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Abstract Lecithin:cholesterol acyltransferase (LCAT) is
the key circulating enzyme responsible for high-density
lipoprotein (HDL) cholesterol esterification, HDL matura-
tion, and potentially reverse cholesterol transport. To further
explore LCAT’s mechanism of action on lipoprotein
metabolism, we employed adeno-associated viral vector
(AAV) serotype 8 to achieve long-term (32-week) high level
expression of human LCAT in hCETP;Ldlr"" mice, and
characterized the lipid profiles in detail. The mice had a
marked increase in HDL cholesterol, HDL particle size, and
significant reduction in low-density lipoprotein (LDL)
cholesterol, plasma triglycerides, and plasma apoB. Plasma
LCAT activity significantly increased with humanized
substrate specificity. HDL cholesteryl esters increased in a

Electronic supplementary material The online version of this article
(doi:10.1007/s12265-011-9309-8) contains supplementary material,
which is available to authorized users.

Z. Chen (D<) + J. M. Castro-Perez * M. L. Krsmanovic * D. Xie *
V. Shah - S. J. Stout - D. G. McLaren - A. C. Stefanni -

T. P. Roddy - A. S. Plump * B. K. Hubbard

Atherosclerosis, Cardiovascular Diseases,

Merck Research Laboratories,

RYS80T-A100, 126 E. Lincoln Ave,

Rahway, NJ 07065, USA

e-mail: zhu chen@merck.com

D. Chu- W. Ni* A. Zhang - T. F. Vogt - H. H. Zhou (D<)
Translational Models, Merck Research Laboratories,
RY80Y-3A-53, 126 E. Lincoln Ave,

Rahway, NJ 07065, USA

e-mail: hui_zhou@merck.com

S. H. Lee

In Vivo Pharmacology, Merck Research Laboratories,
126 E. Lincoln Ave,

Rahway, NJ 07065, USA

fashion that fits human LCAT specificity. HDL phosphati-
dylcholines trended toward decrease, with no change
observed for HDL lysophosphatidylcholines. Triglycerides
reduction appeared to reside in all lipoprotein particles
(very low-density lipoprotein (VLDL), LDL, and HDL),
with HDL triglycerides composition highly reflective of
VLDL, suggesting that changes in HDL triglycerides were
primarily driven by the altered triglycerides metabolism in
VLDL. In summary, in this human-like model for lipopro-
tein metabolism, AAV8-mediated overexpression of human
LCAT resulted in profound changes in plasma lipid profiles.
Detailed lipid analyses in the lipoprotein particles suggest
that LCAT's beneficial effect on lipid metabolism includes
not only enhanced HDL cholesterol esterification but also
improved metabolism of apoB-containing particles and
triglycerides. Our findings thus shed new light on LCAT’s
mechanism of action and lend support to its therapeutic
potential in treating dyslipidemia.

Keywords AAV8-LCAT-HDL - LDL - Triglycerides

Introduction

Lecithin:cholesterol acyltransferase (LCAT) is a liver-
produced circulating enzyme that transfers the fatty acyl
chain from the sn-2 position of phosphatidylcholine (PC) to
3f3-hydroxyl group in free cholesterol (FC) [1, 2]. The
majority of circulating LCAT resides in HDL particles
and is responsible for cholesterol esterification in HDL
and HDL maturation from small nascent particles to
large, cholesteryl ester (CE)-enriched particles [3, 4]. It
has therefore been hypothesized that increased LCAT
activity can increase HDL cholesterol level, promote the
process of reverse cholesterol transport (RCT), normalize
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dyslipidemia, and potentially exert an anti-atherosclerotic
effect [2, 5-7].

Since the discovery of LCAT in the 1960s [8], full and
partial loss-of-function natural mutations have been identi-
fied and characterized, with their corresponding disease
conditions designated as Familial LCAT deficiency (FLD)
and Fish-eye disecase (FED), respectively [9]. Clinical
presentations of FLD and FED are highly variable but
always associated with HDL deficiency [9, 10]. LCAT
mutant allele carriers may also have elevated low-density
lipoprotein (LDL) [11] and develop atherosclerosis to
variable extent [12—15].

A number of LCAT loss-of-function or transgenic studies
in preclinical species ranging from mouse to nonhuman
primate have also been reported, with various effects on
lipid metabolism and lesion development. LCAT knockout
(KO) mice on the apolipoprotein E (apoE) KO or low-
density lipoprotein receptor (LDLR) KO background had
reduced HDL but paradoxically reduced atherosclerosis,
possibly due to concomitant reduction in non-HDL [16].
Transgenic overexpression of LCAT in mice resulted in an
increase in large, CE-enriched HDL but paradoxically
accelerated atherosclerosis [17], which was ameliorated
when cholesteryl ester transfer protein (CETP) transgene
was further introduced [18]. In comparison, in higher,
endogenous CETP-containing species such as rabbit,
transgenic overexpression of LCAT resulted in not only
significant increase in HDL, but also marked decrease in
non-HDL, triglyceride, and lesion development [19].
Taken together, these results suggest that impacts of LCAT
on lipid profile and lesion development are highly
dependent on animal models and key parameters in lipid
metabolism; gain of LCAT function in the right models
may offer predictive benefit regarding therapeutic poten-
tial of targeting LCAT. Indeed, adenoviral vector (Ad)-
mediated overexpression of human LCAT (hLCAT) in
hamster, which has CETP and similar lipoprotein metab-
olism to human, resulted in not only increased HDL, but
also increased biliary cholesterol excretion and increased
hepatic transcription of Cyp7al, suggesting increased RCT
[20]. Ad-mediated overexpression of hLCAT in nonhuman
primates also resulted in antiatherogenic lipid profile
characterized by increased HDL, decreased apoB, increased
LDL catabolism, and decreased triglycerides [21].

In this report, we sought to further study LCAT’s
mechanism of action on lipid metabolism in order to assess
its therapeutic potential. We chose the mouse model that is
hemizygous of the human CETP transgene driven by
human apoAl promoter and hemizygous for the LDLR
locus (hCETP;LdIr™") because this model confers the mice
with proatherogenic properties and bears high relevance to
lipoprotein metabolism in humans. We employed the
recombinant adeno-associated viral vector serotype
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8 (AAVRY) for liver-directed delivery of hLCAT. Recombi-
nant AAV is an attractive system for target gene modulation
because of its non-pathogenicity, low immunogenicity,
and ability to mediate long-term expression in multiple
differentiated tissues across various preclinical animal
species [22-26]. AAV8 has been demonstrated to be
highly liver tropic with excellent transduction efficiency
in mouse liver [23, 27] and was therefore selected to
overexpress hLCAT. Here, we describe our 4-week pilot
study and 32-week long-term study of AAVS8-mediated
LCAT overexpression in hCETP;Ldlr™" mice.

Methods
Generation of AAV Vectors

Human LCAT cDNA was obtained by polymerase chain
reaction (PCR) from an Invitrogen ORF clone (Invitro-
gen IOH10295), and inserted into a pAAV Cis plasmid
downstream of the liver-specific thyroxine binding
globulin promoter. The pAAV cis plasmid and the
production of AAVS8-luciferase (“AAV-Luc”) and AAVS-
hLCAT (“AAV-hLCAT”) were provided by the Viral
Vector Core of the University of Massachusetts Medical
School under a fee-for-service agreement. The AAVSE
vectors were produced by the helper-free triple plasmid
transfection method by cotransfecting the pAAV cis
plasmid, an adenoviral helper plasmid, and a chimeric
packaging plasmid in which the AAV2 rep gene was
fused with the AAVS8 cap gene. The AAV vectors were
then purified using double cesium chloride gradient
centrifugation, and titers were determined via a real-
time PCR analysis.

Animal Studies

All animal procedures were approved by the Institutional
Animal Care and Use Committee of Merck Research
Laboratories. Male C57Bl/6 mice engineered to be hemi-
zygous for a knockout of LDLR and hemizygous for the
overexpression of the hCETP driven by the human ApoAl
promoter within a C57Bl/6 background (hCETP;Ldlr"")
were housed in temperature-, humidity-, and light-
controlled rooms with ad libitum access to water and food
(breeder chow diet 5021, Purina). The mice were 10-weeks
(long-term study) or 18-weeks (pilot study) old at the
beginning of the studies. AAV-hLCAT or AAV-Luc was
administrated by tail vein injection at the dose of 1x10'% or
0.5x10'* Genome Copies (GC) per mouse in 100 pl
physiological saline and were examined for 4 or 32 weeks,
respectively. Blood was collected by tail vein bleeding at
various intermediate time points postinjection to determine
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plasma hLCAT protein and HDL cholesterol. Body weight
was monitored weekly throughout the studies. At the end of
the studies, euthanization occurred in the mornings with the
animals at ad libitum feeding state; blood was collected by
cardiac puncture for measuring lipids and other metabolic
parameters.

Analytical Methods for Plasma Lipids, Lipoproteins,
and Apolipoproteins

LCAT protein was measured using a commercially
available ELISA kit (ALPCO Diagnostics). LCAT
activity was determined via a stable isotope-based
liquid chromatography—mass spectrometry (LC/MS)
method modified from the original proteoliposome-thin
layer chromatography method [28]. Plasma apoAl and
apoB levels were measured by an ELISA assay and an
LC/MS assay, respectively. Total cholesterol (TC), HDL
cholesterol (HDLc), triglycerides (TG), CE, FC, phos-
pholipids (PL, including PC, lysophosphatidylcholines
(LysoPC), and sphingomyelins) in unfractionated plasma
were determined by commercially available kits (Wako
Diagnostics); LDL cholesterol (LDLc) and very low-
density lipoprotein cholesterol (VLDLc) were determined
by fast performance liquid chromatography (FPLC). Lipid
classes in the lipoprotein particles were analyzed via
LC/MS. Details of the analytical methods are provided in
the Supplemental Material.

Data Analysis
Data are presented as meanzstandard error of the mean.

Two-tailed, two-parameter, unpaired Student’s ¢ tests were
performed between the AAV-hLCAT group and the AAV-Luc
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Fig. 1 AAV-mediated hLCAT expression and HDL raising was
achieved in a pilot 4-week study. Saline, AAV-hLCAT, or AAV-Luc
was injected into hCETP;Ldlr"" mice at 1x10'> GC per mouse at
day 0. The mice were maintained on breeder chow diet until takedown
at 28 days postinjection. a Plasma hLCAT protein levels at study

o
L

group, and P values that were <0.05 were considered
statistically significant.

Results

Sustained hLCAT Expression and HDL Raising
was Achieved After a Single Dose of AAV-hLCAT

A pilot study was first carried out where AAV-Luc and
AAV-hLCAT were injected into the mice at 1x10'? GC
per mouse, along with saline control (n=8 per group).
Animals were sacrificed at 4 weeks postinjection. A
Tagman analysis of the liver samples from the AAV-
hLCAT-treated group demonstrated a high expression of
hLCAT mRNA (not shown). Plasma hLCAT protein
analysis via a commercially available, pre-validated, and
hLCAT-specific [29] ELISA confirmed that AAV-hLCAT
treatment produced a markedly high (~800 pg/ml) level
of circulating hLCAT (Fig. 1a). The ELISA did not detect
any signal in the plasma from AAV-Luc- or saline-treated
mice (not shown). A 2.1-fold increase in HDL was
observed at 2 weeks postinjection, and the effect persisted
until the end of the 4-week study (Fig. 1b). Taken
together, the pilot study demonstrated that AAV-mediated
hLCAT expression was robust and led to an increase in
HDL, the hallmark of LCAT overexpression.

Given the pilot study yielded a hLCAT level that is
tremendously higher than circulating LCAT level in
humans, which is between 1 and 10 pg/ml by multiple
methods [30, 31], we lowered the vector dose to half of the
pilot study and injected the mice with AAV-hLCAT or AAV-
Luc at 0.5x10'? GC/mouse, along with saline control (n=9
per group). Plasma levels of hLCAT and HDL were

O saline
—&— AAV-Luc
—6- AAV-hLCAT

413 5 7 9 11131517 19 21 23 25 27 29
day
termination as determined by ELISA. No hLCAT protein was detected
in the AAV-Luc- or saline-treated groups (not shown). b Plasma HDLc

(HDL) levels from intermediate and terminal bleeds as measured by
the Wako kit. n=8 per group; *p<0.05 compared to AAV-Luc
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monitored until study termination at 32 weeks postinjec-
tion. Human LCAT was present at about 300 pg/ml at
2 weeks and declined slightly over the course of the
experiment to a final concentration of 220 pg/ml at study
termination (Fig. 2a). Although endogenous LCAT level in
mice is unknown, it is likely in the similar magnitude to
humans. We therefore have achieved likely more than a
20-fold overexpression of hLCAT above endogenous
background in these mice. Prolonged increase in HDL
(1.4- to 2-fold increase compared to the Luc group, and
up to 150 mg/dL) was also observed from 2 weeks on
until study termination (Fig. 2b).

Next, we evaluated functional properties of the overex-
pressed hLCAT protein from terminal bleeds with an
LC/MS activity assay that also reveals fatty acyl chain
preference of LCAT. A significant increase in the formation
of four d6-CE product species was observed in the hLCAT
group compared to the Luc group. Moreover, the fold
increase of the hLCAT group over the Luc group was much

higher in d6-CE 18:2 and d6-CE 18:1 than in d6-CE 20:4
and d6-CE 22:6 (Fig. 2c). This observation is consistent
with the fact that human LCAT favors 18:2 and 18:1 more
than 20:4 and 22:6 at the sn-2 position, whereas mouse
LCAT is the opposite[32, 33]. No other deuterium-labeled
CE species were detected, consistent with the fact that
18:2, 18:1, 20:4, and 22:6 constitute the majority of fatty
acyl groups in the sn-2 position of egg yolk PC in the
substrate [34, 35]. In conclusion, circulating hLCAT in
these hCETP;Ldlr"”~ mice was functionally active, and its
substrate specificity was characteristic of the human
enzyme.

Lipids, Lipoproteins, and Apolipoproteins in Whole Plasma

Lipids, lipoproteins, and apolipoproteins in unfractionated
whole plasma at study termination were analyzed, and
results are shown in Table 1. Compared to the Luc group,
the hLCAT group had a significant increase in plasma TC,

Fig. 2 Sustained hLCAT expres- A B
sion and HDL raising were
observed in the 32-week study. 400 200-
Saline, AAV-hLCAT or AAV—LI/J,C « -
was injected into hCETP;Ldlr"~ N |, * &,
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Table 1 Plasma lipids, lipoproteins, and apolipoproteins at 32 weeks
postinjection of AAV8-hLCAT in hCETP;Ldlr"~ mice

Saline AAV-Luc AAV-hLCAT
Plasma lipids and lipoproteins (mg/dL):
TC 124+5 128+7 198£8*
HDLc 104+8 111+6 155+6
LDLc 27+4 25+1 20+1
VLDLc 3.7+£0.6 52£1.2 2.4+0.4
TG 80+7 94+14 52+4%
CE 213+4 207+10 315+12
FC 46+4 47+3 81+4*
PL 22246 214+8 265+£8%*
Apolipoproteins:
apoAl (mg/dL) 56+5 5244 51+4
apoB (nM) 610+67 577+22 488+20

Levels of TC, HDLc, TG, CE, FC, and PL in unfractionated whole
plasma were determined by Wako kits. Levels of LDLc and VLDLc
were derived from FPLC analysis. Levels of apoAl and apoB were
determined via internally developed ELISA and LC/MS assays,
respectively. n=9 per group

*p<0.05 compared to AAV-Luc

HDLc, CE, FC, and PL, and a significant decrease in
plasma LDLc and apoB. Plasma TG level in the hLCAT
group also displayed a robust (45%) and significant
reduction. VLDLc was overall at a much lower level than
LDLc and trended toward decrease without reaching statistical
significance. There was no significant difference in plasma
apoAl level between the two groups. For additional param-
eters in unfractionated plasma, the hLCAT group had

significantly lower FFA levels than the Luc group, whereas
3-HBA (beta-hydroxybutyrate), glucose, AST (aspartate
aminotransferase), and ALT (alanine aminotransferase)
remained unchanged (not shown).

Lipid Analyses in the Lipoprotein Particles

Lipoproteins in plasma samples from the Luc group and
hLCAT group were separated by two independent
methods, FPLC and polyacrylamide gel electrophoresis.
Both analyses revealed the increased HDL particle size in
the hLCAT group (Fig. 3).

To isolate the lipoprotein particles for subsequent lipid
analysis, the polyacrylamide gel electrophoresis system was
chosen because it offers better separation of HDL from
LDL compared to the FPLC system. Gel fragments
containing VLDL, LDL, and HDL were excised, subjected
to lipid extraction, followed by LC/MS analyses of all lipid
species in major lipid classes (CE, PC, LysoPC, TG) as well
as FC. HDL lipid compositional analysis (Fig. 4) demon-
strated that HDL in the hLCAT group had significantly
increased CE, significantly decreased TG, and marginally
significantly decreased PC, compared to HDL in the Luc
group. Moreover, percentage of CE in HDL lipids had
increased from 28% in the Luc group to 43% in the hLCAT
group, indicating that HDL particles in the hLCAT group
became highly CE-enriched. The increase in HDL CE
was predominantly in CE 18:1 and CE 18:2, while the
increase in additional CE species was much more
modest and statistically insignificant (Table 2). The
hLCAT group thus displayed a humanized CE profile
due to hLCAT expression.
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Fig. 3 HDL particle size increased in the AAV-hLCAT group.
Lipoproteins in the terminal bleeds were separated by two independent
methods, FPLC and polyacrylamide gel electrophoresis. a FPLC
profiles of the Luc group and the hLCAT group to illustrate
appearance of larger HDL in the latter group. Y-axis is the absorbance

Retention Time [min]

at 600 nm from in-line colorimetric assay for TC. Each /ine represents
one mouse in the group. b Polyacrylamide gel electrophoresis image
of a representative sample from each group to illustrate slower
migration of HDL in the hLCAT group. n=9 per group
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Fig. 4 Lipid composition

in HDL. Lipoprotein particles
from the AAV-Luc and AAV-
hLCAT groups were isolated
from gel electrophoresis, with
their lipids subsequently
extracted and quantitated by LC/
MS. Top, a pie chart in which
major lipid classes (CE, PC,
LysoPC, TG, FC) are expressed
as a percentage of total lipids in
HDL. Bottom, mean+standard
error of mean for each lipid
class in each HDL group.

n=_8 per group; *p<0.05
compared to AAV-Luc; 1p=0.05
compared to AAV-Luc

AAV-Luc HDL AAV-hLCAT HDL
FC FC

TG TG

6% 2% 3, 3%

\
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20%

CE = 96+7 mg/dL

PC = 68+23 mg/dL
LysoPC = 155+8 mg/dL
TG =21+5 mg/dL

FC = 7+2 mg/dL

\ /

LysoPC
46%

T—pc

5%
* CE = 133+3 mg/dL
1 PC = 16+8 mg/dL
LysoPC = 145+7 mg/dL
* TG = 10+2 mg/dL
FC = 8+2 mg/dL

Given the robust plasma TG reduction in the preceding
analysis (Table 1), we analyzed the TG content and
composition in the lipoprotein particles in detail. HDL TG
composition is delineated in Table 3. For all 18 detectable

Table 3 HDL TG analysis

TG species, HDL TG in the hLCAT group either trended AAV-Luc AAV-hLCAT
toward a decrease or displayed a significant decrease
compared to HDL TG in the Luc group. The hLCAT group TG 48:2 0.90+0.25 0.53+0.10
also exhibited a significant reduction in TG content in LDL, TG 50:1 0.70+0.19 0.39+0.07
and a trend toward TG reduction in VLDL (Fig. 5a). In the TG 50:2 1.80+0.48 0.99+0.17
hLCAT group, TG composition in HDL had a striking TG 50:3 0.54+0.13 0.17+0.05*
similarity to the TG composition in VLDL (Fig. 5b). TG 50:4 01240.03 0.08+0.01
TG 52:2 2.78+0.68 1.61+0.27
TG 52:1 0.15+0.04 0.11+0.03
Table 2 HDL CE analysis TG 52:3 3.03+0.74 1.73+£0.29
AAV-Luc AAV-hLCAT TG 54:1 0.10+£0.03 0.06+0.01
TG 54:2 0.11+0.03 0.05+0.01
CE 16:0 2.04+0.23 4.04+0.77 TG 54:3 2.06+0.55 0.95+0.16
CE 18:1 7.48+0.65 13.51+0.71* TG 54:4 1.84+0.49 0.91+0.15
CE 18:2 41.22+2.82 62.75+2.62% TG 54:5 1.25+0.33 0.57+0.10
CE 18:3 0.59+0.02 1.01£0.07* TG 54:6 0.28+0.07 0.16+0.03
CE 20:3 2.324+0.25 2.47+0.26 TG 547 0.07+0.02 0.01£0.0*
CE 20:4 29.48+3.05 34.13+2.35 TG 56:8 0.51+0.13 0.23+0.04
CE 20:5 5.48+0.59 7.51+0.55 TG 58:9 1.58+0.47 0.28+0.05*
CE 22:6 7.88+0.67 7.90+0.36 TG 52:4 1.33+0.3 0.75+0.14

CE species in the lipoprotein fractions were quantitated by LC/MS.
Shown is level of each CE species (in milligrams per deciliter) in the
HDL fraction of the Luc group and the hLCAT group. All CE species
that were detectable in HDL were included in the table. n=8 per group

*p<0.05 compared to AAV-Luc
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TG species in the lipoprotein fractions were quantitated by LC/MS.
Shown is level of each TG species (in milligrams per deciliter) in the
HDL fraction of the Luc group and the hLCAT group. All TG species
that were detectable in HDL were included in the table. n=8 per group

*p<0.05 compared to AAV-Luc
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Fig. 5 TG analysis in the lipoprotein particles. a Level of TG as
determined by LC/MS, in VLDL, LDL, and HDL from the AAV-Luc
group and AAV-hLCAT group. b Compositional analysis of TG in
HDL and VLDL from the AAV-hLCAT group. Each TG species is

PC analysis in the lipoprotein particles indicated that
while PC content in HDL of the hLCAT group had a
marginally significant decrease, LDL PC content had no
major change and VLDL PC trended toward increase
(Fig. 6a). All major PC species appeared to change in the
opposite directions in VLDL and HDL (Fig. 6b).

Discussion

In this study, we achieved a robust and sustained over-
expression of circulating hLCAT and concomitant HDL
raising in hCETP;Ldlr"" mice via a single dose of AAV-
hLCAT. AAV-hLCAT-treated animals were healthy with
normal body weight gain, normal liver enzyme levels, and
normal liver pathology as compared to the AAV-Luc and
saline control groups (not shown), suggesting hLCAT
overexpression in these mice did not alter their general
physiology. AAV-mediated LCAT expression also appeared
titratable. Thus, dose-ranging studies could be further
performed to identify a therapeutic window.

expressed as percentage of total TG in the corresponding lipoprotein
particle. All TG species that were detectable in HDL were included in
the graph. n=8 per group; *»<0.05 compared to AAV-Luc

It has been suggested that increased HDL levels and
large HDL particles may be associated with a reduced
risk for cardiovascular diseases [36—39]. Increasing
LCAT function is therefore an attractive therapeutic
approach as it promotes HDL maturation from small pre-
beta migrating particles to large CE-enriched particles. In
our study, with a persisting, over 20-fold overexpression
of LCAT and remarkable increase in LCAT activity, we
observed a corresponding prominent (1.4- to 2-fold)
increase in HDL cholesterol over the 32-week study
period (Fig. 2). Circulating apoAl level remained the
same (Table 1), suggesting that the major change was in
HDL particle size as a result of CE-enrichment, rather than
particle number. Indeed our FPLC and polyacrylamide
gel fractionation systems both revealed the appearance of
larger HDL particles (Fig. 3). Although additional studies
are needed to delineate functional properties of these large
HDL particles, our results demonstrate that chronic over-
expression of hLCAT can elicit a prolonged effect of HDL
raising, HDL particle enlargement, and a humanized HDL
CE profile.
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A significant reduction in LDL and apoB was also
observed in our study. It had been demonstrated that
hLCAT-transgenic rabbit had reduced apoB level due to
increased apoB fractional catabolic rate (FCR) [40]; Ad-
mediated short-term expression of hLCAT in nonhuman
primates also exhibited apoB reduction due to increased
FCR of LDL [21]. In comparison, LCAT overexpression in
mice that lacked LDLR [41] or lacked CETP transgene [18]
did not produce apoB reduction. We therefore hypothesize
that our LDL and apoB lowering was due to enhanced LDL
and apoB clearance through the retained copy of LDLR,
after transfer of CE from CE-enriched HDL to non-HDL
via CETP. It is to be noted here that since our mice were not
on atherogenic diet, their apoB and LDL levels were
modest. Future studies on atherogenic diet with analyses on
LDL production rate and FCR are needed to further explore
the mechanism of LDL reduction.

TG, PC, and LysoPC, as additional major lipid classes in
circulation, were analyzed in the lipoprotein particles as
well. We found that TG reduction was broad in the TG class
and in lipoprotein fractions, and that TG composition in
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species, in either VLDL or HDL, in the hLCAT group compared to the
Luc group. PC 28:4 and PC 30:4 were not included in this analysis as
they were very minor species (<1% of total PC in the lipoprotein
fractions). n=8 per group; Tp=0.05 compared to AAV-Luc

HDL was highly similar to VLDL (Fig. 5). The latter
observation is consistent with the understanding that VLDL
is the main origin for plasma TG, and that TG incorporation
in HDL is primarily due to CETP action in these mice. Our
observation of TG reduction is also consistent with the
LCAT overexpression model in monkeys [21] and the
observation that FLD patients typically have hypertrigly-
ceridemia possibly due to defective chylomicron and
VLDL clearance [15, 42]. It is plausible that hLCAT
overexpression in these mice had resulted in increased
lipase activity and VLDL lipolysis and that TG reduction in
HDL was primarily driven by TG reduction in VLDL and
mediated by CETP action. For PC analysis, the AAV-
hLCAT-treated mice displayed a weak trend of reduced
HDL PC (Fig. 6a), consistent with the finding that FLD
patients tend to have increased HDL PC [42]; all major PC
species appeared to change in opposite directions in VLDL
and HDL (Fig. 6b), suggesting that phospholipid transfer
protein activity may have been modulated. Total plasma PC
had an insignificant 7% increase in the AAV-hLCAT-treated
mice (not shown) and was consistent with the analysis of
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plasma PL (Table 1). For LysoPC analysis, somewhat
counterintuitively, AAV-hLCAT-treated mice showed no
difference from AAV-Luc-treated mice in LysoPC content
or composition (Fig. 4 and not shown). A detailed
understanding of the above results awaits future studies
on circulating enzymes, particularly those involved in TG,
PC, and LysoPC metabolism.

Lipids in liver, bile, and feces were also analyzed and
displayed no major changes between the Luc and the
hLCAT groups (not shown). Absence of significant changes
in these compartments despite prominent changes in
circulating lipids suggests that the whole body lipid
metabolism may have reached a new steady state. Acute
phase studies instead, may allow a better view of responses
in tissue lipid metabolism and mechanism of LCAT action;
metabolic flux studies with a tracer approach in an
atherosclerosis model may further elucidate LCAT’s role
in reverse cholesterol transport and atherosclerosis.

Transcriptional regulation of LCAT expression in liver
is poorly understood. Overexpression of LCAT protein
under normal physiological conditions may not be easily
achievable. Interpretation of our findings with regard to
its therapeutic potential thus carries a limitation. None-
theless, using the AAVS delivery platform, we created an
animal model that mimics chronic yet non-lifetime LCAT
protein therapy. Unlike most LCAT transgenic mouse
models, our model exhibited not only increased HDL,
but also reduced LDL, triglycerides, and apoB. Our detailed
characterization of major lipid classes in lipoprotein particles
points to an intimate role of LCAT in metabolism of not only
HDL and CE lipid class, but also apoB-containing
particles and additional lipid classes. Our results thus
pave the way for future studies on LCAT’s role in
lipoprotein metabolism and dyslipidemia.
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