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New method for apo CIII measurement in apo B and non apo B containing

particles

The present invention relates to a method for the detection and
quantification of apolipoprotein CIII (“apo CIII”). This invention also relates to
synthetic apo CIII products, corresponding antibodies, kits comprising the same,
and their use to detect, quantify and/or monitor apo CIII levels in a sample, as
well as to quantify and/or monitor atherogenic lipoparticle levels in a sample. The
above compounds and kits can also be used to modulate apo CIII levels or

activity in vitro or in vivo, and to regulate lipid metabolism in a subject.

Increasing evidence suggest that apo CIII plays an important role in
controlling plasma triglyceride metabolism and in determining plasma
concentration of potentially atherogenic triglyceride-rich lipoproteins (TRL) [1].
Apo CIII, a 79 amino acids protein synthesised by the liver and the intestine [2],
is a component of chylomicrons, very low density lipoproteins (VLDL) and high
density lipoproteins (HDL) [3].

Apo CIII exists as three isoforms : apo CIIl,, apo CIII; and apo CIII,. Apo
ClIl, is not glycosylated, however apo CIII; and apo CIII, are glycosylated and
have respectively one and two sialic acid residues [4]. The sugar moiety consists
of disaccharide B-D galactosyl [1-3] a-N-Acetyl-D-Galactosamine attached to
threonine 74 of protein chain by O-glycosidic binding [5]. In human
normolipidemic plasma apo CIII,, apo CIII; and apo CIII, represent 14%, 59%
and 27% of total apo CIII, respectively. While several variants of apo CIII are
associated with moderate hyperlipidemia [6, 7], mutagenesis of the glycosylation

site of human apo CIII does not affect its secretion and lipid binding [8].
Plasma concentration of apo CIII is positively correlated with levels of

plasma triglycerides [9, 10]. Liver perfusion studies demonstrate that apo CIII
inhibits the hepatic uptake of TRL and their remnants [11, 12], whereas in vitro

CONFIRMATION COPY
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experiments show that apo CIII inhibits the activity of both lipoprotein lipase
(LPL) and hepatic lipase [13-17]. Apo CIII, therefore modulates the plasma
catabolism and clearance of TRL. This is of pathophysiological significance as
indicated by angiographic studies showing that plasma lipoprotein distribution of
apo CIII is a statistically significant independent predictor of the progression or
severity of coronary artery diseases (CAD) [18-20]. The role of apo CIII in
plasma TRL metabolism has been more defined by the results of recent studies in
transgenic animals [21]. Plasma accumulation of TRL in mice overexpressing apo
CHI has been shown to be associated with reduced plasma VLDL and
chylomicrons remnants clearance, apparently due to reduced binding of TRL to
LDL receptor [22] and to heparan sulfate proteoglycans [23]. Also the inhibitory
effect of apolipoproteins C on the LDL receptor of apo B-containing lipoproteins
was demonstrated [24]. Decreased receptor binding was reversed by addition of
exogenous apolipoprotein E. Immunologicals and cryo-electron microscopy
studies have indicated that apo CIII masked some apo B100 epitopes and
modified its conformation [23]. Furthermore, the ratio of apo CIII lipoparticles
devoid of apolipoprotein B (apo CIII Lp non B) and of apo CIII lipoparticles
containing apolipoprotein B (apo CIII LpB) is closely connected to the lipolytic

activity and stabilization or decline of atherosclerotic plaque [25].

These data thus show that plasma levels of apo CIII can be correlated to
various pathophysiological conditions involved in the atherosclerosis
susceptibility and the predisposition to CAD. It is thus clearly apparent that the
availability of compounds, methods and kits to detect, quantify or modulate Apo
CIII levels would be of significant value in the therapeutic, diagnostic, screening
and/or experimental areas.

Previous processes have been described in the art to detect apo CIII, based
on immunological methods. In particular, Kashyap et al. [10] relates to a radio-
immuno-assay (RIA) for measurement of apo CIII. However, the reported method

is expensive and requires radioisotope handling. Holmquist {26] discloses an
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Enzyme-Linked Immuno-Sorbent Assay (ELISA) to quantify Apo CIII. However,
this assay is a low precision test, requires antibody purification by immuno-
affinity and its labelling. In addition pure apo CIII or VLDL lipoparticles are
needed, when competition ELISA are used. It has also a low throughput. Curry et
al. [27] reported an Electroimmunoassay method (EIA). However, large amounts
of polyclonal antibodies are needed, the assay is of low throughput, and
delipidation of lipemic samples may be necessary for accurate determination. It is

also not as sensitive as the other methods.

In addition to the above drawbacks of prior art techniques, another
important and difficult aspect of previous apo CII immuno-assay is the
preparation of antigen. Indeed, native apo CIII must be isolated from pooled
human plasma. Ideal patients for such collections are patients with severe
endogenous hypertriglyceridemia with fasting chylomicronemia (type V
lipoprotein phenotype). Such patients are not always available, and even if the
apo CIII purification is performed with this hypertriglyceridemic plasma, only
few mg of this protein can be obtained. Furthermore, for the purification of native
apo CIII, anhydrous solvents must be used for delipidation step because the C
proteins are slightly soluble in a “wet” organic phase. This decreases recovery of
apolipoproteins and invalidates any quantitative information. The procedure of
delipidation can also lead to the formation of peroxide that generates artefacts in
purified apolipoproteins. Another difficult aspect of the apo CIII preparation from
native plasma is to obtain this protein with high purity, since the other apo C
proteins (apo CI and apo CII) and apo AIl have some identical physicochemical

characteristics with apo CIII.

The present invention now provides a novel strategy to produce apo CIII
and a new method to detect and to quantify this apolipoprotein. The present
invention specifically discloses novel methods of producing efficient anti-apo

CIII antibodies using total synthetic apo CIII. The invention also discloses such
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efficient antibodies, kits comprising the same, and their use to detect, quantify,
purify and/or monitor total apo CIII levels or apo CIII in atherogenic or non

atherogenic lipoparticles (LpB and Lp non B) in serum or plasma.

A particular object of this invention relates to a substantially pure,
synthetic apo CIII polypeptide having the sequence of SEQ ID NO: 1, or an
immunogenic fragment or derivative thereof.

A further object of this invention is a method of producing anti-apo CIII
antibodies comprising an immunization step with a synthetic apo CIII polypeptide
as defined above. This invention also encompasses antibodies prepared according
to this method, as well as, more generally, antibodies that bind a polypeptide as
defined above, as well as fragments or derivatives of such antibody.

An other aspect of this invention is a method of detecting or dosing total
apo CIII or apo CIII in apo B or non apo B containing lipoparticles in plasma or
serum sample with an antibody (including a fragment or derivative thereof) as

defined above.

An other object of this invention is a method of detecting predisposition or
individuals at risk of developing lipid-metabolism disorders, comprising detecting
in vitro total apo CIII or apo CIII in apo B or non apo B containing lipoparticles
in a sample from a subject with an antibody (including a fragment or derivative

thereof) as defined above.

An other object of this invention is a method of monitoring hepatic uptake
of triglyceride-rich lipoprotein in a subject, comprising detecting in vitro apo
ClII-containing particles in a sample using an antibody (including a fragment or
derivative thereof) as defined above.

An other object of this application is a method of detecting or monitoring
the formation, development or progression of atherosclerosis in a subject,

comprising detecting in vitro, in a sample from said subject, the level of apo CIII
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or apo CllI-containing atherogenic particles using an antibody (including a
fragment or derivative thereof) as defined above effective. The subject is
preferably a mammal, particularly a human, more preferably a subject at risk of

developing lipid-disorders such as CAD or a subject having such a disease.

As indicated above, this invention disclosesa substantially pure, synthetic
apo CIII polypeptide having the sequence of SEQ ID NO: 1, or an immunogenic
fragment or derivative thereof. The term “substantially pure” indicates that the
polypeptide is essentially devoid of other side products that occur during apoCIII
synthesis, particularly of other apolipoproteins, such as apo CI, apo CII, apo B
and apo AIl. The term “synthetic” indicates that the polypeptide is not a
naturally-occurring molecule, but has been prepared by a synthesis using
chemical processes, as described in the examples. In this regard, the synthetic
polypeptide of this invention is essentially unglycosylated.

The instant invention now shows that synthetic apo CIII can be produced
and used to generate antibodies. The invention further shows that such antibodies
are able to specifically bind naturally-occurring apo CIII, whether as a soluble
antigen or included in lipoparticles. The invention shows that such antibodies can
bind to the various isoforms of apo CIII, and have immuno-precipitating
properties. These synthetic polypeptides and corresponding antibodies thus

represent novel advantageous products to detect and quantify apo CIII.

More particularly, the synthetic polypeptide of this invention comprises
SEQ ID NO:1, as described below:

SEQ ID NO: 1 : Ser-Glu-Ala-Glu-Asp-Ala-Ser-Leu-Leu-Ser-Phe-Met-Gln-Gly-
Tyr-Met-Lys-His-Ala-Thr-Lys-Thr-Ala-Lys-Asp-Ala-Leu-Ser-Ser-Val-Gln-Glu-
Ser-Gln-Val-Ala-Gln-Gln-Ala-Arg-Gly-Trp-Val-Thr-Asp-Gly-Phe-Ser-Ser-Leu-
Lys-Asp-Tyr-Trp-Ser-Thr-Val-Lys-Asp-Lys-Phe-Ser-Glu-Phe-Trp-Asp-Leu-Asp-
Pro-Glu-Val-Arg-Pro-Thr-Ser-Ala-Val-Ala-Ala
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As illustrated in the examples, this polypeptide can be prepared
advantageously by solid phase synthesis, particularly using a Boc/Bzl strategy
[28]. When this strategy of synthetic apo CIII is used, the production is 10 to 100
fold faster and leads to a much higher purity than prior art techniques.

The term “derivative” includes polypeptide comprising one or several
mutation, substitution, deletion and/or addition of one or several amino acid
residues and retaining substantially the same antigenic specificity. Typical
examples of derivatives include sequence variations due to apo CIII
polymorphism, splicing, etc. Most preferred derivatives contain 5 modified amino
acid residues at most, as compared to SEQ ID NO: 1. Additional residues may
correspond to carrier or linker residues, protecting groups, etc. Furthermore, the
polypeptide may be modified, for instance by chemical, physical and/or
enzymatic modification, to enhance its stability, increase its immunogenicity,
incorporate a label or a tracer, etc. Examples of such modifications include
addition of a tag (e.g., myc), a label (e.g., radiolabel, enzymatic label, etc.), a
glycosylation, etc.

The polypeptides may be soluble, purified or complexed with a carrier
molecule, such as KLH or serum-albumin, for instance, or any other inert (e.g.,
synthetic) molecule, including a bead, etc. In a particular embodiment, the
polypeptides are coupled to a carrier, especially for use in antibody production.
Coupling can be performed according to conventional techniques [29, 30].

The polypeptides may also be conjugated or fused to any heterologous
polypeptide molecule, such as a biologically active molecule, for instance.
Heterologous designates any polypeptide which does not originate from a human
apo CIII molecule.

A specific embodiment of this invention is a composition comprising a
synthetic polypeptide consisting of SEQ ID NO: 1 and devoid of other

apolipoproteins.
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The polypeptides may be used in screening assays, or in titration assays, as
controls, standards or to calibrate the assays. They may also be used to modulate
some enzymes activities (lipoprotein lipase and hepatic lipase). They are also

particularly suited to produce anti-apo CIII antibodies.

In this regard, a further object of this invention resides in an antibody that
binds a polypeptide as defined above. Obviously, binding should be specific,
meaning that the antibody should not bind specifically to other antigens, and that
the binding to other antigens can be discriminated from specific binding to the
above apoCIII peptide. As illustrated in the examples, preferred antibodies of this
invention do not bind specifically to distinct lipoproteins. The antibody may be a
polyclonal or a monoclonal antibody. Furthermore, the term antibody also
includes fragments and derivatives thereof, in particular fragments and
derivatives of said monoclonal or polyclonal antibodies having substantially the
same antigenic specificity. These include antibody fragments (e.g., Fab, Fab’2,
CDRs, etc), humanized antibodies, poly-functional antibodies, Single Chain
antibodies (ScFv), etc. These may be produced according to conventional
methods, including immunization of an animal and collection of serum
(polyclonal) or spleen cells (to produce hybridomas by fusion with appropriate
cell lines).

Methods of producing polyclonal antibodies from various species,
including mice, rodents, primates, horses, pigs, rabbits, poultry, etc. may be
found, for instance, in Vaitukaitis et al. [29]. Briefly, the antigen is combined
with an adjuvant (e.g., Freud’s adjuvant) and administered to an animal, typically
by sub-cutaneous injection. Repeated injections may be performed. Blood
samples are collected and immunoglobulins or serum are separared.

Methods of producing monoclonal antibodies from various species as
listed above may be found, for instance, in Harlow et al (Antibodies: A laboratory
Manual, CSH Press, 1988) or in Kohler et al (Nature 256 (1975) 495),
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incorporated therein by reference. Briefly, these methods comprise immunizing
an animal with the antigen, followed by a recovery of spleen cells which are then
fused with immortalized cells, such as myeloma cells. The resulting hybridomas
produce the monoclonal antibodies and can be selected by limit dilutions to
isolate individual clones. Antibodies may also be produced by selection of
combinatorial libraries of immunoglobulins, as disclosed for instance in Ward et
al (Nature 341 (1989) 544).

Preferred antibodies of this invention are prepared by immunization with a
pure synthetic apo CIII polypeptide as described above, preferably comprising
SEQ ID NO: 1, or with an immunogenic sub-fragment thereof, e.g., a
subfragment comprising at least an epitope.

This invention also relates to a method of producing an anti-apo CIII
antibody, comprising injecting a polypeptide of SEQ ID NO: 1 or an
immunogenic fragment or derivative thereof to an non-human animal and
collecting the antibodies or antibody-producing cells. The method is simpler than
previously disclosed methods using purified native apo CIII and allows the
production of specific and immunoprecipitating antibodies. The specificity can be
verified by showing the absence of cross-reactivity with other blood circulating
proteins. More generally, the specificity indicates that the antibodies bind apo
CIII with a higher affinity than other antigens. As illustrated in the examples,
polyclonals of this invention are immunoprecipitating and can thus be used to
detect or dose apo CIII with high efficacy.

The antibodies may be coupled to heterologous moieties, such as toxins,
labels, drugs or other therapeutic agents, covalently or not, either directly or
through the use of coupling agents or linkers. Labels include radiolabels,
enzymes, fluorescent labels, magnetic particles and the like. Toxins include
diphteria toxins, botulinum toxin, etc. Drugs or therapeutic agents include
lymphokines, antibiotics, antisense, growth factors, etc. Methods of using such
heterologous moieties are illustrated, for instance, in US4,277,149 and
US3,996,345.
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The antibodies of this invention have various applications, including

therapeutic, diagnostic, purification, detection, prophylactic, etc.

In vitro, they can be used as screening agents or to purify the antigen from
various samples, including various biological samples (e.g., blood samples). They
can also be used to detect or quantify the presence (or amounts) of total apo CIII
or apo CIII in apo B and non apo B containing lipoparticles in a sample collected
from a subject, typically a blood sample from a mammalian, specifically a human
subject.

In this regard, an other object of this invention is a method of detecting
total apo CIII or apo CIII in apo B and non apo B containing lipoparticles in a
biological sample, comprising contacting the sample with an antibody as defined
above (including fragments or derivatives thereof) and detecting the presence of
antibody-antigen immune complexes. Typically the method allows the
determination of the levels of total apo CIII or apo CIII in apo B and non apo B
containing lipoparticles in a sample, by assessing the (relative) amounts of
immune complexes in the sample and comparing the same to a standard condition
or a calibration curve, for instance. The method may be performed using any
conventional technique, such as ELISA (direct or competitive immuno-assay),
RIA, EIA etc. However, in a most preferred embodiment, the method is a
nephelometric assay. Indeed, as indicated above, the antibodies are specific and
can immunoprecipitate apo CIII in a sample.

In the nephelometric assay, the intensity of light scattered by particles in
suspension is measured using an analyser. The particles are formed by the
immunoprecipitation reaction that occurs in a polymer-enhancing buffer when a
specific antibody is brought into contact with the specific antigen. The
complexing of an antigen with an antibody specific for the antigen occurs at a rate
which increases gradually at first, then rapidly, and finally proceeds through a

peak value that is proportional to the antigen concentration. The assay is based on
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a measure of the maximum rate of change from the scattered light signal, which is
correlated (and can be converted) to the antigen concentration. Typically, the
nephelometric assay is performed using Beckman immunochemistry systems
(IMMAGE), which presents the results on the alphametric display. The
nephelometric assay of this invention is advantageous since it is rapid and
reproducible and can be implemented on a high throughput basis. Indeed, this
assay is performed in a few seconds only for each sample, versus one day in most
prior art techniques, and the coefficient of variation is 4 % only versus 10 % for

apo CIII detection assays described in the prior art.

A particular object of this invention thus lies in a method of measuring
total apo CIII or apo CIII in apo B and non apo B containing lipoparticles in a
biological sample, comprising contacting the sample (or a dilution thereof) with
an antibody as described above (including fragments or derivatives thereof),
typically at various dilutions thereof, and assessing the formation of apo CIII-
antibody immune complexes by nephelometric assay. More preferably, the
antibody is subjected to a treatment prior to being contacted with the sample, in
order to remove non-immunoglobulin proteins and/or to concentrate the antibody.
The treatment typically comprises contacting the antibodies with polyethylene
glycol (PEG), as described for instance in Ritchie et al. (31). Typically, from 0.5
to 1 pg of specific antibodies are used in the assay, although the skilled person
may use different quantities without departing from the instant invention.

In a nephelometric assay, polyclonal antibodies are generally used.

The method can be carried out on various biological samples, including
plasma, serum, interstitial fluid, supernatant of cultured cells etc. The sample may
be collected from a subject (e.g. a human subject) and used directly for the assay.
Alternatively, the sample may be diluted and/or stocked (for instance in frozen

state) for later testing.
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The method can be applied to the detection of soluble apo CIII or of apo CIII-
containing lipoparticles. As indicated above, apo CIII is contained in various
lipoparticles such as high density lipoproteins (HDL), low density lipoproteins
(LDL), very low density lipoproteins (VLDL), chylomicrons, etc. Some of these
lipoparticles are atherogenic and their (relative) amounts in a sample correlate
with a pathological condition of a subject. In particular, apo CIII-containing
lipoparticles that further contain apolipoprotein B are known to be highly
atherogenic (ref Franck Sacks, Zouher). In this respect, the ratio apo CIII LpB /
apo CIII Lp non B is indicative of atherosclerosis initiation, development or
progression in a subject. The present invention now allows a mass measurement
of apo ClII-containing lipoparticles using anti-synthetic apo CIII antibodies, with
high efficacy, reliability and throughput.

More particularly, the invention can be used to detect the atherogenic, apo
CIII LpB in a sample. In a particular embodiment, the method comprises the steps
of: '

(2) determining the amount of total apo CIII in a sample

(b) removing apo B-containing lipoparticles from the sample, and

(¢) determining the amount of apo CIII in non apoB containing

lipoparticles in the sample.

By deduction, the amounts obtained in (a) and (c) allow the determination
of the amounts of apo CIII in apoB containing lipoparticles in the sample, said
particles being the most atherogenic. Removal of apoB containing lipoparticles in
step (b) can be performed by treatment of an aliquote of said sample with an

immunoprecipitating anti apoB antibody.

The detection assay can be used in various experimental, clinical and/or
diagnostic conditions.
In particular, the method can be used to detect predisposition of individuals

at risk of developing lipid-metabolism disorders. A particular object of this
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invention is a method of detecting predisposition or individuals at risk of
developing lipid-metabolism disorders, comprising the measurement in vitro of
apo B and non apo B containing lipoparticles in a sample from a subject with an
antibody as defined above (including fragments or derivatives thereof), wherein
increased levels of apo CIII or apo CIII in apo B containing lipoparticles (as
compared to a mean value of a normal subjects) are indicative of individuals at
risk of developing lipid metabolism disorders. Typically, a significant
physiopathologic apo CIII in apo B containing lipoparticles level is an increase of
at least 20%, preferably at least 50% over the normal mean value.

An other object of this invention is a method of monitoring hepatic uptake
of triglyceride-rich lipoproteins in a subject, comprising detecting in vitro apo
CIII or apo ClIllI-containing lipoparticles level in a sample using an antibody as
defined above(including fragments or derivatives thereof).

An other object of this invention is a method of monitoring the efficacy of
a lipid-metabolism-related disorder treatment in a subject comprising detecting
apo CIII or apo CIII in apo B and non apo B containing lipoparticles levels in
vitro in a sample from said subject using an antibody as defined above (including
fragments or derivatives thereof), after administration of said treatment to the
subject. Typically, the efficacy of the treatment is correlated to the apo CIII levels
in the subject. The efficacy can be correlated to the ability of the treatment to
regulate apo CIII or apo CIII in apo B and non apo B containing lipoparticles
level or activity or to restore normal apo CIII or apo CIII in apo B and non apo B

containing lipoparticles level in a subject.

A further object of this invention is a method of evaluating the
physiological state of a subject at his lipid metabolism level, comprising detecting
apo CIII in apo B and apo non B containing lipoparticles levels in vitro in a
sample from said subject using an antibody as defined above (including fragments

or derivatives thereof).
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The antibodies can also be used to screen compounds or diets that might
modulate total apo CIII and apo CIII in apo B and non apo B containing
lipoparticles concentration in serum. Typically, the method comprises
administering a compound or subjecting an animal or patient to a diet, collecting
a biological sample from the animal or patient and detecting or dosing total apo
CIII and apo CIII in apo B and non apo B containing lipoparticles level in said
sample using an antibody as defined above (including fragments or derivatives
thereof).

As indicated above, these methods can be carried out on various samples
(typically plasma or serum) and can be performed by ELISA, RIA, EIA, etc.,
most preferably by nephelometric assay.

This invention also relates to a kit comprising a polypeptide or an antibody
as described above. The kit can be used to detect or quantify apo CIII in apo B
and non apo B containing lipoparticles in any sample. Most preferred kits
comprise an antibody as defined above and reagents to perform or detect (or
quantify) an immune reaction, particularly an antibody-antigen complex.
Reagents include labels, buffers, substrates, etc. The kits typically comprise
containers for the different reagents and products, and may further comprise a

support or other device suitable to perform the assay.
Further aspects and advantages of this invention will be disclosed in the
following examples, which should be regarded as illustrative and not limiting the

scope of this application.

Legend to the Figures

Figure 1 : Antibody specificity
Figure 2 : Antibody affinity for VLDL and HDL
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Figure 3 : Apo CIII nephelometric assay. Calibration curve.
Figure 4 : Correlation study

Examples

1. Apo CIII synthesis

The polypeptides were synthesized by the solid phase method (26) on an
automated synthesizer Model ABI 431 A (Applied Biosystems Inc.) using
Boc/BzI strategy on 0.5 mmol of PAM-Ala resin. Each amino acid was coupled
twice by dicyclohexylcarbodiimide/hydroxybenzotriazole without capping.

The crude products were purified and analysed by reversed-phase HPLC on a
Vydac C18 column using linear gradient from 0 to 100% Buffer B (Buffer A:
0.05% TFA in H,O and Buffer B: 0.05% TFA, 60% CH;CN in H,O). The
molecular masses were determined using an APl (Perkin-Elmer) of a simple
quadrupole ion electrospray mass spectrometer equipped with an ion -spray
(nebulizer-assisted electrospray) source (SCiex, Toronto, Canada).

Amino acid analysis was performed using Beckman 6300 amino acid analyser
(Beckman instruments, Fullerton, CA), after hydrolysis with 6N HCI containing
0.25 % phenol at 110°C for 24 h.

2. Immunizations

Anti-serum to apo CIII was prepared in rabbits essentially as described earlier
(27). The peptide was emulsified in complete Freud’s adjuvant and injected sub-
cutaneously to rabbits using 0.5 mg peptide per injection for the two first
injections followed at 15 day intervals with boosters in the same adjuvant but

using only 0.25 mg of peptide.

3. Isolation of anti-apo CIII immunoglobins (IgG)
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Ig G were prepared by modified protocol of Ritchie er al (31). Non
immunoglobulin proteins were removed from immune-serum and the IgG are

dialysed and concentrated.

4. Specificity of the antibodies

Analytical immunoblot of VLDL, LDL and HDL were performed to assess the
specificity of apo CIII antibodies. As shown in Figure 1, no cross-reaction was
observed with the other proteins of all subclasses of lipoproteins, demonstrating

the high specificity of the antibodies.

5. Affinity of the antibodies towards apo CIII in VLDL and HDL
lipoparticles

In this experiment, we determined whether the anti-synthetic apo CIII antibodies
could measure apo CIII in VLDL and HDL with the same affinity, to validate the
immuno-assay in apo CIII Lp B and apo CIII Lp non B particles measurement.
The results are presented in Figure 2. The parallel curves of plasma, VLDL and
HDL demonstrate the accuracy of the anti-synthetic apo CIII antibodies to
recognize apo CIII in all these lipoproteins sub-classes. Furthermore, in addition
to their advantageous properties and manufacturing conditions, control
experiments have indicated that the present anti-synthetic apo CIII antibodies

have an affinity which is at least as good as previous antibodies.

6. Immuno-Nephelometric Assay

Reagents and materials
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Table 1
design References
Anti apo CHI IgGs 1 x 6.5 ml (300 tests) Laboratory lot
Anti apo B 1 x 5 ml (100tests) Laboratory lot
Immunoglobulins
Diluant 1 4 x 120 ml (4 x 330 tests)| Beckman Coulter part No
447640
Diluant 2 4 x 120 ml (4 x 330 tests)| Beckman Coulter part No
447660
Buffer 1 4 x 120 ml (4 x 330 tests)| Beckman Coulter part No
447650
IMMAGE UDR Cartrige 10 (10 x 300 tests) Beckman Coulter part No
447250
Microtubes 1000 Beckman Coulter part No
448162

Anti apo CIII immunoglobulins :

Anti apo CIII IgG as produced in examples 2 and 3 above are ready to use. They
can be refrigerated at 2 to 8°C for use in the week, or frozen at -20°C for use up

to months. The immunoglobulins contain sodium azoture.

Anti apo B immunoglobulins :

Anti apolipoprotein B IgG can be obtained from various sources or produced as
described in examples 2 and 3. They can be refrigerated at 2 to 8°C for use in the
week, or frozen at -20°C for use up to months. The immunoglobulins contain

sodium azoture.

Standard :

Apo CIII standard is a human serum pool calibrated with electroimmunodiffusion

assay and tested for HIV and hepatitis viruses, handled according to the usual
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precautions in order to prevent contamination. Standard apo CIII level is 2,5
mg/dl. For constructing the calibration curve, standard is diluted as indicated in
Table 2.

Table 2
Points | Diluant 2 (pl) Standard (ul) Concentration (pg/ml)
1 175 25 0,3125
2 165 35 0,4375
3 150 50 0,6250
4 140 60 0,7500
5 130 70 0,8750
6 120 80 1,000
7 100 100 1,250
8 60 140 1,750
9 0 200 2,500
Sample preparation:

Fresh or frozen (-80°C) samples are recommended for analysis. Sera are collected
according to established procedures in clinical laboratory testing. If needed,
samples can be kept frozen for longer storage periods; frozen samples are stable

for up to one year. Prior to use, the samples are diluted 3 fold in the diluent 1.

Preparation of samples without apo B particles:

In a test tube, add in the following order: 40 pl anti apo B, 40 pl of serum and 40
ul of diluant 1 of Beckman. Vortex and incubate the mixture 10 minutes at room
temperature, and centrifuge at 3500 rpm for 10 minutes. The supernatant is
collected for analysis. The final concentration of the samples without apoB is

corrected because the 3 fold dilution of the supernatant.

Protocol:
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. Program a user-defined reagent with the parameters listed below according to
the IMMAGE Immunochemistry System Operations Manual.

. Transfer antibody reagent to compartment A of a new User Defined Cartridge.

. Transfer buffer 1 to compartment B of the cartridge.

. Enter the value from the standard (actual standard apo CIII value is 2,5 mg/dl) in

parameter table according to the dilution scheme shown in table 2.

. Use Diluent 2 as the sample diluent.

Summary:

Chem Name Apo CIII Units mg/dl

Lot Number See Cartridge Protocol Non-Competitive
Nephelometric

Reagent Serial See Cartridge Reagent Expiration To be defined by
the user

Sample or 20 pl Gain 3

Dilution Volume

Reagent Buffer 0 ul Cal Dilution 1/5

Volume

Compartment 20 pl Sample Dilution  1/20%*

Volume 1/5%*

Compartment 200 pl Reaction time 2 minutes

Volume

* To be configured after calibration approval.

**  To be configured for apo CIII Lp non B measurement.

Results:

The results are presented on Figure 3. They show a very narrow coefficient of variation
with a working range of 0.3-2.5 ug/ml. Reference Values obtained are: Total Apo
CIII: 1,6 to 4,5 mg/dl; Apo CIII Lp non B: 0,5 to 3,5 mg/dl; Apo CIII LpB: < 2,3
mg/dl.

7. Comparison of the apo CIII nephelometric assay and apo CIII

electroimmunodiffusion assay.
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The characteristicts and performance of the nephelometric assay of this invention

were compared to those obtained with an electroimmunodiffusion assay (32). The

results are reported in Table 3 below and illustrate the advantages of the

nephelometric assay of this invention.

Table 3
Nephelometric assay Electroimmunodiffusion
Total Apo CIII Total Apo CIII
apo CIII Lpnon B apo CIII Lpnon B
CV (%) 2 4,2 9,7 7,7
Recovry (%) 101 105 103 ND*
Sensitivity 0,06 0,09
(mg/dD)
Delay (for 20 90 minutes 1 day
samples)
* Non Determined

8. Correlation Study

20 serum samples analysed on the electro-immuno-difusion using SEBIA kit of

Lp CIII were subsequently analysed using the IMMAGE method. The results are

shown on Figure 4 and demonstrate the high correlation and accuracy of the

nephelometric assay using antibodies of this invention.

9. Other advantages of the invention

Other advantages and uses of the synthetic apo CIII polypeptides of this invention

include :
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- use as a standard for the calibration of all the apo CIII assays (ELISA,
RIA, electroimmunodifusion, etc.)

- use in the investigation of the metabolic pathways of lipoproteins, like the
inhibition of LpL activity (this enzyme is involved in the lipolysis of triglyceride-
rich lipoprotein), or the inhibition of the uptake of apo B-containing lipoproteins
by the LDL receptor. '

Other advantages and uses of the antibodies of this invention include:

- use in all the immuno assays to quantify apo CIII.

- Use in the detection of apo CIII (Immunoblot, dot blot,
immunohistochemistry and immunocytochemistry)

- Use in immuno-affinity and immunoprecipitation methods to purify the

protein.
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REVENDICATIONS

1. A method of detecting apo CIII or apo CIII in apo B and non apo B
containing lipoparticles in a biological sample, comprising (i) contacting the
sample with an antibody raised by immunization with a substantially pure,
synthetic polypeptide comprising amino acid sequence SEQ ID NO: 1, or with a
fragment or derivative of said antibody having substantially the same antigenic

specificity and (i1) detecting the presence of antibody-antigen immune complexes.

2. The method of claim 1, wherein the presence of antibody-antigen
immune complexes is determined by ELISA, RIA, sandwich immuno-assay or

direct immunoassay.

3. The method of claim 1, wherein the presence of antibody-antigen

immune complexes is determined by nephelometric assay.

4. The method of claim 1, wherein the antibody is obtained by injecting a
substantially pure, synthetic polypeptide comprising amino acid sequence SEQ
ID NO: 1 to an non-human animal and collecting the antibodies or antibody-

producing cells.

5. The method of any one of claims 1 to 4, wherein the antibody is a

polyclonal antibody.

6. The method of any one of claims 1 to 4, wherein the antibody is a

monoclonal antibody.

7. A method of detecting apo CIII or apo CIII-containing lipoparticles in a
biological sample, comprising (i) contacting the sample with an antibody that

binds a substantially pure, synthetic polypeptide comprising amino acid sequence
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SEQ ID NO: 1, or with a fragment or derivative of said antibody having
substantially the same antigenic specificity and (ii) assessing the formation of apo

CllI-antibody immune complexes by nephelometric assay.

8. The method of claim 7, wherein the antibody is a polyclonal antibody
obtained by injecting a substantially pure, synthetic polypeptide comprising
amino acid sequence SEQ ID NO: 1 to an non-human animal and collecting the

antibodies.

9. The method of any one of claims 1 to 8, wherein the biological sample is

a blood sample or a serum sample.

10. A method of detecting predisposition or individuals at risk of
developing lipid-metabolism disorders, comprising detecting in vitro apo CIII or
apo CIII in apo B and non apo B containing lipoparticles in a sample from a
subject with an antibody that binds a substantially pure, synthetic polypeptide
comprising amino acid sequence SEQ ID NO: 1, or with a fragment or derivative

of said antibody having substantially the same antigenic specificity.

11. A method of monitoring the efficacy of a lipid-metabolism-related
disorder treatment in a subject comprising detecting total apo CIII and apo CIII in
apo B and non apo B containing lipoparticles levels in vitro in a sample from said
subject using an antibody that binds a substantially pure, synthetic polypeptide
comprising amino acid sequence SEQ ID NO: 1, or with a fragment or derivative

of said antibody having substantially the same antigenic specificity.

12. Use of an antibody that binds a substantially pure, synthetic
polypeptide comprising amino acid sequence SEQ ID NO: 1, or of a fragment or

derivative of said antibody having substantially the same antigenic specificity, to
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screen in vitro compounds or diets that modulate apo CIII apo B and non apo B

containing lipoparticles concentration in serum.

13. A kit comprising an antibody that binds a substantially pure, synthetic
polypeptide comprising amino acid sequence SEQ ID NO: 1, or a fragment or
derivative of said antibody having substantially the same antigenic specificity,

and a reagent for performing an antigen-antibody immune reaction.
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<213> homo sapiens
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1 5 10 15
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20 25 30
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Trp Asp Leu Asp Pro Glu Val Arg Pro Thr Ser Ala Val Ala 2la
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