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Syntenin is expressed in human gliomas
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Abstract
Introduction: Invasion is usually recognized as the main reason for the high
recurrence and death rates of gliomas. Therefore, properly understanding
the molecular mechanisms of migration and invasion of human gliomas has
become a focus and will be helpful for the treatment of gliomas. Syntenin
has been demonstrated to be implicated in the migration, invasion and metastasis of many types of malignant tumors. Therefore, we investigated the
expression of syntenin in human gliomas and its relationship with glioma
migration.
Material and methods: Immunohistochemistry, Western blot and real
time-polymerase chain reaction (RT-PCR) were performed to detect the expression of syntenin in human gliomas. Phosphorylated FAK in human gliomas was examined by western blot.
Results: Scattered syntenin positive glioma cells were detected by immunohistochemistry in normal tissue. Syntenin expression in grade II, III and
IV gliomas increased with the degree of tumor malignancy, and no syntenin
expression was detected in grade I gliomas. The level of phosphorylated FAK
at the tyrosine 397 site also elevated with the degree of tumor malignancy.
There was a positive correlation between the syntenin level and the pathological grade of gliomas (r s = 0.896, p < 0.05). Phosphorylated FAK was also
upregulated along with the stage of glioma progression and the increase of
syntenin expression.
Conclusions: Our results indicate that the enhanced expression of syntenin
and phosphorylated FAK may correlate with the increase of the malignancy
of human gliomas. Syntenin may promote human glioma migration through
interaction with FAK.
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Introduction
Glioma, one of the most common types of central nervous system
(CNS) tumors, is characterized by malignancy, invasion and poor prognosis [1]. Invasion, which limits the efficacy of surgery and other therapies, is usually recognized as the main reason for the high recurrence
and death rates of gliomas [2, 3], and migration of tumor cells plays an
important role in the invasion of gliomas [4, 5]. Although many studies
have shown that many factors are involved in the invasion of gliomas,
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including adhesion molecules, extracellular matrix (ECM), protease system and angiogenesis, the
exact molecular mechanism and process of the
invasive growth of gliomas have not been clearly
elucidated [6–10]. Therefore, properly understanding the molecular mechanisms of migration and
invasion of human gliomas has become a focus
and will be helpful for the treatment of gliomas.
Syntenin is a widely expressed protein in mammals [11]. It has been demonstrated to be implicated in the migration, invasion and metastasis
of many types of malignant tumors, including
human melanoma, breast cancer and gastrointestinal cancer [12, 13]. Forced syntenin overexpression is able to enhance the migration of melanoma cells, and knockdown of syntenin reduces the
migration/invasion of a highly metastatic melanoma variant [14]. Overexpressed syntenin could
activate the downstream signaling molecules,
including focal adhesion kinase (FAK), which is
overexpressed in many types of tumors and has
been reported as an indicator of tumor metastasis, c-Jun-NH2-kinase, and p38, and consequently
promote melanoma metastasis [12, 15, 16]. Therefore, syntenin is considered as a positive regulator
of melanoma migration, invasion and metastasis
[14]. In our previous study, we found that overexpression of syntenin could activate FAK-JNK and
FAK-Akt signaling in human brain glioma cells
and then enhance the migration capacity [17].
Although syntenin has been identified as a novel
cell signaling and metastasis-associated gene for
many years, our knowledge about the expression
of syntenin in human gliomas and the correlation
between syntenin and gliomas remains deficient.
Therefore, we aimed to determine the expression
of syntenin in human gliomas and analyze the
correlation between syntenin and the malignancy
grade of gliomas in the present study. Our results
may provide a new viewpoint to understand the
mechanism of recurrence and metastasis of human brain gliomas.

Material and methods
Patients
Between January 2008 and January 2010, human glioma tissue samples were collected from
84 patients (45 men and 39 women; range: 17–68
years) who had undergone brain surgery at the
Department of Neurosurgery, First Affiliated Hospital of Chongqing Medical University. All the samples used in the present study were confirmed
by pathological examination. The samples were
classified according to the guidelines of the World
Health Organization (WHO) 2007 classification of
tumors of the CNS [18]. We observed 10 grade I,
29 grade II, 25 grade III, and 20 grade IV tu-
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mors. Normal brain tissues that had to be excised
in the resection of intracranial deep tumors were
used as a control. The study was approved by the
Ethics Committee of the First Affiliated Hospital of
Chongqing Medical University.

Immunohistochemistry
The expression of syntenin was examined by
immunohistochemical (IHC) staining. Brain glioma
tissues were fixed with 4% paraformaldehyde and
embedded with paraffin using standard methods.
IHC was carried out using a specific rabbit polyclonal anti-syntenin antibody (1 : 500, Abcam,
Cambridge, MA, USA). Counterstaining was performed with hematoxylin. Control staining was
conducted by omitting the primary antibody. The
images were obtained with an Olympus DP70 optical microscope and analyzed by the image analysis system (Beihang, CM-2000B).

Western blot
Total protein was extracted as previously described [19]. Briefly, the brain tissue was homogenized with RIPA lysis buffer (Beyotime, Haimen,
Jiangsu, China). Then the homogenate was centrifuged at 12000 g for 30 min at 4°C and the supernatants were collected for the next western blot.
Protein concentration was determined with the
BCA method. Proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride
(PVDF) (Millipore, Billerica, MA, US). The blot was
then probed with primary antibody followed by
reaction with horseradish peroxidase-conjugated secondary antibody. The signal was detected
using enhanced chemiluminescence and recorded
on X-ray film.

Total RNA extraction and real timepolymerase chain reaction
Total RNA was extracted from brain tissue with
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manual. The concentration and
purity of total RNA were determined by a spectrophotometer (Eppendorf, Hamburg, Germany).
Reverse transcription was performed using a first
strand cDNA synthesis kit (Sangon, Shanghai, China). cDNA was stored at –20°C. Primers for target
genes were as follows: syntenin forward, 5′-ATG
TCT CTC TAT CCA TCT CTC G-3′, reverse, 5′-TTA AAC
CTC AGG AAT GGT GTG G-3′; β-actin forward, 5′GGA CGT GGA CAT CCG CAA AG-3′, reverse, 5′-CTG
GAA GGT GGA CAG CGA GG-3′. Polymerase chain
reaction was performed with a GeneAmp PCR
System 9700 (ABI, Foster City, CA, USA) and started with a polymerase activation step at 94°C for
5 min followed by 30 cycles of 94°C for 30 s, 55°C
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Figure 1. Expression of syntenin in normal brain and glioma tissues determined by immunohistochemistry.
A – Normal brain, B – grade I, C – grade II, D – grade III, E – grade IV, F – grade IV. A–E 200×, F 400×

(for β-actin, the anneal temperature was 50°C)
for 30 s and 72°C for 60 s, and a final extension
at 72°C for 10 min. The relative expression of the
target gene was normalized to β-actin.

Statistical analysis
Data are expressed as means ± SD. Statistical
significance was determined using SPSS 11.0 for
Windows (SPSS Inc., Chicago, IL, USA). Data distribution was tested by the Anderson Darling method, and the homogeneity of variance test was performed by calculating Levene’s statistic. One-way
ANOVA was performed for multiple comparisons
followed by Fisher LSD post-hoc comparisons. The
Spearman rank correlation was used to validate
the correlation between the syntenin level and the
pathological grade of gliomas. Differences were
deemed significant if p < 0.05.

Results
Syntenin expression in gliomas
In view of the importance of syntenin in melanoma, we examined the syntenin expression in
different pathological grade gliomas by immunohistochemistry. Immunostaining of syntenin
showed that syntenin was located in the cytoplasm of normal and glioma cells. In normal brain
tissues and grade I gliomas, the expression of syntenin was undetectable or very low (Figures 1 A
and 1 B). In grade II, grade III and grade IV gliomas,
there was mild to robust syntenin protein expression. As shown in Table I, there is a positive cor-

relation between the syntenin expression and the
tumor pathological grades (rs = 0.896, p < 0.05).
To further confirm this result, we examined the
syntenin levels in gliomas of different grades by
RT-PCR and western blot. The mRNA level of syntenin in gliomas is shown in Figure 2 A. Syntenin mRNA expression was significantly increased
along with the rising of the grade of gliomas.
Significant differences were found among the
four glioma grades (grade I vs. grade II, p < 0.01;
grade II vs. grade III, p < 0.01; grade III vs. grade IV,
p < 0.01). In addition, western blot also showed
that syntenin expression was elevated with the
increase of glioma grade (Figure 2 B).

Phosphorylated FAK expression in gliomas
Activated FAK has been indicated as a positive
modulator of cell motility and tumor migration and
invasion, including gliomas [17, 20]. Therefore, we
investigated the phosphorylation level of FAK in
gliomas of different grades using western blot. In
Table I. Expression of syntenin in different grades
of gliomas
Grade

Optical density

0 (Normal brain)

0.408 ±0.035

I

0.396 ±0.016

II

0.588 ±0.007

III

0.636 ±0.014

IV

0.747 ±0.027

Data are expressed as mean ± SD.
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Figure 2. Expression of syntenin mRNA and protein in glioma tissues determined by RT-PCR and western blot.
A – Relative syntenin mRNA levels in different grades of glioma tissues. Total RNA was extracted from glioma
tissues and semi RT-PCR was performed. Syntenin mRNA levels were calculated as the ratios of optical density of
syntenin PCR products to that of the β-actin PCR product. Data are expressed as mean ± SD. B – Syntenin levels in
different grades of glioma tissues determined by western blot
**p < 0.01.

high-grade gliomas, the phosphorylation of FAK at
Try397 was increased compared with that in lowgrade gliomas (Figure 3).

Discussion
In this study, the results provide the first evidence
that syntenin is expressed in human glioma tissues.
The syntenin level positively correlates with the
glioma grade, implicating that a high level of syntenin expression indicates higher risk of metastatic
recurrence. In addition, our study also showed an
increase of phosphorylated FAK in glioma tissues.
Syntenin is increasingly being studied in tumor metastasis since it may affect cell shape and
promote migration and invasion [21–23]. Recent
studies have confirmed that syntenin is overexpressed in melanoma, metastatic breast cancer
and gastrointestinal tumors, and overexpression
of syntenin is closely correlated with the tumor
metastatic potential [13, 14, 24]. In the current
study, we demonstrated that syntenin is present in gliomas and positively correlated with the
pathological grade of gliomas, suggesting a higher metastatic possibility of high-grade gliomas.
These findings have potential implications for the
role of syntenin in the invasive and metastatic
progression of human gliomas.
p-FAK
b-actin
Grade I

Grade II

Grade III

Grade IV

Figure 3. Phosphorylation of FAK in different grades
of glioma tissues. Protein was extracted from glioma tissues and western blot was performed using
antibodies against p-FAK and β-actin
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FAK plays a central role in syntenin-related cell
migration and invasion pathways [14, 20, 25].
Upon integrin engagement, FAK forms a dual-kinase complex together with another factor, Src
[26]. Syntenin is able to interact with c-Src and
thereby lead to an increase in FAK/c-Src complex
formation, c-Src activation and enhanced tumor
cell invasion and metastasis [12]. In uveal melanoma cells, inhibition of syntenin expression attenuates the activation of FAK, Src and AKT, whereas its
overexpression shows opposite effects [22]. In our
previous study, we demonstrated that syntenin is
able to induce FAK phosphorylation and thereby
promote the migration of glioma cells [17]. In this
study, not only syntenin but also phosphorylated
FAK was elevated in glioma tissues along with the
pathological grade. Since both syntenin and activation of FAK have been recognized as positive
regulators of tumor cell migration and invasion
[14, 27, 28], these data suggest that upregulated
syntenin-FAK signaling may promote the metastasis of gliomas, especially high-grade gliomas.
Although the present data only provide indirect
evidence for the correlation between the presence
of syntenin and metastasis of gliomas in the patients, it may also help us understand the mechanisms of glioma metastasis more completely and
provide a new target in the treatment of glioma
metastasis.
In conclusion, syntenin expression is increased
in gliomas and positively correlates with the
pathological grade of gliomas. The activated FAK
in glioma tissues is also elevated along with the
increase of syntenin expression and the stage of
glioma progression. These results may provide
a potential underlying mechanism and a therapeutic target for glioma metastasis. However, there
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are also some limitations of the present study.
First, the number of patients included is relatively small, which limits the credibility of the study.
Second, the long-term outcome of the patients
and the relationship between the long-term outcome and syntenin level were not investigated.
Therefore, further studies should be performed to
evaluate the value of syntenin in predicting the
prognosis and the probability of metastasis in
post-surgery glioma patients.
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