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Enhanced Macrophage Degradation of Low-Density Lipoprotein
Modified with Sulfatide

Tetsuro MIZOUE
Department of Internal Medicine, Shinshu University School of Medicine
(Director : Prof. Morie SEKIGUCHI)

The effects of sulfatide (cerebroside sulfate, CS) on low-density lipoprotein (LDL) uptake and degradation
by resident mouse peritoneal macrophages were studied. LDL incubated with CS (CSLDL) showed an increase
of the negative charge and '*I-labeled CSLDL ([**I] CSLDL) was taken up and degraded by macrophages
about 3 times more rapidly than control **#L.labeled LDL. Such effects were not detected when LDL was
treated with other glycosphingolipids such as globotetraosylceramide, galactosylceramide or gangliotetraosyl-
ceramide. Macrophage degradation of ['#I] CSLDL was significantly inhibited by acetylated LDL (AcLDL)
but poorly by LDL. Cellular cholesteryl ester content increased marginally after incubation with CSLDL for
24 hours. However, further studies revealed that acyl-coenzyme A : cholesterol acyltransferase activity of
macrophages after incubation with CSLDL for 5 hours increased 3 times over control with LDL and that the
plasma membrane free cholesterol which was converted to cholesteryl ester increased more with CSLDL than
with LDL. These results suggest that CSLDL enhances its uptake by macrophages possibly via the AcLDL
receptor pathway and consequently stimulates cholesteryl ester synthesis. CSLDL may play a role in the
pathological deposition of cholesteryl ester in arterial wall macrophages. Shinshu Med J 41: 305—315,
1993
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Fig, 1 Structures of sulfatide (cerebroside sulfate,
CS) and other glycosphingolipids. Gal,
galactose ; Cer, ceramide; GalNAc, N-acetyl
galactosamine ; Gle, glucose.
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Fig, 2 Metabolism of LDL by macrophages. ACAT, acyl-coenzyme A :
cholesterol acyltransferase ; Apo B, apolipoprotein B ; CE, choles-

teryl ester; FC, free cholesterol.
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Fig. 3 Effect of sulfatide (CS) interaction with low-
density lipoprotein (LDL) on the cell associa-
tion and degradation of LDL by macrophages.
Macrophage monolayers (1x10%/16mm well)
were incubated in 3001 of medium A contain-
ing 100ug/ml of *I-labeled LDL (['*I] LDL)
which was preincubated with indicated con-
centrations of CS. After 5 hr at 37°C, cell
association (open bars) and degradation (hat-
ched bars) of [**I] LDL were assayed as
described under “Materials and Methods”.
Each bar represents the mean of triplicate
determinations. The error bar represents SD.
*p<. 0,05 as compared to control.
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Fig. 4 Effect of glycosphingolipids on the cell asso-
ciation and degradation of LDL by macro-
phages. Macrophage monolayers (1 106/
16mm well) were incubated in 300zl of
medium A containing 100xg/ml of **[-labeled
acetylated LDL (Ac) or *#L-labeled LDL (["*]
L.DL) which was preincubated with or without
(None) indicated glycosphingolipids (Gbd=
GbdCer, globotetraosylceramide ; Gal=Gal-
Cer, galactosylceramide; Ggd=Gg4Cer, gan-
gliotetraosylceramide). Each glycolipid was
preincubated at a concentration of 80nhmol/mg
LDL /ml. After 5 hr at 37°C, cell association
(open bars) and degradation (hatched bars) of
[*»5]] LDL were assayed as described under
“Materials and Methods”. Each bar represents
the mean of triplicate determinations. The
error bar represents SD. *p<0.05 as compared
to native LDL (None).
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Fig. 5 Effect of CS interaction with macrophages
on the cell association and degradation of LDL
by macrophages. Macrophage monolayers (1 x
10¢/16mm well) were preincubated in 300l of
medium A containing 8nmol/ml of CS for 5 hr
at 37°C. After 3 washes with DMEM, medium
was changed to 300! of medium A containing
100gg/ml of **I-labeled LDL ([**I] LDL) fol-
lowed by subsequent incubation for 5hr at 37°
C (CS - LDL). The monolayers were prein-
cubated in medium without CS followed by
incubation with 100zg/ml of [***1] LDL (LDL)
or #[.]abeled CSLDL (CSLDL) as controls.
Cell association (open bars) and degradation
(hatched bars) of ['*1] LDL were assayed as
described under “Materials: and Methods”.
Each bar represents the mean of triplicate
determinations. The error bar represents SD.
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Fig. 6 The ability of nonradioactive LDL, acetylat-
ed LDL (AcLDL) and CS modified LDL
(CSLDL) to compete for the degradation of
28] Jabeled CSLDL (['*I] CSLDL). Each ma-
crophage monolayer (1x10%/16mm well)
received 300x1 of medium A containing 10ug/
ml of ['*¥]] CSLDL in the presence of medium
alone (None), 200xg/ml of LDL, AcLDL or
CSLDL. After incubation for 5 hr at 37°C, the
amount of '*%1-label recovered as trichloro-
acetic acid-soluble material in the medium was
determined. 100% equals 0.45ug of [**I]
CSLDL degraded/mg cell protein/bhr. The
data are the mean of triplicate experiments.
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Fig. 7 Agarose-gel electrophoresis of LDL, CSLDL
and AcLDL. The arrow indicates the position
of sample application. Lane 1, control serum ;
lane 2, LDL ; lane 3, CSLDL ; lane 4, AcLDL
(Fat Red 7B staining).
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Fig. 8 Binding of LDL to CS. The indicated
amounts of CS were fixed on the bottom of
plastic wells. To block nonspecific binding,
each well was incubated with 100xl of
phosphate-buffered saline (PBS) containing
1% gelatin (194 gelatin-PBS) for 2 hr at room
temperature. After 2 washes with 19 gelatin-
PBS, 50ul of 0.19% gelatin-PBS containing
11pg/ml of '*I-labeled LDL (['*I] LDL,
265cpm/ng) was added and incubated for lhr at
37°C. Wells were washed 5 times with 1%
gelatin-PBS, and the amount of ['*I] LDL
bound to each well was determined. Each point
represents the mean of triplicate determina-
tions. The error bar represents SD.
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Table 1 Cellular contents of free cholesterol and cholesteryl ester after incubation
with lipoproteins (zg/mg cell protein)

Lipoprotein CE
LDL 20.8+2.1 2.2%+0.5
CSLDL 22.1%+2.4 4.141.2"
AcLDL 45.4+2.9* 224.8+9.5*

Macrophages (3.5%x10%/35mm dish) were incubated in 1 ml of medium A containing
100xg/ml of LDL, CSLDL, or AcLDL for 24 hr at 37°C. After 6 washes, the cellular
lipid was extracted and developed on HP-TLC plate with the standard samples of free
cholesterol (FC) and cholesteryl ester (CE). The FC and CE spots were visualized by
spraying cupric-phosphoric acid reagent and heating at 150°C for 15 min. The amounts
of FC and CE were then determined by densitometer. Values are the means+SD of
triplicate experiments. (*p<0.05 as compared to LDL)
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Table 2 Effect of lipoproteins on acyl-coenzyme A: cholesterol acyltransferase
stimulation (nmol/mg cell protein)

Lipoprotein Cholesteryl[*C]oleate
None 0.57+0.02
[.DL 0.8140.01
CSLDL 2.574£0.04*
Acl.DL 11.6740.10*

Macrophages (1 x10°/16mm well) were incubated in 5001 of medium A containing
0.1mM [“Cloleate-albumin and 100xg/ml of LDL, CSLDL or AcLDL. A parallel
incubation was also performed without lipoprotein as a control (None). After 5 hr at
37°C, the cellular content of cholesteryl-[*C]oleate was determined as described
under “Materials and Methods”. Values are the means+SD of triplicate experiments.
(*p<0.05 as compared to LDL)

Table 3 Distribution of radioactivity after incubation of macrophages with [**C]-
cholesterol-laheled LDL or CSLDL (cpm x 10-*/mg cell protein)

FC CE Total radioactivity
LDL 82.5 (99.8) 0.1 (0.2 82.6 (100
CSLDL 192.6 (99.4) 1.2 (0.6) 193.8 (1000

Macrophages (6x10%/25cm? flask) were incubated in 3ml of medium A containing
100ug/ml of ["C]cholesterol-labeled LDL or ["*C]cholesterol-labeled CSLDL for 5 hr
at 37°C. After 6 washes, the cellular lipid was extracted and developed on HP-TLC
plate. Free cholesterol (FC) and cholesteryl ester (CE) spots were visualized under
iodine vapor and scraped to determine the amount of [“C]cholesterol as described
under “Materials and Methods”. Each value in parentheses is a percentage of total

radioactivity.
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Fig. 9 Labeling of macrohages with [*H]chole-
sterol and subsequent chases with LDL,
CSLDL or AcLDL. Macrophages were labeled
with 37 ng/ml of [*H]cholesterol for 16 hr,
washed 3 times with DMEM, and incubated for
2 hr in medium A for equilibration (Pulse). The
cells were chased for 5 hr in 500x! of medium
A containing 100xg/ml of LDL, CSLDL or
AcLDL. The chase was also performed with-
out lipoprdtein as a control (None). An aliquot
of the culture medium was saved to determine
the [*H]cholesterol release. After 6 washes,
the cellular lipid was extracted and developed
on HP-TLC plate. Free cholesterol (FC) and
cholesteryl ester (CE) spots were visualized
under iodine vapor and scraped to determine
the amount of [*H]cholesterol as described
under “Materials and Methods”. Total radio-
activity of Pulse, None, LDL, CSLDL and
AcLDL was 2456, 2611, 2598, 2737 and
2610cpm x 103/mg cell protein, respectively.
The data are the mean of triplicate experi-
ments.
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