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Abstract

In the present study, the binding, internalization and degradation of low-density lipoprotein (LDL) was investigated in Hep-G2 cells
treated with 18:0, 18:1, 18:2 and 18:3. In non-treated control cells, the surface binding (heparin-releasable) of *25I-LDL progressed in a
saturable manner reaching equilibrium within 2 h, amounting 24.0 = 1.1, 29.5 = 1.3 and 31.4 * 2.8 (ng/mg cell protein) at 1, 2 and 4 h,
respectively. The cells rapidly internalized *2°I-LDL reaching a plateau at 2 h (72.4 = 6.3/1 h, 96.7 * 4.3/2 h and 100.8 + 4.6 ng/mg
protein/4 h, respectively). The degradation of internalized LDL progressed slowly during the first hour of incubation reflecting the time
required to an uptake and delivery of LDL to the cellular lysosomes. The levels of degraded LDL discharged into the medium then increased
rapidly in a linear manner after the initial lag period, amounting 16.8 = 1.2, 51.8 = 7.0 and 118.2 = 5.7 ng/mg protein at 1, 2 and 4 h,
respectively. The treatment of cellswith of 1.0 mM of fatty acids for 4 h resulted in a significant increase in the surface binding of **°I-LDL
compared to the control (34.9 = 3.0), but it was significantly lower in cells exposed to 18:0 (48.2 = 2.0) than to 18:1 (56.8 = 5.1), 18:2
(56.0 = 3.5) and 18:3 (57.8 == 6.0 ng/mg protein/4 h) (P < 0.05). The levels of degraded LDL in cells remained nearly the same regardless
of fatty acid treatments, but degraded LDL levels in the medium were much higher in cells exposed to 18:1 (167.6 = 10.1), 18:2 (159.8 =
7.7) and 18:3 (165.1 = 14.7) than to 18:0 (142.1 + 8.4) and the control (121.2 + 3.4 ng/mg protein/4 h) (P < 0.05). The present finding
that 18:1 is equally effective in enhancing the receptor-mediated LDL uptake and its degradation as those of 18:2 and 18:3 suggests that
themgjor action of 18:1in lowering LDL-cholesterol levels also involves an increased clearance of LDL via hepatic LDL-receptors. © 2002

Elsevier Science Inc. All rights reserved.
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1. Introduction

In humans, plasma low-density lipoprotein (LDL) is the
major transport vehicle for cholesterol and its elevation is
regarded as one of the principal risk factors for the devel-
opment of atherosclerotic vascular disease [1,2]. Hepatic
LDL receptor activity comprises an important aspect of
LDL and cholesterol metabolism [3,4]. It has been known
that the major regulator of LDL-receptor synthesis is the
amount of cholesterol within a cell [5]. Intracellular choles-
terol inhibits the HMG-Co A reductase activity and down-
regulates the LDL -receptor synthesisin the liver cells[6,7].
The LDL uptake depends upon the interaction between the
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hepatocyte membrane and LDL, and changes in membrane
fluidity alter LDL binding to LDL receptors [8,9].

Plasma cholesterol concentrations are strongly influ-
enced by the quantity and composition of fat in the diet
[10,11]. Dietary saturated fats have been suggested to am-
plify the action of intracellular cholesterol in suppressing
the synthesis of LDL receptors thereby increasing the con-
centration of plasmaLDL cholesterol [12]. The substitution
of polyunsaturated fat for saturated fat in the diet resultsin
a reduction of plasma LDL-cholesterol levels [13] and an
increase in hepatic LDL receptor activity [14]. Several
mechanisms have been proposed to account for the changes
in plasma and lipoprotein cholesterol concentrations result-
ing from the intake of different dietary fats[11], however, it
is still a pressing question in respect to the physiological
action of individual fatty acids in a complex equilibrium
between the rate of lipoprotein production and its turnover.
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In our previous studies, the cellular uptake of 18:0, 18:1,
18:2 or 18:3 was found to be amost the same and it has
provided an useful in vitro model to compare the metabolic
activities of C-18 fatty acids [15]. Although dietary fats
have shown to affect the LDL receptor activity [12-14], the
independent effect of individual fatty acidsis rather difficult
to obtain primarily because these dietary fats consist of
various saturated and unsaturated fatty acids. Since few
studies have examined the effects of individual fatty acids
on the receptor-mediated LDL uptake and its catabolism,
the present study was undertaken to investigate the effects
of 18:0, 18:1, 18:2 or 18:3, which differ in the degree of
unsaturation, on the receptor-mediated uptake, internaliza-
tion and degradation of LDL in Hep-G2 cells. The human
hepatoma-derived cell line Hep-G2 was chosen in the
present studies because these cells have been reported to
retain many normal hepatic metabolic functions, lipoprotein
synthesis, and cholesterol metabolism [16].

2. Materials and methods

2.1. Materials

The human hepatoma cell line Hep-G2 was obtained
from American Type Culture Collection (ATCC, Rockville,
MD). | (carrier-free form, 10 mCi in 0.1 ml of 0.1 N
NaOH) was purchased from New England Nuclear (Boston,
MA). Bovine serum albumin (BSA) (essentially fatty acid-
free), Dulbecco’s Modified Eagle’s Medium (DMEM), pen-
icillin/streptomycin, fetal bovine serum (FBS), and throm-
bin were purchased from Sigma Chemica Co. (St. Louis,
MO). Stearic acid (18:0), oleic acid (18:1w9), linoleic acid
(18:2w6) and linolenic acid (18:3w3), sodium salts (99% +
pure), were purchased from Nu Check Prep (Elysian, MN).
All other chemicals and solvents were of analytical grade.

2.2. Cell culture

Hep-G2 cells were grown in DMEM supplemented with
10% (v/v) FBS, penicillin (100 units/ml) and streptomycin
(100 (g/ml). Stock cultures were maintained in T-25 flasks
at 37°C under a humidified atmosphere of 95% air and 5%
CO,. The medium was changed every third day. When cells
were grown to 70—80% confluency, fresh cultures were
initiated. For experiments, cells from stock cultures were
dissociated with a 0.25% trypsin—0.10% EDTA solution
and an aliquot of cell suspension (6 X 10°) was seeded into
each well in 6-well culture plates. On day 4, when the
cultures were subconfluent, cells were washed with Ca?™*-,
Mg®"- free Hank’s balanced salt solution (HBSS) and in-
cubated with 1.0 ml of DMEM containing 10% lipoprotein-
deficient serum for 24 h prior to each experiment. All
experiments were performed on day 5 while the cells were
actively growing.

2.3. Preparation of fatty acid/albumin complexes

Stock solutions of fatty acid/albumin mixture were pre-
pared under aseptic conditions as described previously [15].
Briefly, 20 umoles of afatty acid, sodium salt (18:0, 18:1,
18:2, or 18:3) were dissolved in 1.0 ml of sterilized water at
temperatures between 25-75°C. Five umoles (300 mg) of
essentially fatty acid-free BSA were dissolved in 4.0 ml of
DMEM culture medium (pH 7.4). The warm fatty acid
solution was then added to BSA solution dropwise while
stirring, and mixed with DMEM containing 10% lipopro-
tein-deficient serum in a final concentration of 1 mM. All
fatty acid/albumin (4/1 molar ratio) solutions were optically
clear and prepared freshly just prior to the experiment.

2.4. Preparation of low-density lipoprotein (LDL) and
lipoprotein-deficient serum (LPDS)

Pooled human blood from normolipidemic subjects was
obtained from the local blood bank. The lipoproteins were
isolated by sequential preparative ultracentrifugation [17].
For LDL isolation, the lipoprotein fraction of density
<1.019 g/ml was first removed, and the remaining fraction
was then adjusted to a density of 1.063 g/ml and the LDL
fraction was isolated by centrifugation at 135,000 X g for
36 h at 4°C in a Beckman model L-50 preparative ultracen-
trifuge (Beckman Instruments, Inc., Palo Alto, CA). After
dialysis, theisolated LDL was sterilized by passage through
a Millipore filter (0.45 wm). The protein content of LDL
was determined by the method of Lowry et a. [18]. The
LDL suspension was adjusted to a protein concentration of
20 mg/ml with 0.15 M NaCl and stored at 4°C. The steril-
ized LDL was used within a week.

For LPDS preparation, the fraction remained after LDL
isolation was adjusted to a final density of 1.21 g/ml and
centrifuged at 135,000 X g for 36 h at 4°C. After removal
of al lipoproteins of density <1.21 g/ml, the remaining
lipoprotein-deficient fraction was dialyzed at 4°C against
0.15 M NaCl for 48—72 h and converted to LPDS by
incubating it with thrombin at a final concentration of 10
NIH units/ml at 4°C for 24 h. The resulting clot was re-
moved by centrifugation at 18,000 X g for 2 hat 4°C. LPDS
was then sterilized by passage through a Millipore filter
(0.45 um). Thetotal cholesterol content of LPDS was <5%
of the level in whole plasma.

2.5. Radioiodination of LDL

The isolated LDL was labeled with 21 (carrier-free
form, 10 mCi in 0.1 ml of 0.1 N NaOH) based on Bilhei-
mer’s modification [19] of the iodine monochloride method
as described by Goldstein et al. [20]. The iodinated LDL
solution was purified by Sephadex G-25 column chroma-
tography and dialyzed against 0.15 M NaCl until the final
dialyzate had less than 3,000 cpm/ml. The labeled LDL
solution was sterilized by passage through a Millipore filter
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(0.45 um). Anaysis of *I-labeled LDL reveded that
98.2% of radioactivity was precipitated by 10% trichloro-
acetic acid and 3.2% was extracted with chloroform-meth-
anol (2:1, v/v). The specific activity was 337 cpm/ng of
LDL protein.

2.6. LDL-uptake assay

The LDL uptake, which is a sum of cellular membrane
binding and internalization, was determined as described by
Goldstein et al. [20]. The cells grown in monolayer in
6-well clustered dishes (4 days) were incubated with
DMEM containing 10% lipoprotein-deficient serum (LPDS)
for 24 h as described above. In experiments with fatty acids,
cells were treated with serum-free DMEM containing 1.0
mM of arespective fatty acid/albumin complex or 0.25 mM
of albumin alone as a control at 37°C for 4 h. The cellswere
then incubated with 10 ug/ml of **I-LDL in DMEM con-
taining 10% LPDS with or without 500 wg/ml of unlabeled
LDL at 37°C for 4 h. After incubation, the medium was
removed for measurement of *2°|-labeled degradation prod-
ucts as described below, and cells were washed with ice-
cold buffer containing 0.15 M NaCl, 50 mM Tris-HCI and
2 mg/ml of bovine serum albumin according to the method
of Goldstein et al. [20]. The cells were then incubated with
2.0 ml of ice-cold buffer containing 50 mM NaCl, 10 mM
HEPES and 10 mg/ml of heparin for 60 min at 4°C. The
buffer solution was then collected and an aliquot was
counted for determination of the amount of *#I-LDL re-
leased from the cell surface (heparin-releasable *2°I-LDL).
The cells were dissolved in 1.0 ml of 0.1 N NaOH by
incubation at room temperature for 15 min. Aliquots of the
cell suspension were counted to determine the amount of
123.LDL that had been internalized by the cells (heparin-
resistant *2°I-LDL), and were analyzed for the protein con-
tent by the method of Lowry et al. [18].

2.7. Assay for degradation of *#°|-LDL

Aliquots of cells suspension and medium were added to
glass tubes containing 0.5 ml of 50% trichloroacetic acid to
precipitate undegraded *?°I-LDL. After incubation at 4°C
for 30 min, the precipitated material was removed by cen-
trifugation at 1,000 X g. An aliquot of the supernatant was
mixed with 10 wl of 40% potassium iodide as carrier,
followed by the addition of 40 ul of 30% hydrogen perox-
ide. The **I-iodine, which was converted from *?°I-iodide
ions by hydrogen peroxide, was extracted with chloroform.
Aliquots of aqueous layer were counted for radioactivity.

2.8. Assay for surface binding of *#°I-LDL

The surface binding of LDL was determined at 4°C
because the binding of LDL continues, while receptor-
mediated endocytosis ceases at this temperature [20]. The
cells grown in monolayer in 6-well clustered dishes (4 days)

were incubated with DMEM containing 10% lipoprotein-
deficient serum (LPDS) for 24 h as described above. In
experiments with fatty acids, cells were treated with serum-
free DMEM containing 1.0 mM of 18:0, 18:1, 18:2 or 18:3
complexed with albumin or 0.25 mM of albumin alone as
control for 4 h at 37°C. Prior to binding experiments, cells
were initially placed in arefrigerator (4°C) for 30 min. The
cells were then incubated with 10, 20 and 50 pg/ml of
123.LDL in DMEM containing 10% LPDS with and with-
out 500 wg/ml of unlabeled LDL at 4°C for 2 h. After
incubation, cells were washed with ice-cold buffer contain-
ing 0.15 M NaCl, 50 mM Tris-HCI and 2 mg/ml of bovine
serum albumin according to the method of Goldstein et al.
[20]. The cells were then incubated with 2.0 ml of ice-cold
buffer containing 50 mM NaCl, 10 mM HEPES, and 10
mg/ml of heparin for 60 min at 4°C. The buffer solution was
collected and an aiquot was counted for determination of
the amount of *?°I-LDL released from the cell surface (he-
parin-releasable *2°|-LDL). The cells were dissolved in 1.0
ml of 0.1 N NaOH by incubation at room temperature for 15
min and aliquots of the cell suspension were used to deter-
mine the protein content and radioactivity. The receptor-
mediated LDL uptake (specific binding) was calculated by
subtracting the radioactivity bound in the presence of 500
pg/ml of unlabeled LDL (nonspecific binding) from that in
its absence (total binding).

2.9. Satistical analysis

Values are presented as means = SD. Data were ana-
lyzed by analysis of variance (ANOVA) and Duncan's
multiple range test. Differences between variables were
considered significant at P < 0.05.

3. Results

The surface binding, internalization and degradation of
123.LDL in non-treated control cells at 37°C is shown in
Fig. 1. The surface binding (heparin-releasable) of *2°|-LDL
progressed in a saturable manner reaching equilibrium
within 2 h, amounting 24.0 + 1.1, 29.6 = 1.5 and 31.4 *
2.8 (ng/mg of protein) at 1, 2 and 4 h, respectively. The
surface bound *2°|-L DL accounted about 15.1% of the total
123 DL uptake during the 4 h incubation period. The cells
rapidly internalized *#°I-LDL (heparin-resistant) reaching a
plateau at 2 h (72.4 = 6.3/1 h, 96.7 = 4.3/2 h and 100.8 =
4.5 ng/mg protein/4 h, respectively). The degradation of
internalized LDL progressed slowly during the first hour of
incubation reflecting the time required to an uptake and
delivery of LDL to the celular lysosomes. The levels of
degraded LDL discharged into the medium then increased
rapidly in a linear manner after the initial lag period,
amounting 16.7 + 1.2, 51.7 = 7.0 and 118.2 + 5.7 ng/mg
protein a 1, 2 and 4 h, respectively. On the other hand, in
the presence of excess amount of non-labeled LDL (500
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Fig. 1. Binding, internaization and degradation of *2°I-LDL in Hep-G2
cells. The cells were grown in DMEM containing 10% fetal bovine serum
at 37°C for 4 days, and then cells were preincubated for 24 h in DMEM
supplemented with 10% lipoprotein-deficient serum (LPDS). Afterward,
cellswereincubated with 10 wg/ml of *2|-LDL in DMEM containing 10%
LPDS at 37°C for 4 h. The symbols represent for surface binding (¢—),
internalization (m—m), degradation productsin cells (A—2A), and medium
(Xx—X). The values are mean = S.D. (n = 6).

wg/ml), the surface binding, internalization, degradation of
LDL progressed amost linearly during the 4 h treatment
period (Fig. 2).

The total surface, specific and non-specific bindings of
125I.LDL in cells incubated with 10, 20 and 50 ug/ml of
125.LDL at 4°C were shown in Fig. 3. The total LDL-
binding at 4°C represents exclusively the cell surface bind-
ing, because the internalization of LDL by receptor-medi-
ated endocytosis is inhibited at this temperature. The total
surface binding of LDL by cells increased steadily with
increasing amounts of 10, 20 and 50 ug/ml of *2°I-LDL
present in the medium at 4°C (16.2 = 1.2, 22.5 + 1.0 and
30.2 £ 2.5 ng/mg protein/2 h, respectively). The specific
binding of *2°I-LDL also increased, but the rate of increase
became slow down after 20 g of *°I-LDL. However, the
non-specific binding of LDL increased linearly (1.5 = 0.1,
27 * 02 and 6.6 = 0.1 ng/mg protein/2 h), and the
non-specific binding comprised about 9.3%, 12.0% and
21.9% of the total binding at 10, 20 and 50 ug/ml of
123.LDL concentrations, respectively.

The surface binding (heparin-releasable), internalization
(heparin-resistant) and degradation of *2°I-LDL (10 ug) in
cellstreated with 18:0, 18:1, 18:2 or 18:3 at 37°C are shown
in Table 1. The examination of cell viability in the prelim-
inary experiment revealed that average cell counts were
similar between the control and all fatty acid groups, and

6000
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Fig. 2. Binding, internalization and degradation of 12°|-LDL in the pres-
ence of 500 ug/ml of unlabeled LDL in Hep-G2 cells. The cells were
grown in DMEM containing 10% fetal bovine serum at 37°C for 4 days,
and then cells were preincubated for 24 h in DMEM supplemented with
10% lipoprotein-deficient serum (LPDS). Afterward, cells were incubated
with 10 pg/ml of **°I-LDL in DMEM containing 10% LPDS with 500
ng/ml of unlabeled LDL at 37°C for 4 h. The symbols represent for surface
binding (®—®), internalization (m—m), degradation products in cells
(A—2), and medium (x—Xx). The values are mean = S.D. (n = 6).

cell viability was greater than 95% assessed by Trypan blue
exclusion. The light microscopic examination revealed the
presence of numerous intracellular lipid droplets in cells
incubated with fatty acids, but no other morphological ab-
normalities were observed in those cells. The treatment of
cells with of 1.0 mM of fatty acids for 4 h resulted in a
significant increase in the surface binding of *2°I-LDL com-
pared to the non-treated control (34.9 = 3.0) (P < 0.05).
However, the surface binding of *2°I-LDL was significantly
lower in cells exposed to 18:0 (48.2 = 2.0) than to 18:1
(56.8 = 5.1), 18:2 (56.0 + 3.5) and 18:3 (57.8 = 6.0 ng/mg
protein/4 h). The internalization of *°|-LDL was signifi-
cantly higher in cells exposed to 18:1 (141.4 = 7.2), 18:2
(1420 = 8.1) and 18:3 (146.4 * 11.3), than to 18:.0
(114.4 = 3.5) and control (103.5 * 5.5) (P < 0.05). The
levelsof LDL degradation in cellsremained nearly the same
regardless of fatty acid treatment, but the levels of LDL
degradation product discharged into the medium were much
higher in cells exposed to 18:1 (167.6 = 10.1), 18:2
(159.8 = 7.7) and 18:3 (165.1 = 14.7) than to 18:0
(142.1 = 8.4) and the control (121.1 = 3.4 ng/mg protein/4
h) (P < 0.05). The total surface, specific and non-specific
bindings of *?°I-LDL (10 ug) in cells treated with 18:0,
18:1, 18:2 or 18:3 at 4°C in absence and presence of 500 ug
of unlabeled LDL are shown in Table 2. The total surface
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Fig. 3. Surface, specific and non-specific bindings of *2°I-LDL in cells
incubated with various concentrations of *25|-LDL at 4°C. The cells were
grown in DMEM containing 10% fetal bovine serum at 37°C for 4 days,
and then cells were preincubated for 24 hin the DMEM supplemented with
10% lipoprotein-deficient serum (LPDS). Afterward, cells were incubated
with 10, 20 and 50 ug/ml of *?°|-LDL in DMEM containing 10% LPDS
with and without 500 pg/ml of unlabeled LDL in cellsat 4°C for 2 hr. The
symbols represent for surface binding (®—), specific binding (m—m)
and non-specific binding (A—A). The values are mean = SD. (n = 6).

40 60

and specific bindings of *2°I-LDL were significantly higher
in cells treated with fatty acids than in the control (P <
0.05). Among fatty acids, the total surface and specific
bindings were significantly lower in cells exposed to 18:0
than to 18:1, 18:2 and 18:3 (P < 0.05). In non-specific
binding of #I-LDL, however, no significant differences
were noted regardless of fatty acids treatments. In overall,
the treatment of cells with fatty acids significantly increased

the receptor-mediated specific binding, internalization and
degradation of *?°I-LDL, but cells exposed to 18:0 was
significantly lower than to 18:1, 18:2 and 18:3 in those
parameters (P < 0.05).

4. Discussion

In the present study, Hep-G2 cells were found to be very
active in the receptor-mediated binding, internalization, and
degradation of human low-density lipoprotein (LDL),
which is consistent with findings of others [21,22]. The
receptor-mediated catabolism of LDL consists of three
stages that include theinitial binding of LDL to high affinity
receptors on the cell surface, internalization through endo-
cytosis, and degradation in lysosomes [23]. The LDL bind-
ing to high-affinity cell surface receptors progressed in a
saturable manner reaching equilibrium within 2 h, which is
in agreement to the findings of others[22,24]. In contrast to
the high affinity binding process, the nonspecific binding of
LDL ischaracterized by an apparent lack of saturability and
is proportiona to a concentration of LDL in the medium
[21,25]. In the present study, the non-specific binding pro-
gressed linearly and accounted 9.3%, 12.0% and 21.9% of
the total surface binding at 10, 20 and 50 wg/ml of *2°I-LDL
concentration in the medium, respectively.

In the present study, the treatment of Hep G-2 cells with
fatty acids significantly increased the receptor-mediated
binding, internalization and degradation of *#°1-LDL. How-
ever, the receptor-mediated LDL uptake was found to be
significantly lower in cells treated with 18:0 than with 18:1,
18:2 and 18:3. These results may be relevant to findings of
clinical and animal studies in which dietary saturated fatty
acids decrease receptor-mediated clearance of LDL, thereby
increasing plasma LDL cholesterol levels [26,27]. The
available evidence suggests that substitution of unsaturated
fatty acids for saturated fatty acids resultsin an increase in
LDL-receptor activity [14,28]. Recent studies also reported
that dietary linoleic acid increases and palmitic acid de-

Table 1
Binding, internalization and degradation of *2°I-LDL in cells treated with 18:0, 18:1, 18:2 or 18:3'2

Fatty acids
1251-.LDL None 18:0 18:1 18:2 18:3

(ng/mg cell protein/4 h)
Tota binding 280.0 + 8.7° 326.0 = 11.5° 388.0 = 13.52 379.9 + 12.6% 393.1 + 29.5%
Surface bound 34.9 = 3.0° 482 + 2.2° 56.8 = 5.5% 56.0 = 3.9% 57.8 + 6.0?
Internalized 103.5 + 5.5° 114.4 + 35° 1414+ 7.22 1420 = 8.12 146.4 = 11.32
Degraded/cell 20413 216+ 17 222+ 28 221+15 219+10
Degraded/medium 121.1 + 3.4° 142.1 =+ 8.4° 167.6 + 10.1* 159.8 + 7.7 165.1 + 14.72

* The cells were grown in DMEM containing 10% fetal bovine serum at 37°C for 4 days, and then cells were preincubated for 24 h in the DMEM
supplemented with 10% lipoprotein-deficient serum (LPDS). Afterward, cells were treated with 1 mM of 18:0, 18:1, 18:2, or 18:3 for 4 h, followed by
incubation with with 10 pg/ml of **°I-LDL in DMEM containing 10% LPDS at 37°C for 4 h. The surface-bound and internalized LDL represents the

heparin-releasable and heparin-resistant LDL, respectively.

2Values are the mean = SD (n = 6). Letters sharing different superscript letters in the same row are significantly different (P < 0.05).



B.H.S. Cho et al. / Journal of Nutritional Biochemistry 13 (2002) 330-336 335

Table 2
Surface, specific and non-specific bindings of *?°I-LDL in cells treated with 18:0, 18:1, 18:2 or 18:3*2
Fatty acids
1251.LDL None 18:0 18:1 18:2 18:3
(ng/mg cell protein/2 h)
Surface binding 170+ 0.8° 221+ 1.4° 253+ 2.02 252+ 1.7° 257+ 152
Specific binding 155 + 0.7° 204 + 2.3° 237+ 192 235+ 1.7 240+ 1.17
Non-specific binding 15+02 17+£01 1.7+02 17+01 17+02

1 The cells were grown in DMEM containing 10% fetal bovine serum at 37°C for 4 days, and then cells were preincubated for 24 h in the DMEM
supplemented with 10% lipoprotein-deficient serum (LPDS). Afterward, cells were treated with 1 mM of 18:0, 18:1, 18:2 or 18:3 for 4 h, followed by
incubation with 10 ug/ml of *2°-LDL in DMEM containing 10% LPDS with and without 500 wg/ml of unlabeled LDL at 4°C for 2 h.

2Values are the mean = SD (n = 6). Letters sharing different superscript letters in the same row are significantly different (P < 0.05).

creases hepatic LDL receptor protein and LDL receptor
mMRNA levels [29].

The regulation of hepatic receptor activity by saturated
or unsaturated fatty acids has also been postulated through
an effect of a specific fatty acid on acyl-CoA: cholesterol
acyltransferase (ACAT) reaction [30,31]. Upon LDL uptake
by the liver, free cholesterol is released by the hydrolysis of
LDL-cholesteryl ester, and this lipoprotein-derived choles-
terol consequently regulates cellular cholesterol metabolism
by suppressing HMG-CoA reductase. As the level of intra-
celular free cholesterol rises, the microsomal ACAT is
stimulated to reesterify excess cholesterol and synthesis of
new LDL receptorsisinhibited [32]. Therefore, factors that
raise intracellular cholesterol appear to suppress the forma-
tion of receptors, while the reduction of cholesterol level
within the cell stimulates receptor synthesis. When the cells
become enriched with stearic acid, the cholesterol esterifi-
cation reaction is partialy inhibited because the saturated
fatty acid is a less favorable substrate for ACAT activity,
and this results the expansion of regulatory free cholesterol
pool while reducing the cholesteryl ester pool size. The
expansion of free cholestrol pool size causes a reduction of
receptor RNA concentration and a diminished LDL receptor
activity by a mechanism of cholesterol feed back inhibition.
On the other hand, when the cells are enriched with unsat-
urated fatty acids, ACAT reaction is enhanced resulting a
decrease in free cholesterol pool size [28].

In our previous study [15], it was noted that the treatment
of Hep-G2 cells with 1 mM of 18:0 for 4 h resulted about
330 nmoles/mg cell protein of its cellular uptake. Although
a portion of 18:0 is converted to 18:1 by desaturation pro-
cess, the presence of an excessive amount of 18:0 could
unfavorably affect the microsomal ACAT activity. In fact,
incorporation of 18:0 into cholesteryl ester was found to be
fairly low (8.6% from 5.6%), whereas a marked incorpora-
tion of 18:0 was noted in triglyceride (30.0% from 8.4%)
and phospholipid (21.3% from 11.8%) compared to the
untreated control [15]. The total cholesterol levels in cells
treated with fatty acids were found to be in the order of
18:0 > 18:1 > 18:2 = 18:3. Thus, the elevation of cellular
cholesterol concentration resulted from 18:0 treatment
could unfavorably affect the LDL receptor synthesis, and

the overall effect of 18:0 may be similar to that of palmitic
acid, which has been reported to decrease LDL receptor
activity by regulating LDL-receptor gene expression [33,
34]. In addition, the changes in the fatty acid composition of
LDL-phospholipid with saturated fatty acids could also
modify the surface coat of lipoproteins containing apoli-
poprotein B, influencing the binding of apo B to the cellular
LDL receptors [9]. Dietary fat-induced changes in LDL-
receptor activity have been correlated with changes in the
composition and physical properties of cell membranes
[27]. Thus, the dteration of the fluidity of cell membrane
harboring LDL-receptors by enrichment of phospholipids
with 18:0 could also affect the normal function of LDL
receptors within the cell membrane, possibly by reducing
the binding or internalization of circulating LDL [9].

In summary, the treatment of Hep-G2 cells with fatty
acids significantly increased the receptor-mediated binding,
internalization and degradation of *#°I-LDL, but cells ex-
posed to 18:0 was significantly lower than to 18:1, 18:2 and
18:3 in those parameters. It is also noteworthy that despite
differencein the degree of unsaturation, the LDL uptake and
its degradation in cells treated with 18:1 was amost the
same as those of 18:2 and 18:3. The present finding that
18:1 is equally effective in enhancement of the receptor-
mediated LDL uptake as those of 18:2 and 18:3 suggests
that the magjor action of 18:1 in lowering LDL-cholesterol
levels also involves an increased clearance of LDL via
hepatic LDL-receptors as the other polyunsaturates.
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