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Abstract We have investigated the role of hepatic lipase
(HL) in remnant lipoprotein metabolism independent of lip-
olysis by using recombinant adenovirus to express native
and catalytically inactive HL (HL-145G) in apolipoprotein
(apo)E-deficient mice characterized by increased plasma
concentrations of apoB-48-containing remnants. In the
absence of apoE, the mechanisms by which apoB-48-con-
taining remnants are taken up by either low density lipopro-
tein (LDL)-receptor or LDL-receptor-related protein (LRP)
remain unclear. Overexpression of either native or catalyti-
cally inactive HL in apoE-deficient mice led to similar re-
ductions (

 

P

 

 

 

.

 

 0.5) in the plasma concentrations of choles-
terol (41% and 53%) and non high density lipoprotein
(HDL)-cholesterol (41% and 56%) indicating that even in
the absence of lipolysis, HL can partially compensate for
the absence of apoE in this animal model. Although the
clearance of [

 

3

 

H]cholesteryl ether from VLDL was signifi-
cantly increased (approximately 2-fold; 

 

P

 

 

 

,

 

 0.02) in mice
expressing native or inactive HL compared to luciferase
controls, the fractional catabolic rates (FCR) of [

 

125

 

I-labeled]
apoB- very low density lipoprotein (VLDL) in all three
groups of mice were similar (

 

P

 

 

 

.

 

 0.4, all) indicating selec-
tive cholesterol uptake. Hepatic uptake of [

 

3

 

H]cholesteryl
ether from VLDL was greater in mice expressing either na-
tive HL (87%) or inactive HL-145G (72%) compared to lu-
ciferase controls (56%). Our combined findings are consis-
tent with a role for HL in mediating the selective uptake of
cholesterol from remnant lipoproteins in apoE-deficient
mice, independent of lipolysis.  These studies support the
concept that hepatic lipase (HL) may serve as a ligand that
mediates the interaction between remnant lipoproteins and
cell surface receptors and/or proteoglycans. We hypothe-
size that one of these pathways may involve the interaction
of HL with cell surface receptors, such as scavenger recep-
tor (SR)-BI, that mediate the selective uptake of cholesteryl
esters.—
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Hepatic lipase (HL) is a member of a family of structur-
ally and functionally related enzymes that include pancre-
atic lipase and lipoprotein lipase (LPL). It is synthesized
by hepatocytes and binds to endothelial cells lining the
adrenals, ovaries, and the sinusoids of the liver (1, 2). HL
hydrolyzes triglycerides and phospholipids present in in-
termediate density lipoproteins (IDL) and high density li-
poproteins (HDL) and thus, through its function as a
lipolytic enzyme, plays a major role in the metabolism of
circulating plasma lipoproteins.

In addition to its enzymatic action as a lipase, several
groups have proposed an additional role for HL in cellu-
lar lipoprotein metabolism. In 1975, Felts, Itakura, and
Crane (3) first suggested that LPL might provide a recog-
nition site for lipoprotein removal by a remnant receptor.
Subsequent studies have provided in vitro evidence sup-
porting a role for both LPL (4–7) and HL (8–19) in medi-
ating the interaction of different lipoproteins with cell
surface receptors and/or proteoglycans as well as facilitat-
ing the cellular uptake of lipoproteins and/or lipoprotein
lipid. In LPL, this interaction appears to be independent
of the catalytic activity of the enzyme (20).

HL has been shown to enhance the binding and/or up-
take of chylomicrons, chylomicron remnants, or 

 

b

 

-VLDL
by isolated rat hepatocytes (9), HL-secreting hepatoma

 

Abbreviations: HL, hepatic lipase; LPL, lipoprotein lipase; pfu,
plaque-forming units; HDL, high density lipoprotein; LDL, low density
lipoprotein; IDL, intermediate density lipoprotein; VLDL, very low
density lipoprotein; FCR, fractional catabolic rate; SR-BI, scavenger re-
ceptor BI; LRP, LDL receptor-related protein; apo, apolipoprotein.
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cells (11, 15), perfused rat liver (10) as well as human
hepatoma, Chinese hamster ovary (CHO) (14, 16), and
human fibroblast cells (14). The process appears to re-
quire proteoglycans (12, 14). HL-mediated enhanced up-
take of these lipoproteins may, at least in part, be medi-
ated by the low density lipoprotein receptor-related
protein (LRP) which has been shown to bind to HL (12,
14). In addition, HL appears to promote the selective up-
take of cholesteryl ester from HDL by perfused rat liver
(8, 18), CHO cells expressing HL (13), and hepatoma
cells (17).

Although these combined studies provide strong evi-
dence for a role of HL and LPL in cellular lipoprotein
metabolism, the in vivo relevance of the lipase-receptor/
proteoglycan interactions have not been completely eluci-
dated. In the present manuscript we evaluate the potential
in vivo role for HL in remnant lipoprotein metabolism by
expressing a catalytically inactive HL (HL-145G) in apoE-
deficient mice (21) using recombinant adenovirus. We
demonstrate that both native HL and HL-145G reduce
the plasma concentrations of cholesterol present in circu-
lating remnant lipoproteins, providing new evidence for
an in vivo role of HL in lipoprotein metabolism indepen-
dent of lipolysis. In addition, our studies indicate that HL
facilitates the clearance of cholesteryl esters from the rem-
nant lipoproteins, which accumulate in apoE-deficient
mice, primarily through a selective uptake pathway.

MATERIALS AND METHODS

 

Generation of recombinant adenovirus

 

A full-length human native HL, mutant HL-145G (containing
AGT

 

➝

 

GGT substitution in the codon for the active serine 145)
and luciferase cDNAs were subcloned into a shuttle vector (pAdl2-
HL) containing CMV enhancer and promoter elements, as well as
SV40 polyadenylation signal (22). Recombinant adenovirus was
generated after cotransfection of pAdl2-HL and pJM17 (Ad5 ge-
nome) in 293 cells (23, 24), propagated in 293 cells and purified
by cesium chloride density ultracentrifugation. The purified virus
was then titered and diluted in 0.2% mouse albumin (Sigma
Chemical Co., St. Louis, MO) before infusion into the animals.

 

ApoE-deficient mice

 

Male apoE-deficient mice (3 months of age, 25–30 g) obtained
from the University of North Carolina (21) were bred and housed
at the National Institutes of Health (NIH) under protocols ap-
proved by the Animal Care and Use Committee of the National
Heart, Lung, and Blood Institute. Control mice received 8 

 

3

 

 10

 

8

 

pfu/ml of rLucif-AdV and experimental mice received 2.4 

 

3

 

 10

 

8

 

pfu/ml of rHL-AdV and 2.0 

 

3

 

 10

 

8

 

 pfu/ml of rHL-145G-AdV by
saphenous vein injection. Sham-injected animals, used as con-
trols for the metabolic studies, received 50 

 

m

 

l of phosphate-buff-
ered saline (PBS). After a 4-h fast, blood samples were collected
from the retro-orbital plexus at days 0, 2, 4, 7, 10, 14, and 21 rela-
tive to adenovirus infusion. Blood samples were centrifuged at
2,500 

 

g

 

 for 20 min at 4

 

8

 

C. Plasma was removed, aliquoted, imme-
diately frozen on dry ice, and stored at 

 

2

 

70

 

8

 

C.

 

Determination of HL and LPL mass and activity

 

Enzymatic activities were quantitated in triplicate using 

 

14

 

C-la-
beled triolein (25) as previously described. HL mass was deter-

mined in triplicate by a sandwich enzyme-linked immunosorbent
assay (26).

 

Plasma lipid, lipoprotein, and apolipoprotein analyses

 

Total cholesterol, triglycerides, phospholipids, and free cho-
lesterol were assayed using enzymatic kits from Sigma Diagnostics
(St. Louis, MO) and Wako Chemicals USA, Inc. (Richmond, VA)
as described (27). HDL-cholesterol was determined as the choles-
terol remaining in the plasma after precipitation of apoB-con-
taining lipoproteins with either dextran sulfate (Ciba-Corning,
Oberlin, OH) or heparin-calcium (28). Mouse apoA-I was quanti-
tated by a sandwich ELISA using microtiter immunoassay plates
(Immunlon 1, Dynatech Labs, Chantilly, VA) in which a rabbit
anti-mouse apoA-I polyclonal antibody (ABE 1, University of Ot-
tawa Heart Institute) was used for capture and a horseradish per-
oxidase-conjugated rabbit anti-mouse polyclonal antibody was
used for detection. Quantitation of plasma apoB concentrations
was performed in three separate studies by Western blotting fol-
lowed by densitometric scanning. Briefly, 1 and 3 

 

m

 

l of individual
(n 

 

5

 

 5) mouse plasma as well as plasma pooled from 5 mice from
each study group were applied to 4–20% Tris-glycine PAGE gels
(Novex, San Diego, CA) in duplicate and transferred to Immo-
bilon-P membranes (Millipore, Bedford, MA). The membranes
were then incubated with a polyclonal rabbit anti-mouse apoB
antibody (27) that reacts with both apoB-48 and apoB-100 fol-
lowed by incubation with biotinylated goat anti-rabbit antibody
(Vector Labs, Burlingame, CA) and developed by immunohis-
tochemical staining (ABC Vectastain kit, Vector Labs, Burlin-
game, CA). Densitometric scanning was performed using the
Molecular Dynamics Personal Densitometer SI (Molecular Dy-
namics, Sunnyvale, CA). Analyses of plasma lipoproteins by fast
protein liquid chromatography (FPLC) were performed as de-
scribed (27). In all studies, 50 

 

m

 

l of mouse pooled plasma was ap-
plied to FPLC. The elution volumes of the plasma lipoproteins
separated by FPLC were VLDL, 15.0–16.0 ml; IDL/LDL, 20.0–
24.0 ml; HDL, 30.0–31.0 ml.

 

VLDL metabolic studies

 

[

 

3

 

H]CE-VLDL was generated as previously described (29) with
the following modifications. VLDL (d 

 

.

 

 1.006) was isolated from
2.5 ml of mouse plasma using a TLA-100.2 rotor in a TL-100 ul-
tracentrifuge (Beckman Instruments, Palo Alto, CA) at 5

 

8

 

C,
95,000 rpm for 4 h. One hundred 

 

m

 

Ci of cholesteryl hexadecyl
ether (cholesteryl-[1,2, 

 

3

 

H (N)]palmityl ether) (40–60 Ci/mmol;
New England Nuclear, Boston, MA) was dried under nitrogen,
resuspended in 10 

 

m

 

l of absolute ethanol, and added dropwise
over 3 min to the lipoprotein solution (1.05 mg/ml protein con-
centration) while gently shaking with interruptions every 45 sec
for brief (1 sec) vortexing as previously described (29). 

 

125

 

I-la-
beled mouse apoB was prepared by a modification of the iodine
monochloride method (30) and 0.7–1.0 mg of VLDL was labeled
with 

 

125

 

I with an efficiency of 29–37%. Approximately 0.5 mol of
iodine was incorporated per mol of protein. [

 

3

 

H]CE-VLDL and
[

 

125

 

I]-labeled apoB-VLDL were then reisolated by ultracentrifu-
gation (d 

 

,

 

 1.006) and dialyzed overnight against 1 

 

3

 

 PBS,
0.01% EDTA. The final lipoprotein sample preparations were
then analyzed by FPLC and agarose gel electrophoresis to ensure
integrity of the VLDL particle. Approximately 47% of the
[

 

3

 

H]CE was recovered in the VLDL after labeling. Homogeneous
labeling of VLDL was ascertained by superimposing radioactivity
and chemistry profiles obtained by FPLC and agarose gels.
[

 

3

 

H]CE-VLDL (8 

 

3

 

 10

 

5

 

 dpm) and 

 

125

 

I-labeled apoB-VLDL (1 

 

3

 

10

 

6

 

 dpm) were injected into the saphenous veins of two different
groups of apoE-deficient mice 5 days after infusion of either rHL-
AdV, rHL-145G-AdV, or rLucif-AdV. For quantitation of 

 

125

 

I-la-
beled apoB-VLDL, 3 

 

m

 

l of mouse plasma was fractionated by SDS-
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PAGE using 4–15% gradient gels (31) and the apoB bands were
excised and analyzed for their radioactive content (Cobra Auto-
gama, Packard Instrument Co., Downers Grove, IL). Greater
than 95% of counts remained associated with VLDL 5 min, 24 h,
and 48 h after injection of 

 

125

 

I-labeled apoB-VLDL as determined
by FPLC analysis of plasma lipoproteins. Plasma decay curves for
[

 

3

 

H]CE-VLDL were generated by dividing the plasma radioactiv-
ity at each time point by the plasma radioactivity at the initial 1-
min time point, which was the same among the study groups (all;

 

P

 

 

 

.

 

 0.4). The fractional catabolic rate was determined from the
area under the plasma radioactivity curves using a multiexponen-
tial curve fitting technique on the SAAM program (32).

After the [

 

3

 

H]CE VLDL study was completed, a subset of mice
was perfused with cold 0.15 

 

m

 

 NaCl and livers, heart, lung,
spleen, kidneys, adrenals, and ovaries were harvested, extracted
in 20 volumes of chloroform–methanol 2:1 (v/v) and the phases
were separated by the addition of water (33). Aliquots of the
lower phase were counted in a Tri-Carb 2500 TR liquid scintilla-
tion counter (Packard Instrument Co., Downers Grove, IL) as
previously described (34). Mean recoveries at 60 min were 

 

.

 

95%
of counts for all groups with no statistical differences among the
groups (

 

P

 

 

 

.

 

 0.5). Plasma and liver counts accounted for 

 

.

 

90%
of total tissue plus plasma radioactivity.

 

Statistical analysis

 

Values are reported as mean 

 

6

 

 SEM. Comparisons between
groups of mice were made using the Student’s 

 

t

 

 test for indepen-
dent samples (two-tailed).

 

RESULTS

 

Table 1

 

 summarizes the plasma lipid, lipoprotein, apoli-
poprotein, and human HL concentrations as well as HL
activity in apoE-deficient mice before and 4 days after in-
fusion of recombinant adenovirus. Infusion of rHL-AdV
and rHL-145G-AdV resulted in the expression of similar
levels (8 

 

6

 

 1 

 

m

 

g/ml) of human HL in apoE-deficient
mice. As expected, animals injected with rHL-AdV but not
rHL-145G-AdV had an increase in plasma post-heparin
HL activity. Mice expressing similar levels of either native
HL or catalytically inactive HL-145G had significant re-
ductions (

 

P

 

 

 

,

 

 0.001) in their baseline levels of choles-
terol, triglycerides, phospholipids, and cholesteryl esters.

However, plasma HDL-cholesterol and apoA-I were re-
duced (

 

P

 

 

 

,

 

 0.001) only in mice expressing the native HL
and not the catalytically inactive HL-145G (

 

P

 

 

 

.

 

 0.5) indi-
cating a different effect of these two functionally distinct
lipases on HDL-cholesterol metabolism. Expression of lu-
ciferase had no effect on the plasma lipid profile of apoE-
deficient mice.

Analysis of the plasma lipoproteins by FPLC (

 

Fig. 1

 

)
demonstrated that the majority of the reduction in the
plasma total cholesterol concentrations reflected a de-
crease in the cholesterol present in the VLDL, IDL, and
LDL of mice expressing either the native HL (panel A) or
catalytically inactive HL-145G (panel B). However, analysis
of the plasma apoB concentrations by immunoblotting,
followed by scanning and densitometric quantitation,
demonstrated no significant decrease (

 

P

 

 

 

.

 

 0.08) in the
plasma apoB concentrations in apoE-deficient mice after
infusion of either rHL-AdV, rHL-145G-AdV, or rLucif-AdV
(day 0; 10 

 

6

 

 2, 11 

 

6

 

 2, 10 

 

6

 

 5 and day 4; 11 

 

6

 

 5, 9 

 

6

 

 1, 12 

 

6

 

2 arbitrary units, respectively). These data indicate that ex-
pression of either active HL or catalytically inactive HL-
145G in apoE-deficient mice resulted in a selective decrease
in the lipids present in the apoB-containing lipoproteins.

To further investigate these findings, the clearance of
autologous 

 

125

 

I-labeled apoB-VLDL in mice 4 days after in-
fusion of recombinant adenovirus was determined. As il-
lustrated in 

 

Fig. 2A

 

, no significant difference (

 

P

 

 

 

.

 

 0.4)
was observed in the removal of 

 

125

 

I-labeled apoB-VLDL
among mice expressing native-HL, catalytically inactive
HL-145G, and luciferase (FCR in d

 

2

 

1

 

 

 

5

 

 2.15 

 

6

 

 0.16, 2.14 

 

6

 

0.11, and 1.99 

 

6

 

 0.13, respectively; 

 

P

 

 

 

.

 

 0.4 all). Thus, con-
sistent with the plasma apoB quantitation data, expression
of either active or inactive HL in apoE-deficient mice ap-
peared to have no significant impact on the clearance of
apoB-VLDL.

In contrast, the plasma decay curves of mice injected
with [

 

3

 

H]VLDL-cholesteryl ether demonstrated enhanced
clearance of the radiolabeled lipid in mice expressing na-
tive-HL and inactive HL-145G compared to that of the lu-
ciferase controls (Fig. 2B). The FCR of [

 

3

 

H]VLDL-choles-
teryl ether in apoE-deficient mice expressing either native

 

TABLE 1. Concentration of the plasma lipids, lipoproteins, apolipoproteins, and HL in apoE-deficient
mice before and after infusion of recombinant adenovirus

 

HL
Activity

HL
Concentration TC TG PL CE Non HDL-C HDL-C ApoA-I

 

m

 

mol/min/ml

 

m

 

g/ml mg/dl

 

rHL-Adv (n 

 

5

 

 12)
Pre-Tx 0.6 

 

6

 

 0.03 — 769 

 

6

 

 20 207 

 

6

 

 22 431 

 

6

 

 12 517 

 

6

 

 19 743 

 

6

 

 23 26 

 

6

 

 3 46 

 

6

 

 4
Post-Tx 10 

 

6

 

 4 8 

 

6

 

 1 452 

 

6

 

 21

 

a

 

53 6 8a 221 6 14a 311 6 14a 438 6 22a 14 6 2a 18 6 2a

rHl145G-Adv(n 5 10)
Pre-Tx 0.4 6 0.04 — 663 6 20 227 6 34 379 6 26 441 6 21 641 6 22 22 6 4 33 6 14
Post-Tx 0.7 6 0.01 8 6 1 310 6 26a 64 6 16a 193 6 11a 199 6 19a 285 6 31a 25 6 3 43 6 13

rLucif-Adv (n 5 11)
Pre-Tx 0.6 6 0.02 — 717 6 44 231 6 38 440 6 29 476 6 29 697 6 44 20 6 3 29 6 4
Post-Tx 0.6 6 0.02 — 735 6 58 236 6 14 471 6 44 471 6 44 711 6 58 24 6 4 32 6 3

TC, total cholesterol; TG, triglycerides; PL, phospholipids; CE, cholesteryl ester; HDL-C, high density lipoprotein cholesterol; nonHDL-C, non-
high density lipoprotein cholesterol. Data are expressed as mean 6 SEM.

a P , 0.001 (compared to Pre-Tx).
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HL or catalytically inactive HL-145G was increased by ap-
proximately 2-fold (P , 0.02, all) over that of mice express-
ing luciferase (FCR in d21 5 18.0 6 2.6, 23.4 6 2.9, and
9.3 6 1.0, respectively). In the luciferase expressing group,
the percent of remaining counts in plasma for [3H]CE was
less (40%) than for 125I-labeled apoB (70%). These find-
ings are consistent with the faster FCR of cholesteryl ester
(35) compared to that of apoB-containing lipoproteins
(36) which reflects the independent metabolic pathway of
cholesteryl ester and apoB-containing particles.

To control for potential effects on the metabolism of

VLDL by the systemic infusion of recombinant adenovi-
rus, we performed similar turnover studies in sham-in-
jected mice infused with PBS as well as mice injected with
rLucif-AdV. The clearance of both, 125I-labeled apoB-
VLDL and [3H]VLDL-cholesteryl ether was similar in
mice receiving rLucif-AdV or PBS (Fig. 3, panels A and B)
demonstrating that infusion of adenovirus alone did not
alter VLDL metabolism.

Finally, the accumulation of [3H]cholesteryl ether in
the liver of mice injected with either rHL-AdV or rHL-
145G-AdV (87 6 2% and 72 6 2% of total plasma and
liver counts, respectively) was increased (P , 0.0005)
compared to that of mice injected with rLucif-AdV (56 6
1% of total counts). Conversely, a larger quantity of
[3H]VLDL-cholesteryl ether (P , 0.0005) remained in
the plasma of mice expressing luciferase (44 6 1%) com-
pared to mice expressing either native HL (13 6 2%) or
HL-145G (28 6 2%) indicating enhanced hepatic delivery
of cholesteryl ether from the VLDL of mice expressing
either enzyme compared to luciferase controls.

Fig. 1. FPLC analysis of the plasma lipoproteins in apoE-deficient
mice before and 4 days after infusion of recombinant adenovirus.
The cholesterol distribution in the plasma lipoproteins of apoE-de-
ficient mice before (Pre-Tx; d) and after (h) injection of recombi-
nant adenovirus expressing either native HL (panel A), catalytically
inactive HL-145G (panel B), and luciferase (panel C) is illustrated.
For each of the three study groups, 50 ml of pooled plasma from
five mice (10 ml each) was applied to the FPLC.

Fig. 2. In vivo metabolism of 125I-labeled apoB-VLDL and [3H]
CE-VLDL in apoE-deficient mice injected with rHL-AdV, rHL-145G-
AdV, and rLucif-AdV. Autologous apoE deficient mouse VLDL was
isolated and radiolabeled, as described in Methods. The clearance
of 125I-labeled apoB-VLDL (panel A; n 5 9 each group)and of
[3H]CE-VLDL (panel B; n 5 5 each group) in apoE-deficient mice
4 days after infusion of recombinant adenovirus expressing native
HL (j), catalytically inactive HL (n), and luciferase (s) are illus-
trated. FCR are shown in the insets.
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DISCUSSION

In addition to its classic function as a lipolytic enzyme,
HL has been proposed to play a major role in cellular li-
poprotein metabolism by mediating the interaction of dif-
ferent lipoproteins with cell surface receptors and/or pro-
teoglycans. Although in vitro studies provide evidence
supporting a ligand role for HL in cellular lipoprotein
metabolism, the physiological relevance of HL-mediated
uptake of lipoproteins and/or lipoprotein lipids to lipo-
protein metabolism in vivo remains to be elucidated. We
have recently demonstrated that transient expression of
different lipases using recombinant adenovirus permits
the investigation of specific biochemical pathways in vivo
(27, 37, 38). In the present study we evaluate the potential
in vivo role of HL in remnant lipoprotein metabolism, in-
dependent of its classic lipolytic function, by utilizing re-
combinant adenovirus to express native and catalytically
inactive HL in apoE-deficient mice.

ApoE-deficient mice accumulate cholesterol-rich rem-
nants that contain primarily apoB-48 as their major apo-
lipoprotein (21). We thus investigated whether in the
absence of apoE, HL could mediate the clearance of

apoB-48-containing remnants, in vivo. Overexpression of
native HL decreased the baseline total cholesterol and
nonHDL-cholesterol by 41% and 42%, respectively, indi-
cating that HL can partially compensate for the absence
of apoE. Furthermore, the lipolytic function of HL was
not required for the reduction in remnant lipoprotein
cholesterol observed in apoE-deficient mice. Thus, com-
pared to mice expressing native HL, mice injected with
the catalytically inactive rHL-145G-AdV had a similar re-
duction in plasma cholesterol (41% vs. 53%) and non-
HDL-cholesterol (42% vs. 55%) concentrations. These
combined results indicate that HL may not only enhance
remnant uptake by exposing apoE as a ligand for recep-
tor-mediated uptake as previously proposed (39), but in
addition, the enzyme may play a more direct role in rem-
nant lipoprotein metabolism that is independent of both
lipolysis and apoE. Although hydrolysis of triglycerides by
HL appears to play an important role in chylomicron rem-
nant metabolism (40–43), lipolysis may not be as impor-
tant for the clearance of the cholesterol-rich and triglycer-
ide-poor apoB-48-containing remnants that accumulate in
apoE-deficient mice (21). In contrast, catalytic activity ap-
pears to be critical for HL-mediated HDL metabolism in
vivo, as in the absence of lipolysis HL-145G could not in-
duce plasma HDL-cholesterol lowering. These findings
have been confirmed in an independent mouse model,
the HL-deficient mouse, which accumulates HDL instead
of remnant lipoproteins (44) as well as in transgenic
apoE-deficient mice that overexpress catalytically inactive
HL-145G (45).

The mechanism leading to HL-mediated enhanced rem-
nant cholesterol clearance in apoE-deficient mice was
further investigated. Analysis of the plasma lipid profile in-
dicated that despite significant reduction in the baseline
non-HDL-cholesterol concentrations, plasma apoB levels
were not decreased by expression of either native or catalyt-
ically inactive HL, a finding that suggests HL-mediated se-
lective lipid uptake. This was confirmed by metabolic stud-
ies that determined the plasma clearance of 125I-labeled
apoB-VLDL and [3H]CE-VLDL. The FCRs of apoB-VLDL
in mice expressing either native or catalytically inactive HL
were similar to those of mice expressing the irrelevant lu-
ciferase transgene or sham-injected apoE-deficient mouse
controls. In contrast, the clearance of [3H]cholesteryl ether
from VLDL was increased in mice expressing either native
or catalytically inactive HL compared to luciferase controls.
As a result of these changes the liver uptake of [3H]choles-
teryl ether from VLDL was significantly greater in mice ex-
pressing native HL (87%) and inactive HL-145G (72%)
compared to luciferase controls (56%). Thus, in the ab-
sence of lipolysis and significant reduction in plasma apoB
concentrations, HL enhanced the delivery of VLDL-choles-
teryl ester to the liver in apoE-deficient mice.

The ability to detect HL-mediated selective lipid uptake
from remnant lipoproteins was, most likely, enhanced by
our selection of the apoE-deficient animal model for
these studies. In the absence of apoE, the clearance of
apoB-48-containing remnant lipoproteins by either the
LDL receptor or LRP should be impaired and the relative

Fig. 3. The clearance of 125I-labeled apoB-VLDL (panel C; n 5 3
each group) and of [3H]CE-VLDL (panel D; n 5 3 each group) in
apoE-deficient mice that were either sham-injected with PBS (panel
A; j) or infused with rLucif-AdV (panel B; s) is illustrated. Frac-
tional catabolic rates (FCR) are shown in the insets.
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contribution of other uptake pathways may be increased.
Previous studies have demonstrated that HL may enhance
the cellular uptake of remnants by LRP in vitro (9–11,
15). Our findings are most consistent with an important
role of HL in facilitating the selective uptake of choles-
teryl ester from remnant lipoproteins in apoE-deficient
mice. The selective removal of cholesteryl ester from
apoB-containing lipoproteins has been demonstrated in dif-
ferent cultured cell systems (46–50). However, HL has not
been previously implicated in this process. HL-mediated
selective cholesterol uptake may thus represent an addi-
tional and important pathway for remnant lipoprotein
cholesterol metabolism in apoE-deficient mice.

One potential mechanism by which HL may enhance
the selective uptake of cholesterol as well as other lipids
from remnant lipoproteins is by interacting with the
recently described scavenger receptor BI (SR-BI) (51).
SR-BI has been shown to mediate cellular selective lipid
uptake from HDL (52) and to bind with high affinity not
only to HDL but also to modified as well as native LDL
(52). Some (53) but not all of the specific ligand(s) for
SR-BI have been identified. It is possible that, similar to
LRP, HL may interact with SR-BI, and thus facilitate the se-
lective uptake of cholesterol from remnant lipoproteins.

Interestingly, both active and inactive HL reduced the
plasma concentrations of phospholipids and triglycerides,
in addition to cholesteryl esters, in apoE-deficient mice.
These findings are consistent with the concept that the
uptake of cholesteryl ester, as mediated by selective recep-
tors such as SR-BI, may also be accompanied by the
uptake of other lipoprotein lipids as demonstrated by SR-
BI-mediated enhanced DiI-HDL lipid uptake (52, 54). Al-
ternatively, HL-mediated selective cholesteryl ester uptake
may lead to enhanced lipolysis of remodeled remnants by
endogenous mouse HL and LPL, a process that would re-
sult in alteration of the lipid content of the particles with-
out changes in the clearance of apoB-containing remnants.
Unlike remnant lipoproteins, the inability of the catalyti-
cally inactive HL-145G to lower HDL cholesterol levels
suggests that lipolysis may be a prerequisite for HL-medi-
ated enhanced selective uptake of HDL cholesteryl esters
by SR-BI in apoE-deficient mice. In addition, other as yet
undescribed selective lipid uptake receptors, with differ-
ent lipoprotein specificities, could also be implicated.

Our combined findings are consistent with a role of HL
in mediating the selective uptake of lipids from remnant
lipoproteins in apoE-deficient mice independent of lipoly-
sis. These studies support the concept that in addition to
its function as a lipolytic enzyme, HL serves as a ligand
that mediates the interaction between different lipopro-
teins and cell surface receptors and/or proteoglycans. We
hypothesize that one of these pathways may involve the in-
teraction of HL with cell surface receptors, such as SR-BI,
that mediate the selective uptake of lipoprotein lipids.
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