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Elucidation of pancreatic beta-cell function by metabolomics and its clinical
application
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By metabolomics-based studies, we obtained the following findings: (1)
discovery that glutamate acts as a key signal in potentiation of insulin secretion by the gut
hormone called "incretin™; (2) difference in metabolic profiling between pancreatic exocrine-derived

iPS cells and fibroblast-derived iPS cells; and (3) identification of plasma tryptophan as a
candidate biomarker for early diagnosis of type 2 diabetes. In addition, we found that Epac2A in
pancreatic beta-cells is critical for the augmenting effect of insulin secretion by combination of
anti-diabetic sulfonylurea drug and incretin. We also identified a small molecule
diphenylthiosemicarbazide that potentially leads to the development of a novel anti-diabetic drug.



3
B
B
GLP-1 GIP
cAMP
/cAMP
Epac2A

PKA

AR BDREGIFHRRBM T FILOER
4 ILa—R 4B AL FUICAMPY S F )L
JI)ILa—x 4>7|/9’->¢(GLP-1, GIP)

010 ik
/_ﬁ;ﬁ% l )

TCAH AL — PKA

l VGLUT1
; «—ATP @ Epac2A

=— car ——— |
: OO0 /
A A ALK

AR 53

MING-K8
MING6-K20

Cell Rep, 2014
[cAMP

VGLUT1

VGLUT2 VGLUT3

VGLUT1

CRISPR/Cas9
VGLUT]L, 2,3

B

B VGLUTs

neogenesis
Ins2-CreER/R26R-YFP

GLP-1



B
PLoS One, 2015 GLP-1
B B
B
iPS
iPS
Genes Cells, 2015 iPS B
SDT
Metabolomics,
2015 HbAlc
FRERBNAAI—h—EHORR
€ sDSyk(@vba—)L) * f;< %%5
P <0.01
. B SDTSwh(BERFETIV)  *+P<0.001
X
g 03 1
AR
e
_Lh 0'2 * Fededk
1\ | ok
-_20\_\__1 *dek
# 041
= /—> migELES
O T T T T T T T T 1
6 8 10 12 14 16 18 20 22 24
B
1
PKA
Epac2A
Epac2A
SU

Science, 2009

Epac2A SU

SU cAMP Epac2A
Sci Signal, 2013
Epac2A SU
SU
Epac2A
Diabetes,
2015 SU
2
SU Epac2A
Epac2A
SU
Epac2A
SU

PLoS One, 2016

84

Sugawara K, Honda K, Reien Y, Yokoi N, Seki
C, Takahashi H, Minami K, Mo I,
Matsumoto A, Nakaya H, Seino S. A novel
diphenylthiosemicarbazide is a potential
msulin secretagogue for anti-diabetic agent.
PLoOS One 11:¢0164785, 2016 (doi:
10.1371/journal.pone.0164785) ( )

Asahara S, Etoh H, Inoue H, Teruyama K,
Shibutani y, Thara Y, Kawada Y, Bartoleme A,
Mashimoto N, Matsuda T, Koyanagi-Kimura
M, Kanno A, Hirota Y, Hosooka T, Nagashima
K Nishimura W, Inoue H, Matsumoto M,
Higgins Md, Yasuda K, Inagaki N, Seino S,
Kasuga M, Kido Y. Paternal allelic mutation at
the Kengl locus reduces pancreatic B cell mass
via epigenetic modification of Cdknlc. Proc
Natl Acad Sci USA 112:8332-8337, 2015 (doi:
10.1073/pnas.1422104112) ( )

Yokoi N, Beppu M, Yoshida E, Hoshikawa R,
Hidaka S, Matsubara T, Shinochara M, Irino Y,
Hatano N, Seino S. Identification of putative
biomarkers for prediabetes by metabolome
analysis of rat models of type 2 diabetes.
Metabolomics ~ 11:1277-1286, 2015 (doi:
10.1007/s11306-015-0784-9) ( )




Nukaya D, Minami K, Hoshikawa R, Yokoi N,
Seino S. Preferential gene expression and
epigenetic memory of induced pluripotent
stem cells derived from mouse pancreas.
Genes Cells 20:367-381, 2015 (doi:
10.1111/gtc.12227) ( )

Takahashi H, Shibasaki T, Park JH, Hidaka S,

Takahashi T, Ono A, Song DK, Seino S. Role of
Epac2A/Rap] signaling in interplay between
incretin and sulfonylurea in insulin secretion.
Diabetes  64:1262-1272, 2015  (doi:
10.2337/db14-0576) ( )

Tamura K, Minami K, Kudo M, Iemoto K,
Takahashi H, Seino S. Liraglutide improves
pancreatic beta cell mass and function in
alloxan-induced diabetic mice. PLoS One
10:¢0126008, 2015 (doi:
10.1371/journal.pone.0126003) ( )

Gheni G, Ogura M, Iwasaki M, Yokoi N,
Minami K, Nakayama Y, Harada K, Hastoy B,
Wu X, Takahashi H, Kimura K, Matsubara T,
Hoshikawa R, Hatano N, Sugawara K,
Shibasaki T, Inagaki N, Bamba T, Mizoguchi
A, Fukusaki E, Rorsman P, Seino S.
Glutamate acts as a key signal linking glucose
metabolism to incretin/cAMP action to amplify
msulin secretion. Cell Rep 9:661-673, 2014
(doi: 10.1016/.celrep.2014.09.030) )

Takahashi T, Shibasaki T, Takahashi H,
Sugawara K, Ono A, Inoue N, Furuya T, Seino
S. Antidiabetic sulfonylureas and cAMP
cooperatively activate Epac2A. Sci Signal
6ra94, 2013 (doi: 10.1126/scisignal.2004581)
( )

Uenshi E, Shibasaki T, Seki C, Hamaguchi H,
Yasuda T, Tatebe M, Oiso Y, Takenawa T,
Seino S. Actin dynamics regulated by the
balance of neuronal  Wiskott-Aldrech
syndrome protein (N-WASP) and cofilin
activities determines the biphasic response of
glucose-induced insulin secretion. J Biol Chem
288:25851-25864, 2013 (doi:
10.1074/jbc.M113.464420) ( )

Kim M, Platt M, Shibasaki T, Quaggin S,
Backx PH, Seino S, Simpson J, Drucker DdJ.
GLP-1 receptor activation and Epac2 link
atrial natriuretic peptide secretion to control of
blood pressure. Nat Med 19:567-575, 2013 (doi:
10.1038/nm.3128) ( )

156
Seino S. Beta-cell signaling and insulin
secretagogues — A path to improved
diabetes treatment. Donald Steiner
Memorial Lecture, 18t%h Servier-IGIS

Symposium: Beta-cell signaling
revisited (St. Jean-Cap-Ferrat, France)
March 25, 2017 ( )

Seino S. Mechanisms of cell signaling
in insulin-secretion and 1its clinical
implications. 17th International
Congress of Endocrinology (Beijing,
People’s Republic of China) September
2, 2016 (

)

Seino S, Takahashi H. Roles of Karp
channels in brain/islet axis. The 21st
European Association for the Study of
Diabetes (EASD)-Hagedorn Oxford
Workshop (Oxford, United Kingdom)
August 7, 2016 ( )

Seino S. Second messenger in
potentiating insulin secretion.
American Diabetes Association 76th
Scientific Sessions (New Orleans, USA)
June 13, 2016 ( )

Seino S. Cell signaling in insulin
secretion: Novel mechanisms of cAMP
action. 2014 Keystone Symposium on
Challenges and Opportunities in
Diabetes Research and Treatment
(Vancouver, Canada) January 16, 2014

( )

Seino S. The signals that strengthen
beta-cells: toward better
understanding and treatment of
diabetes. 2013 International Diabetes
Federation World Diabetes Congress
(Melbourne, Australia) December 4,
2013 ( )

Seino S. Mechanisms of cell signaling
in insulin secretion. Gordon Research
Conferences 2013 (South Hadley,
Massachusetts, USA) July 23, 2013 (

)

Seino S. The malate-aspartate shuttle
is essential for incretin-induced insulin
secretion. Beta-cell Workshop 2013
Kyoto (Kyoto, Japan) April 26, 2013 (

)

9
Seino S, Shibasaki T, Minami K. B-cell
biology of insulin secretion.

International Textbook of Diabetes
Mellitus. 4th edition. DeFronzo RA,
Ferrannini E, Alberti KGMM, Zimmet P
(eds), Wiley, UK, pp96-107, 2015 (doi:
10.1002/9781118387658)



JCR

2016-170346
2016 8 31

2013-121292

2013 6 7
2015 5 21
50
1 2013 10 16

2014
20

http://www.med.kobe-u.ac.jp/phys1/

@
SEINO, Susumu
80236067
@
YOKOI, Norihide
70311610
©)

MINAMI, Kohtaro

10

80334176

SHIBASAKI, Tadao

00323436

YABE, Daisuke

60378643



