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[ABSTRACT] Damage to organelles plays a significant role in myocardial ischemia/reperfusion injury, which results in
the dysfunction of mitochondria and other related organelles.  The communication between mitochondria and other organ-
elles can also affect the development of myocardial ischemia/reperfusion injury.  For instance, the mitochondria-associated

)

endoplasmic reticulum membrane provides a “ seamless connection” and regulates the exchange of organelles and
metabolites (such as ions, lipids and proteins) between the mitochondria and the endoplasmic reticulum, which subse-
quently affects myocardial ischemia/reperfusion injury. However, there is a lack of studies regarding the interaction be-
tween mitochondria and related organelles, which is a critical component in triggering myocardial ischemia/reperfusion inju-
ry.  Therefore, this article describes the role of mitochondrial crosstalk with endoplasmic reticulum, lysosomes and nuclei
in myocardial ischemia/reperfusion injury, and aims to provide a theoretical basis for targeting mitochondrial crosstalk with
other organelles in the treatment of myocardial ischemia/reperfusion injury.
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Figure 1. Mechanisms of mitochondrial crosstalk with the endoplasmic reticulum,

lysosomes, and nucleus during cardiac IR injury



484

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 6,2024

F 1. OiF VR {5905 5 &b 044 B LR HE X7/ RNA

Table 1. Relevant microRNAs involved in mitochondrial and nuclear crosstalk in cardiac I/R injury

/N RNA Tkt MR MEHINLEI fEF%, 27 30k
miR-130a T GJAl  miR-130a/GJA1/FUNDCI (#%i-Zehifh ) WO VR B4 [25]
miR-143-3p T Bel-2  miR-143-3p/Bel-2( #%-£ekifA ) WEODHIL /R 145 [26]
miR-34a I Bel-2  miR-34a/Bel-2(#E-ZhiiA) HWERONL /R #45 [27]
miR-124 EiH MCURI  miR-124/MCUR1 (#%-Z6r14) WO VR 8445 [28]
miR-27a A ATAD3a 77 ATF NZRLIR ) 200 M A A 5 o7 RN /R B85 [29]
miR-181¢ T mt-COX1 3L Spl A9 mt-COXL [ M MU 0O 26 4738 A 42 WROIL/R# [30]

mt-COX1 FYFRR , JE s MICU 1 B3Rk

2 RS ERMRIRNTTIE

X 2R M A5 ER D0 A0 A TR A B AR L B A Ak
FRORF IR SR, Blan, A PLN TR BT
Coupa ] LKt i 4t f 3447 ) 5 1 S b A7 1l 4 AH
HAEFARE LA SRR, RIS T &R
AT A8 0 B T AW 2136 PE AR (reactive sulfur
species , RSS ) 75 LA AA- 175 il {4 422 fil (o7 3 h i A% 38
XA T RSS 25 40 i 4% 18] 4 fh A1 52 3 A9 26 — A
TEHE T o SRS HT 25 44 56 88 43 i Wi S8R ( grazing
incidence structured illumination microscopy, GI-SIM )
ATLANEEE 5] MAM i HE 20814 43 2RI &4 it
b, —2H BN B OB L 2R 015 8 RNA (single or
dual organelle labeling messenger RNA, SOLAR/
DOLAR) 1R B4 AR 2R 5T, BERS T AL A6 2 19 T 7
ANV AR s b E A7, I 7T RLBIESE B AT A A4 3
R A AR s i

3 Sty dERnER BIMEB IR RmH T

3.1 HEE&EHF-BEERRNAY

B2 TR ok AIC 2 R A4 5 o AR 19 45 5, T R
PTEN %53 1 (PTEN-induced kinase 1,PINK1)/
Parkin 38 R0 LA %52 /R #1457, &
AR PO PR A5 1 e e R R BT RJ DL AR T
7 13 T o AR - il A Tt ol 2 ok S A S Y
Ik P B AR T (AR G S, AT
TR 5E SR A W AT LA o IR A i 5 i ) BEL A, — L
SR I i 2H 245/ I S5 40 i A Wk, 3R & 1 ( poly-
ethylene glycol, PEG ) #M7e 5l AT A PR P 75 il 4 v 11
JBE o v 3 o, DA felf = 28 B B ( triphenylphos-
phine , TPP) 2255 T HARZohifk , itk iZ e w] LA
siipun DS BRI AT WN i o iOES § IR L NEEEBPS
A RO AL LR 2 0E , RYT /R S it 1

— AN AR
3.2 ERmEAZ-ZHE R

I WF SR 1A A I E 2= ALC LBk I J=
Qb3 I AF 5 i T S SIS AL 3 (signal trans-
ducer and activator of transcription 3, STAT3) Jf-3 5%
HAEANBIAZFNZORL A i e 35 | DT 3 4o $i v Bt 4
ALRE T R AT 06 M 8008 L O L /R A
INBERE AT IR AMP 35 A6 2 FH S ( AMP-activated
protein kinase, AMPK) # 7 , Nef2 A% 5% 57, 2035 e 1fiL
Je O LD BE R AR S . R RR 3 T R S it
HEM Nef2 BORZ A, PR SR AR Bl ) 2, R E kL
TRIGZER NI BE , AR 470 LA IR S 32 AR B 4551
PHAES (PSR MLALR KR F 3 + 1 1L
{1 45 ) 38 12 B Kelch £ ECH AHCH I 1 (Kelch-
like ECH-associated protein 1,Keapl) Jf-{fi Nrf2 5 {1
B A0 Az A INK BERR AL , DA4ERF ZORLR 1 56 4
PEFIDIRE , AT 0 ] 52 3] 1/R 451405 /5 190 L4
JET-

4 INESRE

25 L RTIR ORI 5 A G A A5 B R AR O L
/R B H A 25 P A A= BEAL ) 5
290 L5 ) ER DI 1) R 2 S DDA OG, AT TR 2R R 3
FCONLU/R B0, A UM & R DR 1 TZ g
fige , AELXT 3 PU A TR ARV AL 2 B b g IR A
MR EEAEE, 25 T ILP A SRR
AN AR, IR AR RS A M T IR A AR S
Fe AL AL, X LR A O IS E A
WFFE I, ZORLR I g R SR BT A AL RE ) B 2 A
B FZeffii /R 405 5 R i se T E= HRTSC T
PR AR AR LA o R SR AR I LA BT X R
RO 4 1) BB PEYR 7O WL /R B A G S
B, PRUHGIXAT DA O AL LR B LR 5 4 4



CN 43-1262/R 1 [E ah ki fb42ids 2024 4F55 32 55 6 ) 485

S, A AR OC B B B 200 i % =2 [ B Ik R LA S0
SEAHEAE R TR DL, A B 207 0L /R 5
(LN IO e

[ &% 30k]

[1] LI Y, CHEN B, YANG X, et al. S100a8/a9 signaling
causes mitochondrial dysfunction and cardiomyocyte death
in response to ischemic/reperfusion injury[ J]. Circulation,
2019, 140(9) : 751-764.

[2] YUY, XING N, XU X, et al. Tournefolic acid B, derived
from Clinopodium chinense ( Benth. ) Kuntze, protects a-
gainst myocardial ischemia/reperfusion injury by inhibiting
endoplasmic reticulum stress-regulated apoptosis via PI3K/
AKT pathways[ J]. Phytomedicine, 2019, 52. 178-186.

[3] GUS, TAN J, LI Q, et al. Downregulation of LAPTM4B
contributes to the impairment of the autophagic flux via un-
opposed activation of mTORCI1 signaling during myocardial
ischemia/reperfusion injury [ J]. Circ Res, 2020, 127
(7) : el48-e165.

[4] WEPAR, Rok3E, BUARAE, 45, BRI Gl ad e 4= Lok

PRS00 80 T S A o LR L P TR AR [0 ). v I
FkAE k245 2020, 28(7) : 559-565.
GU Q L, WU B X, HUANG Z H, et al. Aliskiren protects
against myocardial ischemia/reperfusion injury via regulating
mitochondrial-mediated apoptosis pathway[ J]. Chin J Arte-
rioscler, 2020, 28(7) ; 559-565.

[5] B/, PESS - B, BT 333k Bax 0I5 1 38

T 410 ) O A 108 7 2 e FL T i S 4 L 9 o A L

SRULAFE S 1], b S kg A ek, 2021, 29

(3): 222-231.

ZHONG X L, KUKEN B, JING J X. Overexpression of

Bax inhibitor-1 reduces myocardial ischemia-reperfusion in-

jury by inhibiting mitochondrial permeability transition pore

opening and apoptosis[ J]. Chin J Arterioscler, 2021, 29

(3): 222-231.

MA L, CHANG X, GAO ], et al. METTL3 boosts mitochon-

—
o)}
—

drial fission and induces cardiac fibrosis after ischemia/reper-
fusion injury[ J]. Int J Biol Sci, 2024, 20(2) ; 433-445.
[7] HUMER C, SCHINDL R, SALLINGER M. Crosstalk be-
tween TPC2 and IP3R regulates Ca® signals[J]. Trends
Cell Biol, 2024, 34(5) . 352-354.
DU J, ZHANG X, LI B, et al. The hepatotoxicity of hexaflu-

oropropylene oxide trimer acid caused by apoptosis via endo-

—
s}
[

plasmic reticulum-mitochondrial crosstalk[J]. Sci Total Envi-
ron, 2024, 922 171234.
ROWLAND A A, VOELTZ G K. Endoplasmic reticulum-

—
=]
[

mitochondria contacts: function of the junction[J]. Nat
Rev Mol Cell Biol, 2012, 13(10) ; 607-625.
[10] BERETTA M, SANTOS C X, MOLENAAR C, et al.

Nox4 regulates InsP3 receptor-dependent Ca®* release into
mitochondria to promote cell survival [ J]. EMBO J,
2020, 39(19) : €103530.

[11] QIAO X, JIA' S, YE J, et al. PTPIP51 regulates mouse
cardiac ischemia/reperfusion through mediating the mito-
chondria-SR junction[ J]. Sci Rep, 2017, 7. 45379.

[12] WU S, LU Q, WANG Q, et al. Binding of FUN14 domain
containing 1 with inositol 1,4, 5-trisphosphate receptor in
mitochondria-associated endoplasmic reticulum membranes
maintains mitochondrial dynamics and function in hearts in
vivo[ J]. Circulation, 2017, 136(23) . 2248-2266.

[13] CHAI P, CHENG Y, HOU C, et al. USP19 promotes hy-
poxia-induced mitochondrial division via FUNDC1 at ER-
mitochondria contact sites [ J]. J Cell Biol, 2021, 220
(7) : €202010006.

[ 14] PONNERI BABUHARISANKAR A, KUO C L, CHOUH Y,
et al. Mitochondrial Lon-induced mitophagy benefits hy-
poxic resistance via Ca’ -dependent FUNDCI phosphoryl-
ation at the ER-mitochondria interface [ J]. Cell Death
Dis, 2023, 14(3): 199.

[15] JI H, WANG J, MUID D, et al. FUNDCI activates the
mitochondrial unfolded protein response to preserve mito-
chondrial quality control in cardiac ischemia/reperfusion
injury[ J]. Cell Signal, 2022, 92 110249.

[16] YANG Y D, LI M M, XU G, et al. Targeting mitochondria-
associated membranes as a potential therapy against endothe-
lial injury induced by hypoxia[ J]. J Cell Biochem, 2019,
120(11) . 18967-18978.

[17] GOMEZ L, THIEBAUT P A, PAILLARD M, et al. The
SR/ER-mitochondria calcium crosstalk is regulated by
GSK3B during reperfusion injury[ J]. Cell Death Differ,
2016, 23(2) . 313-322.

[18] PONNALAGU D, HAMILTON S, SANGHVI S, et al.
CLICA localizes to mitochondrial-associated membranes and
mediates cardioprotection[ J]. Sci Adv, 2022, 8(42): ea-
bol244.

[19] WONG Y C, YSSELSTEIN D, KRAINC D. Mitochondria-ly-
sosome contacts regulate mitochondrial fission via RAB7
GTP hydrolysis[ J]. Nature, 2018, 554(7692) ; 382-386.

[20] SUN S, YU W, XU H, et al. TBCID15-Drpl interaction-
mediated mitochondrial homeostasis confers cardioprotection
against myocardial ischemia/reperfusion injury[ J]. Metabo-
lism, 2022, 134. 155239.

[21] LOGINOV S V, FERMIE J, FOKKEMA ], et al. Correl-
ative organelle microscopy: fluorescence guided volume e-
lectron microscopy of intracellular processes [ J]. Front
Cell Dev Biol, 2022, 10 829545.

[22] ITOH K, ADACHI Y, YAMADA T, et al. A brain-en-

riched Drpl isoform associates with lysosomes, late endo-



486

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 6,2024

somes, and the plasma membrane [ J]. J Biol Chem,
2018, 293(30) . 11809-11822.

[23] WONG Y C, PENG W, KRAINC D. Lysosomal regulation of
inter-mitochondrial contact fate and motility in Charcot-
Marie-Tooth type 2[ J]. Dev Cell, 2019, 50(3) . 339-
354. 4.

[24] YU W, XU M, ZHANG T, et al. Mstl promotes cardiac
ischemia-reperfusion injury by inhibiting the ERK-CREB
pathway and repressing FUNDCI1-mediated mitophagy
[J]. J Physiol Sci, 2019, 69(1) . 113-127.

[25] YANY, TIANLY, JIA Q, et al. MiR-130a-3p regulates
FUNDCI-mediated mitophagy by targeting GJA1l in myo-
cardial ischemia/reperfusion injury [ J]. Cell Death
Discov, 2023, 9(1) . 77.

[26] LU C H, CHEN D X, DONG K, et al. Inhibition of miR-
143-3p alleviates myocardial ischemia reperfusion injury
via limiting mitochondria-mediated apoptosis [ J]. Biol
Chem, 2023, 404(6) : 619-631.

[27] LI Q H, GE Z W, XIANG Y, et al. Upregulation of mi-
croRNA-34a enhances myocardial ischemia-reperfusion
injury via the mitochondrial apoptotic pathway[J]. Free
Radic Res, 2022, 56(3/4) . 229-244.

[28] GUO L, LIU C, JIANG C, et al. miR-124 inhibits car-
diomyocyte apoptosis in myocardial ischaemia-reperfusion
injury by activating mitochondrial calcium uniporter regu-
lator 1[J]. Mol Med Rep, 2023, 28(2) . 144.

[29] BAOY, QIAO Y, YU H, et al. miRNA-27a transcription
activated by c-Fos regulates myocardial ischemia-reperfu-
sion injury by targeting ATAD3a[ J]. Oxid Med Cell Lon-
gev, 2021, 2021 2514947.

[30] BANAVATH H N, ROMAN B, MACKOWSKI N, et al.
miR-181¢ activates mitochondrial calcium uptake by regu-
lating MICU1 in the heart[ J]. J Am Heart Assoc, 2019,
8(24) . e012919.

[31] PONCE J M, COEN G, SPITLER K M, et al. Stress-in-
duced cyclin C translocation regulates cardiac mitochondrial
dynamics[J]. J Am Heart Assoc, 2020, 9(7) : e014366.

[32] CHEN Q, FANG H, SHAO X, et al. A dual-labeling probe
to track functional mitochondria-lysosome interactions in live
cells[J]. Nat Commun, 2020, 11(1): 6290.

[33] FANG G, CHEN H, SHAO X, et al. Single image capture
of bioactive ion crosstalk within inter-organelle membrane

contacts at nanometer resolution [ J ]. Small Methods,

2022, 6(8) : €2200321.

[34] GUO Y, LI D, ZHANG S, et al. Visualizing intracellular
organelle and cytoskeletal interactions at nanoscale resolu-
tion on millisecond timescales[ J]. Cell, 2018, 175(5) :
1430-1442.

[35] ZHAO W, ZENG C, YAN J, et al. Construction of mes-
senger RNA (mRNA) probes delivered by lipid nanopar-
ticles to visualize intracellular protein expression and lo-
calization at organelles [ J ]. Adv Mater, 2021, 33
(45): €2103131.

[36] LUO C, ZHANG Y, GUO H, et al. Ferulic acid attenuates
hypoxia/reoxygenation injury by suppressing mitophagy
through the PINKI1/parkin signaling pathway in H9c2
cells[ J]. Front Pharmacol, 2020, 11 103.

[37] HUANG M Z, YANG Y J, LIU X W, et al. Aspirin eu-
genol ester reduces H,0,-induced oxidative stress of HU-
VECs via mitochondria-lysosome axis[ J]. Oxid Med Cell
Longev, 2019, 2019 8098135.

[38] WANG Z, PAN J, YUAN R, et al. Shell-sheddable poly-
meric micelles alleviate oxidative stress and inflammation
for enhanced ischemic stroke therapy[J]. Nano Lett,
2023, 23(14) : 6544-6552.

[39] ZHU Q, LI H, XIE X, et al. Adiponectin facilitates post-
conditioning cardioprotection through both AMPK-dependent
nuclear and AMPK-independent mitochondrial STAT3 acti-
vation[ J]. Oxid Med Cell Longev, 2020, 2020 4253457.

[40] XU C, LIU Y, YANG J, et al. Effects of berbamine a-
gainst myocardial ischemia/reperfusion injury: activation
of the 5" adenosine monophosphate-activated protein ki-
nase/nuclear factor erythroid 2-related factor pathway and
changes in the mitochondrial state[ J]. Biofactors, 2022,
48(3) . 651-664.

[41] CHENG Q Q, WAN Y W, YANG W M, et al. Gastrodin
protects H9¢2 cardiomyocytes against oxidative injury by
ameliorating imbalanced mitochondrial dynamics and mi-
tochondrial dysfunction[ J]. Acta Pharmacol Sin, 2020,
41(10) : 1314-1327.

[42] ZHANG L, WANG Y, LI C, et al. Dan Hong injection
protects against cardiomyocytes apoptosis by maintaining
mitochondrial integrity through keapl/nuclear factor ery-
throid 2-related factor 2/JNK pathway[ J]. Front Pharma-
col, 2020, 11. 591197.

(M SCH4E SR



