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Summary
Purpose: To study the effect of triptolide (TP) on radiosensitivity of human glioma U251 cells and its mechanism, so
as to provide new ideas and methods for the radiotherapy
of glioma.
Methods: U251 cells were treated with 10, 50, 100 nmol/L
TP at different concentrations and irradiated with 0, 2, 4, 6,
8 Gy X-ray. The radiosensitivity of cells in each group were
detected by MTT. U251 cells were then divided into control
group, 10 nmol/L TP group, 4 Gy radiation group, 10 nmol/L
TP + 4 Gy radiation group. The formation ability of U251
cells in each group was detected by colony formation assay.
Flow cytometry was used to detect cell cycle and apoptosis
in each group. Western blot was used to detect the changes
of PI3K/Akt signal pathway in each group.

Results: When 10, 50, 100 nmol/L TP were combined with
2, 4, 6, 8 Gy X-ray, the proliferation inhibition rate of U251
cells in each group increased significantly (p<0.05); compared
with 10 nmol/L TP alone group and 4 Gy radiation alone
group, the colony formation ability rate of U251 cells in 10
nmol/L TP + 4Gy radiation combined group decreased significantly (p<0.05), the cell cycle was blocked in G1 phase, and
the apoptosis rate was significantly reduced (p<0.05). The
level of p-pi3k and p-Akt decreased significantly (p<0.05).
Conclusions: Triptolide could significantly increase the radiosensitivity of human glioma U251 cells and play a role
by inhibiting the PI3K/Akt signal pathway.
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Introduction
Human glioma is the most common intracranial primary tumor, and its incidence accounts for
more than 70% of intracranial malignancies [1].
At present, great progress has been made in the
clinical understanding and treatment of malignant
gliomas, but because of its rapid malignant progression, high invasiveness and infiltration, and
since most gliomas grow in important functional
areas of the brain, surgery is often unable to completely remove the tumor, and the prognosis of
many patients is poor with a low cure rate [2,3].

Most patients with glioma require adjuvant radiation therapy postoperatively to enhance the local
control rate and increase patient survival [4]. Radiotherapy is currently an important non-surgical
treatment for glioma, while many glioma patients
are less sensitive to radiation, due to the biological
characteristics of glioma cells and the influence
of the local environment of the tumor, while the
inability of radiotherapy to effectively kill tumors
leads to poor efficacy [5]. Therefore, searching for
safe and effective methods for radiotherapy sen-
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sitization becomes an urgent need for malignant
glioma treatment in the clinic.
Triptolide (TP), a natural product extracted
from the traditional Chinese herb Tripterygium
Wilfordii Hook F, is also the main active ingredient in preparations such as Tripterygium Wilfordii Hook F [6]. Pharmacological studies have
found that triptolide with broad-spectrum and potent antitumor activity can significantly inhibit the
pathogenesis and progression of lung, breast, and
prostate cancer and other malignant tumors [7,8].
The latest study found that triptolide combined
with radiation significantly inhibited nasopharyngeal carcinoma (NPC) CNE-2 cell proliferation and
NPC tumorigenesis in nude mice in both in vivo and
in vitro assays, and speculated that triptolide may
play a sensitizing role in NPC radiotherapy [9,10].
However, there has been no study on whether
triptolide plays a role in radiotherapy of human
gliomas. Therefore, in this paper, we focused on human glioma U251 cells to observe the effect of triptolide on their radiosensitivity and provide a new
idea and method for radiation therapy of glioma.

Methods
Main materials

croscope every 12 h, and after the cells reached a confluence of 80%, they were digested with pancreatin EDTA
containing 0.25% for centrifugal passage. U251 cells in
logarithmic growth phase and in good condition were
taken for subsequent experiments, and glioma cells
receiving radiotherapy were stimulated with different
doses of X-ray irradiated cells.
MTT assay
U251 cells in logarithmic growth phase were collected and diluted into a cell suspension of 104 cells/ml
with DMEM cell culture medium and seeded into 96well plates at 200 μl per well and placed into a cell culture incubator for 4-h adherent growth. After removing
the supernatant, the cell culture medium containing 0,
10, 50, and 100 nmol/L TP was changed and incubated
for 12 h to adhere and were then exposed to X-ray irradiation (intensity, 6 MeV) at the following doses: 0 Gy,
2 Gy, 4 Gy, 6 Gy, and 8 Gy at room temperature. After
24 h of irradiation, the supernatant was aspirated from
each well and 150 µl of MTT solution (0.5 mg/ml) and
incubation continued for 4 h. Then, 50 µl of dimethyl
sulfoxide (DMSO), was added with shaking for 15 min,
and then the optical density (OD) value of each group of
cells at A490 nm was measured on a microplate reader.
Five replicate wells were set for each group of cells, and
the inhibition rate of cell proliferation was calculated for
each group = [(1-value of a of treatment well/value of a
of no treatment well) × 100%].

Human glioma U251 cells were purchased from the
cell resource bank of Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai,
China); Triptolide (HPLC > 98%) was obtained from
Shanghai Yuanye biological company (Lot No. yy90324)
(Shanghai, China); Dulbecco’s Modified Eagle Medium
(DMEM) cell culture medium, 0.25% pancreatin EDTA
(ethylenediaminetetraacetic acid), fetal bovine serum
(FBS) were purchased from GIBCO (Rockville, MD, USA);
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide), phosphate buffered saline (PBS) reagents
were purchased from Beyotime biological company
(Beijing, China); Cell cycle detection kit, annexin-V/PI
apoptosis kit were purchased from Beijing Dingguo bio
company (Beijing, China); Polyclonal rabbit anti human
phosphorylated phosphatidylinositol-3-hydroxykinase
(p-PI3K), phosphorylated serine / threonine kinase (pAkt), and internal reference protein (GAPDH) antibodies
were purchased from ABCAM (Cambridge, MA, USA);
Horseradish peroxidase (HRP)-labeled Goat anti rabbit
IgG secondary antibody and ECL enhanced chemiluminescence reagent were purchased from Beijing Zhonghuajinqiao company (Beijing, China).

Cell monoclonal experiments

Cell culture and radiation methods

Flow cytometry assay

Frozen human glioma U251 cells were removed and
quickly lysed in a 37°C water bath, collected by centrifugation at 800 R/min for 5 min, and resuspended in
DMEM cell culture medium containing 10% FBS before
being placed in a 37°C, 5% CO2 incubator. The growth
status of the cells was observed under an inverted mi-

U251 cells in logarithmic growth phase were trypsinized and collected by centrifugation at 800 rpm for 5
min after the above grouping. A portion of U251 cells
were washed once with 1 ml of PBS buffer added to each
well and then fixed with 2 ml of prechilled 70% ethanol at 4°C for 30 min, the supernatant was removed by
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Based on the MTT assay results described above,
glioma U251 cells were divided into four groups: control group (without any treatment), 10 nmol/L TP treatment (cultured with cell culture medium containing
10 nmol/L TP alone), 4 Gy radiation (cultured with 4
Gy X-ray radiation alone), 10 nmol/L TP + 4 Gy radiation combined group (cultured after treatment with 10
nmol/L TP containing cell culture medium followed by 4
Gy of X-ray radiation). The collected logarithmic growth
phase U251 cells were diluted with culture medium into
200 per well and seeded in collagen coated cell culture
plates, and the supernatant was removed after 4 h of
static culture. The incubation continued for 96 h following the above grouping treatment, after which the
supernatant medium was discarded. One ml of paraformaldehyde was added to each well for 20 min fixation, then
stained with 5% crystal violet for 15 min, washed with
PBS once and photographed and observed, and the cell
monoclonal formation rate (the ability of a single tumor
cell to form a clonal population in culture) of each group
was counted = (the number of cell monoclonal formation
/ the number of seeded cells in the plate) × 100%.
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centrifugation again, and after one PBS wash 50 µg/ml
propidium iodide (PI) solution was added and incubated
for 30 min in the dark at room temperature, followed
by addition of 200 µL of PBS and then mixed. U251 cell
cycle changes in each group were detected by BD Calibur flow cytometer (BD Biosciences, Franklin Lakes, NJ,
USA). The cells treated with the above grouping were
harvested, washed with PBS once and resuspended by
adding 10 µl of FITC labeled annexin-V and PI, mixed
and incubated in the dark at room temperature for 30
min, then washed with 1 ml of PBS once, and similarly
subjected to flow cytometry to determine the apoptosis
rate changes in each group.
Western blot assay
The treated U251 cells from each group described
above were digested with pancreatin, and the cells were
collected by centrifugation in PBS. To each set of cells,
500 µL of strong ice-mixed RAPI cell lysate was utilized
to lyse for 5 min to extract total protein from cells. The
total protein concentration in the cells of each group was
measured using a bicinchoninic acid (BCA) kit. Thirty µg
total protein of per group were loaded for SDS-PAGE gel
electrophoresis for 2 h, then blocked with 5% nonfat dry
milk for 10 min, washed with TBST solution and transferred to polyvinylidene fluoride (PVDF) membranes
(Millipore, Billerica, MA, USA), which were incubated
overnight at 4°C with polyclonal rabbit anti human ppi3k, p-Akt, GAPDH primary antibodies (1:1000). The
next day, after three more washes with TBST solution,
monoclonal peroxidase labeled goat anti rabbit IgG
secondary antibody (1:5000) were incubated for 2 h
at room temperature, followed by three more washes
with TBST solution. Finally, the PVDF membranes were
treated with ECL chemiluminescence reagent for 5 min,
exposed, photographed, and analyzed by quantity one
software for relative expression of each protein of interest, using GAPDH protein as an internal reference.
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Results
Triptolide can significantly increase the proliferation
inhibition rate of glioma U251 cells under X-ray
MTT assay showed that different concentrations of triptolide (TP) could significantly increase
the proliferation inhibition rate of glioma U251
cells under X-ray irradiation (Table 1). Statistical
results showed that when the dose of 0 nmol/L
TP reached 4 Gy, the proliferation inhibition rate
of U251 cells increased significantly (p<0.05).
When the concentration of TP was higher than 10
nmol/L, the proliferation inhibition rate of U251
cells increased significantly (p<0.05). When TP of
10 nmol/L, 50 nmol/L and 100 nmol/L were combined with X-ray of 2 Gy, 4 Gy, 6 Gy and 8 Gy,
the proliferation inhibition rates of U251 cells in
each group were significantly increased (p<0.05),
indicating that TP of different concentrations could
significantly increase the radiosensitivity of U251
cells.
Triptolide can significantly inhibit the monoclonal
ability of glioma U251 cells under X-ray irradiation
The results showed that 10 nmol/L TP combined with 4 Gy X-ray could significantly inhibit
the monoclonal formation ability of glioma U251
cells (Figure 1). The results showed that the mon-

Statistics
All data were statistically analyzed using SPSS 22.0
(IBM, Armonk, NY, USA), and data that conformed to a
normal distribution were expressed as mean values ±
standard deviation. Comparisons among multiple groups
were performed by one-way analysis of variance (ANOVA), and pairwise comparisons between groups were
tested for significance using the SNK-q method, which
was considered significant when p<0.05.

Figure 1. Effect of a combination of triptolide and 4 Gy
X-ray on the ability of glioma U251 cells to form monoclonal colonies (x±s, n=5). *indicates p<0.05 vs. control group;
#indicates p<0.05 vs. the 10 nmol/L TP group, 4 Gy group.

Table 1. Effect of combination of different concentrations of TP and different doses of X-ray on the proliferation inhibition rate of glioma U251 cells by MTT assay (x±s) %, n=5
Group

0 Gy

2 Gy

4 Gy

6 Gy

8 Gy

0 nmol/L TP

6.14±2.03

11.90±3.96

24.37±3.84*

38.31±4.03*

54.14±5.29*

10 nmol/L TP

18.36±2.16#

20.34±3.84*#

35.56±4.66*#

51.96±5.20*#

66.92±5.01*#

50 nmol/L TP

26.48±2.33#

33.49±4.82*#

48.24±5.07*#

63.33±4.29*#

75.63±5.14*#

100 nmol/L TP

38.48±3.27#

45.69±5.24*#

59.55±5.27*#

71.75±5.60*#

89.48±5.38*#

* indicates p<0.05 vs. 0 Gy group; #indicates p<0.05 vs. the 0 nmol/L TP group
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oclonal formation rate of U251 cells in 10 nmol/L
TP group and 4 Gy X-ray group was significantly
lower than that in the control group (p<0.05).
Compared with 10 nmol/L TP alone group and 4
Gy X-ray alone group, the monoclone formation
rate of U251 cells in 10 nmol/L TP + 4 Gy X-ray
combined group was also significantly decreased
(p<0.05).

Figure 2. Effect of triptolide and 4 Gy X-ray in combination on cell cycle of glioma U251 cells results (x±s, n=5).
*indicates p<0.05 vs. control group; #indicates p<0.05 vs. the
10 nmol/L TP group, 4 Gy group.

Triptolide can significantly inhibit the cell cycle of
U251 glioma cells under X-ray irradiation
Flow cytometry showed that 10 nmol/L TP
combined with 4 Gy X-ray could significantly
block the cell cycle in G1 phase of glioma U251

Figure 3. Apoptosis of glioma U251 cells treated with a combination of triptolide and 4 Gy X-ray (x±s, n=5). A: Apoptosis was detected by flow cytometry; B: Apoptosis rate statistics. *indicates p<0.05 vs. control group; #indicates p<0.05
vs. the 10 nmol/L TP group, 4 Gy group.
JBUON 2021; 26(4): 1552
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Discussion

Figure 4. Effect of triptolide combined with 4Gy X-ray on
the expression of p-AKT and p-PI3K in glioma U251 (x±s,
n=5). *indicates p<0.05 vs. control group; #indicates p<0.05
vs. the 10 nmol/L TP group, 4 Gy group.

cells (Figure 2). The results showed that compared with the control group, the G1 phase of
U251 cell cycle in 10 nmol/L TP group and 4Gy
X-ray group were significantly increased, while
the G2 phase was significantly decreased (p<0.05).
Compared with 10 nmol/L TP group and 4 Gy
X-ray group, the G1 phase of U251 Cell Cycle in
0 nmol/L TP + 4 Gy X-ray group increased more
significantly, and the G2 phase also decreased
significantly (p<0.05).
Triptolide can significantly promote the apoptosis of
glioma U251 cells induced by X-ray
Flow cytometry showed that 10 nmol/L TP
combined with 4 Gy X-ray could significantly promote the apoptosis of glioma U251 cells (Figure 3).
Statistics showed that the apoptosis rate of U251
cells in 10 nmol/L TP group and 4 Gy X-ray group
was significantly higher than that in the control
group (p<0.05). Compared with 10 nmol/L TP group
and 4 Gy X-ray group, the apoptosis rate of U251
cells in 10 nmol/L TP + 4 Gy X-ray group increased
significantly (p<0.05).
Triptolide can significantly inhibit PI3K/Akt signaling
pathway in glioma U251 cells under X-ray irradiation
Western blot analysis showed that 10 nmol/L
TP combined with 4 Gy X-ray could significantly
inhibit the phosphorylation levels of Akt and
PI3K in glioma U251 cells, indicating that TP
combined with X-ray could inhibit Akt/PI3K
signaling pathway in U251 cells (Figure 4). The
results showed that the levels of p-Akt and p-pi3k
in U251 cells treated with 10 nmol/L TP alone
and 4Gy X-ray alone were significantly lower than
those in the control group (p < 0.05). Compared
with the 10 nmol/L TP alone group and the 4
Gy X-ray alone group, the levels of p-Akt and ppi3k in U251 cells in 10 nmol/L TP + 4 Gy X-ray
combined group were also significantly decreased
(p<0.05).

Radiotherapy is a targeted killing method of
tumor cells using irradiation sources rays such as
X-rays, γ-rays etc and it is currently one of the important means of treating malignant tumors [11].
The biological characteristics of glioma cells are
complex, their growth is rapid, the tumor invading the human brain is often poorly demarcated
from normal tissue, surgery is often unable to completely remove the tumor, and patients have a poor
prognosis with postoperative adjuvant chemoradiotherapy and are prone to recurrence [12]. Also, the
reduced sensitivity of gliomas to radiation is one
of the important reasons affecting their prognosis,
and clinically, even increasing the local radiation
dose does not further reduce the recurrence of disease [13]. Therefore, how to improve the radiosensitivity of gliomas is a a hotspot problem needing
answers for clinical glioma treatment.
Current research has found that medicinal
plants are rich in natural active products, while
products with antitumor activity mostly have radiosensitizing utility, which has the advantages
of multi-pathway, multi-target, multi-utility, little
toxic side effects, and plays an important complex
role in tumor adjuvant radiotherapy [14]. On the
one hand, active ingredients in traditional Chinese
medicine (TCM), are able to enhance the sensitivity
of radiation therapy, aid in tumor treatment and
prevent recurrence, while, on the other hand, they
have a regulatory effect on the body as a whole, and
are able to alleviate the toxic effects of radiotherapy
[15]. In recent years, Tripterygium wilfordii as an
antitumor therapeutic drug, often combined with
Salvia miltiorrhiza, Astragalus membranaceus,
and Glycyrrhiza, is not only widely used in China,
but also in a considerable number of Asian countries such as Korea and Japan [16]. As an active
diterpenoid extracted from Tripterygium Wilfordii
Hook f (rupintrivir hook F.), its inhibitory effects on
tumors such as gastric cancer, pancreatic cancer,
breast cancer, adrenal cancer, and neuroblastoma
have been reported, but little is known about its
effects on radiosensitivity [17]. Cao et al [18] found
that low concentrations (12.5 ng/ml) of TP significantly enhanced the toxic effects of chemotherapeutic agents such as cisplatin on HepG2 cells, and
could reverse cisplatin resistance in HepG2 cells.
At the same time, new studies have shown that TP
combined with irradiation can significantly inhibit
human nasopharyngeal carcinoma cell proliferation and tumor growth, and combined with irradiation can be used as a new choice for nasopharyngeal carcinoma treatment [19], but at present, there
has been no study on whether TP has a synergisJBUON 2021; 26(4): 1553
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tic effect on the radiotherapy sensitivity of human
glioma cells. In this study, we used human glioma
U251 cells and used different concentrations of TP
to act on U251 cells under different doses of X-ray
irradiation, and detected that all could significantly
enhance the inhibition of cell proliferation and had
concentration effect in U251 cells under X-ray irradiation, proving that TP could enhance the sensitivity of glioma U251 cells to X-ray radiation. Also,
it has consistency with the above studies.
Clinical radiobiology shows that if the cells can
maintain unlimited proliferation ability after radiation it is an important standard to judge the curative effect of radiation, and the application of cell
monoclonal test can prove whether the cells treated
by radiation still have reproductive integrity [20].
In this study, we selected low concentration of TP
and X-ray to act on U251 cells separately and in
combination, and detected the ability of cell monoclonal formation. We found that TP can significantly inhibit the ability of U251 cells monoclonal
under X-ray irradiation, which confirmed that TP
can improve the radiation efficacy of glioma U251
cells. In the study of Wan et al [21], different concentrations of TP were applied to acute leukemia
cells, and it was found that TP could significantly
promote the apoptosis of HL-60 cells, showed a
significant concentration effect and had a blocking
effect on the G1 phase of HL-60 cell cycle. In this
study, flow cytometry also found that TP can block
the cell cycle in G1 phase of U251 cells under Xray irradiation, and can significantly promote the
apoptosis rate of U251 cells under X-ray irradiation, which also indicates that TP has a synergistic
effect on U251 cells under X-ray irradiation.
PI3K/Akt signaling pathway plays a very important role in the occurrence and development
of various tumors, and it is also closely related

to tumor radiosensitivity [22]. It is generally believed that abnormal activation of PI3K/Akt signaling pathway exists in most malignant tumors,
such as glioma, and downstream pathway genes
are activated through Akt phosphorylation, which
plays a role in inhibiting tumor cell apoptosis and
promoting cell cycle progression. Therefore, selective inhibition of PI3K/Akt signaling pathway by
pharmacological or genetic means can significantly
increase the radiosensitivity of tumor cells [23,24].
It has been found that LY294002, a PI3K inhibitor,
can decrease the survival rate of SGC-7901 cells
under irradiation and induce cell cycle arrest at
G1/G2 phase, while LY294002 mainly plays a role
in inducing apoptosis by reducing p-Akt [25]. In
this study, the levels of p-pi3k and p-Akt in U251
cells induced by 10 nmol/L TP and 4 Gy X-ray decreased significantly. When TP was combined with
X-ray, the levels of p-pi3k and p-Akt in U251 cells
decreased more significantly, indicating that TP enhanced the radiosensitivity of glioma U251 cells
by inhibiting PI3K/Akt signaling pathway. However, the specific mode of action and the changes
of downstream signaling pathway need further
investigations.

Conclusions
In conclusion, this study confirmed that TP
can significantly improve the radiosensitivity of
human glioma cells and play a role by inhibiting
PI3K/Akt signaling pathway. TP can be used as a
potential adjuvant of radiotherapy, which provides
a new treatment strategy for glioma.
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