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Background: Scutellarin is a natural flavone compound that possesses anti-tumor and 

chemosensitization effects in several cancers. However, the effects of scutellarin on metastasis 

and chemoresistance in glioma have not been illustrated.

Methods: Glioma cells were treated with scutellarin in the presence or absence of LY294002. Cell 

proliferation was measured using a Cell Proliferation BrdU ELISA kit. Cell migration and invasion 

were analyzed using transwell assay. The expressions of E-cadherin, N-cadherin, vimentin, p-PI3K, 

PI3K, p-AKT, AKT, p-mTOR and mTOR were measured using Western blot. Furthermore, cells 

were incubated in the presence of cisplatin with or without the pretreatment of scutellarin. Cell 

viability was detected by the MTT assay. Cell apoptosis was measured using a histone/DNA 

ELISA detection kit. The expressions of ABCB1 and ABCG2 were detected using Western blot.

Results: In the present study, we found that scutellarin inhibited the proliferation, migration, and 

invasion of glioma cells. Scutellarin induced E-cadherin expression and reduced the expressions 

of N-cadherin, and vimentin in glioma cells. Our results also revealed that scutellarin enhanced 

chemosensitivity to cisplatin, as evidenced by the decreased cell viability to cisplatin and induced 

cell apoptosis. Moreover, scutellarin inhibited the expressions of ATP-binding cassette sub-

family B member 1 and ATP-binding cassette sub-family G member 2 in cisplatin-resistant 

glioma cells. Scutellarin also prevented the activation of phosphatidylinositol 3-kinase/Akt/

mammalian target of rapamycin pathway.

Conclusion: The data suggested that scutellarin suppressed metastasis and chemoresistance in 

glioma cells. Scutellarin might be a new therapeutic approach for the glioma therapy.

Keywords: glioma, scutellarin, metastasis, chemoresistance, PI3K/Akt/mTOR pathway

Introduction
Glioma is a type of tumor occurring in the glial cells and represents the majority of 

malignancies of the central nervous system (CNS).1 It has been one of the most aggres-

sive tumors in terms of high morbidity and mortality.1 Glioma can cause plenty of 

symptoms, such as headache, vomiting, seizures, visual loss, weakness, or numbness, 

which depend on the affected part of the CNS.2,3 The treatment of glioma remains a 

challenging task because of the special pathological and physiological characteristics.

High-grade glioma has a tendency to infiltrate and can lead to the breakdown of 

blood–brain barrier as the tumor grows.3,4 Consequently, it is hard to completely cure 

the glioma through clinical surgery.3 Recent evidence has documented a utility for 

adjuvant chemotherapy with procarbazine, lomustine, and vincristine or temozolomide 

in the management of gliomas.5 A combined approach using surgery, radiotherapy, and 

chemotherapy is utilized according to the location and grade of the tumor.6,7 Although 

these therapeutic strategies can extend patient’s postoperative survival, most cases 

eventually demonstrate resistance to drugs.8 Therefore, the prognosis of high-grade 

glioma is generally poor.4 Glioma recurrence is always observed even after complete 
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surgical excision or radio- and chemotherapy.8 To meet this 

challenge, many researchers have focused on exploring 

agents attenuating the metastasis and chemoresistance.9,10

Scutellarin is a natural flavone compound that can be 

found in Scutellaria barbata and Scutellaria lateriflora.11 

Scutellarin has been demonstrated to possess various 

beneficial biological roles, including anti-oxidative, anti-

inflammatory, and anti-tumor activities.11 Previous studies 

indicate that scutellarin inhibits metastasis of various tumors, 

such as tongue squamous carcinoma,12 hepatocellular carci-

noma (HCC),13 and colorectal cancer.14 In addition, it has 

been reported that scutellarin retains chemosensitization 

effect, as evidenced by the reduction of chemoresistance in 

several cancer cells.15,16 Nevertheless, the roles of scutellarin 

in glioma have not yet been clarified. The purpose of this 

study was to investigate the potential effects of scutellarin in 

governing cisplatin resistance and metastasis in glioma cells.

Materials and methods
cell culture
Human glioma cell lines, U87 and U251, were obtained 

from Chinese Academy of Sciences Cell Bank (Shanghai, 

China). The cells were grown in Eagle’s Minimum Essential 

Medium (Thermo Fisher Scientific, Waltham, MA, USA) 

containing 10% FBS (Thermo Fisher Scientific), 0.1% of 

penicillin/streptomycin (Sigma-Aldrich Co., St Louis, MO, 

USA) at 37°C in an atmosphere with 5% CO
2
. Cells were 

incubated in the presence or absence of scutellarin (50 and 

100 µM) for 48 hours.

cell proliferation assay
The U87 and U251 cells (2×103 cells/well) were seeded in a 

96-well plate and incubated overnight. Then, the cells were 

treated with scutellarin (50 and 100 µM) for 48 hours. Cell 

proliferation of U87 and U251 cells was measured using a 

Cell Proliferation BrdU ELISA kit (Roche Diagnostics Ltd., 

Burgess Hill, West Sussex, UK) according to manufacturer’s 

instructions. Ultimately, the absorbance was recorded at 450 nm 

using a microplate reader (Bio-Rad Laboratories Inc., Hercules, 

CA, USA). The experiment was performed in triplicate.

cell migration and invasion assays
Cell migration and invasion were analyzed using transwell 

assay. For the invasion assay, the inserts were coated with 

matrigel (1 mg/mL; BD Biosciences, San Jose, CA, USA). 

Cells (1×105 cells per well) were seeded in the upper cham-

ber with serum-free medium. Medium containing 10% FBS 

was used as a chemoattractant and was added to the lower 

chamber. After 24 hours, the filters were fixed with 4% 

paraformaldehyde and stained with 0.5% crystal violet. Then 

the number of the cells in five random fields was counted. 

The experiment was performed in triplicate.

Western blot
Cells were harvested and the cell lysates were prepared using 

radioimmunoprecipitation assay lysis buffer (Thermo Fisher 

Scientific). After determination of protein concentration 

with a BCA assay kit, equal amount of protein samples were 

separated by 10% SDS-PAGE. Then the proteins were trans-

ferred to polyvinylidene difluoride membranes and blocked 

with 5% non-fat milk in TBST for 1 hour at room tempera-

ture. Then the membranes were incubated at 4°C overnight 

with the primary antibodies against the following proteins: 

E-cadherin, N-cadherin, vimentin, cleaved caspase-3, p53, 

Bax, Bcl-2, LC3I, LC3II, p-ERK, ERK, Akt, and p-Akt (diluted 

in 1:1,000; Cell Signaling Technology, Boston, MA, USA); 

ABCB1, ABCG2, phosphatidylinositol 3-kinase (PI3K), 

p-PI3K, mammalian target of rapamycin (mTOR), p-mTOR, 

and GAPDH (diluted in 1:800; Abcam, Cambridge, MA, 

USA). Then, the membranes were probed with secondary 

antibody (diluted in 1:3,000; Abcam) conjugated to horseradish 

peroxidase. The bands were visualized with a Plus-ECL kit 

(PerkinElmer, Waltham, MA, USA). The experiment was 

performed in triplicate.

establishment of cisplatin-resistant U87  
and U251 cells
To establish the cisplatin-resistant cells, the U87 and U251 

cells were exposed to the medium with increasing concentra-

tions of cisplatin (1, 10, 50, and 100 µM; Sigma-Aldrich Co.). 

Cisplatin-containing culture medium was changed every 

4 hours. After continuous exposure to cisplatin for 2 days, 

the medium was changed to a fresh cisplatin-free medium 

until the cells recovered favorably. After that, the cisplatin-

resistant cells were maintained in medium containing 100 µM 

cisplatin to maintain drug resistance. The experiment was 

performed in triplicate.

MTT assay
Cells were plated in 96-well plates at 1×104 per well and 

incubated for 24 hours in the presence of cisplatin (2, 4, 8, 

and 16 µM) with or without the pretreatment of scutellarin 

(50 and 100 µM). Then MTT solution (20 µL, 5 mg/mL) 

was added and incubated at 37°C for 2 hours. The forma-

zan product was dissolved by adding DMSO (100 µL). The 

absorbance was measured at 540 nm wavelength using a 

plate reader (Bio-Rad Laboratories Inc.). The experiment 

was performed in triplicate.
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histone/Dna elisa for detecting 
apoptosis
The cell apoptosis was measured using a histone/DNA 

ELISA detection kit (Roche Diagnostics Ltd.) according to 

the manufacturer’s instructions. Briefly, cells with different 

treatments were harvested and treated with lysis buffer. 

After centrifugation at 200 g for 10 minutes, the supernatant 

was transferred to 96-well plates precoated with streptavidin. 

Then a mixture of biotinylated anti-histone and peroxidase-

tagged anti-DNA antibody was added to the cell lysate and 

incubated for 2 hours at 37°C. Subsequently, the 2,2-azinobis-

3-ethyl-benzothiazoline-6-sulfonic acid substrate was added 

to the plates and incubated for 20 minutes. Finally, the absor-

bance was measured at 405 nm using a plate reader (Bio-Rad 

Laboratories Inc.). The experiment was performed in triplicate.

rna interference and transfection
The small interfering RNA targeting ABCB1 (si-ABCB1) 

and its negative control (si-control) were synthesized by 

Sangon Biotech (Shanghai, China). For in vitro transfec-

tion, U87/DDP and U251/DDP cells were transfected with 

si-ABCB1 or si-control using Lipofectamine 2000 Trans-

fection Reagent (Thermo Fisher Scientific) according to the 

manufacturer’s instructions.

statistical analysis
Data are graphically represented as mean ± SD. All data 

were analyzed using GraphPad Prism version 6.0 statistical 

software (GraphPad Software, Inc., La Jolla, CA, USA). 

Analysis among groups was conducted using analysis of 

variance (ANOVA). Analysis between two groups was 

carried out using an unpaired Student’s t-test. Significant 

differences were defined as P,0.05.

Results
scutellarin suppressed the proliferation 
of glioma cells
First, we evaluated the effect of scutellarin on cell prolif-

eration of U87 and U251 cells. After 48 hours of treatment 

with scutellarin, the cell proliferation of U87 cells was sig-

nificantly decreased in a dose-dependent manner compared 

with the untreated cells (Figure 1A). Scutellarin treatment 

also inhibited the cell proliferation of U251 cells at the same 

time (Figure 1B).

scutellarin decreased the migration and 
invasion of glioma cells
Next, we investigated the effect of scutellarin on migration 

and invasion of U87 and U251 cells. As shown in Figure 2A 

and B, the transwell assay showed that the migrated U87 and 

U251 cells were much fewer in the scutellarin-treated groups 

than in the untreated group. The numbers of the invaded 

cells were significantly reduced after scutellarin treatment 

(Figure 2C and D).

scutellarin reversed the epithelial-
mesenchymal transition (eMT)  
phenotype in glioma cells
The EMT phenotype was analyzed by detecting the expres-

sions of E-cadherin, N-cadherin, and vimentin. Western 

blot analysis indicated that scutellarin caused increase in 

E-cadherin expression and resulted in decreases in expres-

sions of N-cadherin, and vimentin in both U87 and U251 

cells (Figure 3A and B). The results indicated that scutellarin 

reversed the EMT phenotype in U87 and U251 cells.

Figure 1 scutellarin suppressed the proliferation of glioma cells. 
Notes: cell proliferation of U87 (A) and U251 cells (B) after 48 hours treatment with scutellarin or vehicle. *P,0.05 vs control. Data are represented as mean ± sD of 
three independent experiments.
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Figure 2 scutellarin reduced the migration and invasion of glioma cells.
Notes: (A–B) cell migration of U87 and U251 cells was measured using transwell assay. (C–D) cell invasion of U87 and U251 cells was measured using matrigel-coated 
transwell inserts. *P,0.05 vs control. Data are represented as mean ± sD of three independent experiments.

Figure 3 scutellarin reversed the epithelial-mesenchymal transition phenotype in glioma cells. 
Notes: after treatment with or without scutellarin for 48 hours, Western blot analysis was performed to detect the expressions of e-cadherin, n-cadherin, and vimentin in 
U87 (A) and U251 cells (B). *P,0.05 vs control. Data are represented as mean ± sD of three independent experiments.
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Figure 4 scutellarin-enhanced sensitivity to cisplatin in glioma cells.
Notes: The cisplatin-resistant U87 and U251 cells were established. (A, B) cell viability of cisplatin-resistant U87 and cisplatin-resistant U251 cells to cisplatin after 
scutellarin pretreatment or vehicle treatment. (C, D) cell apoptosis of cisplatin-resistant U87 and U251 cells after scutellarin pretreatment or vehicle treatment. (E) Western 
blot analysis of cleaved caspase-3, p53, Bax, Bcl-2, p-erK, and erK levels in U87/DDP cells treated by cisplatin, or scutellarin, or the combination. (F) Western blot analysis of 
lc3i and lc3ii levels in U87/DDP cells treated by cisplatin, or scutellarin, or the combination. *P,0.05 vs control. Data are represented as mean ± sD of three independent 
experiments.
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scutellarin enhanced sensitivity to 
cisplatin in glioma cells
To explore the effect of scutellarin on cisplatin sensitivity, 

the cisplatin-resistant U87 and U251 cells were established. 

The cell viability of cisplatin-resistant U87 cells was mark-

edly decreased with the scutellarin pretreatment (Figure 4A). 

Simultaneously, scutellarin pretreatment reduced the IC50 

value of cisplatin-resistant U251 cells (Figure 4B). We also 

examined synergistic effects of cisplatin with scutellarin. 

Combined cisplatin and 100 µM scutellarin showed obvi-

ous synergism (Figure S1C and D), whereas the cytotoxic 

effect of scutellarin on cisplatin-resistant U87/DDP cells, 

U251/DDP cells, and astrocytes was dismal (Figure S1A, B, 

and E). Furthermore, we evaluated the cell apoptosis of the 

cisplatin-resistant cells. Figure 4C and D showed that scutel-

larin promoted the cell apoptosis of cisplatin-resistant U87 

and U251 cells. In addition, we observed that scutellarin-

enhanced cisplatin induced the levels of cleaved caspase-3, 

p53, Bax, and p-ERK, as well as increased LC3II-to-LC3I 

ratio in U87 cells (Figure 4E and F).

scutellarin prevented the expression 
of multidrug-resistant proteins in 
glioma cells
Moreover, we analyzed the expressions of multidrug-resistant 

proteins including ABCB1 and ABCG2. After scutellarin 

pretreatment, the expressions of ABCB1 and ABCG2 were 

significantly decreased in both cisplatin-resistant U87 and 

Figure 5 scutellarin suppressed the expressions of multidrug-resistant proteins in glioma cells. 
Notes: The expressions of multidrug-resistant proteins including aBcB1 and aBcg2 in cisplatin-resistant U87 (A) and U251 cells (B) were analyzed by Western blot. 
*P,0.05 vs control. (C) U87/DDP cells were transfected with si-control or si-aBcB1 for 24 hours, and cell apoptosis was detected. (D) U251/DDP cells were transfected 
with si-control or si-aBcB1 for 24 hours, and cell apoptosis was detected. *P,0.05 vs si-control. Data are represented as mean ± sD of three independent experiments.
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U251 cells (Figure 5A and B). The results indicated that scutel-

larin reduced the expressions of multidrug-resistant proteins in 

cisplatin-resistant U87 and U251 cells, which may contribute 

to the effect of scutellarin on cisplatin sensitivity. Furthermore, 

knockdown of ABCB1 significantly induced cell apoptosis 

in U87/DDP cells and U251/DDP cells (Figure 5C and D).

scutellarin prevented the activation of 
Pi3K/aKT/mTOr pathway in glioma cells
We next evaluated the mechanism by which scutellarin 

regulates the U87 cells. Figure 6A–D showed that the pro-

tein levels of p-PI3K, p-AKT, and p-mTOR were markedly 

reduced by scutellarin treatment in U87 cells. Furthermore, 

Figure 6 (Continued)
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scutellarin treatment also caused inhibitory effect on the 

expressions of p-PI3K, p-AKT, and p-mTOR in cisplatin-

resistant U87 cells. Moreover, we observed that the inhibitor 

of PI3K/Akt pathway, LY294002 could enhance the effects 

of scutellarin on cell migration, invasion, and cisplatin-

induced cell death in U87 cells (Figure 6E–G). These results 

suggested that scutellarin suppressed the activation of 

PI3K/AKT/mTOR pathway in glioma cells, which might 

contribute to the effects of scutellarin on glioma cells.

Discussion
Scutellarin is a natural compound that acts as tumor sup-

pressor in many kinds of tumors such as prostate, breast, 

and colorectal cancers.11 Scutellarin has been demonstrated 

to inhibit tumor growth through suppressing cell prolifera-

tion and inducing cell apoptosis of cancer cells.17,18 In the 

present study, we investigated the effect of scutellarin on 

cell proliferation of two human glioma cell lines, U87 and 

U251 cells. Our data showed that scutellarin inhibited the 

cell proliferation of U87 and U251 cells in a dose-dependent 

manner. Increased cell migration and invasion abilities are 

principal characteristics of metastatic phenotype and are 

necessary for the initiation of metastatic cascade.19 As was 

seen in a previous paper by Ke et al, scutellarin mediates 

the inhibition of cell migration and invasion abilities of 

HCC cells.13 Scutellarin also inhibits the lung and intrahe-

patic metastasis of HCC cells in vivo.13 Besides, scutellarin 

inhibits the invasion and migration of human umbilical 

vascular endothelial cells.14 Next, we evaluated the effect of 

scutellarin on invasion and migration of U87 and U251 cells. 

As expected, scutellarin significantly mitigated the invasion 

and migration abilities of U87 and U251 cells. EMT is an 

essential process that occurs in numerous events including 

wound healing, tissues fibrosis, and the initiation of metas-

tasis during cancer progression.20,21 Loss of E-cadherin and 

increased levels of N-cadherin, fibronetin, and vimentin are 

considered to be fundamental events in EMT phenotype.21 

We found that scutellarin caused increase in E-cadherin 

expression and resulted in decreases in expressions of 

N-cadherin, and vimentin in both U87 and U251 cells, 

indicating that scutellarin reversed the EMT phenotype. 

Collectively, we concluded that scutellarin significantly 

attenuated the metastasis of the glioma cells.

Since it is difficult to conduct the surgical resection of 

glioma, radio- and chemotherapy play principal roles in the 

clinical therapy for glioma.6,7 However, radio- and chemo-

therapy have failed to improve prognosis of glioma due to 

chemoresistance. Therefore, there is a need to explore a novel 

therapeutic agent to overcome chemoresistance in glioma 

therapy. Scutellarin was reported to sensitize PC3 prostate can-

cer cells to cisplastin treatment in a dose-dependent  manner.16 

Sun et al15 demonstrated that scutellarin enhanced the cisplatin 

sensitivity of the cisplatin-resistant non-small-cell lung cancer 

cells A549/DDP by inducing apoptosis and autophagy. In our 

work, we revealed that the cell viability of cisplatin-resistant 

U87 and U251 cells to cisplatin was markedly decreased in the 

scutellarin-treated cells. Scutellarin also induced cell apoptosis 

of cisplatin-resistant U87 and U251 cells, which suggested that 

Figure 6 scutellarin prevented the activation of Pi3K/aKT/mTOr pathway in glioma cells. 
Notes: The protein levels of p-Pi3K, p-aKT, and p-mTOr were analyzed by Western blot. (A) representative image of Western blot. (B–D) Quantification analysis of 
p-Pi3K/Pi3K, p-akt/akt and p-mTOr/mTOr. U87 cells were treated by scutellarin with or without lY294002 for 24 hours. (E) cell migration was measured using transwell 
assay. (F) cell invasion was measured using matrigel-coated transwell inserts. (G) cell apoptosis was measured using a histone/Dna elisa detection kit. *P,0.05 vs control. 
#P,0.05 vs scutellarin group. Data are represented as mean ± sD of three independent experiments.
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scutellarin enhanced the sensitivity of cisplatin-resistant U87 

and U251 cells to cisplatin. ABCB1 and ABCG2 have criti-

cal roles in conferring multidrug resistance in tumor cells.22 

Herein, we showed that scutellarin prevented the expression 

of ABCB1 and ABCG2 in glioma cells.

The PI3K/AKT/mTOR pathway is an important intra-

cellular signaling pathway in regulating various cellular 

processes, such as cell survival, growth, differentiation, pro-

liferation, cycle, apoptosis, and metabolism.23 It has been 

proved to be overactive in many kinds of cancers and acts 

as a key oncogenic signaling pathway, which is linked to 

malignant transformation, tumorigenesis, metastasis and 

resistance in anticancer therapies.23–26 Given the significance 

of the PI3K/Akt/mTOR pathway in cancer development and 

treatment, it can be inferred that inhibitors of this pathway 

may have great potential to deliver clinical benefit.25 In fact, 

numerous agents that targeted the PI3K/Akt/mTOR pathway 

are under investigation for the treatment of many cancers 

including glioma.26,27 In the present study, we aimed to 

investigate whether scutellarin could affect the PI3K/Akt/

mTOR pathway. The results showed that scutellarin inhibited 

the activation of PI3K/Akt/mTOR pathway in glioma cells, 

indicating that inhibition of PI3K/Akt/mTOR pathway might 

in part contribute to the effects of scutellarin (Figure 7).

Conclusion
In summary, we validated that scutellarin inhibited cell prolifer-

ation, migration, invasion, and EMT phenotype in glioma cells. 

Moreover, our results also revealed that scutellarin enhanced 

chemosensitivity to cisplatin by inhibiting the expressions of 

ABCB1 and ABCG2 in cisplatin-resistant glioma cells. These 

findings proved that scutellarin suppressed metastasis and 

chemoresistance of glioma cells, suggesting that scutellarin 

might be a new therapeutic agent for the glioma treatment.
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Supplementary material

Figure S1 Detection of synergistic effects of cisplatin with scutellarin.
Notes: (A, B) U87/DDP and U251/DDP cells were treated with scutellarin (50 or 100 µM) for 48 hours, cell viability was determined by the MTT assay. (C, D) Drug 
synergism is expressed as fraction of affected curves and combination index (ci) plots in U87/DDP and U251/DDP cells. ci as an indicator of synergistic effects of cisplatin 
and scutellarin (additive effect, ci =0.9–1.1; slight synergism, ci =0.7–0.9; synergism, ci =0.3–0.7; strong synergism, ci =0.1–0.3). (E) effect of scutellarin on cell toxicity in 
normal human astrocytes.
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