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Serum Amyloid A Promotes Invasion of Feline Mammary Carcinoma Cells
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asstrRACT. The serum amyloid A (SAA) concentration is higher in mammary tumors with metastases in both humans and animals. In the pres-
ent study, the direct effects of recombinant feline SAA (rfSAA) protein on invasiveness of feline mammary carcinoma cells were evaluated.
As an indicator of invasiveness, matrix metalloproteinase-9 (MMP-9) expression was investigated in 4 feline mammary carcinoma cell lines
of different origins. In 3 of 4 cell lines, MMP-9 expression was significantly increased by rfSAA stimulation. The invasive capacities of fe-
line mammary carcinoma cells were also stimulated by rfSAA. The findings of this study have identified a novel role for SAA in mammary
tumorigenesis and suggest that therapeutic strategies targeting SAA may provide new alternatives in treating tumor invasion and metastasis.
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Serum amyloid A (SAA) is one of the major acute phase
proteins (APPs) in mammals, including humans and cats [6,
27]. Acute phase reaction is a systemic response to inflam-
matory stimulations, such as infection or trauma, and APPs
including SAA are synthesized mainly in the liver as part
of the reaction [7]. Gene expression and protein synthesis
of SAA are stimulated by several inflammatory cytokines,
such as IL-1p, IL-6 and TNF-a [5]. The synthesized SAA
protein is released into circulation, and the secretion of SAA
into blood results in a marked increase in SAA concentration
in serum. SAA concentration occasionally increases up to
1,000-fold above the basal level [10].

Because of the dramatic increase in serum SAA concentra-
tion during inflammation, serum SAA concentration is used
as an inflammatory marker in humans [13] and cats [24].
Elevated SAA concentration has been described in various
inflammatory and infectious diseases [3, 25]. Increased SAA
concentration has also been demonstrated in humans with
neoplastic diseases [1, 30]. Furthermore, the relationship
between serum SAA concentration and clinical stage of the
tumor has also been shown in earlier studies [15]. Patients
with tumor metastasis have a higher serum SAA concentra-
tion than do patients without metastasis. Thus, SAA is also
considered as a useful biomarker in monitoring the progres-
sion of neoplastic diseases.

Besides the potential of SAA as a cancer biomarker, the
role of SAA in the progression of neoplastic diseases is of
current interest. An acute immune response may cause an in-
creased risk of peripheral metastases [4]. On the other hand,
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cytokine-like functions of SAA protein were demonstrated
in both humans [19] and cats [23]. SAA protein stimulates
the production of various cytokines by macrophages and can
play an important role in acute immune response. Therefore,
elevated SAA concentration can stimulate tumor metastasis
indirectly. The SAA protein also stimulates matrix metal-
loproteinase-9 (MMP-9) production by macrophages [11].
Matrix metalloproteinases (MMPs) are a family of extracel-
lular matrix degrading proteases that are zinc-dependent
and associated with invasion and metastasis during tumor
progression, because of their ability to degrade extracellular
matrix and basement membrane [20]. Type IV collagen is
one of the integral components of the basement membrane,
and its collagenase, MMP-9, is believed to play a key role
in tumor invasion and metastasis [17]. Although these indi-
rect effects of SAA protein in tumor progression have been
relatively well-evaluated, there is limited information about
the direct activities of SAA protein on the invasiveness of
tumor cells [8].

Mammary tumors are common neoplasms in cats, and
feline mammary carcinoma shows an age-dependent in-
cidence, histopathological features and metastasis pattern
similar to human breast cancer [12]. Moreover, human breast
cancer and feline mammary carcinoma share the similar bio-
logical features at the molecular level [2]. Thus, feline mam-
mary carcinoma could be a suitable animal model for human
breast cancer. In human patients with breast cancer, elevated
serum SAA concentration has been described, and the SAA
concentration has also been correlated with the stage of the
cancer [33]. Therefore, it is suggested that SAA affects the
progression and metastasis of breast cancer in a direct or an
indirect way.

In the present study, the direct effects of recombinant
feline SAA (rfSAA) protein on the invasiveness of feline
mammary carcinoma cells were evaluated. As the indica-
tor of invasiveness, MMP-9 mRNA expression and protein
synthesis were investigated in 4 feline mammary carcinoma
cell lines of different origins. The effect of SAA on the actual
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invasive capacity of these cells was also estimated.

To determine the partial sequence of feline MMP-9, fe-
line peripheral macrophages were prepared according to a
previously described method [23]. These procedures were
conducted in accordance with the guidelines of the Animal
Care Committee of the Graduate School of Agricultural and
Life Sciences, the University of Tokyo. Total cellular RNA
was extracted by using a commercial kit (Illustra RNAspin
Mini RNA Isolation Kit; GE Healthcare, Buckinghamshire,
U.K.). Obtained RNA was treated with DNase. Reverse
transcription was performed using a commercially available
reverse transcriptase (ReverTra Ace qPCR RT Master Mix;
TOYOBO, Tokyo, Japan), according to the manufacturer’s
instructions. Template cDNA was amplified by PCR using
Taq polymerase (AmpliTaq Gold 360 Master Mix; Applied
Biosystems, Foster City, CA, U.S.A.) with the following
primer pair: 5'-AAC CAC CAC CACACC TGA AT-3’ (for-
ward) and 5'-CAA AGG TCA CGT AGC CCA CT-3' (re-
verse). These primers were designed based on the predicted
sequences of feline MMP-9 (GenBank accession number,
XM _003983412). The PCR cycles were as follows: pre-de-
naturing (95°C for 10 min); 30 cycles of denaturation (95°C
for 30 sec), annealing (57°C for 30 sec) and extension (72°C
for 45 sec); and final extension (72°C for 7 min). The PCR
products were electrophoresed through a 2% agarose gel
and purified from the gel by using a commercially available
kit (Wizard SV Gel and PCR Clean-Up System; Promega
Corp., Madison, WI, U.S.A.). The purified PCR products
were directly sequenced by the dideoxy chain termination
method using an ABI prism BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems). Gene specific primers
described above were used for sequencing. The analysis was
performed in triplicate to avoid errors in sequence analysis.
The sequences matched in all 3 analyses were adopted.

The synthesis of rfSAA was carried out using a previously
described method [23]. The synthesized rfSAA was desalted
by using a commercial desalting column (PD-10 Desalting
Columns; GE Healthcare) according to the manufacturer’s
instructions. The purity of rfSAA was analyzed by SDS-
PAGE (12.5% SDS-polyacrylamide gel) and was determined
to be greater than 95% by using a software package (Image
Lab Software; Bio-Rad Laboratories, Hercules, CA, U.S.A.).

Feline mammary tumor cell lines (FKN-p, FNN-m, FON-
p and FON-m) were kindly provided by the Laboratory of
Veterinary Surgery, the University of Tokyo. Cell lines,
FKN-p and FON-p, were established from primary lesions,
and FNN-m and FON-m were established from metastatic
lesions in feline patients bearing spontaneous mammary
tumors. FON-p and FON-m were established from the same
patient. Details of each of the cell lines were described previ-
ously [29]. All cell lines were grown in RPMI 1640 medium
(Sigma Aldrich, St. Louis, MO, U.S.A.) supplemented with
10% fetal bovine serum (FBS; Biowest, Nuaillé, France),
100 ug/ml streptomycin and 100 IU/m/ penicillin (Nacalai
Tesque, Kyoto, Japan). Cells were maintained at 37°C in 5%
CO..

Subconfluent (70-80% confluent) cells were detached and
resuspended at 1 x 10° cells/m/ in serum-free media (RPMI

1640 containing 1% bovine serum albumin; BSA) and added
in 100 u/ aliquots to a 96-well plate. The cells were incu-
bated for 24 hr at 37°C in 5% CO,. After incubation, culture
media were replaced, and cells were stimulated with rfSAA
(1, 5 and 25 pg/ml) for 24 hr. The rfSAA concentration
added to cell culture was determined on the basis of previous
studies [8, 23]. Cells and cell-free supernatants of culture
media were collected separately by centrifugation and stored
at —80°C until analysis. Each experiment was performed in
duplicate and repeated 3 times in separate experiments.

Total cellular RNA was extracted from the cells, and re-
verse transcription was performed as described above. For
quantitative RT-PCR, the cDNA was amplified with SYBR
green (THUNDERBIRD SYBR qPCR Mix; TOYOBO) by
using gene-specific primers and a thermal cycler (Thermal
Cycler Dice Real Time System; Takara Bio, Otsu, Japan)
with the following program: a 10 min preincubation at 95°C,
50 cycles of PCR (5 sec at 95°C and 30 sec at 60°C) and dis-
sociation (95°C for 15 sec, 60°C for 30 sec and 95°C for 15
sec). The reactions were performed with primers specific to
feline MMP-9 or glyceraldehye-3-phosphate dehydrogenase
(GAPDH: GenBank accession number, NM_001009307).
Sequences of primers are shown in Table 1. Data were
normalized relative to GAPDH as an endogenous control.
Quantification of mRNA transcription was performed using
the comparative cycle threshold (Ct) method. Each sample
was assessed in duplicate.

MMP-9 levels in culture media were examined by gelatin
zymography. Samples were diluted in sample buffer (125
mM Tris-HCI pH 6.8, 25% glycerol, 5% SDS and 0.2% bro-
mophenol blue), and a dilution containing an equal volume
of culture media was subjected to electrophoresis on a 10%
SDS-PAGE gel co-polymerized with 0.1% gelatin. Follow-
ing electrophoresis, the gels were rinsed in 2.5% Triton
X-100 for 2 hr at room temperature and incubated in enzy-
matic activation buffer (50 mM Tris-HCI, 200 mM NaCl and
5 mM CaCl,, pH 7.6) for 24 hr at 37°C with gentle shaking.
The gels were stained with 0.25% Coomassie Brilliant Blue
R-250, 50% methanol and 5% acetic acid for 30 min and
then de-stained in 5% methanol and 7% acetic acid for 1
hr. A commercially available zymography marker (Gelatin
Zymo MMP Marker; Life Laboratory, Yamagata, Japan) was
run on each gel as a positive control. MMP-9 levels were
assessed on the basis of gelatinolytic activity, indicated as
clear bands against the dark blue background. All gels were
analyzed with an imaging analyzer system (Cool Saver ver-
sion 1.0; ATTO, Tokyo, Japan) and software (CS Analyzer
version 2.0; ATTO). To obtain a semi-quantitative value for
each sample, the imaging assessment value of each unknown
band was compared with the value of a MMP-9 standard
band. The ratio of unknown to standard was calculated, and
an arbitrary unit (a.u.) value was assigned to each sample.
Each sample was assessed in duplicate.

Invasion of cell lines was assessed by the matrigel tran-
swell assay [8]. For the analysis, 24-well chambers with
8-um pore filters (Chemotaxicell; Kurabo, Osaka, Japan)
were coated on the upper surface with matrigel (BD Matri-
gel matrix; Becton—Dickinson, Franklin Lakes, NJ, U.S.A.).
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Table 1.  Sequences of oligonucleotide primers used for quantitative RT-PCR

Primer set Primer sequence (5'-3") Position of the primers ~ Product size ~ GenBank accession number
MMP-9

Forword GCCCCTACAGTGTCTTTGGA

Reverse TCCCATCCTTGAAGAAATGC 123-225 103bp ABg58226
GAPDH

Forword GCTGCCCAGAACATCATCC

Reverse GTCAGATCCACGACGGACAC 598-731 134bp NM_001009307

MMP-9: Matrix Metalloproteinase-9, GAPDH: Glyceraldehye-3-phosphate dehydrogenase.

Matrigel serves as a reconstituted basement membrane in
vitro. By coating the upper surface of membrane, matrigel
occludes the pores of the membrane and blocks non-invasive
cells from migrating through the membrane. In contrast,
invasive cells secrete proteases that degrade matrigel and
enable invasion through the membrane pores. Cells (7 x 10%
well) in 200 !/ of serum-free medium (RPMI 1640 contain-
ing 1% BSA) were added to the upper chamber with rfSAA
(1, 5 and 25 ug/ml). The lower wells were filled with 600 u!/
of media (RPMI 1640 containing 10% FBS). After 24 hr, the
cells that invaded the matrigel and reached the lower surface
of the filter were fixed in methanol and stained with Wright-
Giemsa solution. The upper surfaces of the filters were
scraped twice with cotton swabs to remove non-invading
cells. The number of invading cells was counted in 5 high-
power (200 magnification) microscope fields per filter, and
the ratio of rfSAA stimulated cells to control was calculated.
Each experiment was performed in duplicate and repeated 3
times in separate experiments.

Statistical analyses were performed using a statistical
software package (JMP version 5.0.1J; SAS Institute, Cary,
NC, U.S.A.). Student’s #-test was used to compare individual
treatment with their respective control values. In all cases,
P<0.05 was considered to indicate significance. All data are
expressed as mean + SEM.

The partial sequence of feline MMP-9 ¢cDNA was deter-
mined (GenBank accession number, AB858226). The amino
acid sequence of the feline MMP-9 deduced from the partial
c¢DNA sequence determined in this study was shown to have
77%, 66% and 87% identity with those of human, mouse and
dog counterparts, respectively (data not shown).

The basal level of MMP-9 mRNA expression was sig-
nificantly higher in FON-p than those in other 3 cell lines
(Fig. 1). MMP-9 mRNA expression in FON-p was at least 10
times greater than that of the other 3 cell lines. In FKN-p and
FNN-m cell lines, MMP-9 mRNA expression after rfSAA
stimulation increased significantly in a dose-dependent man-
ner (Fig. 1). In FON-p, MMP-9 expression was significantly
decreased with 1 ug/m/ and 5 pug/m/ treatment with rfSAA.
However, FON-p constantly expressed more MMP-9 mRNA
than other 3 cell lines (Fig. 1). Although dose-dependent in-
crease of MMP-9 expression was observed in FON-m cells,
statistical significance was not reached (Fig. 1).

MMP-9 levels in culture media were examined by gela-
tin zymography, and a semi-quantitative value of MMP-9
levels for each sample was calculated. Relatively high level
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Fig. 1. MMP-9 mRNA expression with rfSAA stimulation. FKN-p,

FNN-m, FON-p and FON-m cells were grown in the absence and
presence of 1, 5 or 25 ug/m/ rfSAA for 24 hr. Total cellular RNA
was extracted, and the expression of MMP-9 mRNA was examined
by quantitative RT-PCR. The expression levels were normalized
with that of GAPDH. Each experiment was performed in duplicate
and repeated 3 times in separate experiments. Data represent mean
+ SEM of 3 experiments. * P<0.05 and ** P<0.01 increased versus
control. ¥ P<0.05 decreased versus control. § P<0.01 increased
compared with other cells.

of MMP-9 was observed in the FON-p cell line with no
stimulation (Fig. 2A), and there was significant difference
between FON-p and the other 3 cell lines in basal MMP-9
activity (Fig. 2B). In all 4 cell lines, clear bands of MMP-9
were detected by gelatin zymography with 1-25 ug/m/ of
rfSAA stimulation (Fig. 2A). In FKN-p, FNN-m and FON-p
cell lines, MMP-9 levels increased significantly in a dose-
dependent manner (Fig. 2B). Although a dose-dependent
increase in MMP-9 level was observed in FON-m cells,
statistical significance was not reached (Fig. 2B).

The invasiveness of tumor cells was assessed by the
matrigel transwell assay. FNN-m cells showed relatively
higher invasiveness than the other 3 cell lines with no stimu-
lation (Fig. 3A). The number of invading cells increased
with rfSAA stimulation in FNN-m, FON-p and FON-m
cell lines (Fig. 3A). In FKN-p cells, however, no difference
was observed with or without rfSAA stimulation (Fig. 3A).
Moreover, invasion of cells decreased significantly with 5
ug/ml of rfSAA in FKN-p (Fig. 3B). In FNN-m and FON-m
cells, cell invasion increased significantly with>1 ug/ml of
rfSAA stimulation. Invasions of both cells after 24 hr in-
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Fig. 2. MMP-9 levels with rfSAA stimulation examined by gelatin

zymography. (A) FKN-p, FNN-m, FON-p and FON-m cells were
grown in the absence and presence of 1, 5 or 25 ug/m/ rfSAA for 24
hr. Cell-free culture media were collected, and MMP-9 levels were
examined by gelatin zymography. MMP-9 levels were assessed on
the basis of gelatinolytic activity, indicated as clear bands against
the dark blue background. Representative data are shown. (B) To
obtain a semi-quantitative value for each sample, the expression
levels were normalized with that of a commercially available
standard. Each experiment was performed in duplicate and repeated
3 times in separate experiments. Data represent mean + SEM of
3 experiments. ¥ P<0.05 and ** P<0.01 increased versus control.
§ P<0.01 increased compared with other cells.

creased more than twice with rfSAA stimulation. Although a
dose-dependent increase in invasion was observed, statisti-
cal significance was not reached in FON-p cells (Fig. 3B).

In the present study, the direct effects of rfSAA on tumor
cells were demonstrated. Feline mammary carcinoma cell
lines expressed and produced MMP-9 with rfSAA stimula-
tion in a dose-dependent manner. rfSAA also stimulated the
actual invasion of the cells through the extracellular matrix
component. These findings show that SAA may have a
role in tumor progression and metastasis. The association
between SAA and tumor progression was indicated by sev-
eral previous clinical studies [1, 15, 30] and in vitro studies
[11]. SAA also stimulates inflammatory responses [19], and
inflammation is considered as one of the important factors
for tumor progression [4]. However, these previous studies
focused on the indirect effects of SAA on tumor progression,
while the direct effects remain unexplored.

Although direct effects of SAA, such as MMP-9 pro-
duction and tumor cell invasion, were previously reported
in 2 human glioma cell lines [8], contradictory effects of
SAA were shown in the study. SAA stimulated tumor cell
invasion in one cell line; however, tumor cell invasion was
significantly suppressed by SAA in the other cell line. In the
present study, increased MMP-9 production or increased
tumor cell invasion with rfSAA stimulation was observed
in 4 feline mammary carcinoma cell lines. The suppres-
sive effect of rfSAA in the cells was almost imperceptible.
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Fig. 3.  Tumor cell invasion with rfSAA stimulation. (A) Invasive-

ness of tumor cells was assessed by using the matrigel transwell
assay. FKN-p, FNN-m, FON-p and FON-m cells were grown in the
absence and presence of 1, 5 or 25 ug/m/ rfSAA on upper surface
of the chamber for 24 hr. After incubation, cells that reached the
lower surface of the filter were fixed and stained with Wright-
Giemsa solution. Representative data are shown. (B) The number
of invading cells was counted in 5 high-power (200 magnifica-
tion) microscope fields per filter, and the ratio of rfSAA stimulated
cells to the control was calculated. Each experiment was performed
in duplicate and repeated 3 times in separate experiments. Data rep-
resent mean = SEM of 3 experiments. ** P<0.01 increased versus
control. T P<0.05 decreased versus control.

In humans and animals with mammary tumors, it has been
observed that serum SAA concentration is higher in pa-
tients with metastasis [26, 33]. Furthermore, both SAA and
MMP-9 were described as prognostic markers in human
patients with breast cancer [14, 21]. Thus, the findings that
rfSAA stimulated, not suppressed, MMP-9 production and
facilitated invasion of mammary tumor cells are considered
as reasonable outcomes.

MMP-9 mRNA expression and protein synthesis were
increased in FKN-p cells with rfSAA stimulation. However,
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rfSAA could not stimulate tumor cell invasion in these cells.
Many other proteinases and their inhibitors may be involved
in tumor cell invasion, and the expression of the inhibitor,
such as tissue inhibitor of metalloproteinases (TIMPs),
might suppress cell invasion [31]. Although TIMPs were
also described as important factors in the prognosis of breast
cancer [16, 32], the expression of TIMPs was not examined
in this study.

FNN-m cells were established from cells in the pleural
fluid of a feline patient with thoracic metastasis [29]. The
cells showed relatively higher invasiveness than the other
3 cell lines with or without rfSAA, and MMP-9 mRNA
expression and protein synthesis increased significantly in
the presence of rfSAA. Cell lines that had originally high
invasive or metastatic capacity might be more susceptible
to SAA.

FON-p cells showed unique features compared with
the other 3 cells. MMP-9 mRNA expression and protein
synthesis in these cells without rfSAA stimulation were
significantly higher than in the other cells. Although MMP-9
mRNA expression was suppressed with 1 or 5 mg/m/ rfSAA,
MMP-9 protein synthesis was stimulated significantly with
rfSAA. As MMP-9 mRNA was expressed highly without
stimulation, there is a possibility that MMP-9 mRNA expres-
sion was increased more rapidly with rfSAA stimulation and
decreased over time. Alternatively, rfSAA might stimulate
only protein translation and down-regulate mRNA transcrip-
tion under a certain condition.

FON-m cells were established from the same patient as
FON-p [29]; however, these cells showed different responses
to SAA. Although a dose-dependent increase in MMP-9 pro-
duction was observed in FON-m, the changes were smaller
than those observed for FON-p and statistical significance
was not reached. The colonized cells after metastasis might
be less susceptible to SAA.

SAA protein is mainly synthesized in the liver and re-
leased into the blood stream. In humans, it was described
that SAA was expressed in various tumor tissues, such as
squamous cell carcinoma [18] and ovarian epithelial tumor
[28]. Moreover, tumor cells themselves can produce SAA
protein [9]. Therefore, in addition to the systemic increase in
SAA concentration, the local expression of SAA might affect
the tumor cells and their invasiveness through autocrine or
paracrine effects. It has also been described that lung cancer
cells with forcibly expressed SAA gene showed higher meta-
static capacity [22]. However, SAA expression could not be
detected in feline mammary carcinoma cell lines used in this
study (data not shown). To the best of our knowledge, local
expression of SAA has not been examined in feline tumors.

In conclusion, SAA stimulates MMP-9 production and
tumor cell invasion in feline mammary tumor cells. Thus, a
novel role for SAA in mammary tumorigenesis is suggested.
The suppression of effects of SAA may provide new thera-
peutic strategies for tumor invasion and metastasis. Further
investigation is needed to determine the receptors and the
signaling pathways of feline SAA in tumor cells.

ACKNOWLEDGMENTS. We would like to thank Dr. K.
Saeki and Dr. T. Nakagawa, The University of Tokyo, for
kindly providing feline mammary carcinoma cell lines. This
study was supported by a Grant-in-Aid from the Japan So-
ciety for the Promotion of Science Fellows Grant Number
11J03341.

REFERENCES

1. Cho, W. C,, Yip, T. T., Cheng, W. W. and Au, J. S. 2010. Se-
rum amyloid A is elevated in the serum of lung cancer patients
with poor prognosis. Br: J. Cancer 102: 1731-1735. [Medline]
[CrossRef]

2. De Maria, R., Olivero, M., Tussich, S., Nakaichi, M., Murata,
T., Biolatti, B. and Di Renzo, M. F. 2005. Spontaneous feline
mammary carcinoma is a model of HER2 overexpressing poor
prognosis human breast cancer. Cancer Res. 65: 907-912. [Med-
line]

3. Hilliquin, P. 1995. Biological markers in inflammatory rheu-
matic diseases. Cell. Mol. Biol. (Noisy-le-grand) 41: 993—1006.
[Medline]

4. Hobson, J., Gummadidala, P., Silverstrim, B., Grier, D., Bunn,
J., James, T. and Rincon, M. 2013. Acute inflammation induced
by the biopsy of mouse mammary tumors promotes the devel-
opment of metastasis. Breast Cancer Res. Treat. 139: 391-401.
[Medline] [CrossRef]

5. Jensen, L. E. and Whitehead, A. S. 1998. Regulation of serum
amyloid A protein expression during the acute-phase response.
Biochem. J. 334: 489-503. [Medline]

6. Kajikawa, T., Furuta, A., Onishi, T., Tajima, T. and Sugii, S.
1999. Changes in concentrations of serum amyloid A protein,
alpha 1-acid glycoprotein, haptoglobin, and C-reactive protein
in feline sera due to induced inflammation and surgery. Vet. Im-
munol. Immunopathol. 68: 91-98. [Medline] [CrossRef]

7. Kisilevsky, R., Benson, M. D., Axelrad, M. A. and Boudreau, L.
1979. The effect of a liver protein synthesis inhibitor on plasma
SAA levels in a model of accelerated amyloid deposition. Lab.
Invest. 41: 206-210. [Medline]

8. Knebel, F. H., Albuquerque, R. C., Massaro, R. R., Maria-Engler,
S.S.and Campa, A. 2013. Dual effect of serum amyloid A on the
invasiveness of glioma cells. Mediators Inflamm. 2013: 509089.
[Medline] [CrossRef]

9. Kovacevic, A., Hammer, A., Sundl, M., Pfister, B., Hrzenjak, A.,
Ray, A., Ray, B. K., Sattler, W. and Malle, E. 2006. Expression
of serum amyloid A transcripts in human trophoblast and fetal-
derived trophoblast-like choriocarcinoma cells. FEBS Lett. 580:
161-167. [Medline] [CrossRef]

10. Kushner, 1. 1988. The acute phase response: an overview. Meth-
ods Enzymol. 163: 373-383. [Medline] [CrossRef]

11. Lee, H. Y., Kim, M. K., Park, K. S., Bae, Y. H., Yun, J., Park, J.
L., Kwak, J. Y. and Bae, Y. S. 2005. Serum amyloid A stimulates
matrix-metalloproteinase-9 upregulation via formyl peptide
receptor like-1-mediated signaling in human monocytic cells.
Biochem. Biophys. Res. Commun. 330: 989-998. [Medline]
[CrossRef]

12. MacEwen, E. G. 1990. Spontaneous tumors in dogs and cats:
models for the study of cancer biology and treatment. Cancer
Metastasis Rev. 9: 125-136. [Medline] [CrossRef]

13. Nakayama, T., Sonoda, S., Urano, T., Yamada, T. and Okada, M.
1993. Monitoring both serum amyloid protein A and C-reactive
protein as inflammatory markers in infectious diseases. Clin.
Chem. 39: 293-297. [Medline]

14. Pierce, B. L., Ballard-Barbash, R., Bernstein, L., Baumgartner,


http://www.ncbi.nlm.nih.gov/pubmed/20502455?dopt=Abstract
http://dx.doi.org/10.1038/sj.bjc.6605700
http://www.ncbi.nlm.nih.gov/pubmed/15705889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15705889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8747080?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23715631?dopt=Abstract
http://dx.doi.org/10.1007/s10549-013-2575-1
http://www.ncbi.nlm.nih.gov/pubmed/9729453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10231954?dopt=Abstract
http://dx.doi.org/10.1016/S0165-2427(99)00012-4
http://www.ncbi.nlm.nih.gov/pubmed/470340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23533307?dopt=Abstract
http://dx.doi.org/10.1155/2013/509089
http://www.ncbi.nlm.nih.gov/pubmed/16343490?dopt=Abstract
http://dx.doi.org/10.1016/j.febslet.2005.11.067
http://www.ncbi.nlm.nih.gov/pubmed/2467171?dopt=Abstract
http://dx.doi.org/10.1016/0076-6879(88)63037-0
http://www.ncbi.nlm.nih.gov/pubmed/15809093?dopt=Abstract
http://dx.doi.org/10.1016/j.bbrc.2005.03.069
http://www.ncbi.nlm.nih.gov/pubmed/2253312?dopt=Abstract
http://dx.doi.org/10.1007/BF00046339
http://www.ncbi.nlm.nih.gov/pubmed/8381732?dopt=Abstract

1188

15.

16.

17.

18.

19.

20.

21.

22.

23.

T. TAMAMOTO, K. OHNO, Y. GOTO-KOSHINO AND H. TSUJIIMOTO

R. N., Neuhouser, M. L., Wener, M. H., Baumgartner, K. B., Gil-
liland, F. D., Sorensen, B. E., McTiernan, A. and Ulrich, C. M.
2009. Elevated biomarkers of inflammation are associated with
reduced survival among breast cancer patients. J. Clin. Oncol.
27:3437-3444. [Medline] [CrossRef]

Ramankulov, A., Lein, M., Johannsen, M., Schrader, M., Miller,
K., Loening, S. A. and Jung, K. 2008. Serum amyloid A as in-
dicator of distant metastases but not as early tumor marker in
patients with renal cell carcinoma. Cancer Lett. 269: 85-92.
[Medline] [CrossRef]

Schrohl, A. S., Christensen, 1. J., Pedersen, A. N., Jensen, V.,
Mouridsen, H., Murphy, G., Foekens, J. A., Brunner, N. and
Holten-Andersen, M. N. 2003. Tumor tissue concentrations of
the proteinase inhibitors tissue inhibitor of metalloproteinases-1
(TIMP-1) and plasminogen activator inhibitor type 1 (PAI-1)
are complementary in determining prognosis in primary breast
cancer. Mol. Cell. Proteomics 2: 164-172. [Medline] [CrossRef]
Sehgal, G., Hua, J., Bernhard, E. J., Sehgal, 1., Thompson, T.
C. and Muschel, R. J. 1998. Requirement for matrix metallo-
proteinase-9 (gelatinase B) expression in metastasis by murine
prostate carcinoma. Am. J. Pathol. 152: 591-596. [Medline]
Shinriki, S., Ueda, M., Ota, K., Nakamura, M., Kudo, M., Ibu-
suki, M., Kim, J., Yoshitake, Y., Fukuma, D., Jono, H., Kuratsu,
J., Shinohara, M. and Ando, Y. 2010. Aberrant expression of
serum amyloid A in head and neck squamous cell carcinoma. J.
Oral Pathol. Med. 39: 41-47. [Medline]| [CrossRef]

Song, C., Hsu, K., Yamen, E., Yan, W., Fock, J., Witting, P. K.,
Geczy, C. L. and Freedman, S. B. 2009. Serum amyloid A induc-
tion of cytokines in monocytes/macrophages and lymphocytes.
Atherosclerosis 207: 374-383. [Medline] [CrossRef]
Stamenkovic, I. 2000. Matrix metalloproteinases in tumor inva-
sion and metastasis. Semin. Cancer Biol. 10: 415-433. [Medline]
[CrossRef]

Sung, H., Choi, J. Y., Lee, S. A., Lee, K. M., Han, S., Jeon, S.,
Song, M., Lee, Y., Park, S. K., Yoo, K. Y., Noh, D. Y., Ahn, S.
H. and Kang, D. 2012. The association between the preopera-
tive serum levels of lipocalin-2 and matrix metalloproteinase-9
(MMP-9) and prognosis of breast cancer. BMC Cancer 12: 193.
[Medline] [CrossRef]

Sung, H. J., Ahn, J. M., Yoon, Y. H., Rhim, T. Y., Park, C. S.,
Park, J. Y., Lee, S. Y., Kim, J. W. and Cho, J. Y. 2011. Identifica-
tion and validation of SAA as a potential lung cancer biomarker
and its involvement in metastatic pathogenesis of lung cancer. J.
Proteome Res. 10: 1383—1395. [Medline] [CrossRef]
Tamamoto, T., Ohno, K., Goto-Koshino, Y. and Tsujimoto, H.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

2013. Feline serum amyloid A protein as an endogenous Toll-
like receptor 4 agonist. Vet. Immunol. Immunopathol. 155:
190-196. [Medline] [CrossRef]

Tamamoto, T., Ohno, K., Ohmi, A., Seki, 1. and Tsujimoto, H.
2009. Time-course monitoring of serum amyloid A in a cat with
pancreatitis. Vet. Clin. Pathol. 38: 83-86. [Medline] [CrossRef]
Tamamoto, T., Ohno, K., Ohmi, A., Goto-Koshino, Y. and Tsuji-
moto, H. 2008. Verification of measurement of the feline serum
amyloid A (SAA) concentration by human SAA turbidimetric
immunoassay and its clinical application. J. Vet. Med. Sci. 70:
1247-1252. [Medline] [CrossRef]

Tecles, F., Caldin, M., Zanella, A., Membiela, F., Tvarijona-
viciute, A., Subiela, S. M. and Ceron, J. J. 2009. Serum acute
phase protein concentrations in female dogs with mammary tu-
mors. J. Vet. Diagn. Invest. 21: 214-219. [Medline] [CrossRef]
Uhlar, C. M. and Whitehead, A. S. 1999. Serum amyloid A, the
major vertebrate acute-phase reactant. Eur. J. Biochem. 265:
501-523. [Medline] [CrossRef]

Urieli-Shoval, S., Finci-Yeheskel, Z., Dishon, S., Galinsky, D.,
Linke, R. P., Ariel, 1., Levin, M., Ben-Shachar, I. and Prus, D.
2010. Expression of serum amyloid a in human ovarian epithe-
lial tumors: implication for a role in ovarian tumorigenesis. J.
Histochem. Cytochem. 58: 1015-1023. [Medline] [CrossRef]
Uyama, R., Hong, S. H., Nakagawa, T., Yazawa, M., Kadosawa,
T., Mochizuki, M., Tsujimoto, H., Nishimura, R. and Sasaki, N.
2005. Establishment and characterization of eight feline mam-
mary adenocarcinoma cell lines. J. Ver. Med. Sci. 67: 1273-1276.
[Medline] [CrossRef]

Wang, J. Y., Zheng, Y. Z., Yang, J., Lin, Y. H., Dai, S. Q., Zhang,
G. and Liu, W. L. 2012. Elevated levels of serum amyloid A
indicate poor prognosis in patients with esophageal squamous
cell carcinoma. BMC Cancer 12: 365. [Medline] [CrossRef]
Woessner, J. F. Jr. 1991. Matrix metalloproteinases and their
inhibitors in connective tissue remodeling. FASEB J. 5: 2145—
2154. [Medline]

Wiirtz, S. @., Christensen, 1. J., Schrohl, A. S., Mouridsen, H.,
Lademann, U., Jensen, V. and Brunner, N. 2005. Measurement
of the uncomplexed fraction of tissue inhibitor of metallopro-
teinases-1 in the prognostic evaluation of primary breast cancer
patients. Mol. Cell. Proteomics 4: 483-491. [Medline] [Cross-
Ref]

Zhang, G., Sun, X., Lv, H., Yang, X. and Kang, X. 2012. Serum
amyloid A: A new potential serum marker correlated with the
stage of breast cancer. Oncol. Lett. 3: 940-944. [Medline]


http://www.ncbi.nlm.nih.gov/pubmed/19470939?dopt=Abstract
http://dx.doi.org/10.1200/JCO.2008.18.9068
http://www.ncbi.nlm.nih.gov/pubmed/18504068?dopt=Abstract
http://dx.doi.org/10.1016/j.canlet.2008.04.022
http://www.ncbi.nlm.nih.gov/pubmed/12672830?dopt=Abstract
http://dx.doi.org/10.1074/mcp.M300019-MCP200
http://www.ncbi.nlm.nih.gov/pubmed/9466586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19453393?dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0714.2009.00777.x
http://www.ncbi.nlm.nih.gov/pubmed/19535079?dopt=Abstract
http://dx.doi.org/10.1016/j.atherosclerosis.2009.05.007
http://www.ncbi.nlm.nih.gov/pubmed/11170864?dopt=Abstract
http://dx.doi.org/10.1006/scbi.2000.0379
http://www.ncbi.nlm.nih.gov/pubmed/22640376?dopt=Abstract
http://dx.doi.org/10.1186/1471-2407-12-193
http://www.ncbi.nlm.nih.gov/pubmed/21141971?dopt=Abstract
http://dx.doi.org/10.1021/pr101154j
http://www.ncbi.nlm.nih.gov/pubmed/23942262?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2013.06.010
http://www.ncbi.nlm.nih.gov/pubmed/19228363?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-165X.2008.00082.x
http://www.ncbi.nlm.nih.gov/pubmed/19057145?dopt=Abstract
http://dx.doi.org/10.1292/jvms.70.1247
http://www.ncbi.nlm.nih.gov/pubmed/19286500?dopt=Abstract
http://dx.doi.org/10.1177/104063870902100206
http://www.ncbi.nlm.nih.gov/pubmed/10504381?dopt=Abstract
http://dx.doi.org/10.1046/j.1432-1327.1999.00657.x
http://www.ncbi.nlm.nih.gov/pubmed/20713982?dopt=Abstract
http://dx.doi.org/10.1369/jhc.2010.956821
http://www.ncbi.nlm.nih.gov/pubmed/16397390?dopt=Abstract
http://dx.doi.org/10.1292/jvms.67.1273
http://www.ncbi.nlm.nih.gov/pubmed/22917173?dopt=Abstract
http://dx.doi.org/10.1186/1471-2407-12-365
http://www.ncbi.nlm.nih.gov/pubmed/1850705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15640527?dopt=Abstract
http://dx.doi.org/10.1074/mcp.M400209-MCP200
http://dx.doi.org/10.1074/mcp.M400209-MCP200
http://www.ncbi.nlm.nih.gov/pubmed/22741023?dopt=Abstract

