M echanism of lipid lowering in mice expressing human apolipoprotein A5

Jamila Fruchart-Ngjib"", Eric Baugé', Loredan-Stefan Niculescu®, Tatiana Pham', Benoit
Thomas', Corinne Rommens', Zouher Majd?, Bryan Brewer®, Edward M. Rubin®, Len A.

Pennacchio®, and Jean-Charles Fruchart®.

'Département o’ Athérosclérose, UR 545 INSERM, Institut Pasteur de Lille et Université de
Lillell, 1 rue du Pr. Camette - BP 245, 59019 Lille Cedex, France.

“Genfit SA, Parc Eurasanté, 885 avenue Eugéne Avinée, 59120 Loos, France.

3Molecular Disease Branch, National Heart, Lung and Blood Institute, National Institues of
Health, Bethesda, Maryland 20892.

*Genome Sciences Department and Joint Genome I nstitute, Lawrence Berkeley National

Laboratory, Berkeley, California 94720 USA.

* Corresponding author:

Dr. Jamila Fruchart-Najib

UR 545 INSERM — Département d’ Athérosclérose
Institut Pasteur de Lille

1 rue du Pr. Calmette — BP 245

59019 Lille Cedex, France

Phone: (33)-3-20-87-77-88

Fax: (33)-3-20-87-73-60

E-mail: Jamila.Fruchart@pasteur-lille.fr

Abbreviations: APOAS5, the human gene; apoa5, the rodent gene; ApoAV, the human protein;

1/25



ABSTRACT

Recently, we reported that apoAV plays key role in triglycerides lowering. Here, we
attempted to determine the mechanism underlying this hypotriglyceridemic effect. We
showed that triglyceride turnover is faster in hAPOAS transgenic compared to wild type mice.
Moreover, both apoB and apoClIl are decreased and LPL activity isincreased in postheparin
plasma of hAPOAS transgenic mice. These data suggest a decrease in size and number of
VLDL. To further investigate the mechanism of hAPOAS in hyperlipidemic background, we
intercrossed hAPOAS and hAPOC3 transgenic mice. The effect resulted in a marked
decreased of VLDL triglyceride, cholesterol, apolipoproteins B and CIlI . In postprandial
state, the triglyceride response is abolished in hAPOAS transgenic mice. We demonstrated
that in response to the fat load in hAPOASXhAPOC3 mice, apoAV shifted from HDL to
VLDL, probably to limite the elevation of triglycecrides. In vitro, a@poAV activates lipoprotein
lipase. However, apoAV does not interact with LPL but interacts physically with apoClIlI.
This interaction does not seem to displace apoClll from VLDL but may induce
conformational change in apoCIll and consequently change in its function leading the

activation of lipoprotein lipase.
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INTRODUCTION

Recently, two different groups discovered a new apolipoprotein, apoAV [1, 2]. ApoAV is a
366 amino acids protein synthesized by the liver, and in plasma of normolipidemic subjects it
is associated with VLDL and mainly with HDL. ApoAV affects triglyceride metabolism,
transgenic mice overexpressing APOAS had serum triglyceride levels that were one-third of
those of control mice, whereas mice deficient in apoa5 developed hypertriglyceridemia [1].
Moreover, adenoviral overexpression of APOAS reduces serum levels of triglycerides and
cholesterol in mice [3]. This determinant link between apoAV and triglycerides was supported
in several separate human studies through the consistent demonstration of associations
between APOAS single nucleotide polymorphisms and plasma triglyceride levels [4-11].
Recent studies established a relationship between APOAS5 gene variants and lipids,
lipoproteins and apolipoproteins as well as lipoproteins subfractions [12, 13]. Beside the
genetic determination of triglyceride levels, the variations in the APOAS5 gene could also
influence risk of myocardial infarction [14]. Taken together these mouse and human studies
highlight the importance of APOAS in the determination of triglyceride plasmalevels. Finaly,
PPARa agonists are known to have hypotriglyceridemic effect, and recent studies have
shown that the APOAS geneis highly up-regulated by PPARa and FXR [15, 16].

Apolipoprotein Clll plays aso an important role in controlling plasma triglyceride
metabolism and in determining plasma concentration of atherogenic triglyceride-rich
lipoproteins (TRL) [17]. ApoCllI is a 79 amino acids protein synthesized by the liver and the
intestine [18], is a component of chylomicrons, very low density lipoproteins (VLDL) and
high density lipoproteins (HDL). [19] Plasma concentration of apoCllI is positively correlated
with levels of plasma triglyceride [20, 21], Liver perfusion studies demonstrate that apoClI|
inhibits the hepatic uptake of TRL and their remnants [22, 23], whereas in vitro experiments

show that apoClIl inhibits the activity of both lipoprotein lipase (LPL) and hepatic lipase [24-
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27]. ApoClll, 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 apoClll is a statically significant independent predictor of the
progression or severity of coronary artery diseases (CAD) [28-30]. The role of apoClll in
plasma TRL metabolism has been more defined by the results in transgenic animals [31].
Plasma accumulation of TRL in mice overexpressing hAPOC3 has been shown to be
associated with reduced plasma VLDL and chylomicrons remnants clearance, apparently due
to reduced binding of TRL to LDL receptor [32] and to heparan sulfate proteoglycans [33].
The inhibitory effect of C apolipoproteins on the LDL receptor of apo B-containing
lipoproteins was also demonstrated [34]. Decreased receptor binding was reversed by addition
of exogenous apo E. Immunologicals and cryo-electron microscopy studies have indicated
that apoCl11 masked some apo B100 epitopes and modified its conformation [33].

In this study, we investigated the mechanism by which apoAV affects lipid metabolism. We
showed that apoAV accelerates the VLDL clearance by activating the lipolysis and enhancing
VLDL removal. We showed that in hyperlipidemic background apoAV affects also the
cholesterol levelsin apo B containing lipoproteins. We also reported that apoAV prevents the
elevation of triglyceride in response to the fat load. Furthermore, apoAV may activate

indirectly the lipoprotein lipase through a physical interaction with apoCll|.

4/25



MATERIALSAND METHODS

Animals. Two lines of transgenic mice expressing the human APOC3 and APOAS genes were
crossed. Transgenic animals were identified by ELISA using polyclonal antibodies from goat
against human apo C-111 or ApoAV. Animals were kept under conditions of controlled
temperature (20 £ 1°c) and lighting (dark from 8 p.m. to 8 am.) in aroom of low background
noi se.

For experiment, both male and female were used. The average age of the mice was 7 weeks.
Bleeding were performed, from 4 hours fasting mice, by the retroorbital plexus under

anesthesia with diethyether. Blood samples were mixed with EDTA and kept at 4°c.

Lipids measurements. Plasma was separated through centrifugation for 20 minutes at 4°c.
Lipids were determined enzymatically with commercially available kits for cholesterol and

triglycerides.

Apolipoprotein measurements. Plasma levels of human apoClIl were measured by kinetic
immunonephelemetric system (Immage, Beckman Coulter) using polyclonal antibodies
produced against total synthetic apoClII in goat.

An enzyme-linked immunosorbent sandwich assay was used to measure ApoAV in sera. A
pool of two monoclonal anti-human ApoAV antibodies solution, raised in mice by using
recombinant protein, was used at 10 pg/mL in PBS 0.1 M, pH 7.2 to coat the wells of the
microtiter plates at room temperature overnight. The wells were washed twice with PBS
0.1 M. The remaining sites for protein binding were saturated with 3% BSA/PBS for 1 hour at
37°C. 90 pL of the antigen solution was added to the wells. For quantitation, a pool of human
plasma was calibrated and titrated using ApoAV recombinant protein as a primary standard.

Then, the pool of human plasma was used for the calibration curve. All dilutions were done in
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the blocking buffer (1% BSA/PBS). The antigen solution is incubated for 2 hours at room
temperature. The wells were washed four times with PBS. The horseradish peroxidase |abeled
second anti-ApoAV polyclonal antibody, produced in rabbit using synthetic peptide, was
diluted in the blocking buffer and added to the wells. After incubation of 2 hours at 37°C, the
plates were washed with several changes of PBS. Prior to devel oping the enzyme label, 30 mg
of o-phenylenediamine (ODP) was dissolved in 20 mL 0.1 M citrate/phosphate buffer and 20
pL of 30% H,O,. Then 100 uL of the enzyme substrate solution were added to each micotiter
well. After incubation of 30 min at room temperature in the dark, the reaction was terminated
by adding 100 pL of HCl | M and the absorbance at 492 nm was measured using a microplate

photometer (Dynex Technologies).

Lipoprotein analysis. Plasma lipoproteins from pooled mouse plasma were separated by gel
filtration chromatography using a Superose 6HR 10/30 column (Pharmacia LKB
Biotechnology). The gel was equilibrated with PBS (10mmol/L) containing 0.1 g/L sodium
azide. Plasma were eluted with the buffer at room temperature at a flow rate of 0.2 ml/min.
Elution profiles were monitored at 280 nm and record with an analog-recorder chart tracing
system ( Pharmacia LKB biotechnology). The elution fraction numbers (0.24 ml for each) of
the plasma lipoproteins separated by FPLC were VLDL, 10-18. IDL/LDL, 20-30 and HDL,

30-40. Lipids and apolipoproteins in the recovered fractions were assayed as described above.

In vivo triglycerides'VLDL metabolism. In vivo [*H]-triglyceride-labeled VLDL turnover
studies were based on previously described method [35]. Briefly, [3H]-palmitate acid
dissolved in ethanol was evaporated under nitrogen and redissolved in 0.9% NaCl containing
2 mg/ml bovine serum albumin to final a concentration of ImCi/ml. hAPOC3 transgenic mice

were injected intravenously via the tail vein with 100 uCi of the prepared [3H]-palmitate and
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bled from abdominal aorta 25 min after injection. Radiolabeled VLDL were isolated from
pooled mouse plasma by ultracentrifugation (d<1.006 g/ml). To study the in vivo clearance of
labeled VLDL triglycerides, hAPOAS5S transgenic mice and wild type mice were injected
intraveinously with 80.000 dpm of [3H]-triglyceride-labeled VLDL. The clearance rate of the

radiolabeled VLDL was used to represent VLDL radioactivity.

Triglyceride and lipoprotein lipase activity in postheparin plasma. Mice were injected
with heparin and blood samples were taken from each mouse at 5 min after injection. The
triglyceride levels are measured as described above. The lipoprotein lipase (LPL) activity was
assayed in triplicate using *C-labeled triolein substrate in 5M and M NaCl as previously

described [36].

Lipoprotein lipase activation : LPL activity was assayed by measuring the amount of NEFA
liberated by the action of the bovine lipoprotein lipase (from Sigma, St. Louis, MO, USA).
50ul VLDL enriched or not with recombinant ApoAV was incubated with 50ul of alipolysis
buffer (0.1M Tris buffer pH 8.5, 1.2% abumine bovine essentialy NEFA-free wi/v)
containing bovine LPL (40U/ml) for 60 min at 37°C. The reaction was stopped by the
addition of 50ul of 50mM KH,POy, 0.1% Triton X-100, pH 6.9, and the mixture placed on
ice. NEFA were measured enzymicaly with a NEFA-C kit (Wako Chemicals G.m.b.H.,

Neuss, Germany).

Postprandial triglyceride response : Mice were fasted overnight. After taking a basal blood
sample by tail bleeding at t=0, mice received a single bolus of 500 ul of sunflower ail.

Additional blood samples were taken from mice at 1, 2, 3, 4, 5, 6, and 7 hours after sunflower
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oil administration. Plasma triglyceride levels were measured at the different time points as

described above.

Real-Time Biomolecular Interaction Analysis using Biacore 3000 : BlAcore system,
sensor chip CM5, HBS-EP buffer and amine coupling kit containing 1-ethyl-3(3-
dimethylaminopropyl)-carbodiimide (EDC), N-hydroxysuccinimide (NHS) and 1M
ethanolamine-HCI pH 8.0 were obtained from Biacore AB, Uppsala, Sweden.

Real time biomolecular interaction analyses were performed by surface plasmon resonance
technology using a Biacore® 3000 system. All experiments were conducted at 25°C. The
running buffer used was HBS-EP (10mM HEPES pH 7.4, 0.15M NaCl, 3mM EDTA, 0.005%
Surfactant P20) at a flow of 10ul/min. Recombinant apoAV was coupled to the dextran-
modified gold surface of a CM5 sensor chip by amine coupling as described in the BIAcore
system manual. Briefly, the dextran surface of the chip was activated by mixing equal
volumes of 400mM EDC and 100mM NHS (freshly prepared in ultrapure water and
immediately stored at —20°C) and injecting the mixture over the sensor surface for 15min at a
flow rate of 10ul/min. The remaining activated groups were blocked by injection of 1M
ethanolamine (pH 8.0) for 7 min at a flow rate of 5ul/min. The immobilisation level was
13000RU corresponding to 13ng/mm? of protein. A non-protein, blocked surface (flow cell 1)
served as a blank, and sensorgrams for this cell were subtracted from al others.

Samples (30ul) were injected over the chip at aflow rate of 10ul/min, followed by a washing
phase with HBS-EP buffer to achieve a steady baseline. After each cycle the chip was
regenerated using 5ul of a0,1%TFA solution. The analysis of the association and dissociation
phase was made with the Biacore 3000 Control Software and Bl Aevaluation Software version

4.0.1.
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RESULTS

ApOoAV acceleratesthe VLDL triglyceride turnover.

The marked decrease of triglycerides in hAPOAS transgenic mice, suggests that apoAV may
influence either the VLDL triglyceride secretion or VLDL triglyceride clearance. First, we
measured the VLDL triglyceride production using the Triton WR1339 method in wild type
and hAPOS5 transgenic mice. The increase in plasma triglycerides was equal in both mice
models (data not shown).

We next investigated whether the VLDL triglyceride decrease in hAPOAS transgenic mice is
due to enhanced triglyceride clearance. To study this, wild type and hAPOAS transgenic mice
were injected with [*H]-triglyceride-labeled VLDL. As shown in Fig. 1, triglycerides were

more rapidly cleared from the circulation in hAPOADS transgenic mice than in wild type.

Postheparin lipolytic activity.

To examine if this enhanced clearance of triglycerides in hAPOAS transgenic mice was due
to enhanced lipolysis, we determined the postheparin plasma lipase activities. The LPL
activities were measured in postheparin plasma (PHP) from wild type and hAPOAS transgenic
mice using the labeled triolein substrate. The LPL activity in PHP is increased in hAPOAS

transgenic mice compared to that in wild type mice (Fig. 2).

ApoCl 1l and apoB levelsin hAPOADS transgenic mice.

To investigate whether the activation of triglyceriderich lipoproteins hydrolysis by LPL is
accompanied by a removal of the VLDL particles, we examined the apoCll1 and apoB levels
in the hAPOADS transgenic and wild type mice. Triglycerides are decreased but no significant

difference in cholesterol was seen between wild type and hAPOAS transgenic mice models
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(data not shown) confirming what has been reported before in this model, probably the
because cholesterol is mainly in HDL As shown in figure 3, the plasma mouse apoClIl and
apoB are decreased in the hAPOAS transgenic compared to wild type mice. These data

suggest that the overexpression of APOAS induces also a decrease of VLDL number,

Overexpression of human APOAS in hAPOC3 transgenic improves the hyperlipemia.

To further investigate the effect of apoAV on lipids, we crossed the hyperlipemic model
overexpressing hAPOC3 with hAPOAS transgenic mice. Plasma triglycerides are decreased
(55% lower), and by contrast to hAPOAS transgenic model, total cholesterol levels in the
double transgenic mice are also decreased compared to the hAPOC3 transgenic mice as
shown in the table 1. Pool of plasma were fractionnated by FPLC and the lipoprotein analyses
showed that the decrease of triglyceride levels occured in VLDL and cholesterol levels
occurred only in apoB containing lipoproteins (Fig. 4A and 4B). The plasma hapoClll,
measured by nephelometry, in the double transgenic hAPOC3XhAPOAS mice is markedly
decreased by 60%, compared to hAPOC3 transgenic mice (Fig. 5A) while hAPOC3 mRNA
level is not affected in both models (data not shown). The plasma mouse apoB in the double
transgenic is decreased by 65% compared to hAPOC3 transgenic mice (Fig. 5B).

We determined the triglyceride levels after heparin injection to hAPOCS3 transgenic mice and
hAPOC3XhAPOAS double transgenic mice. The results, 5 min after heparin injection, are
shown in table 2, the triglyceride decreases were 72% (343.9£104.6 to 99.5+44.5 mg/dl) in
hAPOC3XhAPOAS transgenic mice versus 46% (909+179.7 to 492.3+139.2 mg/dl) in
hAPQOC3 transgenic mice.

These data confirmed the lowering effect of apoAV on triglycerides but also on cholesterol in

the hyperlipemic mice model by activating both lipolysis and removal of VLDL.
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Postprandial triglyceride response.

To determine if apoAV prevents the increase of triglyceride levels in postpransdia state,
wild-type and hAPOAS transgenic mice received a single bolus of sunflower oil load after
which plasma triglyceride levels were determined over a period of 6 hours. Wild-type mice
showed a postprandial increase in plasma triglyceride with a peak at 3 h after sunflower oil
administration (Fig. 6). The postprandial response of plasma triglyceride was abolished in the
hAPOAS transgenic mice.

To further investigate the mechanism of apoAV in the postprandia response, we used
hAPOA5XhAPOC3 double transgenic model. We determined the distribution of triglycerides,
apoAV and apoClll in lipoprotein fractions at the basal (0 min) and at the triglyceride peak
level (3h). For this purpose, two pools of plasma at 0 and 3h after the fat load were
fractionated by FPLC and the cited parameters were analyzed in all fractions. In this model,
3h after the fat load, the triglycerides increased (Fig. 7A) but much less than in hAPOC3
transgenic mice (data not shown). Thetotal apoAV level is not affected between 0 and 3h but
at Oh apoAV ispresent in VLDL but mainly in HDL, 3h after the fat load apoAV decreased in
HDL and increased in triglyceride-rich lipoproteins (Fig. 7B). ApoClll is increased in
triglyceride-rich lipoproteins but did not change in HDL. These results provide evidence of a
shift of apoAV from HDL to triglyceride-rich lipoproteins, this shift is not accompanied by

displacement of apoClI|.

ApoAV may activate indirectly LPL through an interaction with apoCl| |
We determined the effect of a@poAV on LPL activity in vitro. VLDL particles were enriched
with apoAV recombinant protein. The data showed that the LPL activity is increased by 50%

with the apoAV enriched VLDL (Fig. 8).
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To investigated how apoAV could stimulate LPL activity, we analyzed the interaction of
apoAV with LPL, heparan sulfate proteoglycans (HSPG) and apolipoproteins Al, All, Cl and
ClII by Biacore 3000 technology. No interaction was detected with HSPG, apoAl, All and ClI
(data not shown). In figure 9, the results showed that apoAV does not interact with LPL but
interacts physically with apoClll. According to the results observed above where the shift of
apoAV from HDL to triglyceride-rich lipoproteins does not induce a displacement of apoClll,
the interaction of apoAV with apoClll could induce a change in apoClll conformation and

consequently in its function leading the activation of lipolysis.
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DISCUSSION

In our previous study, we reported that mice overexpressing hAPOAS exibit low plasma
triglyceride levels while the mice deficient for apoab are hypertriglyceridemic [1]. However
the exact mechanism underlying the low triglyceride levels in hAPOAS transgenic mice was
not elucidated. The present study aimed to comprehend the mechanisms lowering the
triglyceride levels. For this, we performed in vivo VLDL triglyceride turnover studies in wild-
type and hAPOAS transgenic mice. We used Triton method and found that the decrease of
VLDL triglyceride is not due to the decrease of VLDL triglyceride production. The
radiolabeled VLDL turnover revealed that the clearance of [°H]-triglyceride-labeled VLDL
was significantly enhanced in hAPOADS transgenic mice than in their controls, thisincrease of
VLDL triglyceride clearance is consistent with what has been reported in abstracts before [37,
38]. We showed that this enhanced clearance of triglyceridesis due in part to the activation of
LPL in postheparin plasma. But the activation of LPL observed in postheparin plasma of
hAPOADS transgenic mice could explain only partly the large effect of apoAV on triglycerides.
Next we showed that both apoClll and apoB are decreased in apoAV transgenic mice
indicating an increase of VLDL removal. We attempted to further elucidate the mechanism(s)
underlying these phenomena by intercrossing hAPOAS transgenic mice with hAPOC3
transgenic mice to study the effects of hAPOAS expression in hyperlipidemic background.
Transgenic mice expressing hAPOC3 have elevated triglycerides levels due the accumul ation
in plasma of enlarged triglyceride-rich lipoproteins with increased apoClll and decreased
apoE compared to controls [31, 39, 40]. The presence of the enlarged triglyceride-rich
lipoproteins is due to a decrease of their clearance. These enlarged triglyceride-rich
lipoproteins have an increased residence time in plasma implying a defect of lipolysisin vivo.
The overexpression of hAPOAS in hAPOC3 transgenic mice resulted in a marked decrease of

triglycerides and apolipoprotein B as well as apolipoprotein ClIl. By contrast to hAPOA5
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transgenic mice, the cholesterol levels are significantly affected in this hyperlipidemic model.
The decreased of cholesterol in hAPOA5XhAPOC3 double transgenic mice affected only the
apoB containing lipoproteins, this decreas was not observed in hAPOAS transgenic mice
where the cholesterol is only in HDL. These data indicated that the clearance of the VLDL
particles is enhanced in the presence of apoAV. Furthermore, the triglyceride levels in
postheparin plasma are decreased by 72% in the double transgenic mice while in hAPOC3
transgenic mice the decreased is of 46%. Taken together the clearance with lipolysis
activation data provide evidence that the mechanism by which apoAV regulates VLDL
metabolism in vivo may underlie a decrease in VLDL size by activating lipolysis and a
decrease in VLDL number by activating their removal.

The effect of apoAV on postprandia hyperlipidemia was investigated in hAPOAS transgenic
mice. The sunflower induced postprandial hyperlipemia is abolished in hAPOAS transgenic
mice compared to wild type mice. These data suggest that apoAV may reduce diet-induced
hypertriglyceridemia through an increase of dietary triglyceride catabolism rather than
inhibition of lipid absorption because apoAV is not expressed in intestin. To further
understand the mechanism behind the hypolipemic effect of apoAV, we determined the
apoAYV distribution before and after the fat load in hRAPOA5XhAPOC3 double transgenic mice
where the increase of triglyceride in response to the fat load is lower than in hAPOC3
transgenic mice. The results showed clearly that apoAV shifts from HDL to triglyceride-rich
lipoproteins. This shift could counteract the increase of triglyceride by probably making of
them a good substrate for lipolysis or/and a good ligand for cellular uptake.

To further investigate the mechanism underlying the effect of apoAV on triglycerides, in vitro
studies were performed using purified LPL, purified apolipoproteins (apoAl, apoAll, apoCl
and apoClIl) and recombinant apoAV. ApoClll is described to be one of the physiological

modulators of VLDL triglyceride metabolism through the inhibition of both LPL and HL-
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mediated hydrolysis of VLDL triglycerides [24-27]. In vitro VLDL-triglyceride hydrolysis by
exogenous LPL was considerably higher with apoAV-enriched VLDL than with the VLDL
control. Furthermore, we showed using Biacore 3000 technology and ELISA method that
apoAV does not interact neither with LPL nor with coated heparan sulfate proteoglycan. This
indirect activation of LPL by apoAV prompted us to address the question on possible
relationship between apoAV and apoClll. Our in vitro studies showed that apoAV does not
interact with neither apoCl nor apoAl and apoAll but interacts physically with apoClll. This
interaction does not displace apoClIl from VLDL but may induce conformational change in
apoClIl and consequently change in its function leading the activation of lipoprotein lipase.

This possible functionally relationship of apoAV and apoClll is due presumably to physical

interaction on the surface of triglyceride-rich lipoproteins.

In summary, the mechanism underlying the marked reduction in plasma triglyceride levels,
and also cholesterol levels in hyperlipidemic background, through apoAV involved an
activation of lipolysis inducing a change in VLDL size and an acceleration of their removal

resulting in a decrease of VLDL number.
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FIGURE LEGENDS

Fig. 1. Clearance of [H]-triglyceride-labeled VLDL in wild type (open circles) and hAPOA5
transgenic (dark circles) mice. The disappearance of the labeled VLDL was followed by
counting the plasma radioactivity expressed as the percentage of the injected dose. The values
are mean+SD of 5 mice per group. Statistically significant differences between groups versus
control were obtained with an anova one way test and are indicated by asterisks (*:p<0.05,

*%:p<0.01, and ***:p<0.001).

Fig. 2. Plasma postheparin LPL activity in wild type (open bar) and hAPOAS transgenic mice
(dark bar). The LPL activities were measured using labeled triolein substrate. The values are
are mean+SD of 5 mice per group. Statistically significant differences between groups versus
control were obtained with an anova one way test and are indicated by asterisks (*:p<0.05,

*%:p<0.01, and ***:p<0.001).

Fig. 3. Mouse apoClIl (A) and mouse apoB (B) in wild type (open bar) and hAPOAS
transgenic mice (dark bar). Both apos were determined by nephelometry method. The values
are mean+SD of 8 mice per group. Statistically significant differences between groups versus
control were obtained with an anova one way test and are indicated by asterisks (*:p<0.05,

*%:p<0.01, and ***:p<0.001).

Fig. 4. Plasma triglycerides (A) and cholesterol (B) distribution after gel permeation
chrpmatography (FPLC) of pooled plasma from hAPOC3 transgenic mice (open circles) and
hAPOA5XhAPOC3 double transgenic mice (dark circles). The values are mean+SD of 7 mice

per group.
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Fig. 5. Plasma human apoClIl (A) and mouse apoB (B) in hAPOCS3 transgenic mice (open
bar) and hAPOA5XhAPOCS3 transgenic mice (dark bar). The values are mean+SD of 12 mice
per group. Statistically significant differences between groups versus control were obtained
with an anova one way test and are indicated by asterisks (*:p<0.05, **:p<0.01, and

*%%:0<0.001).

Fig. 6. Fat loading test in wild type (open circles) and hAPOAS transgenic mice (dark circles).
The triglycerides are measured before and after a single bolus of sunflower oil. The values are

mean+SD of 5 mice per group.

Fig. 7. Triglycerides (A), human apoAV (B) and mouse apoClIl (C) distribution after gel
permeation chromatography (FPLC) of pooled from hAPOA5XhAPOC3 transgenic mice 3

hours after a single bolus of 500 ul of sunflower oil. The values are mean+SD of 5 mice per

group.

Fig. 8. Effect of recombinant apoAV on the LPL-mediated lipolysis of human VLDL.

The recombinant apoAV-enriched VLDL was obtained by incubating a volume of human
VLDL solution corresponding to 1mg of triglycerides with 60ug of recombinant apoAV or
with PBS for control during lhour at 37°C. The lipolysis assay was performed as indicated in
Material and Methods. The results are expressed as average of three experiments. Statistically
significant differences between groups versus control were obtained with an anova one way

test and are indicated by asterisks (*:p<0.05, **:p<0.01, and ***:p<0.001).
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Fig. 9. Sensogram of interaction in real time of LPL and apoClil on the immobilized
recombinant apoAV. Real time biomlecular interaction analyses were performed by surface

plasmon resonnance technology using a Biacore 3000 system.

Table 1. Fasting plasma lipid levels in hAPOC3 and hAPOA5XhAPOC3 transgenic mice.
Total cholesterol and triglyceride are measured in the plasma of 4 hours fasted mice. The
values are mean+SD of 8 mice per group. Statistically significant differences between groups
versus control were obtained with an anova one way test and are indicated by asterisks

(*:p<0.05, **:p<0.01, and ***:p<0.001).

Table 2. Postheparin plasma triglyceride levels in hAPOC3 and hAPOA5XhAPOC3
transgenic mice. Triglyceride levels are measured in the plasma of 5min heparin injected
mice. The values are meantSD of 5 mice per group. Statistically significant differences
between groups versus control were obtained with an anova one way test and are indicated by

asterisks (*:p<0.05, **:p<0.01, and ***:p<0.001).
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