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ARG ELAEE TS, R RS oG . F
FRERE | R AN T, TSRIE o) 5 4 A A
DRI Ik 2 A, CRUE AL IE W A7 16 Ak 42 fe
B HANMFRAS TR B, W2 R ISRIG 5 1%
S, il B E G R T 20 (eukaryotic initiation
factor 20, elF2a) KBRS AR 1 5245
Y, SRJE IR AR BT BORN 20 A T DR P
I, RIMAISRAG S Al B B 2095 1 &
A ALHEO MRS . NIRRT . 2R T MR
i . BRI A S L

PR, HEE NS (ISRIB)

DOI: 10.16476/j.pibb.2024.0123

ISR H i A FH I 2 eTF 20 3 ©' 0 eTF2a i
MR HATC A% E T 480, 43— Mg il B
18 £5 134 7 2 (general control non-derepressible-2,
GCN2) . X% RNA K #6125 i (protein kinase
double-stranded RNA-dependent, PKR) . #E H 44
RNA RPN 5 % i (PKR-like ER kinase, PERK)
ML 21 2 P 9 #0H) BE H P B (heme-regulated
inhibitor, HRI) "', W& 1 i7", PERK. PKR,
HRI M GCN2 # i B AR [R] (0 e f AL 45 A R AS
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Fig. 1 Four elF2« kinases associated with ISR and their role in mediating cardiovascular disease
Bl ISRHEXKIEAelF2«HEE R E N SH O MERRREE

PERK: 7K [ i fBilf RNAFE Y 5T M 3 i (PKR-like ER kinase) ; GCN2: — Bt 42 il BHLi& 2K 1132 (general control non-derepressible-2) ;
PKR: XUBERNAMKCHIZE (i (protein kinase double-stranded RNA-dependent) ; HRI: [f.£1 2% 5l 35 (1 #40F (heme-regulated inhibitor) ;
elF2a: HAZHIRF T2a (eukaryotic initiation factor 2a); ATF4: J&fbi%5H T4 (activating transcription factor 4); CHOP: C/EBP[F]IFEE
(pro-apoptotic transcriptional factor C/EBP homologous protein) ; GADD34: K5 FIDNA#i15 2 HE H (growth arrest and DNA damage-
inducible protein 34); PP1:. %K [A®ifZ1 (protein phosphatase 1) ; CReP: elF20 i i 1k 4 Al %1 FH 18 % 11 (constitutive repressor of elF2a
phosphorylation) ; TXNIP: i 48 & A L AE I ZE H  (thioredoxin-interacting protein) ; NLRP3: NODFEZ R #EE (4 45 #4 i A S B 1 3
(NOD-like receptor protein 3); IL-1p: FZJfi/rZ-1p (Interleukin-1p); Bel-2: BRI -23EH (B-cell lymphoma-2); BAX: Bel-24H
FXHH I (Bel-2-associated X protein); SESN2: sestrin 2; mTORCI1: TFLaIHE M FHIIEFZCl (mammaliantargetofrapamycinC1); AMPK:
MR FRIG AL (il (AMP-activated protein kinase); i Sk /R NG A2 HE, EEZEFIRIMHI,

A, 34‘1.?4;‘@11@1';@3_5& PR B 0 B i

3 F i
GOBE O Y R elF2a S . elF2o agngpy 1 CIF20aEBHISTSR

PRAC B (4 ATF4 0% 5055 18 o U5 5 Al A 44 GON2 S 22 S e B o . F
[SRAERMEEES RSO RR I, T AT R B R

R elF20 PS5 (19 ISR FE-L ML 3 58 B .
PRI AL, Wi, A maan o I REMICRETOIEN. "I R
WO R AIH ol 20 MW, WKL ey P APIDRIERIEEZ  GON2 WGBS, A
(VP RAL R 7 T A S, Bfefetey  WIFEIRYFEIZRNA (transfer ribonucleic acid, tRNA)
AR A 25 BT e K2 i RIS o BTN, GON2 (412 IE-tRNA £ 45 ) 7T L gk
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55X L (RNA, 1t CumZ s GCN2 T4,
3 elF2a iRk, R AEIE i FR 5 P A E R Se 3L A
mRNA [ BIRE, MHPUAR AR, RIKE R
B P H/NRIRE O AN TR, 23
HFTERALIR B T B R A 1Y) eTF 20 KETH R 100 24
R Z SE AR, B AR AN BRSSPI Hh I s 3
IR () 235 MR T e 5 il g T PR 22 2L, BRI
HRNR RAFAE B Bl 51, 11T GCN2 JE R R R 9 /N BT
NEWHBEAAN T S, AL A i 105 A R DR ) 2=
KA, R GON2 7rEse AT A i A rh B H A
., AT RAR T 2 SE R A R AR A s BR T
FRERZ 4N, GCN2 IR A . M= | %
HRZEREST . DNA$D . — AL ARME#HER OF
FtlaltE) EROE, S5HAEMEMIEREARES
AL AR T e

PKR {8 FR b SUEE RNA T8 15 85 10l , o
AR, PKR AT DL i JEny o 28, 75 elF2a
WML, AT BELT 7 mRNA F 5812 142 2E 40
PHT 0 JE R & P PKR ] LA i 48 Ak 5
ERS. HUMN 3. A . BRI, I 21 ZBR
il JE PR R S 4 0, PKR B A 2 5 firt
BORAEE TR, A FETAES . RAE L EE
2N I RE A, 02 S5 B0 R P v BRI A B
R W R R (RRHR R . A
FRBESE) RN DR IE PR b B R A 2
PKR 9 2 #3400 , ml bR s Ui Bk PKR AT L g 25 10 4l
HREFEERICRE . RS EAT . A 22 A
RAAAE [ 0 I A A S AR SRR I
A, A g AR R, At RS
PKR F1 4 il {% 55 5 A ¥ 1 (hypoxia inducible
factor-1, HIF-1) (%7K, 75T elF2a iR ik
VDSR2 N (1 o= S D R I A T
PKR A8 i+ #0E 4 7 «B  (nuclear factor-kB, NF-
«B) 12 K ¥ ¥ A (Jun N-terminal kinase,
INK) G5 R G RIEF S5 S, I
IS TR 20 B 0 1~ PR 7 A K 75 S A g T~ 2

PERK 34 ity SR FR Ay P IO DO it , - A A B85 R
HAIEMER, PERKALEA A RIRI Lk, H
N S DAV, A B R B P, 2 B0 B O R £ T
HE TR D3, 1T C g DX 32 2 A Sl A 1
R Ak A 22, PERK B PN T ) v A 52 407 25 19 2
R BT S IS Y i ERS, BFRELZ . A
LR . DNA G . REE AL AR S HR & 7
FERS ' ERS & ISR H [ — SR EHELM I, ELk

SR BT R A AN AR SR A AT 2R 1k PERK
MR AL BTG 45 AR da, 7 eI F200 B B A i R
b, elF2a Wi MR LS IS 4% s [ 1~ ATF4, 5%
AR N | Z R LA R A T4, X
SRR 9 T AR A Y S ZEAL] 220, PERK 243
PSR 2R TR R B A A Hh B {4
YER, Qi aEgmig . BEATEA% bV BRI R IE e
I PERK AIIRILEMA B AR« Jeos 228 LA SO B
SRR B TP T 27

HRI B AR IMLL R I EA, J2—
ot 3 A 2120 RN AR B 2 11 1 A 1Y A
ity , AR . PRSI T 5 | R A
Jii 2 14 8 P HRTIA 5 ISR (1 3= B fk R R 2
WA HRIR AV IR T2L4000, e dfe e RN
ELmgdifrh &3 . HRIFENUAR R & i ferh HA 56
HEAERT, AREERER R RS S A A 2T R
G . MIMLLZRACHIRET, HRIFEH N 332 21
FAMH, 4T FE S HRI - RIEAZ54 5% T HRI A
B FIRIRBER I, IiaE HRIPYEREE, JFr-A:6e
SR 2 JH P I T 2R VA Y HRI-HRT 3R AK > B
FERM, TE HRIFER IR/, Bz 20 R A5k
e RPAAR )OSR EE NG R 5 SO 1A e 1 R G 5
I, ZTAMRET TR AR S BE AR 4R B g T Rt
HRI 2 £1 248 Jfi v 25 PR 3 35 R0 2400 A7 375 1) 26 B 70
B IR Z AN Z B i 4e b, HRI
RRBEAR T LR AR 8 1 T AR g e,
T FL S RN EE Z #A A C1 (mechanistic target
of rapamycin complex 1, mTORC1) {55 1@ #& M HE
1T B EA IS A B (R A LD A B R P i
21 Z K- TH R T L 268 2 IR, HRIZEMH]
26S FH A S WS . D, AR EHA RN LR
P A Z ] R IR R 502 2 1 ER 00 T A 1 R
MM R BRI R HE

2 elR2aHEEN SHWESN B RMEEOCLE
s Y 1E B

21 EBHNHEKMFFEEOCINER

R TR RO LB SRR K AR R R
J5 . WO FE B Bk 45 4 (transverse aortic
constriction, TAC) &AL 778 T far g B AL
NEJE SRR, 2R AR 2 35 s B O JULAE
5, IRl PERE O ELT4EML . SR0E, BRZBLO D
SRy g Y Wk 1 R, BT R I R



+3182- EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (12)

%% elF2a X TAC 755 o BRI O LI SR i 5%
oM e XN T TACFARJG, GON2 [N
B/ R I R O DI RE R L O LR AR T
DTN o4 A ol (1S PR 17> i =8 = 7 N 1 L
GCN2 HEPH B i) TAC R JF 17531 elF20 R 1L |
BN Bel-2 8 1 3R3K A OC s PERK HE R/ B
TAC FARGOIIRE T K, ZEE=LF4eibigm, ol
YRR ToRG TR, AN, HALEI R PERK B
a5\ 28 55 Serca2a Y FIAA K Y PKR LY
B X TAC /NEO LA ML T A HCPiE A, il
1855 TNF-a A M T AR, BEAL TR T+
S N AN o= O R R E S 2 o | RN = % S S P 2
BB Il O ILEF AL B FEIRIY, ATF4 B
AR PER, /NG LA ZURR 54 w5k ATF4
SN TAC S U, e ) s 1) & e
FYERF NADPH AR A G P70 £ b, i mBR al it
1% eIF20 PP AT LASI I ISR, 3 1717 22 fi% 201 400 7 g 3
PR UL

TE TACHE SO ) v i & Bt ferp, BEH
P AE e B A e As , R S AR Z TRl AN
DETC AT RE A T BOVLAN i 26 A0S 1Y A LTI, elF2a
A5 1Y ISR AT B2 A2 e A2 1 s B AT A TRy T
B P N As Bl A O M, £ TR R AR A7 A4
(M, acetylcholine receptor, M,AChR) 7% 54k
LA NDiR e ik AR Ve S N it i W12 R Z N
4 H H (mitochondrial fusin, MFN) 2. PERK/
elF2a/ATF4, NLRP3/caspase-1/IL-1B 15 518 i i) 2
HiRIR, A RIS R AR5 . ERS FIRAE
JRE, - AT 987 TAC AR J5 0 IENE R A0 L) RE B
0 T8 & B O 7 (stimulator of
interferon genes, STING) JEALIA [E A Gy I8 77
N B ORGSR O AUIE R A S
FHONEUCIEN RIEFIZF4EAL . P-PERK ., P-elF2a Fil
IRE-1aRALINZ IR, STING 3 H Rl vl LA
il X Se R BTG, TGS D YIRE . R SO0
MEFYEfk, BISTING F2 2238 i ERS IR Y7 HM: O
WENE I, & —Ffogr R 8 55 PR Y IR s
fE M (thrombospondin, Thbs) % & I 4 Al 4
ik A L S L BT 2 1 A A BT, BFSE SR W Thbs 1 2
PRI R /N BUTAC i E 3907 1 JEE ) R e P AE
JE, HLHIE Thbs1 454 FF 30 P 5T R SR R+
PERK, 175 5 T4 s Kl F ATF4 R IKF1 H WA
TR0 NI RERERS 2, FUIRIK IR TR 2 — Rk | rh
TSI AT AE Y, AT DIE PR B0 ISR A5G

W, HEE TAC ARG /NRAERSR, IRl
K. Mg, IR 4EfL RO E D) RRRRES, 2 —F
FBARTT O 1 i Ik B IAAE S R — A
FIIRREME 24, B A3 2 — BT 284 114 0 - 4 260 0 T )
iz % H 2 (sodium-dependent glucose transporters 2,
SGLT2) #Wifil], & m LA i #0% Ang 1AL FEAR.C
JULZH Bl % SIRT1 R4 i ERS 2 1) PERK-elF2a
-CHOP fili, M {0 LA S 2 4 g 1, 2k
ZERAN O EH N E AL, B2 EF
(bazedoxifene) J&—7F IL-6/GP130 & [ A ELE I
A, R — R MR A2 AR, AT DA
5508 P 5 P9 E 1 BRE S 10 /N RO IE IS 4 ) e
fiF . D HERE R LT AL, HLIFIRE STAT3-Y705
WAk . PERK/eIF20/ATF4/CHOP iGiAk  JULMs T 2
#H 1 (inositol-requiring protein 1, IRE1) aififk
FLO UM T A O™ 25 B, B T A
elF20 I RIRZ A, vl iEsh . Fie
I3 B 5% B8 24 ) R TR 4 ) elF200 ST 1Y 3R
DL B ISR
2.2 BEHNER N FAYERRR R

JIE JiE MR PR o 5 0 R 0 LR (diabetic
cardiomyopathy, DCM) A &, W1, —LLFHLH
12538 35 Y5 PERK-elF 2003 5 42 44 %o i D Lo JIE
PR YER . I RIFRE 321K (cannabinoid receptor,
CNR1) it = Al9dde g5 S A KT . 0o
REREAR . h R A KA T AR, L Z
CNRI HE A B T 980 JIiE 20 21 PERK -elF2a.- ATF4-
ATF6 (3635, BHAS T ERS . FEMEIRI/INELCIE
H, GON2 ZE B BRI T ISR AR OC 2E H i 3k
(P-cIF2a., ATF4F1CHOP), [FBft il T A5 AR
2. AN AR G 1 (PPARa, PPARy) (1 |
PE, AP T AR TR (Bel-2), MM A
DR IRE 7. 25 L, elF2a Ji Y 3 A i i sk
F AT DAAT R b 22 fif DCM YREAR, AHCHLEI A
JA17 PERK-eIF20-ATF4 38 A 5

B TR 259697 78 ISR A 4 I 08 7
DI R AR R S s B OCHEEMMEN . sk
R Bk T DCM K B C AT Ak RN A e 1,
HOA AL H & B 4 B A R 1L I (acetyl coa
carboxylase, ACC) . CD-36. [A % Bl F i) ot 5 5%
#% T 1B  (carnitine palmitoyltransferase 1B,
CPTIB). TNF-a, IL-1BFIIL-6 ARk, &4
il PERK il elF20 i Ry 2 ik, RIVAR R R Al A i
TR TR ACES . SEERSERIR 98 P 5T I
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T RE A A0 W B 1O L 0 — R XU ik
S LA LY A Wk 9855 DCML, - I H. = HOBUIR
(0 R O/ 37 AE AR T 0l A N R A K
(vascular endothelial growth factor, VEGF) B/
GRP78/PERK 15 i i ' #it Ak & T LRI 4 bR
s K RO ILEF 44k, HALH AT e 5 T IR JAKY
STAT {5538 % 1) K3k A 5, DT i 41 1z 38
WG D IAY Q23 105 VA L R P 7~ | AT
PIARAE G T /O MU B L i —— ISR R K 5 57
251, FH R HTERE RS 0 WU G RIR T

MR 1R, B S R, FRHRER
A BB I ik A ERS FIHAN S 00 40 ML 04 T3 AR 15
O WU LR B PR 7 o G A A AL B Y
HOC2 .0 JILAH it A1 2 W A 319 K BRC LD PKR 35
W B, MG A (reactive oxygen
species, ROS) Fric#y i E 380, O ALK LR 2
fE3hn, 3-Frnds s sk AT A= 40 T DA 55 b iR i SeAs
ROREAR , HLA] 55 40 il PKR/eIF2o/ATF4 i #% (1) 32 35
AR P, GON2 i 1 HOC2 L WLAR M v i
PN S X S A SRR B AR 2, 1T GCN2 3 23k WUl i f)
TR ESE AR RS T AR T . P N A B
JEFARE 7 N-& Bt a2 (N-acetyleysteine,
NAC) J&—FPHA ROSTHFR TP, XF
O S A WAE A 23 /EH Y, NAC 2538
i ERS T B o W sl b 1R A 5 0 LA A 4 R A4
ROS, WHECHWET, g 0N BeR AT ' 25
b, S S R B T BR/AM ] ERS AT LA
B LA R AR QR
2.3 EBE MR FAER IR

R I o U A — ™ P OIS T3k
Iz BRI 5 2 DR A IEAE T . Rk B 1Y
WEHE R, OISR ZE R TR & S RN
(unfolded protein response, UPR). UPR J&—FiifE
b EARSF RO ARML RN, TR A RERE I L 5h 4
() E 1 BT 8 I . PN o ) 5 R A s A T UPR
R B IR TEAS 5 2% LR g A AT & B iR & Y
AR, Z5ME3MEEFE5EK, B PERK,
IRE1 FI ATF6, LABERS 0 25 1 5 5, 8 5 9 ot
I (%) B 1 B AT S R D, I35 P o I A DGR A LA
B AR A PO R A AR B s
T EE P RS UPR, %R VAR N i
WA AR AR A 2 A A T8, ARG s N ot 41 &
RE IR AR As s

KEWFFERY, B0 IUGRmAh, Sl i/

(ischemia/reperfusion, I/R) 7 Bfif 2> 5 8™ & Ay
OMER A B X AT RE A0 ILEEBE Y 40% . A
WE9E R P, /N BRLO IE DR 385 B2 5 43 301 P-elF2a/
ATF4iE %, i CHOPFEH ik, H CHOPF:EA
g 53 70N R s 0 B8 S 14 R /0 0 JUE ) R 11
P BT X-box 455 4 H 1 (spliced X-box
bindingprotein 1, XBP-1s) J& UPR H {5 J& £/ 5F )
O3 3C, XFOME UR 4545 BA SR AR B AR T
GRP78 WLk A s Bk ik I AR A /M, R
FEN T M 5 B2 —. GRPT8 & #)
Wk Kok N It NS N s 1) SR
I ARERIZE L BRTEA S S EARITS
(GRS, GRP78 14 78 24 UPR (1) 4% Jds Al
55, GRP78 7E TP O AE AN AL T . 504 o
AE AN AR 1 Rl LA S A7 S 7 T OCEEVE R > @,
GRP78 7£ 0> Ik Hp 8% UR A 205 S, 0 UL 40 i vp
GRP78 41 3k AT LU ZU AR 470 i # 52 IR #5147
FERLE 7, GRP78 T8 21 4l g 2¢ 1 B, B 42
W AKT 3 3% I o538 06 1k L e AR L ZE
P-elF20/CHOP/GRP78 i % 7E 5 J7 IR Y9 H & 15
FEFEEANEA, HHLHIFNE UPR FIRLREA 54,
izgl) ., iR AE T LA i ISR G
SO . k1, ZEEE LR (branched-
chain amino acid, BCAA) A% I R5s Ry HE 58 1 0
WELH A B R SRk, I T i it SR Ak
JEINE 70 UUAT VR B4 405 A e 55 1, BCAA 38 i
GCN2/ATF6 #2155 PPAR-a Fif, [#{EBCAA 1]
RESEVEAE A RO IECR AP SR mG , JUHR X THREE
BCAA FhiE A RAE BRI JHERE FIOBE IR ) &
& 10, SR EE AL AMPK A S 1Y 5 = 5 1 58
i BE B ERS I AN T, ZEAR IO LA S
Z VR PG T A ARAEH . Bsahss 7 VR
R R Rl A e 22 T RE AL UL MLAChR 25 1 6 3k
WEHE T MEN2 3k, W] T Zokiiksh J1HH 6
1 1 (dynamin-related protein-1, Drpl). CHOP,
PTEN i# 5 i € ¥4 B (PTEN % S & & i i ,
PINK1) HIPERK/cIF2a/ATF4 {553 i AH 56 5 111
Tk, AR/ T LRAR A KE . ERS FIAH
T2, &AM E (dihydroquercetin, DHQ) &
—Fh ORI, BAT SRR MPTA R, DHQ
i i I GRP78 . P-PERK Fil P-elF2a % ik /K - LA
R BT N2 550 &AL KR TT 1 1 45 A K 4E 2% ERS
() & A, AUs /D Ak L 38 ERS 755 1 40 i U
T2 s ok LM T RIS 1
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fili AR, EAARGSRIE . TS IR L BRAK 53 R
(D)EE, RHOA/ROCK i 2 P4 i 90 1 35 R v e A
. BT BL, AR AR O UL AT LG ik v
KECONETE IR T, HLELE T I8 ERS
AH K4 1 P-PERK/P-eIF20/ATF4/CHOP fy 3k, IF
] RHOA/ROCK i % "', 5 F}R B (tournefolic
acid B, TAB) J&—FAIXIECH L&), TABI@
T A PI3K/AKT A5 (04 N 5 B3, A A s A
YA IR TSR RO WL VR 351455, R —F R 5 o
PR M BIRIRIT 254 Y . B TV AT LA
PN S5 X 7 S5 S B A T, o A P ] elF20/
CHOP 3 i >fe J0 il Py 5 D9 g 35 0 o0 UL P 1 4
175 4% K B W (reperfusion injury salvage kinase,
RISK) FilA: A£G AL [H 74458 (survivor activating
factor enhancement, SAFE) i f#-2 W4~ S8 1) N
FEARAEAEG T, AR R T B SS T UR B 405
H[E] Y ERS A0 M8 -, Ji& i i RISK 1 SAFE il
2% A0 B/ 1 ok U8 59 PERK/eIF2a/ATF4 1 35 7,
/NEERTRAL BRI T VR 5T ERS, 1F VR B ik
RO, — S35 PRI AT L 1ok ok 553 PR 5 4 7 38R i
BURMI . 2B E AL IR i 5 A R 3 R 5 2
(NADH:
assembly factor 2, NDUFAF2) FEPRZLKRIARE &
YT 2E R 7, & PERK (i #5048, PERK/
elF2a 15 5 AUIE Il /> T LRk & A WA A i 6 1
AW, IR R T UR A0 LA B A TS R
NDUFAF2 19 8K b 3 38 i 7 UR R o0 L4 B A7
WY A ST R B U SE S 28 d,  IncRNA
MEG3 & m bR/ R O BE D RE R 4T, O S YA
N I U DT A e e S DRI [ 875 ) e 7
51755 PERK-elF2a Fll caspase-12 il i, p53 ##fi &
“} IncRNA MEG3 1575 NF-«xB F1 ERS #H 5 4 it 5 7=
P AR, i RO BRI ER 7 EAR
- M) A bR 25/ 4 (oxygen-glucose deprivation/
reperfusion, OGD/R) HIHEUAAfIEH, GCN2 BRIk
Hom, GCN2 [Tl T HOC2 4 it 11 4 AE 14
RN, FEAK T OGD/RBLALAH LA I T- /K-, IF
T T GCN2/elF2a {5 538 i 9 235, B elF20 T
P AT LAHIGIH GON2 i 2635 %F HOC2 4 i 48 Ak 1 S5 Al
A0 T B P, TBC1D4 (phospho Thr642)
XTI 05 2 O L A B R BRI R G Pk &
KHEE, TBCID4HL= FECLHLERS )W T . 40
Ji 471 35 5T 9 RIS in O LR BB J o0 45 0 i

ubiquinone  oxidoreductase = complex

TBC1D4 {55 5 7% F: 5z it 2 R 00 WU IE 5 15 A
R 7™, 2k b, a8, 4R Gl
JH T ISR S 2 i I/R B MI s s A Bl i vE O LG, IF
HIX =R 204 5 vl DA sl 45 G e R A S sl
PR SR A B ARG F-B
24 EBHNHRMMAYSHEEOINSSE

B8 2% B IR VR 7 (I R I FH A2 B L0k 2
PERYRRE], iR 1PN, MR eI GON2 ik n]
DLV B 5 2 5 my /N BRG ) R E
GCN2 [ Bl BRI 55 T eTF 20 il iR Ak S R Ui ¥ b
ATF4 FICHOP 353k, JHRER THUM T Bel-2
FIUCP2 3R3E 7 V0P I IR 45TV HH S — T 284 1
R IR R ARk HE R B, AT L 2 e e
RGO NI REFRG AL T, HLERIFI N 5T
M W 4 A ¢ & 1 (GRP78, PERK. IRE-la,
ATF6 . elF2a. ATF4 fil CHOP) YW &4 56",
AT & B GON2 K& D B 0 > TR 2 b
(lipopolysaccharide, LPS) 5% WA AL/ AL
SAEFLNEDIBERERT, 12 ST B AT et Co I AR A
FC E Ty ge B A5, HL ] RN aE B B IR GCN2-P-
elF20-ATF4 3 % Rk ACFA X 7 5 b, eI
BT 2205 T 1 O WL AT, ELEEPI ] GCN2 1Y
FIR DA KGE o — S 24 ) 35 AT s 2ok 4] ISR Sk A AR IR
FHEH.
2.5 EENEKMFBEKHEREL

WF5T % PRAE Bh koK R A AL Hh SER 2522 ) ISR
TR, 0 eIF2a A1 PERK W21k I i ', PERK {2
PERIRANRIZ R, /N B CHOP 2k il v /b ) ik
SEREREAL T Onat 55 i HILFRAS [R5 2k
PAT elF2a MR At TEHH T ISR 7ERR U5 3 1Y R IE
IINRFEIE S AE A B ks A 1k 1 R v i DR A
FH, FExsesimg, eIF2B %% (il ISRIB) {1
S oI QT S O e SO e I I 3 =
(acetaldehydedehydrogenase, ALDH) 2 J& [ 25t
UL RO 525 7 A LN TS WY 1 i uy NN N B ;S TN
AR L T RSN Bk AR Ak A v R A 15
YEFD ™ g 1 s, ALDH2 ¥R 2 254% 5 3k
SR RERE L0/ el R Bh ikope 2 ) e AR B R UIAE G,
HLH & ALDH2 38 3 sk 55 ~F- ¥ WLAH A Y ERS FIYH T
KBl 1k Sk RERE AL i HE R % ATF4 & ERS 5
(1) 208 J6 080 T e 38 fn 7 DG 4, S miR-1283 1
ATF4 33 3k (2 8 1l A7 P9 B 2 it 403, ML 1 ol
miR-1283 47 PERK/ATF4 18 % % %2 ik ERS & 4=,



2024; 51 (12

BT, % AREBRETF2uHEE T SNES MK NI O NERRHRERFLE

+3185-

TR A B R TR GE ™0 25 b, E ARl
WEHE I, PERK %5 S/ ISR 7] fE 23 il 5 3l ik ok
FER#E AL, HH CHOP Zik . il ALDH2 & 41

ATF4 [ &5 24T DL i 5 7 ISR 06 2% it 50 Jik o A
fififk,

Table 1 Study of elF2a kinase—mediated integrative stress response in cardiovascular diseases

K1 elF2e#EBIT SHIE A RHR RO ME R R R

Ve Ffy o SRR P VN T4 R Bl
Lu%k BY 2014 C57BL/6/MNRR TAC GCN2fbe 0T 4a thigbedig | LTS | P-elF2a | « {#% T Serca2a
OMLET4EAL, |
Liu& 0 2014  C57BL/6/MR TAC PERKGFR S o8 | /2O R e fb A T 1 P-elF2a |
Wang?%5 B0 2014 C57BL/67)N i, TAC PKRAZRE ALt made T 04tk | P-elF20 | - TNF-al . {BHTHT |
Ms2 B9 2021 C57BL/6/NRR TAC HEIEE OATIEK L OEThAE 1 PERK/eIF20/ATF4 | . NLRP3/
caspase-1/IL-1pB |
ZhangZs M 2020  C57BL/6/MR, TAC STINGH.: LN R/ BERERS J/ AT 44k | PERK/elF2a/IRE-1a |
Vanhoutte®s ¥ 2021  C57BL/6/Mil TAC Thbsliilk  OHUER T PERK/eIF20/ATF4 1 . [ 1
QinZ ) 2017 C57BL/6/ML TAC//R  FSRMIEAR  EAER 1 L= IhhE T A= P-GCN2/GCN2 | . HW |
ik, |
RenZ: M1 2022 CS7BL/6/MR. MAFEIKEN  AWEG R 44U LR 44105  P-PERK/PERK | . P-elF2a/elF2a |
MCF 16 | AT AN ERS |
Men% 7 2023 CS7BL/6/MR. FAW EFE EBEEF LIRgEhRERS | 0IEIEX ] P-STAT3 | . PERK/eIF20/ATF4/
OWLET4EAL | CHOP | . IREla |
Peifh 101 2018  C57BL/6/M DCM CNRIF ERS | HEHBIA | P-IRS1 | . PAMPKa | . PERK/
elF2a/ATF4 |
FengZs 471 2019 C57BL/6/MER. DCM GON2psBR/m O LR K/ ot A5 SR /484 B 8 ¢ PPARa | « PPARy ] .
HOC24 g ik AR | P-cIF2a/ATF4/CHOP |
Trang 81 2023 Wistar K i DCM AERE OIEYRAEThAEZ B ERS/0E | PERK/elF2a | « FAREE |, Eifk
FIAT
Zhang® ™1 2024  C57BL/6/)N i, DCM THORAT OIHREA A/ WLAN L | GRP78 /PERK | , PERK/eIF2a T
Liug 5 2018  SDAH DCM H,S OWEFBEAL/ERS/ ST | JAK/STAT | . elF2a | . GRPY4 |
Udumul% 511 2018 Wistar K il + DCM 3-FEie L UEANMAE K | LU | PKR/eIF20/ATF4 |
HOC241 fu (3-hydrazone)
He% 121 2018 SDKH. DCM NAC AT | AR | ERS 1
NRCMZi g
Zhang®% 171 2021  C57BL/6/MN R IR NDUFAF2  DAVEEEESI | IR A0MA7 3G PERK/elF2a T\ R S WATA:
H9C2/MEFs fiil #1 IROS |
Li% 21 2019 C57BL/6/MRL. MIL DLZH IncRNA MEG3 ZHiE T | & P2 | PERK-elF2a | . caspase-12 |
NMVMs4iJf k7 &z R
Pus 31 2019 MWLBRIMIT A I/R GCN2F4t Lo ILANHE s/ F AL RL R T | GCN2/elF2a |
Binsch%s U] 2023 C57BL/6/) i, MI TBCID4il%  ERS/ECMITR/CIFH4%5 i = 1 PERK/eIF20/ATF4F 1% 1
Li% (91 2020 C57BL/6/M /R BCAA OIEA SR P AT T 0L GCN2/ATF6 1 PPAR-a |
gt 1
Yuek 14 2022 JFAROHLANN  4HAREAE SRR M4UET L. 4ipiE 1 GRP78/CHOP/CHOP/elF2a. |
Chen%% 151 2024  SDKH. IR, CAL40 B3 OIpEE T HUEMRE N T PERK/eIF20/ATF4 |
HOC2411i2 JHI 4R
ShuZf (91 2019 SDAHK. UR. DL MR IR/ RUE A | P PIBKVAKT 1. SULRIMV/ERS/4H i
HOC24 i Ja B Pl 1 AT
sugs 71 2022 SDKHL. ML LUl AR IR O IR EE /2R R AR TE T 4l P-PERK/P-eIF20/ATF4/CHOP | .
HOC241 Pt 4 T | RHOA/ROCK |
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=4 TR I Fr = Dioi Bl
YuZs (81 2019 HOC24 IR HAHB  OIAE T OISR PIBK/AKT |« ERS | 4UARYAT: |
i
YangZ% (7 2023 ALACI6 MI WEEFHIV 40T | ROSHIAE | P-eIF2a/COP |
e caspase-3/caspase-9 | . Bcl-2 1
YuZs [0 2016 C57BL/6/)M /R WEE OIUETS | EULREM | CIFShAE T PERK/eIF20/ATF4 | . AKT. GSK-
HoC241I )1 3B+ ERKI1/2F1p-STAT3 1
Zhao% BT 2016 SDAR MI/R ANEER OJUESEIH A OWIE T | B46H PERK/P-eIF20/ATF4/CHOP | .

5 L iEThEE T JAK2/STAT3 1

Wang®5 751 2018 C57BL/6/MRL.  CoETEME  GON2BAGA! U4 DhRERRs/ AT 4Efk | 40 P-eIF20/ATF4/CHOP | . {8
H9C24H 1 Rk TR | Bcl-2/1UCP2

Kim% (61 2022 SDKH. OEFME ECH/A  OLThEERERS | OUUE T | PER/ elF2a/ATF4/CHOP | . Bax/
HOC24H /g VbIH caspase-3/GRP78/IRE1/ATF6 |

Sun%s 7 2020 C57BL/G/MR JERE  3E3h. GON2 DR | OIhREA A | GCN2/P-elF2a/ATF4 |

FBR
Yang%% B9 2018 SMCs FEKHRE  ALDH2 A T LA A i 57 I S8 T2 | PERK/P-elF20/ATF4/CHOP |
fif 4-HNE |
He% 11 2016 C57BL/6/MR. WA miR-128330  ZHIRVAT /00 T M i i difi 1 PERK/ATF4/CHOP/elF20. T

HUVEC it 771

Serca2a: LAILHILIE %5 27 ATPfif§2a (sarcoplasmic reticulum Ca®* ATPase); MCF: /INFUOHUREF4E4IIE (mouse cardiac fibroblasts); SD:
Wik R - £% (Sprague Dawley); NRCMs: Fi /NI4T (neonatal rat cardiomyocyte) ; SMCs: KM ILANME (rat smooth muscle
cells); NRVM: #Hitk KEOZENIANAE (neonatal rat ventricular myocyte) ; MEFs: /NIRRT 4E 40 (mouse embryonic fibroblasts) ;
HUVEC: A&k B2 400 (human umbilical vein endothelial cells) ; MI: UJUFESE (myocardial infarction) ; NLRP3: NODFESZ A #R
[ 45 K4 $s A ¢ 8 (13 (NOD-like receptor thermal protein domain associated protein 3) ; caspase: 75 - Mt & MR #Y K & & R £ H /K fif i
(cysteinyl aspartate specific proteinase); PPAR: il S E LG4 2 &4 (perixisome proliferation-activated receptor) ; IL-1B: FHAME-1p
(interleukin-18); STAT3: 1554 A% TG T3 (signal transducer and activator of transcription 3); DCM: RO IR (diabetic
cardiomyopathy); ROS: {42 (reactive oxygen species); GRP78: Hj#4j#iI 17178 (glucose regulated protein 78); ERK: ZHffiski
T E A (extracellular regulated protein kinases) ; Bel-2: 2Bk L4 Uy 2 5L (B-cell lymphoma-2) ; UCP2: £& %7 A ff {H BE & 112
(uncoupling protein 2) ; 4-HNE: 4-¥2 3L T /& ¥ (4-hydroxynonenal) ; I/R: 5 Ifi/F # 7% (ischemia/reperfusion) ; AKT: Z& [ ¥4 B
(protein kinase B); JAK: Janusf&Z MR H MM (Janus kinase)

BEft, §aRiCls . fedtiashDiReIKI 2507 i A5
T—EOIEsE 0 (e — ISR, ISRIB H]
R B BRI G O R W R R A, AL 2
LA ISR IBASAH A R 4EAL . A A
LR A W LA R RS T E T I 43

3 EBG MR R 7 7 O i R Y
Rz FFnAL Y

ISR /2 — PR A5 1d B AN R IPLE] , A7 B AL
A A T XA BRI 7o ST ISR 7 L AE PR

R E SR IEER, A5 ISRIFSE B 3 28 w01 2
T RABZGP LAY ISR bR i(E S, RIEd
AN I BTRRAS, DI A SR B30 e O I B PR 1Y
PR, HET, O M PRI ] ISR B 254
B4 4. ISRIB, 4-PBA fil Salubrinal, 8 SCICET
ISR AR Lo LA A I P BIE 5 R AR S AL il
(FR2ME2),

A N R Nl 5 (integrated  stress
response inhibitor, ISRIB) J&—Fl 5L/ 7 F 24
Yy, %5 T ISR R ANGE B T RS T
MR FSZ I B2 ISRIBAEHL R & . SN TI6E

(Connexin 43) MYFRZRA-F ) RO IMNGE RS0
o, ISRIB A 238 K B sl kB TR AR 1 el
FRBEE PR T, RIS e e . ik R fi ik
PP AL S T, HN IS 1 i A As Ak K
GRP78. GRP94 Fl C/EBP [ I & [1 7K - i F+ &5
A R LA TV LA B Ak, DA T ek 4 3 ik A
A 194 g U 2 M) S 4T 17 38 T 2 A A4 G 41
JRRRIR 2, FEAFh AN AR 538 i R AR
Jig 22 W AL 3L UL AR L 5 2 L PR, 52 B eTF 20
Ak, I TNF-a (7=, 84NN cAMP, i
PR R 2 B2 4] (ISRIB) #4117 LPS Ab#E A%
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Table 2 Application of integrated stress reaction inhibitors in cardiovascular diseases

R2 BENRRMEIF RO I E R R R N AR R

e Ey TR B PEI T TR Bl

ZhangZ% 1% 2021 SDA R DJEWE ISRIB OELT4EAL | EVRgEiEE | A | Connexin 43 T . P-elF2a |
Dong% 1 2022 SD AR 4454k ISRIB TSR | elF20/ATF4 |
Wang®s 1 2023 B /NROIE  MREE ISRIB TmER T R | P-elF20/TNF-0. | « 4L AcAMP 1
Onat 25 51 2019 C57BL/6/NR BUfikIEFEAEIL  ISRIB RAEMRIEA | ShBKRREEAL | elF20-LONP1 |

Luo%% M1 2015 C57BL/6/MRR TAC 4-PBA CLARJE | i) £ ek, | ERS |
WiersmaZs P71 2017 HL-1.0 5 0ULAINE DUl 4-PBA B | Ca R 2% | ERS |

Ma%s %1 2023 PRI TS A X OEEEYE 4-PBA OIREEL | T | ERS |

Rani% 1 2017 C57BL/6/MR TAC Salubrinal CAEAEK | A4k | P-eIF20/ERS |
Liu% %7 2014 SD AR MI Salubrinal — OEFThAE R SGE AIRIET: | P-eIF2a/ERS |

— P Y IR B E004 PR 5T
i Bz dsRNA VA4 BRES /ML R =
l |
iy — | ®ame

Q’l

CReP

GADD34

nm{

Fig.2 Mechanism of ISR inhibitors regulating cardiovascular disease
E2 ISRHPHIFIIEE O MERFHVLEIRE

PERK: #& 14l RNAAE P 5 W %  (PKR-like ER kinase) ; GCN2: — fiit P45 il BH 18 28 (1 #{#2 (general control non-derepressible-2) ;
PKR: XUHERNAMKHHTE [134HF (protein kinase double-stranded RNA-dependent) ; HRI: [flZ1 2 V1590 3 1 #4HF (heme-regulated inhibitor) ;
elF2a: HAZEHHIHNF2a (eukaryotic initiation factor 20.) ; ATF4: %1k %K F4 (activating transcription factor 4) ; GADD34: A=K (5 il
DNAft51% 58 (growth arrest and DNA damage-inducible protein 34); PP1: 4 FA#§f21 (protein phosphatase 1); CReP: elF2offif2fk 4
JAIBHE L (constitutive repressor of elF20, phosphorylation) ; 4-PBA: 4-JK3L TR (4-Phenylbutyric acid) ; ISRIB: &4 N i s v #1551
VEFEPECIF2a B AN 5] .

(integrated stress response inhibitor) ; Salubrinal:

O L2 FfL H TNF-o (9 28 35 0 R AR T 48 6L P B AR
(cyclic adenosine monophosphate, cAMP) [ 7K
o ERIEE S eIF20-LONP1 (lon peptidase 1)
T ORI SR AT R . SAE /A A IL-
1B 730, ISRIB AT i e I I 375 5 4 S /A TR
16 F0 4 5E . I 9/ Bl Jikois A A 4k, BIP PERK-
elF20.-LONP1 & 42 55 A Jit /2 L 44 9 1oz 38 S
I

37, [95]

4-PBA J&— i #EPE DR ERS 19 20T 9 il 57
WM, /INRZ I TAC FAJS ERS bRy PERK
HICHOP {235 i 40, 1M 4-PBA 3R I ]
TN R bR AR Rk, D8R T ERS A/
LB 1987 o R I D) o7 S8R G 1) 1 g 2 o it Je
[ E B AR, NI I N AT i 77 4-PBA BT LR 4710
2R ST i NI 21 A 2 I 1 0 R @ i
IRE RS LA Kz ERS 1 [ W, DA 1T 986 55 L o B 20 4
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HEJE T A R I  Bl O0 T ZH 2PN B A SRR
YRR, 4-PBAZLEER] DIZEMEAS KUAEIR, BHAR T
D5 AT S T e e [T B S

Salubrinal J&—F EV I A0 & FIBERRES | 2 5910
PEREPESN IR, LA P-elF2a A 22 B R 1L
Salubrinal J# 44 T /N B TAC 1& B O BERE K . 204
LRAEAL R DIRE R RE, ALHLZANE T elF20 2B
£k, B Salubrinal i1 #1 il elF2a 28R {L 8> ERS
FLCLAH L E T80 g ol 1

1 GipSR2

ZE LRR, DU elF2a i BE A 5 19 ISR X FHL
AT N IS - 45 R D7 R (IE 5 i 34
SN ZBOCEE, JUHR T AR EE O AL
AEJEE . BE R WU | it O IS RO JUE B 1
a5 WL AT ] eIF20/ATFA (S S5 A G, 258 .
o3 TR S RZ 2h T T ] A T elF2a A
(1 ISR SR A& 450 LA BRI 3L, H e wt &y 3 A
ISR il 57 (ISRIB. 4-PBA #il Salubrinal) %}.C» Ifil
TP EA —EREH, IR O AR Y
WIEZY)

BRUCZ AN, i S A AE — LB AN N2
Mo a VA elF20 3 43 il TS [R] 9 40 i 4 b R 2
M SH, AT elF2a #5010 ISR R Z 1
J& PERK fl PKR # /i , GCN2 Al HRI 3 i/~ 5
ISR 5T iR #0145 FEFSY GCN2 Fi HRI
AR IR B = B I 2T 8N JE XoF Lo I A5 05 114 5
e, LA S A 5 A8 B IV S O I T Y
YEFIZCR A2 B A i s A A 55 B — 2D
b. ISR AP BFFE = S W Bl oY, SR
FEIG ARG A AT, B HAEAS Lo Il A0 1)
KR T RAESARIER . c. ISRAMULE
DIPTSR, s A a8 B sk R Gepe
W, AR TR B 2SR IR R elF2a i Fl ISR 78
W2 AR LS, DA ISR ZEAN R A8 B Hh
IVER &SRR, ISRAZA AT LLUE 48 B A B A
FEESTREITRL. d. ISR KIS J5 nl DME LR 40 g
DA S A A, AL RTIE ST Ui A R e
B L I T R ARE 8 B AT G, {H elF20/ATF4 38
$E% S S5 A A O3 B DA s AT 75 ZEER A
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Abstract Integrated stress response (ISR) is an evolutionarily conserved intracellular signaling network. When
the body encounters adverse stimuli, ISR is activated to assist cells, tissues, and the body in adapting to the
changing environment and maintaining health by reprogramming genes. ISR is implicated in the onset and
progression of various diseases, including cardiovascular disease, diabetes, obesity, cancer, and neurological
disorders. A key factor in ISR is the eukaryotic initiation factor 2a (elF2a) kinase. Four elF2a kinases have been
identified, namely general control non-derepressible-2 (GCN2), protein kinase double-stranded RNA-dependent
(PKR), PKR-like ER kinase (PERK), and heme-regulated inhibitor (HRI). GCN2, PKR, PERK, and HRI kinases
share a common kinase catalytic domain but have distinct regulatory domains that are activated by endoplasmic

reticulum stress (ERS), viral infection, heme deficiency, and amino acid deficiency, respectively. Various stress
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conditions promote the phosphorylation of elF2a at serine 51 by its 4 kinases. This inhibits the elF2B-mediated
GTP acquisition of elF2a and reduces the translation rate. At the same time, ISR upregulates ATF4 expression.
ATF4 and CCAAT-enhancer binding protein (CHOP) can promote downstream growth arrest and DNA damage-
inducible protein 34 (GADD34) to mediate elF2a dephosphorylation. At the same time, it can promote the
downstream expression of Sestrin 2 (SESN2) protein, increase autophagy induced by mTORC1 and AMPK, and
thereby reduce the risk of cardiovascular disease. Numerous animal and cellular studies have demonstrated that
exercise, drugs, and molecular compounds can prevent and improve pathological myocardial hypertrophy,
diabetic cardiomyopathy, ischemic cardiomyopathy, cardiotoxicity, and atherosclerosis by modulating ISR. The
relevant mechanism involves gene knockout or inhibitors that directly inhibit the expression of elF2a kinase.
Aerobic exercise, editing of specific molecules, or drugs can indirectly inhibit the expression of elF2a kinase,
ultimately leading to the inhibition of the downstream expression of elF20/ATF4. In light of the significant
pathological role of ISR in cardiovascular disease, current research on ISR primarily aims to develop medications
that can regulate the upstream and downstream signaling activities of ISR. This involves targeting ISR to regulate
intracellular protein homeostasis, ultimately aiming to delay or reverse the progression of cardiovascular disease.
At present, drugs targeting ISR in cardiovascular disease research mainly include ISRIB, 4-PBA, and Salubrinal.
ISRIB reverses elF20 phosphorylation by suppressing the inhibitory effect of elF2a on protein synthesis and
blocking elF2a/ATF4 signaling. 4-PBA can inhibit endoplasmic reticulum stress. Salubrinal inhibits elF2a
dephosphorylation by inhibiting the binding of GADD34-PP1 and CReP-PP1 complexes to elF2a. In conclusion,
the integrated stress response mediated by the four elF2a kinases is essential for the body to adapt to various
stress stimuli affecting the heart and blood vessels under normal or pathological conditions. Integrated stress
response inhibitors should be promptly administered to clinical cardiovascular patients to assess their
effectiveness in the onset and development of various cardiovascular diseases, as well as to evaluate potential side
effects. Future studies are needed to explore the role and mechanism of elF2a kinase-mediated integrative stress
response in various diseases. It is also essential to investigate whether the integrative stress response yields

different effects in various organs and can potentially exert cross-organ efficacy through inter-organ interaction.
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