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Abstract: Coronary artery disease is the leading cause of death worldwide, the coronary artery stenosis or
occlusion caused by atherosclerosis leads to myocardial ischemia, hypoxia, or necrosis, that is main histopathological
features of coronary artery disease. Atherosclerosis relates closely to abnormal lipid regulation, chronic inflamma-
tion, and endothelial dysfunction. Cardiac enzymes and high, low-density lipoprotein are currently used to diagnose
a variety of coronary artery diseases, but the evidence is inadequate. Thus, new cardioprotective therapies are
required to explore sensitive molecular markers for the prediction of cardiovascular events. Lipids have an important
role in maintaining the myocardial cell structure as well as cardiac function. Lipidomics is a newly emerged disci-
pline that studies lipids on a large scale. Recent advancements in lipidomics on coronary artery disease have shown
that certain lipids, such as ceramide, sphingosine, lysophosphatidic acid, oxidized lipids, and so on, are associated
with the clinical classification and characteristics of coronary artery disease. In addition, recent studies of lipid
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profiles of the cardiac, fat, liver, and other tissue samples in animal models also have provided a novel viewpoint.
Given the increasing application of lipidomics techniques for coronary artery disease, we provide a review of
lipidomics technology, sensitive lipid markers, recent studies of therapeutic targets, and drug discovery for coronary

artery disease.
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Table 1  The clinical studies that have assessed bioactive lipids in coronary artery disease (CAD) patients with lipidomic analysis. PPCI:

Percutaneous coronary and peripheral arterial interventions; HF: Heart failure; SA: Stable angina; MI: Myocardial infarction; CHD: Coro-

nary heart disease; CBD: Cerebrovascular disease; MI: Myocardial infarction; ACS: Acute coronary syndrome; CSA: Chronic stable angina

Clinical study Sample Method Finding Reference
(number)
Angioplasty, PPCI Plaque (12) LC-MS/MS The specific OxPL and OXxCE were presented in plaque, and 1-palmitoyl-2-[9-oxo- [22]
nonanoyl] PC, represented a major phosphatidylcholine-OxPL molecule quantitated
within plaque material
CAD Plasma UHPLC-MS Cer (d18:1/16:0), Cer (d18:1/18:0), Cer (d18:1/24:0), and Cer (d18:1/24:1) are [28]
(3384) high-risk ceramides of CAD, and the Cer (d18:1/16:0)/Cer (d18:1/24:0) ratio is a
lipid marker cardiovascular death
Heart failure Serum (433) LC-MS Increased circulating concentration ceramides 16:0 and 18:0 are associated with [29]
HFpEF (heart failure with preserved ejection fraction)
CAD Plasma LC-MS The specific very-long-chain fatty ceramides (C24:0 and C22:0) were associated [30]
(2217) with a reduced incidence of coronary heart disease and all-cause mortality. The
SNPs of SPTLC3 (serine palmitoyltransferase long chain base subunit 3) were
associated with plasma C22:0 and C24:0 ceramide concentrations
Diabetes, CVD, HF  Plasma LC-MS Higher levels of Cer-16 and SM-16 were associated with a higher risk of mortality, [31]
(4612) while higher levels of Cer-22, Cer-24, SM-20, SM-22, and SM-24 were associated
with a lower risk of mortality
Serum (64) LC-MS Patients with various stages of HF had increased circulating levels of ceramides, as [32]
well as elevated cardiac levels of ceramides, particularly long- and very long-chain
species. Both mice and humans with HF had increased levels of SPTLC2
HF Heart tissure LC-MS/MS  Certain ceramide species, such as Cer d18:1/16:0, Cer d18:1/18:1, and Cer d18:1/ [33]
(31) 24:1 SPTLC1 and SPTLC2 expression were significantly increased in human ICM
heart tissue samples
Stable CAD, AMI Plasma (35) LC-MS Reduced levels of four PC plasmalogens (PC33:1, PC33:2, PC33:3 and PC35:3) [34]
were identified as a putatively novel lipid signature for CAD and AMI
ACS, CSA Plasma (130) LC-MS/MS  Compared with stable coronary artery disease, ACS plasma was lower in [35]
phospholipids including lyso species and plasmalogens, with the majority of lipid
species differing in abundance located within high-density lipoprotein
Hypertriglyceridemia Plasma (111) UPLC-LTQ- Compared with control group, lysoPCs, amides, and cis-4-octenedioic acid among [36]
Orbitrap MS non-diabetic and non-obese individuals with HTG had alterations
CHD, CHD+CBD, Plasma (49) LC-MS The oxidation products of LA-CE and AA-CE in plasma of patients with M| [37]
Ml increased, compared to control and other CVD groups. Among these oxidation
products, ch-13(c,t)-HODE is one of the major components that are significantly
elevated in plasma of MI patients
SA, Ml Plasma (28) UHPLC- Oxidized PL and their hydrolyzed fatty acids were closely associated with CHD. [38]
QTOF/MS  These oxidative stress-induced LPO products overwhelmed the enzymatic products
of arachidonic acid and linoleic acid, especially in plasma from MI patients. lysoPC
(20:0), lysoPC (20:1), lysoPC (20:2), lysoPC (20:5), lysoPC (22:5), lysoPE
(18:3), and glycerophosphocholine were differential metabolites in CHDs. Besides,
lysoPA (18:2) (one of the main lysoPA species) and lysoPS (20:4) were increased in
Ml patients compared to healthy controls or SA patients
Autopsy or CAD Plaque (4+4) LC/ESI-MS/ A novel series of oxidation products containing the cyclopentenone moiety, termed [39]
MS deoxy-A2/J2-1soP-PCs in vivo, which formed as intact phospholipids via free radical-
catalyzed peroxidation of PAPC
CHD Plasma (30) LC/ESI-MS/ The levels of the total amounts of deoxy-A2/J2-1soP-PC and deoxy-A2/J2-1soPs [39]
MS were decreased in the plasma of CHD patients compared with the healthy subjects,

consistent with a protective role of these compounds in cardiovascular diseases
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SR AL SR AL 0o JIE TR T R, TR S1P FEAG; 7T L Cer

AR ST BE 2 SM 23 ARSI B2 ¥ o T 3 & SPH {1
RN A B Cer B S1P, SPH A 0o JIf £ 47 F1 34 A o0
L 5 T 70 AT Re Bk T H A SRl Az sk
BLC UL B R MO UL W ACS RILG WL 2% 58 35 Cer A
SM RT3 Nt 5 4 A BB & S1P b .

3.2 YEEAMEREX S LR Sutter ZCHE K I 4 Fh
ZE W I (PC33:1.PC33:2.PC33:3 1 PC35:3) /K
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(1) B A A2 R 78 5 00 995 AT ACSS (19 iR B REAE - Meikle
S0t 47 5] ACS i1 83 51l A2 s B ek o0 5 i I 2L 2 AT 9
I, AR KT IR 4 B I 5 v 1D 0 XU A K
599 & ACS.
33 AlM#EERSHE LR  Sousa %" Hr HIc2 K
B oo JTL 0 e sl i R/ 8 L A 28 I o A B, R L/
41 F lysoPC (16:0).lysoPC (18:1).lysoPC (18:0)
49, CL (68:4).CL (72:5).CL (74:7) ¥ /> . mith
TG I 2 T 0 9 ) S I TR 25, Lee SRR Y T IX 2K
£ 1M1 lysoPC (14:0).lysoPC (16:0) i 5 H4 i, iX 46
& RATBEA BT BRI, SN R

LPA & — i ifiL /MR 03 751, Dohi Z49%f 52 5] ACS
)R 10 6 IR 2 ik A% 0 4 B 41 S ok IR R A 4y
B B, ACS F835 6 IR 2l ik Il A% H LPA 1) 5 B 2 1y
TARIEIR, AN BEH s s (1 LPA MR 5 ACS 1 22
A R, B FE N LPA S A+ LPARL fl LPAR3 5
O I3 9% % &R BE 2 U], LPARL Al LPARS A2 44 i 1o
Akt Fl NFxB {5 5 1l % /1 5 LPA 5 557 4 K RO L4
LA K ; LPARS i i 36 AKt/mTOR JH % = 5 L L E
RO UREBE 5 I RER; B RTIA N, AS i A8 1 LPA )
;A I lysoGP (1) H & /A AE L, AR % FE G
FIAr 5 LPA S T A% 41 B 5 B JF T 2 AS™, LPP3 &
LPA /K it i, BIF 5% S 7 LPP3 A5 Bl T- 401t AS Fl/B8 K4 &
ASBEHR, 17 LPP3 ik B AR K 28 AS S I N 1)
JRGE T
34 OxCE.OxPL 5@/ KEM TR IR
AL 774 OXCE .OXPL 5 5 003 5 ) 55 . Guo £F7
PO 5 I h OXCE P74 i 3 v T A 5 B et 0
P R, IR IR SRS~ R, ch-13(c,t)-HODE J2& Uy LR
HU R I3 B T I R B R 22— W PR B,
TEN NIRTT IR BEER AL 41, B0 ) i Jo 412 R I Bt B e
A FEMEMNER, b, OXPL =4 PONPC 4 Lt
% . OXPL =4 ik 5055 22 1) A 0 vk T 1 T 28 4 Ak 72
) OXPLPC Al A AE VU I FR i A 25 4504k 7= ) OXPAPC

Lu ZEB8 i F B0 ) flig R 2122 Rk B 2 R ALY
OXCE, il T 39 44 7ek 0o 975 K5 3 1 ML 25, W 5% 1) .00 A8 £
L3R H R (] A A= Y o T T R IR ] 7 ST e TR S
% AL ) I 5 v T 0T HE 2R RT L At ot A 95 4
IX e OXCE A2 S A RF S M P 5 e 7%, Be % )3 3l A TR
P 45455 A 5% 2 T 15 30 (endogenous damage-associated
molecular patterns, DAMPs) & i Toll £ 52 ¥4 -4 (Toll-
like receptor 4, TLR4) 5 ‘3 LW 410 g (1) 2 E Je B2,
JIH [ 9% B2 5 TLR4 (1) %6 X1 88 #F 7 40 82 B (myeloid
differentiation-2, MD-2) &5 4, 4 A= DU s i A [ 1 15 (1)
A4k 7= ) BEP-CE Fl s /ME M) LDL (mmLDL) £ E

I 41 it vP BE B0 MD-2/TLR4/SYK i& 42, 5 ROS 7
A JRE 20 D IR 7 43 i A 5 W 4T i £ X Ox-LDL Al
YUK 20 i A 501, OXCEs 0 RE BTG A 52 28 i, 1HL H:xf
ML~ LA ) 4 D 1 A e i 52

PLPC & & A Y R i1 PL, 42 I8 55 (1 ks b - 38
2 PUFA I PL 22—, LA Ak 7 W — B Ik I 1% [) A e
% J&i ) DAMPs, 5 5 I 20 Jfd 98 9 I B, 25 1 K 40
H@ﬂéﬁi[&“]o

PAPC 2 % A 6 A8 VU I 9% (1) PL, /2 20 i i it =% T
T R RG34 8 2 A AR 2 . PAPC ) sn-2 A
T AEE bR AR A OB A R — F OXPLIR &, GiFK
J“0XPAPC”. 1EAS K JEIIFEH, oxPAPC 75 T ¢ I 4
P v AT 8 iR 2 R AR VS P L AR B HIF-1o, SRR
IL-18 Rk o 72 AS. O LR I A 2 53 28 5E 1) J5 2 Fi
JHCRPA . OXPAPC 7= v i i 1 4804k 7= 4 i F2-1s0Ps
AR BRI A bR B ANy TR YA
% (MDA) 5 4-ONE.4-HNE 2161, 1R % 5% F1 & (1 i
ol DNAs Jz B, /& OSEs™; OxPAPC 7 %) POVPC.
KOdiAPC, 52 & WL H P PR AR =R AT A&, /5 oxLDL
5 CD36 5t B 2% | BYiE 18 R Z AR I 45 4, TR IR 41 i 2
B R LA
4 FEMERS FRELRAYAR

AT, S A B 41 9% 1 et 095 25 W O BIE &
WS EBEAFEA T, N RAFERR ST, BB
(R4 7] B 5 BE DA L SZ AR FE B B ) PR Bl 1 i
HARPERTIRER 7, B R AR 2R 259, #h i
s IR
4.1 EHAEXEMERINEIFI  SPT & Cer A4)A BT
PR B, | SPTLC1.SPTLC2 Al SPTLC3 =N 3 4
. Law ZEVE 58 o, AT R I I 7 R 9 1R 2N R
g U UAE JE RO LT BE B S, oL Cer 32 25 Ty, JUHE
S0 LN C14:0-Cer LA S BE Cer 5 S PEIG I, 45 T
ZERFEE R 5 I T AL FE C14:0-Cer £ N IR i 11 &
B, REVK RO RETGE . Yu 2P0 Cer #1571 2 Bk 52 5
Z A GSLs 411 71 d-PDMP 75 71 i 5 5 1) ApoE ™ /)
BRASHELRL 12 J&, 32 2h Bk BE B K/ 7 Bk /b T £ 35%
1 25%, B FLAR At YT 820 30%, 22 BR75E 5 & B IR
IfiL3% LDL-C 1 VLDL-C (1)l #1 & 77, 1fii d-PDMP 1R />
FAAER AR [ B 7K~ 10 HL S BTy T A LG, 2 Bk &=
UL 4EFR IE 5 MRS, ZERFERAE N
HZA M A 1 RIS AR T 2k 2 R,
TE S 20 W 4 55 R R FE R BEE A, I Hosb B R
2 E T AE I Ly-6¢high S A% 41 i, Jfi@ i~ 1 CD36 Ail
ox-LDL %% f&-1 (LOX-1) i3 1% K 52 1 ox-LDL [ %
B o I SEHHF 55 45 S48 o, A T8 i A pl vT BEL L i T 45



Wi KA T IR 2 2 AR R IR a9 FR) IR R 75 A0 97 4 - 2009 -

I ek 2> 2 ik BE 980 R N, BE AT 2L 2% Al AS TRk RE .
Krippel-like [X] 75 (KLF5) J& 8% & 4 s K 1, il B4
W% PPARGe 1 45 0 WL 7 B8 AR 151, Hoffman 2559 fiff
FUF B KLFS 72 N A/ BRI 1 o 0 28 o O JUE
KLF5 & 2 B, I )34 Cer A= %0& 1, & SPT [ 1E
PR R 45 T 2 Bk i & T T0AT LA aMHC-
MTA-KLF5 045 /N 5 SPT, #fil0a JIL Cer 7K, 442 i
AR REFEAT . HH Ut n] DU, SPT B4 771 2 Bk 5% B
FHMWRKMKEET
42 $BESIPRIZEY  SIP & —Fi {5 SHER, 41
i Cer 28 SphK1 1 SphK 2 I3 /g % 2 4k, 7= 4= S1P, S1P ji
S AMER S G, B e TR R R IE/ER, S1P
S M I SR EEE S, S 5K I N
EIEME I AR K I R B i 5 R A A 2 A L EE
i FERY, S1P 224k (S1PR) 5 = AN A, #id SIPR1 AL
PO L R SRR AA &, BEA UTER SLPR2 A1 SIPR3
A9 /0N B 2 IO/ YA 453 4 I, A B D AR o, SR
2 S1PR2 Bl S1PR3 HL ik 2k I, A AF 1) #R % A 8
S1PR1 (S1P 3244 1) 5 B8 7 LR 57 /0 B G LR g
Yo B2 AR, 1T SIPRL $5 B 77 I A5 AR I A 4F FPA

B 1w S1P 4% H 1 32 A A 5T U7 191, SIPRs ¥
TG R SphK BB H) 55 . H a7 L4 T 84 T i IR
W T SIPRS B0 771 22 TR T 22 AR M R AL E A 26 X
TSR RS B B R, WISIPRL.3.4.5 FIS
7 Fingolimod (FTY720, & L), W7 E£HFTY720
BE 6 30 5 3= 2 ik 48 45 R /I B0 ILAE JE R0 AT 4 405,
B AR A 0 I — PRV 1R Y, B o T o R IO ARk
B5PSIIE S FTY 720 B2 80 f FH B3I 4 FH 24 R o 48 e 1
PR AR o BRI R BT, S PR e I AR
HI R YT 2. AR I R B R FTY 720 22 7= A2 0
A AR B H— 4 SPIR 5] 7l amiselimod
(MT-1303, 11 1l PR) %F SIPRL LA 8 iy e v,
S1PRS5 B A sk £ 4%, X o Ath SIPR %1% 4% 5L o #2 1),
BEG T 0B P M Sphk 401177 PF543 ] LA
HE LA B 5K R 1055 1 e i B R /) B )0 UL S1P
B, 0O LR RN R Th RE FRASET . ) S1P 1
5 i) amiselimod £ PF543 [ 4F i85 R iR A28 -
4.3 $BELPAMIZEY) FLEREMHE A BN LPA 2 I
FRE AS VR IT B AT o EFXT LPA R IR T i 00 0 K R
A [ B3 29 9F R SRS, dn ol R AT X 40 1) 5] P4 A LPA
A2 B LPA B2 R 35 PRI 2P, ATX S LPA 72 A i R
T Wy, )8 B s ATX #1155 GLPG1690. BBT-877 il
BLD-04092 i A Il /R 9, GLPG1690 7E | #A Il PR 1
BEREAL T M3 18:2 LPA WK, H R, %25 O
N I AR R 56

LPA SZ AR K5 HT A B K B %, LPARL 32 A4 5 470 77
BMS-986278 .BMS-986020 .BMS-986202 F11 SAR100842
H A Lk NI AR 720, 32 B2 FH I8 97 5 R i 41 4
I R G EAGAE -

LPPs /& LPA Y] 7K fift i, 7E 4 Jk DR 2H G BR AT i A —
TR 1 345 44 7 0 324 2 IO AE 58 R 3, LPP3 1AL
Rrs17114036 5 /0o L ANER E O 40  Hh BB T2 45 1
HHCo I A (0 XU AT 56 o BB ) LPP3 T {2 10t LPABE
FRAE R e U9 (R 25 0 R SR H i EL 82 BT 12 e ER,
5 REESRE

AR, Bl J3 T HOR IS W R e, Rl 72 Jo ik 57
REJED, Gets R e 2 AEVFEAR MR E L 1R
JRi5rFo BRI B AR N EYE IR S R K R T
WEFRTFRE T —ASB I TR EZ AU . R4l A
AU Ol A2 B TR A ) SRR, R, AR
v A SR R TOIE R, — AN = 2
5 (192 LAk & P SR B0 IF €20 8% RH 5 3 465 1 DL A S i
(17 P S0 b v, 37 B PR A 6 AN LA A T R o
Ir T IIRERTE & 55— AR TR 4 T BOm i
(1) B SRR AL TR B B . FEATAR G 53 20 5 A= W b
BV R TERET, X— (5L F LERr, 25
AT BRI i B 01— 28, A A3 AR R 1) i Jot 4 2 A2 )
N /NUE LR PSS 1S iR

R THR AR, NFEASHIAL M O
S5 M DR ZH 23 ) i o 4 A DA AN B AL, R 2 1
WEHE R B, RR R AR 0 2+ S e O B DA O,
HEL IR Cer s SM 7K P It 2 K LB K B Cer\LPA
/NG5 ~F OXPL Al OXCE & 5 7 /U g JXUISG: TEAH 5% T 4 1
8 A« SLP AN VLR i s R A2 o0 U 19 B4 570 H A, R
B LB TN o TN T O AR S, 2 AR AL
MR S T A AT T, X — AR L, X
AT DA AT KB 1R ER 2 DA, et o o (R TR 2 B L 245
VIt R S s I T A

BEXTIX L6 A A U 45 R, B C & T R AH G
6T T 12K, Horb, #m] SphK/S1P/S1PR 4 i) S1P
W, B0 A TAX/LPA/LPARS i () LPA 1 4% i 25k &
RIBHR, A b &Y C 4 BT s Tl AR R 5 Hr
B, TR FAEH ARz 040, E IR EE
R, S —RIb G — R B 5 WA BN, b
IR RO, O 1) M B0 AR 4 A BB )
—AREE 1 I8 0T 43 R A% R 290K R AR R e O 2
WA J5 1] 6

{8 BB A TR R R S A AR
AT VEEER R 53 L5 0K 4 A B E S8 0k B 5 8 B 5
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