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The invention relates to a method for diagnosticating hepatic
diseases consisting in measuring an apolipoprotein A4
expression in hepatic cells or tissues and in the circulation
(blood, plasma, serum. A method for screening molecules for
treating said diseases by bringing into contact said com-
pounds with a mammal and for measuring the apolipoprotein
A4 expression in said hepatic origin cells or in the circulation
of said mammal is also disclosed.
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METHOD FOR DIAGNOSING HEPATIC
DISEASES AND SCREENING METHOD OF
MOLECULES FOR TREATMENT OF
HEPATIC DISEASE

[0001] The present application relates to a method of diag-
nosing liver diseases. It also relates to a method of screening
molecules for the treatment of said diseases.

[0002] Apolipoprotein A4 (Apo A4) is an abundant circu-
lating apolipoprotein. The expression of this protein has been
demonstrated in rodents in the hypothalamus, the small intes-
tine and the liver. Most of the Apo A4 found in the plasma in
mice is considered to be of intestinal origin (Wu et al., JBC
254, 7316-7322 1979).

[0003] In humans, the synthesis of Apo A4 has been
described by Elshourbagy (JBC 262 1987) as being limited to
the small intestine.

[0004] Apo A4 has many functions. It regulates lipid trans-
port and metabolism by means of various mechanisms, such
as the activation of cholesterol fluxes from hepatic tissues and
the stimulation of lipoprotein lipase activity (Stan et al., Bio-
chim Biophys acta, 1631 2003, 177-187). Apo A4 is also
known to be a satiety factor.

[0005] Liver diseases constitute amajor public health prob-
lem. It is therefore essential to diagnose all liver diseases at as
early a stage as possible, using specific and sensitive assaying
methods.

[0006] The applicant has demonstrated, surprisingly, that
Apo A4 is expressed in the liver in humans and that the level
of hepatic expression of the gene encoding Apo A4 is signifi-
cantly increased in liver diseases.

[0007] A subject of the present invention is a method of
detecting, diagnosing or providing a prognosis for a liver
disease, comprising the measurement of the expression of
Apo Ad in hepatic cells or tissues or extracts of these cells and
tissues, or in the blood and derivatives thereof.

[0008] Thus, a subject of the present invention is the mea-
surement of the expression of Apo A4, not only in hepatic
cells or tissues, but also in the blood, in which Apo A4 of
hepatic origin is found.

[0009] Such a method can comprise the steps of:

[0010] isolating the hepatic cells or tissues or extracts of
these cells and tissues, or the blood or derivatives
thereof, and

[0011] measuring the expression of Apo A4.

[0012] Such extracts can be obtained by lysis of the hepatic
cells and tissues. The term “liver disease” is intended to mean
any disease that has an influence on hepatic tissues and cells,
whether it is chronic or aetiological (alcoholic, viral, toxic,
food-related, environmental, etc).

[0013] More particularly, a subject of the present invention
is a method of detecting, diagnosing or providing a prognosis
for steatohepatitis, liver carcinogenesis, cirrhosis, viral hepa-
titis, hepatocellular insufficiency, cholestasis, portal hyper-
tension, steatosis and steatohepatitis, hepatic vein and artery
disease, fibrosis, obesity, and metabolic syndromes.

[0014] Theterm “blood derivative” is intended to mean any
cellular or acellular fraction derived from the blood by physi-
cal treatment (for example, by centrifugation), biological
treatment (for example, by clotting) or chemical treatment or
by any other treatment for obtaining such derivatives.
[0015] Such derivatives are preferably plasma and serum.
[0016] According to a preferential embodiment of the
invention, said method comprises the measurement of the
amount of messenger RNAs (nRNAs) transcribed from the
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gene(s) encoding Apo A4 in the hepatic cells or tissues of an
individual in whom it is desired to diagnose or provide a
prognosis for a liver disease.
[0017] The hepatic cells or tissues or the cells in the blood
and derivatives thereof, of said mammal, are removed and
treated by methods known to those skilled in the art, in order,
in particular, to prevent degradation of the messenger RNAs
and of the proteins, and then the amount of messenger RNAs
transcribed by the gene(s) encoding Apo A4 is measured.
[0018] Particularly advantageously the amount of messen-
ger RNAs transcribed is measured by amplification according
to the method known as quantitative polymerase chain reac-
tion (PCR) or QPCR.
[0019] According to this technique, the total RNAs are
extracted and purified and the messenger RNAs contained in
the extract are converted, firstly, into complementary DNAs
(cDNAs) using a reverse transcriptase.
[0020] The polymerase preferably used in the present
invention is Taq polymerase, but it may be any other enzyme
that has polymerase activity and that can be used under the
conditions for carrying out the PCR. By virtue of its propet-
ties, this enzyme makes it possible to double the amount of
initial DNA at each synthesis cycle.
[0021] The analysis of the cDNAs derived from the
mRNAs contained in the biological sample is carried out by
real-time quantitative PCR. The cDNAs are amplified using
primers and probes specific for the Apo A4 sequence, accord-
ing to a method which comprises, in substance, a repetition of
the cycle comprising the following steps:
[0022] separation of the strands to be amplified by heat-
ing the cDNA prepared from the sample,
[0023] hybridization of the probe and of a pair of sense
and antisense primers, and
[0024] de novo synthesis of DNA strands by elongation
with a polymerase.
[0025] Advantageously, the sense and antisense primers
comprise at least 15 nucleotides and exhibit at least 80%,
preferably 90%, and more preferably 95% identity with the
human Apo A4 sequence, corresponding to the sequence SEQ
ID No. 13 (Gene bank No. NM 000482), or with the sequence
complementary thereto.
[0026] Inthe course of the amplification reaction, the reac-
tion product, or amplimer, is detected using a probe consist-
ing of an oligonucleotide comprising at least 15 nucleotides
and exhibiting at least 80%, preferably 90%, and more pref-
erably 95% identity with the human Apo A4 sequence, cor-
responding to the sequence SEQ ID No. 13 (Gene bank No.
NM 000482), or with the sequence complementary thereto.
[0027] The two primers are respectively chosen on the
sense and antisense strands, so as to allow the amplification of
a DNA fragment. The probe is, for its part, targeted so as to
hybridize with the DNA fragment resulting from the ampli-
fication delimited by the position of the two primers.
[0028] Advantageously, the probe has a theoretical melting
temperature Tm that is approximately 10° C.£0.5 higher than
the theoretical Tm values of the primers. Said oligonucle-
otides (primers and probe) preferably comprise between 15
and 25 nucleotides. The method is carried out for a number of
cycles sufficient to allow a measurable amount of amplifica-
tion product to be obtained (n=40).
[0029] The primers used for amplifying the gene encoding
human Apo A4 preferably have the sequences:

SEQ ID No. 1l: gcagctggctcectatgcet
and
SEQ ID No. 2: ggaaggtcaggccctcaag.
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[0030] The probe preferably has the sequence SEQ ID No.
3: cacgcaggagaagctcaaccacca.

[0031] According to a preferential embodiment of the
present invention, the probe contains a visualizing molecule
or system of molecules. Said visualizing system preferably
consists of a reporter colorant and a fluorescence-quenching
colorant, respectively attached at the 5' and 3' ends of the
probe. According to an advantageous embodiment, the visu-
alizing system consists of the “reporter/quencher” pair rep-
resented by 6-carboxyfluorescein (FAM) and 6-carboxytet-
ramethylrhodamine (TAMRA), respectively attached in the
5'-position and in the 3'-position of the probe.

[0032] In order to carry out the PCR in the context of the
present invention, reference may be made to the general
reviews of PCR techniques and to the instructions from the
manufacturers and distributors of reagents and thermocycles,
and in particular to the instructions for use entitled “Quanti-
tation of DNA/RNA using real-time PCR detection” pub-
lished by Perkin Elmer Applied Biosystems (1999) and to the
PCR Protocols (Academic Press New York 1989).

[0033] Oneofthe advantages of the method of detection by
QPCR is that the analysis of the PCR products is carried out
directly at the end of the PCR cycles by reading the fluores-
cence obtained during the cycles. It is therefore not necessary
to work with the PCR products, which risk being contami-
nated for the subsequent analyses.

[0034] In addition, the quantification of the number of tar-
gets used at the beginning in the reaction is very reliable and
reproducible. The PCR product is detected during the PCR
cycles by means of a fluorescent probe. The latter is necessary
for detecting the PCR product and the detection takes place
right in the middle ofthe exponential PCR phase and not atthe
final point; this principle of detection is therefore more sen-
sitive and more specific.

[0035] Another advantage of QPCR lies in the fact that
non-specific amplifications are avoided, due to the “hot start”
principle, the real-time PCR being carried out in the presence
of athermostable DNA polymerase that is activated at the first
denaturation.

[0036] According to another embodiment of the invention,
the method according to the present invention comprises the
measurement of the amount of Apo A4 protein or protein
fragments expressed in the hepatic cells or tissues or in the
blood and derivatives thereof.

[0037] Particularly advantageously, the amount of Apo A4
protein or protein fragments is measured using at least one
antibody specific for this protein.

[0038] These antibodies can be obtained by means of a
method consisting in injecting animals, such as rodents, with
an emulsion of the purified human Apo A4 protein or a pep-
tide sequence of Apo A4 of approximately 20 amino acids,
optionally in the presence of an adjuvant such as Freund’s
adjuvant. The injections are repeated and the antiserum is
collected.

[0039] Themeasurement of the binding between these anti-
bodies and the Apo A4 expressed in the hepatic cells or tissues
or in the blood and derivatives thereof of the individuals in
whom it is desired to quantify the hepatic Apo A4 can be
carried out by any suitable means. Preferably, it can be carried
out by means of the ELISA (abbreviation of enzyme-linked
immunosorbent assay) technique, and even more preferably
by means of a “sandwich” method. The “sandwich” method
makes use of two antibodies: a first capture antibody is bound
to a solid phase such as a microplate, and a second detection
antibody makes it possible to quantify the protein. According
to this technique, the detection antibodies are coupled to a
peroxidase. The antibodies bound to the Apo A4 protein are
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isolated from the unbound antibodies and brought into con-
tact with a substrate for peroxidase, preferably O-phenylene-
diamine dihydrochloride. The colorimetric reaction makes it
possible to quantify the number of antibodies bound and, as a
result, the amount of protein bound. This colorimetric reac-
tion is measured using a suitable device, for example by
measuring the optical density.
[0040] An amplification of the reaction can be carried out
using at least two antibodies, firstly anti-Apo A4 antibodies
not coupled to peroxidase and, secondly, peroxidase-coupled
antibodies that recognize the first antibodies.
[0041] In addition, another anti-Apo A4 antibody can be
used to attach the antibody-Apo A4 complexes to a support,
thus facilitating isolation of the complexes and separation
from the unbound antibodies.
[0042] The binding between these antibodies and the Apo
A4 can also be measured using antibodies labelled with a
radioactive isotope. In this embodiment, the antibodies bound
to the Apo A4 protein are isolated and the radioactivity of the
antibody-Apo A4 complexes is measured using a measuring
device suitable for the isotope used.
[0043] Techniques other than the ELISA and radioisotope
technique can be used for assaying the Apo A4 protein, such
as nephelometry and turbidimetry.
[0044] For the production of the antibodies and the use of
the ELISA and radioisotope techniques in particular, refer-
ence may be made to the manual “Antibodies, A Laboratory
Manual,” (Cold Spring Harbor Press (1988)).
[0045] A subject ofthe present invention is also a method of
screening compounds for use in the prevention or treatment of
liver diseases, comprising the steps of:
[0046] bringing said compounds into contact with a
mammal, and
[0047] measuring the expression of Apo A4 in said cells

of hepatic origin or in the bloods or in the blood and the

blood cell derivatives of said mammal.
[0048] The mammal in whose cells or blood the measure-
ment of the expression of Apo A4 can be carried out is any
mammal in which Apo A4 is expressed in the liver. It may
advantageously be a rodent, and preferably a mouse.
[0049] Advantageously, animal lines in which there is a
natural tendency towards obesity are used.
[0050] Thus, a mouse of a Balbc ByJ, DIO Balbe ByJ, DIO
Balbc AnN or DIO C57BI1/6] line is preferably used.
[0051] The measurement of the expression of Apo A4 can
be carried out by measuring the amount of Apo A4 expressed
in the hepatic cells or tissues or in the blood and derivatives
thereof of said mammal or by measuring the amount of mes-
senger RNA transcribed by the gene(s) encoding Apo A4
expressed in the hepatic cells or tissues of said mammal, as
indicated above.
[0052] The present invention is illustrated, without how-
ever being limited, by the examples of implementation that
follow.

EXAMPLE 1

Measurement of the Expression of Apo A4 in Nor-
mal Mice (C57 B16) or Obese Mice (C57 Bl6/obob)
by Quantification of the Messenger RNAs Tran-
scribed and of the Plasma Apo A4 Protein

[0053] 1. Materials and Methods

Experimental Protocol

[0054] Blood was taken from the normal mice (C57 BI6) or
obese mice (C57 Bl6/obob) and centrifuged for 10 min at 10
000 rpm and the plasma was removed.
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[0055] A piece of liver (75-130 mg) was removed and
placed in tubes of 2 ml containing 1.5 ml of RNA Later
(Ambiom).

[0056] Theliver and the plasma were stored at —20° C. with
a view to assaying the Apo A4 mRNAs and protein.

Real-Time QPCR Analysis of the Expression of Mouse Apo
A4

[0057] This mainly 2-step technique involves:

1. Extraction and purification of the total RNAs and then
conversion of the mRNAs contained in the sample into
complementary DNA (cDNA).

2. Analysis of the cDNAs, carried out by real-time quantita-
tive PCR. The relative expressions of the gene are given as %
relative to an internal reference gene that does not vary, such
as beta2-microglobulin or 18S ribosomal RNA.

[0058] The7900HT Fast Real-Time PCR System sequence
analyser and the reagents for the amplification are provided
by Applied Biosystems.

Methods:
Preparation of Tissue Lysates

[0059] 80 mg of mouse liver are excised and immediately
immersed in 2 ml of RNAlater in order to preserve as much as
possible the integrity of the RNA before any manipulation.
[0060] The piece of liver is transferred dry into an Eppen-
dorf tube, to which are added 2 ml of lysis buffer (total RNA
extraction kit, RNeasy Midi Kit sold by QIAGEN) and 2 steel
balls (diameter, 3 mm). The tissue lysis is cartied out with the
Tissuelyser (sold by QIAGEN) by agitation for 5 min at 30
HZ. At this stage, the lysates can be stored at -20° C.

Total RNA Extraction

[0061] The lysates are centrifuged for 3 min at 14 000xg
and filtered on a QI Ashredder (sold by QIAGEN) (3x0.7 ml).
The extraction is carried out according to the protocol of the
RNeasy Midi kit, with a Dnase step. The final step is an
elution of the total RNA in 150 ul of water.

[0062] The RNA concentration is obtained by measuring
the optical density (OD) at 260 nm.

Complementary DNA (cDNA) Synthesis

[0063] The cDNA is synthesized, from 5 pug of total RNA,
using the Superscript III reverse transcription kit (sold by
INVITROGEN). The ¢DNA obtained is recovered in a final
volume of 20 pl.

Analysis of the Gene Expression by PCR on 7900HT

[0064] 5 ul of a dilution of cDNA are added to 15 ul of
reaction mixture containing, in particular: buffer, polymerase
required for the PCR reaction and also the primers and probes
specific for the gene to be quantified. The latter are available
from the supplier in the form of Tagman Gene Expression
Assays. The beta2-microglobulin (B2-m) gene or 18S ribo-
somal RNA are used as internal references.

[0065] The sequences of the primers and probes used for
amplifying the gene encoding human and mouse Apo A4 and
beta2-m are represented in Table VII (SEQ ID No. 1to SEQ
ID No. 12).

[0066] The gene amplification reaction is carried out with
temperature cycles (denaturation 95° C./15 s then hybridiza-
tion and synthesis 60° C./1 min) in 96-well or 384-well
microplates. The analysis lasts 90 min.
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[0067] Theamplification kinetics (amplification signal as a
function of the number of cycles) are analysed in a linear
representation of the exponential phase (software: SDS
Enterprise Database).

[0068] The Ct, which is the number of cycles measured at
constant amplification signal, is defined in this phase; the Ct
is inversely proportional to the amount of messenger RNA
present in the sample of origin. The difference in Ct (ACt)
between the target gene (Apo A4) and the internal reference
(B2-m) gives the relative abundance from the relationship
Q=(2)“" (values given as % relative to the reference gene).

Measurement of the Amount of Apo A4 in the Plasma in
Mice, Using the ELISA Sandwich Method

Antibodies

[0069] The capture antibody is the goat anti-Apo A4 anti-
body sold by (Santa Cruz Biotechnology, Inc. 2145 Delaware
Avenue Santa Cruz, Calif. 95060 U.S.A.).

[0070] Antiserum directed against mouse Apo A4 is
obtained from rabbits immunized with a peptide correspond-
ing to the C-terminal sequence (amino acids 361-380) of
mouse Apo A4.

[0071] An emulsion of peptide coupled to a carrier protein
(KLH) in complete Freund’s adjuvant is injected subcutane-
ously into the animals. Subsequent injections are given with
an emulsion of coupled peptide in incomplete Freund’s adju-
vant.

[0072] The antiserum is collected 10 days after the third
booster and the antibody is purified by affinity chromatogra-
phy on the peptide coupled to a chromatography gel.

Implementation of the ELISA Sandwich Method

[0073] 100 pl of goat anti-Apo A4 antibody at 4 pg/ml in
PBS are incubated for 4 hours at 20° C., in the wells of a
96-well plate.

[0074] After washing with PBS containing 0.1% of tween
20, the non-specific binding sites are blocked with PBS buffer
containing 0.5% of bovine serum albumin (BSA) for 60 min
at ambient temperature.

[0075] 100 pl of plasma samples (dilution in PBS contain-
ing 0.1% BSA, of 1/3000 to 1/20 000) are added and incu-
bated overnight at 4° C. After washing, 100 pl of rabbit
polyclonal anti-mouse Apo A4 antibodies, at 0.1 ug/ml, are
added and incubated for 1 h at ambient temperature. After
washing, 100 pl of anti-rabbit IgG-peroxidase conjugates
(PIERCE 1/200 in PBS containing 0.1% BSA) are added and
incubated for 1 h at ambient temperature.

[0076] After washing, 150 pl of a solution containing
O-phenylenediamine and hydrogen peroxide, which is the
substrate for peroxidase (Sigma), are added.

[0077]  After 20 min, 50 ul of 3M H,SO, are added in order
to stop the reaction, and the optical density at 492 nm is
measured.

[0078] 2. Results:

[0079] Table IA shows the tissue distribution of Apo A4 in
the mouse. Apo A4 is expressed in smooth muscle, small
intestine, liver, colon, placenta, stomach, ovaries, rectum,
adipose tissues, etc.

[0080] Strong expression in the small intestine is noted.
[0081] Table IB confirms strong expression in the small
intestine and the location of Apo A4 in the various regions
(duodenum, jejunum, ileum).
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[0082] Table IT shows the expression of Apo A4 in the liver
and the plasma and shows that this expression is increased in
the liver and the plasma if normal mice and obese mice are
compared.

EXAMPLE 2

Measurement of the Expression of Apo A4 in
Humans, by Quantification of Transcribed Messen-
ger RNAs

[0083] ThecDNAs are prepared from human liver and mea-
surements are carried out as described in the previous
example for the preparation from mouse liver.

Results of the Real-Time QPCR Analysis of Human Apo A4
Expression

[0084] Table I1I shows the tissue distribution of Apo A4 in
humans: presence in the uterine fundus, oesophagus, retina,
placenta, epididymis and adipose tissues.

[0085] Strong expression is noted in the small intestine, in
agreement with the data from the literature.

[0086] There is little expression in the total liver, but said
expression appears to be concentrated on the hepatoportal
region.

[0087] Table IV-A confirms the results on the location of
Apo A4 in the regions of the small intestine (jejunum, ileum,
duodenum).

[0088] Italso emerges that the local expression of Apo A4
in the liver is more associated with certain physiopathological
states (hepatic portal system) (Table IV-B).

[0089] This result is confirmed in Tables V-A & VI, which
group together an analysis of Apo A4 on various samples of
pathological livers and of normal liver.

[0090] The high values are correlated for the following
pathologies: cirrhosis, lupus and infarction.

[0091] The specificity of Apo A4 as a potential marker for
these conditions is demonstrated by the analysis, compared
with Apo A4 of the other classes of apolipoproteins: Apo Al,
Apo A2 and Apo AS (Tables IV and V-B).

EXAMPLE 3

Measurement of the Amount of Apo A4 Protein in
the Plasma in Humans, by Means of the ELISA
Sandwich Method

Antibodies

[0092] The capture antibody is the goat anti-Apo A4 anti-
body sold by (Santa Cruz Biotechnology, Inc. 2145 Delaware
Avenue Santa Cruz, Calif. 95060 U.S.A.).

[0093] Purified human Apo A4 is obtained from human
serum as described by Weinberg R B, Hopkins R A, Jones J B.
(Methods Enzymol. 1996; 263:282-96. Purification, isoform
characterization, and quantitation of human apolipoprotein
A4).

[0094] Antiserum directed against human Apo A4 is
obtained from rabbits. An emulsion of purified h-Apo A4 in
complete Freund’s adjuvant is injected subcutaneously into
the animals. Subsequent injections are given with an emul-
sion of purified Apo A4 in incomplete Freund’s adjuvant.
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[0095]
booster.

The antiserum was collected 10 days after the third

Implementation of the ELISA Sandwich Method

[0096] The wells of a 96-well plate are incubated with 100
Wl of goat anti-Apo A4 antibody at 4 pg/ml in PBS for 4 hours
at20° C.

[0097] After washing with PBS containing 0.1% of tween
20, the non-specific binding sites are blocked with PBS buffer
containing 0.5% of bovine serum albumin (BSA) for 60 min
at ambient temperature.

[0098] 100 pl of plasma samples (dilution in PBS contain-
ing 0.1% BSA, of 1/3000 to 1/20 000) are added and incu-
bated overnight at 4° C. After washing, 100 ul of rabbit
anti-human Apo A4 polyclonal serum antibodies (dilution
1/5000 in PBS-BSA) are added and incubated for 1 h at
ambient temperature. After washing, 100 pl of anti-rabbit
IgG-peroxidase conjugates (PIERCE, 1/200 in PBS contain-
ing 0.1% BSA) are added and incubated for 1 h at ambient
temperature. After washing, 150 pl of a solution containing
O-phenylenediamine and hydrogen peroxide, which is the
substrate for peroxidase (Sigma), are added.

[0099] After 20 min, 50 pl of 3M H,SO,, are added in order
to stop the reaction, and the optical density at 492 nm is
measured.

EXAMPLE 4
Obesity and Human Hepatic apoA4

[0100] A study focused on obesity was carried out by anal-
ysing the expression of apoA4 in the liver of overweight
patients. This pathology is correlated with the body mass
index (BMI=weight in kg/(height in metres)*). A normal
weight load corresponds to a BMI<25.

[0101] Experimentally, the apolipoprotein expression was
analysed by means of the QPCR technique described above,
using a collection of human liver RNAs provided by Aster-
and, Inc. (TechOne Bldg, Suite 501, 440 Burroughs, Detroit
Mich. 48202, US). The body mass indices (BMIs) are given
by Asterand.

[0102] The results are given in Table VIII.

[0103] A directpositiverelationship is noted between the %
expression of apoA4 and the body mass index.

[0104] Theseresults demonstrate the relevance oftheuse of
apoA4 as a marker in the diagnosis or prognosis and thera-
peutic follow-up of obesity.

TABLE IA

Expression of Apo A4 in mice (expressed
as % relative to beta2-microglobulin)

Tissues/organ apoA4 %
Embryo 198
Smooth muscle 189
Small intestine 174
Liver 172
Colon 79
Placenta 75
Stomach 46
Ovary 71
Rectum 2.1
Adipose tissue 0.7
Brain 0.6
Testes 0.3
Thymus 0.3
Kidney 0.2
Spleen 0.1
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TABLE IA-continued

Expression of Apo A4 in mice (expressed
as % relative to beta2-microglobulin)

Tissues/organ apoA4 %
Bladder 0.1
Thyroid 0.1
Skeletal muscle 0.1
Spinal cord 0.04
Lymph node 0.03
Prostate 0.02
Eve 0.01
Lung 0.004
Splenocytes 0.0001
Bone marrow 0
Heart 0

TABLE IB

Expression of Apo A4 in the regions of the small intestine

%/beta2-m, mean +/— standard deviation (4 animals

Region Apo A4 %
Duodenum 213 +/- 19

Jejunum 209 +/- 101
Tleum 3+4/-1

TABLE II

Expression of Apo A4 mRNA in the liver and measurement of Apo A4
in the plasma of normal mice (C57 BI6) or obese mice (C57 BI6/obob).

Liver Apo A4 mRNA % expression/b2m

SD
C57 BI6 mice 2 1
C57 BI6/obab cbese 224 68
Plasma Apo A4 (arbitrary units)
C57 BI6 mice 1
C57 BI6/obob obese 5
TABLE III
Human Apo A4 expression in tissues

Tissues Apo A4 %
Uterine fundus 1
Uterine corpus 0.03
Uterus 0
Tonsils 0.004
Oesophagus 1.2
Gall bladder 0.01
Maxillary gland 0
Vein 0.03
Artery 0.2
Breast 0.006
Penis 0
Skin 0.03
Brain striatum 0
Larynx 0.01
Retina 4
Mammary gland
Smooth muscle 0
Spinal cord 0.8
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TABLE Ill-continued

Human Apo A4 expression in tissues

Tissues Apo A4 %
Aorta 0.02
Lung (polyA) 0.2
Placenta (polyA) 1
Brain 0.1
Epididymis (polyA) 1
Adipose tissues (polyA) Clentech 3
Hepatoportal triad liver 4980
Liver left lobe 1
Liver median lobe 0
Liver right lobe 0
Liver 0.4
Testes 0.2
Rectum 0.1
Carotid artery 0
Adrenal gland 0.01
Prostate 0.03
Adipose tissues biochain 0
Spleen 0
Colon 002
Pancreas 0.01
Heart 0.01
Umbilical vein 0
Stomach 005
Thymus 0.1
Uterine cervix 0
Skeletal muscle 0
Trachea 0.002
Kidney 0.005
Lymph node 0.2
Ovarian tumour 0
Pericardium 001
Ovary 0
Bladder 0
Thyroid 0.2
Bone marrow 0
Small intestine duodenum 0.3
Small intestine 100
TABLE IVA
Apolipoprotein expression in the intestine
Apo Al Apo A2 Apo A4 Apo AS
Tissues/organ % % %/intestine ° %
Small Intestine 0.1 0.0001 100 0.0001
(new)
Small intestine 34 0.0004 1347 0.003
ileum
Small intestine 3.3 0.001 1559 0.002
jejunum
Small intestine 0.0002 0 0.05 0
duodenum
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TABLE IVB

Results grouped together for the liver
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Apo A4 Apo AS Medical Reasons for
Apo Al % ApoA2% %fintestine °%  history death Age
Hepatic 23 3 0.2 0.5 Hypertension Acute 33
portal myocardial
system 12 infarction
Hepatic 2 35 531 2 Emphysema  Acute 69
portal myocardial
system 16 infarction
Left lobe 1.5 2 0.14 0.3 Hypertension Cardiomegaly 71
liver 13
Left lobe 0.9 1.3 0.2 0.2 No history ~ Acute 73
liver 17 myocardial
infarction
Median 14 15 54 0.3 Attack, Acute 48
lobe liver hypertension myocardial
14 infarction
Median 0.0005 0 0 0.0006 Hypertension Left 61
lobe liver ventricular
18 hypertrophy
Right lebe 0.0004 0 a 0.0001 Hypertension Left 55
liver 15 ventricular
hypertrophy
Right lebe 0.02 0.004 a 0.002  Hypertension Adult 21
liver 19 respliratory
distress
syndrome
Total liver 25 3 0.01 0.5
TABLE VA TABLE VI
Human Apo A4 expression in the liver samples Expression of Apo A4 in the human samples
Histological
Sample Origin diagnosis Apo A4 % Sample Status Reasons for death  Apo A4 %
Liver Biochain Nomal 0.07 Hepatic portal system 12 Hypertension Acute myocardial 0.2
El%s[hf ltojb?liver giocia%n Eormai 8§ infarcrion
eft lobe liver iochain ormal . . ) )
Liver cirrhosis Biochain Cirrhosis 76 Left llobe hver. 13 Hypertension Cardiomegaly . 0.14
Lupus liver disease Biochain Lupus 153 Median lobe liver 14 Attack, Acute myocardial 54
Foetal liver Biochain Normal 0.8 hypertension  infarction
Liver tumour Biochain Hepatocellular 0.02 Right lobe liver 15 Hypertension Left ventricular 0
Small intesti Biochai ;farcmolma 100 hypertrophy
mall intestine iochain ormal . .
Hepati rtal system 16 Emph; Acut dial 531
Hepatic portal system Clinomics 05-22  Cirrhosis 9.4 epatic portal system mphysema ) oute lmyocar &
Left lobe liver Clinomics 05-23  Cirrhosis 8.6 ) infarction )
Median lobe liver Clinomics 05-24  Cirthosis 12.7 Lett lobe liver 17 Unknown  Acute myocardial 0.2
Right lobe liver Clinomics 05-25  Cirrhosis 8.3 infarction
Median lobe liver 18 Hypertension Left ventricular 0
hypertrophy
Right lobe liver 19 Hypertension Adult respiratory 0
TABLE VB distress syndrome
Expression of human Apo Al, 2 & 5 in the liver samples T(?tal liver ) Normal 0.01-0.07
Right lobe liver Normal 0.2
Sample Apo A1/18S % ApoA2/185% Apo A5/18S % Left lobe liver Normal 0.2
Liver cirrhosis Cirrhosis 7.6
Liver 27 32 0.5 Lupus liver disease Lupus 15
Right lobe liver 15 22 0.6 )
Left lobe liver 20 34 0.8 Foetal liver Nomal 0.8
Liver cirrhosis 2 3 0.08 Liver tumour Tumeur 0.02
Lupus liver disease 9 11 1 Hepatic portal system 22 Cirrhosis 9
Foetal liver 20 30 0.04 Lett lobe liver 23 Cirrhosis 9
Liver t.umoulr 0.5 2 0.1 Median lobe liver 24 Cirrhosis 13
Small intestine 0.5 0 0 ioht lobe Ii irrhos
Hepatic portal system 1 2 0.04 Right lobe Liver 25 Cirrhosis 8
Left lobe liver 1 3 0.06 Total brain
Median lobe liver 0.8 1.5 0.05 Small intestine 100
Right lobe liver 0.7 1.5 0.04
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TABLE VII

Sequences of the primers and of the probes for assaying, by
guantitative PCR, human and mouse beta2-microglobulin and Apo 24

5'-3' Sense 5'-3' Antisense 5' Fam-3' Tamra
primer primer probe Gene bank
Human Apo A4 SEQ ID No. 1 SEQ ID No. 2 SEQ ID No. 3 NM_000482
gcagctggctcecet ggaaggtcaggceccte  cacgcaggagaayg
atgct aag ctcaaccacca
Mouse Apo A4 SEQ ID No. 4 SEQ ID No. 5 SEQ ID No. 6 NM_007468
gggtgcacaaca cectetecagtttecttyg cectttgtegtacaget
agctggt gctag gagtgggca
Human beta2-mSEQ ID No. 7 SEQ ID No. 8 SEQ ID No. 9 NM_004048
gatgagtatgcctg ggcatcttcaaccteca aaccatgtgactttgt
cegtgt tga cacag
Mouse beta2-mSEQ ID No. 10 SEQ ID No. 11 SEQ ID No.12 NM_009735
acgccacccacce ggcgggtggaactgtg tgggaagccgaaca
gga tta tactgaactgctacyg
TABLE VIII TABLE VIII-continued

Sep. 3, 2009

Expression of human hepatic apoA4 in overweight patients

Expression of human hepatic apoA4 in overweight patients

Sample BMI apoA4 % Sample BMI apoA4 %
3221211 ‘3‘;-27 1}3 14094A1 27.77 1.6
410;]31 51 | 8554D1 26.81 3.2
17061F1 33'43 4 20235A1 26.23 10
11631B1 33.08 4. 14050A1 26.12 0.6
9182BI 32.05 31 9374B1 23.39 3
41781 o 6 19844A1 25.25 0.2
20211A1 30.06 2 3417B1 .21 0.13
15140F1 29.86 3.3 Normal liver 0.04
6213B1 29.82 4
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gcagctgget ccctatgcet 19

<210> SEQ ID NO 2

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

ggaaggtcayg gccectcaag 19

<210> SEQ ID NO 3

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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-continued

Sep. 3, 2009

<400> SEQUENCE: 3

cacgcaggag aagctcaacc acca
<210> SEQ ID NO 4

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 4

gggtgcacaa caagctggt

<210> SEQ ID NO 5

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 5

cecctetecagt ttecttgget ag
<210> SEQ ID NO 6

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 6

cectttygtey tacagetgay tgggea
<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7

gatgagtatyg cctgeegtygt

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8

ggcatcttea acctcecatga

<210> SEQ ID NO 9

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9

aaccatgtga ctttgtcaca g
<210> SEQ ID NO 10

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 10

acgececaccca cegga

24

19

22

26

20

20

21

15
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-continued

Sep. 3, 2009

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 11

ggcgggtgga actgtgtta

<210> SEQ ID NO 12

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 12

tgggaagccg aacatactga actgctacg

<210> SEQ ID NO 13

<211> LENGTH: 1460

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

tgcagcgcag gtgagctctce ctgaggacct ctctgtcage teccctgatt gtagggagga
tccagtgtgg caagaaactc ctccagcecca gcaagcagct caggatgttce ctgaaggecg
tggtcctgac cctggecectyg gtggetgteg cecggagecag ggctgaggte agtgetgacce
aggtggccac ggtgatgtgg gactacttca gecagctgag caacaatgec aaggaggcecyg
tggaacatct ccagaaatct gaactcaccc agcaactcaa tgccctcettc caggacaaac
ttggagaagt gaacacttac gcaggtgacc tgcagaagaa gctggtgcecce tttgecaccg
agectgecatga acgectggec aaggactegg agaaactgaa ggaggagatt gggaaggage
tggaggaget gagggcccegyg ctgctgecce atgccaatga ggtgagccag aagatcegggyg
acaacctgcg agagcttcag cagcgcctgg agccctacge ggaccagcetg cgcacccagg
tcagcacgca ggccgagcag ctgcggegec agctgaccce ctacgcacag cgcatggaga
gagtgetgeyg ggagaacgee gacagectge aggecteget gaggecccac gecgacgage
tcaaggccaa gatcgaccag aacgtggagg agctcaaggg acgcecttacg ccctacgcetyg
acgaattcaa agtcaagatt gaccagaccg tggaggagct gcgccgcage ctggetcect
atgctcagga cacgcaggag aagctcaacc accagcttga gggcctgacc ttccagatga
agaagaacgc cgaggagctc aaggecagga tcteggecag tgecgaggag ctgeggeaga
ggctggegee cttggccgag gacgtgegtyg gcaacctgag gggcaacacce gaggggctge
agaagtcact ggcagagctg ggtgggcacc tggaccagca ggtggaggag ttccgacgec
gggtggagce ctacggggaa aacttcaaca aagccctggt gcagcagatg gaacagctca
ggcagaaact gggcccecat gegggggacg tggaaggcca cttgagettc ctggagaagg
acctgaggga caaggtcaac tccttcettca gecaccttcaa ggagaaagag agccaggaca
agactctete cctccctgag ctggagcaac agcaggaaca gcagcaggag cagcagcagg
agcaggtgca gatgctggec cctttggaga gctgagetge ccctggtgca ctggecccac

cctegtggac acctgcecty cectgecace tgtetgtetyg tetgtceccaa agaagttetg

19

29

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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-continued

gtatgaactt gaggacacat gtccagtggg aggtgagacc acctctcaat attcaataaa 1440

gctgetgaga atctagecte

1460

1. A method of diagnosing or providing a prognosis for
liver disease, comprising the measurement of the expression
of Apo A4 in hepatic cells or tissues or in the blood and
derivatives thereof.

2. A method of diagnosing or providing a prognosis for
liver disease, comprising

isolating the hepatic cells or tissues or extracts of these

cells and tissues, or the blood or derivatives thereof, and
measuring the expression of Apo A4.

3. A method according to claim 2 characterized in that it
comprises the measurement of the amount of messenger
RNAs transcribed by the gene(s) encoding Apo A4, expressed
in the hepatic cells or tissues.

4. The method according to claim 3, characterized in that
the amount of messenger RNAs transcribed is measured by
means of the PCR method.

5. The method according to claim 4, characterized in that
the amount of messenger RNAs transcribed is measured by
means of the quantitative PCR method.

6. The method according to claim 2 characterized in that it
comprises the measurement of the amount of Apo A4 protein
expressed in the hepatic cells or tissues or in the blood and
derivatives thereof.

7. The method according to claim 6, characterized in that
the amount of Apo A4 is measured using at least one antibody
specific for this protein.

8. The method according to claim 7, characterized in that
the specific antibody is coupled to a peroxidase or is labelled
with a radioactive isotope.

9. The method according to either of claims 7 and 8, char-
acterized in that the binding of the antibody to the protein is
measured by the ELISA technique.

10. A method of screening or detecting compounds for use
in the prevention or treatment of liver diseases, comprising
the steps of:

bringing said compounds into contact with a mammal, and

measuring the expression of Apo A4 in the cells of hepatic

origin or in the blood and blood derivatives of said
mammal.

11. The method according to claim 10, characterized in that
it comprises the measurement of the amount of Apo A4
expressed in the hepatic cells or tissues or in the blood and
blood derivatives of said mammal.

12. The method according to claim 10, characterized in that
it comprises the measurement of the amount of messenger
RNAs transcribed by the gene(s) encoding Apo A4 expressed
in the hepatic cells or tissues or in the blood and blood deriva-
tives of said mammal.

13. The method according to claims 10-12 in the alternative
characterized in that said mammal is a mouse of the Balbc
Byl, DIO Balbc Byl, DIO Balbe AnN or DIO C57Bl/6] line.

#® ok ok ok ok
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TABLE IA

RERASR-HPWFEERN S %, SENERARSAE[NBERF
MEEEBA4RE (K , 3R, mE. ATEIFEMMR{CEY SR

Expression of Apo A4 in mice (expressed
as % relative to beta2-microglobulin)

(L& MIEmRTL A TAF AR S TS %, EAF THADY Tissucs/organ —

MA TN EFTRFRARRATRFEE ) YRS PN ERIEREBAIRIE, Embtyo 108
Smooth muscle 189
Small intestine 174
Liver 172
Colon 79
Placenta 75
Stomach 46
Ovary 7.1
Rectum 2.1
Adipose tissue 0.7
Brain 0.6
Testes 0.3
Thymus 0.3
Kidney 0.2

Spleen 0.1
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