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Abstract The effects of cholesteryl ester transfer protein
(CETP) on the distribution of apolipoprotein (apo) A-I be-
tween high density lipoprotein (HDL) subspecies and its im-
pact on efflux and esterification of cell-derived cholesterol
was studied in transgenic mice expressing either the human
apoA-I (HuAITg) or both the human apoA-l1 and CETP
(HuAICETPTg) transgenes. The simultaneous expression of
the human CETP and apoA-1 transgenes induced a 2-fold
increase in the proportion of human apoA-I in the pref-HDL
fraction and 1.4- and 2.2-fold increases in the HDLs, and
HDLs, fractions, respectively, at the expense of the larger
HDLg, population. HuAICETPTg mouse plasma has a
greater ability to cause efflux of cholesterol from 3H-labeled
fibroblasts than plasma from HuAITg mice. Furthermore, the
LCAT-mediated esterification of cell-derived cholesterol is
increased 1.7-fold in mice expressing the human apoA-I and
CETP transgenes compared to HuAITg mouse plasma. LCAT
activity (measured with an exogenous substrate) was in-
creased 1.4-fold and LCAT mRNA levels were increased 1.3-
fold as a result of CETP expression. HE Taken together,
these data indicate that, in vivo, the expression of CETP
resulted in an increase in the proportion of apoA-l in the
preB-HDL fraction and a stimulation of the efflux and esteri-
fication of cell-derived cholesterol.—Francone, O. L., L.
Royer, and M. Haghpassand. Increased pref-HDL levels,
cholesterol efflux, and LCAT-mediated esterification in mice
expressing the human cholesteryl ester transfer protein
{CETP) and human apolipoprotein A-I (apoA-I) transgenes. /.
Lipid Res. 1996. 37: 1268-1277.
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Epidemiological studies have suggested an inverse
correlation between the plasma concentration of high
density lipoproteins (HDL) and the incidence of cardio-
vascular diseases (1, 2). Although the mechanism by
which HDL prevents atherosclerosis remains poorly
understood, several lines of evidence suggest that HDL
plays a pivotal role in the transport of cholesterol in
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plasma. HDL participates in a multi-step physiologic
process by which cell-derived cholesterol is transported
from peripheral tissues back to the liver for excretion
by conversion to bile acids (3). This process has been
named reverse cholesterol transport (RCT). During the
first step in the RCT, free cholesterol is removed out of
the cell membrane on to HDL and esterified by leci-
thin:cholesterol acyltransferase (LCAT). HDL choles-
teryl esters can be subsequently transferred to very low
density lipoproteins (VLDL) and low density lipoprote-
ins (LDL) by the cholesteryl ester transfer protein
(CETP). Finally, lipoprotein cholesterol is taken up by
the liver. Thus, factors affecting the structure, composi-
tion, or concentration of plasma HDL particles are likely
to affect the homeostasis of plasma cholesterol and the
RCT process.

Human HDL is heterogeneous, consisting of several
distinct populations of particles with differences in size,
protein composition, and electrophoretic mobility. On
the basis of protein composition, HDL can be separated
into two main populations: one containing only apoA-l
(LpAI) and one containing apoA-l and apoA-Il
(LpAI/All). LpAl can be divided into two metabolically
linked subfractions, those with o-electrophoretic migra-
tion (o-HDL) and those with pref mobility (pref-HDL)
(4).

Abbreviations: VLDL, very low density lipoproteins; LDL, low
density lipoproteins; HDL, high density lipoproteins; LCAT,
lecithin:cholesterol acyltransferase; CETP, cholesteryl ester transfer
protein; HuAITg, transgenic mice expressing human apoA-l;
HuAICETPg, transgenic mice expressing human apoA-I and CETP
transgenes; MAb, monoclonal antibody; RCT, reverse cholesterol
transport; PLTP, phospholipid transfer protein.
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Kunitake, Mendel, and Hennessy (5) proposed that
apoA-I cycles between the pref and o-HDL species, and
that this cycling is controlled by the activity of enzymes
and transfer proteins involved in the RCT pathway.
Studies in vitro (6, 7) and in transgenic mice (8) demon-
strated that the conversion of pref-HDL to o-HDL is
mediated by LCAT.

Several proteins have been reported to promote the
dissociation of apoA-I from o-migrating HDL that re-
sults in the formation of pref-HDL. For example, the
triacylglycerol activity of hepatic lipase generates pref-
HDL when human HDLy is perfused through rat livers
or incubated in vitro with purified rat hepatic lipase (9).
The PLTP-mediated enlargement of the HDL species
promotes the dissociation of apoA-I (10), forming small
particles that resemble pref-HDL (11). CETP has also
been proposed to participate in the formation of pref-
HDL. In vitro, the incubation of plasma or lipoprotein
fractions with purified CETP induces the formation of
pref-HDL from either the LpAl or LpAl/All fractions
of o-HDL (12-14). However, in these studies, non-physi-
ological conditions were used, e.g., long incubation
times and excess CETP over physiological levels (relative
to HDL). If CETP promotes the dissociation of apoA-l
and increases the formation of pref-HDL, the newly
formed prep-HDL could enter the interstitial space,
stimulate cholesterol efflux, and thus affect the rate of
transport of cell-derived cholesterol by HDL.

To begin exploring the in vivo effects of CETP on the
formation of the pref-HDL species, and its conse-
quences on the first steps of the RCT, transgenic mice
expressing either the human apoA-I gene (HuAITg) or
both the human apoA-l and CETP transgenes
(HuAICETPTg) were used. HuAITg mice contain very
small amounts of circulating murine apoA-I (15). These
mice have an HDL profile that closely resembles that of
human plasma (16, 17), and have approximately 20% of
their total apoA-I migrating in the position correspond-
ing to human pref-HDL (8). Mice expressing the human
CETP transgene represent a good model to study the
effects of CETP, as mice normally lack CETP activity
(18). Moreover, CETP does not bind to murine HDL but

strongly interacts with HDL in the HuAITg mice (19).
In this report, we have shown that the expression of
human CETP in transgenic mice increases the propor-
tion of human apoA-I in the pref-migrating HDL frac-
tion and increases the cell-cholesterol efflux and LCAT-
mediated esterification. Taken together, these data
strongly suggest an important role for CETP in the first
steps of RCT.

MATERIALS AND METHODS

Transgenic mice

The transgenic mice used in the present study were
described previously (19, 20). HuAITg mice (line 179)
were obtained from Charles River Laboratories. Mice
expressing both human apoA-I and CETP transgenes
were obtained by mating HuAITg mice (line 179) with
CETP heterozygous transgenic mice. Mice expressing
the human apoA-l transgene (HuAITg) or both the
human apoA-I and CETP transgenes (HuAICETPTg)
were identified by PCR. At 12-16 weeks of age, the
animals were placed in metabolic cages with free access
to chow diet and water supplemented with 25 mMm
ZnSOy. Mice were fasted overnight and blood was drawn
in tubes containing 2 mM EDTA, 50 pg/ml gentamicin
sulfate, and 0.05% sodium azide. Plasma was obtained
by centrifugation at 3000 rpm for 15 min at 4°C.

Plasma lipid and apoA-I quantitation

Mouse HDL was separated from apoB-containing
lipoproteins by dextran sulfate precipitation as de-
scribed elsewhere (8, 20). Plasma and lipoprotein total
cholesterol levels were determined with cholesterol oxi-
dase (21) in the presence or absence of cholesterol
esterase (kit No. 1127568, Boehringer Mannheim, Indi-
anapolis, IN). Plasma human apoA-I concentrations
were measured by a sandwich enzyme-linked immu-
nosorbent assay (22).

TABLE 1. Distribution of human apoA-I among pref and a-HDL species in HuAITg and HuAICETPTg mouse plasma

Transgenic Mouse

. %TowlHumanApodl

Line Human ApoA-l CETP Mass CETP Activity Pref-HDL o-HDL
mg/ml ug/mi nmol/ml-h

HuAITg (n=6) 2.46 £ 0.68 - - 18.70 £ 5.44 81.30 + 5.42

HuAICETPTg (n = 6) 2,65 £0.15 2.32£0.53 58.18 + 8.62 40.47 £ 5.91¢ 59.53 + 5.90~

Lipoprotein fractions from HuAITg and HuAICETPTg mice were separated by agarose gel electrophoresis and transferred to nitrocellulose
membranes as described under Materials and Methods. Human apoA-I was visualized with a goat polyclonal antibody to human apoA-1. Areas
containing prep and o-migrating HDL were visualized and quantitated using a Phosphorimager. Values shown are mean + SD from 6 mice.

“P<0.001.
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Determination of plasma CETP concentration and
activity

Plasma CETP levels were determined by a mono-
clonal antibody (MAb) based immunoassay (23). CETP
activities in HuAICETPTg mice plasma were measured
as the rate of transfer of [3H]cholesteryl ester from LDL
to HDL (23). Plasma samples were incubated at 37°C for
18 h, apoB-containing lipoproteins were precipitated
with MnClp (10 mM final concentration), and labeled
cholesteryl esters in the HDL fraction were determined
by liquid scintillation spectrometry.

Quantification of HDL subspecies

To determine the proportion of pref and a-HDL
species in the two groups of transgenics, plasma contain-
ing 1.b mM DTNB (to inactivate LCAT activity) were
electrophoresed in 0.75% (wt/vol) agarose gel in 50 mM
barbital buffer on Gelbond (FMC, Rockville, ME) and
transferred to two Nitro Plus transfer membranes (Mi-
cron Separation Inc., Westboro, MA) as previously de-
scribed (8). To identify the human apoA-I-containing
HDL species, nitrocellulose membranes were incubated
for 2 h at room temperature with 2% milk in 10 mMm
phosphate buffer, pH 7.4, and then with a biotinylated
goat polyclonal antibody to human apoA-I (2 h at room
temperature) in 2% milk in 10 mM phosphate buffer.
ApoA-I-containing HDL species were visualized with
125l-labeled  Streptavidin = (Amersham,  Arlington
Heights, IL). Unbound 1251 was washed 4 times with 1%
milk in phosphate buffer and nitrocellulose membranes
were exposed to Fuji XLS film at -70°C. No cross-reac-
tivity was observed between this antibody and the mur-

.ine apoA-L The relarive abundance of the human apoA-I

among the o or pref-HDL species was calculated by
quantitative scanning using a Phosphorimager (Fuji,
Stamford, CT). The distribution of human apoA-l
among the o-migrating HDL species was determined by
two-dimensional gradient gel electrophoresis. The first
dimensional gel electrophoresis was run on an agarose
gel as described above. The agarose strip was placed on
a 3-16% polyacrylamide gradient gel (Integrated Sepa-
ration Systems, Natick, MA) in 25 mM Tris-glycine buffer
(pH 8.3). Electrophoresis was carried out for 4.5 h.
Plasma proteins were transferred to Nitro Plus transfer
membranes and then immunoreacted with a goat poly-
clonal antibody to human apoA-I as described above.
The proportion of apoA-I among the HDL fractions was
determined by quantitative scanning using a Phos-
phorimager. Nitrocellulose membranes were exposed
to Fuji imaging plates composed of radiosensitive phos-
phor crystals. Imaging plates were scanned with a He-Ne
laser beam, recorded, and read as high digital data at
200 um per pixel and 8 bit pixel depth. Each subfraction
was individually quantitated by a customized box which
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Fig. 1. Effect of the inhibition of CETP activity on prep-HDL levels.
HuAICETPTg mice were given intraperitoneal injections of either 3
mg/kg of a MAb to human CETP or a control IgG. CETP activity and
prep-HDL levels were determined initially and 24 h after the admini-
stration of the antibody as described in Materials and Methods.

isolated one fraction from another. Various exposure
times were used to optimize the separation of the indi-
vidual subspecies. Background was uniformly sub-
tracted.

Cell culture and cholesterol efflux

Normal human skin fibroblasts (ATCC CRL 1635)
were grown in 12-well plates containing Dulbecco's
modified Eagle's medium (DMEM) containing 10% fetal
calf serum, and supplemented with 0.35 mg/ml glu-
tamine and 40 pug/ml gentamicin sulfate. Cells were
labeled for 48 h with 0.2 mCi [1,2-*H]cholesterol (Du-
Pont-New England Nuclear, MA) complexed to fetal calf
serum. The final specific activity in the cells was 1.5-2.0
x 105 cpm/pug cholesterol. Cell cholesterol efflux was
determined as previously described (24). Briefly, conflu-
ent fibroblasts were washed 4 times with DMEM me-
dium supplemented with gentamicin sulfate, and then
incubated at 37°C in an orbital shaker with 200 pl of
either HuAlITg or HuAICETPTg plasma for various
times (1-15 min). Media samples were taken at various
intervals for determination of radioactivity. The distri-
bution of cell-derived cholesterol between plasma lipo-
proteins was assessed by dextran sulfate precipitation.

Determination of LCAT activities

Plasma LCAT activity in HuAITg and HuAICETPTg
mice was determined essentially as described elsewhere
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Fig. 2. Distribution of human apoA-I in plasma from HuAITg and
HuAICETPTg mice. Fifteen pl of plasma from HuAITg and
HuAICETPTg mice was electrophoresed in 0.75% agarose gel and
then placed on a 3-16% polyacrylamide gradient gel. Plasma proteins
were transferred to nitrocellulose membranes and the human apoA-I
was immunoreacted with a goat polyclonal antibody to human apoA-I
as described in Material and Methods.

(8). LCAT activity was determined as the rate of
[*H]cholesteryl ester synthesis from unilamelar vesicles
prepared by French Press (25) and activated with human
apoA-I (Sigma Chemical Co., St. Louis, MO) (26) to form
discoidal synthetic lipoproteins. Briefly, the enzyme sub-
strate consisted of egg lecithin (800 pg/ml), unesterified
cholesterol (100 pg/ml, specific activity 5 X 105 cpm/pug)
and human apoA-I (Sigma Chemical Co.). Each assay
mixture contained 50 pl of substrate, 10 pl (1:10 diluted)
mouse plasma, 50 pl recrystallized human albumin (15%
wt/vol) in 60 mM phosphate buffer at pH 7.4, and 190
ul 150 mM NaCl in a total assay volume of 300 pl. The
assay mixtures were incubated at 37°C for 20 min and
the reaction was stopped with 900 pl chloroform-metha-
nol-HoO 4:4:1 (v/v/v), and lipids were extracted.
[*H]cholesteryl esters were separated from unesterified
labeled cholesterol by TLC plates developed in hex-
ane-diethyl ether-acetic acid 83:16:1 (v/v/v). Choles-
teryl ester radioactivity was determined by liquid scintil-
lation spectrometry. In agreement with previous studies
(8, 27) the esterification of cholesterol by LCAT was
linear up to 30 min and independent of the concentra-
tion of plasma lipoproteins (endogenous substrate).
Therefore, an increase in the esterification rate corre-
sponds to an increased level of LCAT protein.

Preparation and analysis of RNA by Northern blot

Total liver RNA was isolated from HuAITg and
HuAICETPTg mice by the single step method using
TRISOLV™. After extraction, RNA was precipitated
with isopropanol and its integrity was assessed by
agarose gel electrophoresis. Eight pug of RNA was sepa-

rated in a denaturing 1% agarose gel containing 2.2 M
formaldehyde. RNA was transferred to nylon mem-
branes (Schleicher & Schuell, Keene, NH), cross-linked
and hybridized with an exon 6 murine LCAT cDNA
probe using the rapid hybridization system (Amersham
Corp., Arlington Heights, IL) according to the manufac-
turer's conditions. To verify equal loading of RNA, the
LCAT probe was stripped and the membranes were
rehybridized with a mouse PB-actin probe (Clontech
Laboratories, Inc., Palo Alto, CA).

Radioactive signals were recorded on a phosphor
screen and scanned with a Phosphorimager (Fuji, Stam-
ford, CT) set to detect 32P radioactive emissions over a
5-order linear range of sensitivity. The hybridization
signals were digitized and quantified. Background val-
ues were determined from equivalent surface areas near
each hybridization signal and were subtracted from each
value before normalization.

Statistical analysis

Results are expressed as mean * standard deviation.
The statistical significance of the differences between
the groups was estimated by the Student's t-test. A P
value of less than 0.05 was considered significant.

RESULTS

Quantification of pref-HDL

To determine the proportion of pref- and o-HDL
species, HuAITg and HuAICETPTg mice were pre-
screened for human apoA-I and CETP plasma concen-
trations. HuAITg and HuAICETPTg with comparable
levels of apoA-I and CETP to those reported for human
plasma were selected for this study. Native plasma from
HuAITg and HuAICETPTg mice were fractionated by
agarose gel electrophoresis and immunoreacted with a
goat polyclonal antibody to human apoA-I. In agree-
ment with a previous study (8), HuAITg mice contain
18.70 £ 5.44% of the total human apoA-I (Table 1) in
the pref-HDL fraction. In the HuAITg mice, a strong
positive correlation (r = 0.68, n = 17, P < 0.05) between
pref-HDL levels and apoA-I concentrations were ob-
served. No significant differences in pref-HDL levels
were observed between male and female mice.

The simultaneous expression of the apoA-Iand CETP
transgenes did not change the electrophoretic migra-
tion of the prep- or o-HDL but significantly (P < 0.001)
increased the levels of pref-HDL. The plasma concen-
trations of human apoA-I were similar for both groups
of transgenic mice (2.46 + 0.86 and 2.65 + 0.15 mg/ml
for HuAITg and HuAICETPTg mice, respectively), in-
dicating that increases in the proportion of pref-HDL
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TABLE 2. Proportion of human apoA-I in the o-migrating HDL

species o
Transgenic Mouse
Line HDL,, HDL;, HDLs,
HuAITg (n = 6) 51450 33.0+ 45 165 + 2.1
HuAICETPTg (n = 8) 17.5+2.0 47.0+2.6 355+2.4

HDL species from HuAlTg and HuAICETPTg mice were sepa-
rated by two-dimensional gradient gel electrophoresis. Human apoA-I
on nitrocellulose membranes was visualized with a goat polyclonal
antibody to human apoA-I and quantitated using a Phosphorimager.
Values shown are mean £ SD from n mice.

result from a redistribution of apoA-I within the HDL
fractions.

To determine whether increases in the proportion of
pref-HDL were due to the presence of CETP,
HuAICETPTg mice were given intraperitoneal injec-
tions of either 3 mg/kg of a MAb to human CETP (2E7)
(23) or a control IgG. CETP activity and pre-HDL levels
were determined initially, and 24 h after the administra-
tion of the antibody. CETP activity (56.12 + 3.84
nmol/ml - h) was inhibited by 77.1 + 12.3% (n = 5)
whereas the plasma concentration of apoA-I remained
unchanged (3.20 + 0.48 and 3.18 % 0.31 mg/ml before
and 24 h after injection of the antibody, respectively).
As shown in Fig. 1, the injection of the MAb 2E7
significantly decreased the proportion of human apoA-I
in the preB-HDL fraction from 35.5 + 7.4% to 24.9 * 6%
(P < 0.01) before and after injection of the antibody,
respectively. These results strongly suggest that CETP
induces the formation of pref-HDL. No changes in
CETP activity or preB-HDL levels were observed in mice
injected with control IgG.

Two-dimensional gradient gel electrophoresis of
native plasma from HuAITg and HuAICETPTg mice

The effects of CETP on HDL size distribution was
studied by two-dimensional nondenaturing gradient gel
electrophoresis. As shown in Table 1 plasma from
HuAICETPTg mice show a marked increase in pref-
HDL as compared to HuAITg mice (Fig. 2). Pre-HDL
were distributed into 2-3 populations located within the
prep: size interval described for human plasma (28).
When plasma was run in a two-dimensional gradient gel
to equilibrium, no apoA-I with a molecular weight cor-
responding to a lipid free apoprotein was observed.
Although these data do not rule out a poorly lipidated
form of apoA-I, they do suggest that all the apoA-]
migrating in the prep position have the same electro-
phoretic characteristics as human pref;-HDL. Interest-
ingly, compared to human plasma, HuAlITg and
HuAICETPTg mouse plasma does not show human
apoA-I migrating in the larger size prep-HDL (prefy- and
preBs-HDL), therefore suggesting that the formation of
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a larger prefi-migrating HDL species might be different
between human and mouse.

HuAITg mouse o-HDL consists of three distinct
populations of particles with sizes corresponding to the
human HDLgp, HDLs,, and HDL3. (17, 19). HuAITg
mouse HDL have a predominant population of particles
within the size range of HDLg, (Table 2). The simulta-
neous expression of the human CETP and apoA-I trans-
genes induced major changes in the distribution of the
human apoA-I within the o-HDL species (Table 2) re-
sulting in 1.4- and 2.2-fold increases in the HDL3, and
HDLs. fractions, respectively, at the expense of the
larger HDLgp, population.

Cell-derived cholesterol efflux

To examine the effects of CETP on the first step of
RCT, we determined the efflux of cholesterol from
labeled human fibroblasts to plasma from HuAITg and
HuAICETPTg mice. When 3H-abeled human fi-
broblasts were incubated for short periods of time (1-15
min) with plasma from HuAITg or HuAICETPTg mice,
there was a rapid and linear accumulation of radioactiv-
ity in the medium up to 15 min (Fig. 3). The distribution
of cell-derived cholesterol among plasma lipoproteins
was assessed by selective precipitation of apoB-contain-
ing particles by dextran sulfate. Labeled free cholesterol
(64 £ 4.8%, n = 4) was recovered in the HDL fraction
after a 15-min incubation, indicating that, similat to
human plasma, HDL is the major acceptor of cell-de-
rived cholesterol (24). Total efflux over the 15-min
period was 1-2% of the total labeled cell cholesterol,
consistent with previous data (24).

As reported earlier (19), the expression of the human
CETP transgene in HuAITg mice reduced the plasma
concentrations of apoA-I and HDL-cholesterol (Table 3)
further suggesting that CETP not only decreases the
HDL-particle size but also decreases the number of
circulating HDL particles. Interestingly, plasma from
HuAICETPTg mice has an increased capacity to efflux
cholesterol from labeled human fibroblasts than plasma
from HuAITg mice (Fig. 3 and Table 3). This finding
indicates that the efficiency of either one or more of the
HDL species to stimulate efflux of cholesterol was in-
creased in the HUAICETPTg mice.

Cell-derived cholesterol esterification, LCAT
activities, and liver LCAT mRNA levels in HuAITg
and HuAICETPTg mice

The utilization of cell-derived cholesterol by the
LCAT reaction was examined by measuring the percent
of [3H]free cholesterol esterified when native plasma
was incubated with [3H]cholesterol-labeled fibroblasts.
As previously reported for human plasma (29), labeled
cholesteryl esters could only be detected in plasma after
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Fig. 3. Rate of appearance of [*H]cholesterol from labeled human
fibroblasts. Normal human skin fibroblasts were grown in 12-well
plates containing DMEM + 10% fetal calf serum, supplemented with
L-glutamine and gentamicin sulfate. Cells were labeled for 48 h with
0.2 mCi {1,2°H]cholesterol complexed to fetal calf serum. Cell cho-
lesterol efflux was determined as described under Material and Meth-
ods. Two hundred pl of either HuAITg or HuAICETPTg mouse serum
was incubated at 37°C for various times (1-15 min). Samples were
taken at intervals for determination of medium radioactivity. HuAITg,
closed circles; HuAICETPTg, closed squares.

5 min of incubation (data not shown). Further incuba-
tion led to the linear accumulation of labeled cholesteryl
ester in plasma. As shown in Table 4, 7.24 + 1.15% of
the [*H]cholesterol found in the plasma of HuAITg mice
was esterified at the end of a I-h incubation. The percent
esterification of labeled cholesterol released from fi-
broblasts to HuAITg mice plasma is substantially higher
than the value previously reported for human serum
(22). Compared to HuAITg mice, plasma from
HuAICETPTg mice had a 1.7-fold increase in the esteri-
fication of cell-derived cholesterol (P < 3.001). We then
determined whether the increase in the esterification of
cholesterol was due to a change in the plasma concen-
tration of the enzyme or solely as a result of a better
lipoprotein substrate for the LCAT reaction. Although
the plasma LCAT mass was not measured due to the
absence of antibodies to murine LCAT, plasma LCAT
activity was determined using an excess of discoidal
synthetic lipoproteins. Under these conditions, LCAT
activity is proportional to the levels of LCAT protein. By
this measure, LCAT increased by l.4fold in
HuAICETPTg compared to HuAITg mice (Table 4).
This result suggests that the increase in the esterification
of cell-derived cholesterol observed in HuAICETPTg
mice plasma can be explained by an increase in the
plasma level of LCAT. Further support for this hypothe-
sis comes from the cellular levels of LCAT mRNA in the
two groups of transgenic mice. When comparing LCAT
mRNA levels in HuAITg versus HUAICETPTg mice, a
substantial and significant increase is found in the

HuAICETPTg mice, indicating that the expression of
the mouse LCAT gene is stimulated when the human
CETP gene is expressed.

DISCUSSION

In this report, we have used transgenic mice express-
ing the human apoA-I and CETP transgenes to show
that, in vivo, human CETP promotes the formation of
small HDL with a preB electrophoretic mobility, and
increases cell-derived cholesterol efflux and esterifica-
tion. Taken together, these results point to an important
role of CETP in the initial steps of the RCT pathway and
suggest that CETP could significantly influence the ho-
meostasis of plasma cholesterol.

Prep-HDL are small, phospholipid-rich, apoA-I only-
containing HDL (28, 30) particles that are present in
different species (6, 31, 32). In humans, the average
concentration of pref-HDL is about 5-10% of the
plasma apoA-1(33). Higher concentrations are found in
lymph (34), aortic intima (35), and plasma from hyper-
triglyceridemic subjects (36). Although several studies
(37-39) have proposed a key role for this HDL fraction
in the initial steps of cell-derived cholesterol transport,
the origin and molecular mechanisms responsible for
their formation remain poorly understood. It has been
proposed that pref-HDL are formed, at least in part, by
the dissociation of apoA- as a consequence of the
shedding of redundant surface constituents from HDL.
Released apoA-l can then be complexed with phos-
pholipids released from several sources such as VLDL
and chylomicrons that are undergoing lipolysis (40), cell
membranes (41), or PLTP-mediated transfer from a
range of lipoproteins (42).

Lipases and transfer proteins participate in the re-
modelling of HDL and could contribute to the dissocia-
tion of apoA-l from HDL. For example, the triacyl-
glycerol lipase activity of hepatic lipase decreases the
lipid core of triacylglycerol-rich HDL and promotes the
dissociation of apoA-I and possibly phospholipids, in-
ducing the formation of pref-HDL (9). In vitro, the
incubation of HDL in the presence of LDL or VLDL
supplemented with CETP indicates that a portion of the
apoA-I dissociates from o-migrating HDL (12-14) and
migrates in a prep position that is identical to that of
human pref-HDL. In the present study, we have tested
whether a similar mechanism occurs in vivo. We have
used transgenic mice with plasma levels of apoA-I and
CETP similar to those reported for human plasma (43).
Although our measurements reflect a steady state rather
than a dynamic conversion determined by kinetics, it
seems reasonable to assume, as in the experiments
performed in vitro, that the increase in pre-HDL levels
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TABLE 3. Cell-cholesterol efflux, HDL-cholesterol and human apoA-I concentrations in plasma from

HuAITg and HUAICETPTg mice

Transgenic Mouse

Line Cholesterol Efflux
ng cholesterol/min
HuAITg 8.80+£0.79
(10
10.81 + (.46
HuAICETPTg 9)

X HDL-Cholesterol Human ApoA-I o
mg/al mg/ml
82.60 £ 12.15 292 +0.35
(10) (10)
44.84 + 4.99¢« 1.91 £0.29-

9 (10)

Two hundred pl of plasma from either HuAITg or HuAICETPTg mice was incubated with [*H]cholesterol-
labeled fibroblasts from 1-15 min as described in Materials and Methods. HDL-cholesterol was determined after
precipitation of apoB-containing lipoproteins with dextran sulfate. Plasma apoA-I was determined by ELISA.

Values shown are mean + SD from n mice.
“Statistically significant differences (t-test).

is a consequence of the presence of CETP. Further
support for this hypothesis comes from the experiments
in which the inhibition of the CETP activity by a MAb
results in decreased levels of preB-HDL. The plasma
concentrations of pref-HDL in HuAITg and
HuAICETPTg mice are substantially higher than those
reported for human plasma. This interesting observa-
tion could eventually explain the increased protection
to diet-induced atherosclerosis observed in transgenic
mice expressing the human apoA-I transgene (15).

Despite the lower levels of HDL-cholesterol and apoA-
I, plasma from HuAICETPTg mice had a greater ability
to stimulate the efflux of cholesterol from fibroblasts
than plasma from HuAITg mice. This finding was some-
what surprising in view of the well-documented positive
correlation among HDI-cholesterol, apoA-I levels and
cholesterol efflux (22). The decrease in the plasma con-
centration of human apoA-I and HDL-cholesterol ob-
served in HUAICETPTg mice is consistent with a de-
crease in the number of HDL particles. Thus, the
CETP-induced remodelling of HDL must increase the
efficiency of either one or all of the HDL populations
to accept cell-cholesterol. Because HDL is very hetero-
geneous in protein and lipid composition, it is difficult
to assess whether the increase in efflux observed in
HuAICETPTg mice is due to changes in size, lipid, or
apolipoprotein composition of the HDL subclasses.
However, the results of this study and the evidence
presented by others (28), showing that about 50% of the
cholesterol released from cells in short-term (1-5 min)
efflux studies is associated with prep-HDL, strongly
suggest that increases in the pref-HDL fraction contrib-
ute to increases in the cell-cholesterol efflux observed in
HuAICETPTg mice plasma. In fact, despite the lower
plasma concentration of apoA-I, HuAICETPTg mice
have a higher concentration of pref-HDL than HuAITg
mice (0.77 mg/ml vs. 0.55 mg/ml, respectively).

It is likely that there is not a single HDL subclass that
is totally responsible for the efflux of cholesterol, but
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rather that a number of particles with different lipid
compositions and sizes contribute to the removal of
cell-cholesterol. In agreement with a previous study (19),
our findings show that the simultaneous expression of
human CETP and apoA-I transgenes not only increased
the proportion of apoA-I in the preB-HDL fraction but
also produced a marked redistribution of o-migrating
HDL resulting in a significant increase in the small
HDLs fractions at the expense of the larger HDLag,
population. The increase in HDL3 may also contribute
to the stimulation of efflux observed in HUAICETPTg
mice. In agreement with this hypothesis, several studies
have indicated that cholesterol efflux is inversely pro-
portional to HDL size (44) and positively correlated to
the levels of LpAl and HDLj (45).

Recently, Atger et al. (22) determined the fractional
and relative efflux potential of diluted serum from mice
expressing human apoA-I and/or CETP. Although the
efficiency of the HDL particles as cholesterol acceptors
(expressed as relative efflux potential) was greater in
sera from HUAICETPTg mice than in HuAITg mice, the
average cholesterol efflux was significantly lower in
HuAICETPTg mice than in HuAITg mouse serum. Qur
study indicates that even though there was a significant
decrease in HDL-cholesterol in HuAICETPTg mice
plasma, plasma from HuAICETPTg mice had a greater
ability to efflux cholesterol than HuAITg mouse plasma.
Differences in experimental conditions such as the in-
cubation times used to examine the cholesterol efflux
may explain the apparent differences. The studies by
Atger et al. (22) were performed by incubating diluted
serum with labeled FubAH rat hepatoma cells for peri-
ods of time ranging from 30 min to a few hours. Under
these conditions, the accumulation of cholesterol in the
serum is more likely to represent the movement of
cell-cholesterol to a larger HDL species that has a greater
capacity for cholesterol (46). In contrast, in the present
study, undiluted plasma was incubated with labeled
human fibroblasts for short periods of time (1-5 min).
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TABLE 4. Esterification of cell-derived cholesterol, LCAT activities and LCAT mRNA levels on HuAITg

and HuAICETPTg mice
Transgenic Mouse Cell-Derived Cholesterol Relative LCAT
Line Esterification LCAT Activity mRNA Levels
% labeled FC/h nmol CE/mlh
HuAlITg 7.24 +1.15 99.30+ 5.70 1.00+£0.13
(10) )] (6)
HuAICETPTg 12.22 + 1.47¢ 143.46 £ 6.45¢ 1.34 £ 0.16*

9

(9) 6)

[*H]cholesterol-labeled fibroblasts were incubated for 15 min with plasma at 37°C. An aliquot of medium
was extracted with chloroform and methanol, and free and cholesteryl esters were separated by TLC. The
percent of cell-derived cholesterol esterified as a function of time is expressed as the ratio of free and cholesteryl
ester radioactivity. LCAT activity was determined as the rate of synthesis of *H-labeled cholesterol and unlabeled
egg lecithin and apoA-I as described in Materials and Methods. Eight g of total liver RNA was electrophoresed,
transferred to a nylon membrane, and hybridized to mouse LCAT or mouse f-actin cDNA probes. The B-actin
mRNA level in each sample was used as an internal control to normalize the LCAT mRNA values. Values are
expressed relative to HuAITg mice and represent the mean + SD.

“Statistically significant differences from HuAITg mice.

Under these conditions, efflux is likely to represent the
movement of cell-cholesterol to a high efficiency, but
perhaps low capacity, HDL species such as pref-HDL.
An important observation of our study is that the
esterification of cell-derived cholesterol was increased in
HuAICETPTg mice compared to HuAITg mice. Several
lines of evidence suggest that LCAT and CETP activities
are closely coordinated. For example, in humans, the
increase in plasma triglycerides, phospholipids, and free
cholesterol observed in postprandial lipemia was associ-
ated with a parallel increase in the cholesterol esterifica-
tion and transfer rates to VLDL and LDL (47). In
transgenic mice, the expression of human apoA-I and
CETP transgenes or human CETP transgene alone (19,
48) decreased the free cholesterol to cholesteryl ester
ratio compared to HuAITg and background mice. Fur-
thermore, the fractional esterification of the cholesterol
released from Fu5AH cells was increased in mice ex-
pressing the CETP transgene (22). Our present data also
support the hypothesis of a coordinate regulation of
LCAT and CETP. As shown in this report, it is conceiv-
able that the increase in pref- and small HDL particles
induced by CETP may stimulate the LCAT reaction by
either increasing the available substrate (29) or enhanc-
ing cholesteryl ester removal. The increase in cholesteryl
ester synthesis observed in HuAICETPTg mice plasma
could also be explained by an increase in the circulating
levels of plasma LCAT. In support of this hypothesis, we
have shown that plasma LCAT activity and liver LCAT
mRNA levels were increased in HuAICETPTg mice
suggesting a transcriptional regulation of LCAT. Recent
studies have indicated that the transcription of CETP,
LDL receptor, and HMG-CoA reductase genes is regu-
lated by the cholesterol status of the cells (49, 50). More
recently, Jackson et al. (51) have suggested that the
transcriptional regulation of the farnesyl diphosphate
synthase and HMG-CoA reductase, two key enzymes in

the biosynthesis of cholesterol, requires a specific inter-
action between the NF-Y transcription factor with the
sterol regulatory element-binding protein (SREBP), or
related transcription factors. No similar mechanism has
yet been proposed for LCAT or other proteins involved
in the RCT pathway.

Consistent with our findings, recent investigations in
patients with CETP deficiency (52) have shown that the
absence of circulating CETP decreases the level of LpAl
and causes a significant decrease in the efflux and
LCAT-mediated esterification of cholesterol compared
to normal controls. Our results and the evidence pre-
sented by others suggest that CETP could contribute to
RCT not only by delivering cholesteryl esters to the liver
via VLDL + LDL but also by generating small HDL
species that stimulate the efflux of cholesterol. More
recently, Hayek et al. (53) have indicated that CETP
expression inhibits the development of early
atherosclerotic lesions in hypertriglyceridemic mice. Al-
though these studies suggest an important role of CETP
in the development of atherosclerosis, further lesion
studies in a different genetic background should be
performed to assess the exact contribution of CETP in
the RCT pathway and the development of atherosclerosis.m

We wish to thank Dr. Mark Bamberger for providing many
helpful discussions. The authors thank R. W. Clark for the
determination of the plasma CETP concentration and E.
Sugarman for the determination of cellular cholesterol by GC.
Manuscript received 4 December 1995 and in revised form 13 March 1996.

REFERENCES

1. Miller, N. E. 1987. Association of high-density lipoprotein
subclasses and apolipoproteins with ischemic heart dis-

ease and coronary atherosclerosis. Am. Heart J. 113:
589-597.

Francone, Royer, and Haghpassand Effect of CETP in pre-HDL levels 1275

2T0Z ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

10.

11.

12.

13.

14.

15.

16.

17.

Goldon, D. J,, and B. M. Rifkind. 1989. High density
lipoprotein: the clinical implications of recent studies. V.
Engl. J. Med. 321: 1311-1316.

Fielding, C. J., and P. E. Fielding. 1995. Molecular physi-
ology of reverse cholesterol transport. J. Lipid Res. 36:
211-228.

Kunitake, S. T., K. J. La Sala, and J. P. Kane. 1985.
Apolipoprotein A-I-containing lipoproteins with pre-beta
electrophoretic mobility. J. Lipid Res. 26: 549-555.
Kunitake, S. T., C. M. Mendel, and L. K. Hennessy. 1992.
Interconversion between apolipoprotein A-I-containing
lipoproteins of prebeta and alpha electrophoretic mobili-
ties. J. Lipid Res. 33: 1807-1816.

Ishida, B. Y., D. Albee, and B. Paigen. 1990. Interconver-
sion of prebeta-migrating lipoproteins containing
apolipoprotein A-I and HDL. J. Lipid Res. 31: 227-236.
Miida, T., M. Kuwano, C. ]. Fielding, and P. E. Fielding.
1992. Regulation of the concentration of pref high-den-
sity lipoprotein in normal plasma by cell membranes and
lecithin-cholesterol acyltransferase. Biochemistry. 31:
11112-11117.

Francone, O. L., E. L. Gong, D. 5. Ng, C. J. Fielding, and
E. M. Rubin. 1995. Expression of human lecithin-choles-
terol acyltransferase in transgenic mice. Effect of human
apolipoprotein A-1 and human apolipoprotein A-II on
plasma lipoprotein cholesterol metabolism. J. Clin. Invest.
96: 1440-1448.

Barrans, A., X. Collet, R. Barbaras, B. Jaspard, . Manent,
C. Vieu, H. Chap, and B. Perret. 1994. Hepatic lipase
induces the formation of pre-B; high density lipoprotein
(HDL) from triacylglycerol-rich HDLs. J. Biol. Chem. 269:
11572-11577.

Tu, A-Y., H. 1. Nishida, and T. Nishida. 1993. High density
lipoprotein conversion mediated by human plasma phos-
pholipid transfer protein. J. Biol. Chem. 268: 23098-23105.
Pussinen, P., M. Jauhiainen, J. Metso, J. Tyynela, and C.
Ehnholm. 1995. Pig plasma phospholipid transfer protein
facilitates HDL interconversion. J. Lipid Res. 36: 975-985.
Kunitake, S. T., C. Mendel, and L. Hennessy. 1992. Inter-
conversion between apolipoprotein A-l-containing lipo-
proteins of pre-B and « electrophoretic mobilities. J. Lipid
Res. 33: 1807-1816.

Hennessy, L. K., S. T. Kunitake, and J. P. Kane. 1993.
Apolipoprotein A-I-containing lipoproteins, with or with-
out apolipoprotein A-11, as progenitors of pre-B high-den-
sity lipoprotein particles. Biochemistry. 32: 5759-5765.
Liang, H-Q., K-A. Rye, and P. J. Barter. 1994. Dissociation
of lipid-free apolipoprotein A-I from high density lipopro-
teins. J. Lipid Res. 35: 1187-1199.

Schultz, J. R, J. G. Verstuyft, E. L. Gong, A. V. Nichols,
and E. M. Rubin. 1993. Protein composition determines
the anti-atherogenic properties of HDL in transgenic
mice. Nature. 365: 761-764.

Chajek-Shaul, T., T. Hayek, A. Walsh, and J. L. Breslow.
1991. Human apoA-I expression in transgenic mice alters
HDL particle size distribution and diminishes selective
uptake of HDL cholesteryl esters. Proc. Natl. Acad. Sci.
USA. 88: 6731-6735.

Rubin, E. M., B. Y. Ishida, S. M. Clift, and R. M. Krauss.
1991. Expression of human apolipoprotein A-l in trans-
genic mice results in reduced plasma levels of murine
apolipoprotein A-I and the appearance of two new high
density lipoprotein size subclasses. Proc. Natl. Acad. Sci.
USA. 88: 434-438.

1276 Journal of Lipid Research Volume 37, 1996

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

Jiao, J., T. G. Cole, T. T. Kitchens, B. Pfleger, and G.

Schonfeld. 1990. Genetic heterogeneity of lipoproteins in
inbred strains of mice: analysis by gel-permeation chro-
matography. Metabolism. 39: 155-160.

Hayek, T., T. Chajek-Shaul, A. Walsh, L. B. Agellon, P.
Moulin, A. R. Tall, and J. L. Breslow. 1992. An interaction
between the human cholesteryl ester transfer protein
(CETP) and apolipoprotein A-l genes in transgenic mice
results in a profound CETP-mediated depression of high
density lipoprotein cholesterol levels. J. Clin. Invest, 90:
505-510.

Walsh, A., Y. Ito, and J. L. Breslow. 1988. High levels of
human apolipoprotein A-l in transgenic mice result in
increased plasma levels of small high density lipoprotein
(HDL) particles comparable to human HDLs. J. Biol
Chem. 264: 6488-6494.

Allain, C. C,, L. S. Poon, C. S. G. Chan, W. Richmond,
and P. C. Fu. 1974. Enzymatic determination of total
serum cholesterol. Clin. Chem. 20: 470-475.

Atger, V., M. de la Vera Moya, M. Bamberger, O. Fran-
cone, P. Cosgrove, A. Tall, A. Walsh, N. Moatti, and G.
Rothblat. 1995. Cholesterol efflux potential of sera from
mice expressing human CETP and/or human apolipo-
protein A-L J. Clin. Invest. 96: 2613-2622.

Clark, R. W, ]. B. Moberly, and M. ]J. Bamberger. 1995.
Low level quantification of cholesteryl ester transfer pro-
tein in plasma subfractions and cell culture media by
monoclonal antibody-based immunoassay. J. Lipid Res.
36: 876-889.

Francone, O. L., C. J. Fielding, and P. E. Fielding. 1990.
Distribution of cell-derived cholesterol among plasma
lipoproteins: a comparison of three techniques. J. Lipid
Res. 31: 2195-2200.

Hamilton, R. L., J. Goercke, L. S. S. Guo, M. C. Williams,
and R. J. Havel. 1980. Unilamellar liposomes made with
the French pressure cell: a simple preparative and
semiquantitative technique. /. Lipid Res. 21: 981-992.
Matz, C. E., and A. Jonas. 1982. Micellar complexes of
human apolipoprotein A-l with phosphatidylcholines and
cholesterol prepared from cholate lipid dispersions. J.
Biol. Chem. 257: 4535-4540.

Mehlum, A., B. Staels, N. Duverger, A. Tailleux, G. Castro,
C. Fievet, G. Luc, J-C. Fruchard, G. Olivecrona, G. Skret-
ting, J. Auwerx, and J. Prydz. 1995. Tissue-specific expres-
sion of the human gene for lecithin:cholesterol acyltrans-
ferase in transgenic mice alters blood lipids, lipoproteins
and lipases towards a less atherogenic profile. Eur. J.
Biochem. 230: 567-575.

Castro, G.R., and C. J. Fielding. 1988. Early incorporation
of cell-derived cholesterol into prebeta-migrating high
density lipoprotein. Biochemistry. 27: 25-29.

Francone, O. L., A. Gurakar, and C. J. Fielding. 1989.
Distribution and functions of lecithin:cholesterol acyl-
transferase and cholesteryl ester transfer protein in
plasma lipoproteins. J. Biol. Chem. 264: 7066-7072.
Kunitake, 8. T., K. J. La Sala, and J. P. Kane. 1985.
Apolipoprotein A-I-containing lipoproteins with pre-beta
electrophoretic mobility. J. Lipid Res. 26: 549-555.
Castle, C. K., M. E. Pape, K. R. Marotti, and G. W.
Melchior. 1991. Secretion of pre-beta-migrating apoA-I by
cynomolgus monkey hepatocytes in culture. J. Lipid Res.
32: 439-447.

. Lefevre, M., C. H. Sloop, and P. S. Roheim. 1988. Char-

acterization of dog prenodal peripheral lymph lipoprote-

2TOZ ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

33.

34.

35,

36.

37.

38.

39.

40.

41.

42,

ins. Evidence for the peripheral formation of lipoprotein-
unassociated apoA-I with slow pre-B electrophoretic mo-
bility. J. Lipid Res. 29: 1139-1148.

Ishida, B. Y., ]. Frolich, and C. J. Fielding. 1987. Prebeta-
migrating high density lipoprotein: quantitation in nor-
mal and hyperlipidemic plasma by solid phase radioim-
munoassay following electrophoretic transfer. /. Lipid Res.
28: 778-786.

Reichl, D., C. B. Hathaway, J. M. Sterchi, and N. E. Miller.
1991. Lipoproteins of human peripheral lymph. Apolipo-
protein A-I-containing lipoprotein with alpha-2 electro-
phoretic mobility. Eur. J. Clin. Invest. 21: 638-643.
Smith, E. B,, C. Ashall, and J. E. Walker. 1984. High
density lipoprotein (HDL) subfractions in interstitial fluid
from human aortic intima and atherosclerotic lesions.
Biochem. Soc. Trans. 12: 843-844.

Neary, R. H., and E. Gowland. 1987. Stability of free
apolipoprotein A-I concentration in serum, and its meas-
urement in normal and hyperlipidemic subjects. Clin.
Chem. 33: 1163-1169.

Francone, O. L., and C. J. Fielding. 1990. Initial steps in
reverse cholesterol transport: the role of shortlived cho-
lesterol acceptors. Eur. Heart J. 11: 218-224.

Hara, H., and S. Yokoyama. 1992. Role of apolipoproteins
in cholesterol efflux from macrophages to lipid microe-
mulsion: proposal of a putative model for the pre-B high-
density lipoprotein pathway. Biochemistry. 31: 2040-2046.
Huang, Y., A. von Eckardstein, and G. Assmann. 1993.
Cell-derived cholesterol cycles between different HDLs
and LDL for its effective esterification in plasma. Arterios-
cler. Thromb. 13: 445-458.

Clay, M. A, H. H. Newnham, T. M. Forte, and P. J. Barter.
1992. Cholesteryl ester transfer protein and hepatic lipase
activity promote shedding of apoA-I from HDL and sub-
sequent formation of discoidal HDL. Biochim. Biophys.
Acta. 1124: 52-58.

Yancey, P. G., J. K. Bielicki, W. J. Johnson, S. Lund-Katz,
M. N. Palgunachari, G. M. Anantharamaiah, J. P. Segrest,
M. C. Phillips, and G. H. Rothblat. 1995. Efflux of cellular
cholesterol and phospholipid to lipid-free apolipoprote-
ins and class A amphipathic peptides. Biochemistry. 34:
9219-9226.

Tu, A-Y., H. L. Nishida, and T. Nishida. 1993. High density
lipoprotein conversion mediated by human plasma phos-
pholipid transfer protein. J. Biol. Chem. 268: 23098-23105.

43,

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

Marcel, Y. L., R. MacPherson, M. Hogue, H. Czarnecka,
Z. Zawadzki, P. K. Weech, M. E. Whitlock, A. R. Tall, and
R. W. Milne. 1990. Distribution and concentration of
cholesteryl ester transfer protein in plasma of nor-
molipidemic subjects. J. Clin. Invest. 85: 10-17.

Jonas, A., K. Bottum, N. Theret, P. Duchateau, and G.
Castro. 1994. Transfer of cholesterol from Ob1771 cells
or LDL to reconstituted, defined high density lipoprote-
ins. J. Lipid Res. 35: 860-870.

de la Llera Moya, M., V. Atger, J. L. Paul, N. Fournier, N.
Moatti, P. Giral, K. E. Friday, and G. Rothblat. 1994. A
cell culture system for screening human serum for ability
to promote cellular cholesterol efflux. Arterioscler. Thromb.
14: 1056-1065.

Agnani, G., and Y. L. Marcel. 1993. Cholesterol efflux
from fibroblasts to discoidal lipoproteins with apolipo-
protein A-I (LpA-I) increases with particle size but choles-
terol transfer from LpA-I to lipoproteins decreases with
size. Biochemistry. 32: 2643-2649.

Castro, G. R,, and C. J. Fielding. 1985. Effects of post-
prandial lipemia on plasma cholesterol metabolism. J.
Clin. Invest. 75: 874-882.

Agellon, L. B., A. Walsh, T. Hayek, P. Moulin, S. C. Jiang,
S. A. Shelanski, J. L. Breslow, and A. R. Tall. 1991.
Reduced high density lipoprotein cholesterol in human
cholesteryl ester transfer protein transgenic mice. J. Biol.
Chem. 266: 10796-10801.

Tall, A. 1995. Plasma lipid transfer proteins. Annu. Rev.
Biochem. 64: 235-257. .
Goldstein, J. L., and M. S. Brown. 1990. Regulation of the
mevalonate pathway. Nature. 343: 425-430.

Jackson, S. M., J. Ericsson, T. F. Osborne, and P. A.
Edwards. 1995. NF-Y has a novel role in sterol-dependent
transcription of two cholesterogenic genes. J. Biol. Chem.
270: 21445-21448.

Ohta, T., R. Nakamura, K. Takata, Y. Saito, S. Yamashita,
S. Horiuchi, and I. Matsuda. 1995. Structural and func-
tional differences of subspecies of apoA-I-containing lipo-
protein in patients with plasma cholesteryl ester transfer
protein deficiency. J. Lipid Res. 36: 696-704.

Hayek, T., L. Masucci-Magoulas, X. Jiang, A. Walsh, E.
Rubin, J. L. Breslow, and A. R. Tall. 1995. Decreased early
atherosclerosis lesions in hypertriglyceridemic mice ex-
pressing cholesteryl ester transfer protein transgene. J.
Clin. Invest. 96: 2071-2074.

Francone, Royer, and Haghpassand Effect of CETP in preB-HDL levels 1277

2TOZ ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

