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Fig. S5. Loss of EphA2 augments cell proliferation through enhanced ERK1/2 pathway activation. (4) M3L2 shControl or shEphA2 stable cells were analyzed for cell
proliferation by cell viability assay. (B) EphA2 knockout (no. 16) or WT cells were analyzed for cell proliferation by EAU incorporation assay. (C) Quantitative PCR array for
cell cycle genes in EphA2KO cells compared with WT cells or (D) dox-inducible EphA2 knockdown cells compared with shControl cells. (E) Tumor lysates from shControl,
shEphA2-1, and shEphA2-2 mice were analyzed by phosphoprotein array. (F) Quantitation of phosphoprotein array picture using ImageJ. (G) Phospho ERK1/2 and phospho
AKT staining in paraffin tumor sections from shControl, shEphA2-1, and shEphA2-2 tumors. (H) WT or EphA2 KO cell lysates were immunoblotted for phospho p90RSK,
phospho mTOR, mTOR, phospho p70S6K, phospho $6, phospho 4EBP1, and ACTIN. (/) U20S cells transiently transfected with KRas®'?P-shControl, KRas®'?°-shEphA2, or
KRas®"?PshP53 constructs and cell lysates collected after 48 h were analyzed for expression of EPHA2, Phospho ERK1/2, ERK1/2, and actin by Western blotting.

Yeddula et al. www.pnas.org/cgi/content/short/1520110112 5 of 10



PNAS

A B
3 151 s p=0.009
£ == ShEphA2-1 2
c @ p=0.002
8 =) shephA2-2 g 6 — v
ﬁ 1 ?l‘) ns
] | S d T
>
° 14
g g i
c 54 Lo
o =1
g 5 | <5
z & o
£ o > R N o
p L 5 T T Troryr T & o
R M L L e L R M LR S B A
E 4t a > TUa
@&~ o é“"—’_z L oo ZZEEg =T z8 =5%cga Box of L é(é? ‘}gﬁ
£ © & i S < i3 &
2 i 8 & &
u
z
5
Cc . 3]
 1sonall p=0.04 D
=4 .
2 p=0.03 5 L Il nmiRshControl
o —— 2 )
£ 104 a 2 o I miRshEphA2-1
< s Bl miRshEphA2-2
< ns g p
E ¢ o
2 $ :
© o
3 | £ 4
T o
S T ¢
& xd o . s
o“o q’,ﬁ‘o 'ov'} ,ev'-” S
¥ 09 QIQ QIQ Q
R O &
& & +dox Glit Gli2 GIi3 Snail1Snail2 Shh Dhh Ihh Smot Sufu Ptchi TwistiWntsaC-Myc
<
os H
w ™
20
< 150
c N GDC0449
53 ——WT
L
. l > =m= EphA2 KO
Gli1 + ! I E 1004
: o
> u
pERK1/2 3 s
- R
ERK1/2
.: | ] L | L ] L 1
8 7 £ 5 4 3
Actin Concentration(uM)
|
GLII 12%”'"““"ulllll
SHH 4% ' [[[]]]]
KRAS 39“/'! Ill I || Ill III“IIIIIIIIIIIli:i:llllllllllllllllllllllIlllllllllllllllllllllllll 1]
genetic alteration I Amplification I Deep Deletion ']mR.\f\[)ownregulatin 1 mRNA Upregulation i RPPA Upregulation , RPPA Downregulatio Missense Mutation ¥ Truncating Mutation

Fig. S6. Loss of EphA2 increases Hedgehog signaling and is required for cell proliferation. (A) Reporters of 48 different transcription factors were co-
transfected with shControl or ShEphA2-1 or shEphA2-2 in LAB6 cells, and luciferase activity was measured after 72 h. The fold change over shControl is
represented. The data are a representation of three biological replicates. (B) mRNA expression of c-Myc and (C) Snail in tumor RNAs from shControl or
shEphA2-1 or shEphA2-2 mice. (D) mRNA expression of Hedgehog signaling components and targets in dox-inducible EphA2 knockdown cells. (E) GLI1 protein
expression in EphA2 inducible knockdown cells or (F) EphA2 knockout cells compared with WT cells. (G) GLI1 protein levels after treatment of knockout cells
with AZD6244 (500 nM). (H) EphA2 KO and WT cells were treated with LDE225 at different concentrations (10, 5, 2.5, 1.25, 0.625, 0.3125, 0.15625, and 0 uM),
and cell survival was performed using WST1. The data were statistically analyzed to determine 1C50. (/) cBioportal analysis of KRas, Gli1, and Shh in lung
adenocarcinoma patients.
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Fig. S7. Ligand-mediated activation of EPHA2 inhibits cell proliferation. (A) Cell survival assay of ShControl cells or shEphA2 cells that were treated with
EFNA1-Fc after time points as indicated. (B) M3L2-dCas9VP64-GFP cells were transduced with EfnA7 guide RNA expressing lentiviruses, and the EfnAT mRNA or
(C) protein levels of EFNA1 were analyzed. Protein levels of phospho ERK1/2 and Actin were also analyzed. (D) Input lysates from Fig. 5E were analyzed for
KRAS, EPHA2, and ACTIN. (E) Input lysates from Fig. 5F were analyzed for KRAS, EPHA2, and ACTIN. (F) Western blotting of KRAS in immunoprecipitates from

the lysates that were treated with GTP or GDP. (G) EFNA1-Fc (1 pg/mL) treated M3L2 cell lysates were immunoprecipitated with EPHA2 antibody, and lysates
were immunoblotted for c-RAF, K-RAS, EPHA2, and ACTIN. Input lysates were used as controls.
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Table S1. List of all primer used in the study

Primers used for sequencing barcodes

Gex Forward
Gex SegN Reverse

ShRNA cloning primers
Control Non targetin shRNA U6

CD69-mU6-sh1
CD69-mU6-sh2
Mageh1-mU6
Hhex-mU6
Cyth2-mU6
PELP1-mU6
Agtr2-muU6
Adra1D-mU6
Cradd-mU6
Crk-mU6
Mcfd2-mU6
JPH3 mU6
HDAC6 mU6
CASP1 mU6
SEL-E mU6
shmepha2-1
shmepha2-2
sihepha2

Dox inducible shRNA cloning primers
EphA2 mir30E 1 Forward
EphA2 mir30E 1 Reverse
EphA2 mir30E 2 Forward
EphA2 mir30E 2 Reverse
GliTmiR30Esh Forward
GliTmiR30Esh Reverse

QPCR primers
CCND1 Forward
CCND1 Reverse
CCNE1 Forward
CCNE1 Reverse

CCNB1 Forward
CCNB1 Reverse

5’ ~-CAAGCAGAAGACGGCAUACGAGA-3"
5’ ~ACAGTCCGARACCCCAAACGCACGAA-3'

5" CTGTCTAGACAAAAAGCGCGATAGCGCTAATAATTTTCTCTTGAAAA-
ATTATTAGCGCTATCGCGCAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAACCATGTTGTTACCTGTAAGAATCTCTTGAATT-
CTTGCAGGTAGCAACATGGAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAACCATTCAAGTTTCTATTCCTTTCTCTTGAAAA-
GGGATAGARACTTGAATGGAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAAGCTGAAGAGAATCGCAATAATTCTCTTGAAAT-
TGTTGCGATTCTCTTCAGCAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAACTTTGGATTGTTCGTAGTGTTTCTCTTGAAAA-
CACTGCGAACGATCCAAAGAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAAAGAAGAGCTAAGTGAAGTTATTCTCTTGAAAT -
AGCTTCACTTAGCTCTTCTAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAAGCATTGGTGAATCTTAGTAATTCTCTTGAAAT -
TACTGAGATTCACCAATGCAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAACTTAGAGAAATGGACATCTTTTCTCTTGAAAA-
AGGTGTCCATTTCTCTAAGAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAACAACTATTTCATCGTGAATCTTCTCTTGAAAG-
GTTCACGATGAAATAGTTGAAACAAGGCTTTTCTCCAAGG-3'

5" CTGTCTAGACAAAAACACCTTCCTAAGCTTATACAATCTCTTGAATT-
GTGTAAGCTTAGGAAGGTGAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAACTGGATCAATAGAATCCTGATTCTCTTGAAAT -
CGGGATTCTGTTGATCCAGAAACAAGGCTTTTCTCCAAGG-3'

5" CTGTCTAGACAAAAACAGGAGGGAAACTTTGAGTTGTCTCTTGAACA-
ATTCAAGGTTTCCCTCCTGAAACAAGGCTTTTCTCCAAGG-3’

5" CTGTCTAGACAAAAAGCCTTCTTTACTAGGGTTGTTTCTCTTGAAAA-
CAACCCTGGTAGAGAAGGCAAACAAGGCTTTTCTCCAAGG-3'

5" CTGTCTAGACAAAAACCAAGTAATACTGGAAGGTTATCTCTTGAATA-
ACCTTCCGGTGTTACTTGGAAACAAGGCTTTTCTCCAAGG-3"

5" CTGTCTAGACAAAAAGATTTCTTAACGGATGCAATTTCTCTTGAAAA-
TTGCATCCGTTAAGAAATCAAACAAGGCTTTTCTCCAAGG-3'

5" CTGTCTAGACAAAAACTACCTTAACTCCAATTTGAATCTCTTGAATT-
CAGATTGGAGTTAAGGTAGAAACAAGGCTTTTCTCCAAGG-3'

5" CTGTCTAGACAAAAAGACCCAGCTAAGTACTTAGTATCTCTTGAATG-
CTAAGTGCTTAGCTGGGTCGGGGATCTGTGGTCTCATACA

5" CTGTCTAGACAAAAAGCACAGGGAAAGGAAGTTGTTTCTCTTGAAAA-
CAACTTCCTTTCCCTGTGC GGGGATCTGTGGTCTCATACA

5" CTGTCTAGACAAAAAGATAAGTTTCTATTCTGTCAGTCTCTTGAACT -
GACAGAATAGAAACTTATCAAACAAGGCTTTTCTCCAAGG-3'

CGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGAACCCAGCTAAGC-
ACTTAGCATAGTGAAGCCACAGATGTATG
CTCGAATTCTAGCCCCTTGAAGTCCGAGGCAGTAGGCAGACCCAGCTAA-
GCACTTAGCATACATCTGTGGCTTCACTA
CGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGACACAGGGAAAGG-
AAGTTGTTTAGTGAAGCCACAGATGTAAA
CTCGAATTCTAGCCCCTTGAAGTCCGAGGCAGTAGGCAGCACAGGGAAA-
GGAAGTTGTTTACATCTGTGGCTTCACTA
CGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGACATGGGAACAGA-
AGGACTTTTAGTGAAGCCACAGATGTAAA
CTCGAATTCTAGCCCCTTGAAGTCCGAGGCAGTAGGCAGCATGGGAACA-
GAAGGACTTTTACATCTGTGGCTTCACTA

GCGTACCCTGACACCAATCTC
CTCCTCTTCGCACTTCTGCTC
GTGGCTCCGACCTTTCAGTC
CACAGTCTTGTCAATCTTGGCA
GCGTGTGCCTGTGACAGTTA
CCTAGCGTTTTTGCTTCCCTT
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PTCH1 Forward
PTCH1 Reverse
PTCH2 Forward
PTCH2 Reverse
GLI1 Forward
GLI1 Reverse
FOXL1 Forward
FOXL1 Reverse
TWIST1 Forward
TWIST1 Reverse
SNAI1 Forward
SNAI1 Reverse
SNAI2 Forward
SNAI2 Reverse
SNAI3 Forward
SNAI3 Reverse
WNT5A Forward
WNT5A Reverse
CDH1 Forward
CDH1 Reverse
EphA2 Forward
EphA2 Reverse
EfnA1 Forward
EfnA1 Reverse
Ssh Forward
Ssh Reverse

Ihh Forward

lhh Reverse
Dhh Forward
Dhh Reverse
Ptch1 Forward
Ptch1 Reverse
Smo Forward
Smo Reverse
GLI1 Forward
GLI1 Reverse
GLI2 Forward
GLI2 Reverse
GLI3 Forward
GLI3 Reverse
Snail1 Forward
Snail1 Reverse
Sufu Forward
Sufu Reverse
Cyclophilin Forward
Cyclophilin Reverse
GAPDH Forward
GAPDH Reverse
P53 Forward
P53 Reverse

EphA2 guide RNA primers
EphA2-284 Forward
EphA2-293 Forward
EphA2-307 Forward
EphA2-284 Reverse
EphA2-293 Reverse
EphA2-307 Reverse
EphA2 Surveyor Forward
EphA2 Surveyor Reverse

EfnA1 guide RNA primers
Efna1gRNA1 Forward
Efna1gRNA1 Reverse
Efna1gRNA2 Forward

AAAGAACTGCGGCAAGTTTTTG
CTTCTCCTATCTTCTGACGGGT
CTTCTCCTATCTTCTGACGGGT
TCCCAGGAAGAGCACTTTGC
CCAAGCCAACTTTATGTCAGGG
AGCCCGCTTCTTTGTTAATTTGA
GAGCAGAGGGTCACACTGAAC
CTTCCTGCGCCGATAATTGC
GGACAAGCTGAGCAAGATTCA
CGGAGAAGGCGTAGCTGAG
CACACGCTGCCTTGTGTCT
GGTCAGCAAAAGCACGGTT
TGGTCAAGAAACATTTCAACGCC
GGTGAGGATCTCTGGTTTTGGTA
GGTCCCCAACTACGGGAAAC
CTGTAGGGGGTCACTGGGATT
CAACTGGCAGGACTTTCTCAA
CATCTCCGATGCCGGAACT
CAGGTCTCCTCATGGCTTTGC
CTTCCGAAAAGAAGGCTGTCC
GCACAGGGAAAGGAAGTTGTT
CATGTAGATAGGCATGTCGTCC
CTTCACGCCTTTTATCTTGGGC
TGGGGATTATGAGTGATTTTGCC
AAAGCTGACCCCTTTAGCCTA
TTCGGAGTTTCTTGTGATCTTCC
CTCTTGCCTACAAGCAGTTCA
CCGTGTTCTCCTCGTCCTT
CTTGGCACTCTTGGCACTATC
GACCCCCTTGTTACCCTCC
AAAGAACTGCGGCAAGTTTTTG
CTTCTCCTATCTTCTGACGGGT
GAGCGTAGCTTCCGGGACTA
CTGGGCCGATTCTTGATCTCA
CCAAGCCAACTTTATGTCAGGG
AGCCCGCTTCTTTGTTAATTTGA
CAACGCCTACTCTCCCAGAC
GAGCCTTGATGTACTGTACCAC
CACAGCTCTACGGCGACTG
CTGCATAGTGATTGCGTTTCTTC
CACACGCTGCCTTGTGTCT
GGTCAGCAAAAGCACGGTT
GGGACTGCACGCCATCTAC
TTGACGATAGCGGTAACCTGG
GGCCGATGACGAGCCC
TGTCTTTGGAACTTTGTCTGCAAAT
TGACCACAGTCCATGCCATC
GACGGACACATTGGGGGTAG
GTCACAGCACATGACGGAGG
TCTTCCAGATGCTCGGGATAC

CACCGAGGGGTGCGGCATGGAGCTC
CACCGGCATGGAGCTCCGGGCAGT
CACCGCCAGGCAGAAACCGACTGCC
AAACGAGCTCCATGCCGCACCCCTC
AAACACTGCCCGGAGCTCCATGCC
AAACGGCAGTCGGTTTCTGCCTGGC
AAGGGCAAAAGGGGAGAGTA
AGGGTATGGATCCCCAAGAT

CACCGGGGGCAGCGCGCGTCGGGLCG
AAACCGCCCGACGCGCGCTGCCCeC
CACCGGAGGGCGGGGCTGGTGTTGG
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EfnalgRNA2 Reverse ARACCCAACACCAGCCCCGCCCTCC
Efna1gRNA3 Forward CACCGGGAGGAAGGGAAAAAGACTC
Efna1gRNA3 Reverse ARACGAGTCTTTTTCCCTTCCTCCC

KRas mice Genotyping primers

K004 : 5’ -GTC GAC AAG CTC ATG CGG GTG -3’
K006 : 5" -CCT TTA CAA GCG CAC GCA GAC TGT AGA -3’
K005 : 5’ ~AGC TAG CCA CCA TGG CTT GAG TAA GTC TGC A -3’

Cell cycle proliferation qPCR array was obtained from Takara Inc. KRas mice genotyping primers from
Jackson Laboratory. The underline indicates the shRNA targeting sequence.

Other Supporting Information Files

Dataset S1 (XLSX)
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