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N5 fe8. affifERFERIXBP1 8 (a XBPKO) <7 AEAERL L feo £ TfiE L NIV TD K Y 5E
BADZXLITDOWTCIRET T B Tc B a Ik Th 2 a TCOMRZRWTXBP1 /v I 2T a
TC6 (a XBPKD) #ABEAER L foo EBRRWNT &I aXBPKOR 7 R IESIMIERZ T TD I VAT
VRIS SN T T DER. MEEEREE %R LTz, £z aXBPKOX 7 XD a fika Tld
INIRDZE L UWDMEERZ SR B R b L AHDERREIN TS T EHRBE Nz, a XBPKD A2
Z W XBP1 IBIRRE T/ R bt L RIGEY 7+ IVDREET TlE XBP 1AM b D& = & D
inositol-requiring enzyme 1 (IRE1) D& ML D ER & 5 N Tz, T D #E R, a XBPKD#H A2 T (& Jun
NH2-terminal kinase UNK) OSEMEALZE N LTcA > X > JF VEEHNER E N S IERET
TOA VA VNELBTIVA TV E A D Z X LEENEER TN TV e, 2NUE aXBPKO
RIATRONEREREFELEVEDTH S, NS DERITHE afiB2ICHIT B/ MR b
LA ELIINEER S L ASEEEDNA VAU V2 I FIVEEEN LT VA D 538
FEDRREGY EROICTHEERE AR T CEATRT 565D TH 5, XIRERITHERSA
ERICRD LT affilaD/ e DEB M Z TR T 526D TH 5,

2BUNEPRIR B E TIIRE C HIRIMEEEE - MRRE DRI L 24 VR YERARRICMA.ZIVAT
YRMHTHELTWAS T ELREINTSY NOBRIZ 7 ILATV midb L lemiEzshid 25—
FEG2TWD, TNUF2RERRBBE ICEWV T LHRIEDHE 5T afilatsEEELFET S &
ZTRET DD THB, a3 5D 7 VATV iz d 28 F & L TE 7 IV I—RICA a
HEOHITZA VAN TFIVHDEETH S ENREEN TS 2], BRI afifgicsiT 2
A VA VDT FIVEEBIR T IV ATV BRI EFE L TORR MEREREZ ST [2),



WE 2 BMERBEREICBWVTNMIER b L AH BHEHEERES - MR ) 258 2R F
ELTEASLTWA T ENBESMNCE S TERDLB] AL afifgicHir 2/ b L X - /\ig
A ML RISEEEDHEICDOWTIEARRBETH oo NEEZ ~ L XITx L TERNTIF/ NG
R A+ L ZAISE (unfolded protein response: UPR) [ & W) LS %, /NBEfE R b L A& RRENS %
ERED—D T Binositol-requiring enzyme 1 (IRE1) IXEZE K F T & % X-box binding protein
1(XBP1) Z7EM LT BT ETOMEADT £+ — VT 1 I PEEREIE S/ Nk v RO V&R
FORBFEEER L AERNIT/NEBER ML AEERT %, DF Y XBPTIZ/NEER b LS
BILBWTEELGREAZE DEGRERTF Ch Y INEK TIC LHIBIFERXBP1RIET 7 Xk B
FOMEERRE DGR 1 VR VM H EE SN BRERE AR T T EHNRETNTWVS 5],

SELELIEafBEICB T 2R N L ADEEE AN 2. a MR XBP1 /X8 (a
XBPKO) ¥ 7 A . FfzinvitroE 7 /L& LTXBPT ./ w7 2 affifaikz=1ERY L fco aXBPKOT
7 Z g Xbplflox I A [5]1 &7 IVAT Y -Crex I AR EREEY 5T & TYERL LTz, XBP1 ./ v &
2> aiBakIE < 7 X XBP1 short hairpin RNA (shRNA) % L > F 7 1 JL A\ %7 Z — (Open
Biosystems 0" 5 BEA) Z W TC aTCOMBIMRICEAT 5 & TIERL L feo invivoEER & L Ca
XBPKO < 7 A DI¥EREIRE. /LA T > & RIE L. affifla CDXBP1 KIEHLERBICE Z 5
FE(CDOVWTEEY LTz, £IERFMIRE. S FIEMEEZ B U METICT XBP1 RIEH a iR D
FEFRICHEZ D& KNz SO THIN/NEE DRI DV TRRET LTc, invitro =B & L
TIEUPR A VR 2 T F)VCEh H2EBREDHEIRICTDWTSDS-PAGE. VTR 2> 70Oy
TAa4 vl K URRET L,

BR

a R EME XBP BIE 7 VA DV DiiAEALIC K ATHERERE. 1 VR ) VEREDRRE 5 5,
aXBPKO X U ADRE. WERFIMAE(E - 1 > R 1) >« ZIVA D BEIEHFERIT 7 R & LB L ZEI1EER
Sixbh o1z (Fig. 1A-D) . LH L. aXBPKO~Y 7 X ILMHERER & (Fig. 1B) .1 > A1) itk (Fig.
1F) ZR LTz TOR BRSO —AEREICK Y FER I A TIEERRYIVA D20
FOFBDSNTeDITH L aXBPKOX 7 A TIE 7 )L A D> 3 is Ha8s 5 ah o 1z (Fig.
1G)o A A > ublcB L TIEBWERS TN o fz (Fig. TH) . R BESKEEBWNT YL
AT A R UBIE DV THRST LT, in vivo RERDFESR & [ARRICEFERIR U ADEBE S K
ETIEE7IVA—ZREDWRRAT (16.7 mmol/L) IZT Y IV A >3l E & iz b a XBPKO
RUADEBES RETIEY LA DY mbid sl EnGmD o7z (Fig. 10, i A > A 25008
MOEKEDA VA - JIVAdVEEICDODWVWTEIRBICE TSRO SNEHL oz (Fig. 1J-L), &
NS DIERIE. afiIa TDXBP1ABIE VIV A TV DbeBEARIC K Y J IV D—RRAF A2 —
VADREICDBEN BT EETET BEHDTH B,

FE a MR T DO XBP1 RIBIZ/NBAER b L ADRRE G HH T REDBIEICITHEAEZ G0,

aXBPKOX 7 XA DEZ KEZ MREFMICIERST LI BERT U AD T KEEE & Zidx <.
EREEETH >z (Fig. 2A,B) o afiBBD 7 R b — ZICDWTIERETS B 728 TUNELREE 1
T LIEA aXBPKOR U R EFERIT D R CEIFFR&TEH > 1z (data not shown) . Ri< a #ifg T



.

o
Q
—
o)
o
o
m

" ipGTT (2g/kg BW)

L]
=3
ot
o
8
=]

Body Weight (g)
5L ENE8SE »
Glucose (mg/dl)
g B C
Insulin (ng/ml)
N N w
o
Glucagon (pglm!)_
8 88
Glucose (mg/dl)
w & o,
88883

a control 40 200
to 1 1 0 control
maXBPKO © 50 o 20 100 | aXBPKO
time (min)
4 4 . : 8 . 0 50 100 150
time (months)
F. ITT (0.75 U/kg BW) G. Glucose load g control H. Glucose load
F120 20 i B aXBPKO 35 0 control
%100 s Euo =3 Wb
8 '<: ;: &
é 80 gn g2
2 g 5.
£ 60 Deontol 3 49 £15
2 m aXBPKO 1
20 - = n time (min) o z o 04 - - time (;non)
time (min)
]! J K. B a control
= - % b | OBPKO
& s -
S &g n.s 5 5 €S
= . 20
8 = E s
e | ] 5., B
e =30 N o c o L2 o3
S5 E3 2310 £3
F2 i2 i2 :2:
8 10 = o s 1
0 0 o
9'(""?1:)" 22 167 22 167 9'(':1’1’&*)" 22 167 22 167 9’(‘::‘? 22 167 22 167 9'(“:&5]‘ 22 167 22 167

Figure 1. ¥l 2P U EITFHIERERE. (2 AN S 7L hd U niEEEETS

(A) Body weights. n = 6-10in each group. (B) Non-fasting blood glucose, (C) Non-fastinginsulin, and (D) non-fasting
glucagon in 6-month-old male mice. n =6 ineach group. (F) Intraperitoneal glucose tolerance (glucose 2 g/kg bw) in 6-
month-old male mice. n =6 ineach group. (F) Whole-body insulin sensitivity (insulin 0.75 U/kg bw) in 6-month-old male
mice. n = 7-11ineach group. (G) Plasma glucagon levels before and after intraperitoneal glucose injection (glucose 2 g/kg
bw) in 6 month-old male mice. n = 7 ineach group. (H) Plasma insulin levels before and after intraperitoneal glucose
injection (glucose 2 g/kg bw) in 6 month-old male mice. n = 7 in each group. (1) Glucagon, and (J) Insulin secretion from
islets were expressed per pg of total DNA. n =3-4 ineach group. (K) Total glucagon, and (L) total insulin content of islets
expressed per g of total DNA, n =3-4 ineach group.

Control, empty box; aXBPKO, filled box. Data are expressed as means + SEM: *P <0.05, **P <0.01, ***P<0.001, and ns.,
not significant; control versus aXBPKO.

DXBPTRABHVNEER A b L ADRERE TR 2 TWBBEREMIC DWW TR T 5 Tc . EF IR
UL CHIRIAN/ NS B DS % i\ Tc, € DRER. a XBPKO X A TIE# 70% D a iRl 5L CE
FRIT TR EE L UNREIFE L KHRE - 1L LT e (Fig. 2C, D) o TN 5 DFERIE a XBPKO

ROAD ol T NEEX S LADFEEENTWVWE I EETET HELDTH S,
XBP1/RABIZIRET a | > Ee(L GEMEAL) & INKDEME L ZFHET B,

afifEIC BT B XBP1RABH VIV A DV DiliAE A e ZFE T 2 A D ZALICDVW TR %
fe&b XBP1 /w7 25> aTCo MRk (a XBPIKD#ARY) H1ERL Ltc, /v 7 B0V DRI T
R TOvT 4 I & ViEE Lic, aXBPKDHER TIZ/ER L AEFET 2 TV H
JUD T RLER L T % DEMRIXBP1 Td % spliced XBP1(XBP1s) OFI\ x> hO— /L&t L

85% A LT e (Fig. 3A) .




(. 1 RXICUPRICEIET AEHDREIRICTOVNT
DIXZVTAYV T4 V7K IEE LT,
ZDFERXBPIsO™HRDE—7 v b ThHB
BiP D IR I& a XBPKD#MEAE TR A L T WL e
(Fig.3B,0), L A L.XBP1D L3 IT & Y
XBP1 OSEIEALDIEEIZIE S pIRET a DFIRIL
7T L T e (Fig. 3B, 0) NS DEERIZa
HRICBEVNTE. INETICREEINTWLS
BB BE A £ (C[51.XBP1 & IRETad R I
T4 — R\ ADZXLICK B AEHEED
BHEIACEATTEDTH 5, TDMD
UPRD —A—& LTIk aXBPKD AR Tl&k
ATF6 DEMEALIEFTHE L pPERKIEE D LT WL
fz (Fig. 3A-0) o TNE TIT/NBEE X b L AD
INKDSEMALEFES 5 EHARETNTL
51zt 6] aXBPKDHIRBIC 1T 5 pIJNKD F

Figure 2. ol I3 ERdxer /T HIZ DI L L 2 %558

4 BT DS WICDWVWTIRET L feo T DFER. a XBPKD
Immunofluorescence staining (shown by gray scale) for " <~ .

insulin, glucagon and somatostatin of pancreatic sections H@—Z (= g N )| Ve H:&T)Z L/\ pJNK @%Iﬁbi
from control mice (A) and aXBPKO mice (B) at 6 months of ﬁi&_ L/ N 7,: (Flg 38, C) . ﬁE ST.T h 5 %)

age, scalebar 200 um.

et o e ot | FEREY aIICH T, O MBIRIIC
aXBPKO (D) mice at 6 months of age, scale bar 2 ym. XBP1/R#BIE IRET a DIEMEL & INKDTE ML
- 7 EBETAHIEHNRINT
XBP1RIBIEA VA Vo T FIVEE « A VR NS K BT )IVA DV OEEE$ T,
RITINKDTEEEDNA VR 2 T FIVICE R BRZEICDOWNTIERET LT IRSTD ) > ) Vg
{BIEIRST > 7 ) UITHIHIBICEI K T EDREEINTLSH 7). a XBPKDMRI TIEIRST D& 1) >
VB e DY b O— Ul & L8 L CTTEE L T ULz (Fig. 4A, B) o XTEREYIC & IRST = 7 F)liC
BERTE < IRSTF O ) VEEIE a XBPKD#ERE Tiidr L T UM e, B#&MIIC a XBPKD#EREIC
BIFBHADAL A Z> ) 2 VEAIEHICEZ (TR LT e (Fig. 4A, B) .

affifBIC BT B4 VR T FIVEEIX T IVA D VD MEERNICE< T EHNSRL.T T
aXBPKDHERE Cl& 1 >~ R T KB T IVA TV DidIEHAEE SN TV S EE R o, TDIRER
% EEBRY %1z a XBPKDMIREA S DV VA > 3blc DWTHREY Lz, &9 0> O—)LiARE
DEDY VAT g 05% L <& 25 mmol/L7 )L 31— ZGEE & & L. 5.5 mmol/Ld 7 )L
I—ZBETRLEMETH o7 (Fig. 40, £1225 mmol/LDEF IV A— ZREDIRT T TlE1
VA ANTEKY TV ATV IE T Ntz (Fig. 40, TINS5 DERIFBEEDRE LERRT
Ho1z[8119], LH LGNS aXBPKDHMIRE ClEm 7 IV A—ARRFTDA VA kD7) A
O insElEERe 5 NEh o fz (Fig. 40),

aXBPKOX I A COFEREHE T INSDIERIF a BB TDXBP1 RIBIEA > A >
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Figure 3. XBP1CIRIC X BIRE10) B TEIL v FiE
BEEYTD

(A} Western blotting for spliced XBP1, active ATF6 and TBP
(loading control) in control or aXBPKD cell lines before and
after Thapsigargin treatment for 4 hr (T, 100nM) using
nuclear fractions. (B) Western blotting for BiP, pIRE1, IRE1,
PpPERK, PERK, pINK, JNK and B-actin (loading control) in
control or aXBPKD cell lines before and after Thapsigargin
treatment for 4 hr (Tg, 100nM). (C) Quantification of active
ATF6/TBP, BIP/actin, pIRE1/IRE1 pPERK/PERK and
PINK/INK in control or aXBPKD cell lines.

Data are expressed as means T SEM; *P <0.05, **P<0.01,
***p <0.001; ND, not detected.
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Figure 4. XBPURTRIZ A2 AT F VR ETS

{A) Western blotting for insulin Receptor tyrosine®™ (Y)
phosphorylation (pIR), insulin receptor (IR), IRS1 tyrosine®®S(Y)
phosphorylation, IRS1 Ser®7 (Ser) phosphorylation, total IRS1,
Akt Thr322 phosphorylation, Akt Ser®™® phosphorylation, total
Akt and B-actin (loading control) in control or aXBPKD cell
lines before and after insulin treatment for 10 min (ins, 100
nM). (B) Quantification of pIRS1{Y}/IRS1, pIRS1(Ser)/IRS1,
pAkt(T308)/Akt and pAkt{S473)/Akt in control or aXBPKD cell
lines. Data are expressed as means + SEM; *P < 0.05,**P <
0.01, ***P < 0.001. (C) Glucagon secretion from control or
aXBPKD cell lines was assessed by static incubation for 60 min
under various glucose concentration without or with 100 nM
insulin and expressed per ug of total DNA. n=3-6ineach
group. Data are expressed as means + SEM; *P <0.05, **P <
0.01; n.s., not significant.
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Joslin Diabetes Center is the world’s largest diabetes
research center, diabetes clinic and provider of diabetes
education. Founded in 1898, Joslin is an independent
nonprofit institution affiliated with Harvard Medical School.
Joslin research is a team of over 300 people at the forefront
of discovery aimed at preventing and curing diabetes.

The Joslin Clinic, affiliated with Beth Israel Deaconess Medical
Center in Boston, the nationwide network of Joslin Affiliated
Programs, and the hundreds of Joslin educational programs
offered each year for clinicians, researchers and patients,
enable Joslin to develop, implement and share innovations that
immeasurably improve the lives of people with diabetes.

JoslinCare, Joslin Clinic’'s unique approach to patient care,
incorporates the medical guidelines of Joslin world-renowned
physicians and researchers and the educational expertise of
Joslin’s staff of diabetes educators to help you care for yourself.

As a nonprofit, Joslin benefits from the
generosity of donors in advancing its mission.

@ Joslin Diabetes Center ;g Harvard Medical School

Joslin Clinic

One Joslin Place
Boston, MA 02215
1-800-JOSLIN-1

www.joslin.org

Joslin Diabetes Center is a 501(c)(3) non-profit organization.
© 2006 Joslin Diabetes Center, Inc. All Rights Reserved.
020-0004-0306-0000
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