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Oxidative damage continues to attract interest as a pos-
sible cause of atherosclerotic lesion development. The
explosion of research in this arena may be traced to early
cell culture studies that demonstrated that endothelium
could modify LDL through oxidative mechanisms. Cell-
mediated oxidation of LDL vyielded a material that
exhibited a wide spectrum of biological activities that are
considered proatherogenic. The potential role of oxidation
in the disease process garnered more interest when
oxidatively modified lipoproteins were detected in evolv-
ing lesions. In addition, a role for oxidation was implied
by the demonstration that several structurally diverse
antioxidants decreased the extent of lesion formation
in animal models of atherosclerosis (reviewed in [1]
and [2]). However, a question critical to validating the
basic tenet of the oxidation hypothesis remains unan-
swered: how do lipoproteins become oxidized?

Cell culture studies have implicated free copper and iron
in lipoprotein oxidation. However, the extrapolation of
these in-vitro findings to the pathophysiology of the
disease may not be valid because neither copper nor iron
are known to exist in an unbound state  vivo, especially
in the concentrations that are required to promote
LDL oxidation. Several other oxidant mechanisms have
been proposed; however, none have been proven [2].
Although caeruloplasmin, the major copper-carrying
protein in plasma, has previously been shown to have
antioxidant properties, Fox and colleagues [2] have
made observations suggesting a converse effect in
which caeruloplasmin oxidizes LDL. Ehrenwald ez a/. [3]
attempted to resolve this contradiction by comparing
the intact 132 kDa native protein and degraded material.
They demonstrated that the intact protein oxidized
LDL, while proteolytic cleavage of intact caeruloplasmin
yielded a 115kDa fragment that inhibited copper-
induced LDL oxidation. Additional studies [4] demon-
strated that zymosan-activated human U937 monocytic
cells released caeruloplasmin and facilitated LDL
oxidation. A striking result was the demonstration of
cell-mediated LDL oxidation in copper-free RPMI
1640 medium.

In addition to macrophages, two other vascular cell
types present in atherosclerotic lesions, endothelial and
smooth muscle cells, have been shown to oxidize LDL,
although this cell-mediated oxidation required coincuba-
tion with relatively high concentrations of transition metal
ions. Mukhopadhyay e7 @/. [5**] reported the promotion of
LDL oxidation by exogenously applied caeruloplasmin
during incubation with cultured endothelial and smooth
muscle cells in copper-free medium. As in the previous
report [3], in a cell-free system proteolytic cleavage of
intact protein abolished oxidant properties. Treatment
of the protein with Chelex-100 also abolished oxidant
activity by removing one of the seven coppers present in
intact caeruloplasmin. The oxidation of LDL required the
secretion of superoxide by these two vascular cell types, as
determined by the correlation of the rate of superoxide
production with LDL oxidation; superoxide production
quantitatively accounted for LDL oxidation, and the
inhibitory effect of exogenous superoxide dismutase.
Overall, these studies demonstrate that any role of
caeruloplasmin in atherogenesis may result from multiple
actions that vary depending on the structure of the
protein within lesions.

The role of iron metabolism in the development of
atherosclerosis is also a subject of considerable debate. In
arecent study Panger a/. [6°*] observed that ferritin levels
increase dramatically in arterial tissue during athero-
genesis. Differential screening was performed by use of
c¢DNA libraries created with poly (A)+ mRNA from
normal and atherosclerotic human aortas and two genes
were found to be highly expressed in atherosclerotic
lesions: L- and H-ferritin. L-chain-rich ferritin is most
abundant in iron storage organs such as spleen and liver,
while the H-chain-rich form predominates in most other
organs. Not only have L- and H-ferritin been identified
in human atherosclerotic lesions, but an increase in
mRNA for these proteins was found in atherosclerotic
tissues of rabbits fed a cholesterol-enriched diet, coin-
cident with the initial appearance of atherosclerotic
lesions. Expression of ferritin mRNA was stimulated in
cultured macrophages by interleukin-1 and tumor necrosis
factor. The latter cytokine may be of relevance to the
increases noted in lesion ferritin mRNA, since there
have been many reports that tumor necrosis factor is
secreted in atherosclerotic lesions. Although ferritin
is present in atherosclerotic lesions, its role is still uncer-
tain. One major function of ferritin is the chelation of
intracellular iron, which may be considered to be an
antioxidant property. Alternatively, it has been suggested
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that ferritin is a source of iron that therefore promotes
oxidative damage.

These recent articles serve to show the continued interest
in the oxidation theory of atherosclerosis. They also
illustrate the many complexities that will be faced in
determining the validity of this hypothesis.
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