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mERGREE, ARAT. FABR T, AREBFERERANAL., . SR TUKEEERT T RE
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Kepitinl

fili 31 Jbk %5 & (pulmonary arterial hypertension, PAH)
S S A T A A OB IR RZIRYT
(PAHE A A 2. 84 1 i b AR AN ], ™ i gl i He B
MERER. SRR A 25k T PAHERE H TR,
BE VR B A0 TIREAN 2 1B B 1 TR
AT T AR R AR T TSI, A0 3 3 L )
PN R ORI IR 00 Coffn i, (B REE BRI, 1
N2 R AW s 3 i N &% S5 SIS a3 s I e 1
FETS, XA K ZBPAHE H AT 25 A,

AIREAET-ENUR I AE K . BB AR R A STy
WEZEH, TP, fers A Yis B R,
AU REFNSE A ™ A2, AT AL R AR

fifF 5 Bk e, BT, RAMRE T, AR REEER TR AR, BT, AT

RIS FIDNARE FRA,  AHAESE T 9 M
HMAELRIIAE T (accidental cell death, ACD)FIIE 140
JZET= (regulatory cell death, RCD). ACDE—Fh A 215
At R, P BB &, TTRCDIF i) 2 B2
R ST, V0 KRR N o 5 5 1 R =R
P, FTLAE i 2 sl L I T ok U L R 197248,
KerrZE NPV ME A ] T BT ix — AR TE, L
IR —FPAS 25 | B B s A M An st T, HHia
TSR AIMPET AT B Sk, AT & T Har
ZMIEA AL, AFEIIEIEYE T (necroptosis).

H W (autophagy). T (pyroptosis) A & EKFE T (ferrop-
tosis) 25", R R A A AL T BA R E I 2 T
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PLEIFNAEFRIIRE. 20184E4HIBE T fiv 44 22 51 23 (Nomen-
clature Committee on Cell Death, NCCD)X} 4l ffg st -1
11T EFE X, FRCDA M 128075, By dsdk g T
(intrinsic apoptosis) ZMEEJH T (extrinsic apoptosis).
Zhokr A 15 M4 48 (mitochondrial permeability  transi-
tion, MPT)IRzIAJIAFE(MPT-driven necrosis). IRFEHE:
A T-(necroptosis). #RFET (ferroptosis). FET-(pyropto-
sis). PARP1(poly ADP-ribose polymerase)f{K#fifsET
(parthanatos). ZHfI{Z APESET (entotic cell death) [¥]
IRGHBISET - (netotic cell death). V& BEIAMKCHT 40 i 5E
T-(lysosome-dependent cell death). [ Wi 1440 i st
T-(autophagy-dependent cell death) 5 & JFEPEZ AL
T-(immunogenic cell death). H R % AR, RCDH—
LHTE R B G S R E AR H A R ST 1 AR
I, K ST M — RN E R0 55, IFE
BLE Y UF S R A RIS

XFT 0 RGN, AT T TEC UEFE AL
FILS M P T AR P O L Bz ™ el
I ZFanpEsET B, DR fEfEeR FEIE,
R4 1= (apoptosis) . IRFEVEI T Lk 5P
HARIRBNIRGE . FETS BRIET R A MR, AR TUSE R
ZER—FPO 5 RGLBN, TEPAHALOEM SRS, O
LA B B8 T 07 A SCHFSE H R AR, X izl
T IR SE Ty SRR AR AE T 7 2 A
Wk = G A e, Ak, BRI WA EET )
BARBLHIA B T4 0 5 i BB B RN L. R,
AL BT A PAHAT O HAY i A& O WA MRS AS
[Ty R g, IR AIE T 7 BRI 75 2,
[ IR O WU R AE T IR T I ), A
fiiR koML X NSt T T, i
D E M BEAFIT TR ANAYT I kR S LAY, Al
PRI A FEERIBI T N AR e S S %

1 A S5PAHRAL O EACIILGAET

1.1 BHCAES

YRR TSR D LA e T Kb ok Iz SR Y
FRZ—, E—FaiE I B SRR AT
AR, .0 il R b, FREe LA T &
FORTE AL, M-SR INEMER R GET- 2R EE)
FNIE PRI (R RAREAR), X EEAHEERR . St
)2 S A T ).
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HMIEPEIRAR IS T AR T SET 524K, GNFas. Jif
SR H T 32 1 (tumor necrosis factor receptor 1,
TNFR1). FET-3Z K5 )% (death receptor, DR)LISKEA]
A A, o LA Fas A SAOUA T e B R 1
JHT -3 FEH, Caspase)@ T2 &R 25 A B 0%, 1TEJH T
RS CHEIER]. $23k 5 H(FADD/TRADD)# 55
CaspaseZ G il 51 (£ $5 Caspase-8F1/aiCaspase-10), M
MEAET 1H G52 GY). Bi)S, Caspase-8 kK E TR
P ARG, BETIS & T gt
P 1 Caspase-8/1043 V) I HAth Caspase Z 5 1L 53 (40
Caspase-3/6/7)YHIA, fEEATEA RTEHIEA. X%
AL Caspase 2 5 E040 0 P 25 0 435 K4 (U 241 it 13- 22 Fn
JHOAZ ) ) 2 fi.

LA 32 2 P AR TR AR I, 2 iE
DAL R TSR AR VT A L A ER B R PR T ML, A
M5 A AMLPR T, PR R T2 H 40 A PN 8 R il
PGS NP BT A . DNA ) fil &,
FAE LA AT EIC RIS 3 Rl s S M
R TE SR, Bel2F EH iR MT-&H,
BCL2AHEXFE F1(BCL2 associated X, Bax)FIHif T
H, GBItk E 0198 -246 H (B-cell lymphoma-2, Bel-2)22
[ AH EAEFH, PERLR R I i 28 iE iE, 2 R i
PEUCL AL, Bel- 2R A 5 HAFLER A EARH,
5 A A A PR A LR T, (5 40 o T e
RN B TSl sh, s ksl SR
5 A NIEB i Rv a2 iR A ER A = ¢ RS e R
e RC. TSN AR & E RS
R 22 R AR RSO 2 R N VI 55 ) A R
eI BT b . 4062 C 58 T B X1 (apoptosis
protease activating factor-1, APAF-D)JEHT-E 5V,
SR 5 B ZE I G Pro-Caspase-9, #ETM#I% Caspase
gl!®:1%1, Caspase-9it— P4 24 Caspase-3 FlCaspase-
7, Ji3liCaspaseik i, VIKIAIMINAIIEY), B4R
a0,

1.2 ARdR AR AR A B i I 5K

PHT- AN R M T s . TR 2 AR 2L
%% (phosphatidylserine, PS)/M#I. YL (f Fifc4s FIDNA
Wi 45 AR OE A2 R, PR TR AR, AT AR/,
Ap B BERG AN, EEIESR, SR BB, N
W4 5K LRI 5 A AR5, TEREEE. gyt iR
LTS, A 240, MRS NG, TR A
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B 1 AT SR T RO A M R AR S SR AEAE O LR AL T AL AR L DG R . APAFL: PTG (K F-1; BAK: Bel2#ih
HUFI1; Bax: Bel2AH XA H; BCL-2: Bitk L 40 fif14-2; BCL-XL: BCL-XL#E [1; BH3-only proteins: BH3-only#E [1; BID: BH3AH I/ AL T4 5h
#U; cTAP1/2: ZHHH T4 5~ 1012; Caspase: #FBEERRIY KA EIRE HK I, FADD: FastioGPET 3 H; MCL1: MCL1JHT-#8757; RIP:
AR EAE IR M, SMAC: 8824 ZORH AT A i1 e R A 2R T RERIGE ), TBID: BIDEY#EUIIE R, TRADD: R RSE R 752 (R A AL T3 11
TRAF2: JMIEIRFEI T2 MAH KR T2, XIAP: XFESUE T4 810

Figure 1 Mechanisms and interconnections of apoptosis, necroptosis, and mitochondrial permeability transition-driven necrosis in cardiomyocyte
death. APAF1: Apoptosis protease activating factor-1; BAK: BCL2 antagonist/killer 1; Bax: BCL2 associated X; BCL-2: B-cell lymphoma-2; BCL-XL:
BCL2-like 1; BH3-only proteins: Bcl-2 homology domain only proteins; BID: BH3 interacting domain death agonist; cIAP1/2: cellular inhibitor of
apoptosis 1/2; Caspase: Cysteinyl aspartate specific proteinase; FADD: Fas-associated protein with death domain; MCL1: MCL1 apoptosis regulator;
RIP: Receptor-interacting protein; SMAC: Second mitochondria-derived activator of caspases; TBID: Truncated form of BID; TRADD: TNFR-
associated death domain; TRAF2: TNFR-associated factors 2; XIAP: X-linked inhibitor of apoptosis protein

DNAFZAAE &R AR/ MA. AR, ATk P T 20 A O T AR R e — R SRR AR A,
JAE N, DR AH 200 0] T PR I 7 ik T I S A AR AR 1 A
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AP 2= AE . ARSI, AT DRRE S R 4t
FEAS 2RI AN A= W AL 2 A

(1) HTEAS ARG, AR TS 2R fe mT LA
Wi PO BB AR, AR BIA
Yo TR d . Lk R I KRN 20 B A SR SRR, 4
AT T o . EOU H HER, (H Bk = H W bR
WE FESR, ANIE T AR, R BLFF
BORE 1 (3R1).

Q) Wk, Hand 2R E e ikl
TR T ). Mk Z —RTUNEL (@
FIDNA F BeRsriivk:. 7E4iffaddT-rh, DNAWR™4:3"-
OHAR Y. 81t TUNELZL ARG A WIhn I fTEDNARY3 -
OHA N, WA, DR, H TR
T4, JAT-i, DNAKR BELI200 bpfER/ N, i
T VB AGE L K T BT A N 5 i A i T

FEANMEIA T, PSETEANAYE T R I AN B2 40 i
Fif. BEIRLE A E A R—F SPSE A E AR, IER
FURT- RS br. MU e & — Rz ekl HEE
it Z AR A5 A Bz, BRA AT LXK 4
B0 . W T A e 4R e Ah, S
it B A AR B B ARAGIN 8 T A G 8 (U Caspase K
JEHBCl-257%), 118 Bcel-2/Bax H{E AT PEAL M IR T2
JE. G pE A S e o ) FH T IS 40t 2 3R C Y
A7, AHIWHRT- 1 &L, XS —A T i o+
FEAN PR T AR T ) Bh AR . B R PR T AL Y
FEA TR

1.3 OILEIEdEr: SPARL DY

HT, O I A A B E T Y RO A
O LA IR T, 0 A RO U BE 5 | A 1
T X FPAHE® FEA O E O NAIIE T K
HArpwit e e, shRdiRia /. PAHREC O
TR MR A AR, AL I A
FLC LA T3 . YRSk R T, A=
SeRAEREEENE K, BSOS R IR, AEIRTE
T, FEA O ENEEZHLAL.

WAk, FEPAHEE T, LA T8 R DAL
NERMEZ A, If Bl A B E AR AL )5
Iy R R, B B SE s i, R A
(monocrotaline, MCT)i75FJPAH(MCT-PAH) K fR ALY
o, O VAR TR B R AR T A,
TEPAHI.CE TG h Al g R AR T AR DY, ST
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LA 1 9 15 Rho- A/ROCKAF 5+ K I 8 PAH K B AT
O3 FEE Y XA 0 2 L LN A A A R
s R WoR R, GO A B EEFRK T Bax/Bel -2 HUIE LA
S Caspase-313RIA/KF, $E7500BH 7 AT BEVE 7 L 1 1
IR T3 BRI ST, JF BAEDRER 8 M6k
TS 02 TR TR AT — B

2 BEPEET S PAHA L EAAG.OILANNE
BT

2.1 SRBEPEIRIC IR Sl

4 2% B2 M O TR AR B R B s R AR IR B
T g TR T Caspase KR M90S, HAE
Bk = ol Ji i Caspase BTG PET, 28 S A At 08 1Bl 4 i,
WBEAE T TAE I — PR RS, HAMES T
FIRTC R HELCREAE AR L. 32 A4 AH BLAE FH A I 1 (re-
ceptor-interacting protein kinase 1, RIPK1). RIPK3}
RPN A1 2 P 245 #4380 (P B (Mlixed  lineage
kinase domain like pseudokinase, MLKL)ZIRFLIEI T
IWARR ST, T B AR ) A i R At T 22
1K, fFas. TNFRI1. T3 ZEZK(interferon-o/p recep-
tor, IFNR). Toll#£3Z {4 (Toll-like receptors, TLR)z 2l g
IWRNA/DNARZ 25 B3, 7T LUR shIRsE I TR 12,
P RITNFR 1A S ASRSEEIA T i BA R e,

TNF(tumor necrosis factor)fil##{ TNFR1{EMZ 5] #L3
FRIOIREZE . (1) MO T AR EAAR, RAR
FINF-kBA FHIRIAE; (2) Caspase-84+ FIIPAT; (3) 1F
Caspase-8 8 il I G SRFEPE T T B R i& 42, 24 TNFa
HTNFRI145 G0, REERE AW, Hihad
TRADD. FADD. RIPK1. TRAF2/TRAF5HICIAP1/
CIAP2Z T 4. TRAF2()Serl IR L ILHERIPK
ZFEA, SR PR IBI (KK E A1k, S5
NF-«BAYiE, FBH 1ERIPK 15 FADDHICaspase-8 14
HAEH. XFEM T, Caspase-8F1JH Tl £ [ c-FLIP
(LYJE RS SRR, i 4n s T, i Caspase-8 TLiL I
527 M Caspase-8H M IS PHININT, 23T S 9Ib.
21 () Caspase-8if i i IR {L RIP LA IR FEPE P T,
It — LM RIPIAIBERR L. BEAR LAY RIP3 G 2
MLKL#ERR AL, Ifi5EMLKLI SR, #0050 40
MRS L, IR AH 5 1Y 43 F 450 (damage associated
molecular patterns, DAMPs), FeZ it & IRAEHE R 118 1).

JSAERIPK 3 FIRIPK 12 53 R SEE U8 T2 i A 7
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Table 1 Characteristic changes and detection methods of cardiomyocyte death

AMBET - L R IE S R v BREEED
(1) A5z
AR WAL A A5 fk ANARAAE . Yo IR
Tunel {7, DNA RN VIR, Y1/ IMAR] EFI ZIDNA, DNA J Bk
TLINYHT-PSHMER T AL, Annexin V-FITC5H &5
Annexin V-FITCKll BTG JAT W R A A e e, BT i G £
R ORBABAH, IR 2F, PSHNH, a3 PARE S
RETRAHIDNAKEE) @) AR
DNA J BEA IS (1% 9 FL VK ASHI ) DNAH Bk
e Bl e s 4k CaspaseZ 5 [ T AR BT 1A 1Y 2635 K F-
T i BT/ o s A 4k A PARPZEE [ IR R RI BT HEA 1 35 K F-
JF i BNl /o s A 4k A PRI T8 B M IR T AR kK
(1) W
AR T AN A s Ak AT ke, AR AR P B I TG, TR SR IR
Annexin V/PI Y6041 B2l Ot £ i i R Y X )
(2) ARG
SRAEPE R T AN R 2 R BT IITE MATE 1R RIP3. MLKLE{RIPI-RIP3f3ESE
fifk, BB BIAEER, PSEEER AN 2 G R BN/ S B A AL A s MLKLIRFS (25 1k
R, B ER PR LRI R LRI SRR He (437 S MR R
TR F R Nl e 4 SR RIP3FIMLKLZE [ (I REIR {7k P
B G Bl /e B Ak A MLKLPURM, R FE K
e LI RIP1-RIP3HIRIP3-MLKL 2 [a] (I AH EAE
[ S Nk JE B 5 - MUK LA 7 11 7K F
(1) ML
A S R AT T SR AN Py BRI A5 Ak 7 TN
T @ R
L YR T2 P BT Tk AYm TR
Ca™ R B 1 I E Ca™ (- FARE I T I%
() EBwE
SRR R AN A (AR 1k AR PO A S i R
IRtk FET A B 1 (GSDMDHIGSDME) 1Y & i fll e ik 7K -
’ﬁFE(JﬁH%ﬁ%%r&F&di éﬂiﬁ?ﬂ*ﬂﬁnéﬂi @) MR
MERERE S, PEREAZEER . JAEF /I
4l Y DAMPSH ) TPLIR 50 ST e e 3 A A FLER A UG A BRI AT R T AR
S BEPCREE A/ E S0 EELISA T %ﬁEW(Caspase-1/4/§/} 1. GSDMD. NLRP3%)
FIRKF
[RRERES TV TR HR Caspaselifiidi
(1) AR LR
SRR R4 A5 (AR Ak AN O A S iR
(2) kA
?L@Hﬁﬁ%*ﬁiﬁ!ﬂ?mH@&%j‘ﬁ%@ﬁiﬂiﬁ(&n@%ﬁ I
BE. SYTOX Green%s)
BRIET (RBLRSEA « LBIRIEIE  POEIREI¥5(C11-BODIPYS81/591. Click-iT. LAA.
. BEEEEEREIN . SERIRBIEEL  Liperfluo®). fb2: % G(TBARS assay. DNPHZ). & it ALK T
AR MAZ s 200 BB G i i, ELISA. AR - B A A
AR N ELRLILZ YR gt vk (AnCalcein-AM). L2 b (- A B A RS
WA U 0,15 R LB & 45 B8 TR T L (WNICP-MS) . RS
GSHIHI & WA R B MR A H BRI A 5643 ARG
BN CARET B RS S PR EF (WIMitoSOX) ik TR R Fk KR
T A S e A S 2 e BRAET M E (GSH. GPX4. SLC7A11. TFRI.

ALOX12. iPLA2B. Keapl-NRF2. ACSL4%)3ik7k T
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[€Z3))

MIFET Iy LA B ts R 7 i
(1) BB

pUE =il b o e

RREEELA

BEE T BB R BRE. AnAME. B IR REAIE

AT PIRHELC3 OB F A5
FIVECRI, A Lt U SR, 4 )tk K
e PR W $5SPERRIR PRI
R i O, 1 w%gmaﬁmm Iflﬂ%ﬁ%ﬁ*ﬁéfﬁ?ﬁ%ﬁ%ﬂﬂﬂﬁ)&%% L B R
LC3 16 550 FRIE AT 2B 11L.C3
BRI A AR

B Bl e e L Uk Ak WA S48 1 (LC3-VII. Beclin. Atg5. Atg725)F kK

a) Atg: FHWBEAHOCH [ (autophagy related protein); ACSL4: KEEMESEAIAG & Hififi-4(acyl-CoA synthetase long chain family member 4);
ALOX12: f64 WUIETR 12-B8 4 &, 1257 (arachidonate 12-lipoxygenase, 12S type); DAMPs: f5ifJiAH 443 F4% 3 (damage associated molecular
patterns); ELISA: FEEK Gy W B 5% (enzyme linked immunosorbent assay); GPX4: 7+t H ki S (b ¥4 (glutathione peroxidase 4); GSH: 2Bt H
ik (glutathione); iPLA2B: #5E{H5i 1 B 5 EFA2B(phospholipase A2, calcium independent); Keapl: Kelch#E R & A %eHl & FE 1 1(Kelch-like ECH-
associated protein-1); LC3: A F 15724%3(microtubule- associated proteinl light chain 3); MLKL: JR-A 1% 2 BHEL5 AL AR B (mixed
lineage kinase domain like pseudokinase); NLRP3: NODEEZRINEE 14544918 AH ¢ 45 F13(NOD-like receptor thermal protein domain associated
protein 3); NRF2: &K F-£1 41 fu24H &K F2(nuclear factor-erythroid 2 related factor 2); PARP: 25 ADPEME A i (poly ADP-ribose polymerase);
PS: it 22 % R (phosphatidylserine); RIP1: AZ{AAHHH A% [ 1(receptor-interacting protein kinase 1); RIP3: AZ{AHH A FH & 13 (receptor-
interacting protein kinase 3); SLC7TA11: I B#AZ 5 TR 51 11(solute carrier family 7 member 11); TFR1: ¥44E 152K 1 (transferrin receptor 1);

AWm: LA {37 (mitochondrial membrane potential)

(), (HYRIPK3AEANN il B kb, B4 B itaeis
PERBEPER T, A2 AL BAEF, il
RNAS S Z WL TLR3/TLRA, o i DNAMH YT
ZETT TS 9)(DNA-dependent  activator of IFN-
regulatory factors, DADEFIKHFEDNA, 25 3TRIF-
RIPK3 & A KRB DAI-RIPK3E 414 L K& RIPK 1 3R #i
PR ARITERL. #E FRIPK 3@ 3 BB fEMLKL, 7
I ICE R T AR R AR AR E H.

2.2 WRBEPERC B AR AN IR X

TESRSEER T R b, S T ST A B
ZEMR)— LA, AR T AR T R P A A
Wi BRG,  IRAENE R Tk 20t 2 H BAH . A B OE
BEAUUE, RO AR K, [ 20 g 2 A 2R
LU 7 i e O 8 R NS | A Ay S e
AREH, MR R TEBIA . PSRER LUK A as
WA e, SRR St e, IS A JAE
. X BT AT UH T Y AR A o
REEFITE A B XA, SRR MBS SR eI T3
T LR,

HAARMAET T RS AR TR
ARSERMSLAFAE. BEE IR ROHERS, A0MIARA S N T
B R IRAENE T, B A T I R AR AR R MR
BEEPHTON D, FERIIRSEE I T R eh, gk
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ERESYERIE R A W kR S S AL G AN SR T A I
B IRFEPE T R IE AL FERIPK 34 T AOMLK LA FH
FRACFITIRAE, LA A o fof B A o B 5 B M te AR TR 2
SRR, IR AR AR ) IS 2 I S SRR,
AT LIRS AT R AE A T 3 ).

23 WBEPEIAC S PARAT LR

PAHR FUAO 2 B0 T B2 (L RIPK 3 FI#E IR 1k
MLKLAY#E, FF H Caspase-8AYidMEAZ 2 b &0, $2
ANIRFEME T T AE PARKT A7 0 E B0 Th i T E LA
@I SR, SRR B S AR 4R M BE T (pro-
grammed cell death, PCD)f= 275 M PAHAY i e (E
ERAIZE. WA, TEMCT-PAHK BRI Bl 2
JRERERN, AOFEERER. FELOF 05
FIRPEMER TR S, IF B P RIP3IKF BS54
D FENEEASE. X 7N I3 RIP3 AT BE A A PAHLC 5
Vi e A O B IS W R U A rdr s,

3 ehifRiE P ARSI BE S PARAT
DT L NBET

3.1 kiR A A IR 5 T
SRR 175 P 5% 7 R s R SR BB e —Fh i 475 5 R

YREBET, A S L R N R S IR



P A

(14 SR A3 375 1 B A0 IR S P I O 2 38 e 1 4 R AR 5 N
[ES Y MPTP(mitochondrial permeability transition pore)3
BT MPTP AT H o FRARA A ) 80 Tl R sEng
WA PRI BEIRERBAR . ATPG B LA SRR R
DL, Lok (R 45 B T 4512 TR LA BRE R PP B BB
Ca®'\ AUKAHEIE BLRLIARD, SKBFTIFMPTPII 1
Ve BERO MPTPIYHT - S 804k (45 5 Ha, 137 (mitochondrial
membrane potential, APm){H 2K, FMLRLAR I ATPA BY
TIRE; [RlIF, KA SIS 6 B2 3 ALRLIR N, 3k
FAR IR, 5| & anstT- .

3.2 LRREAHE A AR RN TER L E AR AL
R X

LRARE B VR AT IR SR IRSERT, SRR 5
PERGEE SIAYMEERL. ATPA S, [N, Kidss
PEATBLRAIER, 5HRZRAARM K R & S 2k
LA A R 4 B O 252 A O o TG =X
TR AYM . K2R i i FCa® {5 B2 g
J1 PEAELERAAXINAD HEIE E S . BIFMPTP{E
FH L 0 i 2 e 44 v (g ATP /KOS A2 ik %514 5
B85 B B VA SR A B M AR IR SRS Y
HE R

3.3 SRR EETE A MSIAIE S PARA T DAY

BT, XFEobifAm i v % AR RS i RFE 5 PAHA
O FRE O LA S S T LA LA D5 I : (1) Dick-
kopf WNT{5 51 g4 51 1 (Dickkopf WNT signaling
pathway inhibitor 1, Dkk-1)f#FPAH% £, AIEDKK 143
RAAR A 2l ik P4 2 ML B ARV R T, 3 SRR T M 4R
(reactive oxygen species, ROS)H il FIZ ki ADNAS 173,
] s PRI T b s L (3. X AR (b AT B i ol 4
A P9 Bz AR A, SRR BT T A,
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Figure 4 Mechanism of cardiomyocyte death induced by autophagy. BCR: B cell receptor; ERK: Extracellular regulated protein kinases; PE:

Phosphatidylethanolamine; PI3K: Phosphatidylinositol 3-kinase
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Cell death is a vital process that plays a crucial role in the human body, particularly in cardiac pathology. Various forms of cell death,
including apoptosis, necroptosis, mitochondrial permeability transition-induced necrosis, pyroptosis, ferroptosis, and autophagy, are
intricately involved in cardiac remodeling and heart failure associated with different cardiovascular diseases.

Pulmonary arterial hypertension exerts substantial pressure on the right ventricle, leading to compensatory hypertrophy as an initial
response. However, this compensatory mechanism becomes unsustainable in the long run, resulting in ventricular failure accompanied
by myocardial cell death. Therefore, understanding the specific mechanisms of myocardial cell death during disease progression is
essential for improving patient prognosis and developing effective treatment strategies.

To gain insight into myocardial cell death, it is crucial to explore the signaling pathways involved in different forms. Apoptosis, known
as programmed cell death, eliminates unwanted or damaged cells and maintains tissue homeostasis. Necroptosis, a regulated form of
necrosis, occurs in response to specific triggers and contributes to pathological conditions like ischemic injury. Mitochondrial
permeability transition-induced necrosis disrupts mitochondrial membrane integrity, leading to cell death. Pyroptosis, characterized by
the release of proinflammatory cytokines, has been implicated in cardiovascular diseases such as atherosclerosis. Ferroptosis, a recently
discovered regulated cell death pathway, involves iron-dependent lipid peroxidation and has been linked to cardiac dysfunction.
Autophagy, a process that maintains cellular homeostasis through cytoplasmic component degradation, can also contribute to myocardial
cell death under certain conditions.

Detecting and evaluating different forms of myocardial cell death are critical for disease diagnosis, prognosis, and treatment.
Histological techniques, flow cytometry, immunohistochemistry, and molecular assays are among the methods used to assess cell death
processes. These techniques enable researchers and clinicians to identify specific markers and evaluate the extent of cell death within
cardiac tissues, leading to a comprehensive understanding of myocardial cell death for better disease management and therapeutic
interventions.

Extensive research has revealed the intricate interplay between cell death and disease progression in pulmonary arterial hypertension.
Dysregulation of signaling pathways involved in myocardial cell death contributes to the pathogenesis of this condition and the
associated right ventricular dysfunction. Understanding the molecular mechanisms underlying myocardial cell death provides valuable
insights into potential therapeutic targets and strategies. By targeting specific forms of cell death or their regulatory pathways, novel
treatments that mitigate disease progression, improve cardiac function, and enhance patient outcomes can be developed.

Future research prospects in this field include exploring the therapeutic potential of modulating cell death pathways in pulmonary
arterial hypertension. Investigating targeted therapies aimed at specific forms of cell death holds promise for developing innovative
treatment options. Additionally, identifying biomarkers associated with cell death processes may enable early disease detection,
monitoring disease progression, and facilitating timely intervention and personalized medicine approaches.

In conclusion, this article provides an in-depth overview of the signaling pathways involved in different forms of myocardial cell
death. It highlights the importance of detecting and evaluating cell death processes in cardiac pathology and summarizes current research
findings in the context of pulmonary arterial hypertension. Expanding our knowledge of cell death mechanisms and their implications in
cardiovascular diseases paves the way for novel therapeutic strategies and improved patient care.

pulmonary hypertension, apoptosis, necroptosis, mitochondrial permeability transition-driven necrosis, pyropto-
sis, ferroptosis
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