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Abstract

Objective—Apolipoprotein A-V (apoA-V), a minor protein associated with lipoproteins, has a
major effect on triacylglycerol (TG) metabolism. We investigated whether apoA-V complexed with
phospholipid in the form of a reconstituted HDL (rHDL) has potential utility as a therapeutic agent
for treatment of hypertriglyceridemia when delivered intravenously.

Methods and Results—Intravenous injection studies were performed in genetically engineered
mouse models of severe hypertriglyceridemia including apoav-/- and gpihbp1-/- mice.
Administration of apoA-V rHDL to hypertriglyceridemic apoav—/— mice resulted in a 60% reduction
in plasma TG concentration after 4 h. This decline can be attributed to enhanced catabolism/clearance
of VLDL where VLDL TG and cholesterol were reduced ~60%. ApoA-V which associated with
VLDL after injection was also rapidly cleared. Site-specific mutations in the heparin-binding region
of apoA-V (amino acids 186-227) attenuated apoA-V rHDL TG-lowering activity by 50% suggesting
this sequence element is required for optimal TG-lowering activity in vivo. Unlike apoav-/- mice,
injection of apoA-V rHDL into gpihbpl-/- mice had no effect on plasma TG levels and apoA-V
remained associated with plasma VLDL.

Conclusion—Intravenously injected apoA-V rHDL significantly lowers plasma TG in an apoA-
V deficient mouse model. Its intravenous administration may have therapeutic benefit in human
subjects with severe HTG, especially in cases involving apoA-V variants associated with HTG.
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Epidemiological studies have revealed that increased plasma triacylglycerol (TG) is an
independent risk factor for coronary heart disease.l 2 Furthermore, hypertriglyceridemia
(HTG) isahallmark of the metabolic syndrome and is often accompanied by obesity and insulin
resistance.3 Given that the metabolic syndrome confers increased risk for development of both
type 2 diabetes and cardiovascular disease 4, maintenance of plasma TG homeostasis is highly
desirable.
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Following its discovery in 2001 °: 6, apolipoprotein (apo) A-V emerged as an important TG
modulator.” In humans, APOAV is located in the APOAI/CIII/AIV/AV gene cluster on the long
arm of chromosome 11. ApoA-V is expressed exclusively by liver tissue and, in plasma, is
associated with HDL and VLDL.8: © Unlike other exchangeable apolipoproteins, the plasma
concentration of apoA-V in humans (~250 ng/ml) 8 and mice (~24 ng/ml) 10 is extremely low.
Despite this, the contribution of apoA-V to chylomicron and VLDL metabolism is readily
appreciated from genetic engineering studies in mice . Apoav—/— mice manifested a 4-fold
increase in plasma TG, while the concentration in APOAV transgenic mice is one-third that in
wild-type control littermates. Furthermore, studies in humans revealed an association between
truncation mutations in apoA-V and severe HTG.1113, These data strongly suggest apoA-V
plays an important physiological role in plasma TG metabolism.

Previous in vivo studies demonstrated that HTG in apoA-V—deficient mice is attributable to
decreased chylomicron and VLDL lipolysis and remnant removal.14 15 On the other hand,
overexpression of apoA-V in mice via adenovirus-mediated gene transfer led to a decrease in
plasma TG.16-18 |n vitro studies with apoA-V suggest its TG-lowering activity may be
explained by an ability to increase the efficiency of lipoprotein lipase (LPL)-mediated TG
hydrolysis 19 as well as an ability to increase remnant clearance by binding to members of the
low density lipoprotein (LDL) receptor family.20: 21

Lipolysis is a key step in clearance of TG-rich lipoproteins that takes place on the luminal
surface of capillaries of heart, skeletal muscle, and adipose tissues. LPL synthesized in muscle
and adipocytes is translocated to capillary endothelial cells. Recent studies have shown that
glycosylphosphatidylinositol-anchored high density lipoprotein-binding protein 1 (GPIHBP1)
binds the positively charged, heparin-binding domain of LPL 22: 23 via its Ly6 domain and a
negatively charged region in its amino terminus. In the absence of GPIHBP1, lipolysis is
substantially diminished and plasma TG levels are markedly elevated. It has been postulated
that GPIHBP1 serves as a platform that supports lipolytic activity. Interestingly, apoA-V also
binds to GPIHBP1, most likely via a positively charged sequence motif located between
residues 186 and 227.23 ApoA-V also binds to heparin in vitro and its presence on chylomicrons
and VLDL confers heparin-binding capability.1® Mutations in the positively charged sequence
element of apoA-V result in reduced heparin and GPIHBP1 binding.2%: 23 Based on these
findings, it is conceivable that apoA-V promotes attachment of TG-rich particles to endothelial
cell surface heparan sulfate proteoglycans (HSPG) or GPIHBP1 and that such interactions
enhance lipolysis.

In this report, we evaluate the potential utility of apoA-V as a TG-lowering therapeutic agent.
Intravenous injection of apoA-V—containing reconstituted HDL (rHDL) significantly lowered
plasma TG concentrations in apoav—/— mice yet had no effect in gpihbpl—/— mice. Mutation
of positively charged amino acids in the heparin-binding region of apoA-V attenuated its TG-
lowering capacity. Taken together, the data provide new mechanistic insight into the coordinate
activities of LPL, GPIHBP1, and apoA-V in plasma TG homeostasis and suggest that
intravenous administration of apoA-V may have therapeutic benefit in human subjects with
severe HTG.

Primary antibodies included polyclonal goat anti-human apoA-V 24, polyclonal goat anti-apoB
(International Immunology), polyclonal goat anti-mouse apoA-I (Abcam), and polyclonal
rabbit anti-mouse apoE (Biodesign International). Bis-Tris 4-20% NuPAGE gradient gels were
from Invitrogen. Enzymatic assay kits for TG and cholesterol were from Wako Chemicals.
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Heparin was from Baxter. The fluorescent lipase substrate, 1,2-O-dilauryl-rac-glycero-3-
glutaric acid-(6"-methylresorufin) ester (DGGR), was from Sigma.

Previously described 9 22 male mice (apoav—/— and gpihbp1—/-), 2-4 months of age were
used in these studies. Research was conducted in conformity with the Public Health Service
Policy on the Humane Care and Use of Laboratory Animals and was approved by Animal Use
Committees at Children's Hospital Oakland Research Institute and University of California,
Los Angeles.

Preparation and injection apoA-V rHDL

Human wild type apoA-V recombinant protein was prepared as described 24; the apoA-V
mutant with changes in its positively charged sequence element (residues 186-227; R210E/
K211Q/K215Q/K217E) was previously described.23 Since apoA-V is not soluble at pH 7.4,
the protein was complexed with dimyristoylphosphatidyl choline (DMPC) for injection 24;
briefly, DMPC vesicles were generated by extrusion through a 0.05 um membrane and
subsequently complexed with recombinant apoA-V protein by sonication to form rHDL.
Previous electron microscopy studies revealed that apoA-V rHDL are discoidal particles ~14
nm diameter; by native polyacrylamide gel electrophoresis analysis, complexes were 12 - 17
nm diameter?4. In the present experiments, the size of apoA-V rHDL particles was confirmed
on native gels. The mean protein:phospholipid (wt:wt) ratio in apoA-V rHDL was 1:6.3 = 0.6
(N=4). Controls used DMPC vesicles without protein. Mice were fasted 4 h and blood samples
were obtained by submandibular vein bleeds before, t =0, and at 1, 2 and 4 h post-injection.
ApoA-V rHDL was injected by tail vein so as to achieve a plasma concentration of 12.5 ug/
ml (the average plasma concentration in APOAV transgenic mice ). Mice were anesthetized
with isoflurane. Plasma samples were rapidly separated and stored at —80°C.

Isolation of plasma lipoproteins

Lipoproteins from pooled plasma were separated by fast protein liquid chromatography (FPLC)
with a Superose 6HR 10/30 column (Pharmacia LKB Biotechnology). Elution profiles were
monitored at 280 nm and 0.5 ml fractions were collected.

Measurement of lipid concentrations

Cholesterol and TG in plasma samples or FPLC fractions were determined by colorimetric
assays (WAKO).

Immunoblotting

Plasma (1 ul) or concentrated FPLC fractions were electrophoresed on 4-20% Bis-Tris gradient
gels. The size-separated proteins were transferred to PVDF membranes, and immunoblots
processed as described.24 In one experiment, clearance of apoA-V with time was determined
by administrating 12.5 pg/ml apoA-V rHDL and sampling plasma at 1 min post-injection for
baseline plasma apoA-V levels and at 1, 4, and 8 h post-injection. Following electrophoresis
on 4-20% gels and western blotting, relative changes in plasma apoA-V compared to baseline
were determined by densitometry using the NIH ImageJ program.

Measurement of postheparin LPL activity

Apoav—/— mice were injected via tail vein with 50 pl heparin (50 units) 2 or 4 h after injection
with apoA-V rHDL or DMPC vesicles alone. Before and 15 min after heparin injection, blood
samples were collected and plasma separated. LPL activities in the plasma samples were

determined with a fluorometric assay as described.2® Briefly, the lipase activity in the plasma
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sample was measured as the rate of fluorescence generated from hydrolysis of the lipase
substrate DGGR. Two min after mixing plasma sample with DGGR, fluorescent intensity was
monitored for 5 min, and lipase activity was calculated as relative fluorescent units generated
per min (RFU/min). LPL activity was determined by subtracting preheparin activity from
postheparin activity.26

Effect of injected apoA-V on plasma TG concentration in apoav-/- mice

To evaluate the effect of parenteral administration of apoA-V on plasma TG concentration,
apoA-V rHDL was injected into apoav—/— mice to achieve a plasma concentration of 12.5
ug/ml, which is the average concentration of apoA-V in APOAV transgenic mice.? Compared
to control mice injected with DMPC vesicles alone, apoA-V rHDL induced a 25% reduction
in TG after 1 h and a 60% reduction at 4 h (Figure 1A). In controls, there was a slight reduction
(~20%) in plasma TG concentration after 4 h. Similar to changes in TG, apoA-V rHDL
administration also decreased plasma cholesterol levels (Figure 1B). Consistent with the
decline in TG, the total amount of apoB-100 protein in plasma also decreased after 4 h along
with apoA-V (Figure 1C). Unlike apoB-100 and apoA-V, there was no change in plasma levels
of apoB-48.

In a separate experiment to determine changes in TG and apoA-V over a more extended period
of time, mice (n=5) were injected with 12.5 pg/ml apoA-V rHDL and plasma sampled after 1
min to establish baseline values; subsequent plasma samples were obtained at 1, 4, and 8 h
post-injection. As noted in supplement Figure I, TG continues to decline over the 8 h period
following apoA-V injection and is reduced approximately 87% at 8 h. The DMPC control also
shows a decline in TG by 8 h but is significantly higher (p<0.01) than that of apoA-V treated
mice. Using NIH ImagelJ for evaluating relative intensity as a measure of apoA-V change over
time, we found that 71.2%%8.1, 15.1%+5.0 and 3.0%=0.7 apoA-V (supplement Figure 1)
remained in the plasma at 1h, 4 h and 8 h, respectively, suggesting that apoA-V is rapidly
cleared from the plasma and parallels the reduction of TG.

The above data suggest that apoA-V injection can promote VLDL clearance in apoav—/— mice.
To examine this issue further, plasma lipoprotein and apolipoprotein profiles were determined
in apoav—/— mice before (time 0), and 4 h after apoA-V rHDL injection. ApoA-V rHDL
administration induced a major (~60%) reduction in VLDL TG and cholesterol indicating that
the decrease in plasma TG and cholesterol observed earlier reflects enhanced clearance of
VLDL (Figure 2A and B). The fact that no concomitant increase in LDL or HDL cholesterol
occurred indicates that remnant particles derived from VLDL do not accumulate in the plasma.
The effect of apoA-V rHDL administration on the distribution of apolipoproteins among
different lipoprotein fractions was then determined (Figure 2C). Similar to results obtained for
plasma apoB-100, the amount of this protein in the VLDL fraction declined dramatically
following apoA-V rHDL injection. By contrast, LDL apoB-100 was largely unaffected. After
apoA-V rHDL injection, VLDL apoE levels decreased with a corresponding increase in HDL
apoE content. VLDL apoA-1 levels also decreased following apoA-V rHDL injection. Taken
together, the data indicate VLDL clearance in Apoav—/— mice increases following injection of
apoA-V rHDL.

The distribution of exogenously administered apoA-V among lipoproteins was determined at
1 h and 4 h post-injection (Figure 2C). Whereas the preponderance of apoA-V was found
associated with VLDL at 1 h, after 4 h, VLDL was nearly devoid of apoA-V. These data support
the premise that injected apoA-V exchanges onto VLDL particles where it functions to
facilitate their catabolism and clearance.
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Dose-response of apoA-V rHDL on TG-lowering activity

To determine the effect of apoA-V dose on its TG-lowering activity, apoav—/— mice were
injected with different amounts of apoA-V rHDL to reach plasma concentrations of 6.25, 12.5,
or 25 pg/ml (time 0). Across this dose range, no differences in TG-lowering activity were
observed as shown in supplement Figure I11. Thus, it may be concluded that the TG-lowering
activity of apoA-V is saturated at plasma concentrations at or above 6.25 pug/ml, consistent
with the exceptionally low concentration of apoA-V in plasma under physiological conditions.

Effect of apoA-V rHDL on postheparin LPL activity

Previous studies indicate postheparin LPL activity in apoav—/— mouse plasma is low compared
to wild-type mice.14 Additionally, human carriers of an APOAV Q139X mutation linked to
severe HTG have reduced LPL activity 11. To evaluate if exogenously administered apoA-V-
mediated TG lowering is related to increased postheparin LPL activity, apoav—/— mice were
injected with apoA-V rHDL followed by heparin injection 2 or 4 h later. LPL activity
measurements revealed no significant difference between apoA-V rHDL—-injected and DMPC
vesicle-injected mice (supplement Figure V).

Site-specific mutations in apoA-V attenuate its TG-lowering activity

ApoA-V contains a sequence element (amino acids 186-227) that lacks negatively charged
residues and is enriched in positively charged amino acids.19 We have previously shown that
this region is involved in apoA-V binding to heparin, LDL receptor family members, and
GPIHBP1.19:20.23 Replacement of positively charged residues in this region of apoA-V with
neutral and/or negatively charged amino acids (Mut-apoA-V) decreased its binding, in vitro,
to heparin, low density lipoprotein receptor-related protein and GPIHBP1. To examine effects
on TG-lowering activity in vivo, Mut-apoA-V rHDL was injected into apoav—/— mice.
Compared to WT apoA-V rHDL, the TG-lowering activity of Mut-apoA-V rHDL was
attenuated by ~50% (Figure 3A) consistent with defective binding to heparin and/or GPIHBP1.
The decreased TG-lowering activity of Mut-apoA-V was not due to its inability to bind to
VLDL since, as seen in Figure 3B, comparable amounts of WT and Mut-apoA-V associated
with VLDL. Unlike WT apoA-V, however, a higher proportion of Mut-apoA-V remained
associated with VLDL after 4 h, consistent with delayed clearance of these particles. Taken
together, the data indicate that the positively charged sequence element in apoA-V is required
for optimal manifestation of its TG-lowering activity in vivo.

Effect of apoA-V rHDL injection on plasma TG concentrations in gpihbpl-/- mice

Endothelial cell bound GPIHBP1 plays a critical role in plasma TG homeostasis 22. Indeed,
gpihbpl—/—mice have extremely high plasma TG concentrations and diminished lipolysis. To
determine if parenteral administration of apoA-V rHDL can lower plasma TG in gpihbpl—/—
mice, injection studies were performed. Following administration of apoA-V rHDL, no
significant changes in plasma TG concentration were observed, compared with control
littermates injected with DMPC vesicles alone (Figure 4A). It is noteworthy that, although
apoA-V was found primarily associated with VLDL as early as 1 h after injection into
gpihbpl-/- mice (Figure 4B), apoA-V levels did not decrease as a function of time as was the
case in apoav—/— mice (compare Figure 2C). Taken together, the data suggest that GPIHBP1
is required for manifestation of apoA-V's TG-lowering activity in vivo, as well as clearance of
this apolipoprotein from the circulation.

Discussion

Apolipoproteins have remarkable properties in that they function as ligands for cell-surface
receptors, modulators of lipid metabolic enzymes, and acceptors of cell lipids (eg., cholesterol).

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2011 December 1.
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Some apolipoproteins, such as apoA-1, have been shown to have potential as therapeutic agents.
Recombinant human apoA-1 was used for treatment of atheromas in patients with acute
coronary syndromes.2 In this case, a rare variant of human apoA-1, termed apoA-lyijano, Was
complexed with phospholipids, forming rHDL that were infused into patients; treatment
resulted in significant reduction in atheroma burden.

Studies of apoA-V indicate that it is a potentially useful candidate for in vivo therapeutic
applications. The severe HTG observed in human subjects harboring truncation mutations 11:
13 as well as the strong correlation between coding and noncoding APOAV SNPs and elevated
plasma TG 28-30 syggest apoA-V therapy may be beneficial. ApoA-V variants in the general
population are quite prevalent. Indeed, a recent analysis of multiple studies on TG elevation
in cardiovascular disease suggest that the -1131T>C allele, known to be correlated with TG
concentrations, has an allele frequency of 8% 31; furthermore, Pullinger at al. 30 showed that
the ¢.553G>T minor allele associated with elevated TG in unrelated Chinese-Americans has
a frequency of 4.5%. Like apoA-1, apoA-V readily forms rHDL that can be injected
intravenously. In the current study, we demonstrate that injected apoA-V rHDL has the capacity
to significantly reduce plasma TG concentrations in hypertriglyceridemic Apoav—/— mice.

Although it is present in plasma at exceeding low concentrations, apoA-V is an important
modulator of plasma TG.> 7 Apoav—/— mice exhibit elevated TG while APOAV transgenic
mice have reduced plasma TG.>? In addition to increased TG concentrations, diminished
lipolysis of VLDL and a reduced rate of remnant uptake were observed in apoav—/— mice.14
VLDL particles from apoav—/— mice are a poor substrate for LPL and have low binding to
LDLR family members. In the current study, we show that parenteral delivery of apoA-V into
apoav—/— mice lowered plasma TG concentrations, and also reduced VLDL TG, cholesterol,
and apoB-100 levels. These data indicate apoA-V injection improves VLDL catabolism in
apoav—/— mice.

The apoA-V dose employed in the current study was based on the reported average plasma
concentration in APOAV transgenic mice whereas mouse apoA-V was reported to be 24 ng/
ml in wild-type (WT) C57BL/6 micel?. Clearly, the very low levels of endogenous apoA-V
in WT mice can efficiently clear newly formed TG-rich particles so that they do not accumulate
in the plasma compartment. In the present study, 6.5 pg/ml apoA-V was just as effective in
lowering TG in apoa5-/- mice as the 12.5 pg/ml dose. This suggests that apoA-V present in
APOAV transgenic mice is functioning under saturation conditions and that concentrations
lower than 6.25 pg/ml are likely sufficient to lower TG. A major difference between WT and
apoav-/- mice isthat in the former case TG levels are low whereas, in the latter, TG is extremely
elevated. It is likely that elevated plasma apoA-V in the form of exogenously delivered protein
may be beneficial in clearance of TG in apoav-/- mice where TG accumulation is exaggerated
and endogenous apoA-V is lacking. In the latter case there would be no replenishment of apoA-
V as it is cleared from the circulation together with TG. In WT mice, on the other hand, where
there is a constant production of apoA-V to offset clearance of the protein along with TG, the
low level of apoA-V is sufficient to maintain low levels of TG.

GPIHBP1 is an endothelial cell protein that is required for the lipolytic processing of TG-rich
lipoproteins in plasma.?2 In the absence of GPIHBP1, lipolysis of TG-rich particles is virtually
abolished, leading to severe HTG in gpihbpl—/— mice. Injection of apoA-V failed to lower
plasma TG levels in gpihbpl—/— mice while apoA-V clearance was minimal, suggesting that
these processes require interaction with GPIHBP1. To our knowledge, this is the first in vivo
evidence suggesting that GPIHBP1 and apoA-V are functional partners in facilitating TG
lipolysis.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2011 December 1.
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In studies with Mut-apoA-V rHDL, we show that mutation of key positively charged amino
acids in the putative heparin-binding domain of apoA-V attenuates the TG-lowering effect of
apoA-V in apoav—/— mice. The clearance rate of the mutant protein was also slower than WT
apoA-V. The decreased TG-lowering activity of the mutant was not due to a change in
lipoprotein-binding ability because Mut-apoA-V, like WT apoA-V, was also found on VLDL
at 1 and 4 h post-injection. Taken together, the data suggest that the heparin-binding region of
apoA-V plays an important role in its capacity to lower TG.

Previously, we proposed a mechanism whereby apoA-V could facilitate VLDL metabolism.
7 Briefly, under conditions of increased TG, apoA-V exchanges from HDL onto VLDL, which
in turn interacts with HSPG and GPIHBP1 on the surface of endothelial cells (where LPL also
binds). Coordination between apoA-V, LPL, and GPIHBP1 results in accelerated TG
hydrolysis. Our current in vivo studies support this mechanism by showing: (1) ApoA-V was
able to rapidly exchange from rHDL onto VLDL; (2) the interaction between apoA-V and
GPIHBPL1 is critical for its TG-lowering function; (3) the positively charged heparin binding
sequence element (residues 186-227) of apoA-V is required for this process. In addition, we
also discovered that clearance of apoA-V from the circulation is minimal in the absence of
GPIHBPL1. Eventhough we cannot conclude that apoA-V is directly cleared through GPIHBP1,
it is likely that apoA-V's heparin-binding region is essential for its interaction with GPIHBP1,
which in turn, is essential for TG lipolysis.

In summary, we show that intravenous delivery of apoA-V has a profound TG-lowering effect
in apoav—/— mice. Given that the effective dose is exceptionally low, parenteral administration
of apoA-V may have potential therapeutic value for treating severe HTG in humans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Sources of Funding

This work was supported by National Institutes of Health Grants HL-073061 (to ROR) and P01 HL090553,
1RC1HL100008-01, and R01 HL087228-01 (to SGY). Xiao Shu was supported by a Predoctoral Fellowship from the
American Heart Association, Western States Affiliate.

References

1. Cullen P. Evidence that triglycerides are an independent coronary heart disease risk factor. Am J Cardiol
2000;86:943-949. [PubMed: 11053704]

2. Yuan G, Al-Shali KZ, Hegele RA. Hypertriglyceridemia: Its etiology, effects and treatment. CMAJ
2007;176:1113-1120. [PubMed: 17420495]

3. Reaven GM. Pathophysiology of insulin resistance in human disease. Physiol Rev 1995;75:473-486.
[PubMed: 7624391]

4. Reilly MP, Rader DJ. The metabolic syndrome: More than the sum of its parts? Circulation
2003;108:1546-1551. [PubMed: 14517150]

5. Pennacchio LA, Olivier M, Hubacek JA, Cohen JC, Cox DR, Fruchart JC, Krauss RM, Rubin EM. An
apolipoprotein influencing triglycerides in humans and mice revealed by comparative sequencing.
Science 2001;294:169-173. [PubMed: 11588264]

6. van der Vliet HN, Sammels MG, Leegwater AC, Levels JH, Reitsma PH, Boers W, Chamuleau RA.
Apolipoprotein A-V: A novel apolipoprotein associated with an early phase of liver regeneration. J
Biol Chem 2001;276:44512-44520. [PubMed: 11577099]

7. Forte TM, Shu X, Ryan RO. The ins (cell) and outs (plasma) of apolipoprotein A-V. J Lipid Res
2009;50:5150-155. [PubMed: 19050314]

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Shuetal.

10

11.

12.

13.

14.

15.

16

17

18

19.

20.

21.

22.

23.

Page 8

. O'Brien PJ, Alborn WE, Sloan JH, Ulmer M, Boodhoo A, Knierman MD, Schultze AE, Konrad RJ.

The novel apolipoprotein A5 is present in human serum, is associated with VLDL, HDL, and
chylomicrons, and circulates at very low concentrations compared with other apolipoproteins. Clin
Chem 2005;51:351-359. [PubMed: 15528295]

. Nelbach L, Shu X, Konrad RJ, Ryan RO, Forte TM. Effect of apolipoprotein A-V on plasma

triglyceride, lipoprotein size, and composition in genetically engineered mice. J Lipid Res
2008;49:572-580. [PubMed: 18056685]

. Vaessen SFC, Dallinga-Thie GM, Ross CJD, Splint LJ, Castellani LW, Rensen PCN, Hayden MR,
Schaap FG, Kuivenhoven JA. Plasma apolipoprotein AV levels in mice are positively associated
with plasma triglyceride levels. J Lipid Res 2009;50:880-884. [PubMed: 19141870]

Marcais C, Verges B, Charriere S, Pruneta V, Merlin M, Billon S, Perrot L, Drai J, Sassolas A,
Pennacchio LA, Fruchart-Najib J, Fruchart JC, Durlach V, Moulin P. Apoa5 q139x truncation
predisposes to late-onset hyperchylomicronemia due to lipoprotein lipase impairment. J Clin Invest
2005;115:2862-2869. [PubMed: 16200213]

Oliva CP, Pisciotta L, Guardamagna O, Bellocchio A, Tarugi P, Schaap FG, Bertolini S, Calandra S.
A novel sequence variant in apoA5 gene found in patients with severe hypertriglyceridemia.
Atherosclerosis 2006;188:215-217. [PubMed: 16687148]

Oliva CP, Pisciotta L, Volti GL, Sambataro MP, Cantafora A, Bellocchio A, Catapano A, Tarugi P,
Bertolini S, Calandra S. Inherited apolipoprotein A-V deficiency in severe hypertriglyceridemia.
Avrterioscler Thromb Vasc Biol 2005;25:411-417. [PubMed: 15591215]

Grosskopf I, Baroukh N, Lee SJ, Kamari Y, Harats D, Rubin EM, Pennacchio LA, Cooper AD.
Apolipoprotein A-V deficiency results in marked hypertriglyceridemia attributable to decreased
lipolysis of triglyceride-rich lipoproteins and removal of their remnants. Arterioscler Thromb Vasc
Biol 2005;25:2573-2579. [PubMed: 16166565]

Merkel M, Loeffler B, Kluger M, Fabig N, Geppert G, Pennacchio LA, Laatsch A, Heeren J.
Apolipoprotein AV accelerates plasma hydrolysis of triglyceride-rich lipoproteins by interaction with
proteoglycan-bound lipoprotein lipase. J Biol Chem 2005;280:21553-21560. [PubMed: 15774484]
.vander Vliet HN, Schaap FG, Levels JH, Ottenhoff R, Looije N, Wesseling JG, Groen AK, Chamuleau
RA. Adenoviral overexpression of apolipoprotein A-V reduces serum levels of triglycerides and
cholesterol in mice. Biochem Biophys Res Commun 2002;295:1156-1159. [PubMed: 12135615]

. Schaap FG, Rensen PC, VVoshol PJ, Vrins C, van der Vliet HN, Chamuleau RA, Havekes LM, Groen
AK, van Dijk KW. ApoAV reduces plasma triglycerides by inhibiting very low density lipoprotein-
triglyceride (VLDL-TG) production and stimulating lipoprotein lipase-mediated VLDL-TG
hydrolysis. J Biol Chem 2004;279:27941-27947. [PubMed: 15090553]

.Qu S, Perdomo G, Su D, D'Souza FM, Shachter NS, Dong HH. Effects of apoA-V on HDL and VLDL
metabolism in apoC3 transgenic mice. J Lipid Res 2007;48:1476-1487. [PubMed: 17438339]

Lookene A, Beckstead JA, Nilsson S, Olivecrona G, Ryan RO. Apolipoprotein A-V-heparin
interactions: Implications for plasma lipoprotein metabolism. J Biol Chem 2005;280:25383-25387.
[PubMed: 15878877]

Nilsson SK, Lookene A, Beckstead JA, Gliemann J, Ryan RO, Olivecrona G. Apolipoprotein A-V
interaction with members of the low density lipoprotein receptor gene family. Biochemistry
2007;46:3896-3904. [PubMed: 17326667]

Dichlberger A, Cogburn LA, Nimpf J, Schneider WJ. Avian apolipoprotein A-V binds to LDL
receptor gene family members. J Lipid Res 2007;48:1451-1456. [PubMed: 17401111]

Beigneux AP, Davies BS, Gin P, Weinstein MM, Farber E, Qiao X, Peale F, Bunting S, Walzem RL,
Wong JS, Blaner WS, Ding ZM, Melford K, Wongsiriroj N, Shu X, de Sauvage F, Ryan RO, Fong
LG, Bensadoun A, Young SG. Glycosylphosphatidylinositol-anchored high-density lipoprotein-
binding protein 1 plays a critical role in the lipolytic processing of chylomicrons. Cell Metab
2007;5:279-291. [PubMed: 17403372]

Gin P, Yin L, Davies BSJ, Weinstein MM, Ryan RO, Bensadoun A, Fong LG, Young SG, Beigneux
AP. The acidic domain of GPIHBP1 is important for the binding of lipoprotein lipase and
chylomicrons. J Biol Chem 2008;283:29554-29562. [PubMed: 18713736]

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Shuetal.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9

Beckstead JA, Oda MN, Martin DD, Forte TM, Bielicki JK, Berger T, Luty R, Kay CM, Ryan RO.
Structure-function studies of human apolipoprotein A-V: A regulator of plasma lipid homeostasis.
Biochemistry 2003;42:9416-9423. [PubMed: 12899628]

Lee EC, Desai U, Gololobov G, Hong S, Feng X, Yu XC, Gay J, Wilganowski N, Gao C, Du LL,
Chen J, Hu Y, Zhao S, Kirkpatrick L, Schneider M, Zambrowicz BP, Landes G, Powell DR,
Sonnenburg WK. Identification of a new functional domain in angiopoietin-like 3 (angptl3) and
angiopoietin-like 4 (angptl4) involved in binding and inhibition of lipoprotein lipase (Ipl). J Biol
Chem 2009;284:13735-13745. [PubMed: 19318355]

Dallinga-Thie GM, Zonneveld-de Boer AJ, van Vark-van der Zee LC, van Haperen R, van Gent T,
Jansen H, De Crom R, van Tol A. Appraisal of hepatic lipase and lipoprotein lipase activities in mice.
J Lipid Res 2007;48:2788-2791. [PubMed: 17872590]

Nissen SE, Tsunoda T, Tuzcu EM, Schoenhagen P, Cooper CJ, Yasin M, Eaton GM, Lauer MA,
Sheldon WS, Grines CL, Halpern S, Crowe T, Blankenship JC, Kerensky R. Effect of recombinant
apoA-I Milano on coronary atherosclerosis in patients with acute coronary syndromes: A randomized
controlled trial. JAMA 2003;290:2292-2300. [PubMed: 14600188]

Pennacchio LA, Olivier M, Hubacek JA, Krauss RM, Rubin EM, Cohen JC. Two independent
apolipoprotein A5 haplotypes influence human plasma triglyceride levels. Hum Mol Genet
2002;11:3031-3038. [PubMed: 12417524]

Talmud PJ, Cooper JA, Hattori H, Miller IP, Miller GJ, Humphries SE. The apolipoprotein A-V
genotype and plasma apolipoprotein A-V and triglyceride levels: Prospective risk of type 2 diabetes.
Results from the Northwick Park Heart Study I1. Diabetologia 2006;49:2337-2340. [PubMed:
16917759]

Pullinger CR, Aouizerat BE, Movsesyan I, Durlach V, Sijbrands EJ, Nakajima K, Poon A, Dallinga-
Thie GM, Hattori H, Green LL, Kwok PY, Havel RJ, Frost PH, Malloy MJ, Kane JP. An
apolipoprotein A-V gene SNP is associated with marked hypertriglyceridemia among Asian-
American patients. J Lipid Res 2008;49:1846-1854. [PubMed: 18441017]

Sarwar N, Sandhu MS, Ricketts SL, Butterworth AS, Di Angelantonio E, Boekholdt SM, Ouwehand
W, Watkins H, Samani NJ, Saleheen D, Lawlor D, Reilly MP, Hingorani AD, Talmud PJ, Danesh
J. Triglyceride-mediated pathways and coronary disease: collaborative analysis of 101 studies.
Lancet 2010;375:1584-1586. [PubMed: 20452504]

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2011 December 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Shuetal.

Page 10

A 100 9 biud *k -
80 T
-
s 60 T
E40T
2
20T
0 t t t |
0 2 3 4
Time (h)
B 100 ¢ = *%
S
80T
3
5 60T
5
s 40 T
E2 7T
o\o 1 1 1 l
0 t t t i
0 1 2 3 4
Time (h)
C 0 1 2 4h

apoB-100 .' ™y ™~
apoB-48 N W W e

apoA-V - .

Figure 1.

Effect of apoA-V rHDL injection on plasma lipids and apolipoprotein levels in apoav—/— mice.
Apoav—/— mice were injected with 12.5 pg/ml apoA-V rHDL (open circles) or DMPC vesicles
(filled circles). Plasma samples were collected before and at 1, 2, and 4 h post-injection and
analyzed for (A) TG and (B) cholesterol; the mean TG concentration for the mice used in the
study was 18.1 £ 1.3 mg/ml. Values are presented as percentage of initial TG concentrations
and expressed as mean £ SEM (>12 mice/group). Student's t-test versus respective controls:
*p <0.05; **p <0.001. (C) ApoB and apoA-V levels in the plasma samples (1ul) of individual
mice were determined by western blot. Results are representative of >12 mice.
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Figure 2.

Effect of apoA-V rHDL injection on the distribution of plasma lipids and apolipoproteins
among lipoproteins. Apoav—/—mice (n = 12; mean initial TG concentration, 14.6 + 1.9 mg/ml)
were injected with 12.5 pg/ml apoA-V rHDL at t = 0. Plasma samples were collected before
(open triangles) and 4 h post-injection (open circles), pooled and subjected to FPLC as
described in the Materials and Methods. (A) TG and (B) cholesterol concentrations in each
fraction were determined. (C) Fractions representing VLDL, LDL, and HDL were pooled and
apolipoprotein levels in each lipoprotein class were determined by western blot. Results are
representative of two independent experiments.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 12

2
Time (h)
B 1h 4h
VLDL LDL HDL  VLDL LDL HDL

Mut .-._ -

Figure 3.

Effect of mutations within the heparin binding region of apoA-V on TG-lowering ability. Apoav
—/— mice were injected with 12.5 pg/ml apoA-V rHDL (open circles), Mut-apoA-V rHDL
(open triangles), or DMPC vesicles (filled circles) (>7 mice/group); mean starting TG
concentration was 19.8 £ 1.4 mg/ml. (A) Plasma samples collected before (t = 0) and at 1, 2,
and 4 h post-injection were analyzed for TG. Values are presented as percentage of the initial
TG concentration and expressed as mean + SEM. One-way analysis of variance was used to
test for significance followed by post hoc analysis (Tukey-Kramer HSD) to examine
differences between groups. There was a significant difference between group a, b, and ¢, p <
0.05 at 4 h. (B) Plasma samples at 1 and 4 h post-injection were pooled and subjected to FPLC.
ApoA-V level in each lipoprotein class was determined by western blot. Results are
representative of two independent experiments.
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Figure 4.

Effect of apoA-V rHDL injection on TG and apoA-V metabolism in gpihbp1—/—mice. Gpihbpl
—/—mice were injected with 12.5 pg/ml apoA-V rHDL (open circles) or DMPC vesicles (filled
circles). (A) Plasma samples collected before and at 1, 2, and 4 h post-injection were analyzed
for TG where the average TG concentration for mice at time 0 was 15.4 £ 0.8 mg/ml. Values
are presented as percentage of the initial TG concentration and expressed as mean + SEM (n

= 5 mice/group). Student's t-test indicated no significant difference between groups for each

time point (p > 0.05). (B) Plasma samples at 1 and 4 h post-injection were pooled and subjected
to FPLC; subsequently, apoA-V levels in each lipoprotein class were determined by western
blot.
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