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Abstract: Syndecan-binding protein (SDCBP), which is induced by tumor necrosis factor-a and interferon-y, controls
the proliferation and invasion of several different types of cancer cells. Interleukin-6 (IL.-6) is known to play an impor-
tant role in the glioma cell growth and invasion. The present study aimed to investigate the relationship between IL-6
and SDCBP in glioma cells. SDCBP expression was knocked down in two glioma cell lines (T98G and U87) by small
interfering RNA (siRNA) transfection. Cell proliferation and invasion were significantly repressed following SDCBP
knockdown, and there was a positive correlation between SDCBP and IL-6 expression levels in glioma tissues. IL-6
stimulation dose- and time-dependently induced SDCBP expression at both mRNA and protein levels. Furthermore,
pre-treatment with the Janus kinase 2 (JAK2) inhibitor AG490 abolished the IL-6-induced SDCBP expression, sug-
gesting that the effect of IL-6 on SDCBP transcription is dependent on JAK2/signal transducer and activator of
transcription 3 (STAT3) signaling. Finally, IL-6 did not stimulate glioma cell growth or invasion when SDCBP expres-
sion was suppressed. In summary, our results suggest that IL-6 promotes glioma cell proliferation and invasion by

inducing SDCBP expression, which is mediated by JAK2/STAT3 signaling.
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Introduction

In the past 10 years, the incidence of primary
brain tumors has increased rapidly, and glio-
mas remain the most common central nervous
system malignancy [1]. As a leading cause of
cancer-related death, malignant gliomas ac-
count for more than 45% of primary intracranial
tumors with an annual incidence of greater
than 5 per 100,000 population [2]. Despite
recent treatment advances, the prognosis of
glioma patients is poor [3]. A deeper under-
standing of the pathophysiological mecha-
nisms of glioma development could help iden-
tify novel therapeutic strategies.

Interleukin-6 (IL-6) is a pleiotropic cytokine that
orchestrates the inflammatory tumor microen-
vironment [4]. It can regulate the proliferation,
apoptosis, and invasion of tumor cells, thus
contributing to malignant progression [5]. IL-6

stimulation can activate Janus kinase 2 (JAK2)/
signal transducer and activator of transcription
(STAT3), Ras/mitogen-activated protein kinase
(MAPK), and phosphoinositide (PI)-3 kinase sig-
naling pathways [6]. Notably, IL-6 promotes glio-
ma cell invasion and migration via JAK/STAT3
signaling [7]. IL-6 expression may therefore be a
useful prognostic indicator for patients with gli-
oma [8].

Syndecan-binding protein (SDCBP), also known
as MDA-9 (melanoma differentiation associat-
ed gene-9) or syntenin, was first discovered in
melanoma cells [9]. This scaffold protein con-
tains two PDZ domains and participates in di-
verse biological processes [9]. Recent studies
have shown that SDCBP can control the prolif-
eration and invasion of several different types
of cancer cells [10-15]. Its effect on melanoma
metastasis has been extensively studied [16-
21]. After interacting with c-Src, SDCBP pro-
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motes the formation of an active focal adhe-
sion kinase (FAK)/c-Src signaling complex, ulti-
mately activating nuclear factor (NF)-kB and
matrix metalloproteinase (MMP) [16, 17]. Re-
cent glioma studies have demonstrated that
SDCBP is an important mediator of cell inva-
sion. Besides s-Src and NF-kB, SDCBP overex-
pression can enhance glioma cell migration
capacity by activating p38, JNK, and AKT sig-
naling [12, 15]. SDCBP expression in umbilical
arterial endothelial cells and melanoma cells
can be induced by TNF-a (tumor necrosis
factor-a) [22] and IFN-y (interferon-y) [23], wh-
ich also augment IL-6 transcription [24]. It is
unclear whether IL-6 regulates SDCBP expr-
ession.

The present study investigated the effects of
SDCBP on glioma cell growth and invasion,
revealing a positive correlation between SDCBP
and IL-6 expression. More importantly, the
effects of IL-6 on SDCBP expression, cell gr-
owth, and invasion are mediated by JAK2/
STAT3 signaling.

Materials and methods
Patients and glioma tissue collection

The study protocol was approved by the Clinical
Research Ethics Committee from the First
People’s Hospital of Zunyi and the first affiliated
hospital of Zunyi medical college. (Zunyi,
Guizhou, China). Written informed consent was
obtained from all participants. Glioma (n=45)
and non-neoplastic (n=45) brain tissue (sam-
pled during surgical procedures for epilepsy)
were obtained from the First People’s Hospital
of Zunyi and the first affiliated hospital of Zunyi
medical college, immediately frozen in liquid
nitrogen, and stored at -80°C until use. All tis-
sues were subjected to quantitative poly-
merase chain reaction (gPCR) to measure
SDCBP and IL-6 mRNA expression. Western
blots were performed to measure protein levels
of SDCBP, IL-6, p-STAT3, and STAT3 in 10 glio-
ma and 10 normal brain tissue samples.

Cell culture

The human glioblastoma cell lines U251, U87,
U373, SHG44, and T98G were obtained from
the cell bank of the Shanghai biology institute,
Chinese Academy of Science (Shanghai, China).
Cells were maintained at 37°C in a humidified
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atmosphere of 5% CO,. U87, U373, and T98G
were cultured in Eagle’s Minimum Essential
Medium (MEM; Hyclone, Logan, UT, USA), while
other two cell lines were cultured in Dulbecco’s
modified Eagle’s medium (Hyclone). All culture
media were supplemented with 10% fetal
bovine serum (FBS, Hyclone).

RNA isolation, reverse transcription, and gPCR

Total RNA was extracted with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and reverse-
transcribed into first-strand cDNA using the
First Strand Synthesis System (TOYOBO, Osaka,
Japan) according to manufacturers’ protoco-
Is. Real-time quantitative reverse-transcription
(gRT)-PCR assays were carried out by using
SYBR Green PCR kits (Thermo Fisher Scientific,
Waltham, MA, USA) on an ABI 7300 Sequence
Detection System (Applied Biosystems, Foster
City, CA, USA) as previously described [25].
SDCBP mRNA expression levels were normal-
ized against glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) mRNA expression. Primer
sequences were used as follows: SDCBP (NM_
001007067.1), forward primer: 5’-TTCTGCAAA-
CCCTGCCAATC-3’; reverse primer: 5-AGCAC-
CTTGTGCGCTTTATC-3’; GAPDH (NM_001256-
799.2), forward primer: 5-CACCCACTCCTCC-
ACCTTTG-3’; reverse primer: 5-CCACCACCC-
TGTTGCTGTAG-3'.

Western blot

Tissue samples and cells were homogenized
and lysed with radioimmunoprecipitation assay
buffer (Beyotime, Shanghai, China). A bicincho-
ninic acid assay kit (Thermo Fisher Scientific)
was then used to quantify the protein concen-
trations. The obtained protein samples were
separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and
then transferred onto a polyvinylidenedifluoride
(PVDF) membrane in a semi-dry transblot appa-
ratus. Immune-detection of specific proteins
was performed with enhanced chemilumines-
cence (ECL, Millipore, Billerica, MA, USA) follow-
ing the incubation of primary antibodies and
horseradish peroxidase-conjugated secondary
antibodies. The sources of primary antibodies
were as follows: anti-SDCBP, anti-IL-6, anti-p-
STAT3, anti-STAT3, anti-MMP-2, and anti-
MMP-9 (Abcam, Cambridge, MA, USA); anti-p-
JAK2, anti-JAK2, and anti-GAPDH (Cell Signaling
Technology, Danvers, MA, USA). The immunob-
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Figure 1. SDCBP knockdown suppressed glioma cell proliferation and invasion. A. SDCBP mRNA (top) and protein
expression (bottom) in glioma cell lines. B. T98G and U87 cells were transfected with SDCBP siRNA (siSDCBP) or
control siRNA (siNC). At 48 h after transfection, knockdown efficiency was evaluated using qPCR (top) and western
blot (bottom). C. Cell proliferation rates were assessed by CCK-8 assay. D. Cell invasion was evaluated in Matrigel-
coated Transwell chambers. Representative images are shown at the original magnification: 200 x (left panel).
Invasion was quantified using five fields per triplicate well (right panel). ***P<0.001 vs. siNC.

lot intensities were quantified using with ImageJ
software (National Institutes of Health, Beth-
esda, MD, USA). The protein expression levels
were normalized to GAPDH.

Silencing of SDCBP by small interfering RNA

(SiRNA)

siRNA targeting human SDCBP mRNA (siSD-
CBP: 5-GGGACCAAGTACTTCAGATCA) and nega-
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tive control (siNC, AATTCTCCGAACGTGTCACGT)
were synthesized by Genepharma Co., Ltd
(Shanghai, China). T98G and U87 cells were
transiently transfected with siSDCBP or siNC
using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s instruction. At 36 h
post transfection, cells were harvested, and
the RNA interference effect was evaluated by
gPCR and western blot. The effects of siSDCBP
on the glioma cell proliferation and invasion
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were determined by Cell Count Kit-8 (CCK-8,
Beyotime) and Transwell invasion assays, re-
spectively.

CCK-8 assays

T98G or U87 cells were transfected with siSD-
CBP or siNC. At 24 h after transfection, cells
were seeded in 96-well plates at a density of
1000-1500 cells per well. After incubation for
0, 1, 2, or 3 days, CCK-8 solution (Beyotime)
was added to each well and incubated for 1 h.
The absorbance was measured at the wave-
length of 450 nm with a spectrophotometer.

Transwell invasion assays

At 24 h post transfection, T98G or U87 cells
were seeded onto the upper chamber (8-um
pore size, pre-coated with Matrigel; Corning,
Lowell, MA, USA) containing MEM. The lower
chamber was filled with MEM containing 10%
FBS. After incubation for 24 h, the non-migrat-
ed cells were removed with a cotton swab, and
the migrated cells were fixed and stained using
crystal violet solution. Cell numbers were
counted under a light microscope in five fields.

Effects of IL.-6 on SDCBP expression

After overnight starvation with MEM, T98G or
U87 cells were stimulated with serial doses of
IL-6 (0-200 ng/mL; Sigma, St Louis, MO, USA)
and cultured for an additional 12 or 24 h. For
JAK2 inhibitor experiments, starved cells were
pre-treated with 30 uM AG490 (Selleck Ch-
emicals, Houston, TX, USA) or dimethyl sulfox-
ide for 1 h and then treated with IL-6 for anoth-
er 24 h. SDCBP expression was evaluated at
the end of culture.

Effects of IL-6 and siSDCBP transfection on
cell proliferation and invasion

TO98G or U87 cells were transfected with siSD-
CBP or siNC. After 24 h of culture, cells were
serum-starved overnight, and then CCK-8 and
invasion assays were performed in the pres-
ence of 100 ng/mL IL-6.

Bioinformatic analysis

Gene expression data of the GBM (glioblasto-
mamultiforme) cohort were downloaded from
The Cancer Genome Atlas (TCGA) website
(https://tcga-data.nci.nih.gov/tcga/) and ana-
lyzed with Gene Set Enrichment Analysis (GS-
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EA) using software version 2.0.1 (http://www.
broad.mit.edu/gsea) as previously described
[26]. Overall survival analysis was perform-
ed on data from the GSE 16011 dataset [27]
(http://www.ebi.ac.uk/arrayexpress/experi-
ments/E-GEOD-16011/?query=GSE16011)
with the Kaplan-Meier method and log-rank
tests.

Data analysis

All experiments were independently performed
at least three times, and the data are present-
ed as the mean £ S.D. Statistical analyses were
conducted with GraphPad Prism software (ver-
sion 6.0, GraphPad Software, La Jolla, CA, USA).
Analysis of variance (ANOVA) was used to ana-
lyze the mean values for different groups. The
relationships between SDCBP and IL-6 expres-
sion were assessed by Pearson correlation
analysis. P-values less than 0.05 were consid-
ered statistically significant.

Results

Knocking down SDCBP expression inhibits
glioma cell growth

To explore the functions of SDCBP in glioma
cells, we knocked down its expression with spe-
cific siRNA transfection. First, SDCBP expres-
sion was estimated in five glioma cell lines.
T98G and U87 cells showed higher levels of
SDCBP and were used for RNAi assays (Figure
1A). SDCBP-specific siRNA (siSDCBP) signifi-
cantly reduced SDCBP mRNA and protein levels
in both cell lines, but SDCBP expression in cells
treated with nonsense siRNA (siNC) was not
affected compared to non-treated cells (Mock;
Figure 1B, P<0.001). Subsequently, glioma cell
proliferation was detected with CCK-8 assays.
At 24 h after siRNA transfection, cells were plat-
ed onto 96-well plates, defined as Day O. As
illustrated in Figure 1C, the proliferation of glio-
ma cells transfected with siSDCBP was signifi-
cantly decreased at Days 2 and 3 (P<0.001)
compared to Mock and siNC cells. Our results
indicate an anti-proliferation role of siSDCBP in
glioma cells.

Silencing SDCBP inhibits the invasive ability of
glioma cells

We then determined the effect of siSDCBP on
glioma cell invasion on Day 1 using a Matrigel-
coated Transwell chamber. Cells with silenced
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with normal brain (Figure 3A,
3B, P<0.0001). Pearson cor-
relation analysis revealed a
positive correlation between
SDCBP and IL-6 mRNA levels
in glioma tissues (Figure 3C,
P<0.0001). Similar results we-
re observed for protein levels
when western blot analysis
was performed on 10 glioma
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Figure 2. Bioinformatic analysis. A. SDCBP mRNA expression was significant-
ly higher in glioma tissues (n=529) than in normal tissues (n=10) from the

tissues (Figure 3D-F). STAT3
is an important downstream
effector of IL-6 [28]. STAT3 ph-
osphorylation was notably en-
hanced in glioma tissues, but
total STAT3 levels were similar
in glioma and normal brain
tissue. These data implicate
SDCBP and IL-6 signaling in
glioma tumor genesis.

IL-6 up-regulates SDCBP ex-
pression via JAK2/STAT3

GBM cohort of TCGA (P<0.0001). B. Survival analysis of patients from the

GSE 16011 dataset (P=0.001). C. TCGA GBM cohort was analyzed by Gene
Set Enrichment Analysis (GSEA) as previously described. Enrichment plots of
gene expression signatures for Biocarta IL-6 pathways according to SDCBP

expression levels.

SDCBP exhibited 50%-60% decreases in inva-
sive ability compared with Mock and siNC-
transfected cells (Figure 1D, P<0.001). Our
results suggest an anti-invasive role of siSD-
CBP in glioma cells.

SDCBP levels positively correlate with IL-6
levels in glioma tissues

Increased expression of SDCBP [12, 15] and
IL-6 [8] have been reported in glioma. Re-
analysis of the GBM cohort of TCGA showed sig-
nificantly increased SDCBP expression in glio-
ma tissue compared with normal brain tissue
(Figure 2A, P<0.0001).Glioma SDCBP expres-
sion was significantly correlated with patient
survival time in the GSE 16011 dataset [27]
(Figure 2B). GSEA identified the Biocarta IL-6
signaling pathway as strongly associated with
SDCBP expression in TCGA GBM cohort (Figure
2C).

We then measured mRNA levels of IL-6 and
SDCBP in 45 snap-frozen glioma tissues and
45 normal brain tissues by real-time qPCR.
MRNA levels of IL-6 and SDCBP were signifi-
cantly up-regulated in glioma tissues compared
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To determine whether IL-6 is
involved in suppressing SD-
CBP expression, we treated
two glioma cell lines with
increasing doses of recombi-
nant IL-6 (0, 50, 100, 200 ng/mL) for 12 or 24
h. IL-6 increased mRNA and protein levels of
SDCBP in a time- and concentration-dependent
manner (Figure 4A, 4B).

We then explored whether JAK2/STAT2 was
involved in the effects of IL-6 on SDCBP expres-
sion. Western blotting was performed in four
groups of cells (Figure 4C, 4D): Group 1, no
treatment (Mock); Group 2, pre-treated with 30
UM AG490 (JAK2 inhibitor); Group 3, treated
with 100 ng/mL IL-6; Group 4, pre-treated with
AG490 and then 100 ng/mL IL-6. IL-6 exposure
significantly increased JAK2 and STAT3 phos-
phorylation. Pre-treatment with AG490 signifi-
cantly reversed the stimulatory effects of IL-6
on SDCBP protein expression (P<0.001). These
results indicate that IL-6/JAK2/STAT3 contrib-
ute to increased SDCBP expression in glioma
cells.

IL-6 promotes glioma cell growth and invasion
via SDCBP

Several groups have proposed that IL-6 is

involved in glioma development [7, 29, 30]. To
investigate the association between IL-6 and

Am J Transl Res 2017;9(10):4617-4626
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Figure 3. SDCBP and IL-6 expression levels correlated in glioma tissue. (A, B) gPCR analysis of SDCBP and IL-6 in
glioma and normal brain tissues (n=45). (C) Pearson correlation scatter plot of SDCBP and IL-6 mRNA levels in
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SDCBP in cell growth and invasion, T98G and
U87 cells were transfected with siSDCBP or
siNC and then treated with IL-6. Glioma cell
growth and invasion were remarkably promot-
ed by IL-6 exposure and weakened by siSDCBP
transfection (Figure 5A, 5B). These results indi-
cate that IL-6 is an upstream regulator of
SDCBP during glioma cell growth and invasion.

MMPs are important enzymes for the proteolyz-
ing extracellular matrix (ECM) components,
thus playing crucial roles in cell invasion. IL-6
treatment of glioma cells elevates MMP-9 lev-

4622

els [7], and forcing overexpression SDCBP in
glioma cells increases MMP-2 expression [12].
We analyzed MMP-2 and -9 expression by west-
ern blot. IL-6 exposure significantly increased
levels of SDCBP, MMP-2, and MMP-9, whereas
SDCBP knockdown attenuated IL-6-induced
MMP expression (Figure 5C, 5D).

Discussion

Recent studies have demonstrated a critical
role of SDCBP in glioma cell invasion, and the
underlying mechanisms have also been ex-

Am J Transl Res 2017;9(10):4617-4626
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vs. Group 1; e, P<0.001 vs. Group 2; f, P<0.001 vs. Group 3.

plored [12, 15]. In this study, we performed
RNAIi experiments to confirm the roles of SDC-
BP in T98G and U87 cell proliferation and inva-
sion. Previous studies have identified SDCBP
as a TNF-a- and IFN-y-responsive gene [22, 23].
Both cytokines induce IL-6 transcription [24],
so we investigated the effects of IL-6 exposure
on SDCBP expression. Elevated SDCBP and
IL-6 expression were observed in glioma tis-

4623

sues compared with paired non-tumorous brain
tissues at both the mRNA and protein levels,
which was consistent with previous findings [8,
12]. More importantly, SDCBP and IL-6 expres-
sion were positively correlated in glioma tis-
sues. In vitro experiments demonstrated that
IL-6 exposure led to notable decreases in
SDCBP mRNA and protein expression in a time-
and dose-dependent manner in two glioma cell

Am J Transl Res 2017;9(10):4617-4626
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Expression of SDCBP, MMP-2, and MMP-9 were determined in cells treated in the same manner as in the Transwell
assays. *P<0.05, **P<0.01, and ***P<0.001 vs. Mock; #P<0.01 and ##P<0.001 vs. IL.-6+siNC.

lines. IL-6 stimulation can activate STAT3, which
is implicated in tumor formation and metastatic
progression [31]. We found that STAT3 phos-
phorylation was increased in glioma tissues.
We hypothesized that the effects of IL-6 on
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SDCBP expression are dependent on JAK2/
STAT3 activity, which is supported by the obser-
vation that pre-treatment with the JAK2 inhibi-
tor AG490 significantly suppressed IL-6-in-
duced SDCBP expression.

Am J Transl Res 2017;9(10):4617-4626
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We also investigated the involvement of SDCBP
in IL-6-stimulated glioma cell proliferation and
invasion. CCK-8 assays revealed that IL-6 stim-
ulation significantly promoted glioma cell prolif-
eration, and Transwell assays showed that it
remarkably induced cell invasion. Knocking
down SDCBP significantly suppressed the
effects of IL-6 on cell proliferation and invasion,
indicating that IL-6 may be an upstream regula-
tor of SDCBP. Enhanced ECM lysis during the in
Vivo invasion process is associated with great-
er invasive ability. MMP-2 and -9 are the main
enzymes responsible for ECM lysis. Here, the
expression changes in MMP-2 and MMP-9 were
consistent with the Transwell results. A previ-
ous study showed that IL-6 (10-40 ng/mL)
increased MMP-9 expression but had no effect
on MMP-2 expression in glioma cells [7]. The
inconsistency between the results may due to
the different doses of IL-6 used.

In summary, IL-6 exposure significantly enhan-
ced SDCBP expression by inducing transcrip-
tion through a JAK2/STAT3-dependent path-
way. SDCBP knockdown partially suppressed
IL-6-induced glioma cell proliferation and in-
vasion.
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