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Pancreatic B cell mass contributes to the development of diabetes. We show that induction
of 4E-BP1 promotes B cell survival under ER stress. The £if4ebpl gene encoding 4E-BP1
was revealed to be a direct target of the transcription factor ATF4. We also found that
hepatic activation of extracellular regulated kinase signaling induced pancreatic S
cell proliferation through a neuronal-mediated relay of metabolic signals. Thus,
inter—organ metabolic relay systems may serve as valuable targets in regenerative
treatments for diabetes.

AR
(BREHAT - 1)
[EEESEH LIEESES ¢ & &t
200 7THE 16, 000, 000 4,800, 000 20, 800, 000
200 84 11,100, 000 3, 330, 000 14, 430, 000
200 9% 11,100, 000 3, 330, 000 14, 430, 000
Gl 38, 200, 000 11, 460, 000 49, 660, 000

R4y 8y« E ST
BFE OF - fH - NESREFREZ - G
X—U—FR:OAf AV W QFESHMIE @/NMaER hL &

1. WFZEBHME SO = A - FERIEDA L B,
(1) 2 FpE R BB CIERE B AR E 2 s L. (3) I B IR I F IRBE T H /MR A kL&
ZHIET AR b= 20N X A, TZH B,

) /MEfEA N LV ATHEBMET AR b — (4) IR ORFEIE R~ N T —27 OF(E: 5



JhkERE . FEIED> B OBUIER . FUbRE > 7
FIDRH B,

2. WO BEK

2 BB R B 1L e 2 hikif:%
ML TWBON2HEMER DT E )
FTIUZTE VD2
R R 0 2 BB R I DI B M

&2 L SR OV T TD 2 ODHE D D

fiER4 %,

D) BETBICLDEBMEAOREE : 4R
Ban A A W N R NS N S

(2) BT ~DRE B IR O « ACHHE
TFNFry NT—7

3. WD L

fE B AR/ MR A b L RSB O T
WES1 |2 E ZITfiiET 500 ZBRT D
72wz WES1 /v o7 v h~UR LA
B~ A0 bET B % BEE L. DNA
microarray & W CHEIUIE VN H 518
TEMEENIC AT, 512, WFST I2f
G L CHBEEZRET T 2 BB DNFIET S ATEE
PRIEZEV, £ 2T, BB Mlutk MIN6 L v
yeast two hybrid M @ plasmid ¢cDNA
library #1EY . yeast two hybrid 5% H\»
TNHHDLWIE CHISRHAET2EAEZ 7 1
—= T B, Fio. WRBERIIKE R
BLRRENE BT HlEay G . > F 0. I

gk <2 g W Lk 1 %fm LB FEAEITV,

FO—ges GHKR) oL THERE - NEER
e AL AV TN EEELESE,
BT A v AV 3T 5 2 D R B R AT
15,

4. WFITRE

B DA - B - EERE I3 BRI
A LAY WO EREST S, T
BN /NEAE A N LRI L BT AR b—
AhblebT T Enb, 2 BERIF ORI
F& LT, /Magkx sz L 55 B fiao
W DER SNDH, AR TR, Mk AR R
VA FIZHDH WFST KB~ T 2D B il
Tk, FHERINEIR 1 4E-BP1 O3B EH L
TEy ., B/MMIfEA NV AT THFEIND
25 K1 ATF4 O Ficdh 5 Z & 28] 50
\Z L7z, 4E-BP1 2372\ & ERHIAR 13/ N Rk A
N AT COAEFREMETT 5, WFS1 K18
~ U ABHDHWNE Akita ¥ T A TE BT
4E-BP1 # KRB EE 5 & pHIEOBAD X 5
IR S U S E(E L Z & K, 4E-BP1
I, B/ MaE A N LA TN THRBNHE S
TR Z R L T D Z L 2R THID
fﬁmbtoit*mﬁﬁﬁkﬁz/bv~

(DB A A HEAH S D & D HiET

&%%ﬁ%ﬁ%%ﬁmbt0772ﬁﬁ®
ERK (extracellular signal regulated

kinase) #RE AR T 5 &, AHMRE M-
T, HFlg—A—E = G AR HR 2 Y L —
L CIHE B IR AS B S U 72, o~ 1 WFS1 A3
WREEALIZCHEIG- L TWAD Z e 2R LT,
WFS1 KB~V ATIE, B 7TV THOXRAE
A T 4~ DRI X HEREEL & E o v
AT 10—V X DEIREE L OWT IS DME
EENnz,

5. FeREmLE
(WFZEARERHE . WFZE /03 J ONEHERFJE 5 12
XA

CdERSRm 30 (B 15 14)

1. Takahashi R, Ishihara H, Takahashi K,
Tamura A, Yamaguchi S, Yamada T,
Katagiri H, Oka Y. Efficient and
controlled gene expression in mouse
pancreatic islets by arterial delivery of
tetracycline-inducible adenoviral
vectors. J Mol Endocrinol 38:127-136,
2007. #EaiA

2. Gao J, Katagiri H, Ishigaki Y, Yamada
T, Ogihara T, Imai J, Uno K, Hasegawa
Y, Kanzaki M, Yamamoto T, Ishibashi S,
Oka Y. Involvement of apolipoprotein E
in excess fat accumulation and insulin
resistance. Diabetes 56: 24-33, 2007. #&
I

3. Hasegawa Y, Ogihara T, Yamada T,
Ishigaki Y, Imai J, Uno K, Gao J,
Kaneko K, Ishihara H, Sasano H,
Nakauchi H, Oka Y, Katagiri H. Bone
marrow (BM) transplantation promotes
{beta} cell regeneration after acute
injury through BM cell mobilization.
Endocrinology 148: 2006-2015, 2007. 2t
i

4. Yamaguchi S, Ishihara H, Yamada
T, Tamura A, Usui M, Tominaga R,
Munakata Y, Satake C, Katagiri H,
Tashiro F, Aburatani H,
Tsukiyama-Kohara K, Miyazaki J,
Sonenberg N, Oka Y. ATF4-mediated
induction of 4E-BP1 contributes to
pancreatic B cell survival wunder
endoplasmic reticulum stress. Cell
Metabolism 7: 269-276, 2008. & &t

5. Kato T, Ishiwata M, Yamada K,
Kasahara T, Kakiuchi C, Iwamoto K,
Kawamura K, Ishihara H, Oka Y.
Behavioral and gene expression
analyses of WFS1 knockout mice as
apossible animal model of mood
disorder. Neuroscience Research 61:
143-158, 2008. A

6. Ishigaki Y, Katagiri H, Gao J, Yamada




T, Imai J, Uno K, Hasegawa Y, Kaneko
K, Ogihara T, Ishihara H, Sato Y,
Takikawa K, Nishimichi N, Matsuda H,
Sawamura T, Oka Y. Impact of plasma
oxidized low-density lipoprotein
removal on atherosclerosis.
Circulation 118: 75-83, 2008. & HiA

7. Akiyama M, Hatanaka M, Ohta Y, Ueda
K, Yanai A, Uehara Y, Tanabe K, Tsuru
M, Miyazaki M, Saeki S, Saito T,
Shinoda K, Oka Y, Tanizawa Y.
Increased insulin demand promotes
while pioglitazone prevents pancreatic
beta cell apoptosis in Wfsl knockout
mice. Diabetologia 52(4): 653-663, 2009.
AR

8. Imai J, Katagiri H, Yamada T,
Ishigaki Y, Suzuki T, Kudo H, Uno
K, Hasegawa Y, Gao J, Kaneko K,
Ishihara H, Niijima A, Nakazato M,
Asano T, Minokoshi Y, Oka Y.
Regulation of pancreatic B cell mass
by neuronal signals from the liver.
Science 322: 1250-1254, 2008. Z#¢

9. Tokita A, Ishigaki Y, Okimoto H,
Hasegawa H, Koiwa Y, Kato M,
Ishihara H, Hinokio Y, Katagiri H,
Kanai H, Oka Y. Carotid arterial
elasticity is a sensitive atherosclerosis
value reflecting visceral fat
accumulation in  obese  subjects.
Atherosclerosis 206: 168-172, 2009. 2
Wi

10.Ishigaki Y, Oka Y, Katagiri H.
Circulating oxidized LDL - a biomarker
and a pathogenic factor. Current

Opinion in Lipidology 20: 363-369, 2009.

EHAH
11.Imai J, Yamada T, Saito T, Ishigaki Y,

Hinokio Y, Kotake H, Oka Y, Katagiri H.

Eradication of insulin resistance.
Lancet 374: 264, 2009. 5t

12.Imai  J, Oka Y, Katagiri H.
Identification of a novel mechanism
regulating Bcell mass: Neuronal relay
from the liver to pancreatic Beells. Islet
1: 75-77, 2009. &4

13. Akiyama M, Hatanaka M, Ohta Y, Ueda
K, Yanai A, Uehara Y, Tanabe K, Tsuru
M, Miyazaki M, Saeki S, Saito T,
Shinoda K, Oka Y, Tanizawa Y.
Increased insulin demand promotes
while pioglitazone prevents pancreatic
beta cell apoptosis in Wfs1l knockout
mice. Diabetologia 52: 653-663, 2009.
EHAH

14.Kaneko K, Yamada T, Tsukita S,

Takahashi K, Ishigaki Y, Oka Y,
Katagiri H. Obesity Alters Circadian
Expressions of Molecular Clock Genes
in the Brainstem. Brain Res 1263: 58-68,
2009. #EHiA

15. Ogihara T, Katagiri H, Yamada T, Kudo

1.

[?A%%]u+

H, Imai J, Ishigaki Y, Hinokio Y,
Yamagiwa Y, Ueno Y, Shimosegawa T,
Oka Y. Peginterferon (PEG-IFN) plus
ribavirin combination therapy, but
neither interferon nor PGE-IFN alone,
induced type 1 diabetes in a patient
with chronic hepatitis C. Internal
Medicine 48: 1387-1390, 2009. & #HiA

w#)

AR Fb B RN, BES M
w;mﬁm #5@%@&%@@ £
% 51 [\ H ABEIRIF PR FE IR ES

2008fﬁ£5,ﬁ 22 H-24 H., BT

FE O fEEL UE P, [ R, AR
F5ket 0 b O A4 LT s > b
U= AXZRY v I Rue—Ah, F
51 [A] H A JRIF F R FIE S \%%
H£5H 22 H-24 B, HA

& BEsL. R A H P fh 14
%, BRI EEIE - RIS T D /Ma iR R
VRSB OE] 551 B B AME R
SRR FANEE S (200845 H 22 H-24 H
W

Bk M. AR FHE. M 5E 6
& B RRRIZ BT D/AMaIR A b L R IRE
ERALA N U RAINEDRE, 51 RIEA
BERIA TR FANEE S 2008 425 A 22
H-24 H, B

ey T, Al FE M JAHE e
4 . BERENHIK - AE-BP1 13/ Ak 2 kL
ASEER G IR ATFA OEHESY —7 > BT
5. 551 BB ARERIFE SR IR
2. 2008 4E5 A 22 H-24 A, BT

o B A FHoh, [ A fih 7
4 . BERENEIA - AE-BP1 1%, 1EPERS 7/
JARA N L AT OREB MRz 3T, R

Ml &2 U CHila Z2 R##75, & 51 [AA
APEPR I BRI E S, 2008 4F 5 A

22 H-24 H. HXR
LI . A R H 14
& oA AV ARPUEIZ IS 1 5 CHOPO#EE
OFRET, 26 51 [8] H AKE IR IR - HE R Al
S 2008455 A 22 H-24 H, HIg
L @k AT 22 N i - | N =1
TR h B 58 A5 ) IFIRIZ 35 1 D ERK
%%@ﬁki%%ﬁi%ﬁﬁﬁé\%82
[0 H AN A e 2. 2009 4E 4 A
23 H - 25 H. HilE

T fEEL. AW ST, UHE Pt A

HOE A5 ERERI OBLE B


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Akiyama%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hatanaka%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ohta%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ueda%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ueda%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yanai%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Uehara%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tanabe%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tsuru%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tsuru%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miyazaki%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Saeki%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Saito%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shinoda%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oka%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tanizawa%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Diabetologia.');

oL & BE=ZEEE O PEER SRR (R,
PRI fEE, [ 5 E DO Ok E g
U7y IG5 i e O R IEMF ., 5
52 Al HAHE PRI P E AR 2 . 2009
5 H21H-24H, KK

10.4F BE=. Ffd F5#f, (Wl $h, 3K
B EYE A R AH O ERTE O/
A, BN OB BHECZRR, & Rk,
gR RiR, 7EEE  FEER. Z5H HE. &
& =R aHE B A BRI X
D REREINRAEZIZ 31T DA U X A DZEFH,
%5 52 [B] B ARERIA 7R RFINE S
2009425 H 21 H - 24 H, KBk

11453 R, Ffid F5i, #KR e, A
MO, W P, T R BRI
S| Rk, e B=. &R B,
TEIE TEER, 22H O, miE E EE
A, [ J5En. BASRRR AT U7 IR
JEE B MEREEE RRIC K 2 B ARG TR ER AR | 2
52 [B] A AKEPRIA P E R AN 2. 2009
5 H21H-24H, KK

12.85K Rif, 54 =R, Al FHE 3K
JRo g mdE FROUHE P TR
A, BN OB BHECZRR, & Rk,
&7 B FEEEOTEES, ZEH HE. &
2. R s M S5, IL-6 @
Fr oW A 2 U A WMIEEE R &
FDOA I = AL DNT, 5 52 [B] B AHE
PRIFF 2R FIES . 2009 4£5 A 21 H
-24 B, KBk

133 BT, Al AR, SR TR, T
B W— PHE Rp.EK mET T
.0 B GE R BE OHE R
MW TR, A Fnfe. B 5%, WE B A
(231 HATF6 o R~ U R & FIW - FERT
%5 52 [B] B ARERIA TR FINE S
200945 A 21 H - 24 H, KBk

14.Keizo Kaneko, Tetsuya Yamada,
Yoshitomo Oka, Hideki Katagiri.
Obesity and Insulin Resistance Alter
Circadian Expressions of Molecular
Clock Genes in the Brainstem. 5 69 [A]
KIEBERIFF23, 200946 H5 H -9 H,
Za—F =V X (T AV D)

15. f3E &, W B AN B Y
AT I IE LT K 2 SHEN R (A4 P 1 N
BN (PE 5 FHENREE L 2 A T & 5.
%5 2 [l B ARNEmE IR e i 2009
FTHI0H-11H, H

(PE ZE A PEHE)

OHimRe Gt 11)

1. 44 #F : Methood For Enhancing Pancreatic
Beta Cell Proliferation, Increasing
Serum Insulin Concentration,
Decreasing Blood Glucose Concentration
And Treating And/Or Preventing

Diabetes.
FOAE A FRL W D5, A EX
MERIZE « B R
%5 1 12/165,859
HFES4EHA A 200847 A 1 H

ERNSA ORI Eo CkIE)

6. WFITHLR

() WA

[l #%n (OKA YOSHITOMO)

BALRY: « RPPEE R R - B
&% 5« 70175256

(2) WHFE55 4

(3) R IEH

A ¢ (ISHIHARA  HISAMITSU)
HARS: « [EEHNEFR - 2%
W7e&% 5 60361086

(LI 7t (YAMADA TETSUYA)
ALK « KRERLE R IER - HaHd2
WFgeE 35 1+ 90400374

A¥E #% (ISHIGAKI YASUSI)
RS - bt - 5EAm
WrgeE &5 50375002



