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Supplementary Figure S1. Gene Set Enrichment Analyses of 
LKB1 associated genes. A, Gene set enrichment analysis from six 
resected human lung adenocarcinoma datasets, B, four studies of cell 
lines, including the LKB1 add-back experiments performed in this 
work, C, and four comparisons from two mouse studies are shown. 
Analysis was performed using the top 200 genes associated with 
LKB1 in each of the listed studies, compared to ranked associations 
with LKB1 mutations from the TCGA (x-axis). The distribution of the 
200 genes is shown as black hash marks along the x-axis. The 
enrichment score is plotted on the y-axis, and the maximum 
enrichment score is given for each plot. Also shown are the number of 
overlapping genes with the top 200 genes in the TCGA study, and the 
p-value for the significance of this overlap, calculated using the 
hypergeometic test. The number of overlapping genes expected by 
chance is four. 
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Supplementary Figure S2. Genes comprising each of the four clusters identified in hierarchical 
clustering. Hierarchical clustering of LKB1-associated genes was performed for the Director’s Challenge 
Michigan cohort (129 genes, 178 tumors) and TCGA lung adenocarcinomas (110 genes, 446 tumors). Four 
clusters of correlated genes were observed in each patient cohort, as shown in Figure 2 B,C of the main text. 
The genes comprising these clusters are shown for each dataset (A-D), with overlapping genes indicated. 
Asterisks indicate genes represented by probesets in Michigan data (Affymetrix U133A microarray platform) 
that were not included in TCGA RNA sequencing data. P-values represent the results of the Fisher’s exact 
test to show the significance of overlap of the two gene lists considering genes represented in both studies 
and selected from 69 over-expressed genes (A-C) or 41 under-expressed genes (D). 

ACSL3 
DLAT 
DLD 
FDX1 

FLJ22555* 
LOC92482* 

MDH2 
NDUFS1 
THEM2* 
TXNL4A 

ATP5B 
C1QBP 

C20orf24 
COX4A 
CYC1 
ECHS1 
GHITM 

COQ3 
COX7A2 
GTF3A 

MRPL46 
MRPS11 
MRPS16 
MRPS33 

NDUFAB1 
DNUFV2 
VDAC2 

Michigan 
clustering 

TCGA 
clustering 

Genes comprising  
mitochondria/mTOR cluster 
 
P-value = 3.5e-7 

a 

{EMPTY} 
ABCC2 

HTATIP2 
IDH1 

AKR1C1 
AKR1C2 

CBR1 
G6PD 
ME1 
PGD 
PIR 

SLC7A11 

Michigan 
clustering 

TCGA 
clustering 

Genes comprising  
NRF2 cluster 
 
P-value = 1.1e-7 

b 

MUC5AC* 

GABARAPL1 
ACSL3 
BMP6 
FURIN 

PPARGC1A 

AVPI1 
BAG1 
CPS1 

DUSP4 
FGA 

GLCE 
HAL 
IRS2 

Michigan 
clustering 

TCGA 
clustering 

Genes comprising  
FOX/CREB cluster 
 
P-value = 2.7e-11 

c 

PDE4D 
PTP4A1 

RFK 
SIK1 

TACC2 
TFF1 
TESC 

ANKRD25* 
C1orf139* 

DOC1* 
KIAA1641* 

PCF11 
PTK7 

RNF38 
SLC9A6 
ZNF161* 

C5orf4 
DIRAS3 

DPP4 
IL1F7 

PDLIM4 
TNIK 

COL8A2 
EDNRA 

EVC 
FBLN1 
GAS7 
GSN 

KIRREL 
MACF1 
MFGE8 

Michigan 
clustering 

TCGA 
clustering 

Genes comprising  
down-regulated cluster 
 
P-value = 0.0016 

d 

NOTCH2 
RGL1 

SLC34A2 
TIAM1 
TIMP3 
TNC 

TXNIP 
ZFP36L1 

A

B 

C 

D



-4 

-3 

-2 

-1 

0 

1 

2 

AVPI1 

BAG1 

CPS1 

DUSP4 
FGA 

GLC
E 

HAL 
IR

S2 

PDE4D
 

PTP4A
1 

RFK 
SIK

1 

TA
CC2 

TESC 

TFF1 

Fo
ld

 c
ha

ng
e 

(lo
g2

) 

-7 

-6 

-5 

-4 

-3 

-2 

-1 

0 

1 

2 

AVPI1 

BAG1 

CPS1 

DUSP4 
FGA 

GLC
E 

HAL 
IR

S2 

PDE4D
 

PTP4A
1 

RFK 
SIK

1 

TA
CC2 

TESC 

TFF1 

Fo
ld

 c
ha

ng
e 

(lo
g2

) 

B 

A 

H2122 

A549 

	  *** P < 0.001 

	  * P < 0.05 

	  ** P < 0.01 

Supplementary Figure S3. Expression of wild-type LKB1 in A549, H2122, or HeLa cell lines decreases 
the expression of the genes in the CREB transcriptional node. 
Microarray gene expression was measured in triplicate after stable expression of pBABE vector or LKB1-
wild-type in A, A549, or B, H2122,. For each gene comprising the CREB transcriptional node the average 
change in gene expression (log base 2) is plotted comparing LKB1 wild-type to pBABE control. Error bars 
represent standard deviations; P-values represent the results of student’s t-test comparing these groups. NA 
indicates minimal basal expression. 
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Supplementary Figure S4. Receiver operating characteristics for LKB1-loss score in resected lung 
adenocarcinomas and NSCLC cell lines. Receiver operating curves to show the relationship of sensitivity 
and specificity of the LKB1 loss score for detecting LKB1 mutations in A, the TCGA lung adenocarcinomas 
(67 LKB1 mutations; 406 total), B, pooled analysis of other resected lung adenocarcinomas (26 LKB1 
mutations; 239 total), or C, NSCLC cell lines (39 LKB1 mutations; 85 total). AUC refers to area under the 
curve, and the P-value reflects the results of the Mann-Whitney U test. The red dot indicates the location of 
the cutoff score of 0.2 used in this work. 
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Supplementary Figure S5. Receiver operating characteristics showing association between expression 
of NRF2 cluster and KEAP1 mutations in TCGA data. Relationship between sensitivity and specificity is 
shown for the detection of KEAP1 mutations (n = 71; total = 403) with the expression of the NRF2 cluster. 
AUC refers to area under the curve, and the P-value reflects the results of the Mann-Whitney U test. 



Supplementary Figure S6. Association between patient outcome and LKB1 loss. 
Resected LUAD tumors from the Director’s Challenge Consortium (n=441), were classified 
as LKB1-loss or LKB1 WT using the LKB1-classifier score. Kaplan-Meier curves were used 
to plot cumulative events for these two groups for overall survival, P-values represent the 
results of the log-rank test; the number of evaluable tumors remaining are given at yearly 
intervals below each plot. 


