
 

 

Supplemental Materials and Methods 

 

Hypoxia exposure 

The above cells were exposed to hypoxic conditions as described previously (1). The 

commercial culture chambers were from Bello Biotechnology or BioSpherix Ltd.. The culture 

chambers were maintained at 37°C in a humidified atmosphere and equilibriated with a mixture 

of certain concentration of O2 and 5% CO2 for the required time intervals using controlled N2 

and CO2 gas infusions (GTS-Welco Inc. or BioSpherix Ltd.). Controls were placed in a standard 

cell culture incubator at 37°C in a humidified atmosphere containing 21% O2 and 5% CO2. 

 

Real-time RT–PCR 

Total RNA was harvested using a RNeasy Mini Kit (Qiagen), and the cDNA was synthesized 

using the SuperScript II Reverse Transcriptase Kit (Invitrogen). Taqman primers for POX and 

internal control β-actin were purchased from Applied Biosystems, and performed real-time PCR 

assays according to the manufacturer’s instructions.   

 

Western blot analysis 

Cell lysates were prepared in RIPA lysis buffer (Thermo Scientific) and protein was measured 

by BCA protein assay (Pierce). Equal amounts of cell lysates were electrophoresed on SDS-

polyacrylamide gels and transferred by electroblotting onto a nitrocellulose membrane. The 

primary antibody used were those against POX (prepared in our lab), HIF-1α, AMP-activated 

protein kinase (AMPK), phosphor-AMPK, LC3, PARP, phosphor-mTOR and phosphor-S6 

(Santa Cruz). Anti-rabbit or anti-mouse antibody conjugated to horseradish peroxidase (Santa 



 

 

Cruz) was used as secondary antibody. Blots were developed using the ECL procedure 

(Amersham Biosciences). Blots were routinely stripped by the Encore blot stripping kit (Novus 

Molecular).  

 

Tumor xenograft studies  

    Two million MDA-MB-231 HRE-EGFP cells in 0.1 ml Hank's balanced salt solution were 

orthotopically inoculated in the left second mammary fat pad of female athymic nude mice (NCI-

Frederick, Cat. 01B74) to grow solid MDA-MB-231 HRE-EGFP xenografts. Tumor xenografts 

reached their final experimental size of approximately 500 mm3 within 8 weeks. Low oxygen 

tension was typically detected in several EGFP-fluorescing regions (PO2 < 0.6 mm Hg), and 

higher oxygen tensions (5.0 mm Hg < PO2 < 40.0 mm Hg), which were comparable to normal 

muscle tissue (23.0 mm Hg < PO2 < 50.0 mm Hg), were detected in several non-fluorescing 

peripheral tumor regions measured with a fiber-optic oxygen probe inserted in vivo (2). Once 

tumor xenografts reached experimental size, animals were sacrificed, tumor xenografts excised, 

and six serial 2-mm-thick fresh tissue slices were cut and their EGFP expression was detected by 

fluorescence microscopy as previously described to locate hypoxic and normoxic tumor regions 

(3). All experimental animal protocols were approved by the Institutional Animal Care and Use 

Committee of the Johns Hopkins University School of Medicine. 

 

EGFP and POX immunohistochemical staining and colocolization analysis  

    After fresh-tissue microscopy, the fresh tumor slices were frozen in Tissue Tek OCT freezing 

compound (Sakura Finetek USA). Frozen slices were cryo-sectioned with a microcryotome 

(Microm International) at 10 μm thickness and mounted on microscope slides. Simply, the slides 



 

 

were processed for double immunostainings for POX and EGFP by the 

Pathology/Histotechnology Laboratory, National Cancer Institute-Frederick. The slides were 

probed with the cocktail mixture of primary anti-GFP from chicken (AVES Labs) and anti-POX 

from rabbit and subsequently by a cocktail mixture of biotinylated goat anti-chicken and goat 

anti-rabbit Alexa Fluor 594 secondary antibody (Vector Labs). All slides were then developed in 

Streptavidin-Alexa Fluor 488 conjugate (Invitrogen). DAPI was used as nuclear counterstain.    

Colocolization analysis for POX and EGFP was performed by the Optical Microscopy and 

Analysis Laboratory, National Cancer Institute-Frederick. The lab written MatLab (Math. work, 

Natick MA) program with a special MatLab function, normxcorr2, which calculates the 

normalized cross-correlation between the images of the two channels, was used to evaluate the 

Pearson’s correlation coefficient as a measure of colocalization of EGFP and POX at zero spatial 

shifting. Values ranging between 0.5 ~ 1.0 indicate the existence of colocalization.  

 

Small RNAs and cell transfections  

    The StealthTM Select RNAi siRNAs targeting POX mRNA or HIF-1α mRNA (designated as 

siPOX or siHIF-1α) and StealthTM RNAi negative control (designated as siNeg) were 

synthesized from Invitrogen. Targeting sequences for POX were a pool of following three pairs 

of sequences. Sense 1, 5’-UAG AAG GUC AUC UUC AUG AGC UUG U; antisense 1, 5’-ACA 

AGC UCA UGA AGA UGA CCU UCU A; sense 2, 5’-UAU UCG UGC CAC UGC CAU CCC 

UCU C; antisense 2, 5’-GAG AGG GAU GGC AGU GGC ACG AAU A; sense 3, 5’-UUC 

GAU GCA GCG CAA GAA UGU CUC C; antisense 3, 5’-GGA GAC AUU CUU GCG CUG 

CAU CGA A. Targeting sequences for HIF-1α were a pool of following six sequences. Sense 1, 

5’-GAG GAA ACU UCU GGA UGC UGG UGA U; antisense 1, 5’-AUC ACC AGC AUC 



 

 

CAG AAG UUU CCU C; sense 2, 5’-GGA UGCUGGUGAUUUGGAUAUUGAA; antisense 2, 

5’-UUCAAUAUCCAAAUCACCAGCAUCC; sense 3, 5’-CAG GAC AGU ACA GGA UGC 

UUG CCA A; antisense 3, 5’-UUG GCA AGC AUC CUG UAC UGU CCU G. The HIF-2α 

RNAi (H00002034-R01) was purchased from NOVUS Biologicals. The cells were transfected 

with above RNA molecules by using Lipofectamine 2000TM (Invitrogen) after 24 h of seeding. 

Briefly, Lipofectamine 2000 TM was mixed with Opti MEM reduced-serum medium (Gibco) and 

incubated for 5 min. Meanwhile, RNA molecules were diluted in Opti MEM reduced-serum 

medium. Thereafter, the diluted miRNA and Lipofectamine 2000TM were mixed and incubated 

for 20 min at room temperature, and the resultant mixture was added to each well/flask. 

 

Proliferation assay  

    Cell counting kit-8 (Dojindo Molecular Technologies) was used to measure cell growth 

according to the manufacturer’s protocol. Approximately 5 000 cells were seeded in wells of a 

96-well plate and then treated as indicated. A solution containing WST-8 [2-(2-methoxy-4-

nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium was added to the cells for 2 

h at 37°C and absorption at 450nm was determined.  

 

Measurement of intracellular ROS  

    Intracellular ROS production was measured by staining cells with 2, 7-dichlorohydro 

fluorescein diacetate (DCF-DA) (Invitrogen).  HT-29 cells were seeded in a 6-well plate. After 

treated for certain time, the cells were removed media and then washed with PBS. Phenol red-

free medium, containing 50 μM DCF-DA was added to cells, and the plates were incubated at 



 

 

37°C for 45 minutes. The plates were read on a CytoFluor 4000 (PerSeptive Biosystems) with 

excitation wavelength of 485 nm and emission of 530 nm.      

 

Measurement of ATP by luciferase assay 

    ATP levels were measured by the luciferin/luciferase method using an ATP bioluminescent 

assay kit (Sigma). After cells were lysed with 1× Passive Lysis Buffer (Promega), 10 µl of lysate 

was added to the ATP assay reaction mix for a total volume of 110 µl. Luminescence was 

determined directly using a 20/20 Luminometer (Turner Designs). ATP concentrations were 

calculated by using an ATP standard curve generated from known concentrations of ATP. 

 

TUNEL Staining  

TUNEL staining for detecting DNA fragmentation was performed using the In Situ Cell Death 

Detection Kit (Roche) according to the manufacturer’s protocol. The assay use an optimized 

terminal transferase (TdT) to label free 3’OH ends in genomic DNA with fluorescein-dUTP. 

Simply, after cells were treated for certain time, the cells were fixed and permeabilized. Then the 

cells were incubated with the TUNEL reaction mixture containing TdT and fluoresceind-UTP. 

During this incubation step, TdT catalyzes the attachment of fluorescein-dUTP to free 3’OH 

ends in the DNA. The incorporated fluorescein was visualized with a fluorescence microscope. 

A sample without TdT instead of TUNEL reaction mixture was used as the negative control. The 

DNAse-1 treated sample was used as the positive control. And the percentage of TUNEL 

positive cells was calculated. 

 

Detection of autophagosomes 



 

 

    Autophagosomes were detected by monitoring the cellular distribution of GFP-LC3II using 

GFP-LC3B (LC3II) virus provided by Invitrogen Premotm Autophagy Sensor LC3B-GFP kit. 

The mutated GFP-LC3II (G120A) was used as the negative control. After transduced with GFP-

LC3II or mutated GFP-LC3II virus, cells were exposed to hypoxia with or without siPOX or 

siNeg transfection. GFP-LC3II distribution was then monitored in cells by fluorescence 

microscopy, and the percentage of cells displaying punctuate distribution of GFP-LC3 was 

calculated. 

 

Supplemental results 

 

Hypoxia-induced POX expression is independent of HIF-1α or HIF-2α  

Hypoxia inducible factor (HIF)-1 and HIF-2 are transcription factors that activate transcription of 

target genes in response to hypoxia and are important for solid tumor growth and survival (4). 

Therefore, we investigated whether HIF-1 and HIF-2 contributes to POX upregulation under 

hypoxia. We used HIF-1α and HIF-2α short interfering RNA (siHIF-1α and siHIF-2α) to knock 

down their expressions in HT29 cells and then examined the expression of POX mRNA and 

protein levels. The efficiency of the knockdown was determined by Western blot (Supplemental 

Fig. 3B and Fig. 3D). The loss of HIF-1α had no effect on the increase of either POX mRNA 

(Supplemental Fig. 3A and 3C) or protein levels (Supplemental Fig. 3B and 3D) caused by 

hypoxia (0.05% O2), while HIF-2α knockdown resulted in a modest additional increase of POX 

mRNA and protein levels. The latter implicated that HIF-2α might mildly inhibit POX 

expression against the hypoxic effect on POX through other mechanisms, such as its inhibition 

on p53 (5), an important inducing gene of POX (6). Nevertheless, this result indicated that both 



 

 

HIF-1α and HIF-2α are not essential for hypoxia-induced POX expression. Supplemental Fig. 3 

showed that the half-life of POX protein was about 4 hr, which excluded the effects of POX 

protein half-life on the above results.       
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