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Abstract

The filipin probe associated with
tannic acid staln was used to study
intra- and extracellular lipids in
surgically removed human atherosclerotic
lesions (n = 20). In particular, intimal
thickenings, fatty streaks and
fibrolipidic plaques have been

investigated by using mainly transmission
and scanning electron microscopy. In the
intimal thickenings, the lipid deposits
were mainly localized in the
subendothelial space as homogeneously
sized particles (40-140 nm) and more
heterogeneous uni- multilamellar vesicles
(35-700 nm). Intermediate lipid forms
were also observed. In the fatty streaks,
the 1lipid deposits were intracellular
and mainly observed in cells with a
monocyte/macrophagic phenotype. Lipid
inclusions, lipid 1lysosomal Dbodies and
intracellular cholesterol crystals very
similar to those observed in
experimentally induced atherosclerosis
were documented. In the fibrolipidic
plaque the lipid deposits were found both
in the intracellular and in the
extracellular compartments. Lipids
accumulated within arterial macrophages
and smooth muscle cells, usually as lipid
droplets. Clusters of lipoprotein-like
particles (50 nm in diameter) as well as
larger uni- multilamellar lipids (700 nm)
with an occasional compound appearance
were particularly observed bound to
elastic tissue and collagen fibers. These
morphological observations outline the
complexity of 1lipid metabolism in the
various histological aspects of human
atherosclerosis.
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Tannic acid, Filipin, Scanning electron
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Introduction

The in the

of the

accumulation of lipids
arterial intima represents one
hallmarks of human atherosclerosis (6).
Histologically, the fatty streaks
consist of an intimal accumulation of
cells with a foamy appearance,
lipophages, contained between the
endothelium and the inner elastic
lamina, whereas the fibrolipidic plagques
have a necrotic-lipidic core Dbounded by
an extensive fibrous cap (1, 24).
Clinically, hypercholesterolemia 1is the
only established risk factor for the
onset of atherosclerosis in man (20).
Moreover, it has been suggested that the
long standing lipid sequester may
produce toxic effects on the cell and
matrix components of the plaque thus
resulting in its incipient rupture (25).

Despite this fact, there are very
few satisfactory reports in literature on
the ultrastructure of intracellular and
even less of extracellular lipid deposits
in human atherosclerosis (4, 7, 9, 10,
11, 21).

The wultrastructural appearance of
lipids is dependent upon various factors,

such as size, chemical composition of
deposits and the method of tissue
preparation (8). Lipids are particularly
susceptible to the fixation and
dehydration steps of routine preparation
for electron microscopy. This may
explain the difficulty of interpreting
electron microscopic images of
extracellular lipid deposits in
conventionally processed specimens,
which, at Dbest, were described, in the
early studies, as vesicles (21), droplets

(4) and ring forms (9).

The application of reliable lipid
cytochemical methods to the study of
human atheromatous arterial lesions
appears, therefore, of cardinal
importance. Recently, some techniques
have been introduced in order to
facilitate the ultrastructural
examination of such lipid deposits.

The presence of subendothelial



















Lipid deposition in human atherosclerosis

precise nature of
unknown. However,
have shown the
lipoproteins 1in
grossly normal intima
plagques from human
therefore speculated
this nature are derived from chemically
modified plasma low and/or very low
density lipoproteins.

Another finding of the
thickenings was the presence
aggregates of uni- multilamellar
vesicular structures (35-700 nm in
diameter) showing a clear or
amorphous/granular center. The morphology
of these wvesicles 1s very similar to
that of the vesicles Simionescu et al.
(23) termed ‘“extracellular liposomes®.
At the ultrastructural level, these
authors were able to recognize, as a
prelesional stage of experimentally
induced atherosclerosis, the presence of
peculiar subendothelial 1lipid vesicles
(liposomes) having diameters ranging
from 100-300 nm, electron transparent
cores and uni-multilamellar peripheries.
Combined cytochemical and im-
munocytochemical methods demonstrated
that liposomes are particularly rich in
unesterified cholesterol, apoprotein-B
and phospholipids (19).

Unesterified cholesterol-rich lipid

these vesicles
Hoff and Gaubatz
presence of
homogenates

is
(12)
LDL~1like
of Dboth
and fibrolipidic
aortas. It may be
that wvesicles of

intimal
of loose

particles have also Dbeen described by
Kruth in early (16) and advanced (15)
human aortic atherosclerotic lesions
using fluorescent microscopy. In a
subsequent study (7), Chao et al. were
able to isolate the unesterified
cholesterol-rich 1lipid particles from

human and cholesterol-fed rabbit aortas.
The 1isolated particles, having a high
molar ratio of wunesterified cholesterol
to phospholipid and a high percentage of
their cholesterol in an unesterified
form, had diameters between 70-300 nm and
showed unilamellar and multilamellar
periphery. After incubation with filipin,
most of the particles showed typical
filipin-sterol complexes.

Concerning various similarities,
e.g., diameters, electron miscroscopic
appearance, subendothelial localization,
we suspect that the lipid wvesicles
observed in our series may correspond to
the liposomes described by Simionescu et
al. (23) and by Chao et al. (7).

In addition, large multilamellar
structures containing 50-140 nm particles
were at times seen 1in the subendothelial

space. These compound lipids may
represent a transitional structure
between the 1lipid particles and the
liposome-like structures previously
described. This finding raises yet
another question, whether the assembly of
the wuni- multilamellar vesicles occurs
within the extracellular space or within
the cells.
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In contrast, fatty streaks are
mainly characterized by an extracellular
pattern of lipid deposition. Our electron
microscopic results agree with those
provided by Lupu et al. (18) who studied
the onset of fatty lesions in
cholesterol-fed rabbits wusing physical,
cytochemical and ultrastructural methods.
Lipid inclusions, 1lipid lysosomal bodies
and intracellular cholesterol crystals
have been clearly observed in human fatty

streaks. Non-membrane bound lipid
droplets particularly filled the
cytoplasm of monocyte/macrophagic cells
and occasionally that of smooth muscle
cells. The transition to tissue
macrophages was associated with the

cytoplasmic appearance of lipid lysosomal
bodies containing concentrically arranged
multilamellar structures. The presence of

phospholipidic coatings has been
considered as a Dbarrier 1limiting the
turnover of the crystalline cholesterol,
thus rendering the fatty lesions less
susceptible to regression (18). Lewis
et al. (17) described an increase in the
macrophage lysosome number and size
concomitant with lesion progression in
the hypercholesterolemic White Carneau
pigeons. In florid fatty lesions, we
observed the presence of large intimal
lipophages containing intracellular
cholesterol «crystals within remains of
lipid 1lysosomal Dbodies. The crystals

probably originate from the precipitation
of the surplus cytoplasmic cholesterol
following the functional breakdown of the
lysosomes. The progressive involvement of
lysosomes may Dbe, therefore, responsible
for the progressive macrophage failure in
removing the fatty excess from the
arterial wall. The cells may undergo
necrosis, also due to satellite
lymphocytic aggression, and release fatty
substances which contribute to the pool
of extracellular lipids. The fatty
release may also account for the presence

of numerous crenated crystals which we
observed in correspondence of the
degenerating lipophages.

In the fibrolipidic
lipid deposits may be found in a number
of areas (24) as well as 1in various
physical states (14). Lipid accumulates
within arterial macrophages and smooth
muscle cells, wusually as lipid droplets.
However, a substantial amount of lipid
may also be found in the extracellular
space. In our series, the extracellular
lipid deposits were mainly observed bound
to elastic tissue and collagen fibres.
This finding further supports the view
that the interaction between lipids and
extracellular matrix components, namely
elastin, collagen and proteoglycans play
an important role in extracellular lipid
deposition in human arteries (3,10,13).
Clusters of electron lucent particles
(average diameter 50 nm) were observed

plaque the
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