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Impaired degradation of serum amyloid A (SAA) protein by

cytokine-stimulated monocytes
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SUMMARY

Secondary amyloidosis (AA amyloidosis) is a systemic disease characterized by the extracellular tissue

deposition of insoluble amyloid A (AA) protein. Aberrant metabolism of serum amyloid A (SAA) by

macrophages is only one of many putative mechanisms which may be important in AA amyloidogenesis.

In this study, we investigated the effects of cytokines on human monocyte-mediated SAA proteolysis.

Human peripheral blood mononuclear cells (PBMC) or CD141 monocytes were cultured with SAA, and

the culture supernatants were then subjected to anti-SAA immunoblot. CD141 monocytes degraded

SAA completely. Whereas, when CD141 monocytes were pretreated with IL-1b or IFN-g , increasing

amounts of SAA-related derivatives were detected in culture supernatants. These findings suggest that

activation of monocytes by IL-1b or IFN-g hampers the proteolysis of a precursor protein and leads to a

partial degradation of SAA. This down-regulated proteolysis of SAA protein by cytokine-stimulated

monocytes may play a role in the mechanism of AA amyloid formation as well as its removal.

Keywords cytokines monocytes secondary amyloidosis serum amyloid A

INTRODUCTION

Secondary amyloidosis is a progressive fatal condition that is the

occasional consequence of chronic inflammatory diseases [1].

Serum amyloid A (SAA) protein is the circulating precursor of

amyloid A (AA), the component of amyloid fibril deposited in

organs in the course of this disease. SAA is synthesized by

hepatocytes in response to inflammatory stimuli such as IL-1b or

TNF-a [2, 3]. However there is no correlation between the serum

levels of SAA and the development of amyloidosis [4]. Therefore,

overproduction of SAA alone is not responsible for this condition.

AA protein is believed to be derived from SAA by proteolytic

cleavage of its carboxyl terminus [5]. This proteolytic process

appears to play an important role in amyloidogenesis, and a series

of studies indicate that SAA is subject to degradation by

peripheral blood monocytes [6]. This evidence suggests that the

deposition of AA might be attributable to the abnormality in the

SAA degradative processes. Although inflammatory cytokines

such as IL-1b or TNF-a are known to be the inducers of SAA

from hepatocytes [7±9], the precise role of these cytokines in the

pathological process of secondary amyloidosis is as yet incom-

pletely understood. In this study, in order to investigate the roles

of cytokines on amyloidogenesis, we examined the effects of

cytokines on the monocyte-mediated proteolytic processing of

SAA.

MATERIALS AND METHODS

Reagents

Human SAA and anti-SAA polyclonal antibodies were kindly

provided from Dr N. Kubota (Eiken Chemical Ltd, Tochigi,

Japan). In brief, SAA was purified from pooled sera that had high

concentrations of C-reactive protein (CRP) by sequential gel

filtration as described previously [10]. Purity was assessed by 12%

SDS-polyacrylamide gel electrophoresis. IL-1 b nor IFN-g was

detected (,0´1 pg/ml) in SAA containing media under the present

experimental conditions as confirmed by the specific ELISA

system (Genzyme, Cambrige, MA). Also, this purified SAA did

not affect the IL-1b secretion from PBMC (without SAA

20´1 ^ 1´2 pg/ml, with SAA 22´3 ^ 2´6 pg/ml) and did not

induce IFN-g production from PBMC.

One milligram of SAA in PBS was mixed with an equal

amount of Freund's complete adjuvant and injected subcuta-

neously into New Zealand white rabbits every week for 5 months.

The animals were bled and antiserum was purified by sedimenta-

tion with 40% ammonium sulphate, and by a DEAE-cellulose

column.

Degradation of SAA by PBL

Peripheral blood was obtained from healthy subjects. Peripheral
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blood mononuclear cells (PBMC) were isolated by Ficoll-Conray

(Daiichi Pharmaceutical Co, Tokyo, Japan) gradient centrifuga-

tion. PBMC were plated in flat bottomed 96-well plates. For each

well, 5 � 105 PBMC were preincubated with various cytokines

for 24 h with 200 m l of RPMI medium containing 5% FCS. After

24 h of stimulation, the plates were then added with exogenous

SAA (10 mg/ml) for 3±12 h. Samples of the cultures were

collected after 3, 6 and 12 h of incubation and centrifuged.

Supernatants were frozen at 2 308C. In some experiments,

purified T cells, B cells and monocytes were analysed for SAA

degradation. For this purpose, PBMC were incubated with anti-

CD3, anti-CD20 or anti-CD14 antibodies-coated magnetic beads

(Dynabeads M450, Dynal Oslo, Norway) at 10 mg/105 cells for

30 min on ice. Magnetically coated cells were isolated using a

magnetically activated cell sorter (MACS, Miltenyi Biotec,

Meilzfeld, Germany).

Immunoblot analysis

Culture supernatants were subjected to 16% polyacrylamide gels.

The fractionated proteins were transferred to nitrocellulose

membranes(pore-size: 0´2m , Bio-Rad, Hercules, CA) and incu-

bated with anti-SAA antibody (1 : 500 dilution) for two hours at

room temperature. The filter was rinsed and incubated with

donkey anti-rabbit IgG antibody conjugated with horseradish

peroxidase (Amersham, Arlington Heights, IL) and developed

using enhanced chemiluminescence (ECL) system (Amersham).

The blots were exposed to films.

RESULTS

Degradation of SAA by monocytes

To analyse the cell-mediated proteolytic processing of SAA, we

used anti-SAA immunoblots. For this purpose, isolated peripheral

blood mononuclear cells (PBMC) were incubated with human

SAA for various periods. After incubation, cultures were collected

and centrifuged to spin-down cells. Culture supernatants were

analysed by anti-SAA immunoblot analysis. Immunoblot analysis

of the culture supernatants at 3 h showed the presence of 6Kd and

4Kd SAA derivatives, which were reacted with anti-SAA

antibody, in addition to 12 Kd SAA. After 12 h of incubation,

these SAA derivatives were abolished, suggesting the complete

degradation of SAA and SAA derivatives (Fig. 1).

To further determine the origin of PBL that degrades SAA, we

purified T lymphocytes, B lymphocytes, and monocytes using

magnetic beads. Analysis of culture supernatants from these cells

plus SAA indicated that CD31 T lymphocytes and CD201 B

lymphocytes did not degrade SAA. However, CD141 monocytes

selectively degraded SAA (Fig. 2). These results showed that

monocytes contribute to SAA degradation as described previously

[6].

Effects of cytokines on SAA degradation by monocytes

In order to determine the factors which affect monocyte-mediated

SAA degradation, we treated PBL with LPS or cytokines. When

PBMC were pretreated (24 h) with IL-1b or IFN-g , and then

incubated with SAA for 6 h, 6Kd and 4Kd SAA derivatives were

detected in the culture supernatants. In contrast, these 6Kd SAA

derivatives were not demonstrated in control (nontreated), LPS or

TNF-a -treated PBMC cultures (Fig. 3). After 12 h of incubation,

control PBMC or LPS-treated PBMC degraded SAA completely,

since SAA-related molecules were not detected in anti-SAA

immunoblot. However, 4Kd SAA derivatives were still demon-

strated in IL-1b or IFN-g-treated PBMC cultures (Fig. 4a). We

also investigated the effects of TNF-a or IL-6, which are involved

in hepatic SAA production, on SAA degradation. Although few

amounts of SAA-derivatives were detected in IL-6-treated PBMC

cultures, SAA-related molecules were not detected in TNF-a -

treated PBMC cultures. On contrast, SAA derivatives were

detected in IL-1b or IFN-g-treated PBMC cultures (Fig. 4b).

These results indicated that the rate of PBMC-mediated SAA

degradation was partially reduced by these cytokine treatments.

Finally, to further confirm this phenomenon, we examined the

effects of these cytokines using purified CD141 monocytes.

CD141 monocytes isolated by magnetic beads. These CD141

monocytes were pretreated with IL-1b or IFN-g for 24 h and then

Fig. 1 Immunoblot analysis for SAA degradation by peripheral blood

mononuclear cells (PBMC). PBMC (5 � 105/well) were incubated with

SAA (10 mg/ml) in 96well plates. Culture supernatants were obtained at 0,

3, 6, 12 h and subjected to anti-SAA immunoblot analysis as described in

Materials and Methods. A representative example of four independent

experiments showing similar results.

Fig. 2 SAA degradation by peripheral blood monocytes. CD31 T cells,

CD201 B cells and CD141 monocytes (Mo) were isolated from peripheral

blood using magnetic beads. These isolated cells (1 � 105/well) were

incubated with SAA (10 mg/ml) for 3 h. Culture supernatants were

subjected to anti-SAA immunoblot analysis. SAA indicated nondegradated

SAA standard. A representative example of two independent experiments

showing similar results.
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added with SAA and cultured for another 12 h. As shown in

Fig. 5, nontreated monocytes completely degraded SAA. In

contrast, IL-1b or IFN-g treatment inhibited monocyte mediated

SAA degradation in a dose-dependent manner and 4Kd SAA

derivatives were remained in the culture supernatants.

DISCUSSION

AA amyloidosis is a condition characterized by the deposition of

an extracellular fibrillar protein, amyloid A (AA), which may lead

to organ failure [11, 12]. AA protein is derived from the

proteolysis of an acute-phase reactant, serum amyloid A (SAA)

protein. Thus it has been speculated that this proteolytic process

plays an important role in AA amyloidogenesis. Monocytes,

which mediate SAA degradation, are believed to play a central

role in the development of AA amyloidosis [6]. In this study, we

provide a useful method for amyloid research by analysing

monocyte-mediated SAA degradation in vitro using anti-SAA

immunoblots. We investigated the ability of human peripheral

blood mononuclear cells to degrade SAA in vitro. Our data

showed that the degradation of SAA was induced and AA-like

intermediates were selectively detected in the monocyte culture

but not by the lymphocyte cultures. The effects of cytokines on

monocyte's ability to degrade SAA were also examined.

Treatment of monocytes with either IL-1b or IFN-g prevented

this monocyte-mediated SAA degradation. These data indicate

that these cytokines may lead to an impaired SAA catabolism.

Monocytes are believed to play a central role in the

development of AA amyloidosis by affecting the proteolytic

processing of SAA. For example, kuppfer cells obtained from AA

amyloidotic animals showed an impaired ability to degrade SAA,

in contrast to normal kupffer cells that degrade SAA completely

[13]. These observations suggest that amyloid deposition might be

due to a defective SAA degradation by cells of monocyte origin.

Interestingly, activated Kupffer cells degrade SAA incompletely

[13].

Although the biological effects of cytokines on SAA

production has been well documented [7±9], the mechanism

through which cytokines contribute to AA amyloid deposition

remains to be disclosed. Our data suggest that IL-1b and IFN-g
stimulation might affect monocyte-mediated SAA catabolism and

Fig. 3 In vitro SAA degradation by PBMC pretreated with LPS or

cytokines. PBMC were pretreated with LPS (10 mg/ml), TNF-a (200u/

ml), IL-1 b (20 u/ml) or IFN-g (200u/ml) in 96 well plates for 24 h. Then

SAA was added and cultured for another 6 h. Culture supernatants were

subjected to anti-SAA immunoblot analysis. A representative example of

three independent experiments showing similar results.

Fig. 4 In vitro SAA degradation by PBMC pretreated with LPS or

cytokines. A: PBMC were pretreated with LPS (10 mg/ml), IL-1 b (20 u/

ml) or IFN-g (200u/ml) in 96 well plates for 24 h. Then SAA was added

and cultured for another 12 h. Culture supernatants were subjected to anti-

SAA immunoblot analysis. B: PBMC were pretreated with IL-1 b (20 u/

ml), IFN-g (200u/ml), TNF-a (200u/ml) or IL-6 (200u/ml) in 96 well

plates for 24 h. Then SAA was added and cultured for another 12 h.

Culture supernatants were subjected to anti-SAA immunoblot analysis.A

representative example of three independent experiments showing similar

results.

Fig. 5 In vitro SAA degradation by CD141 monocytes pretreated with IL-

1b or IFN-g CD141 monocytes were pretreated with IL-1 b (2, 20u/ml)

or IFN-g (20, 200u/ml) in 96 well plates for 24 h. Then SAA was added

and cultured for another 12 h. Culture supernatants were subjected to anti-

SAA immunoblot analysis. SAA indicated nondegradated SAA standard.

lane 1: nontreated, lane 2: treated with IL-1b (2u/ml), lane 3: treated with

IL-1b (20u/ml), lane 4: treated with IFN-g (20 u/ml), lane 5: treated with

IFN-g (200u/ml). A representative example of three independent

experiments showing similar results.
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initiate the partial degradation of SAA and lead to amyloid

deposition.

Evidence indicates that SAA is degraded by elastase-like

protease in association with intracellular membrane structure and

in lysosomes [14, 15]. Other proteinases, such as cathepsins or

aspartic proteinases, are also involved in extracellular cleavage of

SAA [16, 17]. Abnormalities in this proteinases-mediated SAA

degradation process may be responsible for the increased AA

accumulation. To support this idea, inhibitors of these proteinases

lead to an accumulation of SAA and accelerate amyloid fibrill

formation in murine experimental amyloid induction models [17].

Our data suggest that cytokines also may affect these

processes. Alternatively other factors, such as proteogycans and

serum amyloid P (SAP) protein, which block amyloid proteolysis

and stabilize amyloid deposition [18, 19], could be involved.

Further studies are required to define the mechanism whereby

these cytokines affect the monocyte-mediated proteolytic-clea-

vage of SAA.

Cytokines-mediated impaired SAA degradation observed in

our in vitro experiments may reflect in vivo amyloidosis.

Wegelius et al. [20] demonstrated that amyloid-A-degrading

activity is reduced in RA patients with amyloidosis. Furthermore,

this amyloid-A-degrading activity was reduced in acute phase

reaction and correlated with serum albumin level [21]. Our data

suggest that longstanding inflammation could lead to the impaired

monocyte-mediated SAA proteolysis by inducing IL-1b or IFN-g
as well as the SAA elevation in RA patients. Therefore, high SAA

levels and cytokine-mediated impaired SAA proteolysis could be

induced and may play a role in amyloidogenesis in RA patients.

In conclusion, we examined the molecular kinetics of

monocyte-mediated SAA degradation in order to explore the

mechanism of SAA proteolysis. Our results clearly indicated that

monocytes are capable of degrading SAA, and that IL-1b and

INF-g hampered this monocyte-mediated SAA catabolism. These

observations lead to the hypothesis that AA amyloidosis might be

attributed to impaired monocyte-mediated SAA proteolysis.
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