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Abstract. Previous studies reported that serum amyloid A 
(SAA) is elevated in patients with tumors, including breast 
cancer, compared to healthy controls. In addition, the levels of 
SAA increase gradually with tumor progression. In this study, 
we investigated the blood SAA level of breast cancer patients, 
and evaluated its potential as a serum biomarker for the early 
diagnosis of breast cancer and as a staging estimate. SAA 
protein was determined by enzyme-linked immunosorbent 
assay in serum samples from 30 healthy women, 21 women 
with benign diseases and 118 breast cancer patients who were 
subdivided into 4 groups based on their clinical characteris-
tics. SAA levels were not statistically different in stage I breast 
cancer patients compared with the healthy controls and benign 
breast disease patients. SAA concentrations had medians of 
0.63 µg/ml in normal healthy women, 0.76 µg/ml in patients 
with benign disease (p>0.05) and 0.82  µg/ml in stage I 
breast cancer patients (p>0.05). By contrast, SAA values in 
stage Ⅱ, Ⅲ and Ⅳ patients had a significantly higher median 
compared to those of the healthy, benign breast diseases and 
stage I groups (p<0.05). Breast cancer patients with lymph 
node (LN) metastasis or distant metastasis were found to have 
significantly higher SAA concentrations than those without 
metastases. SAA is not a suitable marker for early breast 
cancer diagnosis, but its level is correlated with the stage of 
breast cancer. Thus, it may be a good candidate marker for the 
staging and prognosis of breast cancer.

Introduction

In the last few decades, the incidence of breast cancer has 
increased; however, after 1990 the mortality rate of breast 
cancer decreased, due to widespread breast cancer screening 

and the general use of anticancer agents (1). The 5-year survival  
rates have improved to 98% for early stage and 39% for late 
stage breast cancer (2). Thus, early detection is vital to improve 
the prognosis of cancer patients. At present, mammography 
screening has made a substantial contribution to the reduction 
of breast cancer mortality (3,4). However, the limitation of 
mammography screening is that a breast tumor is required to 
be at least a few millimeters in size for detection (5). For solid 
tumors, the ideal detection threshold should be prior to the 
angiogenic switch; therefore, cancer imaging techniques are 
not enough. The tumor initiates malignant transformations, 
such as turning on the angiogenic switch, developing invasive 
properties, or even establishing distant micro-metastases, 
prior to detection (6). Early diagnosis of breast cancer requires  
non-invasive and specific biomarkers; among them, blood 
markers may offer a good surrogate selection.

High-throughput proteome analysis deciphering the global 
changes in protein expression holds promise for the discovery 
of novel molecular tumor markers. Using this technology, a 
number of proteins associated with breast cancer have been 
found. Among those identified candidate target proteins, serum 
amyloid A (SAA), as an acute-phase reactant, is up-regulated 
in a wide range of malignancies, such as lung, pancreatic, 
prostate, colon and gastric cancer (7-16). Being the precursor 
protein in inflammation‑associated reactive amyloidosis, 
the SAA level in the blood is also increased in response to 
various insults including trauma, various inflammations and 
neoplasia (17). Therefore, it was formerly considered that the 
elevation of SAA in the serum of cancer patients is of liver 
origin rather than from tumor cells. However, recent data indi-
cated that certain tumor cells (such as endometrial and colon 
cancer cells) also synthesize and secrete SAA (15,16,18,19). 
SAA is an inflammatory modulator that is involved in choles-
terol metabolism and transport and is important in tumor 
progression (20-22). Clinically, SAA was increased gradually 
as tumors progressed and the SAA value showed a direct 
correlation with the stage of the tumor. In conventional renal 
cell carcinomas, expression of the SAA1 protein in tumor 
cells correlated with poor course-specific survival. SAA1 also 
supports tumor invasion and MMP expression (23). With regard 
to breast cancer, the proteomic mass spectrometry showed 
that the blood level of SAA is significantly higher in stage Ⅳ 
compared with stage I (24). High-fat diet in the F2 mouse, 
which was generated from a cross between the M16i polygenic 
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obese and MMTV‑PyMT mammary cancer models, is capable 
of significantly altering the expression of the SAA gene. These 
mice show a decrease in mammary cancer latency and an 
increase in pulmonary metastases (25). Moreover, elevated 
SAA and CRP were associated with reduced overall survival, 
regardless of adjustment for age, tumor stage, ethnicity and 
body mass index (26). In this study, we employed an enzyme 
immunoassay system to measure the SAA level in serum from 
breast cancer patients and healthy age-matched women, and 
our results revealed that SAA may be a good candidate marker 
for the staging and prognosis of breast cancer.

Materials and methods

Patients and samples. A total of 118 breast carcinoma patients 
and 51 healthy age-matched female individuals were recruited 
from the Beijing Tiantan Hospital Affiliated to Capital 
Medical University, China. The ages of these patients ranged 
between 26 and 83 (mean, 54.5). Fasting morning serum 
samples were obtained from the patients with breast carci-
noma and healthy age-matched women. Serum samples were 
frozen and maintained at -80˚C until the assay was conducted. 
All 169 breast cancer patients and volunteers signed informed 
consent forms for sample collection. The main characteristics 
of the patients with respect to tumor size, stage, nodal status 
and distant metastasis are shown in Table I. The study was 
approved by the ethics committee of the hospital.

Enzyme-linked immunosorbent assay. Serum concentrations 
of SAA were determined using a commercially available 
Human SAA ELISA Kit (YES Biotech Laboratories Ltd., 
Canada) according to the manufacturer's instructions. 
Samples that fell outside the linear detection range of the 
standard curves were diluted and re-measured. Briefly, 100 µl 
standard reagent or sample duplicate was added to the appro-
priate well with antibody pre-coated in the microtiter plate. 
The plate was then covered and incubated for 1 h at room 
temperature; plates were then washed 5 times with washing 
buffer (1X). Conjugate buffer (100 µl) was added to each well, 
the plates were incubated for 1 h at room temperature and then 
washed 5 times. Substrate solution (100 µl) was added to each 
well, followed by incubation for 15 min at room temperature. 
Subsequently, 100 µl stop solution was added to each well 
and mixed thoroughly. The optical density (OD) at 450 nm 
was read using a spectrophotometer (SLT Labinstruments, 
Salzburg, Austria) within 30 min. The concentration of SAA 
in the sera was interpolated from a standard curve, which was 
generated using the respective recombinant protein.

Statistical analysis. SPSS 17.0 statistical software was used 
for statistical analysis. SAA serum concentrations among the 
various groups (i.e., healthy controls, benign breast disease, 
and breast cancer groups with different degree of differentia-
tion) were summarized as medians and ranges. The Wilcoxon 
rank-sum test or the Kruskal-Wallis test was used to evaluate 
the differences in SAA concentrations between the study 
groups. Spearman's rank correlation was also used to check 
the correlation between SAA concentrations and stages of 
breast cancer. For all tests, p<0.05 was considered to indicate 
a statistically significant difference.

Results

SAA protein in controls and at different breast cancer stages. 
The concentrations of SAA protein in normal controls and in 
patients at various stages of breast cancer were determined 
(Fig. 1). Non-Gaussian distributions of values were identi-
fied (Kolmogorov‑Smirnov test), and evaluation of the data 
was performed using the non-parametric Wilcoxon rank-sum 
test or the Kruskal‑Wallis test. The results of the statistical 
assessment showed the median serum SAA concentration 
to be 0.82 µg/ml (range, 0.21-4.53) in stage Ⅰ breast cancer 
patients (n=29) and 0.63 µg/ml (range, 0.21-2.60) and 0.76 µg/
ml (range, 0.15‑1.60) in the healthy controls (n=30) and benign 
breast diseases (n=21). No statistically significant difference 
was found in SAA concentrations among the healthy controls, 
benign breast disease and stage I breast cancer patients (p>0.05), 
but the level of SAA in increasing stages of breast cancer was 
gradually elevated. The median serum SAA concentration of 
stage Ⅱ (n=59), stage Ⅲ (n=24) and stage Ⅳ (n=6) was 3.90 
µg/ml (range, 1.02-10.48), 19.645 µg/ml (range, 6.98-41.2) and 
52.6 µg/ml (range, 36.9-65.8), respectively. The level of SAA 
in these stages of breast cancer was significantly different, and 
significantly higher than the healthy controls, benign breast 
disease and stage I breast cancer patients (p<0.05). Moreover, 
SAA concentrations correlated positively with tumor stages 
(rs=0.837, p<0.05). These results indicate that SAA concentra-
tions are correlated with the clinical stage of breast cancer.

Table I. Clinical characteristics of breast cancer patients  
analyzed for SAA concentration in blood by ELISA.

Characteristics	 Patients (n=118)

Median age at diagnosis (age range)	 26-83
  <50 years	   42
  ≥50 years	  76 
Tumor size	
  T1	   36
  T2	   60
  T3	   18
  T4	     4
Lymph node metastasis	
  N0	   72
  N1	   18
  N2	   13
  N3	     9
Stage 	
  Ⅰ	  29
  Ⅱ	  59
  Ⅲ	  24
  Ⅳ	    6
Distant metastasis	
  M0	 112
  M1	     6

SAA, serum amyloid A; ELISA, enzyme-linked immunosorbent assay.
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Correlation of SAA protein with established clinicopatholog-
ical data. We further analyzed the correlation between SAA 
blood concentration and clinical features in patients with breast 
cancer. Age was not significantly correlated with concentra-
tion (p>0.05), whereas a significant correlation was observed 
with tumor size. We performed an exploratory analysis and 
compared SAA levels between different lymph node metastasis 
grades of breast cancer. The median serum SAA concentra-
tions of N0 (n=72), N1 (n=18), N2 (n=13) and N3 (n=6) were 
2.42 µg/ml (range, 0.21-5.46), 7.81 (range, 4.6-10.48), 17.80 µg/
ml (range, 6.98-34.5) and 24.3 µg/ml (range, 12.5-47.5), respec-
tively. A significant difference (p<0.05) among these groups 
was noted (Fig. 2). Additional data were available concerning 

the character of distant metastases. In this respect, there was 
a significant difference in median serum SAA concentrations 
between patients with and without distant metastases (3.80 vs. 
52.6 µg/ml, p<0.05) (Fig. 3).

Discussion

The current clinical diagnostic approach to breast cancer is 
fundamentally based on non-invasive radiology studies, which 
suggests the diagnosis, but still requires tissue sampling and 
pathological examination to confirm malignancy. Although 
there have been significant advances in imaging technology, 
many breast abnormalities remain indeterminate following 
conventional evaluation. Application of genomic and proteomic 
high-throughput approaches holds the promise of identifying 
new blood biomarkers, which provide a convenient, relatively 
noninvasive approach to diagnosing and monitoring patients. 

Using proteomic techniques, we found that the level of SAA 
in the blood of breast cancer stage IV patients is significantly 
higher than in stage I patients. SAA has received considerable 
attention as a potential marker for neoplastic activity, as it was 
found that its concentration in blood was higher in many tumor 
patients than in healthy controls, and that it had an inverse 
correlation with patient survival. In addition, Biran et al (27) 
reported an overall elevation of median SAA concentrations in 
metastatic vs. early stages of breast, colorectal and lung tumors 
(15.0 vs. 4.3 mg/l). However, as an acute-phase protein, SAA 
levels in blood are transiently increased as much as 1000‑fold in 
response to inflammation (17,28). Therefore, we speculate that 
SAA is a non-specific biomarker of breast cancer, and that the 
level of SAA in the blood of patients may be correlated with the 
stage. In the present study, we found that there is no difference 
in the SAA level in stage Ⅰ compared with healthy controls or 
breast benign tumor patients. Similarly, Ramankulov et al (29) 
reported that the SAA concentrations in controls and in the 
N0M0 group of renal cell carcinoma (RCC) were not different. 
By contrast, Chan et al (30) found that the SAA concentration 
was higher in gastric cancer patients than in healthy subjects 

Figure 1. Concentrations of SAA in controls, benign breast disease and 
breast cancer patients at various stages of disease are shown. The Kruskal-
Wallis test shows significant differences between the groups (p<0.05). 
Differences between certain groups are indicated by p-values calculated by 
the Mann‑Whitney U-test. Spearman's rank correlation was used to check 
the correlation between SAA concentrations and the stage of breast cancer. 
SAA, serum amyloid A.

Figure 2. Concentrations of SAA in various lymph node metastasis grades 
of breast cancer are shown. The Kruskal-Wallis test shows significant differ-
ences between the groups (p<0.05). Differences between certain groups are 
indicated by p‑values calculated by the Mann-Whitney U-test. SAA, serum 
amyloid A.

Figure 3. Concentrations of SAA in breast cancer patients with or without  
distant metastasis. Differences between certain groups are indicated by 
p-values calculated by the Mann-Whitney U-test (p<0.05). SAA, serum 
amyloid A.
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and gastric ulcer patients, but of the 96 gastric cancer patients, 
only 65 of the patients exhibited TNM stages III and IV, which 
may have affected the results. Although an increasing amount of 
clinical proteomic data demonstrates that SAA concentrations 
increase in tumors and that certain tumor cells secrete SAA, 
SAA is not a suitable marker for the early diagnosis of breast 
cancer.

Our findings also correspond to those of other reports 
whereby increased SAA concentrations are observed in 
metastatic patients suffering from breast, colorectal, gastric, 
lung, ovarian and pancreatic tumors (12,27,30-33). Results of 
recent studies have demonstrated that higher concentrations of 
SAA were associated with increasing concentrations of CRP, 
and that elevated SAA and CRP were associated with reduced 
disease‑free survival and reduced overall survival in breast 
cancer patients, regardless of adjustment for age, tumor stage, 
race and body mass index (26,34,35). The results indicated that 
inflammation is closely linked to tumor progression and that 
inflammatory status may be an important prognostic factor 
for breast cancer. Additionally, reduction of the inflammatory 
reaction by, for example, improving diet quality may benefit 
breast cancer survivors (25,35,36).

The origin of SAA is different in various tumors. For 
example, in certain tumors, such as renal cancer, SAA mainly 
originates from the inflammatory cells. It is plausible that there 
is no difference in blood SAA between the early stage of tumors 
and healthy controls, and that the level of SAA rises gradually 
as tumor progression stimulates the inflammatory reaction. 
SAA may decrease following surgery or chemotherapy, which 
eliminates inflammatory stimulating factors. Therefore, it 
may be a suitable biomarker for detecting and monitoring the 
progressive growth of the tumor, and evaluating prognosis and 
therapy effects. In colorectal, endometrial, lung and unknown 
types of cancer, however, SAA in the blood not only derives 
from inflammatory cells, but also from corresponding tumor 
cells (15,16,18,37). Notably, SAA1 and SAA4 are upregulated 
in colon carcinomas, and are barely detectable in normal 
colon tissues. SAA1 and SAA2 corresponding proteins are 
the predominant circulating SAA proteins during the acute 
phase response, but SAA4 is constitutively expressed and its 
protein product is a constituent of normal, non-acute phase, 
high-density lipoprotein (18). Thus, SAA combined with other 
markers or the level of different subtypes of SAA may improve 
specificity and sensitivity for diagnostic screening.

In conclusion, our results suggest that an elevated SAA 
level in breast cancer patients is indicative of metastatic lesions 
and correlated with the stage of disease. SAA is not a suitable 
marker for early diagnosis. However, it is a significant prog-
nostic factor that may be useful in determining the staging and 
prognosis of breast cancer.
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