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SAA, HDL biogenesis, and inflammation1

The understanding of Tangier disease has, over the last
decade, focused attention on the role of the ABC trans-
porter ABCA1 in the biogenesis of HDL (1). Both hepatic
and extrahepatic ABCA1 expression are important in the
regulation of plasma HDL levels (2). The level of HDL
is thought to be critical in inhibiting lesion formation as
well as in reducing the lipid load of preexisting athero-
sclerotic lesions. However, it is not only the level of HDL
that is relevant for its atheroprotective properties; the
quality of the HDL is also important (3). After infection
and inflammation, HDL changes its composition (4, 5) and
its anti-inflammatory properties (3). Among the changes
in HDL composition associated with acute inflammation
are a marked enrichment in serum amyloid A (SAA) and
a reduction in paraoxonase (6).

The relationship of SAA with HDL and its atheropro-
tective function is a complex one. In this issue of the
Journal of Lipid Research, Hu and colleagues (7) examine, in
a series of elegant experiments, the interaction between
SAA, HDL biogenesis, and the dependence of the
formation of SAA-HDL on ABCA1. They studied ABCA1
knockout animals and the cells derived from them for
further cell-based studies. Although these experiments
furnish valuable new information about the complex
relationship between SAA, ABCA1,HDL, and the properties
of SAA, they also raise new questions that would be
appropriate for further study. In brief, they demonstrate
that, unlike the situation in normal mice, in which SAA is
largely associated with HDL after the induction of SAA
expression by injection of lipopolysaccharide (LPS), in the
absence of ABCA1 there is of course little or no HDL and
the small amount of SAA present in plasma is mostly found
in the VLDL/LDL fraction. The livers of ABCA1 knockout
mice have high levels of SAA mRNA, although not as high
as in wild-type mice. SAA protein levels in the liver of LPS-
treated mice are also similar in wild-type and knockout
mice. In contrast, the amount of SAA secreted from
primary hepatocytes derived from LPS-treated knockout
animals is significantly lower than that secreted from wild-
type mice, and all of the SAA secreted from the knockout
hepatocytes was recovered as lipid-free protein. Thus, there
was an apparent disproportionate reduction in the
secretion of SAA by hepatocytes from the ABCA1-deficient
mice. Is this a cell culture artifact? We think not, because
hepatocytes from wild-type mice are able to secrete SAA in
association with HDL-like particles, and comparable levels

of apoA-I were secreted from the wild-type and knockout
hepatocytes. The presumptive explanation for the small
amount of SAA in the medium of the ABCA1-deficient
hepatocytes is that there is intracellular or extracellular
degradation of the SAA. A careful pulse-chase experiment
with control and ABCA1 knockout hepatocytes, both in-
fected with SAA-expressing adenovirus, could provide fur-
ther insight into this apparent discrepancy. The use of
LPS is avoided in this proposed experiment, as there are
many changes that are induced in the liver in response
to LPS stimulation that could confound the interpreta-
tion of the experiment.

These authors further showed that the incubation of
cells in culture with exogenous SAA protein promoted
phospholipid and cholesterol release from the cells as
efficiently as apoA-I, but only in ABCA1-expressing cells.
In addition, they observed that SAA was able to stabilize
ABCA1 protein at least as effectively as apolipoprotein
A-I (apoA-I). Both of these observations suggest that SAA
resembles apoA-I in interacting directly with ABCA1. The
promotion of the ABCA1-dependent release of lipids
from cells by SAA is not unexpected. Apoprotein inter-
action with ABCA1 is not sequence-specific but appears
to depend on the amphiphilicity of helices in apoproteins
or synthetic peptides (8, 9), and SAA contains amphi-
pathic helices. These apoproteins interact with ABCA1
only in their lipid-free/lipid-poor state, not when asso-
ciated with HDL. However, HDL containing SAA may
influence cholesterol trafficking into and out of cells,
depending on the conditions (10, 11). In the context of
tissue inflammation, the presence of SAA, either as the
free protein or on HDL, may influence cellular choles-
terol homeostasis.

Not only do apoproteins stabilize ABCA1; so does phos-
pholipid transfer protein. The stabilization of ABCA1 by
apoA-I is thought to involve signaling via a variety of cel-
lular kinases that phosphorylate the transporter (1). This
has not been studied in any detail for any of the other
proteins that interact with ABCA1.

Recent experiments by Michael Phillips and his collab-
orators (12, 13) have dissected in detail the interaction of
apoA-I with ABCA1. They have proposed a three-step
model mechanism. A low-capacity apoprotein interaction
with the transporter promotes cholesterol and phos-
pholipid migration from the cytoplasmic leaflet of the
plasma membrane that results in the enrichment of the
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exofacial leaflet with these lipids, which is resolved by
exovesiculation to relieve the membrane stress. A high-
capacity interaction between apoA-I and this region of
the membrane then promotes the formation of nascent
HDL. Apoprotein sequence requirements for the low- and
high-capacity interactions are not the same. Although SAA
contains amphipathic helices, they do not resemble the
regularity of the amphipathic helices found in apoA-I. The
studies reported by Hu and colleagues (7) lend them-
selves to further exploration of the precise mechanism by
which SAA promotes lipid release and the determination
of the sequences of SAA required for each of these inter-
actions. The presumption is that the ABCA1-dependent
lipid release by SAA generates a nascent discoidal HDL
particle, but this requires further examination. The fate
of these particles is also unknown. Cabana and colleagues
(14) have reported that a proportion of the HDL contain-
ing SAA in the plasma exists, at least in mice, as an HDL
particle devoid of other exchangeable apoprotein. This
particle is spherical and thus contains core lipids such
as cholesteryl ester and triglyceride. It is not known yet
whether SAA is like apoA-I in possessing the ability to sig-
nificantly activate LCAT, which would be required for the
direct conversion of the nascent SAA discs into a spherical
HDL containing only SAA.

The relative efficacy of apoA-I and SAA promotion of
cellular lipid release will depend on their relative affinity
for the transporter and for the lipid-enriched exovesicles.
This has been studied in some detail for apoA-I (13),
but not for SAA. Using the Phillips model as a guide,
the advantage of elucidating the SAA sequence require-
ments for ABCA1 binding (low capacity) and lipid bind-
ing (high capacity) could be in the provision of probes
for the study of the role of SAA in the context of the
local vessel inflammation associated with atherosclerosis.
Furthermore, there is the potential for SAA and apoA-I
interacting with one another to remodel HDL and to gen-
erate free apoproteins that may function to promote both
ABCA1-dependent lipid transport and the formation of
discoid HDL. The careful studies of Hu and colleagues
(7) have opened up these many relevant questions.
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