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Non-targeted serum metabolomics study in patients with

acute coronary syndrome
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Abstract Objective: To search for potential biomarkers related to ACS, and to provide reference basis for ex-

YAN Kuipo' GUO Yuqing*

ploring its pathophysiological mechanism. Methods: This study performed non-targeted serum metabolomics anal-
ysis in patients with acute coronary syndrome and normal coronary artery by high performance liquid chromatogra-
phy-mass spectrometry. The differential metabolites between the two groups were screened. and the diagnostic
value of differential metabolites was evaluated by receiver operating characteristic curve. Differential metabolite
pathway analysis was carried out. Results: There was significant difference in metabolic spectrum between acute
coronary syndrome and normal coronary artery, and 20 differential metabolites were screened out by receiver oper-
ating characteristic curve. Differential metabolite pathway analysis showed that the disturbed metabolic pathways
in patients with acute coronary syndrome included non-alcoholic fatty liver disease, nicotinate and nicotinamide
metabolism, insulin signaling pathway, FoxO signaling pathway, type Il diabetes mellitus, AGE-RAGE signaling
pathway in diabetic complications, Cholesterol metabolism, adrenergic signaling in cardiomyocytes, oxidative

phosphorylation. Conclusion: The 20 potential biomarkers of ACS were screened, involving 13 metabolic pathways

such as non-alcoholic fatty liver disease, nicotinate and nicotinamide metabolism.

Key words acute coronary syndrome; non-targeted metabolomics; high performance liquid chromatography-

mass spectrometry; biomarkers
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Table 1 Model parameters R2X,R2Y,Q2 values in positive and negative ion mode
—_— IE BT Ui N
- pre RX(cum) R?*Y(cum) Q% (cum) pre R?X(cum) R?Y(cum) Q% (cum)
Dvs C 3 0.343 0.999 0.512 3 0.352 0.998 0.562

T s pre: M BG R X BRI X AR 1 B R 4R w] g B s R°Y AR AU X Y 7% 1 504 4R 00 P RS T 5 QL B U R N 5 D

SHGAH s C o X RRE
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Table 2 Basic information of differential metabolites

Y 58 W) 34 B VIP P14 AUC  fpRE  REJE  FCD/O  log2(FC)  Up/Down
Methyl jasmonate 2 i & H fig 2.613661375  0.0000212 1 1 1 1.1838 0.24347 4
1-Pyrroline-4-hy- 1- Mt 1% b - 4 3

droxy-2-carboxylate 21 2. fs 2.553357458  0.0000135 1 1 1 0.20546 —2.2831 v
Geranial A I 2.471406282  0.0000447 1 1 1 0.37048 —1.4325 v
Myristic acid A 75 TR 2.288558754  0.00035126 1 0.923 1 0.85213 —0.23085 v
Heptanoic acid B 1.973785906  0.005974332 1 0.923 1 1.1764 0.23443 A
Glutaric acid %R 1. 888055466  0.00663257 1 0.923 1 3. 8199 1. 9335 A
Methyldopa Haizm 1.782584297  0.015714848 1 0.923 1 7.1221 2.8323 A
Ergocalciferol 5 4 2.50780231 0. 0000836 0.981 0.923 1 0.55905 —0.83895 v
Ursodeoxycholic

Jeid RE AN R 2.431963998  0.0000741  0.981  0.846 1 0.21266 —2.2334 v
2-Methylbutanal 2-H 3 T 2.394841431  0.00011526  0.971  0.923 1 0.29557 —1.7584 v
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gR2
558 W) 5T AR VIP P i AUC #5F  REJF  FCD/CO)  1og2(FC)  Up/Down
L-Tryptophan L-t8 2 iR 1.814754381 0.01352811  0.962  0.923 1 1.5099 0.59448 0
Beta-Leucine B AR 2.262807849  0.000876087 0.942  0.769 1 0.36188 —1.4664 v
Aminocaproic acid & FEC R 2.026705449  0.002831395 0.942  0.769 1 0.75535 —0.40478 v
Norepinephrine LHE ERE 2.022780712 0.002906188 0.942  0.923 1 1.1223 0.16648 A
Pelargonic acid TR 2.006880444 0.003225859 0.923 0. 846 1 1.1801 0.23894 A
3, 3-Dimethoxyben- 37 3-— H 48 & B 2
1.722964627 0.015617621 0.923 0. 846 1 0.81238 —0.29978 v
zidine ;13
Suberic acid ¥R 1. 680850163 0.018998759 0.923  0.923 1 3.7433 1. 9043 0
9, 10-— ¥ F-12
9,10-DHOME o 1.67909049  0.024683863 0.923  0.769 1 0.67184 —0.57382 v
(2)- + I\BR IR
1-2-Hydroxyglu-
] y_ Ve L-2-F2 B % — R 1.453893739  0.048090985 0.923  0.769 1 4.8314 2.2724 0
taric acid
Glycocholic acid RV 1. 664600861 0.02620388  0.913 0. 846 0.75 0.32061 —1.6411 v
4-Quinolinecarbox- n
41 R R TR 1.660727769  0.020803943 0.894 0. 846 0.75 4.0207 2.0074 A
ylic acid
Succinic acid BRHITR 1.538375284 0.034828958 0.885  0.769 1 2.4312 1. 2817 0
12-Hydroxydode- . o
R 12-3 A+ 2.031058316  0.004294962 0.875 1 0.75 0.23991 —2.0595 v
canoic acid
DL-Glycerol . .
DL-H il 1-B5 MR 1.909775673  0.008438434 0.875  0.923 0.75 0.58075 —0.78401 v
1-phosphate
Uridine R 1.691841244 0.018065851 0. 875 0.692 1 0.34062 —1.5538 v
Pyroglutamic acid ~ #4&& KR 1. 607054931  0.026276433 0.865  0.769 1 0.54557 —0.87415 v
Sarcosine K=y 2.0448578 0.00250559 0. 846 1 0.75 0.090852 —3. 4603 v
Imidazole-4-acetal-
IR -4~ 2, T 2.009610412  0.003169029 0. 846 1 0.75 0.22524 —2.1505 v
dehyde
D-Glucose D- 4 % b 1.776976883 0.016122915 0.846  0.846 0.75 0.33039 —1.5977 v
Creatine WL 1.706128383  0.016907231 0.846  0.923 0.75 0.37158 —1.4283 v
Ribitol I3 T T A% A 1.695095446  0.023085247 0.846  0.769 1 0.53381 —0.90561 v
Biotin YR 1. 616842764 0.025203641 0.846  0.769 1 0.57732 —0.79255 v
Benzamide 2R H T i 1.608918913 0.02606946  0.846  0.923 0.75 0.25422 —1.9759 v
Sphinganine i 1.457431025 0.047469279 0.846  0.769 1 0.93425 —0.098117 v
Nicotinic acid i R 1. 447890041 0.049160166 0.846  0.692 1 5.8827 2.5565 0
Ketoleucine i 5% 2 R 1.529183197 0.044152111 0. 837 1 0.75 1. 3366 0.41853 A
Adipate semialde- o .
hed A 7E A 1.729157647 0.015163222 0.827 1 0.75 0.17645 —2.5027 v
yde
1, 2-Epoxy-p-men- ¥y -1, 2-3 4 1k B
1. 605616471 0.026437023 0.827 0. 846 0.75 0.23377 —2.0968 v
th-8-ene L]
5-Hydroxypyrazi- N .
] 55 ik b W Tk e 1.511633383 0.038680014 0.827  0.923 0.75 2. 2601 1. 1764 A
namide
Pyrrolidonecarbox- . .
NH 1 e 7 32 1R 1.567836926  0.038289473 0.808  0.923 0.75 0.41675 —1.2627 v
ylic acid
Withaferin A g A 1.70531079  0.016971919 0.788 0. 846 0.75 0.46977 —1.09 v
Guanidinosuccinic A .
y JUR 4 3% 771 TR 1. 60642627  0.033046828 0.788  0.923 0.75 0.49889 —1.0032 v
acl
Niacinamide S0 P 1.548295864  0.04117419  0.779  0.769 1 1. 2493 0.32114 A
Maslinic acid Iy 7 BLRR 1.566941246 0.038418236  0.76 0.846 0.75 0.10312 —3.2776 v
Methionine sulfoxi-
: AR R L 1.467500228  0.045732623  0.75 1 0.5 0.10929 —3.1937 v
mine
Carnosine WLk 1. 675920044  0.019429262 0. 74 1 0.5 0.30913 —1.6937 v

T : VIP: OPLS-DA 5§ — 3 i 4 4% 5 AU & {} ; FC (fold change) : fif ¥ 45 b ; log2 (FO) « i ¥ A5 1 19 log2 s Up: AR M4 i 23K (LD 5
Down : fC# IR A5 CF D .
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Figure 6 Heatmap of differential metabolites

HumEF R

Table 3 Pathway Influencing Factors Table

1 % 44 FR —log(P) A8 ¥ 5 i {E R R E B KEGG 1D
Non-alcoholic fatty liver disease 3.593 0.5 C00031 hsa04932
Nicotinate and nicotinamide metabolism 3.2309 0.25116 C00042;C00153;C00253 hsa00760
Insulin signaling pathway 2.9134 0. 25 C00031 hsa04910
FoxO signaling pathway 2.6971 0.2 C00031 hsa04068
Type 11 diabetes mellitus 2.5215 0.16667 C00031 hsa04930
Prolactin signaling pathway 1. 9488 0. 15789 C00031 hsa04917
Insulin secretion 1. 8685 0.15 C00031 hsa04911
Biotin metabolism 1. 1258 0.14062 C00120 hsa00780
Vascular smooth muscle contraction 2.2472 0.125 C00547 hsa04270
AGE-RAGE signaling pathway in diabetic com-

plications 2.1362 0.11111 C00031 hsa04933
Cholesterol metabolism 2.0375 0.1 C01921 hsa04979
Adrenergic signaling in cardiomyocytes 2.0375 0.1 C00547 hsa04261
Oxidative phosphorylation 1.6073 0.1 C00042 hsa00190
D-Glutamine and D-glutamate metabolism 1. 7951 0.095238 C02237 hsa00471
Gap junction 1.9488 0. 090909 C00547 hsa04540
Synaptic vesicle cycle 1. 8685 0.083333 C00547 hsa04721
Insulin resistance 1.4104 0. 083333 C00031 hsa04931
Central carbon metabolism in cancer 4.2753 0.075472 C00031;C00042;C00078 hsa05230
cAMP signaling pathway 3.0788 0. 074074 C00042;C00547 hsa04024
Histidine metabolism 1.986 0.072 C00386;C05130 hsa00340
Sphingolipid signaling pathway 1. 6652 0. 068966 C00836 hsa04071
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B3
i % 44 FR —log(P)  ARIHE #3mi(E R il % KEGG 1D
Carbohydrate digestion and absorption 1.1557 0. 068966 C00031 hsa04973
Butanoate metabolism 0. 8088 0.066176 C00042 hsa00650
Valine, leucine and isoleucine biosynthesis 1.2902 0.064516 C00233 hsa00290
African trypanosomiasis 1. 6073 0.0625 C00078 hsa05143
Vitamin digestion and absorption 2.2954 0.061224 C00120;C00153 hsa04977
Valine,leucine and isoleucine degradation 0.8088 0. 059289 C00233 hsa00280
GABAergic synapse 2.1362 0. 058824 C00042 hsa04727
Pyrimidine metabolism 0.51133 0.057549 C00299 hsa00240
Mineral absorption 2.8109 0.057143 C00031;C00078 hsa04978
Pertussis 2.0375 0. 055556 C00253 hsa05133
Galactose metabolism 0.7426 0. 055556 C00031 hsa00052
Sphingolipid metabolism 1.2198 0.054795 00836 hsa00600
Taste transduction 2.6366 0.052632 C00031;C00547 hsa04742
HIF-1 signaling pathway 1. 6652 0.052632 C00031 hsa04066
Salivary secretion 1.5533 0.052632 C00547 hsa04970
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