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Abstract: Development of the novel targeted therapies for glioblastoma multiforme is very important. Brachytherapy 
has been proven to provide a good alternative to surgical removal of the prostate, breast and cervix with reduced 
risk of certain long-term side effects. Thus, 125I brachytherapy was used to effect on the growth and invasion of 
glioma cells in vitro and in vivo. The inhibitory effect of 125I seeds on C6 cells proliferation was determined by MTT 
assay. A rat intracranial glioma model was established and the 125I seeds were implanted into the glioma area. CD31 
expression was determined by immunohistochemical method to evaluate the angiogenesis. The ΔΨm detection 
and cell invasion assays were performed to detect the mitochondrial-induced apoptosis and invasion signaling in 
tumor cells. 125I brachytherapy could significantly inhibit C6 rat glioma cells growth and reduce cell viability in vitro. 
The seeds implantation also inhibited tumor growth in the rat glioma model and improved survival rate. Analysis 
revealed that ROS production and the intrinsic mitochondrial pathway of apoptosis was activated by 125I brachy-
therapy. The HE staining results revealed that the rat glioma model treated with 125I seeds exhibited better defined 
tumor margins and fewer invasive cells to the lateral striatum compared with the untreated group. The comparison 
of expression of CD31 in treated or untreated groups was performed to show that the 125I brachytherapy has po-
tential antiangiogenic activity. Meanwhile, 125I brachytherapy can inhibit the growth and invasion of glioma cells via 
decreasing the expression of MMP-2 and MMP-9. 
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Introduction

Glioblastoma multiforme (GBM) is the most 
common and aggressive type of primary human 
brain tumor. Glioma cells highly grow and dif-
fusely infiltrate adjacent brain tissues [1, 2]. 
Invasive glioblastoma cells rapidly infiltrate and 
disrupt normal tissue architecture, making com- 
plete surgical resection badly difficult. Despite 
many advances in surgical resection, chemo-
therapy and radiotherapy combination thera-
pies, the mean survival time of glioblastoma 
diagnosed patients is up to 1 year [3-5]. There- 
fore, exploiting the novel targeted therapies for 
glioblastoma multiforme is significantly impor- 
tant.

Radioactive seed implantation therapy is a 
form of interstitial brachytherapy [6]. Implanta- 
tion with 125I seeds is a useful and well tolerat-
ed way of treatment for many kinds of carcino-
ma, such as prostate carcinoma, choroidal 

melanoma, parotid gland carcinoma [7-9]. Com- 
pared with external radiotherapy, it is easy and 
involves low photon energy use (27-35 keV). 
The seeds can be screened, and the dose re- 
duced sharply with distance, thereby minimiz-
ing the risk of damage to the adjacent vital 
structures. The quality of an implant can be 
assessed via performing post-implant dosime-
try which is a valuable learning tool that pro-
vides dosimetric indices which can be correlat-
ed to clinical outcomes. 

Here we used a rat intracranial glioma model to 
study the effect of 125I brachytherapy for glioma. 
The data suggested that 125I brachytherapy 
could inhibit the growth of C6 glioma cells and 
prolong the survival of animal significantly. 
Further study demonstrated that it may be con-
cerned with triggering of ROS production and 
the intrinsic mitochondrial pathway of apopto-
sis. The HE staining results revealed that 125I 
brachytherapy could also inhibit invasion of gli-

http://www.ajtr.org


125I brachytherapy inhibits glioblastoma growth and invasion

2244 Am J Transl Res 2017;9(5):2243-2254

oma cells, for the rat glioma model treated with 
125I seeds exhibited better defined tumor mar-
gins and fewer invasive cells to the meninges 
compared with the untreated group, in which 
the inhibitory effect of angiogenesis and the 
decreased expression of MMP-2 and MMP-9 
were involved. Therefore, 125I interstitial brachy-
therapy may be a promising alternative method 
of external radiotherapy for glioma.

Materials and methods

Ethics statement

This study 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 
approved by the Committee on the Ethics of 
Animal Experiments of the China Pharmaceuti- 
cal University. All surgery was performed under 
sodium pentobarbital anesthesia, and all ef- 
forts were made to minimize suffering. 

Materials

125I seeds strengths of 0.3 mCi per seed were 
purchased from Shanghai Syncor Pharmacutical 
Co. Ltd. with a matched peripheral dose (MPD) 
of 60 Gy and a half life of 60.1 days. Stereotaxic 
apparatus was obtained from Tai Meng Science 
and Technology Co. Ltd. (Chengdu, Sichuan). 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl- 
tetrazolium bromide) was purchased from 
Fluka, U.S.A. and was dissolved in 0.01 M PBS. 
Primary antibodies were purchased from Santa 
Cruz Biotechnology Inc. (Santa Cruz, CA, USA), 
and IRDyeTM800 conjugated anti-goat and anti-
rabbit second antibodies were obtained from 
Rockland Inc. (Philadelphia, PA, USA).

Cell culture 

Rat C6 glioma cell line was purchased from Cell 
Bank of Shanghai Institute of Biochemistry and 
Cell Biology, Shanghai Institutes for Biological 
Sciences, Chinese Academy of Sciences. The 
cells were cultivated in DMEM, supplemented 
with 10% (v/v) heat inactivated fetal bovine 
serum, 100 U/mL penicillin and 100 U/mL 
streptomycin in a 5% CO2 atmosphere. 

Cell morphological assessment

Rat C6 glioma cells were cultivated in DMEM till 
mid-log phase in 96-well plates. 125I seeds were 

added to the culture media with three seeds 
per well and incubated for 24 h. At the end of 
the incubation, the morphology of cells was 
observed under an inverted light microscope. 

MTT assay

Rat C6 glioma cells were cultured in DMEM 
media till mid-log phase in 96-well plates. 125I 
seeds were added with three seeds per well for 
24 h. At the end of incubation, the culture medi-
um was removed and 20 μL MTT (5 mg/mL in 
phosphate buffered saline, PBS) was added 
and cells were further incubated for 4 h. Four 
hours later, the supernatant was discarded and 
formazan crystals formed were dissolved in 
100 μL of DMSO (20% sodium dodecyl sulfate, 
50% dimethylformamide) [10]. Then the mix-
ture was shaken and the absorbance of solubi-
lized formazan was measured at 570 nm using 
a Universal Microplate Reader (EL800, Bio-Tek 
Instruments, Inc.). 

Colony formation assay

Rat C6 glioma cells were trypsinized and plated 
at a density of 500 perplate. Fourteen days 
later, 125I seeds in cell culture medium were 
added to the plates, and cells were incubated 
for a further 7 days. Cells were then fixed with 
3% paraformaldehyde, stained with crystal vio-
let and imaged with a light microscope. The 
experiment was performed in triplicate. The 
number of colonies, defined as containing > 50 
cells, was counted.

Animals

Spraque-Dawley rats (Charles River Laborato- 
ries, Sulzfeld, Germany) weighting 200-250 g 
were used, which were divided in groups of two 
under standard conditions at a temperature of 
22°C ± 1 and a 12-h light-dark cycle with free 
access to food and water. All experiments were 
carried out according to the National Institutes 
of Health Guide for the Care and Use of Labo- 
ratory Animals (publication no. 85-23, revised 
1985) and approved by IACUC (Institutional 
Animal Care and Use Committee of China 
Pharmaceutical University).

Orthotopic glioma model

Before the implantation of 125I, almost all the 
confluent C6 cells were trypsinized, rinsed by 
DMEM with 10% fetal calf serum and centri-
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fuged at 1000 rpm for 5 min. The cell pellet 
resuspended in DMEM was placed on ice. 
Concentration of viable cells was adjusted to 1 
× 105 cells/1 μL of DMEM. Each rat was anes-
thetized and placed in a stereotactic frame, 
and a hole was drilled at AP 0.0, R-3.0 relative 
to bregma according to the stereotaxic atlas. 
Tumor cells were injected into a rat of 0.5 μL/s, 
using a 2 μL Hamilton (#2701) syringe (Reno, 
NV, USA) with a 26s-gauge needle mounted on 
a stereotactic holder at a depth of 5 mm. The 
needle was left in place for a further 10 min to 
prevent reflux along the needle tract [11, 12]. 
Seeds based on 125I most often contain a loose 
silver wire impregnated with iodine. During 
implantation, a metallic frame is used for pre-
cise parallel alignment and the implantation 
needles with respect to each other. The 125I 
seed activity was 0.3 mci. The MPD was 60 Gy, 
D90 was > 80 Gy, and V150 was < 50%. 

Immunohistochemistry study

Two groups of micrometer-thick sections from 
formalin-fixed and paraffin-embedded tissues 
were placed on poly-L-lysine-coated slides [13]. 
The tissue sections were dewaxed and rehy-
drated. In order to reduce non-specific back-
ground staining attributable to endogenous 
peroxidase activity, slides were incubated in 
0.3% hydrogen peroxide for 15 min. The tissue 
sections were boiled in 10 mM citrate buffer 
(pH 6.0) for 10 min followed by cooling at 25°C 
for 20 min. To reduce the non-specific binding 
while using mouse monoclonal antibody to 
mouse tissue, blocking solution was used for 
65 min (Labvision, USA, cat. no. TQ-015-HD; 
Ultra V block for 5 min, Rodent block for 60 
min). Sections were incubated with mouse 
monoclonal antibody against CD31 as the pri-
mary antibody at 4°C overnight. After being 
washed for 10 min in PBS, the CD31 specimens 
were then incubated with biotinylated goat anti-
mouse immunoglobulin secondary antibodies 
for 10 min, followed by a 10 min PBS wash and 
10 min incubation in streptavidin-peroxidase at 
room temperature. Finally, the binding of pri-
mary antibody to the sections was visualized by 
using a diaminobenzidine tetrahydrochloride 
(DAB) reagent kit (Zymed, USA). Then, speci-
mens were mounted using aqueous mounting 
medium (Beckman Coulter, Japan). Statistical 
analysis of these measurements consisted of 
an independent t-test.

Apoptosis assessment

The apoptosis induced by 125I brachytherapy 
was detected by Annexin V-FITC apoptosis de- 
tection kit according to the manufacturer’s pro-
tocol. Briefly, Rat C6 glioma cells were treated 
with 125I seeds for 24 h at 37°C. Then the cells 
were collected, resuspended in binding buffer 
(pH 7.5, 10 mM HEPES, 2.5 mM CaCl2 and 140 
mM NaCl), and incubated with Annexin V-FITC 
and then PI for 10 min in the dark at room tem-
perature, cells were analyzed by flow cytometry 
(FACSCalibur, Becton Dickinson, USA) and a 
computer station running Cell-Quest software 
(BD Biosciences, Franklin Lakes, NJ, USA).

Mitochondrial transmembrane potential (ΔΨm) 
assessment

The electrical potential difference across inner 
mitochondrial membrane (ΔΨm) was monitored 
using the Mito-ID® Membrane Potential Kit 
according to the manufacturer’s instructions 
(Enzo Life Sciences, Farmingdale, NY). Briefly, 
the C6 and U87 glioma cells (8 × 103 per well) 
in 96-well plates. After 24 h, the cells were 
washed with PBS and loaded with Mito-ID 
detection reagent for 30 min at 37°C in the 
dark. Afterwards, cells were washed with PBS 
and incubated with 125I seeds. The fluorescence 
was estimated using a plate reader (Fluoroskan 
Ascent FL, Labsystem, Finland) at 490 nm 
(excitation) and 590 nm (emission). 

ROS measurement

The generation of ROS induced by 125I brachy-
therapy was determined with the cell permeant 
fluorogenic probe 2’,7’-dichlorodihydrofluores-
cein diacetate (H2DCFDA; Molecular Probes, 
Invitrogen, Darmstadt, Germany) as described 
[14]. H2DCFDA diffuses into the cell, where it is 
enzymatically converted by intracellular ester-
ases and oxidized into the high fluorescence 
compound DCF, which allows the determination 
of H2O2, peroxynitrite anions and peroxyl radi-
cals. Approximately 4 × 103 C6 and U87 glioma 
cells per well were plated on white bottom 
96-well plates in extra cellular fluid (140 nM 
NaCl, 3 mM KCl, 1 mM CaCl2, 1 mM MgCl2, 10 
mM HEPES and 25 mM glucose; pH 7.4). After 
24 h incubation, cells were loaded with 10 mM 
H2DCFDA for 30 min at 37°C and 5% CO2. Then, 
cells were treated with 125I seeds for 24 h at 
37°C. DCF generation was measured over time 
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using a fluorometer (Fluostar BMG Labtech, 
Offenburg, Germany) at 492 nm excitation and 
520 nm emission. 

H2O2 measurement

The production of H2O2 was determined with 
the Amplex® Red Reagent (10-acetyl-3,7-dihy-
droxyphenoxazine; Molecular Probes). In the 
presence of horseradish peroxidase (HPR) the 
Amplex® Red Reagent reacts in a 1:1 stoichi-
ometry to produce the red-fluorescent oxida-
tion product, resorufin. Consequently, resorufin 
generation allows the detection of the H2O2 
released from biological samples. Approximately 
4 × 103 C6 and U87 glioma cells were plated on 
black bottom 96-well plates in 120 mL of work-
ing solution containing 40 mM Amplex® Red 
Reagent and 0.1 U/mL HPR, and incubated in 
the presence of 125I seeds for 24 h at 37°C. 
Resorufin generation was measured over time 
using a fluorometer (Fluostar BMG Labtech) at 
544 nm excitation and 590 nm emission.

Cell invasion and migration assay

Cell invasion and migration analysises were 
performed using a transwell system (Corning, 

NY, USA) according to the manufacturer’s guide-
lines. Briefly, cells treated with the indicated 
conditions were trypsinized and resuspended 
in serum-free medium. Then, cells were added 
into a transwell chamber (8 µm pore size) and 
seeded into the upper chamber. About 500 µL 
of culture medium containing 10% FBS was 
added into the lower chamber as a chemoat-
tractant. For invasion assay, the upper surface 
of the transwell chamber membrane was coat-
ed with 0.5-mm thickness of matrigel (50 µg/
chamber, BD Biosciences; Franklin Lakes, NJ, 
USA). The C6 and U87 glioma cells treated with 
125I seeds for 24 h later, the residual cells on 
the upper membrane surface were gently wiped 
out with a cotton swab. Following fixation with 
4% paraformaldehyde, cells that had migrated 
to the lower surface of membrane were stained 
with crystal violet. The average number of 
invading and migrating cells was counted on 
each membrane in five random microscopic 
fields.

Western-blot

At indicated time points, fresh tumor tissue was 
collected, cut into pieces, washed twice with 
cold PBS and lysed in lysis buffer (20 mM Tris-

Figure 1. The implantation of 125I seeds induced 
inhibition of cell growth and reduction of cellular 
viability in vitro. A: Morphologic change of the cells 
observed under an inverted light microscope (× 
400). B: The treatment of 125I seeds reduced cel-
lular viability of rat C6 glioma cells in vitro. Viabil-
ity of cells was assessed using the MTT assay. C: 
Long-term colony formation assays of C6 glioma 
cells. Cells were grown in the presence of drugs 125I 
seeds for 7 days. For each cell line, all dishes were 
fixed at the same time, stained, and photographed. 
Data are presented as the mean ± S.E.M., deter-
mined from three separate experiments. Error bars 
indicate SD. *P < 0.05; **P < 0.01.
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HCl, pH 7.4, 0.25 M NaCl, 2 mM EDTA, pH 8.0, 
0.1% Triton-X-100, 1 mM DTT, 1 mM PMSF, 5 
mg/mL leupeptin, 5 mg/mL aprotinin and 1.25 
mg/mL bezamidine). Whole cell lysates were 
prepared for western blot analysis as described 
previously. Protein extracts were resolved on 
10-12% SDS-PAGE. After electrophoresis, pro-
teins were electrotransferred to nitrocellulose 
membrane and immune complexes were for- 
med by incubation of the proteins probed wi- 
th primary antibodies, mouse anti-Bax, rabbit 
anti-Bcl-2, rabbit anti-Caspase-3, rabbit anti-
Caspase-8 and rabbit anti-p53, rabbit anti-
PARP, mouse anti-MMP-2, mouse anti-MMP-9 
and mouse anti-Actin (Boster, Inc. China) for 
overnight at 4°C. Blots were washed and incu-
bated for 1 h with IRDyeTM800 conjugated anti-
mouse and anti-rabbit second antibodies. All 
antibodies were obtained from Santa Cruz 
Biotechnology, CA, USA. Immunoreactive pro-
tein bands were visualized with an Odyssey 
Scanning System (LI-COR Inc., U.S. A.).

Statiatical evaluation

All results mentioned above represent the 
Mean ± S.E.M from triplicate experiments per-
formed in a parallel manner unless otherwise 
indicated. Statistical analyses were performed 
using an unpaired, two-tailed Student’s t-test. 
All comparisons are made relative to untreated 
controls. A value of P < 0.05 was considered 
significant.

Results

125I seeds inhibited the cell growth and re-
duced the cellular viability in vitro

After treated with 125I seeds for 24 h, C6 glioma 
cells were seriously damaged and distorted, 
grew slowly and some cells turned round in 
shape. The control cells exhibited normal, 
healthy shapes verified by the clear skeletons 
in Figure 1A. Viability of rat C6 glioma cells was 

Figure 2. 125I implantation effect on the tumor in the rat glioma model. A: CT verification of the positions of 125I seeds 
and the area of the tumor. B: A magnification of the whole cross-section of the brain by HE staining. 125I seeds-
treated animals showed significantly smaller tumor area compared to untreated animals. C: Tumor volumes in mm3 
of treated and untreated group. D: The survival rate of the animals treated with 125I seeds compared with untreated 
animals. Data are presented as mean ± S.E.M. of five animals per group. Data are presented as the mean ± S.E.M., 
determined from three separate experiments. Error bars indicate SD. *P < 0.05; **P < 0.01. 
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assessed by MTT assay. The results indicated 
that 125I brachytherapy could significantly re- 
duce the cellular viability of C6 rat glioma cells 
in Figure 1B. Then, the colony forming assay 
(CFA) was used to detect the ability of 125I seeds 
to prevent the proliferation of C6 glioma cells. 
As we known, the CFA assay is an extensively 
used and well-established method for testing 
chemotherapeutic agents in vitro [15], reflect-
ing the ability of agents to prevent the cell from 
dividing. Cells were treated with 125I seeds for 7 
days. As shown in Figure 1C, apparently fewer 
colonies survived on the plates exposed to 125I 
seeds than those on the plates not treated with 
125I seeds. Thus, 125I seeds were effective in 
inhibiting the proliferation of C6 glioma cells.

125I seeds implantation inhibited the growth of 
orthotopic glioma model in rat

The results obtained by CT scans showed the 
reduced regions of the tumor after seeds 
implantation in Figure 2A. A magnification of 
the whole cross-section of the brain by HE 
staining displayed that the animals treated with 
125I showed significantly smaller tumor regions 
compared with untreated animals in Figure 2B. 
The 125I-treated animals showed a significant 
reduction of tumor volumes compared with 
untreated animals according to the data from 
the CT scans. Untreated animals exhibited a 
median tumor volume of 369.0 mm3 ± 30.4 
whereas 125I-treated animals revealed tumor 
volumes of 119.7 mm3 ± 25.6, reflecting 68% 
reduction in Figure 2C. Rats in 125I-treated 
group exhibited higher survival rate compared 
with untreated group. Asterisks indicate signifi-
cant level in Student t-test: (*) P < 0.05 (n = 5) 
in Figure 2D. 

125I seeds triggered the mitochondria-depen-
dent apoptotic pathway

To study the pathway involved in apoptotic cell 
death induced by 125I brachytherapy, the ex- 
pressions of the proapoptotic proteins Bax, 
antiapoptotic protein Bcl-2, and pro-Caspase-3, 
pro-Caspase-8, cleaved-Caspase-3, cleaved-
Caspase-8, PARP, P53 were detected in whole-
hemisphere lysates of C6 glioma animals. 
Densitometric analysis at the endpoint of treat-
ment revealed that protein levels of Bax, cle- 
aved-Caspase-3, cleaved-Caspase-8 and P53 
were upregulated and Bcl-2, pro-Caspase-3, 
pro-Caspase-8 and PARP was decreased in 

125I-treated groups in Figure 3A and 3B. The 
apoptotic rates of 125I seeds were evaluated via 
Annexin V/PI stain assays. The results in Figure 
3C showed that the apoptotic percentage 
(including the early and late apoptosis) of 125I 
seeds was 57.49% and 46.86%, indicating that 
125I seeds showed much higher toxicity in Rat 
C6 glioma cells. 

To further study the detailed process of apopto-
sis induced by 125I brachytherapy in glioma ce- 
lls, we examined the mitochondrial membrane 
potential (ΔΨm), which is an important pro-
apoptotic index for early apoptosis. Consistently, 
a significant increase of cells with depolarized 
mitochondria was observed after treatment 
with 125I seeds (Figure 4A). These data suggest-
ed that 125I brachytherapy may activate the 
mitochondria-dependent apoptotic pathway.

125I seeds induced ROS and H2O2 generation of 
cancer cells

Reactive oxygen species (ROS) play significant 
roles in a variety of physiological and patho-
physiological processes [16]. Previous explora-
tions have reported that excess accumulation 
of ROS is associated with disruption of mito-
chondrial membrane potential (MMP), there-
fore triggering a series of mitochondria-associ-
ated events including apoptosis [17]. Thus, the 
generation of ROS was investigated to further 
analyze the anticancer mechanism of 125I seeds 
(Figure 4B and 4C). C6 and U87 cancer cells 
were treated with 125I seeds, stained with 
H2DCFDA and then analyzed by flow cytometry. 
After 24 h incubation, the level of ROS cells 
increased after the treatment with 125I seeds as 
expected (Figure 4B), which was definitely high-
er than control groups. 

Taking into account that among all ROS and 
other oxygen-derived free radicals, H2O2 has 
been recently suggested to act as a central 
player in signal transduction pathways [18], we 
evaluated H2O2 generation by a fluorometric 
assay in cancer cells incubated in the presence 
of 125I seeds. H2O2 measurement was carried 
out after 24 h incubations with 125I seeds. The 
production of H2O2 was significantly higher in 
cancer cells incubated with 125I seeds than that 
in the control group (Figure 4C). The results 
strongly suggested that 125I seeds could induce 
increased intracellular oxidative stress, thus 
triggering cell apoptotic pathways. 
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125I seeds implantation inhibited the tumor 
invasion 

Traditional extra radiotherapy could inhibit glio-
ma cell growth and migration, but the invasive-

ness of the remaining tumor cells seems to be 
unaffected [18]. Here we studied the effect of 
125I brachytherapy on invasion of C6 and U87 
glioma cells. Notably, 125I seeds suppressed 
the number of invading cells compared with 

Figure 3. The implantation of 125I seeds induced the 
mitochondria-dependent apoptotic pathway com-
pared with the control. A: Western Blotting analysis of 
Bax, Bcl-2, pro-Caspase-3, Caspase-3, pro-Caspase-8, 
cleaved-Caspase-8, PARP, P53, β-Actin expression. B: 
The relative expression of Bax, Bcl-2, pro-Caspase-3, 
Caspase-3, pro-Caspase-8, cleaved-Caspase-8, PARP 
and P53. C: Apoptosis inducing property of the mea-
sured samples by Annexin V-FITC/PI staining of cancer 
cells. The Y-axis shows the PI-labeled population and 
the X-axis shows FITC-labeled Annexin V-positive cells. 
Data are presented as the mean ± S.E.M., determined 
from three separate experiments. Error bars indicate 
SD. *P < 0.05; **P < 0.01.
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control groups (Figure 5A). Moreover, 125I seeds 
also reduced cell migration (Figure 5B). Me- 
chanisms involved in it may be for the decreas-
ing expression of MMP-2 and MMP-9 in Figure 
5C. The HE staining results revealed that 125I 
brachytherapy could also inhibit invasion of gli-
oma cells, the rat glioma model treated with 125I 
seeds exhibited better defined tumor margins 
and fewer invasive cells to the meninges com-
pared with the untreated group in Figure 5D. In 
addition, the inhibitory effect of angiogenesis in 
glioma may also contribute to this.

125I seeds implantation inhibited tumor angio-
genesis

Histological examination of the sections from 
125I-treated group showed a lower distribution 
of capillaries than in untreated group. The pres-
ence of CD31 positive cells indicated that 
endothelial monolayers were lining the walls  

of newly formed blood vessels. The groups 
embedded with 125I seeds showed lower levels 
of CD31 positive microvessels in Figure 6A. 
Quantification of capillary density demonstrat-
ed the extent of the vascularization achieved 
lower density in the 125I-treated group than that 
in the untreated group in Figure 6B.

Discussion

Glioblastoma multiforme (GBM) which is con-
sidered as the most malignant glioma tumor of 
astrocytomas can occur at 50 years of age with 
a rate of one out of four surviving for two years. 
The treatment of patients with surgical resec-
tion is conventionally considered to be a pallia-
tive venture for diffusely infiltration of the 
tumor. The role of chemotherapy, specifically 
focusing on chloroethylating agents, has been 
controversial with arguing towards or against 
the therapy [19]. Traditionally, radiotherapy in- 

Figure 4. Effects of 125I brachytherapy on the mitochondria, ROS production and H2O2 level. A: Effects of 125I brachy-
therapy on the mitochondrial membrane potential. C6 and U87 glioma cells were treated for 24 with 125I seeds and 
stained with TMRM (10 nM). The fluorescence was estimated at 490 nm (excitation) and 590 nm (emission). B: 
ROS production in C6 and U87 glioma cells. Cells were pre-incubated in PBS/10 mM glucose medium for 20 min at 
37°C in the presence of 10 mM CM-H2DCFDA and then treated with 125I seeds. The fluorescence of DCF was mea-
sured at 485 nm (excitation) and 527 nm (emission). C: Cells were exposed to 125I seeds for 24 h, then H2O2 level 
was measured. Data are presented as the mean ± S.E.M., determined from three separate experiments. Error bars 
indicate SD. *P < 0.05; **P < 0.01.
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creases the duration of survival, but again is 
not a curative intervention.

Modern brachytherapy has led to effective 
treatments for maximizing survival and mini-
mizing morbidity. 125I seed implantation therapy 
for rat C6 glioma cells can enhance the expo-
sure dose of target area and reduce the irradi-
ated scope of normal tissues. C6 cells were 
injected into rat striatum and treated with 125I 
for a week. The implantation of 125I seeds could 
reduce volume and weight of tumor and exhibit 
higher survival rate by inhibition of cell apopto-
sis, invasion and suppression of tumor angio-
genesis. At the endpoint of 125I implantation, an 

increase in caspase-3, cleaved caspase-8, 
Bax, p53 and decrease of pro-Caspase-3, pro-
Caspase-8, Bcl-2, PARP, MMP-2 and MMP-9 
proteins were observed. Bcl-2 and Bax are two 
kinds of apoptosis related proteins [20], and 
caspase-3 is in the downstream of Bcl-2 and 
Bax, which play important roles in the control of 
apoptosis initiation and execution. Recent 
researches showed that Bax could form het-
erodimers with Bcl-2 to inhibit its anti-apoptotic 
function. Hence Bcl-2/Bax ratio is important to 
apoptosis induced by several agents and the 
decline of this ratio contributes to apoptosis 
induction. Additionally, Bax dimers or oligomers 
directly form channel in mitochondrial outer 

Figure 5. 125I brachytherapy induced inhibition of tumor invasion. A: Effect of 125I brachytherapy on invasion of C6 
and U87 glioma cells. B: Effect of 125I brachytherapy on cell migration. C: The implantation of 125I seeds reduced 
MMP-2, MMP-9 expression in treated groups. D: A magnification of the striatum with a representative part of the 
tumor by HE staining. The group treated with 125I seeds exhibited better defined tumor margins and fewer invasive 
cells to the meninges compared with the untreated. Data are presented as the mean ± S.E.M., determined from 
three separate experiments. Error bars indicate SD. *P < 0.05; **P < 0.01.
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membrane in apoptosis. So mitochondria might 
be one of the targets of 125I brachytherapy. The 
increase of caspase-3 expression may induce 
the mitochondria-dependent apoptotic path-
way with the possible mitochondria-indepen-
dent pathway for the caspase-8 activation for 
that caspase-8-mediated apoptosis induced by 
oxidative stress is independent of the intrinsic 
pathway and dependent on cathepsins [21]. 
Moreover, p53 mediates apoptosis through a 
linear pathway involving Bax transactivation 
[22]. We suggested that perhaps the extrinsic 
and intrinsic apoptotic pathways were both 
involved in 125I brachytherapy. HE-staining re- 
vealed that the glioma model rat treated with 
125I exhibited better defined tumor margins and 
fewer invasive cells to the contralateral stria-
tum compared with the untreated rats, which 
led us to further investigate the effect of 125I 
brachytherapy on cell invasion. Among the 
MMP family, MMP-2 and MMP-9 expression 

provided evidences that 125I had a potent anti-
angiogenic activity in vitro. Although the exact 
mechanism of antiangiogenesis for 125I brachy-
therapy remains unclear.

The 125I brachytherapy could significantly inhibit 
glioma cells growth and reduce cell viability in 
vitro. The 125I seeds implantation also inhibited 
tumor growth in the rat glioma model and 
improved survival rate of the animals. Analysis 
revealed that ROS production, H2O2 level and 
the intrinsic mitochondrial pathway of apopto-
sis was activated by 125I brachytherapy. The 
results revealed that the rat glioma model 
treated with 125I seeds exhibited better defined 
tumor margins and fewer invasive cells to the 
lateral striatum compared with the untreated 
group. The comparison of expression of CD31 
in treated or untreated groups was performed 
and the data suggested that the 125I brachy-
therapy has potential antiangiogenic activity. 

Figure 6. 125I brachytherapy suppressed the tumor angiogenesis. A: The expres-
sion of CD31 in control and treated groups was shown by immunohistochemical 
method (× 200). B: Microvessel counts (MVCs) were assessed to demonstrate 
the extent of the vascularization in the control and treated groups. Data are 
presented as the mean ± S.E.M., determined from three separate experiments. 
Error bars indicate SD. *P < 0.05; **P < 0.01.

play an important role on 
the invasion of rat C6 glio-
ma cells. The higher expres-
sions of two proteins might 
promote the invasion of rat 
C6 glioma cells. MMP-9 
mediates fundamental pro-
cesses underlying discreet 
steps in invasion and liber-
ation of cancer cells from 
the surrounding tissues. 

Antiangiogenic therapies 
are considered promising 
[23-25] for glioblastomas 
not only grow as solid tu- 
mor foci but also spread 
diffusely throughout the 
brain by high formation of 
new blood vessels. Tumor 
microvessel density can be 
measured using immuno-
histochemistry for endothe-
lial-specific antigens such 
as CD31. Previous studies 
showed that tumor micro- 
vessel density to be related 
to disease progression and 
may function as a tumor 
prognostic factor [26]. Mi- 
crovessel density was also 
increased in higher grade 
tumors [27]. Our study also 
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In conclusion, the current data showed that 125I 
brachytherapy may be of potential use in treat-
ment of glioblastoma by inducing of cell apop-
tosis and inhibiting of tumor angiogenesis and 
invasion.
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