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Thirty human and 10 animal proteins form
amyloid fibrils associated with codeposition
of P-component (SAP), heparatan sulfate pro-
teoglycans (HSPGs), certain apolipoproteins
(e.g., ApoE), as well as other less well-
defined “ground substances” that may mit-
igate fibrillogenesis and tissue-specific depo-
sition in association with aging or disease.
Once deposited, fibrils may take on a “tomb-
stone” configuration, one of the oldest iso-
lation techniques being to let tissue stand on
the benchtop for long periods of time. For
all forms of amyloidosis, soluble precursors
exist, which may be synthesized locally or
distributed systemically in forms of amyloid
affecting multiple organs (1). For the systemic
amyloidoses, the precursor-fibril conversion
is only partially understood, progressing in
some instances through oligomers with en-
hanced cytotoxic, oxidant, or apoptotic effects
(2). In addition, clearance mechanisms ex-
ist for seemingly stable amyloid, as wit-
nessed by the presence of surrounding
macrophages and giant cells in some local-
ized forms, clinical regression of systemic
disease if the precursor protein is reduced

or eliminated, or when amyloid is depleted
immunologically (3).
Amyloid A (AA), as the lettering implies,

was one of the first forms of amyloid to be
characterized biochemically, and 100 y ago
was the most prevalent form of systemic
amyloid found in man. Although the in-
cidence of AA amyloid has decreased pari
passu with chronic infectious diseases, it per-
sists in association with certain chronic rheu-
matic and inflammatory bowel diseases, and
with hereditary autoinflammatory disorders;
in addition, some 10–20% of cases seen in
large referral centers remain “idiopathic”
(4). The precursor of AA is serum amyloid
A (SAA), an HDL-associated apolipoprotein.
In PNAS, Simons et al. mine a unique trans-
genic model for AA amyloidosis to consider
the role of inflammation in defining this
form of amyloid in the mouse (5).
Spontaneous AA amyloid has been iden-

tified in mammals, as well as birds and fish.
This type of AA is prevalent among certain
domesticated or bred species of bird, dog,
cat, hamster, or mouse, but may also occur
in the wild, in some instances linked to

transmissibility between animals (6). Similar
to man, the murine SAA gene family includes
two SAA acute-phase reactants (APRs), which
have developed by gene conversion, synthe-
sized in the liver: SAA3, which is only mini-
mally increased by proinflammatory stimuli,
synthesized in the liver and peripherally; and
SAA4, which is expressed constitutively by the
liver as a minor component of HDL (1, 7).
The biochemistry, as well as the organ tro-
pism, of human AA is replicated to a large
extent in murine amyloid induced by a num-
ber of agents. The initial model was that of
feeding mice a diet rich in casein, which in-
cludes a k fraction that is amyloidogenic; later,
serial injections of azocasein were used; how-
ever, these were often unreliable between lab-
oratories, evened somewhat by allowing bac-
terial growth in the preparations. Similar
models used Freund’s adjuvant, LPS, and cer-
tain infectious agents (e.g., Mycobacterium
butyricum) (8). These models were noted to
be “biphasic,” with an induction-phase nota-
ble for the dominance of PAS-positive glyco-
protein-rich macrophage preceding the actual
appearance of amyloid, initially in a splenic
periportal distribution, followed by periportal
hepatic deposits, and finally glomerular amy-
loid. This induction period can be abrogated
by the injection of splenic extracts obtained
from amyloidotic mice, linked to an activity
initially called amyloid enhancing factor,
more recently replicated by fibrils inducing
amyloid deposition by a nucleation mecha-
nism. Amyloid enhancing factor, which has
also been observed with oligomer-encapsu-
lated exosomes, shortens the lag time for am-
yloid deposition in response to inflammatory
stimuli, such as silver nitrate-induced sterile
abscesses (9). Potential modulatory roles for
ApoE, HSPGs, and SAP have been observed
using standard protocols inmice with targeted
deletions of SAP or ApoE, or overexpressing
heparanase, which retard AA deposition, pos-
sibly by modulating fibrillogenesis, abrogating
inflammatory effects, or rendering the fibril
more susceptible to proteolysis (10, 11). For
both spontaneous and induced murine amy-
loidoses, striking strain differences in suscep-
tibility were noted, with some (e.g., CE/J)

Fig. 1. LPS, casein, and proinflammatory cytokines trigger dramatic increases in the synthesis of APR SAA in the liver
by both translational and posttranslational mechanisms. The export of SAA from the liver may be inhibited by col-
chicine, a therapeutic for AA amyloid. SAA rapidly associates with HDL and has an ∼90-min half-life in the circulation.
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being absolutely resistant because of lack of
the amyloidogenic isoform SAA2 (subse-
quently named SAA1.1). In contrast, AA am-
yloid is not found among rats, which lack
functional APR SAA (although not SAA3)
because of a deletion distal to the promoter.
Thus, rats do perfectly well without APR SAA,
arguing that knock-out of these genes in other
species may not be deleterious. In contrast,
insertion of amyloidogenic SAA via an ade-
novirus vector into CE/J mice and rats per-
mitted the development of amyloid using
standard induction protocols (12).
APR SAAs increase up to 1000-fold after

proinflammatory stimuli, such as LPS (Fig. 1);
sustained elevations may also be seen in
humans developing AA amyloid and mice
during azocasein induction. SAA stimulat-
ing factor was one of the activities shown to
be identical to IL-1, with later studies also
implicating TNF-α and IL-6. The SAA pro-
moter includes C/EBPb, NF-κB, YY1, AP-
2, SAF, and Sp1 (7), but not STAT3, re-
sponse elements, with IL-6 assuming a dom-
inant role, assessed by stimulation with
individual and combination proinflammatory
cytokines, as well as by specific cytokine
blockade (13). Export of SAA from the liver
can be abrogated by colchicine, providing
a mechanism for treatment and prevention
of AA amyloid. Simons et al. use a double-
transgenic model in which both a doxycy-
cline-inducible SAA2 transgene and a liver-
specific reverse tet transactivator transgene
are inserted, achieving peak SAA2 levels of
2–5 mg/dL and higher (5). This result is re-
markable in the sustained levels of SAA
attained, and with regard to the insertion of
multiple copies of a specific amyloidogenic
SAA isoform bypassing cytokine induction.
Massive AA amyloid developed at a median
of 5 wk in the absence of any influx of mac-
rophages or induction of SAP, which is
known to be a major APR in the mouse.
Thus, sustained levels of an amyloidogenic
SAA, induced via the transactivator gene in-
stead of proinflammatory cytokines, may lead
to AA amyloid in the apparent absence of
inflammation. Lack of organ dysfunction or

derivative “preamyloid” pathology call into
question indirect effects of APR SAA, which
have been assumed from in vitro studies that
have used delipidated SAA to implicate che-
moattractant activity for monocytes and lym-
phocytes, induction of the release of pro-
inflammatory cytokines and G-GSF from
neutrophils, and platelet effects (14, 15).
Quantitation of other murine APR, interro-
gation of the effect of in vivo HDL-associated
transgene on resident macrophage, neutro-
phils, and adipocytes, as well as quantitation
of endogenous SAA3 in the transgene would
add dimension to these conclusions.
The double-transgenic model and the

authors’ considerable experience with in vivo
imaging of amyloid deposits have allowed
Simons et al. to address the kinetics of
SAA/AA interconversion with regard to the
latency of deposition, priming, and regression
induced by reducing the precursor or immu-
nological clearance (3, 5). Probes for deter-
mining the in vivo amyloid load, and for
monitoring treatment, include SAP, anti-AA
antibodies, and HPSG ligands, in each in-

stance controlling for possible cross-reactivity
with circulating and soluble precursors in
normal tissue and contiguous to fibrillar
deposits (3, 5, 16, 17). Studies carried out
during SAA triggering by inflammatory stim-
uli and amyloid induction have shown an
∼90-min half-life and a large HDL APR
SAA pool as a result of increased hepatic
synthesis, only 0.01% of which is deposited
in the mouse spleen over a 24-h period (18).
In contrast, in the double-transgenic mouse,
a remarkable ∼90% sequestration of SAA
was observed, correlating with increased or-
gan weight caused by amyloid deposition
over the ensuing 3 wk. The same kinetic anal-
ysis can now be applied to analyzing the ef-
fect of varying levels of SAA on the slow
regression observed after withdrawal of doxy-
cycline, the effect of residual microdeposits in
priming rapid and uniform recurrence of
amyloid with prominent glomerular deposits
after transgene triggering, and the effect on
turnover of therapeutic strategies that inter-
fere with synthesis, modulate fibrillogenesis,
and clear existing deposits (3, 19, 20).
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