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Objective. To investigate the eﬀects of Cyclocarya paliurus polysaccharide (CPP) on the proliferation, migration, invasion, and
apoptosis of human glioma U251 cells and further explore the underlying mechanism. Methods. U251 cells were cultured
in vitro and treated with various concentrations (25, 50, 75, 100, 125, and 150 μmol/L) of CPP for 24, 48, and 72 h. Cell
counting kit-8 was used to detect the activity of cell proliferation. Wound-healing assay, Transwell assay, and ﬂow cytometry
were used to measure the eﬀects of CPP on the migration, invasion, and apoptosis of U251 cells, respectively. Western blotting
was used to determine the protein expression involved in the GSK3β/β-catenin signaling pathway and its downstream genes
related to proliferation, migration, invasion, and apoptosis including Cyr61, CCND1, Vimentin, and Slug. Meanwhile, qRT-PCR
was used to detect the mRNA levels of Cyr61, CCND1, Vimentin, and Slug. Results. We found that CPP not only could inhibit
the proliferation, migration, and invasion of U251 cells but also promote its apoptosis in vitro. Besides, CPP could signiﬁcantly
inhibit the phosphorylation and decrease the protein levels of GSK3 β at ser9 site (p < 0:05), and thus increasing the
phosphorylation of β-Catenin at ser33/37 site (p < 0:05), resulting in β-Catenin degradation. In addition, we also found that
CPP could downregulate the mRNA (p < 0:05) and protein expression (p < 0:05) of downstream genes of GSK3 β/β-catenin
signaling pathway including Cyr61, CCND1, Vimentin, and Slug, which are related to proliferation, migration, invasion, and
apoptosis. Conclusion. CPP could inhibit the expression of GSK3β, promote the degradation of β-catenin, and downregulate the
levels of GSK3β/β-catenin downstream genes including Cyr61, CCND1, Vimentin, and Slug, which regulate the proliferation,
migration, invasion, and apoptosis of glioma cells.

1. Introduction
Glioma is one of the most aggressive malignant brain cancers, accounting for approximately 36% of primary brain
tumors [1]. Glioma originates from glial cells and accounts
for about 80% of malignant tumors of the central nervous
system [2]. Although gliomas have a lower incidence than
other cancers, gliomas have a relatively high mortality rate
due to their highly invasive growth characteristics [3]. At
present, despite the advances in treatment over the past
decade, there is still no eﬀective cure [4]. Chemotherapy is
an important method for the treatment of gliomas. It can kill
residual tumors that cannot be removed by surgery and

radiotherapy. Therefore, it is of great signiﬁcance to research
the antiglioma drugs.
Cyclocarya paliurus is a plant of the genus Chrysanthemum (Jugaceae), mainly distributed in southern China. Its
branches and leaves are sweet, having a cooling eﬀect, and
can reduce swelling and pain [5]. Modern pharmacological
studies have shown that Cyclocarya paliurus contains a variety of nutrients and can play diﬀerent biological roles [6].
Among these bioactive ingredients, Cyclocarya paliurus polysaccharide (CPP) is an important active ingredient. CPP and
its complexes play critical roles in antitumor, anti-inﬂammatory, antiviral, antiaging, and anticoagulation [7–11]. Recent
researches on CPP have mainly focused on its anticancer
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eﬀect. For instance, Jin et al. reported that the combination of
CPP and X-rays had signiﬁcant proliferation inhibition and
proapoptotic eﬀects on SW480 colorectal cancer cells [12];
Zhang et al. found that CPP could increase the sensitivity of
hypoxic A549 and H520 human non-small-cell lung cancer
cells to radiotherapy. These studies show the potential of
CPP as a chemotherapeutic agent for clinical tumor treatment [13]. However, there is currently no article on the role
of CPP in gliomas, so this study will use the glioma cell line
U251 for the ﬁrst time to study the role of CPP in cell proliferation, migration, and invasion.

2. Material and Methods
2.1. Extraction and Identiﬁcation of CPP. Crude polysaccharides were extracted from the leaves of Cyclocarya paliurus by
water extraction and alcohol precipitation method, deproteinized by Sevag method, and dried by water dialysis. After
that, the crude polysaccharide was puriﬁed using a D301R
column and eluted with the 0.4 m aqueous solution of
sodium chloride [11]. The extracted CPP was identiﬁed by
the ultraviolet spectrum and infrared spectrum.
2.2. Determination of Molecular Weight and Analysis of
Monosaccharide Components. The molecular weight of CPP
was determined by high-performance liquid chromatography (1100, Agilent, USA). The system was equipped with
SHODEX KS-802 and KS-804 columns (7:8 mm × 300 mm),
and a refractive index detector was used and the sample input
was 20 μL. The sample was eluted with a NaCl aqueous solution (0.2 m) as a mobile phase at a ﬂow rate of 0.8 ml/min,
and the column temperature was maintained at 40°C. A series
of standard dextran with known molecular weight values
was used as the calibration curve, and the molecular weight
was analyzed by Agilent-GPC software. A qq7000 capillary
column (30 m × 0:25 mm × 0:25 m, Agilent, USA) and a
hydrogen ionized ﬂame detector (FID) were used in the
gas chromatography analysis of monosaccharides in CPP.
Speciﬁcally, the dried CPP (2.0 mg) was dissolved in
1.0 ml TFA (2.0 M), hydrolyzed in an ampule at 120°C for
90 min, washed with methanol, and then evaporated to
remove TFA. The hydrolysate was reduced with NaBH4
and acetylated with ethyl acetate at 100°C for 60 min, and
then, the acetic anhydride was destroyed with ice water.
The obtained alditol was extracted with chloroform, and
the resultant was analyzed by gas chromatography. The
gas chromatography analysis procedure was as follows:
injection temperature: 250°C; detector temperature: 250°C;
column temperature increased from 120°C to 250°C, with
an increasing rate of 3°C/min, and ﬁnally maintained at
250°C for 5 minutes. Nitrogen was used as the carrier gas
and maintained at 1 mL/min. Air and hydrogen velocities
were 400 and 30 mL/min, respectively. Seven monosaccharides were used as reference materials to quantitatively
determine the monosaccharide content of CPP.
2.3. Cell Culture. Human glioma cells U251 were purchased
from ATCC, USA. U251 cells were routinely cultured using
DMEM medium (Thermo Fisher Scientiﬁc Inc., China) con-
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taining 10% fetal bovine serum (Gibco, USA), 100 U/mL
penicillin, and 100 g/mL streptomycin (Gibco, USA). The
temperature of the humidiﬁed incubator was maintained at
37°C and contained 5% carbon dioxide. Experiments were
performed using only cells in the exponential growth phase.
2.4. Cell Counting Kit-8 (CCK-8) Detects Cell Proliferation
Activity. U251 cells were seeded at a density of 5 × 103
cells/well in a 96-well plate and cultured overnight. The
next day, CPP of diﬀerent concentrations (25, 50, 75,
100, 125, and 150 μmol/L) prepared with cell culture
medium [14] was added. For the control group, 10 μL
CCK-8 reagent (Dojindo, Japan) was added per well at
24, 48, and 72 h. After a certain period of incubation, the
absorbance (A) at 450 nm was measured on a spectrophotometer. The relative cell activity (%) is calculated as relative cell
activity ð%Þ = ðA ðexperimental groupÞ − A ðblank groupÞÞ/ðA
ðcontrol groupÞ − A ðblank groupÞÞ.
2.5. Cell Scratch Test to Assess Cell Migration Ability. U251
cells were seeded in a 12-well plate and cultured overnight.
The next day, cells were treated with CPP at diﬀerent concentrations and cultured until the cell fusion rate reached 95%. A
sterile 100 μL pipette tip was used to draw a straight line on
the monolayer cells, then the cells were washed with PBS.
After that, 1% FBS DMEM medium and diﬀerent concentrations of CPP were added. 24 h later, the cells that migrated to
the injured area were observed and photographed under an
inverted microscope.
2.6. Cell Invasion Assay to Detect Cell Invasion. For the cell
invasion test, the upper chamber of the Transwell chamber
(Corning, USA) was coated with a mixture containing
100 μL of Matrigel (Corning, USA) and serum-free DMEM
medium. After the Matrigel coagulated, cells with certain density were seeded into the upper chamber of DMEM without
FBS, and at the same time, DMEM medium containing 10%
fetal bovine serum was added to the lower chamber. After
24 h incubation at 37°C, the invading cells were ﬁxed with
20% methanol and stained with 0.1% crystal violet. The cells
were photographed and counted under a microscope.
2.7. Detection of Apoptosis by Flow Cytometry. U251 cells
were seeded in 6-well plates and incubated overnight. The
next day, each well was added with diﬀerent concentrations
of CPP and cultured in an incubator for 72 h. The cells were
collected, centrifuged, and washed according to the instructions of the ﬂow cytometry kit (Biyuntian, China). 5 μL of
Annexin V (ﬂuorescein isothiocyanate) was added to the cell
suspension and incubated for 15 minutes under the light.
10 μL of propidium iodide (PI) was added for double staining
and incubated for 5 minutes in the dark. The analysis was
performed within 1 h after the incubation.
2.8. Western Blotting Method to Determine Cell Protein
Expression Level. After the cells were extracted with RIPA
strong lysate (Biyuntian, China), the protein was quantiﬁed
by the BCA method. 50 μg of the protein sample was loaded
on the 10% SDS-PAGE electrophoresis gel, and Western
blotting was carried out on a PVDF membrane (Invitrogen,
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Figure 1: Identiﬁcation of CPP in polysaccharides. (a) Ultraviolet spectrum identiﬁcation result of CPP; (b) infrared spectrum identiﬁcation
result of CPP.
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Figure 2: Molecular weight and gas chromatography analysis of CPP. (a) High-performance liquid chromatogram, (b) gas chromatogram of
monosaccharide standard, and (c) gas chromatogram of CPP monosaccharide.

USA). The membrane was blocked at room temperature,
washed with TBST after blocking, and primary antibody
reaction solution including p-GSK3β (Ser9, ab131097,
Abcam, USA), GSK3β (ab93926, Abcam, USA), p-β-catenin
(Ser33/37, Ab11350, Abcam, UK), β-catenin (ab16051,
Abcam, USA), Cyr61 (ab24448, Abcam, USA), CCDN1
(ab134175, Abcam, USA), Vimentin (ab8978, Abcam,
USA), Slug (ab51772, Abcam, USA), and β-actin
(ab179467, Abcam, USA) was added and incubated overnight at 4°C. The corresponding HRP-conjugated secondary
antibody was added and incubated at room temperature after
TBST elution. The image was then developed on the ECL
luminescence imaging system.
2.9. Detection of mRNA Expression by Real-Time Fluorescent
Quantitative PCR (qPCR). Total cellular RNA was extracted

using TRIzol reagent (Invitrogen, USA). RNA concentration
and purity were then measured spectrophotometrically and
reversely transcribed (Takara, Japan) into cDNA. SYBR
Green PCR Master Mix (Takara, Japan) was used for PCR
ampliﬁcation (Applied Biosystems, USA), β-actin was used
as the housekeeping gene, and the relative expression of
Cyr61, CCND1, Vimentin, and Slug mRNA was calculated
using the 2-ΔΔCt method. Experiments were repeated 3 times
independently.
The primer sequences are as follows: Cyr61 preprimer (5 ′
-3 ′ ): AGCAGCCTGAAAAAGGGCAA, postprimer (5 ′ -3 ′ ):
AGCCTGTAGAAGGGAAACGC; CCND1 preprimer (5 ′
-3 ′ ): GCTGCGAAGTGGAAACCATC, postprimer (5 ′ -3 ′ ):
CCTCCTTCTGCACACATTTGAA; Vimentin preprimer
(5 ′ -3 ′ ): GACGCCATCAACACCGAGTT, postprimer (5 ′
-3 ′ ): CTTTGTCGTTGGTTAGCTGGT; Slug preprimer (5 ′
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Figure 3: CPP inhibits U251 cell viability. (a–c) Changes in cell viability after 24, 48, and 72 h of CPP treatment (25, 50, 75, 100, 125, and
150 μmol/L) at diﬀerent concentrations. Compared with the control group, ∗ indicates p < 0:05. This experiment was repeated three times
independently.

-3 ′ ): CGAACTGGACACACATACAGTG, postprimer (5 ′
-3 ′ ): CTGAGGATCTCTGGTTGTGGT; and β-actin preprimer (5 ′ -3 ′ ): CATGTACGTTGCTATCCAGGC, postprimer
(5 ′ -3 ′ ): CTCCTTAATGTCACGCACGAT.

Table 1: U251 cell viability changes under diﬀerent concentrations
and time of CPP treatment.

2.10. Statistical Analysis. Experimental data were expressed
as mean ± standard deviation. Statistical analysis was performed using SPSS 18.0 software. Student’s t-test was used
for pairwise comparison of data between groups, and univariate analysis of variance was used for comparison within
groups. p < 0:05 was considered statistically signiﬁcant.

Groups

24 h

48 h

72 h

Control
CPP 25 μmol/L

1
1:00 ± 0:05

1
0:99 ± 0:07

1
1:00 ± 0:06

CPP 50 μmol/L

1:02 ± 0:09

1:02 ± 0:10

0:98 ± 0:05

CPP 75 μmol/L

1:03 ± 0:07

0:81 ± 0:07

0:66 ± 0:06

CPP 100 μmol/L

0:89 ± 0:02

0:61 ± 0:03

0:43 ± 0:03

CPP 125 μmol/L

0:78 ± 0:03

0:49 ± 0:07

0:36 ± 0:03

CPP 150 μmol/L

0:51 ± 0:05

0:37 ± 0:04

0:17 ± 0:03

3. Results

Note: compared with the control group, p < 0:05.

3.1. Isolation, Puriﬁcation, and Structural Analysis of CPP. As
shown in Figure 1(a), CPP had no absorption at 260 nm,
which indicates that there was no nucleic acid. The weak
peak height at 280 nm was due to the presence of the protein,
but whether the protein was a free protein or a dextran protein complex was not clear. The total sugar content of CPP
determined by the phenol-sulfuric acid method was 62.4%.
As shown in the infrared spectrum of Figure 1(b), the broad
peak at 3385.21 cm-1 and the weak absorption peak at
2921.77 cm-1 were due to the C—H stretching of the CH2
group. The strong absorption peak at 1611.47 cm-1 was due

to the C=O asymmetric tensile vibration of the carboxylic
acid group and wide absorption peaks at 1413.49 cm-1 were
caused by the deformation vibration of hydrogen bonds.
The three bands at 3400, 2922, and 1414 cm-1 were characteristic of polysaccharides. The C—O—C asymmetric tensile
vibration band appeared at about 1265.17 cm-1, and the symmetrical tensile vibration appears at about 1071.82 cm-1.
As shown in Figure 2(a), CPP was mainly divided into
two parts, namely, CPP-1 and CPP-2. The average molecular
weight (Mw) of CPP-1 was 1:32 × 105 , the number average

∗
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Figure 4: CPP induces apoptosis of U251 cells. Compared with the control group, ∗ indicates p < 0:05. Comparison between treatment
groups with diﬀerent concentrations of CPP (75, 100, 125, and 150 μmol/L), # indicates p < 0:05. This experiment was repeated three
times independently.

molecular weight (Mn) was 9:83 × 104 , the Z average
molecular weight (Mz) was 1:97 × 105 , the Mw of CPP-2
was 9:31 × 103 , the Mn was 5:41 × 103 , and the Mz was
1:34 × 104 . As shown in Figures 2(b) and 2(c), the following
monosaccharides were separated by gas chromatography:
rhamnose, fucose, arabinose, xylose, mannose, glucose, and
galactose, with retention times of 15.921, 16.383, 16.63,
17.662, 27.687, 28.228, and 28.72 min, respectively. The
results showed that CPP was mainly composed of rhamnose,
arabinose, xylose, mannose, glucose, and galactose, and the
molar ratio was 1.00 : 2.21 : 0.62 : 0.50 : 0.62 : 4.18, indicating
that the main component of CPP was galactose.

Table 2: Apoptosis of U251 cells under diﬀerent concentrations of
CPP treatment.
Groups

Apoptosis rate (%)

Control

6:17 ± 0:70

CPP 75 μmol/L
CPP 100 μmol/L
CPP 125 μmol/L
CPP 150 μmol/L

15:20 ± 0:56∗ #
25:40 ± 0:70∗ #
36:83 ± 1:12∗ #
50:67 ± 2:30∗ #

Note: compared with the control group, ∗ p < 0:05. Comparison between
treatment groups with diﬀerent concentrations of CPP (75, 100, 125, and
150 μmol/L), #p < 0:05.

3.2. CPP Reduces the Proliferation Activity of Human Glioma
Cell U251. As shown in Figure 3, compared with the control
group, U251 cells had a dose-dependent decrease in cell
activity after 24, 48, and 72 h of 25, 50, 75, 100, 125, and
150 μmol/L CPP treatment (p < 0:05). When treated for
24 h with CPP (concentration was in the range of 25, 50,
and 75 μmol/L), compared with the control group, U251 cell
viability did not change signiﬁcantly at each time point
(p > 0:05). When the CPP concentration reached
100 μmol/L, cell viability was signiﬁcantly reduced at all time
points (p < 0:05). When treated with CPP (concentration was
in the range of 25 and 50 μmol/L) for 48 and 72 h, compared
with the control group, U251 cell viability did not change signiﬁcantly at each time point (p > 0:05). When the CPP concentration reached 75 μmol/L, cell viability was signiﬁcantly
reduced at all time points (p < 0:05). And the longer the treatment time, the higher the degree of cell viability reduction.
The numerical changes of speciﬁc cell viability are shown in
Table 1. The above results suggest that CPP can inhibit the
proliferation of U251 cells.

3.5. CPP Inhibits the Invasion of U251 Cells. As shown in
Figure 6, when U251 cells were exposed to diﬀerent concentrations (75, 100, 125, and 150 μmol/L) of CPP, their invasion
capacity was signiﬁcantly reduced (p < 0:05). With the
increase of the CPP treatment concentration, the cell
invasion capacity declined in a dose-dependent manner
(p < 0:05).

3.3. CPP Induces Apoptosis of U251 Cells. As shown in
Figure 4, after U251 cells were treated with diﬀerent concentrations of CPP (75, 100, 125, and 150 μmol/L) for 72 h, com-

3.6. CPP Inhibits Activation of the GSK3β/β-Catenin
Signaling Pathway. As shown in Figure 7, when U251 cells
were treated with 150 μmol/L CPP for 72 h, the Western

pared with the control group, the apoptosis rate increased with
the increase of CPP treatment concentration (p < 0:05), as
detailed in Table 2. The results suggest that the administration
of CPP to U251 cells can induce the occurrence of apoptotic
responses.
3.4. CPP Treatment Reduces U251 Cell Migration Capacity.
As shown in Figure 5, after treating U251 cells with diﬀerent
concentrations of CPP (75, 100, 125, and 150 μmol/L) for
72 h, compared with the control group, the cell migration
ability of the CPP-treated group was signiﬁcantly reduced
(p < 0:05) in a dose-dependent manner (p < 0:05).
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Figure 5: CPP treatment reduces U251 cell migration capacity. Compared with the control group, ∗ indicates p < 0:05. Comparison between
treatment groups with diﬀerent concentrations of CPP (75, 100, 125, and 150 μmol/L), # indicates p < 0:05. This experiment was repeated
three times independently.
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blotting result showed that compared with the control group,
CPP can signiﬁcantly reduce the protein level of GSK3β
and its phosphorylation level at Ser9 site. Furthermore,
treatment with CPP promotes the phosphorylation level
of β-catenin at Ser33/37 site, leading to the degradation
of β-catenin.
3.7. CPP Inhibits the Expression of Oncogenes Downstream of
the GSK3β/β-Catenin Signaling Pathway. As shown in
Figure 8, when U251 cells were treated with 150 μmol/L
CPP for 72 h, compared with the control group, the mRNA
and protein levels of Cyr61, CCND1, Vimentin, and Slug
(proliferation, apoptosis, migration, and invasion related
genes downstream of SK3β/β-catenin signaling pathway)
were signiﬁcantly reduced (all p < 0:05).

4. Discussion
As an edible and medicinal plant, Cyclocarya paliurus is
widely used in the treatment of various diseases [15, 16].
The polysaccharide is the main active ingredient of Cyclocarya paliurus [14]. Polysaccharides, as natural biological
macromolecules, have a variety of biological activities
and are closely related to the maintenance of biological
processes, for example, fungi and Ganoderma, which have
inhibitory eﬀects on tumor cells [17, 18]. There are few
studies on the antitumor eﬀect of CPP. This study found
that CPP can play a positive role in the treatment of gliomas by inhibiting the activation of GSK3β/β-catenin signaling pathway and inhibiting the downstream gene
expression related to proliferation, apoptosis, migration,
and invasion.
Previous studies have conﬁrmed that in colorectal cancer
cells, CPP can work in combination with X-rays to inhibit the
PI3K/Akt signaling pathway, thereby playing a role in inhibiting cancer cell proliferation and promoting apoptotic
responses [12]; in addition, it has been found that CPP can
increase the sensitivity of human non-small-cell lung cancer
to radiotherapy [11], mainly by inhibiting the activation of
the mTOR/Akt/PI3K signaling pathway. As there is no
research report on CPP in glioma, we found for the ﬁrst time
in this study that CPP has a signiﬁcant inhibitory eﬀect on

glioma, suggesting that CPP is expected to play a positive role
in the clinical treatment of glioma.
GSK3β is a serine-threonine kinase that can regulate signaling pathways involved in cell proliferation and cell cycle
[19, 20]. Furthermore, GSK3β also participates in tumorigenesis through Wnt/β-catenin. Studies have found that
inhibition of GSK3β can induce cell death in gliomas [21].
GSK3β activity depends on its phosphorylation of serine 9.
Under normal conditions, GSK3β is nonphosphorylated
and active. GSK3β phosphorylation can interact with βcatenin and cause β-catenin degradation [22]. Conversely,
if β-catenin degradation is inhibited, activation of oncogene
can occur. Consistent with previous reports, this study conﬁrms that CPP can inhibit the phosphorylation and protein
levels of GSK3β at Ser9, thereby promoting the phosphorylation of β-catenin at Ser33/37, leading to the degradation of βcatenin and thus inhibiting GSK3β/β-catenin signaling pathway activation.
At the same time, after we found that CPP can inhibit the
proliferation, migration, and invasion of glioma cells through
CCK-8, cell scratches, and Transwell experiments, we further
investigated the mRNA expression and protein levels of
oncogenes downstream of GSK3β/β-catenin signaling pathway including Cyr61, CCND1, Vimentin, and Slug which
are related to proliferation and migration. Cyr61 is a cysteine-rich, secreted, heparin-binding protein that can participate in a variety of cellular functions such as adhesion,
migration, and proliferation [23]. Previously, Xie et al.
reported that compared with normal brain tissue, Cyr61 is
highly expressed in 66 cases of primary glioma, and Cyr61
expression is signiﬁcantly related to tumor grade and patient
survival [24]; CCND1, as an oncogene [25], is highly
expressed in glioma, breast, and bladder cancer; the
expression level of CCND1 is related to the malignant
degree of tumors and has the eﬀect of regulating the
growth and proliferation of cancer cells [26]; Vimentin
can reduce the expression of cell surface adhesion factors,
thereby promoting the occurrence of cell migration and
invasion. It is highly expressed in a variety of cancer tissues, especially in cancers with metastasis [27]; Slug originated from the neural crest and has been reported to be
involved in regulating tumor cell invasion, migration, cell
cycle, and other activities [28]. In this study, qPCR and
Western blotting experiments were performed to demonstrate that CPP treatment of U251 can cause the downregulation of mRNA and protein expression levels of
Cyr61, CCND1, Vimentin, and Slug to diﬀerent degrees,
suggesting that CPP plays critical roles in regulating the
proliferation, apoptosis, migration, and invasion of gliomas through inhibiting the expression of GSK3β/βcatenin downstream oncogenes Cyr61, CCND1, Vimentin,
and Slug.
In this study, crude polysaccharides were ﬁrst extracted
from the leaves of Cyclocarya paliurus, and CPP was obtained
after puriﬁcation and drying. Through a series of in vitro
experiments based on glioma cells U251, it was found that
CPP has a certain cytotoxic eﬀect to inhibit cell proliferation,
apoptosis, migration, and invasion. In addition, in the mechanism research, we also found that CPP can inhibit the
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Figure 8: CPP inhibits the expression of oncogenes downstream of the GSK3β/β-catenin signaling pathway. Compared with the control
group, ∗ indicates p < 0:05. This experiment was repeated three times independently.

activation of GSK3β/β-catenin signaling pathway. Furthermore, through the inhibition of the GSK3β/β-catenin
signaling pathway, CPP can reduce the expression level of
proliferation, apoptosis, migration, and invasion related
genes such as Cyr61 and CCND1. All these results indicate
that CPP may play a protective role in the treatment of
gliomas, which deserves further study.
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