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Supplementary Material 

 

Figure S1. Isogenic NSCLC EMT models. (A). Experimental schema (B). Molecular heterogeneity in 

M and E cell states measured by the number of genes with greater than two-fold change in RNA 

abundance (RNAseq) between M and E states. (C). RNA abundance characteristics of the four isogenic 

lung E and M state models (log2M/E fold change; bold values indicate FDR adjusted q value <0.05). 

(D). Comparison of E and M cell states for the four isogenic cell models by gene set enrichment 

(GSEA). Selected GSEA scores and p values correlating model RNA expression changes with selected 

signatures of NFE2L2/Nrf2 activation, hypoxia, epigenetic switching and expected EMT related 

signatures (Coldren, Creighton, TGFβ, LEF1). GSEA normalized enrichment score (NES), p-value 

(object color) and sample size (object size) are shown. 
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Figure S2. Isotopologue distributions of glycolytic and TCA cycle metabolites in epithelial and 

mesenchymal cell states. (A). HCC4006 treated with 13C6-glucose; glycolytic, PPP, TCA cycle and 

glucose isotopologue distributions (Figure 2). (B). A549 treated with 13C6-glucose; glycolytic, PPP, 

TCA cycle and glucose isotopologue distributions (Figure 2). 
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Figure S3. Isotopologue distributions of de novo lipid synthesis metabolites in epithelial and 

mesenchymal cell states. (A). H358 and HCC827 SREBP1/SREBF1 RNA is reduced in the M state. (B). 

Similar to A549 and HCC4006 cells (Figure 3), H358 and HCC827 show decreased incorporation of 

13C6-glucose into palmitate as well as decreased acetyl-CoA enrichment in the M state by GC-MS. 

(C). HCC4006 cells show decreased incorporation of 13C6-glucose, 13C5-glutamine and 13C2-acetate 

into palmitate in the M state. (D). A549 cells show decreased incorporation of 13C6-glucose and 

glutamine into palmitate in the M state. (E). H358 and HCC827 cells show decreased incorporation of 

13C6-glucose into palmitate in the M state. 
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Figure S4. Altered metabolic and redox state RNAs and protein between EMT states. (A). Urea cycle 

metabolites measured by LC-MS/MS in HCC4006 and A549 M states; both show increases in 

carbamoyl phosphate and aspartate while other urea cycle metabolites show little to no consistent 

changes. (B). Accumulation of aspartate in Mstate measured by 13C6-glucose and 13C5-glutamine 

incorporation (p < 0.05 *; p < 0.01 **; p < 0.001 ***). (C). Nrf2 target RNAs decrease in the M state as 

measured by RT-PCR, but Nrf2 RNA levels remain unchanged (p < 0.05 *; p < 0.01 **; p < 0.001 ***). (D) 

Nrf2 target RNAs decrease in the mesenchymal state (RNAseq log2 M/E). (E) A549 and HCC4006 

were treated with CHX for 1 and 3 hours to determine stability of existing Nrf2. 
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Figure S5. Isotopologue distributions of palmitate, glycolytic and TCA cycle metabolites in epithelial 

and mesenchymal cell states. (A). Isotopologue distributions for glucose, G6P, lactate, PEP, and 

aspartate in A549 and HCC4006 shNrf2 cells (Figure 6). (B). Isotopologue distributions for palmitate 

in A549 and HCC4006 shNrf2 cells (Figure 6). 
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Figure S6. Attenuation of Nrf2-dependent transcription correlates with the mesenchymal RNA 

expression in NSCLC adenocarcinomas. (A). Co-correlation of Nrf2 target RNA expression (anchor 

genes NQO1, GSR, GPX2, GSTA4, PRDX5, CBR1, GLRX, MGST1, GCLC) with a reference 85 gene 

EMT signature defined [1]. The TCGA Provisional 503 patient lung adenocarcinoma patient dataset 

was queried. Nrf2 target RNA expression was positively correlated with an epithelial state. Nrf2 

activation correctly correlated with KEAP1 mutation (q = 2.4 × 10−4; not shown). (B). Regression 

analysis of co-correlated Nrf2 genes and EMT signature genes detected. 
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Figure S7. Attenuation of Nrf2-dependent transcription correlates with the mesenchymal-like tumor 

cell state in NSCLC adenocarcinomas. (A). Co-correlation of Nrf2 target RNA expression (anchor 

genes NQO1, GSR, GPX2, GSTA4, PRDX5, CBR1, GLRX, MGST1, GCLC) in 203 patient NSCLC 

adenocarcinoma TCGA patient dataset, with a reference 85 gene EMT signature [1]. (B). Regression 

analysis of co-correlated Nrf2 genes and EMT signature genes detected. 
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Figure S8. Co-correlation of EMT, metabolic and lung development RNA expression in lung 

adenocarcinoma tissue. Co-correlation of isogenic H358, A549, HCC827 and HCC4006 model EMT 

marker genes with metabolic and lung development RNA expression comparing NSCLC 

adenocarcinoma TCGA 503 (Provisional) and 203 (PMID: 25079552) patient datasets. Co-correlation 

anchor genes were FN1, VIM, LOX, GPC6 and ZEB1 (M-sig). Mean differences between anchor gene 

correlations with TCGA RNA expression values are shown with FDR adjusted p-values (q-value) for 

the two patient sets. 
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Figure S9. A trend for reduced overall survival in patients with high Nrf2 signature expression (p = 

0.15) using a TCGA Provisional lung adenocarcinoma 586 sample set is observed. Future studies 

should include multivariate analysis of retrospective and prospective NSCLC adenocarcinoma 

patient datasets. 

  



 

10 

 

Figure S10. Full immunoblot scans with molecular weight markers. (A). Full blot scans for EMT state 

markers in all four cell lines (Figure 1B). (B). Full blot scans for lipogenic genes in A549 and HCC4006 

E and M cell states (Figure 3A). (C). Full blot scans for Nrf2 protein levels in E and M cell states in all 

four cells lines (Figure 4D). (D). Full blot scans for MG132 proteasomal inhibition in both A549 and 

HCC4006 cell lines (Figure 4F). (E). Full blot scans for Nrf2 shRNA knockdown in both A549 and 

HCC4006 cell lines (Figure 5A). (F). Full blot scans for HCC4006 cells infected with adenovirus 

expressing GFP or Nrf2 (Figure 5D). (G). Full blot scans for HCC4006 cells treated with N-

acetylcysteine (NAC) in both E and M cell states (Figure 5E).  
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