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A triantennary galactose-terminated cholesterol
derivative, N-(tris(8-p-galactopyranosyloxymethyl)
methyl)- N*-(4(5-cholesten-38-yloxy)succinyl)glycin-
amide (Tris-Gal-Chol), which dissolves easily in water,
was added to human apolipoprotein E-free high density
lipoproteins (HDL) in varying quantities. Incorpora-
tion of 5 or 13 ug of Tris-Gal-Chol into HDL (20 ug of
protein) stimulates the liver association of the HDL
apoprotein radioactivity 24- and 55-fold, respectively,
at 10 min after intravemous injection into rats. The
increased interaction of Tris-Gal-Chol HDL with the
liver is blocked by preinjection of asialofetuin or N-
acetylgalactosamine but not influenced by N-acetyl-
glucosamine. The parenchymal liver cell uptake of
HDL is stimulated 42- or 105-fold, respectively, by
incorporation of 5 or 13 ug of Tris-Gal-Chol into HDL
(20 ug of protein), while the association with nonpa-
renchymal cells is stimulated only 1.7- or 5-fold. It can
be calculated that 98.0% of the Tris-Gal-Chol HDL is
associated with parenchymal cells. In contrast, incor-
poration of 13 ug of Tris-Gal-Chol into LDL (20 ug of
protein) leads to a selective association of LDL with
nonparenchymal cells (92.3% of the total liver uptake).
It is concluded that Tris-Gal-Chol incorporation into
HDL leads to a specific interaction of HDL with the
asialoglycoprotein (galactose) receptor on parenchy-
mal cells whereas Tris-Gal-Chol incorporation into
LDL leads mainly to an interaction with a galactose
receptor from Kupffer cells. Probably this highly se-
lective cellular targeting of LDL and HDL by Tris-
Gal-Chol is caused by the difference in size between
these lipoproteins.

The increased interaction of HDL with the parenchy-
mal cells upon Tris-Gal-Chol incorporation is followed
by degradation of the apolipoprotein in the lysosomes.

It is concluded that Tris-Gal-Chol incorporation into
LDL or HDL leads to a markedly increased catabolism
of LDL by way of the Kupffer cells and HDL by paren-
chymal cells which might be used for lowering serum
cholesterol levels. The use of Tris-Gal-Chol might also
find application for targeting drugs or other com-
pounds of interest to either Kupffer or parenchymal
liver cells.
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High plasma levels of low density lipoprotein (LDL!) cho-
lesterol are correlated with an increased occurrence of ather-
osclerosis (1, 2). The liver is the only organ where cholesterol
can be removed irreversibly from the circulation (3). Current
treatments intend to increase the number of LDL receptors
in liver. This is achieved by administration of a bile acid
sequestrant, preferably in combination with an inhibitor of
cholesterol synthesis (4). Recently we described (5) that the
interaction of LDL with liver receptors can be markedly
increased by mixing LDL with a triantennary galactose-ter-
minated cholesterol derivative (Tris-Gal-Chol). The Tris-Gal-
Chol molecule was synthesized for use in directing LDL to
the liver parenchymal cells because it was anticipated that
the galactose residue should allow an interaction with the
classical asialoglycoprotein (galactose) receptor on hepato-
cytes (6, 7). Surprisingly it was found that Tris-Gal-Chol
incorporation into LDL or liposomes induces recognition of
these particles by galactose receptors on nonparenchymal
cells, and 80-90% of the Tris-Gal-Chol-induced liver uptake
of LDL was exerted by these cells (8).

Upon addition to whole human plasma, Tris-Gal-Chol was
found to become rapidly associated not only with LDL but
also with HDL (5). The present paper describes the effect of
Tris-Gal-Chol loading of HDL on the kinetics of clearance
from the blood, the role of the liver herein, and the charac-
teristics of the recognition site. Furthermore, the relative
importance of the different liver cells in the Tris-Gal-Chol-
induced uptake of HDL and the intracellular sites involved
in HDL processing are determined. It is anticipated that the
presented knowledge concerning the specific effects of Tris-
Gal-Chol on the fate of the lipoproteins is necessary before
clinical trials in hypercholesterolemic patients are justified.

MATERIALS AND METHODS

Chemicals—Metrizamide was obtained from Neyegaard & Co.,
A/S, Oslo, Norway. Collagenase type I, albumin (fraction V, defatted),
chloroquine, cholesterol, N-acetyl-D-galactosamine and N-acetyl-D-
glucosamine were purchased from Sigma. **I and **'1 (carrier free) in
NaOH were purchased from New England Nuclear Chemicals,
Dreieich, Germany, Ham’s F-10 medium from Gibco-Europe, Hoofd-
dorp, The Netherlands, and leupeptin from Peptide Institute Inc.,
Osaka, Japan.

Synthesis of Tris-Gal-Chol—Synthesis and characterization of the
triantennary galactose-terminated cholesterol derivative are de-
scribed in detail elsewhere (5).

HDL, LDL, Isolation, Iodination, and Tris-Gal-Chol Incorpora-
tion—HDL was isolated from human plasma at density 1.063 < d <

! The abbreviations used are: LDL, low density lipoproteins; HDL,
high density lipoproteins; Tris-Gal-Chol, N-(tris(3-D-galactopyrano-
syloxymethyl)methyl-N*-(4-(5-cholesten-38-yloxy)succinyl)glycin-
amide; Hepes, N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic
acid.
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1.21 by centrifugation according to Ref. 9. The HDL was passed over
a Sepharose-heparin column (10), and the apo-E-free fraction was
used throughout this study. LDL was isolated from human plasma at
density 1.024 < d < 1.055 g/ml by two repetitive centrifugations
according to Ref. 9 as previously described (8). Radioiodination of
HDL and LDL was done according to a modification (11) of the ICl
method described in Ref. 12. Further characteristics of this LDL
preparation were as described (8).

Tris-Gal-Chol was incorporated into HDL or LDL by mixing
various amounts of Tris-Gal-Chol (from a stock solution in a final
volume of 1 mg/1.5 ml phosphate-buffered saline) with 20 ug of
iodinated HDL or LDL protein. After 10 min at room temperature
the mixture was used for the described experiments. After incubation
of 20 ug of LDL or HDL with 13 ug of Tris-Gal-Chol, analysis by
density gradient centrifugation (9) indicated that the peak density
had shifted from 1.040 to 1.059 (LDL) or from 1.114 to 1.132 (HDL).
Both protein and cholesterol shifted in parallel, indicating that the
particles remained intact with this degree of loading. Furthermore,
all Tris-Gal-Chol was recovered in the same density fractions as the
lipoproteins. However, when the lipoproteins were incubated with a
10-fold excess of Tris-Gal-Chol, they were disintegrated into various
particles containing cholesterol, protein, and Tris-Gal-Chol in differ-
ent proportions (not shown).

In Vivo Serum Clearance and Liver Association—Throughout this
study 12-week-old male Wistar rats were used. Rats were anesthetized
by intraperitoneal injection of 20 mg of Nembutal. The abdomen was
opened, and radiolabeled compounds were injected into the inferior
vena cava at the level of the renal veins. The body temperature of
the rats was maintained at 36.5-37 °C by an infrared heating lamp
monttored as the rectal temperature. At the indicated times 0.2 ml of
blood was taken from the inferior vena cava at least 2 cm distal of
the injection point. The samples were centrifuged for 2 min at 20,000
X g, and the radioactivity in the supernatants was counted. Liver
lobules were tied off and excised at the indicated times. After weighing
the lobule and counting its radioactivity, the total liver uptake was
calculated using the assumption that 3.75% of the total body weight
is contributed by the liver (13). The amount of liver that was tied off
was 2-3% at each time point, so that at the longest circulation time
still less than 10% of the total liver weight was removed. For the
experiments reported in Figs. 1, 2, and 5 the liver was not perfused
and the percentual liver value includes the amount of sample present
in the entrapped blood (approximately 9% of the serum value based
upon [*H]albumin measurements). To indicate the maximal contri-
bution of the entrapped blood to the liver value a dotted line is drawn
in the relevant figures. Agents tested for their effect on the lipoprotein
uptake by the liver were injected into rats as a bolus at the indicated
time prior to the radiolabeled compound.

Cell Isolation Procedures—Rats were anesthetized and injected
with the radiolabeled compounds in a similar way as for the deter-
mination of the total liver uptake. At 10 min after injection the vena
porta was cannulated, and a liver perfusion was started with Hanks’
buffer, pH 7.4, plus Hepes (2.4 g/liter) at 8 °C. After 8-min perfusion
(flow rate, 14 ml/min) a lobule was tied off for determination of the
total liver uptake. In order to separate the various cell types the liver
was subsequently subjected to a low temperature (8 °C) perfusion
with inclusion of 0.05% w/v collagenase. The separation of parenchy-
mal and nonparenchymal cells was performed at 8 °C as described
(8).

When indicated, a further subdivision of the nonparenchymal cell
preparation into endothelial cells and Kupffer cells was performed by
centrifugal elutriation exactly as described earlier (14). Calculation
of the contribution of the different cell types to total liver uptake was
performed as described (14). As found earlier (8, 14) with other
substrates, no loss of cell-bound or formation of acid-soluble radio-
activity occurred during the low temperature cell isolation procedures,
leading to a quantitative recovery of the radioactivity associated with
total liver in the subsequently isolated cells. This was checked for
each individual cell isolation by comparing the calculated (from the
relative contribution of the various cell types) and determined total
liver association.

Subcellular Fractionation—Fractionation of total liver was per-
formed by differential centrifugation exactly as described (15).

Assay of Enzyme Activities—Acid phosphatase activity was deter-
mined according to Ref. 16, 8-glucuronidase according to Ref. 17, and
cathepsin D as described in Ref. 18.

Targeting of HDL by Tris-Gal-Chol

RESULTS

Serum Decay and Liver Association of Tris-Gal-Chol HDL—
The disappearance of apo-E-free HDL from serum proceeds
at a low rate, and only 1.0 * 0.1% (n = 4) of the iodine
radioactivity is found in liver at 10 min after injection (values
obtained after liver perfusion). Incorporation of different
amounts of Tris-Gal-Chol into HDL leads to a dose-depend-
ent increased removal from serum with a quantitative recov-
ery of the label in liver (Fig. 1). The liver association of Tris-
Gal-Chol HDL is very rapid (nearly maximal at 2 min after
injection) while between 15 and 30 min after injection a clear
decrease in liver-associated radioactivity is noticed without
any change in serum radioactivity. Earlier we found that a
low degree of loading of LDL with Tris-Gal-Chol leads to a
reversible liver association because reappearance of trichlo-
roacetic acid-precipitable radioactivity in serum occurs (8).
With HDL such a reversible association is not observed (Fig.
1).

The increased serum decay and liver association of Tris-
Gal-Chol HDL is completely blocked by preinjection (1 min
before Tris-Gal-Chol HDL) of 0.5 mmol/rat N-acetylgalac-
tosamine (GalNAc, final concentration in the blood approxi-
mately 50 mM), while preinjection of N-acetylglucosamine
(GlcNAc) has hardly any effect. Preinjection of 5 or 25 mg of
asialofetuin/rat leads to a complete blockade of the increased
liver association of Tris-Gal-Chol HDL, similar as with
GalNAc (Fig. 2).

Cellular Distribution of Tris-Gal-Chol HDL in Liver—The
complete inhibition of the Tris-Gal-Chol-induced liver uptake
of HDL by asialofetuin suggests that the asialoglycoprotein
receptor on parenchymal cells is responsible for this uptake.

" At 10 min after injection the HDL association with parenchy-

mal cells (2.8 = 0.1% of the injected dose X 10*/mg cell
protein, n = 4) is stimulated 42- or 105-fold, respectively, by
incorporation of 5 or 13 ug of Tris-Gal-Chol/20 ug of HDL
apoprotein (Fig. 3). For nonparenchymal cells the association
of HDL (17.5 = 1.1% of the injected dose X 10*/mg of cell
protein, n = 4) is stimulated 1.7- or 5-fold, respectively, by 5
or 13 ug of Tris-Gal-Chol incorporated into HDL. When 200
ug of Tris-Gal-Chol is mixed with 20 pg of HDL (loading to
its disintegration) especially the nonparenchymal cell uptake
shows a further increase (Fig. 3).

The capacity of the liver uptake system for Tris-Gal-Chol-
loaded HDL was studied by injection of 100 and 250 pg of
HDL (mixed with Tris-Gal-Chol in the ratic HDL pro-
tein:Tris-Gal-Chol of 20:13). Both with 100 and 250 ug of
Tris-Gal-Chol HDL the total liver uptake (in per cent of the
injected dose) was reduced by about 50% as compared with
20 ug of Tris-Gal-Chol HDL. The percentage of the injected
dose taken up by the parenchymal cells was about two times
lower than with the low dose of 20 ug of Tris-Gal-Chol HDL,
while the percentage uptake by the nonparenchymal cells was
not changed.

Since the cellular distribution of Tris-Gal-Chol HDL was
seen to be so different from that of Tris-Gal-Chol-loaded LDL
(8), we decided to compare the cellular uptakes of the Tris-
Gal-Chol-loaded lipoproteins, as well as of asialofetuin, di-
rectly in one set of experiments. Furthermore, we specified
the cellular uptake sites more precisely by separating endo-
thelial from Kupffer cells (14). As indicated in Fig. 4, Tris-
Gal-Chol stimulates the total liver uptake of LDL or HDL to
a similar extent. However, the parenchymal cell uptake of
Tris-Gal-Chol HDL is much higher than that of Tris-Gal-
Chol LDL, whereas the reverse is seen with the Kupffer cells.
Both for Kupffer and for endothelial cells, Tris-Gal-Chol
incorporation stimulated the uptake of LDL but had only a
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F1G. 1. Effect of Tris-Gal-Chol on
the liver association and serum de-
cay of HDL. "*I-HDL (20 g of apoli-
poprotein) was mixed with 0 (V), 1 (4),
5 (A), 13 (O), or 200 ug of Tris-Gal-Chol
(O). The mixture was injected into an-
esthetized rats, and the liver association
and serum decay was determined. When
indicated, bars represent S.E. for 3 ani-
mals. The livers were not perfused, and
the dotted line represents the maximal
contribution of the serum value to the 20
liver uptake (determined with [*H]albu-

3 of injected dose
3 3

+=
o

liver serum

o«
o

% of injected dose
[=2]
o

=
(=)

20/200

20

min).

100+ liver serum

a
=]

80 | 80

60

% of injected dose
% of injected dose

20+

5 15 30 5 15 30
Time (min)

Fic. 2. Effect of asialofetuin, GalNAc, and GlcNAc on the
liver association and serum decay of Tris-Gal-Chol HDL. *I-
HDL (20 pg of apolipoprotein) was mixed with 13 pg of Tris-Gal-
Chol. One min prior to injection of Tris-Gal-Chol HDL, either solvent
(), 5 mg (V) or 25 mg of asialofetuin (M), 0.5 mmol of GalNAc (@),
or 0.5 mmol of GleNAc (O) was preinjected. Further conditions as in
Fig. 1.

small effect on that of HDL. Asialofetuin follows a similar
cellular uptake pattern as Tris-Gal-Chol HDL although the
cell association of Tris-Gal-Chol HDL to endothelial and
Kupffer cells is even lower than that of asialofetuin.

From these data it can be calculated, taking into account
the amount of protein contributed by each cell type to the
total liver, for which percentage the various liver cell types
are responsible for the total liver uptake of asialofetuin and
Tris-Gal-Chol-loaded lipoproteins (Table I).

Processing of Tris-Gal-Chol HDL—The intracellular proc-
essing of Tris-Gal-Chol HDL was investigated by isolating
hepatocytes 10 min after the in vivo injection of Tris-Gal-
Chol HDL (20/183) and incubating the cells at 37 °C in vitro.
Within 30 min of incubation the cells lose 45 + 1% (n = 2) of
their radioactivity, of which 79 £+ 1% is recovered as trichlo-
roacetic acid soluble in the cell supernatant.

The possible involvement of the lysosomes in processing
Tris-Gal-Chol HDL was investigated by pretreating the rats
with either leupeptin (19) or chloroquine (20) and following
the disappearance of label from liver (Fig. 5). Pretreatment
of the rats with either leupeptin or chloroquine clearly inhibits
the processing of Tris-Gal-Chol HDL. The serum radioactiv-
ities were not influenced by the various treatments (not
shown). At 30 min after injection of Tris-Gal-Chol-loaded
2[_HDL in rats pretreated with leupeptin or chloroquine a
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Fic. 3. The effect of Tris-Gal-Chol on the association of
HDL to parenchymal and nonparenchymal cells in vive. *I-
HDL (20 ug of apolipoprotein) was mixed with 0 (20/0), 5 (20/5), 13
(20/13), or 200 (20/200) ug of Tris-Gal-Chol. Ten minutes after
injection a liver perfusion was started and the total liver association
(after 8 min of perfusion at 8 °C) and the association to the subse-
quently isolated (at 8 °C) parenchymal and nonparenchymal cells
was determined. The bars represent values +S.E. (n = 3).

subcellular distribution study was performed (Fig. 6, A and
B). It appears that the radioactivity is highly enriched in the
lysosomal fraction. Chloroquine pretreatment also leads to
accumulation of radioactivity in the microsomal fraction. In
untreated liver the lysosomal marker acid phosphatase shows
a high relative activity in the L fraction (8, 15). However, the
pretreatment of the rats with leupeptin or chloroquine causes
a shift in its distribution. A similar shift was found for the
lysosomal markers 8-glucuronidase and cathepsin D (data not
shown).

DISCUSSION

The Tris-Gal-Chol molecule was designed for use in direct-
ing lipoproteins to the liver parenchymal cells because it was
anticipated that the galactose residues should allow an inter-
action with the asialoglycoprotein (galactose) receptor on
hepatocytes (6, 7). The design of the compound was also
adapted to the property of the hepatocyte receptor to bind
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Fic. 4. The effect of Tris-Gal-Chol on the association of
HDL and LDL to parenchymal, endothelial, and Kupffer cells
in comparison with the association of asialofetuin (ASF). *I-
HDL or *I-LDL (20 ug of apolipoprotein) were mixed with 13 ug of
Tris-Gal-Chol (TGC/HDL or TGC/LDL) or the equivalent amount
of phosphate-buffered saline (HDL or LDL). Ten minutes after
injection of the apolipoproteins or #®I-asialofetuin (9 ug), a liver
perfusion was started, and the total liver association (after an 8-min
perfusion at 8 °C) and the association with the subsequently isolated
(at 8 °C) parenchymal, endothelial, and Kupffer cells was determined.
The bars represent values £S.E. (n = 3).

TABLE I

Relative contribution of the different liver cell types to the total liver
uptake of asialofetuin, Tris-Gal-Chol HDL, and Tris-Gal-Chol LDL

The amount of radioactivity/mg cell protein in the isolated cell
fractions was multiplied with the amount of protein that each cell
type contributes to total liver protein. Lipoproteins (20 ug of apo-
lipoproteins) were mixed with 13 ug of Tris-Gal-Chol. The values are
calculated from the mean of 3 independent experiments for each
substrate.

. . Tris-Gal-Chol  Tris-Gal-Chol
Cell type Asialofetuin HDL LDL
Parenchymal 82.5 98.0 7.7
cells (%)
Endothelial 9.3 0.5 155
cells (%)
Kupffer cells (%) 8.2 1.5 76.8

and internalize triantennary structures with a much higher
affinity and efficiency than bis- or monoglycosides (21, 22).
Furthermore Attie and co-workers (23) reported that lacto-
sylated LDL was effectively catabolized by the asialoglyco-
protein receptor from rat hepatocytes in culture. Earlier we
showed (8) that incorporation of Tris-Gal-Chol in LDL leads
to an increased galactose-mediated interaction of LDL with
the liver and that the nonparenchymal cells are responsible
by 80-90% for the increased uptake. The present data confirm
this conclusion and give evidence that within the nonparen-
chymal cells especially the Kupffer cells show a high affinity
for Tris-Gal-Chol LDL. Incorporation of the Tris-Gal-Chol
molecule into HDL leads to a similar dose-dependent increase
in interaction with the liver as with LDL, but now surprisingly
98% of the Tris-Gal-Chol HDL is taken up by parenchymal
cells. The association of Tris-Gal-Chol HDL to total liver is
blocked by asialofetuin (5 or 25 mg) and by GalNAc but not
influenced by GlcNAc, so it can be concluded that Tris-Gal-
Chol incorporation into HDL leads to a specific interaction
of HDL with the asialoglycoprotein (galactose) receptor on
parenchymal cells. Actually this interaction is more specific

Targeting of HDL by Tris-Gal-Chol

Tris-Gal-Chol HDL liver
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Fic. 5. The effect of leupeptin and chlorogquine on the liver
association of Tris-Gal-Chol HDL. **I-HDL (20 ug of apolipo-
protein) was mixed with 13 ug of Tris-Gal-Chol. The mixtures were
injected into rats which were preinjected with. 5 mg of leupeptin (60
min prior to the lipoproteins) or with chloroquine (120 and 60 min
prior to injection of the lipoproteins). The control was preinjected at
60 min prior to the lipoproteins with phosphate-buffered saline. The
bars represent values +S.E. (n = 3). Further conditions are as de-
scribed in the legend to Fig. 1.
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B Tris-Gal-Chol HDL
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FiG. 6. Distribution of Tris-Gal-Chol HDL in subcellular
fractions of the liver. *I-HDL (20 ug of apolipoprotein) was mixed
with 13 ug of Tris-Gal-Chol. The mixture was injected into rats which
were preinjected with 5 mg of leupeptin (60 min prior to injection of
Tris-Gal-Chol HDL (A)) or with chloroquine (120 and 60 min prior
to injection of Tris-Gal-Chol HDL (B)). 30 minutes after injection of
Tris-Gal-Chol HDL a subcellular distribution procedure was started
exactly as described in Ref. 15. N is nuclear fraction, M is heavy
mitochondrial fraction, L is light mitochondrial fraction, P is micro-
somal fraction, and S is the final supernatant.

for Tris-Gal-Chol HDL than for asialofetuin itself, because
in accordance with autoradiographic data (7, 24) some asialo-
fetuin (10-20%) of the total liver uptake becomes associated
with Kupffer and endothelial cells.?

The molecular mechanism by which association of Tris-
Gal-Chol with HDL or LDL leads to such a differential
targeting to galactose receptors on hepatocytes or Kupffer
cells, respectively, may be related to the ultrastructural recep-
tor characteristics. The galactose receptor on hepatocytes is

*In accordance with the autoradiographic data of Hubbard et al.
(7) we found that preinjection of 5 and 25 mg of asialofetuin inhibited
the association of ®I-asialofetuin to parenchymal cells by 84.2 and
92.6%, respectively, while the association to endothelial and Kupffer
cells was only inhibited by 22.3 and 28.5%, respectively (¢f. Hubbard
et al. (7) with 20 mg of asialofetuin for parenchymal cells 99% and
endothelial and Kupffer cells 24% inhibition).
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randomly distributed on the capillary side of the plasma
membrane, while the Kupffer cell receptors are preclustered
in coated pits (25, 26). When asialofetuin is coated to gold
particles of 5 nm an interaction with both hepatocytes and
Kupffer cells was reported (27) while coating on 17-nm gold
particles prevented the interaction with hepatocytes. Since
HDL possesses a mean size of 10 nm and LDL of 23 nm (28),
the size of the lipoprotein might be responsible for the differ-
ential fate of the Tris-Gal-Chol-loaded particles irrespective
of the fact that an identical recognition marker is present. If
lipoprotein receptors on various cell types should possess
similar properties as the galactose receptors of liver, this
might have important implications for lipoprotein metabolism
because for instance apolipoprotein E might be recognized by
different cells when present on lipoproteins of various sizes.
In addition to the hypothesis with respect to the size of the
particles as explanation for the different fate of LDL and
HDL, it is possible that different apoproteins may differently
influence the orientation of Tris-Gal-Chol in the particle and
thus the interaction with randomly and preclustered galactose
receptors.

The hepatic processing of Tris-Gal-Chol HDL appears to
involve the lysosomal compartment. The decrease in total
hepatic radioactivity at the longer times after injection of
Tris-Gal-Chol HDL is clearly inhibited by pretreatment of
the rats with leupeptin or chloroquine. Furthermore, in the
animals pretreated with the lysosomotropic agents, HDL apo-
lipoprotein radioactivity accumulates in the lysosomal frac-
tion at 30 min after injection. Leupeptin is an inhibitor of
thiol proteases (29), while chloroquine acts as a general inhib-
itor of lysosomal proteolysis by increasing the lysosomal pH
(30). In addition chloroquine may inhibit the fusion of endo-
cytotic vesicles or multivesicular bodies with lysosomes (20,
31). Both leupeptin and chloroquine treatments lead to the
appearance of prominent autolysosomes with a concurrent
change in the density profile of acid phosphatase (32). We
found a similar shift with 8-glucuronidase or cathepsin D.
The accumulation of **I-HDL radioactivity in the fraction
which does contain the highest relative activity of lysosomal
enzymes in untreated rats (18) indicates that the newly
formed endocytotic vesicles and/or multivesicular bodies do
not fuse with pre-existing autolysosomes. The relatively
higher amount of radioactivity in the microsomal fraction
after chloroquine treatment as compared to leupeptin might
be related to the additional inhibitory action of chloroquine
on the fusion of endocytic vesicles or multivesicular bodies
with lysosomes (20, 32) as these vesicles are expected in this
fraction (33).

What are the consequences of our findings in view of a
potential future application of Tris-Gal-Chol as a hypocho-
lesterolemic drug? Upon addition of Tris-Gal-Chol to whole
plasma, the compound becomes associated with both LDL
and HDL, roughly in proportion to the available lipid surface
(5). Therefore, upon intravenous administration of the com-
pound the removal of both lipoproteins can be accelerated,
LDL by way of the Kupffer cells, HDL via the parenchymal
cells of the liver. Although low serum levels of HDL are
associated with increased risk of atherosclerotic disease (34),
it is at present uncertain whether enhanced hepatic removal
of HDL would be unfavorable. If so, this could possibly be
slowed down by co-administration of asialoglycoproteins,
competing for the same receptor on the parenchymal cells.

The use of Tris-Gal-Chol might also find application in
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targeting drugs, hormones, or other material of interest to
specific liver cell types. The use of liposomes as transport
vesicles is hampered by the difficulty to target these vesicles
rapidly to parenchymal liver cells. The use of galactose resi-
due-exposing liposomes is frustrated because these particles
are mainly captured by the galactose receptor on Kupffer cells
(35). The incorporation of Tris-Gal-Chol into HDL leads to
a successful and rapid targeting to the asialoglycoprotein
(galactose) receptor on hepatocytes. This property might be
used to deliver any compound either covalently linked to the
protein moiety or incorporated into the lipid core of HDL.
The ability to introduce rapidly and selectively acetylated
LDL into endothelial liver cells (14, 36, 37), Tris-Gal-Chol
LDL into Kupffer cells, and Tris-Gal-Chol HDL into paren-
chymal cells will also help in unraveling the complex meta-
bolic interaction between the various liver cell types.
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