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Serum amyloid A expression in the breast cancer tissue is 
associated with poor prognosis
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ABSTRACT
Background: Serum amyloid A (SAA), an acute-phase protein, is expressed 

primarily in the liver, and recently found also expressed in cancer tissues. However, 
its expression and prognostic value in breast cancer have not been described.

Results: SAA protein was found expressed in tumor cells in 44.2% cases and in 
TAM in 62.5% cases. FISH showed more frequent SAA mRNA expression in TAM than in 
tumor cells (76% versus 12%, p
frequencies of SAA mRNA expression in TAM and tumor cells  (rs = 0.603, p < 0.001). 
The immunoreactivities of SAA protein in TAM and tumor cells were both associated 
with lymphovascular invasion and lymph node metastasis. Moreover, SAA-positivity 
in TAMs was associated with larger tumor-size, higher histological-grade, negative 
estrogen-receptor and progesterone-receptor statuses, and HER-2 overexpression. It 
was also linked to worse recurrence-free survival in a multivariable regression model.

Methods: Immunohistochemistry was applied on the tumor tissues from 208 breast 
cancer patients to evaluate the local SAA-protein expression with additional CD68 
stain to identify the tumor-associated macrophage (TAM) on the serial tissue sections. 
Fluorescent in situ hybridization (FISH) was conducted on serial tissue sections from 
25 of the 208 tumors to examine the expression and location of SAA mRNA.

Conclusions: Our results suggested that the TAMs may be a pivotal and main source 
of SAA production in tumor microenvironment of breast cancer. SAA immunoreactivity 
in TAM is associated with worse recurrence-free survival, and is therefore a biomarker 
candidate for postoperative surveillance and perhaps a therapeutic target for breast 
cancer.
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INTRODUCTION

Serum amyloid A (SAA), a positive acute-phase 
protein, is generated primarily by the liver in response 

stimuli. There are four SAA isotypes in humans [1]. SAA1 
and SAA2 each consist of 122 amino acids, including signal 
peptide sequences, and share more than 90% of their amino 
acid sequences [2]. In addition, SAA3 is a pseudogene, 
and SAA4 is constitutively expressed at a constant level 
and is thus known as cSAA. On the other hand, the 
production of SAA1 and SAA2 by hepatocytes is 100- to 
1000-fold upregulated during the acute phase response. 
In physiological conditions, SAA is present in various 
forms, including SAA1 and SAA2 [3]. Distinct isoforms 

acids [4, 5]. In our study, we used a polyclonal antibody 
for immunohistochemistry (IHC) and an isoform primer for 

in-situ hybridization (FISH) to detect the protein 
and mRNA of both SAA1 and SAA2, respectively.

The acute-phase SAAs (aSAA), SAA1 and 
SAA2, increase in concentration approximately several 

carcinogenesis by activating the transcriptional factor 

The activation of these genes could suppress apoptosis 

esophagus, lung, pancreas, ovary, uterine endometrium and 

of its expression in different distributions of tumor tissue 
with clinicopathological features and prognosis in cancer 
tissues has not been well described.

To the best of our knowledge, the localized protein 
and mRNA expression of SAA in breast cancer tissue 
has not yet been reported. In this study, using IHC and 
FISH, we aimed to examine the SAA expression levels 
and locations in breast cancer tissues, and their potential 
association with the overall and recurrence-free survivals, 
and clinicopathological features, according to REMARK 
recommendations [23].

RESULTS

SAA expression by IHC and FISH in breast cancer

SAA protein was found expressed in tumor cell in 

found between SAA protein expression levels in tumor 
cells and macrophages (rs p < 0.001) (Table 1).

FISH showed that SAA mRNA was predominantly 

lymphocytes. In contrast, SAA mRNA was rarely 

cases with SAA immunopositivity in the tumor cells 
(13%, 2/15) (Table 2). The SAA mRNA expression 

p < 0.001) and 

In addition, SAA mRNA expression was found 
positively correlated with protein expression in 
TAM (rs p < 0.010) but not in tumor cells 
(rs = 0.050, p 

SAA expression is correlated with some 
clinicopathological parameters of breast cancer 
patients

The SAA immunoreactivities in tumor cells  and 
macrophage were both positively associated with 
lymphovascular invasion (rs = 0.193, p rs 
p < 0.001, respectively), higher lymph node stage 
(rs p rs = 0.401, p < 0.001, respectively), 
and more lymph nodes with tumor metastasis (rs =0.191, 
p rs p < 0.001, respectively). Moreover, 
SAA positive macrophages were also associated with 
larger tumor size (rs = 0.225, p = 0.001), higher histological 
grade (rs = 0.202, p = 0.003), negative estrogen-receptor 
(rs p < 0.001) and progesterone-receptor statuses 
(rs p < 0.001), and human epidermal growth 
factor receptor 2 (HER- 2) overexpression (rs = 0.204, 
p = 0.003) (Table 1). SAA protein expressions in tumor 

+ 

The univariate Cox proportional hazards regression 

was an unfavorable predictor for overall survival (OS, HR 
p 

survival (RFS: HR = 3.34, p 
Figure 2). In contrast, although SAA immunoreactivity 
in tumor cells predicted a worse prognosis, there 

proportional hazards regression analysis (OS: HR = 2.91, 
p p 
Figure 2). In the multivariate Cox proportional hazards 
regression analysis, after adjusting for age, tumor size, 

SAA immunoreactivity in macrophages was proved 
to be an independent negative prognostic factor for 
RFS (HR = 2.33, p 

p 
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Table 1: Patient information and clinicopathologic parameter correlations with SAA expression
SAA in tumor cell SAA in macrophage

Characteristics (%) + (%) rs P (%) + (%) ++ (%) rs P

Patient number 92 (44.2)
Age, years
 Median (range)
Tumor size, cm
 Median (range) 0.002 0.225 0.001
No. of Lymph nodes involved
 Mean ± SD 0.191 < 0.001
 range
Lymph node stage
 N0 41 (34.5) 0.004 42 (35.3) 0.401 < 0.001
 N1 20 (39.2) 20 (39.2) 23 (45.1)
 N2 9 (42.9)
 N3 5 (29.4) 9 (52.9)

 Negative 0.193 0.005 41 (53.9) 25 (32.9) 10 (13.2) < 0.001
 Positive
Nuclear grade
 I 4 (23.5) 1 (5.9) 0.202 0.003
 II
 III 11 (42.3)
ER
 Negative 5 (12.2) < 0.001
 Positive 55 (32.9) 39(23.4)
PR
 Negative 0.104 < 0.001
 Positive 91 (59.1)
HER-2 status
 Negative 52 (34) 35 (22.9) 0.204 0.003
 Positive 22 (40)

3 (23.1) 0.200 0.004 13 (100) 0 (0) 0 (0) < 0.001
 +
 ++ 40 (44.9) 49 (55.1)
SAA in tumor cell
 Low 40 (34.5) < 0.001
 High 49 (53.3)
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DISCUSSION

Presence of SAA in breast cancer cells and TAMs

Recent studies reported that cancer tissue might be 
a major source of SAA outside of the liver, such as in the 
patients with esophagus, lung, pancreas, ovary, uterine 

study, we showed the presence of SAA protein in both 
tumor cells and macrophages in human breast carcinomas, 

correlation was found between the SAA mRNA and protein 
expression levels in TAM, but not that in tumor cells. These 
results indicated that TAM rather than tumor cell might be a 
main source of SAA production in tumor microenvironment. 

Table 2: SAA expression by IHC and FISH in breast cancer
FISH

IHC + rs P values

Tumor cells
9 1 0.050

 + 13 2
Macrophages

3 0 0.010
 + 2
 ++ 1 11

in situ hybridization. 

Figure 1: Representative SAA staining intensities by immunohistochemistry. Staining was localized to the cytoplasm or to the 
membrane of tumor cells (A–C

D–F
G) and in situ hybridization (H and I

tissue sections. The local over-expression of SAA at the protein level was demonstrated mainly in tumor cell (inside the dashed area) and 

dashed area, shown by the arrow) and rarely in the tumor cells (inside the dashed area) SAA mRNA = Green (I) Cell nucleus = Blue (H) 
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A, C) overall 
survival (OS) and (B, D) recurrence-free survival (RFS) depending on the expression of SAA. Patients with SAA expression in tumor 
cells showed a decreased RFS (B). Although patients with tumor cell SAA expression showed a relative decreased OS, the results did not 

p-values were 
calculated by the log-rank test.

Table 3: Univariate and multivariate Cox proportional hazards regression analyses on the factors 
associated with overall survival in breast cancer

Univariate Multivariate

Factors HR 95% CI P values HR 95% CI P values

Age 0.94 0.144 0.94

Tumor size 1.50 0.005 1.23

Lymph node stage (N0 vs. N1 vs. N2 vs. N3) 2.20 0.040

Nuclear grade (1 vs. 2 vs. 3) 2.25

2.91 0.203 1.02

SAA+

+ 1.20
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As we know, endothelial cell (EC) secret a limited 
number of cytokines and many of these present inside come 

study, we found a positive correlation with a high correlation 

and surrounding TAMs. Therefore, overexpression of SAA 

protein secreted by the TAM in tumor microenvironment 
of breast cancer. In contrast, many researchers studied the 
local SAA genes’ expression by RT-PCR analysis on RNA 
extracted from cancer biopsy specimens and speculated that 
the tumor cells are the main secretion source of SAA in 
local tumor tissues [21, 22]. One limitation of this method, 
unless combining tissue microdissection technique, is its 
inability to identify the location and secretion source in 
the complex cell components in tumor microenvironment. 

the source of SAA in the breast cancer tissue. However, it is 
still unclear how the SAA is relocated from TAM to tumor 
cells and more works are needed.

SAA immunoreactivity in TAM and breast 
cancer recurrence

We also show that the elevated SAA level in breast 
cancer cells is associated with more advanced lymph 
node stage and lymphovascular invasion in breast cancer 
patients, while SAA immunoreactivity in TAM associated 
with almost all the important clinicopathological 
parameters. More interestingly, SAA immunoreactivity 
in TAM was proved to be an independent negative 
prognostic factor for RFS of breast cancer. In contrast, 
although patients with tumor cell SAA expression showed 
a relatively worse prognosis, the results did not reach 

consistent with more frequent mRNA expression of SAA 
in TAM than tumor cells in breast cancer. Therefore, it 

appears reasonable to speculate that the TAMs rather than 
the tumor cells are a pivotal location and a main source of 
SAA production in tumor microenvironment, and the SAA 
immunoreactivity of TAM may be a prognostic factor for 
breast cancer. 

It has been documented that SAA chemoattracts 

protein-coupled receptor formyl peptide receptor like 1/
formyl peptide receptor 2 (FPRL1/FPR2) [30].Given that 

with tumorigenesis [31, 32], SAA may increase local 

(IL-1), and the chemokines CCL1, CCL3 and CCL4 

to be expressed in monocyte/macrophage cells in an early 

of SAA in the local tissue of breast cancer is the TAM 
surrounding the tumor epithelial cells. Recently, Gouwy 
M et al. 

and dendritic cells (DCs) in a dose-dependent manner. 
SAA1 also directly activated monocytes and DCs for 
signaling and chemotaxis without chemokine interference. 
In addition to direct leukocyte activation, SAA1 induces 
a chemotactic cascade mediated by expression of 
cooperating chemokines to prolong recruiting leukocytes 

enhance tumor progression by promoting tumor invasion, 

39]. Our results suggest that increased SAA secretion by 
TAM may also contribute to the tumor progression and 
metastasis of breast cancer, while more studies are needed 
to elucidate the related molecular mechanisms. 

Table 4: Univariate and multivariate Cox proportional hazards regression analyses on the factors 
associated with recurrent free survival in breast cancer

Univariate Multivariate
Factors HR 95% CI P values HR 95% CI P values
Age 0.95 0.055 0.94
Tumor size
Lymph node stage (N0 vs. N1 vs. N2 vs. N3) < 0.001 2.31 0.002
Nuclear grade (1 vs. 2 vs. 3)

SAA+ 3.34 0.003 2.33
+ 0.021 1.12
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Study limitations

Several limitations of this study are noteworthy. 
First, only a handful of deaths occurred during our 

as the association between SAA immunoreactivity in 
TAM and OS. Second, our follow-up time of 34 months 
(median) is reasonably long, but an even longer follow-up 
might have provided more accurate survival estimation. 
Caution therefore should be used when interpreting and 

larger studies with longer survival are needed to validate 

local expression of SAA in human breast cancer, and more 
frequent SAA mRNA and protein expressions in TAM 

source of SAA in breast cancer microenvironment. We 
also show that SAA, especially expressed in the TAMs, 
is associated with worse RFS, and may be a potential 
biomarker for postoperative surveillance and perhaps a 
therapeutic target in breast cancer.

MATERIALS AND METHODS

Breast cancer patients

cancer diagnosed at Tianjin Cancer Hospital, Tianjin, 
China in 2011. The patients were followed up for 

recurrence. All the patients presented with tumors that 

metastasis or skin involvement at presentation. All the 

with complete axillary lymph node dissection. No patients 
had received neoadjuvant chemotherapy or preoperative 

therapy. All patients signed an informed consent form 
for participation in the study and for the use of their 
biological tissues. The study was reviewed and approved  
by the Institutional Ethics Committee of Tianjin Medical 
University Cancer Institute and Hospital, Tianjin, 
China (No.bc2015005). The study protocol was also 
approved by the Institutional Review Board on Human 
Experiments, Shinshu University School of Medicine 

Immunohistochemistry

serial whole-tissue sections using standard procedures. 

sequentially dewaxed with xylene and rehydrated with 
graded alcohol washes. Antigen retrieval was performed 

blocking with hydrogen peroxide and normal goat serum, 
the sections were incubated with a primary polyclonal 
antibody against SAA (SAA1 and SAA2, Abcam, 

(Abcam, ab955, clone KP1, monoclonal, 1:100 dilution, 

sequentially incubated with biotinylated goat anti-mouse 
immunoglobulin and peroxidase-conjugated streptavidin 
(DAKO, Denmark). The enzyme substrate was 

of sections with phosphate-buffered saline alone served as 
a negative control.

SAA expression in the cell cytoplasm or on 
the membrane was considered a positive result. The 
staining intensity and the frequency of SAA expression 
in tumor cells were assessed using the Histo-score 
(H-score). The staining of the entire slide was scored 
by intensity (1+ = weak, 2+ = moderate, 3+ = strong) 

stained for each intensity. The H-score was calculated 

percentage of weak staining), with the possible scores 

into two groups according to a cut-off H-score of 100 

expression).

+ or 
SAA1+ cells with a monocyte/macrophage morphology, 

For statistical analyses, these cases were categorized into - 
(absent, 0), 1+ (sparse, 1) or 2+ (moderate to dense, scores 

Fluorescent in situ hybridization

FISH was conducted on serial tissue sections 

to examine the SAA mRNA expression and location in 
tumor tissues. PCR products were generated, and FISH 

oligonucleotide probes. Hybridization probes generated 

and sequenced. DIG-labeled probes were conducted 
using a merchandized kit (Roche). Probes design 
was optimized in cooperation with the manufacturer 
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(Shanghai Bogoo Biotechnology. Co. Ltd, China): forward 

of the probe sequences (isoform primer forSAA1 and 
SAA2 mRNA) was based on the GenBank database. 
Experiments were carried out according to the 
manufacturer’s recommendations. In brief, the slices 

kit solution. Sections were prehybridized in mixture 
C 

in an oven. Following hybridization was performed at 

2-phenylindole (DAPI) in antifade solution, mounted 

The slides were stored in dark before signal enumeration. 

digitally photographed to assess the intensities of positive 
immunostaining signal. To rule out false-positive or false-
negative results, the positive and negative control tissues 
were processed together with the cancer tissues in the 
same staining batch but on different tissue slides.

Statistical analysis

Statistical analyses were performed with SPSS 

correlation test was used to assess the association of 
SAA expression with clinicopathological characteristics. 

recurrence-free survival, RFS) were calculated using the 

test. Univariate and multivariate analyses were conducted 
based on the Cox proportional hazards regression model. 
All tests were two-sided, and a p value of less than 0.05 
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