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SUPPLEMENTARY MATERIALS/METHODS AND FIGURES  

Cell culture. Isolation procedure of glioblastoma stem cells (GSCs) has been previously 
described (Chiao et al, 2011; Chiao et al, 2013; You et al, 2013).    

   Briefly, the resectioned tumour tissues were washed and enzymatically dissociated into 
individual cells. The dissociated cells were cultured in neurobasal media (Invitrogen, 21103-049) 
containing N2 and B27 supplements (Invitrogen, 17502-048; 0080085SA), plus human 
recombinant basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF) (50 ng/ml 
each; R&D Systems, 233-FB; 236-EG). After incubation for 2 to 4 weeks, a serial dilution was 
performed to select cells that were able to grow into neurospheres.  

Formation of spheroid cell growth was used as a criterion of GSCs. The GSCs were then 
cultured in neurosphere medium (NSM medium), supplemented with 10% heat-inactivated foetal 
bovine serum (GIBCO, 10437), 100 U/ml penicillin, 0.1 mg/ml streptomycin (GIBCO, 15140). 
To assess the stemness of GSCs, approximately 53 mm of GSC sphere was dispersed and the 
cells were seeded into a gelatine with NSM medium to test for contact-independent growth of 
GSCs. Morphology of the cells was observed using a light microscope (Eclipse E600, Nikon 
Corp.) and scanning electron microscopy (SEM, S-3000N, Hitachi). All floating neurospheroid 
cells were maintained in a humidified atmosphere containing 5% CO2 at 37°C. 

 

Reverse transcription-polymerase chain reaction (RT-PCR). To determine the presence of 
DRP1 isoforms, we used RT-PCR method to examine DRP1 mRNA in GBM cell lines and 
biopsy samples, and we detected one single double-stranded cDNA band in all the samples 
examined, indicating that there was only one single species of DRP1 mRNA (Chiang et al, 2009).  

Two sets of primers were used for RT-PCR study. 

For the N-terminal sequences: 

DRP1 N-forward: 5’-GGACCTGCTTCCCAGAGGTACT-3’ (nt 322-343, XM005253283) 

DRP1 N-reverse: 5’-GGCATCAGTACCCGCATC-3’ (nt 856-839, XM005253283)   

The length of N-terminal DNA fragments was 535 bp. 

For the middle piece and C-terminal sequences: 

DRP1 MC-forward: 5’-AATCCTAATTCCATTATCCTCGCT-3’ (nt 703-726, XM005253283) 

DRP1 MC-reverse: 5’-ACCAGTAGCATTTCTAATGGC-3’ (nt 1381-1361, XM005253283)  



  Cheng, 2 

 

The length of C-terminal DNA fragments was 678 bp. 

 

Measurement of mitochondrial membrane potential. Cells were stained with fluorescent dye 
3,3’-dihexyloxacarbocyanine iodide (DiOC6; Invitrogen, California, USA). The dye was freshly 
prepared (50 nM in PBS) and added to the suspension (106 cells/ml). After 20 min of incubation 
at 37 °C in the dark, the samples were analysed by the FACS Calibur (BD, CA, USA) (Huang et 
al, 2012). 

 

Electron microscopy. Electron microscopy was performed using a routine protocol (Yoon et al, 
1998; Chiang et al, 2012; Huang et al, 2012). Briefly, culture cells were fixed in situ on culture dish 
with 2.5% glutaraldehyde (Sigma, Missouri, USA) in 100 mM phosphate buffer saline (PBS) 
(pH 7.2) at 4°C overnight. Cells were washed with PBS several times before post-fixation with 
1% osmium tetroxide in PBS for 1 hr. After washing off osmium tetroxide with distilled water, 
the cell pellet was suspended in a minimal volume of 2% agarose, and let the reaction mixture to 
solidify at room temperature for 30 min. The solidified agarose blocks were trimmed and 
dehydrated in a serial dilution of 70-95% ethanol for 15 min each.  

The blocks were further dehydrated with 100% ethanol for 15 min three times, and 
permeated with 100% ethanol/LR white (1:1) mixture overnight. The blocks were changed to the 
pure LR white (Agar Scientific Ltd., Essex, UK) for continuous permeation at 4°C for 24 hours 
before transferred to a capsule filled with pure LR white. Specimen-filled capsules were moved 
to an oven and incubated at 60°C for 48 hr to polymerize LR white to rock solid. The resin 
blocks were trimmed and sectioned with ultramicrotome (Leica Ultracut R, Vienna, Austria). 
The thin sections floating on pure water were captured onto 200 mesh copper grids, and briefly 
air-dried. The sections were stained with 2% uranyl acetate/pure water for 15 min, and then with 
2.66% lead citrate/ pure water (pH 12.0) for 15 min, before observation with JEM1400 electron 
microscope (JEOL USA, Inc., Massachusetts, USA) at 100-120 kV.  

 

Matrigel assay. Matrigel assay was following the protocol suggested by BD Biosciences 
(Bedford, MA, USA). Briefly, a vial of BD matrigelTM basement membrane matrix (BD-MBM, 
356234) was thawed on ice overnight, and then diluted to ½ and ¼ with ice-cold serum-free 
Dulbecco’s modified Eagle’s medium (DMEM). Five ml of the diluted BD-MBM was spread to 
a petri dish on ice, before submerging a piece of polycarbonate membrane (with 5.0 µm pore size) 
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into the suspension mixture. Membrane coating was performed at room temperature for one hour. 
The membrane was rinsed with serum-free DMEM once, and mounted onto Boyden chamber. 
The lower chamber contained the full-medium. 1 ×105 cells were pipeted into the well of upper 
chamber at an interval of one hr for 8 hours, and then incubated at 37°C for 24 hr in a humidified 
incubator with 5% CO2. Following complete removal of the non-invading cells, the membrane 
was lifted from the chamber, and fixed in 100% methanol for 2 min. The cells on the membrane 
were stained with 1% Toluidine blue for 2 min and washed twice with distilled water. After 
counting cells, percent invasion on the membrane were calculated by comparing the 
experimental to the control groups.  

For counting cells in the lower chamber, the medium was carefully removed, and replaced 
with 100 µl of PBS with WST-1 (BioVision, Mountain View, CA) solution. The reaction was 
incubated at 37°C for 1-4 hr in a humidified incubator with 5% CO2. Each experiment was done in 
triplicates, and the optical absorbance (450/620, in a SunriseTM, Tecan, microplate absorbance reader) 
was measured by coloration of reacted substrate, which was catalysed by mitochondrial dehydrogenases. 
Percent invasion and invasion index in the chamber were calculated by comparing the 
experimental to the control groups. 

Polycarbonate membrane without Matrigel coating was used for cell trans-well study. 
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Figure S1 
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Supplementary Figure S1 Comparison of Kaplan-Meier product limit estimates of survival analysis in 
patients with GBM. Patients were divided into two groups based on DRP-1 expression. Statistical 

differences in (A) overall and (B) progression-free survival between the two groups were compared by a 
log-rank test. Patients with higher DRP-1 expression had significantly shorter overall survival (OS) [p = 
0.0398, 95% confidential interval (CI), 1.051-8.151) and progression-free survival (PFS) (p = 0.0067; 
95% CI, 1.438-9.517; HR, 3.699). When patients were grouped based on nuclear DRP-1, the overall and 

progression-free survivals were respectively shown as (C) OS, p = 0.0039, 95% CI, 1.448-6.93, HR, 
3.167; or (D) PFS, p < 0.0001; 95% CI, 2.466-12.37; HR, 5.523. After MGMT status was listed as a 
perspective parameter, patients were divided into four groups. Statistical difference in (E) overall and (F) 
progression-free survival among the four groups was compared by a log-rank test for trend. Patients with 
higher DRP-1 expression and no MGMT promoter methylation had significantly shortest OS (p = 0.0141) 
and PFS (p = 0.0035). 

 

Figure S2 
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Supplementary Figure S2 Characterization of 80- and 85-kDa DRP-1-positive. (A) Western 
blotting analysis of T98G cell lysate with antibodies specific to DRP-1. Molecular weights of 
both DRP-1-positive protein bands were located between 70-kDa (red) and 100-kDa protein 
markers. (B) In the presence of calf intestinal phosphatase (CIP), the 85-kDa protein band 
gradually disappeared, but the levels of 80-kDa protein band increased, suggesting that the 
85-kDa protein could be a phosphorylated form of 80-kDa DRP-1. β-actin was used as internal 
control for monitoring that equal amount of protein was added in each respective well.  

To validate that hypoxia could drive nuclear translocation of DRP-1, cytoplasm and nuclei 
were separated by centrifugation prior to Western blotting. (C) Hypoxia increased cytoplasmic 
levels of 85-kDa DRP-1. Moreover, hypoxia increased levels of both 80- and 85-kDa DRP-1 in 
the nucleus. β-tubulin was used as cytoplasmic marker, and histone H3 was used as nuclear 
marker to monitor that equal amount of protein was added in each respective well. (D) Using 
reverse transcription-polymerase chain reaction (RT-PCR) to detected expression of DRP-1 
mRNA in GBM cell lines and pathological specimens, we amplified a unique 678 base-pair (bp) 
band of amplified cDNA. The DNA fragments were excised from the gel and the sequences 
verified to be DRP-1 by DNA sequencing. 
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Figure S3 

 

 

 

Supplementary Figure S3 The effect of DRP-1 expression on mitochondrial morphology of 
T98G cell. (A) The shape of mitochondria in untreated T98G cells (Control). (B) In DRP-1 
gene-silenced cells (as DRP1-), most of mitochondria became condensed, and some turn into 
elongated shape. Vacuoles (arrow) and lysosome-like vesicles (white arrow) appeared in the 
cytoplasm, indicating a progression of autophagy. (C) In hypoxia-exposed T98G cells (hypoxia 
exposure for 48 hr, representing cells with nuclear DRP-1, DRP1nuc), the mitochondria were 
elongated, but with certain degree of swellings. However, some of mitochondrial outer 
membranes were disintegrated and some of internal contents were starting to leak out. (D) In 
shikonin-treated cells (24 hr), mitochondria were highly condensed, and some of vacuoles 
appeared right next to mitochondria, suggesting an expansion of mitochondria-associated 
membrane (MAM) and initiation of autophagy.  
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Figure S4 

 

 

Supplementary Figure S4 Shikonin and SAHA had different effect on expression and 
intracellular localization of DRP-1 as well as radioresistance in T98G cells. (A) Distribution of 
DRP-1 as determined by immunofluorescence confocal microscopy. (A1) T98G cells were fed 
with MitoTracker green FM (mitochondria-specific dye, green fluorescence) before stained with 
DRP1-specific monoclonal antibodies labeled with rhodamine (red fluorescence) and with DAPI 
(nuclear stain, blue fluorescence). (A2) Exposure to hypoxia for 48 hrs increased both 
cytoplasmic and nuclear, in particular nucleolar DRP1 (red fluorescence) in T98G cells when 
compared to the control group, which corresponded well with our previous study of lung 
adenocarcinomas (Chiang et al, 2009) that DRP1 was located on mitochondria. In the merged 
images, the yellow fluorescence showed the overlaps of red and green fluorescence at the same 
location. The purple nuclei reflected the overlaps of red and blue fluorescence. (A3) SAHA 
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treatment for 48 hours reduced some of the nuclear DRP-1 and increased apoptosis (as shown by 
the appearance of micronucleated cells, white arrow heads pointed at the fragmented nuclei). (A4) 
Addition of shikonin for 24 hours, on the other hand, reduced both cytoplasmic and nuclear 
levels of DRP-1, but increased autophagic vacuoles (white arrows). (B) Pre-treatment with 
different concentrations of shikonin for 24 hrs increased radiation sensitivity of T98G cells. , 
control; , 0.5 µM shikonin; , 2 µM shikonin; , 5 µM shikonin. (C) Pre-treatment with 5 
µM of SAHA for various periods of time (from 24-72 hrs) also decreased radiation resistance of 
T98G cells. , control; , pre-treatment for 24 hrs; , pre-treatment for 48 hrs; , 
pre-treatment for 72 hrs 

 

 

Figure S5 

 

 

 

Supplementary Figure S5 Controls of the immunohistochemical staining. (A) The pathological 
sections of lung adenocarcinoma, which had been stained positive for DRP1. (B) T98G cells, 
which were stained positive for DRP-1 by immunocytochemistry. The cells were grown on slides, 
and fixed with acetone/methanol (50%:50%) at 4°C for 15 min before staining. Methyl green 
was used for counterstaining. (C) The negative control of immunohistochemical staining, in 
which antibodies specific to DRP-1 were not added to the GBM sections.    


