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Abstract
Background: The calcium-binding S100A4 protein is involved in epithelial to mesenchymal transition,
oncogenic transformation, angiogenesis, cytoskeletal integrity, mobility and metastasis of cancer cells. This
study aimed to clarify the roles of S100A4 in genesis and progression of glioma. Materials and Methods: S100A4
expression was examined by real-time RT-CPR and Western blot in glioma and paired normal brain tissue
(n=69), and compared with clinicopathological parameters of tumors. In addition, glioma U251 cells transfected
with an S100A4-expressing plasmid were examined for proliferation by MTT, apoptosis by Annexin V-FITC,
and migration and invasion with Transwell chambers. Results: Increased S100A4 mRNA expression was found
in gliomas, compared with paired non-tumor tissue (p<0.001). Gradual elevation of overexpression of S100A4
was observed with increasing glioma grade (p<0.001). Astrocytoma showed lower S100A4 mRNA expression
than oligodendrogliomas, with glioblastomas having highest values (p<0.001). Similar results were obtained for
S100A4 protein, a positive link being found between mRNA and protein expression in gliomas (p<0.001). There
was higher growth, lower apoptosis, stronger migration and invasion of S100A4 transfectants than control and
mock transfected cells (p<0.001). Conclusions: These findings indicate that up-regulated S100A4 expression is
positively linked to pathogenesis, progression and histogenesis of glioma by modulating proliferation, apoptosis,
migration and invasion.
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Introduction
Glioma arises from the glial cells of the brain,
which make up about 30% of all brain and central
nervous system tumors and 80% of all malignant
brain tumors. Histologically, it includes astrocytomas,
oligodendrogliomas, glioblastoma and etc (Trabelsi,
2014). There is a tendency toward a higher incidence of
gliomas in highly developed and industrialized countries
because occupations, environmental carcinogens, and
diets have been reported to be associated with an elevated
glioma risk. With the exception of pilocytic astrocytomas
(WHO grade I), the prognosis of glioma patients is still
poor, especially glioblastoma (Schwartzbaum et al., 2006).
Therefore, it is essential for the glioma to find out good
and effective molecular markers and gene therapy targets.
Acidic S100 genes include about 25 members and
cluster on human chromosome 1q21, whose encoding
proteins of low molecular weight (10-12 kDa) contain
2 EF-hand calcium-binding helix- loop-helix motifs and
might be dissolved in 100% saturated ammonium sulfate.
S100A4 (Mts1, metastasis-associated gene; p9Ka; 18A2,

pEL98, 42A, CAPL, and calvasculin) protein belongs to
the S100 protein family (Jenkinson et al., 2004; Boye
and Maelandsmo, 2010; Mishra et al., 2012). PI3K/Akt/
mTOR/ p70S6K, MAPK/ERK and hypoxia pathways
mediate S100A4- induced cell motility in cancer cells
by interaction with as F-actin, myosin-IIA, tropomyosin,
and the heavy chain of nonmuscle myosin II (Jenkinson
et al., 2004; Dahlmann et al., 2014; Wang et al., 2014).
Xu et al. (2014) found that sonic Hedgehog-Gli1 signaling
pathway regulates the epithelial mesenchymal transition
(EMT) by regulating S100A4 in pancreatic cancer cells.
Additionally, S100A4 might reduce p53 phosphorylation
and subsequently suppress the transcription of p53 target
genes, including p21/WAF, Bax, thrombospondin-1, and
Mdm-2 (Zhao et al., 2013). Down-regulated S100A4
expression by antisense or anti-ribozyme suppressed the
metastatic potential of tumor cells in xenograft models
of lung carcinoma and osteosarcoma (Maelandsmo et al.,
1996; Takenaga et al., 1997). S100A4 knockdown reduced
tumorigenesis and metastasis of osteosarcoma cells by
suppressing matrix metalloproteinase-9 (Zhang et al.,
2014). There was no difference in breast carcinogenesis
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between transgenic mice of S100A4 overexpression and
wild-type mice, but high metastasis was observed in
transgenic mice (Simpson et al., 2003).
To clarify the expression status and clinicopathological
significances of S100A4 expression, we aimed to observe
S100A4 expression in various subtypes of gliomas at both
protein and mRNA levels and compared its expression
with clinicopathological features. Finally, we ectopically
ovexpressed S100A4 expression in glioma cell and
observed such cellular phenotypes as proliferation,
apoptosis, migration and invasion to clarify the molecular
mechanisms of its biological effects.

Materials and Methods
Subjects and pathology
Glioma and matched normal brain tissues were
collected from surgical specimens in Department of
Neurosurgery, The First Affiliated Hospital of Liaoning
Medical University from January 2008 to January
2013. These tumors included 49 astrocytomas, 11
oligodendrogliomas and 9 glioblastomas. The part of
tissues was subjected to routine pathological examination
to confirm their histological diagnosis and other
microscopic characteristics. The part of some samples
were frozen in liquid nitrogen and stored at -80 oC until
protein and RNA extraction by homogenization. Both
subtyping and grading for each glioma were evaluated
according to WHO classification (Louis et al., 2007). None
of the patients underwent chemotherapy, radiotherapy
or adjuvant treatment before surgery. They all provided
consent for use of tumor tissue for clinical research and
the University Ethical Committee of Liaoning Medical
University approved the research protocol. We followed
up the patients by consulting their case documents and
through telephone.
Cell culture and transfection
Glioma cell line, U251 come from Cell bank of Chinese
Academy of Sciences, Shanghai, China, respectively and
was maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum (FBS), 100 units/mL penicillin,
and 100 μg/mL streptomycin in a humidified atmosphere
of 5% CO2 at 37°C.
S100A4 gene was amplified by forward primer:
5 ’ - G G G G TA C C C C AT G G C G T G C C C T C T G
GAGAAGG-3’ and backward primer 5’CGGGATCCCGTCATTTCTTCCTGGGCTGCTTA-3’
using the template cDNA from U251 cells. The PCR
products were inserted into pcDNA3.1 (Clontech, USA)
between KpnI and BamHI. U251 cells were transfected
with pcDNA3.1-S100A4 or pcDNA3.1 vector as mock
at 24 h after seeding on dishes, and selected by G418
according to the manufacturer’s instructions (QIAGEN,
USA) with final collection of three monoclones.
Real-time RT-PCR
Total RNA was extracted by TRIzol, and cDNAs
were reverse transcribed by RevertAid TM reverse
transcriptase (Takara). Real-time PCR was carried
out using the ABI PRISM 7500 Sequence detection
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system (Applied Biosystems). The primers for
GAPDH (135bp, 201-335, NM_ 002046.3) were
5’-CAATGACCCCTTCATTGACC-3’ (sense) and 5’TGGAAGATGGTGATGGGATT-3’ (antisense). The
primers for S100A4 (212bp, 333-525, NM_005978.3)
were 5’-TCCAAGAGTAC TGTGTCTTC-3’ (sense)
and 5’-TATTGAACTTGCTCAGCATC-3’ (antisense).
Expression of GAPDH was used to normalize that of the
target genes. Each assay was done in triplicate, the average
was calculated, and the expression level of S100A4 was
expressed as 2-∆Ct, where ∆Ct=Ct (S100A4)-Ct (GAPDH).
Western blot
Protein was extracted by homogenization in RIPA
lysis buffer and assayed by BAC method. Denatured
protein was separated on an SDS-polyacrylamide gel
(15% acrylamide) and transferred to Hybond membrane
(Amersham, Amersham, Germany), which was then
blocked overnight in 5% skim milk in TBST (10mmol/L
Tris-HCl, 150 mmol/L NaCl, 0.1% Tween 20). For
immunobloting, the membrane was incubated for 1h with
the rabbit antibody against S100A4 (Novus Biologicals,
USA, 1: 500). Then, it was rinsed by TBST and incubated
with anti-rabbit or anti-mouse IgG conjugated to
horseradish peroxidase (DAKO, Carpinteria, CA93013,
USA, 1:1000) for 1h. Bands were visualized with LAS
4010 (GE, Japan) by ECL-Plus detection reagents (Santa
Cruz, USA). After that, membrane was washed with WB
Stripping Solution (pH2-3, Nacalai, Tokyo, Japan) for 1
hour and treated as described above except anti-GAPDH
antibody (Sigma, 1:10000) as an internal control antibody.
Densitometric quantification of S100A2 protein in gastric
samples was performed with GADPH control using
Scion Image software (Scion Corporation, Frederick,
MD, USA).
Cell viability
In brief, 2.5×103 cells/well were seeded on 96-well
plate and allowed to adhere. At different time points, 10 μL
MTT solution (10mg/ml) was added into each well of the
plate and the plates were incubated for 3 h in the incubator.
The culture fluid was removed and MTT formazan was
dissolved in 100 μL DMSO. Finally, the 96-well plate
was read at 590 nm.
Apoptosis assay
Flow cytometry was performed with PI and
FITC-labeled annexin V (Kagen, China) to detect
phosphatidylserine externalization as an endpoint
indicator of apoptosis according to the manufacturer’s
instructions.
Cell migration and invasion assays
For migration assay, 2.5×105 cells were resuspended
in serum-free RPMI 1640, and seeded in the controlmembrane insert on the top portion of the chamber
(Corning, USA). The lower compartment of the chamber
contained 10% FBS as a chemo-attractant. After incubated
for 24 hour, cells on the membrane were scrubbed,
washed with PBS and fixed in methanol and stained with
methylrosanilnium chloride solution. For invasive assay,
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the procedures were similar, but we coated the insert with
60μl of 1:40 matrigel (Corning, USA).

Statistical analysis
Results are representative of 3 different experiments,
and data are expressed as mean±standard deviation.
Statistical evaluation was performed using student t test
to compare the means of different groups. SPSS 10.0
software was applied to analyze all data and p<0.05 was
considered statistically significant.

Results
S100A4 expression in glioma
Here, we designed S100A4 primers and performed
real-time RT-PCR to quantify its mRNA expression
level with housekeeping GAPDH as an internal
control. The increased S100A4 mRNA expression was
observed from glioma in comparison to paired tumor
tissue (p<0.001, Figure 1A and 1B). Gradually higher
S100A4 mRNA expression was observed with glioma
grading increased (p<0.001, Figure 1C). Histologically,
astrocytoma showed lower S100A4 mRNA expression
than oligodendrogliomas, which did lowly in comparison
to glioblastomas (p<0.001, Figure 1D).
As showed in Figure 2, S100A4 protein was detectable
in glioma and matched normal tissue. Densitometric
analysis showed S100A4 ovexpression in glioma tissue,
compared with matched normal tissue by Western
blot (p<0.001). Gradual overexpression of S100A4
was observed when glioma grading became higher

Figure 1. S100A4 mRNA Expression Level in Glioma
and its Correlation with Clinicopathological Features
of Tumor. S100A4 mRNA was highly expressed in glioma

than paired normal brain tissue by real-time RT-PCR (A and
B). Its expression level was positively correlated with WHO
grading of glioma (p<0.001, C). S100A4 mRNA expression
was higher in glioblastoma than oligoglioma (p<0.001, D).
Astrocytoma showed S100A4 overexpression in comparison
to oligodendrogliomas (p<0.001, D). *p<0.001. N,normal brain
tissue; C, glioma

Figure 2. S100A4 Protein Expression Level in
Glioma and its Correlation with Clinicopathological
Features of Tumor. Cell lysate was loaded and probed with

anti-S100A4 (29kDa) with GADPH (37 kDa) as an internal
control A). Densitometric analysis showed that its expression
level was increased in glioma, compared with paired normal
tissue (p<0.001, B and C). S100A4 protein expression became
gradually stronger with glioma grading higher (p<0.001, D).
S100A4 protein was more expressed in glioblastoma than
oligodendrogliomas (p<0.001, E). Astrocytoma highly expressed
S100A4 in comparison to oligodendrogliomas (p<0.001, E).
There was positive relationship between mRNA and protein
expression of S100A4 (p<0.001, F). *p<0.001

Figure 3. The effects of S100A4 Overexpression on
the Phenotypes of Glioma U251 Cells. After transfection
of pcDNA3.1-S100A4, S100A4 expression became stronger in
three clones than mock and control by real-time RT-PCR and
Western blot (A). The transfectants showed a high growth (B),
apoptotic suppression (C), a strong ability to migrate and invade
(D) in comparison with control and mock. *, p<0.001, compared
with three transfectant clones
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(p<0.001). According to histological subtyping, lower
S100A4 protein expression was detected in astrocytoma
than oligodendrogliomas (p<0.001), while the latter did
than glioblastoma (p<0.001). There was a positive link
between mRNA and protein expression of S100A4 in
glioma (p<0.001).
The effects of S100A4 ovexpression on the phenotypes of
glioma cells
After transfected with pcDNA3.1-S100A4, U252
cells overexpressed S100A4 at both protein and mRNA
levels (Figure 3A). There was a higher growth and lower
apoptosis of the S100A4 transfectants than the maternal
cells (p<0.001, Figure 3B and 3C). Compared with control
and mock, forced S100A4 overexpression could enhance
migration and invasion of three transfectants by chamber
assay (p<0.001, Figure 3D).

Discussion
S100A4 is a member of the S100 family of calciumbinding proteins and possesses a wide range of biological
functions, such as regulation of angiogenesis, cell
survival, motility, and invasion. Here, we found gradually
increased expression of both S100A4 mRNA and protein
in glioma, compared with normal brain tissue, which is
consistent with other reports about clear cell renal cell
carcinoma (Yang et al., 2012), esophageal squamous cell
carcinoma (Zhang et al., 2012; Chen et al., 2012), gastric
(Zhao et al., 2013) and colorectal carcinoma (Kim et al.,
2009), pancreatic (Sekine et al., 2012), breast (Ismail et
al., 2008) and bladder cancer (Matsumoto et al., 2007).
Liang et al. (2014) found that neutrophil infiltration upregulated S100A4 expression and mediated mesenchymal
characteristics of glioma. S100A4 overxpression might
be attributable to the hypomethylation of CpG sites
in its first intron or stimulated under the hypoxytic
microenvironment (Liu et al., 2010; Horiuchi et al.,
2012). Walker et al. (1995) found homozygous deletions
of S100A4 gene are rare in non-astrocytic brain tumors.
These data indicated that higher S100A4 expression might
contribute to the carcinogenesis.
To the role of S100A4 protein in the progression of
glioma, its expression was compared with the aggressive
behaviors of carcinoma. We found that either S100A4
protein or mRNA expression was positively linked to
WHO grading in line with the data from other papers
(Feng et al., 2011; Kang et al., 2012). In addition, S100A4
expression is the highest in glioblastoma, lowest in
astrocytoma and middle in oligodendrogliomas at both
mRNA and protein levels. In other word, aggressive
degree of histological subtypes of glioma paralleled with
S100A4 expression. According to literature, S100A4
expression was found to correlate with the aggressive
parameters of advanced stage endometrial cancer
(Tsukamoto et al., 2013) and bladder cancer (Matsumoto
et al., 2007). Tsukamoto et al. (2013) reported that S100A4
plays an important role in the invasiveness, particularly
with perineural invasion and invasion pattern of pancreatic
cancer. It was suggested that S100A4 might be closely
linked to aggressiveness of glioma and might be employed
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to indicate clinicopathological behaviors of glioma in
clinical practice.
It was documented that S100A4 could regulate
migratory and invasive behavior of human esophageal
squamous cell carcinoma cells through modulating AKT/
Slug pathway of EMT (Chen et al., 2012; Zhang et al.,
2012a and b). Wnt/β-catenin pathway has impact on
S100A4- induced cell motility and metastasis of colon
cancer cells (Sack et al., 2011). In endometrial cancer cell,
S100A4 mediates invasion with the activation of Smads in
TGF-beta1 signaling (Xie et al., 2009). S100A4 silencing
suppresses proliferation, angiogenesis and invasion of
thyroid cancer cells through downregulation of MMP-9
and VEGF (Jia et al., 2013), whereas it induces apoptosis
and suppression of cell growth, motility, and invasiveness
in pancreatic carcinoma cells (Sekine et al., 2012). In
contrast, S100A4 overexpression remarkably accelerates
cell motility in pancreatic carcinoma cells (Sekine et al.,
2012). In brain tumors, modified expression of S100A4
protein in C6 glioma cells or surrounding astrocytes
affects migration of tumor cells (Takenaga et al., 2007)
and extracellular S100A4 stimulates the migration rate of
astrocytic tumor cells by modifying the organization of
their actin cytoskeleton (Belot et al., 2002).
In the present study, ectopic S100A4 overexpression
weakened the apoptosis, and enhanced proliferation,
migration and invasion of glioma cells in line with
previous results (Takenaga et al., 2007; Xie et al., 2009;
Sack et al., 2011; Zhang et al., 2012; Jia et al. 2013).
Taken together, S100A4 overexpression might worsen
the aggressive behaviors and S100A4 silencing could be
employed for the gene therapy of malignancies.
In summary, up-regulated expression of S100A4 might
play an important role in the histogenesis and subsequent
progression of glioma and might be considered as a
promising marker to indicate the aggressive behaviors.
S100A4 overexpression promotes aggressiveness of
glioma so as to be considered as a molecular target of its
gene therapy.
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