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SCLIP, a microtubule-destabilizing phosphoprotein, is known to be involved in the development of the central
nervous system (CNS). It has been well established that there are notable parallels between normal development and
tumorigenesis, especially in glioma. However, no studies have examined the significance of SCLIP in gliomagenesis. To
address this, we investigated the expression of SCLIP and its roles in the development of gliomas. Notably, we found
that SCLIP was highly expressed in various grades of glioma samples, as compared with normal brain tissues.
Overexpression of SCLIP dramatically stimulated tumor cell migration and invasion as well as proliferation and
downregulation of SCLIP showed opposite effects, establishing an important oncogenic role for this gene. Furthermore,
we revealed that STAT3 was required to maintain SCLIP stability, suggesting that overexpression of STAT3 may be a
critical step to facilitate microtubule dynamics and subsequently promotes migration and invasion of glioma cells.
Taken together, our findings demonstrate that SCLIP plays an important role in glioma pathology, and may represent a
novel therapeutic strategy against human glioma.

Introduction

Gliomas are the most common primary brain tumors in
adults. They were classified as low-grade I and II and high-grade
III and IV according to WHO classification scheme.1 Unfortu-
nately, low-grade glioma has an inherent tendency to progress to
high-grade glioma. Despite considerable advances in our under-
standing of these tumors, the median survival for patients diag-
nosed with GBM has remained about 1–2 years.2 Because of
disappointing results with conventional therapies, there is a criti-
cal need for new molecular targets to significantly improve
patients outcome in this incurable disease.

It is well-established that control of the subcellular cytoskele-
ton including microtubule dynamics may account for tumor pro-
liferation, apoptosis, invasion and metastasis.3,4 A critical
property of microtubules, known as dynamic instability, involves
rapid switch between periods of polymerization (growth) and
depolymerization(shrinkage) at microtubule ends.5 It has been
demonstrated that several microtubue/tubulin-interactive pro-
teins increase microtubule turnover in tumor cells, strongly indi-
cating that specific targeting the expression of genes that

regulates microtubule dynamics represents a promising option
for tumor therapy.

Stathmin family proteins are important signal transduction
molecules and regulators which play an important role in
regulating the dynamics of the microtubules.6 This family
includes the cytosolic Op18/stathmin (Op18) and neural
growth-associated protein termed SCLIP, SCG10 and RB3,
which have structural and functional homologies. Although all
members of this family share conserved “stathmin-like
domain,” the location and different number of phosphoryla-
tion sites as well as sequence variations may be responsible for
their diverse function in different cell types.7 Like other mem-
bers of stathmin’s family phosphoprotein, SCLIP is a microtu-
bule-destabilizing protein, acting either by sequestering free
tubulin dimers or directly inducing microtubule-catastrophe.8

It has been demonstated that SCLIP has critically important
roles in several cellular processes, including neurite outgrowth,
dendritic differentiation of Purkinje cell as well as cell cycle
progression.9-11

Mounting evidences support the roles for stathmin in the
regulation of cell migration, division, and growth cone guidance
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by influencing the association of microtubule with the actin
cytoskeleton.12 The above studies strongly indicate that the
stathmin protein family is likely to participate in many cellular
processes indispensable for tumor progression such as motility
and survival. Indeed, stathmin is highly expressed in numerous
solid tumors such as gastric cancer, breast cancer and hepatocel-
lular carcinoma.13-15 Elevated expression of stathmin is strongly
associated with tumor cells survival, migration, invasion and
chemoresistance. While stathmin cancer connection has been
extensively documented, very limited data exist regarding the
expression levels of SCLIP in tumor tissues. Our previous study
has shown that SCLIP interacted with signal transducer and
activator of transcription 3(STAT3), which was constitutively
activated in glioma samples and glioma cell lines as demon-
strated by our recently published paper.16,17 However, the bio-
logical roles of SCLIP in tumorigenesis remain largely
unknown.

Here, we focused on SCLIP expression and function in
gliomagenesis. Using RT-PCR，western blot and IHC analy-
ses, we demonstrated for the first time that SCLIP was fre-
quently overexpressed in human glioma tissues as compared to
normal human brain. Functionally, we show that the genetic
knockdown of SCLIP, using shRNA constructs, could inhibit
glioma cell growth, migration and invasion. Consistently,
SCLIP overexpression showed opposite effects. Moreover, we
also demonstrated that SCLIP up-regulation could be medi-
ated by overexpression of STAT3. Our findings provide fur-
ther insight for the oncogenic role of SCLIP in mediating
gliomagenesis.

Results

SCLIP was overexpressed in glioma tissues
To determine whether the SCLIP gene was up-regulated in

gliomas, we performed qRT-PCR to explore SCLIP mRNA lev-
els in a test set of 55 samples of primary glioma. SCLIP mRNA
levels were significantly elevated in glioma samples in comparison
with normal brain tissues (P < 0.05, Fig. 1A and B). Consis-
tently, western blot data also showed a widespread increase in
SCLIP protein level in glioma samples when compared to normal
brain tissues (p < 0.05, Fig. 1C and D). To further evaluate the
protein level of SCLIP in glioma samples, IHC staining was per-
formed in 10 normal brain tissues and various grades of gliomas
which include 13 grade II, 16 grade III and 26 grade IV tissue
samples. In the control tissue, most normal brain cells were
weakly or even negatively expressed SCLIP protein (Fig. 2A).
However, increased expression of SCLIP was frequently detected
in glioma samples particular in high-grade tumors as compared
with normal brain tissues (Fig. 2A and B). The immunostained
tissue sections were evaluated using a semiquantitative scoring
method, which was based on the intensity of cytoplasmic SCLIP
staining. The data are summarized in Table 1. Statistically, the
difference in SCLIP protein levels between the malignant speci-
mens and nontumor specimens was highly significant. In addi-
tion, the expression of SCLIP was also examined in 5 primary
glioblastoma cells, C6 and primary normal rat astrocyte. Moder-
ate to high levels of SCLIP were detected in primary glioblastoma
cells and C6 glioma cells compared with normal rat astrocytes
with no detectable SCLIP expression (Fig.S1).

SCLIP knockdown inhibited
glioblastoma cell growth and
proliferation

Given that the upregulated SCLIP
was detected in the vast majority of gli-
oma samples, it may possess oncogenic
functions in the development of gliomas.
To test the possibility, we transfected
SCLIP siRNA, Myc-SCLIP as well as
control plasmids into U87 and U251
glioblastoma cells (Fig. 3A). As shown in
Fig. 3B, MTT assay showed that SCLIP
knockdown significantly reduced the via-
bility of U87 and U251 cells as com-
pared with the control group, and
overexpression of SCLIP showed oppo-
site effect. In accordance with this,
SCLIP overexpression was sufficient to
induce glioma cell proliferation whereas
SCLIP attenuation significantly sup-
pressed cell proliferation (Fig. 3C). To
investigate whether SCLIP reduction
affected apoptosis of U251 cells, apopto-
tic cells were studied by Annexin V/pro-
pidium iodide staining. Flow cytometry
results showed that apoptotic cells

Figure 1. SCLIP levels were increased in glioma samples compared with normal brain tissues.
(A)and B). RT-PCR was used to determine the mRNA levels of SCLIP in normal brain tissues (NB) and
glioblastomas(Grade IV), anaplastic astrocytoma(Grade III), anaplastic ependymoma(Grade III), diffuse
astrocytoma(Grade II) and oligodendroglioma(Grade II). b-actin was used as a loading control. #P <

0.05. low-grade: Grade II; high-grade: Grade III and IV. (C)and D) Western blots were performed to
assess the protein levels of SCLIP in normal brain tissues, high-grade and low-grade gliomas.
#P < 0.05.
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significantly increased in U251 cells
transfected with SCLIP siRNA com-
pared with the cells transfected with
control siRNA (Fig. 4A and B). In con-
trast, there was no significant difference
in the percentage of apoptotic cells
between cells transfected with Myc-
SCLIP and control cells (Fig. 4A and B).
The similar results were also obtained in
U87 cells (data not shown).

SCLIP knockdown in glioblastoma
cells impaired cell migration and
invasion

SCLIP proteins are important players
in the regulation of cell motility. There-
fore, we examined whether SCLIP
affected glioma cell migration and inva-
sion. In the wound migration assay,
silencing of SCLIP had a significant
inhibition on the speed of wound clo-
sure in both U87 and U251 cells com-
pared with the control siRNA,
overexpression of SCLIP had an oppo-
site role (Fig. 5A and B). Similarly,
SCLIP knockdown significantly reduced
cell invasion compared with the control
group. Conversely, SCLIP overexpres-
soion in glioma cells significantly pro-
moted invasion (Fig. 6A and B)

STAT3 was essential for stabilization of SCLIP protein
levels

Constitutive activation of STAT3 has been found in the
majority of human tumor specimens and tumor cell lines.18 Con-
sistently, we demonstrated that STAT3 protein levels were
markedly upregulated in various glioma samples as compared
with normal brain tissues (Fig. 7A). Our previous data demon-
strated that SCLIP interacted with STAT3 in different cells.17

Therefore, we surmised that this factor might also influence
SCLIP expression in glioma cells. The cellular co-localization
between STAT3 and SCLIP was first analyzed by immunofluo-
rescence in glioma cells. In U251 glioma cells, SCLIP protein
was detected exclusively in the cytoplasm as punctate structures,
which was overlapped with STAT3 found both in the cytoplasm
and the nucleus (Fig. 7B). To determine whether SCLIP was
indeed regulated by STAT3, we initially introduced a pSuper.
neo vector of STAT3 siRNA into U251 cells. Immunoblotting
analysis showed a notable depletion of STAT3 in the pSuper.
neo-STAT3-siRNA transfected cells when compared with its
control (Fig. 7C). Interestingly, we found that SCLIP protein
levels were significantly reduced in STAT3 knockdown cells
(Fig. 7C).

The above result strongly hinted that STAT3 may be essential
for maintaining SCLIP levels in glioma cells. To test this hypoth-
esis, U251 cells expressing control or STAT3 siRNA were

pretreated with CHX to inhibit protein synthesis for measuring
SCLIP protein stability. Immunoblotting analysis showed that
turnover of SCLIP protein was accelerated in U251 cells express-
ing STAT3 siRNA as compared with control siRNA-expressing
cells (Fig. 7D), whereas SCLIP mRNA levels remained almost
unchanged in STAT3 silencing cells(data not shown). The above
results suggested that SCLIP was not transcriptionally regulated
by STAT3. Collectively, our data indicated that STAT3 was
important for stabilizing SCLIP protein to maintain its levels in
glioma cells.

Discussion

SCLIP, one key important member of Stathmin family pro-
teins, acts as potent regulators of microtubules stability.8

Although it is well established that SCLIP plays an important
role in the development of central nervous system, little informa-
tion has been reported about SCLIP expression and its roles in
gliomas. In normal astrocyte but not neuron, sclip was rarely
detected.19 Interestingly, SCLIP was expressed at extraordinarily
high levels in human malignant gliomas. More importantly,
SCLIP silencing significantly inhibited glioblastoma cells migra-
tion, invasion and proliferation. In addition, we provided evi-
dence that STAT3 was involved in stabilizing SCLIP protein to
maintain its levels in glioblastoma cells.

Figure 2. Immunostaining of normal brain and glioma sections with SCLIP antibody. (A) Immu-
nohischemistry showed that SCLIP was weakly localized in most human normal brain cells (a, NB).
SCLIP expression was evidently detected in primary glioma cells grades II(b) and strongly observed in
glioma samples grade III (c) and IV (d). The SCLIP-positive cells were magnified to show their histologi-
cal appearance (black box). Negative control of normal brain and gliomas samples (e, f, g and h) has
the same incubation conditions as the tested group except that the primary antibody was omitted.
Sections were counterstained with hematoxylin (blue). Scale bar D 25 mm. (B) Average number of
SCLIP-positive cells was significantly higher in glioma samples (gliomas) than control normal brain tis-
sue (NB). The expression scores of SCLIP implement expression intensity and percentages of positive
cells (score=staining intensity£% positive cells).
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Compared with normal brain tissues, we noticed a robust
increase in both SCLIP mRNA and protein level in glioma sam-
ples. No significant correlation between SCLIP expression and
glioma grades was found because the sample size (n D 55) was
too small to attempt reasonable statistical correlation. However,
this is the first published data to demonstrate that SCLIP was up-
regulated in glioma tissues，especially in high-grade samples.
Consistently, strong expression of SCLIP was also observed in
primary glioblastoma cells and C6 cell lines whereas its expres-
sion was not detected in normal rat astrocytes. These results indi-
cated that SCLIP may play an important role in driving
aggressive phenotypes in gliomas. Consistently, both U251 and
U87 glioblastoma cell lines displayed strong SCLIP expression.
Nevertheless, glioblastoma-associated neurons (with high-level
SCLIP) might also make a substantial contribution to the total
SCLIP levels observed in glioma patients, because a recent report
has demonstrated that mature neurons also can give rise to glio-
magenesis by genetic mutations.20 Similar to the results described

in the present study, increased expression of SCLIP was reported
previously in non-small-cell lung cancer and their several cell
lines.21

As a functional molecule in CNS, high expression of SCLIP
has been found in neurons and is involved in neuron differentia-
tion.9,22 In contrast, little is known about the function of the
SCLIP gene in tumor cell biology. To unveil the functional roles
of SCLIP in the carcinogenesis of gliomas, tests were carried out
with up- and down-regulation of SCLIP in the U251 and U87
glioblastoma cell lines. Our study demonstrated that depletion of
SCLIP by shRNA caused a modest inhibtion in cellular prolifera-
tion and cell viability and its overexpression showed opposite
roles. Furthermore, we demonstrated that depletion of SCLIP in
glioma cell lines significantly induced apoptosis. Conversely,
overexpression of SCLIP had no such effect. Therefore, the apo-
ptosis induced by SCLIP knockdown may be partly responsible
for inhibition of cell viability and proliferation mediated by
reduced SCLIP. Collectively, balance between survival and death

Table 1. Expression of SCLIP in gliomas

Samples No. SCLIP Samples No. SCLIP

Normal Grade III
1 Ca 11 CCC
2 C 12 CC
3 CCb 13 CC
4 CC 14 CCC
5 CC 15 CC
6 C 16 CCC
7 C Grade IV
8 C 1 CCC
9 CC 2 CCC
10 C 3 CCC

Grade II 4 C
1 CC 5 CC
2 CC 6 CCC
3 CC 7 CCC
4 C 8 CC
5 C 9 CCC
6 CC 10 CCC
7 CCCc 11 CCC
8 CC 12 CC
9 C 13 CCC
10 C 14 C
11 CC 15 CCC
12 C 16 CCC
13 CCC 17 CC

Grade III 18 CCC
1 CCC 19 CCC
2 CC 20 CCC
3 CCC 21 CC
4 CCC 22 CCC
5 CCC 23 CC
6 CC 24 CCC
7 C 25 CCC
8 CC 26 CCC
9 CC
10 CCC

aLess than 30% of tumor cells are immunopositive.
bThirty to 60% of tumor cells are immunopositive.
cGreater than 60% of tumor cells stain positive.

Figure 3. Growth effects of SCLIP on U251 and U87 cells. (A) Expres-
sion of SCLIP in U251 and U87 cells transfected with indicated plasmids
was determined by protein gel blotting analysis. (B) Cell viability in U251
and U87 cells after SCLIP knockdown and SCLIP overexpression was
assessed by MTT assays. Myc-SCLIP vs. Myc-vector, #P<0.05; SCLIPsiRNA
vs. Control siRNA, *P<0.05. (C) Cell proliferation was measured using bro-
modeoxyuridine ELISA assay. At least 3 experiments were run, each in
triplicate. Myc-SCLIP vs. Myc-vector, #P<0.05; SCLIPsiRNA vs. Control
siRNA, *P < 0.05.
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may be mainly disrupted due to abnor-
mal expression of SCLIP. This dysregu-
lated balance is likely to confer a
considerable survival benefit to glioma
cells. This is in agreement with the role
of SCLIP in other cell lines.21

GBM is the most common and most
malignant primary brain tumor in
humans. Invasion of GBM cells is the
major reason for the lack of lasting suc-
cess with surgical therapy and for tumor
recurrence.23 Hence, defining the mech-
anism controlling invasion is essential to
improve cancer survival. It is well docu-
mented that tumor cell migration and
invasion rely on the appropriate control
of the subcellular cytoskeleton including
microtubule dynamics.24 Given the fact
that SCLIP is a microtubule destabilizing
protein, we reasoned that SCLIP may
function in the migration and invasion
of glioblastoma cells. As expected, sup-
pression of SCLIP significantly reduced
migration and invasion of both U251
and U87 glioma cells in vitro. It has
been demonstrated that Stathmin reduc-
tion showed a significant inhibitory
effect in glioma cells.25 All these data
plus ours suggest that Stathmin family
proteins may have common roles in
development and progression of gliomas.
Consistent with our observations, over-
expression of other MT destabilizing
protein, such as Stathmin, has been
investigated to be associated with lym-
phatic invasion, lymph node metastasis
and poor prognosis of human cancers.26

It has been demonstrated that STAT3
was strongly expressed in gliomas, where
blocking it often leads to growth arrest
and/or cell death.27 Consistently, our
results also revealed that STAT3 was
highly increased in glioma samples as
compared with normal brain tissues as
demonstrated by Western blot analysis.
Interestingly, our previous publication
has demonstrated an interaction between
SCLIP and STAT3 in various cells.17

Based on the above data plus overexpres-
sion of both SCLIP and STAT3 detected in gliomas, we thus
speculated that the aberrant STAT3 might regulate the expres-
sion of SCLIP in glioblastoma cells. As expected, efficient inhibi-
tion of STAT3 in both cell lines reduced SCLIP expression. In
addition, STAT3 silencing accelerated SCLIP protein turnover.
Collectively, our data suggest that STAT3 is associated with
SCLIP stabilization to maintain its levels in glioblastoma cells.

Co-localization of STAT3 and SCLIP in glioblastoma cells as
demonstrated by immunoinfluorescence supports the above
results. While Stathmin, the other important Stahmin family
member, has been regulated by different modes such as by the
tumor suppressor gene P53 and small noncoding miRNA-223,
the up-stream regulators of SCLIP remains poorly under-
stood.28,29 In the present study, induction of SCLIP by STAT3

Figure 4. SCLIP knockdown enhanced apoptosis in U251 cells. (A) Apoptotic rates of U251 cells
transfected with the indicated plasmids were assessed by Annexin V-FITC/propodium iodide staining.
(B) Statistical analysis indicated that percentage of apoptotic cells in SCLIP siRNA group were greater
than that in the Control siRNA group. *p < 0.05 vs. Control siRNA; NS: no significant difference.
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may represent a novel regulatory level
based on the protein stability.

In summary, our study showed that
SCLIP is overexpressed in primary gli-
oma specimens as well as glioblastoma
cell lines. In addition, our findings indi-
cate that decreased SCLIP expression
inhibited glioblastoma cell growth,
migration and invasion in vitro. Further-
more, we demonstrated that STAT3 is
required for maintaining SCLIP stabil-
ity. Altogether, these data strongly point
to SCLIP as a promising target for bio-
logical therapies in tumors, at least in
glioblastoma.

Material and methods

Cell lines and regents
Human glioblastoma cell lines U87,

U251 and rat glioma cell line C6 were
obtained from Cell Bank of Type Cul-
ture Collection of Chinese Academy of
Sciences (Shanghai, China). Cells were
cultured in Dulbecco’s modified Eagle’s
medium (Life Technologies, Carlsbad,
CA), 10% fetal bovine serum
(HyClone, Logan, UT, USA).

Tumor samples
Glioma specimens from patients

with primary gliomas and normal brain
tissues from trauma patients were col-
lected during surgical procedures at the

Figure 5. SCLIP promotes migration of
U251 and U87 cells. (A) Migration of indi-
cated cell lines was conducted with cell
wound healing assay as described in Materi-
als and Methods. (B) Quantification of cell
migration from the indicated cell lines was
performed. Values are the average of triple
determinations with the SD indicated by
error bars. Myc-SCLIP vs. Myc-vector,
#P<0.05; SCLIP siRNA vs. Control siRNA,
*P <0.01.

Figure 6. SCLIP induces invasion of
U251 and U87 cells. (A) Images of indi-
cated cell lines were taken from the Matri-
gel invasion assay. (B) Quantification of
indicated invasive cells from 3 indepen-
dent experiments. Myc-SCLIP vs. Myc-vec-
tor, #P<0.01; SCLIPsiRNA vs. Control siRNA,
*P<0.05.
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Department of Neurosurgery, Qilu Hospital, Shandong Univer-
sity (Jinan, China). Collection was carried out in accordance
with the National Regulation of Clinical Sampling in China.

Primary culture of GBM and rat cortical astrocyte
Primary cells were obtained from tumor samples from patients

with newly diagnosed GBM operated at the Department of Neu-
rosurgery, Qilu hospital, Shandong University, China. The
resected tissues were washed twice with D-Hank’s solution under
aseptic conditions. After clearing out of visible blood vessel and
necrotic tissue, the tissue was minced with a sterile scalpel and

chemically dissociated in Papain (Worthington Biochemical Cor-
poration). The dissociated tissue was filtered through a 70 mm
cell strainer and the remaining cells were cultured routinely in
Dulbecco’s modified Eagle’s medium, 20% fetal bovine serum.

Astrocyte cultures were prepared cerebral hemispheres of 1- or
2-day-old Sprague-Dawley rat pups. Briefly, cerebral cortices
were dissected and the meninges removed. The tissue was
chopped finely and incubated in calcium/magnesium-free MEM
containing 0.05% trypsin and 0.1% EDTA for 30 min at 37�C.
The cells were trituated using serological flame-polished pipettes.
After centrifugation, the obtained pellet was resuspended in the
final medium composed of DMEM, 10% FBS, 100 U/ml peni-
cillin, and 100 mg/ml streptomycin. After reaching confluency,
the flasks were shaken to remove contaminating cells. First, the
flasks were preshaken for 1.5 h at 225 rpm on an orbital shaker
at 37�C. After preshaking, the medium was refreshed, and shak-
ing was then continued for 2 d with a serum-free medium. After
2 d of shaking, only the astrocytes remained in the flasks.

Flow cytometry assay
Cells were transfected with various plasmids. After 48 h after

transfection, the cells were treated with annexin V and propidium
iodide (Abcam, Cambridge, MA, USA). The cells were incubated
for 15 min and then subjected to flow cytometry.

Semiquantitative RT-PCR analysis
Total RNA was extracted with the Qiagen RNA Easy kit in

combination with QIAshredder columns according to the man-
ufacturer’s protocol (Qiagen, Valencia, CA). RNA was quanti-
tated spectrophotometrically and 2 mg of RNA were used to
make cDNA using Thermoscript RT-PCR Reaction System
(Invitrogen, Carlsbad, CA) Levels of expression were measured at
least 3 times independently for each gene and normalized to the
expression level of b-actin for cell lines and to the averaged
expression levels of b-actin and SCLIP for primary tumors and
normal tissues.

The primer sequences are as follows: Human SCLIP: 50-AGC
TGC TAT TAT TGA ACG TC-30(forward); 50-AAC CTG
GAG TTC CTT GTT CC-30(reverese). Human b-actin: 50-
GGCATCGTGATGGACTCCG-30 (forward). 50-GCTGGAA-
GGTGGACAGCGA-30 (reverse)

Western blot
Proteins were separated by 10% sodium dodecyl sulfated-

polyacrylamide, and transferred to a polyvinylidene difluoride
membrane and probed with primary antibodies. The membranes
were subsequently probed with HRP conjugated secondary anti-
bodies followed by development using an ECL detection system
(Pierce, Rockford, IL, USA). The following primary antibodies
were used: anti-b-actin (Sigma-Aldrich, St Louis, Missouri,
USA); anti-SCLIP (kindly provided by Professor Xinmin Cao,
Signal Transduction Laboratory, Institute of Molecular and Cell
Biology, Singapore); anti-STAT3 (Cell Signaling and Technolo-
gies, Boston, MA, USA); Secondary antibodies HRP-conjugated
polyclonal goat anti-mouse (Jackson ImmunoResearch) and

Figure 7. STAT3 was involved in stabilization of SCLIP protein levels
(A) Western blot showed that STAT3 expression in samples from low-
grade (diffuse astrocytoma and oligodendroglioma) and high-grade
(anaplastic ependymoa and glioblastoma) as well as normal brain tissue
(NB). STAT3 protein level was significantly increased in various grades of
gliomas compared to NB. (B) Expression of endogenous SCLIP and
STAT3 was detected by immunofluorescence and co-localization was
determined by merging the images. Scale bar indicates 20 mm. (C) U251
and U87 cells stably transfected with STAT3siRNA were blotted for
STAT3 and SCLIP protein. b-actin was used as an internal control. (D)
U251 cells were stably transfected with STAT3siRNA or control siRNA.
These cells were treated with CHX(5 mg/ml), or an ethanol control for
the times indicated and further blotted for SCLIP protein.
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polyclonal rabbit anti-goat immunoglobulins (Dako) were also
used.

Immunohistochemical analysis
Formalin–fixed paraffin-embedded tissue sections were depar-

affinized, rehydrated and subjected to antigen retrieval. The sec-
tions were stained with a polyclonal antibody against human
SCLIP at a dilution of 1:100 using standard procedures. Similar
tissue sections immunostained with nonspecific IgG were used as
negative controls. Subsequently, sections were counterstained
with hematoxylin. The average number of SCLIP-positive cells
was quantified in 20 fields randomly from each sample section at
£40 objective. Staining was classified using a 3-tiered system
according to the percentage of positive cells and staining intensity
as described previously.30 The tumor samples were scored for
SCLIP as follows: C, <30% of tumor cells are immunopositive;
CC, 30-60% of tumor cells are immunopositive; and CCC,
>60% of tumor cells are immunopositive. Scoring of staining
intensity was conducted in a blinded manner to prevent bias
from knowledge of clinical data.

Plasmids, siRNA and generation of stably transfected cells
Transfection of plasmids and siRNAs into glioblastoma cells

was done by using Lipofectamine 2000 (Invitrogen, NY, USA).
The Myc–SCLIP plasmids, Psuper. neo.GFP.KD-SCLIP (SCLIP
siRNA), Psuper.neo.GFP (control scrambled siRNA) were kindly
provided by Professor Xinmin Cao (Signal Transduction Labora-
tory, Institute of Molecular and Cell Biology, Singapore). The
plasmids were then transfected into U251 and U87 cells using
Lipofectamin 2000 as recommended by manufacturer’s proto-
cols. Stable transfectants were selected by growing cells in
400 mg/ml G418 (Sigma, St. Louis, MO) for one week and
maintained with 100 mg/ml of G418. Surviving cells were
pooled and analyzed by western blot.

Cell viability assay
To determine cell viabilities and proliferative abilities, cells

were initially seeded in 96-well plates. Cell viability was measured
by MTT assay as previously described.21 Twelve replicate sam-
ples were taken for each time point, and each experiment was
repeated at least 3 times. The cell proliferation assay was utilized
using BrdU (Bromodeoxyuridine) ELISA (Roche Diagnostics,
Indianapolis, IN) according to the manufacturers’ instructions.

Immunofluorescence
Transfected cells were washed, fixed with methanol, and per-

meabilized with 0.1% TritonX-100, and blocked in 1% BSA.
Cells were incubated with primary antibody overnight at 4�C,
followed by secondary antibody for 1 hour at room temperature.

The samples were washed again, then mounted with VectaShield
plus 40,6-diamidino-2-phenylindole (DAPI) mounting medium
(Vector Laboratories). Images were acquired with a Zeiss Axio-
plan 2 imaging microscope and Axio Vision Release 4.6 software
(Carl Zeiss Micro-Imaging Inc.).

Wound healing assay and Transwell invasion assay
Glioblastoma cells were seeded a 6-well plate and grown to

confluence. Cell monolayers were then wounded by dragging a
200-mL pipette tip and rinsed with PBS. The surface area of the
scratched surface was quantified after wounding and again for
24 hours on a Nikon BioStation IM (NikonInstruments, Inc.).
Cells were then photographed again at 3 randomly selected sites
per well.

Glioblastoma cells were seeded at a density of 1.0 £ 104 per
well in the upper chamber of the insert and cells were allowed to
invade through the Matrigel (R&D system, USA). Medium con-
taining 10% fetal bovine serum was added to the lower chamber
as a chemoattractant. The top surface of the insert was scraped
using a cotton swab. The cells on the lower surface of the mem-
brane were stained with 0.1% crystal violet in methanol and
counted under a microscope in 5 predetermined fields. All assays
were independently repeated at least in triplicate.

Statistical analysis
Descriptive statistics were generated for all quantitative data

with presentation of mean§ standard deviation (SD). A one-way
analysis of variance (ANOVA) was used to compare mRNA and
protein levels between groups. The average number of SCLIP
-positive cells was compared using the unpaired Student’s t-test.
Two-dimensional area determination for migration assay was
performed using the digital image analysis software Axiovision
LE (Zeiss). The significance levels were defined as P < 0.05.
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