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We aimed to establish a system for identifying and testing genotype-oriented
targeted drugs for pancreatobiliary cancers by combining exome sequencing and organoid culture of
primary tumors. Tumor cells isolated from resected tumors were subjected to organoid cultures. Exome

sequencing was performed on the primary tumors. Genotype-oriented candidate targeted drugs were
identified from the exome sequencing and their efficacies were tested in the organoids. Organoid
cultures were succeeded in 30 of 54 (55.6%) cases. Exome sequencing revealed a variety of somatic
mutations. Some of the aberrations were candidates for targeted therapies. Integrin-linked kinase
(ILK) was a novel candidate target, and an ILK inhibitor was confirmed to suppress proliferation of
patient-derived organoids. By combining exome sequencing and organoid culture, our model enabled to
identify genotype-oriented targets for personalized medicine and to test efficacies of candidate
targeted drugs in the organoids.



( ) 4 3 3
3
5 10% 25 3
/
KRAS, CDKNZA,
SMAD4, TP53 KRAS
mitogen-activated protein kinase (MAPK) RAF, MEK
RAS-MAPK
ERK
RAS-RAF-MEK-ERK RAS-MAPK
ERK
KRAS
ERK DUSP6 ERK
ERK ERK
on, off (Oncogene
25:4831-9, 2006) ERK
RNA
(Mol Cancer 11:88, 2012) SON
( 5574258 US 20150072877)
ERK
RAS-
MAPK
MAPK
in vivo 3
2016-2020

54



Basement Membrane Extract (BME)

B27 acetylcysteine N2 Gastrin Noggin EGF FGF10 Wnt3a RSPO
Y-27632 PGE-2 dexamethasone DMEM/F12 TryPLE
DNA
Sureselect V6 Novaseq 6000

BWA-MEMO.1.17 GATK4.1.1 SnpEFF4.3t-GENCODE29

iPGell 4%paraformaldehyde

balloon like organoid solid organoid

54 30 (56%)
70%

6 65.5
123509
RAS TGF-B FGF Wnt integrin p53
associated apoptotic pathway PDGF Toll receptor DNA replication

ILK  integrin-linked kinase L382P
ILK  PI3K mTOR  AKT
1LK
ILK QLTO0267
ILK ILK



Primary tumuor (HE)
SERNUREN (LK

Alamar Blue Assay
(10% alamar Blue, cultured at 6 hour)

Plating
organoids
(12 wells for
24-well plate)
1

2.6

4 s o NN
IR ="J SR CHE N

2
2
l — — — 1 E
Day -3 Day0 2 4 6 8
1.2
Culture Supplemented with ILK inhibitor 1
medium (25pM, 1pM, Control)
* P<0.01
d. e

ILK

AKT

PAKT x -
—

Original magnification x40

Control 1uM | 25 uM
Day 0 Day 0 Day 0 .
B-actin
Control 1 uM 25 pM "

Day 6 Day 6 | Day 6

a. 1LK b. C 25
MM 1LK QLTO0267 d. e. LK

AKT Shiithara et al. European Journal of Cancer

148:239-250, 2021



5 2 0 0

Shiihara Masahiro Ishikawa Tomohiko Saiki Yuriko Omori Yuko Hirose Katsuya Fukushige 148
Shinichi Ikari Naoki Higuchi Ryota Yamamoto Masakazu Morikawa Takanori Nakagawa Kei
Hayashi Hiroki Mizuma Masamichi Ohtsuka Hideo Motoi Fuyuhiko Unno Michiaki Okamura
Yasunobu Kinoshita Kengo Furukawa Toru
Development of a system combining comprehensive genotyping and organoid cultures for 2021
identifying and testing genotype-oriented personalised medicine for pancreatobiliary cancers.
European Journal of Cancer 239-250
DOl
10.1016/j .ejca.2021.01.047
Kobayashi Toshikazu Omori Yuko Ono Yusuke Karasaki Hidenori Mizukami Yusuke Makino
Naohiko Motoi Fuyuhiko Unno Michiaki Ueno Yoshiyuki Furukawa Toru
Pathways for the development of multiple epithelial types of intraductal papillary mucinous 2021
neoplasm of the pancreas.
Journal of Gastroenterology
DOl
10.1007/s00535-021-01783-2
79
2019
1117-1123
DOl
78
precision medicine 2019
759-763

DOl




40

2019

287-290

DOl

20 11

Organoid

109

2020

IPMN

109

2020

28

2020




IPMN subtype

107

2021

28

2020

Organoid

109

2020

IPMN

109

2020




Shiihara M, Ishikawa T, lIkari N, Higuchi R, Yazawa T, Uemura S, lzumo W, Yamamoto M, Motoi F, Morikawa T, Nakagawa K,
Hayashi H, Mizuma M, Otsuka H, Ishida M, Masuda K, Kawaguchi K, Ariake K, Takadate T, Iseki M, Hata T, Unno M, Furukawa T.

Development of a system combining comprehensive genotyping and organoid cultures for identifying and testing genotype
oriented personalized medicine for pancreatobiliary cancers.

50th Anniversary Meeting of American Pancreatic Association and Japan Pancreas Society

2019

Furukawa T.

Variations in IPMN and their clinicopathological relevance.

2019 Meeting of the International Association of Pancreatology

2019

2019

108

2019




29

2018

Furukawa T.

Targeting MAPK/ERK and Its Downstream in Pancreatic Cancer.

4th ARO-Japan and TSPA/TCTC-Taiwan Workshop

2018

Furukawa T.

Pathobiology of intraductal neoplasms of the pancreas.

Pancreas2018 (Baltimore)

2018

Hirose K, Furukawa T

Clinicopathological relevance of SMAD4 and RUNX3 in pancreatic cancer.

Pancreas2018 (Baltimore)

2018




49

2018

56

2018

Furukawa Toru

Signaling aberrations and their implications in pancreatic cancer.

2017 Asan Pancreatic Cancer Symposium

2017

Molecular pathology of intraductal papillary mucinous neoplasms of the pancreas.

48

2017




Furukawa T.

Subtype classification of IPMN and its impact on patient care.

American Pancreatic Association Pre-Meeting “ IPMN: Beyond Guidelines and Treatment.”

2016

(Higuchi Ryota)

(20318059) (32653)

(Shiihara Masahiro)

(Kobayashi Toshikazu)




