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Research progress on HSPs in myocardial cell protection
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Abstract: This paper aims to systematically review the latest research advances on how heat shock proteins (HSPs) exert
cardioprotective effects through multiple molecular mechanisms. It also systematically examines the potential of
different exercise modalities to achieve myocardial preservation by regulating HSPs expression. This review provides
theoretical support for developing innovative therapeutic strategies for related diseases and offers a theoretical basis and
novel translational perspective for non-pharmacological interventions in cardiovascular diseases. As evolutionarily
conserved molecular chaperones, HSPs play a central role in physiological and pathological processes, including
myocardial ischemia/reperfusion injury (MI/RI) and oxidative stress (OS). They have become a hotspot in cardiovascular
disease mechanism research and therapeutic strategy development. In maintaining protein homeostasis, HSPs (such as
HSP27, HSP60, HSP70, HSP90) protect cardiomyocytes by facilitating proper folding of nascent polypeptide chains,
preventing aggregation of misfolded proteins, activating the ubiquitin-proteasome system, and modulating autophagy-
lysosomal pathways. In regulating myocardial survival and apoptosis, HSPs (such as HSP22, HSP27, HSP70, HSP90)
exert crucial protective effects on cardiomyocytes through multiple pathways, including inhibiting apoptosome
formation and blocking apoptotic signaling cascades. In promoting injury repair, HSP90 prevents adverse myocardial
remodeling by enhancing angiogenesis and regulating cardiac fibroblast activation and collagen metabolism. In response
to OS and inflammation, HSPs mitigate damage through multiple mechanisms. They counteract OS by scavenging free
radicals, upregulating antioxidant enzyme activity, and activating pathways such as Keapl-Nrf2. Concurrently, HSPs
attenuate excessive inflammatory responses during MI/RI by regulating key signaling pathways, including nuclear factor
kappa-B (NF-xB) and Toll-like receptor 4 (TLR4). To maintain calcium homeostasis and counteract endoplasmic
reticulum (ER) stress under conditions like MI/RI, HSPs (such as HSP27, HSP60, HSP70) act by modulating proteins
including sarcoplasmic/endoplasmic reticulum calcium ATPase 2a (SERCA2a) and inhibiting the p38-MAPK signaling
pathway, thus preventing pathogenic calcium overload. ER-localized HSPs also alleviate excessive ER stress by
regulating sensors like R-like ER kinase (PERK) and inositol-requiring enzyme lo (IREla). As key regulators of
myocardial protection, HSPs enhance cardioprotective effects through these mechanisms. However, several critical
scientific questions remain to be explored in this field. Notably, exercise, as the most potent physiological stressor, holds
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unique value in regulating HSPs expression and inducing cardio-protection, offering a distinct perspective for non-
pharmacological interventions in cardiovascular diseases. Exercise intensity correlates closely with HSPs induction
levels. Moderate-intensity aerobic exercise may strike an optimal balance between inducing HSPs expression and
achieving myocardial protective benefits. It effectively upregulates HSP70, HSP27 and others, thereby enhancing
antioxidant capacity, maintaining protein homeostasis, and promoting autophagy. Different exercise modalities (such as
endurance training, interval training) may selectively induce distinct HSP family members, generating myocardial
protection through differentiated mechanisms. Although the cardioprotective role of HSPs is well-established, functional
redundancy and environmental dependence among family members may render them double-edged swords under
specific pathologies. Future research should therefore focus on three areas: first, elucidating the specific functional
networks and interactive dialogues of different HSPs within cardiomyocytes; second, elucidating the relationship and
mechanisms between exercise-mediated HSPs and myocardial protection; third, exploring novel therapeutic strategies
targeting HSPs pathway through exercise or pharmacology. This not only holds promise for identifying new targets in
cardiovascular disease prevention and treatment but may also provide a new scientific foundation and intervention
strategies for cardiac rehabilitation medicine.
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kinase B,PI3K/AKT) FI4u i 4Me -5 I 15 ity 1/2
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b ZEAR ) I AR S 1 B 2 SRR =X Ao 4 A
5 (B LA O JIE G B A B2 v RS 0 A 4 P 28 AT 5
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OEH

RG> 5 S5 RN RE , HSPs ] 73k 24~ iF
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HESh HBUEE L Ze g A A B 7 , A R0z oL
PO AE B . P, X HSPsTIRE IR AWFST,

x1 RFEARESFEXHRIZHHSPsHITH
Table 1 Classification of widely studied HSPs based on molecular weight
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HRAE T O UIReREfg 1) S EVE R . HSPAT/E N
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figt , 97 1E AR AT A BLR S 3) HSP703# 5
TAKTE 5 1, (2 AKTIE A2 & 90+ 4 HAR
S, NP0 LA I 532 OS5 R A A 7190, 24
ROS/KF- Tt H A B H AR (glutathione , GSH) Bt 4 fk.
fifi 25 E 1 T KRR, HSPsRak B, S0 JJLAN g i A1t
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MRS, LR AL e s TR . AKTRREZ R
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AR Bl LYy RE & AR S s HSPTOFE BV A T
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74 BRIGLISE , 7EMIRT OS &4 F , HSPT0i6 £
FE c-JunZd 3 K Vi i (c-Jun N-terminal kinase,
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fH INK A 53 %A R ik, AR e O LA A7 7o
HSP70i# i1 £2 i& — A AL & A (nitricoxide synthase,
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ST I EEES R 1 (apoptotic protease activating
factor-1, APaf-1) 245G M 144, T8 00 L2
Mg T e A2 S, BAN I CUR 2 AH S X R
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FEPI T R HSP7034 3 11 5 HSP40MRIVE A , 15
DAY ) R R LR e R 1A T, AT A D {553
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O AIERS Y HSP6OTI A 943 F-EEAR R 5
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HPRIRZS T, Anes J3 e, HSPOOH 1 0% 25 1 Vi it
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rapamycin, AKT/mTOR ) {55 J% R 945 H WK F
WD W B S RO LA 2 45 8

g5 b HSPsHE MO o F AR i« a4 5
“Hefa " WU AL, B O AR 1100 B R A 11 42 2
TR IE W, S O LN X BRI g iR
BTSSR . EEERE, BN T —M
PR R 25 (/NHSPs ) 245 4% B 5 fiviz PPk (HSP70/
HSP90) , 21| 41 i #5 ¢ 5 M 4E 97 (HSP60 ) I £ )2
AL B AR FR o TR BRI — P 285 45
B AR5 T B AR S U R B, AR
B R S, R o 3 a0 ) 4 i HS Ps AR DL H:
FAEAE FASRIATF O M A5 s B 10 JEL G
3.2 AECNARETIAT

FEMURISLOSSEHIAAE T, HSPsil i 2 21K
ZAE S AT HLE] A R LA R T, S R4
MIA7E . Cyt CANERARE IS , ol filk & Apaf-15
Caspase-9Z5 G IE A T- 2 A4, i i procaspase-
3, A BT R RGN . 2, HSPOOI3 i+
FEL5 G Apaf-1, I HEE R4k, i BH Wrprocaspase-9
(T , A R LRI YE 1550 st 24HSP70
PG5 % A28 Ak B AT PTG Ve i )5, H 5 Apaf-14%
AIRE AR . ZEMI/RTH  HSP7Of 32k
PRI RE I HEFr LR R BE B 1, R R O LEE A 58
B (R SEEIATT . e AL IR AR B IR A A 4R
BT BRI A I 45 51 43R W], HSPTOZE R bR 45
) K B A Ra L BELIE T Cyt CRIZHAR I T35 S 1
(apoptosis-inducing factor, AIF) &4 5. K,
HSP70i# i F e 2R A , ZEMI/RIH 4% LA -0
JULS ) 5 A 4 R 2% i o T R B 140 S A T 860
6] i , HSP7034 BE8 /0 Cyt C i) 20 i Jo A B, 14
MHICyt CHApaf-1/9AH T AR, 5 H 42 30 ] B

Apaf-1,Cyt CHICaspase-9Z B A 1=/ MA, NI4T
HLC LA T (EARTE R R HSP27 T 0L
St PN e 1o 22 B A s AR AR A A T
YRR, JUIHAE X MI/RTE il 48 S5 AN R PR A5 P15
HPTR TR IC N B o 250 LA LT3 iAoy
PR RS S URE, TS p38 22 24 G A A 11
(p38 mitogen-activated protein kinase,p38-MAPK),
p38-MAPKBEMR L HSP271¥)Ser 1 547 1. . BEFR LS Y
HSP27 1 2 JRAK A B N ZER A XAl G A2 Ak
RS HSP27RENS T AG Ak 5 HoA 3R (A AR
HSP27 I Ser78 Fl1Ser82 W4 M7 i I i R Ak i#E — 2L 448
SR THSP27RIGTIM T-IhAEST . HSP27REMS LS
Cyt C&54, B 1k H 2ok (AR T3 30 4 55, AT
IR T/ MARIE AL ). HSP277] 5 Caspase-3%4%
PT-PATE AL S, SIS, IR T F 5 1%
38, MU LA M R T 88 R AR T
HSP228EWS MBI T HBel-219 33k, [R5 T 4
PRI T HBax 3Rk , NI/ Cyt CRIBEIL. BR
IELASN  HSP227E N I 554 T ik ] S HSP2745 &, 2t
[l A Bax A2 T2 (AR 2% g —
HAIFSE FE W, e 30136 55 HS P22 L RS A R A5 3500k
BMI/RIF S0 IUBEZE TR, I 98052 00 ILZE A4 15
INRREE o BUER G o 5300 2 0 LA I X5 48 27K 1T AR
SE I R HSP22 T A B 1400 JULBE B 1 AR 55 %o
Y REARLI40% o Lo IR 75 R 38 201 ) 2 kil 32 7
HSP22 15 b BT (1.0 WL 45 771 52 S 3500 T % R
0. Pk, HSP227EMI/RIH i 4% 1.0 W& #
TR , T RAR O AR VR RS

25 b HSPsif it T Wi 4¥ 137 1A % | 26 b 43
% K WA AR A5 2 A SRR T A R A S
AR B R SRR MR T — SR 2R IR I
BUAT- B M 4% . HSP27MIHSP70%5: 3 B jlg bt i i
w5 BT 5 45 M 4ERR i B RIVE T , A 24 i Caspase
YISV AT, R R LR A R I B S5 A i
)T RE ST R, AT .35 1 50 JUL A MO /e Bk 1fi . O'S
L5 Z PR B T IAFIG BE
33 REtOAAMEE

BARK N DGR T HSPs{E k4 2
& W TELIMLA , H 3 26 e IAE O I 51 b i) B2
G AR 2 — 2P Bk . (EA5E R R J& , HSPOOTE
2 WA 1y AR E VR 0 5 A O L o
FIVE AT BEAFZEALHI AR UM . Hippo- YAP3H XL
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WERE A e E s AT,
HSP90ZE & K ygg # | K+ (large tumor suppressor,
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Figure 1 HSPs protect the heart muscle by maintaining protein stability, inhibiting apoptosis, and promoting cell

repair

(a)HSPs protect the heart muscle by maintaining the correct folding and stability of proteins; (b)HSPs protect the heart muscle by
inhibiting the mitochondrial apoptosis pathway; (c)HSPs protect the heart muscle by promoting the repair of damaged cellular
structures and functions. This figure was created using Biorender (https://app.biorender.com).
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Figure 2 HSPs protect myocardium by alleviating OS, calcium overload, ER stress, and inflammation

(a)HSPs protect myocardium by regulating the antioxidant system; (b)HSPs protect myocardium by regulating Ca®*

channels/

transporters;(c)HSPs protect myocardium by regulating ERS-related proteins; (d)HSPs protect myocardium by regulating NF-xB

signaling pathways. This figure was created using Biorender (https://app.biorender.com).
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Table 3 Expression of HSPs in cardiac myocytes under different exercise intensities and types
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