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Screening of fusion genes in non-small cell lung cancer
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We performed profiling of mRNA, microRNA and DNA methylation in surgically resected
100 non-small lung cancer (NSCLC) specimens. We have identified several novel candidate
molecules for the treatment of NSCLC. We also found that fibroblast growth factor-9 was
associated with poor prognosis of resected NSCLC patients. We could extract a few
candidate fusion genes through screening the kinase genes using exon array.

SR
(GHRHAL : 1)
LR R R & af
2010 4FJE 1, 500, 000 450, 000 1, 950, 000
2011 4FJE 1, 200, 000 360, 000 1, 560, 000
2012 4 700, 000 210, 000 910, 000
i &l 3, 400, 000 1, 020, 000 4,420, 000

WOy EF « KR

B OSFE - B« NESREERIE S - MR ERNFF

& — U — R IR/ . SERRRDAEAT . pathway signature fi#4f7, fibroblast growth factor-9.
microRNA. exon array. &8s F

1. WFZEBIA Y DY =
JEDRAEIZBNTIX, & FEIFE7 genetic
¥ L Wepigenetic 2 BF N EL D Z L ANE
T&H 50N, IT4E oncogene addiction & V> 9 4k
BB IN TN D, IEICIBV TR, 155
{ERERIZE Y iEEslER_TE520
% EGFR & & + (Paez JG, Science,
1497-1500, 20023 B TH v | Z Do
oncogene addiction % 72 57 K ) 725 T
ITABROALERIGEEN LD 5552

SN b, X BT YK EE T RE S
EML4-ALK Gt & #& {5 1 @ % K (Soda M,
Nature, 561-566, 2007IZ L 0 . #EkiEMm 2R
JEE C DT DBEBEMENRE STz
CARERJE DN O FIEICB W T HLEETH
HZENHALMNE o7, EGFR ZHE|Zon»
TIHRKAZVERERTST NCEHEETH D
TEDRHLMMNE o=, FOMOBEE D
R ERICHT 2 BARNB T R 7
ERHEL, ETERMOERIZONTOMRG



Wt EFEARVRNTH S, SHICER
72T BEFHIEER FRREIC A,
DNA * F /1 4k=° microRNA OFEHEFIZ X
% epigenetic 72 &A1 L W BENRE ST
WD BIRFIZOWTO/RET S+ TiEa <,
Z 15 genetic 35 & N epigenetic 72 B 5 OFH
HEFRICET oBRFHIIZEAE R I LT
ROVDPIRTH D,

2. WEDOHBY

(1) FiifE PRI (100 ol L OE
FAAR) 2 RHWT, Fx OREREIRIT TR
X V. mRNA, microRNA B X QX F 1k
DNA ORI Ta 7 7 A4V 7 %17V, fHA
OBEMEZEY | B REN S L CTEHEER
NFERET DL,

(2) exon array Z AWz AT ) —=7C
XU Fl-le YRR K A@EBIE %
FET DL,

3. WD kL

(1) GeneChipx H\W/=mRNAR¥E 71 7 »
AV T

(2)~A4 7 a7 LA %M =microRNAD ¥
BWorwozr4007

(3) MeDIP {Z X 5 A F /U1t DNA Ot

Oy —r V=it kb 7n 7y
A VT
(4) Exon array (& X DY REZED A 7 Y
=
FERR

(1) mRNA BB 07 7 (V>
DAffymetrix LD GeneChip AT 100 &

B FE/INI B il FR B L 23S T AR mRNA
REFaT AV T ETO, KIRT I

@ subpopulation »* Efﬁérfﬂﬁik\ 8 ’D@
cluster 2>H72 5B InFRECFELTZ (K 1),

Genes

uuuuu

]
1 Smoking

P B e e Stage

Cluster 1 2 3 4 5 6 T8

E1. FRIO27AIIZLD5HE

Z?®H5H cluster 712DV Tk, pathway
signature fittTi2&Y PTEN loss signature
(PI3K signature) &6 T W EEIMEZ R T
BETHTOLIZENHHLE(K2), 2
cluster 7O B 5 RN @S BIHL TWD
subpopulation C [ZIZRE ERENEEE
NTNDZELB BN EZ -7 (%] 1),

015
.
e 01 .‘h
- e
1:: o, et *""_
5 T
L]
A .
E {1 NE -.=' : )
E '.:..'" .
& ol e R =0.926
N p=57e-42
08 06 04 02 0 02 04

Awerage expression of clustar 7 genes

E2. PTEN loss signature
Cluster TiE {5 LD HHEE

IBIT cluster 7 g ENDBEIBFREDOHF T,
SCHk B BRI B W TH BN EL o
druggable 2R A A H T HBIEFITEEL,
3 &Eint (MSI1, MARKI1, FOXDI) %&EIRL
7o ZALENITDOUWNT, Fl & O Jifidps (g (B
15 ) TOEEM 3 s O mRNA BLOVEH
DORBERTL, FBLETO5HBOERITRD
Y L DDA ®IR L=, ZN 60
MfaAEHWT, FBE T EICEE I, siRNA
2 XA E R R+ D knock down (KO) #4704,
AR HEGE (MTT assay) | & 55 HEAK A7 M il
(soft agar colony formation assay) Zi~7=
FERL 2 s T oW T A B A Ml il o>
IR RS 8) | A% OA R4 112
0L EE XL,

IR E 1+ BAMSILONHBE[Z 3§ 24 A BImRNARE R

100000.0
10006.0
1000.0
100.0

10

=

D A
g 40 g0 i L o &
50\0?:@\@ Q\‘h?&o.‘voz‘, &

MTS assay Colony Count
15 80
60
z I £ I 1 Bl 40 i B Crl
= SiMSIL 20 L " sims)
o ! [i}
H520  H522 H520  H522

* p<0.05 vs Ctrl
E3. WMEMRkICETSMSNOERE LU SR - ERERE~DEE

@—7F . FEENSF & LT FGF-FGFR



27" FiZ# H LT GeneChip |2 Xk %5 mRNA
HHLE TR EDOHBEERFILIZEZ A, 23
WO FGF B LW 4D FGFR © 5 H FGF9
HELOBLPHBEICTHREMEBEAL WS Z &
NIHGNE-7= (K4) . FGF9 ®mRNA
FEBUIRERAIC LD EARE LA L,
e BRI 1B 2 < R - ORIRRE IS
DOHFEHL L TEY FHRERE W, 46, EGFR
B AR 2GS EBMATIZENT
LML LT THABRK-THY . FGF9 H 5
W DOZ BRI —HMOMBICIB T2/ E
AERSY L E 2 BT,

FGFO-low

| FoFshigh

Proportion of patients

Log-rank, p<=0.001*
(days)

H4. FOFaZ A EEIC R (T8

(2) MicroRNA ¥8L 7077 AU
A o il g T 48 4R IR 12 % LT Applied
Biosystems: TagMan Human MicroRNA
Array v2.0 Z FH W T, 377 OB D
microRNA BHL 707 7 AV 72470, £
/NIREIREE D 5 B R B RO & R A TR

L 9 % 32® microRNA, 3725 miR-196b.

miR-205 % X U'miR-375 #[[IE L7 (X 5),

i | hsa-miR-205 ()

hsa-miR-196k

Ayverage bog 10 ratio in SCC

. s s L
1 0s 0 05 1
Average logid ratio in AC

5 BELSLUVRELEEIZET
SmicroRNAMDFET 3 —1s

INBIZOWTENZEH cutof f il 7%
L TROC curve Z# & & W34 d AUC 1X 0. 8
PLETHhy, B CTHLHREDRHGEZA L
TWe, SOIHBIGHIT 21T &, Bld D
VWME 2292 miRNA OfEAE & il L T,
3OTRNTOMATITE N TERES EMHICRE
SRR E R A FRRITCE D 2 LR B
Lot

—J7. 25 D miRNA DOFERERI 2R fEAT Tid.
¥ miR-375 12 FEH L T{T> 72, miR-375
ZFEBL L TV RO il miR-375 &
SRHIRBL S5 EIREREAEET L F
723002 miR-375 % s Hl L T B il e
¥ C miR-375 % KO 92 LR EEEN T T
HTEERWELE, &6, ZOHFICE
2% miR-375 D=2 EmHEE & LT
Claudin-1 5 L TWAZ L&A L,
Jiti i B AR AE A2 33\ € miR-375 iR BRI
RFBREICHE L C PR AR O 278D T
BV, Claudin-1 &, Hiz R ER5 112
ROBHEDEEZ TN,

(8) AFNWALDNA 7574
Y9, MeDIP (2 & 5 2 F 11k DNA O#iH R
X Oy —r Y-z kb7 07y
AV T HEITH) TPETHSTZN, v—F T
AFERN BT, EFEBRE L BEREICBT 5
AFACT B T 7 A NDENEREETE T,
AN LM aE I 2520 R0 E 2o
7o T TR =7 FEEFRIOTRY =
7 M TIEH D05, WS HE Th DIEREN
ENLS ARG & —BFEATIC Hm L, Jififig
FE B L ORTIRZ 2B 1T 5 DNA A F Lk~
0 7 7 A4 )L % single-CpG resolution
Infinium array I[Z X VT L7, HETH
ENLS A v & —WFGET « 5803 AFERERTFSE 7
N—"7" (GFFIRERREIFTE) ICB TR TH
20, OTFHEHET D DNA AFb7'm
77 A NVTEIRN VBB TT TIZER ST
WA Z & @i VBT DNA 2 FL1b)T
HE 2 R B E S - ADCYS, EVXI,
GFRA1. PDE9A, TBX20 ¥&is11%. D3
DN ARFRIZEB VT DNA A F AT L -
TEBICHA LS T EZIT TSI b,
@IS DB T ORBUK T IFEMEE 2 7R
THERRHEZORN - LA EICHBE L TR,
AN AVBRBSIZ I 1T D DNA A F AL EE A3,
BEDEIFDOY ALy v 720 L CHE
EORBAMAREL TS Z ENHALNE
VALY

(4) YetbARKERED A Y ) —= 2
OK 6 1Z-T LIz, RITHFBEFHILL T\
VNBE ) 72 HEBEIR - C b BB AR 1 B 2ME R I
FRELTWABET A LS LS. BE
F BIZH B LT exon array DR E L5 &
fx FEEDIRICHEHL % breakpoint & LT



BB FANEOLNHITTTHY . =
DFEEZFHAL CREELETOAZ Y —=
VBRI,

Gene A = - e =

(ERmAI-ER)

Gene B — e [onz |- [Eoan } Exon¥ |

(R RR-)

T U R [ g T R I S F

Gene A/B
(R0

Gene BMDExon
MRBF—

B6. Exon ArrayE ML= IRIREE BETFOAS ) —=ny

QFTEHMOMAEEGE T & LT, EML4-ALK
MABLE NI OFECL YV REARETH
HME D D RF LT, TEIZHA ISR
RO T—HF C Rl TR EH 2D 5
RIEDFIELTEBY ., ZOHNhD—EDENE
FRITTNREELY CRIBTRENER LT
WA b ks LA (KT HELE),

TIL0 2B W T & 2 CREF TOREN L5
L TWdZEDRHLMNE R,

multiplex-PCR % 4T - 7= fF variant3 O
EML4-ALK {5851+ ThbH Z &R

niz ("7HET),

” .*.llll I II_I_III "

TRRARTRL N R

Exprassion level

Kinase domain: probe set#23 LURE

EMU-ALK

fa St
o ; ] #"___':'__ L
Lwﬁ —

GAPDM

7. ALKGREE T3 T Dexen aray @ RS —2

® % Z T, tryosine kinase (TK) domain
HT 5 90EMLEFICHER L. EHRIKTO exon
array OB et L=, TOH T, K8 T
AT EDITHEIE T X, BIsF Y ITBWTIEY]
BN CARMECORBA L LT DK
DIFE L. DOl F Y ICBWTITER OB
IR CRIEEZAER AR b7z,

8 Exonarayll kYA~ ENHRNHEMERET

ZOMIZH WL OEREETIEH - T
N, FFZZ O 2 SOBIE B W TR A &
BFZER LTS AREEREWVWE S XD
Nz, ToEGFRMEEN=BIED
genomic DNA # T 5-RACE #EiI2 L5 N
KInlOBR T DIRE ZR AT, L L NE
Ul OB FRIEEITH Z EDNRETH -
72720, B FURERBLI- T 0 —T % T
MEEEZRE W DD TRk A BT EAE D5 5
Thoto, T THMARE AW R LY
WODD T RERATZDN, WO FiEICE
STHRIENEEETHY, BIEXY—7 by
F ¥ — )L — L AL ARIEERELT
W5, FeZFDOMOBERMICBEIL THEd THiFt
ZINz., &5 TK 721 T, A Ein 017
TENELME SN TOBIRE N FIZBIL Th .,
SBMAEELFDAI)—=2 T H T> T
TETHD,

5. ElpdEEGm L
(WFFEFRAE . WHIEo 3 M O T IE4 12
(=S ))

(Mestam ) (G 6 1)

@O Hamamoto J, Soejima K, Yoda S, et al.
Identification of microRNAs differentially
expressed between lung squamous cell
carcinoma and lung adenocarcinoma. Mol
Med Rep (in press). i A.

@ Terai H, Soejima K, Yasuda H, et al
Activation of the FGF2-FGFR1 Autocrine
Pathway: A Novel Mechanism of Acquired
Resistance to Gefitinib in NSCLC Cells. Mol
Cancer Res, March 27, 2013; doi:
10.1158/1541-7786.MCR-12-0652. A #if .

(@ Sato T, Arai E, Kohno T, Tsuta K, Watanabe
S, Soejima K, Betsuyaku T, Kanai Y. DNA
methylation profiles at precancerous stages
associated  with  recurrence of lung
adenocarcinoma. PLOS One.
2013;8(3):e59444. doi:
10.1371/journal.pone.0059444. A

@ Mochizuki S, Soejima K, Shimoda M, Abe
H, Sasaki A, Okano HJ, Okano H, Okada Y.
Effect of ADAMZ28 on carcinoma cell
metastasis by cleavage of von Willebrand
factor. J Natl Cancer Inst 104(12): 906-22,
2012. #AFA.

® Naoki K, Soejima K, Okamoto H,
Hamamoto J, et al. The PCR-Invader method
(structure-specific 5’ nuclease based method),
a sensitive method for detecting EGFR gene
mutations in  lung cancer specimens;
comparison with direct sequencing. Int J
Clin Oncol 16(4): 335-44, 2011. A #iA.

® Yasuda H, Soejima K, Nakayama S, et al.



http://www.ncbi.nlm.nih.gov/pubmed?term=Mochizuki%20S%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Soejima%20K%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimoda%20M%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Abe%20H%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Abe%20H%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Sasaki%20A%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Okano%20HJ%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Okano%20H%255BAuthor%255D&cauthor=true&cauthor_uid=22636800
http://www.ncbi.nlm.nih.gov/pubmed?term=Okada%20Y%255BAuthor%255D&cauthor=true&cauthor_uid=22636800

Bronchoscopic Microsampling Is a Useful
Complementary  Diagnostic  Tool  for
Detecting Lung Cancer. Lung Cancer 72(1):
32-8,2011. &HiA

(£ Gt 91F)

)

P, BIEMRE, BEZE M. FGF9
(fibroblast growth factor 9) J&IiEIZ
BT 2R X OB FRBUCET 5K
T %5 53 [Al HARREL AR R AN TR =
2013 44 H 19-21 H. H

K. Ishioka, K. Soejima, Hamamoto J, et
al . FGF9 overexpression promotes
tumorigenic potential of non-small cell
lung cancer (NSCLC) cells and is
associated with poor prognosis in
NSCLC. 103th AACR Annual Meeting,
Washington, DC. 2013 Apr. 6-10.

H. Terai, K. Soejima, K. Naoki, et al.
Activation of FGF2-FGFR1 pathway in
EGFR-mutant lung cancer cell line
with long-term gefitinib exposure.
103th AACR Annual Meeting, Washington,
DC. 2013 Apr. 6-10.

K. Soejima. Fibloblast growth factor
signaling in lung cancer. % 52 [a] H AR
o = iy B B 2 (International
Symposium:  Molecular targeted therapy in
lung cancer) 2012 4 4 H 20-22 H. 7
Ohgino K, Soejima K, Hamamoto J, et al.
Expression of fibroblast growth factor-9 is
associated with poor prognosis of resected
non-small cell lung cancer patients. 102th
AACR Annual Meeting, Chicago. 2012 Mar.
31-Apr. 4.

H. Terai, K. Soejima, K. Naoki, et al.
Analysis of aberrant DNA methylation
and expression of corresponding mRNA
in EGFR-TKI-sensitive lung cancer cell
line with long-term gefitinib exposure.
55 70 18] 0 A4y, 2011 48 10 A
3-5 H, AdE

SFHHE, RIESHE, EIOEM, il iR
BHOXOE LR gE R N7 v T A
— LEAT. B 34 8] HARFFIR SR N B 2
e, 20114 6 H 16,17 H | i
SFHHE, BISUNE, EIOEM, M. i
R BT 2 X0E LR O T e T
A — DFEMT. 5 51101 B ARREIR AR AN
A 2011 4F 4 H 22-23 H. HUR
Hamamoto J, Yoda S, Soejima K, et al.

microRNAs

Identification of
differentially expressed between lung
squamous cell carcinoma and lung

adenocarcinoma. 101th AACR Annual

Meeting, Orlando. 2011 Apr. 2-6.

6. WFZEHHK

(D) wFgefzs
BlE W& (Soejima Kenzo)
BEMEFEEAR T - [R50 - GiEAD
fFgeE %5 30236145

(2) ooy
A #fi7- (Hamamoto Junko)
BEMEFEFART: - [R5 - Bh#
e 5« 40570239

WA FEE (Naoki Katsuhiko)
BEMEFEZAR T - R0 - GEAD
fF9eE %5« 40265806

FH: FHMt (Terai Hideki)
BEESR AR - RS - FHTBI
e 25 © 50445293

fefE 2 (Sato Takashi)
BEMEFREART: « R - Bh#
F9EE /¥ H 20464836

JIAT  HESC (Kawamura Masafumi)
BEER AN - R - KRR
e E T H 70169770

(3) HLHERTF LS
mL



