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and humans on the uptake of triglyceride-rich
lipoproteins and their remnants by the

perfused rat liver
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Abstract Like rat C apolipoproteins, each of the C apolipo-
proteins from human blood plasma (C-I, C-II, C-III-1, and C-
ITI-2) bound to small chylomicrons from mesenteric lymph of
estradiol-treated rats and inhibited their uptake by the isolated
perfused rat liver. This inhibitory effect of the C apolipoproteins
was independent of apolipoprotein E, which is present only in
trace amounts in these chylomicrons. Addition of rat apolipo-
protein E to small chylomicrons from mesenteric lymph of
normal rats did not displace C apolipoproteins and had no effect
on the uptake of these particles by the perfused liver, indicating
that an increased ratio of E apolipoproteins to C apolipoproteins
on chylomicron particles, unaccompanied by depletion of the
latter, may not promote recognition by the chylomicron remnant
receptor. The hepatic uptake of remnants of rat hepatic very low
density lipoproteins (VLDL) and small chylomicrons, which had
been produced in functionally eviscerated rats, was also inhibited
by addition of C apolipoproteins.Bi These observations are con-
sistent with the hypothesis that the addition of all of the C apo-
lipoproteins to newly secreted chylomicrons and VLDL inhibits
premature uptake of these particles by the liver and that deple-
tion of all of these apolipoproteins from remnant particles facili-
tates their hepatic uptake. Remnants of chylomicrons and VLDL
incubated with rat C apolipoproteins efficiently took up C-III
apolipoproteins, but not apolipoprotein C-II (the activator
protein for lipoprotein lipase). Preferential loss of apolipoprotein
C-II during remnant formation may regulate the termination of
triglyceride hydrolysis prior to complete removal of triglycerides
from chylomicrons and VLDL. —Windler, E., and R. J. Havel.
Inhibitory effects of C apolipoproteins from rats and humans on
the uptake of triglyceride-rich lipoproteins and their remnants
by the perfused rat liver. J. Lipid Res. 1985. 26: 556-565.
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The liver, as the major site from which cholesterol and
its degradation products, the bile acids, are excreted from
the body, is of central importance in the regulation of
plasma cholesterol metabolism. The hepatic uptake of
cholesterol in plasma lipoproteins has been studied ex-
tensively and it is now recognized that all of the lipopro-
teins that contain apolipoprotein (apo) B, apoE, or both
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of these proteins are taken up into hepatic parenchymal
cells by saturable processes of high affinity (1). Prepara-
tions of membranes from liver cells have been found to
exhibit saturable binding of these lipoprotein species, but
the binding affinity is substantially greater for those
species that contain apoE, as compared with low density
lipoproteins (LDL), which contain solely apoB (2). The
affinity of binding of triglyceride-rich lipoproteins to liver
membranes is reduced by addition of C apolipoproteins to
these lipoproteins. These findings are consistent with our
observations of lipoprotein uptake by the isolated, per-
fused rat liver (3). We found that small chylomicrons from
mesenteric lymph and very low density lipoproteins
(VLDL) from liver perfusates were readily taken up by
perfused livers. When these lipoproteins were incubated
with rat serum, their content of C apoproteins increased,
as occurs normally when these lipoproteins enter the
blood. Hepatic uptake of the modified chylomicrons and
VLDL was substantially reduced. Remnant particles,
produced when the chylomicrons or VLDL were injected
into functionally eviscerated rats, were depleted of the C
apoproteins, but not of apoE and apoB. These remnants
were removed with high efficiency from perfusates of
isolated livers. These observations, which suggested that
the C apoproteins and apoE have opposing effects upon
the hepatic uptake of triglyceride-rich lipoproteins, were
confirmed by experiments in which small chylomicrons
from mesenteric lymph of rats treated with pharmacologi-
cal amounts of 17-a-ethinyl estradiol were used (4). These
chylomicrons contain apolipoprotein B-48 but little C
apoproteins and only trace amounts of apoE. The apo-

Abbreviations: apo, apolipoprotein; VLDL, very low density lipopro-
tein(s); TG, triglycerides; CE, cholesteryl esters.

!Present address: Kernklinik fir Innere Medizin, Universitits-Kranken-
haus Eppendorf, Martinstr. 52, D-2000, Hamburg 20, West Germany.
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protein composition of these chylomicrons was modified
by incubating them with purified rat apoproteins without
alteration of their size or the composition of core lipids.
Addition of apoE resulted in rapid hepatic uptake of the
particles, whereas addition of individual C apoproteins
(C-II, C-III-0, and C-III-3) all caused similar retardation
of hepatic uptake (4). These results are consistent with the
hypothesis that the changes in the apoprotein composition
of triglyceride-rich lipoproteins that occur as they are
secreted from the intestine or liver and as they are sub-
sequently metabolized can explain both the low rate of
initial hepatic uptake and the rapid uptake of their rem-
nants.

In the current research we have examined the effect of
adding individual human C apoproteins (C-I, C-II, C-
III-1, and C-III-2) to chylomicrons from estradiol-treated
rats on the uptake of these particles by perfused rat livers.
We have also evaluated further the opposing effects of
apoE and the C apoproteins on hepatic uptake by
enriching chylomicrons from normal rats (which contain
appreciable C apoproteins) with apoE. Finally, we have
evaluated the effects of enriching remnants of both
chylomicrons and hepatic VLDL (which contain substan-
tial amounts of apoE) with C apoproteins. A preliminary
report of this work has appeared (5).

EXPERIMENTAL PROCEDURES

Animals

Male Sprague-Dawley rats, weighing 275-350 g, main-
tained on standard Purina rat chow (Ralston Purina Co.,
St. Louis, MO) and tap water were used except for prepa-
ration of erythrocytes and isolated rat apoproteins, for
which blood plasma was obtained from retired breeders
(3). Estradiol-treated rats, used to obtain intestinal lymph,
had received daily injections of 17-a-ethinyl estradiol (5
mg/kg body weight) (6).

Preparation of apolipoproteins

Rat apoproteins and human C apoproteins were iso-
lated from plasma VLDL, prepared by centrifuging plas-
ma for 10® g,,-min at a density of 1.006 g/ml and purified
by recentrifugation under the same conditions. VLDL
were delipidated with ethanol-ether 3:1 and ether (7) and
the precipitated apoproteins were dissolved in 0.015 M
Tris-HCI containing 6 M urea, pH 8.2. The soluble pro-
teins were separated by gel permeation chromatography
(Sephadex G-200 or G-150, Pharmacia, Piscataway, NJ)
in the same buffer (8). Fractions containing apoE or C
apoproteins were pooled, concentrated by vacuum dialy-
sis, and then dialyzed against Krebs-Henseleit buffer, con-
taining no glucose or Ca®', pH 7.4 (9). Purity of these
apoproteins was evaluated by isoelectric focusing poly-

acrylamide gel electrophoresis in the absence of reducing
agents (10). Rat C apoproteins contained no detectable
albumin or apoA-I, apoA-IV, or apoE (refer to Fig. 7).
Preparations of human C apoproteins also appeared to be
devoid of these proteins, except for a faint band that
focused with human apoE3. Rat apoE contained no de-
tectable albumin, apoA-I, or C apoproteins (Fig. 1).
Individual human C apoproteins (apoC-I, apoC-II,
apoC-III-1, apoC-III-2) were isolated from unfractionated
C apoproteins, prepared as described above, by ion-
exchange chromatography on columns (1.2 x 18 cm) of
DEAE cellulose (DE-52, Whatman Chemicals, Div. W. &
R. Balston, Maidstone, Kent, England) (11). Elution was
carried out with a gradient of Tris-HCI, 0.015-0.15 M
containing 6 M urea, pH 8.2. Fractions containing indi-
vidual C apoproteins were pooled, concentrated by vacuum
dialysis, and dialyzed against Krebs-Henseleit buffer
without glucose or Ca?*, pH 7.4. ApoC-I was repurified
by chromatography on a column (1.2 x 8 cm) of CM-
cellulose (CM-52, Whatman Chemicals). The void-volume
fraction from the column of DEAE-cellulose was dialyzed
against 0.02 M acetate buffer, pH 5.4, containing 6 M
urea, and then applied to a column of CM-cellulose. Elu-
tion was accomplished with a linear gradient of acetate

Fig. 1. Isoelectric focusing polyacrylamide gel electrophoretograms
of apoproteins. Left pair, isolated rat apoprotein E and human C apo-
proteins. Right pair, small chylomicrons from estradiol-treated rats and
these chylomicrons after incubation with human C apoproteins. Proteins
applied to each gel on right were derived from chylomicrons containing
the same amount of [*H|CE.
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(0.02-0.13 M), pH 5.4, containing 6 M urea (12). Purity
of apoC-II, apoC-III-1, and apoC-III-2 was evaluated by
analytical isoelectric focusing polyacrylamide gel electro-
phoresis (10) and amino acid analysis (13). Purity of
apoC-I was evaluated by polyacrylamide gel electrophore-
sis in urea (14) and by amino acid analysis. None of the
C apoproteins contained detectable amounts of albumin,
apoA-I, apoA-IV, or apoE. The amino acid analyses re-
sembled closely those reported (15).

Lipoproteins enriched in C apoproteins and apoE

Intestinal lymph containing [*H]cholesteryl esters (CE)
and [*ClJtriglycerides (TG) was obtained from normal or
estradiol-treated rats during intraduodenal infusion of
10% glucose in 0.15 M NaCl (4). Lymph serum was
layered under Krebs-Henseleit buffer, without glucose or
Ca®, pH 7.4 (¢ = 1.007 g/ml) and small chylomicrons
were separated by centrifugation for 3 x 107 g,-min,
followed by recentrifugation under the same conditions.
To obtain small chylomicrons enriched in an apoprotein,
chylomicrons, obtained by a single centrifugation from
lymph, were incubated with the isolated apoprotein or
with 0.15 M NaCl. The mixtures were gently shaken for
1 hr at room temperature, layered under Krebs-Henseleit
buffer without glucose or Ca%, pH 7.4, and then sub-
mitted to a second centrifugation as described above.
Small chylomicrons from estradiol-treated rats were incu-
bated with 25 pug of human C apoproteins per mg of TG
or with individual human C apoproteins (25 and 50 ug
per mg of TG). Small chylomicrons from normal rats
were incubated with 50 ug of rat apoE per mg of TG. Iso-
topically labeled remnants of hepatic VLDL and lym-
phatic small chylomicrons were prepared as described (3),
but were separated by centrifugation for 5 x 107 g,,-min.
The remnants were incubated as described for small
chylomicrons with 0.15 M NaCl or unfractionated rat C
apoproteins, 100 pg of protein per mg of TG (calculated
as that amount present in the native particles). This
amount of TG was calculated with the assumption that the
*H-labeled CE content of the remnants was unchanged:

(TG in parent lipoproteins) x (*H-labeled CE in remnants)

*H-labeled CE in parent lipoproteins.

The incubated remnants were layered under Krebs-
Henseleit buffer without glucose or Ca%, pH 7.4, and
repurified by flotation for 5 x 107 g,,-min.

Uptake of lipoproteins by perfused livers

Liver perfusions, addition of labeled lipoproteins, and
measurement of *H-labeled CE and *C-labeled TG in
perfusates were performed exactly as described (3). Lipo-
proteins were used within 24 hr of preparation. Samples
that were aggregated, detected by an increase in absor-
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bance at 550 nm per mg of TG, were discarded.

Analyses

Protein was determined by a modified procedure of
Lowry with bovine serum albumin as standard (16). ApoE
was measured by specific radioimmunoassay (8). TG in
lipoproteins were estimated by an automated procedure
(17) and lipid composition of lipoproteins was determined
by standard methods (18).

Materials

[1, 2-*H]Cholesterol, 40-60 Ci/mmol and [1-'*C]pal-
mitic acid, 40-60 mCi/mmol, were from New England
Nuclear, Boston, MA.

RESULTS

Hepatic uptake of small chylomicrons enriched in
C apoproteins and apoE

As reported previously (4), small chylomicrons from
estradiol-treated rats contained much less C apoproteins
and apoE than small chylomicrons from normal rats.
Chylomicrons from estradiol-treated rats that had been
incubated with human C apoproteins were enriched in
these proteins and contained less apoA-IV (Fig. 1). Con-
tent of protein increased from 30 to 55 pg/mg TG. The
rate of removal of *H-labeled CE in the small chylomi-
crons enriched in C apoproteins was substantially lower
than that of the control chylomicrons (Fig. 2). Small
chylomicrons from normal rats incubated with rat apoE
became enriched in this protein but apparently lost no C
apoproteins (Fig. 3). The protein content increased from
108 to 144 ug/mg TG. *H-Labeled CE in these incubated
chylomicrons was removed from the perfusate of isolated
livers at the same rate as control chylomicrons (Fig. 4).

Hepatic uptake of small chylomicrons enriched in
individual human C apoproteins

Small chylomicrons from estradiol-treated rats that had
been incubated with individual human C apoproteins
(apoC-I, apoC-II, apoC-III-1, or apoC-III-2) were en-
riched in the added protein and depleted of apoA-I and
apoA-1V (Fig. 5). The content of protein increased sub-
stantially only when 50 ug of apoC-I per mg of TG was
added, from 47 + 17(n = 3)t0 79 + 16 (n = 3) pg/mg
TG (P < 0.07). The rate of removal from the perfusate
of isolated livers of *H-labeled CE in small chylomicrons
enriched in individual human C apoproteins was lower
than that of control small chylomicrons (Fig. 6). Incuba-
tion with 50 pug of protein/mg of TG generally had a
greater effect than incubation with 25 pg/mg of TG. This
dose-dependency was most pronounced with apoC-I.
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Fig. 2. Removal from the medium of perfused rat livers of [*’H]CE of small chylomicrons from estradiol-treated
rats (1.4 mg of chylomicron triglyceride added to perfusate) and of these chylomicrons after incubation with human
C apoproteins (1.0 mg of chylomicron triglyceride added to perfusate).

Hepatic uptake of remnants enriched in rat
C apoproteins

Circulation of double-labeled hepatic VLDL (15 mg of
TG) in functionally eviscerated rats for 15 and 30 min
yielded remnants in which the ratio '*C-labeled TG:*H-
labeled CE had decreased by 41 and 69%. Circulation of
double-labeled small chylomicrons (20 mg of TG) for 30
and 60 min similarly resulted in a decrease of the ratio by
41 and 85%. Isoelectric focusing polyacrylamide gel elec-
trophoretograms of the apoproteins showed that VLDL
remnants had lost essentially all of the resolved apopro-
teins of the parent lipoproteins except for apoE (Fig. 7).
The ratio of apoE:3H-labeled CE increased 2.6- and 5.6-
fold and the mass of apoE increased from a normal value
of 14% in hepatic VLDL (3) to 32% and 45% of the total
protein in remnants obtained 15 and 30 min, respectively,
after injection of hepatic VLDL. Remnants that had been
incubated with unfractionated rat C apoproteins were
enriched in apoC-III-0 and C-III-3, but not in C-II and
had lost apoE, as judged from isoelectric focusing poly-
acrylamide gel electrophoretograms (Fig. 7). As compared
with the unincubated remnants, the ratio of apoE:*H-
labeled CE in the incubated remnants had decreased 29-
and 30-fold. Small chylomicrons from normal rats also
gained apoE during the formation of remnants and they
contained virtually no apoA-I or apoA-IV; apoE com-
prised 17% and 45% of the total protein in remnants
obtained 30 and 60 min after injection, respectively. Incu-
bation of the remnants with C apoproteins again resulted
in an uptake only of apoC-III and a loss of apoE (Fig. 7).
ApoE was not detectable by radioimmunoassay (<0.1%
of the protein). *H-labeled CE in remnants of VLDL and
chylomicrons was rapidly removed from the medium of
perfused livers (Fig. 8). Incubation of the remnants with
rat C apoproteins invariably reduced the rate of hepatic

uptake; inhibition of uptake was more pronounced for
VLDL remnants than for chylomicron remnants (Fig. 8).

DISCUSSION

The results of this investigation show that each of the C
apoproteins from human blood plasma inhibits the hepatic
uptake of triglyceride-rich lipoproteins in the rat. These
findings match those obtained with rat apoC-II, C-III-0,
and C-III-3 (4) and strongly support the concept that
remnant uptake in humans, as in rats, is facilitated by the
loss of C apoproteins from the parent particles as tri-
glycerides are hydrolyzed. It should, however, be kept in
mind that, in humans, chylomicron remnants are proba-
bly taken up efficiently by the liver whereas, in contrast
to the rat, a large fraction of the VLDL, which are smaller
in humans than in rats, is converted to LDL (19, 20).

We observed no substantial differences among the
human C apoproteins on the retardation of chylomicron
uptake. The effect, which was concentration-dependent
with each protein, was greatest with apoC-I, but this
probably reflects a higher content of C-I per particle, as
reflected by the increased proteinTG ratio after incuba-
tion. In all cases, the effects on chylomicron uptake were
most pronounced during the first few minutes of perfusion.
The subsequent lessening of inhibition may be the result
of loss of apoproteins to newly synthesized VLDL secreted
into the perfusates.

Our results for human apoC-III-1 are in agreement
with those reported by Shelburne et al. (21), who found
that this protein inhibited the apoE-induced hepatic up-
take of large rat chylomicrons. These investigators did not
find an inhibitory effect of human apoC-1I but, in a more
recent study from the same laboratory, human apoC-I, C-
II, and C-III-2 were found to inhibit the uptake of phos-
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Fig. 3. Isoelectric focusing polyacrylamide gel electrophoretograms
of apoproteins of small chylomicrons from normal rats (left) and of small
chylomicrons that had been incubated with apoprotein E (right). Pro-
teins applied to each gel were derived from chylomicrons containing the
same amount of [*H]CE.

pholipid-stabilized triglyceride emulsions by perfused rat
livers and hepatocyte monolayers (22). How these obser-
vations relate to those with lipoproteins is not yet clear, as
these emulsions are readily taken up in the absence of any
added apoproteins. Moreover, the C apoproteins were
found to interfere with such nonspecific interactions as
the association of the emulsions with red blood cells (22).
However, their observation that the various human C
apoproteins inhibited the apoE-induced uptake of the
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emulsion particles by hepatocyte monolayers is in agree-
ment with our findings. Furthermore, their observation of
an inhibition by all human C apoproteins is in accordance
with the conclusion drawn from our experiments with
individual rat C apoproteins that neither sialic acid nor
other components are crucial to their inhibitory action (4).

The promotion of the hepatic uptake of lipoproteins by
apokE is well established for the rat (2-4, 21). The clearest
demonstration of this is the great enhancement produced
by addition of apoE to small chylomicrons from estradiol-
treated rats, which contain very little of this protein (4).
Indirect evidence for a role of apoE in the hepatic uptake
and conversion to LDL of human triglyceride-rich lipo-
proteins is provided by the disorder of familial dysbeta-
lipoproteinemia, which is caused by point mutations in
the structural gene for apoE (23). In affected individuals,
remnant-like chylomicrons and VLDL accumulate in the
blood that are neither rapidly removed from the blood nor
converted to LDL (20, 24). Unlike normal apoE, the
structurally abnormal protein does not promote the
hepatic uptake of phospholipid complexes by perfused rat
livers and binds poorly to lipoprotein receptors (25, 26).

We observed appreciable variability in the rate of
hepatic uptake in different preparations of small chylo-
microns from estradiol-treated rats. Small variations of
their low content of apoE (which averages about 1/3
molecule per particle (4)) may have influenced the rate.
Also, we found hepatic uptake of remnants to be less rapid
than we had observed previously (3), possibly because in
the current experiments the remnants were isolated by
two centrifugations rather than one. This could have led
to greater loss of apoE owing to centrifugal dissociation
(27).

Several of our earlier results suggested that the inhibi-
tion of hepatic lipoprotein uptake by C apoproteins does
not depend on displacement of apoE from the lipoprotein
particles. First, uptake of VLDL was retarded after incu-
bation of newly secreted VLDL with blood plasma, which
leads to an enrichment of C apoproteins, but does not
displace any apoE (3). Second, uptake of VLDL that had
been incubated with the individual C apoproteins was
consistently decreased, despite variable displacement of
apoE (4). Third, lymph chylomicrons incubated in plasma
not only acquired C apoproteins but apoE as well, yet
their hepatic uptake was inhibited (3). The current finding
that addition of apoE to chylomicrons from normal rats
(which contain substantial C apoproteins) does not lead to
enhanced hepatic uptake, despite an increased ratio of
apoE to apoC, contrasts with the strong promoting effect
of apoE added to small chylomicrons from estradiol-
treated rats (which contain much less apoprotein C) (4).
This substantiates our earlier observations and argues not
only for an independent effect of the C apoproteins but
also for a major role for them in the regulation of the

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

JOURNAL OF LIPID RESEARCH

I

100
A, 0 Small chylomicrons

@ Small chylomicrons «+apo E
3H-Cholesteryl &
Esters \g
Remaining
in Perfusate 50 \z\§ _
('Io) \ ~

i~

o

0 1 | J
20 40 60
Minutes of Perfusion

Fig. 4. Removal from the medium of perfused livers of [*’H]CE of small chylomicrons from normal rats (O,
A; n = 2) and small chylomicrons that had been incubated with apoprotein E (®; n = 3, mean and SD). The
amount of chylomicron triglyceride added to the perfusate was 0.9 and 2.2 mg for small chylomicrons, and 0.8, 3.1,
and 5.9 mg for chylomicrons incubated with apoprotein E.
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Fig. 5. Isoelectric focusing polyacrylamide gel electrophoretograms of apoproteins of small chylomicrons from estradiol-treated rats. Left group,
individual human C apoproteins and the apoproteins of the VLDL from which they were isolated. Right group (from left), apoproteins of small chylo-
microns from estradiol-treated rats (two gels) and these small chylomicrons after incubation with human apoprotein C-II, C-III-1, and C-III-2 (50
ug/mg of TG). Proteins applied to gels in the group on the right were derived from chylomicrons containing equal amounts of [*H]CE, except for
the first gel, to which twice that amount was applied.
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Fig. 6. Removal from the medium of perfused rat livers of {*’H]CE of small chylomicrons from estradiol-treated rats (®; n = 3, mean and SD),
or of these chylomicrons after incubation with 25 ug/mg of TG (4, A) of human apoproteins G-I (n = 2), C-II (n = 1), C-III-1 (n = 1), C-III-2
(n = 1), and after incubation with 50 ug/mg of TG (O, M) of the indicated human C apoproteins (n = 2 each). The amount of chylomicron tri-

glyceride added to the perfusates ranged from 1.1 to 2.5 mg.

hepatic uptake by inhibiting the uptake-promoting property
of apoE. In the current experiments, the uptake of small
chylomicrons from normal rats by the perfused liver was
more rapid than we had observed previously (3). However,
a stimulating effect of apoE should still have been evident.
Addition of apoE to chylomicrons from estradiol-treated
rats led to an uptake of 50% of the particles in 5 min,
whereas comparable uptake of chylomicrons from control
rats, incubated with apoE or not, required about 20 min
(Fig. 4).

How C apoproteins prevent the uptake-promoting
effect of apoE is unknown. Three possibilities can be con-
sidered. First, C apoproteins may interact directly with a
recognition site on apoE for lipoprotein receptors. Second,
they may produce an altered conformation of apoE, in
which the recognition site is obscured. Third, C apopro-
teins on the particles may themselves bind to receptors,
but in a manner that does not lead to endocytosis. It is
likely that apoE must be in a suitable conformation to be
recognized by lipoprotein receptors. Thus, complexes of
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lecithin and apoE are taken up by perfused rat livers at
a much lower rate than the canine HDL, (6, 28), even
though apoE is the sole protein associated with each.
Van't Hooft and Havel (29) found that ultracentrifugation
of rat HDL labeled with apoE promotes uptake of the
labeled protein by the liver in vivo, even though the ultra-
centrifuged HDL contains less apoE. Also, Hui, Innerarity,
and Mabhley (30) have shown that chemical modification
of mutant apoE that binds poorly to apoprotein receptors
increases binding substantially.

If our hypothesis is correct, that remnants can only be
taken up rapidly by the liver after most of the C apopro-
teins are lost by transfer to HDL, this uptake should be
reversible by the addition of C apoproteins to remnants.
We found this to be true for remnants of both chylomi-
crons and VLDL and at different extents of TG-hydrolysis.
Uptake of VLDL remnants was inhibited more than that
of chylomicron remnants. This difference could reflect a
higher affinity to lipoprotein receptors of chylomicrons
that contain apoB-48 than that of VLDL, which also con-
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Isoelectric focusing polyacrylamide gel electrophoretograms of apoproteins. Left, isolated rat C apopro-

teins. Middle group (from left), rat VLDL, VLDL remnants, and these remnants incubated with C apoproteins.
Right group (from left), lymph small chylomicrons, small chylomicron remnants, and these remnants incubated
with C apoproteins. In each group apoproteins derived from lipoproteins containing the same amount of [*H]CE
were applied to the gels. Note that the uppermost of the C apoproteins (C-II) is almost lacking in the remnants
incubated with C apoproteins and that virtually no apoE remains.

tains apoB-100. We found previously that chylomicrons
from estradiol-treated rats are taken up more rapidly by
rat livers than rat LDL, even though neither lipoprotein
contains appreciable apoE.

B apoproteins from the intestine (B-48) and liver (B-
100) have been shown to be distinct not only structurally
and genetically (31, 32), but also to differ metabolically.
Whereas VLDL containing B-100 may be converted to
LDL, B-48 in chylomicrons is not (20, 33). Moreover,
B-100, the sole protein of human LDL, binds to LDL
receptors, whereas binding to LDL receptors of B-48 in
chylomicrons from estrogen-treated rats that contain
hardly any apoE has not been demonstrated (29, 34).
This observation is consistent with data obtained in
Watanabe heritable hyperlipidemic rabbits which virtu-
ally lack LDL-receptors and consequently have elevated
levels of the apoB-100-containing lipoproteins, VLDL,
IDL, and LDL (35). Removal of chylomicrons from blood
to liver is normal in these animals (36), indicating a dis-
tinct mechanism for the hepatic uptake of B-48-containing
lipoproteins. Experiments with chylomicrons that were

freed of apoB-48 by treatment with pronase strongly
suggest that apoB-48 itself is not essential for the hepatic
catabolism of chylomicron remnants (37). In the case of
triglyceride emulsions, it appears that no apoproteins are
required for cellular uptake of component lipids (21). It is
therefore possible that C apoproteins interfere with the
binding of lipids to liver cells, whether associated with
B-48 or no apoproteins at all. A role for phospholipids in
hepatic uptake of chylomicron remnants has been sug-
gested by Borensztajn and associates (38, 39) who have
found that depletion of phospholipids from chylomicrons
by treatment with phospholipase A, promotes uptake of
the particles into hepatocytes. At the present time, the
relative importance of the several determinants of uptake
of chylomicron remnants into hepatocytes remains to be
established, although participation of apoE is strongly
indicated (4).

An unexpected observation in the current studies was
the almost complete lack of uptake of apoC-II by rem-
nants of chylomicrons and VLDL, incubated with unfrac-
tionated C apoproteins. This suggests that the affinity of
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Fig. 8. Removal of ["*C]TG and [*H]CE of remnants and remnants that had been incubated with unfractionated rat C apoproteins. Upper left,
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right, chylomicron remnants (85% hydrolysis). The amount of remnant protein added to perfusates ranged from 0.11 to 0.26 mg, but was similar
for each pair of preparations (control remnants and incubated remnants).

apoC-II for the particle surface is reduced preferentially
during hydrolysis of component triglycerides by lipopro-
tein lipase. The binding of the individual C apoproteins
may be determined by different surface components,
alterations of which independently regulate the termina-
tion of TG-hydrolysis. Loss of apoC-II before hydrolysis
is complete could be responsible for the uptake of appre-
ciable TG by the liver with the remnant particles. Con-
tinuing research has related these changes in the affinity
of remnants for different C apoproteins to changes in
phospholipid composition (Windler, E. E. T., S. Preyer,
and H. Greten, unpublished observations). B
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