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Supplementary Methods  

Clinical characteristics of the dataset.  

None of the patients received adjuvant chemotherapy and the median follow-up period for 

patients alive at the last follow-up examination was 91 months (range, 64 to 108 months). In 

order to identify gene sets with clear associations with relapse in patients with lung 

adenocarcinomas, we selected 42 favorable patients (alive more than 5 years after surgery 

without any evidence of relapse with 91 months (range, 64 to 108 months) of median 

follow-up period) and 33 fatal patients (dead with evidence of relapse after initial surgery 

with 29 months (range, 6 to 69 months) of median follow-up (= months to death) period. 

None of the 75 patients received postoperative treatment with gefitinib.  

 

GSEA  

GSEA was performed using the GSEA version 1.0 program for R, which was downloaded 

from http://www.broad.mit.edu/gsea/. We extracted data for 75 lung adenocarcinomas from 

the Nagoya dataset (GEO number: GSE 11969), in order to identify gene sets with clear 

associations with relapse (1). Data from 42 favorable samples (alive more than 5 years after 

surgery without any evidence of relapse) and 33 fatal samples (dead with evidence of relapse 

after initial surgery) were used for GSEA. Of the 4138 probes, which were identified as 

informative probes in our previous study (1), 3629 were matched to Affymetrix probe IDs 

based on the gene symbol comparison using the GPL96 file from GEO 

(http://www.ncbi.nlm.nih.gov/geo/). The C2 gene set database of GSEA was used to identify 

functionally associated gene sets. The default setting of GSEA was used for further analysis of 

each parameter, such as a 1000-times permutation test.  

 

Deregulation Index and Score 
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The deregulation index was determined as follows. For a given gene set, we used a 

combined Z-score derived from the expression of individual genes included in the gene set. 

Expression values of gene i for sample j (gij) were normalized to the Z-transformed score Zij, 

in which gene i had a mean of μ=0 and standard deviation (SD) of σ = 1 over all samples, j. 

For example, if gij = 0.580 with meani (μi = 0.391) and SDi (σi = 0.550), then Zij = (gij-μi)/σi = 

(0.580-0.391)/0.505 = 0.344. The individual Zij value for each member gene with a “yes” flag 

in the “core_enrichment” column (see Supplementary table S1), which was declared in the 

“report.txt” file of the gene set, was summed and normalized into a combined Z-score. The 

cumulative deregulation score was calculated by averaging the deregulation index of each 

four gene set, such as Rap_down, Glucose_down, Leu_down, and Glut_down. 

 

Box plot analysis 

A box plot demonstrating the deregulation index for each metabolic gene set was 

constructed, which consisted of 33 fatal and 42 favorable samples, and 5 independent 

mixtures of normal tissues. The box plot demonstrating the deregulation score for each gene 

set in the metabolic pathway consisted of 37 non-TRU, 34 TRU-a, and 19 TRU-b samples, 

and 5 independent mixtures of normal tissues. 

 

Validation using the Boston and Memorial Sloan-Kettering (MSK) datasets  

The Boston dataset reported by Ramaswamy S et al. (2), for which clinical information 

regarding both relapse and death are available, was used to validate the GSEA results obtained 

using the Nagoya dataset. The Boston dataset consists of 62 lung adenocarcinoma cases and 

can be found as the dataset B-Lung Outcome in a report titled: “Evidence for a Molecular 

Signature of Metastasis in Primary Solid Tumors” on the website of Broad Institute 

(http://www.broad.mit.edu/cgi-bin/cancer/datasets.cgi). Of the 3312 probes previously 
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identified as informative with more than 50 SD (3), 2742 were used for GSEA after 

eliminating duplicate probes. 

The MSK dataset, which was reported by Shedden K et al. as a part of the Director’s 

Challenge Consortium project (4), was also used for validation of the results of hierarchical 

clustering according to the deregulation scores obtained using the Nagoya dataset. To this end, 

DC Lung Study dChip-processed microarray data (file name; 

DCLungStudy_dChip-Processed_microarray_data.xls) and Clinical covariate data (file name; 

DCLungStudy_Clinical_Covariates_with_Hgrade.xls) were obtained from 

https://caarraydb.nci.nih.gov/caarray/publicExperimentDetailAction.do?expId=10159452361

41280. Among the datasets of the Director’s Challenge Consortium, the MSK dataset was 

chosen for validation in our study, because of the availability of complete information 

regarding relapse for all of the patients. The GPL96 platform file, available at GEO 

(http://www.ncbi.nlm.nih.gov/geo/), was used to annotate probe sets with an ID in the DC 

Lung Study dChip-processed microarray data. We used “Gene Symbols” for our 

cross-platform mapping of genes. These genes were then used for calculating the deregulation 

index noted above. As for survival analysis, “time to relapse” was defined as follows. For 

cases with a “yes” flag for “first_progression_or_relapse”, “months to first progression” was 

assigned the value for “time to relapse”, while for those with a “no” flag, “months to last 

clinical assessment” was assigned the value for “time to relapse”.  

 

Connectivity map (C-MAP ) analysis 

For the C-MAP analysis, we selected 477 probes derived from 332 up-regulated and 145 

down-regulated genes that were significantly differentially expressed (P<0.05 by t-test) 

between those who survived without relapse for more than five years and those who died with 

relapse in 75 cases of lung adenocarcinomas in the Nagoya dataset (1), then used them as 
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query items to compare to the rank-ordered lists for each drug treatment in the C-MAP 1.0 

database. Since C-MAP analysis is only applicable for Affymetrix type probe IDs, we 

transformed the 447 probe IDs into Affymetrix type IDs based on the gene symbol 

comparison using the GPL96 file from GEO (http://www.ncbi.nlm.nih.gov/geo/). As a result, 

254 of 332 up-regulated and 105 of 145 down-regulated probes could be matched, and were 

used for C-MAP analysis. Results including lists of all instances and permutation test results 

for each drug were obtained using the default menu of C-MAP.  

Another C-MAP analysis was conducted using Agilent 44K whole human genome 

microarray data from two lung cancer cell lines. Expression profile data were obtained from 

two rapamycin-treated and one untreated ACC-LC-94 cell preparations, as well as from three 

rapamycin-treated and one untreated preparations of A549 cells. Of 41 000 probes in the 

Agilent entire genome microarray, 34 923 for ACC-LC-94 and 36 584 for A549 passed 

filtering criteria for the expression values, i.e., more than 10.0. After Lowess normalization, 

the averaged ratios of expression values for the rapamycin-treated cell lines as compared to 

the untreated ACC-LC-94 and A549 cells were calculated. Up-regulated and down-regulated 

gene sets were selected based on a differential expression of more than 3.0 SD between the 

control and rapamycin treated cells. As a result, 79 up-regulated and 147 down-regulated 

genes were selected in ACC-LC-94, and 92 up-regulated and 93 down-regulated genes in 

A549. Then, the probe IDs were transformed into corresponding Affymetrix probe IDs based 

on gene symbol comparison using Probe Match, a part of NetAffx 

(http://www.affymetrix.com/analysis/index.affx).  

 

Reagents.  

LY294002, rapamycin, and PI-103 were purchased from Calbiochem. Prochlorperazine and 

resveratrol were purchased from Sigma Chemical Co. The following antibodies were used: 
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phosphorylated PDK1, AKT, phosphorylated AKT, p70 S6 kinase, phosphorylated p70 S6 

kinase, raptor, phosphorylated FoxO3a, FoxO3a, phosphorylated p38 MAPK, p38 MAP 

kinase (Cell Signaling Technology), mTOR (Santa Cruz Biotechnology), and rictor (Bethyl 

Laboratories). 

 

Immunoprecipitation.  

A549 cells were treated with 100 nM of rapamycin or the vehicle for four hours. Cells were 

placed in CHAPS lysis buffer [40 mM HEPES (pH 7.5), 120 mM NaCl, 1 mM EDTA, 10 mM 

pyrophosphate, 10 mM glycerophosphate, 50 mM NaF, 0.5 mM orthovanadate, and 0.3% 

CHAPS] supplemented with a protease inhibitor cocktail (Roche), then centrifuged and 

fractionated into supernatant and pellet fractions. Equal amounts of the supernatant fraction 

were then incubated overnight at 4°C with 1-2 μg of antibodies, followed by one-hour 

incubation with 30 μl of protein G Sepharose (Amersham Biosciences). Immunocomplexes 

were washed four times with CHAPS lysis buffer, boiled in SDS sample buffer, and loaded 

onto an SDS-polyacrylamide gel. Western blotting was then carried out as described in the 

text. 

 

Pharmacological treatments.  

To study the effects of drugs on mTOR signaling, A549 cells were treated with 20 nM of 

Rapamycin, 25 μM of LY-294002, 20 μM of resveratrol, or 10 μM of prochlorperazine for the 

given times, then prepared as whole cell lysates. To study the effects of resveratrol treatment 

on pro-survival and pro-apoptotic effectors, as well as AMPK, cells were treated for 6 hours 

with the indicated agents.  
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