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ABSTRACT Transgenic mice carrying the human apolipo-
protein (apo) A-I gene (HuAITg mice) were used to examine the
effects of overexpression of the human gene on high density
lipoprotein (HDL) particle size distribution and metabolism.
On a chow diet, control mice had HDL cholesterol and apo A-I
levels of 49 ± 2 and 137 ± 12 mg/dl of plasma, respectively.
HuAITg mice hadHDL cholesterol, human apo A-I, and mouse
apo A-I levels of 88 ± 2, 255 ± 19, and 16 ± 2 mg/di,
respectively. Nondenaturing gradient gel electrophoresis re-
vealed control mouse plasma HDL to be primarily monodis-
perse with a particle diameter of 10.2 nm, whereas HuAITg
mouse plasma HDL was polydisperse with particles of diameter
11.4, 10.2, and 8.7 nm, which correspond in size to human
HDL1, HDL2, and HDL3, respectively. In vivo turnover studies
ofHDL labeled with [3H]cholesteryl linoleyl ether (representing
the cholesteryl ester pool) and 125I-apo A-I were performed. In
control animals, the fractional catabolic rate (FCR) for HDL
cholesteryl ester (0.197 ± 0.010 pool/hr) was significantly (P
< 0.0005) more than the apo A-IFCR (0.118 ± 0.006 pool/hr).
In the HuAITg mice, the HDL cholesteryl ester FCR (0.124 ±
0.008 pool/hr) was the same as the apo A-I FCR (0.126 ± 0.010
pool/hr). There were no significant differences between con-
trol and HuAITg animals in the sites of tissue removal ofHDL
cholesteryl ester, with the liver extracting most of the injected
radioactivity. Control and HuAITg animals had comparable
liver and intestinal cholesterol synthesis and LDL FCR. In
conclusion, HuAITg mice have principally human and not
mouse apo A-I in their plasma. This apparently causes a change
in HDL particle size distribution in the transgenic mice to one
resembling the human pattern. The replacement of mouse by
human apo A-I also apparently causes the loss of the selective
uptake pathway of HIDL cholesteryl esters present in control
mice. These data imply that apo A-I primary structure has a
profound influence on HlDL particle size distribution and
metabolism.

High density lipoproteins (HDLs) are macromolecular com-
plexes of protein and lipid that range in diameter from 70 to
100 A and in mass from 200 to 400 kDa. In humans, there are
two major populations of HDL, a lighter one (1.063-1.12
g/ml) called HDL2 and a heavier one (1.12-1.21 g/ml) called
HDL3. HDLs contain, on the average, 50% lipid and 50%o
protein. The lipid is 32% cholesteryl esters, 5% free choles-
terol, 55% phospholipid, and 8% triacylglycerol. The protein
consists principally ofapolipoprotein (apo) A-I (70%o) and apo
A-Il (20%). HDL metabolism is complex. Nascent HDL
produced by liver and small intestine consist of apo A-I/
phospholipid complexes. These attract excess free choles-
terol from extrahepatic cells and other lipoproteins. This
cholesterol is esterified in plasma by the lecithin-cholesterol
acyltransferase, which uses apo A-I as a cofactor. The

cholesteryl ester produced shifts to the core of the HDL and
enlarges its size. In humans, HDL particles can also become
smaller when the cholesteryl ester transfer protein (CETP)
exchanges cholesteryl ester in HDL for triacylglycerol in
very low density lipoprotein (VLDL) and low density lipo-
protein (LDL), and then hepatic lipase hydrolyzes HDL
triacylglycerols and phospholipids. In normal humans, two-
thirds of the HDL exists as HDL3 and one-third as HDL2 (1,
2).
Because low HDL cholesterol levels are a strong risk

factor for coronary heart disease (3) and because nascent
HDL attracts free cholesterol from cells, it has been postu-
lated that HDL participates in a reverse cholesterol transport
pathway. In this pathway, excess free cholesterol in extra-
hepatic cells is removed by HDL, esterified, and transported
back to the liver for excretion (4). Evidence has been
presented for three mechanisms for this to occur: (i) the
uptake of whole HDL particles by the liver (5), (ii) the
selective uptake of HDL cholesteryl esters as distinct from
particulate uptake (6, 7), and (iii) the transfer of HDL
cholesteryl esters by CETP to apo B-containing particles,
which are removed by liver LDL receptors (8, 9).
We have described a transgenic mouse model that ex-

presses the human apo A-I gene (10). Human apo A-I was
incorporated into HDL, and plasma HDL cholesterol was
directly proportional to human apo A-I expression. In the
current study, we used these mice to examine the effects of
increasing plasma apo A-I and HDL cholesterol on HDL
metabolism. These transgenic mice underexpress mouse apo
A-I, with most apo A-I in plasma being human. As a result,
we noted a change in HDL, from primarily monodisperse in
control mice to polydisperse with a pattern like that ofhuman
HDL occurring in the transgenic mice. The selective uptake
pathway of HDL cholesteryl esters readily demonstrated in
control mice could not be demonstrated in the transgenic
mice. These experiments show that apo A-I primary structure
has a profound influence on HDL particle size distribution
and metabolism.

MATERIALS AND METHODS
Animals. We previously described five lines of human apo

A-I-transgenic (HuAITg) mice (10). The line with the highest
level of human apo A-I expression, Tg 427, was used for the
current studies. Transgenic animals were (C57BL/6J X
CBA/J)F1. These were mated with the same F1 nontrans-
genic mice, and transgenic and nontransgenic littermates
were compared in the current study. The mice were used for
metabolic studies at -8 weeks of age (weight, 24-30 g). They

Abbreviations: HDL, high density lipoprotein; LDL, low density
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tein; CETP, cholesteryl ester transfer protein; FCR, fractional
catabolic rate.
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Table 1. Levels of HDL cholesterol (Chol) and apo A-I and fractional catabolic rates (FCRs) of
HDL cholesteryl esters (CE) and apo A-I

Level, mg/dl
Human Mouse FCR, pool/hr

Diet Mice HDL Chol A-I A-I HDL CE A-I

Chow Control 49 ± 2 - 137 ± 12 0.197 ± 0.010t 0.118 ± 0.006
HuAITg 88 ± 6 255 ± 19 16 ± 2 0.124 ± 0.008 0.126 ± 0.01

High fat Control 86 ± 4* - 1% ± 10* 0.170 ± O.OlOt 0.094 ± 0.006
HuAITg 137 ± 8* 349 ± 13* 51 ± 9* 0.108 ± 0.009 0.110 ± 0.01

Results are means ± SEM of 6-21 mice from 2-5 experiments.
*P < 0.005 when compared to its control on a chow diet.
tp < 0.0005 when compared to apo A-I FCR of the same group.

were caged in an animal room with a 12-hr light (7 a.m. to 7
p.m.)/dark (7 p.m. to 7 a.m.) cycle. The mice had free access
to food and water.

Diet. For most experiments, the mice were fed a regular
mouse chow diet (Purina Chow containing 4% fat). In certain
experiments, a high-fat (40% of calories), low-cholesterol
(<0.002 mg/1000 kcal; 1 kcal = 4184 J) diet was used for 3
weeks. This diet was mixed and pelleted by Teklad Premier
Laboratory (Madison, WI) (TD88333). The diet contained
(per kg) protein, 19 g; DL-methionine, 3 g; sucrose, 341.46 g;
corn starch, 151.1 g; olive oil, 19.2 g; palm oil, 188.8 g; egg
yolk powder, 3.4 g; cellulose fiber, 50 g; mineral mix AIN-76
(170915), 35 g; calcium carbonate, 4 g; vitamin mix (Teklad
40060), 10 g; ethoxyguen (antioxidant), 0.04 g.

Preparation of HDL Labeled in the Apo A-I and Cholesteryl
Ester Moieties. Human apo A-I was purified and radiolabeled
with 125I by a modification (11) ofthe McFarlane method (12).
Serum from control or HuAITg mice was incubated with
[3H]cholesteryl linoleyl ether (specific activity, 46.6 Ci/
mmol; Amersham; 1 Ci = 37 GBq), labeled intralipid, and a
rabbit plasma fraction of density > 1.25 g/ml (a source of
CETP) for 16 hr at 370C as described (13). The labeled HDL
fraction was isolated by sequential ultracentrifugation be-
tween densities 1.063 and 1.21 g/ml, dialyzed against five
changes of 1 liter of0.9% NaCl/1 mM EDTA over 20 hr, and
used immediately. 125I-labeled apo A-I was mixed with the
[3H]cholesteryl linoleyl ether-labeled HDL prior to injection.
This procedure was associated with a >90%o recovery of the
[3H]cholesteryl linoleyl ether in the plasma (13) 10 min after
its injection.
In VivoHDL Turnover Studies. Mice were injected (femoral

vein) with either control or HuAITg mouse HDL doubly
labeled with human 125I-apo A-I and [3H]cholesteryl linoleyl
ether. The injected HDL mass was <5% of the mouse HDL
pool. Blood (50 ,ul) was taken from the retroorbital plexus
under anesthesia with methoxyflurane at the indicated time
intervals for determination of radioactivity. The fractional
catabolic rates for apo A-I and HDL cholesteryl linoleyl ether
were calculated from the plasma decay curves assuming a
two-pool model by the Matthews method (14). At the end of
some experiments, the tissue distribution of the [3H]cho-
lesteryl linoleyl ether radioactivity was determined by per-
fusing the mice through the abdominal aorta with 50 ml of
phosphate-buffered saline (pH 7.4) preheated to 37°C. Organs
were then taken and homogenized in chloroform/methanol
(1:1, vol/vol) and 3H was determined.

Preparation of Radiolabeled Mouse LDL and in Vivo LDL
Turnover Studies. Mouse LDL was isolated by sequential
ultracentrifugation between 1.019 and 1.063 g/ml, dialyzed
against five changes of 1 liter of0.9% NaCI/1 mM EDTA over
20 hr, and radiolabeled with 1251 (11, 12). LDL turnover was
assessed as above for HDL.

In Vivo Sterol Synthesis. One hour after i.p. injection of
3H20 (Amersham), mice were exsanguinated through the

heart and incorporation of 3H20 into tissue cholesterol was
determined (15).
Apo A-I Quantitation. Human apo A-I was quantitated by

a sandwich ELISA using a goat polyclonal anti-human apo
A-I antibody that had <0.01% crossreactivity with mouse
apo A-I (10). Mouse apo A-I was quantitated by "rocket"
electroimmunoassay using a polyclonal anti-mouse apo A-I
antibody prepared in cynomolgus monkeys and generously
supplied by George Melchior (Upjohn). This antibody had
<0.01% crossreactivity with human apo A-I.
Plasma Lipid and Lipoprotein Analysis. Total cholesterol

was determined enzymatically using the Boehringer Mann-
heim reagents. HDL cholesterol was determined after pre-
cipitation of apo B-containing lipoproteins by dextran sulfate
(10). Nondenaturing gradient get electrophoresis in 4-30%
polyacrylamide gels (Pharmacia) was performed to determine
HDL particle size (16, 17).

RESULTS
Control and HuAITg mice manifest different HDL choles-
terol concentrations (Table 1). On a chow diet, the average
control animal HDL cholesterol is 49 ± 2 mg/dl and the
transgenic 86 ± 4 mg/dl. This is reflected in different levels
of apo A-I. The average control animal apo A-I is 137 ± 12
mg/dl and the transgenic 271 ± 19 mg/dl. Of course, control
animals have only mouse apo A-I, whereas in transgenic
animals 90%o ofthe apo A-I is human. Nondenaturing gradient
gel electrophoresis revealed control mouse plasma HDL to
be monodisperse with a diameter of 10.2 nm, whereas HDL
in the HuAITg mouse plasma was polydisperse with major
populations of particles of diameters 8.7, 10.2, and 11.4 nm
(Fig. 1). Western immunoblotting analysis of the gradient gel
revealed the presence of both human and mouse apo A-I in
all HuAITg mouse HDL subfractions (data not shown).
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FIG. 1. Nondenaturing gradient gel electrophoresis of control
and HuAITg mouse plasma. Plasma samples (25 ,ul) were stained
with Sudan black prior to electrophoresis in a native 4-30%o poly-
acrylamide gradient gel. Lipid-stained lipoproteins were detected in
control and HuAITg mouse plasma. Molecular size markers (kDa)
are indicated at left.

Proc. Natl. Acad. Sci. USA 88 (1991)



Proc. Natl. Acad. Sci. USA 88 (1991) 6733

Utilizing HDL labeled in the apo A-I and cholesteryl ester
moieties, we next examined the disappearance rates of these
HDL components from plasma in control and HuAITg ani-
mals. We first showed that both tracers adequately label
HDL in control and HuAITg mice. Fig. 2 shows that 1251I-apo
A-I and [3H]cholesteryl linoleyl ether are each associated
with the single HDL fraction from control animals and all
HDL fractions from the transgenics. Fig. 3 shows the plasma
decay curves after injection of doubly labeled control or
transgenic HDL into control animals. In the control animals
the disappearance rate of [3H]cholesteryl linoleyl ether was
significantly greater than that of 1251-apo A-I. In contrast,
when doubly labeled control or transgenic HDL was injected
into HuAITg animals, the disappearance rates of the [3H]-
cholesteryl linoleyl ether and 1251I-apo A-I were identical (Fig.
4). From the plasma decay curves, the FCRs were calculated
(Table 1).
The decrease of HDL cholesteryl ether FCR in HuAITg

mice compared with controls could either reflect a metabolic
difference between the HDL particles or be the result of the
increased level ofHDL cholesterol observed in HuAITg mice
causing saturation of a removal pathway. To address this
issue, we fed control and HuAITg mice a high-fat, low-
cholesterol diet, which increased the control HDL choles-
terol to the level of the HuAITg animals on chow (Table 1).
Even at these elevated HDL cholesterol levels, the control
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FIG. 3. Plasma radioactivity decay curves ofdoubly radiolabeled
HDL in control mice (n = 29). Control mice were injected i.v. with
1251-labeled human apo A-I mixed with [3H]cholesteryl linoleyl ether
(CE)-labeled control (C) or transgenic (Tg) HDL. Blood (50 jMl) was
taken from the retroorbital plexus at the indicated time for determi-
nation of radioactivity.

animals showed a similar increase in the HDL cholesteryl
ether FCR compared with apo A-I FCR. Thus, high HDL
cholesteryl ester by itself is not responsible for the loss of the
rapid clearance of HDL cholesteryl ether. Rather, a meta-
bolic difference must exist between the control and the
HuAITg particles.
The clearance of [3H]cholesteryl linoleyl ether by various

organs was next examined and shown to be similar between
control and HuAITg mice (Table 2). The liver extracted most
of the injected radioactivity, whereas the adrenals were the
most active on a per-gram-of-tissue basis. Thus the metabolic
fate of the HDL cholesteryl ether is unchanged. Cholesterol
synthesis rates and LDL turnover in liver and small intestine
were examined next. Control and HuAITg animals showed
similar diurnal variation and dietary fat suppression of cho-
lesterol synthesis (Table 3). LDL turnover studies were also
performed using I25I-labeled mouse LDL and no differences
between control and HuAITg mice were observed (Fig. 5).

DISCUSSION
The introduction of the human apo A-I gene into mice by
transgenic technology has allowed new insights into HDL
metabolism. In the current study we show that overexpres-
sion of human apo A-I is accompanied by increased HDL
cholesterol levels, a change in HDL particle size distribution,
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FIG. 2. [3H]Cholesteryl linoleyl ether-labeled HDL from control
or HuAITg mice was mixed with '25l-human apo A-I, stained with
Sudan black, and electrophoresed in a native 3-17% polyacrylamide
gradient gel. The Sudan black pattern (A) and the autoradiogram (B)
show that the 125I-apo A-I radioactivity is associated with the single
HDL fraction in control mice (lane a) and all HDL subfractions in
HuAITg animals (lane b). The percentage of 3H radioactivity (C) in
several slices of the HDL bands taken from the gel shows that
[3H]cholesteryl ether is associated with the single HDL fraction in
control animals (plot a) and all HDL subfraction in HuAITg animals
(plot b).
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FIG. 4. Plasma radioactivity decay curves ofdoubly radiolabeled
HDL in HuAITg mice (n = 27). HuAITg mice were injected i.v. with
125I-labeled human apo A-I mixed with [3H]cholesteryl linoleyl ether
(CE)-labeled control (C) or transgenic (Tg) HDL. Blood (50 ,l) was
taken from the retroorbital plexus at the indicated time for determi-
nation of radioactivity.
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Table 2. Tissue uptake of [3H]cholesteryl linoleyl ether-labeled HDL

Small
Mice Liver Adrenal Kidney Testis intestine

% of injected dose per gram of tissue
Control 74 ± 5.7 122 ± 16 5.0 ± 0.8 3.8 ± 0.5 7.5 ± 0.9
HuAITg 63 ± 3.1 75 ± 12 4.5 ± 0.6 5.8 ± 1.4 5.5 ± 1.0

% of injected dose per organ
Control 62 ± 7.4 0.5 ± 0.04 1.1 ± 0.2 0.4 ± 0.04 5.4 ± 1.0
HuAITg 52 ± 2.5 0.4 ± 0.04 1.0 ± 0.6 0.3 ± 0.03 3.4 ± 0.8

Results are means ± SEM of 8-10 mice.

and a decrease in HDL cholesteryl ether FCR. However,
there was no change in the tissue distribution of the HDL
cholesteryl ethers, cholesterol synthesis in liver and small
intestine, or LDL FCR. These studies strongly suggest that
apo A-I primary structure (i.e., human vs. mouse) determines
important aspects of HDL size and metabolism.
Overexpression of the human apo A-I gene in transgenic

mice, presumably due to copy number, can result in high
levels of human apo A-I in the plasma of these animals (10).
Two previous transgenic lines were described in which this
was the case. The Tg 179 line had an average human apo A-I
concentration of245 mg/dl and the Tg 427 line had 339 mg/dl.
Normal levels ofapo A-I in human plasma are 125-150 mg/dl.
In our previous work, we could only estimate the concen-
tration of mouse apo A-I in the plasma of the transgenic
animals and concluded it was not significantly reduced (10).
We have now obtained an antibody specific for mouse apo
A-I and, using this for quantitation, have observed a pro-
found decrease in mouse apo A-I concentration in the plasma
of transgenic animals. In fact, mouse apo A-I in transgenic
plasma is so low in concentration that -90 of the plasma
pool is human apo A-I. Recently, Ishida et al. (18) have made
transgenic mice by similar techniques and have reported the
same observation.

In the HuAITg animals, there has been a striking change in
the HDL particle size distribution. On nondenaturing gradi-
ent gel electrophoresis, HDL in control animals is monodis-
perse with the major peak at 10.2-nm diameter, whereas HDL
in transgenic animals is polydisperse with major peaks at
11.4, 10.2, and 8.7 nm. This distribution is quite comparable
to the major HDL species in humans and corresponds to
HDL1, HDL2, and HDL3. In our original study (10), we
attempted nondenaturing gradient gel analysis to show that
human apo A-I was distributed throughout the HDL size
classes in the transgenic animals. In figure 7 of that publica-
tion, polydispersity of transgenic HDL compared with con-
trol mouse HDL is apparent. Ishida et al. (18) also reported
the difference in particle size distribution between control
and HuAITg mouse HDL. Thus, the primary sequence ofapo
A-I plays a major role in determining HDL particle size.

Overexpression of apo A-I in HuAITg animals causes a
primary increase in HDL cholesterol levels. Effects on the
other lipoproteins and on the metabolic state of the host are
minimal (10). This is in contrast to other HDL-raising or
-lowering perturbations used to date. Thus, the HuAITG
mouse is a particularly appealing model to study the isolated
effects of increased HDL cholesterol levels on HDL metab-
olism and tissue cholesterol homeostasis. By using doubly
labeled HDL, we were able to assess the FCR of its apo A-I
and cholesteryl ester moieties in control and HuAITg ani-
mals. We observed that the apo A-I FCR was virtually the
same in both types of animals, whereas the HDL-CE FCR
diminished by 40% in the HuAITg animals compared with
controls. This decrease resulted in identical FCRs for both
apo A-I and HDL-CE in the HuAITg mice.
These observations build on previous studies of HDL

cholesteryl ester metabolism in various animal models. Ev-
idence has been presented thatHDL cholesteryl esters can be
transported to the liver by three mechanisms: particulate
uptake (5), selective uptake (6, 7), and CETP-mediated
transfer to apo B-containing lipoprotein particles (8, 9), which
can be removed from the circulation by liver LDL receptors.
Since mice do not have active CETP in plasma (19), the third
pathway is inoperative. In our studies, the apo A-I FCR is
assumed to represent particulate clearance (whole HDL
particles), whereas the HDL cholesteryl ester FCR is as-
sumed to represent particulate plus selective clearance. The
term selective clearance refers to removal of HDL cho-
lesteryl esters without whole particle removal (6, 7). The
difference between the A-I FCR and the HDL cholesteryl
ester FCR represents selective clearance. We found that apo
A-I FCR was the same in control and HuAITg mice in spite
of the larger pool in the latter, implying that in this concen-
tration range particulate clearance is not saturated. The HDL
cholesteryl ester FCR was 40% less in HuAITg mice com-
pared with controls and was identical to the apo A-I FCR.
This suggests that the selective HDL cholesteryl ester clear-
ance pathway present in control animals is missing or greatly
diminished in the transgenic mice. This implies that the
primary sequence of apo A-I determines the selective uptake

Table 3. Rates of cholesterol synthesis in liver and small intestine of control or HuAITg mice
under various conditions

Incorporation of 3H20 into cholesterol,
iumol/hr per gram of tissue (n)

Diet Mice "Time" Liver Intestine

Chow Control Midday 3.0 ± 0.19 (29) 1.4 ± 0.07 (26)
Control Midnight 1.6 ± 0.07 (7)* 0.6 ± 0.08 (8)*
HuAITg Midday 2.9 ± 0.22 (18) 1.5 ± 0.05 (16)
HuAITg Midnight 1.5 ± 0.15 (11)* 0.6 ± 0.12 (4)*

High fat Control Midday 1.0 ± 0.11 (7)t 1.3 ± 0.1 (7)
HuAITg Midday 1.3 ± 0.08 (6)t 1.2 ± 0.07 (6)

Mice were caged in reverse light/dark cages with a 12-hr light/dark cycle for 2 weeks prior to the
experiments. Cages were dark from 3 a.m. to 3 p.m. and light from 3 p.m. to 3 a.m. or vice versa. 3H20
was injected between 9:30 and 11:30 a.m. Results are means ± SEM of n mice.
*P < 0.0005 when compared to midday values.
tp < 0.0005 when compared to midday values of mice on low-fat (chow) diet.
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and LDL FCR. This implies that the total turnover of HDL
cholesterol esters and thereby plasma cholesteryl esters (in
the mouse most plasma cholesterol is in HDL cholesteryl
ester) is the same in control and HuAITg mice despite the
elevation ofHDL cholesterol levels in the transgenic mice. In
fact, our turnover data are in agreement with this suggestion.
The increase in the HDL cholesterol ester pool in the
HuAITg animals is exactly compensated for by the decrease
in the HDL cholesteryl ester FCR due to the loss of the
selective transport pathway. This is true both for mice on the
chow diet and for mice on the high-fat diet. Thus, raising
HDL in this model may not increase the total plasma HDL
cholesterol ester turnover. If this is the case, then our study
provides direct in vivo evidence that increased HDL choles-
terol levels do not necessarily result in increased reverse
cholesterol transport. This does not mean that HDL may not
be protective against atherosclerosis in this model. It is
possible that the expanded plasma HDL pool may be pro-
tective in and of itself.

FIG. 5. Plasma radioactivity decay curve of labeled LDL. Con-
trol (n = 4) and HuAITg (n = 4) mice were injected intravenously
with 1251-labeled mouse LDL. Blood (50 Al) was taken from the
retroorbital plexus at the indicated time for determination of radio-
activity.
of HDL cholesteryl esters. It is not clear whether this is due
to a protein-protein interaction (e.g., between liver mem-
brane proteins and mouse as opposed to human apo A-I) or
due to the different physical properties ofHDL in control and
transgenic animals. The polydispersity of HDL in the Hu-
AITg mice may allow the HDL cholesterol esters to remain
in plasma rather than be selectively transferred to the liver.
Goldberg et al. (20) have quantified the pathways for

cellular uptake of HDL cholesteryl esters in rabbits. Based
on the disappearance curve of radiolabeled HDL cholesteryl
ether from plasma and on complex modeling, they concluded
that 10%o of the clearance was by particulate uptake, 20% by
selective uptake, and 70o by CETP-mediated transfer to
LDL and VLDL. Rabbits have a very high level of plasma
CETP activity compared with humans. Therefore, Goldberg
et al. suggested that since this pathway competes with the
selective uptake pathway, the latter may play a substantial
role in humans in the clearance of HDL cholesteryl esters.
Our results suggest that human apo A-I may not allow the
selective uptake pathway to operate and that clearance of
HDL cholesteryl esters in humans may be divided between
the particulate uptake and CETP-mediated pathways.
The consequences of the increased HDL cholesterol for

deposition ofHDL cholesteryl esters in tissue, for cholesterol
synthesis in liver and intestine, and for the FCR ofLDL were
also evaluated. The increase in HDL cholesterol, the change
in its particulate distribution, and the alteration in the HDL
cholesteryl ester selective uptake pathway did not change the
organ distribution ofHDL cholesterol esters at the end of the
metabolic study. The major site of removal was the liver, as

has been seen by others in nontransgenic animal studies (6).
Similarly there was also no difference between control and
HuAITg animals in liver and intestinal cholesterol synthesis
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