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Supplemental Methods 

lentiviral particle production 

We generated recombinant lentiviral particles in 293T cells by transient transfection of the 

lentiviral constructs, pMD2.G (encoding VSV-G) and psPAX2 lentiviral packaging vector 

according to standard procedures. 

Mouse models 

Dr. Anton Berns provided Ink4ab-/- mice (The Netherlands Cancer Institute Amsterdam, 

Netherlands). These mice encode a non-sense mutation preventing the translation of p16Inka (but 

not p19Arf) in addition to LoxP sites within p15Ink4b that allow conditional inactivation of p19Arf 

and p15Ink4b (1). We bred Ink4ab-/- mice with Vasa-Cre transgenic mice (2) (provided by Dr. 

Diego Castrillon, UT Southwestern, Dallas, TX) to generate Cdkn2ab null mice.  

Tumor burden assessment 

Images of lungs were taken at 15-fold magnification. Images were fused to generate a 

complete section using Adobe Photoshop CS2 software.  To assess tumor burden, we used digital 

quantification of the area occupied by tumors to the area of total lung using NIH ImageJ (v1.42q) 

software. 

Primary respiratory cultures and colony formation assays 

Lungs were dissected after lung and lung perfusion as described (3). We generated single 

cell suspensions by incubation of finely chopped lungs in 1x PBS containing 2 mg/ml 

collagenase/dispase (Roche), 25 µg/ml DNAse and 5 μM calcium chloride for up to 45 minutes 

at 37°C.  
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 For colony formation assays, we used a MoFlo cell sorter to select for GFP fluorescent 

cells. Primary respiratory cells were plated either on irradiated or mitomycin C treated mouse 

embryonic fibroblasts (MEFs) seeded into 96 well plates 24h prior plating lung epithelial cells. 

Cells were grown into DMEM supplemented with 10% FBS, 2 mM glutamine, HEPES, 

penicillin and streptomycin and serial diluted 2 fold into next wells. Cells were maintained at 5% 

carbon dioxide and 95% air at 37 in a humidified chamber. 

Cell lines and reagents 

 Human NSCLC cell lines H460 and A549 were from the Hamon Center cell line 

repository (UT Southwestern Medical Center). All cell lines were DNA-fingerprinted for 

provenance (PowerPlex 1.2 Kit; Promega) and Mycoplasma-free (e-Myco Kit; Boca Scientific). 

They were maintained as previously described (4). 

Immunohistochemistry 

Unstained and hematoxylin and eosin stained tissue sections were generated at the 

Histology Core of UT Southwestern Medical Center, Dallas. To stain sections, tissues were 

rehydrated by incubating the slides in Xylene, 100% and 95 % Ethanol. We treated sections with 

3% hydrogen peroxide to eliminate background and boiled in 10 mM sodium citrate at pH 6 to 

retrieve the antigen. Slides were blocked in 10% goat serum or the BEAT™ block Kit 

(Invitrogen). We incubated sections with primary antibody over night at 4°C and then with 

secondary antibody (ImmPRESS™ Reagent Kit Peroxidase, Vector Laboratories, Inc.) for 1 

hour at room temperature. Slides were then treated with either of the following peroxidase 

substrate kits, VECTOR® SG or DAB (both, Vector Laboratories, Inc.), counterstained with 

Nuclear Fast Red (Vector Laboratories, Inc.), dehydrated and mounted with DPX (Sigma).  
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Quantitative real time PCR primer 

 We extracted RNA using the RNeasy kit (Qiagen) and generated cDNA using iScriptTM 

cDNA kit (Biorad).  For quantitative real time PCR, we used iTaq SYBR green supermix with 

ROX (Biorad). For human p15INK4A, we used primer pair (forward) 

5’GGGAAAGAAGGGAAGAGTGTCGT’3 and (reverse) 5’GCATGCCCTTGTTCTCCTCG’3. 

As internal control, we used primer pairs for housekeeping gene GAPDH (forward) 

5’AGAAGGCTGGGGCTCATTTG’3 and (reverse) 5’AGGGGCCATCCACAGTCTTC’3 and 

housekeeping gene HRPT1 (forward) 5’TCAGTCAACGGGGGACATAAA’3 and (reverse) 

5’GGGGCTGTACTGCTTAACCAG’3. For murine mutant KRAS, we used primer pair 

(forward) 5’GGGAATAAGTGTGATTTGCCT’3 and (reverse) 

5’GCCTGCGACGGCGGCATCTG’3 and for murine endogenouse KRAS, we used primer pair 

(forward) 5’GCAGGGTTGGGCCTTACAT’3 and (reverse) 5’ATGCGTCGCCACATTGAAT’3 

as described (3). For GFP expression the following primers were used (forward) 

5’GAACCGCATCGAGCTGAAGGG’3 and (reverse) 5’TCTTGAAGTTCACCTTGATGCC’3. 

Flow cytometry 

 Cell cycle analysis was performed following standard procedure with the FC500 

Beckman Coulter flow cytometer (Brea, CA, USA) using the WinMDI V2.8. Software (Purdue 

University Cytometry Laboratories, West Lafayette, IN, USA) (5).  

We harvested cultured cells by trypsinization, washed them in PBS and fixed them in 

100% ethanol. After a final wash in PBS, we stained cells with 20 ug/ml propidium iodide, 80 

ug/ml RNase, and 0.1% triton x-100 in PBS. 
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Western blotting  

Tumors or cells were lysed in cell lysis buffer (cell signaling) containing 20nM Tris pH 

7.5m, 150mM sodium chloride, 1mM EDTA, 1mM EGTA, 1% Triton X100 and protease and 

phosphatase inhibitors. We run cell lysates on EZ-Run™ protein gel (Thermo Scientific) and 

transferred them onto Immobilon-P or Immobiloin-PSQ membranes (Millipore). Membranes were 

dried before immunoblotting and reactivated with methanol. To reduce background, we blocked 

membranes with 5% non-fat dry milk in 1x TBS-T. Blots was then incubated in 5% BSA in 

TBS-T containing the primary antibody at the appropriate concentration for 1h up to overnight. 

Membranes were then subjected to the secondary antibody in 5% milk or BSA in TBS-T for 1h.  

Analyses of the TCGA database 

 Lung adenocarcinoma mutation, segmented copy number, methylation, and clinical data 

were obtained from TCGA data portal (https://tcga-data.nci.nih.gov/tcga) on June 8th, 2013. Only 

non-silent mutations were considered. For each tumor, the lowest copy number with a segment 

of at least 100 markers excluding chromosome Y was considered as the basal level to correct for 

the percentage of contamination of solid tumors with normal diploid DNA (6). Homozygous and 

hemizygous deletions as well as amplifications of specific genes were inferred from their 

corresponding corrected copy numbers. The methylation of the CpG sites cg02850821, 

cg12840719, and cg19133618 were evaluated for the KRAS, CDKN2A, and CDKN2B promoters, 

respectively. CpG sites with a beta-value higher than 0.25 or 0.5 were considered partially or 

fully methylated, respectively. Overall survival was computed from the date of diagnosis to the 

date of death. Patients alive at the end of the study period were censored at the date of the last 

follow-up or the last date the patient was known to be alive, whichever was longer. Progression-

free survival was calculated from the date of diagnosis to the date a new tumor event was 
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observed or the date of death, whichever occurred first. Kaplan-Meier was used to estimate the 

survival curves and comparisons were performed using the log-rank test using SPSS Statistics 

17.0. One-way ANOVA followed by Tukey post hoc test was used to compare the pathologic 

stage among groups. 

Supplemental Figure Legends 

Supplemental Figure S1. Cdkn2ab loss promotes lung tumorigenesis in LSL-Kras mice. (A) 

Representative lung sections of LSL-Kras, LSL-Kras;Cdkn2a-/- and LSL-Kras;Cdkn2ab-/- at time 

of death. Hematoxylin and Eosin staining, magnification 15 fold. (B-C) Histogram of endpoint 

tumor burden of mice with the indicated genotypes.  

Supplemental Figure S2. Cdkn2ab loss promotes lung tumor progression, dedifferentiation 

and metastasis. (A) NKX2-1 immuno-histochemical staining of lung tumors (n=3 

mice/genotype). Numbers of tumors in each mouse are indicated. Tumors were classified as 

having no NKX2-1, a mix of negative and positive NKX2-1 stained tumor cells or uniformly 

positive NKX2-1 tumor cells. (B) Classification of NKX2-1 negative tumors. Number of tumors 

counted/genotype is indicated. (C) Immunohistochemistry images of metastases stained with 

NKX2-1 or HMGA2 antibodies. Images are magnified 100-fold. Antibody staining is shown in 

black, nuclear fast red counter-stain is shown in pink-red. M – metastatic tissue, N - normal 

tissue. 

Supplemental Figure S3.  H2B-GFP is specifically expressed in the respiratory epithelium 

of the small airways and alveoli. (A) and (B) control-GFP transgenic lungs stained with an 

anti-GFP antibody. H2B-GFP positive cells are present within the bronchial epithelia (A) and the 

alveoli (B) (100X). Arrows mark the location of the inlets. A: alveoli, BE: bronchiolar 

epithelium and BS: bronchiolar space. One out of 26 ± 5 (n=5) total lung epithelial cells was 
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H2B-GFP positive. (C) Western blot analysis of murine tissue. The tetO-HIST1H2BJ-GFP 

transgene is expressed specifically in the lung and no other solid tissue upon doxy exposure.  

Supplemental Figure S4. Cdkn2ab loss leads to increase tumor burden in Kras-

GFP;CCSP-rtTA mice. (A) tumor burden and (B) tumor number of Kras-GFP;Cdkn2a+/+, Kras-

GFP;Cdkn2a+/- and Kras-GFP;Cdkn2a-/- mice at the indicated time points after starting doxy. 

(C) Tumor burden Kras-GFP;Cdkn2ab+/+, Kras-GFP;Cdkn2ab+/- and Kras-GFP;Cdkn2ab-/- 

mice at time of death. (D) Tumor classification in the indicated mouse genotypes. (E) Lung 

sections stained with the indicated antibodies. Images are magnified 200 fold. Arrows show inlet 

location. (F) Kaplan Meier survival curves of Kras-GFP;Cdkn2a+/+ (n=14), Kras-

GFP;Cdkn2a+/-  (n=11) and Kras-GFP;Cdkn2a-/- mice (n=10). Homozygous mice have a median 

survival time of 5 months after tumor initiation, whereas the median survival of the littermates 

carrying other genotypes was 7 (n= 12) and 9 (n= 11) months, respectively. (G) Survival curves 

of mice of the indicated genotypes (n=10/group, p<0.0004). Kras-GFP Kras-GFP;Cdkn2ab-/- 

mice had a drastically reduced longevity when compared to heterozygous or wild type litter-

mates (p<0.0001, Log-rank [Mantel-Cox]). (H) Survival curve of Kras-GFP;Cdkn2ab-/- mice 

(n=10) and their litter-mates controls (n=6, p=0.36). Survival curves of Kras-GFP;Cdkn2ab-/- 

and control-GFP;Cdkn2ab-/- mice were superimposable. The reduce longevity observed in these 

mice is dependent upon tumors in organs other than lung. We conclude that in this mouse model 

the decreased survival is not due to lung cancer, because both mouse strains develop a variety of 

other tumors, mainly sarcomas and lymphomas.  

 

Supplemental Figure S5. Characterization of the properties of H2B-GFP-tagged lung 

epithelial cells. (A) Histogram of colony formation assays of H2B-GFP positive lung epithelial 

cells on feeder MEFs. Image shows a H2B-GFP positive colony. (B) Histogram showing the 



7 
 

colony-forming ratio of H2B-GFP positive lung epithelial cells of the indicated genotype. (C) 

Histogram showing the number of cells/colony. (D-F) Primary cell lines were isolated from 

lungs of Kras-GFP;Cdkn2a-/- and Kras-GFP;Cdkn2ab-/- transgenic mice. (D) GFP fluorescence 

and phase contrast images of representative cell lines. (E) Flow analysis profile of cell lines. A 

portion of the cells in each cell line is positive for H2B-GFP. (F) Immunofluorescence analysis 

of lung epithelial markers and the stem cell marker ALDH1A1 in a Cdkn2ab null cell line 

(TVG227). Nuclei are stained with Dapi and appear in blue. H2B-GFP positive cells fluoresce 

green and were stain with antibodies against CCSP, SP-C, and ALDH1A1 (red). The primary 

antibody was omitted in the negative control. (G) The representative cell line TVG227 was flow 

sorted for H2B-GFP positive and negative cells and RNA was isolated. Endogenous and mutant 

Kras mRNA expression and H2B-GFP expression were determined and normalized to 

expression of the Hrpt1 house keeping gene. Only GFP expressing cells also express mutant 

Kras. (H) Expression of mutant Kras is dependent upon doxy exposure in murine lung cancer 

cells. TVG227 cells were continuously maintained in the presence of doxy, and then incubated 

for 24, 72 or 96 hours with or without doxy. Doxy was also added for 24h after a 96 hours 

withdrawal. We determined mRNA expression of endogenous and mutant Kras by quantitative 

Real Time PCR.  

 

Supplemental Figure S6. Inactivation of CDKN2A is associated with poorer overall and 

progression-free survival in lung adenocarcinomas of the TCGA data set. (A) Overall 

survival and (B) progression-free survival is shown for lung adenocarcinoma patients with 

inactivation of CDKN2A and/or CDKN2B independently of the KRAS mutation status.  
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