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Elucidation of chemoradiation resistance mechanisms for the development of new
molecular target drugs for pancreatic cancer
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The prognosis for pancreatic cancer is extremely poor, and recurrence occurs
quickly even after radical surgery. Currently, preoperative chemoradiotherapy is recommended, but
it is less effective than for other cancers. One reason for this is low sensitivity to treatment.
Therefore, elucidating the resistance mechanism and increasing the sensitivity of preoperative
treatment will lead to truly curative surgery and will be a breakthrough in improving prognosis.
Meanwhile, we succeeded in establishing a pancreatic cancer cell line that is resistant to
anticancer drugs and radiation, and as a result of comprehensive genetic analysis, we focused on
IL-1RI, a cell membrane receptor for pancreatic cancer. In this study, we revealed that IL-1RI
expression increases with resistance, and that it contributes to the tumor progression of pancreatic
cancer through NF-k B signaling.

IL-1RI IL-1Ra



RO

(Gem)
Gem
Interleukin-1
typel IL-1RI IL-1
IL-1RI IL-1 IL-
1RI IL-1R antagonist IL-1ra
IL-1/IL-1RI NF-k B
IL-1/IL-1RI
IL-1IRI  Gem
Gem
7=V TETIL
(poracrine) IL-1a N
C L e DL
> = == NF-xBT == i o
IL-1R type |
IL-1R type | \
IL-1R antagonist
= NF-xB{ wmmp szpaae |
MmEFHER L
Gem Gem
IL-1RI IL-1Ra
Gem (GemR) Gem (GemS)
IL-1a  IL-1RI
GemS  GemR IL-1a RT-qPCR ELISA
IL-1RI RT-gPCR, Western blot
IL-1RI
(@) GemsS GemR IL-1a
IL-1R
()
IL-1a IL-1Ra
VEGF, IL-8, HGF RT-gPCR ELISA
NF-k B
IL-1/1L-1RI NF-k B GemS GemR IL-1a
IL-1Ra NF-k B ELISA



(1)RT-gPCR ELISA IL-1a

IL-1/1L-1RI -NF-k B -

IL-1/1L-1R1
GR IL-1ra

GS

IL-1ra

MIAPaCa-2

(2)IL-1R Western Blotting

IL-1R ( 2
MIAPaCa-2 Gem-R Gem-S IL-1R

Ki-67 CD31

AsPC-1 IL-1a

AsPC-1
« 3

H1 BEREESARICBIIBIL-1aHKBORI Y —=

Relative expression
{IL-1a/GAPDH)

RT-qPCR ELISA
14 600
12
10 =z
8 400
¢ 2
E
6 L4
2
200
‘ El
) 2
0 0
© % 9 ¥ o o 2 © % v o® w8 o
£E £ E E 9 £ & E € E E 9 § &
s & 8§ § & - @ g ¢ & 2
d O O o -3 s * 2 o
S %8s d 83 a9 S8 a3z
S O & & O 3 % %
5% 8 & 55 88
< <« & a < < & a
< £ < <
s = z =

AsPC-1TIES Ly 2 EVTEALIC &K Y IL-1 a ORTTEN H LN h,
MIA PaCa-2TIEfittE LIC K o THIL-1a iEHibE S hid - 7.

B BIL-IRIFEBOR Y ==

Western Blot

IL-1R typel ‘ ——----‘

GAPDH “--
— >

.

(IL-1R I /GAPDH)
*
*

Band Density

~
S
2
I

AsPC-1
Bx-PC3
Capan-2

iaPaCa-2
PANC-1
SW1990

™M

WTFhoBRMREEKICEVLTH, ERFEELRMRICIERT
IL-IRIOFERA BV e LRI,

Relative expression
(IL-1R I /GAPDH)

6.0 i
i X 08

) _ 2% 06

o . 0'4

: I = 02
00 . 0

M3 7Lz E VIS & 5AsPC-1, MIAPaCa-20IL-1R1DFIRZEAL

I-1R1 -— -

GAPDH D S

B
o
o

IS
=)
N w
=] o
o o

~
o
=
o
=)

Relative expression
(I-1R I /GAPDH)
Band Density
(I-1R T /GAPDH)

o
5]

AsPG1 AsPG1 MIA PaCa2 MIA PaCa2 AsPCG1 AsPC1
GemS GemR GemsS GemR GemS GemR

AsPC-1, MIAPaCa-2¢ H 124 Ly 2 € VTHELICHEWIL-IRID R A TTHE L 7=

|L1R1 - ——

GAPDH -

1

o
o

(IL-1R T /GAPDH)
<) o
N »

Band Density

0

MIA PaCa2 MIA PaCa2
GemsS GemR

(©)]
Gem-R Gem-S

IL-1R
IL-1a
¢ 495

IL-1a
IL-1a
MIAPaCa-2 IL-1R

AsPC-1TIET LY # £ BRMER, THERE HICIL-1a (HRBEEZ TES €,
IL-1Ral$ Z N % %I L 7=,

MIAPaCa2  MIAPaCa-2

4 AsPC-1IC# 2k FHE 5 MIA PaCa-2iC 1T %= EaED T
AsPC1 AsPC1

Gem-S Gem-R

Control

IL-1a (10 ng/ml)

IL-1ra (100 ng/ml)

> > > 3
& L P S A P S
SV F TS FE S
IL-1a (10 ng/ml) and: S S
4 W

IL-1ra (100 ng/ml) ——
AsPC-1Gem-S  AsPCG-1Gem-R

Gem-S Gem-R

Number of cells/view

s
IL-1a (10 ng/ml) and % §
IL-1ra (100 ng/ml) -~ 52

LSS
NP R

& RS
MIAPaCa-2 MIAPaCa-2
Gem-S Gem-R

MIA PaCa-2THIL-1a (3@ HELTES €, IL-1RalFZNEME LIA
IL-1RaB3: TOME T RBREIIIF S Wb > 72,




(©))
Gem-R Gem-S

IL-1R
IL-1a

( 67

MIAPaCa-2

IL-1a
IL-1a
IL-1R

B16 AsPC-1o i EHi4EAE DT

AsPC-1
Gem-R

AsPC-1
Gem-S

Cultured with the
supernatant of PaCa cells

o

Cuhured with the
supernatant of PaCa cells
treated by IL-1a(10 ng/mi)

Cultured with the
supernatantof PaCacells

AsPC-1T 3B, TtEMRE HICIL-1a ZMEIHEEZTES ¢,
IL-1Ral3 Z h &30 L 7.

7 MIAPaCa-2 Ml &7 4 A o 7

MIAPaCa-2 MIAPaCa-2

Gem-R

Cultured with the
supernatant of PaCa cells

Cultured with the
supernatant of PaCa cells
treated by IL-1a(10 ng/mi)

Number of inter sections.

Cultured with the
supernatant of PaCa cells

Sronted by -1rat100 e/ ST ST treated by IL-1ra(100 ng/mi)
S VI TSI
A P
Cultured with the ;4 ~
supernatant of PaCa cells Y ——————— Cultured with the
treated by IL-1a (10ng/mi) APC-1Gem'S  AsPC-1Gem-R Supenstant of Pack o MIAPaCa-2 MIAPaCa-2
and IL-1ra (100 ng/mi) treated by IL-1a (10 ng/mi) Gonc peipd

and IL-1ra (100 ng/mi)

MIA PaCa-2THIL-1a (S MEHEREZ TE S E, IL-1RalEZNEWH| LA
IL-1RaBM T OB TIIMER ERE BB S hBh > 7.

) IL-8

B8 mMEH &R FIL-8FKIRD
ELISA IL-8 AsPC-1 AsPC-1 MIAPaCa-2  MIAPaCa-2
Gem_R I L_8 Gem_ Ge.r‘n-S Gem-R Gem-S Gem-R
2 ' z M
IL-Lo = 2 H I |
IL-8 IL-1R : I
IL-1a =
IL-8 SRR | M.,
I L—l a IL-la(g/m) - 10 - 10 - 10 - 10 IL-la(g/m) - 10 - 10 - 10 - 10
MIAPaCa-2 IL-1R IL-dre (ag/md -~ - 100 100 - 100 100 ra (ng/m 100 100 1
IL-8
MEHEERERKRMIAPaCa-2THIL-1a IZMEHHEREZITESE, IL-1Ra
& Z N &0 L7-HIL-1Ra B THONE TIEMEFHRER T S hid o7,

(6)NF-k B ELISA

NF-k B

1R /NF-k B

GemR

IL-1R
NF-k B

IL-1R

IL-1a /IL-

GemS

IL-8

I-1a  (g/mi)

IL-1ra  (ng/mi) -

B9 NF- « BIEM 3T

AsPC-1

MIAPaCa-2
Gem-R

MIAPaCa-2

10 - 10 = 20 = {30
- 100 100 - — 100 100

e - MERMEROBERZ BN T 2EMARINE.

IL-1RI
in vivo

IL-1RI




23 13 0 21

Nonoyama Keisuke Matsuo Yoichi Sugita Saburo Eguchi Yuki Denda Yuki Murase Hiromichi Kato
Tomokatsu Imafuji Hiroyuki Saito Kenta Morimoto Mamoru Ogawa Ryo Takahashi Hiroki Mitsui
Akira Kimura Masahiro Takiguchi Shuji

Expression of ZKSCAN3 protein suppresses proliferation, migration, and invasion of pancreatic 2024

cancer through autophagy

Cancer Science -
DOl

10.1111/cas.16173

Denda Yuki Matsuo Yoichi Sugita Saburo Eguchi Yuki Nonoyama Keisuke Murase Hiromichi Kato 16

Tomokatsu Imafuji Hiroyuki Saito Kenta Morimoto Mamoru Ogawa Ryo Takahashi Hiroki Mitsui

Akira Kimura Masahiro Takiguchi Shuji

The Natural Product Parthenolide Inhibits Both Angiogenesis and Invasiveness and Improves 2024

Gemcitabine Resistance by Suppressing Nuclear Factor k B Activation in Pancreatic Cancer Cell

Lines

Nutrients 705 705
DOl

10.3390/nu16050705

Denda Yuki Matsuo Yoichi Nonoyama Keisuke Murase Hiromichi Kato Tomokatsu Hayashi Yuichi 20

Imafuji Hiroyuki Saito Kenta Morimoto Mamoru Kato Hiroyuki Yoshida Michihiro Naitoh

Itaru Hayashi Kazuki Ogawa Ryo Takahashi Hiroki Takiguchi Shuji

Simultaneous presentation and resection of esophageal cancer and metastasis to the pancreas: A 2023

case report and literature review

Molecular and Clinical Oncology

DOl
10.3892/mco.2023.2700




Matsuo Yoichi

15

Natural Products and Cancer 2023

Nutrients 5064 5064
DOl

10.3390/nu15245064

Toyohara Tadashi Yoshida Michihiro Miyabe Katsuyuki Hayashi Kazuki Naitoh Itaru Kondo 114

Hiromu Hori Yasuki Kato Akihisa Kachi Kenta Asano Go Sahashi Hidenori Adachi Akihisa

Kuno Kayoko Kito Yusuke Matsuo Yoichi Kataoka Hiromi

Dual role of autotaxin as novel biomarker and therapeutic target in pancreatic neuroendocrine 2023

neoplasms

Cancer Science 4571 4582
DOl

10.1111/cas. 15980

Hayashi Yuichi Matsuo Yoichi Denda Yuki Nonoyama Keisuke Murase Hiromichi Ueda Goro 50

Aoyama Yoshinaga Kato Tomokatsu Omi Kan Imafuji Hiroyuki Saito Kenta Morimoto Mamoru

Ogawa Ryo Takahashi Hiroki Mitsui Akira Kimura Masahiro Takiguchi Shuji

Girdin regulates both migration and angiogenesis in pancreatic cancer cell lines 2023

Oncology Reports -
DOl

10.3892/0r.2023.8606

Murase Hiromichi Matsuo Yoichi Denda Yuki Nonoyama Keisuke Kato Tomokatsu Aoyama 50

Yoshinaga Hayashi Yuichi Imafuji Hiroyuki Saito Kenta Morimoto Mamoru Ogawa Ryo Takahashi

Hiroki Mitsui Akira Kimura Masahiro Takiguchi Shuji

Upregulation of integrin-linked kinase enhances tumor progression in gemcitabine-resistant 2023

pancreat ic cancer

Oncology Reports

DOl
10.3892/0r.2023.8601




NAKAI NOZOMU MAEDA ANRI  YANAGITA TAKESHI SUZUKI TAKUYA MAEDA YUZO HIROKAWA TAKAHISA SHIGA
KAZUYOSHI  HARA MASAYASU TAKAHASHI HIROKI OGAWA RYO MATSUQ YOICHI TAKIGUCHI SHUJI

43

Elevated Preoperative Serum Vascular Endothelial Growth Factor Does Not Predict Poor Outcomes 2023

in Curatively Resected Non-metastatic Colorectal Cancer Treated Without Neoadjuvant Therapy

Anticancer Research 2333 2341
DOl

10.21873/anticanres. 16398

Ueno Shuhei Murashima Miho Ogawa Ryo Saito Masaki Ito Sunao Hayakawa Shunsuke Okubo 23

Tomotaka Sagawa Hiroyuki Tanaka Tatsuya Takahashi Hiroki Matsuo Yoichi Mitsui Akira

Kimura Masahiro Hamano Takayuki Takiguchi Shuji

The cisplatin-induced acute kidney injury is a novel risk factor for postoperative 2023

complications in patients with esophageal cancer: a retrospective cohort study

BMC Surgery -
DOl

10.1186/s12893-023-01949-0

Harata Shinnosuke Suzuki Takuya Takahashi Hiroki Hirokawa Takahisa Kato Akira Watanabe 49

Kaori Yanagita Takeshi Ushigome Hajime Shiga Kazuyoshi Ogawa Ryo Mitsui Akira Kimura

Masahiro Matsuo Yoichi Takiguchi Shuji

AZD6738 promotes the tumor suppressive effects of trifluridine in colorectal cancer cells 2023

Oncology Reports -
DOl

10.3892/0r.2023.8489

Asano Go Miyabe Katsuyuki Kato Hiroyuki Yoshida Michihiro Sawada Takeshi Okamoto 12

Yasuyuki Sahashi Hidenori Atsuta Naoki Kachi Kenta Kato Akihisa Jinno Naruomi Natsume

Makoto Hori Yasuki Naitoh Itaru Hayashi Kazuki Matsuo Yoichi Takahashi Satoru Suzuki

Hiromu Kataoka Hiromi

Relevance of gene mutations and methylation to the growth of pancreatic intraductal papillary 2022

mucinous neoplasms based on pyrosequencing

Scientific Reports

DOl
10.1038/s41598-021-04335-2




Hirokawa Takahisa Kobayashi Mizuho Ueda Goro Shamoto Tomoya Mitsui Akira Kuwabara 51

Yoshiyuki Ogawa Ryo Takahashi Hiroki Matsuo Yoichi Takahashi Satoru Takiguchi Shuji

Serous Cystic Neoplasm With Typical Clinical Findings and Perineural Invasion 2022

Pancreas e69 e7l
DOl

10.1097/mpa.0000000000002038

Kato Tomokatsu Matsuo Yoichi Ueda Goro Murase Hiromichi Aoyama Yoshinaga Omi Kan Hayashi 47

Yuichi Imafuji Hiroyuki Saito Kenta Morimoto Mamoru Ogawa Ryo Takahashi Hiroki Takiguchi

Shuji

Enhanced CXCL12/CXCR4 signaling increases tumor progression in radiation-resistant pancreatic 2022

cancer

Oncology Reports -
DOl

10.3892/0r.2022.8279

MAEDA ANRI  TAKAHASHI HIROKI HARATA SHINNOSUKE WATANABE KAORI YANAGITA TAKESHI SUZUKI 42

TAKUYA USHIGOME HAJIME NAKAI NOZOMU MAEDA YUZO HIROKAWA TAKAHISA SHIGA KAZUYOSHI ~ OGAWA

RYO HARA MASAYASU MATSUO YOICHI MITSUI AKIRA KIMURA MASAHIRO TAKIGUCHI SHUJI

The Interaction Between Cancer-associated Fibroblasts and Cancer Cells Enhances Bcl-xL and Mcl- 2022

1 in Colorectal Cancer

Anticancer Research 1277 1288
DOl

10.21873/anticanres. 15594

Matsui Ryohei Sasano Hiroshi Azami Takafumi Yano Hisako Yoshikawa Hiromi Yamagishi Yota 32

Goshima Takahiro Miyazaki Yuka Imai Kazunori Tsubouchi Marechika Matsuo Yoichi Takiguchi

Shuji Hattori Tomonori

Effectiveness of a novel semi- closed barrier device with a personalized exhaust in cough 2022

aerosol simulation according to particle counts and visualization of particles

Indoor Air

DOl
10.1111/ina.12988




Nakai Nozomu Hara Masayasu Takahashi Hiroki Shiga Kazuyoshi Hirokawa Takahisa Maeda Yuzo 47

Yanagita Takeshi Ando Nanako Takasu Korehito Suzuki Takuya Maeda Anri Ogawa Ryo Matsuo

Yoichi Takiguchi Shuji

Cancer cell-induced tissue inhibitor of metalloproteinase?l secretion by cancer-associated 2022

fibroblasts promotes cancer cell migration

Oncology Reports -
DOl

10.3892/0r.2022.8323

Suzuki Takuya Hirokawa Takahisa Maeda Anri Harata Shinnosuke Watanabe Kaori Yanagita 47

Takeshi Ushigome Hajime Nakai Nozomi Maeda Yuzo Shiga Kazuyoshi Ogawa Ryo Mitsui Akira

Kimura Masahiro Matsuo Yoichi Takahashi Hiroki Takiguchi Shuji

ATR inhibitor AZD6738 increases the sensitivity of colorectal cancer cells to 5-fluorouracil by 2022

inhibiting repair of DNA damage

Oncology Reports -
DOl

10.3892/0r.2022.8289

Ueda Goro Matsuo Yoichi Murase Hiromichi Aoyama Yoshinaga Kato Tomokatsu Omi Kan Hayashi 47

Yuichi Imafuji Hiroyuki Saito Kenta Tsuboi Ken Morimoto Mamoru Ogawa Ryo Takahashi

Hiroki Mitsui Akira Kimura Masahiro Takiguchi Shuji

10Z-Hymenialdisine inhibits angiogenesis by suppressing NF-k B activation in pancreatic cancer 2022

cell lines

Oncology Reports -
DOl

10.3892/0r.2022.8259

Aoyama Yoshinaga Naiki-Ito Aya Xiaochen Kuang Komura Masayuki Kato Hiroyuki Nagayasu 14

Yuko Inaguma Shingo Tsuda Hiroyuki Tomita Mamoru Matsuo Yoichi Takiguchi Shuji Takahashi

Satoru

Lactoferrin Prevents Hepatic Injury and Fibrosis via the Inhibition of NF-k B Signaling in a 2021

Rat Non-Alcoholic Steatohepatitis Model

Nutrients 42 42
DOl

10.3390/nu14010042




Kato Hiroyuki Naiki-Ito Aya Suzuki Shugo Inaguma Shingo Komura Masayuki Nakao Kenju Naiki 42

Taku Kachi Kenta Kato Akihisa Matsuo Yoichi Takahashi Satoru

DPYD, down-regulated by the potentially chemopreventive agent luteolin, interacts with STAT3 in 2021

pancreatic cancer

Carcinogenesis 940 950
DOl

10.1093/carcin/bgab017

Nakaya Seiichi Ogawa Ryo Hayakawa Shunsuke Fujihata Shiro Okubo Tomotaka Sagawa Hiroyuki 19

Tanaka Tatsuya Takahashi Hiroki Matsuo Yoichi Takiguchi Shuji

Serum 1gG level is a predicting factor for the response to neoadjuvant chemotherapy in patients 2021

with esophageal squamous cell carcinoma

World Journal of Surgical Oncology -
DOl

10.1186/s12957-021-02290-7

Omi Kan Matsuo Yoichi Ueda Goro Aoyama Yoshinaga Kato Tomokatsu Hayashi Yuichi Imafuji 45

Hiroyuki Saito Kenta Tsuboi Ken Morimoto Mamoru Ogawa Ryo Takahashi Hiroki Takiguchi

Shuji

Escin inhibits angiogenesis by suppressing interleukin-8 and vascular endothelial growth factor 2021

production by blocking nuclear factor-k B activation in pancreatic cancer cell lines

Oncology Reports -
DOl

10.3892/0r.2021.8006

Saito Kenta Matsuo Yoichi Ueda Goro Omi Kan Hayashi Yuichi Imafuji Hiroyuki Tsuboi Ken 21

Morimoto Mamoru Ogawa Ryo Takahashi Hiroki Naitoh Itaru Hayashi Kazuki Kataoka Hiromi

Takiguchi Shuji

A hybrid approach for chronic pancreatitis: combination of laparoscopic assisted distal 2021

pancreatectomy and open Frey procedure

BMC Surgery

DOl
10.1186/s12893-021-01096-4




22 0 3

Integrin-linked kinase ILK

123

2023

ZKSCAN3

123

2023

123

2023

Integrin-linked kinase(lILK)

27

2023




ZKSCAN3

82

2023

CXCR4

34

2023

Yoichi MATSUO Saburo SUGITA, Yuki EGUCHI, Yuki DENDA, Keisuke NONOYAMA, Hiromichi MURASE, Tomokatsu KATO, Hiroyuki IMAFUJI,
Kenta SAITO, Tomoya SHAMOTO, Ken TSUBOI, Mamoru MORIMOTO, Ryo OGAWA, Hiroki TAKAHASHI, Akira MITSUI, Masahiro KIMURA, Shuji
TAKIGUCHI

Development of novel therapeutic agents for pancreatic cancer from the perspective of precision medicine and cancer stem
cell markers

Korean Society of Medical Oncology

2023

122

2022




Elucidation of the carcinogenic mechanism of chronic pancreatitis from the viewpoint of interaction with stroma

26

2022

Nutrition therapy for pancreatic disease:expectations for zinc administration therapy

26

2022

60

2022

33

2022




109

2022

Protein Kinase D PKD

32

2021

29

2021

51

2021




K-ras

51

2021

Development of a novel therapeutic agent against pancreatic cancer angiogenesis targeting NF-k B

32

2021

23

2021

Protein Kinase D

42

2021




30

2021

52

2021

(Tsuboi Ken)

(80592500) (23903)
(Imafuji Hiroyuki)

(80790641) (23903)
(Hayashi Yuichi)

(60811726) (23903)







