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Exploring the mechanism of resistance acquisition to anti-cancer drugs and its
prevention in sarcoma
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3,200,000

Drug-resistant cell lines were generated using various bone and soft-tissue
tumor cell lines. Among them, we successfully established multiple drug-resistant bone and soft
tissue tumor cell lines by repeated administration of drugs to cell lines such as a liposarcoma cell

line and a malignant peripheral nerve sheath tumor cell line. Using the established drug-resistant
bone and soft tissue tumor-derived cell lines, we performed comprehensive gene and protein
expression analysis of genes and proteins involved in drug resistance in the cell lines before and
after the acquisition of drug resistance, respectively. We also conducted exploratory studies on the
mechanisms of drug action and novel therapeutic targets for giant cell tumor of bone, for which

denosumab is being applied to clinical practice as a novel therapeutic agent and for chondrosarcoma,
for which no effective drug therapy exists.



PALETTE

(van der Graaf WT, et al. Lancet 2012, Endo M, et al. Lancet 2012)



RNA

RNA

RNA

CIC (Oyama R, Endo M, et al.
Sci Rep. 2017)

MDR1 Class Il B -tubulin
Class 111 B -tubulin

(Yahiro K, Endo M, et al. Analytical Cellular
Pathology, 2018)
(Kito F, Endo M,
et al. Human Cell. 2020)
(Kobayashi E,
Endo M, et al. Jpn J Clin Oncol. 49(10):938-946, 2019., Nio K, Endo M, et al. Int J
Surgery Oncol., 2020., Endo M, et al. Cancer Med., 2020., Tsuchihashi K, Endo M, et
al. Sci Rep. 2020)
/ (NLR) / (PLR)

(Shimada E, Endo M, et al. J Clin Med., 2021., Kim Y, Endo M, et al.
Oncol Lett., 2021)

(0da Y, Endo M, et al. BMC Cancer,



2022)

1DH1
DS-1001b
IDH

al. J Bone Oncol., 2022

kinase C zeta (PRKCZ)
PRKCZ

Shimada E, Endo M, et al.

TPS3

B_

H3K27 trimethylation
Ishihara S, Endo M, et al. Mod Pathol. 2021 B

Kimura A, Endo M, et al.Sci Rep. 2022

Nakagawa M, Endo M, et al. Oncogene, 2019

2-

2-HG IDH
Nakagawa M, Endo M, et

Nakagawa M, Endo M, et al. J Clin Med., 2022

ATM/CHK2

Br J Cancer, 2022

DNA

protein



38 38 1 11

Shimada Eijiro Endo Makoto Matsumoto Yoshihiro Tsuchihashi Kenji Ito Mamoru Nabeshima 10

Akira Nawata Tomoya Maekawa Akira Matsunobu Tomoya Setsu Nokitaka Fujiwara Toshifumi lida

Keiichiro Oda Yoshinao Iwamoto Yukihide Akashi Koichi Baba Eishi Nakashima Yasuharu

Does the Use of Peripheral Immune-Related Markers Indicate Whether to Administer Pazopanib, 2021

Trabectedin, or Eribulin to Advanced Soft Tissue Sarcoma Patients?

Journal of Clinical Medicine 4972 4972
DOl

10.3390/jcm10214972

Oda Yoshinao Tanaka Kazuhiro Hirose Takanori Hasegawa Tadashi Hiruta Nobuyuki Hisaoka 22

Masanori Yoshimoto Masato Otsuka Hiroshi Bekki Hirofumi Ishii Takeaki Endo Makoto

Mizusawa Junki Fukuda Haruhiko Ozaki Toshifumi Iwamoto Yukihide Nojima Takayuki

Standardization of evaluation method and prognostic significance of histological response to 2022

preoperative chemotherapy in high-grade non-round cell soft tissue sarcomas

BMC Cancer 94
DOl

10.1186/s12885-022-09195-y

Kim Youngji Kobayashi Eisuke Suehara Yoshiyuki Ito Ayumu Kubota Daisuke Tanzawa 21

Yoshikazu Endo Makoto Nakatani Fumihiko Nakatsura Tetsuya Kawal Akira Kaneko Kazuo Kitano

Shigehisa

Immunological status of peripheral blood is associated with prognosis in patients with bone and 2021

soft-tissue sarcoma

Oncology Letters 212

DOl
10.3892/01.2021.12473




Shimada Eijiro Matsumoto Yoshihiro Nakagawa Makoto Susuki Yosuke Endo Makoto Setsu 126

Nokitaka Fujiwara Toshifumi lida Keiichiro Nabeshima Akira Yahiro Kenichiro Kimura

Atsushi Hirose Takeshi Kanahori Masaya Oyama Ryunosuke Oda Yoshinao Nakashima Yasuharu

Methylation-mediated silencing of protein kinase C zeta induces apoptosis avoidance through 2022

ATM/CHK2 inactivation in dedifferentiated chondrosarcoma

British Journal of Cancer 1289 1300
DOl

10.1038/s41416-021-01695-1

Negishi Takahito Matsunobu Akira Endo Makoto Yokoyama Ryouhei Kusano Shuhei Furubayashi 100

Nobuki Taguchi Kenichi Shioyama Yoshiyuki lida Keiichiro Fujiwara Toshifumi Setsu

Nokitaka Matsumoto Yoshihiro Nakashima Yasuharu Kohashi Kenichi Yamamoto Hidetaka Oda

Yoshinao Nakamura Motonobu

An Analysis of 20 Cases of Radiation-Associated Sarcoma, Including 4 Cases Treated by Carbon 2021

lon Radiotherapy

Oncology 148 154
DOl

10.1159/000521504

Ishihara Shin Yamamoto Hidetaka lIwasaki Takeshi Toda Yu Yamamoto Takeo Yoshimoto Masato 35

Ito Yoshihiro Susuki Yousuke Kawaguchi Kengo Kinoshita lzumi Yamada Yuichi Kohashi

Kenichi Fujiwara Toshifumi Setsu Nokitaka Endo Makoto Matsumoto Yoshihiro Kakuda Yuko

Nakashima Yasuharu Oda Yoshinao

Histological and immunohistochemical features and genetic alterations in the malignant 2021

progression of giant cell tumor of bone: a possible association with TP53 mutation and loss of

H3K27 trimethylation

Modern Pathology 640 648
DOl

10.1038/s41379-021-00972-x

Toda Yu Yamada Yuichi Kohashi Kenichi Ishihara Shin Ito Yoshihiro Susuki Yosuke Kawaguchi 228

Kengo Kinoshita lzumi Kiyozawa Daisuke Mori Taro Kuboyama Yusuke Tateishi Yuki Yamamoto

Hidetaka Fujiwara Toshifumi Setsu Nokitaka Endo Makoto Matsumoto Yoshihiro Nakashima

Yasuharu Mawatari Masaaki Oda Yoshinao

Prognostic implication of desmoplastic stroma in synovial sarcoma: A histological review 2021

Pathology - Research and Practice

153668 153668

DOl
10.1016/j .prp.2021.153668




Nakagawa Makoto Sekimizu Masaya Endo Makoto Kobayashi Eisuke Iwata Shintaro Fukushima 2021

Suguru Yoshida Akihiko Kitabayashi Issay Ichikawa Hitoshi Kawai Akira Nakatani Fumihiko

Prognostic impact of IDH mutations in chondrosarcoma 2021

Journal of Orthopaedic Science
DOl

10.1016/j . jos.2021.07.024

Ito Yoshihiro Kohashi Kenichi Endo Makoto Yoshimoto Masato Ishihara Shin Toda Yu Susuki 479

Yosuke Kawaguchi Kengo Furukawa Hiroshi Tateishi Yuki Yamada Yuichi Kinoshita lzumi Mori

Taro Yamamoto Hidetaka Nakashima Yasuharu Oda Yoshinao

Clinicopathological and prognostic significance of H3K27 methylation status in malignant 2021

peripheral nerve sheath tumor: correlation with skeletal muscle differentiation

Virchows Archiv 1233 1244
DOl

10.1007/s00428-021-03189-0

Shimada Eijiro Matsumoto Yoshihiro Endo Makoto Setsu Nokitaka Fujiwara Toshifumi Yahiro 51

Kenichiro Kimura Atsushi Nakashima Yasuharu

Clinical benefits of vessel sealing system (LigaSure?) during surgery for soft tissue sarcoma: 2021

a propensity score matching analysis

Japanese Journal of Clinical Oncology 1242 1247
DOl

10.1093/j jco/hyab083

Ishihara Shin lIwasaki Takeshi Kohashi Kenichi Kawaguchi Kengo Kiyozawa Daisuke Mori Taro 147

Kinoshita lzumi Yamamoto Hidetaka Fujiwara Toshifumi Setsu Nokitaka Endo Makoto Matsumoto

Yoshihiro Nakashima Yasuharu Oda Yoshinao

The association between the expression of PD-L1 and CMTM6 in undifferentiated pleomorphic 2021

sarcoma

Journal of Cancer Research and Clinical Oncology 2003 2011

DOl
10.1007/s00432-021-03616-4




Chen Tom Wei- Wu Pang Angela Puhaindran Mark E. Maw Myo Myint Loong Herbert H. Sriuranpong 112

Virote Chang Chih- Chi Mingmalairak Siyamol Hirose Takeshi Endo Makoto Kawai Akira Farid

Mohamad Tan Sze Huey Goh Wei Lin Quek Richard Chan Jeffrey C. H. Leung Alex K. C. Ngan

Roger K. C.

The treatment landscape of advanced angiosarcoma in Asia?A multi- national collaboration from 2021

the Asian Sarcoma Consortium

Cancer Science 1095 1104
DOl

10.1111/cas.14793

Hirose Takeshi Ikegami Masachika Endo Makoto Matsumoto Yoshihiro Nakashima Yasuharu Mano 152

Hiroyuki Kohsaka Shinji

Extensive functional evaluation of exon 20 insertion mutations of EGFR 2021

Lung Cancer 135 142
DOl

10.1016/j - lungcan.2020.12.023

Kito Fumiko Oyama Rieko Noguchi Rei Hattori Emi Sakumoto Marimu Endo Makoto Kobayashi 33

Eisuke Yoshida Akihiko Kawai Akira Kondo Tadashi

Establishment and characterization of novel patient-derived extraskeletal osteosarcoma cell 2020

line NCC-ES0S1-C1

Human Cell 283 290
DOl

10.1007/s13577-019-00291-z

Yahiro Kenichiro Matsumoto Yoshihiro Yamada Hisakata Endo Makoto Setsu Nokitaka Fujiwara 69

Toshifumi Nakagawa Makoto Kimura Atsushi Shimada Eijiro Okada Seiji 0Oda Yoshinao

Nakashima Yasuharu

Activation of TLR4 signaling inhibits progression of osteosarcoma by stimulating CD8-positive 2020

cytotoxic lymphocytes

Cancer Immunology, Immunotherapy 745 758

DOl
10.1007/s00262-020-02508-9




Nio K, Tsuchihashi K, Taguchi K, Yoshihiro T, Yamaguchi K, Ito M, Moriyama S, Fukata M, 5

Fujiwara T, Setsu N, Endo M, Matsumoto Y, Nakashima Y, Wakasaki T, Yasumatsu R, Ariyama H,

Kusaba H, Kishimoto J, Akashi K, Baba E.

Exploratory retrospective study of risk factors for thromboembolism 2020

treated with multi-kinase inhibitor pazopanib or lenvatinib

International Journal of Surgery: Oncology 89 89
DOl

10.1097/1J39.0000000000000089

Endo Makoto Takahashi Shunji Araki Nobuhito Sugiura Hideshi Ueda Takafumi Yonemoto 9

Tsukasa Takahashi Mitsuru Morioka Hideo Hiraga Hiroaki Hiruma Toru Kunisada Toshiyuki

Matsumine Akihiko Goda Kazato Kawai Akira

Time lapse analysis of tumor response in patients with soft tissue sarcoma treated with 2020

trabectedin: A pooled analysis of two phase Il clinical trials

Cancer Medicine 3656 3667
DOl

10.1002/cam4.2991

Nakayama Robert Hayakawa Keiko Kobayashi Eisuke Endo Makoto Asano Naofumi Yonemoto 478

Tsukasa Kawashima Hiroyuki Hamada Kenichiro Watanabe Itsuo Futani Hiroyuki Goto Takahiro

Nishida Yoshihiro Ozaki Toshifumi

What Factors Are Associated with Treatment Outcomes of Japanese Patients with Clear Cell 2020

Chondrosarcoma?

Clinical Orthopaedics & Related Research 2537 2547
DOl

10.1097/CORR.0000000000001266

Nakayama Robert Mori Tomoaki Okita Yusuke Shiraishi Yutaka Endo Makoto 20

A multidisciplinary approach to soft-tissue sarcoma of the extremities 2020

Expert Review of Anticancer Therapy 893 900

DOl
10.1080/14737140.2020.1814150




Ichigatani A, Hanada M, Kadota H, Yoshida S, Setsu N, Endo M, Matsumoto Y, Nakashima Y. 11

Appropriate Wound Closure after Malignant Soft Tissue Tumor Excision: Need for Flap Surgery in 2020

Recurrent Tumors.

Fukuoka Acta Med. 86-91
DOl

Fujiwara Toshifumi Ebihara Toshihiro Kitade Kazuki Setsu Nokitaka Endo Makoto lida 9

Keiichiro Matsumoto Yoshihiro Matsunobu Tomoya Oda Yoshinao Iwamoto Yukihide Nakashima

Yasuharu

Risk Factors of Periprosthetic Infection in Patients with Tumor Prostheses Following Resection 2020

for Musculoskeletal Tumor of the Lower Limb

Journal of Clinical Medicine 3133 3133

DOl
10.3390/jcm9103133

Outani Hidetatsu Kobayashi Eisuke Wasa Junji Saito Masato Takenaka Satoshi Hayakawa
Keiko Endo Makoto Takeuchi Akihiko Kobayashi Hiroshi Kito Munehisa Morii Takeshi Imanishi
Jungo Ueda Takafumi

Online ahead of print

Clinical Outcomes of Patients with Metastatic Solitary Fibrous Tumors: A Japanese 2020

Musculoskeletal Oncology Group (JMOG) Multiinstitutional Study

Annals of Surgical Oncology Online
DOl

10.1245/s10434-020-09306-8

Tsuchihashi K, Kusaba H, Yoshihiro T, Fujiwara T, Setsu N, Endo M, Matsumoto Y, Imajima T, 10

Shinohara Y, Ito M, Yamaga S, Tanoue K, Arimizu K, Ohmura H, Hanamura F, Yamaguchi K, Isobe T,

Ariyama H, Nakashima Y, Akashi K, Baba E.

Eribulin as a first-line treatment for soft tissue sarcoma patients with contraindications for 2020

doxorubicin

Scientific Reports Online

DOl
10.1038/s41598-020-77898-y




Kito F, Oyama R, Noguchi R, hattori E, Sakumoto M, Endo M, Kobayashi E, Yoshida A, Kawai A, 33

Kondo T.

Establishment and characterization of novel patient-derived extraskeletal osteosarcoma cell 2020

line NCC-ESOS-C1.

Human Cell 283
DOl

10.1007/s13577-019-00291-z.

Yahiro Kenichiro Matsumoto Yoshihiro Fukushi Jun-ichi Kawaguchi Ken-ichi Endo Makoto Setsu 2018

Nokitaka Ilda Keiichiro Fukushima Suguru Nakagawa Makoto Kimura Atsushi Oda Yoshinao

Nakashima Yasuharu

Class 111 B -Tubulin Overexpression Induces Chemoresistance to Eribulin in a Leiomyosarcoma 2018

Cell Line

Analytical Cellular Pathology 1 11
DOl

10.1155/2018/8987568

Kito Munehisa Ae Keisuke Okamoto Masanori Endo Makoto Ikuta Kunihiro Takeuchi Akihiko 15

Yasuda Naohiro Yasuda Taketoshi Imura Yoshinori Morii Takeshi Kikuta Kazutaka Kawamoto

Teruya Nezu Yutaka Baba Ichiro Ohshika Shusa Uehara Takeshi Ueda Takafumi Takahashi Jun

Kawano Hirotaka

Clinical Outcome of Low-Grade Myofibroblastic Sarcoma in Japan: A Multicenter Study from the 2023

Japanese Musculoskeletal Oncology Group

Cancers 2314 2314
DOl

10.3390/cancers15082314

Hanada M. Kadota H. Fujiwara T. Setsu N. Endo M. Matsumoto Y. Nakashima Y. 43

Immediate sciatic nerve reconstruction using an ipsilateral common peroneal nerve graft at the 2023

time of sarcoma resection

Microsurgery Online
DOl

10.1002/micr.31034




Endo Makoto Kataoka T, Fujiwara T Tsukushi S Takahashi M Kobayashi E Yamada Y Tanaka T 23

Nezu Y Hiraga H Wasa J Nagano A Nakano K Nakayama R Hamada T Kawano M Torigoe T

Sakamoto A Asanuma K Morii T Machida R Sekino Y Fukuda H Oda Y Ozaki T Tanaka K

Protocol for the 2ND-STEP study, Japan Clinical Oncology Group study JCOG1802: a randomized 2023

phase 11 trial of second-line treatment for advanced soft tissue sarcoma comparing trabectedin,

eribulin and pazopanib

BMC Cancer Online
DOl

10.1186/s12885-023-10693-w

Toda Yu Yamamoto Hidetaka Iwasaki Takeshi Ishihara Shin Ito Yoshihiro Susuki Yosuke 241

Kawaguchi Kengo Kinoshita lzumi Kiyozawa Daisuke Yamada Yuichi Kohashi Kenichi Kimura

Atsushi Fujiwara Toshifumi Setsu Nokitaka Endo Makoto Matsumoto Yoshihiro Nakashima

Yasuharu Mawatari Masaaki Oda Yoshinao

Expression of SATB2, RUNX2, and SOX9 and possible osteoblastic and chondroblastic 2023

differentiation in chondroblastoma

Pathology - Research and Practice 154239 154239
DOl

10.1016/j .prp.2022.154239

Kokubu Yasuhiko Fujiwara Toshifumi Nakagawa Koh Setsu Nokitaka Endo Makoto Fukushi Jun- 15

Ichi Matsumoto Yoshihiro Nakashima Yasuharu

Postoperative clinical and functional outcomes in patients with tumor and tumor-like lesion of 2022

foot and ankle

Journal of Foot and Ankle Research Online
DOl

10.1186/s13047-022-00582-2

Araki Yoshihiro Yamamoto Norio Tanzawa Yoshikazu Higashi Takahiro Kuchiba Aya Hayashi 12

Katsuhiro Takeuchi Akihiko Miwa Shinji Ilgarashi Kentaro Endo Makoto Kobayashi Eisuke

Tsuchiya Hiroyuki Kawal Akira

Family cancer history and smoking habit associated with sarcoma in a Japanese population study 2022

Scientific Reports Online

DOl
10.1038/s41598-022-21500-0




Kimura Atsushi Toda Yu Matsumoto Yoshihiro Yamamoto Hidetaka Yahiro Kenichiro Shimada 12

Eijiro Kanahori Masaya Oyama Ryunosuke Fukushima Suguru Nakagawa Makoto Setsu Nokitaka

Endo Makoto Fujiwara Toshifumi Matsunobu Tomoya Oda Yoshinao Nakashima Yasuharu

Nuclear (3 -catenin translocation plays a key role in osteoblast differentiation of giant cell 2022

tumor of bone

Scientific Reports Online
DOl

10.1038/s41598-022-17728-5

Ishihara Shin lwasaki Takeshi Kohashi Kenichi Kawaguchi Kengo Toda Yu Fujiwara Toshifumi 149

Setsu Nokitaka Endo Makoto Matsumoto Yoshihiro Nakashima Yasuharu Oda Yoshinao

Clinical significance of signal regulatory protein alpha and T cell immunoreceptor with 2022

immunoglobuliin and immunoreceptor tyrosine-based inhibition motif domain expression in

undifferentiated pleomorphic sarcoma

Journal of Cancer Research and Clinical Oncology 2425 2436
DOl

10.1007/s00432-022-04078-y

Oyama Ryunosuke Setsu Nokitaka Matsumoto Yoshihiro Endo Makoto Fujiwara Toshifumi lida 52

Keiichiro Nabeshima Akira Nakashima Yasuharu

Efficacy and safety of tranexamic acid in patients undergoing surgery for bone and soft tissue 2022

tumors: a propensity score matching analysis

Japanese Journal of Clinical Oncology 1029-1038
DOl

10.1093/jjco/hyac078

Nakagawa Makoto Endo Makoto Susuki Yosuke Yokoyama Nobuhiko Maekawa Akira Nabeshima 11

Akira [lida Keiichiro Fujiwara Toshifumi Setsu Nokitaka Matsunobu Tomoya Matsumoto

Yoshihiro Yokoyama Ryohei Yamada Yuichi Kohashi Kenichi Yamamoto Hidetaka Oda Yoshinao

Iwamoto Yukihide Nakashima Yasuharu

Clinical, Radiological, and Histopathological Characteristics of Periosteal Chondrosarcoma with 2022

a Focus on the Frequency of Medullary Invasion

Journal of Clinical Medicine 2062 2062

DOl
10.3390/jcm11072062




Nakagawa Makoto Yamaguchi Masayuki Endo Makoto Machida Yukino Hattori Ayuna Tanzawa
Fumie Tsutsumi Shinji Kitabayashi Issay Kawai Akira Nakatani Fumihiko

34

Clinical usefulness of 2-hydroxyglutarate as a biomarker in IDH-mutant chondrosarcoma

2022

Journal of Bone Oncology

100430 100430

DOl
10.1016/j . jbo.2022.100430

Nakagawa Makoto Sekimizu Masaya Endo Makoto Kobayashi Eisuke Iwata Shintaro Fukushima 27

Suguru Yoshida Akihiko Kitabayashi Issay Ichikawa Hitoshi Kawai Akira Nakatani Fumihiko

Prognostic impact of IDH mutations in chondrosarcoma 2022

Journal of Orthopaedic Science 1315 1322
DOl

10.1016/j . jos.2021.07.024

Nakagawa M Nakatani F Matsunaga H Seki T Endo M Ogawara Y Machida Y Katsumoto T 38

Yamagata K Hattori A Fujita S Aikawa Y Ishikawa T Soga T Kawai A Chuman H Yokoyama N

Fukushima S Yahiro K Kimura A Shimada E Hirose T Fujiwara T Setsu N Matsumoto Y Iwamoto

Y Nakashima Y Kitabayashi |

Selective inhibition of mutant IDH1 by DS-1001b ameliorates aberrant histone modifications and 2019

impairs tumor activity in chondrosarcoma

Oncogene 6835 6849
DOl

10.1038/s41388-019-0929-9

18 1 2

35

2020




eribulin

53

2020

RNAseq 81

53

2020

52

2019

pazopanib

52

2019




IDH

33

2018

C3H

LPS TLR4 LM8

51

2018

class 33

51

2018

IDH

51

2018




s s , , , Nielsen Torsten,

NY-ESO-1

135

2018

2018

Endo M, Yokoyama N Setsu N, Fujiwara T, Yahiro K, Kimura A, Shimada, E, Tsuchihashi K, Kusaba H, Oda Y, Nakashima Y,
Matsumoto Y.

Clinical outcome of eribulin in patients with advanced soft tissue sarcoma: a cohort study including non-L-sarcomas

Annual Meeting of Connective Tissue Oncology Society

2018

Eijiro Shimada, Makoto Endo, Yoshihiro Matsumoto, Toshifumi Fujiwara, Kelichiro lida, Akira Nabeshima, Makoto Nakagawa,
Yasuharu Nakashima

Effectiveness of peripheral blood immune-related markers in selecting novel therapeutic agents for advanced soft tissue
sarcoma

2022 Annual Meeting of Connective Tissue Oncology Society

2022




81

2022

TP53

H3K27me3

55

2022

DNA

55

2022

55

2022




95

2022




