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BAFFEST B IE 1998 FEITEAR 2O A TR SN T —BL T, ibdsni Azl
IS DERETR G5 1 MNP BB L ISR 2 R MRS DWW T, SRR E R IR 2 B B2 I BAfR S 5 05
[ THESEZ R TS, LT, TORCREZ RN A A DDA OIFRRERF I EHINIS 5
CEERRFIL TS, I EFnZ SeE (RITHERR) DB IR, RIGDS A D5y I B2 R PE TSR
ARRZFBEOHFFERREE L THEREL TS,

1. Wnt BEIZ B DB H LS F kR o Rt

Wnt & BE O RIERRE DS E A DN AL 7T N EFHET AL, ENAEMT 55 T/
HREREIZ DN T B-BT =0 Z2HUITHFZEL TG, ZHETIS, RIBAADIEE-E 5 R OfE
BB CIEVE(LEND B-I T =2 Zhilih e 320 AR DR B ERZ B 5L T T2, 20
IRINT, B-AT =V MR G FFE TS RNA ZEVIKF L L TH 4 23[R EL7Z CRD-BP (coding
region determinant-binding protein; Nature 2006) i ¢c-Myc <° IGF-11 ® mRNA ZEbo5 Blé
FHBAL, KIGSA DY EERREPIR I D53 RIS D 28 2 e 3 5 G R MG b7z Ga L
Y h) .

DBAINCBTD B-T1T7 = AEHEAIZDOWT, DS RO R o X F R R I L
5E A2 EMEORE R ZAOMCL TEZ. B-IT =2 O AT Wit R ETEMEA I 28
THDHN, TN RTEBEE R0 B-IT =V DHIIRE S 21T E k5 DAL S
PTIEARV Y. A% Richard Wong i DI ZE T, 43 F OB IELCHEHITHGE T D IEALE A K
[K7 (nucleoporins: Nups) & B-717 = OFEBLOBIE M, #H BAEHOBEMRIT ATV, B-I T =
ORI E R X I THERE T 5 Nup(s) DR R A dhd =, ZILETIZ, KRIBENAMIE TIIHHHE
D Nup 23 B-I7 =X Tcf7L2(Tcf-4) DENFHBATEH L THHIex R LT, D HEploKR
AR ASER 2 G2, 2D Nup DOIEBLANH & WAH B2 T R G H, B-IT =0 D%
B RTEL D LS FHT 2 BR AR LTz, ZORRBEIIKIGA A D Wit #REE D5 R B D BEfRE 212,
RIS o3 b7 E SRR AR A BLR DI FE~IS IS I FRF S 5.

2. glycogen synthase kinase (GSK) 3p FLEIZLDBAIRRIEDBHFE LG

RFLO Wit FREEBFFEOIEFRE T, KRG ANV TRBLETE M LEA LD glycogen synthase
kinase (GSK)3B M3[EA D4y F-FRIEATHEL T, NAKMINNODAELE, RIE(L, BEZ T2 L%
FERLU7= (¥ 2005-000133) . AEMAFHRESNEL 7, BN, GRIER RIS NE i
ERFEEHEL, ZO T AARENEH NFED ASCIB IR, B WIEZRE#HE, 03 A ThBlgSn,
NESES A AL i BE DIRABE S TR (BUAS AU, O IREUMEZ IR 59528 & R L7z, 2L C,
GSK3B BHEH DIR I DRF A 2GS R A ffE L~ L S B CIZEEL 7. GSK3B FH
1 2R 9 BRI 35, 5L s (repurposing/repositioning) S 1723 A R & DF 4 2 0 A TG
JE[RIBARE L (5 2010-185691, 4FE 2013-093072), [BZENE (AR B FBLA iR IR LD
Ao (BRERRFIEBE) 25t B &5 & il R ERIRIFSEIC L0 2 D22 VL UG 2h 5435
LTV (UMIN-CTR %% : UMIN000005111, UMIN000005095) .

BITE, GSK3B DIHEEM AN A DREFECA =7 70 —ITF HLTRFL TS, £L T,
D3 DIFIARHIZLREIEH (Warburg 208) 1236175 GSK3B DOEAEAEH 2R S FEY D
b, BERERINBIRICAIY S IRA LR ~ O 2 Ml AR 8 (2 GSK3B 3L T\
xR RMUT. £, KEEROME LD LE DA T OB AL ATRIRIZOWNT,
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ENESEYE IS S L SIS SE i QS T Ry =/ a e st ¥ (o 4 & K e o 1
ZRAG LT, ENREEARZE TM AE3BR U7 8RR 410, GSK3B il #HiE micro-RNA DELS
AHEICH TRAMBL TR LRI T 57 F 1o AT VTR D3 A TRIE SN R O AT,
cell-based ELISA (ZEDHHBLERIAZ ) —= 7 HAfF ORISR /221U T, GSK3B R A1
ET DA DIFEREMREI ARIIEBFE O BB AT 5.

3. TV =R T AT AEERNTT DDA - InRIE DB 7

RIGISA RSB, EISAERRE Y 22T 47« TV 2T 4y I IR FACIZ I E - il 5348
L, ZWr-1eRIIS T 2282 HREL TS, AT B (RTHEZER) OFRE T, K200
T E MR E R e A LR R B Ak T 5.

4. ENELE P AMBRERERIL ey =7

DD G- HfaL ~ DAL, RETEECDA BT T IV OFRENTINDAFHAL DR % SR
DR THIULL TILH T, DADEIRIZEATESD. EREIIRICIBOEE THS. 20
HAYT, {HALE D ABFZELRRIRNTZED HAF IR L L T, 2008 SE DA FEAFIAALT-. 2010 £
\ZZDOFFEZE B ZEFTE RS AR ISR L, BIEIZ B> TS, ZOMk- A A0
b LIZE N ORI L L RIBFIEIZEID, B RAASLKIGDAAZIITD Wit #8380 55 958 BRARHE
(Nature 2006, Cancer Res 2009)<°L bR, 74 A VA F-, RUNX3 728 axf R4 5
T RT A I EACDIRNTIZ LD FEM A, AT D551tk A 5222 L T 7= (Oncogene 2014,
Gastroenterology 2011, Clin Cancer Res 2010, Gastroenterology 2010) .

20144 12 A 05 B (&) SRS (F: Fits & IRERET) WF5E 2407 LHZEH ) B
RIS LV B (N« E), S (NE), T, FIE50% (L)
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AR TERT SR NSRS &’3(‘75) ’ ¥ CRD- BP Doy TR B R R L 700,000 [
TF7E (—#%) Jo5 BE DR A
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AR FERT LR IR T 6’3(\75) ’ HOFR BEEH OB L3 A TR IR SRR 500,000 [
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Minamoto T. Detection and characterization of oncogene mutations in preneoplastic
and early neoplastic lesions. Methods Mol Biol 1105: 381-98, 2014. doi: 10.1007/978-
1-62703-739-6_29.
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2.

Chikano Y, Domoto T, Furuta T, Sabit H, Kitano-Tamura A, Pyko IV, Takino T, Sai
Y, Hayashi Y, Sato H, Miyamoto Kl, Nakada M, Minamoto T. Glycogen synthase
kinase 3p sustains invasion of glioblastoma via the focal adhesion kinase, Racl and c-
Jun N-terminal kinase-mediated pathway. Mol Cancer Ther, in press. 2014 Dec 10.
doi: 10.1158/1535-7163.MCT-14-0479. [Epub ahead of print]

. Kurklu B, Whitehead RH, Ong EK, Minamoto T, Fox JG, Mann JR, Judd LM, Giraud

AS, Menheniott TR. Lineage-specific RUNX3 hypomethylation marks the pre-
neoplastic immune component of gastric cancer. Oncogene, in press. 2014 Aug 4. doi:
10. 1038/onc.2014.233. [Epub ahead of print]

. Yoshimoto T, Takino T, Li Z, Domoto T, Sato H. Vinculin negatively regulates

transcription of MT1-MMP through MEK/ERK pathway. Biochem Biophys Res
Commun 455 (3-4): 251-5, 2014. doi: 10.1016/j.bbrc.2014.10.154. Epub 2013 Nov 6.

. Oshima H, Ishikawa T, Yoshida GJ, Naoi K, Maeda Y, Naka K, Ju X, Yamada Y,

Minamoto T, Mukaida N, Saya H, Oshima M. TNF-o/TNFR1 signaling promotes
gastric tumorigenesis through induction of Noxol and Gnal4 in tumor cells. Oncogene
33 (29): 3820-9, 2014. doi: 10.1038/onc.2013.356. Epub 2013 Aug 26.

. Takino T, Yoshimoto T, Nakada M, Li Z, Domoto T, Kawashiri S, Sato H. Membrane-

type 1 matrix metalloproteinase regulates fibronectin assembly and N-cadherin
adhesion. Biochem Biophys Res Commun 450 (2): 1016-20, 2014. doi: 10.1016/j.bbrc.
2014.06.100. Epub 2014 Jun 26.
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Toshinari Minamoto. GSK3f in cancer metabolism. International Symposium on
Tumor Biology in Kanazawa (4R [E RN ALY T2 AR D L) & Symposium on Drug
Discovery in Academics, January 23rd~24th, 2014, Kanazawa Excel Hotel Tokyu,
Kanazawa, Japan.
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Takahiro Domoto, Mayumi Hirose, Kenjiro Kami, Tomoyoshi Soga, Hiroyasu Esumi,
Toshinari Minamoto. Inhibition of GSK3p rectifies aberrant glucose metabolism in
colon cancer cells. International Symposium on Tumor Biology in Kanazawa (<R[
BSIS AER) s AR Y 7 ) & Symposium on Drug Discovery in Academics, January
23~24™ 2014, Kanazawa Excel Hotel Tokyu, Kanazawa, Japan.

. Mayumi Hirose, Takahiro Domoto, Toshinari Minamoto. Therapeutic effect of the

cocktail of GSK3pB-inhibiting drugs. International Symposium on Tumor Biology in
Kanazawa (& R [E B A A 52 R Y w7 ) & Symposium on Drug Discovery in
Academics, January 23"~24", 2014, Kanazawa Excel Hotel Tokyu, Kanazawa, Japan.

. Takeo Shimasaki, Nobuhiko Ueda, Natsuko Kawada, Tomoe Nomura, Kaho Yamada,

Hideto Yamada, Ranji Hayashi, Kazuhiro Matsunaga, Tomoki Fukuyama, Toshimi
Otsuka, Masakatsu Nakamura, Nobuyuki Toshikuni, Hisakazu Shiroeda, Takeo
Kosaka, Naohisa Tomosugi, Toshinari Minamoto, Tomiyasu Arisawa. Phase | clinical
trial of the combination therapy using gemcitabine and GSK3p inhibiting drugs for
gemcitabine-resistant advanced pancreatic cancer patients. Digestive Disease Week
(DDW) 2014, May 3"~6™ 2014, McCormick Place Convention Center, Chicago,
Illinois, U. S. A.

. Shingo Shimozaki, Norio Yamamoto, Hideji Nishida, Hiroaki Kimura, Akihiko

Takeuchi, Takashi Kato, Yu Aoki, Takashi Higuchi, Toshinari Minamoto, Hiroyuki
Tsuchiya. Molecular targeted therapy for osteosarcoma using glycogen synthase
kinase-3 beta (GSK-3B) inhibitors. American Society of Clinical Oncology (ASCO)
Annual Meeting 2014, May 30"~June 3", 2014, McCormick Place, Chicago, llinois,
U.S. A.

. Akane Moyori, Akiko Kobayashi, Kayo Imamoto, Hidehito Tochio, Toshinari

Minamoto, Richard Wong. Diverse function of Rael in cell cycle. The 26th
International Conference of the Korean Society for Molecular and Cellular Biology,
October 215~23", 2014, Seoul, Korea.

. Takuya Furuta, Mitsutoshi Nakada, Hemuragul Sabit, Dong Yu, Katsuyoshi Miyashita,

Toshinari Minamoto, Yutaka Hayashi. GSK3p inhibitory drugs attenuate invasion of
glioblastoma cells. 19th Annual Scientific Meeting and Education Day of the Society
for Neuro-Oncology, November 13"~16", 2014; Loews Hotel South Beach, Miami,
Florida, U. S. A.

. Takeo Shimasaki, Naohisa Tomosugi, Toshinari Minamoto. Identification of the

GSK3pB-mediated secretory protein responsible for chemotherapy-induced epithelial-
mesenchymal transition (EMT) in pancreatic cancer cells. The 8" International
Conference of the International Society of Gastroenterological Carcinogenesis:
Symposium 4 “New Mechanisms of Cancer Metastasis and Invasion”, November
13"~14™ 2014, Hotel Nikko Fukuoka, Fukuoka, Japan.

. Yasuto Tomita, Seiko Miura, Jun Fujita, Emi Morioka, Daisuke Kaida, Toshio Oonishi,

Yukako Oono, Miki Noguchi, Hiroshi Funaki, Hideto Fujita, Shinichi Kinami,
Yasuharu Nakano, Nobuhiko Ueda, Takeo Kosaka, Toshinari Minamoto. Expression
and clinical relevance of CRD-BP in colorectal cancer. The 8" International
Conference of the International Society of Gastroenterological Carcinogenesis:
Symposium 2 “New Frontier in Cancer Genome Research”, November 13"~14" 2014,
Hotel Nikko Fukuoka, Fukuoka, Japan.
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ARG, BHED, M @KER, BN, ILATEZR, I Rk, KA OREREIZE
(7% GSK3B OFEREMRHT. 2 2 [ ALAGEHMIZESS, 2014 42 7 A 10 A~11 B, BB
RFFF v 7 A, HUL.

SIRETS, RS, EmINEE, FIRERE, AT, IR IR, AEA. GSK3B BLEE
HZEFFOEIROVR Y a= 7 XD TIEE O FRIGHEER%E. 56 12 (0] B ARG RNE
B S, 2014407 H 17 A~19 A, fEIAEERSZES, @,

Takahiro Domoto, Kenjiro Kami, Mayumi Hirose, Ilia V. Pyko, Tomoyoshi Soga,
Hiroyasu Esumi, Toshinari Minamoto. Involvement of GSK3[ in aberrant glucose
metabolism in colon cancer. (A E %, K EERKES, Bl ED 2, 2 AU, EHIAZE, IL
L, PR FURL. KIGDSAOFHRETIITD GSK3B OBEREAFAT) 55 73 [8] B A ¥ %
hfass, 2014459 A 25 A~27 H, /v 7 raffik, fhik.

Mayumi Hirose, Takahiro Domoto, Toshinari Minamoto. Repurposing of the GSK33-
inhibiting drugs for treatment of gastrointestinal cancer. (BEE#f b7, HAEE, JF FIK.
GSK3p BHEZhEA 0B 3 i S L AL SR SATRIEORED & 73 [ HA
FESER TN, 2014 4R 9 1 25 A ~27 A, /327 ¢ 2pfiils, Ak,

Takeo Shimasaki, Naohisa Tomosugi, Tomiyasu Arisawa, Toshinari Minamoto.
Gemcitabine triggers epithelial-mesenchymal transition (EMT)-like change and
enhances cell motility in pancreatic cancer cells. (SIFAE R, KAZEA, HIRERE, I ]
. AR LD RED AUAIIE O EMT 3538 LI ERE~ DR 55 73 [0l 0 A A2
ifas, 2014459 A 25 A~27 H, /v 7 raffik, fhik.

Hiroshi Doguchi. Hyperbaric oxygen therapy (HBOT) has impacted on mouse skin two-
stage chemical carcinogenesis. (i L3+, <~ AR Be L2358 08 ATt 32 i JE i
SRPRIEORCE) 55 73 18] B AR S22 2w 2, 2014 4E 9 25 H~27 H, /U 7=k,

T .

dHEL, TEEER, IREEA~LTVE YR, B RS, I IR, AR . GSK3B FHFHEE R
OB EEIE RTINS0 F: (Attenuation of glioblastoma cell invasion by GSK3B-inhibitory
drugs) . %5 73 [a] H AR R 22 RS, 2014 4F 10 A 09 H~11 H, /' F2R7Y
O ART IV A, B

SRS, KAZE, TR R, B Aa OB A KRB M R MZERS (EMT) 235383
L5y WA ' E OREE GSK3B 2k DM, 55 25 [0l H AWM bR AEFSRE VR
D LA IR IR ORI AT = A A, 2014 4 11 H 13 H, 14 H, A7 /V B i,
& it

WHEZERS, SR, BRE M, RARSE, WRERKE, KA, KEHE 1, B 03658,
R, BREFN, Al —, PERIE, EHEIEZ, AR, 7 k. KigEIics5
CRD-BP DI3&HLL G RIRERA N - L OB, 55 25 [0 A RV bR AEFa RS v
T L2037 ) DFSEDFTERR |, 2014 4 11 H 13 H, 14 H, =7 /v BfHER, &M,

SRR, B, B ATk, B, RS, U AR, AR . BRI
KB IFEIED GSK3B 5 1% 14 (GSK3B-targeted therapy against glioblastoma by drug
repositioning). &5 32 [A] H AR T 4E 2, 2014 4F 11 5 30 H~12 7 02 H, ¥=
TR T T T N F Ay A R T L, THHE.
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20. Toshinari Minamoto. Session 1: Tumor Metabolism — central carbon metabolism and
anti-oxidant. International Symposium on Tumor Biology in Kanazawa (4R [E B3 A
HEWEL R Y ) & Symposium on Drug Discovery in Academics, January 23~
24" 2014, Kanazawa Excel Hotel Tokyu, Kanazawa, Japan.

21. kB, PR FIAK. International session 2. %5 23 [B] H AN ABLIS 2 AEE S, 2014 4E 7
H 10 A, 11 B, &Rt ybhR—1, 4R,

22. I Flpk. P11-11. G (1) (Metabolome (1)), &5 73 [H] H AN PP il 2, 2014 4= 9 H
25 H~27 H, /3y 7 o2k, k.

23. Toshinari Minamoto. The 8" International Conference of the International Society of
Gastroenterological Carcinogenesis: Evening Seminar. November 13"~14™ 2014,
Hotel Nikko Fukuoka, Fukuoka, Japan.

24. IR Flpk. 55 25 [ A ARTE(LR IR R A7 =0 /230 —, 2014 42 11 7 13 H,
14 B, A7V B AR, 1@,
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== Chikano Y, Domoto T, Furuta T, Sabit H, Kitano-Tamura A, Pyko 1V,
E Takino T, Sai Y, Hayashi Y, Sato H, Miyamoto KI, Nakada M, Minamoto
T. Glycogen synthase kinase 3f sustains invasion of glioblastoma via the
focal adhesion kinase, Racl and c-Jun N-terminal kinase-mediated
pathway. Mol Cancer Ther, in press. 2014 Dec 10. doi: 10.1158/1535-7163.
MCT-14-0479. [Epub ahead of print]

The failure of current treatment options for glioblastoma stems from their inability to control tumor
cell proliferation and invasion. Biologically targeted therapies offer great hope and one promising
target is glycogen synthase kinase-33 (GSK3p), implicated in various diseases, including cancer. We
previously reported that inhibition of GSK3p compromises the survival and proliferation of
glioblastoma cells, induces their apoptosis, and sensitizes them to temozolomide and radiation. Here,
we explore whether GSK3p also contributes to the highly invasive nature of glioblastoma. The
effects of GSK3p inhibition on migration and invasion of glioblastoma cells were examined by
wound-healing and Transwell assays, as well as in a mouse model of glioblastoma. We also
investigated changes in cellular microarchitectures, cytoskeletal components, and proteins
responsible for cell motility and invasion. Inhibition of GSK3p attenuated the migration and invasion
of glioblastoma cells in vitro and that of tumor cells in a mouse model of glioblastoma. These effects
were associated with suppression of the molecular axis involving focal adhesion kinase, guanine
nucleotide exchange factors/Racl and c-Jun N-terminal kinase. Changes in cellular phenotypes
responsible for cell motility and invasion were also observed, including decreased formation of
lamellipodia and invadopodium-like microstructures and alterations in the subcellular localization,
and activity of Racl and F-actin. These changes coincided with decreased expression of matrix
metalloproteinases. Our results confirm the potential of GSK3p as an attractive therapeutic target
against glioblastoma invasion, thus highlighting a second role in this tumor type in addition to its
involvement in chemo- and radioresistance.

7 Molecular
el

Kurklu B, Whitehead RH, Ong EK, Minamoto T, Fox JG, Mann JR,
Judd LM, Giraud AS, Menheniott TR. Lineage-specific RUNX3
/'*"D';id hypomethylation marks the pre-neoplastic immune component of gastric
&"‘ & | cancer. Oncogene, in press. 2014 Aug 4. doi: 10.1038/onc.2014.233. [Epub
W ahead of print]

Oncogene

T

P Runt domain transcription factor 3 (RUNX3) is widely regarded as a tumour-

suppressor gene inactivated by DNA hypermethylation of its canonical CpG (cytidine-phosphate-
guanidine) island (CGI) promoter in gastric cancer (GC). Absence of RUNX3 expression from
normal gastric epithelial cells (GECs), the progenitors to GC, coupled with frequent RUNX3
overexpression in GC progression, challenge this longstanding paradigm. However, epigenetic
models to better describe RUNX3 deregulation in GC have not emerged. Here, we identify lineage-
specific DNA methylation at an alternate, non-CGI promoter (P1) as a new mechanism of RUNX3
epigenetic control. In normal GECs, P1 was hypermethylated and repressed, whereas in immune
lineages P1 was hypomethylated and widely expressed. In human GC development, we detected
aberrant P1 hypomethylation signatures associated with the early inflammatory, preneoplastic and
tumour stages. Aberrant P1 hypomethylation was fully recapitulated in mouse models of gastric
inflammation and tumorigenesis. Cell sorting showed that P1 hypomethylation reflects altered cell-
type composition of the gastric epithelium/tumour microenvironment caused by immune cell
recruitment, not methylation loss. Finally, via long-term culture of gastric tumour epithelium, we
revealed that de novo methylation of the RUNX3 canonical CGI promoter is a bystander effect of
oncogenic immortalization and not likely causal in GC pathogenesis as previously argued. We
propose a new model of RUNXS3 epigenetic control in cancer, based on immune-specific, non-CGl
promoter hypomethylation. This novel epigenetic signature may have utility in early detection of GC
and possibly other epithelial cancers with premalignant immune involvement.
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