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New research advances in relationship of endoplasmic reticulum stress and
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Abstract: Endoplasmic reticulum (ER) is an important organelle for protein folding, post-transcriptional modification and transport,
which plays an important role in maintaining cell homeostasis. A variety of internal and external environmental stimuli can cause the
accumulation of misfolded or unfolded proteins in the endoplasmic reticulum, and then result in ER stress. ER stress activates the
unfolded protein response (UPR) and initiates a cluster of downstream signals to maintain ER homeostasis. However, severe and
persistent ER stress activates UPR, which eventually leads to apoptosis and diseases. In recent years, a lot of researches suggest that
ER stress plays an important role in the pathogenesis of various cardiovascular diseases (CVD), including ischemic heart disease,
diabetic cardiomyopathy, heart failure, atherosclerosis and vascular calcification, high blood pressure and aortic aneurysm. ER stress
might be one of the important targets for treatment of multiple CVD. Herein, the regulation mechanism of ER stress by activating

UPR pathways in various common CVD and the new research advances in relationship of ER stress and CVD are briefly reviewed.
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WMZY 7 28 CVD WIRAEMKRE, MAEGR
FEE . BERIE YRR . O 135 BRI FEREAL |
M s ESI RS, =iaIT 2/ CVD
fty = A e B PN R R — b 2 T BB O 4T Al BE,
EREHREH. 8. FKia. SRS AE R
WA R BT AR EOR RN, AL R
O S i A 11| N = R )R N e
ERMRB T WA B B AR R AN IR 5 B R 9
SEORIEIEZ, ARG N BTN N AR T & Bk
PrBEAMAR, BT B RS Py R
WS & T & B A M (unfolded protein response,
UPR), UPR J& 3 FUE(E 58, —J7 M fFEIC
& E A O IE N P 5T ek AR Y Jo ) () 4 & A
fif, 53— 7710 UPRAE 5 {2k A T M 2 1 47 8 2 A
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FRIRIE LA 5 AR X )47 B RE 0, M I PR i ) 2 3%
(SRR AS 1, SR, SR P 5 1 L AT R 288 v 7K
A7, UPR = FEANRIRERAS AR T, 23
SO R AEANERE o AR SCERA Py T R L
MR L O SRR SRS REREAL . AL
1o ML s A0 = 2 M TR A S AR SR AL PRI e i e

1 ARMNHFUPR

FATZ DRI T =Tl A J5 19 N2 38 S 52 70
45 ) A& WL EE 75 5K [ F 1 (inositol-requiring enzyme 1,
IRE1). ¥E 4L 5% K -F 6 (activating transcription factor 6,
ATF6). 2K & H W B N B W 3 B (protein kinase
R-like ER kinase, PERK), EA1#iF I UPR ] =2%
fE i (B Do BT AL P MR
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Fig. 1. Three signaling pathways of the unfolded protein response (UPR). Three endoplasmic reticulum (ER) stress sensors (PERK,
IREla, ATF6) initially activate signaling events that reduce protein load on the ER and increase its protein-folding capacity. Stimulation
of the UPR leads to activation of various downstream signaling, such as metabolic regulation, chaperone production, translation
attenuation, ER associated degradation and autophagy, which together aim to re-establish ER homeostasis. IREla: inositol-requiring
enzyme la; ATF6: activating transcription factor 6; PERK: protein kinase R-like ER kinase; XBP1: X-box binding protein-1; elF2a:
eukaryotic translation initiation factor 2a; ATF4: activating transcription factor 4; CHOP: CCAAT/enhancer binding protein homolo-
gous protein; GADD34: growth arrest and DNA damage-inducible gene 34; ATF6n: cleaved ATF6.
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JREEH, IEWEL =3 58180 78 &R &
1 78 (glucose-regulated protein 78/binding immunoglobulin
protein, GRP78/BiP) & &, 24 W Jii W & i & 2B BT,
GRP78 A #1 & B4 U2 97 & &1 48 52 17 55 IREL,
ATF6 A1 PERK fif B, &5 )5 X =7 1 70 BB
I3 — 2 80E R UPR {55 7,

IRE1 ;2N M E ER s g B, (A B s
TEPERAZER N VI BETEVE . 248652 21 P J5 X 2 0
i, IRE1 KA ZRMAA A SRR, BUE IREL E
MRz pE R R R U, WAL IREL (R T X 45 &
K [ (X-box binding protein-1, XBP1) mRNA, J[x
FL26 MZH R K N & 7 AT 25038 L 4 A 152 6
HE Y, BT i XBP1 mRNA % 6% f) XBP1s 48
356 e e HoxF UPR AHOGHE K 308 B (2 A
F, HHEIG5E 7 P 5 O R R AT & BE T

ATF6 & — Fe [ 1, A9 A Joa kL ) 5 i
A B P B R R Py g U 2 P R P R A
BEAM RN, ATF6 #i#Fia Flm /R &4 ", ki
IRFEAR EIIAT A 1 ZE A (site-1 protease, S1P) A1
A2 AN (site-2 protease, S2P) 43 7l #5 B ATF6 1)
i &5 K I AN 5 A, Y B N B ATF6 (ATF6n) i3t
AN, B0l UPR AHSCEE, 41 GRP78.
T e A . R & BE IR T 2R 94 (glucose-regu-
lated protein 94, GRP94) e EE T & KA
.

PERK 12 {7 - 4 o3 X _E- [ 25 s, 5 IRE]
KA B Z BRI S H AR RN, PERK KA
TR E SR, 15 IRELAS[E B2 5510 1
PERK it B8 % fiff B& 1035 4% k2 46 I 1 2a (eukaryotic
translation initiation factor 2a, elF2a) — Pz
EAE B S R 1, TR 324 ] eIF2 Fi RNA (1) %% 3%,
NN %ok A S ke s P R = T A QiR i
A, A B R R FE S IR el F2 32 PRI [ iy 4 s %2,
UN#L W5 T 4 (activating transcription factor 4, ATF4)
R . #E SR T ATF4 1A SR R 2 ) 2 Ko ps
i A DNA 45145575 5 9L [X] 34 (growth arrest and DNA
damage-inducible gene 34, GADD34) f1#{ - H C/
EBP [A]JF & H#£ K] (CCAAT/enhancer binding protein
homologous protein, CHOP), GADD34 % it} fif Ji; 1ty
lc (protein phosphatase lc, PP1c) X #i elF2o [ i i2
1, J¥ 5 PERK 3@ #% 1) f1 s 45t 1 5 U, i CHOP
AR G M T A R B R I ¢ X1+, PERK A5 5
IR RFEE, AT
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2 AERMN#ASCVD

VAR, A8 P J5 X R I 5 1 S 1 4 A 45 45 ek
2 M R IS 5 2 Bl N 28 LB 1 R AR R
J&, HRKENFFLR AW RN R, AR
PR, IR, BEF4ed, ey, JER,
JEIELL K CVD W R ¥ T EEAER DY, X E L
ASHHT BB H A A LRI R s, RO PR ) AR ER B
R A A P g S E = R = T b AR o
WS, JE5h UPR S5l .

2.1 AEMNES LIRS
2.1.1 ARMRH S OALER MR B BT 55

S I A o P 9 A2 VI A 5 8 CVD A SRk
PEABET 1 5 FEJE R U0, e afi o o U 328 ol 7™ 2 16 ]
B, Bl R E SR IS RO g T U,
A AR AT U R, KR LR I
TE A O JUL P 5 O S 9 2 S, O LR A R bR
BN TFARBAMEEMAE B EEE8n.
2016 4, Zhao % A 1 FiI K R 8 L 92 A 4 44 A
%2 10 2450404 PERK A elF20 BERR AL RETS 2 3%
F#AIC ATF4 F1 CHOP 31k, BH 2 Ja /b0 LA f 9
T2, deE ORISR B USRI AR, $en il
i1l P J5 [0 S 38RT UPR () PERK {5 5 38 it 1 9k 42 ok
0L R R A5 A 3 BT e LT B O T R LA A
IREL £ 0 I i i 75 8 30 453 495 F (0 4E ) B e A7 1
i, 2019 4F, Wu 25 A P78 K B0 LG5k ofn 7 98
AL AR R I P 5 N R IREL 15 5 AH S A
mRNA ZKF T+, 124 IREL {55 B AR &= N
FAE S VAR TR, PO LSk i
Bt IREL A5 5 3% Ak in # sl 2 2k o W45 . (B
H TR IREL S 5 78 O LS I 7 v 45205 R 35
Y E . 2014 4£, Wang %5 A 1 26 /N R AT 5k af
T A 4000 A R o R BN T ) B 38 IRE1/XBP1 {5
S PR, XBP1 @I S OO A O I
HED I, O S E R XBPI /N §E Bt
VEE VR S O JUAE B0 T AR S O, TS S M R A
XBP1 (/N BN R B H B2 B O AR E T . IR 4h,
2019 4, Yan % A P2 78 KRR 0 WL of 7 9 7 52 4
BRI HOR I, FH PYBE  RE s A B R TAL FE i
S P R0 3 A DR B O LT, D O L
AP AL LA T2, _F ATF6. RACKI,
PERK. GRP78 Fll PGC-1a FiA, W T N
A3 AT LA AW PR R B Co LR L P v B 4%

5 PERK Al IRE1 ff #% ) UPR 4 32 it A A,
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ATF6 JBER SR T (5 S HAEENKA ™, Hir
SRR I T 90 3% B 78 O LR % S5 i P 98 v 453475 P
ATF6 AR /E . 2010 4, Toko & A P 76 0 L
FEAE /N SRS SR STP (1) 4001 571) [ 322 0 6ki) ATF6
FISE MG, DU INE . O F D RE S 2 K, 5F
HANRIET: ST . Lk, AR Ere S0
JULEH B 5 Tk R B ATEG 1 70N % O JUL S5k i 7 8 v
5 A 1F MU, JF B AMNE I Rk ATF6 REIR
A0 W e I T REVE 51455 B4, 2019 4E, Blackwood
2 N\ A ol P A A A /N BROBERL 25 TS AL
ATF6 J&, OB HOThefs 2ok, it
JULZ0 it 4 7 1 i B ATF6 /)N B0 LA A% N L, 00 I
NG

PEHRAE, A5 X B R VLI -3- F2 I /
5 H I B (phosphatidylinositol-3-hydroxykinase/protein
kinase B, PI3K/Akt) {5 Sl EAEH, EFAZ5
O JUFE S L P E B A% 0 R . 2018 4E, Bi g5 A P
BIF 50 30 7~ O U SR AL JE 9 453405 6 15 ' GRP78 JiG
Akt {55, JLFRMEPOMEL1Z. 2019 4E, Zhang %5
N BRI A B, R DR RO AT R I P 4
1570 Fh PISK/AKt 38 % 775 40 B8 1 5k 4% P Joit I %7 3805
ER LA TS . B PI3K/AKt 4011 7530 41 PI3K/
Akt 3 % 5 O LA T i E Y. Deng 28 A
P IE 7R, 5 B AR B 7R K H9c2 4H i, IR -
53 4E Kb B O () PI3K/AKt 38 2% R 6k 4% P J5 I 87 8
F SR T .
2.1.2 NREMEH SRR CAR

FEAAFAE T KII « JIEIo LA S ASAEAE & ML
MG S0 SO ML fa R R B LR, BEIR W B K
A= RO JULE 4 N T R S R R R UL B
2015 4, Nam %5 A PU 76 A EAES 1755 (0 /) BOPE R 9
A WL A5 28 v S B0 A J5 DX IR SR A T e Ak P
)0 HLZH A GRP94, GRP78., ATF4, CHOP. p-PERK .
p-elF20. p-INK & FH7KF R0, [ A0 L4
MR TS, J5& A CHOP siRNA %%, CHOP il
Ja /N ERC WVAH MR T JEREATCo I 1y BE R i I 25 D3
22, 37K CHOP 2 N RS 1755 1A /0 BRORE PRI 1 O UL
T Co UL i 9 T2 R0 JUE T R P A5 1R GBS 5 40 1
BhAh, 2019 4, Sun %5 A B2 7ERE PR M O WL K
B A2 R e R IE T I A 5 R S IORE 95 73§ PERK
A1 ATF6 [ 321K REE Jk a2 O WL AN R T, i 3Rk
CHOP J5 DA IHT- = . 2019 4E, Feng 5 A Y
FIWFFE R, 1 BB 2 BURE PR /D B0 I P J5T I 2

193

4 ATF4/CHOP il ¥4 3#4i% . 2019 4, Chengji 25 A B
PERE PRI O LI K B & I a2 sl I ki 1 9 55 Y
Ji3 9 8738 CHOP/caspase-12 413 1.Co L4 A 3 T2 10
TRACAFH L . L BRI FE R s LE 0 R 1 Co LS %
At RE A, PN BTN 3 E 1 T 4 PERK-ATF4-
CHOP {5 5@, dhmpud ollaphrmTEs,
SEONGRBE TS 2, IEO RS TFR,
B 7027 A O SRS T R i BRI TR S
IO A, X RS S R R,
DA 5 R 8 3 5 &2 TRE1 Al PERK 76 A 1) Ca®"
WRAIES AN Y, SHOMEE — e R ER, B
Wl PRI O LA M P9 1 W S A B, b
JNEE 7O A -
2.1.3 HEREMMHSOEEERLNIFS

O NEE R AR RN A RIE FE 1 A AE
JR KA AR, KAV IAE R . 0 S AT O UL
AN E BB AR, 20 R I AR AR
R R 2 B R NS S T O Y R,
2016 4F, AHFFL4L Zhang 5 A P71 [F) 7 2 B & R
% 5 1 8 22 A E (apolipoprotein E, ApoE) i 5 /)N
SO WLEF AE A AR B R ILCa JULZH 2 P Jo DX 7 3
VO, TN 5T R SIS A 7 4- 28R TR (4-phen-
ylbutyric acid, 4-PBA) 7] % 25 #l1 il ) 51 W9 B3, IF
BEAIG T B T AN TIX BRY i SR 08, et o JUE Y 21 AL
A1, 2019 4, Zhang 25 A P¥4E = Bk 46 42 (transverse
aortic constriction, TAC) 755 1) /) B Oy U LR JE AR TR A
RN Clqg- Jib 96 K HE R 7 #H 5% 82 & 3 (Clg-tumor
necrosis factor-related protein-3, CTRP3) i i fjifil] p38
53 B9 PN 5T X R AR T s 3o 2 B0 L4 i AT
KA ELF4E4L . 2016 4F, Duan 25 A ©7 {6 98 i
N, fERAN'E R Z (isoproterenol, ISO) 8 & /y it
BT B0 WU E AL ) 520 o XBP1 Rk 22 Tt
s TMUTER XBP1 H: PR e 1SO A g L5 477,
B AR Lo JUL 6 A0 I 8 PR AL P B AR T -A
(vascular endothelial growth factor-A, VEGF-A) ] &
ik, TEARANAH PR SE 56 Bk B VEGE-A [ 3R 1A 52
XBP1 KPR 5200, X L8 g5 LR IR P T S 0 i
XBP1 {2 VEGF-A fr 3 {0 WU A A, e kO
U BEVE LR . BR 7 IRE1/XBP1 15 5 2k 0 JIiE 5
A, ATF6 2 5 1.0 i E B 2. 2019 4,
Blackwood %5 A ™ 7£ TAC 5 T 90 FILAE 5 /N BB
e R B0 5 R S ATF6 {5 54k, FFiE o s
RHEB/mTORC 3@ #1753 0o UL 5 .
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O S EEEE BT O, Thae, TR EES
S T 5 A Do JUE 52 100 ) R TVl R LA 75 R 51 Ak
MIZEAAE M UEAER, I FE S5 PSR R SR 0 T
TR R AR e Fp iyl L) M. 2019 4, Binder
s\ W R BoR, p21 1EALIEES 2 (p21-activated
kinase 2, Pak2) /0» I 45 5 1 B B /N BRE AR B 0 ——
PR P S5 S AR BRI, I T 0 ) 3 R I
I BT 2] UPR 241, #E— Pl id B 5 51 4 i
SR I Pak2 & i@t IRE1/XBP1 3@ B K HE/E A, I
HAERBR Pak2 11/)8 B o i 3218 XBP1 GE 8 13 4 4K
F O IE P EAER, R Pak2 @it 4% IRE1/
XBP1 {5 5 i % ot 3% O Th AE. Bk IREL J& 2% 4F,
PERK X}/ 7] 32 vy A5 B AR . 2014 4, Liu %%
NSt Bon, 5HARNRME, ORF R
PERS B PERK )/ B E TAC T A J& H B0 T R
. AR DL R O WA E T2 2 55 K Pl PERK
B T RESZ O LA PR T Ak, kO UL P 4 T
oS I 2 R 7 LK I 45 25 -1+ ATP g 2a (sarco endo-
plasmic reticulum Ca’*-ATPase 2a, SERCA2a) 147 i
FEVEA . 2011 4E, Mekahli 2 A\ ™ [R50 8w, 78
PERK it B 1718 B 70 UL SERCA2a [ 335 B &I,
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Al 4F Liu 25 A ™ot e & 8, 400 WLgn i
SERCA2 F: [Kl 2 5| k2 3 J52 W N2 O (i 3t o0 ) 32 3
DA A Fe g7 P 5T S PERK A5 538 i 1 40
JULZH a8 T2 A2 R 00 UL SERCA2a RIA R IEFLO N
TR, SO ER .

PR X RE AN AN 22 5 7 0 I 9078 1) R AR N R
&, BRI A P R T R
(K 2).

2.2 AEMNES LERG YRR
2.2.1 ARMRHShBKREREIL

K ELAIF TR BH P4 J5 X B2 ST 20 ik ke o R4 11
Rt R AE B, I BAES AR I %
AN B3 AT LUK I ) UPR 15 5 38 3% 95 16 B
2019 4E, Girona 25 N\ " 3@ i 45 it 405 44 45 2 7Y
BEIRIDT . JEPHERIAC 25510 B8 25 50 L, (EE
e R 50 ik 55 A A B8 38 02 P R B DX R A 5 b i
GRP78 W Th v, il GRP78 [ 1ML ¢ 7K 7 f& 4 7w
B K O RE A AR ML A5 RS AR B AR . PN X R
WOn] DLE I Y 2 9 0E S S 2 5 B K RE R AL T
2017 4¢, Tufanli 28 A ™ 78 B W 40 fis RNA U 5 rf
RILIREL 2351845 2 Bl 2 ik o8 6 A 14 2k 8] ) 3%
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Fig. 2. Model for the role of endoplasmic reticulum (ER) stress in cardiovascular diseases. Various harmful stimuli, such as ischemia,

anoxia, oxidative stress, impaired protein degradation and calcium dyshomeostasis, can compromise protein folding and lead to ER

stress. Persistent excessive ER stress can cause cardiovascular diseases. UPR: unfolded protein response.
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ik, AN EK 1P (interleukin-16, IL-18). itk Al
FHt4A 2 [the chemokine (C-C motif) ligand 2, CCL2]
S BN R T AL TR T, FE ApoE Rt B AT
il IRE1, X £ K] -1~ ) Z 2 g 410 ) L3 B TR AR s
IX ez B R FN ] IRELD A] g8 980, U0 Bl ik o#s
FERELL . 534b, 2019 4E, Bailey 25 N ™ [#F 78 2R
JKIR BT 77 (hydrodynamic shear stress, SS) i i P4 i
W B35 IREL/XBP1 AE 5 15 3 3 3l ik 28 95 8250
BN KPR T R BR T A% SO RS, A
W N 30 2 5 1 g R 5. 2016 4, Guan 25 A BV
TE ApoE w5 8, HH BRI 7 A LA o] FHF U 1A J5 DX 2 5 P
G I LR, IR BN KA T . bk,
5 19X 7 e o A A [ L ) M SR Y ) M2 R Y
2 SRR IR . 2012 4, Oh % A 7
IR FE B, EWEAH At M1 8 ) M2 B3R R 4L
REE I 2 R AL (I AR 22 1 (oxidized low-den-
sity lipoprotein, oxLDL) J& BRI, 1M A Joid o 7
BRe I A c-Jun SRR Ui (c-Jun N-termi-
nal kinase, INK) A 3 5 ist S0 A0 A0 A< 38 B IR 17
32k v (peroxisome proliferator-activated receptor v,
PPARY) [ 3RIA A2 2 B W 40 g 32 R % 4k, 3 T fn ik
NIRRT . N BT NANVN Z 5 T B
ML, XN 4B S . 2015 4F, Chung
s N PV LE R (disturbed flow) 51 2 (1) 5 fik 6 2 fifi
b R RS oh i B RE 25 4 B 2 (ursodeoxycholic acid,
UDCA) 3 3 sk 2 P9 B2 40 i rb A Joe 0 2 38, R AR
XBP1 1 CHOP [k, 01 b Bt & -1 (RRE TSR A
B AR T, AN k22 20 K o 8 B A0 B R E B, 9k
ANPEERTE AL . 2018 4F, Hong %5 A B9 [HF 70 ik 52
T B RO T I P R ) e R RS IR B K O
FEREAG IO . 54k, 2019 4E, Tang %5 A B (1
FU 2 WO 1 A 5T ) S 3R UPR AR 3 N et IR 3 ik
WA T, IR S IK R AL B T B
222 NEMEHSmMESSL

MR BEAE MU BE R R IR, W AE
L BEIRE . . BUEE IR WH. &
Gtk 5 FE AN K BERRAL S5 L R AE B 5 2
R X P ok, BIEERASKAEER. Al
Rifg. BEERER . FURSS ISR M4 R D P, 2013
&, AWFFCH Duan 5N I EEHEA R DI EH T
(vitamin D plus nicotine, VDN) %5 5 [/ K & ML 5544
BERUFIA S AT B- H i B IR 8 + S5 15 3 1 I A
3 UL 40 f (vscular smooth muscle cell, VSMC) 45
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ARASEARY e ) P J5 X B3, AT R T A A A
FHAEZE T VSMC W4 R B ) i FER BUREAL, T
TEAR MR I ATF4 Sk 7 VSMC (145 4k R
T2, JEMH VSMC £ R 5 2019 45, AW
2 Ren %5 N\ PV 1E ApoE R B R IR AL 2 o R
(homocysteine, Hey) i ik i P9 5T X B2 3412 i3 31 fik
o A B A0V S A0 T B T P9 TR S A1 7
4-PBA W] ¥ i Hey Jin =5 1) 20 fik o #F A5 4k 4 1 8 45
ft. 2018 4, Hao %5 A\ Y 7E VDN £51L AR v B Iy
SERMZ AT (stellate ganglion block, SGB) wJ 471 i1] Py
Jo P IS 38 ek I 7 Ak O T R, E SGB I L T
FHAK 35 2 B0s 9 5 I 238, 45 4k N . 2016 4F,
Yang %5 A\ Y F VDN K B AL & BI04 2
i Ak S ) I A5 Ak ) S 5 5%, FH 4-PBA 41
1 P 5 N 8 I S A R 2 . 2013 4F, Masuda
2 N R R, BYRSRSEE T o (tumor necrosis
factor o, TNFa) #7555 VSMC [ A i I B2, FEiE 1k
PERK-elF2a-ATF4-CHOP 15 5, M ifi 5 £ VSMC
RAWWHREAER 5 124 H PERK. ATF4 5, CHOP
(¥ ShRNA fil fiC AH B2 J5 R ) 6 9% #00l] TNFa 5] /&2 1)
VSMC H A 1B 5 78 5/6 ' V) Bk il 25 (1 18 14
BRI ApoE R/ RS, ARSI E] T EBh ik
TNFa i 2 1A LR M 454k, 1 [A] 12 AR A /N B b i
N TNFo # fl 54 J5, & B/ B & PERK-elF20-
ATF4-CHOP 15 544, 7 H A #50miz . thsh,
2018 4, Shiozaki %5 A ) 7518 11 5 95 /s RS AL o
R SRR I T S8 3k S P R Y R CHOP 5 %53
% IR b ATF4 {2 3t i & #5146, [F4, Panda %%
N B LSS R B AT R FE RS R VSMC
IR FL Bl AR KRS R A9 1 (mammalian target
of rapamycin complex 1, mTORC1) 15 5 #1154k, IF
H PP B BRI UPR, 1 PERK-elF2a-ATF4-CHOP
LA o ) A T R R 1 R S IR AL
P8 A & Z A #) mTORC B FH 4 fifk A 25 S01H R Pk
52N 5 X RS 1A R 0L T R 8 BRI 32 sl ik v 1 45
o, BaRgs Ui 5 R A UPR ) PERK
S IEB L T A AS LRI R B T TERANEh
TR o % 30 P 5 X N7 9 PERK/ATF4 3 (8% 5] 2 I 4
BEAL AN, 7R N Z 5 IR S T P 5T O 87 3
&S TRIEIIN. 2019 4E, Fu2s N\ KI5
ke A 865 19 32 2 ik v S I ) 5 4 Ll 9 41
%, JFH ATF4 KA, i v A4 g

SECHH R B sTATFA 101 f1) pAy J5i 19 7 435 i e e 1 ) 440 it
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S FEAH I 73 A 8D o
223 HEREMEHSS0LE

re L P A2 4 DA 2A 3 ik ifiL s 38 & o = B
fiE, AIEEAC . M. B SRR E N D B BRI MR
G IREREAE, i WHE TR . K= TR
DAL JBE ) ISP o I R G 3 5 Hh R A B A T
2019 4F, Li% A 28 [ & 1 & I & K B (sponta-
neously hypertensive rat, SHR) 5 H % I ££ 0o Il 2H 27
HROR I B P4 5 RS 5 GRPT8 Rk T, 1 W
e I P S R 8 15 5 P9 O X R Ak . kAR, 2019
4, Naiel 25 A\ 7 £ SHR 4 74 1 % 3L H 4-PBA 4111
il PN B I S BE 9% 9 2% SHR & I I FE Rk,
SRANBE SE A2 F SHR LR MK 22 1E # KF, (H2IX
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Xt IREL )35 i 45 R S5k A A% 12 A D) g 25 438, A
e 8 BRI BRGS0k, IR T

Model The main molecules Inductor Effect of ER stress References
Myocardial ischemia-reperfusion injury
NRVMs, SD rats ATF6, ATF4, CHOP, PI3K/Akt  Tm/DTT/ surgery Induction of myocardial cell apoptosis e
NRVMs, Wistar rats ErbB4 receptor, PI3K/Akt Tm/DTT/ surgery Induction of myocardial cell apoptosis '™
SD rats, H9¢2 cells PERK, elF2a, CHOP, ATF4 Surgery/ischemic Induction of myocardial cell apoptosis """
buffer
C57/B6 mice, NRVMs XBP1 Surgery/I/R buffer ~ Cardioprotection through induction of ~ "
the HBP
SD rats, H9¢2 cells IRE1 Surgery/hypoxia Induction of myocardial cell apoptosis ~ *”
treatment through IRE1 activation
C57B/6] mice, patient ATF6 Surgery/hypoxia Cardioprotection through ATF6 B
sample, NRVMs treatment activation
C57BL/6 mice GRP78, Akt Surgery Resistance to oxidative stress &l
SD rats PI3K/Akt, GRP78, CHOP Surgery Cardioprotection through PI3K/Akt 7
activation
Diabetic cardiomyopathy
SD rats IRE1, PERK, ATF6 STZ Induction of myocardial cell apoptosis ~ ”
Wistar rats, H9c2 cells ERK1/2, XBP1s STZ/HG Induction of myocardial cell apoptosis
NRVMs, MEFs CHOP MGO/siRNA Induction of myocardial cell apoptosis "
C57BL/6 mice LC3B, Atg7, p62, IRE1, elF2 STZ Induction of myocardial cell apoptosis; 133
Inhibition of autophagy
Heart failure
C57BL/6 mice, CFs GRP78, ATF6, ATF4, IRE1, Hey/IMD, 4, Promote cardiac fibrosis 7
XBPI1, PERK
C57BL/6 mice, H9C2 XBPI1, VEGF-A TAC/ISO Regulate angiogenesis; Promote B
cells, MEFs, patient adaptive hypertrophy of the
sample myocardium
NRVMs, C57BL/6 mice Hrdl, ATF6, XBP1 siRNA/TAC Cardioprotection 1801
C57BL/6N mice, Pak2, PERK, ATF4, elF2 TAC/Tm Improve cardiac function through o
ARCMs Pak?2 signal
C57BL/6 mice PERK, GRP78, GRP%4 TAC Improve cardiac function and relieve il
myocardial fibrosis
Atherosclerosis
C57BL/6 mice, BMDM IRE1, XBP1 ApoE " Aggravate atherosclerosis o
C57BL/6 mice XBP1, BiP, LPL, PPARy ApoE ™" Improve hyperlipidemia B1
Human monocytes, CHOP, JNK, PPARY 4-PBA/ApoE " Aggravate atherosclerosis 521
MPM, patient sample
C57BL/6 mice CHOP, eNOS, caspase-1, UCP-2 ApoE" " Promote vascular endothelial B4
dysfunction
Angiosteosis
SD rats, VSMCs ATF4 VD3+VDN/ Promote the osteogenic transformation 158]
B-glycerophosphatet of vascular smooth muscle cells
CaCl,
VSMCs CHOP, caspase-12, GRP78, Glycerophosphate+ Increase alkaline phosphatase activity, !
GRPY4, ATF4, ATF6 CaCl,/Tm+DTT aggravate vascular calcification
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Table 1. Endoplasmic reticulum stress is involved in the development of cardiovascular diseases
Model The main molecules Inductor Effect of ER stress References
Jck mice, MOVAS cells mTORCI1, elF2, ATF4, Tm Inhibition of pyrophosphate synthesis
CHOP, ERK1/2 promotes vascular calcification
Hypertension
SHR, WKY rats CHOP, GRP78, eNOS \ Impaired arterial relaxation 1691
GK rats, Wistar rats CHOP AC Hypertension damages kidney function "
through ER stress
WKY rats, SHR, Nox1/2/4, ROS, PERK, \ Promote the proliferation of VSMCs
VSMCs IREL, Bip, CHOP and aggravate the vascular dysfunction
Aortic aneurysm
Patient sample, ATF4, CHOP, ATF6 BAPN Increased VSMCs apoptosis and 3l
C57BL/6 mice vascular inflammation promote
aneurysm formation
C57BL/6 mice CHOP BAPN Promote endothelial cell apoptosis vl
and vascular inflammatory infiltration
promotes the formation of thoracic
aortic aneurysm
Patient sample BiP, HSP90, CHOP, XBP1 \ Promote the formation of ascending el

aortic aneurysm in patients with

Marfan’s syndrome

NRVMs: neonatal rat ventricular myocytes; Tm: tunicamycin; DTT: dithiothreitol; I/R: ischemia-reperfusion; STZ: streptozocin;

BAPN: B-amino propionitrile; MEFs: mouse embryonic fibroblasts; CFs: rat fibroblasts; Hey: homocysteine; HBP: hexosamine

biosynthetic pathway; IMD, _s;: intermedin, s;; TAC: thoracic aortic constriction; AC: aortic constriction; ISO: isoprenaline; BMDM:

bone marrow-derived macrophages; PPARY: peroxisome proliferator activated receptor-y; LPL: low density lipoprotein; SHR: sponta-

neously hypertensive rat; MPM: mouse peritoneal macrophages; HG: high glucose; MGO: methylglyoxal; PBA: phenyl butyric

acid; IRE1: inositol-requiring enzyme 1; ATF6: activating transcription factor 6; PERK: protein kinase R-like ER kinase; XBP1:

X-box binding protein-1; GRP78: glucose-regulated protein 78; elF2a: eukaryotic translation initiation factor 2a; CHOP: CCAAT/

enhancer binding protein homologous protein.

B2, ARt R R R i = AN RZ o AR R R R A9 AR K 2 4

Table 2. Relevant drugs regulating three sensory molecules of endoplasmic reticulum stress

Sensor Drug Drug target Effect References
IRE1 APY29 IRE1 kinase IRE1a kinase active-site inhibitor 3
Sunitinib IREI kinase IREla kinase active-site inhibitor 84
Salicylaldimines IRE1 RNase IRE1a RNase active-site inhibitor 183
4u8C IREI RNase IRE1a RNase active-site inhibitor 8¢l
MKC-946 IRE1 RNase IREla RNase active-site inhibitor 57
STF-83010 IRE1 RNase IRElo RNase active-site inhibitor 85
Toyocamycin IRE1 RNase IRE1a RNase active-site inhibitor 1]
3-ethoxy-5, 6- IREI RNase IRE1a RNase active-site inhibitor ol
dibromosalicylaldehyde
FIRE peptide IRE1 kinase Modulation of IRE1 oligomerization and XBP1 mRNA cleavage "
PERK  GSK2606414/2656257 PERK kinase  For the treatment of multiple myeloma and pancreatic cancer 2]
ISRIB elF2B Reduce the expression of ATF4 B3
ATF6  Ceapins \ Inhibit ATF6 transport B4
16F16 PDIs Inhibition of PDIs and indirect activation of ATF6 el
PACMA31 PDIs Inhibition of PDIs and indirect activation of ATF6 el

PDI: protein disulfide isomerases; IRE1: inositol-requiring enzyme 1; ATF6: activating transcription factor 6; PERK: protein kinase

R-like ER kinase; XBP1: X-box binding protein-1; GRP78: glucose-regulated protein 78; elF2a: eukaryotic translation initiation factor 2a;
CHOP: CCAAT/enhancer binding protein homologous protein; FIRE: fraction of human IRE1.
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