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PR T MR e R AR 2 B etk L. ARAGUABOR A

HERNA, EFRA XL EFTEREHEAHARTEFTER. BALNAR ALK 091258
5% B MR RAER BB A, R X —HUR R LRAALRE,
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PR PR A E R N D& B RAEAE Ca* B
FEIGE, XN EUR. PR N BRI
R BERAT B E A RENTMEARREULA
JRF S B Ca? AT R AR TR RIS
RO E e R R DU R SR AR S AT I A
R BRI fE A Ca2 BRSPS HE MR R AR
WO BB FERARMRREHRENR
S, N\TTFBERITREATEARMENNE
R, BETUAR AT AR, Al P9 B R 02 R
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PR R R B A SR AE 5 4 F o UL R SR BB 1
(inositol requiring enzyme 1, IRE1). RNA #&K#i &
B8 1 B B8 (double stranded RNA-activated protein
kinase-like endoplasmic reticulum kinase, PERK)F1E
%4547 M (heavy-chain binding protein, BiP)7E B 4
R SERmERIE, Fi, B 48X A BN EIE R
Uk, B 41 fuTh BRI R FERE RN KR EE
%, EERRXTHRMNES B M MThRER AR
R FAEE TR, DFF R PR FrE B Y P9 3 S 33
5 B 40 M T-FI R % % mRNA R Rk BH &)
BX & .

1 ARMEHREREESERERER
20 f AR PR R S B, 4 i BOE — RS B
BREBPHHILL R FHG. HETCIESE, WA
FRLE PR JBE Y R 28 2 i A IO A J7 TR S B (1) A
PR R 4 F A IB R R A B B RIS, DAKE SR A ST
BAFTBINEE; ()F TS mRNA BRI/ E
BRI & R, AR WM R BE; 3)A3IN
J5 W+ 5 & 14 [### (ER-associated protein degradation,

PR A S R B AL AT R R

ERAD), 1/~ 68 B 37 8 i) B 5 BOd i 5 9 i 4
TIRABEB IR, 4265 E A BEFA TR,
AP EPINEOE E, BT KM, MR T
JBBh. PIJBIR A Y bR aE N RN, FRAE A R
PR W B A 378 2R H 2 N (unfolded protein response,

- UPR). BRI 805 b 3 BEE I T 10 L4455 @B

#1715 5453, B PERK. IREl. JEHERETF 6
(activating transcription factor 6, ATF6) LA & 40 fg & 1=
fRSEET. LFELUREND.(1) PERKFSE
% 75N R N EOIRAS R, PERK B BEER 1L IS, AT
{E{IE&?&]B@W%@%? 20. (eukaryotic translation

initiation factor 2-alpha, eIF200)7E £ B BT & K 4 B
- BRAL, BERRAILIE elF20 # IR SS B AR B IR RO LE .

(2) IRE1 {5 il B ZEN TN BCRE T, IRE1 8%
AL BUE, WIS IREL LR EHEFREHERRETF
X & 458 %EH 1 (X-box binding protein 1, XBP-1) pre-
mRNA #7585 B3 pXBP1(U) mRNA, pXBP1(U)
mRNA R R AEFIFE. BIEN IREL I A5 500 (A7
— e ENERNRMRENRERREERTIHN
mRNA #1,(3) ATF6 {5 5@ 8 7R EMNNERE
T, BiP \ATF6 LIl FREM S RITBEHLE S -
ATF6 @ /MR ER B RS /RER &4, WM
A7 A 1 T ABS(site 1 protease, SIP)FI{L 5 2 TR AEE
(site 2 protease, S2P)VJ#, H 371 FI™= 41 pATF6
(N B M MAZ N . 35 AP RN BUR N o
(ER stress response element, ERSE) 45 & LA 1% %
Rl ) 3% o (4) PR B O S 80 IR T AR S B — E
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R B 0 P R P BB 43 1 AR B R A AT AR 3P 48 il S
T8, BRI T 4R 40 M0 1E 5 D RE; T 24 P95 M A2
W E G IR, RIFPLEE A RS Hpigr, NS84
J§1-. C/EBP [F]¥&& H(C/EBP homologus protein,
CHOP). ¥MEMARLERMREABL 12 (cysteine
aspartic acic specific protease 12, caspase-12)#l
c-Jun & F: K 5% ¥ E§ (c-Jun N-terminal kinase, JNK)
SESERTEHAAMNEESHARBATCFREE
ZEH

2 ARMMNHS P HHERET

B 9T EUE SR PR BB HO AR P A MU BB 3%
Wb, B B HMET R R EERR B AR ERSRE
EIREAE. K, BT SRR R EFVIFERE0,
BRI SHRER X TARMMEES B ARATKE
SEMFEESR CHOP (B 1), caspase-12 LA KFER &
f%% 38 (phospho-glycogen synthase kinase 3,
GSK3B). THE#5AEUNA.
2.1 CHOP {5Si#E%

AP ST B ARAE TGS @RS,
RB L KR CHOP K B A T-F S @K,

FFA, NO, cytokines Ca**

ER Stress

ATF4 mRNA

Akita /N —F B 5 5K 2 (ins2)ZE K 28 96 11 % hY
F H P E R A FEERR(CIOY) ) B K M FE R w
R, FRRINERN ins2 FRESEASS B
AR B, RBER RS T AR R ERL
MAEEARMERN, BRNEMNNE, &4FEE
55 B 41 MO TRRE IRIR R A . - 7E Akita /)N BRR IR IE
R, FEBE P R M B R A, AR H CHOP mRNA
Fikm;, HERSFRARSTEERE LRRER
ins2 33, 7% S CHOP N RIEH T B A
T-. ¥ Akita /N AT CHOP 2 F 5B /N R /&
IR, £ CHOP ZEHBR 5% 5 & Akita /) BUFE R W R IW
FEIRUY, BRFTIE R IR NN T T B AR R
(free fatty acids, FFA)FESHI B 41 fE T HFEE B A
My T CHOP 2 A RiEMG 0211, XL R4 RE
HiCHOPYE N B M N/ SR B A T-F REEE
EH .

Ak, F 4718 % B PERK/eIF20/ATF4 15 5@ &
(R BE RO LR T Ca? WREERY_EFH 5 CHOP EE F ik
WINEEIBR. 150 R MR NAE SRR
—, PERK/eIF20/ATF4 {5 538 B& X 40 LB A R4 1E
H, HEXEERTHRES1EES CHOP EREREN,

Ca?* channel

rcaZ#‘llllllll

Ca**-activated
phosphatase

CHOP

Fig.1 The role of CHOP in ER stress induced-pancreatic B-cell apoptosis 154
Varjous stressors (FFA, NO, cytokines) cause the ER stress, and trigger the activation of the ER stress response, including phosphorylation
of PERK, disruption of Ca®* homeostasis, Activated PERK phosphorylates translational initiation factor eIF2a. mRNA of ATF4 is
preferentially translated under these conditions. ATF4 enters the nucleus and activates the expression of CHOP gene. Altered Ca?* turnover
activates the Ca?*-activated phosphatases, and therefore alters CHOP expression. CHOP induction leads to the apoptosis of B-cell.
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Cnop Z5U51% B —Ff142 4 salubrinal I 254 B]l it S JR
A2 B A fuE T, XHEINE] FFA BTiZ S B A RVA T,
Salubrinal F1 FFA 3[R/ 77 fina% PERK 15 5@
elF2a FIBEER 1L, 3155 ATF4 5 CHOP RixE# L
FHOAR B AARAT . %P5 R CHOP &
15 FIATTRE R EiE PERK/eIF20/ATF4 15 538 % KA
B

EHATF R B Ca> P15 CHOP RiXE V)4
. Choi FUSIHERFFUESE, L & Ca @B iEAL R
HE FFA S/ B @ MRAET:, M L & Ca? BB BHKIHI.
Ca> B A&7 & Ca? IR BEBR BRI 5177 49| FFA
FRHBARAT.. FANERILL B Ca> BiEEL
FME 3 CHOPZ %, T L&Y Ca2 i 18 FH Wr 7 38 CHOP
Fik, GHFRIEHE T Ca* NS5 FFA BSR4
M TR 5 A R R SR ) CHOP Rk . B
RERN, MHEFREH T AN EEREER KR
Rik, NTiF=Ad B NO, B4 T3 B AT,
Cardozo U — PRI K M M E 7% FH NO &
R4 LR P9 45 B8 F -ATP B 2b (sarcoendoplasmic

reticulum Ca?*-ATPase 2b, SERCA2b)IEIE, NI S

BUA T A& FE B Ca? B/ JF£K BB CHOP KIRIEHE
.
2.2 Caspase-12 [E B

Contreras U A Py TN N 3055 U D N e 15
S BRI B 4 B IE T3 i £ BE caspase-12 FIHEGE, 1H
T BRIEB AMMER / ALK -2 (B cell lym-
phoma/lewkmia-2, Bel-2)%: F 5 B H A BN NS 3
FAbE AR, KB ARBTZIBEMHE. A
PR B P 7 3 5% 5 A B R R % o 4 o L Ok A L 43
(microsomal fractions), IR A 2H 4 4 caspase-
12 #1 Bcl-2 (IFE7E, W caspase-12 F Bel-2 76 P M
FILFFE. ZPFRFRH Bel-2 1] RE 2T
caspase-12 RIS A B NS SR B ARAE T, H
caspase-12 15 5 1 B 7E W UM A 3 10 B A T T
R HIE FHIEE R — SR .
2.3 GSK3pESiE%

SIS, B R4 K -1 (insulin- like growth

factor-1, IGF-1) [ {E i Bk S B AMMMAIFIE . IR
KILIGF-1 1EFH T B 40 H1J5 GSK3P #BEER L0,
Srinivasan R0 — SR KN, NERMNEREES
B 41 ARV T M IGF-1 15 S &I F2 + GSK3B K
Bk, hEt—H 1R GSK3P 78 B 41 E T fE
H, Z R A A /M RNA 43 T (small interfering

RNA, siRNAYBER, BEHE B 412 GSK3B Ak P,
F R IRAX L 40 M w] DAHEHT A R MBS 3 0 B 4l e
AT XSRS BRI N RPN EE TR B 48
BT-F/bE 48 GSK3B /5 Tl LA

3 AEMEHSERBEnRNARIER 53
T FRIRIF 5 A ER E P9 B 8 S BT ¥ 46 Y IRE Lo

A ATF6 5 B 40 ff B 55 & mRNA /K F [ 2) & H

ZHE R B B 5 & 0 Wb (glucose-stimulated insulin

secretion, GSIS)HIHE A A HHEVIBR. T H¥E 75

ERLA 41 |

3.1 EHHIREle 5B 5B % mRNA KETE

Pirot %024} H FERILR B /R . BEHAE D EFM4
P PR 7 4k 3 e 5% 2% VR 4 PRURI R AR 5 B 4 AR 5T
T 5 D P P SO B B R B R R R R IK R,
SR RIESE mRNA K BE . ZRER
BHEENRMNBCRE TARANERTENRES R
mRNA 2iluE .

Lipson I FUESEAEFFEERBE R4 T B A
2R A B S 3 HL A R % B mRNA ZKF TR
[ Bf i & 3 IRE Low B 8 FEVE AL 55 8K 55 & mRNA 7K
TRAEEHZEYBR. Hollien ZE3RIEE K 4E N TM
R R, IRE1 BB 3RS FEAR — LLHF PR ) mRNA .
fEMCEAE T, Lipson SR E 5 CHSERE R, iR
TERFEERRESRAME T, BB VEL I IRE 1 o0 A 8 1 PR R
% mRNA {#5E5 E mRNA KPR, ATSEH
PR ESW TR, EHAENGITEHEFE— P
F. BeAh, BFFTIE TR B LR B SR A o AL N T
WOEINK, SHE 5 ERR -+ — 48 FIVE& 1 (pancreatic
duodenal homeobox-1, PDX-1) 5SS R BITFHE
B, BARREREERMFE, HRTERN, A
JI P RS AL Y IRE Lo AT 0 INK 291, [T, IRE1o
A B8 BEE INK 77 2R 5 BRI HRIE, A
M52 5 E mRNA KFEHH TR,

3.2 FLUHATF6 SRS REERIE

Seo PRI, FEFFEERBERAF T B K
A RN E. ATF6 (8 0 fitz A e #% . [ A
TEILH ATF6 B & REE FIAH IR GSIS. i#
— SRR, IEH ATF6 TS EEXEF
PDX-1 1 MafA(v-maf musculoaponeurotic fibrosar-
coma oncogene homologue A)ff1%E 3% 3 PDX-
1. MafA 1 B 41}l E S FKBUIEE T 2 (B-cell E box
transactivator 2, BETA2)%} ik 5 & B 3 FiatE i [H
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Chronic high glucose

ER stress

i Down-regullation PDX-1
! and Maf A gene expression !

Nucleus

'Repressmn of the cooperatlvel
taction of PDX-1, Maf A and

Insulin mRNA

Fig.2 ER stress and insulin mRNA expression 2326

Chronic high glucose causes ER stress, and triggers the activation of the ER stress response, including phosphorylation of IRE1la and activation
of ATF6. IREla hyperactivation by chronic high glucose results in selective degradation of insulin mRNA. High glucose increases the nuclear

localization of ATF6. In the nuclear, ATF6 down-regulated PDX-1 and MafA gene expression and repressed the cooperative action of PDX-

1, MafA, and BETA2 in stimulating insulin transcription. Thus, the level of insulin mRNA is lower.

YER . ELH ATF6 i@ B/ 78 — iRk
¥ 2 K (small heterodimer partner gene, SHP)#i%, #t
TFE P AT aE . B, PR RSN
H ATF6 7E f Al Thee R A R RAEE/EA.

4 NEERE

BERR B 4 FOXT P R U BE O U . KRR
ELHE B 4452 P P SR (L B3 B 4B R T, T FLIE
HUE S B WA RS S, WA Ca> IR R
WIS E AW EEEE, P R 40 K
Ca i, XS EMMAHEE(ER. KT, BiTE
KA KT R R Car FH LB S TSI
. BT Y R AR Sl B A B A TRk

R RIER, H e B RN BORHLBI IR S AT R

BITHE R B IR L E E A B A .
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Endoplasmic Reticulum Stress and Pancreatic B-cell Dysfunction
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Abstract

The endoplasmic reticulum (ER) stress, one of important cellular stress, is characterized by

disruption of protein folding and Ca? homeostasis. The cells avoid cellular injury through adapting ER stress conditions.

However, when ER functions are severely impaired, the cell is eliminated by apoptosis. Concrete evidence now

exists to implicate ER stress plays an important role in both the apoptosis of pancreatic B-cell and the biosynthesis

and secretion of insulin. Here we show the newest research about ER stress and its involvement in pancreatic 3-cell

dysfunction.
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