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Effect of TNFRSF6B neutralization antibody on cell growth suppression and 
apoptosis induction in glioma cells
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Previously, we have reported that tumor necrosis factor receptor super-family member 6b (TNFRSF6B) is overex-
pressed in glioma tissues, as well as in the supernatant of cultured glioma cells. However, the function of TNFRSF6B 
in glioma remains unclarified. The aim of the study was to investigate the effect of anti-TNFRSF6B neutralization 
monoclonal antibody on the malignant phenotype of glioma cells in vitro. Three glioma cell lines U251MG, LN-308 
and U87MG were treated with anti-TNFRSF6B antibody. Cell growth, cell cycle, apoptosis and relevant downstream 
signaling were detected further. We found that anti-TNFRSF6B antibody inhibited cell growth and induced apoptosis in 
time and dose-dependent manners in the glioma cells tested. Cell cycle was also arrested in G1/S-phase. Furthermore, 
anti-TNFRSF6B antibody downregulated the level of MMP-2, phospho-ERK1/2 and phospho-AKT. In conclusion, anti-
TNFRSF6B treatment might be a critical targeted therapy strategy for gliomas due to its contribution to suppress cell 
growth and induce apoptosis.
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Malignant brain tumors are one of the most related causes 
of morbidity and mortality across a wide range of individu-
als [1]. Malignant gliomas, i.e., anaplastic astrocytoma and 
glioblastoma, are particularly aggressive [2]. They are the most 
frequent class of primary malignant brain tumors in China 
[3, 4]. Many studies on this subject have produced advances 
in the understanding of glioma biology and pathogenesis 
and to the improvement of new agents for targeted molecular 
therapy [5]. However, the median survival of patients with 
newly diagnosed malignant glioma is only 12-14 months 
despite advanced therapeutic strategies. Thus, there is an 
urgent need to discover new biomarkers for the early detec-
tion and targeted molecular therapy. Tumor necrosis factor 
receptor super-family member 6b (TNFRSF6B, also termed 
as DcR3) locates on 20q13 [6-9] and we have previously re-
ported the overexpression of TNFRSF6B mRNA and protein 
in sera or tissues of several human malignancies [10-13], 

including glioma [14]. We found that TNFRSF6B protein was 
significantly upregulated in glioma tissues, as well as in the 
supernatants of glioma cell lines and freshly primary cultured 
glioma cells. TNFRSF6B expression also had a positive cor-
relation with tumor pathological grade. However, the exact 
role and pathomechanism of TNFRSF6B on the malignant 
phenotypes of glioma remains unclarified. Previously, our 
work showed that anti-TNFRSF6B neutralization monoclonal 
antibody could inhibit cell proliferation, reduce apoptosis 
and restrain migration ability in hepatocellular carcinoma 
HepG2 cells. Based on the overexpression of TNFRSF6B in 
glioma, we speculated that anti-TNFRSF6B neutralization 
monoclonal antibody could also affect the function of glioma 
cells. Therefore, in the present study, we treated glioma cells 
in vitro with anti-TNFRSF6B antibody and explored the effect 
of anti-TNFRSF6B antibody on the malignant phenotypes of 
glioma cell lines. 
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Materials and methods

Cell culture and treatment with antibodies. Eight human 
malignant glioma cell lines (LN-18, LN-229, LN-308, LN-428, 
U87MG, U251MG, U373MG and D247MG) were purchased 
from the American Type Culture Collection (ATCC, Rockville, 
MD, USA). All cell lines were cultured in Dulbecco’s modified 
essential medium, supplemented with 10% heat-inactivated 
fetal bovine serum (Invitrogen Corp., Grand Island, NY, USA), 
2 mM glutamine, gentamicin at 37 °C in a humidified incuba-
tor with 5% CO2. Previously, we showed that high expression 
of TNFRSF6B protein was detected in the supernatants and 
cells of U251MG, LN-308 and U87MG. Thus, these three 
cell lines were selected for further in vitro experiments in the 
present study. Experiments were performed on cells that had 
been transferred to serum-free medium 24h previously, and 
were then supplemented with serum-free medium containing 
the indicated concentration of anti-TNFRSF6B neutraliza-
tion antibody or hIgG1 (R&D Systems, Inc. Minneapolis, 
MN USA) for the specified time. Blank controls were treated 
with an equivalent volume of serum-free DMEM medium. 
The concentration of anti-TNFRSF6B antibody was decided 
after a series of preliminary experiments showed a significant 
anti-tumor effect without cytotoxicity. All in vitro experiments 
were performed in triplicate.

Cell proliferation. Cell proliferation was assessed using 
a colorimetric tetrazolium (MTS) assay (CellTiter96 AQue-
ous One Solution Cell Proliferation Assay G3580, Promega, 
Madison, WI, USA). Briefly, U251MG, LN-308 and U87MG 
cells in logarithmic growth-phase were collected, and 2.5×103 

cells/well were dispersed in 96-well culture plates in 100µl 
volume. Then ascending concentrations of anti-TNFRSF6B 
neutralization antibody (0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 
mg/L) were delivered in corresponding wells. Each concen-
tration above was regarded as one treated group while hIgG1 
was in the negative control group and no antibody but only 
serum-free DMEM medium in the blank control group. Each 
group contained six parallel wells. Culture plates were then 
incubated at 37°C for 0, 24, 48, 72, 96 and 120h, respectively. 
Following addition of 20 μl of MTS reagent to each well, the 
plates were incubated for 2h at 37°C in a humidified 5% CO2 
atmosphere, and the absorbance at 490 nm was recorded us-
ing a 96-well microplate reader (Scientific Multiskan MK3, 
Thermo Finland). The results were the mean of six wells and 
presented as the ratio of the absorbance of anti-TNFRSF6B 
antibody treated wells/absorbance of mock control ×100.

Cell viability. To further support the data from the above 
MTS assay, cell viability was measured by fluorimetric detec-
tion of resorufin (CellTiter-Blue Cell Viability Assay, G8080, 
Promega, Madison, WI, USA). The procedure was according 
to the manufacturer instructions. The treatments and controls 
were as mentioned above. Fluorimetry (ex: 560 nm/em: 590 
nm) was using an FL600 fluorescence plate reader (Bio-Tek, 
Winooski, Vermont, USA). Fluorescence data were expressed 
as the fluorescence of treated sample/mock control ×100.

Soft agar assay. U251MG cells (2.5×104) treated with 
anti-TNFRSF6B antibody were suspended in 2ml of medium 

(DMEM supplemented with 10% FBS) containing 0.4% agar. 
The cell mixture was then seeded on a layer of 1% bottom agar 
in 60-mm plate and allowed to grow for 4 weeks. After 4 weeks 
of incubation, colonies with more than 50 cells were stained 
by Giemsa and counted. A total of ten fields were counted for 
each plate.

Flow cytometry analysis of cell-cycle. U251MG cells 
(2.5×105) were plated into 6-well culture plates and treated 
with anti-TNFRSF6B antibody, hIgG1 and serum-free me-
dium respectively for 96h. Treated cells were collected with 
trypsin, then were washed once with 4˚C PBS, and fixed in 
cold 75% ethanol at 4˚C. Next, cells washed once again with 
4˚C PBS and re-suspended with PBS, then stained with 50 mg/
ml propidium iodide (PI, Sigma-Aldrich N.V. Bornem, Bel-
gium) and 100 mg/ml RNase A solution (Genview, Carlsbad, 
CA) for 20min at 37˚C in dark. Stained cells were subjected 
to analysis immediately by flow cytometry. The proportion 
of cells in each phase of the cell cycle was determined by 
a BDFACScan for Quantitative Cell Analysis. Three independ-
ent measurements were made and averaged. 

Western blot analysis. After being treated variously for 
the indicated timein 6-well-plate, the cells were washed 
with PBS and lysed in a buffer containing 80 mM Tris-HCl 
(ph 6.8), 5% SDS, 10% glycerol, 5 mM EDTA (ph 8), 5% 
2-MercaptoEthanol, 0.2% Bromophenolblue, and 1 mM 
phenylmethylsulfonyl fluoride. The lysates were centrifuged 
at 12,000 × g for 10min at 4°C and boiled for 5min. Twenty-
five microgram protein of each sample was subjected to 
SDS-PAGE (8% SDS-acrylamide gel) and separated proteins 
were transferred to hybond ECL nitrocellulose membranes 
(GE Healthcare Bio-sciences/Amersham, Diegem, Belgium) 
for 2h at 100 mA. The membrane was incubated with an 
antibody of TNFRSF6B (ab11930, Abcam), matrix metal-
loproteinase-2 (MMP-2, 4022, Cell Signaling Technology), 
phospho-ERK1/2 (pTpY185/187, Invitrogen), total-ERK1/2 
(9102, Cell Signaling Technology), phospho-AKT/PKB 
(pS473, Invitrogen), total-AKT (9272, Cell Signaling 
Technology), or β-actin (AC-15, Sigma-Aldrich). Primary 
antibodies were detected with an HRP-conjugated second-
ary antibody (GE Healthcare Bio-sciences/Amersham, 
Diegem, Belgium) and finally the membranes were subjected 
to chemiluminescence detection assay (ECL Plus Western 
Blotting Detection Reagents, GE Healthcare Bio-sciences/
Amersham, Diegem, Belgium). 

Caspase-3/7 activity detection. Caspase-3/7 activity was 
measured using a synthetic rhodamine labeled caspase-3/7 
substrate (Apo-ONE® Homogeneous Caspase-3/7 Assay, 
G7790, Promega, Madison, WI, USA) performed instantly 
after the detection of cell viability (described above) on the 
same wells, according to the instructions of the manufacturer. 
After incubation at room temperature for 60min, the fluores-
cence of each well was measured (ex: 499 nm/em: 512 nm), 
using a FL600 fluorescence plate reader (Bio-Tek, Winooski, 
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Vermont, USA). Caspase-3/7 activity is expressed as fluores-
cence of treated sample/mock control×100.

Fluorescent microscopy evaluation of cell apoptosis and 
morphology. The effects of anti-TNFRSF6B antibody on ap-
optosis and nuclear morphology in the cells were evaluated by 
Hoechst 33342 (Sigma-Aldrich N.V. Bornem, Belgium) and PI 
double fluorescent chromatin staining. In brief, after treatment, 
cells were washed with ice-cold PBS and stained 15min with 
Hoechst 33342 (1 mg/ml) and PI (1 mg/ml), and observed 
under fluorescence microscope (ZEISS Axiovert 25, Zaventem, 

Belgium). Apoptosis and nuclear morphology were identified 
by condensation of nuclear chromatin and its fragmentation. 
This system determines the absolute number of viable cells 
(Hoechst 33342 positive/PI negative), early apoptotic cells 
(Hoechst 33342 positive/PI negative with blue fragmentations 
in the cells), late apoptotic cells (Hoechst 33342 positive/PI 
positive, with red fragmentations in the cells), necrotic cells 
(PI positive), and debris signals. Viable, apoptotic, and necrotic 
cells were counted in 10 different fields under the 200 × vision 
in each well in three independent experiments by two persons 

Figure 1. Effect of TNFRSF6B antibody on cell growth in glioma cell lines
U251MG, LN-308 and U87MG cells (2.5×103 cells per well in 96-well-plate) were cultured for 24h and then treated with TNFRSF6B antibody and the 
negative hIgG1 control (0.8mg/L) up to another 120 h. Cell proliferation (U251MG (A), LN-308(B), U87MG(C)) and cell viability (U251MG (D), LN-
308(E), U87MG(F)) were assessed per day with MTS assay (CellTiter96 Aqueous One Solution Cell Proliferation Assay) and fluorimetric detection of 
resorufin (CellTiter-Blue Cell Viability Assay), respectively. The same amount of these cell lines (2.5×103 cells per well in 96-well-plate) were cultured 
as above with increasing concentrations of TNFRSF6B antibody and the negative hIgG1 control for 96h (0-6.4 mg/L). Cell proliferation (U251MG (G), 
LN-308(H), U87MG(I)) for each dosage was monitored with MTS assay. * P<0.05, ** P<0.01, compared to blank and negative controls at the same time 
point or with the equal concentration.
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and the average result was compared to the mock control. Ap-
optotic cell numbers from different treatments were compared 
by being normalized to their viable cell numbers.

Statistical analysis. Statistical analysis was performed 
using SPSS 20.0 software for Windows (Munich, Germany). 
Data of inhibitory rate from cell growth assays, numbers of 
colonies from soft agar assay, proportion of cell cycles from 
flow cytometry and apoptotic data were expressed as mean ± 
SD. Differences between groups were examined for statistical 
significance using analysis of variance (ANOVA) and Student’s 
t-test. A P value of less than 0.05 was considered statistically 
significant.

Results

Cell growth inhibitory effect of anti-TNFRSF6B neutrali-
zation antibody. Our previous work detected overexpression 
of TNFRSF6B protein in all 3 cell lines in the present study 
[14]. The effect of anti-TNFRSF6B antibody on the growth of 

glioma cells was evaluated using several independent assays, 
including MTS tetrazolium assay, fluorimetric resorufin vi-
ability assay, Hoechst 33342/PI double fluorescent chromatin 
staining, soft agar colony assay and flow cytometry, respec-
tively. MTS tetrazolium assay revealed that cell proliferation 
was not influenced in the hIgG1 controls in all 3 cell lines 
tested. However, after treatment with anti-TNFRSF6B anti-
body, a large reduction in proliferation was examined at 48, 
72 and 96 h in all three cell lines tested and the most potent 
effect occurred at 96h (Figure1A, Figure1B, Figure1C). In all 3 
cell lines, anti-TNFRSF6B antibody offered the most powerful 
impact on U251MG cells, with the proliferation rate of 70.667± 
5.033% at 96h post treatment. To confirm these results, the 
effect on cell viability was assessed by using a fluorimetric 
resorufin viability assay (Figure1D, Figure1E, Figure1F) and 
Hoechst 33342/PI double fluorescent chromatin staining (data 
not shown), which largely mirrored the results from MTS 
assay and the cell growth inhibitory effect of anti-TNFRSF6B 
antibody showed a time dependent manner on glioma cells. 

Figure 2 Effect of TNFRSF6B antibody on colony, cell cycle and relevant downstream pathways in glioma U251MG cells 
U251MG cells (2.5×104 cells per well in 60-mm-plate) were cultured for 24h then transfected with TNFRSF6B antibody and the negative hIgG1 control 
(0.8mg/L) for 3 weeks to check the ability of colony formation by using soft agar assay (A). U251MG cells (2.5×105 cells per well in 6-well-plate) were 
cultured for 24h then transfected with TNFRSF6B antibody and the negative hIgG1 control (0.8mg/L) for 96 h. Cell cycle was analyzed with flow cytom-
etry (B) and the relevant downstream proteins were examined by using western blot (C, D). Antibodies included: TNFRSF6B, MMP-2, phospho-ERK1/2 
(p-ERK1/2), total-ERK1/2 (t-ERK1/2), p-AKT, t-AKT and β-Actin. 1: Blank control; 2: Negative hIgG1; 3: anti- TNFRSF6B antibody.
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The effect of anti-TNFRSF6B antibody on cell growth sup-
pression showed also a dose dependent manner detected 
by MTS tetrazolium assay (Figure1G, Figure1H, Figure1I), 
fluorimetric resorufin viability assay and Hoechst 33342/ PI 
staining (data not shown). Furthermore, soft agar colony for-
mation showed that in the group treated by anti-TNFRSF6B 
antibody, colony rate was 12.333±4.933%, significantly lower 
than that in the blank (31.333±3.055%) and hIgG1 groups 
(30.667±4.726%, P<0.001) in glioma U251MG cells (Figure 

2A, data of LN-308 and U87MG not shown ). Growth inhi-
bition by anti-TNFRSF6B antibody in the HepG2 cells was 
accompanied by cell cycle G1/S arrest, which was indicated 
by a decrease in DNA synthesis and retardation of cell growth. 
Anti-TNFRSF6B antibody inhibited DNA synthesis and 
increased the percentage of U251MG cells in G0-G1 phase. 
After 96h treatment, the percentage of G0-G1 phase cells was 
59.333±1.528% in anti-TNFRSF6B antibody treated group 
compared with 49.667±2.082% in blank and 50.667±1.528% 

Figure 3. Effect of TNFRSF6B antibody on cellular apoptosis in glioma cell lines
U251MG, LN-308 and U87MG cells (2.5×103 cells per well in 96-well-plate) were cultured for 24h and then treated with TNFRSF6B antibody and the 
negative hIgG1 control (0.8mg/L) up to another 120h. Caspase-3/7 activity (U251MG (A), LN-308(B), U87MG(C)) and apoptosis (U251MG (D), LN-308-
(E), U87MG(F)) were assessed per day with Apo-ONE Homogeneous Caspase-3/7 Assay and Hoechst 33342/ propidium iodide (PI) double fluorescent 
chromatin staining, respectively. The same amount of these cell lines (2.5×103 cells per well in 96-well-plate) were cultured as above with increasing 
concentrations of TNFRSF6B antibody and the negative hIgG1 control for 96h (0-6.4 mg/L). Caspase-3/7 activity (U251MG (G), LN-308(H), U87MG(I)) 
for each dosage was monitored with Apo-ONE Homogeneous Caspase-3/7 Assay. * P<0.05, ** P<0.01, compared to blank and negative controls at the 
same time point or with the equal concentration.
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in hIgG1 control. This increase was coupled with the reduced 
percentage of cells in S phase. The percentage of S phase cells 
was 20.667±0.577% in anti-TNFRSF6B antibody treated group 
compared with 34.667±1.155% in blank and 35.667±3.055% 
in hIgG1 control. Similar but slightly weaker effect of anti-
TNFRSF6B antibody on the cell cycle was also observed in 
other two cell lines LN-308 and U87MG (data now shown).

Apoptosis induced by anti-TNFRSF6B antibody. To vali-
date whether anti-TNFRSF6B antibody was able to influence 
apoptosis in glioma cells, the CellTiter-Blue assay was multi-
plexed with a fluorescent caspase-3/7 assay. The results showed 
that with anti-TNFRSF6B antibody, caspase-3/7 activity was 
markedly enhanced in all 3 glioma cell lines tested with a time 
(Figure 3A, Figure 3B, Figure 3C ) and dose dependent manner 
(Figure 3G, Figure 3H, Figure 3I). Similar to the result of cell 
growth, the most powerful effect of anti-TNFRSF6B antibody 
on caspase activity occurred in U251MG cells, with the dose of 
0.8mg/L 96h post treatment, as 1.687 folds of the mock control 
(Figure 3A, Figure 3G). The effect on apoptosis was confirmed 
microscopically by Hoechst 33342 and PI double fluorescent 
staining (Figure 3D, Figure 3E, Figure 3F and Figure 4).

Contribution of anti-TNFRSF6B antibody in relevant 
cellular signaling. To investigate the contribution of anti-
TNFRSF6B antibody in the regulation of cellular signaling, we 
examined the signaling of MMP-2, ERK and AKT pathways by 
using western blot, which are related to cell survival, apoptosis, 
invasion and metastasis. These pathways were influenced little 
with hIgG1 control. However, the MMP-2, phospho-ERK1/2 
and phospho-AKT were down-regulated by anti-TNFRSF6B 
antibody 96h post treatment (Figure 2C, Figure 2D). 

Discussion

TNFRSF6B has been regarded as an oncogene for some 
malignancies, including glioma [14-16]. Previously, we de-

tected higher expression of TNFRSF6B in the supernatants 
of different glioma cell lines and the freshly primary cultured 
glioma cells, as well as in glioma tissues [14]. We also found 
that the overexpression of TNFRSF6B in glioma tissues was 
positively correlated with the differentiation of glioma cells, 
as evaluated by morphology and glial fibrillary acidic protein 
(GFAP) staining [14]. To further explore the function of 
TNFRSF6B on the malignant phenotypes of glioma cells and 
to probe the potential application of anti-TNFRSF6B antibody 
for the treatment of glioma, we performed a series of in vitro 
experiments. 

Previously, we found that in glioma tissues, TNFRSF6B 
expression was positive correlated with the labelling index 
of Ki-67 and PCNA, which demonstrated that in the higher 
actively proliferated gliomas, TNFRSF6B showed stronger 
expression. This correlation between TNFRSF6B and growth 
of glioma cells was further tested in vitro in the current study. 
The results showed that anti-TNFRSF6B antibody decelerated 
the cell growth in all cell lines tested (U251MG, LN-308 and 
U87MG) with a time and dose-dependent manner by using 
four independent assays (MTS tetrazolium assay, fluorimetric 
resorufin viability assay, Hoechst 33342/ PI staining and soft 
agar colony assay). Surprisingly, in all the 3 cell lines tested 
(U251MG, LN-308 and U87MG), high dosage of antibody 
(>0.8 mg/L) did not further inhibit cell growth. We think that 
the heterogeneity of glioma cells could partially explain the 
phenomenon. Some glioma cells could be sensitive to anti-
TNFRSF6B antibody treatment, thus a decreasing pattern 
from 0.05-0.8 mg/L was observed. With the dosage of 0.8 
mg/L, all glioma cells sensitive to anti-TNFRSF6B antibody 
were blocked and those resistant to anti-TNFRSF6B antibody 
were still growing. However, no statistical difference was found 
between all high dosages of antibody (0.8, 1.6, 3.2 and 6.4 
mg/L, data not shown). Moreover, flow cytometry showed that 
inhibition of cell growth in glioma cells by anti-TNFRSF6B 

Figure 4 TNFRSF6B antibody suppressed cell growth and induced apoptosis with Hoechst 33342/ propidium iodide (PI) double fluorescent chromatin 
staining
U251MG cells (2.5×103 cells per well in 96-well-plate) were cultured for 24h then transfected with TNFRSF6B antibody and the negative hIgG1 control 
(0.8mg/L) up to another 96h. Hoechst 33342/ PI double fluorescent chromatin staining was performed to examine the effect of TNFRSF6B antibody on 
the cell growth and apoptosis in U251MG cells.×200.
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antibody was accompanied by retardation of G1/S transition. 
This helps to explain the aggressive capacity of fast growing 
of glioma cells in clinic. 

TNFRSF6B has been reported to assist tumor cells to gain 
survival advantage by inhibiting apoptosis due to competi-
tive inhibition of the binding of TNF to TNFRs. Hence, we 
were interested about the role of anti-TNFRSF6B antibody 
on the apoptosis of glioma cells in vitro. We found that anti-
TNFRSF6B antibody could enhance the caspase-3/7 activity 
and induce apoptosis in glioma cell lines, also in a time and 
dose-dependency. To explore the possible molecular mecha-
nism of the contribution of anti-TNFRSF6B antibody in 
glioma cells, we performed western blot to determine the 
influence of anti-TNFRSF6B antibody on MMP-2, ERK1/2 
and AKT. MMP-2 is a proteolytic enzyme that can degrade 
extracellular matrix components and plays an important role 
in tumorigenesis, invasion and metastasis of cancers [17-24] 
and it has been reported that in esophageal cancer tissues, 
TNFRSF6B expression is positively correlated to MMP-2 [19]. 
The activation of ERK and AKT pathways also represent the 
ability of survival, proliferation and apoptosis in cancers. The 
results from western blot showed that the function of anti-
TNFRSF6B antibody on cell growth inhibition and apoptosis 
induction could partially be explained by the downregulation 
of MMP-2 and the downstream pathways, especially ERK1/2 
and AKT in glioma cells.

Taken together, our study showed that anti-TNFRSF6B 
antibody could suppress cell growth and induce apoptosis in 
human glioma cells in vitro. This anti-tumor effect is due to G1/S 
arrest in cell cycle and downregulation of MMP-2, p-ERK1/2 
and p-AKT. To our knowledge, this is the first report on the 
effect of anti-TNFRSF6B antibody on human glioma cells. The 
suppressive role of anti-TNFRSF6B antibody on the malignant 
phenotypes of glioma cells makes it tempting to develop novel 
therapeutical strategies. The application of anti-TNFRSF6B an-
tibody might thus be a promising approach to glioma therapies 
in the future, for both in vivo studies and clinic trials.
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