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Supplementary Materials and Methods 

NSCLC cohort 

The NSCLC cases analyzed in the present study were randomly selected from a 

cohort of 318 cases comprising similar numbers of lung adenocarcinoma and 

squamous-cell carcinoma cases of three  differentiation grades (well, moderate, and 

poor) (1). The 103 specimens analyzed in this study comprised similar numbers of 

specimens representing the three differentiation grades: 18 well, 18 moderately, and 14 

poorly differentiated adenocarcinomas, and 20 well, 16 moderately, and 17 poorly 

differentiated squamous-cell carcinomas. Detailed information regarding the 318-case 

cohort and their pathological characteristics has been reported previously (1). The 

histological diagnoses were determined according to the World Health Organization 

(WHO) criteria (2). 

 

Immunohistochemical analysis of BRG1 and BRM 

Formalin-fixed paraffin-embedded (FFPE) tissue sections were de-waxed in 

xylene, rinsed well in ethanol, and then washed in tap water. Antigen retrieval was 

performed by pressure cooking in 0.01 M citric acid, pH 6.0 (for BRM), or by 

immersion in target-retrieval solution (TRS; Dako) in a water bath at 95°C (for BRG1). 

The sections were allowed to cool for 40 minutes at room temperature, and were then 

blocked in 1% hydrogen peroxide for 10 minutes, rinsed in tap water, placed in a humid 

staining chamber, and covered with TBS buffer (pH 7.6) for 5 minutes. The TBS buffer 

was drained off, and the sections were incubated with normal rabbit serum (NRS; Dako) 

diluted 1:5 in TBS. The sections were then incubated with a rabbit anti-BRG1 

monoclonal antibody (1:200; Epitomics, 2822-1) for 1 hour at room temperature, or a 

rabbit anti-BRM polyclonal antibody (1:800; Sigma, HPA029981) for 30 minutes at 

room temperature. The sections were then rinsed and incubated with Envision 

rabbit/HRP (Dako) for 20 minutes. Finally, the sections were rinsed in running tap water, 

counter-stained as required, dehydrated, and mounted.  

Salivary-gland tissue specimens exhibiting strong staining for both BRG1 and 

BRM in the nuclei were used as positive controls in each tissue microarray. The staining 

intensity of the BRG1 and BRM antibodies within the nuclei of each lung-cancer 

sample was expressed according to the intensity scores described by Fukuoka et al. (3) 
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with some modifications: 0 (no signal), 1 (weak), 2 (moderate), and 3 (strong, i.e., the 

level found in salivary-gland cells); in addition, the intratumoral fractions of regions 

with each score (0–3) were determined. Six non-cancerous lung tissues (n = 6) were 

also subjected to the same protocol. The expression levels of BRM and BRG1 in each 

tissue were compared according to the total score (TS), which was calculated as the sum 

of [intensity scores × fractions] for the scored regions. A tumor sample was judged to be 

positive when the TS was higher than the average TS calculated for normal lung 

epithelial tissues (n = 6). 

 

Fluorescence in situ hybridization  

This procedure was performed on formalin-fixed, paraffin-embedded, 

4-µm-thick tumor tissues that had been sampled in duplicate from representative areas 

in each tumor. We used dual-color FISH probes for FGFR1 (RP11-513D5 and 

RP11-100B16, which were labeled with Spectrum Orange, Chromosome Science Labo, 

Inc; Sapporo, Japan) and chromosome 8 centromere (CEN8) (RP11-837P5 and 

RP11-11P6 were labeled with Spectrum Green, Chromosome Science Labo, Inc). FISH 

analysis and signal capture were performed through a fluorescence microscope (AXIO, 

Zeiss) coupled to an ISIS FISH Imaging System (Metasystems). At least 60 inter-phase 

nuclei from each tumor were scored, FGFR1 amplification was defined if one of the 

following criteria was fulfilled: (I) FGFR1/CEN8 ratio was ≥ 2.0, (II) average gene 

copy per nucleus was ≥ 6.0, and (III) percentage of tumor cells containing ≥ 15 gene 

copies or large cluster was ≥ 10% (4). 

 

Establishment of cells expressing doxycycline-inducible short hairpin (sh) BRM 

In the lentiviral vector shRNA-mediated conditional gene expression system 

developed by Trono, tTRKRAB (a fusion of the tetracycline repressor [tTR] and the 

Krüppel-associated box [KRAB] proteins) binds the Tet operator (TetO), which is 

juxtaposed with the H1 promoter, to create a local heterochromatic state extending over 

2–3 kb. This leads to suppressed shRNA expression downstream of the H1 promoter. In 

the presence of doxycycline (dox), tTRKRAB does not bind TetO, allowing expression 

of the shRNA, which then down-regulates expression of the target genes. Thus, both 
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up-regulation and down-regulation of the target gene can be reversibly controlled by 

dox.  

shBRM oligos were annealed and cloned into the MluI–ClaI site downstream 

of the H1 promoter juxtaposed with TetO in the pLV-THM lentiviral plasmid 

(Addgene) to yield pLV-THM-shBRM. The sequences for the shBRM oligos are: 

5’-cgcgtccccGGAGGTGCTAAGACACTTATGttcaagagaCATAAGTGTCTTAGCAC

CTCCtttttggaaat-3’ and 

5’-cgatttccaaaaaGGAGGTGCTAAGACACTTATGtctcttgaaCATAAGTGTCTTAGCA

CCTCCGGGGa-3’ (5). The pLV-TH si/Control plasmid vector, which carries a shRNA 

targeting green fluorescent protein (GFP), was a kind gift from Dr. Maurizio Fanciulli 

(6). pLV-tTRKRAB, a plasmid vector carrying tTRKRAB, was purchased from 

Addgene. 293FT cells were co-transfected with pLV-THM-shBRM, pLV-TH si/Control, 

or pLV-tTR-KRAB, together with the packaging plasmids psPAX2 and pMD2.G 

(Addgene), using Lipofectamine 2000 (Invitrogen), to produce lentiviruses for 

transduction of LV-THM-shBRM, LV-TH si/Control, or LV-tTRKRAB DNAs, 

respectively. H1299 cells were infected with LV-tTRKRAB, and a single clone was 

isolated that exhibited high tTRKRAB protein expression, as revealed by immunoblot 

analysis using an antibody specific for tTR (MobiTec, TET01). This H1299 clone was 

then subjected to lentiviral infection with either LV-THM-shBRM or LV-TH si/Control 

(to yield H1299-shBRM or H1299-shControl cells, respectively), and then 

mass-cultured. HeLa-shBRM and HeLa-shControl cells were established in the same 

manner. For the in vitro knockdown experiments, cells were cultured in growth medium 

containing 0.1 μg/ml dox. The medium was changed every 3 days. 

 

Immunoblot analysis 

The antibodies specific for the following proteins were used in immunoblot 

analysis in the present study: BRG1/SMARCA4 (Epitomics; 2776-1), BRM/SMARCA2 

(Abcam; ab15597), SNF5/SMARCB1 (Epitomics; 5542-1), ARID1A/SMARCF1 

(Bethyl; A301-041A-1), ARID2 (Bethyl; A302-230A-1), BAF180 (Bethyl; A301-591A), 

SNF2H/SMARCA5 (Abcam; ab3749-100), p21/CDKN1A (Cell Signaling 

Technologies; 2947S), α-tubulin (Calbiochem; CP06), and β-actin (Cell signaling 
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Technologies; 3700P). The expression level of BRM protein was quantified using the 

MultiGauge software (FUJIFILM Co., Ltd.). 

 

Cell survival assay 

For clonogenic survival assay, cultured cancer cells were trypsinized, counted, 

seeded in specified numbers in 6-well dishes, and cultured for a further 10 days to allow 

colony formation. The cells were then fixed for 5 minutes in a solution containing 50% 

(v/v) methanol/0.01% (w/v) crystal violet. Colonies comprising at least 50 cells were 

counted. 

For the CellTiter-Glo Luminescent Cell Viabiliy Assay (Promega), cultured 

fibroblasts were trypsinized, counted, seeded in 96-well plates (2000 cells/well), and 

cultured for an additional 8 hours to allow the cells to attach. The assay was performed 

every second day (up to Day 6).  

 

Complementation assay 

The human BRG1 cDNA clone was obtained from the Biological Resource 

Center (NBRC), NITE (Kisarazu, Japan). Complementary DNAs encoding 

FLAG-tagged wild-type BRG1 and BRG1K785A were subcloned into the pcDNA3.1 

expression vector (Invitrogen). The BRG1K785A mutation was introduced by changing 

bases 2353–2355 of the human BRG1 cDNA to GCC by site-directed mutagenesis. 

Control siRNAs (D-001810-02-05) and siRNAs targeting BRM (LQ-017253-00-0002) 

were obtained from Thermo Scientific.  

siRNAs (5 nM) were transfected into H1299 cells using Lipofectamine 

RNAiMAX (Invitrogen). Twenty-four hours after transfection, the cells were 

re-transfected with 2.5 μg of plasmid DNA using Lipofectamine LTX (Invitrogen). 

Another 24 hours later (defined as Day 0), the cells were seeded into a 96-well plate 

(1000 cells/100 μl/well). On Day 2, the cells were re-transfected with 5 nM of siRNAs. 

To measure cell viability, ATPlite 1step (Perkin Elmer) was added to the cells, and the 

fluorescence was measured in an Wallac 1420 ARVO SX multilabel counter 

(PerkinElmer). An anti-BRG1 monoclonal antibody (E1), an anti-β-actin monoclonal 

antibody (AC-15) (Santa Cruz Biotechnology), and an anti-BRM polyclonal antibody 
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(Cell Signaling Technology) were used for immunoblot analysis. 

 

Fluorescence microscopy 

Cells were grown on glass coverslips, fixed with 2% (w/v) paraformaldehyde 

in PBS for 15 minutes at room temperature, and permeabilized with 0.3% (v/v) Triton 

X-100 for 15 minutes at room temperature. After fixation, the cells were washed three 

times with PBS and stained with DAPI (0.4 μg/ml diluted in PBS) to visualize the DNA. 

The coverslips were mounted on glass slides using Prolong Gold mounting agent 

(Invitrogen). Confocal images were taken using an inverted microscope (Carl Zeiss) 

equipped with a 100× oil lens. Images were acquired using the ZEN Software (2008) 

(Carl Zeiss). The percentage of cells containing senescence-associated heterochromatic 

foci (SAHF) or undergoing mitotic catastrophe was quantified in three different fields 

per sample. SAHF were judged as previously described (7). Two or more distinct 

nuclear lobes within a single cell were scored as positive for mitotic catastrophe (8). 

 

Mouse xenograft model 

H1299-shBRM and H1299-shControl cells (4 × 106 cells/mouse in 50% 

Matrigel; BD Biosciences) were injected subcutaneously into 40-day-old female 

BALB/c-nu/nu mice (CLEA Japan, Inc.). After 3 weeks, when the tumors reached 100 

mm3, the mice were randomly divided into two groups and fed either a diet containing 

dox (200 ppm) or a control diet. Tumor growth was measured twice per week using 

calipers. Tumor volume (TV) was calculated as previously described (6) using the 

formula TV = a × (b2)/2, where a and b are the tumor length and width, respectively. At 

the end of the experiment, mice were sacrificed in accordance with standard protocols. 
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