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Abstract Although the liver is the primary site of cytokine-mediated expression of acute-phase serum amyloid A
(SAA) protein, extrahepatic productionhas also been reported. Besides its role in amyloidosis and lipid homeostasis during
the acute-phase, SAA has recently been assumed to contribute to bone and cartilage destruction. However, expression of
SAA in human osteogenic tissue has not been studied. Therefore, we first show that SAA1 (coding for the major SAA
isoform) but not SAA2 transcripts are expressed in human trabecular and cortical bone fractions and bone marrow.
Next, we show expression of (i) IL-1, IL-6, and TNF receptor transcripts; (ii) the human homolog of SAA-activating factor-1
(SAF-1, a transcription factor involved in cytokine-mediated induction of SAA genes); and (iii) SAA1/2 transcripts in non-
differentiated and, to a higher extent, in osteoblast-like differentiated human mesenchymal stem cells. Third, we provide
evidence that human osteoblast-like cells of tumor origin (MG-63 and SAOS-2) express SAF-1 under basal conditions.
SAA1/2 transcripts are expressed under basal conditions (SAOS-2) and cytokine-mediated conditions (MG-63 and
SAOS-2). RT-PCR, Western blot analysis, and immunofluorescence technique confirmed cytokine-mediated expression
of SAA on RNA and protein level in osteosarcoma cell lines while SAA4, a protein of unknown function, is constitutively
expressed in all osteogenic tissues investigated. J. Cell. Biochem. 103: 994–1004, 2008. � 2007 Wiley-Liss, Inc.
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Serum amyloid A (SAA) is a generic term for
a family of cytokine-induced acute-phase pro-
teins synthesized primarily by the liver that
are coded for by different genes with a high
allelic variation and a high degree of homo-
logy in mammals [Uhlar et al., 1994]. In
humans, SAA1 and SAA2 genes encode for
non-glycosylated acute-phase SAA (104 amino
acids) proteins SAA1 (the most abundant
isoform) and SAA2. The SAA4 gene encodes
for constitutively expressed glycosylated SAA4
protein (112 amino acids).While no functionhas
been attributed to SAA4, a panel of different
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activities has been reported for SAA [Malle
et al., 1993; Uhlar and Whitehead, 1999].
SAA, an important clinical marker for inflam-
mation [Malle andDeBeer, 1996] andprecursor
protein of secondary reactive amyloidosis
[Husebekk et al., 1985], contributes to cellular
cholesterol homeostasis, modulates intracellu-
lar calcium levels, and promotes signaling
cascades [Badolato et al., 1995; Artl et al.,
2000; Baranova et al., 2005]. In addition,
several functions of SAA, described in the
context of inflammation, are compatible with
the mechanisms of tumor cell invasion and
metastasis. Both the capacity to induce chemo-
taxis, cell adhesion and migration [Badolato
et al., 1994] and the ability to act as an extra-
cellular matrix adhesion protein [Hershkoviz
et al., 1997], suggested that SAA might play a
role in the local inflammation of the malignant
tissue. Recently, SAA transcripts have been
observed in cancerous tissues of non-hepatic
origin [Gutfeld et al., 2006; Kovacevic et al.,
2006]. Increased levels of SAAmRNAhave been
verified in lymphoma and cancerous regions of
human renal carcinoma [Nishie et al., 2001].
Furthermore, SAA levels are increased in a
broad spectrum of neoplastic diseases [Rosen-
thal andSullivan, 1979] andanumber of studies
proposed a direct correlation between SAA
concentrations and the stage of tumor [Wein-
stein et al., 1984]. Animal experiments revealed
that SAA levels correlated with the tumor
burden [McLean et al., 2004]. This led to the
assumption that SAA might be considered a
marker for tumor progression and even a
biomarker for specific cancer types [Howard
et al., 2003]. A proteomic signature approach of
plasma proteins suggested SAA as one of the
discriminatory peaks between osteosarcoma
and benign osteochondroma [Li et al., 2006].
SAA is also produced by inflamed synovial
tissue [O’Hara et al., 2004], where, by promot-
ing synoviocyte hyperplasia and angiogenesis
via the formyl peptide receptor like 1 (FPRL-1),
found to be identical with the lipoxin A4
receptor (ALX), SAA may induce destruction of
bone and cartilage [Lee et al., 2006]. Cytokine-
mediated induction of SAA1 transcripts have
been reported in human chondrocytes and SAA
protein has been shown to induce transcription
of matrix metalloproteinases (MMPs) [Migita
et al., 1998; Vallon et al., 2001], proteins that in
turn promote tumor invasion, metastasis, and
angiogenesis.

Studies on SAA and bone biology were
performed primarily in diseased human
synovium and cartilage and rabbit chondro-
cytes [Vallon et al., 2001]. As no investigations
so far assessed the biosynthesis of SAA1/2
and SAA4 in human osteogenic specimens,
the current study aimed at investigating the
expression of SAA transcripts in bone material
and differentiated stem cellswith an osteoblast-
like phenotype. Finally, expression of SAA was
studied in two human osteosarcoma cell
lines. MG-63 cells are only weakly positive for
alkaline phosphatase (a biomarker for bone
formation) and exhibit a premature fibroblast-
like state. In contrast, SAOS-2 cells stain
intensely positive for alkaline phosphatase,
appear rounded and display an epithelial
phenotype, and represent a more differentiated
osteoblast cell type thanMG-63 [Sevetson et al.,
2004]. We also were interested whether the
human homologue of SAA-activating factor-1
(SAF-1), a Cys2His2-type zinc finger transcrip-
tion factor, known to be involved in cytokine-
induced expression of SAA transcripts in hep-
atic tissue [Ray et al., 2002] and MMPs in
chondrocytes [Ray et al., 2005], is expressed in
osteoblast-like cells of non-tumor and tumor
origin.

MATERIALS AND METHODS

Bone Tissue and Cells

The bone material was of femur origin
(either from biopsies or bone segments removed
from patients with osteoarthritis in the process
of positioning prostheses), obtained from
the Department of Trauma Surgery, Medical
University of Graz. Material was frozen in
liquid nitrogen followed by storage at �708C
and subsequently pulverized using a freezer/
mill SPEX 6700 (SPEX CertiPrep, Inc., Stan-
more, UK).

Mononuclear cell fractions were derived from
bone marrow from three different patients
suffering from arthritis of hip joint (one
female, 63.9-year-old; one male, 74-year-old) or
arthritis of knee joint (one female, 71.8-year-
old), who gave consent after full information
and approval by the hospital ethical committee
(No. 12-091). Mononuclear cells were isolated
from bone marrow aspirates using methods
slightly modified from those described pre-
viously [Haynesworth et al., 1992]. Briefly,
isolation was performed in Percoll gradient
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(d¼ 1.073 g/ml, 900g, 30 min), and human
mesenchymal stem cells (hMSCs) were
selected on the basis of adherence. The cells
were maintained in DMEM-F12 (Invitrogen)
supplemented with 10% fetal bovine serum
(Invitrogen), L-glutamine (Sigma) at 100 U/ml
and 100 mg/ml penicillin/streptomycin (P/S),
respectively. To induce osteogenic differentia-
tion [Jaiswal et al., 1997], hMSCs (passage 4)
were seeded in six-well plates, at a density
of 1� 105 cells/well, and propagated in DMEM-
LG (Invitrogen) supplied with 10% FBS, 100 U/
ml L-glutamine, and 100 mg/ml P/S, 0.1 mM
L-ascorbic acid 2-phosphate, 10 mM b-glycer-
ophosphate, and 0.1 mM dexamethasone (all
from Sigma) for 3 weeks prior to cytokine
treatment. The differentiation of hMSC to
osteogenic lineage was verified by Alizarin Red
S (Sigma) staining as described [Kulterer et al.,
2007].

Human osteosarcoma cell lines (MG-63
and SAOS-2) were maintained in MEMa
(Invitrogen), supplemented with 5% (MG-63)
or 10% (SAOS-2, v/v) FBS and 100 U/ml
L-glutamine and 100 mg/ml P/S at 378C under
5% CO2.

Human hepatoma cells (HUH-7) and human
macrophages (THP-1 cells) were grown in
RPMI-1640 medium (Bio Whitaker, Austria)
containing 10% (v/v) FBS as described [Malle
et al., 1999; Kovacevic et al., 2006].

Cell Culture Experiments

Both, hMSCs (non-differentiated or dif-
ferentiated) and osteosarcoma cells were
seeded in 6 cm plates (Costar, Austria) and,
upon reaching 80% confluency, incubated (at
indicated time points) in medium containing
interleukin-1a (IL-1a), IL-1b, IL-6, or tumor
necrosis factor-a (TNFa, at indicated con-
centrations; R&D Systems, Inc., Minneapolis).
To follow expression of FPRL-1/ALX, osteosar-
coma cells were seeded in six-well plates and,
upon reaching 80% confluency, stimulated for
24 h by adding dexamethasone (1 or 2 mM;
Sigma) in the absence or presence of 10 ng/ml
IL-1b or IL-6 to the cell culture medium.

RNA Isolation and Northern Blot Analysis

RNA from human bone material was isolated
using TRIreagent (Sigma), according to the
manufacturer’s instructions. Total RNA was
isolated fromhMSCs, osteosarcoma cells,HUH-
7, and THP-1 using RNeasy kit (QIAGEN,

Vienna, Austria). Northern blots were per-
formed exactly as described [Kovacevic et al.,
2006]. The SAA1/2 cDNA probe (a kind gift of
Dr. P.Woo, London) was radiolabeledwith [32P]
dCTP by Prime-a-Gene Labeling system
(Promega, Mannheim, Germany) and used as
a probe. The hybridized blots were washed and
exposed to X-ray film for 2–7 days.

Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR)

Prior to reverse transcription, RNA was
digested with DNase (Invitrogen), following
manufacturer’s instructions. Reverse trans-
cription was done with Superscript II
RNase H� Reverse Transcriptase (Invitrogen)
[Kovacevic et al., 2006]. PCR was performed
with Taq polymerase (Solis Biodyne, Estonia)
using 2 ml cDNA from reverse transcription
reaction as template. The final concentrations
in the PCR mix (50 ml reaction volume) were:
100 pM of each primer, 250 ng of each dNTP,
0.5 U Taq-polymerase. PCR was performed in a
Mastercycler (Eppendorf) as follows: Taq-poly-
merase activation 15 min at 958C; 30–40 cycles
of 1 min at 958C, 1 min at annealing temper-
ature, 1 min at 728C; followed by a final 7 min
elongation at 728C. In the case of SAA1 and
SAA2, cycles were each of 10 s at 958C, 5 s at
annealing temperature and 10 s at 728C.
Specific primers, with annealing temperature
for each primer pair and number of cycles for
each PCR are listed in Table I (Supplement).
Control reactions using RNA as template were
performed in all experiments.

Immunofluorescence and Confocal Laser
Scanning Microscopy

MG-63 and SAOS-2 cells were cultured on
Lab-Tek chamber slides (Nunc) in the absence
or presence of 10 ng/ml IL-1b up to 24 h. Then,
the cells were washed with PBS, air dried (2 h,
228C), and acetone-fixed (5min). Fixed chamber
slides were incubated for 30 min with either
polyclonal anti-SAA1/2 rabbit antiserum
[Malle et al., 1995], sequence-specific anti-
human SAA1/2 peptide (positions 1–17 and
89–104) rabbit antiserum (dilutions of 1:100)
[Malle et al., 1995] or sequence-specific anti-
human SAA4 peptide (positions 1–17 and 94–
112) rabbit antiserum [Hrzenjak et al., 2001],
followed by 30 min incubation with cyanine-3-
labeled goat anti-rabbit IgG (dilution 1:300,
Jackson Dianova) [Kovacevic et al., 2006]. PBS
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was used for washing sections between different
incubation steps. Sections were mounted
with Moviol (Calbiochem–Novabiochem, La
Jolla) and analyzed on a confocal laser-scanning
microscope (Leica SP2, Leica Lasertechnik
GmbH, Heidelberg, Germany) using the 543 nm
laser line for excitation of cyanine-3. Control
experiments encompassed immunofluorescence
(i) without primary antibody, (ii) with polyclonal
non-immune antiserum as primary antibody, (iii)
without secondary antibody, or (iv) with pre-
absorbtion of the correspondingprimaryantibody
with human SAA1/2 [Malle et al., 1995] or SAA4
[Hrzenjak et al., 2001].

Western Blot Analysis

To separate nucleus- and cytoplasm-protein
fractions, the cells were lysed in RIPA buffer
(50 mM Tris–HCl, pH 7.4, 1% NP-40, 0.25%
Na-deoxycholate, 150 mM NaCl, 1 mM EDTA,
1 mM PMSF, 1 mg/ml of aprotinin, leupeptin,
and pepstatin, 1 mM Na3VO4), kept 15 min on
ice, scraped with a cell scraper and centrifuged
at 600g (10 min, 48C). Supernatant with
cytoplasm-protein fractions was stored at
�208C. To obtain nucleus-protein fraction, the
cell-pellet was resuspended in RIPA buffer with
270 mM NaCl, incubated 5 min on ice and
centrifuged (13,000g, 10 min, 48C).
Protein lysates (20–30 mg, as assessed by the

Lowry method) were separated on 10–20%
SDS–PAGE. Proteins were transferred to
PVDF membranes as described [Malle et al.,
1999]. The membranes were incubated with (i)
either sequence-specific anti-human SAA1/
2 peptide (positions 1–17, 79–94, and 89–104)
rabbit antiserum (dilutions of 1:100–1:500)
[Malle et al., 1995], (ii) sequence-specific anti-
human SAA4 peptide (positions 1–17 and
94–112) rabbit antiserum (dilution of 1:300)
[Hrzenjak et al., 2001], or (iii) rabbit anti-SAF-1
antiserum (dilution 1:1,000) [Ray et al., 2002]
as primary antibodies. Peroxidase-conjugated
goat anti-rabbit IgGs (Pierce Chemical Co.;
1:100,000) were used as secondary antibodies.
Immunoreactive bands were visualized with
the SuperSignal HRP substrate (Pierce Chem-
ical Co.) and exposure to X-ray films (Kodak).

RESULTS

Expression of SAA Transcripts in Human Bone

First, we investigated whether SAA trans-
cripts are expressed in different bone RNA

preparations obtained from three patients with
osteoarthritis (samples were taken at least
two times from each patient). SAA1 transcripts
were detected in individual trabecular and
cortical bone fractions, in a mixed trabecular/
cortical bone fraction, aswell as inRNA isolated
from bone marrow (Fig. 1). Unlike SAA1, SAA2
was not detected in any bone RNA preparation.
SAF-1, the transcription factor involved in
cytokine-mediated induction of SAA could not
be verified in all biological specimens investi-
gated (data not shown). Subsequently, no
expression of SAF-2, a splice variant of SAF-1
and negative regulator of inflammation [Ray
et al., 2002], was found. However, SAA4 was
constitutively expressed in trabecular and
cortical fraction, and bone marrow (Fig. 1).

Expression of SAA Transcripts in Human
Mesenchymal Stem Cells

Human bone RNA preparations (e.g., bone
marrow) may contain RNA from a variety of
cells expressing SAA transcripts, for example,
adipocytes and fibroblasts [Meek et al., 1994];
the trabecular fractionmay contain osteoblasts,
osteoclasts, and osteocytes, while the cortical
fractionmay additionally contain chondrocytes.
To investigate expression of cytokine receptor
and SAA transcripts in osteogenic material,
mononuclear cells were isolated; hMSCs,
selected on the basis of adherence, were dif-
ferentiated into an osteoblast-like-lineage. As
osteocalcin may not be considered a straightfor-
ward or reliable marker for human osteo-
blastic cell differentiation [Jaiswal et al.,
1997], calcium deposition was investigated.

Fig. 1. RT-PCR of SAA transcripts in human bone: RNA was
isolated from different bone preparations, reverse transcribed,
and cDNAs of SAA1, SAA2, and SAA4 amplified using specific
forward and reverse oligonucleotide primers (Supplement, Table
I). The PCR products were separated on 1.5% agarose gels. T,
trabecular bone; C, cortical bone; BM, bone marrow; P, positive
control, HUH-7 cells; N1, negative control—RNA template:
negative controls were done for all samples; N2, negative
control—water template. To ensure that equal amount of cDNA
was used as a template RT-PCR for GAPDH was made as a
control. One representative experiment out of three is shown.
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Using Alizarin Red S, pronounced calcium
deposition in the extracellular matrix of
hMSCs, kept in osteogenic medium, is indi-
cative for differentiation of cells to osteogenic
lineage (Supplement, Fig. I).

To check for the presence of cytokine re-
ceptors on hMSCs, RT-PCR analysis was
performed. Both, non-differentiated and dif-
ferentiated hMSCs expressed IL-1, IL-6, and
TNF receptors (Fig. 2A), responsible for binding
and transducing the actions of corresponding
cytokines. Additionally, hMSCs expressed IL-1
receptor type 2, a decoy receptor that binds IL-1
but is unable to start a signaling cascade.

Next, expression of SAA transcripts was stu-
died. SAA1 was present under non-stimulated
and cytokine-mediated conditions in non-
differentiated hMSCs and abundantly present
in differentiated hMSCs (Fig. 2B). In contrast
to differentiated hMSCs, where expression of
SAA2 paralleled that of SAA1, SAA2 was only
present in non-differentiated cells in response
to IL-1 (Fig. 2B). As shown with human bone
RNA preparations (Fig. 1), SAA4 was constitu-
tively expressed in non-differentiated hMSCs
anddifferentiatedprimary osteoblasts. Figure 2B
shows that SAF-1, the transcription factor
involved in cytokine-mediated induction of SAA
transcripts, was present in non-differentiated

and differentiated hMSCs under non-treated
and cytokine-treated conditions; SAF-2 tran-
scripts were not identified.

Expression of SAA Transcripts and SAA
Protein in Human Osteosarcoma Cell Lines

Due to limited access to hMSCs, the next
series of experiments were performed with
human osteoblast-like cell lines of tumor origin.
First, we checked for the presence of cytokine
receptors in osteosarcoma cells lines. Both,MG-
63 (Fig. 3A) and SAOS-2 cell lines (Supplement,
Fig. IIA) express all cytokine receptors (IL-1R1,
TNFR, IL-6R, and IL-1R2) under non-treated
and cytokine-treated conditions.

We then studied time-dependent expression
of SAA on RNA level in osteosarcoma cells.
Northern blot experiments revealed time-
dependent SAA expression in MG-63 cells in
response to IL-1b (Fig. 4A). Next, expression
of SAA was followed on a protein level.
Because the results of Western blot analysis
(Fig. 4B) and immunofluorescence technique
(Supplement, Fig. III) were consistent with that
of RT-PCR and Northern blot, we had evidence
that pronouncedSAAprotein expression inMG-
63 (Fig. 4) occurred after a 24-h stimulation
period. The modest increase in staining for

Fig. 2. RT-PCRof cytokine receptors, SAAandSAF-1 transcripts
in non-differentiatedanddifferentiated hMSCs: hMSCswere kept
in either expansion or osteogenic medium and stimulated with
different cytokines (10 ng/ml) for 24 h. A: Human cytokine
receptor transcripts as well as (B) SAA and SAF transcripts were
amplified using specific oligonucleotide primers (Supplement,
Table I). The PCR products were separated on 1.5% agarose gels.
NS, non-stimulated; P, positive control: RNA was isolated from

HUH-7 cells for SAF-1, SAA, cytokine receptors except IL-1R2,
where RNA from THP-1 cells was used; N1, negative control—
RNA template: negative controls were done for all samples; N2,
negative control—water template. To ensure that equal amount
of cDNA was used as a template RT-PCR for GAPDH was made
as a control. One representative experiment out of three is
shown.
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SAA1/2 in SAOS-2 cells after 24 h (Supplement,
Fig. III) is in line with high basal expression
of SAA1/2 transcripts in these cells under non-
stimulated conditions (Supplement, Fig. II).

Most importantly, the use of sequence-
specific antibodies (raised against the N- and
C-terminal portion of SAA) confirms that the
SAA protein is intact and not cleaved/degraded.

Because of the high sequence similarity
between SAA1 and SAA2 [Uhlar et al.,
1994], the cDNA used in Northern blot experi-
ments cannot differentiate between both SAA
isoforms. Therefore, an RT-PCR using specific
primer pairs (Supplement, Table I) was done.
Neither SAA1 nor SAA2 were present in non-
stimulated MG-63 cells (Fig. 3B). However, IL-
1a, IL-1b and TNFa induced expression of both
SAA transcriptswithSAA1 being preferentially
expressed (Fig. 3B). Although abundant IL-6
receptor expression was found on MG-63
cells (Fig. 3A), IL-6 did not induce SAA1 and
SAA2 transcripts (Fig. 3B). These observations
are in linewith findings that the IL-6 receptor is
non-functional in MG-63 cells as no significant
phosphorylation of the signal-transducing
molecule glycoprotein 130 did occur in the pre-
sence of IL-6 [Vermes et al., 2002]. However, in
SAOS-2 cells, bothSAA transcriptswere detect-
ed in non-stimulated and cytokine-stimulated
cells with SAA1 being also preferentially
expressed (Supplement, Fig. IIB).

Next, expression of SAF-1/2 was investi-
gated in both osteosarcoma cells. SAF-1 was
present to a similar extent in non-stimulated
and cytokine-stimulated MG-63 cells (Fig. 3B).
In SAOS-2 cells, pronounced SAF-1 expression
was observed in non-stimulated cells, while the
presence of cytokines led to a decrease of SAF-1
(Supplement,Fig. IIB).SAF-2wasundetectable
in both cell lines cultured in the absence or
presence of cytokines. As immunofluorescence
technique was not successful to confirm that
activation of SAF-1 precedes expression of SAA,
MG-63 cells were stimulated with IL-1b up to
6 h. Then, the cells were lysed, and Western
blot analyses of cell lysates (cytoplasm- and
nucleus-protein fraction) were performed. In
the cytoplasm of MG-63 cells only a faint band
corresponding to immunoreactive SAF-1 was
detected (data not shown). However, in the
nuclear fraction of MG-63 cells, pronounced
staining for immunoreactive SAF-1 protein
became apparent after 2 h of stimulation and
increased up to 6 h (Fig. 5).

Finally, we checked for the presence of SAA4
on RNA and protein level in human osteosar-
coma cell lines. Both, RT-PCR (Fig. 3B, Supple-
ment, Fig. IIB), Western blotting experiments

Fig. 3. RT-PCR of cytokine receptors, SAA and SAF-1 in human
osteosarcoma cells: MG-63 cells were stimulated with different
cytokines (10 ng/ml) for 24 h. A: Cytokine receptor transcripts
as well as (B) SAA and SAF-1 transcripts were amplified
using specific oligonucleotide primers (Supplement, Table I).
ThePCRproductswere separatedon1.5%agarose gels.NS, non-
stimulated; P, positive control: RNA was isolated from HUH-7
cells for SAF-1, SAA, cytokine receptors except IL-1R2, where
RNA from THP-1 cells was used; N1, negative control—RNA
template: negative controls were done for all samples; N2,
negative control—water template. To ensure that equal amount
of cDNA was used as a template RT-PCR for GAPDH was made
as a control. One representative experiment out of three is
shown.

Fig. 4. Time-dependent expression of SAA in osteosarcoma
cells:MG-63cellswere stimulatedwith10ng/ml IL-1b for 12 and
24 h. A: RNA was isolated and Northern blot experiments were
performed using SAA1/2 cDNA as a probe. The 28S rRNA was
used as gel loading control. B: Cells were lysed and total cellular
protein was subjected to SDS–PAGE and transferred to
membranes. Western blot experiments were performed using
sequence-specific anti-human SAA1/2 or SAA4 peptide antisera
(see Materials and Methods section) as primary antibodies. One
representative experiment out of three is shown.
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(Figs. 4B and 5), and immunofluorescence
staining (Supplement, Fig. III) confirmed that
SAA4 is constitutively expressed in MG-63 and
SAOS-2 cells and that its expression is not
cytokine-responsive.

Expression of Candidate Receptors for SAA in
Human Osteosarcoma Cell Lines

Binding of SAA to FPRL-1/ALXmay promote
expression of MMPs that in turn could degrade
a variety of proteins including SAA [Stix et al.,
2001]. As slight expression of MMPs was
detected on MG-63 and SAOS-2 cells [Pautke
et al., 2004] and SAA is expressed in response
to cytokines (Fig. 4B, Supplement, Fig. III),
expression of FPRL-1/ALX was followed by
RT-PCR. Neither in non-stimulated nor cyto-
kine-stimulated MG-63 (Fig. 6) and SAOS-2
cells (Supplement, Fig. IV), FPRL-1/ALX
transcripts could be identified. Even the gluco-
corticoid dexamethasone, recently reported to

promote induction of FPRL-1/ALX (Giner et al.,
2007), failed to induceFPRL-1/ALX transcripts
in MG-63 and SAOS-2 cells (Supplement,
Fig. V).

SAA has been recently reported to bind to
SR-BI [Baranova et al., 2005; Marsche et al.,
2007], a class B scavenger receptor that medi-
ates both cellular cholesterol efflux and
cellular lipid uptake, respectively. Indeed, SR-
BI and its splice variant SR-BII are expressed
in non-treated MG-63 (Fig. 6) and SAOS-2
cells (Supplement, Fig. V). Addition of cytokines
revealed that IL-6 had no effect on SR-BI/II
expression, while TNFa and IL-1 down-
regulated expression of SR-BI/II transcripts
(Fig. 6). Similar findings have been observed in
human monocytes/macrophages, where both
lipopolysaccharide and cytokines decreased
SR-BI expression [Buechler et al., 1999].

DISCUSSION

High SAA levels have been found in serum of
patients with different neoplastic diseases, for
example, renal and colorectal cancers [Kimura
et al., 2001; Glojnaric et al., 2001]. SAA has also
been shown to be a prognostic marker in some
cancers [Biran et al., 1986] and was used to
monitor disease and therapeutic response in
prostate cancer [Kaneti et al., 1984]. Recent
reports even proposed SAA as a specific bio-
marker for specific types of cancer [Cho
et al., 2004; Khan et al., 2004]. High levels of
SAA were found in prostate cancer with bone
metastasis [Le et al., 2005] and in patients with
osteosarcoma [Li et al., 2006]. We here show
expression of SAA transcripts in osteogenic
tissue, in particular in human bone material,
non-differentiated hMSCs and osteoblast-like
differentiated hMSCs.

Cytokines are important local mediators of
bone remodeling. Released by various cell types
in bone microenvironment, including osteo-
blasts, IL-1 and TNFa are potent stimulators
of bone resorption in cell culture, organ culture
systems and in vivo [KwanTat et al., 2004]. IL-1
directly stimulates osteoclast function through
the IL-1 type 1 receptor expressed by osteo-
clasts. TNFa may induce resorption, either
indirectly, by affecting the production of other
osteoclast differentiation factors or directly, by
stimulating the differentiation of osteoclast
progenitors into osteoclasts in the presence of
M-CSF. IL-6 also stimulates osteoclast activity

Fig. 5. Western blot of SAF-1 and SAA4 in osteosarcoma cells:
MG-63 cells were stimulated with 10 ng/ml IL-1b up to 6 h in
six-well plates. The cells were lysed and the nuclear fractionwas
isolated as described in Materials and Methods. The protein was
subjected to SDS–PAGE and transferred to membranes.Western
blot experiments were performed using polyclonal anti-SAF-1
antiserum or sequence-specific anti-human SAA4 peptide
antisera as primary antibodies. One representative experiment
out of two is shown.

Fig. 6. RT-PCR of SR-BI/II and FPRL-1/ALX in human MG63
cells:Cellswere stimulatedwithdifferent cytokines (10ng/ml) for
24 h.Human SR-BI/II and FPRL-1/ALX transcripts were amplified
using specificoligonucleotide primers (Supplement, Table I). The
PCR products were separated on 1% agarose gels. NS, non-
stimulated; P, positive control: RNA was isolated from differ-
entiated THP-1 cells for SR-BI/II, for FPRL-1/ALX, HUH-7
genomic DNA was used; N1, negative control—RNA template:
negative controls were done for all samples; N2, negative
control—water template. To ensure that equal amount of cDNA
was used as a template RT-PCR for GAPDH was made as a
control. One representative experiment out of three is shown.
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and bone resorption, but only when osteoclasts
are co-cultured with osteoblasts. We here show
cytokine-mediated expression of SAA on RNA
and protein level by osteoblast-like cancer cells.
The high expression of SAA in osteoblast-like
human sarcoma cells under cytokine-mediated
conditions provides clear evidence of extrahe-
patic SAA synthesis in cancerous tissue of bone
origin. One of the important findings in the
present study is the detection of SAF-1 as a
regulator of A-SAA expression in hMSCs and
osteosarcoma cells. SAF-1 expression level is
increased in hMSCs in response to cytokines
under both non-differentiated and differentiat-
ing conditions but levels ofSAA1/2 increased at
a significantly higher level under differentiat-
ing conditions (Fig. 2). This result suggests
that differentiated cells may contain nuclear
factor(s) that synergize SAF-1 activity. Indeed
SAF-1 activity is seen to be facilitated by
members of the AP-1 family [Ray et al., 2005]
and it will be interesting to see whether AP-1
activity is induced in the differentiated mesen-
chymal stem cells. Unlike hMSCs, SAF-1 is
constitutively present in MG-63 osteosarcoma
cells and its level remains unchanged during
cytokine exposure (Fig. 3). However, cytokine
treatment increased nuclear translocation of
SAF-1 (Fig. 5), which correlates with a signifi-
cant increase of SAA1/2 level in MG-63 cells
(Figs. 3 and 4). SAF-1 protein contains two
nuclear localization signals that efficiently
translocate this protein to the nucleus [Ray
et al., 2004a]. Also noticeable was that between
the two isoforms, expression of SAA1 is higher
to SAA2, which indicates for a differential
regulation of SAAs by SAF-1. The observed
differences in SAF-1 and SAA1/2 expression in
MG-63 and SAOS-2 could be due to alterations
in cyclin-dependent kinase inhibitors [Park
et al., 2002], molecules that are regulated by
SAF-1 expression [Ray et al., 2004b].
During inflammation, SAA seems to exhibit

Janus-faced effects. SAA has been reported to
exert cytokine-like properties [Patel et al.,
1998] or even to exert a feedback mechanism
of IL-1-induced inflammatory events [Shainkin-
Kestenbaum et al., 1991]. However, the role of
SAA in bone-derived cells or in cells contri-
buting to bone remodeling remains unknown. A
possible function of apolipoprotein SAA during
inflammation is its role in lipid metabolism.
Indeed, SR-BI is abundantly expressed in MG-
63 (Fig. 6) and SAOS-2 cells (Supplement,

Fig. IV) and thusmay contribute to proliferation
and cellular growth of osteosarcomaas shown in
other cancer cell lines [Wadsack et al., 2003].
However, under basal conditions, SAA is not
expressed; the fact that cytokine-mediated
expression of A-SAA is paralleled by down
regulation of SR-BI transcripts suggests that
SAA may probably not favor SR-BI-mediated
bidirectional cholesterol flux under inflamma-
tory conditions in osteosarcoma cells.

The findings that FPRL-1/ALX is a functional
receptor for amyloidogenic proteins and peptide
agonists including A-SAA may have important
implications in several disease states. Phago-
cytic leukocytes are the source of enzymes
that can fragment and degrade SAA. The
usage of FPRL-1/ALX by SAA to chemoattract
leukocytes may serve to recruit these cells to
participate in degradation of SAA, a process
assumed to occur at sites of amyloidogenic
deposits. Indeed, binding of SAA to FPRL-1/
ALX is paralleled by expression of MMPs.
MMPs are endopeptidases with specific and
selective activities against many components of
the extracellular matrix, that may also degrade
SAA as shown with THP-1 cells [Stix et al.,
2001] and chondrocytes [Zerega et al., 2004].
However, an autologous degradation of SAA via
the FPRL-1/ALX/MMP axis in human osteosar-
coma may be excluded as both MG-63 and
SAOS-2 cells are lacking FPRL-1/ALX tran-
scripts. Our findings are in line with recent
observations that the pentapeptide WKYMVm,
a specific ligand for FPRL-1/ALX, failed to
induce chemotactic response in wild-type HOS
osteosarcoma cell lines while over expression of
FPRL-1 in these cells mediated the chemotactic
response [Li et al., 2001].

Summarizing, we could show that both
benign andmalign bone-derived tissues express
SAA transcripts and that the constitutively
expressed SAA4 is also present. In particular
human osteosarcoma cell lines represent
a suitable cellular model to follow cytokine-
mediated induction of SAA on RNA and protein
level. Our findings that SAA is synthesized
by osteosarcoma in vitro could support a recent
study [Li et al., 2006] that reports high SAA1
levels in plasma of osteosarcoma patients;
whether SAA1 is a direct tumor product under
in vivo conditions needs to be verified. The
present study further demonstrates that puri-
fied hMSCs express SAA transcripts and that
culture-expanded differentiated hMSCs express
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higher levels of SAA transcripts. The transcrip-
tional regulation of genes in non-differentiated
and differentiated hMSCs incubated with SAA
is currently under investigation.
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