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Introduction

The incidence of glioblastoma multiforme (GBM) is 
approximately 3.19 cases per 100 000 persons, and its 
5-year survival rate is 4% to 5%.1 GBM, as a grade 4 brain 
tumor arising from glial cells, is the most aggressive glioma 
and accounts for approximately 15% of all primary brain 
tumors.2 The symptoms of brain tumors vary depending on 
tumor location and may include decreased appetite, sus-
tained headaches, blurred vision, vomiting, and changes in 
psychological status such as new-onset seizures and speech 
difficulty.3 GBMs are primarily treated by surgical resec-
tion, followed by radiotherapy and chemotherapy. They are 
surrounded by an area of migrating and infiltrating tumor 
cells, making complete resection difficult. Moreover, the 
current recommended treatment does not yield a prolonged 
remission period.4 Hence, innovative or alternative treat-
ments for GBM are urgently required.

Various complementary and alternative medicine thera-
pies, including music, massage, yoga, acupuncture, and 
herbal medicines, have long been used for cancer treatment,5 
with additional therapies frequently being recommended.6 
Notably, certain traditional Chinese herbs or their functional 
components such as Danggui, triptolide, and Withania som-
nifera have been shown to be effective against brain 
tumors.7-9 Danggui was reported to inhibit the proliferation 
of GBM8401 cells and microvessel formation in xenografted 
tumors in nude mice.7 A study reported that triptolide 
extracted from Tripterygium wilfordii induces apoptosis in 
the glioma cell lines U251MG and U87MG.10

Wedelia chinensis is a traditional hepatoprotective herbal 
medicine.11,12 Recently, W. chinensis has been used in the 
treatment of various types of cancers. W. chinensis extract 
(WCE) and its major functional components, luteolin, and 
apigenin, have anticancer properties effective against 
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prostate, lung, breast, glioblastoma, colon, and pancreatic 
cancer cells.8,13-15 However, information regarding their 
effects on different GBM cell lines is limited. Therefore, 
this study examined whether WCE, luteolin, and apigenin 
are effective against GBM.

Materials and Methods

Preparation of WCE

The whole plant of W. chinensis was purchased from a repu-
table Chinese medicinal herb farm (Organic Wucun Farm) in 
Taichung, Taiwan. Its total extract (WCE) and its major func-
tional components, luteolin and apigenin, were prepared as 
previously reported.8 Briefly, 100 g of air-dried W. chinensis 
plant was ground and homogenized in ethanol. To increase 
the content of aglycone flavonoids, the extracted solution 
was acid-hydrolyzed with HCl at pH 2.0 and 80°C for 35 min, 
neutralized with NaOH, and separated into fractions by using 
a C18 column (Biotage, Uppsala, Sweden). WCE was dried 
as a powder and stored in a freezer at −80°C until use. 
Luteolin (13.96 mg in 372 mg of WCE) and apigenin (2.32 mg 
in 372 mg of WCE) were purified from the subfractions by 
using semi-preparative HPLC. The yields of luteolin and api-
genin were 0.0375% and 0.00624%, respectively.

Cell Culture

Human brain astrocyte (HBA) cells and human malignant gli-
oma cell lines, GBM8401 and U-87MG, were purchased from 
ScienCell (CA, USA) and ATCC (Rockville, MD, USA), 
respectively. HBA, GBM8401, and U-87MG cells were main-
tained in 2% fetal bovine serum (FBS)-containing astrocyte 
medium (ScienCell, CA, USA), 10% FBS-containing RPMI 
1640 medium, and 10% FBS-containing Eagle’s Minimum 
Essential Medium (ATCC® 30-2003™), respectively.

Cell Viability

Briefly, cells were cultured in a 96-well plate at a density of 
5 × 103 cells per well overnight in a CO2 incubator. The 
cells were then treated with various doses of WCE, luteo-
lin, or apigenin for 1 or 2 days. Next, the medium was 

replaced with 0.2 mL of 3-(4,5-cimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) reagent (0.5 mg/
mL) and incubated for another 4 hours. Finally, dimethyl 
sulfoxide was added (0.2 mL/well) to dissolve the forma-
zan crystals, and absorbance was detected at 570 nm 
(SpectraMax M5, USA).

Transwell Migration Assay

A 24-well Millicell Hanging Cell Culture inserts with 8 µm 
PET membranes (EMD Millipore Corporation, Billerica, 
Massachusetts, USA) was adopted to detect the invasive 
capability. First, serum-free medium containing WCE, lute-
olin, apigenin, or combination of luteolin and apigenin were 
added to the upper chamber and the medium containing 10% 
fetal bovine serum (FBS) was added to the lower chamber. 
Subsequently, neutral-buffered formalin (10%) was adopted 
to fix the migrated cells after incubation for 24 hours and the 
migrated cells were stained with 0.5% crystal violet. The 
migrated cells were then counted in 6 randomly selected 
microscopic fields at 200× magnification per filter.

Flow Cytometric Analysis

For flow cytometry analysis, cells were incubated with vari-
ous concentrations of WCE for 24 hours. The cells were then 
harvested, washed with phosphate-buffered saline (PBS), 
fixed with 70% alcohol for 12 hours at 4°C, and washed with 
PBS. Next, 10 μL of propidium iodide staining solution was 
added, and the resultant mixture was mixed and incubated in 
an ice bath in the dark. Finally, the cells were filtered through 
a 40-μm nylon screen and analyzed with a FACS Calibur 
analyzer (Becton Dickinson, Bedford, MA, USA).

Monitoring Autophagy-Immunofluorescence 
Staining

To analyze autophagy flux, we followed the Guidelines for 
the use and interpretation of assays for monitoring autoph-
agy.16 LC3B Antibody Kit for Autophagy (Invitrogen, MA, 
USA) was adopted for analysis and 25 µM chloroquine 
diphosphate (CQ) was used as positive control for artificially 
generating autophagosomes. A 2 × 105 U-87MG cells per 
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well was cultured in Millicell EZ SLIDE 8-well glass slides 
and maintained with fresh medium containing different doses 
of WCE or CQ for 24 hours. Next, cells were washed with 1× 
PBS and fixed with 4% paraformaldehyde. The cells were 
then incubated in blocking solution and hybridized with anti-
bodies against LC3B (LC3-II) (Invitrogen, MA, USA) after 
permeabilization in 0.3% Triton X-100 for 6 minutes. Slides 
were mounted with ProLong™ Gold Antifade Mountant with 
DAPI (Thermo Fisher Scientific Inc., MA, USA) after the 
incubation with Alexa Fluor® 488 goat anti-rabbit IgG (H+L) 
antibodies (Invitrogen, MA, USA). Finally, the cells were 
observed under a ZEISS AXioskop2 fluorescence microscope 
(Carl Zeiss Microscopy, LLC, NY, USA).

Immunoblotting

Immunoblotting was adopted to investigate the expression of 
apoptotic and autophagic proteins. Briefly, cells were treated 
with different doses of WCE for 24 hours in culture medium 
and cell lysates were made in lysis buffer (PRO-PREP™, 
iNtRON, USA). Protein samples were then separated on a 
12% SDS-PAGE gel and were transferred to nitrocellulose 
membranes (Bio-Rad, USA). Antibodies against Bcl-2, Bax, 
cytochrome c, Apaf-1, caspase-3, caspase-9 (Santa Cruz 
Biotechnology, CA, USA), ATG-7, ATG-5, p62, Beclin-1 
(R&D Systems, MN, USA), LC3 (Abcam, Cambridge, UK), 
and β-actin (Upstates, Charlottesville, Virginia, USA) were 
diluted in PBS (1/1000) with 2.5% BSA and reacted with 
gentle agitation at 4°C overnight. After washing with 1× PBS 
4 times, the secondary antibody conjugated with horseradish 
peroxidase was added, and incubation continued for another 
1 hour. Finally, Immobilon Western HRP Chemiluminescent 
Substrate (Millipore, USA) and a chemiluminescence imag-
ing instrument (GE ImageQuant TL 8.1; GE Healthcare Life 
Sciences, PA, USA) were used to measure the presence of 
antigen-antibody complexes. The blots were scanned and 
quantified using densitometry (Appraise, Beckman-Coulter, 
Brea, CA, USA).

Statistical Analysis

All statistical analyses were performed using SAS JMP 7.0 
(JMP, NC, USA) to perform 1-way analysis of variance. The 
Tukey multiple comparison test was used to calculate statisti-
cal significance. All values are depicted as mean ± standard 
error of the mean. All experiments were repeated at least 3 
times. P < .05 was set as statistically significant.

Results

Effects of WCE on GBM8401 and U-87MG 
cells

To investigate the effects of WCE on human malignant gli-
oma cells, 2 human malignant glioma cell lines, GBM8401 

and U-87MG, and a human normal brain astrocyte cell line, 
HBA, were used for the MTT assay and Transwell migration 
assay. The survival ratio of GBM8401 and U-87MG cells 
was significantly lower in the presence of 0.37, 1.86, and 
3.72 μg/mL WCE than in the presence of 0 μg/mL WCE or 
HBA cells (Figure 1). Notably, a significantly higher sur-
vival ratio of U-87MG cells was observed in the presence of 
1.86 μg/mL WCE for 24 hours compared with that of 
GBM8401 cells, whereas a significantly lower survival ratio 
of U-87MG cells was observed in the presence of 3.72 μg/
mL WCE (Figure 1). Correspondingly, significantly 
decreased invaded GBM8401 and U-87MG cells were 
observed in the presence of WCE in a dose-dependent man-
ner than those in the presence of 0 μg/mL WCE (Figure 2). A 
markedly increased sub-G1 proportion was detected in 
GBM8401 cells in the presence of WCE in a dose-dependent 
manner (Figure 3A). No significant difference in sub-G1 

Figure 1. Effects of Wedelia chinensis extract (WCE) on the 
viability of GBM8401, U-87MG, and human brain astrocyte 
(HBA) cells. Relative cell survival of GBM8401, U-87MG, and 
HBA cells after treatment with various concentrations of WCE 
for (A) 24 and (B) 48 hours. Similar results were observed in 3 
repeated experiments.
The numbers 1, 2, and 3 indicate a significant difference (P < .05) 
compared with control (0 μg/mL), HBA, and GBM8401 cells, 
respectively.
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Figure 2. Effects of Wedelia chinensis extract (WCE) on the invasive ability of GBM8401 and U-87MG cells. The representative 
photos of invaded (A) GBM8401 and (B) U-87MG cells treated with different concentrations of WCE for 24 hours. Quantified 
results of invaded percentage for both cells were shown in the lower panel, respectively. Similar results were observed in 3 repeated 
experiments.
The symbol * indicates significant differences (P < .05) compared with control.



Chen et al 5

proportion was observed in U-87MG cells with any concen-
tration of WCE (Figure 3B).

WCE Induces Apoptosis in GBM8401 Cells and 
Autophagy in U-87MG Cells

To verify the possible mechanisms involved in WCE-
induced cell death in GBM8401 and U-87MG cells, immu-
noblotting was performed to detect the expression of 
apoptotic and autophagic molecules. Significantly increased 
levels of Bax, cytochrome c, Apaf-1, cleaved caspase-9, 
and cleaved caspase-3 and a significantly decreased Bcl-2 
level were detected in GBM8401 cells in the presence of 
WCE in a dose-dependent manner (Figure 4A and B). Since 

no significantly increased apoptotic molecules were 
detected in U-87MG cells that were treated with WCE, we 
further analyzed the autophagic flux in U-87MG cells by 
using immunofluorescence and Western blot. Notably, 
apparent LC3B puncta was observed in U-87MG cells in 
the presence of 1.86 and 3.72 μg/mL WCE than controls 
(0 μg/mL) (Figure 5). Correspondingly, a significantly 
increased LC3-II/I ratio and expressions of Atg-7, Atg-5, 
and Beclin-1 level were observed in U-87MG cells in the 
presence of WCE in a dose-dependent manner whereas a 
significantly decreased P62 level was detected (Figure 6). 
Furthermore, we used CQ, an autophagy inhibitor, to con-
firm the contribution of an autophagic mechanism to WCE-
induced death in U-87MG cells (Figure 7). U-87MG cells 

Figure 3. Representative results of flow cytometry in GBM8401 and U-87MG cells in the presence of various concentrations of 
WCE for 24 hours. The arrow indicates the sub-G1 proportion. Similar results were observed in 3 repeated experiments.
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Figure 4. Expression of apoptotic proteins. (A) The expression of Bcl-2, Bax, cytochrome c (Cyt-C), Apaf-1, cleaved caspase-9, and 
cleaved caspase-3 proteins in GBM8401 cells treated with various concentrations of WCE for 24 hours. (B) Bars represent protein 
quantification relative to β-actin. Similar results were observed in 3 repeated experiments.
The symbol * indicates P < .05 compared with control (0 μg/mL).
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were pre-treated with CQ (25 µM) for 1 hour and then incu-
bated with 3.72 μg/mL WCE for 24 hours. In agreement, 
decreased P62 and increased LC3-II was observed in 
U-87MG cells that were treated with 3.72 μg/mL WCE. 
Blocking lysosomal degradation by pre-treatment with CQ 
rescued LC3-II and P62 break down that result in LC3-II 
and P62 accumulation.

Differential Effects of WCE, Luteolin, Apigenin, 
and Combination of Luteolin and Apigenin on 
GBM8401 and U-87MG Cells

To compare the differential effects of luteolin, apigenin, and 
WCE on the proliferation of human malignant glioma cells, 
the viability of GBM8401 and U-87MG cells was evaluated 
in the presence of luteolin, apigenin, their combination, and 
WCE. Significantly lower viability of GBM8401 and 
U-87MG cells was detected in the presence of luteolin, api-
genin, and WCE in a dose-dependent manner (Figure 8A 

and B), with the LD50 values of GBM8401 cells being 4.1, 
7.4, and 43.7 μg/mL, respectively (Figure 8A), and those of 
U-87MG cells being 3.6, 6.2, and 41.6 μg/mL, respectively 
(Figure 8B). Because luteolin and apigenin accounted for 
3.75% and 0.63% of WCE used in this study, 0.19 μg/mL 
luteolin and 0.03 μg/mL apigenin were compared with 5 μg/
mL WCE. Significantly lower viability of both GBM8401 
and U-87MG cells was observed in the presence of luteolin 
but not apigenin. Significantly lower viability of both 
GBM8401 and U-87MG cells was detected in the presence 
of the combination of luteolin and apigenin than in the pres-
ence of luteolin or apigenin alone (Figure 8C). Notably, sig-
nificantly lower viability of both GBM8401 and U-87MG 
cells was detected in the presence of WCE compared with 
those treated with the combination of luteolin and apigenin 
(Figure 8C). Correspondingly, significantly lower invasive 
capability of both GBM8401 and U-87MG cells was 
detected in the presence of WCE compared with those 
treated with the combination of luteolin and apigenin 
(Figure 9A and B).

Discussion

Traditional Chinese herbs exhibit multiple biological 
effects, and several Chinese herbal extracts have been used 
in the treatment of various cancers for thousands of years.17 
W. chinensis, a Formosan plant-derived drug with antihepa-
totoxic actions,18 has been demonstrated to be cytotoxic to 
various cancer cells, such as prostate cancer cells (LNCaP, 
PC-3, and 22Rv1 cell lines), nasopharyngeal carcinoma 
cells (CNE-1), and melanoma cells (B16F-10).8,19,20 In the 
current study, we found that WCE significantly inhibited 
the proliferation of both GBM8401 and U-87MG cells. 
Moreover, WCE induced apoptosis in GBM8401 cells and 
autophagy in U-87MG cells. These results suggest that 
WCE-induced GBM8401 cell apoptosis may be caused 
through P53-dependent pathways and that WCE-induced 
U-87MG cell autophagy may be caused through P53-
independent pathways. Some major differences between 
GBM8401 and U-87MG cells are attributable to the p53 
gene and their glial nature. U-87MG cells express a wild-
type p53 gene, whereas GBM8401 cells express a mutated 
p53 gene.21 Moreover, compared with GBM8401 cells, 
U-87MG cells exhibit significantly higher levels of astro-
glial differentiation and glial fibrillary acidic protein mRNA 
expression and lower expression levels of nestin and vimen-
tin mRNA.21 The differences in biological properties 
between these 2 cell lines may contribute to different 
responses to WCE or signaling pathways, which may 
explain the differential effects of WCE on GBM8401 and 
U-87MG cells. Further studies are necessary to elucidate 
the precise mechanism of action of WCE on GBM8401 and 
U-87MG cells.

Figure 5. Detection of LC3B puncta in U-87MG cells. 
Representative images of immunofluorescence staining with 
specific antibodies against LC3B proteins in U-87MG cells in 
the presence of different concentrations of WCE for 24 hours. 
Middle panel shows the images U-87MG cells stained with DAPI 
and right panel presents the merged images of DAPI and LC3B. 
Arrows indicate the expression of LC3B puncta. Similar results 
were observed in 3-repeated experiments.
Scale bars = 15 μm.
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Chemotherapy is one of the most common methods of  
cancer therapy,22 but single-agent chemotherapy has disad-
vantages, including inadequate efficacy, drug resistance, 

systemic toxicity with high doses, and weakness of the 
immune system.23-25 Therefore, combination therapy is highly 
valued for cancer treatment. Luteolin and apigenin are 

Figure 6. Expression of autophagy-related proteins. (A) The expression of LC3, Atg-7, Atg-5, Beclin-1, and P62 proteins in U-87MG 
cells treated with different concentrations of WCE for 24 hours. Bars represent the ratio of (B) LC3-II/LC3-I and the protein 
quantification of (C) Atg-7, (D) Atg-5, (E) Beclin-1, (F) P62 relative to β-actin. Similar results were observed in 3 repeated experiments.
*Indicates P < .05 compared with control (0 μg/mL).
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well-known flavonoid phytochemicals present in various 
types of fruits, vegetables, and traditional Chinese herbs;14 
they are also the 2 major functional components of W. chinen-
sis that exhibit anticancer activity.8,13 In the present study, the 
doses of luteolin and apigenin used for the experiments were 
0.19 and 0.03 µg/mL, respectively, reflecting their content in 
WCE. The cytotoxic effect of the combination of luteolin and 
apigenin on GBM8401 and U-87MG cells was significantly 
higher than that of luteolin or apigenin alone, implying that 
the combination exerts a more inhibitory effect. Moreover, the 

cytotoxic effect of WCE on GBM8401 and U-87MG cells 
was significantly higher than even that of the combination of 
luteolin and apigenin, suggesting higher inhibitory effects of 
WCE than the combination of luteolin and apigenin. However, 
future studies should adopt a xenograft animal model to assess 
the effects of both WCE and the combinational use of luteolin 
and apigenin in vivo.

Luteolin and apigenin have long been used in cancer 
therapy;26,27 however, the precise mechanisms of their activ-
ity against GBM cells and other cancers remain unclear. 
Many studies have reported the diverse routes by which fla-
vonoids (such as luteolin and apigenin) inhibit cancer cells. 
Flavonoids, including apigenin, luteolin, kaempferol, and 
quercetin, have been reported to exert pro-oxidant cytotox-
icity against cancer cells through a reactive oxygen species-
triggered mitochondrial apoptotic pathway.28 Flavonoids, 
such as quercetin, apigenin, and luteolin, have been reported 
to inhibit cytokine expression and secretion, suggesting 
their possible roles in cancer treatment as cytokines modu-
lators.29 Luteolin and apigenin are known modulators of 
oncogenic transcription factors, resulting in reduced NRF2 
expression in cancer cells and increased chemosensitivity 
of cancer cells to cytostatic drugs.30,31 Furthermore, api-
genin and luteolin can directly bind to mRNA splicing-
related proteins to induce a widespread change in splicing 
patterns in tumorigenic cells, resulting in the nuclear accu-
mulation of poly(A)+ RNAs and cancer cell death.32 A very 
recent study reported that luteolin can inhibit the prolifera-
tion of different cancer cells by modulating various path-
ways, including JAK-STAT, Wnt/β-catenin, and NOTCH 
signaling,33 and by mediating the regulation of noncoding 
RNAs.33 Taken together, these diverse anticancer functions 
of luteolin and apigenin explain the significantly higher 
inhibitory effects of WCE or the combination of luteolin 
and apigenin.

Several concerns in this study should be noted. First, the 
in vivo effects of WCE, luteolin, apigenin and the combina-
tional use of luteolin and apigenin on GBM cancer cells are 
still unclear. Therefore, an animal study should be consid-
ered to verify the effects of WCE, luteolin, apigenin and the 
combinational use of luteolin and apigenin. Second, the pres-
ence of blood brain barrier (BBB) can cause efflux machin-
ery or hindrance for brain-entrance of medicine and is known 
as a major extreme difficulty in brain tumor treatment.34 
Hence, an orthotopic intra-brain model should be adopted to 
verify whether WCE, luteolin, apigenin and combinational 
use of luteolin and apigenin has anti-brain tumor activity. 
Third, a comparison between main chemotherapy drugs 
used in GBM clinical practice and WCE, luteolin, apigenin, 
or the combinational use of luteolin and apigenin should be 
performed to verify the potentials of WCE or its compo-
nents on clinical practice. Forth, we did not find WCE-
induced apoptosis in U-87MG cells and autophagy in 
GBM8401 cells in this study, suggesting diverse roles of 

Figure 7. Involvement of autophagy in the response of U-87MG 
cells on WCE. U-87MG cells were pre-treated (1 hour) with 25 µM 
CQ (autophagy inhibitor) before WCE treatment (3.72 μg/mL). (A) 
Cell lysates were collected after 24 hours and expressions of P62 
and LC3-II were detected by western blot. Bars represent protein 
quantification of (B) P62 and (C) LC3-II relative to β-actin. Similar 
results were observed in 3 repeated experiments.
The numbers 1, 2, and 3 indicate a significant difference (P < .05) 
compared with control (0 μg/mL), CQ (25 µM), and WCE (3.72 μg/mL), 
respectively.
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WCE on inducing different GBM cell lines death. Therefore, 
further investigations are needed to verify the precise mech-
anism of WCE or its components on inducing apoptosis in 
GBM8401 cells and autophagy in U-87MG cells. Finally, 
the overall components of WCE that display anti-GBM 

activity are still unclear. Since the concentrations of luteolin 
and apigenin are about 0.19 µg/mL and apigenin 0.03 in 
5 µg/mL WCE, we therefore tested the combination of lute-
olin (0.19 µg/mL) and apigenin (0.03 µg/mL) and revealed 
the more significantly cytotoxic effect of WCE on GBM 

Figure 8. Effects of WCE, luteolin, apigenin, and combination of luteolin and apigenin on the viability of GBM8401 and U-87MG cells. 
Relative cell survival of (A) GBM8401 and (B) U-87MG in the presence of various concentrations of luteolin, apigenin, and WCE for 
24 hours. (C) Relative cell survival of GBM8401 and U-87MG in the presence of luteolin, apigenin, the combination of luteolin and 
apigenin, and WCE for 24 hours. Similar results were obtained in 3-repeated experiments.
The numbers 1, 2, 3, and 4 indicate a significant difference (P < .05) compared with control (0 μg/mL), luteolin, apigenin, and the combination of luteolin 
and apigenin, respectively.
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Figure 9. Effects of WCE, luteolin, apigenin, and combination of luteolin and apigenin on the invasive ability of GBM8401 and 
U-87MG cells. The representative photos of invaded (A) GBM8401 and (B) U-87MG cells treated with different concentrations of 
WCE for 24 hours. Quantified results of invaded percentage for both cells are shown in the lower panel, respectively. Similar results 
were observed in 3-repeated experiments.
The numbers 1, 2, 3, and 4 indicate a significant difference (P < .05) compared with control (0 μg/mL), luteolin, apigenin, and the combination of luteolin 
and apigenin, respectively.
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cell lines than the combinational use of luteolin and api-
genin in this study. Hence, the other anti-GBM components 
of WCE should be discovered and investigated to explain 
the more aggravated cytotoxic effects of WCE than the 
combinational use of luteolin and apigenin. The other anti-
GBM components of WCE should be verified and investi-
gated to explain whether synergistic effects exist.
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