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Induction of predisposition to squamous cell carcinogenesis in esophagus by
genome editing of metabolic enzymes
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This study attempted to generate cellular and mouse models susceptible to
esophageal squamous cell (ESC) carcinogenesis by genome editing of glycogen synthase (GS) and GS
kinase (GSK)3pB , both regulating glycogen metabolism, based on the hypothesis that intracellular
glycogen depletion is the critical selective pressure for cellular transformation and malignant
evolution in ESC carcinogenesis. By genome editing technologies including CRISPR-Cas9, we could
deplete GS or transduce the constitutively active mutant of GSK3B in patient-derived normal ESCs
and C57BL/6 mouse esophageal squamous mucosa. Long term observations for changes in glycogen
metabolism and preneoplastic phenotypes in these genome-edited human ESCs and mouse model
established in the term of this research project are necessary to clarify an induction of
susceptibility to ESC carcinogenesis.



90%

1-3)

ESCC

esophageal squamous cell carcinoma: ESCC

aldehyde dehydrogenase ALDH 2
5-9)

10)

narrow band imaging

1-3) Warburg
11-13)
1 2 C57BL/6 CRISPR-Cas9 clustered
regularly interspaced short palindromic repeats-CRI SPR-associated proteins 9 4
GS GS GS 38 GSK3p
GSK3p=F dysplasia
3 ESCC 4 GS GSK3B
ESCC
GS GSK3p
TYNEK-3 15) GS RNA gRNA Cas9
CRISPR-Cas9 GS
GSK3B 9
GSK 33SF
GS
GS 16) «—3 5— «—3
C57BL/6 GS-loxP GSHoxP . I ’ I I I ’ [_
K5-Cre 17 GS-loxP I 0 E I H | 4
° e
1 15 2 eswt X2 IE
5—> «—3
dysplasia Grels Ko:a1e Keratin 5 promoter H Cre Ii
re
WT
GS - "
1. BIEFRETIREED OO Z BIEFDTHFAUE. EIE
FRBHDE-HDTSAY—ETE.
ESCC
TYNEK-3 ESCC TE-5 TE-8 TE-10 GS
GSK3p 641 S pGS™1  GSK3p
pGSKBBYZlG
46
GS GSK3p
CRISPR-Cas9 GS RNA
GSK 3B 9 GSK3pF
TYNEK-3 TYNEK-3
GS GSK3pSF



TYNEK-3

TYNEK-5 GS GSK3pSF
GS
C57BL/6 GS GS-loxP - -+ - - H+
K5 promoter-Cre K5-Cre M
GS-loxP GS-loxP-Jm - - N - 458bp
GS . — 271bp
GS GS-loxP /Cre

GS-loxP /

M2 EEFREIVADEGFREMER. F6L—
GS [LGSREREY VAT, HIL—VFZTOHEI IR,
M:DNAH A XX —H—

ESCC
TYNEK-3 ESCC TE-5 TE-8 TE-10
GS ESCC GSK3p
PGSK3BY26  GSK3B GS PGS
ESCC
GSK3p PGSK3pY216  pGSsHHL

1) Rustgi AK, El-Serag HB. Esophageal carcinoma. N Engl J Med. 2014:371:2499-5009.

2) Ohashi S, Miyamoto S, Kikuchi O, Goto T, AmanumaY, Muto M. Recent advances from basic and
clinical studies of esophageal squamous cell carcinoma. Gastroenterology 2015;149:1700-15.

3) Lagergren J, Smyth E, Cunningham D, Lagergren P. Oesophageal cancer. Lancet 2017;390:2383-96.

4) Mizumoto A, Ohashi S, Hirohashi K, Amanuma, Matsuda T, Muto M. Molecular mechanisms of
acetaldehyde-mediated carcinogenesis in squamous epithelium. Int J Mol Sci 2017;18:pii E1943.

5) Song YM, Li L, Ou YW, Gao ZB, Li EM, Chun X, Zhang WM, Wang JQ, Xu LY, ZhouY, Ma XJ,
Liu LY, Zhao ZT, Huang XL, Fan J, Dong LJ, Chen G, MaLly, Yang J, Chen LY, He MH, Li M,
Zhuang XH, Huang K, Qiu KL, Yin GL, Guo GW, Feng Q, Chen PS, Wu ZY, Wu JY, Mal, Zhao JY,
Luo LH, FuM, XuBN, Chen B, Li YR, Tong T, Wang MR, Liu ZH, Lin DX, Zhang XQ, Yang HM,
Wang J, Zhan QM. Identification of genomic alterations in oesophageal squamous cell cancer.
Nature 2014;509:91-5.

6) Hao JJ, Lin DC, Dinh HQ, Mayakonda A, Jiang Y'Y, Chang C, Jiang Y, Lu CC, Shi ZZ, Xu X, Zhang
Y, Cai Y, Wang JW, Zhan QM, Wei WQ, Berman BP, Wang MR, Koeffler HP. Spatial intratumoral
heterogeneity and temporal clonal evolution in esophageal squamous cell carcinoma. Nat Genet
2014;46:467-73.

7) Gao YB, Chen ZL, Li JG Hu XD, Shi XJ, Sun ZM, Zhang F, Zhao ZR, Li ZT, Liu ZY, Zhao YD,
Sun J, Zhou CC, Yao R, Wang SY, Wang P, Sun N, Zhang BH, Dong JS, Yu Y, Luo M, Feng XL, Shi
SS, Zhou F, Tan FW, Qiu B, Li N, Shao K, Zhang LJ, Zhang LJ, Xue Q, Gao SG, He J. Genetic
landscape of esophageal squamous cell carcinoma. Nat Genet 2014;46:1097-102.

8) Hu N, Kadota M, Liu H, Abnet CC, Su H, Wu H, Freedman ND, Yang HH, Wang C, Yan C, Wang L,
Gere S, Hutchinson A, Song G, Wang Y, Ding T, Qiao YL, Koshiol J, Dawsey SM, Giffen C,
Goldstein AM, Taylor PR, Le MP. Genomic landscape of somatic aterationsin esophageal
squamous cell carcinoma and gastric cancer. Cancer Res 2016;76:1714-23.

9) Sawada G, NiidaA, Uchi R, HirataH, Shimamura T, Suzuki Y, Shiraishi Y, ChibaK, Imoto S,
Takahashi Y, lwayaT, Sudo T, Hayashi T, Takai H, Kawasaki Y, Matsukawa T, Eguchi H, Sugimachi
K, Tanaka F, Suzuki H, Yamamoto K, Ishii H, Shimizu M, Yamazaki H, Yamazaki M, Tachimori Y,
KajiyamaY, Natsugoe S, FujitaH, Mafune K, Tanaka Y, Kelsell DR, Scott CA, Tsuji S, Yachida S,
Shibata T, Sugano S, Doki Y, Akiyama T, Aburatani H, Ogawa S, Miyano S, Mori M, Mimori K.
Genomic landscape of esophageal squamous cell carcinoma in a Japanese popul ation.
Gastroenterology 2016;150:1171-82.

10) Tétreault MP. Esophageal cancer: insights from mouse models. Cancer Growth Metastasis 2015;8:



37-46.

11) Vander Heiden MG, Cantley L C, Thompson CB. Understanding the Warburg effect: the metabolic
requirements of cell proliferation. Science 2009;324:1029-33.

12) FerreiraLMR, Hebrant A, Dumont JE. Metabolic reprogramming of the tumor. Oncogene 2012;31:
3999-4011.

13) Cantor JR, Sabatini DM. Cancer cell metabolism: one hallmark, many faces. Cancer Discov 2012;2:
881-98.

14) Sanchez-Rivera FJ, Jacks T. Applications of the CRISPR-Cas9 system in cancer biology. Nat Rev
Cancer 2015;15:387-95.

15) Okumura T, Shimada Y, Imamura M, Yasumoto S. Neurotrophin receptor p75(NTR) characterizes
human esophageal keratinocyte stem cellsin vitro. Oncogene 2003;22:4017-26.

16) Pederson BA, Chen H, Schroeder JM, Shou W, DePaoli-Roach AA, Roach PJ. Abnormal cardiac
development in the absence of heart glycogen. Mol Cell Biol 2004;24:7179-87.

17) Tarutani M, Itami S, Okabe M, Ikawa M, Tezuka T, Y oshikawa K, Kinoshita T, Takeda J.
Tissue-specific knockout of the mouse Pig-a gene revealsimportant roles for GPI-anchored proteins
in skin development Proc Natl Acad Sci USA 1997;94:7400-5.



Abe Kensaku Yamamoto Norio Domoto Takahiro Bolidong Dilireba Hayashi Katsuhiro Takeuchi 111

Akihiko Miwa Shinji Ilgarashi Kentaro Inatani Hiroyuki Aoki Yu Higuchi Takashi Taniguchi

Yuta Yonezawa Hirotaka Araki Yoshihiro Aiba Hisaki Minamoto Toshinari Tsuchiya Hiroyuki

Glycogen synthase kinase 33 as a potential therapeutic target in synovial sarcoma and 2019

fibrosarcoma

Cancer Science 429 440
DOl

10.1111/cas. 14271

Kitabayashi Tomohiro Dong Yu Furuta Takuya Sabit Hemragul Jiapaer Shabierjiang Zhang 9

Jiakang Zhang Guangtao Hayashi Yasuhiko Kobayashi Masahiko Domoto Takahiro Minamoto

Toshinari Hirao Atsushi Nakada Mitsutoshi

Identification of GSK3B inhibitor kenpaullone as a temozolomide enhancer against glioblastoma 2019

Scientific Reports 10049
DOl

10.1038/s41598-019-46454-8

Dewi FRP, et al. 9

Colorectal cancer cells require glycogen synthase kinase-3(3 for sustaining mitosis via 2018

translocated promotor region (Tpr)-dynein interaction

13337-13352

DOl
10.18632/oncotarget.24344

12 0 3

GSK3p

78

2019




GSK3p

78

2019

glycogen synthase kinase (GSK)-3p

78

2019

GSK3p

28

2019

GSK3p

28

2019




Kensaku Abe, Norio Yamamoto, Takahiro Domoto, Katsuhiro Hayashi, Akihiko Takeuchi, Shinji Miwa, Kentaro lgarashi, Takashi
Higuchi, Yuta Taniguchi, Hirotaka Yonezawa, Yoshihiro Araki, Toshinari Minamoto, Hiroyuki Tsuchiya.

Glycogen synthase kinase-33 1is a new therapeutic target in soft tissue sarcoma: a basic research.

American Academy of Orthopaedic Surgeons (AAOS) Annual Meeting 2019

2019

GSK3p

29

2019

GSK3p

104

2018

Miyashita T, Minamoto T, et al.

Inhibitor of GSK3(3 impedes the development of reflux-induced esophageal cancer in a surgical rat model

Digestive Disease Week (DDW) 2018

2018




GSK3p

77

2018

(DAIKOKU Takiko)

(30767249) (13301)
(DOMOTO Takahiro)

(OKUMURA  Tomoyuki)

(10533523) (13201)
(SOGA Tomoyoshi)

(60338217) (32612)




(MIYASHITA Tomoharu)

(30397210) (13301)
(SAWADA Takeshi)
(60345626) (13301)




