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Supplemental Methods 

 

Western blot analysis 

Cells and tumor tissues were lysed using a lysis buffer [50 mM Tris-HCl (pH 8.0), 1% NP40, 

0.5% Na-deoxycholate, 150 mM NaCl, 0.1% SDS] containing 1 protease inhibitor cocktail 

(Roche Molecular Biochemicals). The indicated antibodies against the following proteins 

were used: phospho-mTOR (Ser2448, no. 2971), mTOR (no. 2983), phospho-p70S6K 

(Thr389, no.9234), total p70S6K (no. 9202), phospho-4E-BP1 (Thy37/46, no. 2855), 

phospho-AKT (Ser473, no. 4058), total AKT (no. 9272), phospho-FoxO1 (Ser256, no. 9461), 

and ATG5 (NB110-53818, Novus Biologicals, Inc., Littleton, CO), LC3B (L7543, Sigma), 

p62 (M162-3B, MBL International Corporation, Woburn, MA), cleaved caspase-3 (no. 9661), 

PARP (no. 9542), and β-actin (A5441, Sigma). Phospho-RB (Ser780, no. 9307), RB (no. 

9309), phospho-p53 (Ser15, no. 9286), p53 (no. 9282), p21WAF1/Cip1 (no. 2947), HMGA2 

(ab41878, Abcam Inc., Cambridge, MA), and histone H3 (dimethyl K9; ab1220, Abcam Inc.) 

were used as senescence markers. Except where otherwise indicated, antibodies were 

purchased from Cell Signaling Technology Inc. (Beverly, MA). Band intensity was quantified 

using ImageJ software (National Institutes of Health, Bethesda, MD). 

 

Real-time PCR 

Cells were harvested and pelleted. Total RNA was isolated using TRIzol® reagent 

(Invitrogen) and was converted to cDNA using SuperScript® Reverse Transcription Reagents 

(Invitrogen). Gene-specific primer sets were designed. Real-time PCR was carried out in 

duplicate using LC480 SYBR Green 1 Master Mix (Roche Applied Science) on a 

LightCycler® 480 System (Roche Applied Science) and GAPDH served as an endogenous 



2 
 

normalization control. The sequences of the real-time PCR products were checked for 

amplification specificity. Sequence Detector software (version 1.5) was utilized for data 

analysis and relative fold induction was determined by the comparative threshold cycle 

method. The following primers were used for real-time PCR: MCM3 forward, 5’-CAG AGA 

CAG AAG ATG AAG AGG -3’ and reverse, 5’- CTC AAG TAC ACA CTC CAA AG-3’; 

Cyclin A2 forward, 5’-GAT AGA TGC TGA CCC ATA CC-3’ and reverse, 5’- CTC ATG 

GAC CTT CAC C AG AC-3’; DHFR forward, 5’- GAC ATG GTC TGG ATA GTT GGT G-3’ 

and reverse, 5’- GTG ACA AGG ATC ATG CAA GAC-3; GAPDH forward, 5’- TGA ACG 

GGA AGC TCA CTG-3’ and reverse, 5’-TAC AGC AAC AGG GTG GTG GA-3’. All values 

were normalized GAPDH levels. 

 

Clonogenic cell survival assay 

Long-term cell survival was determined using a standard colony-forming assay, as previously 

described (1). Briefly, cells were treated with different doses of irradiation in the presence or 

absence of drug. Irradiated cells were plated in duplicate at a limiting dilution in 6-well plates 

and incubated for 14 days. The plating efficiency and fraction of surviving cells following a 

given treatment, expressed as a percentage, were calculated relative to those of non-irradiated 

cells not exposed to drug.  

 

Measurement of senescence-associated β-galactosidase activity 

Senescent cells were determined by assaying for senescence-associated β-galactosidase (SA-

β-gal) activity using a Senescence β-Galactosidase Staining Kit (Sigma). Cells stained for 

SA-β-gal activity were counterstained with 0.5% eosin for 5 min and then scored by counting 

five fields using a phase contrast microscope. SA-β-gal was quantitatively measured by the 
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rate of conversion of MUG (4-methylumbelliferyl-β-D-galactopyranoside) to the fluorescent 

hydrolysis product 4-MU (4-methylumbelliferone) at pH 6.0 in cell extracts (2). Normalized 

SA-β-gal activity was expressed as observed fluorescence divided by microgram total protein 

in the assay.  

Tumors from each mouse were resected and were snap-frozen in OCT compound (Sakura 

Fineter, Torrance, CA). Sections were cut to 5 μm thickness and mounted onto gelatin-coated 

glass slides. SA-β-gal staining was carried out as previously described (3). After incubation at 

37℃ for 12-16 h, slides were washed in PBS and counterstained with 0.5% eosin Y solution. 

Images were captured by bright filed microscopy (Axioscop II, Zeiss) at 200x magnification. 

 

Measurement of senescence-associated heterochromatin foci 

Senescence-associated heterochromatin foci (SAHF) were identified by staining with DAPI 

(4', 6-diamidino-2-phenylindole; 1 μg/ml). SAHF-positive cells were scored as a percentage 

relative to total cells. Formation of SAHF was further assessed by staining cells with DAPI 

and anti-H3(K9)met antibody and by observing their colocalization under a laser scanning 

confocal microscope (LSM 510 Meta, Carl Zeiss Inc., Thornwood, NY) equipped with Argon 

(488 nm) and HeNe (543 nm) lasers. 

 

Cell cycle analysis 

For analysis of DNA content, harvested cells were fixed in ice-cold 70% ethanol, treated with 

RNase, and stained in propidium iodide for 30 min at 37°C. The cell cycle was analyzed 

using a FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA) equipped with 

CellQuest Pro software.  
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Transmission electron microscopy 

Cells were fixed with 2.5% glutaraldehyde for 1 h at 4°C, washed with 0.1 M cacodylate 

buffer, and then dehydrated using a graded ethanol series and a Spurr's Resin series. The cells 

were placed in fresh 100% Spurr's Resin in molds and polymerized at 60°C for 8 h. Ultrathin 

(35–50 nm) sections were cut with a diamond knife, loaded onto nickel-coated transmission 

electron microscopy (TEM) grids, and stained with 2% uranyl acetate. Autophagosomes and 

autolysosomes in cells were identified by labeling sections with an anti-LC3B antibody and 

detected using 10-nm immunogold (Sigma). The images were acquired with a transmission 

electron microscope (JEOL-1200 EX-II, JEOL, Tokyo, Japan) operating at an acceleration 

voltage of 120 kV. Increases in autophagic flux were assessed by calculating the ratio of 

autophagy-active cells to total cells (70–90 cells) in images obtained by EM, where 

autophagy-active cells were defined as those that contained more than the basal level of 

autolysosomes per cell. 

 

siRNA transfection 

Cells were transfected with 50 nM siRNA duplexes by using Lipofectamine RNAiMAX 

according to manufacturer’s prococol (Invitrogen). The transfected cells were used for 

subsequent experiments 24 h later. A siRNA targeting ATG7 was designed by Genolution 

Pharmaceutical, Inc (Seoul, Korea) and consisted of the following duplex: forward, 5’-CAG 

UGG AUC UAA AUC UCA AAC UGA UUU-3’ and reverse, 5’-AUC AGU UUG AGA 

UUU AGA UCC ACU GUU-3’. Nonspecific siRNA (Dharmacon, Chicago, IL) was used as a 

negative control for comparison. 
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