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Endoplasmic reticulum stress, heat shock and exercising
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Abstract: Stimulation from various external environments can cause the unbalance of homeostasis in endoplasmic
reticulum, which results in endoplasmic reticulum stress; endoplasmic reticulum stress is a self protection measure
taken by cells in order to maintain homeostatic functions of cells. Subjected to heat stimulation, the body produces
corresponding heat shock reaction, which induces cells to synthesize heat shock protein for stress, and to enhance
the damage resisting ability of cells; exercising can also stimulate endoplasmic reticulum to produce stress reaction
and heat shock protein, thus playing a role in body protection.

Key words: exercise physiology; endoplasmic reticulum stress; heat shock; physical exercising; overview

5 ™ (endoplasmic reticulum, ER)A70Af T, DR ™ A Y SBE - FRAE PN B X RS I o DA L)
AR D — RV E A AR, B E RSONIUTRE BTSSR AR
MR MR TE R, HARERMNELTH, BT HNEMN O 20 MOAZ IS BT, A I I A A T 240 B 1 e S
S AnpE T — A ShAS R A, AT 2RI . Mo BIFFERI, SEMaBLAR N B 5T e PR 3R A
W ENLIR T VR R ZRIAE SR AU G A, 18 SERpMET, LR PR Jo D90 s P 5 3 ) AN X 1A ot
i, PrEf—L YA EITE, SIAMTIEERE . B R4, AR50 A 5T I N AR, DA™ 2 N 5 )
It RS RFAVULE G, NSRS " Wong WL IR A 30PN J5T 95 1 i Al A 3 350
A7 DL RS Bk P AR S AT VR, PRI P T Ay H B RS I, O HAs X A G S AR Y —Fh F 3K
AN . BRI E R AR A EEAE . ORI MR, DRI ZERR N B ARSI RE . DFSE R,

R B B[R] 35 P Jo I Lz 33 s 1 Pl LA 5 | e 4
1 NBRMN AT, TS R B o 55 FME Bl e Sl i 1 P v r

PN J5 ) 13 384 (endoplasmic reticulum stress, ERS)f& 1A 7, BEIRA . BT2ZIERIE . A4 A AL
i 1 TP I P 4 8 ZX LR B 1 BN RE IE AT S, i S A D 5 A T P I 95 . 2 DDA OG o
BN P o R N AR A, DA LA B R A
EALI—F TS R B R, SRR N A Al 2 N R 08 &

JHAZE I S5 S5 A BG4 o 200 L X 47 A SR T ol Py Joit SIS YRR PN JoE DO 2 B 4 i B A A A

Ui BHH: 2008-09-22
EERENY: 0T (1980-), B, WA, W o AR, @ilES . #EHR



110 KEFH

16 %

TEAMENESIRTY, AR E I BT i A%
HEAE, BRI R B R R 4ERF D LRE AV fE
B VF2 IR BES R N BT DI REZC T, ] 2t ffd 4
WK P AESRYRA R . RIS 2 40
FRTEARA L PSR N SN B S A Y R IR A vl fiE
SR NSRRI, 7 A RN o SAZ 0 PN J5 1
VO™ A B8 BB A A — b PR AL A PR B, 7R 40
ECE SN IR bt DS e A i s el A

DA B G

WL S M AT R IR CYERE R 1 (inositol
requirement 1, IRE-1). HAL 5 I T —6(activating
transcription factor-6, ATF-6)F1XUE RNA 306 8 H ¥
TEERE P I 9 34 (double—stranded RNA-activated pro—
tein kinase-like endoplasmic reticulum kinase, PERK)3
T 55 A O VIR , A6 AT AN 24 A ok
W, X3 Fh 5T LAJCE MR XS A A R S
78(glucose-regulated protein, GRP78)E?/§EEERE SR
# F (immunoglobulin—binding protein , Bip) 45 &,
GRP78 JE N 7R, AXT7 Bk 78,
TEMEAL b BT, TR B A i, M e
TS M ER ST R E HZAVER], i A
CEEN ST S R B R N = Poiy 0 e A N e
RlialpbErsip =g =k & ORIV -4 A ZIve -8
fli GRP78 3Rk B, J3shRIr&&E AR
(unfolded protein response, UPR). A8 8 1 N I %
RIEE AR IETRIT S5 LN R, 1%k
AARITEE BN, R EEA AN Z,
Wk ik 3 PR 5 GRP78 BE Bip 705, IRk
BEEE FIROTE TR, B b PERK H B RA . AT
BRAV IS, 18 elF2a(subunit of eukaryotic translation
initiation factor 2) |1y Ser 51 WM&k, HIMARELS G G
B, MG EZER-RNA S RNLE, i
HEABBIFEICEIR, WIS A BTE R I, XFh
AT BN, AT BEL BT A A A 1 N M R Rz
R P R A PR, X AR R PR AR
o

PR A RS AaE

IR ST AR I ¥ GRPT8 5 Bip S A 5 o0 1o 84
RFRETEFMBEE R, & HSP70 itz —, 7555
VAL P 2 1 Do P R 7 2 R B e v i HAE
SR PR3 240 I e 6 DR PN Joi 0 17 35805 | K A Tl
Lo BT RN 75 S R R A 5 IRE-1, ATF-6
I ATF—4 AH IR B AN ) 388 58, 78 A DA I3 O SO 3850 2
SN BT E RIS . ez i FERRRY
BN, TS AR R B SRS . IRE-1 22

X Sk Ab & A i ERSE (ER stress response clement
or the unfolded protein response element(UPRE))AYF&[H ;
TERLECA AT ATE-6 23 DA J5 190 [ 7% 30 g /R A
K5 ERSE &ZAEVER, IS GRP78 B Bip.
CHOP(C/EBP homologous protein) 2§, GADDI53(growth
arrest and DNA—damage—inducible gene 153), ERp72(ER
protein 72)4F ZFNH R N FIRYFE R . CHOP FEHZ
ST N CIE N B3k, 2N RN AR 5
[FIRE, AL ATF-4 25 A s DIEm, RETE
¥ N B AP~ I8 GRP78 5% Bip .CHOP 5{ GADDI53
SFHE R,

3) 230 L 9 T B

PR J5it I IS AN S A R S B AL, i
AR R AR A A P 0 e R N B Y
IR RON G R R BB, 7 A= 2R AR L
i, i A A BRI IR B E T AR, 4L
PARAZ S0 IR B S A A B AL BRRE TSN, 4
H i e shas R E AL S DR AR PR T 20
M TR AR R 2, B 2R, Hagit S a0
FrAbegEasE | MR eRIEOE A 5 AT A A R
PO SO, 7 A 7 R P AT SR A AN R
[ A A JBT P D BE A T30 I PR R, DA R B AR Y
s 3—J7 IARMItL 25 A NG R RN, 51k
PLANMERE P FET , LIRS BEE R PR AR b A 4

2o JBE A ISR Y S R S A i N ST RE - e
A A AT, TR R A A T PR
BT K B AT THLRIA—HRE, FRoA STRAR S
BET-(ER-associated death) ERAD #4% . ERAD WAL
PN 5 1 3875 S CHOP B GADDI153 235 . JNK(cJun
NH2-terminal kinase)id {6 F1 A BT P REAT 191 E 22 R 2R
FI caspasc—12 B9 3 F =X, CHOP 1 JNK #F7E
PR B 1) 7 3845 20 L 0 T A B g R Rl AR
CHOP EEZ 5T FIIA T AR AR, 2N
JBT I 1 A ks o TE B AR FIRAS T CHOP W BEE R,
U N S, R R, SR
SRIK RN, EUF IREL, PERK FIl ATF
2245 CHOP 5 GADD153 LR 4% 4 80& . FIFSTIE
52 CHOP fm3Rik, RERZIRN B I RYITSIIRE, M
5 & 240 RSO A523 FT DNA 384403, i i & A= R T
INK 25 SHFEARG 1, ERRTTRER &L
FPRE RS T RIS SR T caspase—12 &
PSR L AESAG SR, PSRN, RS I |
GRP78 Y, caspas-7 &Y IRE 1-TRAF2 E 5%
YERTR, KA E N R e AL, IR iy
caspasc—9 g caspasc-3, M S B T



LR

EMARA N BT EAR v 532 2 111

3 MWERMRH. AR S5EsaYHE K4

PRI P AE 32 B B R) s R B 5 sl R, & A
DA IS O I/ 35S 7 7 A ISR 1, o A AR R
o7 PR R R IE WAL A . R —Fh R
[T, TEMRNGEHI A FRIKIKF Lo ss , BAEIUA A TS,
HRIRACE MR ARFEAR . NIRTEZ PG 7T &A= T4
NN, IEFERUAR N = A AR AR e S g, 75 5
LA N B (stress protein, SP) ., PURTEEH (heat
shock protein, HSP), #R5aHE (R —FIRO%&EE, 7]
PEE AR RE 1Y, PLEAIESE HSP ¥R AETE T
AT E RS A 5, HETE &R HSP 24 10
Z R, MYEFXT T B KON RIRRFR R, "4
HSP110. HSP90. HSP70 Jz HSP60. /N3¥ HSP M3z
FEE LN FIE . HSPT0 J2& HSP Wi 5 10 —Ff, A4
HAGKIEO R F ] 43 W25 BRI 3, R A7
THER A IE R diMrh, FEIE RSO N RIZRE, N
JEREHEIN ;A ORI T A X R A
ETHM N AR X, PARFORT, KBS 5SR
HSP70 v TAAEAZ N, A0MaPR S BT RS A B, PRk
AR S B SCE BTG Il 2 A P . S5 47 HSP70 U] 43
P, A T PR RIZ KR Y . HSPT70 43l 7E
HAS A BT ER XA ZEVERT, Forh HSP70 S H R4
ACHER, TEANEEN T 6 XF . 14 %, 21 XL fafk
b, HEGRAEARFAEY S A AE, Diae b dfAfe
25, HHHT HSP70 78 IE# MM s AKEAAIG, m7e
R NG RT3 A N = S i W o R e = e
ZRUE . MR —F HSP70 H1%) GRP78
5 Bip B4 PN ST I U AR s AR B 1T, 1 HSPOO
FIETH) Gp96 ZAHXT 43T BTl 96 000 HIMHEE 1,
IV RERRTIA AR MY, 5HALY HSP
—HE, Gp96 PP ) M BRI R T SR A NS
S, WRASFHABIER . HSP/ERAnM AR 8
HAAMER, HMEEA RN —KEEN S HEEA
IEHRERD, AR B EIAN I RE M 2R B = i 2 Al
v, HAERRSHA . ks, i scRENEN
JARSE A, (TSR SRR B, s IR Ak
W METS, AR LEAREE 0 RS AR T
PERRALAL, FELRLR . PO DO S5 AN [ ) DX B P R AR
FH, RIS E SR 3 P B A RS B, R
TG LEEEE T, LI4E A a DhRe LA, HSP
YR FREAR, HALKIPTEEN HSP LUKHEIT ATP Y
J7 G5B FREEE R S Z IR si K R B, @it
BRI L Jy B AR A B T A PA St A S FIRH L SR 4 .
PR IOREOA S AN = HSP, AN 41 % % ik

(AT 32 PRI, 8 T £ A L 7 S8 s 8
ZhE . WFFTRII HSPT70 sH & A7 B LB A O R
HA PRI AN G 52 AN VR, A7 it
SYPEE R R U TSN o il HL R A HSP70 Y 5e 34k
ik, A BERRAREAN B i BRI RE R, A RBIRAT AL
b S AR A AR A

1B SRS T B R A R SR RO S, FSEIE
W, izshfigs R AL E s, EALRERET =
45°C" Ry R B S [ 471 Az Sl P S I 1 R
FHEC IR, AHGE 1 h JEiE, WA HSP32
mRNA ¥4 7 4% , I Hiz 30 f5 B9 — Bt [E] HSP70 mRNA
FEIR BT, HSP FEHLA P A L S5 WL 4121
PR, I HSIIRSET . WIR TGz 3
SRIEA S, AWTEGE, KRR EESE, KR
FREEE AL, HERA U 220 WL HPST0 VR BT,
(ALY HSP70 W EHIR—FE, XAl e 5 AFIALA
HE iz SRR SRR B AN R ™™ Lin Y™
K 4 RS s s, AN E B Sk L
YA HSP72 & i LUAT— A fr 2 . o B i il 2
REA IR = AE R 8 1, IR BE A I 2
RUIFFHRE; [FRE, dhaEsm B2 2 DO
WA HSP70 BY3RiE, FURFE HSP ™k g
FENLA AR R ARG, ATP BT RER AT
HSP A= A B 5 PRI R B s i )32 35 [
HEE L HSP R385 N ] g iz sl LA A
[F)JE 2 el S AILAS B R R ey b, s 20 e e Ak %)
WIS A ToAE, A AnMa iy ST RE, F=d:
DO 87 SN, s A BSOS A A A B, A
BB RSN A G T, A ML S e plL
i, HERRALAT SN A BT RE S, R EERTAL
WA FRIAVER . eSS T, iB8h5]
RPN . e eAs SRR e . ATP 19
WA AR ] BE S5 S HSP70 A BRI IN 2, /=
SRAZ 2T RE AT — A eRe ) B S DR VAR SR L A
B, AEAR W] B8z o5 H A AR 0 38 = 8] A8 3 R AR B

PRI O 7 SR L 1 SRR AP L P R, 2 —
T e 220530 i RN 22 L DR s 4 2 ) AR P AR,
JoT P S8 RT A PR JSE I 43~ FAE HSP, Sk R HE A
X NI RE T1, AERFARME AR A . — SR Bl
] )32 2l ] e ffi Y T N R A ik, KBTS ST HLARAE
KMz S, AR EE T 1is BT Refd Py o ) i
DI, AT . RIERHE S E P 5
EIRTR N KT, SRR s il g E2 A +
Sy EENE L,



112 RE =T

516 &

SEH

[1] Kaufman R d. Orchestrating; the unfolded protein
response in health and disease[J]. J Clin Invest, 2002,
110: 1389-1398.

[2] Wong W L, Brostrom M A, Kuznetsov G, et al.
Inhibition of protein in synthesis and early protein in
processing by thapsigargin in cultured cells[J]. Biochem
J, 1993, 289. 71-79.

[3] Hossain G S, van Thienen JV, Werstuck G H, et al.
TDAGS51 is induced by homocysteine, promotes de-
tachment-mediated programmed cell death, and con-
tributes to the development of atherosclerosis in hy-
perthermia ocysteinemia[J]. J Biol Chem, 2003, 278:
30317-30320.

[4] Araki E, Oyadomari S, Mori M. Impact of endoplasm
is reticulum stress pathway on pancreatic[J]. Cells and
Diabetes Mellitus Experimental Biology and Medicine,
2003, 228: 1213-1217.

[5] Komitzer D, Ciechanover A. Modes of regulation of
ubiquitin mediated protein degradation[J]. J Cell Physio
J, 2000, 182(1): 1-11.

[6] Yamamoto |, Hamada H, Shinkai H, et al. The KDEL
receptor modulates the endoplasmic reticulum stress re-
sponse through mitogen-activated protein kinas signaling
cascades[J]. J Biol Chem, 2003, 278(36): 34525-34532.
[7] Shibata M, Hattori H, SasakiT , etal. Activation of
caspase-12 by endoplasmic reticulum stress induced by
transient middle cerebralartery occlusion mice[J]. Neu-
roscience, 2003, 118: 491-499.

[8] Lk, 4R 7. MM SR A TR R R R
[]. BSMES: Ay 54 #, 2004, 31: 726-729.
[9] Donncllv T T, Sicvers R E, Viassen F L, etal. Heat
shock protein induction in rat hearts: a role for im-
prove myocardialsa salvage after erischemia and reper-
fusion[J]. Circulotion, 1992, 85: 769-778.

[10] Welch W J. Mammalian stress response: Cell
physiology structure function of stress proteins, and
implications for medicine and disease[J]. Physiol Rev,
1992, 72: 1063-1081.

[11] Tekin D, XiL, ZhaoT, etal. Mitogen 2 activated
protein kinases mediate heat shock 2 induced delayed
protection in mouse heart[J]. Am Physiol Heart Cir-
cPhysiol, 2001, 281(2): 523-532.

[12] Park J, LiuA Y. NK phosphorylated the HSF1
transcriptional actvation domain:role of JNK in the
regulation of the heat shock response[J]. Cell Biochem,
2001, 82(2): 326-328.

[13] Tokuda H, Kozawa O, Niwa M, et al. Mechanism
of prostaglandE2-stimulated heat shock protein induction
in osteoblast like MC3T3-E1cells[J]. Endocrinol, 2002,
172(2). 271-281.

[14] Ellis K J. The molecular chaperone concept[J].
Semis Cell Biol, 1990(1): 1-9.

[15] Pelham H R B, Morimoto R I. Functions of the
HSP70 protein family: An overview: Stress proteins in
biology and medicine[M]. Cold Spring Harbor NY:
CPHf Press, 1990: 287-299.

[16] Brook U A. Elittelman | C, Faulkner J A, et al.
Temperature skeletal muscle mitochondrial functions,
and oxygen debt rim[J]. J Physiol, 1971, 31: 416-422.
[17] Fsrooks G A, Hittelman KJ, Faulkner JA, etal.
Tissue temperatures and whole animal oxygen consump-
tion after exercise[J]. Ant J Physiol, 1971, 221 427-431.
[18] Essig D A, Borger D R, Jackson D A. Induction of
heme oxygenas-1(HSP32) mRNA in skeletal muscle fol-
lowing contractions[J]. Am J Physiol, 1997, 272: 59-67.
[19] Skidntore R, Gutierrez J A, Guerriero V, et al.
HSP70 induction during exercise and heat stress in rats:
role of internal temperature[J]. J Physiol, 1995, 268:
92-97.

[20] Iwaki K, Chi S H, Dillman W H, et al. Induction of
HSP70 in cultured rat neonatal cardiomyocytes by hy-
poxia and metabolism stress[J]. Circulation, 1993, 87(6):
2023-2032.

[21] Liu Y, Mayr S, Opitz-GressA, et al. Human skeletal
muscle HSP70 Response to training in highly trained
rowers[J]. J Appl Physiol, 1999, 86: 101-104.

[22] %A%, 25F, BEF, F. #AREKASI
ARG EACR AR PR AR
&, 1997, 13(1): 30-35.

[23] Buss R, Fleming I. Regulation and functional con-
sequence of Endothelial nitric oxide formation [J]. Ann
Med, 1995, 27: 331-334.

[4R4E: ARHA]



