least one sequence selected from the
group consisting of SEQ ID NO:1 and SEQ ID NO:2,
compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14 to
an individual. In one embodiment of this aspect, the indi-
vidual suffers from a condition selected from the group
consisting of cachexia in subjects with neoplastic or para-
neoplastic syndrome or eating disorders. In another embodi-
ment of this aspect, the agent is selected from the group
consisting of an antibody which binds adipoQ, ApM1, Clg
or an analogous protein, a derivative of adipoQ, C1qa, Clgb,
Clqc, mul, cer, ApM1, or acrp which inhibits the activity of
wild type adipoQ or wild type ApM1, a fragment of the
derivative, antisense nucleic acids to the adipoQ gene, the
ApMI gene or a portion thereof, nucleic acids capable of
forming a triple helix with a portion of the adipoQ gene or
the ApM1 gene, and antibodies capable of binding the v
subunit, the Clq receptor (gC1q-R) or a protein related
thereto. In still another embodiment of this aspect, the agent
is administered if it is determined that the level of adipoq,
ApM1, or an analogous protein in the individual is above
normal.

[0031] Another aspect of the present invention is a method
of identifying a candidate compound for regulating the
partitioning of dietary lipids between the liver and the
adipose tissue comprising the steps of contacting the vy
subunit, the C1q receptor (gC1g-R) a protein related thereto,
or a fragment thereof with one or more molecules to be
tested for binding activity under conditions which permit
specific binding of the molecule to the y subunit, Clg
receptor (gClg-R), protein related thereto, or fragment
thereof and determining whether the one or more molecules
bind to the y subunit, C1q receptor (gC1g-R), protein related
thereto, or fragment thereof. In one embodiment of this
aspect, the contacting step is performed using a cell express-
ing the y subunit, Clq receptor (gC1q-R), protein related
thereto, or fragment thereof. In another embodiment of this
aspect, the y subunit, C1q receptor (gC1q-R), protein related
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thereto, or fragment thereof is immobilized on a support. In
yet another embodiment of this aspect, the method further
comprises contacting the y subunit, Clq receptor (gC1g-R),
protein related thereto, or fragment thereof with a known
ligand and determining the ability of the one or more
molecules to be tested for binding activity to compete with
the known ligand for binding to the y subunit, Clq receptor
(gC1g-R), protein related thereto, or fragment thereof. In a
further embodiment of this aspect, the molecule to be tested
for binding to the y subunit, C1q receptor (gC1g-R), protein
related thereto, or fragment thereof is selected from the
group consisting of polypeptides, peptides, derivatives or
analogs thereof, drugs, and small molecules.

[0032] Another aspect of the invention relates to a method
of identifying candidate pharmaceutical agents for reducing
plasma triglyceride levels in an animal. This method
involves first administering a compound to a test, and
measuring a post-treatment level of plasma triglycerides in
a blood sample obtained from the test animal. In one
embodiment the test animal is a mammal and the method
may involve feeding a high-fat meal to this mammal. The
high-fat meal can include about 60% fat, about 20% protein,
and about 20% carbohydrate. The fat component may
include about 37% saturated fatty acids, about 36% poly-
unsaturated fatty acids and about 36% polyunsaturated fatty
acids.

BRIEF DESCRIPTION OF THE DRAWING

[0033] FIG. 1is aline graph showing the inhibitory effect
of antibodies directed against synthetic peptides represent-
ing the amino-terminal and carboxy-terminal regions of the
gClg-R protein. Oleate-induced binding of ***I-LDL to rat
hepatocyte plasma membranes was measured in the pres-
ence of increasing concentrations of antibodies directed
against an amino-terminal peptide of gClg-R (M); antibod-
ies directed against a carboxy-terminal peptide of gClg-R
(o) or a negative control antibody ().

[0034] FIGS. 2A-2C show line graphs representing dif-
ferent aspects of LSR activity. The graphs show results for
(A) binding, (B) internalization, and (C) degradation of
labeled LDL, a model lipoprotein, in the presence and
absence of oleate at increasing concentrations of Clq. Val-
ues on the vertical axis are presented in ng of *>*I-LDL per
mg of cellular protein that was bound, internalized and
degraded per dish in the presence (M) or in the absence ([J)
of oleate.

[0035] FIG. 3 shows an alignment of several proteins that
are analogous to Clq. The globular domains of proteins
belonging to the C1q complement family were aligned using
clustalW. The various aligned sequences are:

[0036] Clga-117: protein sequence of complement
Clq A (reference Swiss Prot: P02745), from the
amino acid at position 117 (SEQ ID NO:7)

[0037] Clgb-122: protein sequence of complement
Clq B (reference Swiss Prot: P02746), from the
amino acid at position 122 (SEQ ID NO:8)

[0038] Clgc-121: protein sequence of complement
Clq C (reference Swiss Prot: P02747), from the
amino acid at position 121 (SEQ ID NO:9)

[0039] mul-1160: protein sequence translated from
the nucleic sequence for multimerin (GenBank,
Accession: U27109) from amino acid 1160 (SEQ ID
NO:14)
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[0040] cer-64: protein sequence translated from the
nucleic sequence for cerebellin (GenBank, Acces-
sion: M58583) from amino acid 64 (SEQ ID NO:10)

[0041] apml-115: protein sequence translated from
the nucleic sequence for ApM1 (GenBank, Acces-
sion: D45371) from amino acid 115 (SEQ ID NO:11)

[0042] adQ-118: protein sequence translated from the
nucleic sequence for AdipoQ (Genbank, Accession:
U49915) from amino acid 118 (SEQ ID NO:12)

[0043] acrp-118: protein sequence translated from
nucleic sequence for acrp30 (GenBank, Accession:
U37222) from amino acid 118 (SEQ ID NO:13).

[0044] Boxed sequences show the two portions of align-
ment corresponding to the Clq signature, the first corre-
sponding to the consensus deposited in the Prosite data base
(#PDDCO00857): F-x(5)-[N/D]-x(4)-[F/Y/W/L]-x(6)-F-x(5)-
Gx-Y-x-F-x-[F/Y] (SEE ID NO:1), the second at the
COOH-end of the proteins is: [S/T]-x-F{S/T]-G{F/Y]-L-
[L/VI{F/Y] (SEQ ID NO:2). In these sequences, the square
brackets ([]) enclose alternative amino acids that ran occupy
a position and numbers indicate the number of iterations of
an unspecified amino acid. The arrows (V) above the align-
ments mark the positions of the cystein residues conserved
in the three forms of Clg but not in the other aligned
proteins. The symbols (*) placed under the alignments
indicate the conserved amino acids, the symbols (.) indicate
the conservative substitutions of amino acids.

[0045] FIGS. 4A-4C show bar graphs representing differ-
ent aspects of LSR activity. The graphs show results for (A)
binding; (B) uptake or internalization; and (C) degradation
of ’[-LDL by cultured hepatocytes. Open bars represent
the difference between values obtained after incubation with
and without 0.6 mM oleate in the absence of AdipoQ. Closed
bars show the same parameters in samples incubated with 25
ng AdipoQ.

[0046] FIG. 5 is a line graph showing the postprandial
lipemic response in rats injected with AdipoQ.

[0047] FIGS. 6A-6B are bar graphs representing results
obtained following infusion of AdipoQ in rats. The graphs
show results for (A) weight loss; and (B) plasma triglyceride
levels.

[0048] FIGS. 7A-7B are bar graphs representing daily
food intake for (A) ob/ob mice; and (B) db/db mice that were
either controls or administered with AdipoQ.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Overview

[0049] Herein we disclose compositions and methods that
are useful for modulating the activity of the “Lipolysis
Stimulated Receptor” (LSR). As detailed below, the ability
to modulate TSR activity provides a means for intervening
in pathologies that involve abnormalities in lipid metabo-
lism. More particularly, we have discovered a family of
compounds that can be incorporated into medicaments
which, when administered in vitro or in vivo, advanta-
geously enhance LSR activity. As a consequence, lipopro-
teins are efficiently bound, internalized and degraded by
hepatocytes.
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[0050] When used in this fashion, compounds that
enhance LSR activity, particularly those that enhance recep-
tor activity can promote weight loss. In contrast to LSR-
activating compounds, agents that inhibit LSR activity can
be used to promote lipid storage in adipose tissue because
lipoprotein degradation by the liver will be reduced. The
invented compositions and methods are useful for treating
conditions that include: obesity and anorexia, hyperlipi-
demias, atherosclerosis, diabetes, hypertension, and more
generally the various pathologies associated with abnormali-
ties in the metabolism of cytokines.

Introduction

[0051] The present invention relates generally to methods
and compositions that are useful for regulating the activity
of a multi-subunit receptor called LSR. The LSR is
expressed on the surface of hepatic cells and binds lipopro-
teins in the presence of free fatty acids. In the absence of free
fatty acids the L.SR can bind a cytokine, preferably leptin.
Importantly, the LSR is also capable of binding gCl1q-R
(Ghebrehiwet et al., J. Exp. Med. 179:1809 (1994)) or a
gCl1q-R-like receptor. Those having ordinary skill in the art
will understand that the gCl1g-R is a receptor for Clq, a
protein that is a key component of the complement system
and that is also known to activate phagocytosis by macroph-
ages.

[0052] In brief, the LSR includes at least one ¢ and one [
subunit, preferably one o and three p subunits. Both o and
[} subunits are the translation products of two mRNA species
that result from alternative splicing of a common precursor
RNA. An o (alpha prime) subunit, which is an integral
membrane protein like the o subunit and is encoded by a
third alternatively spliced mRNA, is believed to be a con-
stituent of LSR in the alternative to the o subunit. Further
inclusion of a y subunit, which may be gClg-R or a
gClq-R-like receptor protein, with the LSR results in the
formation of “LLSR complex.” We postulate that the gC1g-R
or the gClq-R-like protein serves as a molecular chaperon
that associates with LSR.

[0053] We belicve that agents which modify the structure
of the LSR complex by perturbing interaction of the v
subunit with the LSR effectively activate the LSR in the
absence of free fatty acids. The effect of this perturbation can
be measured as increased hepatocyte binding, internalization
and degradation of lipoproteins. When lipids are degraded
within liver cells, fewer lipids are available for uptake and
storage by adipose tissue.

Definitions

[0054] As used herein, the terms “LSR” and “LSR recep-
tor” refer to the combination of o or @' and f subunits that
make up a receptor primarily expressed on the surface of
hepatocytes and that can bind and facilitate the internaliza-
tion and degradation of lipoproteins by hepatocytes.

[0055] As used herein, “LSR complex” refers to an LSR
receptor which further includes a y subunit.

[0056] As used herein, the term polypeptide is understood
to designate a protein or a peptide.

[0057] Equivalent polypeptide will be understood to mean
a polypeptide having at least one of the activities of a subject
polypeptide. Thus, for example, if a subject polypeptide is
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able to inhibit binding of a y subunit to the LSR to form an
LSR complex, then in this context an equivalent polypeptide
will be a polypeptide that similarly is able to inhibit binding
of the y subunit to the LSR.

[0058] Homologous polypeptide will be understood to
mean polypeptides that exhibit certain modifications when
compared with the natural polypeptide. These modifications
include a deletion, truncation, extension, chimeric fusion
and/or mutation, in particular a point mutation. Among the
homologous polypeptides, those in which the amino acid
sequence exhibits at least 80%, preferably 90%, homology
with the amino acid sequences of the polypeptides according
to the invention are preferred.

[0059] Derivative polypeptide (or derivative protein) will
be understood to mean all the mutated polypeptides which
may exist, including truncations, deletions and/or additions
of amino acid residues (including naturally occurring amino
acids, modified and unusual amino acids such as those listed
in Table 4 of WIPO Standard ST.25 (1998), and non-
naturally occurring amino acids), substitutions or mutations,
in particular point mutations, regardless of whether they are
naturally occurring or whether they have been artificially.
Artificially generated derivates may be created using a
variety of techniques, including mutagenesis of nucleic
acids encoding the polypeptides, chemical synthesis, or
chemical modification.

[0060] As used herein the terms “obesity” and “obesity-
related” are used to refer to individuals having a body mass
which is measurably greater than ideal for their height and
frame. Preferably, these terms refer to individuals with body
mass index values of greater than 10, more preferably with
body mass index values of greater than 20, and most
preferably with body mass index values of greater than 35.

[0061] Polypeptide fragment is understood to mean a
polypeptide or a peptide comprising at least 5, at least 7, at
least 10, at least 15, at least 30, or more than 30 consecutive
amino acids of the polypeptide from which they are derived.
It will be understood that a polypeptide fragment may be
obtained from a derivative polypeptide.

[0062] Biologically active fragments of a polypeptide will
be understood to mean a portion of a larger polypeptide
wherein said portion retains an activity characteristic of the
larger polypeptide, and wherein the activity is measurable in
any biological system. For example, a polypeptide fragment
is deemed to be “biologically active” if it demonstrates a
statistically significant change in activity in any of the assays
described in Examples 1, 2, 6, 7, 8, 9 or 10. Thus, for
example, if a protein characteristically modifies the interac-
tion between the y subunit and the LSR receptor, then a
biologically active fragment of that protein would be a
portion of the protein that retains the ability to modify said
interaction.

[0063] A polynucleotide, nucleic sequence or nucleic acid
is understood to mean an isolated natural or synthetic DNA
and/or RNA molecule which may include non-natural nucle-
otides.

[0064] Equivalent polynucleotide sequences are under-
stood to mean nucleic acid sequences encoding the polypep-
tides according to the invention, taking into account the
degeneracy of the genetic code, the complementary DNA
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sequences and the corresponding RNA sequences, as well as
the nucleic acid sequences encoding the equivalent polypep-
tides.

[0065] Homologous nucleic sequences are understood to
mean the nucleic sequences encoding the homologous
polypeptides and/or the nucleic sequences exhibiting a level
of homology of at least 80%, preferably 90%. According to
the invention, the homology is only of the statistical type, it
means that the sequences have a minimum of 80%, prefer-
ably 90%, of nucleotides in common.

[0066] Allele or allelic variant will be understood to mean
the natural mutated sequences corresponding to polymor-
phisms present in human beings and, in particular, to poly-
morphisms which can lead to the onset and/or to the devel-
opment of obesity or of anorexia. These polymorphisms can
also lead to the onset and/or to the development of risks or
complications associated with obesity, in particular at the
cardiovascular level, and/or of pathologies associated with
abnormalities in the metabolism of cytokines.

[0067] Mutated nucleic sequences are understood to mean
the nucleic sequences comprising at least one point mutation
compared with the normal sequence.

[0068] While the sequences according to the invention are
in general wild type sequences, they are also mutated
sequences since they comprise at least one point mutation
and preferably at most 10% of mutations compared with the
wild type sequence.

[0069] As referred to herein, methods and medicaments of
the invention can be used for treating animals, including
birds, fish and mammals. It is to be understood that the
category of mammals includes mammals such as mice, rats,
rabbits, domesticated mammals and human beings.
Although the methods of treatment can be applied to non-
human mammals, we clearly envision that humans can also
be treated using the methods and medicaments disclosed
herein.

LSR Activity-Modulating Compounds

[0070] Using the methods disclosed herein, compounds
that selectively modulate the activity of the LSR in vitro and
in vivo have been identified. The compounds identified by
the process of the invention include, for example, antibodies
having binding specificity for the gCl1g-R protein, C1q and
AdipoQ. Since ApM1 is reasonably expected to represent
the human homologue of murine AdipoQ, as described
below, it follows that ApM1 will be useful for modulating
LSR activity and lipoprotein metabolism in humans. More
generally, it is expected that homologues of Clq will be
useful for modulating LSR activity and lipoprotein metabo-
lism. The compounds of the present invention, however, are
not limited to any particular chemical structure, as they are
solely defined by the assay cascade of the invention, which
allows, for the first time, for systematic and rational iden-
tification of highly potent and selective modulators of the
hepatocyte-specific LSR on a molecular level.

Indications

[0071] While not wishing to be bound by any particular
theory of operation, the compounds identified by the meth-
ods of the present invention are believed to bind to the vy
subunit of the LSR complex whereat the compound either
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will enhance or inhibit LSR activity. Thus, pharmaceutical
compositions comprising a therapeutically effective amount
of a compound identified by the process of the invention will
be useful for the treatment of diseases characterized by high
levels of circulating triglycerides or an undesirably strong
tendency for lipid deposition at adipose tissue. Alternatively,
compounds that inhibit L.SR activity will be useful for
favoring lipid deposition to the adipose tissue and/or dimin-
ishing liver degradation of dietary lipids.

[0072] Thus, in general, the disorders which may be
treated with the compounds, compositions, medicaments
and pharmaceutical formulations identified by the process of
the invention generally refer to disorders involving lipid
metabolism.

Pharmaceutical Formulations and Routes of
Administration

[0073] The identified compounds can be administered to a
mammal, including a human patient, alone or in pharma-
ceutical compositions where they are mixed with suitable
carriers or excipient(s) at therapeutically effective doses to
treat or ameliorate a variety of disorders associated with
lipid metabolism. A therapeutically effective dose further
refers to that amount of the compound sufficient to result in
amelioration of symptoms as determined by the methods
described herein. Thus, a therapeutically effective dosage of
AdipoQ or ApM1 will be that dosage of the compound that
is adequate to promote reduced triglyceride levels following
a high-fat meal and that will promote weight loss with
continued periodic use or administration. Techniques for
formulation and administration of the compounds of the
instant application may be found in “Remington’s Pharma-
ceutical Sciences,” Mack Publishing Co., Easton, Pa., latest
edition.

Routes of Administration

[0074] Suitable routes of administration include oral, rec-
tal, transmucosal, or intestinal administration, parenteral
delivery, including intramuscular, subcutaneous, intramed-
ullary injections, as well as intratheal, direct intraventricular,
intravenous, intraperitoneal, intranasal or intraocular injec-
tions. A particularly useful method of administering com-
pounds for promoting weight loss involves surgical implan-
tation, for example into the abdominal cavity of the
recipient, of a device for delivering the compound over an
extended period of time. Sustained release formulations of
the invented medicaments particularly are contemplated.

Composition/Formulation

[0075] Pharmaceutical compositions and medicaments for
use in accordance with the present invention may be for-
mulated in a conventional manner using one or more physi-
ologically acceptable carriers comprising excipients and
auxiliaries. Proper formulation is dependent upon the route
of administration chosen.

[0076] Certain of the medicaments described herein will
include a pharmaceutically acceptable carrier and at least
one polypeptide that is homologous to the Clq protein or a
fragment thereof. In addition to medicaments that include
protein components homologous to the Clq protein homo-
logues, we also contemplate that non-protein compounds
that interact with the y subunit of the LSR complex also will
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find utility as modulators of LSR activity, both in vitro and
in vivo. Included among examples of Clq protein homo-
logues that will find utility in modulating LSR activity
and/or stimulating a reduction of plasma lipoproteins and/or
promoting weight loss are: the Clq proteins (Clq A, Clq B
and Clq C), AdipoQ, ApM1, acrp 30, cerebellin and mul-
timerin.

[0077] For injection, the agents of the invention may be
formulated in aqueous solutions, preferably in physiologi-
cally compatible buffers such as Hanks’s solution, Ringer’s
solution, or physiological saline buffer such as a phosphate
or bicarbonate buffer. For transmucosal administration, pen-
etrants appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known in the
art.

[0078] Pharmaceutical preparations which can be used
orally include push-fit capsules made of gelatin, as well as
soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. The push-fit capsules can contain the
active ingredients in admixture with fillers such as lactose,
binders such as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft cap-
sules, the active compounds may be dissolved or suspended
in suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers may be added.
All formulations for oral administration should be in dos-
ages suitable for such administration.

[0079] For buccal administration, the compositions may
take the form of tablets or lozenges formulated in conven-
tional manner.

[0080] For administration by inhalation, the compounds
for use according to the present invention are conveniently
delivered in the form of an aerosol spray presentation from
pressurized packs or a nebulizer, with the use of a suitable
gaseous propellant, e.g., carbon dioxide. In the case of a
pressurized aerosol the dosage unit may be determined by
providing a valve to deliver a metered amount. Capsules and
cartridges of, e.g., gelatin, for use in an inhaler or insufflator,
may be formulated containing a powder mix of the com-
pound and a suitable powder base such as lactose or starch.

[0081] The compounds may be formulated for parenteral
administration by injection, e.g., by bolus injection or con-
tinuous infusion. Formulations for injection may be pre-
sented in unit dosage form, e.g., in ampoules or in multi-
dose containers, with an added preservative. The
compositions may take such forms as suspensions, solutions
or emulsions in aqueous vehicles, and may contain formu-
latory agents such as suspending, stabilizing and/or dispers-
ing agents.

[0082] Pharmaceutical formulations for parenteral admin-
istration include aqueous solutions of the active compounds
in water-soluble form. Aqueous suspensions may contain
substances which increase the viscosity of the suspension,
such as sodium carboxymethyl cellulose, sorbitol, or dext-
ran. Optionally, the suspension may also contain suitable
stabilizers or agents which increase the solubility of the
compounds to allow for the preparation of highly concen-
trated solutions.

[0083] Alternatively, the active ingredient may be in pow-
der or lyophilized form for constitution with a suitable
vehicle, such as sterile pyrogen-free water, before use.

Oct. 17,2002

[0084] In addition to the formulations described previ-
ously, the compounds may also be formulated as a depot
preparation. Such long acting formulations may be admin-
istered by implantation (for example subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for
example, the compounds may be formulated with suitable
polymeric or hydrophobic materials (for example as an
emulsion in an acceptable oil) or ion exchange resins, or as
sparingly soluble derivatives, for example, as a sparingly
soluble salt.

[0085] Additionally, the compounds may be delivered
using a sustained-release system, such as semipermeable
matrices of solid hydrophobic polymers containing the
therapeutic agent. Various sustained release materials have
been established and are well known by those skilled in the
art. Sustained-release capsules may, depending on their
chemical nature, release the compounds for a few weeks up
to over 100 days.

[0086] Depending on the chemical nature and the biologi-
cal stability of the therapeutic reagent, additional strategies
for protein stabilization may be employed.

[0087] The pharmaceutical compositions also may com-
prise suitable solid or gel phase carriers or excipients.
Examples of such carriers or excipients include but are not
limited to calcium carbonate, calcium phosphate, various
sugars, starches, cellulose derivatives, gelatin, and polymers
such as polyethylene glycols.

Effective Dosage

[0088] Pharmaceutical compositions suitable for use in the
present invention include compositions wherein the active
ingredients are contained in an effective amount to achieve
their intended purpose. More specifically, a therapeutically
effective amount means an amount effective to prevent
development of or to alleviate the existing symptoms of the
subject being treated. Determination of the effective
amounts is well within the capability of those skilled in the
art, especially in light of the detailed disclosure provided
herein.

[0089] For any compound used in the method of the
invention, the therapeutically effective dose can be esti-
mated initially from cell culture assays. For example, a dose
can be formulated in animal models to achieve a circulating
concentration range that includes or encompasses a concen-
tration point or range shown to effect enhanced or inhibited
LSR activity in an in vitro system. Such information can be
used to more accurately determine useful doses in humans.

[0090] A therapeutically effective dose refers to that
amount of the compound that results in amelioration of
symptoms in a patient. Toxicity and therapeutic efficacy of
such compounds can be determined by standard pharma-
ceutical procedures in cell cultures or experimental animals,
e.g., for determining the LD50, (the dose lethal to 50% of the
test population) and the ED50 (the dose therapeutically
effective in 50% of the population). The dose ratio between
toxic and therapeutic effects is the therapeutic index and it
can be expressed as the ratio between LD50 and EDS50.
Compounds which exhibit high therapeutic indices are pre-
ferred.

[0091] The data obtained from these cell culture assays
and animal studies can be used in formulating a range of
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dosage for use in human. The dosage of such compounds lies
preferably within a range of circulating concentrations that
include the ED50, with little or no toxicity. The dosage may
vary within this range depending upon the dosage form
employed and the route of administration utilized. The exact
formulation, route of administration and dosage can be
chosen by the individual physician in view of the patient’s
condition. (See, e.g., Fingl et al., 1975, in “The Pharmaco-
logical Basis of Therapeutics”, Ch. 1).

[0092] Dosage amount and interval may be adjusted indi-
vidually to provide plasma levels of the active compound
which are sufficient to maintain the LSR modulating effects.
Dosages necessary to achieve the LSR modulating effect
will depend on individual characteristics and route of admin-
istration.

[0093] Dosage intervals can also be determined using the
value for the minimum effective concentration. Compounds
should be administered using a regimen which maintains
plasma levels above the minimum effective concentration
for 10-90% of the time, preferably between 30-90%; and
most preferably between 50-90%. In cases of local admin-
istration or selective uptake, the effective local concentration
of the drug may not be related to plasma concentration.

[0094] The amount of composition administered will, of
course, be dependent an the subject being treated, on the
subject’s weight, the severity of the affliction, the manner of
administration and the judgment of the prescribing physi-
cian.

[0095] A preferred dosage range for the amount of
polypeptide homolog of Clg, such as AdipoQ or ApM1, that
can be administered on a daily or regular basis to achieve
desired results, including a reduction in levels of circulating
plasma triglycerides and/or lipoproteins, range from 0.1-50
mg/kg body mass. A more preferred dosage range is from
0.2-25 mg/kg. A still more preferred dosage range is from
1.0-20 mg/kg, while the most preferred range is from 2.0-10
mg/kg. Of course, these daily dosages can be delivered or
administered in small amounts periodically during the
course of a day.

Protein Homologies

[0096] It is to be understood that a polypeptide having a
given level of homology to a subject protein or polypeptide
can be identified using readily available sequence alignment
and comparison programs, such as blastp, fasta and/or
ClustalW, and methods that will be familiar to those having
ordinary skill in the art. One approach for identifying a
protein that is homologous to a subject protein involves
running a standard “blastp” (Altschul et al., J. Mol. Biol.
215:403-410 (1990) sequence comparison algorithm. In this
approach, a relatively low score in the blastp algorithm can
be used to isolate large numbers of potentially homologous
sequences of different lengths. For example, a low score may
be on the order of from between about 80 to about 100 and
may result in targets having homology levels of about 20%.

[0097] If higher levels of homology are desired, additional
steps can be taken. For example, once a first series of
candidate homologous sequences has been identified,
sequences that are more homologous to the subject protein
can then be selected. At that stage, two parameters can be
varied. First, it is possible to “cut” the subject protein into
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sub-sequences of interest and then run homology searches
that refine the results obtained in the initial step. For
example, the fragments that are listed as SEQ ID 7-14 or the
consensus sequences within the two boxed regions shown in
FIG. 3 could be sclected as sub-sequences of interest that
could be used to run homology searches. Second, the score
used in running the blastp algorithm can be increased. For
example, by increasing the score up to a level of about 300,
homology levels of about 80% frequently can be obtained.
These procedures can be carried out using easily accessible
computer programs such as, for example, “blastp” or “fasta”.
(Altschul at al., J. Mol. Biol. 215:403-410 (1990); Pearson,
W. R. G Genomics 11:635-650 (1991)).

[0098] Those having ordinary skill in the art will appre-
ciate that the above-referenced score that can be input into
the sequence comparison program can be calculated based
on the degree of homology that is being sought. Formulas
within the cited packages of computer algorithms allow for
this possibility. In general, an increasing score allows for the
identification of increasingly specific protein alignments
characterized by high levels of homology. Candidate align-
ments can be further refined using pairwise (fasta) or mul-
tiple alignments (ClustalW) (Higgins et al., Computer Appli-
cations in the Biosciences (CABIOS), 8:189-191 (1992) and
Thompson et al., Nucleic Acids Research 22: 4673-4680
(1994)).

[0099] An illustration of the extent of protein homology
appears in Table 1. The results appearing in the table show
various homology levels between the ApM1 and various
whole proteins or fragments of those proteins. Thus, for
example, the entire Acrp 30 protein sequence exhibited
81.8% homology with the ApM1 protein, while the Acrp
segment identified by SEQ ID NO:13 showed 91.5% homol-
ogy with the ApM1 protein.

TABLE 1

Homologies Between ApM1 and Various Proteins

Protein/
SEQ ID NO: Whole protein Seq ID Nos: 7-14
Acrp 30/ 81.8% 91.5%
SEQ ID NO: 13
AdipoQ/ 80.6% 90%
SEQ ID NO: 12
Clqa/ 32.9% 27.1%
SEQID NO: 7
Clqgb/ 31.8% 36.7%
SEQ ID NO: 8
Clqc/ 38.8% 38%
SEQ ID NO: 9
Multimerin/ 27.7% 28.8%
SEQ ID NO: 14
Cerebellin/ 24.6% 28.3%
SEQ ID NO: 10
[0100] 1In order to identify a protein having a given level

of homology, such as at least 25% homology, at least 50%
homology, or at least 80% homology to another protein,
such as AdipoQ, ApM1 or Cl1q, one can use a standard blastp
analysis in which the program is instructed to recover
proteins having a score corresponding to the desired level of
homology. For example, to identify proteins having a
homology level of 20-30% the program may be instructed to
recover proteins having a score from between about 80 to
about 100. To recover a protein having an 80% homology
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level, one can instruct the program to include proteins
having a score of about 300. It will be appreciated that these
scores may be computed over the full length of the subject
protein or over a portion of the protein such as SEQ ID NOs
7-14. Tt will further be appreciated that homology levels
other than those explicitly enumerated herein can be
obtained using the instructions provided as part of the
program. Thus, the foregoing description is adequate to
allow one of ordinary skill in the art to identify polypeptides
that are homologous to a subject protein, such as the human
ApMI protein, at various levels of homology. In some cases,
the default parameters may be used.

The Multi-Subunit LSR

[0101] The hepatocyte-specific LSR is a multi-subunit
receptor having a dual activity. When activated by free fatty
acids, the LSR allows endocytosis of lipoproteins and so is
a component in a metabolic pathway for the clearance of
lipoproteins. This pathway serves mainly, but not exclu-
sively, to promote clearance of particles high in triglycerides
of intestinal origin (Mann et al., Biochemistry 34:10421
(1995)). This activity, expressed most particularly at the
hepatic level, is dependent on the presence of free fatty acids
which bind to the receptor, induce a reversible change in the
conformation of this complex and allow it to bind, with a
high affinity, various classes of lipoproteins such as those
containing apoprotein B or apoprotein E. In its other role,
and in the absence of free fatty acids, the LSR does not bind
lipoproteins, but is capable of binding a cytokine, in par-
ticular leptin. The receptor-bound leptin is then internalized
by the hepatocyte where it is degraded.

[0102] As described above, the LSR subunits can bind
gCl1q-R, the receptor for Clq, one of the components of the
complex C1 of the conventional pathway for complement
activation. Proteins analogous to gC1qg-R also can bind at the
LSR site for binding of gClq-R. Proteins analogous to
gCl1qg-R are understood to mean in particular the homolo-
gous proteins preferably exhibiting a level of amino acid
sequence homology of at least 80%, the proteins exhibiting
at least one of the motifs of a site for binding of the protein
g¢C1qg-R on the LSR receptor and/or the proteins capable of
interacting with the LSR receptor.

[0103] Another feature of the LSR relates to the fate of
bound lipoproteins or cytokines. More particularly, it is a
characteristic of the LSR that bound lipoproteins or bound
cytokines are incorporated into the cell and then degraded.
The bound lipoproteins may particularly contain apoprotein
BorE.

[0104] As described in supplemental detail below, activity
of the LSR complex can be modulated by a family of
compounds that includes Clq or one of its analogous
compounds, such as AdipoQ (Hu at al., J. Biol. Chem.
271:10697 (1996)), ApM1 (Macda et al., Biochem. Biophys.
Res. Commun. 221:286 (1996)) and cerebellin. In particular,
the compound Clg or one of its analogous compounds
makes it possible, in the absence of free fatty acid, to
enhance LSR activity and so to increase the quantity of
lipoproteins bound, internalized and degraded by the cells
that expresses the LSR receptor.

[0105] The invention relates in part to polypeptides or
other compounds that are able to modulate, either by mim-
icking, promoting, inhibiting or otherwise altering the inter-
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action of the y subunit of the LSR complex with the a or o'
and ' subunits of the LSR receptor.

[0106] The polypeptides of the invention are obtained by
purification or isolation from natural sources or alternatively
obtained by genetic recombination, or chemical synthesis. In
the case where the polypeptides are synthetic polypeptides,
they can contain non-natural amino acids.

[0107] A more complete definition of the invention can be
made by first describing the structure of the LSR and the
methods that were used to elucidate its pharmacological
properties.

Defining the Structure and Function of the LSR

[0108] The LSR subunits were identified by procedures
that employed receptor-specific polyclonal antibodies.
These antibodies were obtained by immunizing rabbits with
a gel-purified 240 kDa species that bound a labeled LDL
probe in a ligand blotting assay (Mann et al., Biochemistry
34:10421 (1995)) conducted in the presence of 0.8 mM
oleate. In the procedures described herein, oleate is
employed as a model free fatty acid used for activating the
lipoprotein binding activity of the LSR. Results of this
ligand blotting assay further indicated that membrane pro-
teins having estimated molecular weights of 115 kDa and 90
kDa also bound LDL. Notably, the rabbit antibodies recog-
nized all three of the LDL-binding species in a Western
blotting procedure, and inhibited the binding of LDLs to
LSRs disposed on rat hepatocytes in a ligand binding assay.
This indicated that the polyclonal antibodies raised against
the 240 kDa LDL-binding species were useful as LSR-
specific reagents.

[0109] Electrophoretic analysis of proteins that were
immunoprecipitated using the anti-L.SR antibodies and then
separated under reducing conditions indicated that only a
very small number of individual proteins were recognized
by the antibody reagent. More particularly, it was found that
proteins of 68 kDa, 56 kDa and 35 kDa were present in the
immunoprecipitate. This demonstrated that the LSR com-
plex was a multimer composed of subunits having molecular
weights of 68 kDa (o subunit), 56 kDa (f subunit) and 35
kDa (y subunit). These molecular weights are estimates and
were obtained from the rat. As detailed below, the v subunit
is believed to correspond to a previously known protein. The
structures of the o and § subunits were established by an
expression cloning procedure using the polyclonal anti-LSR
antibodies as a probe.

[0110] Indeed, a Agtll rat liver ¢cDNA library was
screened with the LSR-specific antibodies to identify clones
expressing proteins corresponding to the LSR subunits.
Detailed analysis of one of the isolated phage clones using
a PCR protocol based on the identified cloned sequence led
to the identification of three different mRNA species. Care-
ful examination of the sequences of these mRNAs, together
with subsequent PCR and cloning procedures, confirmed the
three species represented alternative splicing variants of a
single precursor transcript. The three complete cDNAs had
lengths of 2097 bp, 2040 bp and 1893 bp. The molecular
weights of the predicted proteins encoded by the open
reading frames in the three cDNA sequences were 66 kDa,
64 kDa and 58 kDa, respectively.

[0111] Northern blotting procedures using RNA isolated
from different rat tissues indicated that the cloned polynucle-
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otide hybridized to transcripts expressed in rat liver as 1.9 kb
and 2.1 kb mRNAs, and further indicated that this expres-
sion was substantially restricted to liver.

[0112] Five different techniques were used to demonstrate
that the 2097 bp and the 1893 bp were essential components
of the LSR receptor. First, polyclonal antibodies were raised
against two synthetic peptides having sequences corre-
sponding to residues 169-186 and to residues 556-570
respectively, encoded by the 2097 bp cDNA. These peptide
sequences were common to all of the predicted proteins
encoded by the three mRNA splice variants described above.
It was shown that these anti-peptide antibodies, but not
irrelevant control antibodies, inhibited the binding of LDLs
to the LSR present on rat plasma membranes. Second,
Western blotting and ligand blotting procedures showed that
partially purified o and f subunits: (1) bound the rabbit
polyclonal anti-LSR antibodies; (2) bound the anti-peptide
antibodies; and (3) bound LDLs after incubation with ole-
ates. Third, in vitro translation and labeling to produce
synthetic proteins corresponding to the polypeptides
encoded by the 2097 bp and the 1893 bp ¢DNAs led to
products that bound LDL in an ultracentrifugation assay in
which LDL binding produced a complex having a density
that was lower than the density of the protein alone. This
binding was enhanced in the presence of oleate by two fold
for the o subunit, or by five fold for the {3 subunit. Fourth,
Chinese hamster ovary cells (CHO) transiently transfected
with a plasmid containing the LSR a subunit were found to
display an increased binding of LDL after incubations in the
presence of oleate while LDL binding measured in the
absence of oleate remained unchanged. Cotransfection of
plasmids containing the 3 LSR subunit together with the o
LSR subunit further increased the binding of LDL observed
after incubations with oleate. Most importantly, an increase
in LDL degradation was observed after incubation with
oleate only in dishes containing cells cotransfected with the
LSR o and f subunits. Therefore, cotransfection of both
LSR o and f subunits is a condition sufficient to increase
LSR activity in CHO cells. The affinity of the various classes
of lipoproteins for the LSR in cells cotransfected with the o
and [ subunit was very similar to that originally described
for the ISR expressed in rat hepatocytes or in human
fibroblasts isolated from subjects with familial hypercholes-
terolemia (Bihain et al., Biochemistry 31:4628 (1992); Yen
et al., Biochemistry 33:1172 (1994)).

[0113] A fifth line of evidence demonstrating that the
identified gene was responsible for LSR function and that
this receptor participates in the clearance of dietary triglyc-
erides was obtained using genetically obese mice. Both
ob/ob mice (having a deficient leptin gene) and db/db mice
(having a defect in the gene encoding the leptin receptor)
were found to exhibit an increased postprandial lipemic
response after forced feeding of the standard test meal
described above. The apparent number of LSR available on
the plasma membrane of hepatocytes of these obese mice
was lower than that of the lean controls. Further, analysis by
Northern blotting revealed that the level of LSR mRNA was
reduced significantly in obese mice. Treatment of the obesity
of ob/ob mice by daily administration of recombinant leptin
over a thirty day period led to more than a 30% reduction of
the animal body weight; to a massive decrease in the
postprandial lipemic response; to a significant increase in the
apparent number of LSR expressed at the surface of liver
cells and to an increased number of LSR mRNA.
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[0114] On the basis of these data it was therefore estab-
lished that the identified LSR gene was responsible for the
function of this receptor; that the LSR represents a rate
limiting step for the clearance of dietary triglycerides and
that the expression of this gene is disregulated in obese mice.
Moreover, the LSR 56 and 68 kDa subunits substantially
bound LDLs only after incubation with oleate. Stoichiomet-
ric analysis of immunoprecipitation products indicated that
the 240 kDa LDL-binding complex that was observed in the
ligand blotting assay most likely represented a multimeric
complex formed by a single ¢ and three § subunits. It is
believed that the above-described 2040 bp cDNA which
represents the third alternative RNA splicing product
encodes a subunit that can substitute for ¢ in the multimeric
complex. This latter protein is referred to as o' (alpha prime).

[0115] While the o and b subunits of LSR were encoded
by alternatively spliced mRNAs generated from a single
precursor molecule, the expression cloning procedure
described above did not provide insight into the identity of
the 35 kDa subunit that was detected along with the 68 kDa
and 56 kDa proteins in the anti-LSR immunoprecipitate.
Indeed, the y subunit of the LSR was identified by direct
sequencing of the purified protein.

[0116] More particularly, N-terminal sequencing of immu-
noaffinity purified material was used to establish the likely
identity of the final component of the LSR complex. In this
procedure column-immobilized polyclonal rabbit anti-LSR
antibodies were used to capture membrane proteins from rat
liver. After verifying the presence of the 35 kDa species in
the column eluate, a sample containing the 35 kDa protein
was sequenced using a standard Edman degradation proto-
col. Results from this procedure gave a 19 amino acid long
polypeptide sequence that was used to search a protein data
base. This search revealed that the y subunit of the LSR
receptor included a polypeptide sequence that identically
appeared in gClq-R (Ghebrehiwet et al., J. Exp. Med.
179:1809 (1994)), a known cell surface receptor that binds
the globular heads of C1q. Since the entire sequence of the
immunoaffinity purified 35 kDa protein was not established,
we allow the possibility that the y subunit of the LSR
complex is related, but not identical to the gC1g-R protein.

[0117] Analysis of the protein sequences of the o and p
subunits of the TSR revealed several interesting structural
features. For example, the presence of several phosphory-
lation sites at the N-terminal end of the o subunit protein
suggested that the amino terminus of this protein was
oriented toward the inside of the cell, and further suggested
a possible role in signal transduction. The N-terminal por-
tion of the o subunit protein also possessed a hydrophobic
amino acid sequence that was separated by two contiguous
proline residues, an arrangement likely to induce a hairpin
structure. This arrangement of two hydrophobic arms likely
constitutes a putative fatty acid binding domain of the LSR.
The o subunit also possessed a hydrophobic amino acid
sequence consistent with a potential transmembrane domain
(Brendel et al., Proc. Natl. Acad. Sci. USA 89:2002 (1992)).
The { subunit protein does not possess a transmembrane
domain and is probably positioned outside of the cell where
it is bound through disulfide bridges to other components of
the LSR complex.
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Compositions and Methods for Modulating LSR
Activity

[0118] An additional structural feature of the o and p
subunit proteins related to the presence of repeated segments
that were rich in serine and arginine residues. This was
significant because the lamin receptor and “splicing factor
2” also have in common a repeated sequence of serine and
arginine residues (RSRS), and these proteins also are known
to combine with the gCl1g-R protein (Honoré et al., Gene
134:283 (1993)). In view of this coincidence of related
structural motifs and interactions with gCl1g-R, we specu-
lated that the serine and arginine rich segments of the LSR
o and P subunits were somehow important for contact with
gClq-R, or the gClq-R-like protein that was the y subunit of
the LSR complex.

[0119] As described in the following Example, polyclonal
antibodies directed against synthetic peptides derived from
the gClg-R primary amino acid sequence were used to
demonstrate that this protein, or a protein closely related to
gClq-R, was a component of the LSR complex. In the
procedure described below, the anti-peptide antibodies
inhibited the binding of labeled LDL to the LSR expressed
on the surface of rat hepatocytes. Use of the LDL model
substrate in these procedures provided a convenient and
highly sensitive means for monitoring aspects of lipoprotein
metabolism 1n liver cells.

[0120] Example 1 describes the procedures used to dem-
onstrate that gCl1q-R, or a closely related homologue of this
protein, was a constituent of the LSR complex.

EXAMPLE 1

The gC1q-R or a gClg-R-like Protein is a
Component of the Multi-Subunit LSR

[0121] Rabbit polyclonal antibodies directed against two
synthetic peptides having sequences located within the car-
boxy- and amino-terminal ends of the gC1g-R protein were
prepared according to standard laboratory procedures. The
synthetic peptide representing the N-terminal region of the
protein had the sequence, LRCVPRVLGSSVAGY* (SEQ
ID NO:3) and corresponded to residues 5-19 of the gC1g-R
polypeptide sequence. The C-terminal synthetic peptide had
the sequence, C*YITFLEDLKSFVKSQ (SEQ ID NO:4)
and corresponded to residues 268-282 of gClg-R. Amino
acid positions marked with “*” indicate residues that dif-
fered from the wild type protein sequence in order to
enhance peptide antigenicity. Peptides were coupled to a
keyhole limpet hemocyacin (KLH) carrier prior to injection
into rabbits. These procedures resulted in two serum
samples, each with a binding specificity for a different
region of the gClg-R protein. Immunoglobulin G (IgG)
from these sera were further purified using a Protein A
column (Pharmacia) according to the manufacturer’s
instructions.

[0122] Increasing amounts of the these anti-peptide anti-
bodies or an irrelevant IgG antibody were combined with
25I.LDL in a standard assay for measuring oleate-induced
binding of LDL to plasma membranes of rat hepatocytes
(Bihain et al., Biochemistry 31:4628 (1992); Mann et al., J.
Biol. Chem. 272:31348 (1997)). The binding induced by
oleate was determined as the difference between incubations
with and without 0.5 mM oleate. Numerical measurements
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in this experiment were analyzed as the percent of total
125LLDL bound to membranes in the absence of added
antibodies.

[0123] The results presented in FIG. 1 indicated that
antibodies directed to either of two regions of the gClg-R
protein inhibited LSR activity as measured by LDL binding.
The negative control IgG did not inhibit LSR activity in this
assay. This proved that inhibitory effects observed in our
procedures were the results of specific antibody-receptor
interactions. These results confirmed that gClg-R, or a
protein closely related to gClg-R, was a component of the
LSR complex.

[0124] The foregoing results seemingly suggested that
agents which bound the gC1qg-R, or the y subunit of the LSR
complex, had a negative or inhibitory effect on LSR activity.
Thus, we had identified agents that were able to modulate
LSR activity in a negative way.

[0125] 1In view of these findings, it was of interest to
further evaluate the effects of compounds that bound to
gClqg-R, or that might alter interactions between the v
subunit and the LSR. Since it was known that the Clq
complement protein was a binding substrate for gCl1q-R, we
investigated whether C1q would modulate LSR activity in
the same way that anti-peptide antibodies inhibited LSR
activity in the preceding Example. Notably, the experiment
described in the following Example was conducted both in
the presence and absence of oleate, a free fatty acid that
unmasks the lipoprotein binding site on the LSR.

[0126] Example 2 describes the procedures used to dem-
onstrate that LSR activity could be modulated in a positive
manner. Unexpectedly, enhancement of LSR activity took
place both in the presence and absence of free fatty acids.

EXAMPLE 2

Regulation of LSR Activity by Clq and its
Homologues

[0127] Primary cultures of rat hepatocytes were incubated
with 20 ng of leptin/well using 6-well plates for 30 minutes
at 37° C. in order to stimulate mobilization of LSR proteins
to the cell surface and to increase the number of LSR
receptors expressed. Increasing concentrations of Clg
(Sigma) and 20 pg/ml of ***I-LDL were then added to
parallel cell cultures in the presence or absence of 0.5 mM
oleate. The mixtures were then incubated 4 hours at 37° C.
and the binding, internalization and degradation of the
labeled LDL analyzed using standard techniques (Bihain et
al., Biochemistry 31:4628 (1992); Mann et al., J. Biol. Chem.
272:31348 (1997)).

[0128] The results presented in FIGS. 2A-C unexpectedly
indicated that Clq enhanced ISR activity both in the
presence and absence of free fatty acids. Indeed, it was
surprizing that lipoprotein binding, internalization and deg-
radation occurred in the absence of added aleate because
these aspects of LSR activity were previously thought to
require the presence of free fatty acids. Small but meaning-
ful increases in all three of the measured parameters also
were observed in the presence of oleate. The significance of
these latter increases was less substantial because the back-
ground values measured in the absence of added Clq were
higher in the presence of oleate compared to the values
measured in the absence of this free fatty acid.
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[0129] The results described in the preceeding Example
showed that incubation of rat hepatocytes with Clg, a
protein capable of binding gClg-R and hence potentially
capable of displacing it from the LSR complex, led to
spontaneous activation of the LSR in the absence of free
fatty acids. While not wishing to be bound by any particular
theory which underlies the mechanism of this receptor
modulation, we offer the following as a possible explanation
for the phenomenon. It is possible that the gC1g-R protein,
or more generally the y subunit, functions as a chaperon
protein for the LSR. It is further possible that the y subunit
somehow exerts an inhibitory effect on the LSR. Conceiv-
ably then, agents which perturb or alter the binding of the y
subunit to the LSR can be used to modulate LSR activity
which can be measured in vitro as the binding, internaliza-
tion and degradation of LDLs.

[0130] The exemplary case presented above suggested
that C1q served as the agent that perturbed binding of the v
subunit in the LSR complex. However, we contemplate that
any agent homologous or analogous to Cl1q that is able to
bind gC2q-R or a gClg-R-like protein also will have the
effect of modulating LSR receptor activity.

[0131] The above-described effect of Clq on the activity
of LSR led us to investigate whether similar effects on LSR
would be promoted by proteins sharing structural homology
with Clg. Alignments for some of these homologues are
presented in FIG. 3, with the boxed regions representing
conserved regions of structural homology. The murine pro-
teins AdipoQ (Hu et al., J. Biol. Chem. 271:10697 (1996))
and Acrp30 (Scherer et al, J. Biol Chem. 270:26746
(1995)), and the human ApM1 protein (Maeda et al., Bio-
chem. Biophys. Res. Commun. 221:286 (1996)) clearly
exhibit marked homologies. These three proteins, like the
components of complement Clq (Clq A, B and C), are
secreted proteins having N-terminal ends which resemble
collagen (repetition of Gly-X-Y motifs), and C-terminal
ends corresponding to the globular domain of complement
Clg. Significantly, these three proteins are preferentially
expressed in adipose tissue. Other protein homologues
exhibit globular domains resembling the C1q domain. More
specifically, cerebellin and multimerin (isolated in man), are
two proteins that do not have a domain which resembles
collagen.

[0132] Interestingly, conserved cysteine residues at posi-
tions 172, 179, 178 and 190, 196, 192 respectively in Clq A,
Clg B and Clg C are not conserved in the other Clq
homologues shown in the alignment. These cysteine resi-
dues are replaced in ApM1, AdipoQ and Acrp 30, by a lysine
residue and an aspartate residue. Those having an ordinary
level of skill in the art will appreciate that lysine and
aspartate amino acids can, under appropriate conditions,
form intrachain salt bridges which may contribute to protein
structure. The amino acids at corresponding positions in
cerebellin and multimerin would not allow for the formation
of salt bridges. It is therefore possible to characterize the
C1q domain of the proteins produced by the adipocytes by
the absence of cysteines in the region corresponding to
amino acids 170-200 of the molecules of Clq and by the
consensus in the Clq domain.

[0133] When considering the structural relationship of the
homologues presented in FIG. 3 it is worth noting that the
protein ApM1, which is encoded by an mRNA characterized
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as being strongly expressed in adipocytes, exhibits 79.7%
nucleic acid identity and 80.6% amino acid identity with
AdipoQ. Given this level of sequence relatedness, the ApM1
protein is almost certainly the human homologue of murine
AdipoQ. Thus, it is a reasonable expectation that the activi-
ties of murine AdipoQ which are disclosed below also will
characterize ApM1 in a human system.

[0134] Given that Clq has a broad spectrum of biological
effects, including initiation of the complement cascade, it
seemed unlikely that the highly specialized activation of the
LSR represented a physiologically significant function of
this protein. Accordingly, we investigated whether Clg
homologues could modulate ISR activity. As indicated in
the Examples which follow, we have now demonstrated that
AdipoQ, an abundant plasma protein having a heretofore
unknown function, also enhances LSR activity.

[0135] AdipoQ is a C1q homologue that is known to be
secreted by adipocytes with kinetics closely resembling to
the kinetics of Adipsin secretion. Adipsin is a hormone of the
complement system and has been shown to correspond to
the purified fragment of the third component of complement,
C3a-desArg (Baldo et al., J. Clin. Invest. 92:1543 (1993)).
Adipsin stimulates adipocyte triglyceride synthesis and
regulates postprandial lipemia (Sniderman et al., Proc. Nutr.
Soc. 56:703 (1997)). Moreover, secretion of both AdipoQ
and Adipsin is stimulated in response to insulin.

[0136] As supported by the experimental results presented
below, we have proved that AdipoQ can stimulate LSR
activity in vitro, and can decrease animal body weight. Since
Clq and AdipoQ share structural homology without also
sharing extensive functional similarities, our demonstration
that AdipoQ activates LSR activity establishes the general
utility of Clq homologues as compounds useful for modi-
fying the activity of the LSR.

[0137] Example 3 describes the methods used to prepare
an expression vector encoding murine Adipose

EXAMPLE 3

Construction of an Expression Vector Encoding
Murine AdipoQ

[0138] Standard laboratory procedures were used to iso-
late RNA from adipose tissue that had been obtained from
C57BL/6] mice. Poly(A)" mRNA was captured using oligo-
dT coated magnetic beads according to the manufacturer’s
instructions (Dynal, France). The mRNA was reverse tran-
scribed into ¢cDNA using SUPERSCRIPT reverse tran-
scriptase and reagents that were purchased as a kit (Life
Technologies, France). cDNA encoding AdipoQ was ampli-
fied in a standard PCR protocol using oligonucleotide prim-
ers having the sequences: CTACATGGATCCAGTCATGC-
CGAAGAT (SEQ ID NO:5), and
CGACAACTCGAGTCAGTTGGTATCATGG (SEQ ID
NO:6). This procedure selectively amplified polynucleotide
sequences downstream of the putative signal sequence
located at the 5' end of the AdipoQ coding region. The
amplified cDNA was digested with BamHI and Xhol restric-
tion endonucleases and the digestion products ligated into
the corresponding sites of the pTRC His B expression vector
(Invitrogen, France). This vector has been engineered to
permit expression of heterologous sequences downstream of
a polypeptide domain which includes a hexahistidine pep-
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tide motif, an enterokinase cleavage site and an epitope that
is recognized by an Anti.Xpress™ antibody. Following
transformation of competent DH5-oF. coli, bacterial clones
harboring the polynucleotide encoding AdipoQ were
selected by growth in the presence of ampicillin. Plasmid
DNA was isolated from one of the bacterial clones and the
sequence of the heterologous DNA insert determined. The
sequence of the insert was found to correspond to bases
57-762 of AdipoQ (GeneBank accession No. U49915). The
cloned polynucleotide sequence also corresponded to bases
86-791 of the sequence encoding Acrp30 (GeneBank acces-
sion No. U37222), except for nucleotide position 382. The
polynucleotide sequence encoding Acrp 30 has an adenosine
residue at this position while the AdipoQ polynucleotide has
a guanine residue at the corresponding position. This nucle-
otide substitution leads to an amino acid change from a
methionine in Acrp30 to a valine in AdipoQ.

[0139] With the availability of the above-described
expression vector it became possible to produce recombi-
nant AdipoQ protein that could be used to conduct experi-
ments in vitro and in vivo.

[0140] Example 4 describes the procedures that were used
to prepare a recombinant form of the AdipoQ protein.

EXAMPLE 4

Production and Purification of Recombinant
AdipoQ Protein

[0141] Bacteria containing the AdipoQ expression vector
were cultured at 37° C. in LB medium under antibiotic
selection until the OD¢q, reached 0.2. Production of recom-
binant protein was then induced by adding isopropyl-p-D
thiogalactopyranoside to a final concentration of 1 mM.
Bacterial growth proceeded for an additional 16 hours at 37°
C., after which time the cultured bacteria were harvested by
centrifugation. Bacteria were lysed according to standard
laboratory procedures using lysozyme in a buffer that
included Tris HCI (pH 7.4), NaCl, PMSF and sodium
deoxycholate. DNA in the crude lysate was degraded by
sonication. After centrifugation to remove cellular debris,
the recombinant protein was isolated from the cleared super-
natant using a PROBOND column (Invitrogen, France). The
nickel-charged resin of the column has affinity for the
above-described hexahistidine peptide motif of the recom-
binant fusion protein. Elution was achieved in the presence
of imidazole. Following dialysis of the eluate, protein con-
centration was measured by the standard Lowry method.
Purity of the recombinant protein was verified by SDS
polyacrylamide gel electrophoresis. A single band of appar-
ent molecular mass of about 33 kDa was observed on the
protein gel. Notably, at this point the recombinant protein
retained the hexahistidine protein domain.

[0142] We next employed an in vitro assay to investigate
whether the recombinant AdipoQ, like Clq, stimulated LSR
activity. Use of the in vitro assay allowed us to particularly
study different aspects of LSR-mediated activity, including
binding, internalization and degradation of a model lipopro-
tein substrate.

[0143] Example 5 describes the methods that were used to
prove that AdipoQ stimulated LSR activity in vitro.
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EXAMPLE 5

Recombinant AdipoQ Stimulates LSR Activity in
Cultured Hepatocytes

[0144] Primary cultures of rat hepatocytes were prepared
and plated in 6-well plates at 900,000 cells/well. After 48
hours the cells were washed once with 2 ml/well of phos-
phate buffered saline (PBS) and then incubated for 30
minutes at 37° C. with 20 ng/ml of recombinant murine
leptin. Thereafter the cells were further incubated 4 hours at
37° C. with 25 ug/ml of recombinant AdipoQ and 20 ug/ml
of **I-LDL in the presence or absence of 0.6 mM oleate.
Binding, internalization and degradation of the labeled LDL
all were determined according to the above-referenced stan-
dard methods.

[0145] The results presented in FIGS. 4A-C show that
AdipoQ significantly increased the amount of LDL that was
bound, internalized and degraded by hepatocytes. Indeed,
the results particularly indicated that degradation of LDL
was dramatically enhanced by AdipoQ treatment of the
hepatocytes. It is worth noting that in this setting the
increase of LSR activity due to AdipoQ was measured in the
presence of leptin. These results confirmed that AdipoQ was
capable of increasing LSR activity in primary culture of rat
hepatocytes.

[0146] Given the finding that AdipoQ dramatically
enhanced LSR activity in vitro, it was of interest to deter-
mine whether the same pattern of activity would be repeated
in vivo. This possibility was tested by feeding rats a high fat
meal, administering the rats with recombinant AdipoQ,
measuring plasma triglycerides and comparing the results
with measurements taken in rats that did not receive Adi-
poQ. As described below, our findings indicated that admin-
istration with AdipoQ dramatically reduced the level of
plasma triglycerides following the high-fat test meal.

[0147] Example 6 describes the procedures that were used
to demonstrate that plasma triglyceride levels following a
high-fat meal were reduced in animals that had been injected
with AdipoQ.

EXAMPLE 6

AdipoQ Reduces Postprandial Blood Lipid Levels
in vivo

[0148] Overnight-fasted male Sprague-Dawley rats (400-
450 g) were gavaged with a high-fat test meal (time=0) and
immediately administered by intravenous injection into the
femoral vein with either 300 ul of PBS alone or containing
1 mg of recombinant murine AdipoQ. The test meal con-
sisted of 60% fat (37% saturated, 27% mono-, and 36%
polyunsaturated fatty acids), 20% protein and 20% carbo-
hydrate, and provided 56 kcal of energy/kg of body weight.
A second injection of AdipoQ was administered 2 hours
after the test meal. Blood samples were taken at two hour
intervals and plasma triglyceride levels were determined by
a standard enzymatic assay using reagents that had been
purchased as a kit (Boehringer Mannheim).

[0149] The results presented in FIG. 5 show that AdipoQ
substantially decreased the magnitude of the postprandial
triglyceride response. Quantitative values presented in the
Figure represent the mean + standard deviation (in 3).
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Whereas the level of circulating triglycerides remained
substantially constant in the animals administered with
AdipoQ, the level increased in control animals until reach-
ing a peak at about 4 hours. These in vivo results were
consistent with the marked AdipoQ-dependent enhancement
of LSR activity that we had observed in vitro.

[0150] Example 7 describes the procedures used to dem-
onstrate that AdipoQ administration promoted weight loss
and reduction of plasma triglyceride levels in normal ani-
mals. This was true even when the animals were placed on
a high-fat diet. Notably, in this case the AdipoQ was
administered by a slow infusion protocol instead of by
injection.

EXAMPLE 7

Administration of AdipoQ by Infusion Stimulates
Weight Loss and Reduction in Plasma Triglycerides

[0151] Osmotic pumps (Alzet) were surgically inserted
into the abdominal cavities of 12 male 400-450 g Sprague-
Dawley rats. The pumps contained cither 2 ml of PBS (pH
7.4) (control n=6) or 2 ml mouse recombinant AdipoQ (5
mg/ml PBS, n=06). The pumps used in this procedure were
designed to deliver 10 gl/hour (50 pg AdipoQ/hour). Ani-
mals were weighed and then housed individually in meta-
bolic cages. Three animals in each group were put either on
regular chow diet or a high-fat diet ad libitum (day 0). The
high-fat diet consisted of regular chow supplemented with
2% (w/v) cholesterol, 10% (w/v) saturated fat in the form of
vegetaline, 10% (w/v) sunflower oil and 15% (w/v) sucrose.
On day 3, the animals were weighed and blood samples were
obtained from the tail vein. Plasma triglycerides were mea-
sured using an enzymatic kit.

[0152] The results presented in FIGS. 6A-B show that
AdipoQ caused a significant reduction in plasma triglyceride
levels in test animals fed either a regular or a high fat diet.
Moreover, AdipoQ administration caused a reduction in

body weight that was more pronounced in animals fed the
high fat diet.

[0153] Example 8 describes the procedures that defined
yet another effect of AdipoQ in vivo. More specifically, the
results presented below demonstrate that test animals admin-
istered with AdipoQ unexpectedly reduced their food intake.

EXAMPLE 8

AdivoQ Administration Promotes Reduction of
Food Intake in Genetically Obese Mice

[0154] Both ob/ob and db/db mice housed in metabolic
cages were injected daily for 5 days into the tail veins with
either PBS alone or recombinant murine AdipoQ (100 ug)
dispersed in a PBS carrier. The amount of food consumed
daily by each animal was monitored for the period of the
experiment.

[0155] The results presented in FIGS. 7A-B show that the
average daily food intake of obese mice was significantly
reduced after AdipoQ administration. The graphic data
reflect the average food intake and standard deviation for 4
mice in each group, except for the db/db control group (n 3)
in which one animal died before the end of the experiment.
Significantly, the AdipoQ-dependent reduction in food
intake was observed for the ob/ob and db/db groups of mice.
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This established that AdipoQ was useful for controlling food
intake in the absence of leptin (ob/ob mice), and that AdipoQ
was able 1o overcome the leptin resistance that is charac-
teristic of db/db mice.

[0156] Example 9 describes a method that may be used to
reduce plasma triglycerides and body mass in humans.
While this exemplary case describes a treatment of obese
humans, it is to be understood that non-obese humans may
also be administered with the medicament described below.
For purposes of procedures described in the following two
Examples, a population of individuals with body mass index
>35 is recruited and tested for diabetes (fasting plasma
glucose levels >120 mg/dl) and hypertriglyceridemia or
“HTG” (fasting triglyceride levels >150 mg/dl). Four groups
of obese subjects are then constituted. These groups include:
(1) subjects with obesity and no diabetes or HTG; (2)
subjects with diabetes but no HTG; (3) subjects with HTG
but no diabetes; and (4) subjects with diabetes and HTG.

EXAMPLE 9

Administration of a Medicament that Includes
AdipoQ

[0157] A population of obese human individuals is first
identified and then separated into two random groups. The
control group receives a daily intravenous injection of a
placebo for a period of from one week, two weeks, one
month or more than a month. The placebo comprises a 1.0
ml volume of sterile PBS. Individuals in the treatment group
receive an intravenous injection twice daily of a medicament
that comprises 1.0 ml of sterile PBS containing recombinant
AdipoQ at a dosage level corresponding to 2.5 mg AdipoQ/
kg body mass. The recombinant AdipoQ is produced accord-
ing to good manufacturing procedures (GMP) in a procary-
otic expression system essentially according to the
procedures described under Examples 3 and 4. Individuals
in both groups consume high-fat meals, and serum triglyc-
eride levels and body mass are monitored regularly for the
duration of the procedure.

[0158] At the end of the treatment period it is clear that
individuals administered with the medicament that included
AdipoQ exhibit substantially reduced plasma triglyceride
levels relative to the control group. Moreover, there is
evidence that these individuals have experienced measur-
able weight reduction.

[0159] Example 10 describes how ApM1 can be used to
stimulate reduction in plasma triglyceride levels and body
mass.

EXAMPLE 10

ApM1 Administration Reduces Plasma
Triglycerides and Body Mass

[0160] A population of obese human individuals is first
identified and then separated into two random groups. The
control group receives a daily intravenous injection of a
placebo for a period of from one week, two weeks, one
month or more than a month. The placebo comprises a 1.0
ml volume of sterile PBS. Individuals in the treatment group
receive an intravenous injection twice daily of a medicament
that comprises 1.0 ml of sterile PBS containing human
ApML at a dosage level corresponding to 2.5 mg ApM1/kg
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body mass. The human ApM1 is a recombinant material
produced according to GMP standards. For this purpose a
procaryotic expression system is used essentially according
to the procedures described under Examples 3 and 4, except
that human ApM1 cDNA is substituted for the murine
AdipoQ cDNA described in the Examples. Individuals in
both groups consume high-fat meals. Serum triglyceride
levels and body mass are monitored for both groups of
individuals.

[0161] Atthe end of the treatment period individuals in the
group administered with the medicament that included
ApM1 exhibit substantially reduced plasma triglyceride
levels relative to the control group. Moreover, these indi-
viduals have experienced measurable weight reduction.

[0162] Another aspect of the present invention relates to
the preparation of a medicament for influencing the parti-
tioning of dietary lipids between the adipose tissues and the
liver in an individual. For example, the medicaments may
increase or decrease the level of lipolysis which occurs in the
liver. In particular, the medicaments may increase or
decrease the level of lipolysis which occurs in the liver by
increasing or decreasing the activity of LSR.

[0163] Such medicaments can be used in procedures for
reducing the amount of dietary lipids stored in the adipose
tissue or in procedures for increasing the amount of dietary
lipids stored in the adipose tissue depending on the nature of
the condition which is to be treated. In particular, such
medicaments increase or decrease the activities of com-
pounds (including AdipoQ, ApM1, Clq, any of the above-
described compounds analogous to C1q, compounds having
at least one consensus sequence selected from the group
consisting of SEQ ID NO:1 and SEQ ID NO: 2, compounds
comprising an amino acid sequence having at least 25%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14, compounds comprising an amino acid
sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
and compounds comprising an amino acid sequence having
at least 80% homology to a sequence selected from the
group consisting of SEQ ID NOs. 7-14) which increase the
amount of dietary lipids partitioned to the liver.

[0164] Medicaments which increase the activity of these
compounds in an individual may be used to reduce food
intake in obese individuals, to reduce the levels of free fatty
acids in obese individuals, to decrease the body weight of
obese individuals, or to treat a variety of obesity related
conditions. Such obesity related conditions include athero-
sclerosis (which may result from elevated levels of free fatty
acids and chylomicron remnants in the plasma), obesity-
related insulin resistance resulting from fatty acids in the
plasma or fatty acids produced by extracellular lipolysis
(Walker, M., Metabolism 44: 18-20 (1995); Lonnroth, P,
Intern. Med. Suppl. 735: 23-29 (1991); Hannes, M. M. et al.,
Int. J. Obes. 14: 831-841 (1990), obesity-related hyperten-
sion resulting from fatty acids in the plasma or fatty acids
produced by extracellular lipolysis (Goodfriend and Egan, J.
Med. 344:1649-1654 (1996), microangiopathic lesions
resulting from obesity-related Type II diabetes, and ocular
and renal lesions caused by microangiopathy in obese sub-
jects with Type II diabetes.

[0165] Medicaments which decrease the activity of com-
pounds which increase the partitioning of dietary lipids to
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the liver (including AdipoQ, ApM1, Clg, any of the above-
described compounds analogous to C1q, compounds having
at least one consensus sequence selected from the group
consisting of SEQ ID NO:1 and SEQ ID NO: 2, compounds
comprising an amino acid sequence having at least 25%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14, compounds comprising an amino acid
sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
and compounds comprising an amino acid sequence having
at least 80% homology to a sequence selected from the
group consisting of SEQ ID NOs. 7-14) may be used to treat
conditions such as cachexia in subjects with neoplastic or
para-neoplastic syndrome or eating disorders.

[0166] A variety of techniques may be used to increase the
activity of compounds which increase the partitioning of
dietary lipids to the liver. In particular, the activity of these
compounds may be increased by directly administering
these compounds (including AdipoQ, ApM1, Clg, any of
the above-described compounds analogous to Clq, or com-
pounds having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14 or
a fragment of the preceding compounds) to the individual in
any of the pharmaceutically acceptable formulations
described above. Routes of administration of these com-
pounds, as well as appropriate doses of these agents, have
also been provided above.

[0167] Alternatively, the activity of compounds which
increase the partitioning of dietary lipids to the liver may be
increased by increasing the expression of the genes encoding
these compounds using gene therapy. In such procedures, a
nucleic acid encoding a compound, or a portion of a com-
pound, which increases the partitioning of dietary lipids to
the liver (including AdipoQ, ApM1, Clg, any of the above-
described compounds analogous to C1q, derivatives of any
of the preceding compounds, compounds having at least one
consensus sequence selected from the group consisting of
SEQ ID NO:1 and SEQ ID NO: 2, compounds comprising
an amino acid sequence having at least 25% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, compounds comprising an amino acid sequence
having at least 50% homology to a sequence selected from
the group consisting of SEQ ID NOs. 7-14, and compounds
comprising an amino acid sequence having at least 80%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14 or a fragment of the preceding
compounds) is transiently or stably introduced into the
individual to be treated.

[0168] The nucleic acid encoding a compound, or a por-
tion of a compound, which increases the partitioning of
dietary lipids to the liver (including AdipoQ, ApM1, Clq,
any of the above-described compounds analogous to Clg, or
compounds having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, compounds comprising an amino acid sequence having at
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least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14 or
a fragment of the preceding compounds) is operably linked
to a promoter capable of directing its expression. The
promoter may be any of the promoters familiar to those of
skill in the art including the Rous Sarcoma Virus promoter,
the SV40 promoter, and the human cytomegalovirus pro-
moter. In some embodiments, the promoter may be a liver-
specific promoter. In further embodiments, the promoter
may be the promoter from the LSR gene.

[0169] Additional vectors and promoters suitable for use
in gene therapy include the parvovirus vectors disclosed in
U.S. Pat. No. 5,252,479, the adenovirus vectors disclosed in
U.S. Pat. No. 5,585,362, and the Harvey murine sarcoma
virus vectors disclosed in U.S. Pat. No. 5,166,059. Other
gene therapy vectors familiar to those of skill in the art may
also be used, including moloney murine leukemia virus
vectors, pLJ, pZIP, pWe and pEM.

[0170] Alternatively, the nucleic acid encoding a com-
pound, or a portion of a compound, which increases the
partitioning of dietary lipids to the liver (including AdipoQ,
ApM1, Clq, any of the above-described compounds analo-
gous to Clg, or compounds having at least one consensus
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO: 2, compounds comprising an amino
acid sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
compounds comprising an amino acid sequence having at
least 50% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, and compounds compris-
ing an amino acid sequence having at least 80% homology
to a sequence selected from the group consisting of SEQ ID
NOs. 7-14 or a fragment of the preceding compounds) may
be linked to a promoter capable of directing its expression
and introduced into the individual as naked DNA using
procedures such as those described in U.S. Pat. No. 5,558,
059.

[0171] In further approaches, a nucleic acid encoding
AdipoQ, ApM1, Clq, any of the above-described com-
pounds analogous to Clq, a compounds having at least one
consensus sequence selected from the group consisting of
SEQ ID NO:1 and SEQ ID NO: 2, a compound comprising
an amino acid sequence having at least 25% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, a compound comprising an amino acid sequence
having at least 50% homology 1o a sequence selected from
the group consisting of SEQ ID NOs. 7-14, a compound
comprising an amino acid sequence having at least 80%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14 or a fragment of any of the preceding
compounds may be introduced into cells, such as fibroblast
cells, using the gene therapy or naked DNA techniques
described above. The cells, such as fibroblast cells, may be
enclosed in a lattice of collagen and synthetic fibers coated
with basic fibroblast growth factor so as to form an organoid.
The organoid may then be transplanted into a host animal.
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Techniques for producing organoids are disclosed in Bohlet
al., Gene Ther. 2:197-202 (1995) and Descampset al., Gene
Ther. 2:411-417 (1995).

[0172] Inanother approach, the genes (or portions thereof)
which encode compounds which increase the partitioning of
dietary lipids to the liver (including AdipoQ, ApM1, Clgq,
any of the above-described compounds analogous to Clg,
compounds having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SED ID NOs. 7-14)
may be mutagenized to create derivative proteins or peptides
which have a greater ability to increase the partitioning of
dietary lipids to the liver than the wild type proteins. A
variety of mutagenesis procedures are known to those of
skill in the art, including site directed mutagenesis and
random chemical mutagenesis. For example, any of the
mutagenesis procedures disclosed in Ausebel et al., Current
Protocols in Molecular Biology, John Wiley & Sons (1998)
may be used.

[0173] The proteins or peptides encoded by the
mutagenized genes are inserted into expression vectors,
isolated using techniques familiar to those skilled in the art,
and tested to determine whether they have greater activity
than the wild type proteins using the procedures described
below.

[0174] Alternatively, rather than preparing derivatives
using the mutagenesis procedures described above, combi-
natorial chemistry techniques which permit the generation of
a large number of derivative peptides in vitro may be used.

[0175] Derivative proteins or peptides having increased
activity relative to the wild type may be identified by
comparing their activity to the activity of the wild type
proteins or peptides in the rat hepatocyte assay of Example
5. Those derivative proteins or peptides which have
increased activity relative to the wild type proteins may then
be further analyzed in the postprandial lipemic response
assay of Example 6, the plasma triglyceride assay of
Example 7, the food intake assay of Example 8 or the weight
loss assay of Example 7.

[0176] Those derivative proteins or peptides having
increased activity relative to the wild type proteins may be
used in medicaments to increase the partitioning of dietary
lipids to the liver. In such medicaments, the derivative
protein or peptide may be administered to the individual in
a pharmaceutically acceptable carrier such as those
described above. The derivative protein or peptide may be
administered through any of the routes and at any of the
dosages described above.

[0177] In addition, as discussed above, small molecules,
drugs, or other compounds which increase the activity of a
compound which increases the partitioning of dietary lipids
to the liver may be obtained by using a variety of synthetic
approaches familiar to those skilled in the art, including
combinatorial chemistry based techniques. Candidate small
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molecules, drugs, or other compounds may be evaluated by
determining their ability to increase the activity of a com-
pound which increases the partitioning of dietary lipids to
the liver in the rat hepatocyte assay of Example 5. Those
compounds which increase the activity of a compound
which increases the partitioning of dietary lipids to the liver
in the rat hepatocyte assay may be further evaluated in the
postprandial lipemic response assay of Example 6, the
plasma triglyceride assay of Example 7, the food intake
assay of Example 8, or the weight loss assay of Example 7.

[0178] As described above, the present invention also
relates to medicaments for reducing the activity of com-
pounds which increase the partitioning of dietary lipids to
the liver. Such medicaments may be used to treat conditions
such as those described above in which it is desirable to
decrease the partitioning of dietary lipids to the liver (i.e. to
increase the partitioning of dietary lipids to the adipose
tissue). The activity of compounds which increase the par-
titioning of dietary lipids to the liver (including AdipoQ,
ApM1, Clq, any of the above-described compounds analo-
gous to Clg, or compounds having at least one consensus
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO: 2, compounds comprising an amino
acid sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
compounds comprising an amino acid sequence having at
least 50% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, and compounds compris-
ing an amino acid sequence having at least 80% homology
to a sequence selected from the group consisting of SEQ ID
NOs. 7-14 or a fragment of the preceding compounds) may
be reduced using a variety of methods, including the meth-
ods described below.

[0179] The partitioning of dictary lipids to the liver may
also be increased by preparing an antibody which binds to
the y subunit, the C1q receptor (g2C1g-R) or a protein related
thereto, as well as fragments of these proteins. Such anti-
bodies may modulate the interaction between LSR and the
y subunit, the Clq receptor (gC1g-R) or a protein related
thereto in a manner which increases the partitioning of
dietary lipids to the liver. The antibodies may be any of the
antibodies described below.

[0180] In one procedure for reducing the activity of a
compound which increases the partitioning of dietary lipids
to the liver, an antibody which inhibits the activity of the
compound is administered to an individual. The antibody
may be polyclonal or monoclonal.

[0181] Polyclonal antibodies capable of specifically bind-
ing to a compound which increases the partitioning of
dietary lipids to the liver may be obtained by using the
compound (or a fragment thereof) as an immunogen in the
procedures described in Example 1 above. Alternatively,
polyclonal antibodies may be generated against the y sub-
unit, the Clq receptor (gC1q-R) or a protein related thereto,
as well as fragments of these proteins.

[0182] Monoclonal antibodies to compounds which
increase the partitioning of dietary lipids to the liver can be
prepared from murine hybridomas according to the classical
method of Kohler, G. and Milstein, C., Nature 256:495
(1975) or derivative methods thereof. Briefly, a mouse is
repetitively inoculated with a few micrograms of the com-
pound or a fragment thereof (such as AdipoQ, ApM1, Clgq,
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any of the above-described compounds analogous to Clg, or
compounds having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14 or
a fragment of the preceding compounds) over a period of a
few weeks. Alternatively, monoclonal antibodies may be
generated against the y subunit, the Clq receptor (gC1q-R)
or a protein related thereto, as well as fragments of these
proteins.

[0183] The mouse is then sacrificed, and the antibody
producing cells of the spleen isolated. The spleen cells are
fused by means of polyethylene glycol with mouse myeloma
cells, and the excess unfused cells destroyed by growth of
the system on selective media comprising aminopterin (HAT
media). The successfully fused cells are diluted and aliquots
of the dilution placed in wells of a microtiter plate where
growth of the culture is continued. Antibody-producing
clones are identified by detection of antibody in the super-
natant fluid of the wells by immunoassay procedures, such
as Elisa, as originally described by Engvall, E., Meth.
Enzymol. 70:419 (1980), and derivative methods thereof.
Selected positive clones can be expanded and their mono-
clonal antibody product harvested for use. Detailed proce-
dures for monoclonal antibody production are described in
Davis, L. et al. Basic Methods in Molecular Biology
Elsevier, New York. Section 21-2.

[0184] Antibodies which are capable of inhibiting the
activity of compounds which increase the partitioning of
dietary lipids to the liver (including AdipoQ, ApM1, Clq,
any of the above-described compounds analogous to Clg,
compounds having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14)
may be identified by contacting the compound with increas-
ing amounts of the monoclonal or polyclonal antibodies
prior to conducting or while conducting the assay described
in Example 5 with the compound. Those antibodies which
reduce binding, internalization, and/or degradation in the rat
hepatocyte assay may be tested for in vivo activity by
administering increasing amounts of the antibodies to mice
and determining the ability of the antibodies to inhibit the
compound-mediated reduction in postprandial triglyceride
response in the assay described in Example 6 above, the
ability of the antibodies to inhibit the compound-mediated
reduction in plasma triglycerides in the assay described in
Example 7 above, the ability of the antibodies to inhibit the
compound-mediated reduction of food intake in obese mice
in the assay described in Example 8 above, or the ability of
the antibodies to inhibit the compound-mediated weight loss
in the assay described in Example 7.
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[0185] The partitioning of dictary lipids to the liver may
also be reduced by preparing an antibody which binds to the
vy subunit, the Clq receptor (Clq-R) or a protein related
thereto, as well as fragments of these proteins. Such anti-
bodies may modulate the interaction between AdipoQ,
ApM1, or analogous proteins and the y subunit, the Clq
receptor (gC1g-R) or a protein related thereto in a manner
which reduces the partitioning of dietary lipids to the liver.
The antibodies may be any of the antibodies described
above.

[0186] Alternatively, the partitioning of dietary lipids to
the liver may also be reduced using fragments of antibodies
which retain the ability to specifically bind AdipoQ, ApM1,
Clgq, any of the above-described compounds analogous to
Clqg, compounds having at least one consensus sequence
selected from the group consisting of SEQ ID NO:1 and
SEQ ID NO: 2, compounds comprising an amino acid
sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
compounds comprising an amino acid sequence having at
least 50% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 80% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, the y subunit, the Clq receptor (gC1g-R) or a
protein related thereto, as well as fragments of these pro-
teins. For example, the fragments may be Fab fragments,
which may be prepared using methods familiar to those of
skill in the art.

[0187] Alternatively, the antibodies may comprise human-
ized antibodies or single chain antibodies. A variety of
methods for making humanized antibodies or single chain
antibodies are familiar to those skilled in the art, including
the techniques described in U.S. Pat. Nos. 5,705,154,
5,565332, and 5,608,039.

[0188] Those antibodies which inhibit the compound-
mediated effects in one or more of the assays described
above may then be used in medicaments for reducing the
activity of compounds which increase the partitioning of
dietary lipids to the liver. The antibodies may be adminis-
tered to individuals in a pharmaceutically acceptable carrier
such as those described above.

[0189] Alternatively, the activity of compounds which
increase the partitioning of dietary lipids to the liver (includ-
ing AdipoQ, ApM1, Clg, any of the above-described com-
pounds analogous to C1g, or compounds having at least one
consensus sequence selected from the group consisting of
SEQ ID NO:1 and SEQ ID NO: 2, compounds comprising
an amino acid sequence having at least 25% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, compounds comprising an amino acid sequence
having at least 50% homology 1o a sequence selected from
the group consisting of SEE ID NOs. 7-14, and compounds
comprising an amino acid sequence having at least 80%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14, or a fragment of the preceding
compounds) may be reduced by reducing the expression of
the genes encoding the compounds. A variety of approaches
may be used to reduce gene expression, including antisense
or triple helix based strategies.

[0190] In antisense approaches, nucleic acid sequences
complementary to the mRNA encoding the compound
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capable of increasing the partitioning of dietary lipids to the
liver are hybridized to the mRNA intracellularly, thereby
blocking the expression of the protein encoded by the
mRNA. The antisense sequences may prevent gene expres-
sion through a variety of mechanisms. For example, the
antisense sequences may inhibit the ability of ribosomes to
translate the mRNA. Alternatively, the antisense sequences
may block transport of the mRNA from the nucleus to the
cytoplasm, thereby limiting the amount of mRNA available
for translation. Another mechanism through which antisense
sequences may inhibit gene expression is by interfering with
mRNA splicing. In yet another strategy, the antisense
nucleic acid may be incorporated in a ribazyme capable of
specifically cleaving the target mRNA.

[0191] The antisense nucleic acid molecules to be used in
gene therapy may be either DNA or RNA sequences. They
may comprise a sequence complementary to the sequence of
a gene, or a portion of a gene, encoding a compound which
increases the partitioning of dietary lipids to the liver. The
antisense nucleic acids should have a length and melting
temperature sufficient to permit formation of an intracellular
duplex having sufficient stability to inhibit the expression of
the mRNA in the duplex. Strategies for designing antisense
nucleic acids suitable for use in gene therapy are disclosed
in Green et al., Ann. Rev. Biochem. 55:569-597 (1986) and
Izant and Weintraub, Cell 36:1007-1015 (1984), which are
hereby incorporated by reference.

[0192] In some strategies, antisense molecules are
obtained from a nucleotide sequence encoding a compound
which increases the partitioning of dietary lipids to the liver
by reversing the orientation of the coding region with
respect to a promoter so as to transcribe the opposite strand
from that which is normally transcribed in the cell. The
antisense molecules may be transcribed using in vitro tran-
scription systems such as those which employ T7 or SP6
polymerase to generate the transcript. Another approach
involves transcription of the antisense nucleic acids in vivo
by operably linking DNA containing the antisense sequence
to a promoter in an expression vector.

[0193] Alternatively, oligonucleotides which are comple-
mentary to the strand normally transcribed in the cell may be
synthesized in vitro. For example, the oligonucleotides used
in antisense procedures may be prepared on an oligonucle-
otide synthesizer or they may be purchased commercially
from a company specializing in custom oligonucleotide
synthesis, such as GENSET, Paris, France.

[0194] The antisense nucleic acids are complementary to
the corresponding mRNA and are capable of hybridizing to
the mRNA to create a duplex. In some embodiments, the
antisense sequences may contain modified sugar phosphate
backbones to increase stability and make them less sensitive
to RNase activity. Examples of modifications suitable for
use in antisense strategies are described by Rossi et al.,
Pharmacol. Ther. 50(2):245-254, (1991).

[0195] Various types of antisense oligonucleotides
complementary to genes encoding compounds which influ-
ence the partitioning of dietary lipids to the liver (including
genes encoding AdipoQ, ApM1, Clq, any of the above-
described compounds analogous to Clq, compounds having
at least one consensus sequence selected from the group
consisting of SEQ ID NO:1 and SEQ ID NO: 2, compounds
comprising an amino acid sequence having at least 25%
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homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14, compounds comprising an amino acid
sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14, or
compounds comprising an amino acid sequence having at
least 80% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14) may be used. In one
preferred embodiment, stable and semi-stable antisense oli-
gonucleotides described in International Application No.
PCT W094123026, hereby incorporated by reference, are
used. In these molecules, the 3' end or both the 3' and 5' ends
are engaged in intramolecular hydrogen bonding between
complementary base pairs. These molecules are better able
to withstand exonuclease attacks and exhibit increased sta-
bility compared to conventional antisense oligonucleotides.

[0196] In another preferred embodiment, the antisense
oligodeoxynucleotides described in International Applica-
tion No. WO 95104141, the disclosure of which is incor-
porated herein by reference, are used.

[0197] In yet another preferred embodiment, the
covalently cross-linked antisense oligonucleotides described
in International Application No. WO 96131523, hereby
incorporated by reference, are used. These double- or single.
stranded oligonucleotides comprise one or more, respec-
tively, inter- or intraoligonucleotide covalent cross-linkages,
wherein the linkage consists of an amide bond between a
primary amine group of one strand and a carboxyl group of
the other strand or of the same strand, respectively, the
primary amine group being directly substituted in the 2'
position of the strand nucleotide monosaccharide ring, and
the carboxyl group being carried by an aliphatic spacer
group substituted on a nucleotide or nucleotide analog of the
other strand or the same strand, respectively.

[0198] The antisense oligodeoxynucleotides and oligo-
nucleotides disclosed in International Application No. WO
92118522, incorporated by reference, may also be used.
These molecules are stable to degradation and contain at
least one transcription control recognition sequence which
binds to control proteins and are effective as decoys therefor.
These molecules may contain “hairpin” structures, “dumb-
bell” structures, “modified dumbbell” structures, “cross-
linked” decoy structures and “loop” structures.

[0199] In another preferred embodiment, the cyclic
double-stranded oligonucleotides described in European
Patent Application No. 0 572 287 A2, hereby incorporated
by reference are used. These ligated oligonucleotide “dumb-
bells” contain the binding site for a transcription factor and
inhibit expression of the gene under control of the transcrip-
tion factor by sequestering the factor.

[0200] Use of the closed antisense oligonucleotides dis-
closed in International Application No. WO 92119732,
hereby incorporated by reference, is also contemplated.
Because these molecules have no free ends, they are more
resistant to degradation by exonucleases than are conven-
tional oligonucleotides. These oligonucleotides may be mul-
tifunctional, interacting with several regions which are not
adjacent to the target mRNA.

[0201] Tt is further contemplated that the antisense oligo-
nucleotide sequence is incorporated into a ribozyme
sequence to enable the antisense to specifically bind and
cleave its target mRNA. For technical applications of
ribozyme and antisense oligonucleotides see Rossi et al.,
supra.
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[0202] The appropriate level of antisense nucleic acids
required to inhibit gene expression may be determined using
in vitro expression analysis. The antisense molecule may be
introduced into cells which express the target gene by
diffusion, injection, infection or transfection using proce-
dures known in the art. For example, if the target gene is the
AdipoQ gene or a gene encoding an analogous protein (such
as the AdipoQ gene or the ApM1 gene), the antisense
molecule may be introduced into adipocytes.

[0203] The antisense molecules are introduced onto cell
samples at a number of different concentrations preferably
between 1x107°M to 1x10~*M. Once the minimum con-
centration that can adequately control gene expression is
identified, the optimized dose is translated into a dosage
suitable for use in vivo. For example, an inhibiting concen-
tration in culture of 1x10~’M translates into a dose of
approximately 0.6 mg/kg bodyweight. Levels of oligonucle-
otide approaching 100 mg/kg body weight or higher may be
possible after testing the toxicity of the oligonucleotide in
laboratory animals.

[0204] When using the antisense molecules as a medica-
ment, the antisense nucleic acids can be introduced into the
body of an individual to be treated as a bare or naked
oligonucleotide, oligonucleotide encapsulated in lipid, oli-
gonucleotide sequence encapsidated by viral protein, or as
an oligonucleotide operably linked to a promoter contained
in an expression vector. The expression vector may be any
of a variety of expression vectors known in the art, including
retroviral or viral vectors such as those described above,
vectors capable of extrachromosomal replication, or inte-
grating vectors. The vectors may be DNA or RNA. It is
additionally contemplated that cells from the vertebrate are
removed, treated with the antisense oligonucleotide, and
reintroduced into the vertebrate.

[0205] Alternatively, the activity of a compound which
increases the partitioning of dietary lipids to the liver may be
reduced using strategies based on intracellular triple helix
formation. Triple helix oligonucleotides are used to inhibit
transcription from a genome. They are particularly useful for
studying alterations in cell activity as it is associated with a
particular gene. The gene encoding a compound which
increases the partitioning of dietary lipids to the liver (such
as the gene encoding AdipoQ, ApMI1, Clg, any of the
above-described compounds analogous to Clq or com-
pounds having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, or compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14) or,
more preferably, a portion of such a gene, can be used in
triple helix based approaches to inhibit gene expression.
Traditionally, homopurine sequences were considered the
most useful for triple helix strategies. However, homopyri-
midine sequences can also inhibit gene expression. Such
homopyrimidine oligonucleotides bind to the major groove
at homopurine:homopyrimidine sequences. Thus, both types
of sequences from genes encoding compounds which
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increase the partitioning of dietary lipids to the liver may be
used in triple helix based approaches such as the following.

[0206] The sequence of a gene encoding a compound
which increases the partitioning of dietary lipids to the liver
is scanned to identify 10-mer to 20-mer homopyrimidine or
homopurine stretches which could be used in triple-helix
based strategies for inhibiting gene expression. In some
embodiments, the natural (beta) anomers of the oligonucle-
otide units can be replaced with alpha anomers to render the
oligonucleotide more resistant to nucleases. Further, an
intercalating agent such as ethidium bromide, or the like, can
be attached to the 3' end of the alpha oligonucleotide to
stabilize the triple helix. For information on the generation
of oligonucleotides suitable for triple helix formation see
Griffin et al. (Science 245:967-971 (1989), which is hereby
incorporated by this reference).

[0207] Following identification of candidate homopyrimi-
dine or homopurine stretches, their efficiency in inhibiting
gene expression may be assessed by introducing varying
amounts of oligonucleotides containing the candidate
sequences into cells which normally express the target gene
and measuring the ability of the triple helix-forming nucleic
acids to inhibit gene expression. For example, if the target
gene Is the AdipoQ gene or a gene encoding an analogous
protein such as ApM1, the triple helix-forming nucleic acids
may be introduced into adipocytes.

[0208] The oligonucleotides may be introduced into the
cells using a variety of methods known to those skilled in the
art, including but not limited to calcium phosphate precipi-
tation, DEAE-Dextran, electroporation, liposome-mediated
transfection or native uptake. Treated cells are monitored for
reduced gene expression using techniques such as Northern
blotting, RNase protection assays, or PCR based strategies
to monitor the transcription levels of the target gene in cells
which have been treated with the oligonucleotide.

[0209] The triple helix-forming oligonucleotides which
are effective in inhibiting gene expression in tissue culture
cells may then be used in medicaments for reducing the
activity of the compound which increases the partitioning of
dietary lipids to the liver. The triple helix-forming oligo-
nucleotides may be introduced into an individual using the
techniques provided in the above description of antisense
strategies.

[0210] Alternatively, the activity of a compound which
increases the partitioning of dietary lipids to the liver may be
reduced using derivatives of the compound which inhibit its
activity. For example derivatives of compounds which
increase the partitioning of dietary lipids to the liver (such as
derivatives of AdipoQ, ApM1, Clq, any of the above-
described compounds analogous to Clq or compounds hav-
ing at least one consensus sequence selected from the group
consisting of SEQ ID NO:1 and SEQ ID NO: 2, compounds
comprising an amino acid sequence having at least 25%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14, compounds comprising an amino acid
sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
compounds comprising an amino acid sequence having at
least 80% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, or fragments of any of
these proteins) may be prepared using the mutagenesis or
combinatorial chemistry procedures described above in con-
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nection with the preparation of derivatives having enhanced
activity relative to the wild type.

[0211] Derivative proteins or peptides produced using the
above procedures may be used in medicaments for reducing
the activity of compounds which increase the partitioning of
dietary lipids to the liver. Such mutant proteins or peptides
may reduce the activity of a compound which increases the
partitioning of dietary lipids to the liver (including AdipoQ,
ApM1, Clq, any of the above-described compounds analo-
gous to Clq, or compounds having at least one consensus
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO: 2, compounds comprising an amino
acid sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
compounds comprising an amino acid sequence having at
least 50% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, and compounds compris-
ing an amino acid sequence having at least 80% homology
to a sequence selected from the group consisting of SEQ ID
NOs. 7-14) through a variety of mechanisms, including by
acting as antagonists to binding of the wild type proteins to
their ligands. For example, the antagonists may have a
reduced activity and can thus reduce the activity of the
compound by competing with it.

[0212] Derivative proteins or peptides which are capable
of inhibiting the activity of the wild type protein may be
identified by determining their ability to block the activity of
the wild type proteins in assays such as the rat hepatocyte
assay of Example 5, the postprandial lipemic response assay
of Example 6, the plasma triglyceride assay of Example 7,
the food intake assay of Example 8, or the weight loss assay
of Example 7. Alternatively, the derivative proteins or
peptides may be evaluated by determining their ability to
increase food intake or cause a weight gain when adminis-
tered in the assays of Examples 7 and 8.

[0213] Those derivative proteins or peptides which inhibit
the activity of the wild type proteins may be used in
medicaments for reducing the activity of a compound which
increases the partitioning of dietary lipids to the liver. In
such medicaments, the derivative protein or peptide may be
administered to the individual in a pharmaceutically accept-
able carrier such as those described above. The derivative
protein or peptide may be administered through any of the
routes and at any of the dosages described above.

[0214] In addition, as discussed above, small molecules,
drugs, or other compounds which reduce the activity of a
compound which increases the partitioning of dietary lipids
to the liver may be obtained by using a variety of synthetic
approaches familiar to those skilled in the art, including
combinatorial chemistry based techniques. Candidate small
molecules, drugs, or other compounds may be evaluated by
determining their ability to inhibit the activity of a com-
pound which increases the partitioning of dietary lipids to
the liver in the rat hepatocyte assay of Example 5. Those
compounds which inhibit the activity of a compound which
increases the partitioning of dietary lipids to the liver in the
rat hepatocyte assay may be further evaluated in the post-
prandial lipemic response assay of Example 6, the plasma
triglyceride assay of Example 7, the food intake assay of
Example 8, or the weight loss assay of Example 8.

[0215] Thus, one aspect of the present invention is an
agent which increases the activity of a compound which
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increases the partitioning of dietary lipids to the liver for use
as a pharmaceutical. In particular, the agent may be used for
treating a condition selected from the group consisting of
obesity, obesity-related atherosclerosis, obesity-related insu-
lin resistance, obesity-related hypertension, obesity-related
microangiopathic lesions, obesity-related ocular lesions,
obesity-related renal lesions, and other conditions in which
it is desirable to increase the partitioning of dietary lipids to
the liver. In particular, the preceding conditions may be
treated by administering a therapeutically effective amount
of a compound which increases the partitioning of dietary
lipids to the liver in a pharmaceutically acceptable carrier to
an individual suffering from the preceding conditions. In
some embodiments the redicament can be administered to an
individual who has been determined to have less than the
normal level of activity of a compound which increases the
partitioning of dietary lipids to the liver. In particular, the
medicament may comprise AdipoQ, ApM1, Clq, any of the
above-described compounds analogous to Clq or com-
pounds having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, compounds comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, compounds comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, compounds comprising an amino acid sequence
having at least 80% homology 1o a sequence selected from
the group consisting of SEQ ID NOs. 7-14, or fragments of
any of these proteins.

[0216] Alternatively, the medicament may comprise a
derivative of the preceding compounds which exhibits
greater activity than the wild type compound or a nucleic
acid which increases the level of expression of the preceding
compounds in the individual.

[0217] Another aspect of the present invention is an agent
which inhibits the activity of a compound which increases
the partitioning of dietary lipids to the liver for use as a
pharmaceutical. The pharmaceutical may be used for treat-
ing a condition selected from the group consisting of
cachexia in subjects with neoplastic or para-neoplastic syn-
drome, eating disorders, and other conditions in which it is
desirable to reduce the partitioning of dietary lipids to the
liver. In particular, the preceding conditions may be treated
by administering a therapeutically effective amount of an
agent which inhibits the activity of a compound which
increases the partitioning of dietary lipids to the liver in a
pharmaceutically acceptable carrier to an individual suffer-
ing from the preceding conditions. In some embodiments the
medicament can be administered to an individual who has
been determined to have more than the normal level of
activity of a compound which increases the partitioning of
dietary lipids to the liver. In particular, the medicament may
comprise an agent which inhibits the activity of AdipoQ,
ApM1, Clq, any of the above-described compounds analo-
gous to Clg, a compound having at least one consensus
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO: 2, compounds comprising an amino
acid sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
compounds comprising an amino acid sequence having at
least 50% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, or a compound comprising
an amino acid sequence having at least 80% homology to a
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sequence selected from the group consisting of SEQ ID
NOs. 7-14. For example the medicament may comprise an
antibody which inhibits the activity of AdipoQ, ApM1, Clq,
any of the above-described compounds analogous to Clq, a
compound having at least one consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID NO:
2, a compound comprising an amino acid sequence having
at least 25% homology to a sequence selected from the
group consisting of SEQ ID NOs. 7-14, a compound com-
prising an amino acid sequence having at least 50% homol-
ogy to a sequence selected from the group consisting of SEQ
ID NOs. 7-14, or a compound comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14.
The medicament may also comprise a derivative of AdipoQ,
ApM1, Clq, any of the above-described compounds analo-
gous to Clg, a compounds having at least one consensus
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO: 2, a compound comprising an amino
acid sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14, a
compound comprising an amino acid sequence having at
least 50% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, and compounds compris-
ing an amino acid sequence having at least 80% homology
to a sequence selected from the group consisting of SEQ ID
NOs. 7-14, or a fragment of the preceding compounds which
inhibits the activity of AdipoQ, ApM1, Clq, any of the
above-described compounds analogous to Clq, a compound
having at least one consensus sequence selected from the
group consisting of SEQ ID NO:1 and SEQ ID NO: 2, a
compound comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, a compound comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, or a compound comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14.
Alternatively, the medicament may comprise a nucleic acid,
such as an antisense nucleic acid or a triple helix-forming
nucleic acid, which alters the expression or decreases the
level of expression of AdipoQ, ApM1, Clg, any of the
above-described compounds analogous to C1q, a compound
having at least one consensus sequence selected from the
group consisting of SEQ ID NO:1 and SEQ ID NO: 2, a
compound comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, a compound comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, or a compound comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14 in
the individual.

[0218] Obese individuals express lower than normal levels
of AdipoQ or AdipoQ related compounds. (Hu et al., J. Biol.
Chem. 271: 10697-10703 (1996)). Obese individuals having
decreased activity of AdipoQ, ApM 1, or analogous com-
pounds in their plasma, body fluids, or body tissues may be
at risk of developing a variety of conditions associated with
partitioning lower than normal levels of dietary lipids to the
liver (i.e. partitioning higher than normal levels of dietary
lipids to the adipose tissues). In particular, such individuals
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may suffer from obesity-related atherosclerosis, obesity-
related insulin resistance, obesity-related hypertension, obe-
sity-related microangiopathic lesions, obesity-related ocular
lesions, and obesity-related renal lesions. Accordingly,
another aspect of the present invention is a method for
determining whether an obese individual is at risk of suf-
fering from a condition selected from the group consisting of
obesity-related atherosclerosis, obesity-related insulin resis-
tance, obesity-related  hypertension,  obesity-related
microangiopathic lesions, obesity-related ocular lesions,
obesity-related renal lesions comprising determining
whether the individual has a below normal level of activity
of AdipoQ, ApM1 or analogous compounds in plasma, body
fluids, or body tissues.

[0219] The level of AdipoQ, ApM1 or analogous com-
pounds in plasma, body fluids, or body tissues may be
determined using a variety approaches. In particular, the
level may be determined using ELISA, Western Blots, or
protein electrophoresis.

[0220] Another aspect of the present invention relates to
methods of identifying molecules which bind to the v
subunit. As discussed above, the y subunit may be the Clg
receptor (gC1g-R) or a protein related thereto. Accordingly,
as used below, the terminology “y subunit” will refer to gC
I g-R or the related protein which makes up the y subunit of
the LSR complex.

[0221] Molecules which bind to the y subunit may be used
in the medicaments and methods of the present invention to
increase or decrease the partitioning of dietary lipids to the
liver. For example, such molecules may act as agonists or
antagonists to stimulate or decrease the activity of LSR.

[0222] There are numerous methods available for identi-
fying v subunit ligands. One such method is described in
U.S. Pat. No. 5,270,170, the disclosure of which is incor-
porated hercin by reference. Briefly, in this method, a
random peptide library is constructed. The random peptide
library comprises a plurality of vectors encoding fusions
between peptides to be tested for y subunit binding activity
and a DNA binding protein, such as the lac repressor
encoded by the lacl gene. The vectors in the random peptide
library also contain binding sites for the DNA binding
protein, such as the lacO site in the case where the DNA
binding protein is the lac repressor. The random peptide
library is introduced into a host cell, where the fusion protein
is expressed. The host cells are then lysed under conditions
which permit the DNA binding portion of the fusion protein
to bind to the DNA binding sites on the vector.

[0223] The vectors having the fusion proteins bound
thereto are placed in contact with immobilized y subunit, or
an immobilized fragment of y subunit under conditions
which permit peptides to bind specifically. For example, y
subunit or a fragment thereof may be immobilized by
affixing it to a surface such as a plastic plate or a particle. In
particular, the immobilized fragment of y subunit may
comprise the Clg, AdipoQ or ApM1 binding site.

[0224] Those vectors which encode random peptides
capable of binding to the immobilized y subunit, or a
fragment thereof, or the Clg, AdipoQ or ApM1 binding site
thereof will be specifically retained on the surface via the
interaction between the peptide and y subunit, a fragment of
the y subunit, or the Clq, AdipoQ or ApM1 binding site
thereof.
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[0225] Alternatively, molecules capable of binding to the
y subunit may be identified using two-hybrid systems such
as the Matchmaker Two Hybrid System 2 (Catalog No.
K1604-1, Clontech). As described in the manual accompa-
nying the Matchmaker Two Hybrid System 2 (Catalog No.
K1604-1, Clontech), which is incorporated herein by refer-
ence, nucleic acids encoding the y subunit, a fragment
thereof, or a fragment comprising the C1q, AdipoQ or ApM1
binding site are inserted into an expression vector such that
they are in frame with DNA encoding the DNA binding
domain of the yeast transcriptional activator GAL4. Nucleic
acids in a library which encode proteins or peptides which
might interact with the y subunit, a fragment of the y subunit,
or the Clg, AdipoQ or ApM1 binding site are inserted into
a second expression vector such that they are in frame with
DNA encoding the activation domain of CAL4. The two
expression plasmids are transformed into yeast and the yeast
are plated on selection medium which selects for expression
of selectable markers on each of the expression vectors as
well as GAL4 dependent expression of the HIS3 gene.
Transformants capable of growing on medium lacking his-
tidine are screened for GAL4 dependent lacZ expression.
Those cells which are positive in both the histidine selection
and the lacZ assay contain plasmids encoding proteins or
peptides which interact with the y subunit, a fragment
thereof, or the Clq, AdipoQ or ApM1 binding site.

[0226] Alternatively, to study the Interaction of the y
subunit, a fragment thereof, or a fragment comprising the
Cl1g, AdipoQ or ApM1 binding site thereof with drugs or
small molecules, such as molecules generated through com-
binatorial chemistry approaches, the microdialysis coupled
to HPLC method described by Wang et al, Chro-
matographia, 44, 205-208(1997) or the affinity capillary
electrophoresis method described by Busch et al., J. Chro-
matogr. 777:311-328 (1997), the disclosures of which are
incorporated herein by reference can be used.

[0227] In further methods, proteins, peptides, drugs, small
molecules, or other compounds which interact with the vy
subunit, a fragment thereof, or a fragment comprising the
Clg, AdipoQ or ApM1 binding site thereof may be identified
using assays such as the following. The molecule to be tested
for binding is labeled with a detectable label, such as a
fluorescent, radioactive, or enzymatic tag and placed in
contact with immobilized y subunit, a fragment thereof, or a
fragment comprising the Clq, AdipoQ or ApM1 binding site
thereof under conditions which permit specific binding to
occur. After removal of non-specifically bound molecules,
bound molecules are detected using appropriate means.

[0228] Alternatively, proteins, peptides, drugs, small mol-
ecules, or other compounds which bind to y subunit, a
fragment thereof, or a fragment comprising the C1q, AdipoQ
or ApM1 binding site thercof may be identified using
competition experiments. In such assays, the y subunit, a
fragment thereof, or a fragment comprising the Clq, AdipoQ
or ApM1 binding site thereof is immobilized to a surface,
such as a plastic plate. Increasing amounts of the proteins,
peptides, drugs, small molecules, or other compounds are
placed in contact with the immobilized y subunit, a fragment
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thereof, or a fragment comprising the C1q, AdipoQ or ApM1
binding site thereof in the presence of a detectably labeled
known y subunit ligand, such as AdipoQ, Clg, any of the
above-described compounds analogous to C1q, a compound
having at least one consensus sequence selected from the
group consisting of SEQ ID NO:1 and SEQ ID NO: 2, a
compound comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, a compound comprising an
amino acid sequence having at least 50% homology to a
sequence selected from the group consisting of SEQ ID
NOs. 7-14, or a compound comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14.
For example, the y subunit ligand may be detectably labeled
with a fluorescent, radioactive, or enzymatic tag. The ability
of the test molecule to bind the y subunit, a fragment thereof,
or a fragment comprising the C1q, AdipoQ or ApM1 binding
site thereof is determined by measuring the amount of
detectably labeled known ligand bound in the presence of
the test molecule. A decrease in the amount of known ligand
bound to the y subunit, a fragment thereof, or a fragment
comprising the Clg, AdipoQ or ApM1 binding site thereof
when the test molecule is present indicates that the test
molecule is able to bind to the y subunit, a fragment thereof,
or a fragment comprising the C1q, AdipoQ or ApM1 binding
site thereof. This method may be used to identify com-
pounds which bind to the y subunit and which therefore
represent potential agonists or antagonists of LSR activity
which can be exploited in the medicaments described above.

[0229] Proteins, peptides, drugs, small molecules, or other
compounds interacting with the y subunit, a fragment
thereof, or a fragment comprising the Clq, AdipoQ or ApM1
binding site thereof can also be screened by using an Optical
Biosensor as described in Edwards et Leatherbarrow, Ana-
lytical Biochemistry, 246, 1-6 (1997), the disclosure of
which is incorporated herein by reference. The main advan-
tage of the method is that it allows the determination of the
association rate between the y subunit and other interacting
molecules. Thus, it is possible to specifically select inter-
acting molecules with a high or low association rate. Typi-
cally a target molecule is linked to the sensor surface
(through a carboxymethl dextran matrix) and a sample of
test molecules is placed in contact with the target molecules.
The binding of a test molecule to the target molecule causes
a change in the refractive index and/or thickness. This
change is detected by the Biosensor provided it occurs in the
evanescent field (which extend a few hundred manometers
from the sensor surface). In these screening assays, the target
molecule can be the y subunit, a fragment thereof, or a
fragment comprising the C1q, AdipoQ or ApM1 binding site
thereof and the test sample can be a collection of proteins
extracted from tissues or cells, a pool of expressed proteins,
combinatorial peptide and/or chemical libraries, phage dis-
played peptides, drugs, small molecules or other com-
pounds. The tissues or cells from which the test proteins are
extracted can originate from any species.

[0230] Proteins or other molecules interacting with the y
subunit, a fragment thereof, or a fragment comprising the
Cl1g, AdipoQ or ApM1 binding site thereof can be also be
found using affinity columns which contain the y subunit, a
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fragment thereof, or a fragment comprising the Clq, AdipoQ
or ApM1 binding site thereof. The y subunit, a fragment
thereof, or a fragment comprising the Cl1q, AdipoQ or ApM1
binding site thereof may be attached to the column using
conventional techniques including chemical coupling to a
suitable column matrix such as agarose, Affi Gel, or other
matrices familiar to those of skill in the art. In some versions
of this method, the affinity column contains chimeric pro-
teins in which the y subunit, a fragment thereof, or a
fragment comprising the C1q, AdipoQ or ApM1 binding site
thereof is fused to glutathione S-transferase. A mixture of
cellular proteins or pool of expressed proteins as described
above and is applied to the affinity column. Proteins, pep-
tides, drugs, small molecules or other molecules interacting
with the y subunit, a fragment thereof, or a fragment
comprising the Clg, AdipoQ or ApM1 binding site thereof
attached to the column can then be isolated and analyzed on
2-D electrophoresis gel as described in Ramunsen et al.
Electrophoresis, 18, 588-598 (1997), the disclosure of which
is incorporated herein by reference. Alternatively, the pro-
teins or other molecules retained on the affinity column can
be purified by electrophoresis based methods and
sequenced. The same method can be used to isolate anti-
bodies, to screen phage display products, or to screen phage
display human antibodies.

[0231]
may be screened to determine whether they act as agonists

The compounds identified using the above methods

or antagonists of LSR activity as follows. Those compounds
which are agonists will increase LSR activity in one or more
assays selected from the group consisting of the rat hepa-
tocyte assay of Example 5, the postprandial lipemic
response assay of Example 6, the plasma triglyceride assay
of Example 7, the food intake assay of Example 8, or the
body weight assay of Example 7. Such compounds are
useful in the medicaments discussed above for treating
conditions in which it is desirable to increase the partitioning
of dietary lipids to the liver.

[0232] Alternatively, those compounds which are antago-
nists of LSR activity will inhibit the activity of AdipoQ in
one or more assays selected from the group consisting of the
rat hepatocyte assay of Example 5, the postprandial lipemic
response assay of Example 6, the plasma triglyceride assay
of Example 7, the food intake assay of Example 8, or the
body weight assay of Example 7. Such compounds are
useful in the medicaments discussed above for treating
conditions in which it is desirable to reduce the partitioning
of dietary lipids to the liver.

[0233] It will be appreciated that certain variations to this
invention may suggest themselves to those skilled in the art.
The foregoing detailed description is to be clearly under-
stood as given by way of illustration, the spirit and scope of
this invention being interpreted upon reference to the
appended claims.
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<160>

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>

<400>

Phe Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1

Xaa Xaa Phe Xaa Xaa Xaa Xaa Xaa Gly Xaa Tyr Xaa Phe Xaa Xaa
25

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 14

SEQ ID NO 1
LENGTH: 31
TYPE: PRT

ORGANISM: Homo sapiens

FEATURE :
NAME/KEY: VARIANT
LOCATION: 2..6
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 7

OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 8..11
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 12
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 13..18
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 20..24
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 26
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 28
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 30
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 31
OTHER INFORMATION:

SEQUENCE: 1

5

20

SEQ ID NO 2
LENGTH: 9
TYPE: PRT

Xaa=any

Xaa=Asp

Xaa=any

Xaa=Phe

Xaa=any

Xaa=any

Xaa=any

Xaa=any

Xaa=any

Xaa=Phe

ORGANISM: Homo sapiens

FEATURE:
NAME/KEY: VARIANT
LOCATION: 1
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 2
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 4
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 6
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 8
OTHER INFORMATION:
NAME/KEY: VARIANT
LOCATION: 9
OTHER INFORMATION:

SEQUENCE: 2

Xaa=Ser

Xaa=any

Xaa=Ser

Xaa=Phe

Xaa=Leu

Xaa=Phe

amino acid

or Asn

amino acid

or Tyr or Trp or Leu

amino acid

amino acid

amino acid

amino acid

amino acid

or Tyr

10

or Thr

amino acid

or Thr

or Tyr

or Val

or Tyr

30
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-continued

Xaa Xaa Phe Xaa Gly Xaa Leu Xaa Xaa
1 5

<210> SEQ ID NO 3

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Leu Arg Cys Val Pro Arg Val Leu Gly Ser Ser Val Ala Gly Tyr
1 5 10 15

<210> SEQ ID NO 4

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Cys Tyr Ile Thr Phe Leu Glu Asp Leu Lys Ser Phe Val Lys Ser Gln
1 5 10 15

<210> SEQ ID NO 5

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: 12..27

<223> OTHER INFORMATION: identical to 58..73 in ref genbank U49915

<400> SEQUENCE: 5

ctacatggat ccagtcatgc cgaagat 27

<210> SEQ ID NO 6

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: 11..28

<223> OTHER INFORMATION: identical to 745..762 in ref genbank U49915
(in complement)

<400> SEQUENCE: 6

cgacaactcg agtcagttgg tatcatgg 28

<210> SEQ ID NO 7

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: SIMILAR

<222> LOCATION: 1..129

<223> OTHER INFORMATION: fragment 117..245 of ref swissprot P02745

<400> SEQUENCE: 7

Phe Ser Ala Ile Arg Arg Asn Pro Pro Met Gly Gly Asn Val Val Ile
1 5 10 15

Phe Asp Thr Val Ile Thr Asn Gln Glu Glu Pro Tyr Gln Asn His Ser
20 25 30

Gly Arg Phe Val Cys Thr Val Pro Gly Tyr Tyr Tyr Phe Thr Phe Gln
35 40 45

Val Leu Ser Gln Trp Glu Ile Cys Leu Ser Ile Val Ser Ser Ser Arg
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Gly

Leu

Asp

Gly

Ala

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

50

Gln Vval

Phe Gln

Gln Vval

Ser Glu
115

Arg

Val

Trp

100

Ala

Phe Ser Ala Thr

1

Ile

Arg

Tyr

Arg

65

Thr

Glu

Glu

Glu

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Arg Phe
Ser Gly
35

His Ala
50

Glu Arg

Phe Gln

Asn Val

Gly Ala

115

Ala
130

Asp

20

Lys

Ser

Ala

Val

Phe

100

Asn

Arg
Val
85

Val

Asp

SEQ ID NO 8
LENGTH :
TYPE: DRT
ORGANISM: Homo sapiens
FEATURE:
NAME/KEY: SIMILAR
LOCATION:

130

Ser

70

Ser

Glu

Ser

1..130

SEQUENCE: 8

Arg

5

His

Phe

Ser

Gln

Thr

85

Leu

Ser

SEQ ID NO 9
LENGTH :
TYPE: PRT
ORGANISM: Homo sapiens
FEATURE:
NAME/KEY: SIMILAR
LOCATION:

124

Thr

Val

Thr

Arg

Lys

70

Thr

Gln

Ile

1..124

SEQUENCE: 9

55

Leu Gly Phe Cys

Gly Gly Met Val

90

Lys Asp Pro Lys

105

Val Phe Ser Gly

Ile

Ile

Cys

Gly

55

Val

Gly

Ala

Phe

120

Asn

Thr

Lys

40

Asn

Val

Gly

Thr

Ser
120

Val

Asn

Val

Leu

Thr

Met

Asp

105

Gly

Pro

10

Met

Pro

Cys

Phe

Val

Lys

Phe

Asp

Leu

Lys

Phe

Leu

Asn

Gly

Val

Cys

75

Leu

Asn

Leu

60

Thr

Gln

Gly

Leu

Arg

Asn

Leu

Asn

60

Asp

Lys

Ser

Leu

Thr

Leu

His

Ile
125

Arg

Asn

Tyr

45

Leu

Tyr

Leu

Leu

Phe
125

Asn

Gln

Ile

110

Phe

Asp

Tyr

30

Tyr

Met

Ala

Glu

Leu

110

Pro

Lys
Gln
95

Tyr

Pro

OTHER INFORMATION: fragment 122..251 of ref swissprot

Gln

15

Glu

Phe

Arg

Tyr

Gln

Gly

Asp

OTHER INFORMATION: fragment 121..244 of ref swissprot

Phe Thr Val Thr Arg Gln Thr His Gln Pro Pro Ala Pro Asn Ser

1

5

10

15

Ile Arg Phe Asn Ala Val Leu Thr Asn Pro Gln Gly Asp Tyr Asp

20

25

30

Ser Thr Gly Lys Phe Thr Cys Lys Val Pro Gly Leu Tyr Tyr Phe

35

40

45

Gly

Gly

Gln

Ser

P02745

Thr

Pro

Thr

Gly

Asn

80

Gly

Met

Met

P02745

Leu

Thr

val
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Tyr His Ala Ser His Thr Ala Asn Leu Cys Val Leu Leu Tyr Arg Ser
50 55 60

Gly Val Lys Val Val Thr Phe Cys Gly His Thr Ser Lys Thr Asn Gln

Val Asn Ser Gly Gly Val Leu Leu Arg Leu Gln Val Gly Glu Glu Val

Trp Leu Ala Val Asn Asp Tyr Tyr Asp Met Val Gly Ile Gln Gly Ser
100 105 110

Asp Ser Val Phe Ser Gly Phe Leu Leu Phe Pro Asp
115 120

<210> SEQ ID NO 10

<211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: SIMILAR

<222> LOCATION: 1..130

<223> OTHER INFORMATION: fragment 64..193 of translation from ref
Genbank M58583

<400> SEQUENCE: 10

Phe Ser Ala Ile Arg Ser Thr Asn His Glu Pro Ser Glu Met Ser Asn
1 5 10 15

Arg Thr Met Ile Ile Tyr Phe Asp Gln Val Leu Val Asn Ile Gly Asn

Asn Phe Asp Ser Glu Arg Ser Thr Phe Ile Ala Pro Arg Lys Gly Ile
35 40 45

Tyr Ser Phe Asn Phe His Val Val Lys Val Tyr Asn Arg Gln Thr Ile
50 55 60

Gln Val Ser Leu Met Leu Asn Gly Trp Pro Val Ile Ser Ala Phe Ala
65 70 75 80

Gly Asp Gln Asp Val Thr Arg Glu Ala Ala Ser Asn Gly Val Leu Ile

Gln Met Glu Lys Gly Asp Arg Ala Tyr Leu Lys Leu Glu Arg Gly Asn
100 105 110

Leu Met Gly Gly Trp Lys Tyr Ser Thr Phe Ser Gly Phe Leu Val Phe
115 120 125

Pro Leu
130

<210> SEQ ID NO 11

<211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: SIMILAR

<222> LOCATION: 1..130

<223> OTHER INFORMATION: fragment 115..244 of translation from ref
Genbank D45371

<400> SEQUENCE: 11

Phe Ser Val Gly Leu Glu Thr Tyr Val Thr Ile Pro Asn Met Pro Ile
1 5 10 15

Arg Phe Thr Lys Ile Phe Tyr Asn Gln Gln Asn His Tyr Asp Gly Ser
20 25 30

Thr Gly Lys Phe His Cys Asn Ile Pro Gly Leu Tyr Tyr Phe Ala Tyr
35 40 45
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His Ile Thr Val Tyr Met Lys Asp Val Lys Val Ser Leu Phe Lys Lys
50 55 60

Asp Lys Ala Met Leu Phe Thr Tyr Asp Gln Tyr Gln Glu Asn Asn Val
65 70 75 80

Asp Gln Ala Ser Gly Ser Val Leu Leu His Leu Glu Val Gly Asp Gln
85 90 95

Val Trp Leu Gln Val Tyr Gly Glu Gly Glu Arg Asn Gly Leu Tyr Ala
100 105 110

Asp Asn Asp Asn Asp Ser Thr Phe Thr Gly Phe Leu Leu Tyr His Asp
115 120 125

Thr Asn
130

<210> SEQ ID NO 12

<211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: SIMILAR

«222> LOCATION: 1..130

<223> OTHER INFORMATION: fragment 118..247 of translation from ref
Genbank U49915

<400> SEQUENCE: 12

Phe Ser Val Gly Leu Glu Thr Arg Val Thr Val Pro Asn Val Pro Ile
1 5 10 15

Arg Phe Thr Lys Ile Phe Tyr Asn Gln Gln Asn His Tyr Asp Asn Ser
20 25 30

Thr Gly Lys Phe Tyr Cys Asn Ile Pro Gly Leu Tyr Tyr Phe Ser Tyr
35 40 45

His Ile Thr Val Tyr Met Lys Asp Val Lys Val Ser Leu Phe Lys Lys
50 55 60

Asp Lys Ala Val Leu Phe Thr Tyr Asp Gln Tyr Gln Glu Lys Asn Val
65 70 75 80

Asp Gln Ala Ser Gly Ser Val Leu Leu His Leu Glu Val Gly Asp Gln

Val Trp Leu Gln Val Tyr Gly Asp Gly Asp His Asn Gly Leu Tyr Ala
100 105 110

Asp Asn Val Asn Asp Ser Thr Phe Thr Gly Phe Leu Leu Phe His Asp
115 120 125

Thr Asn
130

<210> SEQ ID NO 13

<211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<220> FEATURE:

<221> NAME/KEY: SIMILAR

<222> LOCATION: 1..130

<223> OTHER INFORMATION: fragment 118..267 of translation from ref
genbank U37222

<400> SEQUENCE: 13

Phe Ser Val Gly Leu Glu Thr Arg Val Thr Val Pro Asn Val Pro Ile
1 5 10 15

Arg Phe Thr Lys Ile Phe Tyr Asn Gln Gln Asn His Tyr Asp Gly Ser
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-continued

20 25

Thr Gly Lys Phe Asn Ile Pro

35

Tyr Cys Gly Leu Tyr Tyr

45

Ile
50

Thr Val Met Val Ser Leu

60

His Tyr Lys

55

Asp Lys Val

Ala Val Phe Glu

70

Asp Leu Thr Gln

65

Lys Tyr Asp Gln Tyr

75

Gln Ala val His Leu Glu Val

90

Asp Ser Gly Ser Leu Leu

Val Gln

100

Trp Leu Val Tyr Gly Asp Gly Asn Gly

105

Asp His

Val
115

Thr Phe

120

Thr Leu

125

Asp Asn Asn Asp Ser Gly Phe Leu

Thr Asn

130

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 14

LENGTH: 126

TYPE: PRT

ORGANISM: Homo sapiens

FEATURE:

NAME/XKEY: SIMILAR

LOCATION: 1..126

OTHER INFORMATION: fragment 1161..1286 of
genbank:U27109

<400> SEQUENCE: 14

Thr Thr Ile

10

Phe Phe Ala Ser His
1 5

Tyr Gly Met Pro Gly

Phe Leu Val Asn Ala Ser Thr

20

Asn Asn Asp Tyr Gly Tyr

Phe
45

Phe
35

Ile Leu val

40

Gly Lys Arg Pro Tyr Gly Val Tyr

Ile Glu val

50

Phe Ala Ile Leu

60

His Ser

55

Ser Ser Gly Phe

Ile
65

Ala Phe

70

Glu Glu Asn Ile Ser

75

Asp Lys Leu Ser Asn

Val Thr Ala Leu Leu Glu Leu

90

Cys Asp Arg Leu Gly Asp

Gln Glu Val Trp Leu Leu Ala Ile Pro

100

Arg Lys

105

Gly Thr

Val
115

Pro Pro Thr Thr Phe Ser Gly Leu Leu

120

Tyr Tyr Arg

125

30

Phe

Phe

Lys

Gly

Leu

110

Tyr

translation

Pro

Pro

Lys

Val

Glu

Asn

Ala

110

Thr

Ser Tyr

Lys Lys

vVal
80

Asn
Asp Gln
Tyr Ala

His Asp

from ref

Ile
15

Leu

Arg Thr

Tyr Thr

Asp Gly

Ile His

80
Tyr Gly
95

Lys Phe

What is claimed is:

1. An agent which influences the partitioning of dietary
lipids between the liver and peripheral tissues for use as a
medicament.

2. The agent of claim 1 for use in treating a condition in
which it is desirable to increase the partitioning of dietary
lipids to the liver, reducing food intake in obese individuals,
reducing the levels of free fatty acids in obese individuals,
decreasing the body weight of obese individuals, or treating
an obesity related condition selected from the group con-
sisting of obesity-related atherosclerosis, obesity-related
insulin resistance, obesity-related hypertension, microangio-

pathic lesions resulting from obesity-related Type II diabe-
tes, ocular lesions caused by microangiopathy in obese
individuals with Type II diabetes, and renal lesions caused
by microangiopathy in obese individuals with Type II dia-
betes.

3. The agent of claim 1, wherein said agent is selected
from the group consisting of AdipoQ analogs, AdipoQ
homologs, AdipoQ derivatives, and fragments of any of the
preceding agents.

4. The agent of claim 1, wherein said agent comprises an
LSR antagonist or an LSR agonist.
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5. A polypeptide comprising a consensus sequence
selected from the group consisting of SEQ ID NO:1 and
SEQ ID NO:2 for use as a medicament.

6. A polypeptide comprising an amino acid sequence
selected from the group consisting of polypeptides having at
least 25% homology to one of the sequences of SEQ ID
NOs.: 7-14, polypeptides having at least 50% homology to
one of the sequences of SEQ ID NOs.: 7-14, and polypep-
tides having at least 80% homology to one of the sequences
of SEQ ID NOs: 7-14 for use as a medicament.

7. A Clq polypeptide, derivative, homologue or a frag-
ment of any of the preceding compounds for use as a
medicament.

8. An AdipoQ polypeptide or a derivative or homologue
thereof or a fragment thereof for use as a medicament.

9. An ApM1 polypeptide or a derivative or homologue
thereof or a fragment thereof for use as a medicament.

10. Use of a compound that influences the partitioning of
dietary lipids between the liver and peripheral tissues in the
manufacture of a medicament for treating a condition in
which the partitioning of dietary lipids to the liver is
abnormal.

11. The use of claim 10 wherein said medicament is for
reducing food intake in obese individuals, reducing the
levels of free fatty acids in obese individuals, decreasing the
body weight of obese individuals, or treating an obesity
related condition selected from the group consisting of
obesity-related atherosclerosis, obesity-related insulin resis-
tance, obesity-related hypertension, microangiopathic
lesions resulting from obesity-related Type II diabetes, ocu-
lar lesions caused by microangiopathy in obese individuals
with Type IT diabetes, and renal lesions caused by microan-
giopathy in obese individuals with Type II diabetes.

12. The use of claim 10, wherein said compound is
selected from the group consisting of AdipoQ analogs,
AdipoQ homologs, AdipoQ derivatives, and fragments of
any of the preceding agents.

13. The use of claim 10, wherein said compound is an
agonist or antagonist of the Lipolysis Stimulated Receptor.

14. The use of claim 10, wherein said compound com-
prises an amino acid sequence selected from the group
consisting of polypeptides having at least 25% homology to
one of the sequences of SEQ ID NOs.: 7-14, polypeptides
having at least 50% homology to one of the sequences of
SEQ ID NOs.: 7-14, and polypeptides having at least 80%
homology to one of the sequences of SEQ ID NOs: 7-14 for
use as a medicament.

15. The use of claim 10, wherein said compound is a
polypeptide that specifically binds a y subunit of the Lipoly-
sis Stimulated Receptor or a gCl1q-R or a gC1g-R homo-
logue, and wherein said compound is not a subunit of the
Lipolysis Stimulated Receptor.

16. The use of claim 15, wherein said compound com-
prises a polypeptide selected from the group consisting of
Clg, AdipoQ, ApM1, Acrp 30, cerebellin, multimerin and
fragments of any of these polypeptides.

17. Use of a polypeptide having binding specificity for a
vy subunit of the lipolysis Stimulated Receptor or a gC1g-R
or a gC1g-R homologue for treatment of obesity, wherein
said polypeptide is not a subunit of the Lipolysis Stimulated
Receptor.

18. The use of claim 10, wherein said polypeptide is
selected from the group consisting of polypeptides having
about 25% homology to an ApM1 protein, polypeptides
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having about 50% homology to an ApM1 protein and
polypeptides having about 80% homology to an ApM1
protein.

19. The use of claim 10, wherein said polypeptide is
selected from the group consisting of Clq, AdipoQ, ApM1,
Acrp 30, cerebellin, multimerin and fragments of any of
these polypeptides.

20. The use of claim 10, wherein said polypeptide is a
human polypeptide.

21. The use of claim 20, wherein said human polypeptide
is selected from the group consisting of ApM1 and frag-
ments of ApM1.

22. A polypeptide that specifically binds the gClg-R
protein for use in the treatment of obesity, wherein said
polypeptide is not a subunit of the Lipolysis Stimulated
Receptor.

23. The polypeptide of claim 22, selected from the group
consisting of Clg, AdipoQ, ApM1, Acrp 30, cerebellin and
multimerin.

24. A composition for modulating activity of the Lipolysis
Stimulated Receptor, comprising:

a compound having binding specificity for the gClg-R
protein, wherein said compound is not a subunit of the
Lipolysis Stimulated Receptor, and

a pharmaceutically acceptable carrier.
25. A composition for modulating activity of the Lipolysis
Stimulated Receptor, comprising:

a polypeptide comprising an amino acid sequence being at
least 25% homologous to a sequence selected from the
group consisting of any one of SEQ ID NOs 7-14; and

a pharmaceutically acceptable carrier.
26. A composition for modulating activity of the Lipolysis
Stimulated Receptor, comprising:

a polypeptide comprising a consensus sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID
NO:2; and

a pharmaceutically acceptable carrier.
27. A method of reducing plasma lipoprotein levels in an
animal, comprising the steps of:

identifying an animal having a measurable plasma lipo-
protein level,

administering to said animal a composition that includes
a pharmaceutically acceptable carrier and a polypeptide
that is at least 25% homologous to an ApM1 protein;
and

allowing passage of a period of time to permit reduction

in said measurable plasma lipoprotein level.

28. The method of claim 27, wherein said animal is a
mammal.

29. The method of claim 28, wherein the administering
step comprises injecting the pharmaceutical composition.

30. The method of claim 29, wherein the pharmaceutical
composition is injected intravenously.

31. The method of claim 27, wherein the administering
step comprises implanting surgically an infusion device for
releasing the pharmaceutical composition.

32. A method of identifying candidate pharmaceutical
agents for reducing plasma triglyceride levels in an animal,
comprising the steps of:
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identifying a compound that comprises a consensus
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO:2;

obtaining a test animal having an initial level of plasma
triglycerides;

administering said compound to the test animal,
waiting for a period of time;

measuring a post-treatment level of plasma triglycerides
in a blood sample obtained from the test animal; and

identifying as candidate pharmaceutical agents any com-
pound that results in a post-treatment level of plasma
triglycerides that is lower than said initial level.

33. The method of claim 32, wherein the test animal is a
mammal.

34. The method of claim 33, further comprising the step
of feeding a high-fat meal to the mammal.

35. The method of claim 34, wherein the high-fat meal
includes about 60% fat, about 20% protein, and about 20%
carbohydrate, and wherein said 60% fat comprises about
37% saturated fatty acids, about 36% polyunsaturated fatty
acids and about 36% polyunsaturated fatty acids.

36. Amethod for treating an animal having a condition in
which it is desirable to increase the partioning of dietary
lipids to the liver, comprising the step of administering an
LSR agonist to the animal having said condition.

37. Amethod for treating an animal having a condition in
which it is desirable to decrease the partioning of dietary
lipids to the liver, comprising the step of administering an
LSR antagonist to the animal having said condition.

38. An agent which increases the activity of a compound
which increases the partitioning of dietary lipids to the liver
for use as a pharmaceutical.

39. The agent of claims 38, for use in reducing food intake
in obese individuals, reducing the levels of free fatty acids
in obese individuals, decreasing the body weight of obese
individuals, or treating an obesity related condition selected
from the group consisting of obesity-related atherosclerosis,
obesity-related insulin resistance, obesity-related hyperten-
sion, microangiopathic lesions resulting from obesity-re-
lated Type II diabetes, ocular lesions caused by microangi-
opathy in obese subjects with Type II diabetes, and renal
lesions caused by microangiopathy in obese subjects with
Type II diabetes.

40. The agent of claim 38, wherein said agent increases
the activity of adipoQ, ApM1, a compound analogous to
adipoQ or ApM1, or the LSR receptor.

41. The agent of claim 38, wherein said agent is selected
from the group consisting of derivatives of adipoQ, ApM1,
Clgq, derivatives of a compound analogous to any of the
preceding compounds wherein said derivatives exhibit
greater activity than the corresponding wild type protein and
antibodies capable of specifically binding the y subunit, the
Clq receptor (gC1g-R) or a protein related thereto.

42. The agent of claim 38, wherein said agent is selected
from the group consisting of derivatives of compounds
comprising at least one of the sequences of SEQ ID NOs.:
1 and 2, derivatives of compounds comprising an amino acid
sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
derivatives of compounds comprising an amino acid
sequence having at least 50% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
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and derivatives of compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
wherein said derivatives exhibit greater activity than the
corresponding wild type protein.

43. The agent of claim 38, wherein said agent comprises
a nucleic acid encoding a polypeptide or protein which
influences the partitioning of dietary lipids between the liver
and peripheral tissues for use as a medicament.

44. The agent of claim 43, wherein said nucleic acid
encodes a protein or polypeptide selected from the group
consisting of adipoQ, ApM1, Clg, polypeptides analogous
to ApM1, polypeptides having at least one of the consensus
sequences of SEQ ID NO: 1 and SEQ ID NO: 2, analogs of
any of the preceding polypeptides, homologs of any of the
preceding polypeptides, derivatives of any of the preceding
polypeptides, and fragments of any of the preceding
polypeptides.

45. The agent of claim 43, wherein said nucleic acid
encodes a polypeptide selected from the group consisting of
polypeptides comprising an amino acid sequence having at
least 25% homology to one of the sequences of SEQ ID
NOs.: 7-14, polypeptides comprising an amino acid
sequence having at least 50% homology to one of the
sequences of SEQ ID NOs.: 7-14, and polypeptides com-
prising an amino acid sequence having at least 80% homol-
ogy to one of the sequences of SEQ ID NOs: 7-14.

46. The agent of claim 38, wherein said agent is selected
from the group consisting of small molecules and drugs.

47. The agent of claim 38, wherein said agent is for
administration to an individual having a below normal level
of activity of adipoQ, ApM1, or an analoguous protein.

48. An agent which decreases the activity of a compound
which increases the partitioning of dietary lipids to the liver
for use as a pharmaceutical.

49. The agent of claim 48, for use in treating cachexia in
subjects with neoplastic or para-neoplastic syndrome or
eating disorders.

50. The agent of claim 48, wherein said agent decreases
the activity of adipoQ, ApM1, a compound analogous to
adipoQ or ApM1, or the LSR receptor.

51. The agent of claim 48, wherein said agent is an
antibody which binds a compound selected from the group
consisting of adipoQ, ApM1, Clg, a protein analogous to
any of the preceding proteins, a derivative of adipoQ, Clqa,
Clgb, Clgc, mul, cer, ApM1, or acrp which inhibits the
activity of wild type adipoQ or wild type ApM1, fragments
of any of the preceding polypeptides, the y subunit, the Clg
receptor (gC1g-R) or a protein related thereto.

52. The agent of claim 48, wherein said agent is an
antibody which binds a polypeptide selected from the group
consisting of polypeptides comprising at least one of the
sequences of SEQ ID NOs.: 1 and 2, polypeptides compris-
ing an amino acid sequence having at least 25% homology
to a sequence selected from the group consisting of SEQ ID
NOs. 7-14, polypeptides comprising an amino acid sequence
having at least 50% homology to a sequence selected from
the group consisting of SEQ ID NOs. 7-14, and polypeptides
comprising an amino acid sequence having at least 80%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14.

53. The agent of claim 48, wherein said agent is selected
from the group consisting of antisense nucleic acids to the
adipoQ gene, the ApM1 gene or a portion thereof and
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nucleic acids capable of forming a triple helix with a portion
of the adipoQ gene or the ApM1 gene.

54. The agent of claim 48, wherein said agent is selected
from the group consisting of antisense nucleic acids to a
gene encoding a polypeptide comprising at least one of the
sequences of SEQ ID NOs.: 1 and 2, a gene encoding a
polypeptide comprising an amino acid sequence having at
least 25% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, a gene encoding a polypep-
tide comprising an amino acid sequence having at least 50%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14, and a gene encoding a polypeptide
comprising an amino acid sequence having at least 80%
homology to a sequence selected from the group consisting
of SEQ ID NOs. 7-14.

55. The agent of claim 48, wherein said agent is selected
from the group consisting of small molecules and drugs.

56. The agent of claim 48, wherein said agent is for
administration to an individual having a level of adipoQ or
ApMI1 activity which is above normal.

57. Amethod for determining whether an obese individual
is at risk of suffering from a condition selected from the
group consisting of a condition associated with a lower than
desirable level of partioning of dietary lipids to the liver,
obesity-related atherosclerosis, obesity-related insulin resis-
tance, obesity-related hypertension, microangiopathic
lesions resulting from obesity-related Type II diabetes, ocu-
lar lesions caused by microangiopathy in obese subjects with
Type II diabetes, and renal lesions caused by microangiopa-
thy in obese subjects with Type II diabetes, comprising the
step of determining whether the individual has a lower than
normal level of adipoQ activity, ApM1 activity, or activity of
a compound analogous thereto.

58. A method for increasing the partitioning of dietary
lipids to the liver comprising administering an agent which
increases the activity of a compound selected from the group
consisting of adipoQ, ApM1, C1q, compounds analogous to
Clq, compounds comprising at least one sequence selected
from the group consisting of SEQ ID NO:1 and SEQ ID
NO:2, compounds comprising an amino acid sequence hav-
ing at least 25% homology to a sequence selected from the
group consisting of SEQ ID NOs. 7-14, compounds com-
prising an amino acid sequence having at least 50% homol-
ogy to a sequence selected from the group consisting of SEQ
ID NOs. 7-14, and compounds comprising an amino acid
sequence having at least 80% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14 to
an individual.

59. The method of claim 58, wherein said individual
suffers from a condition selected from the group consisting
of obesity, obesity-related atherosclerosis, obesity-related
insulin resistance, obesity-related hypertension, microangio-
pathic lesions resulting from obesity-related Type II diabe-
tes, ocular lesions caused by microangiopathy in obese
subjects with Type II diabetes, and renal lesions caused by
microangiopathy in obese subjects with Type II diabetes.

60. The method of claim 58, wherein said agent is selected
from the group consisting of a derivative of adipoQ, ApM1
or an analogous compound which exhibits greater activity
than the corresponding wild type protein, nucleic acids
encoding adipoQ, ApM1, or an analogous compound, frag-
ments thereof, and nucleic acids encoding a derivative of
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adipoQ, ApM1, or an analogous compound having greater
activity than the corresponding wild type protein, and frag-
ments thereof.

61. The method of claim 58, wherein said agent is
administered if it is determined that the level of ApM1, or an
analogous protein in said individual is below normal.

62. A method for decreasing the partitioning of dietary
lipids to the liver comprising administering an agent which
decreases the activity of a compound selected from the
group consisting of adipoQ, ApM1, Clg, compounds analo-
gous to Clq, compounds comprising at least one sequence
selected from the group consisting of SEQ ID NO:1 and
SEQ ID NO:2, compounds comprising an amino acid
sequence having at least 25% homology to a sequence
selected from the group consisting of SEQ ID NOs. 7-14,
compounds comprising an amino acid sequence having at
least 50% homology to a sequence selected from the group
consisting of SEQ ID NOs. 7-14, and compounds compris-
ing an amino acid sequence having at least 80% homology
to a sequence selected from the group consisting of SEQ ID
NOs. 7-14 to an individual.

63. The method of ¢laim 62, wherein said individual
suffers from a condition selected from the group consisting
of cachexia in subjects with neoplastic or para-neoplastic
syndrome or eating disorders.

64. The method of claim 62, wherein said agent is selected
from the group consisting of an antibody which binds
adipoQ, ApM1, Clq or an analogous protein, a derivative of
adipoQ, Clga, Clgb, Clgc, mul, cer, ApM1, or acrp which
inhibits the activity of wild type adipoQ or wild type ApM1,
a fragment of said derivative, antisense nucleic acids to the
adipoQ gene, the ApM1 gene or a portion thereof, nucleic
acids capable of forming a triple helix with a portion of the
adipoQ gene or the ApM1 gene, and antibodies capable of
binding the y subunit, the C1q receptor (gC1q-R) or a protein
related thereto.

65. The method of claim 62, wherein said agent is
administered if it is determined that the level of adipoQ,
ApM1, or an analogous protein in said individual is above
normal.

66. A method of identifying a candidate compound for
regulating the partitioning of dietary lipids between the liver
and the adipose tissue comprising the steps of:

contacting the y subunit, the Clq receptor (gClq-R) a
protein related thereto, or a fragment thereof with one
or more molecules to be tested for binding activity
under conditions which permit specific binding of said
molecule to said y subunit, Clq receptor (gC1g-R),
protein related thereto, or fragment thereof; and

determining whether said one or more molecules bind to
said y subunit, Clq receptor (gC1g-R), protein related
thereto, or fragment thereof.

67. The method of claim 66, wherein said contacting step
is performed using a cell expressing said y subunit, Clg
receptor (gC1lq-R), protein related thereto, or fragment
thereof.

68. The method of claim 66, wherein said y subunit, Clg
receptor (gC1g-R), protein related thereto, or fragment
thereof is immobilized on a support.

69. The method of claim 66, further comprising contact-
ing said y subunit, Clq receptor (gC1-R, protein related
thereto, or fragment thereof with a known ligand and deter-
mining the ability of said one or more molecules to be tested
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for binding activity to compete with said known ligand for
binding to said y subunit, Clq receptor (gC1q-R), protein
related thereto, or fragment thereof.

70. The method of claim 66, wherein said molecule to be
tested for binding to said y subunit, Clq receptor (gC1g-R),
protein related thereto, or fragment thereof is selected from
the group consisting of polypeptides, peptides, derivatives or
analogs thereof, drugs, and small molecules.
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71. A method of identifying candidate pharmaceutical
agents for reducing plasma triglyceride levels in an animal,
comprising the steps of:

administering a test compound to a test animal; and

measuring a post-treatment level of plasma triglycerides
in a blood sample obtained from the test animal.
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