
Abstract. – OBJECTIVE: Osteosarcoma is the
most common primary malignancy, mainly aris-
ing from the metaphysis of the long bones of
adolescents and young adults. Its poor progno-
sis is strongly associated with invasion and dis-
tant metastasis. The calcium-binding protein
S100A4 promotes metastasis in several experi-
mental animal models, including osteosarcoma
(OS), and S100A4 protein expression is associat-
ed with patient outcome in a number of tumor
types. In the present study, we investigated the
expression of S100A4 and its clinicopathologic
significance in OSs.

PATIENTS AND METHODS: S100A4 were ex-
amined immunohistochemically in resected OSs
from 120 patients with OS to clarify their clinico-
pathologic significance. Multivariate survival
analyses were carried out on all investigated pa-
rameters.

RESULTS: The immunohistochemical assays
revealed that S1004A expression in osteosarco-
ma tissues was significantly higher than that in
corresponding noncancerous bone tissues (p <
0.001). In addition, positive S100A4 expression
more frequently occurred in osteosarcoma tis-
sues with advanced clinical stage (p = 0.003),
positive distant metastasis (p = 0.001) and poor
response to chemotherapy (p = 0.04). In Kaplan-
Meier analysis, only S100A4 positively stained
cases showed a significantly decreased overall
survival time and disease-free survival compared
with negatively stained cases (both p < 0.001). On
Cox multivariate analysis, positive S100A4 ex-
pression was an independent and significant
prognostic factor to predict poor overall survival
and disease-free survival (both p = 0.001).

CONCLUSIONS: Expression of S100A4 protein
in OS may be related to the prediction of metas-
tasis potency, response to chemotherapy and
poor prognosis for osteosarcoma patients, sug-
gesting that S100A4 may serve as a prognostic
marker for the optimization of clinical treat-
ments.
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Introduction

Osteosarcoma is the most common primary
bone malignant bone tumor, accounting for ap-
proximately one-third of primary bone cancers.
Osteosarcoma has a high incidence in adoles-
cents but the incidence rate drops with age. Os-
teosarcoma is characterized by invasion, early
metastasis, and a high metastasis rate. The
metastasis of osteosarcoma is not only a sign of
deterioration but also the major cause of treat-
ment failure and death1. To date, many investiga-
tions have focused on the metastasis of osteosar-
comas, but the exact mechanism of metastasis
remains unclear. Researchers have gradually re-
alized that gene expression in osteosarcoma not
only determines the tumorigenesis, progression,
and prognosis of osteosarcoma but also affects
the efficacy of the treatment for sarcoma. There-
fore, the identification of novel molecules as ef-
fective drug targets to develop novel alternative
therapeutic strategies is very important for im-
proving clinical outcome of patients suffering
osteosarcoma.
The metastasis-promoting protein S100A4

belongs to the S100 family of calcium-binding
proteins. Studies in rodents have provided evi-
dence supporting the direct involvement of
S100A4 in tumor progression and metastasis.
The role of S100A4 in cancer has been exam-
ined most widely in breast cancer models,
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Patients and Methods

Patients
This study was approved by the Research

Ethics Committee of Jinan Central Hospital (Ji-
nan, People’s Republic of China) and the women
and children hospital of Qingdao (Qingdao, Peo-
ple’s Republic of China). Written informed con-
sent was obtained from all of the patients. All
specimens were handled and made anonymous
according to the ethical and legal standards.
120 patients who underwent curative resection

of primary OS were selected for the study. They
underwent surgery at the Jinan central hospital
from Oct. 2007 and Sep. 2012. The stage of the
disease was classified according to the pathologi-
cal Tumor-Node-Metastasis staging system19.
Surgically resected specimens were macroscopi-
cally examined to determine the location and size
of the tumors. Then, tissue samples were fixed in
10% formalin and routinely processed for paraf-
fin embedding. Histological sections cut with a
4-um thickness were stained with H&E and re-
viewed by one of the authors (Cuiming Cao) to
determine histological differentiation and the ex-
istence of metastasis in the lymph nodes. No pa-
tients had received blood transfusion, radiothera-
py, or chemotherapy before surgery. Overall sur-
vival was calculated as the time from the date of
diagnosis to the date of death or the date of last
follow-up if the patient was still surviving. The
clinicopathological information of the patients is
shown in Table I.

Immunohistochemical Analysis
Paraffin sections were cut at 4 µm and mount-

ed on silanized slides. Heat-induced epitope re-
trieval using a steamer was done (citrate buffer,
40 min, 98-100°C). Slides were washed in PBS,
placed into the Autostainer, and washed with hy-
drogen peroxide for 5 min. Subsequently, slides
were placed into a wash buffer (TBS solution
containing 0.05% Tween 20, pH 7.6; Dako,
Glostrup, Denmark). Slides were incubated with
the primary anti-S100A4 antibody, diluted 1:200,
for 60 min. Then slides were rinsed in the wash
buffer and a secondary antibody system was ap-
plied using Envision + Dual Link HRP (Dako)
for 15 min each. After rinsing in wash buffer, the
3,3’-diaminobenzidine chromagen was applied to
the slides for 10 min. For negative controls, non-
immunized mouse or rabbit IgG serum (Vector
Laboratories, Burlingame, CA, USA) was used
as primary antibodies.

which have demonstrated that overexpression of
S100A4 in nonmetastatic mammary tumor cells
confers a metastatic phenotype2,3. The link be-
tween S100A4 and metastasis is further sup-
ported by knockdown experiments, as inhibition
of S100A4 expression by antisense or anti-ri-
bozyme techniques suppresses the metastatic
capacity of S100A4-expressing tumor cells in
animal models of lung carcinoma and osteosar-
coma4,5.
The association between S100A4 expression

and metastasis observed in animal studies has led
to a number of studies examining the utility of
S100A4 expression as a prognostic marker in hu-
man cancers. In a panel of 349 patients with
breast cancer, Rudland et al6 identified S100A4
protein expression as the most significant predic-
tor of patient survival, even when compared with
well-established markers of disease progression.
S100A4 is also overexpressed in gastric cancer7,
colorectal cancer8, renal cell carcinoma9, small
intestine adenocarcinoma10, and esophageal
squamous cell carcinoma11, and S100A4 expres-
sion are correlated with patient outcome. Fur-
thermore, an association between S100A4 pro-
tein expression and patient survival has been
shown in several other tumor types, such as
ovarian carcinoma, pancreatic cancer, malignant
melanoma, bladder cancer, non-small cell lung
cancer, gallbladder cancer, esophageal squa-
mous cell carcinoma, hepatocellular carcinoma,
gastric cancer12-14.
Many in vitro and in vivo experimental ani-

mal models used to causally implicate S100A4
in the metastatic process are based on injection
of osteosarcoma cells with manipulated levels
of S100A415,16. Zhang et al17, Ma et al18 and Fu-
jiwara et al19 has also shown that RNAi mediat-
ed suppression of the S100A4 gene significantly
reduced the proliferative and invasive capability
of highly invasive OS cells, with a reduced rate
of tumor growth and metastasis under in vitro
and vivo conditions. These findings suggest that
S100A4 may promote tumor growth, tumor in-
vasion and metastasis of OS. Although S100A4
protein expression was related with invasion
and metastasis in OS cells, however, the roles of
S100A4 in the progression of osteosarcoma and
its underlying potential to predict clinical out-
come of patients with this sarcoma remain elu-
sive. The aim of this study was to analyze the
association of S100A4 expression with clinico-
pathologic features and prognosis in patients
suffering osteosarcoma.
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S100A4 expression
Total No.

Factors Category of patients Positive Negative p

Tissue 0.0000
Normal tissue 30 0 (0%) 100 (100%)
Osteosarcoma tissue 120 73 (60.80%) 47 (39.2%)

Age (year) 0.472
> 14 93 58 (62.3%) 35 (37.7%)
≤ 14 27 15 (55.5%) 12 (45.5%)

Gender
Female 52 36 (69.2%) 16 (30.8%)
Male 68 37 (54.4%) 31 (45.6%)

Distant metastasis 0.002
Yes 40 34 (85%) 6 (15%)
No 80 39 (48.7%) 41 (51.3%)

Size of tumor (cm) 0.095
< 8 51 32 (62.7%) 19 (37.3%)
≥ 8 69 41 (59.4%) 28 (40.6%)

Clinical stage 0.017
I/IIA 48 14 (29.1%) 34 (70.9%)
IIB/III 72 59 (82%) 13 (18%)

Histological subtype 0.613
Osteoblastic 68 40 (58.8%) 28 (41.2%)
Teleangiectatic 14 9 (64.2%) 5 (35.8%)
Chondroblastic 12 7 (58.3%) 5 (41.7%)
Fibroblastic 13 8 (61.5%) 5 (38.5%)
Undifferentiated 15 9 (60%) 6 (40%)

Location 0.637
Femur 54 31 (57.4%) 23 (42.6%)
Tibia 28 17 (60.7%) 11 (39.3%)
Humurs 18 10 (55.5%) 8 (44.5%)
Others 20 15 (75%) 5 (25%)

Response to chemotherapy 0.03
Good 26 9 (34.6%) 17 (65.4%)
Poor 58 48 (82.7%) 10 (17.3%)
Not determined 36 16 (44.4%) 20 (55.6%)

Table I. S100A4 expression and clinicopathological factors in 120 patients with OS.

All immunostained sections were evaluated by
two investigators (Cao and Sun) and discrepan-
cies were resolved by consensus. Immunohisto-
chemical expression was evaluated without
knowledge on the corresponding clinicopatho-
logical parameters.
Positive staining for S100A4 protein was ob-

served as yellow or brown staining in the cyto-
plasm of cancerous cells of OS cells. Briefly, the
percentage of carcinoma cells with cytoplasmic
staining for S100A4 protein was recorded from
two sections for each specimen, using 10
fields/section at × 100 magnification. Samples
were categorized into one of two groups based
on the level of immunostaining: positive, ≥ 5% of
cells stained; negative, < 5% of cells stained14.

Statistical Analysis
The results were expressed as mean ± SD.

S100A4 expression was dichotomized for DFS
and OS. χ2 test (chi-square test) or t test were
used to test for an association between S100A4
for categorical variables. The Kaplan-Meier
method was used to calculate the overall patient
survival rate, and the difference in survival
curves was evaluated using a log-rank test. Mul-
tivariate Cox proportional hazards models were
used to explore the association of clinical and
biomarker expression factors with OS and DFS.
Statistical analysis was performed using
SPSS11.0 statistical software (SPSS Inc., Chica-
go, IL, USA). Statistical significance was as-
sumed for p < 0.05.
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Results

S100A4 Overexpression in
Osteosarcoma Tissues
Immunohistochemistry revealed that all non-

cancerous bone tissues analyzed (n = 30) were
almost negative to S100A4 antibody or in some
cases of noncancerous bone tissues showed faint
and diffuse cytoplasm staining.
A total of 60.8% (73/120) of tumor samples

were positive to S100A4 cytoplasm staining,
while 39.2% showed a lower degree of S100A4
staining. Figure 1 shows one representative ex-
amples of negative S100A4 in noncancerous
bone tissues and two representative examples of
osteosarcoma with the S100A4 negative and pos-
itive staining.

The Relationship Between S100A4
Expression and Clinicopathogic Features
We analyzed the associations of S100A4 ex-

pression with various clinicopathological para-
meters of osteosarcoma tissues. All 120 patients
with osteosarcomas were divided into two groups
according to the expression levels of S100A4
protein: positive S100A4 group (n = 73, 60.8%)
and negative S100A4 expression (n = 47,
39.2%). As shown in Table I, positive S100A4
expression more frequently occurred in osteosar-
coma tissues with advanced clinical stage (p =
0.017). Positive distant metastasis (p = 0.002).
Half of the patients (58/120) presented poor re-
sponse to neoadjuvant chemotherapy treatment,
while 26/120 presented good response and anoth-
er 36/120 did not present records of anato-
mopathological examinations. Table I describes
all the clinical and pathological variables ana-
lyzed. No significant difference was observed be-
tween the expression of S100A4 and patients’
age, gender, tumor size, anatomic location and
histologic type.

The Relationship Between S100A4
Expression and Cumulative Survival Rate
Using Kaplan-Meier method and log-rank test,

the overall survival (OS, Figure 2A, p = 0.0048)
and disease-free survival (DFS, Figure 2B, p =
0.003) of osteosarcoma tissues with positive
S100A4 expression were both significantly short-
er than those with negative expression. Besides,
the survival benefits were also found in those
with higher clinical stage (p = 0.03 and 0.018, re-
spectively), without distant metastasis (p = 0.001
and 0.006, respectively), and better response to
chemotherapy (both p = 0.04) for OS and DFS.

Multivariate Analysis of Prognostic Factors
We further examined OS and DFS using Cox

regression hazard analyses to determine whether
S100A4 levels could serve as a clinically useful
prognostic assessment factor in osteosarcoma.
Multivariate Cox regression analysis enrolling
above-mentioned significant parameters revealed
that S100A4 expression,clinical stage, distant
metastasis status, and response to chemotherapy
were independent prognostic markers for OS of
patients with osteosarcoma (Table II). Turning to
DFS, S100A4 expression, clinical stage and
metastasis status were also independent prognos-
tic markers for DFS of patients with osteosarco-
ma (Table II).

Discussion

Osteosarcoma is characterized to be easy to in-
vade and metastasize, and mostly affects long
bones, long tubular bones, the distal femur and
the proximal tibia, and humerus21. In recent
years, many efforts have been made to identify
molecular markers and therapeutic targets to im-
prove the early diagnosis and prognosis of os-
teosarcoma patients, but few candidate markers
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Figure 1. S100A4 immunostaining in osteosarcomas and noncancerous bone tissues. A, Negative S100A4 staining in non-
cancerous bone tissues. B, Negative S100A4 staining in osteosarcoma tissues. C, Positive S100A4 staining in osteosarcoma
tissues(× 200).



have been proved to be beneficial in treating os-
teosarcoma. The major finding of this study is
that the overexpression of S100A4 is associated
with the progression of osteosarcoma.
Meta-analysis in gastric cancer22, colorectal

cancer8 and resected cholangiocarcinoma23

showed S100A4 overexpression was related to
worse prognosis in these patients. In the current
study, it was found that S100A4 was upregulated
in human osteosarcoma tissues compared with
noncancerous bone tissues. It was also found that
the increased expression of S100A4 in osteosar-
coma tissues was significantly correlated with
aggressive clinicopathological features. More-
over, the results of Kaplan-Meier analyses shown
that osteosarcoma tissues with positive S100A4
expression tend to have shorter overall and dis-
ease-free survival. Finally, the multivariate analy-
sis clearly demonstrated that the positive expres-
sion of S100A4 was a statistically significant risk

factor affecting both overall and disease-free sur-
vival in osteosarcoma patients, which was also
consistent with the prognostic value of S100A4
in other human malignancies, such as breast can-
cer6, gasrric cancer7, renal cell carcinoma9 and
human hepatocellular carcinoma14, suggesting
that S100A4 expression could be a valuable
marker of osteosarcoma progression and progno-
sis. To the authors’ knowledge, this is the first
study to investigate the clinical significance of
S100A4 in a large number of osteosarcoma pa-
tients. These findings suggest worse prognosis
for biopsies where S100A4 appeared overex-
pressed.
Interestingly, the patients analyzed revealed

strong S100A4 expression and showed poor re-
sponse to chemotherapy. Noteworthy, literature
data from other tumoral and non-tumoral tissues
provide at least some evidence for the proposed
functional relationship. In cervical cancer24 and
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Figure 2. Overall survival (A) and disease-free survival (B) curves for two groups defined by positive and negative
S100A4 expression in patients with osteosarcoma. The patients with positive S100A4 expression had a significantly worse
5-year overall and disease-free survival rate than those with negative S100A4 expression.

OS DFS

Variables RR 95% CI p RR 95% CI p

S100A4 expression 4.363 1.42-8.56 0.006 4.254 1.39-8.37 0.0057
Clinical stage 2.86 1.28-6.32 0.02 2.36 1.1453-6. 0.016
Distant metastasis 5.17 2.36-11.28 0.001 5.02 2.24-10.43 0.0012
Response to chemotherapy 1.64 0.96-5.28 0.025 0.84 0.63-2.32 0.36

Table II. Multivariate survival analysis of OS and DFS in 120 patients with osteosarcoma.
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colon cancer25, overexpression of S100A4 was
resistant to neoadjuvant chemotherapy. Thus,
S100A4 screening may be useful in optimizing
individual therapy management at the time of di-
agnosis in these patients.
Although there has been growing evidence

from both laboratory and population studies
showing that overexpressed S100A4 could pro-
mote tumor invasion and metastasis, and influ-
ence the response to chemotherapy, but the cor-
relation of S100A4 with osteosarcoma metasta-
sis and response to chemotherapy remains to be
elucidated. The possible molecular mechanisms
by which S100A4 regulates the metastatic
process or influences the response to
chemotherapy of osteosarcoma are needed for
further research.

Conclusions

The current data offer convincing evidence
that the upregulation of S100A4 may be associat-
ed with tumor aggressiveness and tumor metasta-
sis of osteosarcoma. It is also related to the re-
sponse to chemotherapy and poor prognosis for
osteosarcoma patients, suggesting that S100A4
may serve as a prognostic marker for the opti-
mization of clinical treatments.
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