
ONCOLOGY LETTERS  15:  5285-5293,  2018

Abstract. Breast cancer is the most common malignancy 
in females, with metastasis of this type of cancer frequently 
proving lethal. However, there are still no effective biomarkers 
to predict breast cancer metastasis. The aim of the present study 
was, therefore, to analyze breast cancer metastasis-associated 
proteins and evaluate the association between protein S100-A8 
and the prognosis of breast cancer. The isobaric tags for rela-
tive and absolute quantitation (iTRAQ) proteomic technique 
was used to analyze the differential expression of proteins 
between fresh primary breast tumor (PBT) tissue and fresh 
paired metastatic lymph nodes (PMLN) tissue. Subsequently, 
immunohistochemical staining was used to locate and assess 
the expression of protein S100-A8 in benign breast disease 
(n=15), primary breast cancer with (n=109) or without (n=83) 
metastasis, and in paired metastatic lymph nodes (n=109) 
formalin fixed paraffin embedded (FFPE) tissue. Staining 
scores were evaluated and the association between protein 

S100-A8 expression levels and the clinicopathological char-
acteristics of 192 patients with breast cancer were evaluated 
using the χ2 test. Kaplan-Meier and Cox hazards regression 
analyses were utilized to investigate the association between 
the expression of protein S100-A8 and the prognosis of patients 
with breast cancer. A total of 4,837 proteins were identified 
using the iTRAQ proteomic technique. Among these proteins, 
643 differentially expressed proteins were revealed. Protein 
S100‑A8 expression levels were identified to differ between 
PBT and PMLN tissues. Immunohistochemical staining 
suggested a significant difference between NMBT and PMLN 
(P=0.002), and also between PBT and PMLN (P<0.001). Cox 
hazards regression model analyses suggested that histological 
grade (P=0.031) and nodal status (P=0.001) were risk factors 
for lymph nodes metastasis of breast cancer. Kaplan-Meier 
analyses revealed no significant relationship between protein 
S100-A8 expression level and overall survival rate of patients 
with breast cancer. In conclusion, by using the iTRAQ 
proteomic technique and immunohistochemistry staining, it 
was identified that protein S100‑A8 may be associated with 
lymph nodes metastasis of breast cancer and be a marker for 
progression of breast cancer.

Introduction

Breast cancer is the most common malignancy and second 
leading cause of cancer-associated mortality in females glob-
ally (1,2). Breast cancer incidence and mortality rates are high 
in western countries, while the incidence of breast cancer 
exhibits an increasing trend in developing countries (1). In 
China in 2010, there were 208,000 cases of breast cancer, with 
55,500 mortalities (3,4). The staging of breast cancer is based 
on the tumor-node-metastasis system, and distinct stages of 
disease are associated with various prognosis (5). Tumor size 
and axillary node status are considered risk factors for breast 
cancer distant metastases (5), whereas the status of regional 
lymph nodes is critical in defining the staging, treatment and 
prognosis of breast cancer (6). Therefore, it is imperative 
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to determine the nature of differential protein expression 
between primary breast tumor (PBT) and paired metastatic 
lymph node (PMLN) tissues. It is reported that Serpin H1 (7), 
cluster of differentiation 146 (8) and Ku86 (9) expression may 
be correlated with breast cancer. However, the molecular 
mechanisms underlying breast cancer metastasis remain 
poorly understood.

Various proteins are essential for the normal functions 
of organisms and the proteome, the entirety of the proteins 
expressed by a genome of a cell or an organ, alters according 
to time and environment (10). Therefore, an improved under-
standing of the processes underlying breast cancer metastasis 
may be achieved by investigating the differences in protein 
expression between paired primary breast cancerous tissue 
and metastasis tissue. A previous study implemented the 
isobaric tags for relative and absolute quantitation (iTRAQ) 
proteomic technique to directly analyze the differences in 
protein expression between these paired tissue types (11). 
This high-throughput, sensitive and accurate protein detection 
method identified numerous proteins that may be associated 
with breast cancer metastasis (11). This previous study demon-
strated that protein S100-A8 exhibited a 1.72-fold change 
between PBT and PMLN, suggesting a potential role for this 
protein in breast cancer metastasis (11).

Protein S100-A8 is a member of the S100 family of leukocyte 
proteins, and is a calcium-binding protein (12). The majority 
of S100 proteins exist as homodimers; however, a number 
assemble as heterodimers, including S100-A8/S100-A9, 
encoded by genes clustered on the 1q21 human chromosomal 
region (13). Protein S100‑A8 has previously been identified 
as a pro-inflammatory factor in arthritis and autoimmune 
disease (12). As an inflammatory protein, it may serve a role in 
tumor-stromal interactions (14), and elevated levels of protein 
S100-A8 have been observed in numerous types of malig-
nancy, including cutaneous squamous cell carcinoma (12), 
gastric adenocarcinoma (15) and kidney cancer (16). In addi-
tion, a previous study demonstrated a correlation between the 
expression levels of protein S100-A8 and colorectal carcinoma 
progression, during which this protein may contribute to 
colorectal carcinoma cell survival and migration via the 
Wnt/β catenin signaling pathway (17). To the best of our 
knowledge, the present study is the first to report differences 
in the expression levels of protein S100-A8 between fresh PBT 
and fresh PMLN tissues, screened using the iTRAQ proteomic 
technique. Furthermore, immunohistochemistry (IHC) was 
utilized to identify variations in protein S100-A8 expression 
levels in non-metastatic breast tumor (NMBT), PBT, PMLN 
and benign breast disease (BBD) FFPE tissue. In the present 
study, further analysis of the correlation between S100-A8 
protein expression levels and the clinicopathological factors or 
overall survival rate of breast cancer was performed.

Materials and methods

Study subjects and clinical data. A total of 54 paired fresh 
primary tumor and metastatic lymph node tissues were 
collected from Hunan Cancer Hospital and The Affiliated 
Cancer Hospital of Xiangya School of Medicine, Central 
South University (Changsha, China) between November 2013 
and March 2014. All the female patients were initially 

diagnosed with breast cancer, and did not receive radiotherapy 
or chemotherapy prior to surgery (modified radical mastectomy). 
Each axillary lymph node tissue sample was divided into two 
parts: The first was used for H&E staining, and the second was 
stored in liquid nitrogen. A total of 23 paired axillary lymph 
nodes were identified to be positive.

A total of 207 tissue samples were obtained from the female 
patients with breast disease who underwent surgery (including 
radical mastectomy, modified radical mastectomy and local 
excision) in Hunan Cancer Hospital (Changsha, China) between 
May 1996 and March 2008 and used for immunohistochemical 
staining. Among them, 15 patients were diagnosed with BBD, 
including breast fibrocystic changes, atypic proliferation and 
fibroadenoma, and 192 patients were diagnosed with breast 
cancer with (n=109) or without (n=83) regional lymph node 
metastases. All tissue slides were examined by two patholo-
gists in the Pathology Department of Hunan Cancer Hospital. 
The pathological parameters of the patients are summarized 
in Table I. This study was approved by the Research Ethics 
Committee of Hunan Cancer Hospital and informed consent 
was obtained from all of the patients.

iTRAQ proteomic analysis. The iTRAQ proteomic analysis 
was performed using the Fitgene iTRAQ Proteomics Platform 
(http://www.fitgene.com) according to the manufacturer's 
protocol. The tissue was placed in liquid nitrogen and ground 
it until it broke down. A total of 50 mg smashed tissue was 
added into a 1.5 ml eppendorf tube with 300 µl radioimmu-
noprecipitation assay lysate by pipette and agitated repeatedly. 
The lysate cells release a viscous material which was sonicated 
using ultrasound (5%, 1 sec on, 1 sec off, 10 sec on ultrasound, 
cooled on ice and repeated 8 times), and then centrifuged 
(4˚C, 14,000 x g, 20 min) to obtain the supernatant. The 
prepared lysates (200 µg) were prepared with 4 µl reducing 
reagent (dithiotreitol; United States Biological, Salem, MA, 
USA) for 1 h at 60˚C and then blocked with 2 µl cysteine 
Triethylammonium bicarbonate (TEAB; Sigma-Aldrich; 
Merck KgaA, Darmstadt, Germany) for 10 min at room 
temperature. Following centrifugation (14,000 x g, 20 min, 
room temperature) and solution collection, 100 µl 1M TEAB 
was added and discarded and the solution at the bottom of 
the tube following centrifugation (14,000 x g, 20 min) was 
collected, which was repeated 3 times. Subsequently, trypsin 
(trypsin to protein mass ratio, 1:100) was added and after 2 h 
trypsin was added again (trypsin to protein mass ratio, 1:50). 
1M TEAB was added to make the volume of solution to 
50 µl and the cell samples were stored overnight at 37˚C. The 
digested peptide solution was mixed, centrifuged (14,000 x g, 
4˚C, 20 min), 50 µl 1 M TEAB was added, and sample were 
centrifuged again (14,000 x g, 4˚C, 20 min) to obtain 100 µl 
digested sample. A total of 50 µl prepared protein sample and 
iTRAQ reagents were mixed according to the manufacturer's 
protocol, and the Dionex Ultimate 3000 system (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), was used to 
analyze the labeled protein sample. Protein identification 
and quantification were achieved by searching the UniProt 
database (18). Proteomics profiling and database searching 
based on TripleTOF® 5600+ System (SCIEX, Framingham, 
MA, USA) and 6 ProteinPilot 4.0 (SCIEX) were performed 
according to the manufacturer's protocol.
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To ensure the reliability and stability of the reported data, 
the following steps were performed for data quality control. 
First, prior to database searching, ‘Run False Discovery 
Rate Analysis’ was selected in the software ProteinPilot 
(ProteinPilot™ Software, version 4.5) for FDR control 
(SCIEX). Second, according to the SCIEX manufacturer's 
protocol, the software was set up as Unused ≥1.3 to ensure 
credibility ≥95%. Third, results identified by the reverse data-
base were removed. Fourth, PMLN proteins with abnormal 
levels of quantified expression were excluded, specifically, 
when the expression of protein S100-A8 in PMLN was 
<0.05-fold or >20-fold compared with that in PBT. Finally, 

proteins with abnormal quantification between technical 
repetition and biological repetition were removed. A >1.5-fold 
change of protein expression was considered to indicate a 
significant difference between fresh PBT and fresh PMLN 
tissue. Gene ontology (GO) analysis of protein S100-A8 was 
performed, including biological process (GO ID: 0034641, 
0009058, 0007165, 0006950, 0008219, 0002376, 0009056, 
0042592, 0007010, 0048870, 0040011, 0051604, 0007155, 
0040007), cellular component (GO ID: 0005634, 0005737, 
0005829, 0043226, 0005576, 0005886, 0005856, 0005615) 
and molecular function (GO ID: 0043167, 0008092, 0008289), 
by searching GO browsers.

IHC staining. Paraffin‑embedded tissue (4 µm thick, fixed 
in 10% neutral formalin for 12-24 h at room temperature) 
sections were heated at 60˚C for 2 h, and then dewaxed by 
soaking in dimethylbenzene for 10 min twice, followed by 
rinsing in a graded ethanol series for 5 min at each concen-
tration. Subsequently, the slides were immersed in citrate 
retrieval solution (trisodium citrate 3 g, citric acid 0.4 g, 
pH 6.0, 1,000 ml; Fuzhou Maixin Biotech Co., Ltd., Fuzhou, 
China), heated using a microwave and cooled to room tempera-
ture. A solution of 3% H2O2 was added to the tissue samples 
for 15 min at room temperature, and the slides were subse-
quently treated with ultra V block (TL-125-QHD; Thermo 
Fisher Scientific, Inc.) for 15 min at room temperature to block 
nonspecific binding. Subsequently, an anti‑protein S100‑A8 
antibody (1:100; ab92331; Abcam, Cambridge, UK) was added 
to the tissue sections, and the slides were incubated at 4˚C 
overnight. The following day, sections were warmed at room 
temperature for 1 h and incubated with primary antibody 
amplifier (TL-125-QHD) for 15 min at room temperature. 
Following this, the tissue samples were incubated with HRP 
polymer (TL-125-QHD) for 15 min at room temperature. 
Next, 3,3'-Diaminobenzidine (DAB; ready-to-use; cat 
no. TL‑125‑QHD; Thermo Fisher Scientific, Inc.) was used to 
stain the tissue sections for a few seconds at room temperature 
and evaluated by light microscopy (Olympus Corporation, 
Tokyo, Japan). Finally, the tissue sections were washed with 
water and stained with hematoxylin. Negative controls were 
performed by replacing DAB with PBS.

Evaluation of immunostaining. IHC staining was evaluated by 
two independent pathologists (Pathology Department of Hunan 
Cancer Hospital and The Affiliated Cancer Hospital of Xiangya 
School of Medicine, Central South University, Changsha, 
China). A total immunostaining score was calculated as the 
proportion score x the intensity score. The proportion score 
described the estimated fraction of positive-stained tumor 
cells as follows: 0, 0-4%; 1, 5-25%; 2, 26-50%; 3, 51-75%; 
4, >75%. The intensity score represented the estimated 
staining intensity as follows: 0, no or marginal staining; 1, 
weak; 2, moderate; 3, intense. The total score ranged from 
0-12, with 0 representing negative, 1-4 representing weak posi-
tive, 6-8 indicating moderate positive and 9-12 describing an 
intense positive score (19,20).

Statistical analysis. The age and follow-up time of patients 
is presented as the median (range). Patients were divided 
into positive and negative groups according to the total 

Table I. Clinicopathological characteristics of 192 patients 
with breast cancer.

Parameters Number

Median age, years (range) 45 (30-73)
Median follow up period, months (range) 80 (8-210)
Histological type, n (%)
  Ductal 156 (81.3)
   Lobular 36 (18.8)
Histological grade, n (%)
  I-II 35 (18.2)
  III 157 (81.8)
Nodal status, n (%)
  Negative 83 (43.2)
  Positive 109 (56.8)
Tumor size, cm; n (%)
  ≤2 58 (30.2)
  2-5 111 (57.8)
  >5 20 (10.4)
  Unknown 3 (0.5)
Clinical stage, n (%)
  I  29 (15.1)
  II 98 (51.0)
  III 62 (32.3)
  Unknown 3 (0.5)
ER, n (%)
  Negative 90 (46.9)
  Positive 102 (53.1)
PR, n (%)
  Negative 78 (40.6)
  Positive 114 (59.4)
Cerb B-2, n (%)
  Negative 58 (30.2)
  Positive 124 (64.6)
  Unknown 10 (5.2)
Menstrual history, n (%)
  Premenopause 126 (65.6)
  Postmenopause 66 (34.4)

ER, estrogen receptor; PR, progesterone receptor.
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immunostaining score for protein S100-A8. All statistical 
analyses were performed using SPSS version 20.0 (IBM SPSS, 
Armonk, NY, USA). McNemar's test was used to examine the 
difference in S100-A8 protein expression between the positive 
rate of the PBT and PMLN FFPE tissues. Additionally, the χ2 
test was utilized to analyze the difference in the positive rate 
of protein S100-A8 expression between the BBD, NMBT, PBT 
and PMLN tissues. Associations between protein S100-A8 
positive expression and the clinicopathological characteristics 
of 192 patients were also examined using the χ2 test. The age 
and Survival rates of patients with breast cancer with protein 
S100-A8 positive or negative expression were calculated 
by using Kaplan-Meier analysis, and were examined using 
the log-rank test. The Cox proportional hazards model was 
utilized to determine the association between protein S100-A8 
and breast cancer prognosis. P<0.05 was considered to indicate 
a statistically significant difference.

Results

iTRAQ proteomic analysis and GO analysis of protein 
S100‑A8. A previous study utilized the iTRAQ proteomic 
method to analyze differences in protein expression between 
PBT and PMLN tissues (11). A total of 4,837 proteins were 
identified, of which 643 were differentially expressed 
proteins, including 402 upregulated and 241 downregu-
lated, in PMLN tissue, compared with PBT tissue. Protein 
S100-A8 was observed upregulated 1.72-fold in PMLN 
tissue, compared to PBT tissue. Further mass spectrometry 
analysis identified S100‑A8 protein (Fig. 1). Based on the 
GO analysis performed in the current study (Table II), 
protein S100-A8 is involved in various biological processes, 
including cellular nitrogen compound metabolism, biosyn-
thetic processes and signal transduction. Furthermore, GO 
analysis (http://www.uniprot.org/uniprot/P05109) revealed 
that it is an important constituent of numerous cellular 
components, including the nucleus, cytoplasm, cytosol, 
organelles, extracellular regions, plasma membrane and 
cytoskeleton. The molecular functions of protein S100-A8 
include ion binding, cytoskeleton protein binding and lipid 
binding. This may suggest that protein S100-A8 serves a 
role in breast cancer metastasis, although further studies are 
required to elucidate this process.

High expression levels of protein S100‑A8 were correlated 
with metastatic lymph nodes in breast cancer. IHC was 
utilized to examine the positive expression of protein S100-A8 
in the NMBT, PBT and PMLN tissues, as well as the BBD 
control tissues. It was demonstrated that S100-A8 was located 
primarily in the cytoplasm of cancerous cells, whilst the 
nuclei of certain cancerous cells also exhibited sporadic, 
low-moderate expression of this protein (Fig. 2). In the BBD 
tissue, epithelial cells exhibited low or negative expression of 
protein S100-A8, whereas the staining of protein S100-A8 in 
the PBT tissue was more intense, compared with NMBT and 
PMLN tissues (Fig. 2). The majority of tissue types exhibited 
negative expression of protein S100-A8, and moderate or 
intense expression of protein S100-A8 was observed in BBD 
and NMBT tissues (Table III). A number of the PBT and 
PMLN tissues exhibited moderate staining (Table III). The 
positive expression percentages of protein S100-A8 in NMBT, 
PBT, PMLN and BBD control tissues were 37.3 (31/83), 34.8 
(38/109), 18.4 (20/109) and 13.3% (2/15), respectively (Fig. 3). 
Compared with PMLN, the positive expression rate of protein 
S100-A8 in NMBT (P=0.002) and PBT (P<0.001) tissues was 
significantly higher. However, no significant differences were 
observed between any other types of tissue used in the study 
(BBD vs. NMBT, P=0.063; BBD vs. PBT, P=0.140; BBD vs. 
PMLN, P=1.000; PBT vs MNBT, P=0.643) (Fig. 3).

Correlations between protein S100‑A8 expression levels and 
clinicopathological features. The association between protein 
S100-A8 and the clinicopathological features of 192 patients 
with breast cancer was further analyzed. The results indicated 
that the expression of this protein was associated with breast 
cancer histological type (P=0.022) and estrogen receptor 
expression (ER; P=0.009; Table IV). No significant correlation 
was observed between protein S100-A8 expression and patient 
age at diagnosis, histological grade, nodal status, tumor size, 
clinical stage, progesterone receptor (PR) expression, c-erbB2 
expression, menstrual history (P>0.05; Table IV). Additionally, 
Kaplan-Meier analysis, followed by a log-rank test, was applied 
to identify the prognostic role of protein S100-A8. Although 
there was no significant difference observed in the overall 
survival rate between patients with breast cancer with nega-
tive or positive expression of protein S100-A8 (P=0.094), a 
possible association between the positive expression of protein 

Figure 1. Mass spectrometry of protein S100-A8.
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S100-A8 and an increased survival time following surgery 
was observed (Fig. 4). According to the Cox proportional 
hazards model, histological grade (P=0.031) and nodal status 
(P=0.001) were risk factors for poor prognosis of patients with 
breast cancer (Table V).

Discussion

Breast cancer is a significant global health burden, causing a 
substantial number of annual mortalities (2). This disease is 
hormone dependent, and mortality rates decreased following 
linking hormone therapy with breast cancer (21). However, 
this form of cancer is also a systemic disease and ~10-15% 
of patients with aggressive disease develop distant metastases 
within three years of the initial primary tumor diagnosis (5).

Metastasis remains a key risk factor for lowering the 
overall survival rate in breast cancer, with the regional axillary 
lymph nodes becoming involved first during this process (22). 
A previous study demonstrated that, among patients with 
stage 0-II breast cancer, local recurrences were 2.8 times less 
frequent in radically treated patients, compared with conserva-
tively treated patients, for whom lymph node recurrences were 
twice as common (23). Accurate and effective evaluation of 
the status of axillary lymph nodes is of prognostic significance 
in patients with breast cancer (22).

The S100 protein family is exclusive to vertebrates, and 
is comprised of 10-20 kDa acidic proteins that have previ-
ously been associated with inflammation and cancer (24). The 
genes encoding ≥16 of the S100 family members, including 
S100-A8, are clustered on the human chromosomal region 
1q21, which frequently undergoes chromosomal rearrange-
ment during tumor development (25). Additionally, protein 
S100-A8 has been implicated in tumor cell proliferation 
and metastasis regulation (25-27). Protein S100-A8, also 

Figure 2. Expression of protein S100-A8 in non-metastatic breast tumor, 
primary breast tumor, paired metastatic lymph node and control benign 
breast disease tissues, as detected by immunohistochemical staining. 
(A) BBD tissue exhibited light or negative expression of protein S100-A8 
in epithelial cells. Strong to moderate protein S100-A8 cytoplasm staining 
was observed in (B) NMBT and (C) PBT. Light protein S100-A8 cytoplasm 
staining was observed in (D) PMLN. Sporadic and light-moderate expression 
of protein S100‑A8 was identified in the nuclei of cancerous cells (identified 
by a black arrow). Staining, 3,3'‑Diaminobenzidine; magnification, x200. CT, 
cancerous tissue; LT, lymph tissue.

Ta
bl

e 
II

. B
io

lo
gi

ca
l p

ro
pe

rti
es

 o
f p

ro
te

in
 S

10
0-

A
8.

N
am

e 
A

cc
es

si
on

 n
um

be
r 

M
ol

ec
ul

ar
 w

ei
gh

t, 
D

a 
Is

oe
le

ct
ric

 p
oi

nt
 

B
io

lo
gi

ca
l p

ro
ce

ss
es

 
C

el
lu

la
r c

om
po

ne
nt

 
M

ol
ec

ul
ar

 fu
nc

tio
n

Pr
ot

ei
n 

S1
00

-A
8 

sp
|P

05
10

9|
S1

0A
8-

H
U

M
A

N
 

10
83

4.
51

 
6.

97
81

 
C

el
lu

la
r n

itr
og

en
 c

om
po

un
d 

N
uc

le
us

 
Io

n 
bi

nd
in

g
 

 
 

 
m

et
ab

ol
ic

 p
ro

ce
ss

 
C

yt
op

la
sm

 
C

yt
os

ke
le

to
n 

pr
ot

ei
n

 
 

 
 

B
io

sy
nt

he
tic

 p
ro

ce
ss

 
C

yt
os

ol
 

bi
nd

in
g

 
 

 
 

Si
gn

al
 tr

an
sd

uc
tio

n 
O

rg
an

el
le

 
 

 
 

R
es

po
ns

e 
to

 st
re

ss
 

Ex
tra

ce
llu

la
r r

eg
io

n
 

 
 

 
C

el
l d

ea
th

 
Pl

as
m

a 
m

em
br

an
e

 
 

 
 

Im
m

un
e 

sy
st

em
 p

ro
ce

ss
 

C
yt

os
ke

le
to

n
 

 
 

 
C

at
ab

ol
ic

 p
ro

ce
ss

 
Ex

tra
ce

llu
ar

 sp
ac

e
 

 
 

 
H

om
eo

st
at

ic
 p

ro
ce

ss
 

 
 

 
C

yt
os

ke
le

to
n 

or
ga

ni
za

tio
n

 
 

 
 

C
el

l m
ot

ili
ty

 
 

 
 

Lo
co

m
ot

io
n

 
 

 
 

Pr
ot

ei
n 

m
at

ur
at

io
n

 
 

 
 

C
el

l a
dh

es
io

n
 

 
 

 
G

ro
w

th



ZHONG et al:  PROTEIN S100-A8 IS A POTENTIAL METASTATIC BREAST CANCER BIOMARKER5290

known as myeloid-related protein 8, is a small intracellular 
calcium-binding protein that has also been reported to be 
expressed and secreted in the extracellular matrix of prostate 
cancer cells (28). Katanov et al (29) emphasized the important 
role of inflammation in breast cancer stroma, and suggested 
that nuclear factor (NF)-κB may be a potential inhibitory 
target in tumor-adjacent stromal cells. Additionally, protein 
S100-A8 has been identified to be a novel member of the 
NF-κB signaling pathway (30), participating in the develop-
ment and progression of laryngeal squamous cell carcinoma 
via its interaction with human leukocyte antigen B (31). A 
previous study also demonstrated that zinc may promote 
and impede tumorigenesis by activating and suppressing 
the interaction between protein S100-A8 and the receptor 
for advanced glycation endproducts, as well as downstream 
NF-signaling (32).

In a previous study, the protein expression profiles in 
primary tumor and paired metastatic lymph node tissues 
were compared using the iTRAQ proteomic method, during 
which protein S100-A8 was identified to be upregulated 

(1.72-fold) in PMLN, compared with PBT (11). This suggested 
a potential association between protein S100-A8 and breast 
cancer metastasis (11). Therefore, IHC staining was applied 
to analyze the differences in S100-A8 protein expression in 
NMBT, PBT, PMLN and BBD control tissues. However, IHC 
staining exhibited decreased protein S100-A8 expression 
levels in PMLN, compared with PBT. The contrast between 
these two results is potentially due to the limited number of 
fresh tissue samples used in the current study. Furthermore, 
PMLN with the largest breast cancer metastases, or where 
lymph tissue was completely replaced by metastatic tissue, 
were preferentially selected. Although there is a discrepancy 
between the iTRAQ proteomic analysis and the IHC staining 
results, the IHC sample size was larger, and the expression 
levels of protein S100‑A8 exhibited a significant difference 
between PBT and PMLN tissues in iTRAQ analysis and IHC 
staining. These results may suggest that protein S100-A8 is a 
potential candidate metastatic marker in breast cancer.

Figure 3. Positive expression of protein S100-A8 in NMBT, primary breast 
tumor, PMLN and BBD control tissues. The results revealed significant 
differences between NMBT and PMLN and between PBT and PMLN, which 
were statistically evaluated by the χ2 test. NMBT, non-metastatic breast 
tumor; PBT, primary breast tumor; PMLN, paired metastatic lymph node; 
BBD, benign breast disease.

Figure 4. Kaplan-Meier survival curves for patients with positive and nega-
tive protein S100‑A8 expression. No significant difference was observed 
between the two groups (log-rank; P=0.094). The thick curve represents 
the positive expression of protein S100-A8 while the thin curve represents 
negative expression.

Table III. Expression of protein S100-A8 in NMBT, PBT, PMLN and control BBD tissues.

 Protein S100-A8 expression
 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  None, TIS (0) Weak, TIS (1-4) Moderate, TIS (6,8) Intense, TIS (9,12)
 ---------------------------------- ----------------------------------- ------------------------------------ ----------------------------------
Variables n % n % n % n %

BBD 13 86.7   2 13.3 0 0 0 0
NMBT 52 62.7 31 37.3 0 0 0 0
PBT 71 65.1 36 33.0 2 1.8 0 0
PMLN 89 81.7 17 15.6 3 2.8 0 0

BBD, benign breast disease; NMBT, non-metastatic breast tumor; PBT, Primary breast tumor; PMLN, paired metastatic lymph node; TIS, total 
immunostaining score.
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Table IV. Association between protein S100-A8 expression levels and the clinicopathological characteristics of 192 patients with 
breast cancer.

 S100-A8 protein expression
 ----------------------------------------------------
Characteristic N No Yes P-value

Age at diagnosis, years
  <50 114   76 38 0.363
  ≥50   78   47 31
Histological type
  Ductal 156   94 62 0.022a

  Lobular   36   29   7
Histological grade
  I-II   35   20 15 0.345
  III 157 103 54
Nodal status
  Negative   83   52 31 0.722
  Positive 109   71 38
Tumor size, cm
  ≤2   58   40 18 0.630
  2-5 111   69 42
  >5   20   12   8
  Unknown    3
Clinical stage
  I   29   20   9 0.313
  II   98   66 32
  III   62   35 27
  Unknown    3
ER
  Negative   90   49 41 0.009a

  Positive 102   74 28
PR
  Negative   78   48 30 0.547
  Positive 114   75 39
Cerb B-2
  Negative   58   42 16 0.118
  Positive 124   75 39
  Unknown   10
Menstrual history
  Premenopause 126   84 42 0.299
  Postmenopause   66   39 27

aP<0.05, according to χ2 test. Unknown cases are excluded from p-value calculations. ER, estrogen receptor expression; PR, progesterone 
receptor expression.

Table V. Cox regression analysis of risk factors for short overall survival time of breast cancer patients.

Variables B SE Wald Sig. Exp(B) (95% CI)

Nodal status 0.917 0.273 11.243 0.001a 2.501 (1.464-4.275)
Histological grade 0.924 0.428 4.649 0.031a 2.518 (1.088-5.830)

aP<0.05. 95% CI, 95% confidence interval. 
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In the present study, the correlation between protein 
S100-A8 expression and the clinicopathological features of 
207 patients with breast cancer was analyzed. The results 
demonstrated that protein S100-A8 expression levels were 
significantly associated with the histological type (P=0.022) 
and ER positive expression (P=0.009) of breast cancer tumors. 
Concordantly, Parris et al (33) proposed a combined predictive 
model for breast cancer outcomes, containing a four-marker 
panel (α-2-glycoprotein 1, zinc-binding, prolactin-inducible 
protein, S100-A8 and ubiquitin conjugating enzyme E2 C), 
which suggested a significant correlation with histological 
grade, tumor inflammatory cell infiltration, ER and PR status.

In addition, the present study applied Kaplan-Meier 
analysis to analyze the impact of altered S100-A8 expression 
levels on the prognosis of patients with breast cancer. Although 
no significant association was observed between the overall 
survival rate of patients with breast cancer and the expression 
of this protein (P=0.094), positive S100-A8 expression was 
revealed to potentially contribute to a longer overall survival 
time for patients with breast cancer. This protein has also been 
reported to be a survival-associated factor in oropharyngeal 
squamous cell carcinoma (34). However, protein S100-A8 
was also demonstrated to be a marker of poor prognosis for 
invasive ductal carcinoma of the breast (35). The aforemen-
tioned four-marker panel proposed by Parris et al (33) may 
be used to predict an unfavorable clinical outcome of patients 
with breast cancer. The present study implemented the Cox 
proportional hazards model, which demonstrated that protein 
S100-A8 is not an independent risk factor for prognosis in 
breast cancer.

S100-A8 also assembles heterodimers with S100-A9, 
which increases matrix metalloproteinase (MMP)-2 or 
MMP-12 expression and activity to promote tumor cell migra-
tion and invasion (36,37). This suggests that the interaction 
of S100-A8 within heterodimers is able to affect its activity 
during the process of breast cancer progression. Therefore, 
further studies examining the role of S100-A8 in breast cancer 
metastasis, and using a larger number of tissue specimens, are 
required.

In conclusion, a number of proteins associated with breast 
cancer metastasis were identified using iTRAQ. Protein 
S100-A8 presented a positive association with breast cancer 
metastasis, which may provide a potential biomarker for 
predicting breast cancer lymph node metastasis. As the exact 
association of this protein with the prognosis of patients with 
breast cancer, and the mechanism underlying the process by 
which it may promote tumor cell migration and invasion is 
unclear, further studies are required to investigate the func-
tion of S100-A8 in this complex metastatic network. This may 
provide a novel and effective prognostic biomarker, aiding the 
treatment of breast cancer.
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