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Supplementary Material and Methods 

 

Real-time luciferase gene expression in A549-luc cells  

A549-luc mock cells, A549-luc/shCon cells and A549-luc/shYY1 cells were seeded onto 35 mm 

dishes (100,000 cells/dish), respectively. Twenty-four hours after seeding, medium was changed 

to new medium containing luciferin (0.1 mM), and real-time luciferase gene expressions in 

A549-luc mock cells, A549-luc/shCon cells and A549-luc/shYY1 cells were monitored by 

Kronos Dio (Bio-Instrument ATTO, AB-2550). The luciferase activities had been monitored for 

7 days.  

 

Transient transfection and luciferase assays 

HeLa and Saos-2 cells were seeded onto 24-well plates. Twenty-four hours later, the cells were 

co-transfected with the indicated siRNA expression vectors, the 5×HRE reporter, and the 

Renilla luciferase expression vector (pRL-SV40, Promega) using FuGENE6 reagent (Roche 

Applied Science, Mannheim, Germany) for HeLa cells and LipofectamineTM LTX and Plus 

reagents (Invitrogen, Carlsbad, CA) for Saos-2 cells. Twenty-four hours after co-transfection, 

the cells were placed in hypoxic condition (1% O2; Mitsubishi GAS Chemical Company, Tokyo, 

Japan) and cultured for 6 hrs. Dual luciferase assays were then performed with the Dual 
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Luciferase Assay System (Promega). All relative luciferase activities were determined by 

calculating the ratio of the firefly and Renilla luciferase activities, and the results are shown as 

mean ± SEM (n = 3). 

 

Western blot analysis and ELISA  

Cells under the indicated conditions were washed with PBS and lysed in whole-cell extract 

buffer (50 mM Tris-HCl, pH 7.3; 10% glycerol; 250 mM NaCl; 2 mM EDTA; 0.1% Nonidet 

P-40; and 1 mM NaF) with protease inhibitor and phosphatase inhibitor cocktail (complete 

cocktail; Roche Applied Science, Mannheim, Germany). Protein concentration was determined 

by the Pierce BCA Protein Assay (Thermo Scientific, Rockford, IL). Equal amounts of the 

sample proteins were electrophoresed on sodium dodecyl sulfate polyacrylamide gel 

electrophoresis and transferred to a polyvinylidene fluoride (PVDF) membrane (Millipore, 

Billerica, MA). Membranes were blocked for 1 hr and then incubated with primary antibody 

overnight at 4℃. Membranes were then washed and incubated for 1 hr at room temperature with 

secondary antibody. The signal was measured by the Amersham ECL Plus Western blotting 

detection system (GE Healthcare, Pittsburgh, PA). The primary antibodies were a mouse 

monoclonal anti-human HIF-1α antibody (610959, BD Biosciences, Bedford, MA), a mouse 

anti-HIF-1β antibody (611078, BD Biosciences), a mouse monoclonal anti-p53 antibody (DO-1, 
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Santa Cruz Biotechnology, Santa Cruz, CA), a mouse monoclonal anti-YY1 antibody (H-10: 

Santa Cruz Biotechnology), a rabbit polyclonal anti-YY2 antibody (ab116507, Abcam, 

Cambridge, MA), a rabbit polyclonal anti-PHD2 Antibody (NB100-137, Novus Biologicals), a 

mouse monoclonal anti-VEGF antibody (C-20: Santa Cruz Biotechnology), a rabbit 

anti-hydroxy-HIF-1a (Pro-564) antibody (#3434: Cell Signaling Technology, Beverly, MA) and 

a rabbit polyclonal anti-β-actin antibody (#4967: Cell Signaling Technology, Beverly, MA). For 

ELISA assay for detecting secreted VEGF amount, the cells were transfected with a shYY1 or 

shCon plasmid using FuGENE6 reagent (Roche Applied Science, Mannheim, Germany). 

Twenty-four hours after transfection, selection (1 μg/mL, puromycin) was performed to 

eliminate the untransfected cells. The transfected cells were then seeded into 24-well plates. 

After 24 hrs, the cells were subjected to hypoxic condition for 12 hrs, and the culture 

supernatants were harvested for ELISA assay. The amount of VEGF in the culturing media was 

quantitated by commercially available Quantikine® Human VEGF Immunoassay kit (DVE00, 

R&D Systems).  

 

Histology and Immunohistochemical staining  

The xenografted tumors or lung tissues were excised from each group and were sectioned into 

10 μm slices using a cryostat; some were then subjected to immunohistochemistry and some to 
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H&E staining. For immunohistochemistry of the lung tumors in mice injected intravenously 

with A549-luc cells, the frozen lung tissue sections were incubated with a primary antibody 

against rat anti-mouse CD31/PECAM1 (Mec13.3: BD Pharmingen 553730, BD Biosciences 

Pharmingen, San Diego, CA) and an anti-Ki67 antibody (Dako, M7240, Carpinteria, CA) for 1 

hr; The specimens were subsequently stained with secondary antibodies conjugated with anti-rat 

Alexa Fluor® 488 and anti-mouse Alexa Fluor® 594 (Invitrogen Molecular Probes, Grand Island, 

NY). For immunohistochemistry of the xenografted tumors from mice injected with HCT116 

p53-/- cells, the frozen tumor tissue sections were incubated with primary antibody against 

murine CD31 (Mec13.3: BD Pharmingen 553730) and anti-hypoxyprobe antibody for 1 hr. The 

specimens were subsequently stained with secondary antibodies conjugated with anti-rat Alexa 

Fluor® 488 and anti-rabbit Alexa Fluor® 594 (Invitrogen Molecular Probes) for 1 hr at room 

temperature. For double luciferase/Ki67 immunohistochemistry of the lung tumors in mice 

injected intravenously with A549-luc cells, the frozen lung tissue sections were incubated with a 

primary antibody against rabbit anti-Luciferase (MBL, PM016) and an anti-Ki67 antibody 

(Dako, M7240) for 1 hr; The specimens were subsequently stained with secondary antibodies 

conjugated with anti-mouse Alexa Fluor® 488 and anti-rabbit Alexa Fluor® 594 (Invitrogen 

Molecular Probes). The counter staining of nuclei was performed with ToTo-3 Iodide 

(Invitrogen). Confocal laser scanning microscopy was performed using LSM 510 microscope.  



 5

 

Immunofluorescence staining  

The HeLa cells were seeded onto coverslips in 6-well plates and transfected with shYY1 

plasmids against YY1 (shYY1-1 and shYY1-2) and control short hairpin plasmids (shCon). 

Twenty-four hours after transfection, the cells were incubated under hypoxia for another 24 hrs. 

The cells were then fixed for 20 min at room temperature with 10X PBS containing 4% 

paraformaldehyde, and permeabilized for 30 min with PBS containing 0.1% Triton X-100. After 

blocking, the coverslips were incubated at room temperature for 1 hr with mouse monoclonal 

anti-HIF-1α antibody (ESEE122) conjugated to HiLyte Fluor 488 (NB100-131L: Novus 

Biologicals). After washing 3 times, the nuclei were stained by incubation with Hoechst 33342 

(2 μM, Dojindo, Kumamoto, Japan) for 1 min. Confocal laser scanning microscopy was 

performed using a microscope (LSM 510; Carl Zeiss, Germany).  

 

Yin Yang 2 gene silencing  

Two siRNAs against human YY2 (NM-206923) and stealth RNATM siRNA negative Control 

Duplexes were purchased from Invitrogen. The sequence of siYY2 was as followed: siYY2-1 

(UUG AUG UUG AUG UUG AUG CCG CCG A); siYY2-2 (UUU CGC AGC CGC UAU 

AAG AGC AAG A). Transfection of siRNAs was performed using Lipofectamine™ 
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RNAiMAX (Invitrogen) according to the manufacturer’s instruction.  

 

Cell viability assays  

A549-luc mock, A549-luc/shCon, and A549-luc/shYY1 cells were seeded into 96-well culture 

plates at a density of 5 × 103 cells/well. After 12 hrs, the cells were further incubated in hypoxia 

or normoxia, and the cell viabilities were determined 6, 12, 24, 48, and 72 hrs later using 

colorimetric assays with 

2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulphophenyl)-2H-tetrazolioum 

monosodium salt (Cell Counting Kit-8; Dojindo) in accordance with the manufacturer's 

instructions. For the viability of HeLa cells, HCT116-/- cells and HCT116+/+ cells in 6, 12, and 

24 hrs of hypoxia, these cells were firstly transfected with shCon, shYY1-1, and shYY1-2 

plasimd using FuGENE6 reagent (Roche Applied Science, Mannheim, Germany).  

Twenty-four hours after transfection, selection (1 μg/mL, puromycin) was performed to 

eliminate the untransfected cells. The transfected HeLa cells, HCT116-/- cells and HCT116+/+ 

cells were seeded into 96-well plates at a density of 5 × 103 cells/well, 8 × 103 cells/well, 8 × 103 

cells/well, respectively. After 12 hrs, the cells were subjected to hypoxic condition for 6, 12, and 

24 hrs, The cell viability was also measured at indicated time.  

For the effect of HIF-1α overexpression on cell viability of A549-luc/shYY1 cells 
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under hypoxic condition, A549-luc/shYY1 cells, in which YY1 is stably silenced, were seeded 

onto 96-well culture plates at a density of 5 × 103 cells/well. After 24 hrs, the transfection was 

performed by using LipofectamineTM LTX and Plus reagents (Invitrogen). Twelve hours after 

transfection, cells were moved into hypoxia condition (1% O2), and incubated for 72 hrs. The 

cell viability was also measured by using colorimetric assays.  

 

Quantitative RT-PCR analysis  

Total RNA was extracted using the RNeasy Mini Kit (Qiagen, Hilden, Germany) according to 

the manufacturer’s instructions. Total RNA (1 µg) was then reverse-transcribed using the 

QuantiTect Reverse Transcription Kit (Qiagen). Quantitative real-time PCR was perfomed 

using QuantiTect® SYBR Green PCR Master Mix (Qiagen) following the manufacturer’s 

protocol. The sequences of the primers used in this study are listed in Supplementary Table S1.  

 

Immunoprecipitation assays 

HCT116 p53-/- cells were plated in 10-cm dish, and transfected with 10 μg of 

pcDNA3-Flag-YY1 or pcDNA3 using Lipofectamine™ LTX with PLUS™ Reagent 

(Invitrogen). After 36 hrs of transfection, transfected HCT116 p53-/- cells were cultured under 

hypoxia in medium containing an ubiquitination inhibitor, MG-132 (10 μM, Merck Chemical 
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Japan, Tokyo, Japan); after 8 hrs, the cells were harvested for immunoprecipitation-Western 

blotting analysis. Cell lysates were solved in lysis buffer (10 mM HEPES, pH7.5; 100 mM KCl; 

0.1% NP-40) with protease inhibitors on ice for 30 min, and then cleared by centrifugation at 

15,000 rpm. The supernatants were incubated at 4℃ for 1 hr with protein G-beads (Invitrogen) 

in the presence of 3 μg of anti-flag monoclonal antibody. Then, the immunoprecipitated proteins 

were subjected to Western blotting analysis using anti-HIF-1α antibody (#610959; BD 

Transduction Laboratories, BD Biosciences, San Jose, CA).  


