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Lipid accumulation in cells of the blood vessel wall is one of the most important early
manifestations of atherosclerosis., It is generally considered that the control of lipopro-
tein hemostasis is effected by ‘lipoprotein receptors, exposed on the cell surface. Lipopro-
tein receptors play a key role in the regulation of cholesterol and triglyceride catabolism;
they have been found on the surface of fibroblasts, smooth-muscle cells, macrophages, leuko-
cytes, liver cells, etc. [7, 10]. However, during lipid accumulation by cells of the vascu-
lar wall, accompanying atherogenesis, the most important role is played by processes in which
lipoprotein receptors are not directly involved. Lipid-loaded (foam) cells of the vascular
wall affected by atherosclerosis are macrophages of the monocytic series and smooth-~muscle
cells. The source of the lipids is evidently plasma low~density lipoproteins (LDL), which
can pass through the monolayer of endothelial cells into the subendothelial intima. The
mechanism of LDL-mediated 1lipid accumulation in cells of the subendothelial intima is not
clear, During incubation of macrophages or smooth-muscle cells in medium with high concen-
trations of native LDL lipids do not accumulate in the cells. A significant quantity of LDL
is taken up by the cells only if chemically modified LDL are used. Since most of the LDL found
in the vessel wall lie outside the cells, it has been suggested that LDL uptake and catabol-
lismby cells of the vascular wall may be influenced by components of the extracellular matrix.
It has recently been reported that LDL, incorporated into insoluble complexes with components
of the extracellular matrix — fibronectin (FN), heparin (H), and gelatin (G) — and denatured
collagen are actively phagocytosed by mouse peritoneal macrophages, as a result of which
cholesterol esters accumulate in the cells [5].

The aim of this investigation was to study the effect of components of the extracellular
matrix of lipid accumulation by various human cells.

EXPERIMENTAL METHOD
FN was isolated from human blood plasma [4]. Human plasma LDL (density 1.019-1.063 g/ml)
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TABLE 1. Effect of Components of Extra- TABLE 2. Cholesterol Accumulation by Var-

cellular Matrix on Cholesterol Accumula- ious Human Cells after Incubation for 24
tion by Cells Isolated from Human Aorta h with LDL or with Insoluble LDL~H—FN—G
, Comp lexes

Totgl cholesterol concen-
tration, pg/10° cells Total g,hollestcrol concentration,
pg /10° cells
. cells from
it o i,
mary eul=~ | . lrured Type of cells LDL/
ture) intact LDL LDL—H-— LDL—H~
FN=G | FN—G
Nothing added 20,3+1,8 | 5,2+0,4 ’
LDL 20,5+1,6 | 5,5+0,3 Monocytes 1,7+0,2 7,6-1,1 4,4
IDL + H 18,14+0,7 | 4,3-:0,4 Peritoneal macro=- -
LDL +FN 19,6+2,6 | 4,3+0,4 pages 7,540,7 | 46,6:8,9| 6,2
IDL + G 31,5+2,6 | 5,540,9 Subendothelial aortic
LDL +H +FN 32.04£2,4 | 7,4:1,7 intima’ (primary cul-
. ture) 20,3+1,8 | 195,7+4,3 9,7
LDL—H—FN (insoluble complex) 153,748,3 | 13,8+1,3 Medial of aorta (prima-
LDL—H=—=FN—G (insoluble com- ’ 1y culture) 5,240,4 17,3%1,3 3.3
plex) 195,7+4,3 | 17,8%1,3 Medial of aorta (sub-
culture, 7th pas-
sage) 4,640,6 | 14,5+2,4( 3,2
Endothelium of aorta 8,2-:0,7 25,3+3,0 3,1
Skin fibroblasts 5,130,2 7,7+0,3 1,6
Hepatocytes 4,6+0,6 | 13,0+0,5| 2.8

were obtained by the flotation method [8]. To prepare insoluble complexes the LDL (0.6 ml pro-
tein) were diluted with a 5% solution of G to 6 ml, after which 0.2 mg of H (1 mg/ml), 1 ml

of 0.5 M CaCl, solution, and 1.4 mg FN were added. The mixture was allowed to stand overnight
at 4°C, the complexes were sedimented by centrifugation for 15 min at 1500g, and the residue
was suspended in medium 199 [5]. Cells of the intima of the human aorta were obtained by treat-
ment of the tissue with collagenase, and cells of the media were obtained by treatment with
collagenase and elastase [11]. Cultures of endothelial cells from the human aorta and of cells
from the media of the human aorta were obtained at the 5th-7th passage by the methods in [6,
9]. Human skin fibroblasts were isolated by the method in [3]. Hepatocytes were obtained by
perfusion of the liver with collagenase [1]. Peritoneal macrophages were isolated from the as-
cites fluid of a patient with cardiovascular failure. WMonocytes were obtained from human

blood in a Percoll gradient [13]. To study interaction between LDL-containing insoluble com-
plexes and cells the latter were transplanted into 24-well culture panels, and 3 days later
(20,000-40,000 cells) insoluble complexes (100 ug LDL protein/ml) were added to them in medium
199 with 10% calf serum, previously delipidized (1 ml suspension per well). After incubation
for 24-48 h the cells were washed with warm (37°C) medium and 0.02% trypsin, removed from the
substrate with 0.5% gypsin, washed again with medium, and assayed for their lipid content [2,
12].

EXPERIMENTAL RESULTS

In the experiments of series I cells of the subendothelial intima and media of the human
aorta were incubated with LDL in the presence of FN, G, or H for 24 h, after which their total
cholesterol content was determined. It will be clear from Table 1 that the addition of FN, G,
or Btogether with LDL to the cell culture had no significant effect on the cholesterol concen-
tration in the cells. By contrast with this, after incubation of the cell culture with in-
soluble LDL-H-FN—G or LDL-H-FN complexes the cholesterol concentration in the cells was con-
siderably increased (eight-tenfold in the case of cells from the intima). It will be clear
from Fig. 1 that mainly cholesterol esters accumulated in cells of the subendothelial intima,
and their concentration was increased by 7-9 times. The concentration of free cholesterol
almost doubled, that of triacylglycerides increased by 1.5-1.8 times, whereas the phospho-
lipid concentration in the cells remained virtually unchanged.

In the experiments of series II the comparative ability of the different human cells to
accumulate lipids during incubation with insoluble LDL-H—FN—G complexes was studied. The re-
sults of these experiments are summarized in Table 2. The greatest degree of cholesterol ac~
cumulation was observed in cells of the intima and in peritoneal macrophages. Significant
quantities of cholesterol also were accumulated by monocytes, endothelial cells, and also by
smooth-muscle cells fromthe media of the human aorta. The least cholesterol was accumulated by
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human skin fibroblasts. Thus all types of cells studied were able to accumulate lipids when
incubated with complexes containing IDL, FN, H, and G, although the ability of the cells to
accumulate lipids depended on the type of cells. It must be emphasized that the greatest
quantity of lipids was accumulated by cells of the subendothelial intima, i.e., by the layer
of the vessel wall which undergoes pathological changes during atherogenesis. It can thus .
be tentatively suggested that components of the extracellular matrix play an important role
in the formation of lipid-loaded foam cells, which accumulate in regions of the arterial
wall affected by atherosclerosis.

Consequently components of the extracellular matrix can disturb LDL catabolism in human
cells. During classical receptor binding LDL are quickly taken up by lysosomes and are
hydrolyzed, and during endocytosis of insoluble LDIL—H~FN-B complexes processes of LDL de-~
gradation are disturbed, probably due to ineffective uptake of LDL by lysosomes.
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The fact that lysosomes have a single semipermeable and closed membrane endows them
vwith properties of an osmotic system [5]. Low-molecular-weight substances damage them by a
greater degree than compounds with high molecular weight [3]. Realization of the osmotic
properties of lysosomes is observed in various pathophysiological states and exposure to
physicochemical factors. Reoxygenation of the anoxic heart [4], ischemia of the liver [6},
and myocardium [9], and also overloading of lysosomes with lysosomotropic preparations [1]
lead to vacuolar degeneration of these particles., This is the reason why determination of
the osmotic resistance of lysosomes is important as a convenient and informative test when
studying the dynamics of the state of the lysosomal apparatus of the cell in experiments con-
ducted in the field of molecular biology, cellular biochemistry, biochemical pharmacology, o
and clinical medicine. However, quantitative estimation of the osmotic resistance of lyso-
somes is difficult because of the lack of a rapid and direct method of determining the struc-
tural integrity of these particles. This property is evaluated indirectly by determining
the balance between different forms of activity of acid hydrolases, marker enzymes for
these organelles [2, 7]. Nonsedimented activity of the enzyme as a fraction (in per cent)
of total activity is regarded as a measure of integrity of the lysosomes. The disadvantages
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