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Abstract Malignant gliomas (MGs) are among the most

aggressive types of cancers in the human brain. Frequent

tumor recurrence caused by a lack of effective therapeutic

approaches results in a poor prognosis. Signal transducer

and activator of transcription 3 (STAT3), an oncogenic

protein, is constitutively activated in MGs and predicts a

poor clinical outcome. STAT3 therefore is considered to be

a promising target for the treatment of MGs. Cryptotan-

shinone (CTS), the main bioactive compound from the root

of Salvia miltiorrhiza Bunge, has been reported to have

various pharmacological effects. However, little is known

about its function in MG cells. In this study, we evaluated

the effect of CTS on the proliferation of human glioma cell

lines (T98G and U87). Our results revealed that CTS sig-

nificantly suppresses glioma cell proliferation. The phos-

phorylation of STAT3 Tyr705, but not Ser727, was

inhibited by CTS, and STAT3 nuclear translocation was

attenuated. Overexpression of constitutively active mutant

STAT3C reversed the inhibitory effect of CTS, while

knockdown STAT3 showed a similar inhibitory effect as

CTS treatment. Following the downregulation of STAT3-

regulated proteins cyclinD1 and survivin, cell cycle pro-

gression significantly arrested in G1/G0 phase. These

results indicate that CTS may be a potential antiprolifera-

tion agent for the treatment of MGs and that its mechanism

may be related to the inhibition of STAT3 signaling.
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Introduction

Malignant gliomas (MGs) are the most common malig-

nancy in primary brain tumors and have a high mortality

[1, 2]. Classical therapeutic approaches for MGs include

surgical resection, post-operative radiotherapy, and che-

motherapy (usually with temozolomide). However, based

on these therapies, the median survival time is only

14.6 months, and the survival rate has not shown signifi-

cant improvement in the last two decades [3, 4]. The

exploration of more effective therapeutic approaches is

therefore necessary for improving the outcome of glioma

treatment.

It has been reported that several signaling pathways are

abnormally activated in gliomas genesis, such as phos-

phatidylinositol-30-kinas (PI3K)/Akt, Mammalian target of

rapamycin (mTOR), Ras/Extracellular signal regulated

kinase (Erk), and Janus kinase (JAK)2/signal transducer

and activator of transcription 3 (STAT3) signaling path-

ways [5–7]. In recent years, as a master transcription factor

as well as an oncogenic protein, it has been reported that

STAT3 plays a key role in the signaling pathways involved

in the transition from low- to high-grade glioma [8].

STAT3 has been reported to be constitutively activated and

indicates a poor clinical prognosis in MGs [9, 10]. When

STAT3 is activated upon phosphorylation of the tyro-

sine705 residue, monomeric STAT3 forms dimers through

their SH2 domains and translocates from the cytoplasm to

the nucleus. Once reaching there, STAT3 transcriptionally

regulates the expression of its target genes, such as cyclin
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D1, survivin, mcl-1, Vascular endothelial growth factor

receptor (VEGF), Matrix Metalloproteinase (MMP)-2,

MMP-9, etc. The activation of these genes gives STAT3 a

direct role in cancer survival, proliferation, apoptosis,

angiogenesis, invasion, and metastasis [11]. Thus, STAT3

signaling has been considered as a potential target for

therapeutic intervention for MGs [9, 12].

Cryptotanshinone (CTS), which is the one of the major

representative components isolated from the root of Salvia

miltiorrhiza Bunge, has been reported to have various

pharmacological effects. It has been reported that CTS

attenuated oxidized low-density lipoprotein-induced pre-

lesional atherosclerotic events, and attenuated the injury of

rat myocardial ischemia/reperfusion in vivo [13, 14]. In

RAW264.7 cells, CTS suppressed the secretion of inflam-

matory cytokines by inhibiting the NF-jB and Mitogen-

activated protein kinase (MAPK) signaling pathways [15].

CTS was also reported to modulate the metabolism of

amyloid precursor protein resulting in neuroprotection and

anti-Alzheimer disease function [16]. An antitumor activity

for CTS has also been found in several studies [17–22].

However, until now, little is known about the effect of CTS

in MGs. In the present study, we determined the effects of

CTS on human glioma cells. For the first time, we show

that CTS suppresses the proliferation of the human

malignant glioma cell lines T98G and U87 through inhi-

bition of the STAT3 signaling pathway. Our results provide

evidence for CTS as a potential therapeutic agent for MGs.

Materials and methods

Materials

CTS, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazoli-

um bromide (MTT), and dimethyl sulfoxide (DMSO) were

obtained from Sigma Aldrich (St. Louis, MO, USA). Dul-

becco’s modified Eagle’s medium (DMEM) and fetal

bovine serum (FBS) were obtained from Invitrogen-Gibco

(Grand Island, NY, USA). The BrdU Cell Proliferation

Assay was obtained from Exalpha Biologicals (Shirley,

MA, USA). Anti-phospho-STAT3 (Tyr705) and anti-

phospho-JAK2 antibodies were purchased from Epitomics

(Burlingame, CA, USA). Anti-STAT3, anti-phospho-

STAT3 (Ser727), anti-phospho-p44/42 Erk1/2 (Thr202/

Tyr204), anti-phospho-mTOR (Ser2448), and anti-phos-

pho-Akt antibodies were purchased from Cell Signaling

Technology, Inc., (San Francisco, CA, USA). The anti-

GAPDH antibody was from Beyotime (Suzhou, Jiangsu,

China). STAT3C plasmid was obtained from Addgene

plasmid repository [22]. STAT3 Small Interfering RNA

(siRNA) was purchased from Shanghai Genepharma Co.,

(Shanghai, China). The sequence for STAT3 were as

follows: Sense, 50-UGUUCUCUGAGACCCAUGAdTdT-30;
Antisense, 50-UCAUGGGUCUCAGA GACAdTdT-30 [21].

The sequence for negative control (NC) were as follows:

Sense, 50-UUCUCCGAACGUGUCACGUTT-30; Antisense,

50-ACGUGACACGUUCGGA GAATT-30.

Cell culture

T98G and U87 cells were from the China Center for Type

Culture Collection of the Chinese Academy of Sciences.

Cells were cultured and maintained in high-glucose Dul-

becco’s modified Eagle’s medium (DMEM) supplemented

with 10 % (v/v) fetal bovine serum (FBS), 100 lg of

streptomycin/ml, and 100 U of penicillin/ml, and incubated

at 37 �C with a 5 % CO2 humidified atmosphere. Stock

cultures were routinely subcultured at 1:5 ratio at a weekly

interval.

MTT assay

To measure cell growth, MTT assays were performed.

Cells were plated in 100 ll of medium/well in 96-well

plates. After incubation overnight, cells were treated with

various concentrations of CTS for 24–48 h, followed by

MTT (5 mg/ml) incubation and DMSO (100 ll/well) dis-

solution. Absorbance at 570 nm was measured using an

automated microplate reader (Bio-Tech, Winooski, VT,

USA).

BrdU cell proliferation assay

Cell proliferation was evaluated using BrdU cell prolifer-

ation assay kits according to the manufacturer’s instruc-

tions with slight modification. In brief, cells suspended in

growth medium were seeded in a 96-well plate at a density

of 1 9 104 cells/well and grown overnight at 37 �C in a

humidified incubator with 5 % CO2. The next day, CTS

(0–20 lM) was added. After incubation for 48 h, 20 ll of

BrdU was added to each well, and the cells were incubated

for 12 h. Fixing solution was then added and incubated for

30 min at room temperature. After washing, cells were

incubated with a prediluted detector antibody for 1 h at

room temperature. Acid stop solution was added after

incubation with HRP-conjugated secondary antibody for

1 h at room temperature. The optical density (OD) was

then measured at 450 nm using an automated microplate

reader.

Western blotting

Cells from different experimental conditions were washed

twice with ice-cold PBS and lysed in either RIPA buffer

(50 mM Tris, pH 7.4, 150 mM NaCl, 1 mM PMSF, 1 mM
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EDTA, 1 % Triton X-100, 0.1 % sodium dodecyl sulfate

(SDS), 1 mM Na 3VO 4, 1 mM NaF, and protease inhibitor

cocktail (Roche Diagnostics Ltd, Mannheim, Germany)) or

sample buffer (62.5 mM Tris–HCl pH 6.8, 2 % (w/v) SDS,

10 % glycerol, 5 % b-mercaptoethanol, and 0.1 % (w/v)

bromophenol blue). Samples with equal amounts of protein

were separated by SDS-PAGE gel electrophoresis and

transferred to nitrocellulose membranes (Millipore, Bed-

ford, MA, USA). The membranes were blocked with 5 %

nonfat milk in PBS containing 0.05 % Tween-20 for 1 h,

followed by incubation with the primary antibody over-

night at 4 �C. The membranes were then washed and

incubated with horseradish peroxidase-conjugated second-

ary antibody for 1 h at room temperature. Immunoreactive

bands were detected by enhanced chemiluminescence and

visualized from the Image on Quant Las 4000 (GE

Healthcare, Piscataway, NJ, USA).

Inmunofluorescence staining

T98G and U87 cells were treated with 10 lM CTS for 2 h.

Control cells were incubated with vehicle only (DMSO) at

a concentration equal to that in drug-treated cells (final

concentration 0.1 %). Cells were fixed with 4 % parafor-

maldehyde in PBS buffer (30 min, room temperature),

blocked for 1 h with 10 % normal goat serum containing

0.1 % saponin for permeabilization, and incubated with

primary antibodies diluted in blocking buffer, STAT3 or

p-STAT3 (Tyr705) diluted 1:100 overnight at 4 �C. After

washing with PBS, cells were incubated with Alexa 488

Fluor-labeled secondary antibodies (diluted 1:1,000 in

blocking buffer) for 1 h and washed with PBS. Coverslips

were mounted in Prolong Gold antifade reagent with DAPI

(Molecular Probes, Eugene, OR, USA) and inspected with

a confocal microscope Zeiss 710 (Zeiss, Jena, Thuringia,

Germany).

Transfections

STAT3C transfection was performed by nucleofection sys-

tem (Amaxa, Koeln, Germany) with Amaxa cell line nu-

cleofecor kit T according to the manufacturer’s instructions.

STAT3 siRNA was transfected using lipofectamine 2000

(Invitrogen, Carlsbad, CA) according to the manufacturer’s

instructions. Overexpression STAT3C and STAT3 siRNA

were verified by western blotting. After transfected for 48 h,

total cell lysats were collected and analyzed for STAT3 and

STAT3-regulated proteins (cyclinD1, survivin).

Flow cytometry

Cells were seeded in 35-mm dishes at a density of 4 9 105

cells/dish in culture medium and grown overnight at 37 �C

in a humidified incubator with 5 % CO2. After treatment

with CTS (0–20 lM) for 24 h, the cells were briefly

washed with PBS and trypsinized. Cell suspensions were

centrifuged at 1,000 rpm for 3 min, fixed with ice-cold

ethanol (70 %, v/v) overnight at 4 �C, and stained with PI

Fig. 1 Effects of CTS on proliferation of T98G and U87 cells. a, b,
and d T98G, U87, and normal cells (primary rat cortical neuron and

astrocyte) were treated with different doses of CTS (0–40 lM) for the

indicated time. Cell growth was measured by MTT assay. c The

proliferation of T98G and U87 cells treated with different doses of

CTS for 48 h was measured by BrdU cell proliferation assay. Data are

expressed as mean ± SEM n = 3 for each group. *P \ 0.05,

**P \ 0.01 versus control group
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(50 lg/ml) in sample buffer containing RNaseA (100 U/

ml) for 30 min at room temperature. The percentage of

cells within each phase of the cell cycle (G0/G1, S, or G2/

M) was determined by flow cytometer (Becton–Dickinson,

Mountain View, CA, USA).

Statistical analysis

All of the described experiments were performed more than

three times, and the data were expressed as means ± stan-

dard error of the mean (SEM). The statistical difference

between two experimental groups was determined using a

independent-samples t test, and differences among the

groups were assessed by one-way ANOVA and LSD post-

hoc test. Results were analyzed using SPSS 13.0 software

(SPSS Inc., Chicago, IL, USA).

Results

The effect of CTS on the proliferation of T98G and U87

cells was measured by MTT assay. As shown in Fig. 1a, b,

CTS inhibited the rate of cell growth in a time- and a

concentration-dependent manner in both T98G and U87

cells. To confirm the inhibitory effect of CTS on cell

proliferation, a BrdU incorporation assay was used. As

shown in Fig. 1c, CTS inhibited BrdU incorporation in

T98G and U87 cells in a dose-dependent manner. These

results indicate that CTS has antiproliferative activity in

glioma cells and U87 cells are more sensitive to CTS than

T98G cells. Furthermore, to confirm whether CTS is toxic

to all culture cells, normal cells (primary rat cortical neuron

and astrocyte) were treated with CTS for 48 h. CTS, at a

concentration range of 1.25–20 lM, was not toxic to

Fig. 2 CTS inhibits the

phosphorylation of STAT3 at

Tyr705. Effects of CTS on

phosphorylation of STAT3

Tyr705, Ser727, JAK-2, Erk,

Akt, and mTOR were

determined by western blotting.

a CTS (10 lM) inhibited the

phosphorylation of STAT3

Tyr705 in a time-dependent

manner in T98G and U87 cells.

In addition, CTS treatment for

2 h inhibited the

phosphorylation of STAT3

Ser727 slightly in U87 cells but

not in T98G cells. b Relative

protein expression of p-STAT3

Tyr705 was quantified by

densitometry. Data are

expressed as mean ± SEM

n = 3 for each group.

*P \ 0.05, **P \ 0.01 vs

control group. c Left:

comparison of the levels of

STAT3, p-STAT3 (Tyr705),

and p-STAT3 (Ser727) between

T98G and U87 cells under

normal culture conditions.

Right: relative protein

expression was quantified by

densitometry. Data are

expressed as mean ± SEM

n = 3 for each group.
#P \ 0.05, ##P \ 0.01,

significant difference between

groups
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normal cells. CTS at 40 lM induced a significant reduction

in astrocyte cell growth (Fig. 1d).

STAT3 signaling pathway plays a pivotal role in tumor

growth [8], and human glioma cells are known to express

constitutively active STAT3 [9]. Therefore, we explored

whether CTS had an effect on the constitutively active

STAT3 in T98G and U87 cells. As shown in Fig. 2a, b,

CTS (10 lM) inhibited phosphorylation of STAT3 at

Tyr705 in a time-dependent manner in T98G cells, but had

no effect on the phosphorylation of Ser727 or total STAT3

protein. However, in U87 cells, CTS (10 lM) not only

inhibited the phosphorylation of STAT3 at Tyr705 in a

time-dependent manner but also inhibited the phosphory-

lation of Ser727 slightly. To explore which signal pathway

caused the inhibition of STAT3 Tyr705 phosphorylation,

some upstream kinases of STAT3, especially those with

close relation to cell proliferation, including phosphory-

lated JAK2, Erk, Akt, and mTOR, were also detected.

However, the phosphorylations of them were not affected

by CTS. Furthermore, we compared the differences of the

basal phosphorylation levels of STAT3 between the two

cell lines. We found that the basal level of p-STAT3

(Tyr705) in U87 cells was much higher than that in T98G

cells (Fig. 2c). To confirm the effect of STAT3 signaling

inhibition by CTS, the cellullar location of STAT3 was

stained in T98G and U87 cells. As shown as in Fig. 3a, in

normal condition (control cell), STAT3 prominently loca-

ted in nucleus. After being stimulated with CTS for 2 h,

STAT3 nuclear translocation was attenuated, with STAT3

being mainly located in cytoplasm. To confirm the result of

inhibition of p-STAT3 (Tyr705), we also stained p-STAT3

(Tyr705) and also observed by confocal microscopy. As

expected in Fig. 3b, in normal condition (control cell), the

expression of p-STAT3 (Tyr705) was concentrated mainly

in the nucleus. After CTS treatment, p-STAT3 (Tyr705)

was diminished dramatically in the nucleus.

To explore which cell cycle phase CTS affected, flow

cytometry analysis was used. As shown in Fig. 4a, b,

20 lM CTS significantly increased the proportion of T98G

cells in G1/G0 phase from 61.7 to 79.9 %. The increased

G1/G0 cell population was accompanied by a concomitant

decrease in the number of cells in S phase and G2/M phase

of the cell cycle. The inhibitory effect of CTS on cell cycle

progression in U87 cells was stronger than in T98G cells.

CTS treatment at 10 and 20 lM significantly increased the

proportion of T98G cells in G1/G0 phase from 50.5 to

70.7 % and from 50.5 to 79.7 %, respectively. These

results were consistent with the results from Fig. 1c. To

further explore the expression of STAT3-regulated proteins

which are involved in the cell cycle (Fig. 4c), we examed

the expression of cyclin D1 and survivin after CTS treat-

ment. In T98G cells, CTS at 5 and 10 lM downregulated

Fig. 3 CTS inhibits G1/S cell cycle progression in glioma cells and

downregulates STAT3-regulated proteins expression. a Representative

results of cell cycle analysis in T98G or U87 cells treated with

different doses of CTS. b The G0/G1, S, and G2/M fractions were

measured. Data are expressed as mean ± SEM n = 3 for each group.

*P \ 0.05, **P \ 0.01 versus control group. c Cells were treated

with CTS at the indicated concentrations for 24 h. Proteins were

analyzed by western blotting with specific antibodies. CTS sup-

pressed the expression of cyclin D1, and survivin in T98G and U87

cells. Relative protein expression was quantified by densitometry.

Data are expressed as mean ± SEM n = 3 for each group.

*P \ 0.05, **P \ 0.01 versus control group
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cyclin D1 protein expression, but the difference was not

significant when compared with control cells. However,

significant inhibition did occur with 20 lM CTS treatment.

The expression level of cyclin D1 was decreased by

37.39 % (P \ 0.05), and survivin protein expression was

suppressed in a dose-dependent manner. In U87 cells, CTS

suppressed the expression of cyclin D1 and survivin in a

dose-dependent manner, and the maximum inhibitions were

54 % (P \ 0.01), 36.09 % (P \ 0.01), respectively. These

results indicate that CTS downregulated the expression of

STAT3 target proteins in both T98G and U87 cells.

To find out whether the antiproliferation function of

CTS was induced by specific inhibition of STAT3 Tyr705

phosphorylation, STAT3C, which keeps dimerizing and

being constitutively active but without tyrosine phosphor-

ylation and which has been used in previous studies [23–

25], was transfected in T98G and U87 cells. Comparing

with Mock-transfected control cells, gliomas cell trans-

fected with STAT3C presented a significant increase in cell

growth after treatment with CTS at 5–20 lM (Fig. 5a, b,

left). Enforced expression of STAT3C in T98G and U87

was verified by western blot. Comparing with mock-

transfected control cells, the expression of STAT3 was

increased. Consistent with that, STAT-regulated proteins

cyclinD1 and survivin were also increased (Fig. 5a, b,

right). In order to know the connection between cell pro-

liferation and STAT3 signaling in gliomas, STAT3 siRNA

was transfected in T98G and U87 cells. Comparing with

NC-transfected cells, gliomas cell transfected with STAT3

siRNA showed a significant inhibition in cell proliferation

(Fig. 5c, left). Knockdown STAT3 in T98G and U87 was

verified by western blot. Comparing with NC-transfected

cells, the expression of STAT3 protein was decreased.

Consistent with that, STAT3-regulated proteins cyclinD1

and survivin were also decreased (Fig. 5c, right).

Discussion

In this study, we examined role of CTS in glioma cell

proliferation and explored its potential mechanism. Our

results showed that (1) CTS inhibits glioma cell prolifer-

ation. In a large range of treatment concentrations, CTS is

nontoxic to normal cells in the range of effective dosage.

(2) CTS specifically inhibits the phosphorylation of STAT3

at Tyr705. Enforced expression of constitutively active

mutant STAT3C reverses gliomas from CTS-induced

inhibitory effect, while knockdown STAT3 inhibits glioma

cell proliferation. (3) CTS arrests cell cycle progression in

G1/G0 phase and downregulates STAT3-regulated proteins

cyclinD1 and survivin.

Although the antitumor activity of CTS has been pre-

viously described [17–22], our study is the first to explore

the effect of CTS on human glioma cells. In HepG2 and

MCF7 cancer cells, CTS inhibits cell growth by inducing

apoptosis [17]. In prostate cancer, leukemia and hela cell

lines, CTS induces cell growth by both inducing apoptosis

and inhibition of proliferation [18–21]. We found CTS

inhibits proliferation in glioma cells, and there is no evi-

dence to show CTS induces apoptosis (Data not shown).

More important, CTS is nontoxic in normal cells, except

for a minor decrease in astrocytic viability at 40 lM, which

is hard to achievable concentrations in vivo [26]. Thus,

CTS probably don’t cause adverse affect on normal brain.

In fact, CTS is neuroprotective in AD animal model [16].

Since STAT3 is constitutively activated in MGs, but not in

normal cell, specific targeting of STAT3 signaling is con-

sidered a potential therapeutic approach for MGs [9]. Thus,

the molecular basis for the tumor-specific actions of CTS

may be dependent on the basal level of activated STAT3

(p-STAT3 Tyr705). Comparing the inhibitory effect of

CTS in T98G and U87 cell, we found that U87 cells were

more sensitive to CTS inhibition (Fig. 1c). CTS inhibited

p-STAT3 (Tyr705) in a time-dependent manner in both

T98G and U87 cells, and effected a minor inhibition of

p-STAT3 (Ser727) in U87 but not in T98G cells (Fig. 2a,

b). Then, we compared the basal level of STAT3 and found

that the level of phosphorylated STAT3 Tyr705 in U87 cell

was higher than that in T98G (Fig. 2c). Hence, the data

imply that higher basal level of activated STAT3 correlates

with stronger inhibition by CTS and explains why CTS

treatment is more sensitive in U87 cells than in T98G.

Furthermore, we designed STAT3C rescue test to prove the

role of p-STAT3 (Tyr705) (Fig. 4). Meanwhile, some

major pathways contribute to activating STAT3: cytokine,

growth factors stimulation of membrane receptors (IL-6,

epidermal growth factor, and platelet-derived growth factor

receptors, etc.) or nonreceptor tyrosine kinas (Src), and

then activation of downstream kinases, such as JAK2, Akt,

Erk, and mTOR [5, 6, 11, 27, 28]. it has previously been

reported that CTS did not affect the phosphorylation of

upstream kinas, such as EGFR and Src [21]. Hence, in our

study, we chose to detect the downstream kinases of these

growth factors and cytokine receptors activation, which are

also abnormally activated in gliomas genesis: p-Akt, Erk,

mTOR, and JAK2 [5–7]. Unfortunately, we did not find

any alternation of p-Akt, Erk, mTOR, and JAK2 (Fig. 2a,

b). Although recent studies have shown that CTS inhibits

Fig. 4 The effect of CTS on STAT3 location, phosphorylation of

STAT3 Tyr705 by Inmunofluorescence staining. T98G and U87 cells

were treated with CTS 10 lM for 2 h. a Representative confocal

immunofluorescent analysis of T98G and U87 cells using STAT3

antibody (green). b Representative confocal immunofluorescent

analysis of T98G and U87 cells using p-STAT3 (Tyr705) antibody

(green). After CTS 10 lM treatment, the expression of p-STAT3

(Tyr705) was weaker. DAPI (blue) was used to counterstain the cell

nuclei. Bar = 20 lm

c
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proliferation of Rh30 and DU145 through inhibiting mTOR

signaling, it had previously been reported that CTS inhibits

p-Akt during C5a-induced migration of RAW264.7 mac-

rophages [22, 29]. Therefore CTS may have different

effects and mechanisms in different cell types. Take

together, we confirm that CTS specifically blocks the

tyrosine phosphorylation of STAT3.

Cell proliferation is closely related to cell cycle pro-

gression. Consistent with that, STAT3-regulated proteins

which are related to cell cycle progression were down-

regulated by CTS. As shown in Fig. 4a, b, CTS arrests cell

cycle progression in G1/G0 phase. In order to know the

downstream factors of STAT3 signaling on cell prolifera-

tion, we detected the effect of CTS on STAT3-regulated

proteins cyclin D1 and survivin, which are highly expres-

sed in MGs. These two proteins are strong cell cycle reg-

ulators: cyclinD1 is essential for promoting G1/S

progression in human tumor cell lines; survivin, one of the

Fig. 5 Effect of constitutively active mutant STAT3C or STAT3

siRNA on glioma cell proliferation a and b Left: T98G and U87 cell

were transfected with mock-(empty vector) or STAT3C plasmid for

24 h, and then treated with CTS at the indicated concentrations for

another 24 h. Cell growth was measured by MTT assay. Vehicle-

treated cells were used as a control. Data are expressed as a

percentage vs. control (100 %). Data are expressed as mean ± SEM

n = 3 for each group. #P \ 0.05, ##P \ 0.01, significant difference

between groups. Right: Mock- or STAT3C- transfected T98G and

U87 cells were harvested after 48 h. Proteins were analyzed by

western blotting with specific antibodies of STAT3 and STAT3-

regulated proteins cyclin D1 and survivin. c Left: T98G and U87 cell

were transfected with NC and STAT3 SiRNA for 48 h. Cell

proliferation was measured by BrdU cell-proliferation assay. NC-

transfected cells were used as a control. Data are expressed as a

percentage vs. control (100 %). Data are expressed as mean ± SEM

n = 3 for each group. #P \ 0.05, ##significant difference between

groups. Right: NC or STAT3 SiRNA transfected T98G and U87 cells

were harvested after 48 h. Proteins were analyzed by western blotting

with specific antibodies of STAT3 and STAT3-regulated proteins

cyclin D1 and survivin

280 Mol Cell Biochem (2013) 381:273–282

123



inhibitors of apoptosis proteins family (IAPs), is closely

related with both S- and G2/M-phase progressions [30–33].

As we expected, the expressions of cyclin D1 and survivin

were decreased by CTS. Furthermore, STAT3 knockdown

indeed inhibits cell proliferation of gliomas cells (Fig. 5c)

and downregulated the expressions of cyclin D1 and sur-

vivin. Our data indicate that the antiproliferation effect of

CTS might be related to inhibiting the expression of

STAT3-regulated proteins such as cyclin D1 and survivin.

In summary, the present study demonstrates that CTS

may be a potential antiproliferative therapeutic candidate

for glioma treatment, and its mechanism may be related to

the inhibition of STAT3 signaling.
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