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SUPPLEMENTARY MATERIALS

A novel tumor spheroid model identifies selective enhancement 
of radiation by an inhibitor of oxidative phosphorylation

MATERIALS AND METHODS

Cell lines and cell culture

The human colon cancer cell line HCT116 GFP 
(HCT116 cells transfected with Green Fluorescent Protein; 
Anticancer, Inc., San Diego, CA, USA) was cultured at 
37°C in a humidified incubator containing 5% CO2 in 
McCoy´s 5A medium supplemented with 10% heat-
inactivated fetal bovine serum, L-glutamine (2 mM), 
penicillin (100 U/ml) and streptomycin (100 µg/ml).

The cell line was split twice a week and morphology 
and growth of cells were monitored on a weekly basis. 
Under these conditions, the doubling time for HCT116 
GFP was (~18–20 h) as evaluated by confluence (phase 
contrast) and object confluence (green fluorescence) in a 
microscope that resides in the cell incubator (IncuCyte® 
ZOOM Live-Cell Analysis System; Essen BioScience, 
Ann Arbor, MI, USA). The cell line was authenticated 
by short-term repeat analysis performed by the cell bank. 
Morphology and growth of cells were monitored on a 
weekly basis. Cells were passaged for less than 6 months 
after resuscitation.

Drugs, irradiation and cell culture experiments

Drugs

Deferoxamine is an iron chelating radiosensitizing 
drug [1]. Ciclopirox is an antifungal compound and a 
cell membrane permeable iron chelator [2]. Salinomycin 
is an antibacterial drug that induces apoptosis in human 
cancer cells and has also radiosensitizing properties [3, 4]. 
Tirapazamine has selective toxicity for hypoxic cells in 
tumors and has demonstrated synergy in combination with 
radiation [5, 6]. 

The thiosemicarbazone drug VLX50 is an iron 
chelator and VLX60 is a copper chelate of VLX50 that 
has been shown to increase oxidative stress in tumor cells. 
Both drugs are in preclinical development [7]. VLX600 
is in phase 1 clinical development for solid tumors 
and has recently been described as an iron-chelating 
inhibitor of oxidative phosphorylation with the ability 
to reverse hypoxia in spheroids [8, 9]. These drugs have 
mechanistic features making them potentially suitable as 
radiosensitizers and have been extensively studied in our 
laboratory and where therefore included in the study. 

Source plates were prepared with appropriate 
concentrations of drugs in dimethyl sulfoxide (DMSO) 
and stored in the oxygen and moisture free MiniPod™ 
system (Roylan Developments Ltd, Surrey, UK) until drug 
was added to experimental plates using the liquid handling 
system ECHO® 550 (Labcyte Inc., Sunnyvale, CA, USA).

Spheroid formation

On day 0, 50 μl cell suspension with 10,000 cells 
were seeded into each well of a 384-well Corning® black 
clear bottom ultra-low attachment (ULA) microplate 
(Corning Inc., New York, NY, USA). The plates were 
placed on a Vari-Mix™ Platform Rocker (Thermo 
Fisher Scientific Inc., Waltham, MA, USA) in an angled 
position as described previously (see main manuscript) 
and incubated at 37°C in 5% CO2. The slow movement of 
the rocker for 15 min every 3rd h allows for formation of 
homogenous and equally sized spheroids. MicroClime® lids 
(Labcyte Inc, Sunnyvale, CA, USA) were used to eliminate 
edge effects and protect against hydration or evaporation. 
On day 4, plates were put in a fixed second angled position 
which allows for movement of each spheroid to the lower 
left corner of each well. Drug was added with the Echo 550 
liquid handler (Labcyte) on day 7.

Measurement of cellular cytotoxicity

Assessment of DNA double-strand breaks by 
immunohistochemistry (IHC)

The spheroids were established and exposed 
to drugs and radiation as described in Materials and 
Methods. Spheroids were harvested into Eppendorf 
tubes 24 h after exposure to radiation and the tubes were 
then centrifuged and washed once in PBS. Spheroids 
were embedded in paraffin and sectioned according to 
standard protocols. The antibody Anti-gamma H2A.X 
(phospho S139 antibody [9F3] against the synthetic 
peptide phosphorylated (Ser139) human Histone 
H2A.X; ab26350; abcam, Cambridge) was used to assess 
DNA double-strand breaks (DSBs). The commercially 
available MACH 1 Universal HRP-Polymer Detection kit 
(without protein block) was used in the staining process. 
Concentration and incubation time for the primary 
antibody was 1 µg/ml and 20 min respectively. A light 
microscope at 400x magnification was used to assess 
immunohistochemical staining.
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