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ABSTRACT
OBJECTIVE: To understand the effects of HMGB1 recombinant lentivirus vector on proliferation and apoptosis 
on CD133 cells after transfecting a human glioma cell strain CD133. 
METHOD: The CD133 human glioma cell strain cultured in vitro was transfected with HMGB1 lentiviral vector 
and empty vector, respectively, while CD133 cells cultured normally were used as the blank control. Changes 
in HMGB1 protein level were detected with western blot hybridization; apoptosis was detected with a fl ow cy-
tometer; the cell proliferation was analysed with MTT method. 
RESULTS: The results from the western blot hybridization indicated that the expression level of HMGB1 protein 
in the group infected with HMGB1 recombinant over-expressed lentiviral vector increased signifi cantly (p < 0.05) 
compared with the blank control and CD133 cells transfected with the empty vector. The absorbance value of 
cell proliferation in the group infected with HMGB1 over-expressed lentiviral vector increased gradually on days 
1, 2, 3, 4 and 5, but the difference was signifi cant on day 2 after infection and later compared with the blank 
control group and negative control group (p < 0.05). Based on detection with a fl ow cytometer, the apoptosis 
rate of CD133 cells transfected with HMGB1 over-expressed viral vector was signifi cantly higher than that in 
the blank control group and negative control group (p < 0.05). 
CONCLUSION: The lentiviral expression vector has very high transfection effi ciency in human glioma cell line CD133 
and the infection is able to signifi cantly up-regulate the expression and activation of HMGB1. Over-expression of HMGB1 
is able to inhibit proliferation of tumor cells and promote apoptosis (Tab. 2, Fig. 6, Ref. 30). Text in PDF www.elis.sk.
KEY WORDS: HMGB1, CD133, glioma, cell proliferation, apoptosis.

1  Neurosurgery Department, Inner Mongolia People’s Hospital, Huhhot, In-
ner Mongolia, and 2  Neurosurgery Department, Renmin Hospital of Wuhan 
University, Wuhan, Hubei Province
Address for correspondence: Q.X. Chen, Neurosurgery Department, Ren-
min Hospital of Wuhan University, Zhangzhidong Road No. 99, Wuhan, 
Hubei Province, 430060, Mongolia.

Introduction

Brain glioma is the most common primary tumor among cen-
tral nervous system tumors in adults. It has a high morbidity and 
accounts for approximately 40–50 % of intracranial tumors. More 
than 3/4 of cases are malignant (1). Surgical excision is the most 
effective treatment means for glioma. However, the glioma is not 
able to be completely removed by surgery and it is susceptible to 
relapse, short survival time, high mortality, and poor prognosis 
even though it can be completely removed under naked-eye ex-
amination due to the fact that glioma is characterized by diffuse 
infi ltrative growth, no apparent boundary with normal brain tis-
sue, frequent invasion of nervous structure, etc. (2–3). However, 
chemotherapy and radiotherapy are not able to kill the cancer 
cells with high degree specifi city and may give rise to severe ad-
verse reactions (4). Thus, the existing surgery, radiotherapy, che-
motherapy or other comprehensive therapies are not able to treat 
glioma radically. The brain glioma is still a refractory disease in 
the fi eld of neurosurgery and the explanation of its pathogenesis 

and exploration of new treatment means have become two research 
highlights in neurosurgery.

In recent years, with the development of disciplines such as mo-
lecular biology, molecular genetics etc., a number of genes closely 
associated with occurrence, progression and prognoses of tumors 
have been found. Hence, people have attempted to improve the cu-
rative effect in treatment of glioma by gene therapy in exploring the 
treatment of malignant tumors. The gene therapy is a biomedical 
technique where normal human genes or therapeutic human genes 
are transferred into human target cells by certain means to cor-
rect the gene defects or exert the therapeutical effect for treatment 
of diseases (5–6). Thus, selecting an effective target gene is the 
most important factor for achieving the desired therapeutic effect.

To further study the role of HMGB1 in the occurrence and 
progression of glioma and the feasibility of serving as a genetic 
therapeutic target of human brain glioma, the paper studies the role 
of HMGB1 gene in biological characteristics of glioma and pro-
vides experimental bases for whether it can serve as a new target 
in the treatment of glioma.

Material and methods

Material
The malignant gliocytoma in vitro cell line CD133 was pur-

chased from Shanghai Xitang Biotechnology Co., Ltd.; HMGB 
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gene plasmid was purchased from Bei Jing Ruizekang Biotech-
nology Co., Ltd.; TaqDNA polymerase and dNTP were purchased 
from Shanghai Meiji Biotechnology Co., Ltd.; the DL2000 DNA 
Marker was purchased from Shanghai Shrek Biotechnology Co., 
Ltd.; plasmid extraction kit was purchased from U.S. Sigma Com-
pany; fetal bovine serum and DMEM culture medium were pur-
chased from Hangzhou Biowish biotechnology Co., Ltd.; Trizol 
reagent was purchased from Beijing Bole Bioscience Development 
Co., Ltd.; the imager was purchased from LEAD-TECH (Shang-
hai) Scientifi c Instrument Co., Ltd.; high speed freezing centrifuge 
was purchased from Beijing Jingli Centrifuge Co., Ltd.; horizon-
tal electrophoresis apparatus was purchased from Shanghai Aoxi 
Technology Instrument Co., Ltd.; RealPlex4 real-time fl uorescence 
quantifi cation PCR amplifi er was purchased from U.S. Becton 
Dickinson Company; Multiskan MK3 fully-automatic microplate 
reader was purchased from U.S. Hach Company; fl ow cytometer 
was purchased from U.S. MEDICA Company.

Construction of HMGB1 over-expressed lentiviral vector
The expression vector was incised by EcoR I and Nhe 1. The 

EGFP fragment was incised. The vector fragments of approxi-
mately 12.4 kb were recovered after the enzyme-incision product 
had been electrophoresed. Based on the reference sequence of the 
target gene mRNA, the intron-fl anking primer was designed with 
the primer premier 5.0 software (7) and the specifi c sequence was: 

Forward: 5’-CCGCCCCCAGGGATTCGCAGGCGTAG-
TAGGGGGGA-3’

Reverse: 5’-GATTGCTTCGTAGTACCGGTAGCATCAG-
CACTTCT-3’

A volume of 0.5 μl of 10 mM dNTP mixture, 10 μl of 10×PCR 
buffer, 1 μl of Taq DNApolymerase, 1μl of HMGB1 plasmid 
solution, 32.5 μl of ddH20, 1 μl of upstream primer, and 1 μl of 
downstream primer were added to the PCR reaction system. The 
solution was well mixed and placed into the reaction holes of the 
PCR amplifi er. The reaction conditions were as follows: initially-
denatured 95 °C×3 min, denatured 94 °C×1 min, annealed 59 °C×1 
min, extended 72 °C×1 min, 30 cycles. Electrophoresis identifi -
cation was performed for the PCR product with DL2000 marker 
as reference. The HMGB1 gene fragments were recovered and 
joined in the expression vector, incubated at 37 °C for 15 min, 
and then incubated at 50 °C for 15min. An appropriate amount of 
transformed bacteria solution was taken and uniformly applied 
onto the LB agar plate, stored at room temperature until the liq-
uid was absorbed, and then incubated in an incubator at constant 
temperature of 37 °C for 24 hours.

Identifi cation of positive clone
The primers designed and synthesized were as follows: (8):
Primer (+)5’-GTGAGGGTCAAATGCAATT-3’;
Primer (–)5’-AGCAACACAGCGTAAAAGG-3’.
The transformants growing on the plate were selected and 

re-suspended in 10 μl LB culture solution and1μl was taken as a 
template for PCR identifi cation in the bacterial colony. The reac-
tion system was as follows: 10 mM dNTP mixture 1.6 μl, 10×PCR 
buffer 2 μl, Taq DNApolymerase 0.1 μl, Primer (+) and Primer (–) 

0.8 μl each, bacteria solution supernatant 1 μl, ddH20 13.7 μl. The 
solution placed into the reaction holes of the PCR amplifi er. The 
reaction conditions were as follows: initially-denatured 9 °C×3 
min, denatured 94 °C×1 min, annealed 5 °C×1 min, extended 72 
°C×1 min, 30 cycles. The PCR products were subject to agarose 
gel electrophoresis.

Infecting CD133 cells with lentivirus
The CD133 cells were resuscitated. The old culture medium 

was discarded. A volume of 5ml PBS solution was added. The cell 
growth face was washed. The PBS solution was discarded. A vol-
ume of 2ml pancreatin digestive fl uid was added for 5 min diges-
tion. The digestive fl uid was pipetted and the complete medium 
containing 10 % fetal calf serum and double-antibody was added.

The cells on the fl ask wall were pipetted repeatedly and gen-
tly to make uniform cell suspension. The cell suspension was 
placed in a culture fl ask as per 1 : 3 for passaging and amplifi ed 
for 3–5 passages.

The passaged CD133 cells were inoculated into 16-well culture 
plate with 2×105 in each well, cultured in an incubator containing 
5 % C02 for 12 h at 37 °C. An appropriate amount of lentivirus, 
and 5 μg/ml polybrene (infection enhancer) were added when the 
cell fusion reached 80 % and the cell state was satisfactory. The 
culture medium was replaced after 48 h. The expression of the 
reporter gene GFP on the lentivirus was observed (9).

The CD133 cells were divided into three experimental groups 
as follows: 1) blank control group: group of CD133 cells not in-
fected with virus; 2) negative control group: group CD133 cells not 
transfected with empty viral vector; 3) experimental group: CD133 
cells not infected with HMGB1 recombinant lentivirus vectors.

Detecting the changes in the HMGB1 protein before and after 
transfection with Western blot hybridization

The cells cultured before and after infection in various groups 
were collected, placed on the ice for suffi cient pyrolysis after ad-
dition of 1m1 cellular total protein extraction buffer, and trans-
ferred into a 1.5 ml EP tube. It was centrifuged in a refrigerated 
high-speed centrifuge at 12000 rpm for 10min. The supernatant 
was taken and sample buffer was added for later use. The protein 
was transferred in a transfer tank and stained inversely. Immuno-
detection was performed with an anti-body conjugate (GAPDH 
as internal control). A standard curve was plotted on the basis of 
the distance between standard electrophoresis band of different 
protein molecular weights and the sample points. The molecular 
weight of the protein to be detected was determined by contrast-
ing the distance from the hybridization band to the sample hole 
and that mentioned above. The peak area value of each hybridiza-
tion image was detected with an optical density scanner. The ratio 
of the protein to be tested to the peak area value of GAPDH was 
used to represent the expression level of the protein to be tested.

Detecting cell proliferation with MTT method (thiazolyl blue col-
orimetric analysis)

The cells in logarithmic growth metaphase with a good growth 
state of the three groups: the uninfected group, empty vector in-
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fection group and the HMGB1 recombinant virus vector infec-
tion group were harvested, made into single-cell suspension us-
ing cell culture fl uid, and inoculated into a cell culture plate with 
1×105 cells per well. Eight parallel wells were arranged for each 
group. They were cultured in an incubator containing 5 % C02 at 
37 °C. Cell growth was detected with MTT method on days 1 to 
5. One culture plate was taken out each day. A volume of 20 μl 
of freshly-prepared MTT solution was added to each well, mixed 
well, and cultured for 4 hours continuously. Then the culture was 
terminated. The supernatant in the hole was pipetted, 100 μl of 
dimethyl sulfoxide was added to each well and vibrated for 10 
min. The optical density was detected on ELISA detector after the 
crystal substance had been dissolved completely. The OD value 
expressed the degree of cell proliferation (10).

Analysing the apoptosis rate with a fl ow cytometer
The cell culture fl uid was pipetted into a proper centrifuge 

tube and shaken gently after addition of PBS with a pipette. The 
adherent cells were washed once, and PBS buffer was discarded. 
The cells were digested with pancreatin cell digestion solution, 
pipetted up and down gently after addition of cell culture solu-
tion, transferred into a centrifuge tube with a pipette after the cells 
had been suspended completely, and centrifuged at 1000 rpm for 
10min. The supernatant was discarded. The cells were collected, 
re-suspended gently with PBS, and counted. 50,000–100,000 cells 
were taken and centrifuged at 1000 rpm for 10 min. The superna-
tant was discarded. A volume of 5 μl of Annexin V-FITC binding 
buffer was added to gently re-suspend the cells. The cells were 
incubated in the dark for 10 minutes. They were centrifuged at 
1,000 rpm for 10 min. The supernatant was discarded. A volume 
of 190 μl of Annexin V-FITC binding solution was added to gently 
re-suspend the cells. A volume of 10 μl of propidium iodide (PI) 
staining solution was added, well mixed gently, and placed in an 
ice-bath in the dark. Then it was detected with fl ow cytometer. 
Annexin V-FITC was green fl uorescence and PI was red fl uores-

cence. The cells were centrifuged at 1,000 rpm for 10 min when 
detected under a fl uorescence microscope. The cells were collected, 
re-suspended gently with 100 μl Annexin V-FITC binding solu-
tion, smeared, and observed under the fl uorescence microscope.

Statistical analysis
The statistical results were expressed with mean ± standard 

deviation (±s). The SPSS 15.0 statistical software was used for 
statistical analysis. Based on the different methods for data col-
lection and different requirements of statistical treatment, one-
way analysis of variance (one-way ANOVA test), F test, SNK-q 
test etc. were selected. p < 0.05 was considered statistically sig-
nifi cant.

Results

Identifi cation of construction of over-expressed lentiviral vector 
in HMGB1

The size of the PCR product of HMGB1 was 1,524 bp. Aga-
rose gel electrophoresis was performed. It was observed in the 
gel imaging system where the target band was present at approxi-
mately 1,600 bp consistent with the size of the open reading frame 
of HMGB1 (Fig. 1).

Identifi cation of recombinant positive clone
The recovered target gene fragments were joined together with 

the pLV-GFP vector incised by EcoR 1 and Nhe I enzymes. The 
joining product was used to convert the DH5a Escherichia coli. 
The recombinant positive clones were selected and subjected to 
PCR identifi cation. The recombinant bacterial clonal PCR products 
were subjected to agarose gel electrophoresis while one clear band 
in Track 4–9 and Track 11 was observed. The electrophoretic mo-
bility of the PCR product band was slower than the PCR product 
band in Track 2, i.e. the empty vector group, which indicated that 
the 4–11 tracks were positive colonies of fragments. The size of 
positive clonal PCR fragment joined with the HMGB1 fragment 
was 1,622 bp; the size of negative clonal PCR fragment not joined 
to the HMGB1 was 1,131 bp (Fig. 2).

Fig. 1. Electrophoretogram for PCR product of HMGB1. An obvi-
ous HMGB1 band was present at 1,600 bp as reported in literature, 
which demonstrated that the MGB1 over-expressed lentiviral vector 
was constructed successfully.

Fig. 2. PCR identifi cation of HMGB1 recombinant positive clones. 1) 
negative control (ddH20); 2) negative control (empty vector group); 
3) DL2000 DNA Marker; 4–10. 7 transformants selected. The posi-
tive clonal PCR fragment of the HMGB1 fragment appeared at 1,622 
bp, which was basically the same as the position of the pure HMGB1 
fragment; the size of the negative clonal PCR fragment not joined with 
the HMGB1 fragment was 1,131 bp, which indicated that the HMGB1 
over-expressed lentiviral recombinant positive cloning was successful.
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Detecting the changes in the HMGB1 protein before and after 
transfection with Western blot hybridization

For the blank control and CD133 cells respectively transfected 
with the empty vector and HMGB1 over-expressed lentiviral vec-
tor, the Western blot hybridization result indicated that the level of 
the HMGB1 protein in the group infected with HMGB1 recombi-
nant over-expressed lentiviral vector increased signifi cantly (p < 
0.05) compared to the blank control and CD133 cells transfected 
with the empty vector, which demonstrated that the pLV-HMGB1 
recombinant over-expressed lentiviral vector was able to effec-
tively infect the CD133 cells and the exogenous HMGB1 could 

be correctly expressed in the CD133 cells. It demonstrated that the 
pLV-HMGB1 over-expressed lentiviral vector had high infection 
effi ciency in CD133 cells (Fig. 3 and Tab. 1).

MTT experimental result 
The absorbance value of cell proliferation in the group infected 

with HMGB1 over-expressed lentiviral vector increased gradually 
on days 1, 2, 3, 4 and 5, but the difference was signifi cant on day 
2 after infection and later compared with the blank control group 
and negative control group (p < 0.05). There was no signifi cant 
difference between the blank control and negative control group 
(p > 0.05) (Tab. 2 and Fig. 4).

Result of detecting apoptosis with a fl ow cytometer
Based on the detection with the fl ow cytometer, the apoptosis 

rates of the three groups of CD133 glioma cells were 6.26 ± 0.54, 
7.53 ± 0.81, and 18.51 ± 2.33, respectively. The apoptosis rate of 
CD133 cells transfected with HMGB1 over-expressed viral vector 
was signifi cantly higher than that of the blank control group and 
negative control group (p < 0.05), and the difference was statisti-
cally signifi cant. There was no signifi cant difference between the 
blank control group and negative control group (p > 0.05), which 
indicated that the transfer of exogenous HMGB1 could induce 
early apoptosis of CD133 cells (Figs 5 and 6).

Discussion

Similar to the tumors in other sites of human body, the occur-
rence and progression of malignant brain glioma is a very complex 
process under combined action of various comprehensive factors, 
and it concerns the expression abnormality or inactivation of vari-
ous tumor-related genes (11). Glioma is essentially a disease with 
multigene abnormality and its occurrence is due to the fact that ab-
normal activation of protooncogene, high-expression and /or dele-
tion and inactivation of cancer suppressor gene cause abnormalities 
in cell signaling conduction path, change in cell cycles, extension 
of life cycle, defect of apoptosis etc. These abnormalities lead to 
incontrollable cell proliferation and malignant transformation 
(12–13). With the progress in molecular biological techniques and 
development of research on tumor pathogenesis, the gene therapy 
has become a major highlight in the glioma research fi eld. In recent 
years, research on gene therapy has developed rapidly. It has been 
increasingly closely combined with techniques such as stem cell 
treatment, and immunity-directed treatment. Much progress has 
been achieved and as a result, partial gene therapeutic regimens 
have entered the clinical test stage. However, the development of 
gene therapy is substantially restricted due to such urgent problems 

Fig. 3. HMGB1 hybridization result of CD133 Cells and cells respec-
tively transfected with the empty vector and HMGB1 over-expressed 
viral vector. 1) blank control group untransfected; 2) negative control 
group; 3) infection group; 4–6) duplications.

Blank Control 
Group

Negative Control 
Group

HMGB1-CD133 
Infection Group

Expression Level 
of HMGB1 
Protein

0.192±0.031 0.252±0.043 0.694±0.061*

Compared with the blank control group and the negative control group, * p < 0.05.

Tab. 1. Expression of the HMGB1 protein before and after the CD133 
cells were infected with lentivirus.

Group Absorbance Value (A570)
Day 1 Day 2 Day 3 Day 4 Day 5

Blank Control Group 0.381±0.012 0.614±0.012 0.732±0.018 0.807±0.021 0.893±0.015
Negative Control Group 0.379±0.009 0.618±0.017 0.724±0.016 0.812±0.017 0.882±0.016
HMGB1-CD133 Infection Group 0.372±0.010 0.411±0.011* 0.493±0.009* 0.531±0.015* 0.597±0.014*
Compared with the blank control group and negative control group, * p < 0.05.

Tab. 2. Effect of HMGB1 over-expressed lentiviral vector on proliferation of CD133 cells.

Fig. 4. Effect of HMGB1 over-expressed lentiviral vector on prolif-
eration of CD133 Cells. Compared with the blank control group and 
negative control group, * p < 0.05.
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as low vector safety and transfection effi ciency, expression time 
and immunogenicity of exogenous genes etc. (14).

A vector is a vehicle for inserting target genes and transferring 
them to the host cells for expression or duplication (15). The com-
mon vectors include viral and nonviral vectors. Currently, viral 
vectors are the major tool for gene therapy research and clinical 
application due to the fact that they have a high transfection ef-
fi ciency and can be used in vivo and in vitro gene transductions 
(16). The lentiviral vector is a reverse transcription viral vector that 
has aroused extensive attention in recent years. In host cells, the 
lentivirus is able to synthesize cDNA under the action of its own 
reverse transcriptase with the virus RNA as the template and then 
synthesize double-strand DNA with cDNA as template. It can be 
integrated onto the chromosome of the host cells through the ef-
fect of the viral integrase and expressed for a long period of time 
after cyclization (17). Thus, the lentiviral vectors constructed on 
the basis of lentiviral genome by substituting therapeutic genes 
and selective markers for genes necessary for duplication have ad-
vantages such as high-capacity of the transferred gene fragments, 
long-term expression of the target gene integrated into the target 
cell genome, low risk of inducing host immunoreaction, high safety 
etc. (18–19). In addition, the most signifi cant characteristic is its 
capacity to infect the dividing cells and non-dividing cells such 
as nerve cells, hematopoietic stem cells, muscle fi ber cells, stem 

cells, etc. (20–21). In the research, the lentiviral particles of the 
vector system are of self-inactivating type and will not generate 
full-length RNA after being integrated into the target cells. They 
only have the function of carrying target genes. They will neither 
infect other cells after infecting the target cells nor generate new 
viral particles using the host cells. In spite of this, the virus still 
has a potential biological hazard and care should be taken.

The occurrence of glioma is due to the fact that the activation 
of protooncogenes and inactivation of cancer suppressor genes 
cause abnormalities in the cell signal transduction pathway and 
damage the normal and limited life cycle of cells, thus allowing 
for malignant proliferation of cells and formation of tumors (22–
23). To clarify the role of HMGB1 in proliferation and apoptosis 
of glioma cells, the exogenous HMGB1 was transferred into the 
glioma cell line CD133 and the expression was up-regulated. The 
proliferation and apoptosis of CD133 cells before and after trans-
fection were observed using fl ow cytometer and MTT method.

The cell proliferation process is one where the parent cells were 
replicated to form daughter cells, which is called a cell cycle. The 
cell cycle is divided into Stage G1, Stage S, Stage G2, and Stage M 
(24). Stage G1 refers to the period between mitosis completion and 
start of DNA duplication, which makes preparation for DNA dupli-
cation and protein synthesis. The early stage of Stage G1 is called 
Stage G0. Stage S is critical in cell cycle, i.e. stage of DNA dupli-
cation and synthesis, which can refl ect the cell proliferation (25). 
Stage S accounts for the highest percentage of cell cycle indicating 
an active DNA synthesis (26). Generally, Stage S of tumor cells has 
a higher percentage than that of normal cells and their proliferation 
activity is stronger than that of the normal cells (27). In the experi-
ment, it is observed that the HMGB1 is able to inhibit proliferation 
of tumor cells based on MTT experimental detection of CD133 
cells before and after transfection. The growth rate of CD133 cells 
transfected with HMGB1 over-expressed lentiviral vector was 
signifi cantly lower than that in the untransfected group and nega-
tive control group from the second day after transfection, and the 
inhibition degree was more signifi cant as time elapsed, which in-
dicated that the HMGB1 lentiviral vector could be integrated into 
the genome of target cells and maintained for a long period of time 
thus signifi cantly lowering the growth rate of glioma cells CD133.

Fig. 5. Detecting Apoptosis with a Flow Cytometer.

Fig. 6. Quantitative analysis of changes in apoptosis levels before and 
after transfection of CD133 cells with fl ow cytometer. Compared with 
the blank control group and negative control group, * p < 0.05.
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Apoptosis refers to autonomous and sequential death of cells 
controlled by genes to maintain a stable internal environment (28). 
The apoptosis is a process strictly controlled by multiple genes and 
these genes are very conservative in species, e.g. in Bcl-2 family, 
caspase family etc. (29). The tumor pathogenetic mechanism can be 
understood from the aspect of apoptosis. A series of oncogenes and 
protooncogenes are activated and over-expressed, which blocks the 
apoptosis process of tumor cells and impedes the decrease in cells 
(30). In the experiment, we detected the changes in the apoptosis 
process of CD133 cells before and after transfection by using An-
nexin V-FITC and PI double-staining method. The result has shown 
that early apoptosis occurred in glioma cells and the percentage 
of apoptotic cells was higher than that in the untransfected group 
after up-regulating the expression of HMGB1. We have used the 
empty vector not joining the target gene as a control and found no 
signifi cant difference between the control group and untransfected 
group due to the fact that any transfection method may have toxic 
effect on cells and may cause cell death. It indicates that HMGB1 
is highly expressed under normal conditions and exhibits poten-
tial activity of cancer suppressor gene; whereas, the percentage 
of apoptotic cells signifi cantly rises after the exogenous HMGB1 
gene is transferred into the CD133 glioma cells with an originally 
low expression, which indicates that HMGB1 is on the upstream 
of the regulatory pathway and its activation or over-expression can 
promote apoptosis of glioma cells.
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