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Fig. S1: K-RAS mutated lung AC display increased ERBB expression profile. (A) Heat map for
MRNA expression in K-RAS mutated tumor biopsies (T1-T35) and adjacent non-malignant,
healthy lung parenchyma (N1-N35). Displayed are the 50 most differentially regulated genes
within the KEGG ERBB signaling pathway and hierarchical clustering was performed using the
heatmapper.ca webtool. (B) GSEA for indicated gene sets in K-RAS tumors versus healthy
“normal” tissue. Data in (A) and (B) was retrieved from the Gene Expression Omnibus

(GSE75037).
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Fig. S2: K-RAS mutated lung AC exhibit activated EGFR. (A) Low magnification of
representative immunohistological stainings for indicated phosphorylation sites in human lung
AC samples harboring K-RAS mutations. (B) Comparison of scores for indicated EGFR
phosphorylation sites in tumor cells of human lung AC harboring mutated K-RAS (n=31-35),

wildtype (wt) K-RAS (n=31-32) or mutated EGFR (n=65). (C) Representative
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immunohistochemical stainings for total and (phospho-) EGFR and ERBB2 with non/weak,
intermediate and strong staining intensity in human K-RAS mutated lung AC and (D) boxplot
(min to max) of scoring values. n=35 per group. (E) Representative pictures of NKX2-1 staining
in K-RAS mutated human lung AC tissue samples showing tumors with <5 %, 5-50% and >50%
of NKX2-1 positive tumor cells. (F) Distribution of NKX2-1 positive tumor cells in the two
different cohorts of K-RAS mutated lung AC samples used for analysis of EGFR

expression/activation.
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Fig. S3: Genetic EGFR ablation in K-RAS mutated lung AC reduces tumor growth. (A)
Genotyping of cell lines isolated from lungs following death of respective mice used for survival
analysis. The ~ 1 kb band shows wildtype EGFR, whereas the ~ 500 bp band indicates the
recombined EGFR allele. (B) Representative pictures of stainings for SP-C and S100 in tumors

of K-ras®?P

mice and (C) representative picture of immunofluorescence staining for Egfr
including higher magnification of indicated area (right panel) in tumors of K-ras®*" and K-
ras®?P:Egfri-ePALeP mice. (n=5 per group). (D) Ratios of lung weight over body weight of tumor
free wildtype, K-ras®*?" and K-ras®*?°:Egfr* P2 mice, 10 weeks post inhalation with Ad.Cre.
(n=9-11 mice per group). Graph represent mean + s.d., ***P<0.001. (E) Relative SP-C mRNA
expression levels in total lung lysates of tumor free wildtype, K-ras®® and K-
ras®*?2:Egfr PP mice, 10 weeks post tumor initiation, normalized to Actb mRNA expression.
Graph represent mean + s.d., ***P<0.001. (F) Representative pictures of low grade, In situ AC
and invasive AC as classified by board certified pathologists, and tumor numbers of respective
tumors in lungs of K-ras®*® and K-ras®*?*:Egfr*-***-** mice. n=14 for K-ras®*?° and n=18 for
K-ras®*?P:Egfr*tePLP  (G), (H) Immunohistochemistry for cleaved Caspase 3 and pAkt in
tumors of indicated mice, 10 weeks post Ad.Cre inhalation. Graphs represent mean + s.d. of the
percentage of Caspase 3 positive cells in whole lung sections and pAkt positive tumor cells in at
least 8 individual tumors per mouse as evaluated using TissueGnostics software. (n=5 mice per
group). **P<0.01 (1) Relative mRNA expression of Egfr and Egfr ligands in lung lysates of K-
G12D

ras®?® and K-ras®'?P:Egfr*PAL% mice, 10 weeks post Ad.Cre inhalation, normalized to Actb

MRNA expression (n=6). Bars represent mean values + s.d. **P<0.01, ***P<0.001.
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Fig. S4: Genetic EGFR ablation in K-RAS mutated lung AC cells reduces tumor growth. (A)
Western blot of A549, A5492ECFR  A5494PS3 - A5AQAPSIAEGFR calls probing for indicated proteins
and (B) cell counts at indicated time points of A549 (blue line) and A549°F¢™® (red line)
following standard cultivation in vitro (n=3 clones per group). (C) Mean tumor volumes of
xenografted A549 and A549“€°"R cells monitored over the course of the experiment and
endpoint tumor weight £ s.d. are indicated (n=4 per group). Picture of tumors after finalizing the
experiment is shown. (B), (C) Unpaired two-tailed t-test for individual time points and tumor

weight. **p<0.01, ***p<0.001.
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Fig. S5: Inhibition of EGFR signaling downregulates mutated K-RAS activity. (A)
Immunofluorescence staining of primary lung cell isolates for SP-C and CC-10 expression. (B)
PCR analysis for recombination of the KRAS®'" allele (~500 kb: LSL-G12D, ~620 kb:
wildtype, ~650 kb: recombined G12D) and Western blot probing for EGFR and HSC70
expression in primary pneumocytes isolated from K-ras®*®"* and K-ras®***:Egfr™™ mice. Cells
were transduced with 250 MOI Ad.Cre 2 days before cell lysis. (C) Egfr mRNA expression in
primary pneumocyte isolates of wildtype, K-ras®*®"* and K-ras®**®:Egfr"" mice 5 days post
Ad.Cre transduction. (n=3), one way ANOVA, ***p<0.001. (D) Heat map illustrating expression
of top 30 induced genes in the GO and KEGG ERBB signaling pathway, comparing Ad.Cre
transduced pneumocytes isolated from wildtype (wt_0-2) and K-ras®*®®"* (Khet_0-2) mice. (E)
GSEA for depicted gene sets, comparing RNAseq data of transduced pneumocytes isolated from
K-ras®*?®"* (Khet) and K-ras®*?®:Egfr"™ (KhetEko) mice. (F) Western blot analysis of KP and
KPECFR cell lysates before and after pulldown with Rafl-RBD and probing for indicated
proteins. Due to the similar molecular weight of ras isoforms, each protein was probed on an

individual membrane. Blot represents ratio of densiometric values for the Ras signal in

pulldowns over input. (n=3), **p<0.01
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Fig. S6: Afatinib reduces growth of K-RAS mutant Iung AC in vitro. (A) Cell V|ab|I|ty of lung

cancer cell lines harboring mutations in the EGFR or K-RAS gene as indicated, following 3 day

treatment of escalating doses afatinib, erlotinib or gefitinib, as determined by MTT assay. (B),

(C) IC50 values as determined in (A) are displayed. (D) Western blot analysis probing for

indicated (phospho) proteins in cell lysates of A549 cells after 24h treatment with 1 uM afatinib

and erlotinib, respectively. (E) Representative pictures of pErk and (F) pAkt staining of 368T1

cell line derived grafts upon vehicle and afatinib treatment in tumors harvested at the end of the

experiment. Graphs illustrate the quantitation of positive cells for the respective staining as

determined using TissueGnostics software (n=5).
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Fig. S7: Afatinib reduces K-RAS mediated tumorigenesis in vivo. (A) Representative pictures of

H&E stained lung sections of Kras®*?*

mice 10 weeks post Ad.Cre inhalation and treatment
over the last 9 weeks with vehicle or afatinib (5 mg/kg body weight, 5 times per week via oral
gavage. (B) Graphs represent mean of ratios + s.d. of tumor area versus total lung area and mean
of tumor numbers + s.d. per section of lung of mice. Unpaired two-tailed t-test for individual
time points and tumor weight. *p<0.05, **p<0.01. (C) Western blot of lysates of lung derived
from mice treated as in (A), using antibody specific for mutant K-RAS®*?° as a measurement for
quantitation of tumor cells and for total RAS as control. (A)-(C) n=5 for vehicle group and n=4

G12D

for afatinib group. (D) Ratios of lung weight over body weight of K-ras mice 10 weeks post
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inhalation with Ad.Cre and after 20 weeks post inhalation and treatment with vehicle, afatinib,
erlotinib or gefitinib for the last 10 weeks of the experiment (5 mg/kg body weight, 5 times per
week via oral gavage, n=4-11 mice per group). Graph represent mean + s.d., **p<0.01,
***p<0.001. (E) Relative SP-C mRNA expression levels in total lung lysates of tumor free

S mice treated as in (D), normalized to Actb mRNA expression. Graph

wildtype and K-ras
represent mean =+ s.d., *p<0.05. (F) Representative pictures of pErk and pAkt staining of lung
tumors 20 weeks post Ad.Cre induction and 10 weeks of vehicle versus afatinib treatment.
Tumor cells positive for respective stainings in at least 3 tumors per mouse were quantitated

using TissueGnostic software, and blot indicates mean + s.d. of the percentage of positive tumor

cells (n=4 mice per group).
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Fig. S8: ERBB family members mediate resistance to EGFR inhibition, which can be blocked by
afatinib. (A) Cell counts of A549 and A549°€°™® cells of different passages after clonal

expansion, after seeding equal cell numbers and 3 days incubation. (B) Relative mRNA
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expression levels of ERBB family members in A549 and A549“5% R cells, normalized to ACTB

S%2P mice, 20

expression. n=3 per group. (C) Relative mRNA expression in lung lysates of KRA
weeks after tumor induction and ten weeks after start of vehicle or afatinib treatment (5 mg/kg
body weight, 5 times per week via oral gavage, n=8 per group). (D) Western blot analysis of
A549 cells and A549°F° R cells in low passage (p7) and higher passage (p51), untreated and
treated with 1 puM afatinib, erlotinib or gefitinib for 24 h. (E) Photographs of A549°FCFR
xenografts in mice receiving indicated treatments harvested at the end of experiment. (A) - (C)

Unpaired two-tailed t-test for individual time points and tumor weight. *p<0.05, **p<0.01,

***n<0.001
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restrains K-RAS driven lung tumorigenesis.

> Genes up-regulated in primary lung alveolar cells upon KRAS G12D transduction
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Supplementary Table 1: Alveolar_KRAS_up gene set
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conditional gene

K-ras primer #1 (5'-3") GTCTTTCCCCAGCACAGTGC
primer #2 (5'-3) CTCTTGCCTACGCCACCAGCTC
primer #3 (5'-3") AGCTAGCCACCATGGCTTGAGTAAGTCTGCA
Egfr primer #1 (5'-3") AAGTTTAAGAAACCCCGCTCTACT
primer #2 (5'-3) GCCTGTGTCCGGGTCTCGTCG
primer #3 (5'-3") CAACCAGTGCACCTAGCCTGG
pS3 primer #1 (5'-3") CACAAAAACAGGTTAAACCCAG

primer #2 (5'-3")

AGCACATAGGAGGCAGAGAC

Supplementary Table 2: List of genotyping primers
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Target Sequence fwd primer(5'-3') Sequence fwd primer(5'-3')
human EGFR GTGAACCCCGAGGGCAAATA ATTCCGTTACACACTTTGCGG
human ERBB2 TCCTCCTCGCCCTCTTGC AGTTCCAGGTTTCCCTGCAC
human ERBB3 GGGACCGAGATGCTGAGATA GCCCAAAGCAGTGACCATTA
human ERBB4 CGGGCCATTCCACTTTACCA GAGCTTGATTGGGTGCTGTG
human 28S CAGTTCTCTTGGGAATCCAG TTCAGCAAAGGAGTCAATCCAC
human ACTB GCACAGAGCCTCGCCTTTGCC CATGCCCACCATCACGCCCTGG
mouse Egfr ACACTGCTGGTGTTGCTGAC CCCAAGGACCACTTCACAGT
mouse ErbB2 GTCGCAACTTCATGTCGGTA GTGATCATCATGGAGCTGGC
mouse ErbB3 GGTACTGGTTGTCAGCATCG GTGCTGGGTTTCCTTCTCAG
mouse ErbB4 GGGATCTGAGACTTGCCAAA CAAGGCTCGGTACTGCTGTT
mouse Egf CACCAATTGCTGGTGATTTG ACTGTCAGCCAGGTCCTCTC
mouse Ereg GATTCTCCTGGGATGCATGA CACCGAGAAAGAAGGATGGA
mouse Epgn GCTTCAGCTCATGGTGGAAT CACAGCACAGCAGAGCAACT
mouse Tgfa TGTGGCCCTGGCTGTCCTCA GCGCTGGGCTTCTCATGTCT
mouse Areg TTGTCCTCAGCTAGGCAATG ATCATCCTCGCAGCTATTGG
mouse SP-C TCCTGATGGAGAGTCCACCG ATCACCACGACAACGAGGAC
mouse Actb GCTCATAGCTCTTCTCCAGGG CCTGAACCCTAAGGCCAACCG
mouse 28S ATACCGGCACGAGACCGATAGTCA GCGGACCCCACCCGTTTACCTC

Supplementary Table 3: List of primers for gPCR analysis
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