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Abstract: Cardiovascular disease is a principal cause of morbidity and death in the world. Although drug
therapy has made great progress in the past few decades, there are still many deficiencies in the prevention and
treatment of cardiovascular disease. Dyslipidemia is still a common risk feature and is not sufficiently controlled. A
growing body of evidence suggests that the occurrence and development of cardiovascular disease is associated
with many associated risk factors, such as higher low-density lipoprotein levels, lower high-density lipoprotein
levels and high triglyceride levels. A number of clinical trials in patients with dyslipidemia have shown that actively
decreasing low density lipoprotein cholesterol can significantly decrease cardiovascular events. ATP citrate lyase
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(ACLY) is a cytoplasmic homo-tetrameric enzyme. In the presence of adenosine triphosphate (ATP), ACLY
catalyzes the conversion of citric acid and coenzyme A to acetyl-CoA and oxalyl acetate. ACLY is the main enzyme
for the production of cytoplasmic acetyl-CoA, and cytoplasmic acetyl-CoA is the precursor required for de novo
synthesis of cholesterol and fatty acids. Therefore, it is possible to reduce the production of acetyl-CoA and reduce
the levels of cholesterol and triglycerides by inhibiting ACLY. ACLY can be used as a molecular target for reducing
blood lipids, and there are an increasing number of studies on ACLY inhibitors. In this paper, the structure and
mechanism of ACLY and its relationship with lipid metabolism are briefly introduced, and we review some current

ACLY inhibitors.
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Figure 1 The structure domain of ATP citrate lyase (ACLY)
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Figure 2 The structure of human ACLY
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Figure 3 The enzyme reaction catalyzed by ACLY
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Figure 4 Biochemical reaction mechanism of ACLY
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Figure 5 The role of ACLY in lipid synthesis and the schematic
diagram of the expected effect of inhibiting ACLY
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E AR ML DCAR 2] T 28 Sk B B R B 1 Ak S BT, A
SN RLAT R AR ARl Ak, X P AR B ES A T B R R
BFAE A AL I AR R R BR G AL 0 7 78 LK R ARAT A
TERTR S, ARSI R T JLAS ACLY i 55 1) &
I F AT 7RG PR, B SRR IR T
PRI A5 o 5 2 I M s 0 41 1) 551 11 8 T S AR, A
G5 (K 6) & ik il 7 1R % 45 & ACLY 14l
TR0, A i (10 2 ik e e 9 P i SR AR . &5 R
— TR AU, 2 — Xl R A A B — A, &
B R BEE AMAVE B (K= 250 pmol-Lh)B2, 24 HAR #
A5 R SR VR NS I, 0 5% 3138 B 1 ATP i3 12
Ty AN oF B S R A TG A 1 B

£ ACLY [ ¥E ME R SR 7= W) ) i ade s R v, NI
lotrochota sp. (1] — F $2 B ¥ o, 4 &5 13 2 T — it
ACLY HA $ il /5 H 114 .4k A % ——purpurone (&
6, AW 6). SREUYEH B (& HCI) ZHAT IR AR
IK A, A B8 2 Al VE PR ROy, B K B R EL)
A AF () ACLY 435 . Purpurone #1141 ACLY & 57

BRHE, 1Cs, 97 pmol-L 154, 45 7F 5% 2 & 3, It
Yl f #5 PER, 76 100 pg-mLt {45 L T B4 i % HepG2
Y%A F1, HLANM ATP KF5A4 BRAR, W15 30 %
B, %A A Y B RE IR IO AR FHB . Il B4, Pl &
J purpurone [ 77 V2 4 A $ Y, X 48 T S A i 5
BT ACLY ] 751059,

TR, 3-ME T FRIR [1,10 X (R W AR 3E) 2 k¢] (B
6, L& T), & —FH B E R ATAEY, thal #H
ACLY FITJIE i B2 A R v 1580 o 2 2 At A R 7 T 2%
B4, #H5¢T- MEDICAL6, Ak &4 A 1) 00 F 3L B AR
BB R B, H T X 2 Tk JIE st 6 e T R ol
1 HMG-CoA i Ji7 g 1 0 1) 35 P, B T 5 9 v i I
i B A5 RS R TG ORA R ] 1) KRBT 8 3-mAR
FRER AL BRI, K BRI 22 TG A H & B 7K T 25 BE AR, AE [
T A W RSB ) il HMG-CoA 3 Ji i 37 1 [ 1% 58%,
DR G A 3-R AR — R R ml 3@ i 98 /> LDL-C (1) i &7
A T 5 S 6 A 9 1 v g L Y

b 338 SRR AU A b 43 S R ) 2--1,3,8-
—$R5E-6-FH L -9(10H)- il (K6, th 54 8) & —Fh K
SRIALE D), XX b &P F AT ik, #RE 5T
B RN (K I % B TG A1 LDL-C (/K- Fix—H .
M (165 8) & — B R K B AIE ACLY 1 il 741,
2 3¢ B WA HE (MDH) 8 B E k5, HIC, EH N
283 nmol- L1182z 4 vk T HAR XS TR AT B
B2 11155 447 A1 X CoA J2 ATP IRV & 3 58 4 M 4]

R LB S v R, Z IR TR T
BRI (K6, (LAY 9 NIIF 4 (-)-5,
b &9 10 A R IR (+)-6] 1F 9 ACLY I 571, /=36
AAIETE G VERL 258 R AR L B, (LB
J2 HE T 22 B R AR AL SR 150 T 11, G A PR A R SR A
WA (R EE) B AN 5 A R BBV OG5 8 3
AL S iE e sk i R B L H 1 2 5, TR I B
P2 AR A 4 T AR TR B 0 P RS MR AL i 1SR %R
A, 5EHUER (Pi) B8 FrERRAT AN
Wit B BRI B E AL, 2T AT AT S
JRVINT IR A % AR AUE, DL e @ T IR
IR R ILAMAS TG VE SO IR AL SR A, I Sl AN TT
RGP AERE /) o TEHEATIELE M S 77 H1 K B ACLY
HIZh J1 25 85 AR A, LA 9 (K = 18 pmol L) %K
B ACLY A %2 B ml 1 4B, Ee &4 10 (K, =
400 pmol-LY) FIR 58 T 22 £5 19,

SC RO G 2- 5 5k -N- T I I G AL SRR A
AIE AN ACLY #5873 B REAE S DB A o
4051 ACLY 2L BEM ARG YEAL &4, 3@ A HRSS ),
3,5- &-N-(3,5- U T SRR )-2-FR AL AR I i (1 6,
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1k & W 11) B % € S ACLY () 35 A4 ) 77 (IC,, =
1.1 pmol-L)E, [ Ji5 50 5 T 2- 5 i -N- 24 R DR i 1 1%
R A ST T AL $2 48, 7E 10 pmol-L?
TRILT 24 50% ##)/EF &w. Hdik
“ 12 (Bl 6) (130 i 4F FH & 5%, 1Cq 9 0.13 pmol LY,
AT — A SR U I 40 B R 1 ACLY H IR, ih 3,5-
TUR-2-F FE IR R AN 4- AR - (1, 1- BE R -3- i AE
— XA RN E HepG2 4, %Ak & 4%t
BB A A TMHIER, 1IC, B~ 8 umol-Lt. 7E3ET 41
i P S8, A 12 76 50 pmol- Lt BA R TE 40 i 5
PE, X R T BT WS B B A A A R A
SHMmEFEES. EAHFRERD, 24P KR
M 552 ) /0N B IR P A& 1.2 B, AT W8 %2 38 /)N B 6 1L 23 R
B TG AT fr R, mTRMAtk &Y 12 /2 2-53-
N- 75 R I fie S 64 v 5 80 ACLY il 71

| 3 $2 %] MEDICAL6, ‘& X ACLY #1011l 3 4 v g
RN E R AR LR LS A& T BB A &4 . XF
TIXFEMAES, — DRI W] DL S A7 B 25 & A7 A1
ghGr, T MR ¥ PR Joe B R A R R ik ] T LS CoA 4514
WSS A . Gribble 020 Jy i i 753X 22 2 5 H i
B2 (SRR IR RFAE, BN L B8 BE A R 5 CoA &5
A A EAE F e, AT BA TR B A R ACLY
1770 A AR B 5 CoA 45 & % 55 T A 245 4 1 45
PG (1 — Fh F B, % & 7 ACLY Fl HMG-CoA it Jii
g (1) CoA N i 2 [RIAFTE S5 A B I T BEPE . HMG-
CoA If Jii Jifg A H 28 13 % i 4% — K 35 T- NADH (1)
it , tH % Tl 7L 30 R ] A A o T S B R Y
HMG-CoA it J5 14 HMG-CoA #54k 1y W ¥2 IR 2, R I
TE T PR BT CoA . i 5 e R A 2800 il 7410 114 i 0N
Fr LA e, FE A 1) 700 TE YR T v R [ A i A A
THEKBE., KZEHHMG-CoA HIH| F# & H — ANk
IRy, KA el e E I YRR AL, AR A
M1, HMG-CoA K A B2 I M. &, CoA F= AN 45 & 1
KN X 35K, 55 0 558 7K 23 B HE R AR R T P
[IHE R, ACLY 5 H BRS04 e, s i AL il 1) 4
S5 B B A 8 T i 45 - ) A A T i g A DB P RE TS AL
(724 TR AR i Ao 3 20 o1 i 25k 0 2 31 “ b i
P& S M, AT TR T — &R 2-BURT ZR1E Y
ACLY F 4 57, gk — B JF & 7 ACLY il 771 S v
7E B Fa A BIE 72 TAE

&1 13~16 (& 6) & 4 NRUR B U1 ACLY #I
HilFR), ERJE T T ERATAED), A SRR EA KR ACLY
F 400 ) B B0 K 43 510 3,312,629 AT 1.2 pmol- L,
Horb, G913 3R I R Fr R R 5 5 G 1 4100 ) AL 1
1M XF CoA 2 AETE 4 I HLE] . &M E H, XL

MCAE W HI IR SO & H — A 2,4- ORI, H
H— AN GUR T IARAL &2 7 & 2 AN TR R R K
B Hoa LAY 14T HALIANMMEE Y, TR
B EAE AP 13,14 .15 = MU A KB A Z A K,
i B TV o 4 1140 P 5 5 0 o) 2 R U 2 T R A7 AE T
Ko AW L6 IHNHIRE ) BT, T 4 i A A Rl 15
LIRHE, E516A Y 1371 15 ISR 2 AbAE T 35 35 18] B
Y. B0 R R, XL S YIE R S A R AL
MERT R 45 AT 5 ACLY AHEAER, EATH
SN2 B T SR NG o 5 M AR B /K 45 & XA ELAE
W . SR T R AT AW BEHI ] HepG2 4 iy H
] ez i i J G 110 5 K, TR R X e A PR A 2 R 52 B T
RN PR B T A BB IR E .

PR F o N BE S W o AR T Y, LR
5 IR EL G AR 3 T 1Y) 4 R B i 44 O antimycin A4,
Schilling ZE05I7E 1970 4E &K B T EL %0843 antimycin A, ~
A, Antimycin A, Fl1 Agf& Barrow 2506 1997 4£ % L (1),
ZSCHARIE T antimycin A & 5146 & 90%F ALCY 0]
ERH . 1R B G, DU R AT Ag & T Fl
H R ACLY #5, A, (K6, tb &9 17,81 17, BI
5 AR A, 1K AE A 4.2 umol-L, Ag (K16, 16 &4 18,
118, BN ALHG Ag Al Ag,) HI KA %19 4 pmol-Lt. H1%
AR AL G ES 2 A2 DA O ) e MR IR &
T %, FEAE A E — AR IR I i . — A WA B LT
AR AN AN R B B 1 Joe S o S A s ) L1
ANF) 2 A AE TN B L e b R B S b o S
By B R R AL ) 17 th I g TN L B S N 3
EIENEY 18RRI 7 T Halifh T 2.

T ZRAT A B Z A BB IE T, XA I A E I T
REATIAT 2543 2] TR LT fF U6, Pearce 25074 i
7 SB-201076 (K 6, tt.& %) 19) A& ACLY A 21 #1 fil]
7, T SB-201076 (1) 4 ff 2F i3 71 —y- P B 1 25, B
SB-204990 (&1 6, 1A 4 20) 1A 1R &7 () B if fig 4 F -
SB201076 ) 45t 54k & 40 15 R AH AL, R 7 —
AR L KR ACLY [K; = (1 + 0.05) pmol- L] Al &
41N ACLY [K; = (1 + 0.1) umol-LY] 0 5 F AR 5] .
SB-201076 F ACLY il /F FH 32 2 2 5 IR 1) 38
AR, (B D ERAEE SR . 1R SB-201076
A9 B AR G S B I A ] P A 46% DL H
=K PR AR 80%, 20— A Ja AR R B 4l
3 BIRAUGE JE, B F I 5 K HOSOR R 22, 29 15K, J ik
PP L ] 9 FRARS T 23%, TG 7K T BRI 1 38%1°81,
H T SB-201076 & id i 4 le 7K fif 75 4 f 9 T %1,
SB-204990 7£ JC 4 i #8555 Xt ACLY Joidi P . 4R 7
30 umol-L*¥] SB-204990 /E H ', ¥ HepG2 4l A fIH



W45 BTHE R = BRI A7 R R ARl (ACLY) MR 700 P T P I i ) 1 5 34 P C 87

M BRI AR I R A5 1A s A R R FH, 20 B B& 11K 91%
1 82%, H 45w vk P ) B 56 4 i A5 B2 PEET . SB-204990
A B 40 6] ACLY, 1M A2 75 41 A2 P9 8 W UAC 5 7K it
A R ACLY 141 771 SB-201076. SB-204990 7F &
ik HepG2 4 Jfa AH [i] i A0 i Ji 1% 75 A 77 THD A Bb 32 B Ay
TR 151 2 30 %, M TT M ATF 5 ATP A7 458 i 224 gk T 40 ot 741
[ % IS 1 B2 6 7 A F A

2001 4%, H A1) F 300 L R 8 7 75 A ACLY H1 |
7 (6, 1b& W0 21 A1 22), ‘e A1 H Islundicum 3 57
A R T s g L B AR AR B ACLY FI 7). %28
5 RE AN IR BE (1 HE & I, FEAS ACLY, KR35 P A% I
TERER (TG FIBHE ) MMEF . L& 21 /22 Bf
AH RN B B2, 36 A (AL R 5) FIUREARF . 7EXT K
BT 0k T2 12 Tl 1 T 1 I 2 000 5 R kB 21 X ACLY
(R 3 A1) 94 BE A 4.0 pg-mLt, Ak &4 22 5%+ ACLY 41 i)
WRPE RN 6.4 png-mLt, #BEA BT 10 ) R e,

ETC-1002 (8-%% #£-2,2,14,14- U F 3L+ i ¢ — it
PR F&—Fh AE WS 4 2B LDL-C, 5 ASCVD % IfiL
JE 1) ACLY 1 ] 7707074, 35 52 44 A bempedoic acid (4]
6, 1L & 23). % 1T 2004 45 1 IR IRIE, Hidr 44 h
ESP5501614, Esperion Therapeutics 2 & 7£ 2019 4 i
EEOAEF 2 (AHA) 2 H 4 B I PR & s 25
Pris R, % F B ASCVD B¢ # f A i IH [ i 1
I )RR, R A AT 29T vk B R B et
Z a1, bempedoic acid fig % [ LDL-C /K °F £
18%U72; 1y %of F-— S AN 52 Al VT 254 (1) &, bempedoic
acid FH X T 22 JE )t B % A LDL-C 7K ~F- B K 25%057.
7F g 5 A NCT01751984173 [ — Tt Ilfq PR 3 56 1, 75 X
VT SR LW ATt 52 1) 55 2 AR A AT ik ETC-1002
PR o R &5 SR A 15, AR T 2 BRI A, IR
ETC-1002 fit i % P&k LDL-C. TC. 3 I8 &5 11 B L X #
i C ) M. 5 1 (hs-CRP) /KF, {HX} T HDL-C I TG 7K
SEHTCRC . ES AT ) ETC-1002 1] LA 5 I fig
5w AN B ik B R A AL, 45 51256 2% B, bempedoic
acid AE &% F1 i) R BR AP 41 m g P TR A 656 I 1) 45 B,
TSN 2B RS AHMG-CoA. TR kil A k2L,
6] 2R AR L PR R AR 3 £ 6 iE K BRI Il 3 S HDL-C i
SRR KA RAFHIER™, 202042 H 21 H, FDA
it #E 7 Esperion 24 w] {1 [ IH [ B Hr 25 NEXLETOL
(bempedoic acid) .

ETC-1002 i it B 240 ACLY 121 BF (R4 i A 2.
TG e A TRVR B, BE & 40 ) O IS S A KR B,
S0 P R A B R B, X b AR A LA R S I OB G
45 & 8 (1 (SREBP)/ZL il W0 & A1 R G & k108, 7
4 fA% H, SREBP 454 1 LA™ H A 25 ] (1 52 i J 8 ot

P, AR 2 B M B 2k (LDL-R) %5 5 [ 1) 5%
S o AP R A KT ) B G AR )38 LDL-R 5 2 (1
k. &z, ETC-1002 f¢ i LDL-R [P35 P H5&
T NS SUIE R b ) LDL RO N, TR T RE A% S 2 bR
I I % LDL-C 4= sl i H ETC-1002 7677 (I ri
TE T AN 2 DR T F A T 2 24 4 HE 30 T 68 1) JULJRE RE IR
WL IR T LA HMG-CoA if J5 i 471 1, ETC-1002
7 B ACSVLL B, X Pl 32 B2 % A= 7F ACSVLL
i 22 IA (1 I T ACSVLL 7E B B8 L b s R Bk =
ETC-1002 J: A4 R A= B0iE, ATk 5 1 Ay T 2R 2591
WLAEEPE. BTLL, ETC-1002 54t 7T 38254 X 5 ) — A
HERREAE T e 0 I R R AR

Kenneth Verstraete [4] B\ 22+ 2019 £t i& T ACLY
AW VU SR AR () 25 0, 1k ANATT 484K Krebs 1 4 Fr 5 1R
A RREEIIRIRE T ERNN T R, AR A ACLY
TR TR TRl . [ 4E, Tong [ BARI3E T
NZKACLY 5K, @it A VR i T BB W E2 17— Ff
i 77 NDI1-091143 5 A 1) 4 ACLY [] 5 DY 5 44 45
A Ja R A AR AR F Y B 26 W0 0 45 R RFAIE S ACLY
Fre A IR B AR Ak, 3878 T — PP BB 20 ACLY 1)
A FIHLH] . Tong HIBAE IR E G R IL T — RNy T
ACLY #1571, Hrh NDI-091143 (1L &4 24, 1K1 6) L 2-
2 5 -N- 7 5 DR I Jhe 5 A0 ) LA R L T 4 R SRR,
NDI-091143 [¥j 41| # %% K, 4 7.0 nmol-L*, | ADP-Glo
A3 HHEINAZ 1) 1Cs, A 2.1 nmol-Lt. ABATTHE4E e 7 244
T3 W 552 3] 1 45 S 43 I, NDI-091143 5 ACLY (1) #7
BB A (B L 45 48 5) 45 &, (H R 4ia A AN
A F AR 5 ACLY [ 45 & 10 A, T2 kb F AT i iR 45
FIAZ O — DN BK B . SARRERET &
A5, NDI-091143 5 T 1 ACLY 1 () 7462 88 45 ¥y 3k A
AN I AR T R AR AR, T 422 BE W7 A7 5 1R 25 45 & BRI 45 44

i ACLY ML . ERAT Ui B 7 NDI-091143
S B RR 2 AAELE S 5 . ASRIAT L R LA R B A
SRFE RN 7E 8T ) ACLY RS2 £ T o 45 i S ikl
3 IhEE

FARIILAE B ) B I g 25 P 0 v A e 4 1
SR T R MARIE, HR KN G
5 AN E T LDL-C B ds{E, 15 CVD R A7 7E .
H A B — B AR 1 259, 10— SR AN 52 Ah VT 2%
2y ek W B2 AR = 1 B g IR, 7E LDL-CiR97 H
FRas A BB AR 78 B AT RICR, 3k 2 5 A 2 B 2 41
TEF . % ACLY 78 ™7 40 i AR 5 & pR (1) S B mp
FHE 5 T k% O AE L, ACLY S 3x 28 25 W01 K I — A
AEH AW 5] JT IR A . ACLY &b T I 5 AN fE [ % 25
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Figure 6 ACLY inhibitors (compounds 1-24)

(B for B, BIVE AT HMGCR ) b3, J2 55 —AMih &
XA EY A R R EE, AL T ACLY ?fIJﬁ%J?"JfFS%
JIg 77 TH ) 55 35 VR 7 M AT . Ference 251 o 48 K it ML
ERF st R B T ACLY 743 5 LDL-C 7J<3Fa VILEES
LDL-C 7K P4 F#1% 10 mg-dL, ACLY 14> 5 3= B0 IfL
ERAE R FRAIK 17. 7%, IXTE I8 4% 2% /1 FE O ACLY 11
1170 FH T B 1t g O T RO AL B 58 T A 1A

VF 22 ACLY #0177 4 PF-Aik > 5 BEL W7 530930 2> i I e
S HH [ RE A R R IT R IR VR . Caf6 2
A B S5 RN 2R AR B8 E B, ACLY #1771 T A
35 O AR 2R LR T, AR 7E 00 0 e A T 1 0 AR
A4 RIFHIRCRN, xSl 1) HoA 5 hyT 38 259 A1
MR, JF B LA IR VT 2B RE 254 (DU AE B
X LDLC J7 ) — 43 /E L 3. AT I AR TIE 48 2
FNIAL582 7 i FE At T 24590 s K (DT 52 75 = PR YR T S AT
X AN F] LDL-C H 45, bempedoic acid /F Jy 8 — 7 %
55 ezetimibe B AR YT 28 254 X 6} B LDL-C A &
BB R, R T AT R 25 AN 52 BN BE A8 1
g3 i ] bempedoic acid B8 # B & Ho Al B& g 254

o)
(o} (o} O, H
<o 5N
HO OH 0 o
s OHF F
23 cl
24

11 ezetimib 452 A R 4F/E AT . 404>, bempedoic acid
EL3R15 55 [ FDA [ HEAE, X th /2 20 4k 55 [H oy ik fik it
10 37 714 1 R B T 24470, 3 158 W ACLLY #0171 7E P A1 I
JIE 77 TR AT R 1) R R 5

LA ACLY 1 Ay 98 £ 88 sUJTF OB B 571, A7 BAA
Z AT % & . — 75 T Ay LA S5k, 5 AR
% AR T OO 00 SR S A, 1T OUEE bR 4 1 71
LIS B 514 (1) 22 SR ROR ;) 5y —J5 i n] LLdE IS 4
X} 5 T BUOEAT L W ik, IR T CHGE I RE
RN ACLY [ A2 L S Az i, BASH R B 2401 /N
o> T ReE N ACLY (1 i 556 A g 4l 355 %6 — 28 U F
7 00 A (L R 4 308 3 1 B8 4 o 5 12 1 PR o
M GRS Y, AT DA RS AE 45 0 b R AT 3 2 1) e .
28R, ZIWIAE ROPE 22 A R A2 TR BRI PR AR a6 Sk it —
ACAUFBH . ACLY 7E JIg AR5 A &b T 5 g M 67, e 1R T
RE M I S o KB 3 PRI G L 2 A — AR A 3 17
IR . AR SCMACLY (454 L A A0 s B AE B AL 25
R, Wb 7 ACLY 5 BRI ok &, Ik 7 —Lt
ACLY | I R LA S L Bevh ik . s B — 2
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