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A network-based multi-target strategy to investigate cardioprotection effect
against doxorubicin by quercetin
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Abstract: Objective To investigate the multi-target action mechanism of quercetin against doxorubicin-induced myocardial toxicity.
Methods Adult ICR mice were randomly divided into control group, doxorubicin group, and quercetin treatment group (n = 8). After
experiments, serum was collected for measurement of creatine kinase and lactate dehydrogenase, and cardiac tissue cryopreservation
was rapidly excised for proteomics studies. Finally, a network of differential proteins and known target proteins of quercetin was
constructed to identify target proteins of quercetin against doxorubicin-induced myocardial toxicity. Results Quercetin significantly
reduced the concentration of doxorubicin-induced elevated serum creatine kinase and lactate dehydrogenase, suggesting that quercetin
can alleviate doxorubicin-induced myocardial damage. Proteomic results indicated that quercetin protected doxorubicin-induced
cardiotoxicity by regulating differential expression of 40 proteins. Gene ontology analysis and pathway enrichment analysis showed
that quercetin mainly exerted myocardial protection by regulating redox, energy metabolism, fatty acid metabolism, high density
lipoprotein, and apoptosis. Further network analysis screened out 11 proteins that quercetin targeted to regulate the above biological
processes and pathways. Conclusion Quercetin relieves doxorubicin-induced myocardial toxicity by targeting 11 proteins and then
regulating redox, energy metabolism, fatty acid metabolism, high-density lipoprotein, and apoptosis.
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L, FEEHEBR, EH 3R, BIFERE 3T CF
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FA LR AR FE R sh A A FIAEZENAH B 472 120 min,
BEEWEHL: 0~0.1 min, 5%~10% B; 0.1~80
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B; 105~106 min, 35%~80% B; 106~110 min,
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5<<0.8, P<<0.05) 40 1, SERWE 1. H 30
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Tl (Fold change<<0.8) . X} ¢ #4645 H %W
114/113 A1 118/117+ 116/114 F1 121/118 Z [AIf1AE 4L
BAgHEE L (P<0.001) .
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Table 1 Differential protein regulated by quercetin against doxorubicin-induced myocardial injury
Uniprot Unused R 2k Fold change

ikl an ProtScore % (OS%EEE) 114113 16114 118117 121118
P52503  NADH dehydrogenase [ubiquinone] iron-sulfur protein 6, mitochondrial ~ 32.54 32.55 185 34 0.38 1.29 0.09 8.63
P02089  hemoglobin subunit beta-2 22.32 81.90 939 103 0.33 2.58 0.15 731
P11404  fatty acid-binding protein, heart 52.93 52.93 96.2 54 0.39 1.46 0.15 4.61
Q9CQUO thioredoxin domain-containing protein 12 1.82 1.8330.0 3 0.65 1.27 0.17 4.57
P56480  ATP synthase subunit beta, mitochondrial 125.66 125.76  80.5 118 0.33 1.80 0.15 3.10
QICQX8 28 S ribosomal protein S36, mitochondrial 32.78 3279 7.6 31 0.36 1.77 0.27 3.05
055042 alpha-synuclein 21.37 2140 743 18 0.34 1.57 043 2.73
P07724  serum albumin 165.98 166.08 77.0 176 0.57 1.58 0.01 2.63
P51174  long-chain specific acyl-CoA dehydrogenase, mitochondrial 4121 4147 58.8 33 0.44 1.46 0.25 2.38
P51881  ADP/ATP translocase 2 4.13 2893 69.8 25 0.71 1.53 043 2.36
QID6J6 NADH dehydrogenase [ubiquinone] flavoprotein 2, mitochondrial 32.20 3220 669 23 0.60 1.39 0.43 229
P16045  galectin-1 16.46 16.46 83.7 15 0.26 1.80 0.22 221
Q9DC77 small muscular protein 27.08 27.08 847 26 0.78 1.26 0.54 2.03
Q61171 peroxiredoxin-2 33.85 3387 793 32 0.08 1.69 0.10 1.98
P11499  heat shock protein HSP 90-beta 19.48 19.56 47.5 16 0.63 1.43 0.44 1.94
QICR68  cytochrome b-c1 complex subunit Rieske, mitochondrial 37.10 37.14 467 29 0.43 1.42 0.26 1.87
Q06185  ATP synthase subunit e, mitochondrial 10.73 10.73  64.8 9 0.74 1.34 0.66 1.84
Q8BMSI trifunctional enzyme subunit alpha, mitochondrial 37.67 37.74 510 37 0.62 1.39 0.45 1.84
P31786  acyl-CoA-binding protein 23.97 2409 747 22 0.77 1.50 0.78 1.77
P48962  ADP/ATP translocase 1 5130 5130 815 45 0.39 1.89 0.61 1.75
QI9DCZI GMP reductase 1 11.15 11.18 354 9 0.49 131 0.35 1.66
Q99KIO  aconitate hydratase, mitochondrial 58.86 58.86 564 48 0.63 1.39 0.50 1.60
P09813  apolipoprotein A-II 17.86 1786 67.7 18 0.27 1.61 0.48 1.58
Q08857  platelet glycoprotein 4 72.52 7252 593 05 0.19 126 0.23 1.58
Q6P2L7  protein CASC4 2.06 207 274 2 0.79 1.89 0.77 143
P08607  C4b-binding protein 11.40 1142 365 11 0.43 1.32 0.60 1.42
QICPUO lactoylglutathione lyase 12.32 1232 473 12 0.11 242 0.08 1.36
P97807  fumarate hydratase, mitochondrial 22.11 22.14 412 13 0.56 131 0.70 133
P62821  ras-related protein Rab-1A 9.27 9.27 39.0 9 0.37 1.69 0.61 1.32
QSEBG6 heat shock protein beta-6 9.58 9.58 71.6 8 0.78 1.37 0.75 127
P21460  cystatin-C 2.01 201 457 2 1.61 0.73 1.29 0.72
008638  myosin-11 13.62 17.54 39.1 12 14.60 0.49 2.78 0.69
Q9DDI18 D-tyrosyl-tRNA(Tyr) deacylase 1 281 281 234 2 1.60 0.68 1.77 0.65
Q8CDG3 deubiquitinating protein VCIP135 2.05 205 23.1 2 2.70 0.69 147 0.63
P10852  4F2 cell-surface antigen heavy chain 3.38 34 323 2 2.15 0.59 1.51 0.62
P24457  cytochrome P450 2D11 1.56 1.57 155 2 1.60 0.77 1.37 0.54
Q80UGS  septin-9 4.00 401 242 3 231 0.67 3.60 0.52
QIDOLS mRNA cap guanine-N7 methyltransferase 2.01 201 417 1 3.28 0.68 149 0.52
Q02357  ankyrin-1 8.97 9.12 247 9 240 0.1  10.09 0.21
Q3TYD6 serine/threonine-protein kinase Lemur tyrosine kinase 2 4.44 445 139 5 2.17 0.77 3.91 0.05
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Table 2 Protein-protein interaction network analysis.
i S SRR HRE A
1 SRC Proto-oncogene tyrosine-protein kinase Src 18
2 CDK1 Cyclin-dependent kinase 1 13
3 EGFR Epidermal growth factor receptor 10
4 CSNK2A1 Casein kinase II subunit alpha 8
5 KDR Vascular endothelial growth factor receptor 2 7
6 CYP2C9 Cytochrome P450 2C9 6
7 CYPIA2 Cytochrome P450 1A2 6
8 POLI DNA polymerase iota 5
9 MET Hepatocyte growth factor receptor 5
10 APEX1 DNA-(apurinic or apyrimidinic site) lyase 5
11 ALOXI15 Arachidonate 15-lipoxygenase 5
4 g FRBFOLIOITRERN 11 ANER, XEEA

VF2 W ST R WA B 8 =5 1O U 5 S8 L R
YA OGBS, A B 2R R SRR Iy KA
Y, BAESPUAMAE R B HENRER. R
Bt AR 3R T e L U T AL RO P R
FFOMBE R ER . ARSI R E A
WA B 45 R 51X — AR A, 45 BRI
B R AR O WS M S P SR R R . A
IR R i R K B AR AR 5C . I HLF 2 FAh B 5
WAE B R 2 L PR BT B R S S RO
WLEEE, BAARRBUNEZE A m O IPTE e B s B
RO (MDA) & &1 DNA #5452, 1Ekk
TE PR R RO, 3 s S AR A AL
fiff (SOD) [ ik FBE KI5 5 8 — H A & B
(iNOS) yE P28,

Wb, MR 2 1 2H et SRR R B R R E i
P R EAC AR S ATP AL 2. PPAR 15 53
A = BRIR IR R IE OHURYER, X —45 514
S R IR A2, %0 TR W & A
{1 33 B 15l TR Y TS 1 B 1 B R AL T AT 02
(AMPKo2) It 410 P i R 389 B W0 B0TE S2 4R o
(PPAR) FIL ik S A 470 B A 389 L 50t 52 Ak B B v AL TR
F-lo (PCG-la) MIFRIE, EFEWTT AMPK B
HEWEE S, MR E LR &R AT
PR R IESHOIEEN: . EAAESRIERE, i
Fegm R ERACH . mEE R E A AT
(YIMAET - FI G ) R AR EF

A K R AR5 RS ORI Y 2R AR S
MG, AT Z bR, 1527 it Zhk

535124 Proto-oncogene tyrosine-protein kinase Src-

Cyclin-dependent kinase 1. Epidermal growth factor
receptor. Casein kinase II subunit alpha. Vascular
endothelial growth factor receptor 2. Cytochrome
P450 2C9 . Cytochrome P450 1A2 . DNA
polymerase iota . Hepatocyte growth factor
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