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(57) ABSTRACT

The invention relates to compositions and methods for
screening molecules that are used for the prevention or
treatment of metabolic syndrome, cardiovascular discases
and/or atherosclerosis. In particular, the invention relates to
methods and kits for screening compounds based on deter-
mining the effect of test compounds on the activity of a
novel protein which is similar to apolipoprotein AIV. The
invention also relates to compositions and methods for
reducing the concentration of triglycerides and/or reducing
the concentration or the expression of apolipoprotein CIII
(apo CIII) and/or reducing the concentration of VLDL
and/or increasing the activity of LpL and/or of HL and/or for
increasing reverse cholesterol transport.
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METHODS OF SCREENING MOLECULES THAT
ARE USED TO PREVENT CARDIOVASCULAR
DISEASES

[0001] The invention relates to compositions and methods
for screening molecules useful for the prevention or treat-
ment of metabolic syndrome, cardiovascular diseases and/or
atherosclerosis. In particular, the invention relates to meth-
ods for screening compounds based on determining the
effect of test compounds on the activity of a novel apolipo-
protein AIV related protein (AA4RP). The invention also
relates to compositions and methods for reducing the con-
centration of triglycerides and/or reducing the concentration
or the expression of apolipoprotein CIII (apo CIII) and/or
increasing the activity of hepatic lipase (HL) and lipoprotein
lipase (LpL) and/or reducing the concentration of VLDL.

[0002] Metabolic syndrome and cardiovascular diseases
have become diseases of most serious concern worldwide.
Atherosclerosis, an accompanying disorder and a major
cause of death (from myocardial infarction, cerebral embo-
lism, etc.), is a multifactorial disease.

[0003] Since the discovery of the statins and the initiation
of numerous therapeutic trials with these drugs, all of which
have given positive results, attention has focused these past
ten years on LDL (Low Density Lipoproteins). LDL cho-
lesterol has been adopted as the main parameter by the
health authorities because a direct correlation has been
demonstrated between LDL levels and cardiovascular risk.

[0004] The published results of many epidemiological
studies and a clinical trial (VAHIT) now show that, in
addition to LDL, triglycerides and HDL (High Density
Lipoproteins) play a key role in atherogenesis. HDL are
anti-atherogenic  lipoproteins; their concentration is
inversely correlated with risk. The role of triglycerides, and
particularly lipoproteins rich in triglycerides and/or contain-
ing apolipoprotein CIII (apo CIII), as an independent risk
factor for atherosclerosis is no longer in question.

[0005] Apo ClIlI is a protein of 79 amino acids synthesized
in liver and intestine [1]. It is a component of chylomicrons,
VLDL (very low density lipoproteins) and HDL (high den-
sity lipoproteins) [2].

[0006] The concentration of apo CIII plays an important
role in controlling the metabolism of plasma triglycerides
and in determining plasma levels of potentially atherogenic
triglyceride-rich lipoproteins [3], since it inhibits their
lipolysis by blocking the activity of LpL.

[0007] Apo CIII concentration can be correlated with
many pathophysiological conditions which underlie a pre-
disposition to atherosclerosis and cardiovascular diseases.

[0008] It has also been shown that the apo CIII concen-
tration in VLDL and LDL particles is a more specific
measure of cardiovascular risk than plasma triglyceride
levels [4].

[0009] The concentration of triglycerides is also con-
trolled by the lipolytic action of LpL and HL. In vivo, the
preferred substrates of LpL. are large particles represented by
the triglyceride-rich lipoproteins such as chylomicrons and
VLDL, whereas HL. more efficiently hydrolyzes smaller
lipoproteins such as IDL and HDL[5, 6] (in particular HDL,
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[0010] LpL and HL also play a role in reverse cholesterol
transport through their action on HDL remodelling. Through
its action on triglyceride-rich lipoproteins, LpL participates
in the formation of pre-f-1-HDL, which are the first accep-
tors of cell-derived cholesterol [8-10].

[0011] Both HL and LpL take part in the formation of
pre-f-HDL but the mechanism of action is different. HL
hydrolyzes triglyceride-rich HDL, which results in the for-
mation of small HDL of the pre-$-1-HDL type, thus par-
ticipating in selective uptake of HDL cholesterol in the liver
[11]. It has been shown that HL and SR-BI (hepatic receptor
involved in HDL uptake and transfer of HDL cholesterol to
liver) have a combined and not a parallel action in promoting
cholesterol outflow [7], thereby demonstrating the essential
role of the enzyme in the phenomenon of reverse cholesterol
transport.

[0012] The discovery or development of molecules, meth-
ods or kits for modulating, and particularly for reducing the
quantity of apo CIII is therefore a major advance in the
therapeutic, diagnostic and/or experimental field.

[0013] The discovery or development of molecules, meth-
ods or kits for modulating, and particularly for reducing the
quantity of triglycerides or VLDL or for regulating reverse
cholesterol transport is therefore also a major advance in the
therapeutic, diagnostic and/or experimental field.

[0014] The invention proposes an alternative solution to
the therapeutic strategies of the prior art for the management
of metabolic syndrome and cardiovascular diseases. In fact,
the invention describes the functional characterization of a
novel protein which represents a particularly advantageous
target for research and development of active molecules.
Furthermore, said target has the important advantage of
being specific of the metabolic routes in question.

[0015] More particularly, the invention results from the
identification of a novel protein regulating the metabolism of
lipids and lipoproteins, particularly lipoproteins rich in
triglycerides and in apolipoprotein CIII (apo CIII).

[0016] Said protein comprising 366 amino acids has the
following primary structure (SEQ ID NO 1).

MASMAAVLTWALALLSAFSATQARKGFWDYFSQTSGDKGRVEQTHQOKMA
REPATLKDSLEQDLNNMNKFLEKLRPLSGSEAPRLPQDPVGMRRQLOEEL
EEVKARLQPYMAEAHELVGWNLEGLRQQLKPYTMDLMEQVALRVQELQEQ
LRVVGEDTKAQLLGGVDEAWALLQGLQSRVVHHTGRFKELFHPYAESLVS
GIGRHVQELHRSVAPHAPASPARLSRCVQVLSRKLTLKAKALHARIQQNL
DQLREELSRAFAGTGTEEGAGPDPQMLSEEVRQRLOAFRQDTYLQIAAFT
RAIDQETEEVQOQLAPPPPGHSAFAPEFQQTDSGKVLSKLQARLDDLWED
ITHSLHDQGHSHLGDP.

[0017] Said protein corresponds to the sequence of the
protein RAP3 previously described as being potentially
involved in liver regeneration (Genbank access number:
AF202889.1: Van der Vliet H. N., Groenink M., Leegwater
A. C. J. and Chamuleau R. A. F. M. Submitted (09-Nov.-

1999) Experimental Hepatology, Academic Medical Center,
Meibergdreef 9, Amsterdam 1105 AZ, Netherlands).
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[0018] It also corresponds to the AA4RP protein (Apoli-
poprotein AI'V-Related Protein) of patent application WO01/
00803 A2 (SEQ ID NO 3 of said application) filed by the
company Genset. Said AA4RP protein is a member of the
family of apolipoproteins involved in lipid metabolism.

[0019] The invention now shows that the hereinabove
protein named AA4RP is able to reduce the concentration of
triglycerides and VLDL in vivo. The invention shows that
said protein therefore allows the concentration of apo CIII,
a marker of atherogenic lipids, to be reduced in vivo.

[0020] The invention therefore results from the discovery
of the functional role of a novel protein, named AA4RP, in
regulating the metabolism of lipoproteins, particularly those
containing triglycerides and apo CIIL.

[0021] The invention also describes the production of
peptides derived from the primary structure of AA4RP,
comprising one or more of the immunogenic domains of
AA4RP.

[0022] The invention further describes the production,
from immunogenic peptides, of antibodies which recognize
AA4RP in human lipoproteins, or eventually in free form,
and thereby enabling the assay thereof. The development of
said anti-AA4RP antibody has made it possible to localize
this apolipoprotein in HDL, confirming its very likely role in
reverse cholesterol transport.

[0023] The invention thus describes a novel target and
tools that may be used to develop novel active molecules for
preventing or treating metabolic syndrome, cardiovascular
diseases, and particularly atherosclerosis. The invention
may also be used for detecting a predisposition or a risk of
developing metabolic syndrome, cardiovascular pathologies
and particularly atherosclerosis.

[0024] A first object of the invention is therefore based on
the use of AA4RP for developing compounds which are
active on cardiovascular or metabolic diseases.

[0025] Apolipoprotein AIV Related Protein (AA4RP)

[0026] Within the context of the invention, the term
AAARP (or AA4RP protein) denotes a polypeptide compris-
ing the sequence SEQ ID NO 1 or any variants, derivatives
or homologues. More particularly it is any natural variant of
the sequence SEQ ID NO 1, resulting from polymorphism,
splicing, mutations, and the like. Such natural variants may
therefore comprise one or more mutations or substitutions,
a deletion of one or more residues, etc. The term homologue
furthermore designates the AA4RP polypeptides of other
species, such as rodents, bovines, etc., for instance.

[0027] Generally speaking, the term AA4RP denotes a
polypeptide having the sequence SEQ ID NO 1 or any
derivative comprising one or more mutations, deletions,
substitutions or additions of one or more amino acids.
Preferably, the polypeptides are recognized by a polyclonal
antibody produced from AA4RP having the sequence SEQ
ID NO 1. Even more preferably, the analogs are polypep-
tides conserving at least one immunological or biological
property of AA4RP. In particular, the biological properties
are the regulation of triglyceride or apo CIII concentration,
for example. Preferred variants comprise at least 80% of
sequence SEQ ID NO 1, even more preferably at least 90%
sequence identity with sequence SEQ ID NO 1. The degree
of identity may be determined according to the CLUSTAL
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method, for example. Specific variants have a mutation or a
substitution affecting at most five amino acids of the
sequence SEQ ID NO 1.

[0028] Specific derivatives according to the invention are
the hereinabove AA4RP fragments, particularly polypep-
tides comprising a part of the sequence SEQ ID NO 1. In this
respect, an object of the invention is a polypeptide wherein
it comprises a fragment of sequence SEQ ID NO 1 and
wherein it contains at least one immunogenic domain of
human AA4RP.

[0029] In fact, the application describes the production of
polypeptide fragments of AA4RP, preferably containing an
immunogenic portion of AA4RP, which are used for anti-
body production, assay tests, as competitors, and the like.

[0030] In particular, said polypeptides were developed by
using algorithms to evaluate flexibility [12, 13], hydrophi-
licity [14, 15], antigenicity [16] and secondary structures
[17, 18].

[0031] In this manner, the applicants have identified
immunogenically or biologically interesting regions of the
molecule. A specific example is a polypeptide corresponding
to (or comprising) residues 20-114 of the sequence SEQ ID
NO 1.

[0032] The polypeptide fragments according to the inven-
tion preferably contain fewer than 200 amino acids, more
preferably fewer than 150 amino acids. They preferably
contain at least one AA4RP epitope. Preferred polypeptides
of the invention comprise fewer than 200 amino acids of the
sequence SEQ ID NO 1 and contain at least residues 50-80
of the sequence SEQ ID NO 1.

[0033] Within the scope of the invention, the term “immu-
nogenic fragment” denotes any portion of the polypeptide
comprising an epitope, preferably a T or B epitope. Such
fragment therefore advantageously comprises at least seven
consecutive amino acids of the sequence SEQ ID NO 1,
more preferably at least 10 consecutive amino acids of the
sequence SEQ ID NO 1, even more preferably at least 15
consecutive amino acids of the sequence SEQ ID NO 1.

[0034] The inventive polypeptides may comprise heter-
ologous residues added to the indicated amino acid
sequence. Thus, an object of the invention is a polypeptide
comprising all or part of the sequence SEQ ID NO 1, or a
natural variant therof, and a heterologous component.

[0035] The heterologous component may correspond to
amino acids, lipids, sugars, and the like. It may also be
chemical, enzymatic, radiolabelled group(s) and the like. In
particular, the heterologous component may be a marker, a
screening agent, a stabilizing agent, an agent to enhance
immunogenicity or facilitate production, a protective agent,
an agent facilitating penetration of the peptide into cells, a
toxin, or active compound, an antibody, etc.

[0036] The inventive polypeptides may be in soluble form,
purified or complexed with a carrier molecule such as KLH
or serum albumin, or any other inert molecule (for example
synthetic), such as a bead for example. The polypeptides
according to the invention are preferably free of contami-
nation by naturally occurring blood proteins, particularly
another apolipoprotein. In a specific embodiment, the
polypeptides are coupled to a carrier molecule in particular
for the production of antibodies. The coupling may be
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carried out by conventional methods [19, 20]. The polypep-
tides may also be conjugated or fused to any other polypep-
tidic or peptidic molecule such as for instance a peptide,
polypeptide or a biologically active protein.

[0037] The polypeptides may be prepared by artificial
synthesis according to conventional methods such as solid
phase synthesis described in reference [21] and in the
examples. Artificial synthesis is advantageous in so far as the
resulting polypeptides are devoid of any contamination by
naturally occurring products, particularly blood products. It
is understood that the inventive polypeptides may be pro-
duced by any biological, enzymatic or genetic method, and
particularly by expression of a corresponding nucleic acid in
a suitable host cell. In this respect, another object of the
invention lies in a nucleic acid molecule coding for a
polypeptide such as defined hereinabove. Said nucleic acid
may be a DNA or an RNA, preferably a cDNA, and may
possibly comprise a promoter region. The nucleic acid may
furthermore be cloned into a vector (for instance, a plasmid,
cosmid, phage, virus, artificial chromosome, and the like).

[0038] Such nucleic acids may be used for the production
of the inventive polypeptides in vitro or directly in vivo.

[0039] The inventive polypeptides may be used in screen-
ing tests, in titration tests or as standard for example for test
calibration. They may also be used for regulating AA4RP
activity in vitro or in vivo. They are especially interesting for
the production of anti-AA4RP antibodies.

[0040] An object of the invention is based on a composi-
tion comprising a polypeptide such as defined hereinabove.
A specific composition comprises a polypeptide containing
all or part of AA4RP and a pharmaceutically acceptable
vehicle. The vehicle may be a saline, isotonic, buffered
solution, possibly combined with a stabilizing agent, emul-
sifier, and the like.

[0041] Antibodics

[0042] Another object of the invention is based on an
antibody recognizing a polypeptide such as defined herein-
above. In an advantageous manner the antibody is specific of
said polypeptide, that is to say, prepared by immunization
with said polypeptide.

[0043] The antibody may be polyclonal or monoclonal.
Moreover, the term antibody also designates any antibody
fragments or derivatives, in particular fragments or deriva-
tives of monoclonal or polyclonal antibodies conserving the
same antigenic specificity. Such antibody fragments or
derivatives comprise for example the fragments Fab, Fab’2,
CDRs etc., humanized antibodies, polyfunctional antibod-
ies, single chain antibodies (ScFv), etc. Said antibodies may
be produced by conventional methods comprising immuniz-
ing an animal and recovering the serum (polyclonal) or
spleen cells (for production of hybridomas by fusion with
suitable cell lines).

[0044] Methods of production of polyclonal antibodies
from various species such as mice, rodents, primates, horses,
pigs, rabbits, fowl, etc. may be found in reference [19].
Briefly, the antigen is combined with an adjuvant, for
instance Freund’s adjuvant, and administered to an animal,
usually by subcutaneous injection. Repeated injections may
be given. Blood samples are collected and immunoglobulins
or serum are isolated.
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[0045] Methods for producing monoclonal antibodies may
be found in particular in Harlow et al. [22] or in reference
[23]. Briefly, said methods comprise immunizing an animal
with an antigen followed by recovery of spleen cells which
are then fused with immortalized cells such as myeloma
cells. The resulting hybridomas produce monoclonal anti-
bodies and may be selected by limit dilution to isolate
individual clones. The antibodies may also be produced by
selection of combinatorial immunoglobulin libraries, such as
described for example in reference [24].

[0046] Fab or Fab’2 fragments may be produced by diges-
tion with proteases according to conventional methods.
Humanized antibodies may be prepared as described for
instance in references [25, 26].

[0047] In apreferred embodiment, the invention relates to
an antibody directed against an epitope comprised in resi-
dues 20-114 of the sequence SEQ ID NO 1.

[0048] According to another specific embodiment, the
invention concerns any anti-AA4RP antibody, wherein it is
obtained by immunizing a non-human mammal with an
immunogenic peptide comprising a part of the sequence
SEQ ID NO 1.

[0049] Such a polyclonal antibody was produced in rabbits
against a synthetic peptide of 95 amino acids. Said antibody
was used to demonstrate, by western blot, that AA4RP is
localized mainly in HDL. In control mice, the subfraction
recognized after two-dimensional immunoelectrophoresis
was found in pre-fHDL which are the first acceptors of
cell-derived cholesterol during reverse cholesterol transport.

[0050] The invention also concerns a method for produc-
ing an anti-AA4RP antibody comprising injecting a
polypeptide such as defined hereinabove, particularly a
polypeptide comprising all or part of the sequence SEQ ID
NO 1, particularly residues 50 to 80, in a non-human
mammal, then recovering the antibodies or antibody-pro-
ducing cells.

[0051] The antibodies according to the invention may be
coupled with heterologous components such as toxins,
markers, drugs or other therapeutic agents. The coupling
may be covalent or not, direct or by means of a coupling
agent or spacer. The markers may be exemplified by radio-
active markers, enzymes, fluorescent agents, magnetic par-
ticles, and the like. Examples of toxins are the diphtheria
toxin, botulism toxin, ricin, and the like. The drugs or
therapeutic agents are for instance lymphokines, antibiotics,
antisense molecules, growth factors, and the like. Methods
for carrying out the coupling of such heterologous regions
are described for example in the American patent U.S. Pat.
No. 4,277,149.

[0052] The antibodies of the invention have many uses
particularly in therapeutics, diagnostics, prophylaxis and in
the experimental field, for example for purifying antigens. In
vitro, they may be used in particular as screening agent or for
purifying antigen from various biological samples (blood
samples such as plasma, or serum, or another biological fluid
such as urine, interstitial fluid, etc.). They may also be used
for detecting or quantifying the presence (or the quantity) of
AA4RP in a sample taken from a subject or on a cell culture,
typically a blood sample collected from a mammal, particu-
larly a human being, as will be described hereinbelow.



US 2004/0198656 Al

[0053] Screening Tests

[0054] Another specific object of the invention is a method
for selecting, identifying or characterizing compounds,
wherein it comprises determining the ability of a test com-
pound to modulate, in particular to increase, the activity of
AA4RP.

[0055] Said method therefore allows the selection, iden-
tification or characterization of compounds able to reduce
the level of circulating apolipoprotein CIII or of lipoparticles
rich in apolipoprotein CIII and/or increase the activity of
LpL and/or of HL and/or increase reverse cholesterol trans-
port by determining the ability of a test compound to
modulate (reduce or increase), in particular increase, the
activity of AA4RP. More particularly, one defines com-
pounds able to selectively increase AA4RP activity, that is to
say, essentially without having a direct affect on the activity
of another apolipoprotein. The inventive methods are espe-
cially useful for selecting, identifying or characterizing
active compounds for treating atherosclerosis or cardiovas-
cular diseases.

[0056] Within the context of the invention, the term
“AA4RP activity” denotes in particular the synthesis of this
protein (transcription, translation, etc.), its maturation,
export or extracellular secretion, its interaction with a recep-
tor, incorporation into particles (particularly HDL and
VLDL), its degradation, and the like. The compound
increasing AA4RP activity may therefore be an agent that
increases the synthesis of AA4RP, an agent that increases
AA4RP transport or secretion, a competitor of AA4RP, an
agent that mimics the activity of AA4RP, and the like.

[0057] According to a first preferred embodiment, the
method of the invention comprises determining the ability of
a test compound to increase AA4RP synthesis, that is to say
in particular the transcription or translation of its gene or
RNA.

[0058] According to another preferred embodiment, the
inventive method comprises determining the ability of a test
compound to increase the concentration of AA4RP in HDL
particles.

[0059] In another preferred embodiment, the inventive
method comprises determining the ability of a test com-
pound to increase the concentration of AA4RP in VLDL
particles.

[0060] In a further preferred embodiment, the inventive
method comprises determining the ability of a test com-
pound to mimic the biological action of AA4RP. As illus-
trated in the examples, said biological action involves in
particular reducing the concentrations of triglycerides or apo
CIIL

[0061] According to another preferred embodiment, the
inventive method comprises determining the ability of a test
compound to mimic the biological action of AA4RP. As
illustrated in the examples, said biological action involves in
particular increasing the activity of LpL and/or HL. The
inventive method may be implemented in different ways, in
in vitro, cellular or acellular tests, or in vivo. These may be
binding tests, functional tests, and the like.

[0062] A first test is based on measuring an interaction
between a compound and AA4RP. In this embodiment, the
method comprises contacting the test compound with
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AA4RP or a fragment thereof and measuring the binding of
the test compound to AA4RP or to the fragment.

[0063] Said test may be carried out in vitro, in any suitable
device (tube, dish, flask, etc.). It is possible to carry out with
one of the partners immobilized, for example AA4RP (col-
umn, bead, support, glass, filter, mnembrane, etc.). Binding of
the test compound may be demonstrated by any known
method, particularly by electrophoresis, gel migration,
immunochemistry, etc. In particular, binding may be dem-
onstrated by carrying out the reaction in the presence of a
labelled ligand of AA4RP and measuring the displacement
of binding of the labelled ligand by the test compound. The
labelled ligand may be an anti-AA4RP antibody or a frag-
ment or derivative of such antibody, for example.

[0064] Another type of test according to the invention is
based on the transcriptional activity of AA4RP. Said method
comprises contacting the test compound with a nucleic acid
comprising all or part of the promoter sequence of the
AA4RP gene and determining binding of the test compound
to the nucleic acid or modulation of nucleic acid activity by
the test compound.

[0065] To carry out the binding test, it is possible to use a
nucleic acid comprising all or part of the promoter sequence,
and to determine in vitro the ability of a test compound to
bind thereto. The part of the sequence preferably contains at
least 10 consecutive nucleotides of the promoter sequence,
even more preferably at least 20 consecutive nucleotides of
the promoter sequence. Moreover, it is possible to test
several fragments of the promoter sequence concurrently.

[0066] To carry out the transcriptional test, one advanta-
geously uses a reporter system comprising all or part of the
AA4RP gene promoter functionally linked to a reporter
gene. In this respect, a preferred embodiment of the method
comprises contacting the test compound with a cell com-
prising a reporter gene under the control of a transcriptional
promoter comprising all or part of the promoter sequence of
the AA4RP gene, and determining the effect of the test
compound on the expression of the reporter gene. The
sequence of the AA4RP gene promoter is represented in
SEQ ID NO: 2.

[0067] Another embodiment of the inventive method com-
prises contacting the test compound with a cell expressing
AA4RP or a fragment thereof and determining the effect of
the test compound on the expression or secretion of AA4RP
or the fragment by the cell.

[0068] The inventive methods may be carried out with
different types of cells, promoter, reporter genes, and under
different conditions, as described hereinbelow.

[0069]

[0070] Some screening methods described by the inven-
tion provide for a step of contacting the test compound with
host cells, under specific conditions allowing to determine
the expression of a reporter genes in said cells, or the
expression of AA4RP, or other steps of AA4RP synthesis,
and thereby obtaining information concerning the effect of
the test compound. Classically, the effect of the test com-
pound is compared with the expression (of the reporter gene)
or with the activity measured in the absence of said com-
pound.

a) Host Cell
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[0071] The cells used may be any cell that can be cultured
in the laboratory. In a preferred embodiment, the cells are
mammalian cells (hepatocytes, fibroblasts, endothelial cells,
muscle cells, etc.). Even more preferably, said cells are
human. They may be primary cultures or established cell
lines. In another embodiment, it is also possible to use
prokaryotic cells (bacteria), yeast cells (Saccharomyces,
Kluyveromyees, etc.), plant cells, and the like.

[0072] b) Reporter System

[0073] Incertain embodiments, the invention makes use of
a reporter system comprising a reporter gene placed under
the control of a specific promoter. Said construct, or any
cassette or vector containing it, is introduced into host cells,
that can be used for cellular tests.

[0074] In particular, said reporter gene may be any gene
whose transcription or expression product can be detected or
assayed in biological extracts. For example, it may be the
gene coding for human AA4RP itself, or yet a gene coding
for luciferase and more particularly for firefly or Renilla
luciferase, for secreted alkaline phosphatase, galactosidase,
lactamase, chloramphenicol acetyl transferase (CAT),
human growth hormone (hGH), f-glucuronidase (Gluc) and
green fluorescent protein (GFP) etc. It is understood that the
term “gene” denotes in the broad sense any nucleic acid,
particularly a cDNA, gDNA, synthetic DNA, an RNA, etc.

[0075] The reporter gene, whatever it may be, is placed
under the control of a promoter comprising at least a part of
the sequence of the promoter of the AA4RP gene such as
defined hereinabove or a functional variant thereof. Said
specific sequence may be present in one or more copies in
the promoter (preferably 1 to 10 and even more preferably
1 to 6), upstream, downstream or internally, in the same
orientation or in the opposite orientation. In a preferred
embodiment of the invention, the reporter gene is placed
under the control of a promoter which comprises the com-
plete promoter sequence of the AA4RP gene, particularly
human.

[0076] In this respect, an object of the invention also
relates to a nucleic acid comprising a reporter gene under the
control of a promoter comprising all or part of the promoter
sequence of the AA4RP gene, particularly human. The
sequence of the A4RP gene promoter is represented by SEQ
ID NO: 2. The last four residues of the sequence correspond
to the start of exon 1. Residues 1027 to 1032 correspond to
the TATA box. The part of the promoter sequence advanta-
geously comprises at least 10 consecutive nucleotides of
said sequence, preferably at least 20, more preferably at least
30, even more preferably at least 50. The promoter may also
comprise heterologous regions, from other genes or promot-
ers, such as for example silencer or enhancer signals,
sequences conferring a regulated or tissue specific character,
etc. The promoter may be a hybrid promoter combining
regions from other promoters, for example from the pro-
moter of the herpes virus thymidine kinase (TK) gene, the
CMV immediate early promoter, the PGK promoter, the
SV40 promoter, etc.

[0077] The construct may be cloned into any suitable
vector, such as a plasmid, cosmid, phage, virus, etc. The
construct or vector may be introduced into a host cell by any
classical method, such as electroporation, precipitation with
calcium phosphate, liposomes, transfection agents, etc. The
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cells or their descendents may be grown in any suitable
medium (DMEM, RPMI, etc.).

[0078]

[0079] The test compounds may be contacted with the
cells at different times, according to their effect(s), their
concentration, the type of cells and technical considerations.
Contact may be carried out on any suitable support and
particularly on a plate, dish, in a tube or flask. Generally,
contact is carried out in a multiwell plate which allows many
and different tests to be conducted concurrently. Typical
supports include microtiter plates and more particularly
plates containing 96 or 384 wells (or more), which are easy
to manipulate.

c) Contact

[0080] Depending on the support and nature of the test
compound, variable quantities of cells may be used to carry
out the herein-described methods. Classically, 10° to 10°
cells are contacted with a type of test compound, in a
suitable culture medium, and preferably between 10* and
10 cells. As an example, in a 96-well plate, 10° cells may be
incubated in each well with a desired quantity of test
compound; in a 384-well plate, less than 10° cells and
typically between 1x10* and 4x10* cells are generally incu-
bated in each well with the test compound.

[0081] The quantity (or concentration) of test compound
may be adjusted by the user according to the type of
compound (its toxicity, its ability to enter cells, etc.), the
number of cells, the incubation time, etc. Generally, the cells
are exposed to quantities of test compounds ranging from 1
oM to 1 mM. Of course other concentrations may be tested
without deviating from the invention. Each compound may
also be tested in parallel at different concentrations.

[0082] Différent adjuvants and/or vectors and/or products
that facilitate penetration of the compounds inside cells such
as liposomes, cationic lipids or polymers may also be used,
where necessary.

[0083] Contact is typically maintained for several minutes
to several hours, generally between 1 and 48 hours. In
particular, when the test comprises the expression of a
reporter gene, the cells and various reagents should prefer-
ably remain in contact long enough to enable de novo
synthesis of the expression product of the reporter gene.

[0084] d) Measurement of Effect

[0085] The measurement or demonstration of an effect of
the test compound may be carried out in different ways,
according to the test used.

[0086] Methods for detection of binding in vitro have been
described previously. For cellular tests involving detecting
or determining the expression of a reporter system, several
solutions are possible.

[0087] It may be a determination of transcriptional activ-
ity. To this end, total RNA is extracted from the cell cultures
under the experimental conditions on the one hand and in a
control situation on the other hand. The RNA is assayed (or
used as probe) to analyze the variations in expression of the
reporter gene(s).

[0088] It may also be a visualization or assay of the
expression product of the reporter gene. Said visualization
(or said assay) may be carried out by various methods
according to the type of reporter gene used. The measure-



US 2004/0198656 Al

ment may, for example, be an optical density or a fluorescent
emission in the case where the gene coding for f-galactosi-
dase or luciferase is used as reporter gene.

[0089] In a specific embodiment, the expression of the
reporter gene is measured in terms of the hydrolysis of a
substrate of the expression product of the reporter gene. For
example, a number of substrates may be used to evaluate the
expression of f-lactamase. In particular the substrate may be
any product containing a f-lactam nucleus and whose
hydrolysis can be controlled. Preferred substrates are those
specific of f-lactamase (i.e., they are generally not hydro-
lyzed in mammalian cells in the absence of B-lactamase),
those which are not toxic to mammalian cells and/or whose
hydrolysis product can be easily measured, for instance by
methods based on fluorescence, radioactivity, enzymatic
activity or any other method of detection.

[0090] The expression product may also be assayed by
immunological or immunoenzymatic methods, such as for
example by means of a specific antibody. This system is
especially suited to assaying AA4RP synthesized by a cell
treated or not with a test compound, for example.

[0091] Generally, the presence of the reporter gene prod-
uct (or the hydrolysis product of the substrate) can be
determined by classical methods known to those skilled in
the art (fluorescence, radioactivity, O. D., luminescence,
FRET (see WO 0037077), SPA, biochips, immunological
methods, etc.). Generally, one determines the activity of a
test compound in a cell and this effect is compared with the
activity observed in the absence of test compound or with a
mean value determined in the absence of any test compound.

[0092] Asecond test allowing validation in animals of the
selected compounds may also be carried out by determining
the quantity of HDL expressed or by determining a signifi-
cant variation in reverse cholesterol transport in cells treated
with said compounds compared with untreated cells. It is
also possible to measure plasma concentrations of triglyc-
erides and/or apo CIII.

[0093] The compounds which may be identified by the
inventive method may be compounds of different nature,
structure and origin, particularly biological compounds,
nuclear factors, cofactors, and the like, chemical, synthetic
compounds and the like. They may also be libraries, par-
ticularly chemical libraries or protein, peptide or nucleic
acid libraries, and the like.

[0094]

[0095] Considering the physiological functional proper-
ties of the target used, the compounds able to modulate,
particularly to increase or mimic, AA4RP activity (eventu-
ally identified by the hereinabove methods) may be used for
curative or preventive treatment of cardiovascular discases
or metabolic syndrome by reducing apolipoprotein CIII
levels in the blood of a patient, in particular lipoparticles rich
in apolipoprotein CIII, or by increasing the activity of LpL
and/or HL or by increasing reverse cholesterol transport.

[0096] Said compounds may treat various pathologies,
particularly cardiovascular pathologies, metabolic syndrome
and in particular atherosclerosis.

[0097] Inthisrespect, the invention generally relates to the
use of a compound modulating, preferably increasing or
mimicking, the activity of AA4RP for preparing a medica-

Use of the Compounds
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ment for the curative or preventive treatment of metabolic or
cardiovascular pathologies. More particularly, these are
pathologies such as atherosclerosis (due to a dyslipopro-
teinemia or not), insulin resistance, type 2 diabetes, and the
like.

[0098] Another object of the invention lies in the use of a
compound increasing or mimicking AA4RP activity for
preparing a medicament for reducing the levels of triglyc-
erides and/or apo CIII in the blood, in particular in order to
the level of lipoparticles rich in triglycerides or apo CIII.

[0099] Another object of the invention lies in the use of a
compound increasing or mimicking AA4RP activity for
preparing a medicament for increasing the activity of LpL
and/or HL, in particular in order to reduce the level of
triglycerides in lipoproteins.

[0100] Another object of the invention lies in the use of a
compound increasing or mimicking AA4RP activity for
preparing a medicament for regulating reverse cholesterol
transport. In particular, said regulation takes place through
an increase in the activity of LpL and/or HL and/or SR-BI.

[0101] In the context of the invention, the term “treat-
ment” denotes preventive, curative, palliative treatment as
well as management of patients (alleviating suffering,
extending survival, improving quality of life, slowing dis-
ease progression, etc.). The treatment may also be conducted
in combination with other agents or treatments, particularly
addressing the late events of the disease or with other active
substances. As noted hereinabove, the compounds used are
preferably selective activators of AA4RP activity.

[0102] As indicated hereinabove, the compound used is
preferably a compound which mimics the activity of
AA4RP, stimulates AA4RP expression or secretion and/or
increases the concentration of AA4RP in HDL particles
which are known to play a protective role against athero-
sclerosis, mainly due to their ability to extract peripheral
cell-derived cholesterol and promote its transfer to the liver
where it is eliminated [27].

[0103] The invention also relates to methods of treating
cardiovascular pathologies comprising administering to a
subject a (selective) activator of AA4RP, particularly a
compound which mimics the activity of AA4RP, stimulates
AA4RP expression or secretion and/or increases the con-
centration of AA4RP in HDL particles. The administration
may be by any route classically used in this type of thera-
peutic approach, such as in particular by the systemic or oral
route, in particular, by injection, particularly intravenous,
intradermal, subcutaneous, intraperitoneal, intramuscular,
intra-arterial, etc.

[0104]

[0105] The invention may also be used for the diagnosis,
screening or detection of metabolic disorders.

[0106] In this respect, the invention therefore concerns a
method for detecting a metabolic or cardiovascular disorder
in a subject, or a predisposition to such disorder, comprising
a step of determining, in a sample from the subject, the
presence or the quantity of AA4RP or the corresponding
RNA.

Diagnostic Uses/Assays

[0107] The invention also relates to a method for detecting
a metabolic or cardiovascular disorder in a subject, or a
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predisposition to such disorder, comprising a step of deter-
mining, in a sample from the subject, the presence of an
alteration in the sequence of AA4RP or its gene or RNA.

[0108] The invention may also be used for monitoring the
efficacy of a therapeutic, vaccinal, dietetic treatment, etc.,
comprising assaying AA4RP in a sample from a subject. The
assay may be carried out at different time points during the
treatment.

[0109] The assay or detection of AA4RP may be carried
out in an advantageous manner by means of an antibody
such as described hereinabove. In this context, a quantitative
assay in man may be advantageously developed on the
IMMAGE® or ARRAY® immunochemistry system (Beck-
man Coulter, Villepinte, France) which enables a highly
accurate assay of plasma proteins by kinetic immunon-
ephelometry, competitive or not. It is understood that any
other assay method, immunological or otherwise, for
example RIA, ELISA, chromatography, Dot Blot, immuno-
turbidimetry, etc., may be used. Moreover, the assay may
also be carried out on the RNAs encoding AA4RP. In this
case, the assay may be done for example by hybridization
with a nucleic probe complementary to all or part of the
mRNA sequence.

[0110] In this respect, the invention also relates to a
nucleic probe comprising all or part of the sequence coding
for AA4RP and which is labelled. The probe is preferably a
single stranded nucleic acid. It may be labelled by any
known system, such as radioactivity, fluorescence, lumines-
cence, enzyme, etc. The probe preferably comprises fewer
than 500 nucleotides, more preferably fewer than 400 nucle-
otides. It may be immobilized on a support, for example a
glass slide, silica, a nylon membrane, a bead, column, and
the like.

[0111] The invention equally concerns Kits for carrying out
the methods of diagnosis, screening or detection of meta-
bolic disorders, or for screening or selecting active mol-
ecules. Said kits advantageously comprise an antibody or a
probe or a primer specific of AA4RP or a variant thereof and,
advantageously, reagents for carrying out the detection or
amplification or hybridization reactions. In an advantageous
manner, the kits for selection of compounds may comprise
a reporter system such as described hereinabove and
reagents for detecting the reporter gene expression, or a
nucleic acid comprising part of the AA4RP gene or pro-
moter, for example.

[0112] The invention will be described in more detail in
the following examples, which are given for purposes of
illustration and not by way of limitation.

LEGENDS OF FIGURES

[0113] FIG. 1: SDS PAGE control of anti-AA4RP anti-
body specificity and demonstration of AA4RP distribution in
VLDL and HDL.

[0114] FIG. 2: Detection of AA4RP in plasma by two-
dimensional electrophoresis and blotting.

[0115] FIG. 3: Effect of overexpression of AA4RP on
triglyceride levels.

[0116] FIG. 4: Effect of overexpression of AA4RP on apo
CIII levels in AA4RP transgenic animals and controls.

Oct. 7, 2004

[0117] FIG. 5: Effect of overexpression of AA4RP on apo
CIII levels in AA4RP “knock-out” homozygote and het-
erozygote animals.

[0118] FIG. 6: Triglyceride distribution in different lipo-
particles in AA4RP transgenic mice and controls.

[0119] FIG. 7: HL and LpL enzymatic activity in mice
transgenic for human AA4RP and in controls.

EXAMPLES
Example 1

Peptide Sequence
[0120]

[0121] The following peptide fragment was synthesized.
Said fragment was defined by using different algorithms to
predict flexibility, hydrophilicity, antigenicity, and second-
ary structures. Said fragment containing 95 amino acids
corresponds to residues 20 to 114 of sequence SEQ ID NO
1.

1. Choice of Suitable Peptide Sequence

ATQARKGFWDYFSQTSGDKGRVEQIHQQKMAREPATLKDSLEQDLNNMNK

FLEKLRPLSGSEAPRLPQDPVGMRROLQEELEEVKARLOQPYMAEA

[0122]

[0123] The peptide was synthesized by the solid phase
synthesis method [21] on an ABI 431 A automatic synthe-
sizer (Applied Biosystems Inc., California, USA) using a
Boc/Bzl strategy on 0.5 mmol (0.57 mmol/g) MBHA resin.
Each amino acid was coupled twice in the presence of
dicyclohexylcarbodiimide/hydroxybenzotriazol ~ without
capping. Side chain protector groups were as follows:
Arg(T5), Asp(Ochex), Glu(Ochex), Lys(2-Cl-Z), His(Dnp),
Ser(Bzl), Thr(Bzl), Met(O), Trp(formy) and Tyr(Br-Z).

[0124] The Dnp group on the histidine residue was elimi-
nated from the peptide before cleavage from the support by
treatment in the presence of 10% p-mercaptoethanol, 5%
diisopropylethylamine in DCM medium for 2 hours then in
NMP medium for 2 hours. The peptidyl resin was treated
with 50% TFA in DCM medium for 20 minutes to eliminate
the terminal amino acid Boc. The peptide was cleaved from
the resin and simultaneously deprotected according to a slow
and rapid HF procedure: the resin (1 g) was treated with
anhydrous HF (2.5 ml) in the presence of p-cresol (0.75 g),
p-thiocresol (0.25 g) and dimethylsulfide (0.5 ml) at 0° C.

[0125] Three hours later, the hydrogen fluoride and dim-
ethylsulfide were eliminated by vacuum evaporation and the
residual scavengers and secondary products were extracted
with diethyl ether. The reaction vessels were reloaded with
p-cresol (0.75 g), p-thiocresol (0.25 g) and 10 ml of anhy-
drous HF and the mixture was incubated at 0° C. for 1.5
hours. Hydrogen fluoride was eliminated by evaporation and
the residue was mixed in the presence of diethyl ether. The
residue was filtered, washed with diethyl ether and extracted
with 200 ml of a 10% aqueous solution of acetic acid, then
freeze-dried.

2. Peptide Synthesis
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[0126] 3. Mass Spectrometry

[0127] The molecular mass was determined on an ion
electrospray mass spectrometer. The electrospray spectrum
was obtained by using an API apparatus (Perkin-Elmer-
Sciex) on a single quadrupole ion electrospray mass spec-
trometer, equipped with an ion spray (electrospray assisted
by a nebulizer) (Sciex, Toronto, Canada).

[0128]

[0129] The peptide was emulsified in complete Freund’s
adjuvant and injected subcutaneously in rabbits at a dose of
0.5 mg per injection for the first two injections, followed by
a booster dose of 0.25 mg of peptide in the same adjuvant
every two weeks.

4. Immunization

Example 2

Isolation of Rabbit Specific Anti-AA4RP
Antibodies

[0130] Polyclonal antibodies were isolated by precipita-
tion with 27% sodium sulfate then purified by affinity
chromatography on activated Sepharose 4B gel (Pharmacia,
Uppsala, Sweden), coupled with the AA4RP peptide residue
20 to 114 AA[28]. Proteins not retained on the antigenic gel
were eliminated by washing with phosphate buffered saline
(PBS: Phospate 50 mmol/L, pH 7.2, NaCl 150 mmol/L).
Fractions not specifically bound on the AA4RP gel were
eliminated with PBS 25 mmol/L. AA4RP-specific poly-
clonal IgG were eluted with 0.2 M glycine pH 2.8. The
purified antibodies were immediately dialyzed against PBS
10 mmol/L then concentrated by ultrafiltration on an Amicon
systern (cutoff 100 kD) (Amicon, Dr. Bervely, MA, USA),
assayed for protein content [29], then stored in 1 ml aliquots
(1 mg) at -30° C.

[0131] 1. Western Blot Analysis

[0132]

[0133] Antibody purity and specificity were analyzed by
western blot [30].

[0134] Human HDL, LDL and VLDL particles were sub-
jected to denaturing SDS-PAGE electrophoresis (5 to 24%),
then transferred to a nitrocellulose membrane and reacted
with purified anti-human-AA4RP antibody. Immunoreactive
proteins were visualized with a horseradish peroxidase-
conjugated anti-IgG polyclonal antibody (Sanofi-Diagnos-
tics Pasteur, Marnes-la-Coquette, France). The reaction was
developed by chemiluminescence (Amersham, Pharmacia,
Biotec).

[0135]

[0136] The results are presented in FIG. 1. It can be seen
on this figure that the specific band revealed by the anti-
AA4RP antibody is located between the 32.5 and 47.5 kDa
molecular weight markers.

[0137]

[0138] The immunoblot results on the different human
lipoproteins shows that AA4RP was localized in VLDL and
HDL, primarily in HDL.

[0139] The presence of AA4RP in VLDL would explain
the role of this apolipoprotein in metabolic regulation of
these triglyceride-rich lipoproteins, and thus the modulation
of the concentration of these atherogenic lipids.

1.1—Protocol:

1.2—Results

1.3—Interpretation:
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[0140] The localization of AA4RP in HDL is undoubtedly
related to the role of these particles in reverse cholesterol
transport. In fact, the majority of apolipoproteins within
HDL promote uptake of cell-derived cholesterol by HDL
and transfer to the liver where it is eliminated.

[0141] 2. Two-Dimensional Electrophoresis and Blotting

[0142] 2.1—Protocol:

[0143]
[0144]

[0145] plasma from mice transgenic for human
AA4RP.

The following samples were studied:

plasma from control mice,

[0146] Twenty microliters of each sample were loaded in
1.5 cm wells in a 0.75% agarose gel in 50 mmol barbital
buffer pH 8.6 on Gelbond (FMC Bio-Products, New Jersey,
USA). Electrophoresis was carried out in the first dimension
until the bromophenol blue-stained albumin marker had
migrated 7.5 cm. Electrophoresis in the second dimension
was carried out in a 2 to 15% polyacrylamide gel gradient
(15x15 cm). Samples (0.5x7 cm) were cut from the agarose
gel, placed horizontally one after another in the polyacry-
lamide gel and covered with 1% agarose. Electrophoresis
was carried out at 4° C. in 25 mM tris-(hydroxymethyl)
aminomethane (Tris)-glycine buffer (pH 8.3) at 100 V for 19
hours. Gels were immunoblotted on nitrocellulose mem-
branes (Sartorius 0.45 ym) in 25 mM tris-(hydroxymethyl)
aminomethane (Tris)-glycine buffer (pH 8.3) using a semi-
dry blotting system (Pharmacia, Umed, Sweden). Mem-
branes were incubated with anti-AA4RP polyclonal antibod-
ies and those bound specifically to AA4RP were visualized
with peroxidase-conjugated rabbit anti-IgG. The enzymatic
reaction was developed by chemiluminescence (Amersham,
Pharmacia, Biotec).

[0147] 1.2—Results:

[0148] The results are shown in FIG. 2. They show that in
transgenic and control mice, AA4RP was localized in pre-
B-HDL, whereas the apolipoprotein was only present in
a-HDL in the mice transgenic for human AA4RP.

[0149] 1.3—Interpretation:

[0150] The presence of AA4RP in pre-p-HDL is a second
argument in favor of the involvement of this apolipoprotein
in cholesterol transfer from peripheral cells towards the
liver. The presence of large amounts of AA4RP in a-HDL
after transgenesis, while it was totally absent in this HDL
subfraction in the control mice, is noteworthy. This different
redistribution is presumably related to the maturation of
HDL, where AA4RP would modulate the different factors
involved in HDL metabolism, such as CETP (Cholesteryl
Ester Transfer Protein), LCAT (Lecithin: Cholesterol Acyl-
Transferase) or PLTP (Phospholipid Transfer Protein).

Example 3
Effect of Overexpression of AA4RP on Triglyceride
Levels
[0151] 1.—Protocol:
[0152] Samples from AA4RP transgenic mice or control

mice maintained on a lipid-rich diet were diluted %5 or ¥5in
physiological serum, then assayed for triglycerides against a
calibration curve prepared with CFAS lipid calibrator, Ref.
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759350 (Bochringer Mannheim GmbH, Germany). The cali-
bration curve covered a concentration range of 16 to 500
ug/ml. 100 ul of each sample dilution or calibration point
were deposited in each well of a 96-well titration plate. Next,
200 pl of triglyceride reagent Ref. 701912 (Boechringer
Mannheim GmbH, Germany) were added to each well and
the plate was incubated at 37° C. for 30 min. Optical
densities (OD) were read on a spectrophotometer set at 492
nm. Triglyceride concentrations in each sample were calcu-
lated from a standard curve plotted as a linear equation
y=ax+b, where y represents OD and x represents triglyceride
concentration.

[0153] 2—Results:
[0154] The results are presented in Table I below and in
FIG. 3.
TABLE 1
Control AA4RP
mice transgenic mice

Number of animals 13 21

Triglycerides (mg/ml) 1.039 0.361

Standard deviation 0.249 0.101

(mg/ml)
[0155] The results show that triglyceride levels were sig-

nificantly lower in AA4RP transgenic mice (Student’s t test
p<0.001).

[0156]

[0157] The increase in triglyceride levels in control mice
fed a lipid-rich diet was sharply reduced after transgenesis.
This reduction is probably due to an acceleration of the
catabolism of triglyceride-rich lipids such as chylomicrons
and VLDL, following an increase in the activity of different
catabolic effectors such as for example an increase in the
activity of lipoprotein lipase (LpL), an increase in the
cofactors of LpL activation or a decrease in factors such as
apo CIII inhibiting said activity.

3—Interpretation:

Example 4

Effect of Overexpression of AA4RP on apo CM
Levels

[0158]

[0159] Apo CIII in mice overexpressing human AA4RP
was assayed by immuno-nephelometry on an ARRAY®
immunochemistry system (Beckman Coulter, Villepinte,
France). Pooled sera from normolipidic mice were used as
standard; the apo CIII concentration therein was 25 ug/ml.
A calibration curve from 4 pg/ml to 25 ug/ml was prepared
by diluting the standard in 0.01 M potassium phosphate pH
7.2.

[0160] Plasma samples from mice overexpressing human
AA4RP or not, maintained on a lipid-rich diet, and plasma
samples from knock out homozygous (-/-), heterozygous
(+/-) or wild type (+/+) mice were diluted ¥ or %2 in the
same conditions as the standard. Forty-two microliters of
each calibration point and each sample from the different
mice under study were incubated with 42 ul of mouse
anti-apo CIII (in a reaction cell containing polyethylene
glycol (PEG)). The apo CIII concentration in the sample is

1—Protocol:

Oct. 7, 2004

directly proportional to the light intensity reflected by the
precipitate formed during the antigen-antibody reaction.

[0161] 2—Results:

[0162] a—) Apo CIII in AA4RP Transgenic Mice and
Control Mice (Lipid-Rich Diet)

[0163] The results are shown in Table IT below and in FIG.
4.
TABLE II
Control AA4RP
mice transgenic mice

Number of animals 9 20

Apo CIII (ug/ml) 69.29 30.70

Standard deviation 20.90 10.88

(ug/ml)
[0164] The results show that the apo III level was approxi-

mately three times lower in AA4RP transgenic mice.

[0165] b—) Apo CIII in AA4RP Knock-out Homozygotes
(~/-), Heterozygotes (+/-) and Wild-Type Mice (+/+):

[0166] The results are presented in Table III below and in
FIG. 5.
TABLE III
Wild type KO mice KO mice
(++) (+-) (--)
Number 6 11 6
Apo CIII (ug/ml) 102.58 115.83 23175
Standard deviation 11.94 38.24 66.33
(ug/ml)
[0167] The results show that AA4RP knock-out mice had

the highest levels of apo III.
[0168] 3—Interpretation:

[0169] The observed reduction in apo CIII levels in
AA4RP transgenic mice on a lipid-rich diet and the observed
increase in apo CIII in AA4RP knock-out mice are in
agreement with the results on triglyceride concentrations,
thus confirming the positive role of AA4RP in the elimina-
tion of residual triglyceride-rich particles.

Example 5

Triglyceride Distribution in Different Lipoproteins
[0170]

[0171] The distribution of triglycerides in VLDL, LDL
and HDL was studied on 200 ul fractions of plasma from
AA4RP transgenic mice or control mice maintained on a
lipid-rich diet.

[0172] The different particles were fractionated on a Phar-
macia Superose 6 column integrated in an AKTA FPLC
system (Pharmacia Biotech, Umed, Sweden). The different
fractions were eluted with 0.01 M PBS, 0.1 M NaCl, pH 7.2
at a flow rate of 0.2 ml/min. The triglyceride concentration
in each fraction was determined as described hereinabove.

1—Protocol:
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[0173] 2—Results:

[0174] The results are presented in FIG. 6.

[0175] 3—Interpretation:

[0176] The accumulation of triglyceride-rich particles in

control mice after a lipid-rich diet was not observed in the
AA4RP transgenic mice, confirming the role of AA4RP in
eliminating residual particles.

Example 6
LpL and HL Activity in Human AA4RP Transgenic
Mice
[0177] 1—Protocol:
[0178] The test was carried out on post-heparin plasma

(collected 5 min after heparin injection) from transgenic
mice and control mice with a FVB/N genetic background.
Total lipase activity was determined by incubation with
radiolabelled triolein and in the presence of a cofactor (apo
CII). HL activity was determined after incubation of each
plasma sample with triolein but in this case in the absence
of apo CII and in the presence of 1 M NaCl to eliminate LpL
activity. Lipase activity in each plasma sample was then
calculated by determining the number of moles of free fatty
acid. Finally, LpL activity was calculated by subtracting HL
activity from total lipase activity.

[0179]

[0180] The results are presented in FIG. 7. They show that
there was a significant increase in total lipase activity, HL
activity and LpL activity in AA4RP transgenic mice as
compared to controls.

[0181]

[0182] The increase in LpL and HL enzymatic activity in
AA4RP transgenic mice is in agreement with the activity of
AA4RP:

[0183] reduction of triglyceride and apo CIII concen-
trations (observed in examples 3, 4 and 5)

[0184] increase in cholesterol extraction and local-
ization of AA4RP in HDL and pre-f-HDL so as to
participate in their metabolism (example 2).

2—Results:

3—Interpretation:
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1
<211> LENGTH: 366
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Met Ala Ser Met Ala Ala Val Leu Thr Ala Ala

1 5

Trp Leu

10
Ala

Phe Ala

20

Ser Thr Gln Ala Arg Lys Phe

25

Gly Trp Asp

Gln Thr Val Glu Gln Ile His

45

Ser
35

Gly Asp Lys Gly Arg

40

Met Ala Arg Glu Pro Ala Thr Leu Lys Asp Ser Leu Glu

Phe
70

Asn Asn Met Asn Leu Glu Leu Pro Leu

65

Lys Lys Arg

75
Glu Ala

Gln val

90

Leu Pro Pro Met

85

Pro Arg Asp Gly Arg

Gln Glu Glu Glu Glu Vval Ala

105

Leu Leu Gln Pro

100

Lys Arg

Glu Ala Glu Val Glu Leu

125

His Leu Asn Leu

115

Gly Trp

120

Gly

Thr Glu Gln Val

140

Leu Lys Pro Met Leu Met Ala

130

Tyr Asp

135

Leu

Tyr

30

Gln

Gln

Ser

Arg

Tyr

110

Arg

Leu

Leu Ser

Phe Ser
Gln Lys
Leu

Asp

Ser
80

Gly

Gln
95

Leu
Met Ala
Gln Gln

Arg Val
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-continued

Gln Glu Leu Gln Glu Gln Leu Arg Val Val Gly Glu Asp Thr Lys Ala
145 150 155 160

Gln Leu Leu Gly Gly Val Asp Glu Ala Trp Ala Leu Leu Gln Gly Leu
165 170 175

Gln Ser Arg Val Val His His Thr Gly Arg Phe Lys Glu Leu Phe His
180 185 190

Pro Tyr Ala Glu Ser Leu Val Ser Gly Ile Gly Arg His Val Gln Glu
195 200 205

Leu His Arg Ser Val Ala Pro His Ala Pro Ala Ser Pro Ala Arg Leu
210 215 220

Ser Arg Cys Val Gln Val Leu Ser Arg Lys Leu Thr Leu Lys Ala Lys
225 230 235 240

Ala Leu His Ala Arg Ile Gln Gln Asn Leu Asp Gln Leu Arg Glu Glu
245 250 255

Leu Ser Arg Ala Phe Ala Gly Thr Gly Thr Glu Glu Gly Ala Gly Pro
260 265 270

Asp Pro Gln Met Leu Ser Glu Glu Val Arg Gln Arg Leu Gln Ala Phe
275 280 285

Arg Gln Asp Thr Tyr Leu Gln Ile Ala Ala Phe Thr Arg Ala Ile Asp
290 295 300

Gln Glu Thr Glu Glu Val Gln Gln Gln Leu Ala Pro Pro Pro Pro Gly
305 310 315 320

His Ser Ala Phe Ala Pro Glu Phe Gln Gln Thr Asp Ser Gly Lys Val
325 330 335

Leu Ser Lys Leu Gln Ala Arg Leu Asp Asp Leu Trp Glu Asp Ile Thr
340 345 350

His Ser Leu His Asp Gln Gly His Ser His Leu Gly Asp Pro
355 360 365

<210> SEQ ID NO 2

<211> LENGTH: 1060

<212> TYPE: DNA

<213> ORGANISM: Artificial seguence

<220> FEATURE:

<223> OTHER INFORMATICN: Description of artificial segquence : ARARP
Promoter

<400> SEQUENCE: 2

atgtcccttg cagccaagtc taattctaac taatacaaac taactctaaa aaatgaatat 60

atattcacca ggggataggc tatttcaage agagggaagce ctgtataaag gctcagggaa 120

tgctgtggtt ttatgtggca gcagatgaga ctggaaatga gtcaggatga gccacagtgg 180

aggatgaatt aaatgggcag gagtgtggta gaaagacctg ttggaggcta tgaatgcaat 240

caaggtgaca gacaactggt gcaatgatgg tagtggaaat ggaggagagg ggattgattc 300

aagatgcatt taggaccaag aatcgggagc ttgtgaacgt gtgtatgagt actgtagacg 360

gagtgggtgt gtcatcagag aagatctgag catttggget tgctctecte agaggecetg 420

cgagtggagt tcagetttte ctcatgggge aaatctyact ttegetecag ttectgggge 480

tcagagtcce tggcccagat gectettgece atctcatett caccetgeet ggettecett 540

gcttgttecca ggattgttte ataaagaggg atgtggttgg tctttaacce tatgaatget 600

ggctgaggat gecctgeggaa cctgtagtga agetttcagg ggetgetegg gttetggetg 660

gtaggtgaac actgtccatc ttgccggetg ggacacagtg actctgggta gttgtgtaag 720
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agaggggccc ttggcagaca aacaggttct tctectgttgg tgggeccagecc agcaggtcag 780

tgggaaggtt aaaggtcatg gggtttggga gaaactgggt gaggagttca gccccatccc 840

ccgtaaagct cctgggaagc acttctctac tggggcagcce cctgatacca gggcactcat 900

taaccctetg ggtgccagqgg aaagggcagg aggtgagtge tgggaggcag ctgaggtcaa 960

cttottttga acttccacqgt ggtatttact cagagrcaatt ggtgecagag getcagggec 1020

ctggagtata aagcagaatg tctgctctct gtgcccagac

1060

1-10. canceled.

11. A method for selecting, identifying or characterizing
compounds for reducing the level of circulating apolipopro-
tein CIII or lipoparticles rich in apolipoprotein CIII and/or
increasing the activity of lipoprotein lipase and/or of hepatic
lipase and/or increasing reverse cholesterol transport in a
mammal, comprising determining the ability of a test com-
pound to modulate the activity of the AA4RP protein.

12. A method according to claim 11, wherein it comprises
determining in vitro or ex vivo the ability of a test compound
to modulate the synthesis of the AA4RP protein.

13. A method according to claim 11, wherein one deter-
mines the ability of the test compound to increase the
activity of the AA4RP protein.

14. A method according to claim 11, wherein it comprises
contacting in vitro or ex vivo a test compound with a cell
comprising a reporter gene under the control of a transcrip-
tional promoter containing all or part of the sequence of the
AA4RP gene promoter, and determining the ability of said
test compound to modulate the expression of the reporter
gene.

15. A method according to claim 11, wherein it comprises
determining the ability of a test compound to increase the
incorporation of the AA4RP protein into HDL or VLDL
particles, in particular in HDL particles.

16. A method for the curative or preventive treatment of
cardiovascular pathologies or metabolic syndrome by reduc-
ing apolipoprotein CIII levels in the blood of a patient, in
particular lipoproteins rich in apolipoprotein CIII, or by
increasing the activity of LpL and/or of HL or by increasing
reverse cholesterol transport, by administering to a subject
in need of such treatment a compound modulating the
activity of the AA4RP protein.

17. A method according to claim 16, wherein the com-
pound modulating the activity of the AA4RP protein is a
compound increasing or mimicking the activity of the
AA4RP protein.

18. A method according to claim 16, for the curative or
preventive treatment of atherosclerosis.

19. A method according to claim 16, wherein the com-
pound modulating the activity of the AA4RP protein stimu-
lates or inhibits its expression or its secretion.

20. A method according to claim 16, wherein the com-
pound modulating the activity of the AA4RP protein
increases or decreases the concentration of the AA4RP
protein in HDL particles.

21. Polypeptide fragments of AA4RP containing fewer
than 200 amino acids, more preferably fewer than 150 amino
acids of the sequence SEQ ID NO 1.

22. Polypeptide fragments of AA4RP according to claim
21, containing at least residues 50-80 of the sequence SEQ
ID NO 1.

23. Polypeptide fragments of AA4RP according to claim
21, comprising residues 20-114 of the sequence SEQ ID NO
1.

24. Polypeptide fragments of AA4RP according to claim
21, comprising at least seven consecutive amino acids of the
sequence SEQ ID NO 1, more preferably at least 10 con-
secutive amino acids of the sequence SEQ ID NO 1, even
more preferably at least 15 consecutive amino acids of the
sequence SEQ ID NO 1.

25. A composition comprising a polypeptide, fragment of
AA4RP, containing fewer than 200 amino acids, more
preferably fewer than 150 amino acids of the sequence SEQ
ID NO 1.

26. A pharmaceutical composition, comprising a polypep-
tide, fragment of AA4RP, containing fewer than 200 amino
acids, more preferably fewer than 150 amino acids of the
sequence SEQ ID NO 1, and a pharmaceutically acceptable
vehicle.

27. A pharmaceutical composition according to claim 26,
for regulating, in particular increasing or mimicking,
AA4RP activity in vivo.

28. A pharmaceutical composition according to claim 26,
for the curative or preventive treatment of cardiovascular
pathologies or metabolic syndrome by reducing apolipopro-
tein CIII levels in the blood of a patient, in particular
lipoproteins rich in apolipoprotein CIII, or by increasing the
activity of LpL and/or of HL or by increasing reverse
cholesterol transport.
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