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Triptolide reverses epithelial-mesenchymal transition in glioma 
cells via inducing autophagy
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Background: To observe the effects of triptolide (TP) on the proliferation, migration, invasion, and 
epithelial-mesenchymal transition (EMT) of glioma cells, and to explore the possible mechanisms of 
phenotypic changes in EMT.
Methods: The U87 and U251 glioma cell lines were treated TP. The Cell Counting Kit-8 (CCK-8) 
method was used to detect the half-maximal inhibitory concentration (IC50) of TP in these two cell lines and 
the inhibition of cell proliferation at the IC50 concentration. The wound-healing experiment and Transwell 
invasion assay were used to detect the cells’ migration and invasion abilities, respectively. Using western blot 
protocol, the expression levels of the EMT markers were analyzed, and the levels of the autophagy markers 
were also detected. The pEGFP-C2-LC3B plasmid was transfected into glioma cells, and the effect of TP on 
autophagy was detected by immunofluorescence. A subcutaneous tumor model in nude mice was established 
to observe the effect of TP on cell proliferation in vivo, and immunohistochemistry (IHC) was used to detect 
the expression levels of EMT markers in mouse tumor tissues.
Results: TP significantly inhibited the proliferation of U87 and U251 cells in a dose- and time-dependent 
manner. TP had a significant inhibitory effect on the migration and invasion of U87 and U251 cells. Western 
blot showed that TP reversed the process of EMT in glioma cells, which was evidenced by the upregulated 
expression of the epithelial marker E-cadherin, and the downregulated expression of the mesenchymal 
markers N-cadherin, Vimentin, ZEB1, Snail, and Slug. TP increased autophagy in glioma cells, increased 
the LC3B II/I ratio, and upregulated Beclin-1 and Atg-7 expression. Immunofluorescence showed that 
the number of autophagosomes increased significantly after TP was applied to cells. In the nude mouse 
subcutaneous tumor model, experiments revealed an inhibitory effect of TP on glioma cell proliferation  
in vivo. IHC confirmed that the expression of E-cadherin was upregulated in mouse tumor tissues, while the 
expression levels of N-Cadherin and Vimentin were downregulated.
Conclusions: TP can inhibit glioma cell proliferation, migration, and invasion, and reverse EMT 
progression. The possible mechanism of EMT reversal in glioma cells is that TP induces autophagy.
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Introduction

Gliomas are one of the most common malignant intracranial 
tumors. In 2007, the World Health Organization (WHO) 
Classification of Tumors of the Central Nervous System 
divided gliomas into four grades (WHO I–IV) based on 
their aggressiveness, anaplasticity, and differentiation (1). 
Glioblastomas (GBMs), which account for almost 50% of 
all gliomas, are the most malignant glioma (WHO IV). 
Although a comprehensive treatment plan (also called the 
Stupp scheme, which includes surgery, radiotherapy, and 
chemotherapy) is generally used to treat GBMs in clinical 
practice, the prognosis of this disease is still extremely poor, 
with an average median survival time of only approximately 
14.6 months (2). One of the reasons for the poor prognosis 
of GBM is its resistance to radiotherapy and chemotherapy, 
and especially to temozolomide (TMZ), which is currently 
the first-line chemotherapeutic drug used to treat the 
disease. Many studies have continued to focus on the 
mechanisms of TMZ resistance (3,4). Another reason is 
that surgery cannot completely remove the tumor, and 
even a single tumor cell can invade the surrounding brain 
parenchyma. In 90% of patients with glioma, remnant 
tumor cells are found at the edge of the tumor cavity or 
within a few centimeters around it (5). Therefore, studying 
the specific molecular mechanisms of glioma migration and 
invasion, and applying new drugs or molecular targeted 
therapies for these mechanisms could improve the prognosis 
of patients with GBM.

Triptolide (TP) is a purified diterpenoid isolated from 
the Chinese herbal medicine Tripterygium wilfordii Hook 
F. TP is a small-molecule (MW 360) fat-soluble drug that 
can pass easily through the blood-brain barrier (6). It has 
various biological activities, including immune regulation, 
anti-proliferation, pro-apoptosis, and anti-inflammatory 
effects (7). Moreover, an increasing number of preclinical 
studies have shown that TP has strong antitumor effects. 
Therefore, TP is an ideal drug candidate for the treatment 
of glioma.

Epithelial-mesenchymal transition (EMT) refers to the 
process in which cells lose their polarity, cell-cell junction, 
and undergo phenotypic changes. Through this process, 
unipolar, immobile epithelial cells transform into mobile 

mesenchymal cells. This transformation of cells plays an 
important role in tumor invasion and metastasis. EMT has 
been found to be involved in tumor invasion and metastasis 
in a variety of epithelial tumors, including colon cancer, 
pancreatic cancer, and breast cancer (8,9). Recently, some 
scholars also studied the phenotype of EMT in glioma and 
found that, as the activators of EMT, ZEB1 and ZEB2 of 
the SNAIL family can, to varying degrees, promote the 
invasion of GBM in vivo and in vitro (10,11). TP causes 
changes in EMT-like phenotypes that are closely related 
to tumor invasion and metastasis, as reported in pancreatic 
cancer (12,13), lung cancer (14,15), and colon cancer (16). 
However, whether or not TP causes changes in the EMT of 
glioma cells is still unknown.

Autophagy is the process of self-digestion of senescent 
or apoptotic cells and the maintenance of cell energy 
metabolism, and it plays a key role in maintaining 
intracellular environmental stability and self-survival in the 
face of microenvironmental pressure (17). On the one hand, 
autophagy improves the adaptability of cancer cells to resist 
apoptosis under pressure; on the other hand, it reduces 
metastasis by limiting tumor necrosis and preventing 
inflammatory immune cell infiltration. The physiological 
role played by autophagy mainly depends on the tumor type 
and stage (18). Recent studies have shown that autophagy 
and EMT are both important but distinct links in the 
process of tumorigenesis and tumor development. In the 
early stage of tumor development, autophagy inhibits 
tumor invasion and metastasis by selectively destroying 
key signaling molecules in the EMT process (19-21). 
Conversely, during the period of metastasis and diffusion, 
cells undergoing EMT require activation by autophagy in 
order to obtain more energy to maintain their survival. 

In this study, we aimed to discover the effects of TP on 
the proliferation, migration, invasion, and EMT of glioma 
cells, and to explore the possible mechanisms of phenotypic 
changes in EMT. Different from other previous studies, we 
had innovatively focused on and discovered the potential 
relationship between EMT and autophagy in glioma 
cells under the influence of TP. We present the following 
article in accordance with the ARRIVE reporting checklist 
(available at https://dx.doi.org/10.21037/atm-21-2944).
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Methods

Reagents and antibodies 

The human glioma cell lines U87 and U251 were purchased 
from the American Type Culture Collection (ATCC; 
Rockville, MD, USA) and maintained in Dulbecco’s 
Modified Eagle Medium (DMEM glucose 4.5 g/L; Gibco, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco) at 37 ℃ in a humidified incubator with 
5% CO2. TP (purity >98%) was purchased from Zelang 
Biotechnology Co., Ltd. (Nanjing, China), and dimethyl 
sulfoxide (DMSO) was purchased from Sigma Company 
in the United States. The stock solutions (55 mol/L) were 
prepared with DMSO and stored in the dark at –80 ℃. 

EMT antibody (Sampler Kit #9782) and autophagy 
antibody (Sampler Kit #4445) were obtained from Cell 
Signaling Technology (Danvers, MA, USA). GAPDH 
antibody was purchased from ABclonal Technology 
(Woburn, MA, USA). 

Cell viability assay

Cells were seeded in 96-well plates at a density of  
1.5×104 cells/well and treated with various concentrations of 
TP (0, 1, 5, 10, 20, 50, 100, 200, or 400 ng/mL) for 48 hours. 
Cell viability was assessed by performing a Cell Counting 
Kit-8 (CCK-8) assay (Dojindo, CK04, Japan) following the 
protocol supplied by the manufacturer. Briefly, after the 
culture medium had been discarded, an equal amount of 
CCK-8 reagent was added to each well, before incubation at 
37 ℃ for 1 hour in the dark. Afterward, the optical density 
(OD) value at 450 nm was measured. The cell viability of 
TP-treated cells was normalized to that of the controls. 
The half-maximal inhibitory concentration (IC50) of TP was 
calculated in the experimental groups of cells. Then, the 
two cell lines were stimulated under the corresponding IC50 
concentration of TP. 

TP-treated cells were plated at a density of 1,000 cells/well  
in 96-well plates. After 12-hour incubation to allow cells to 
attach to the bottom of the well, 10 μL CCK-8 solution was 
added to each well on days 0, 1, 2, 3, 4, 5, 6, and 7, and the 
plates were incubated for another 1 hours on each day. A 
microplate reader was then used to determine the OD value 
at 450 nm.

Wound-healing assay

Confluent cell monolayers were inoculated in 6-well plates 

and gently scratched with the tip of a 20-μL pipette to 
create uniform, cell-free wounds. Fresh or conditioned 
medium with or without TP was added. At 0, 12, 24, and 
48 hours, photomicrographs of the wounds were taken 
under an inverted microscope (Olympus Corp., Japan). The 
wound areas were then quantified using ImageJ software.

Cell migration assay

Cell invasion ability was examined using a Transwell system 
(product no. 3422; Corning, Inc., USA) with 8.0-μm-
diameter pores. BD Matrigel was taken out of a –80 ℃ 
refrigerator and placed in a 4 ℃ refrigerator overnight to 
thaw. Then, 60 μL of Matrigel was mixed well with 300 μL 
of serum-free medium at 4 ℃. After that, 100 μL of mixed 
solution was added to each upper chamber and incubated 
at 37 ℃ for 4–5 hours. Control or TP-treated cells (1×104) 
were added to the top chambers and 500 μL of conditioned 
medium containing 20% FBS was added to the lower 
chamber. After 24 hours, the cells on the top surface of the 
inserts were removed with cotton swabs. Cells adhering 
to the lower surface were fixed with 5% glutaraldehyde, 
stained with 0.1% crystal violet solution, and counted under 
a microscope across 9 high-resolution predetermined fields. 
All assays were independently repeated at least 3 times.

Western blot assay

Cells were lysed in RIPA buffer and the lysates were 
normalized using a BCA protein assay kit (Beyotime, 
China). Total proteins were separated by 10–15% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and 
transferred to a polyvinylidene fluoride (PVDF) membrane. 
The membrane was blocked in 5% non-fat milk and 
incubated with the indicated primary antibodies at 4 ℃ 
overnight. Then, proteins were detected by incubation 
with species-specific, peroxidase-conjugated secondary 
antibodies. The immunoreactive bands were detected using 
a chemiluminescence kit (Millipore, Plano, TX, USA) and 
visualized with a KODAK imaging system.

Nude mouse xenografts

Twelve male BALB/C-nu/nu nude mice were purchased 
from the Experimental Animal Center of Southern Medical 
University. The mice were 4–6 weeks old and each weighed 
about 20 g. U87 cells (1×106) in the logarithmic growth 
phase were injected subcutaneously into the inguinal region 
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of 4-week-old male nude mice. After 7 days, the tumors had 
grown to 3–4 mm in diameter, and the mice were randomly 
divided into 2 groups, with 6 mice in each group. Every 
other day, the mice in 1 group were treated with vehicle 
(DMSO) and those in the other group were treated with 
TP solution at 0.5 mg/kg. The mice were sacrificed at day 
28 after inoculation, and the tumor tissues were removed 
and photographed. The tumor volume was calculated using 
the formula V=(W/2)2×L, in which L represents tumor 
length and W represents tumor width. The expression of 
key EMT proteins was detected by immunohistochemistry 
(IHC). This study was performed under a project license 
(No. 2020117) granted by the ethics board of the First 
Affiliated Hospital of Nanchang University and was carried 
out in strict accordance with the recommendations in the 
Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health. The protocol was prepared 
before the study without registration.

IHC

To study the expression of key EMT proteins in tumor 
tissues from the nude mice, IHC was performed following 
the two-step plus poly-horseradish peroxidase (HRP) 
method. Briefly, 4-μm tissue sections were mounted 
on aminopropylethoxysilane slides. The slides were 
deparaffinized, rehydrated, immersed in 10 mM sodium 
citrate buffer (pH 6.0), pretreated in a microwave oven 
for 20 minutes, and then rinsed for 15 minutes with 
phosphate-buffered saline (PBS). Endogenous peroxidase 
was quenched through incubation of the sections in 0.3% 
hydrogen peroxide for 30 minutes at room temperature. 
Non-specific binding was blocked by incubation with non-
immune serum (1% bovine serum albumin for 15 minutes 
at room temperature). The sections were then incubated 
overnight with primary antibodies against E-cadherin, 
N-cadherin, and Vimentin (Sampler Kit #9782; Cell 
Signaling Technology, MA, USA) at a dilution of 1:100. 
The next day, the slides were stained for E-cadherin, 
N-cadherin, and Vimentin using the two-step plus Poly-
HRP Anti-Rabbit IgG Detection System (PV-6001; ZSGB-
Bio, Beijing, China). After visualization of the reaction with 
3,3’-diaminobenzidine, the slides were counterstained with 
hematoxylin and mounted with a synthetic medium. 

Immunofluorescence staining

U87 and U251 cells were seeded into a laser confocal dish, 

at a density with 4–6 cells visible in each high-powered field 
of the microscope. The constructed pEGFP-C2-LC3B 
plasmid was transfected into cells using Lipofectamine 
2000. After 48 hours, TP was added to the experimental 
cell group (the concentration was the IC50 of U87 and 
U251 cells), and the corresponding volume of DMSO was 
added to the control group. Six hours later, the cells were 
rinsed twice with PBS, fixed for 5–10 minutes with 4% 
paraformaldehyde, and permeabilized with 0.25% Triton 
X-100 for 5 minutes. After fixation and rinsing with PBS, 
1 mL of DAPI (4',6-diamidino-2-phenylindole) was added 
and the cells were left to stain for 5 minutes. After the 
DAPI was aspirated, the cells were washed 3 times with 
PBS, and finally, 100 µL PBS was added. Photographs were 
taken under a confocal laser microscope (LSM880, Carl 
Zeiss, Germany).

Image, data processing and Statistical analysis

Using Image J software, the wound-healing assay results 
were analyzed by calculating the scratch areas of different 
groups of cells at different time points and dividing them by 
the initial scratch area to obtain the scratch area ratio. For 
the western blot experiment, the relative expression level of 
the protein in each target band was obtained by dividing the 
gray value of GAPDH (as the internal reference), also using 
Image J.

GraphPad Prism 5.0 software was used for data 
processing and chart drawing, and SPSS 23.0 software 
was used for statistical analysis. All data in this study were 
expressed as the means ± standard deviations (SDs) from 
at least 3 independent experiments. Comparisons between  
2 groups were drawn by using the Student’s t test. Statistical 
significance was indicated by P<0.05 or P<0.01.

Results

TP inhibits the proliferation of glioma cells in vitro and  
in vivo

At 48 hours, the IC50 of TP in the U87 and U251 cell lines 
was 20 ng/mL and 50 μg/mL, respectively. Then, both 
cell lines were stimulated with the corresponding IC50 
concentration of TP, and the cell proliferation activity 
was detected using the CCK-8 method. From day 2 after 
treatment, the cell proliferation activity of TP-treated cells 
began to decrease compared to that of the control group, 
and the difference became increasingly significant as time 
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passed, until day 7, indicating that TP has a long-lasting 
drug effect (Figure 1A,1B). 

In our in vivo  experiment, the nude mice in the 
experimental group were injected intraperitoneally with 
0.5 mg/kg TP every other day following successful tumor 
formation, and the mice in the control group were injected 
with an equal volume of DMSO. The tumor volume was 
measured at 4-day intervals. The nude mice were sacrificed 
on day 28, and the tumor tissues were collected. The tumors 
in the TP treatment group were significantly smaller than 
those in the control group (1 nude mouse in each group 
died before day 28). The results are shown in Figure 1C. 

TP inhibits glioma cell migration and invasion

We chose 3 observation time points (0, 12, and 24 hours) 
to observe the migration ability of U87 cells, and found 
that TP significantly inhibited cell migration. As U251 cells 
often migrate slowly, the observation time was extended 
to 48 hours. After 48 hours, the cell migration ability of 

TP-treated cells was significantly inhibited compared 
to that of the control cells (Figure 2A-2D). Further, the 
Transwell invasion experiments showed that TP could also 
significantly inhibit the invasion ability of U87 and U251 
cells in vitro (Figure 3).

TP reverses the EMT process of glioma cells in vitro and  
in vivo

In the experimental group, cells were stimulated with 
TP for 72 hours (concentration: U87: 20 ng/mL; U251:  
50 ng/mL), and the same amount of DMSO was added to 
the control group for 72 hours. Proteins were extracted 
from the U87 and U251 experimental groups and the 
control group. The western blot results showed that the 
mesenchymal protein markers N-cadherin, Vimentin, and 
β-catenin, together with regulatory factors such as Slug, 
Snail, and ZEB1, were all downregulated in the TP-treated 
group, whereas the expression of E-cadherin, an epithelial 
protein marker, was significantly upregulated. These 

2.0

1.5

1.0

0.5

0.0

3

2

1

0

2000

1500

1000

500

0

0        1       2        3       4        5        6       7       8 0        1       2        3       4        5       6       7        8

0               5              10             15             20
Days

DayDay

** **
**

**

**

**

**

**

**
**

****

**
**

TP
NC

TP
NC

O
D

O
D

DMSO

TP

DMSO
TP

Tu
m

or
 v

ol
um

e 
(m

m
3 )

A B

C

U87 U251

Figure 1 Effects of TP on the proliferative activity of glioma cells in vitro and in vivo. (A) The changes in U87 cell proliferation after 7 days 
of TP treatment at the IC50 concentration (20 ng/mL), as determined by the CCK-8 method. (B) The changes in U251 cell proliferation 
after 7 days of TP treatment at the IC50 concentration (50 ng/mL), as determined by the CCK-8 method. (C) A subcutaneous tumor model 
in nude mice was used to detect the inhibition of TP cell proliferation in vivo and confirmed the inhibitory effect of TP on tumor cell 
proliferation. ** represents P<0.01. TP, triptolide; NC, normal control; DMSO, dimethyl sulfoxide; CCK-8, Cell Counting Kit-8; IC50, half-
maximal inhibitory concentration.



Lai et al. TP reverses EMT via inducing autophagy

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1304 | https://dx.doi.org/10.21037/atm-21-2944

Page 6 of 12

U87U87

U251U251

NC
TP

NC
TP

Time

Time
0 h            24 h             48 h

0 h            12 h             24 h

* *

* *

120

100

80

60

40

20

0

120

100

80

60

40

20

0

0 h                                24 h                                    48 h

0 h                               12 h                                     24 h

NC

NC

TP

TP

S
cr

at
ch

 a
re

a 
pe

rc
en

ta
ge

/%
S

cr
at

ch
 a

re
a 

pe
rc

en
ta

ge
/%

A B

C D

Figure 2 Effect of TP on the migration ability of glioma cells in vitro, as determined by cell scratch test. (A,B) TP significantly inhibits the 
migration ability of U87 cells. (C,D) TP significantly inhibits the migration ability of U251 cells. Scale bar =50 µm. * represents P<0.05. 
NC, normal control; TP, triptolide. 

1000

800

600

400

200

0

NC

NC

TP

TP

U
25

1
U

87

**

**

Transwell

U251U87

C
el

l c
ou

nt
 o

f t
ra

ns
w

el
l

Figure 3 Effect of TP on the invasion ability of glioma cells in vitro, as determined by Transwell invasion assay. (A) TP significantly inhibits 
the invasion of U87 and U251 cells. Staining method: 0.1% crystal violet solution. Scale bar =100 μm. (B) Statistical data of the invasion 
experiments on U87 and U251 cells stimulated with TP. ** represents P<0.01. NC, normal control; TP, triptolide. 



Annals of Translational Medicine, Vol 9, No 16 August 2021 Page 7 of 12

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1304 | https://dx.doi.org/10.21037/atm-21-2944

results indicated that TP could inhibit the EMT process  
(Figure 4A-4C).

In  v ivo ,  IHC exper iments  were  per formed on 
subcutaneous tumor tissues from nude mice. Consistent 
with the results of western blot in vitro, in the tissues of 
TP-treated mice, the expression of the epithelial marker 
E-cadherin was significantly upregulated, while the 
expression of the mesenchymal markers N-cadherin and 

Vimentin was significantly downregulated, thus confirming 
that TP also has a reversal effect on the EMT process  
in vivo (Figure 4D).

TP promotes autophagy enhancement of glioma cells

We found that TP could promote autophagy in glioma 
cell lines in the early stage (6 hours); however, after 

Figure 4 Effects of TP on the EMT process in glioma cells in vitro and in vivo. (A) Western blot results show that TP significantly 
upregulates the expression of the epithelial marker E-cadherin while downregulating that of the mesenchymal markers N-cadherin, 
Vimentin, ZEB1, Snail, and Slug in U87 and U251 cells. (B,C) Statistical data from western blot experiments to detect the expression of 
EMT protein markers in TP-treated U87 cells and U251 cells. (D) Immunohistochemical results confirm that the expression of E-cadherin 
is upregulated in tumor tissues, while that of N-cadherin and Vimentin is downregulated (×400). ** represents P<0.01. TP, triptolide; NC, 
normal control; EMT, epithelial-mesenchymal transition; DMSO, dimethyl sulfoxide.
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stable stimulation of U87 and U251 cells with TP for  
48 hours, the changes in autophagy were more obvious. 
The expression levels of the autophagy markers Beclin-1 
and Atg-7 were significantly elevated; conversion from 
LC3B I to II was significantly increased; and the LC3B II/
I ratio also showed an increase (Figure 5). After transfection 
of the pEGFP-C2-LC3B plasmid into glioma cells, the 
effect of TP on autophagy during the early stage (6 hours) 
was detected by cell immunofluorescence assay. Under the 
high-power field of the laser confocal microscope, both 
U87 cells (Figure 6A) and U251 cells (Figure 6B) exhibited 
a significant increase in the number of intracytoplasmic 
autophagosomes (Figure 6C), again showing that TP could 
promote the autophagy of glioma cells. 

Discussion

As a traditional Chinese medicine, Tripterygium wilfordii 
Hook F, also known as thunder god vine, has a variety 
of pharmacological effects, such as detoxifying and 
dispersing knots, removing blood stasis and promoting 
blood circulation, eliminating pathogenic factors, and 

immunosuppression (22). TP, a diterpenoid triepoxide, was 
first isolated and characterized from Tripterygium wilfordii 
Hook F (23), in which it is the main active monomer 
component. Numerous studies have shown that TP is a 
broad-spectrum tumor inhibitor, which suppresses around 
60 types of tumor cells, including melanoma, breast cancer, 
gastric cancer, colorectal cancer, hepatocellular carcinoma, 
bile duct carcinoma, lung cancer, pancreatic cancer, prostate 
cancer, bladder cancer, epidermoid carcinoma, granulocyte 
leukemia, T-cell lymphoma, and central nervous system 
tumors (24-26).

In this study, the CCK-8 method was used to detect 
the effect of TP on the proliferation of the glioma cell 
lines U87 and U251. The results showed that TP had a 
significant dose- and time-dependent inhibitory effect on 
U87 and U251 cells. This part of the experiment confirmed 
that TP also has an anti-proliferation effect on glioma 
cells, which is consistent with the literature (27). The 
subcutaneous xenograft experiment in nude mice further 
confirmed the inhibitory effect of TP in vivo. 

Next, by performing scratch and Transwell invasion 
assays, we found that TP significantly inhibited the 
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Atg 7 expression, and increases the LC3B II/I ratio in U87 and U251 cells. Statistical data from western blot experiments to detect the 
expression of autophagy protein markers in TP-treated (B) U87 cells and (C) U251 cells. ** represents P<0.01; # represents P>0.05. NC 
normal control; TP, triptolide. 
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migration and invasion ability of U87 and U251 cells. 
Subsequent western blot experiments showed that TP 
reversed the process of EMT in glioma cells, as evidenced 
by the upregulation of E-cadherin and the downregulation 
of N-cadherin, Vimentin, ZEB1, Snail, and Slug. 

As we know, based on both tumor morphology and 
molecular alterations, the WHO 2016 classification system 
other than the previous one integrated tumor morphology, 
1p19q co-deletion status and IDH mutation for adult diffuse 
glioma. This is a profound platform that can be utilized to 
analyze the current and future trends in the diagnosis and 
prognosis of glioma from molecular biology to proteomics. 
Recent studies disclosed several signal pathways that closely 
related to the proliferation and metastasis of glioma, such 
as IGF-1R/AKT, Notch, mTOR, Wnt and EMT (28-32). 
EMT is an indispensable part of the normal development 
process of the human body, and it also plays a crucial role in 
tumor progression and metastasis. As a biological process, 
EMT refers to the transformation from immobile epithelial 
cells to mobile mesenchymal cells whose phenotype is 
becoming detached and invasive. The mechanism of 
EMT regulating the invasion and metastasis of glioma 
is complicated. A variety of transcription factors (such as 
Snail, Slug, Twist and Zeb 1/2), upstream regulators of 
EMT induction (such as IGF-1R, c-MET and the CXCR4 

receptor) and several key signal pathways (such as PI3K/
AKT and ERK) are involved in the main mechanism (33). 
Therefore, inhibiting the activation of EMT and epithelial-
mesenchymal plasticity has become an effective method in 
the clinical treatment of tumors (34). 

Drug resistance, together with radiotherapy resistance, 
are closely related with tumor recurrence. Drug resistance 
to TMZ, the first-line chemotherapy drug for glioma, is 
becoming increasingly prominent, and its mechanism of 
resistance is still unclear.  Researches nowadays indicated 
that O6-methylguanine-DNA methyltransferase (MGMT) 
can be the main mechanism of TMZ resistance, while 
mismatch repair (MMR) and base excision repair (BER) 
also contribute to it. Emerging evidence also identified that 
GBM stem cells (GSCs) are tightly connected with drug 
resistance and tumor recurrence due to self-renewal and 
invasion ability (3). Once exposed to radiation or TMZ 
treatment, autophagy is highly triggered and glioma cells 
could survive by degrading unnecessary components (35). 
Other studies have found that long-term use of TMZ 
could induce autophagy and then lead to changes in the 
morphology of glioma cells and promotes the process of 
EMT, which indicated another possible chemoresistance 
mechanism of GBM (36). Snail and Slug, the key molecules 
involved in EMT, were found being regulated significantly 

Figure 6 Cellular immunofluorescence detection of autophagic changes in glioma cells under stimulation with TP. (A) Cellular 
immunofluorescence results show that the number of autophagosomes increased significantly after TP was applied to U87 cells. (B) Cellular 
immunofluorescence results show that the number of autophagosomes increased significantly after TP was applied to U251 cells. (C) 
Statistical data of the number of autophagosomes after TP stimulation of U87 and U251 cells. ** represents P<0.01. NC normal control; TP, 
triptolide.
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upon autophagy stimulation (37). To sum up, EMT 
also plays a fundamental role in driving drug resistance. 
Interestingly, its role in cancer drug resistance was not that 
clear until remarkable similarities between cells undergoing 
EMT and CSCs (cancer stem cells) were found gradually. 
It is known that CSCs are extremely hard to eradicate 
because of its resistance to most of current chemotherapy  
regimens (38). When molecular switches and key signaling 
pathways in EMT were better understood, scientists had 
paid more attention on developing small molecules and 
miRNAs that reverse EMT phenotype and ultimately 
enhance the chemo-sensitivity of drug-resistant cancer cells. 
TP can reverse the EMT process of glioma, which may 
partially solve the drug-resistance problem facing TMZ. 
The combination of these two drugs may have the effect of 
increasing sensitivity to TMZ.

The mechanism by which TP reverses the EMT 
process is still unclear. Notably, TP can induce autophagy 
enhancement in a variety of tumors (18,39,40). It is also 
known that autophagy has a two-sided effect on tumors. 
On the one hand, it can recover nutrients and aging 
organelles so that energy can be recovered and utilized, 
and as such, is conducive to the survival of tumor cells; on 
the other hand, it inhibits tumor cell growth, activates the 
apoptotic signaling pathway, and leads to autophagic cell 
death (41). The results of our western blot and cellular 
immunofluorescence experiments show that after treatment 
with TP, the LC3 II/I ratio of U87 and U251 glioma cells 
was characteristically elevated, indicating the transformation 
of cytoplasmic type LC3 (LC3-I) into autophagosome 
membrane type LC3 (LC3-II) after enzymolysis results 
in the promotion of autophagosome formation and 
autophagic enhancement. As we know, Beclin-1 plays an 
important role in membrane isolation and vesicle closure of 
autophagosomes. It can interact with P53 protein, the Bcl-
2 protein family, and other proteins to affect autophagy. 
ATG-7 is one of the proteins involved in autophagy. Our 
results revealed that the expression levels of Beclin-1 and 
ATG-7 in TP-treated cells were upregulated, further 
supporting that TP induces the enhancement of autophagy 
in glioma cells.

As mentioned above, the key marker of the EMT process 
is decreased E-cadherin expression. EMT factors such as 
Snail, Slug, ZEB1, Twist1, Twist2, and SIP1 can bind to the 
E-cadherin promoter’s E-box (enhancer box which located 
within the short-range transcription regulatory regions 
of the E-cadherin gene) to inhibit the transcription of 

E-cadherin. Our experiment showed that after stimulation 
of glioma cells with TP, the expression of ZEB1, Snail, 
and Slug was downregulated. This suggests that the over-
expression of E-cadherin induced by TP was possibly 
caused by the downregulation of upstream factors such as 
ZEB1, Snail, and Slug, which in turn reduced the inhibitory 
effect on E-cadherin and thus reversed EMT progression. 
There is evidence that the activation and enhancement 
of autophagy can reverse the EMT phenotype of tumor 
cells, thereby inhibiting the occurrence of EMT (42,43).     
Studies have found that in glioma cells, the enhancement 
of autophagy is induced by stress or nutritional deficiency, 
while EMT is inhibited through the classical mTOR 
pathway, resulting in reduced cell migration and weakened 
invasion abilities (37). Therefore, we can infer that TP can 
induce autophagy enhancement in U87 and U251 glioma 
cells, and alter the expression of E-cadherin and Vimentin 
through ZEB1, Snail, and other pathways mediated by 
autophagy, thus inhibiting the EMT process. 

In summary, we have investigated the effects of TP 
on migration, invasion, and EMT progression in glioma 
cells. We have preliminarily studied and identified that, 
mechanistically, TP induces autophagy enhancement, thus 
reversing EMT. This mechanism of EMT reversal may 
become an entry point for avoiding acquired drug resistance 
to TMZ. The addition of TP may increase TMZ sensitivity 
and enhance antitumor efficacy; however, first, the specific 
pathway of TP-induced autophagy enhancement in tumor 
cells needs to be further elucidated.
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