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AAFFERREIL, B EIC K o TEH) - HlE S 27 A 12 LT & OB
WRREEH L AW THEREZMI L CABKICER T2 L2 HMNE T2, ThEBITT 7201245
DEFFA, (1) BRNAREREDZ NI REDOT 07 74 Y & ZalREle ki 7 v 74 7
AN AT I, (2) REW D2 % BB C& 5 metabolomics HiffTH KON ARE O/ 21 &
EZEM A iERE TA A — 7 Cx % Imaging MS Hifi. (3) K4 178 & DR B0 ARG
ZeRBE - KHER D> D PREZ FTRE 7R affinity nanobeads HAi7, (4) A2V —=2 7 L7=&EHi{t & OB %
BET VWIS DAETH, ZERET 2 FIC LV LT 4 SO FEIEH 2 HE L T\ 5,
HREEO RERAWICAEWIZ X DHT= 725008 AER 2 I LT BB A A o Bl 5%

PRI H @  Met/Cys 72 &G E O REHIE 2 I L7203 AR > AT L DRSS

FREAGQ FEKET I /BRI X 223 A O B /E A

HREH@® fi5E - FAEMEBIC I T D R EHI OB %S

YRR 28 AR DRFZERE & L CiE, 2 o 287 B PGRMC1 O Sk RN 12 XL 0 RSB T2 D
My TREE A B O L LAY A& ST EEERIC B8 C PGRMCL i3~ A2 X W HALL T,
NAMEGEIZESD D EGFR E A LT, ZAUT KD NAMEIEY 7 V& 18589 58 52> & L7=(Nature
Commun. 2016), Z® X 9 72 PGPMC1 OFiBlOMERE @A HEIZ, BUE ZITRES L T2 OMREA [
EHYDHRMEAWE AL TEY | ZOMAER—ATH RPN AAIOBF ZHEE L T D, 72,
sigma 2 ligand & FE(EHL 5 PGRMCL IZHEA T A LG OMEEEITV. 2 OHFUEIERIZ OV T
FRFEL T2 (Parmacol. Res. 2017), & 512, BEN TREICAER SN DEEIECT 0 B4 g &0
BN O FAZ R OREIC T U, IR G E S0 E OIS T2 Z LI X0 H %
770 EOWIRE A OB ERE A BT 5 F A RAE L TWD, 2. 09 MoREFfENEBETH LS4
LA VEEOHRZBRORIEICKI L, A A VEEOERDMBIEF 20 Z 3T L2 i IEIC K
L BbrFELHLNE LTS (Gastroenterology, 2017)

F I HEBFEE O MAAE S IE, p38MAPK 7 A VWA LD p38a NIEIMER « RIEFMND A F L A TFD
BAIC BEE AR EZ R 2 ) v T U R~y U RAE AR — AENT & BEE L TR L 7= (Cell
Stem Cell 2016), &l A b L AEfF S 72i&E M - gL p38a/Mitf/Impdh2 > 7 F /L % #5%
T 52 & T EE e T X BT ) RBEREY OB A IS5, ORGSRk i - AiERA
RO FEE L 720 A RN LA OEMEFEOREAZEET 5 7T Th b 2 LRSS NT,
INOOHRIZA PV RAEZTRA S BIERITHMT 2B CHLRETH L LB b, WA
VRIEAEIN O] « REDO—B L 725 Z ERHIFFE N D,
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Our research aims to develop a novel medical application system based on our original information
about binding of candidate compounds with target proteins, which concern metabolic regulation. In
this program, we proposed four main projects as follows:

1, Regulation of the PGRMC1-mediated cancer progression by natural compounds

2, Development of novel anti-cancer strategy by controlling sulfur amino acid metabolism
3. Metabolic regulation of cancer cells by aromatic amino acids

4, Regulation of enteric immune-response by using fatty acids
Among these analyses, we have revealed the x-ray crystal structure of PGRMC1, which was highly

expressed in several malignant cancer cells. We showed that PGRMC1 formed the heme-mediated
dimer structure, and this dimerization up-regulated the EGFR-mediated cancer proliferation and
the cytochrome P450-meidated chemoresitance (Nature Commun. 2016). On the basis of the structural
information of PGRMC1, we have found that some natural compounds specifically bound to
PGRMC1 and interfered with the PGRMC1-mediated cancer progression. We also analyzed the
PGRCM1-binding property with sigma 2 ligands, which were known as anti-cancer agents (Parmacol.
Res. 2017). Furthermore, we have identified a novel binding protein for short-chain fatty acids (butyrate and
propionate), which were abundantly produced in intestine. We found that short-chain fatty acids protected against
Salmonella-infection by activating innate immune response. We also reported that oleic acids associated in hepatic
cancer development by regulating its novel binding proteins (Gastroenterology, 2017).

Hematopoietic stem cells (HSCs) maintain quiescence by activating specific metabolic pathways,
including glycolysis. We do not yet have a clear understanding of how this metabolic activity changes
during stress hematopoiesis, such as bone marrow transplantation. We reported a critical role for the
p38MAPK family isoform p38a in initiating hematopoietic stem and progenitor cell (HSPC)
proliferation during stress hematopoiesis in mice. We found that p38MAPK is immediately
phosphorylated in HSPCs after a hematological stress, preceding increased HSPC cycling.
Conditional deletion of p38a led to defective recovery from hematological stress and a delay in
mitiation of HSPC proliferation. Mechanistically, p38a signaling increases expression of
inosine-5-monophosphate dehydrogenase 2 in HSPCs, leading to altered levels of amino acids and
purine-related metabolites and changes in cell-cycle progression in vitro and in vivo. Our studies
have therefore uncovered a p38a-mediated pathway that alters HSPC metabolism to respond to
stress and promote recovery (Cell Stem Cell 2016). These observations implicate potential applications

of tumor pathophysiology and therapy.

WFFEBHFE 3 IC K D D% e




I FRONB~DFEE

(1)

ARG - MEEEICRT 2% (EWES . EESEE 11 4F)

Kabe Y, Yamamoto T, Kajimura M, Sugiura Y, Koike I, Ohmura M, Nakamura T, Tokumoto
Y, Tsugawa H, Handa H, Kobayashi T, Suematsu M. Cystathionine B-synthase and
PGRMC1 as CO sensors. Free Radic Biol Med. 99:333-344 (2016).

Nishimoto K, Seki T, Hayashi Y, Mikami S, Al-Eyd G, Nakagawa K, Morita S, Kosaka T,
Oya M, Mitani F, Suematsu M, Kabe Y, Mukai K. Human Adrenocortical Remodeling
Leading to Aldosterone-Producing Cell Cluster Generation. Int J Endocrinol. 2016:7834356
(2016).

Takeshita M, Kuno A, Suzuki K, Matsuda A, Shimazaki H, Nakagawa T, Otomo Y, Kabe Y,

Suematsu M, Narimatsu H, Takeuchi T. Alteration of matrix metalloproteinase-3 O-glycan

structure as a biomarker for disease activity of rheumatoid arthritis. Arthritis Res Ther.
18(1):112 (2016).

Kabe Y, Nakane T, Koike I, Yamamoto T, Sugiura Y, Harada E, Sugase K, Shimamura T,
Ohmura M, Muraoka K, Yamamoto A, Uchida T, Iwata S, Yamaguchi Y, Krayukhina E,
Noda M, Handa H, Ishimori K, Uchiyama S, Kobayashi T, Suematsu M. Haem-dependent

dimerization of PGRMC1/Sigma-2 receptor facilitates cancer proliferation and
chemoresistance. Nat Commun. 7:11030 (2016).

Suematsu M, Nakamura T, Tokumoto Y, Yamamoto T, Kajimura M, Kabe Y. CO-CBS-H2S
Axis: From Vascular Mediator to Cancer Regulator. Microcirculation. 23(3):183-90 (2016).
Pati ML, Groza D, Riganti C, Kopecka J, Niso M, Berardi F, Hager S, Heffeter P, Hirai M,
Tsugawa H, Kabe Y, Suematsu M, Abate C. Sigma-2 receptor and progesterone receptor
membrane component 1 (PGRMC1) are two different proteins: Proofs by fluorescent labeling
and binding of sigma-2 receptor ligands to PGRMC1. Pharmacol Res. 117:67-74 (2017).
Nishimoto K, Koga M, Seki T, Oki K, Gomez-Sanchez EP, Gomez-Sanchez CE, Naruse M,
Sakaguchi T, Morita S, Kosaka T, Oya M, Ogishima T, Yasuda M, Suematsu M, Kabe Y,
Omura M, Nishikawa T, Mukai K. Immunohistochemistry of aldosterone synthase leads the
way to the pathogenesis of primary aldosteronism. Mol Cell Endocrinol. 441:124-133 (2017).
Uchida T, Nishimoto K, Fukumura Y, Asahina M, Goto H, Kawano Y, Shimizu F, Tsujimura
A, Seki T, Mukai K, Kabe Y, Suematsu M, Gomez-Sanchez CE, Yao T, Horie S, Watada H.
Disorganized Steroidogenesis in Adrenocortical Carcinoma, a Case Study. Endocr Pathol.
28(1):27-35 (2017).

Tamura A, Nishimoto K, Seki T, Matsuzawa Y, Saito J, Omura M, Gomez-Sanchez CE,
Makita K, Matsui S, Moriya N, Inoue A, Nagata M, Sasano H, Nakamura Y, Yamazaki Y,
Kabe Y, Mukai K, Kosaka T, Oya M, Suematsu S, Nishikawa T. Somatic KCNJ5 mutation
occurring early in adrenal development may cause a novel form of juvenile primary

aldosteronism. Mol Cell Endocrinol. 441:134-139. (2016).



10.

11.

Tokumoto Y, Tamaki S, Kabe Y, Takubo K, Suematsu M. Quiescence of adult
oligodendrocyte precursor cells requires thyroid hormone and hypoxia to activate Runx1. Sci
Rep. 21;7(1):1019 (2017).

Lai KKY, Kweon SM, Chi F, Hwang E, Kabe Y, Higashiyama R, Qin L, Yan R, Wu RP, Lai K,
Fujii N, French S, Xu J, Wang JY, Murali R, Mishra L, Lee JS, Ntambi JM, Tsukamoto H.

Stearoyl-CoA Desaturase Promotes Liver Fibrosis and Tumor Development in Mice via a

Wnt Positive-Signaling Loop by Stabilization of Low-Density Lipoprotein-Receptor-Related
Proteins 5 and 6. Gastroenterology. ;152(6):1477-1491. (2017).

(2) & VURVULEICRBITDHH - RAX —FEK

1.

UETHA T 2 5% 754K PGRMC1 OREIBERERIEI OMER ), 5 14 A A h 7 a7 A —25s, I
R, 2016/7/28, [EN

[HRAS AZ 3K PGRMC1 OREEAIRSRERIOMRIA | |, 45 89 [ml A AL HA RS, IEZRA
2016/9/26, EWN

(3) TEERE DR - Heffrdahittz ) (x4 20 A

(4) Frafii



(A4 )

I EAFER

WFFEBAJE RS

WHFERAZEH Y &

g Bk K4

ESID R A
Sy RS

PHIE IR
WHFEPHFE

AT Bk K4

[16gm0710010h0103]
Rk 284 5 A 23 H

VR 28%F K Z& RE AR ZE B % R R W E

(BARE) FoRAScomh e R F =y A AT
REBIZIS 1T 2 ARGE O ENT 3 JL OGNS 2D < Fofrpg R AR
fhr DRI HIFFERH JE ek

(& FE) AMED CREST: Creation of Innovative Technology for Medical Applications
Based on the Global Analyses and Regulation of Disease—Related
Metabolites

(HAGE) (R AT LIS 7 O RARHIRER I & 2D 1R RS A H & BlI3E R
(I& FE) Development of a novel medical application by systematic mining of

metabolism regulator molecules

(HAGE) BERBRFEFBEATFHE SLEM I R/
(3%  3B) Department of Biochemistry, School of Meidicine, Keio University

Associate Professor, Yasuaki Kabe

Rk 294 4 A 1H ~ PRk 304 3H 31H

(HAGE) Met/Cys 72 EEHiE OREHHIE 2 I LT ATEHE S AT L OBA%
(3%  FE) Development of novel therapeutic strategy for cancers by controlling

sulfur amino acid metabolism.

(HARGE) ENLDAMEE o & —WF58aT - B2 A 4~ — 7 —BASEERFY -
A=y bR AH —X
g&  FE) Division of early detection biomarker for cancer, National Cancer

Center Research Institute, Laboratory head, Kazufumi Honda



II FROME (RIEHERE)

WFEBHRIRE LI L D M D HE

W FEBIHE AN L D WA DS e
WFIERRFERFAE « _ D R SR R e S

ENZAMFGE ' o & —WF9EET Cldk, SRR 7 a7 4 I 7 A2 U LB mMEIN B DS A2 FE
RENCHBLT 57 X BRBIIER L RE Lz, RIEFEER 2 ERIFEEL U 72N AUk 2 IR 5 BLIR B
DS AABIEARIZ i L T AT F AT D MR BTG RS B AR T U7e, [RIEESR IS L CHnil
RN AL E E VAT T F U R ET 25 & MfRREEIEMEDS in vitro, in vivo & H 12
M B U7z, [RIBEER OIS A Sl & U7 IR A ATERRIE OBE &R 2 ERE L 72,

I FROINB~DFEE

(1) 758 - MEEEH Tk T omm—% (EWNE i EESEE 6 1F)

1. TakahashiN, lwasa S, Fukahori M, Sudo K, Sasaki Y, Shoji H, Honma Y, Okita NT, Takashima A,
Hamaguchi T, Boku N, Shimada Y, Honda K, Yamada T, Yamada Y. A phase | study of the
combination of panitumumab and bevacizumab in KRAS wild-type colorectal cancer patients
previously treated with fluoropyrimidine, oxaliplatin, irinotecan and bevacizumab. Cancer
Chemother Pharmacol 2016 Sep;78(3):567-75. doi: 10.1007/s00280-016-3111-x. Epub
2016 Jul 20.

2. Miura N, Kamita M, Kakuya T, Fujiwara Y, Tsuta K, Shiraishi H, Takeshita F, Ochiya T, Shoji H,
Huang W, Ohe Y, Yamada T, Honda K. Efficacy of adjuvant chemotherapy for non-small cell
lung cancer assessed by metastatic potential associated with ACTN4.  Oncotarget. 2016 May
31;7(22):33165-78. doi: 10.18632/oncotarget.8890.

3. Kakuya T, Mori T, Yoshimoto S, Watabe Y, Miura N, Shoji H, Onidani K, Shibahara T, Honda K.
Prognostic significance of gene amplification of ACTN4 in stage | and Il oral tongue cancer.
Int J Oral Maxillofac Surg. 2017 Apr 3. pii: S0901-5027(17)31345-0. doi:

4. HondakK, Srivastava S.  Potential usefulness of apolipoprotein A2 isoforms for screening and
risk stratification of pancreatic cancer. Biomark Med. 2016 Nov;10(11):1197-1207. Epub
2016 Sep 27. DOI: 10.2217/bmm-2016-0209

5. Yoneyama T, Ohtsuki S, Honda K, Kobayashi M, Iwasaki M, Uchida Y, Okusaka T, Nakamori S,
Shimahara M, Ueno T, Tsuchida A, Sata N, loka T, Yasunami Y, Kosuge T, Kaneda T, Kato T,
Yagihara K, Fujita S, Huang W, Yamada T, Tachikawa M, Terasaki T. PL0S One. 2016 Aug
31;11(8):e0161009. doi: 10.1371/journal.pone.0161009. eCollection 2016.

6. Shoji H, Tada K, Kitano S, Nishimura T, Shimada Y, Nagashima K, Aoki K, Hiraoka N, Honma Y,
Iwasa S, Takashima A, Kato K, Boku N, Honda K, Yamada T, Heike Y, Hamaguchi T. The

2




peripheral immune status of granulocytic myeloid-derived suppressor cells correlates the
survival in advanced gastric cancer patients receiving cisplatin-based chemotherapy.
Oncotarget. 2017 In press.

(2) B2« VRV T LEIIBITH A« RAX —FR

1. Hirokazu Shoji, Ken Kato, Seiich Yoshimoto, Kaoru Onidani, Nami Miura, Kazufumi Honda.

Next generation sequencing of circulating tumor cells isolated from the peripheral blood of
patients with head and neck, and gastrointestinal cancer. EUROPEAN SOCIETY FOR
MEDICAL ONCOLOGY (ESMO) Congress 2016, 2016/10/7-11. Copenhagen Denmark.
(Poster).

(3) TERE ORI - Hifrclaitt s 1ITxb3 2000 A
A

(4) FReeFHRE
L



(A4 )

[16gm0710010n0203]
PRk 2 94 5 H 23 H
opk 28 M E ZFE M BH O Ok R W E E
I EAXEH
FOOE 4 o (B SRR R FE =y AT
[ BT 3 1T 2 AREHPEY D AT 38 L OMEHHIENC 255 < g R Hus
T DRI WF2T B S fEEk
(¥ EE) AMED CREST: Creation of Innovative Technology for Medical
Applications Based on the Global Analyses and Regulation of

Disease—Related Metabolites

MRS« (BARGE) RS AT A5 7 O RARHIR TR & 2 1R R A H & B3 B

(= FE) Development of a novel medical application by systematic mining of
metabolism regulator molecules
IR Y (AARGE) BIERBARTFEFETHE S RN

e &% K4 . (3% FB) Department of Biochemistry, School of Meidicine, Keio University

Associate Professor, Yasuaki Kabe
¥ ofE M M P28 4H 1H ~ Fa294F 3H31H
ST (AARFE) 15 « FAEMERIZ T 2 RETFRETEI O BRI %
B EREA - (3% FE) Development of metabolism-modulating technologies based on the
understanding of host—parasite relationships
WFIEBR3E Sy R (HAGE
e ik K4 (m &

EREEE T =7 b Trv=7 MR HAR E£E

Department of Stem Cell Biology, Project director, Keiyo Takubo



II FROME (RIEHERE)

WFEBHRIRE LI L D M D HE

WFEBAFRE S IC L D M D %HE
WHFEPHRE MRS « BERRART: - EAH - INERRY]  fiEiise it 2 2 M,

I FROINB~DFEE

(1) =56 - HEEEFICRB 2mX—% (HWNEE off. EEGE 21

1. Karigane D, Kobayashi H, Morikawa T, Ootomo Y, Sakai M, Nagamatsu G, Kubota Y, Goda
N, Matsumoto M, Nishimura EK, Soga T, Otsu K, Suematsu M, Okamoto S, Suda T, *Takubo
K. p38a Activates Purine Metabolism to Initiate Hematopoietic Stem/Progenitor Cell Cycling
in Response to Stress. Cell Stem Cell. 2016, 19(2):192-204.

2. *Tokumoto Y, Tamaki S, Kabe Y, Takubo K, Suematsu M. Quiescence of adult

oligodendrocyte precursor cells requires thyroid hormone and hypoxia to activate Runx1.

Sci Rep. in press

(2) %2 VURVYLEICRBITDHI - RAX —FE

1. Metabolic regulation of hematopoietic stem cell function 088 Keiyo Takubo %5 94 BB A4
FRKRE 2017 £3 A 29 H Ef BN

2. AMLAFOEMFHMBORBFEERTET 57 FHE O HAREE HFEMEEMARIERE
EYE BRI RO L(fER) 2017 £2 A 9 HEN

3. Metabolic and transcriptional control of hematopoietic stem cell fate during stress 088 Keiyo
Takubo FERFBAEERME LU I—t3IF—(FE)2016F 12 A9 H EN

4. Transcription factor program for hematopoietic stem cell aging O88 Keiyo Takubo % 39 [ H
AN FEYFRFR(IEIE) 2016 F£11 A30H ER

5. EMBMAEOMBELEL-LTEERFIOVSL HEMEEMEIEBIES / LII#HaE
LLERBIFARAMRAI VRSO L(ZE) OF HAREE 20164511 A 16 B EN

6. R¥EMoHAMGEMFME O BAREE BRAKXT TWIins €35 —(RR) 2016 £ 11 A
78 BERA

7. EmMFMEOCARME-BEACNREEDS FHENE HAREE PHRFLEGREREHRER
+3+—(FBH)2016 £10 A4 B ER

8. p38a Activates Purine Metabolism to Initiate Hematopoietic Stem/Progenitor Cell Cycling in
Response to Stress 088 Keiyo Takubo % 89 BIHA4{LFEEKREMLE) 2016 &£ 9 A 26 H
E3]



10.

11.

12.

13.

14.

15.

Identification of aging program for hematopoietic stem cells at single cell level OF& Keiyo
Takubo Hematopoietic Stem Cell Researcher Symposium(® ) 2016 £9 A 9 H EN

LRI HEMBHEEIFURITREL S )L OE BAREE F 4 BVALREAESER
B)2016 %7 A8 H ERN

Metabolic regulation of hematopoietic stem cells during stress 0 58 Keiyo Takubo 1st
International Symposium on Stem Cell Aging and Disease(3 %) 2016 &6 B 29 H EMX

A metabolic signal that awakens resting hematopoietic stem/progenitor cells A58 Keiyo Takubo
% 14 EEMRD VRO L(%EK) 2016 £6 A 20 B EA
EM#HHEE XA SMENRHYIT)— 08 HAREE F 35 BEILEIE—EIF—(F1E)
2016 6 A 17 B ERN

BREFREICS/ENFHEEOKHELEAOE BAREE F 16 HEATMKEZSR=E
M) 2016 £ 6 A 10 B ERN

ZyFIcLHEMEBMEOGHEEE OE HAREE RREMEMNRXZXREZRtEIF—(RR)
2016 £5 A 30 H ERN

(3) TEERE DR - Heffrdahittz ) (x4 20 A

Frec R ER L,

(4) FratiE



	○16gm0710010h0003【報告様式4】委託研究開発成果報告書（加部T加部G）H28
	○16gm0710010h0103【報告様式4】委託研究開発成果報告書（加部T本田G）H28
	○16gm0710010h0203【報告様式4】委託研究開発成果報告書（加部T田久保G）H28

