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Abstract

This study aimed to examine whether expression of human hepatic lipase (hHL) exerted an intracellular effect on
hepatic production of apolipoprotein (apo) A-I. The levels of secreted and cell-associated apoA-I were contrasted
between primary hepatocytes isolated from Lipc-null and C57BL/6 mice, and between Lipc-null hepatocytes trans—
fected with either hHL-encoding or control adenovirus. An HSPG-binding deficient hHL protein (hHLmt) was used
to determine the impact of cell surface binding on HL. action. Accumulation of apoA-I in conditioned media of
primary hepatocytes isolated from Lipc-null mice was increased as compared to that from C57BL/6 mice.
Metabolic labeling experiments showed that secretion of *’S-apoA-I from Lipc-null cells was significantly higher
than that from C57BL/6 cells. Expression of hHL in Lipc-null hepatocytes, through adenovirus-mediated gene
transfer, resulted in decreased synthesis and secretion of 35S—apoA—I, but not 3SS—apoE, as compared with cells trans—
fected with control adenovirus. Expression of HSPG-binding deficient hHLmt in Lipc-null cells also exerted an
inhibitory effect on apoA-I production, even though hHLmt displayed impaired exit from the endoplasmic reticu—
lum as compared with hHL. Subcellular fractionation revealed that expression of hHL or hHLmt led to increased
microsome-association of apoA-I relative to non-transfected control. Expression of hHL negatively impacts hepatic
production of apoA-I.
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A dual function has been ascribed to hHL — it acts as a
triacylglycerol (TAG) hydrolase and phospholipase,

INTRODUCTION

A strong inverse correlation exists between the level
of plasma high density lipoprotein (HDL)-associated
cholesterol and the incidence of coronary heart dis—

[1] . o L. .
ease . Genome-wide association studies have shown
that the HL gene (LIPC) is a genetic determinant asso—
ciated with plasma HDL-cholesterol concentrations” "
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and also acts as a ligand (independent of its catalytic
activity) for cell surface anchorage/uptake of various
lipoproteins”. Deficiency of HL in humans is charac—
terized by an elevation in plasma concentrations of
cholesterol and TAG as well as large, buoyant HDL
particlesmixl. The Lipc-null mice exhibited elevated
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plasma cholesterol (including HDL-cholesterol), phos—
pholipid, and apoA-I (the major apolipoprotein of
HDL)”"". On the other hand, infection of Lipc-null
mice with hHL-encoding adenovirus resulted in
decreased cholesterol, TAG, phospholipids, HDL-cho—
lesterol and apoA—Im’m. Mature hHL (476 amino
acids) secreted from hepatocytes is mainly associated
with HSPG on the cell surface'”' whereas secreted
mouse HL is mostly blood borne' ™", Structure-func—
tion analyses with HL and lipoprotein lipase (LPL)
chimeric proteins suggested that the carboxyl-terminal
domain of HL. was important for HSPG—binding“S], and
more recent systematic analysis of hHL showed that
HSPG-binding domains span amino acids 301 through
320 and the carboxyl-terminal amino acids 465
through 476", A chimeric hHL protein (designated
hHLmt), in which the carboxyl terminus of hHL
(amino acid residues 406 through 476) was replaced
with the corresponding mouse sequence, exhibited
reduced HSPG binding activity and yet retained cata—
lytic activitym]. Expression of the HSPG-binding defi—
cient hHLmt in C57BL/6 mice resulted in decreased
apoA-I, HDL-cholesterol, and HDL-phospholipid
in pre-heparin plasma relative to hHL-expressing
mice' .

While most studies have described the extracellular
roles of HL in the catabolism of plasma lipoproteins,
some data have suggested that HL may also play an
intracellular role. Lipolytic activity of HL has been
detected within the ER/Golgi secretory pathway in
transfected Chinese hamster ovary cells (CHO) and
rat primary hepatocytes' . We documented that
expression of hHLmt resulted in decreased levels of
secreted apoA-I from mouse primary hepatocytes'
and that expression of hHL in McA-RH7777 cells,
either in the catalytically-active or -inactive form (in
which Ser-145 at the catalytic site of the enzyme was
substituted with Gly), impaired the secretion of
TAG-rich very low density lipoproteins (VLDL)"™".
Recently, Erickson et al.”"' also showed that endoplas—
mic reticulum-localized hepatic lipase in McA-
RH7777 cells decreased TAG storage and VLDL
secretion. In McA-RH7777 cells, TAG utilized for
VLDL maturation is present in the microsomal lumen
in the form of lipid dropletsm]. Expression of hHL,
independent of its catalytic activity, diminished the
newly synthesized TAG associated with the lumenal
lipid dropletsm]. Thus, expression of the hHL protein
within the microsomal lumen appears to negatively
affect formation of the lumenal TAG pool utilized
for VLDL assembly/secretion. Whether or not hHL
expression in hepatic cells also exerts an effect on
HDL formation or secretion has not been examined.

Recent in vivo and cell culture studies have shown
that the liver is the major organ for murine HDL pro—
duction, and that the apoA-I/HDL production is
dependent on the activity of the transmembrane protein
ATP-binding cassette transporter A1 (ABCA1)"™"
Studies with cultured mouse primary hepatocytes have
shown that most secreted apoA-I was in association
with phospholipid and cholesterol, suggesting intracel—
lular assembly of nascent HDL (or minimally lipidated
apoA-I)™"". However, from human hepatoblastoma
HepG2 cells, apoA-I was secreted in the form of
lipid-poor protein in addition to HDL particles[“%].
The cellular location where the ABCA1-dependent
apoA-I lipidation occurs remains unclear. In hepatic
cells, lipidation of apoA-I may take place within
the ER/Golgi secretory pathway[m. In non-hepatic
cells, the ABCAI-dependent apoA-I lipidation may
occur on the plasma membrane”” as well as at the
endosome'™”

In the present study, we tested the hypothesis that
expression of hHL in hepatic cells may attenuate the
production and secretion of apoA-I. Because apoA-I
lipidation is a membrane-associated event, we also
determined the potential role of hHL-membrane asso—
ciation (through HSPG binding) by comparing the
action of hHL with the HSPG-binding deficient variant
hHLmt. Data obtained from the present transfection
studies suggested that transient expression of either
hHL or hHLmt negatively impacted apoA-I production
from Lipc-null primary hepatocytes.

MATERIALS AND METHODS

Materials

Dulbecco’s modified Eagle’s medium (DMEM),
Met/Cys-free DMEM, Williams Medium E,
Hepatozyme medium, fetal bovine serum (FBS), and
antibiotic/antimycotic were purchased from
Invitrogen Canada (Burlington, ON). Heparin, fibro—
nectin, and fumed silica were purchased from Sigma-
Aldrich (Oakville, ON). The Primaria dishes were from
BD Biosciences (Mississauga, ON), and the [’S]Met/
Cys was obtained from MP Biochemicals (Solon, OH).
Protease inhibitor cocktail and chemiluminescent sub—
strates were purchased from Roche Diagnostics (Laval,
PQ). The antibody to detect hHL. (by immunoblot ana—
lysis) was obtained from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA), the antibodies to detect
mouse apoE and apoA-I (for immunoblot and immu—
noprecipitation) were purchased from BioDesign
International (Saco, ME, USA), and the antibodies to
detect mouse calnexin and giantin were obtained from
Stressgen Bioreagents (Ann Arbor, MI, USA) and
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Abcam (Cambridge, MA, USA), respectively. The anti-
hHL antibody used for immunoprecipitation of HL was a
kind gift from Dr. Ann White (University of Texas
Southwestern Medical Center).

Mice

C57BL/6 (obtained from Charles River Laboratories
(Wilmington, MA, USA) and C57BL/6 Lipc-null
(obtained from Jackson Laboratory Bar Harbor, ME,
USA) mice were maintained on a normal chow diet
and a 12-hour light/12-hour dark cycle. Female
C57BL/6 or Lipc-null mice (aged 8—14 weeks) were
used for hepatocyte isolation. All experiments were
performed in accordance with the guidelines and ethi—
cal standards laid down by the Canadian Council of
Animal Care regarding the care and use of animals
for experimental procedures. All animal protocols were
approved by the University of Ottawa Animal Care
Committee.

Primary hepatocyte isolation

Primary hepatocytes were isolated from mice by col—
lagenase liver perfusion as previously described””™",
and plated at a density of 1 X 10° cells/well on fibro—
nectin-coated 6-well Primaria dishes in Williams
medium E containing 10% FBS and 100 U/mL antibio—
tic/antimycotic (Williams complete media). The viabi—
lity of the cell preparation was at least 85% (as
determined by trypan blue exclusion prior to plat—
ing cells). The primary cells were harvested or infected
with adenovirus 4 hours after plating (refer to section

below).

Cell culture

The HepG2 cell line was obtained from the
American Type Culture Collection and maintained in
DMEM supplemented with 10% FBS.

Adenovirus generation and cell transfection

The adenoviruses encoding hHL, hHLmt and
enhanced green fluorescent protein (EGFP) were gen—
erated at the Viral Vector Core Facility, Canadian
Stroke Network, Ottawa Hospital Research Institute
at the University of Ottawa using the AdEasy adeno—
viral system (Q-Biogene, Carlsbad, CA, USA)
according to manufacturer’s instructions. The adeno—
virus encoding luciferase was generated as previously
described"”. Primary mouse hepatocytes or HepG2
cells were incubated with adenovirus in a minimal
amount of serum-free DMEM for 1 hour, culture
media was added, and the cells were used for experi—
mentation after 36 hours.

Immunoblot analysis

Primary cells were incubated with serum-free
Hepatozyme medium, while HepG2 cells were incu—
bated in serum-free DMEM = heparin (100 U/mL)
for 4 hours. The cells were harvested in sample loading
buffer (SLB: 10 mM Tris, pH 8.0, 8 M urea, 2% SDS,
10% glycerol, 5% p-mercaptoethanol and bromophe—
nol blue). The secreted hHL, apoA-I, or apoE proteins
were adsorbed onto hydrated fumed silica (Cab-O-Sil)
as previously described”", and eluted in SLB. The cell-
associated and secreted proteins were resolved by
sodium dodecyl sulphate polyacrylamide gel electro—
phoresis (SDS-PAGE), and transferred onto nitrocel—
lulose membrane for immunoblot analysis with
appropriate antibodies against HL, apoA-I, and apoE.
Densitometric analysis was performed using Quantity
One software from BioRad.

Metabolic labeling of proteins

Cells were pretreated with Met/Cys-free medium for
30 min and then labeled with [%S]Met/Cys (100 uCi/
mL) in Met/Cys-free DMEM for indicated times.
Pretreatment and labeling media were supplemented
with 10% FBS and + heparin (100 U/mL). The *’S-
labeled proteins (apoA-I, apoE, hHL and hHLmt) were
immunoprecipitated from the cells and media and
resolved by SDS-PAGE. Radioactivity associated with
the *’S-labeled proteins was quantified by scintillation
counting and normalized to cell protein levels.

Subcellular fractionation

Primary hepatocytes were harvested 36 hours post
hHL- or hHLmt-adenovirus transfection in homogeni—
zation buffer (25 mM Tris-HCI, 250 mM sucrose,
1 mM EDTA), homogenized by ball bearing homoge—
nizer, and fractionated as previously described™. The
microsomal pellet was subjected to Nycodenz gradient
ultracentrifugation as previously described™ to further
separate the microsome into ER and Golgi fractions.
After centrifugation, 14 fractions were collected and
an aliquot of each fraction was resolved by SDS-
PAGE. The presence of hHL, hHLmt, apoE, calnexin
and giantin was analyzed by immunoblotting as
described above.

Statistical analyses

Values were expressed as mean * SD. The signifi—
cance of differences among control and hHL-expressing
cells was analyzed using Student’s #-test. The signifi—
cance of differences among control, hHL, and hHLmt
was analyzed by ANOVA followed by Dunnett’s post-
hoc tests. P << 0.05 was considered significant.
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RESULTS

Expression of hHL in Lipc-null hepatocytes
decreased apoA-I production and secretion.

The Lipc-null mice displayed increased plasma
apoA-I, and the fractional catabolic rate of apoA-I in
Lipc-null mice was normal”'”. These results suggested
that the increased apoA-I in Lipc-null mice may be
related to altered apoA-I production. Thus, we exam—
ined apoA-I secretion from primary hepatocytes iso—
lated from Lipc-null mice. Immunoblot analysis of
conditioned media from the Lipc-null cells showed that
the accumulation of apoA-I, but not apoE, was mark—
edly higher as compared to control hepatocytes isolated
from C57BL/6 mice (Fig 1A). Metabolic labeling
experiments confirmed that the incorporation of ”s-
labeled amino acids into medium apoA-I was signifi—
cantly increased (albeit by only 20%) from Lipc-null
cells as compared to that from C57BL/6 cells (Fig.
1B, right panels). The levels of cell-associated "S-
apoA-I were similar between Lipc-null and C57BL/6
cells (Fig. 1B, left panels). Concentrations of cell-
associated and secreted *’S-labeled apoE (another hepatic
secretory protein) were comparable between the two cell
types (Fig. 1C). These results provide the first indication
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that HL expression may have an impact on hepatic
apoA-I secretion.

We next examined whether or not restoration of
hHL expression in Lipc-null hepatocytes would nega—
tively impact apoA-I secretion. Expression of hHL was
achieved using hHL-encoding adenovirus at increasing
viral dosage. Immunoblot analysis showed robust hHL
expression and secretion in a gene dose-dependent
manner (Fig. 2A). As expected, the expressed hHL
was, to a large extent, cell surface associated and could
be released into media following treatment with
heparin (Fig 2B). Increased expression of hHL in
Lipc-null hepatocytes resulted in gradually diminished
accumulation of apoA-I in the media, as compared to
cells transfected with control adenovirus (Fig. 3A,
left panel). The level of cell-associated apoA-I was
slightly decreased in hHL-transfected cells as com—
pared to cells transfected with control adenovirus
(Fig. 3A, right panel). The effect of hHL expression
on cell-associated and secreted apoE was minimal
(Fig. 3B). Metabolic labeling experiments confirmed
that expression of hHL negatively impacted apoA-I
(but not apoE) synthesis and secretion. Thus, incor—
poration of “S-labeled amino acids into medium
(Fig. 3C, left panels) and cell-associated (Fig.
3C, right panels) apoA-1 was decreased by 50%
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Fig. 1 Lipc-null primary hepatocytes secrete increased levels of apoA-I relative to wildtype cells. A: Immunoblot analysis of apoA-I

and apoE in cells or secreted into media (collected from 4 hours serum-free Hepatozyme media) from Lipc-null or wildtype (C57BL/6) primary
hepatocytes. B and C: Lipe-null or wildtype hepatocytes were labeled with [°S]met/cys for 4 hours in DMEM containing 10% FBS and 100 U/mL
heparin. ApoA-I (B) and apoE (C) were recovered from cells (left panels) and media (right panels), resolved by SDS-PAGE, and visualized by
fluorography (insets). The intensity of “’S-apoA-I and ’S-apoE was quantified by scanning densitometry, and the results were expressed relative to
wildtype, set to 1. Error bars indicate mean * SD of three independent experiments. Statistical significance: # P < 0.01 (Student’s t-test of KO vs.

WT).
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Fig. 2 Human HL is robustly expressed and secreted from Lipc-null primary hepatocytes 36 hours post-infection with hHL-
encoding adenovirus. A: Immunoblot analysis of cell-associated and secreted hHL (collected from 4 hours serum-free Hepatozyme media containing
100 U/mL heparin) from Lipc-null primary hepatocytes infected with up to 5 pfu/cell of hHL-encoding adenovirus. Cell-associated levels of apoE were used
as a loading control. B: The Lipc-null primary hepatocytes were treated similarly as in A except infected, or not (no inf), with 20 pfu/cell of hHL-adenovirus
and the conditioned media either contained, or did not contain, 100 U/mL heparin. Cell-associated levels of apoE were used as a loading control.
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Fig. 3 Expression of hHL decreases the synthesis and secretion of apoA-I from Lipc-null primary hepatocytes transiently
expressing hHL. A and B: Lipc-null primary hepatocytes infected with up to 20 pfu/cell of either control- or hHL-encoding adenovirus were incubated
for 4 hours with serum-free Hepatozyme medium (containing 100 U/mL heparin). ApoA-I (A) and apoE (B) from media (left panels) and cells (right
panels) were detected by immunoblot analysis. C and D: Lipc-null primary hepatocytes infected with 5 pfu/cell of either control-, or hHL-encoding
adenovirus were labeled with [°S]met/cys for up to 2 hours in media containing 10% FBS and 100 U/mL heparin. The *S-apoA-I (C) and *“’S-apoE (D)
were recovered from the media (left panels) and cells (right panels) by immunoprecipitation, resolved by SDS-PAGE, visualized by fluorography (upper
panels), and quantified by scintillation counting (bottom panels). Error bars indicate mean * SD from two independent experiments.
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18 to 48 h) (data not shown). These data together
strongly suggest that expression of hHL in hepatocytes
specifically compromised the synthesis and secretion
of apoA-I (not apoE).

Expression of HSPG-binding deficient hHLmt
in Lipc-null hepatocytes also resulted in
decreased apoA-I production and secretion.

We have previously shown that expression of the
HSPG-binding deficient hHLmt in C57BL/6 mice
resulted in markedly decreased plasma apoA-I and
HDL-associated phospholipids and cholesterol in
vivo" . To gain insight into hHLmt expression on
apoA-I secretion, we transfected Lipc-null hepatocytes

with hHLmt-encoding adenovirus, and compared its
effect with that of hHL. Similar to what was observed
for hHL-adenovirus (Fig. 2A), transfection with
hHLmt-adenovirus resulted in robust expression in
Lipc-null hepatocytes (Fig. 4A). The expressed
hHLmt, as expected, exhibited decreased binding to
HSPG. Thus, unlike what was observed for hHL,
heparin treatment of hHLmt-expressing hepatocytes
did not show marked increase in the released hHLmt
protein into the media (Fig. 4B). Secretion of hHLmt
into the media (even in the presence of heparin), how—
ever, was less efficient from the transfected hepatocytes
as compared to hHL (Fig. 4B). Metabolic labeling
experiments showed that the level of secreted *’S-
hHLmt was ~50% lower as compared to that of ”s-
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Fig. 4 The hHmt chimera exhibits reduced secretion relative to hHL from Lipc-null primary hepatocytes infected with either hHL-
or hHLmt-adenovirus. A: Lipc-null primary hepatocytes infected with up to 20 pfu/cell of hHLmt-encoding adenovirus were incubated for 4 hours with
serum-free Hepatozyme medium containing 100 U/mL heparin. The hHLmt protein was detected from cell and media by immunoblot analysis. Cell-
associated levels of apoE were used as a loading control. B: The Lipc-null primary hepatocytes were treated similarly as described in A except infected, or
not (no inf), with either hHL- or hHLmt-adenovirus (20 pfu/cell), and the conditioned media either contained, or did not contain, 100 U/mL heparin. Cell-
associated levels of apoE were used as a loading control. C and D: Lipc-null primary hepatocytes infected with 10 and 20 pfu/cell of either hHL (HL)- or
hHLmt (mt)-encoding adenovirus were labeled with [XSS]met/cys for up to 4 hours in media supplemented with 10% FBS and 100 U/mL heparin. The ”s-
HL (C) and S-apoE (D) were recovered from the media (left panels) and cells (right panels) by immunoprecipitation, resolved by SDS-PAGE, visualized
by fluorography (upper panels), and quantified by scintillation counting (bottom panels). The radioactivity was expressed relative to the highest point in
each plot, set to 100 %. Error bars indicate mean = SD from two independent experiments. Notably, the observed rates of synthesis and secretion show that
the synthesis of hHL or hHLmt reached a plateau after 2-hour labeling while the secretion of hHL and hHLmt continued to increase for up to 4-hour. This

[49]

may support what has previously been described that the rate limiting step of the production of HL is the formation of functional dimers . In particular, a

. . . . . [19])
large amount of inactive HL monomers are synthesized, processed into dimers, and then secreted .
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hHL under heparin treatment conditions (Fig. 4C, left
panel), even though cell-associated *S-hHLmt was
similar to that of ’S-hHL (Fig. 4C, right panel).
The levels of cell-associated and secreted *’S-apoE were
comparable in hHL- and hHLmt-expressing cells
(Fig 4D). The decreased rate of ~’S-hHL secretion is
probably attributable to impaired ER exit of the chimera
protein (see below).

The effect of hHLmt expression on the levels of cell-
associated and secreted apoA-I was similar to that
observed for hHL. Thus, as the level of hHLmt expres—
sion increased, the cell-associated and secreted levels
of apoA-I decreased relative to cells transfected with
the control adenovirus (Fig. 5A). Semi-quantitative
analysis by scanning densitometry showed that
expression of either hHL or hHLmt exhibited a similar

207

reduction in the levels of apoA-I (Fig. 5A, bottom
panels). [It is noteworthy that transfection of the cells
with the control adenovirus (i.e. vector that did not
encode HL) resulted in altered baseline expression of
apoA-I; thus there was a ~1.5-fold increase in secreted
apoA-I and ~3-fold increase in cell-associated apoA-I
upon transfection with the control adenovirus.]
Metabolic labeling experiments showed that incor—
poration of *’S-label into cell and medium apoA-I
was decreased (by 50%) in hHLmt-expressing hepato—
cytes as compared to control virus transfected cells
(Fig. 5B). Similar phenomena were observed in
another cell culture model. HepG2 cells transfected
with increasing doses of hHL and hHLmt adenovirus
exhibited reduced levels of secreted apoA-I (Fig
5C). Altogether, these results suggest that expression
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Fig. 5 Transient expression of hHL or hHLmt decreases the cell-associated and secreted levels of apoA-I. A: Lipc-null primary

hepatocytes infected with up to 20 pfu/cell of control-, hHL- or hHLmt-encoding adenovirus were incubated with serum-free Hepatozyme media for 4 h.
ApoA-I in the media (left panels) and cells (right panels) was detected by immunoblot analysis (top panels). The bands were quantified by densitometry
and expressed relative to non-transfected (0) control, set to 1 (bottom panels). Error bars indicate mean £ SD of three independent experiments.
Statistical significance: * P < 0.05 (One-way ANOVA analysis of hHLmt or hHL vs. control-adenovirus). Control adenoviruses used encoded either
EGFP or luciferase. B: As described in Fig 3C except the cells were infected with hHLmt-encoding adenovirus instead of hHL-adenovirus. C: HepG2
cells infected with up to 20 pfu/cell of hHL (HL)- or hHLmt (mt)-adenovirus were incubated with serum-free DMEM containing 100 U/mL heparin for
4 hours. ApoA-I and HL in the media or cells were detected by immunoblot analysis. Results are representative of two independent experiments.
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of either hHL or hHLmt negatively impacted the pro—
duction and secretion of apoA-I from hepatocytes.

Intracellular hHL probably exerts its effect
within the ER.

In an attempt to define mechanism(s) whereby hHL
expression negatively exerts an effect on apoA-I secre—
tion, we determined intracellular distribution of apoA-I
within HL-expressing and control cells. Subcellular
fractionation revealed that there was an increased
association of apoA-I with the microsomal fraction in
hHL- or hHLmt-expressing cells relative to non-trans—
fected control cells (Fig. 6A). The levels of micro—
some-associated apoE were unaltered by hHL
expression as compared to non-transfected control cells

A apoA-I S S
NN AN
88

W= | Micro

apoA-I1, micro apoA-1, cell
16 25
> 20

15

O no inf
m hHL
™ hHLmt

10

Level (A.U.)
o
Level (A. U.)

apoE

Giantin

Calnexin

1234567891011121314

Distal Cis/medial ER
golgi golgi

(Fig. 6B). Further fractionation of microsomes into
Golgi and ER, by Nycodenz gradient ultracentrifugation,
resulted in loss of the apoA-I signal (data not shown).
Hence, whether or not apoA-I was retained within the
ER was unascertained. Distribution of apoE within the
ER/Golgi secretory pathway, however, was unchanged
between hHL and hHLmt-expressing cells (Fig. 6C,
middle two panels). The expressed hHL was distributed
normally throughout the ER/Golgi secretory pathway.
However, the hHLmt chimera was mainly confined to
the ER (Fig. 6C, top two panels), suggesting retarded
ER exit of the HSPG-binding deficient hHLmt chimera.
It has been reported previously the HSPG-binding is
necessary for efficient ER/Golgi trafficking of LPL™.
Giantin and calnexin were used as markers for the frac—
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Fig. 6 hHL- and hHLmt-expressing cells exhibit increased levels of microsome-associated apoA-I relative to non-transfected
control, and hHL and hHLmt are differentially distributed intracellularly. A and B: Lipc-null primary hepatocytes infected, or not (no inf),

with 5 pfu/cell of either hHL- or hHLmt-adenovirus were homogenized and the microsomal fraction was isolated by sequential centrifugation steps.

ApoA-I (A) and apoE (B) were detected in the microsomal fraction (left panels) and cell homogenate (right panels) by immunoblot analysis (top panels)
and quantified by densitometry (bottom panels). Results are representative of two independent experiments. C: After hHL or hHLmt transfection (25
pfu/cell), the microsome was fractionated into Golgi and ER fractions by Nycodenz gradient. The steady-state distribution of HL (upper 2 panels), apoE

(middle 2 panels), and giantin and calnexin (bottom 2 panels) were determined by immunoblot analysis. Results are representative of at least three
independent experiments. The distribution of hHL or hHLmt within the secretory pathway was determined by plotting the intensity of each band as a

fraction of total.



Hepatic lipase affects ApoA-I production 209

tionated Golgi and ER, respectively (Fig. 4C, bottom
two panels). Because both hHL. and hHLmt expression
exerted similar negative effect on apoA-I secretion, and
because hHLmt protein showed predominant residence
in the ER, it is tempting to speculate that hHL exerts
its effect on apoA-I secretion within the ER.

DISCUSSION

Understanding how plasma HDL-cholesterol is regu—
lated is of utmost importance because of its cardio-pro—
tective properties. Plasma HDL-cholesterol concen—
trations are positively correlated with apoA—IM, and
deficiency of apoA-I is associated with complete
absence of HDL-cholesterol™” . Thus, the present
study intended to define mechanisms that regulate
hepatic apoA-I (and nascent HDL) production. Our data
showed that in primary hepatocytes, isolated from Lipc-
null mice, expression of hHL compromised apoA-I
synthesis and secretion. The inhibitory effect of hHL
was independent of its association with HSPG; thus,
both normal hHL and the HSPG-binding deficient
hHLmt exerted similar inhibition on apoA-I production.
Determination of distribution of hHL and hHLmt within
the ER/Golgi secretory compartments revealed that the
hHLmt chimera has an extended retention within the
ER, and kinetic studies showed impaired secretion of
hHLmt compared with that of hHL. Thus, it is likely that
hHL (and hHLmt as well) exerted its negative impact on
apoA-I production within the ER.

Until the landmark studies with the liver-specific
Abcal-deficient mice showing markedly decreased
plasma HDL-cholesterol””, HDL was thought to form
extra-hepatically or extra-intestinally through acquiring
lipids (i.e. cholesterol and phospholipids) from periph—
eral tissues by apoA-I. Indeed, acquisition of lipids by
apoA-I, presumably lipid-poor apoA-I secreted from
hepatocytes or enterocytes, was facilitated by ABCA1
on non-hepatic cells and lecithin:cholesterol acyl trans—
ferase. However, the liver-specific Abcal-deficient mice
studym] showed that the major organ for murine HDL
production is the liver. Thus, HDL-cholesterol concen—
tration in the liver-specific Abcal-deficient mice was
only 17% of that in control mice . In HepG2 cells,
approximately 20% of newly synthesized *’S-apoA-I
isolated from microsomes was associated with d <
1.25 g/mL fractions” ", suggesting intracellular lipida—
tion of apoA-I. Association of [SH]Choline—labeled
phospholipids and ['H]mevalonate-labeled sterol with
apoA-I within ER and medial-Golgi was also observed
in mouse primary hepatocytesw. Analysis of apoA-I-
containing particles by FPLC and 2-D PAGE showed
that both mouse primary hepatocytes and HepG2 cells

secreted nascent and mature HDL" ™. Thus, hepatic

HDL biogenesis can be initiated during apoA-I traversing
through the ER/Golgi compartments, resulting in secre—
tion of nascent and/or mature HDL.

Studies with non-hepatic cells, such as macrophage,
fibroblast and baby hamster kidney (BHK) cells, have
shown that HDL biogenesis from exogenously sup—
plied lipid-free apoA-I occurs at the plasma membrane
as well as at endosomes” """ Inhibiting ABCALI in
human skin fibroblasts revealed the presence of a
‘high-capacity binding site’ (i.e. a lipid-rich entity on
the plasma membrane unrelated to lipid raft domains)
onto which apoA-I binds and is lipidated[:‘q]. In
ABCALI over-expressing BHK cells, exogenously added
125I—apoA—I was found in association with plasma mem—
branes as well as intracellular compartments (not
involved in apoA-I degradation)[zm. Incubation of these
cells with apoA-I induced ABCA1 endocytosis™"
These results support a model where apoA-I lipidation
occurs through a retroendocytosis process involving
endocytosis and re-secretion. It is unclear if the retroen—
docytosis process exists in hepatic cells.

Although mechanisms responsible for hepatic bio—
genesis of apoA-I/HDL remain incompletely defined,
several lipid and protein factors affecting apoA-1/
HDL production have been identified. Diets rich in
saturated fat and cholesterol increased hepatic produc—
tion and secretion of apoA-I via mechanisms that occur
prior to Golgi exit of newly synthesized apoA—Im].
Rates of human apoA-I (hapoA-I) secretion, measured
by [:}H]leucine incorporation, were 40% greater from
primary hepatocytes prepared from hapoA-I transgenic
mice fed a high fat/high cholesterol diet relative to low
fat/low cholesterol diet"”. The abundance of hapoA-I
mRNA in these cells was similar, and inhibition of
secretion using brefeldin A revealed an accumulation
in cellular "H-hapoA-I""". The phospholipid transfer
protein (PLTP), which is known to mediate the transfer
of phospholipids from TAG-rich lipoproteins to HDL
in plasma, contributes to intracellular lipidation and
secretion of apoA-I/nascent HDL"'". The level of
apoA-I that accumulated in the media (as measured
by ELISA) was reduced in Pltp-null cells. Kinetic ana—
lysis showed that the secretion efficiency of apoA-I
was unaffected by Pltp inactivation, although liquid
chromatography/mass spectrometry studies showed
decreased choline-containing phospholipids in asso—
ciation with apoA-I from Pltp-null hepatocytes””
The cholesteryl ester transfer protein (CETP), which
is a plasma protein that mediates the transfer of neutral
lipids among lipoproteins, also possess (as yet unknown)
intracellular functions that affect the levels of apoA—Iml.
Antisense oligodeoxynucleotides against CETP in
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HepG2 cells resulted in increased cell-associated and
secreted apoA-I"". Besides its role as a macrophage
scavenger receptor in the progression of atherosclerosis,
CD-36 seems to play a hepatic function as well"”.
Primary hepatocytes from cd36-null mice exhibited
increased production and secretion of newly synthesized
apoA-I""". Although the mechanism by which CD-36
exerted an effect on apoA-I production was unclear,
RT-PCR analysis revealed that the apoA-I gene expres—
sion was increased in cd36-null mice'". Additionally,
transcription factors that regulate apoA-I gene expression
include HNF4, PPARe, RXRa, LXRs, and ARP-1""
in vivo studies have shown that Lipc-null mice
exhibited increased plasma apoA-I""", while the frac—
tional catabolic rate of apoA-I was comparable to con—
trol"”. These findings suggest that HL. may impair the
secretion of apoA-I. Indeed, the present study shows
that HL has a negative impact on the production and
secretion of apoA-I/nascent HDL from the hepatocyte,
and transfection studies with hHLmt shed some light
on the mechanism underlying this phenomenon.
Since hHLmt was mainly detected in the ER (and
had similar phenotypes on apoA-I as hHL expression)
it is tempting to speculate that the HL (temporarily)
residing in the ER, during its maturation within the
secretory pathway, affected the levels of microsome-
associated apoA-I leading to impaired apoA-I secre—
tion. It is unclear how HL reduced cell-associated
and secreted levels of apoA-I. Co-immunoprecipitation
experiments with anti-HL and -apoA-I antibodies
under non-denaturing conditions revealed that HDL
displaced hHL from the cell surface of CHO cells sta—
bly expressing hHL, suggesting a protein-protein
interaction between HDL and hHL'""'. Thus, the
possibility of apoA-I/HL interaction within the micro—
somal lumen does exist, and HL. might exert an impact
on apoA-I production through protein-protein interac—
tion. It has been suggested that de novo synthesized
apoA-I associates with phospholipids and cholesterol
prior to its secretion as nascent HDL particlesm]. It
has also been reported that appropriate phospholipida—
tion of apoA-I was required for apoA-I protein stabi—
litym]. Thus, HL. expression could negatively impact
the stability of newly synthesized nascent-HDL
(apoA-I) particles within the ER resulting in apoA-I
degradation. This would decrease cell-associated
apoA-I levels, and ultimately, decrease secreted levels
of apoA-I. Alternatively, HL expression might enhance
the binding of apoA-I transcriptional repressors or
impair the binding of positive regulators of apoA-I.
Our studies revealed a phenomenon that has not
been previously described, which is that transfection
of Lipc-null primary hepatocytes with control virus

vector resulted in increased apoA-I in both cells and
media as compared to non-transfected hepatocytes.
Viral infection in vivo is expected to elicit host
responses including lowering plasma apoA-I levels"”
However, such a response of apoA-I expression to
virus infection ex vivo/in vitro has not been reported
previously. Primary hepatocytes incubated with a
cytokine mixture (to stimulate the hepatic expression
of inflammatory markers) induced apoA-I expression
levels'"” showing that these changes in apoA-I were
derived from transcriptional regulation of apoA-I in
hepatic cells.

It is known that HL can reduce concentrations of
apoB-containing lipoproteins and HDL in the plasma.
Our recent work with transfected McA-RH7777 cells
has shown that expression of hHL had an intracellular,
but non-catalytic, role in reducing the lumenal lipid
droplet and impairing secretion of lipid-rich VLDL
particles[zm. The present study uncovered an intracellu—
lar role of hHL in the production and/or secretion of
liver derived apoA-I/HDL. The negative impact of
HL expression on the production of these lipoprotein
particles may be related to its unusual lengthy matura—
tion time (hours rather than minutes) within the ER/
Golgi compartments'”. Prior to dimerization and gain—
ing catalytic activity, the nascent HL might play an
intracellular function in attenuating lumenal lipid dro—
plet formation and apoA-I production. Once HL is
dimerized, the catalytic active form of HL is rapidly
secreted to play its extracellular function. Thus, in
addition to its role in the catabolism of apoB-contain—
ing lipoproteins and HDL in the circulation, HL. exerts
a negative effect on the production and/or secretion of
these particles, adding another level of complexity for
hHL function in lipoprotein metabolism.
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