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The strategies to overcome resistance to ALK inhibitor in lung cancer.

Yokoi, Sana
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Anaplastic lymphoma kinase (ALK) which is one of the receptor tyrosine kinase is
activated by chromosomal translocation and causes lung cancer (ALK lung cancer). ALK inhibitor shows
remarkable effect for ALK lung cancer. However, ALK lung cancer becomes tolerance to ALK inhibitor in
short time. To find a new therapeutic target for ALK lung cancer, the genomic abnormality was analyzed.
As a result, we found a putative candidate gene which is decreased expression in ALK lung cancer by
genomic deletion or DNA methylation in promoter region. A forced expression of this gene leads to the
growth retardation in lung cancer cell line with ALK translocation.



lymphoma kinase ALK

ALK Crizotinib
ALK
1996
15 1600
150
CGH
5p13 SKP2
al. Am J Pathol

oncogene addiction
et al. Cancer Sci
SKP2

anaplastic

TKI ATP
2012 3
ALK
Yokoi et
SKP2
Yokoi

Yokoi et al. Am J Pathol
CGH

RNA

Cancer Genome Atlas (TCGA)
(http://cancergenome.nih.gov/)

ALK

ALK
ALK

ALK

ALK
heterogeneity
ALK
ALK
DNA
DNA

ALK

ALK

The

1800
1400

RT-PCR



ALK

5°

31
PCR

ALK 57

ALK

ALK

2009

504
RNA

cDNA

13

PCR

e ——

————]

=S SS== == =

e

— f-— -

T

== ]

Pronasmet [ A

—EEE= e = TmET

ALK

TR R TR

= e e

ALK

o

S3I11[1GISU] [BLUOSOIIDIY JO “ON

1 23 4 5 6 7 8 9 10

Case #

heterogenity

ALK

ALK

arrayCGH

10

CGH

ALK

ALK

269

35

ALK

ALK

CGH
ALK

ALK

SiRNA

ALK

in vitro

ALK

3

2009

2007

404

ALK

ALK

15

EGFR

RT-PCR

KIF5

12

62
stage Il

15

1

12

ALK

ALK

ALK

ALK



ALK

38

Real-time PCR Real-time PCR
2ROl sample no =001
7 ‘ . —
6 ‘ 2
o
i a3 < ]
T s 5 o .
ths ‘ x4 $2°
804 35 5
5% £3 53 |
g5’ 1
g3 6 8= 47
g2 | 83
iE2 Tl s
iz, | R
¢zl ‘ 9 2%, 0 )
0 10 . | ===
Tumor  Non tumorous Tumor  Non tumorous
tissue  tissue tissue  tissue

Wilcoxon

ALK

name; ARG1

ARG1

ALK

Gene expression by real-time PCR
(Chiba CC)

p=0014

[}

_ 20

3

£

5 15

2 10

i

cE s

39

£

EzZ 0

e€ ALK ALK
negative  positive
(0=22) (=)

Mann-Whitney U test

ALK

550

30.4

Wilcoxon

38 50

Labo
ALK

ALK

ARG1
2009

Gene expression by RNA sequence
(TCGA)

p=0.061

Platforms: llumina HiSeq 2000
RNA Sequencing
#3amples: 548
Age: 3283 years old
Fathology: Adenocarcinoma
Sex: Male 62, Female 46

E xpression lavels of ARGT mRNA

304 0.07

ALK negative ALK positive
(n=538) n=13)
ALK 51 23458 [ETT—————

ALK
22
ALK

TCGA

Hiseq
AL 535

ALK 13

0.07

ALK

DNA methylation status in the promoter of

ARG1
650
I

the ARG1 gene

1
’<—> < [
<

CpG_island (2.6kb)

p=0.028
w

. ¥ a8} ° £

. 5

W :

. m

" . "

b .

- ol =

; :

o
Nommal ALK ALK

tissue negative positive
(=10} (n=17)  (n=20)

[

p=0.028

ARG1

Normal ALK ALK
tissue negative positive
(n=10) (n=17) (n=20)

[E—

p=0.025

ALK

ARG1

ARG1
CpG
650

2.6kb

ARG1
DNA

ALK
ARG1 0
ALK

p=0.038  Mann Whilney Utest

o

Normal ALK ALK
tissue  negative positive
(n=10) N=17) (n=20)

[

p=0.035 (Wilcaxan]

DNA

ALK

% confluency

ALK
H2228

ARG1
ARG1

Mock
ARG1

0 s 126 | h

ARG1

ALK



ALK

ARG1
ARG1
ALK H2228
ARG1
RNA ALK
A549 VMRC-LCD ARG1
SIRNA RNA Hiseq RNA
H2228-ARG1
A549-siARG1
VMRC-LCD-siARG1
60
cell cycle
ARG1
ALK
ALK

GEO ID: GSE3141
Platforms: Affymatrix Human Genomne U133 Plus 2.0 Array
#5amples: 111 s

Age:32-83 y

Pathology: A
Sex: Male 62,

Pathology: Adenocarcinams,
Stage:|

b=
il » Low
4_“("=19)
111 ARG1
55 ARG1

stage |

100
150

ALK
ARG1
DNA

ALK

ALK

luchi T, Shingyoji M, Itakura M, Yokoi S,
Moriya Y, Tamura H, Yoshida Y, Ashinuma
H, Sakaida T, Hasegawa Y, Kawasaki K,_
lizasa T. Frequency of brain metastases in
non-small-cell lung cancer and their
association with epidermal growth factor
receptor mutations. Int J Clin Oncol. 20:
674-9, 2015

luchi T, Shingyoji M, Sakaida T, Hatano K,
Nagano O, Itakura M, Kageyama H, Yokai S,
Hasegawa Y, Kawasaki K, lizasa T. Phase I
trial of gefitinib alone without radiation
therapy for Japanese patients with brain
metastases from EGFR-mutant lung
adenocarcinoma. Lung Cancer. 82:
282-287, 2013

Itakura M, Terashima Y, Shingyoji M,
Yokoi S, Ohira M, Kageyama H, Matui Y,
Yoshida Y, Ashinuma H, Moriya Y, Tamura
H, Harigaya K, Matushima K, lizasa T,
Nakagawara A, Kimura H. High CC
chemokine receptor 7 expression improves
postoperative prognosis of lung
adenocarcinoma patients. Br J Cancer. 109:
1100-1108, 2013

Yamaki T, Suenaga Y, luchi T, Alagu J,
Takatori A, Itami M, Araki A, Ohira M,



Inoue M, Kageyama H, Yokoi S, Saeki N,
Nakagawara A. Temozolomide suppresses
MYC via activation of TAp63 to inhibit
progression of human glioblastoma. Sci Rep.
3:1160, 2013

ALK 74
2015 10

Yusyke Suenaga, Masato shingyoji, Mamoru
Kato, Isao Kurosaka, Miki Ohira, Tishihiko

lizasa, Hiroki Nagase, Sana Yokoi.
Frequent somatic mutations in
neuroendocrine differentiation-related
pathways in  SCLC-transformed lung
adenocarcinomas 74
2015 10
EBUS-TBNA
Topoisomerase
2015 6 12
ALK
62
2015 11

S. Yokoi, H. Kimura, E. Xia, M. Ohira, D.
Ikebe, T. Sugiyama, M. Itami, J. Katayama,
H. Nagase, T. lizasa Acquired genetic
changes identified in ALK-positive lung
adenocarcinoma 73
26 9
Yusuke Suenaga, Masato Shingyoji, Miki
Ohira, Toshihiko lizasa, Hiroki Nagase,
Sana Yokoi Analysis of a recurrent
small-cell lung carcinoma originated from
primary  lung adenocarcinoma by
whole-exome sequencings 73
26 9

Date
EGFR-TKI
TKI

Novel

1)

2

cancer related gene in ALK-positive lung
cancer 72 2013
10 3 5

Targeted
exome sequencing of cancer related genes
in lung cancer 51

2013 10 24

MOOK

( )
2014; pp.99-115

NGS
2014;

Clinical Genomics

32,1781-1788

Yokoi Sana

30372452

lizasa Toshihiko

10272303



