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[Abstract] Type 2 diabetes mellitus with cerebral ischemic disease have been growing concerned, it is one
of the main reasons of death, disability in type 2 diabetes mellitus, affecting patients' survival and quality of life
seriously. The occurrence of cerebral infarction is in related with inflammation and apoptosis. In recent years,
inflammation and apoptosis-related heat shock 70 (HSP70) family has become a hot spot in life science research
because of its extensive biological functions, and the research about its neuroprotections in cerebral ischemia have

received more attention, Now we have a review on the relationship of HSP70 and diabetic patients with cerebral

ischemic disease .
[Key words] Diabetes mellitus, type 2; Brain ischemia;
—. PURTEEE C(heat shock protein, HSP) 70 fIMES Az H:

55 gl ML 115G AR A
HSPE 5B 70 MR RILIN . BRI =il DASh,  FoAh

BRI, . B YUk, A, RS AR S Al

ZERCHSP. BRI, HSPXFRN AR 1 (stress protein, SP) , HSP

T FANN 3 F KNGy F ok 4 ANSK%: HSP90 K. HSP70

K. HSP60 FKIEAI/INGY FHSPS . HSPT0 J&HSP 5 I %

TRy FEN IO N AR Z A . BRI 4 PO R R

M. HSP72 fEIEH 4N rh I A RIL SRR Rk, N ERE T

MRS N, 8T s S HIHSP70; HSP73 |2 A 4E 54,

BT E5HIRIHSP70; HSP75 HjHSP78 43 S T Lk A4l py Ji

Jis, SR PIRET AE ROUN ik A
HSP70 & Fhah¥yh i frer, HAT REFIIRSF %, HSP70

FEIEH KR P AN FRIR B R D Rk, PRl i 3R 1 50 T I Y

HoAb A 1B BB AN [V R B2 (R4 TR HSP70 W] LR 5 3 T K

BRI, RPN N S S B BB, S A TR

SIZ, S BT U N A A A 52 IR P HRE R 5 HSPTO0

HHKo [N R IE L 38 W BOE P s . TRAR BE K, 7RG

REGCIEBMLAEHL N, 40 A& AT, FEAE IR

N, 1%

DOI:10.3877/cma.j.issn.1674-0785.2013.24.162
PEH L. 150086 Wi RV BE AL Y B — B2 I5e N 23
TR =, Email: pinggao0411@yahoo.com.cn

HSP70 heat-shock proteins

IUGEIR A PR AL 52 7 o i sl 0L 65 52 %o 490 2L A AR 5
RHER, HSP JGHE HSP70 78Sl 52 h A FEAEH] .
HSP70 7 e ifiL T3 O Bl H (0 2 a2k DR il i 248 28 0 7™ i AN
[l o 402 MBI AT 5142 HSP70 FE X A6 SRIBN R, o 8 ol ofn AT
Sl HSP70 JERFE A RERIBE, F)JEHMLNT HSP70 JEH
() S AR P 25 1), e Al e AR R HSP70 Rk 7E R
155 Te ORI B2 2 S 1B ) Sy 40X, 46 Bl At iE HSP70
MRNA Bl 50N 5 7R S e i I e 7F HoaT DURIRE R A, it

SPEE HSP70 mRNA il 8008 I )5 76 2 5 Re i Il 52 {5
AR R ZE TR IF AN R IATE CAL X, HSP70 7& CAl
XARER L. FHELMT, HSP70 AL kAR AHAE H F s
TCRUZE R B4, SR AERIZEIX A e A it Ag st (A ge
BEZEIX 0y HSP70 RIBAHATER D, X5 HSP70 H A7 x 6k
M HED AT % DR I, AE P8 e B ) X I 3R A 55 2 1) SC ik
B, JE R, AN N X 40 i A ) HSPT0
FIERITHBA AR, Kawagoe ZPIF5T K BiAE CA3 [X HSP70
mMRNA 5 HSP70 #: ARIAK %, T H HSP70 mRNA 3
IEIFFEN KT CAL X, SRR X I IEREE AR, 5
HSP70 & FRI7E 4 3 FEH 3K SE AN ]

ANZEHE T HSP70 [FIIF 5T TE 18 ASE BRI KPS B3RP 1
KA BRAE S IE I B, X6 HAe NS0 1 0 5 M tF AR 6
Bb. NZKEHSP70 FEHFEA T 1. 5. 6. 9. 11 Ffl 14 Stk
b, 21 S AR A AT BEAEAE HSP70 3P, HSP70-1.HSP70-2


mailto:pinggao0411@yahoo.com.cn

11768

A I R 152 0T 2 (B i) 2013 4 12 H 35 7 #25 24 1] Chin J Clinicians(Electronic Edition),December 15,2013,\ol.7,No.24

F1 HSP70-hom 3 AN RISk g f HSP70 25 [ )5 . HSP70-1 JE I 7E
—110.120. 190 554 JAFTE 2 A1, HSP70-2 ZE R 7 145(A/G)
1267 (AIG) . 2074 (G/C) Fl 2257 fif fifEAE 275, HSPTO-hom
FEIRFE 1097, 2437 (T/C) . 2180 (G/A) F12763 (GIA) {7 £
e AN, HETSET HSP70-1 KR 2 &M 5900 = & 7 H
(RIRFF IR 2 2 1 5 G s s A1 28 PE i ). Ridlker 250V 144
P RFSE IR B 98 M IS 8 2 3 B0 IR AP X BRI LA T2 F )
TR, FEHAE RossUOVKIIRIE 1 g H 3 ik ol RF Ak fr) o A
HRIER NS5, 1020 kO R 2 5 350 ke 1l 1 1) = 22
PRI o X P45 TFST K BL: HS70-1 b2 4507 R A B Gt bt
IHZH T (36.64% vs. 21.99%, P<<0.001) , HE7mtLhjlmn v As
TAEAESRIE, X Zee M i & N IR ST 45 AR —5,
Aem T AR CRimg Ay B, b E R RO
1M HSP70-2 3[R 2 215 2 BRUBE IR & - B0 ik o AR R AU A7 AT G
I, FE T R M B L — AN T A R R 2209, IEH A UL HSP70
RIS AR TR R BEE, KA T A58, HSP70 =
I 2 AR P AR Al i 1 4l A % 6Cinterleukin-6, 1L-6)
FE A SE A T--0. (tumor necrosis factor-a, TNF-o) #ik Fifd,
HETAEBESL RS PR AR i i 24 . Robertina 55T I,
HSP70-2 (1267AIG) B:A#EAr G BEA W4l & F B & F R A B
B AT ekt AJA JEIN BT 1.86 f5. RN RBUENAT G 3t
R AR 7 IL-6+ TNF-o fil y-T-H03 (INF-y) K&, nf
RER R b 2 M I N S B R T IL-6. TNF-o AT INF-y 2%
Hn, FHSP70 BV K+ 1 AHEAEH, F3T HSP70
JEIEH i A,

.. HSP70 JEH 2 &M 5 A ZE

I A5 22 M e LT ) 7 R I 3, 2 (5 e I 5 3 B35
FEGRI) EZ R 7E—T06 T [E A —T06 T HSP70 JE[H £ 745
PR 1 P XU, T BRI P DD BsrB T 44 HSP70-1 &
190G/C WEA HEF Z A5 MEIF . £33 3 B HSP70-1 A
7. bibl. blb2 FI b2b2. &5 HiIZH 1) b2 S5 3 PR 4% B
SR TR (36.64% vs. 1.9%, P<<0.001) D4, Logistic [7]14
43 BT 2 B 4190 b2b2 Fi1 b1b2 K& P57 2 fini A 7E J s 1) Ak ST £ 8o BRI
# (ORb5.41) . wJ WLREZEI & A Higttk R %Y.

—. HSP70 ik 5 izt

E 4 M S5 T AR M A 16 2 55 1E 8 2 4E 0 . Western
blot J7 725k EL40 il HSP70 /K SF rp & B R B 24 h )Y, 5%
R, o) R FE R A AE HSP70 2k /K P-4t e AL i 2 T, B
Ja R B, =211 HSP70 & &5 n o B, SRt ER
YT BRI, BRRREFELE HSPT0 235 7K B AR T 25 28 figi
BEZEA (P<<0.01) o #subn] LAHERT HSP70 AN AT DAVE i
FUR I BUE I e bR, BT LME TG . I Hol DUARHE A A R
FEHY 40 20 DL E A Fe b 24 N A0 8 bk 40 g HSP70 A&fi
RIEMN RS 0N, RlE B HSPT0 RikACE, S5HIFH
AE S B R N LI SRA] A0 0 T R L T SZ 1 . AT
fath, HSP70 FRIBTENMAE 52 NG Bk mr,  3RI5 s gAE Y
WOUE 6 hO8 R R] LK HSP70 A4 kv dof o 55 S 0 6y R )
Frbr, R AT B DR AARAE o BT 2040 af S0 £

# HSP70 /K-, LEIFTA] RT3kl CT i &gt & 4R, o
Ik S A B TT R R AR

VY. HSP70 588 bR & I Ml . (1) 0 &

Bl PR3 £ M 7™ B jgl S AR IR, R BUE. BRI
TP Bl PR T P 0 115 2503 28 B b v T B I AT
T R REAE o 105 105 397 Y 60%~80%, L £ 2 O A1l JR s A
TR 4 1500, A 2 v 22 A3 D RN ER 8 DR 2L ) 4 800
— R BRI , 8L DR F TR ZE Y A e AR A,
HSP70-1 FEPA 2 A1 5 24 A A% 5y & MEAT %, HSPT70-2
HENZFIES 2 BRI A ISR ARG, W Re 2 i f
GEI— A E R fE R R R P, BN HSP70-2 LI 1267 24
PERE S5 G AR Al & 7R N Y 55 2 BRI =1 BEAH G (OR
1.97) WA, L% A S0t ool RERAk A2 ph 3 M A ST IR R SOR,
P LA M 3G 2 A AT A IR P TR O R B . TR AN i S
fath, A N RFEAR A S WAt 5 B0 KOR AE BE B S A% TR 1 1)
LB, KRR AR . S PR B i A
MLIE R PRI A V)RR, SRR M RE R R AR A .
G I 5 3 WA B PR 5 M st 1 S 3 I 1L-6. NF-xB
1 TNF-o 75 5 W 5 8 e P22 DR 2038 1 7 A BAR At 2 o 7
Jii it 100 5 P 2 0 B B33, R b SCRAR T A7 2% 35 AT ) R v I
BRI g 00 2 B R0 i s o P PR T 9 A B o T M e .
A5 AU L BT HSP70 mRNA & HSP70 25 (1A%
AP, LB R P R SARE R LART 2 OB PR R
M HSP-70 ARG HE s T IEH XA, Sl Eikpom
RAEIT, HSP70 KPR 59 43K, HSP70 & (A . EA T
FUF TR BE R IR DB, i Hh 1) HSP70 28 (1K ST ik
20, [N )1 R A AT A (6 25 L AT 4 s 1 3
£ HSP70 HEDKI e . BHPR/KF-, A HSP70 . ik s,
AL BRI R A0 M AV FH S, DR AT T T LAZE I AR T DA ik
I FH 25400 0808 995 4% e s it 1l SR 15 '3 HSP70 it B IR 243
i IMRRENIH

Fiv FNEIALE HSP70 1A #HZ LR I AT BENL I

T ML 1) AR R R AR I 2 Fi B 29 BRI, HSP70 7
Hid B KB FEN . KRR RERNLEE: (1 fidi M
oo AT RAT HSP70: D41 TR B . @
LERARBORT B AN S 5B, cyptC (4 © 1E LM
IR, RSN Mg, FR]JEY) CED-4, P11
WA~ 1 (apoptotic pro-tease activating factor -1, Apaf-1) ,
=R RV A B S R (JATP ) A HVE B 8 T 4k
(apopto-some) , Jf Hii% caspase-9 (EAME-9) , MiEzh
caspase LSV . caspase-9 Wik caspase-3, caspase-3 YL it
FALHI%LIREG (DNase) , FEAIATEY, HSP70 ALK 1%
Xt Apaf-1 fERRGANET B9, @Bcl-2 & A ST
Bel-2 KW /3 AW —JS2BUHTIEE A (anti- apoptotic)
4 Bcl-2. Bel-xL. Bel-w. 75— 2 {2 7285 1 (pro- apoptotic) ,
£3% Bax. Bak % LK AN & 45 BH3 4544 ()40 Bid . Bad . Bim/Bod
1 PUMA KB4, Bel-2 S5 8 b1 22 10w JH ke ] 0 98— 5%
A, TEPIAN MM Tl s EEAER], Bel-2 K ] LAY 4



A I R 155 0T 2k (B i) 2013 4 12 H 35 7 #25 24 1] Chin J Clinicians(Electronic Edition),December 15,2013,\ol.7,No.24

11769

M TR kLR IE A, Bel-2 S E R ST TIRR B K. @
OB TR AR LT RS, Beere 2135 HSP7O 1 vl 41
N 075 S 1 c-JunN-termi-nal T (INKS) BRI B0HS F1S 0sk
P38 (HOGD i tE, Wh/4NMaYHT . Giffard ZEFFTR I
HSP70 wJ LAy b 8 T SRR R A SRR T2 (2) 22 TR
fEFH . HSPT0 2 AW LM & A (chaperonin) Z—. 5
WL R &. WS ECREREA TS G, MBI N ECR A
MR EE RS AR, WD P EANE TR, I e
FIREEST & s AERPRCSCIREERO MR ROIRAS, DR TR IE, W
PREZAMM ARG (3) Hra e o Bl e 0 5
FEAT R RS E BRI 4, HSP70 i I iRHTA ) FBEXS 4h it
BRI TR ORI AL . (4) HURBOUN: JOE AR i 4534753
PR A TRAEH], R A LUBOE 35 5 2 — S 5 I
(inducible NOS, iINOS) I NADPH 4 Akl A= i ME A4k 4,
HSP70 i i PRAIE M P AR RS E DT R AE . (B) fei
YRR HSP 3l A 2 40 A s 5T, FURESR I Py Rk 45
hag. SRMAWTUER HSP70, BRI MANALE S, Wy
TR A Th AERE, ARJERE eHSPTO fi Il SR LW AR i . A% 5%
WRAMH (DO ML P B2 20 o5 RIS TR A e R I 77,
AAE (NO) , TNF-a, IL-1, IL-6 %, I3 5040 A i) f g
DrgEES0, eH-SP70 & HLATHl ik DC 41 I e S s 40 i B e,
BOR T AN T 00 3E R G2 S R4, DRk HSP70 e
W1 G B RE B S A

Zi LRIk, 558 HSP70 7 sk i 72 b BA7 FE fh
PRAPET S 7 0 S L P V453 07 76 SR L Y 52 5 5 R DR Bk i 4
T A 22 T A, X HT s PRI, P i 255 U7
IR ERAVE, HSPT0 7E4- 2RIt s Hh i 2 ik A2 4
SEARIOAR A, T FLAE I3 45995 15 Ak 1 PR A 8, Skt T
H RN TS M SGE @5 A S M E, IF HASGEAE HSPT
fImRIAST 7t gy ¥ 7 — N dl O AR, (HREH
HIRZ X T HSP70 IR FTAAX e e i P55 1) 5307 (BN g
SRERCRD 5 TR T ARSI 5 WA RIS A 48, ik
A HSP70 i &35 J7 1 R BISG ZR 2 AR S AFAE 58 4 IR 43
B, PR RS QR AR DL 1) UL AR R A BE A BT S RO FEA 1, )
FEAEB A R IR R A e b3k 43 b5 DA B AT 7 HSP . A T
e PRIGTTJ5 TR BT, DAME SEar s T TR, f53 BE1
BTG .

Z % x #

[1] Giffard RG, Han RQ, Emery JF, et al. Regulation of apoptotic and
inflammatory cell signaling in cerebral ischemia: the complex roles of
heat shock protein 70. Anesthesiology, 2008, 109: 339-348.

[2] Donnelly TJ, Sievers RE, Vissern FL, et al. Heat shock protein induction
in rat hearts. A role for improved myocardial salvage after ischemia and
reperfusion? Circulation, 1992, 85: 769-778.

[81 ORSCHN, SEATRKES, 0. RIS Bk RV T (1 70 SRk
e e, BTGB 45 45 2%, 2005, 14: 3308-3309.

[4] Kelly S, Yenari MA. Neuroprotection: heat shock proteins. Curr Med Res
Opin, 2002, 18 Suppl 2: s55-60.

[5] Kawagoe J, Abe K, Sato S, et al. Distributions of heat shock protein (HSP)

70 and heat shock cognate protein (HSC) 70 mRNAs after transient focal
ischemia in rat brain. Brain Res, 1992, 587: 195-202.

[6]

[

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Tavaria M, Gabriele T, Kola I, et al. A hitchhiker's guide to the human
Hsp70 family. Cell Stress Chaperones, 1996, 1: 23-28.

Singh R, Kaglvraa S, Bross P, et al. Heat-shock protein 70 genes and
human longevity: a view from Denmark. Ann N Y Acad Sci, 2006, 1067:
301-308.

Porto I, Leone AM, Crea F, et al. Inflammation, genetics, and ischemic
heart disease: focus on the major histocompatibility complex (MHC)
genes. Cytokine, 2005, 29: 187-196.

Ridker PM, Hennekens CH, Buring JE, et al. C-reactive protein and other
markers of inflammation in the prediction of cardiovascular disease in
women. N Engl J Med, 2000, 342: 836-843.

Ross R. Atherosclerosise-an inflammatory disease. N Engl J Med, 1999,
340: 115-126.

Zee RY, Bates D, Ridker PM. A prospective evaluation of the heat shock
protein 70 gene polymorphisms and the risk of stroke. Thromb Haemost,
2002, 87: 622-625.

Giacconi R, Caruso C, Lio D, et al. 1267 HSP70-2 polymorphism as a
risk factor for carotid plaque rupture and cerebral ischaemia in old type 2
diabetes-atherosclerotic patients. Mech Ageing Deyv, 2005, 126: 866-873.
B0, e B, 55 MAER T 70 JER 2 A S5 NS K
FER IR ARG, TR A Lo L A 247, 2010, 12: 1151-1152.
Liu J, Cheng J, Peng J, et al. Effects of polymorphisms of heat shock
protein 70 gene on ischemic stroke, and interaction with smoking in China.
Clin Chim Acta, 2007, 384: 64-68.

SWET, Wk, PR, S5 ZAEMEINREZE B hsp70 IR, TAERRSY,
2003, 32: 466-468.

SEREWS, M) I, A R Eeh A ASNE VA B 70 KT
B, ARSI, 2003, 22: 92-94.

BER, MR BVATEER A 70 S ARSI P PR [ S MR A i i
PRI 4r i, 2002, 10: 229-231.

RO, BRIE, WD, AF AAME U A BN T 70 kAl
AR, 4757 2) T ABRLRT 223%, 2001, 19: 59-61.

LT, IR, 2 AUME R 50 LA RS o [ B EE ARK,
2006, 29: 3-6.

Giacconi R, Cipriano C, Muti E, et al. Involvement of -308 TNF-alpha
and 1267 Hsp70-2 polymorphisms and zinc status in the susceptibility of
coronary artery disease (CAD) in old patients. Biogerontology, 2006, 7:
347-356.

LRk, INTTRK. VLD RO s S AR B  AE S A% R x B A
IR A SRS A, AR T L AR S UR BE A 2R, 2011, 18:
232-235.

B, BT, SKAE, 5. BRI S IFE ML EK AC B NF-«B. 1IL-6
Jo TNF-a KT RIARAE R IR R . 222 27 2%, 2013(2): 29-31.
Muranyi M, He QP, Fong KS, et al. Induction of heat shock proteins by
hyperglycemic cerebral ischemia. Brain Res Mol Brain Res, 2005, 139:
80-87.

BRFIEL i 2 BB P95 MUFRIE 5 SR UFIE £ 40 HSPT0
SLPRIAGERIFL. ZR T BE 2 K24 24411, 2005, 29: 21-23.

Nakhjavani M, Morteza A, Khajeali L, et al. Increased serum HSP70
levels are associated with the duration of diabetes. Cell Stress Chaperones,
2010, 15: 959-964.

AEH, FH, PARIC. FMHIE T B A RER AL 0 v 4 Rk
ML FFHEVE JE I AH AR e A 1T 70 B R, T [ rh g B 455 4k,
2002, 22: 193-195.

Thornberry NA, Lazebnik Y. Caspases: enemies within. Science, 1998,
281:1312-1316.

Kroemer G, Reed JC. Mitochondrial control of cell death. Nat Med, 2000,
6:513-519.

Mignotte B, Vayssiere JL. Mitochondria and apoptosis. Eur J Biochem,



11770

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

A I R 152 0T 2 (B i) 2013 4 12 H 35 7 #25 24 1] Chin J Clinicians(Electronic Edition),December 15,2013,\ol.7,No.24

1998, 252: 1-15.
R, TR, IR, E WA ER 60 SAIMIE T AR,
2008, 39 : 267-270.

Saleh A, Srinivasula SM, Balkir L. Negative regulation of theApaf-1
apoptosome by Hsp70Nat Cell Biol, 2000, 2: 476-483.

Beere HM, Wolf BB, Cain K, et al. Heat-shock protein 70 inhibits
apoptosis by preventing recruitment of procaspase-9 to the Apaf-1
apoptosome. Nat Cell Biol, 2000, 2: 469-475.

Reed JC, Jurgensmeier JM, Matsuyama S. Bcl-2 family proteins and
mitochondria. BiochimBiophys Acta, 1998, 1366: 127-137.

JESE, TRAA RREAE AR i I T A AL S VT R EEIICD).
TR RN & AR, 2011, 5: 5397-5399.

Hegde R, Srinivasula SM, Zhang Z, et al. Identification of Omi/HtrA2 as
a mitochondrial apoptotic serine protease that disrupts inhibitor of
apoptosis protein-caspase interaction. J Biol Chem, 2002, 27 7: 432-438.
Beere HM, Green DR. Stress management - heat shock protein-70 and the
regulation of apoptosis. Trends Cell Biol, 2001, 11: 6-10.

Giffard RG, Xu L, Zhao H, et al. Chaperones, protein aggregation, and
brain protection from hypoxic/ischemic injury. J Exp Biol, 2004, 207:
3213-3220.

Jolesch A, Elmer K, Bendz H, et al. Hsp70, a messenger from

BT, &% #REEG 705 2 AAE KRS s gt & [JCD ]

[39]

[40]

[41]

[42]

[43]

P ARG R E I A

hyperthermia for the immune system. European journal of cell biology,
2012, 91: 48-52.
Campisi J, Fleshner M. Role of extracellular HSP72 in acute stress-
induced potentiation of innate immunity in active rats. Journal of Applied
Physiology, 2003, 94: 43-52.
Asea A, Kraeft SK, Kurt-Jones EA, et al. HSP70 stimulates cytokine
production through a CD14-dependant pathway, demonstrating its dual
role as a chaperone and cytokine. Nature Medicine, 2000, 6: 435-442.
Lehner T, Wang Y, Whittall T, et al. Functional domains of HSP70
stimulate generation of cytokines and chemokines, maturation of dendritic
cells and adjuvanticity. Biochemical Society Transactions, 2004, 32:
629-632.
Hickman-Miller HD, Hildebrand WH. The immune response under stress:
the role of HSP-derived peptides. Trends in Immunology, 2004, 25:
427-433.
da Rocha AB, Zanoni C, de Freitas GR, et al. Serum Hsp70 as an early
predictor of fatal outcome after severe traumatic brain injury in males.
Journal of Neurotrauma, 2005, 22: 966-977.

Ofchi H #: 2013-11-25)

(RS Hid: A)

W FhR, 2013, 7 (24): 11767-11770.



