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Development of patient-derived cancer on-a-chip devices for cancer immunotherapy

Torisawa, Yu-suke
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The aim of this study is to develop microdevices to maintain 3D tumor-like
tissue constructs. By mimicking the tumor microenvironment, we developed a vascularized
cancer-on-a-chip microdevice that allows a vascular network to be connected to a 3D cancer spheroid
so immune cells can be perfused through blood vessels. By combining with iPS cell technology, we
engineered vascular networks using HLA-knockout human iPSC-derived endothelial cells within
microfluidic devices. We demonstrated that T cells could be cultured within the engineered blood
vessels. This cancer-on-a-chip microdevice can be used to evaluate immune responses through a
vascular network to test anticancer effects of T cells. Furthermore, this device can be used to
culture tumor biopsies harvested from patients. Therefore, we have successfully developed a novel
platform to culture a 3D tumor-like tissue construct generated from a patient®s tumor biopsy, which
allows to test the effect of T cells for cancer immunotherapy.



CAR: chimeric antigen receptor T CAR-T

in vitro
3
3
T
HLA
HLA
T
T
CAR-T T
3
1
HUVEC

4
T
CAR-T
in vivo
T
3
3D 1
[1]
iPS
HLA T
iPS
3D

T

Glypican-3

[2] in vitro
3D
3
HAMEIR  Day'4
FITC-Dextran% ;&
LE 500 pm B—

1. BRI R M EEZHA 7-3DHAET IV



HUVEC

2
500 pm LF  HUVEC
-7 NCF-7
3 cancer-on-
a-chip 1 2 JHH-7 LF GFP-HUVEC
iPS
[3] MACS CD144+
iPS
HLA 2. /v A BIsRA~
m >
iPS HUVEC OMEFDEA
T
HUVEC 4 T
[4] HLA iPS
T
HLA T
T
JHH-7 LF HLA -
2
JHH-7 Glypican-3 CAR-T
CAR-T
24
CAR-T T
CAR-T T )
CAR-T
CAR-T
T
3 T
[2]
LF
HUVEC
3 2
CD31+ E-cadherin+
3
3 Patient-derived
cancer-on-a-chip T

HA SRR

- ° . 1 - R . :t
[K3. Patient-derived cancer-on-a-chip. FITC-Dextran% i

< > [1] E. Sano et al., Biomicrofluidics, 2018, 12, 042204. [2] J. Kondo et
al., Proc. Natl. Acad. Sci. USA, 2011, 108, 6235-6240. [3] C. Patsch et al., Mat.
Cell Biol., 2015, 17, 994-1003. [4] Y. Torisawa et al., [Impact, 2019, 2, 33-35,
(https://doi.org/10.21820/23987073.2019.2.33).



25 9 1 3

Torisawa Yu-suke Mishima Yuta Kaneko Shin 2019

Developing thymus-on-a-chip and cancer-on-a-chip for cancer immunotherapy 2019

Impact 33 35
DOl

https://doi.org/10.21820/23987073.2019.2.33

Sano Emi  Mori Chihiro Nashimoto Yuji Yokokawa Ryuji Kotera Hidetoshi Torisawa Yu-suke 12

Engineering of vascularized 3D cell constructs to model cellular interactions through a 2018

vascular network

Biomicrofluidics 042204-1 9
DOl

https://doi.org/10.1063/1.5027183

Sano Emi  Mori Chihiro Matsuoka Naoki Ozaki Yuka Yagi Keisuke Wada Aya Tashima Koichi 10

Yamasaki Shinsuke Tanabe Kana Yano Kayo Torisawa Yu-suke

Tetrafluoroethylene-Propylene Elastomer for Fabrication of Microfluidic Organs-on-Chips 2019

Resistant to Drug Absorption

Micromachines 793-1 13
DOl

10.3390/mi10110793

Sugimura Ryohichi Ohta Ryo Mori Chihiro Li Alina Mano Takafumi Sano Emi Kosugi Kaori 22

Nakahata Tatsutoshi Niwa Akira Saito Megumu K. Torisawa Yu-suke

Biomimetic aorta-gonad-mesonephros-on-a-chip to study human developmental hematopoiesis 2020

Biomedical Microdevices 34-1 6

DOl
10.1007/s10544-020-00488-2




Mammoto Tadanori Torisawa Yu-Suke Muyleart Megan Hendee Kathryn Anugwom Charles Gutterman 11

David Mammoto Akiko

Effects of age-dependent changes in cell size on endothelial cell proliferation and senescence 2019

through YAP1

Aging 7051 7069
DOl

10.18632/aging.102236

Torisawa Yu-suke 3

Engineering bone marrow-on-a-chip 2019

Microphysiological Systems 2-1 3
DOl

10.21037/mps.2019.02.01

Ueda Tatsuki Kumagai Ayako Iriguchi Shoichi Yasui Yutaka Miyasaka Tadayo Nakagoshi Kengo 111

Nakane Kazuki Saito Keigo Takahashi Mari Sasaki Aki Yoshida Shinsuke Takasu Naoko Seno

Hiroshi Uemura Yasushi Tamada Koji Nakatsura Tetsuya Kaneko Shin

Non-clinical efficacy, safety and stable clinical cell processing of induced pluripotent stem 2020

cell- derived anti-glypican- 3 chimeric antigen receptor- expressing natural killer/innate

lymphoid cells

Cancer Science 1478 1490
DOl

10.1111/cas. 14374

Shimomura Masanori lIwasaki Masashi Ishihara Shunta Inoue Masayoshi 2019

Volume-Based Consolidation-to-Tumor Ratio Is a Useful Predictor for Postoperative Upstaging in 2019

Stage | and 11 Lung Adenocarcinomas

The Thoracic and Cardiovascular Surgeon 1

DOl
10.1055/s-0039-1694061




Yoshimura Akihiro Yamada Tadaaki Miyagawa-Hayashino Aya Sonobe Yuta Imabayashi Tatsuya 137
Yamada Takahiro Okada Satoru Shimamoto Takayuki Chihara Yusuke Iwasaku Masahiro Kaneko
Yoshiko Uchino Junji Inoue Masayoshi Konishi Eiichi Takayama Koichi
Comparing three different anti-PD-L1 antibodies for immunohistochemical evaluation of small 2019
cell lung cancer
Lung Cancer 108 112
DOl
10.1016/j - lungcan.2019.09.012
Inoue Masayoshi Kusumoto Hidenori Shiono Hiroyuki Shintani Yasushi Ose Naoko Sakamaki 31
Yasushi Okami Jiro Higashiyama Masahiko Takeuchi Yukiyasu
Feasibility of postoperative adjuvant chemotherapy using carboplatin plus S-1 in completely 2019
resected non-small cell lung cancer patients
Journal of Chemotherapy 343 348
DOl
10.1080/1120009X.2019.1651002
7
Organ-on-a-chip 2018
Pharmstage 6 11
DOl
8
Organ-on-a-chip: 2017
349 356

DOl




76

Organ-on-a-chip 2017
390 395
DOI
3
Organ-on-a-chip 2018
7 12
DOI
138
Organ-on-a-chip 2019
59 67
DOI
34
Organ-on-a-chip 2019
Drug Delivery System 268 277

DOl




34

iPS 2019
BIO Clinica 30 35
DOI
38
2020
196 201
DOI
Iriguchi Shoichi Kaneko Shin 2048
In Vitro Differentiation of T Cells: From Human Embryonic Stem Cells and Induced Pluripotent 2019
Stem Cells
Methods in Molecular Biology 59 70
DOI
10.1007/978-1-4939-9728-2_6
Kawai Yohei Kaneko Shin 2048
Redifferentiation of Adaptive Na?ve-Like CTL from T-Cell-Derived iPSC 2019
71 75

Methods in Molecular Biology

DOl
10.1007/978-1-4939-9728-2_7




Yasui Yutaka Hitoshi Yasumichi Kaneko Shin 2048

In Vitro Differentiation of T Cell: From Human iPS Cells in Feeder-Free Condition 2019

Methods in Molecular Biology 77 80
DOI

10.1007/978-1-4939-9728-2_8

Minagawa Atsutaka Kaneko Shin 2048

Differentiating CD8a 3 T Cells from TCR-Transduced iPSCs for Cancer Immunotherapy 2019

Methods in Molecular Biology 81 84
DOI

10.1007/978-1-4939-9728-2_9

Ueda Tatsuki Kaneko Shin 2048

In Vitro Differentiation of T Cell: From CAR-Modified T-iPSC 2019

Methods in Molecular Biology 85 91
DOI

10.1007/978-1-4939-9728-2_10

Iriguchi Shoichi Kaneko Shin 2048

In Vitro Differentiation of T Cells: From Nonhuman Primate-Induced Pluripotent Stem Cells 2019

Methods in Molecular Biology 93 106

DOl
10.1007/978-1-4939-9728-2_11




Zhang Rong Kitayama Shuichi Liu Tianyi Ueda Norihiro Tokumitsu Yumi Mashima Hiroaki Ohdan 2048
Hideki Kaneko Shin Uemura Yasushi

In Vitro Detection of Cellular Adjuvant Properties of Human Invariant Natural Killer T Cells 2019
Methods in Molecular Biology 121 130
DOl

10.1007/978-1-4939-9728-2_13

27 18 11

Torisawa Yu-suke

Engineering of a vascularized 3D cell construct on-chip using human iPSC-derived cells

Microfluidic & Organ-on-a-Chip Asia 2019

2019

Torisawa Yu-suke

Development of 3D cell constructs with perfusable vascular networks generated from iPSC-derived endothelial cells

17th International Conference on Biomedical Engineering

2019

Torisawa Y, Mishima Y, Sano E, Waseda M, Takakubo H, Mori C, Iriguchi S, Kaneko S

Microfluidic Tissue Engineering of a 3D Vascularized Tissue-on-a-Chip using Human iPSC-derived Cells to Study Cancer
Immunotherapy

5th Tissue Engineering and Regenerative Medicine International Society World Congress

2018




Torisawa Y, Mishima Y, Sano E, Takakubo H, Mori C, Kaneko S

Engineering of a 3D Vascularized Tissue-on-a-Chip using Human iPSC-derived Cells

22nd International Conference on Miniaturized Systems for Chemistry and Life Sciences

2018

Kaneko Shin

Development of iPSC-based CAR-T cell immunotherapy

CiRA 2019 International Symposium -iPSCs Changing the Future of Science and Medicine

2019

Kaneko Shin

Regeneration of Antigen-specific Cytotoxic T cells with an iPSC Technology

1AAO 2019

2019

Yuta Mishima, Masazumi Waseda, Emi Sano, Shoichi Iriguchi, Yutaka Yasui, Shin Kaneko, Yu-suke Torisawa

Microfluidic Tissue Engineering of Perfusable 3D Vascular Networks on a Chip Using Human iPS Cells

International Society for Stem Cell Research 2017 Annual Meeting

2017




Torisawa Y, Mishima Y, Sano E, Mori C, Takakubo H, Kaneko S

Development of a 3D vascularized cancer-on-a-chip platform using hiPSC-derived endothelial cells

EMBS Micro and Nanotechnology in Medicine Conference

2018

Torisawa Yu-suke

Cell-generated niches for organ-on-a-chip microdevices

27th Hot Spring Harbor International Symposium “ Frontiers in Stem Cell Research and Reprogramming”

2017

Shimomura M Tsunezuka H Okada S |Ishihara S Ishikawa N lkebe S Furuya T Kameyama K Kitaoka S Shimada J Inoue M

Postoperative complications and long- term survival among octogenarians treated surgically for non-small cell lung cancer

20th World Congress on Lung Cancer

2019

Okada S Hattori A Matsunaga T Takamochi K Oh S [Inoue M Suzuki K

Prediction of visceral pleural invasion in c-NO non-small cell lung cancer

20th World Congress on Lung Cancer

2019




Engineering of Perfusable 3D Vascularized Tumor-on-a-Chip Using hiPSC-derived Endothelial cells

18

2019

Torisawa Yu-suke

Engineering of iPSC-based organs-on-chips to model intestinal function

34

2019

401 CBI

2019

Organ-on-chip

2019




Organ-on-chip

131 293

2019

Organ-on-a-chip

36

2017

Organ-on-a-chip

2017

NPO

2019




23

2019

2019

Single-Cell 2019 OSAKA

2019

LINK-J

2019




Enhancing T Cell Receptor Stability in Rejuvenated iPSC-Derived T Cells Improves Their Use in Cancer Immunotherapy

15

2019

10

2019

PD-L1

119

2019

Spread Through Air Spaces

36

2019




3

Torisawa Y 2019
Springer 20
Applications of Microfluidic Systems in Biology and Medicine
2019
12
2018

(Inoue Masayoshi)

(10379232) (24303)




(Kaneko Shin)

iPS

(40361331) (14301)
(Takayama Koichi)
(50274444) (24303)

iPS
(Mishima Yuta)
(80770263) (14301)




