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Research progress in acetyl-CoA carboxylase inhibitors
MEI Liankuo', WEI Qianggiang’, ZHANG Huibin'*, ZHOU Jinpei’
"Center of New Drug Research; > Department of Medicinal Chemistry, China Pharmaceutical University, Nanjing 210009, China

Abstract Non-alcoholic fatty liver disease (NAFLD) is characterized by excessive fat deposition in hepatocytes,
fat accumulates mainly in the form of triglycerides, triglycerides derive from esterification of glycerol and free fatty
acids; and the synthesis of fatty acid is abnormally active in tumor cells, which is significantly higher than that of
normal cells, providing necessary lipid substrates for the formation of biofilms, the production of signaling mole-
cules and energy during the proliferation and development of tumor cells. Acetyl-CoA carboxylase (ACC) is the
limiting-rate enzyme of de novo lipogenesis. And it is also an enzyme that catalyzes the first step of the fatty acid
synthesis pathway; its catalyzed product, malonyl-CoA, also inhibits the oxidation of fatty acids. ACC inhibition
can reduce fatty acid synthesis and promote fatty acid oxidation, which reduce the amount of fatty acids in the
body. Hence, attenuating fat accumulation could improve NAFLD, and reduction of fatty acid content inhibits
development of tumor tissues because lipid substrates could not satisfy the requirement of cancer cells. Therefore,
ACC inhibitors have potential to be the novel drugs that can treat NAFLD and cancer. The recent research
progress on ACC inhibitors is reviewed in this paper.

Key words  acetyl-CoA carboxylase; acetyl-CoA carboxylase inhibitors; non-alcoholic fatty liver disease;
tumor; progress
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%5 50 &

Bl NATTAT5 KT AN BT 2 5, SRR P s 7
JT97% (non-alcoholic fatty liver disease, NAFLD) 7£4>
TS KR ZEAN T, O 4Bk WU AN S (a1
B BB e 3k o BN A Uk T 2 T AR
S ORRFIR T o I i R TR R HL At B 1 Y
LT R 2R B S50 T 200 3 1A 1 s ok B T AR Ry 3 SRy
ARG I PR 5 B 25 A A, 0 45 B 4l v i 17 AT
(simple fatty liver, SFL) | JFE 885 1E A8 i AT 48 ( non-
alcoholic steatosis hepatitis, NASH ) K H. #H 3¢ T i
L7 1953 4F, Medes & BF 57 A B JRd 241 i S
AR DA S R B0 A A5 ELAH BT A i i 3
S S S S IR SR IO S 1 B B TSR bR
20 B ) i 17 D0 2 SR IR 2 B B ML B IR T A
% (de novo lipogenesis, DNL) *' | J: A i i % 5 1F
WNARRRI A U RE S R FFEAR S . BRTIRZ 5
PRI IS E AT 3 AT T = (1) 25 s 20 e e
HEEITE ) 5 (2) g oo 41 i 334 7 R 77 305 42 416 i
5 (3) T — RV A K IR B (554
FUO G, TR BRI A A T &
WFFE T LA 8088 A 07 A5 5 4 i 25 90 AR I Ry
A, CMEAIRE A RALEE (ACC) 1 IR TIR & i
AR — 20 S 7 1) IR 328 il R O B g, 7 A JHE M IR

T AT LG 7 o5 LA B P 9o 4 A K e 555
W ECEBEMER " . ACC o 22
A R T TR 5 BRI ARE 2 I I TR 114 S A DA T
VRS ARSI xT ACC RS A 5 A F ML R
LA BT FE 0 A 2508

1 ACC WZEHFnEY £ Ihee

1.1 ACC ey 25 MF= o f

ACC FRAE T MU, J&— PR A= ) 2R 1) 22 4
FRACHE, T 2 AU ATP 1) ZBERT G A (acetyl-
CoA) #5469 1 e A (malony-CoA) ! ([
1) o HLG5#E) 32 2y 3¢ B 5% 7 Tl S5 ( carboxyl trans-
ferase domain, CT) | 4= ¥ & & 3L % /& & 19 ( biotin
carboxy carrier protein, BCCP) Fl4: ¥ & # 1k, [ 38
(biotin carboxylase domain,BC) 4% "', Z Mtiki
A AL TN e A AR AR AR 0L T
ATP 2 5F kR EMR B 7 545 G 78 BC 8k
MREBEMR-RRIEZ Y FH L —
AR A MAEEZ ZE CT B, RN & A
WHR-RIEE B W 2 LB A, I A 7
CREARE A

BC BCCP CT
(. I ]
18 570 610 g 770 1 484 2233

7 3 |
Biclnin/
co,
HCO, +
+ ADP i |
ATP P H;C— C—SCoA -00C —CH, — C—SCoA

1 ACC RS R LE IR S TN 15t S LA 8 A A 2 I

Acetyl-CoA

Malonyl-CoA

BC . 2= Wy 50R LR BCCP : A W SORFEBIA L 1 5 CT SR AL FE Mgl ; ATD : JIR I AZ T =B IR ; ADP: “BEFRIRTT ; Acetyl-CoA: ZHEAITH A;

Malonyl-CoA ; ¥ R PR L4 Bl A

ACC A WP . ACCT F1 ACC2, 4351 fy R[]
FYSERI A, ELAM A 7 ACCT 7748 T4 i it
W, EE R FRIR T AR 5 AR s BRALZY, QA s 1
A LIRSS, PR R TR A R L X e g
SUN A A T RS A RTAE R K5 g 17 12
Sk A BB E K 1 C2 A4, JE I A B = 1% H- il
TIBAEAE ™ o ACC2 W FEBAFAE TLBIASMNE L, 55
FOR TR EALTE R LY, A B L O eSS IRy
MWl AL 5 HoAe X 26 240 SV AL A R i T —
PG A 208 B R A Ak B0 AT R 50, DR O KA
ST A S8 2T A 5 R k5% A2 I 1 (carnitine

palmitoyl transferase 1,CPT-1) %38 2 kiR PN, M
MHEAT B AAk, 1 ACC2 f#ALA: B F= 0N — k4l
Bl A 2 CPT-1 fA3 &l 550 2 i ke 20 9 460 Bl
IR B AR o
1.2 ACC #4374 ALl

AN ACC R HLHI B B, E 2 |-
% IR T R 7% 1k & A % B ( AMP-activated protein
kinase, AMPK) B R b i 45>, ACC Sk J&
PR LT 1, BC S5 F Y C R i — B S iR
M5k, e AMPK n] DURE R 1k 12 2 SR I 5
(1) Serl 17, {1312 MG &I 5 Arg277 454, LT
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ACC —SRIRHYIE AL, TN ACC B3E1E

FH AT IR , PN e A B9 2E AT B BC S A
CT L[R2 5 fomixt ACC @4 i AT LA3E 2 Ak 2%
/N X BC 8 CT S5 RyI SO R S8, 5B
1654 ND-630 Ay, HAE A BC 4546 38 iy 410 i 541
WEAS 2 BT AMPK 35 %, R A & B A% AMPK
XF ACC Bk 1L, MRS Arg277 JE OGS
VR BB IR I S5 1Y Ser222  BHAS ACC — R4k
P& HIR LG Y CP-640186 i, HAFE
CT Z5 s ikl it S R-RER &Y
TE TR AL AN B 3 B i AR T CT 30
A7, M T BE W7 32 A B g i & Az T ke 31 1 i) ACC
EERIER

2 ACC &I BB R 3t B

a4 h 1k, BIC/NrF ACC i FIE MG YT
259 113 5 ACC 7EfR WA Q5 1hi A9 28 AR T, 4
FORC R OB B A T AR PORS PR A 107 5 45 A
P AR R THE £, 2003 4F Pfizer 242 7] 22
A% 1Ak ACC #ii57] CP-610431 (1) LK,
Bf 24 H 45 Kl 2523 5] 40 Gliead , Nimbus | Bayer |
Takeda ,Boehringer Ingelheim %5 %f 1% ¥ & A9 1If IR WF
FEIESS Sy kAT b, A AL Tl R T BESE 2 A
R T HADESE 1A IRIRHETOFSE 1A, B 715
BRWTTOIRZS , A7 24 /N o0 140 T A2 W 16 1 - B
Bto 10T B9 2205 B AR 95 95 ( NASH
S5) B 2 BUBE BRI (T2DM) LA KR /)N 40 i fifs
Ji% (non-small cell lung cancer, NSCLC) 5, PUH 4
SCHRARTE F ACC 310 i 57 4% HAEAF 28 7] 43 26
T8k .

2.1 Pfizer 23]

2003 4, Pfizer 23w 3d 8 THE AL & 38 & 0 15
FNE 1A/ ACC il ) CP-610431 (1) (R
JFFE ACCL ICy, = 107 nmol/L, K BL 85 L ACC2
1Cy = 112 nmol/L) , 3 BLtE Jo 5 FO LRI 745 i
1551 2( CP-640186 ) ( KB FAE ACC1 IC,, =550
nmol/L, KB # L ACC2 ICy, =34 nmol/L) , 1k
E1) CP-640186 AL AT LIfE#E C2C12 41 P9 iR Iy
AL ACC ECy, =57 nmol/L) , W] @ FEAT/M LA
PURFIE LB B AL Y Sk DL O UL R T3 5 Al 1 A

K- (EC 4351 55,6,15,8 mg/kg) , i A L il
TEH/NELL CD1 /INEL ob/ob /IN LS 14 A 7 1R B &
JR(ECs 43910 13,11 ,4 mg/kg) ™) J5 SeRF 5% ik
— BB R T CP-640186 5 ACC (#9454 s s M
A JE 5 (PDB: IW2X) /R %16 & Wik A F
ACC Bk Fss v, 35 Glu-2026 F1 Gly-1958
TE B e SR T, A LT A 9 R 5 CT 3%
45 G ACC AYIG T

\ 0
~_N_O L_N_o
é () 5 ()
109e 10D
r T
1 (CP-610431) 2 (CP-640186)

rACC1 ICs, = 107 nmol/L
rACC2 ICsy =112 nmol/L

Nt L AR S YRR LR = o T 5 &
F 1Y 3% Fil 7, Plizer /8 7] 2 i CP-640186 5 ACC
2550730, TF R TIRZRTE Sl R 28 ACC 11
Wl A a3 7RI BBy ACC 1 75
R TR) ), U B 5 e Y R WORE A3 B 28 ((human
liver microsomal clearance ,HLM ) (hACC1 ICy, =22
nmol/L,hACC2 IC,, =48 nmol/L,lgD (pH =7.4,
T) =3.8;CL,, =86 mL-min"'-kg™"), HLh
J5 % B IR SR IR TR B 1 R A B A5 1 4
(rACC1 IC4, =17 nmol/L,hACC2 IC,, =11 nmol/L;
lgD=1.8;CL,, <8 mL-min"'-kg ") Ffb & W 5
(PF-1027 ) ( hACC1 IC,, = 7.0 nmol/L, hACC2
IC5, =6.9 nmol/L) , 75 4 f 41 i 5 1 A4 [R] 1S, 7R
REESE EREAR Tz AL & W0 A 1A 15 BR 3R i
B4 TR SR g IR S S A R P e L O
Xf A AR R A B AT LAk, 1R RIS 6
(hACCI 1Cy, =10 nmol/L,hACC2 ICy, =4 nmol/L;
ivl mg/kg CL,, =1.7 mL-h™" kg™, F =71%),
LGS ACC WY& 5 07 AL 5 CP-640186
M. Miba 4 S pil, 8 it 3t 5 (PDB:
AWYO) o] LUk B & WS B A AL A T ACC
TRARR k4], JOF 5 & SR Glyl958 Al
Glu2026 177 55 AU g (181 21%7)

rACC1 ICsy = 550 nmol/LL
rACC2 ICs, = 34 nmol/L
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0 0 0 0
H N H N,N\ H N’N\ NH
0 by N 0 N'N =0 N‘N = D
Y, Y Y N
N N N N/ O/
0 0 0 0
3 4 6

hACC1 ICsy =22 nmol/L
hACC2 ICs5y =48 nmol/L

rACCl1 ICsy =17 nmol/L
hACC2 ICsy =11 nmol/L

5, 7E 2010-2015 4E ] , Pfizer 2 &) % 425
JEZ S 2E ACC 70 (¥ — S nbt e 1) 8 53 1
17 TR, R AT T 2R L AR RS
Y17 ~ 10, B P 1C5, ¥/ F 100 nmol/L,,
Ho 4k 44 7 (PF05175157 ) (hACCI 1C5, = 98

\( 0 0
N
N'\ ] E \dNH %
(0] (6]
8

7 (PF-05175157)

2.2 Nimbus Therapeutics 4> 3]

2013 4, Nimbus 2\ 7] 2 I Soraphen A 5 ACC
AIAS S LR L R A D7 =X, 38 TS L ey o e i
9516 21k 4 4 13 (ND-022) (hACCI 1Cy = 3.9
pwmol/L hACC2 1Cy, = 6.6 wmol/L) ; M i i /R (&
31397) )ND-022 5 Soraphen A #3454 1€ ACC BC 1,
AN RES, PR ARG 13 45K 2 Al
b T, itk o 1 5 B Z E AR A 4
GYER T, 18 AWy s 7 S5 HE e T T 3R R 5 LABI AR
T RAFRYZEZ M BT, 45 2146 A 9 14 (ND-630,
NDI-010976 , GS-0976 , hACC1 1Cy = 6.1 nmol/L;
hACC2 1Cy =2. 1 nmol/L) ;3% 45 1 4454 F BC
Sl EL IR M O 5 90 M R R A 2 2 I Y N
ACC 1500 . %Ak A Y #E HepG2 41 /K F- i
A AN i 195 B M3k 5 (1C5, = 66 nmol/L) 5 1E
R B 8 2 25 SE 5 b, AT I A TS A I A

5 (PF-1027)
hACCI ICsy= 7.0 nmol/L
hACC2 ICsy= 6.9 nmol/L

hACCI 1C5y=10 nmol/L

hACC2 ICsy=4 nmol/L

nmol/L ,hACC2 IC,, =45 nmol/L) F 2015 41 H#k
HE G AR, BRAL TG R T Ao, 2T 2 Al
BEPRIFIIRIT RS ™ o BeAh,2017 48 11 1, Plizer
ANFEVATE TALE ) 11 (PF-06423264 ) (MR,
BERIR ) 14 1 R LA A0 4k 5 4 12 (PF-05221304)
CREPR A, A AR ) il AR 1 S993a i A, 23
S TRt A A8 RH DGR TR T T 5 s B
51 12 §¢ FDA 25 3 2 (o sd 18, DU e H
NASH #yil ROF 78 #E 7%, B AL-& 90 11 W TR 97
JEHE SR, © B I RS B4Rl E] - Phizer 23 W] 3 A
ANTFX AL & W) i A Ao 25 s R B o (675
TERIA R B I R g R T, 321058 1
He b = H A KCF B TR B, LR AN
W, ATRES ACC CT SAY4E Sl A > .

O (0]
N\ ,N\ []
Q1 00, ,
N N
O/
(6}
9

zz

N

0]

10

A5 (EDs, = 1.5 mg/kg) s 75 SD KB H 452y
SCH R a] ] AR 0T I A3 ( respiratory quotient,
RQ) MR 5 L (EDs, =0. 14 mg/kg) s fEH =
AR B TS T O LI R R 3 28 d 9 40 2 5L

Met594

-

Glu671

B3 ND-022 Soraphen A 5 hACC2 BC %54
022 . 2% ;Soraphen A . )

AL 4k (ND-
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Hh T AR A 5 2 A B A R A
AV IEE 0 2 7+ == P H- 3ok A0 L 5T et g 7, HLIF R
T BB S AT R P g K P 1) R T o ik
B ¥y 14 el Nimbus 20 ) 2014 4F
fEEISG IR, T NASH (53R Bl 2016 47 % F
1677 NASH fy 25k = LI KR 1317 R0 2%, 56
FDA 252 (s , LIYI s s A i AR5 o

5 glR i, Nimbus 2% 7] X HEBE T 465 ) 15
(ND-646 ,hACC1 ICsy =3.5 nmol/L;hACC2 ICs, =
4.1 nmol/L) #1116 (ND-654 ,hACC1 IC,, =3 nmol/L;
hACC2 1C5, =8 nmol/L) 43 Ji| 7 i J5 451 42k, JuH 2
B/l (NSCLC) FUHH (9 i RATF 58+ o F
FEUEA ALy 15 Al LA 2 AR AR I 9 & B A T

(@)

P NSCLC 20 (% A5 88 1 S el B Aol i i o ik
PR 28 A8 S0/ N B N IR i A 1, LA 4 1Y)
100 mg/kg R H 25 251 00 T I R R W
A R 5 %A A W RRE i Nimbus 28 7] F
2017 AFHE MG PRAE 7, 5 28 E /DN 20 it it 9 1)
BIT. tbG W 16 2 H F R & M I (hepato-
cellular carcinoma, HCC) f2CIGHTST , WFSTIERH AL &
P 16 2Pl RSP ACC i 55, HASE
L ACC BERRALRIRN , il WS BB iR & 1 ( DNL)
FHCC (1 & & ; [RIBHIE B T 5 S i R = h e e
BXFREA 8L F#AIC HOC 1 &8, FE48 oK BRI A7 G
o XEEERI]L 1L G 16 ATEEXHA YT HCC i
FHAWE, F A HCC (1 S2 WA H

O

(0] O
o OH o >§(OH o ><"/ NH, o ><n/OH
200G (<1} (<1}
/K 4 /K O 7 /l\ O 4 /l\

O S N 0 N S N 0 N S N (0} N S N 0

e “‘\\O\(/\ e

/O \Q /O Y /0 OH
13 (ND-022) 14 (ND-630 or GS-0976) 15 (ND-646) 16 (ND-654)

hACC1 ICsy = 3.9 nmol/L
hACC2 ICsy = 6.6 nmol/L

hACCI1 ICsy= 6.1 nmol/L
hACC2 ICsy=2.1 nmol/L

2013-2017 4E i), Nimbus 2 7465 A T
10 FE A 32 G ST T )12
i S04 HT b ML S5 iR 2 20k 128 4
FE I (SKKN) B7R, fbA ) ND-646 [FIFEZE &
F ACC fi BC 1%, 5 AMPK #§fiafk ACC {4 {7
e, H Y5 Soraphen A(PDB:1W96) 211,
2.3 Gliead 23]

2016 4 4 H ,Gliead A H] DA 12 {2 ITCHI L 5
4% W T Nimbus Therapeutics 4> % T /A #)
Nimbus Apollo K H N 7EmF £ FkAf i A FR AL 1
A R I A g4 45 A ) 14 (ND-630, GS-
0976) , X Bttt — 40 i T %2 w) e AR RS 1
105 JFF 9% AL K e T 988 45 A Y I I U o o F & A8
45, FE—REHLACE IRTE (PR T30 w3 1
2210 h 25 30 £ (4320 3 40, B4l 10 N) B e
(AEERRE 7 3 10 AR o v SR () 82 4 30 b
150 mg/kg) , (32X E R P IR IV G B 28 8 ) IE
IS 30.9% , 2 5 43 Bl B 4 20, 50,200 me/kg
PR 25 25 5, 32 3 3 1R 0 Bg W & 8 4 3 ok 2>
70% 85% 104% , 3=t B d i) 70 AR p: , HL
£ 200 mg/kg /=7 i R85 25 ), 32 & IR 3R 3L

hACC1 ICsy = 3.5 nmol/L
hACC2 ICs5y=4.1 nmol/L

LB A TR A2

N T VbR W 14 AR ACC 3146 50 7 T
W PR R, 2018 4R 7 A 27 H 5T A
B AR T —TiE % NASH (5 1 I R 11 B RE L%
ST BRSZER 0 3 Hr Tk 126 9] TR T A
2/ 8% B EEE . 2016 48 /] 8 H #2017
T H 18 H, BEEL /3 AL F) GS-0976 20 mg
2H,GS-0976 5 mg ZH A2 R 40 , Frsi 4524 12 Ji,
O NS S Y i = RVl i S 0 5 N 1| R 4 R A
YRR 3R A I 2E 2 A A5 0 D e, 45 SR R
BT ALE Y 14 20 mg 4H h 48% f) H . GS-0976
5 mg 2l 23% 1) BB E VRGP 159 (1) 585
PR B8 VAL B % BE AR Wi 43 80 ( MRI-PDFF,
PDFF [ )i ) 28 /DA Ik 20 30% 5 i e 4R 58 Pk i AR
D (AR R A A AE £ L 2 ) f 22 57 (e &
P14 L) 20 mg/kg MR T BF I, & LT 4k 4k
Pl (4 e 8 I 1) 22 30 7] 2t AR P R AT A Bt
Lo 1K GS0976 L) 20 mg/kg 7 & 25 T B H
I, O35 R B ) 00 3% 9k B 0 R 1K o X SRR ],
&Y 14 Zi 2 BES LAY 14 1B E H
WEZ 0 I =156 Hh K SF B BB AR X 30 11%

hACC1 ICsy =3 nmol/L
hACC2 ICs, =8 nmol/L



258 ‘? @} % ‘ﬂ' x # 2% #it Journal of China Pharmaceutical University 2019,50(3) :253 —264

%5 50 &

F13% . W& NG ZEEIRA AL LG ) 14
TE NASH (835 i 22 VA 50k
2.4 Bayer 3]

FAE 2002 4, Bayer 23w 5L A TFid MR ACC
PR Y L A, A 32 S A SR HOR B0 R AL
Ao SETTLEE ACC PRI FRITEAHI PRSI LU L i
Jed 07 T 1) 5 LB VR AN DR B 4 i e , 20122014 4
18], Bayer 23 ) JELLATT 4 WL A, JE—P14 5
Z TR A RA R 2B ACC il 0], H
TR KNG 07T IE R A PR | i i I LA K i R
LRI EW N 17 ~22, 2016 4, Bayer 23 A) 1L
Oncotarget 7275 F R T —Fs ACC 50 i AF 58

(6]
HN
@)

o O

Cl
17
hACCI ICsy=0.327 umol/L
hACC2 ICs,=0.86 umol/L

o

Cl

20 21 (BAY ACCO001)
hACCI1 1Cs,=0.278 pmol/L
hACC2 ICsy=2.59 umol/L

hACC1 ICs,=0.337 pmol/L
hACC2 ICsy = 1.688 pmol/L

2.5 Takeda 23]

Takeda /A A4 ¢ ACC #4719 AfF &2 2245 v
TEPIZE 4510, 1 56, Takeda 23w LLAL A #) 2 (CP-
640186) NS bW, 2 LS ACC 1 CT S 4s
72 B ARG R (1) 33 224 978 7 Pl Ok g i
SRR Ty ], LU SR e Bk B 5 Gly2162 (14
SVERIT; (2) e 2015 Glu2230 ZUBEVE I Hip
PET R BN SR, LU PT BB TR BUBT Y
SRR ) IS SR A T 5 8 a0 Y Bk
NOBCE T BA RN ER BE R ACC i 55) , 4n
16449 23(hACCI 1Cy, =32 nmol/L,hACC2 1C,, =43
nmol/L;CL,, =230 mL-min "' -mg~";1gD =3.01) , i
TG PER e 3 G W) CP-640186 A 1 AR KA o
Je Ak BRI BRZRAL S W) FAT B B 25
JEPEFANTFRORE (A B3 32 , BICRE IR P TR A S R
1ok e 15 %) 1k 4 9 24 (hACCL 1C,, = 120 nmol/L,

hACCI1 ICsy=0.281 pmol/L
hACC2 ICs,=0.032 pmol/L

PEscEE, Hop {64 % BAY ACCO01 (21) (hACCI
IC,, =0.278 pmol/L, hACC2 1Cy, =2.59 wmol/L;
fE MCF-7 4iffa 5 v, 3031 P9 R S e 4 A A A 1
{9 1C5, %7 62 nmol/L) il BAY ACC002(22) (hACCI
ICy =0. 1 pmol/L, hACC2 IC,, = 1.38 pmol/L; 7F
MCF-7 4 it 2 rfr , I P R R It il il A A= Y
I1C5°47 32 nmol/L) == T2 38 Ao 0 il 15 A I A4 1 A i
b, T & #2845 WNT Fil Hedgehog {5 53 [ (1)
YER, 5 38 10 22 I n Jge B os L e 39098 D R it
A SRR A A IR R AR
T ACC By 845 & X, HoR Witk — 250t &
fiRifE

hACCI ICsy = 0.34 pmol/L
hACC2 1Csy=0.25 pmol/L

22 (BAY ACC002)
hACCI1 ICsy=0.1 pmol/L
hACC2 ICsy=1.38 pmol/L

hACC2 1Cy, =18 nmol/L;CL,, =66 mL-min "' *mg~";
IgD =2.61) , 44 28 g Wy & 3 AR Ay Wk g - e oy 15
F4bA) 25(hACCI IC,, =78 nmol/L,hACC2 IC,, =
14 nmol/L;CL,, =79 mL-min ' +mg~";1gD =2.49) ,
TEORSF ACC BTGP (RIS RE PR RSB A T
R MR e

FitiJ , Takeda 23 &) SUAHAKTT A& T SR N MR Jog — il
2 ACC #1351 %1, 4k & 4 26 (hACC1 IC,, = 120
nmol/L, hACC2 IC,; =20 nmol/L; CL,, =12 mL -
min "' +mg ' ;1gD =2. 03) . {HAFHE RIS, BF A& A B
FEL SRS h A A B AT R BRI 7" 5 B A
—NH Glu2236 , Lys1967 , Ala1964 4553 3 R 41 1, 1)
PSS, TIRAE 7005 A ARG BME &9 27
(hACCI ICy, =21 nmol/L,hACC2 IC,, =4.9 nmol/L;
CL,, =35 mL-min "' -mg~';1gD =2.33) ; iZ{b WA~
DOEPEA TAHSRA S i, AR SD R B 15 B
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P g, I R4 2540 B Iy 2 T A
Wistar JEEA FREE 5 25 25 5256, mT 551 & 40 b
SNSRI BR AL AN B T RR A . %R

8 o

YNH 0
// 23

hACC1 ICsy =32 nmol/L
hACC2 ICs,=43 nmol/L

Qo hr

Py o
A

YNHO

26
hACCI 1Cs; =120 nmol/L
hACC2 1Csy =20 nmol/L

A, 7E 20102013 4EH][8] , Takeda 2 &) 2N I
T3 R LA, AR B SR B IR S5 A AR 1)
ACC #Isk155) . Bl)5 T 20152016 4 Takeda 2 7] 3
— AR TR G YRR E . %2k
S YRR S TE T REFEVE A ACCL, T ACCL 7E fit
SR 40 i 1) 22308 5 T ACC212) | Takeda 23 ] 2
B FAFZIACA PHEAT T 400 PR 35 1k 5 T
R ARG W& NG AR 2-F 430 T 31,
3T e 25 K A B AL A 4 28 (7E Wk TE N
10 wmol/L B, %F hACC1 {1 1 i 2 Sk 48% , %t
hACC2 B N 22% ) WIS &Y, 0 HITE 2
DB B LA | v i) 3 B A 0 A I 2R B

< 7 <

hACCI: 48% inhibition at 10 umol/L
hACC2: 22% inhibition at 10 umol/L

31
hACC1 ICs, =230 nmol/L
hACC2 ICs; > 10 000 nmol/L

24
hACCI1 ICsy =120 nmol/L
hACC2 ICs, =18 nmol/L

O‘CN—QZD)\EJ\ 0<:N—<\(N):©)\EJ\

29

hACC1 ICsy =220 umol/L
hACC2 ICsy> 10000 pmol/L

P 20072009 4RI 20T T 4 B A, 24 R
JEEEARIE o

8o%  Ro%

YNH °
25

hACCI ICs, =78 nmol/L
hACC2 ICsy =14 nmol/L

2 o Fn

27
hACC1 ICsy =21 nmol/L
hACC2 ICs,=4.9 nmol/L

YNHO
A

AT T AR RIS MK AF B AR AL &
#1429 (hACC1 1C,, =220 nmol/L, hACC2 IC,, >
10 mmol/L) .30 (hACC1 1Cy, =23 nmol/L, hACC2
IC4, =5 800 nmol/L) 31(hACC1 1Cy, =230 nmol/L,
hACC2 IC,, > 10 000 nmol/L) .32 (hACCI IC,, =
5.3 nmol/L,hACC2 ICy, > 10 000 nmol/L) ; 3%
P24k &4 32 (hACCL IC,, =5.3 nmol/L,
hACC2 1C,, > 10 000 nmol/L; 7E pH iy 6. 8 {1y & 4
T HIAMEE/NT 0.21 pg/mL; X4 i 2,2 P450
Titi 22 547 CYP2C8 Fll CYP2CY i 411 1l 5843 1]

+782.7% F189.9% ) .
)Ol\
0 N
O{:N«ND)\H

30
hACCI1 ICsy =23 pmol/L
hACC2 ICsy =5 800 pmol/L

O N)OI\
[>_\O d @Nﬁ\H

32
hACCI ICsy= 5.3 nmol/L
hACC2 ICs > 10 000 nmol/L
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Za e E Y 32 Ak L BF R A A
PRAETE MR R 0 R R, s & b oy
AR R ol LU A M R R AR T 245 Tl ( eyto-
chrome P450,CPY) (10 pmol/L) P56 7% 1, 15 3|
LA 33 #1134, AR5 L h A ik & 9 34
DAL, FHBERE R 34 rhit e SR i 5 13 2L A
35, g iE— 20 Bl s SR R R 2R AL S W Y U
PE B A5 35 TP 123 A R PR 48 A L BE 3R,
A Lt M BB 23 4 IR, A3 245 1) 36, 5K
AR SR 16 ACC 20 i 8 400 i 6 1, ORI 1 iR

33
hACCI1 ICsy= 140 nmol/L
hACC2 ICs,> 10 000 nmol/L
Solubitity in pH 6.8 <0.23 pg/mL
CYP2C8/CYP2C9(%) = 62.6/0.2

(0)

00O NJ\
e A

hACCI1 ICs,=0.96 nmol/L
hACC2 ICs, =95 nmol/L
Solubitity in pH 6.8 : 2.7 pg/mL
CYP2C8/CYP2C9(%) = 13.5/19.6

2.6 Taisho 23]

2009 4£, Taisho 2y E] 418 T —2% ACC XL E )
HIF A A W IR R UL A Y 2 (CP-
640186) Mo LG Yy, K IR B4y 2,6- 07 3k
MemE, @ik & % 37 (hACC1 ICy, = 101 nmol/L,
hACC2 1Cy, =23 nmol/L) , ¥ 2 ,6-—F5 KL nth e B
HATFEG IRAS RGP 38, #5388 F iy
WRIE | /Y & Bk 2 8 40 2 Boc, 15 3L & 4 39
(hACCI ICy, =24 nmol/L, hACC2 IC5, =79 nmol/
L) 30075 1 A I 1 0, H7E HepG2 41 Jifg /K - 7]

. JQK@Y
S8R

hACCI ICsy =101 nmol/L
hACC2 ICs, =23 nmol/L

O N

\II:IIH
N
57//\/
l¢]
38

hACC ICsy =74 nmol/L

UFRIIERRIE . SRS R A S Y A BRI
JIFMORL 1 35 B % (hCL,, = 47 pL-min™' +mg™';
rCL,, =16 pL-min~"-mg™") Rl BT A AR AR
FHAR KB B CPY g M, FLAE IR /N4
255255 (0. 1 mg/kg,iv; 1 mg/kg, po) #A L5 1 4
PRI BE (F =82.9% ) ; /£ HCT116 S Fh % fH /N B
RORIFE 2024 (PRI, 30 mg/kg, 16 h) S2Borp AL
) 36 AT FRSEA SO INHI T WA A A A .
HHET ZR AR 24 TR o B, 8
oA DL B 4R

O

- d@«:ﬁu*

hACCI ICsy=4.9 nmol/L
hACC2 ICs, = 860 nmol/L
Solubitity in pH 6.8 < 2.0 pg/mL
CYP2C8/CYP2C9(%) = 41.8/22.4

=N 0 O\/E\
o—@—<\ jl/ N
|>—\O N

36
hACCI ICsy=0.58 nmol/L
hACC2 ICs,> 10 000 nmol/L
Solubitity in pH 6.8 : 1.7 ug/mL
CYP2C8/CYP2C9(%) = 23.5/14.8

AR AR DT R B A R O TR Boe B [
R E T, BE— 2 25k A 1k 153 B 4k & 9 40
(hACC1 IC4, =192 nmol/L,hACC2 ICy, =95 nmol/
L), Hiz b & Wi1e HepG2 41 i /K - GE A 242 it i
Wit AL (ECs, =370 nmol/L) | 411 il Jlig Jfj & £ 1l
(1C5, =60 nmol/L) ;i M 12 d mbEIK RS
(19 SD R ELUE R BGR i (3 ~ 10 mg/kg) HE H 47
R s, AL 40 1] ] I AR TR DR A K it
WP =R AR R A MRS R
HHTRIE o

IS o
o o

39 40
hACC ICsy =24 nmol/L hACCI1 ICsy =192 nmol/L
hACC2 ICsy =95 nmol/L

[0}

J\NHZ

F
X KK
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2.7  Sanofi-Aventis/ Amgen/Boehringer Ingelheim/
Shionogi 4 3]

YFIX 4 RO wlRIE ) ACC il 7 25 4 25 7
AR, FLURH G F A SOkt 5570, 224 oK L S8 F
FEHEIE B — I 2k .

2010 4, Sanofi-Aventis 2\ 7 B e &1 5 @ &
it , 15 24k& %) 41 (hACC2 1C,, =630 nmol/L) ,
AL E YRR S B ACC2 Sl i& P ik —
55 ¥y Ak 75 5] 42 (hACCI 1C,, = 190 nmol/L,
hACC2 ICy, =30 nmol/L;rACC1 1Cy, =170 nmol/L,
rACC2 ICy, =400 nmol/L) ; iz L& W1E Wistar R
RN R B R4 1 245 A3 ) 27 R 5 s A1, Wistar
R BB T = Tt T il A9 [R] N, 4% 50 mgy/keg 711 8 98
20 24 T LU R R O BRUAAC A R 0 1R 4 AL 5 i 2
Zucker Diabetic Fatty ( ZDF ) K R & K #% 57 &
30 mg/kg HEH 45 25 SL AR SE, AL B Y AT IR
RRREAR = EH K

2013 4F, Amgen 2\ W Z84:F 5 38 2 i 126 15 3 56
S4L 44 43 (hACCL IC,, = 4.28 pmol/L, hACC2
Gy = 0. 841 pumol/L) , E— 2528 Hi {1 AL 78 1 1 45
¥y 44 (hACC1 ICy, = 1.46 umol/L, hACC2 ICs, =

0. 126 pmol/L) , HEEARAL S W) 44 HIZENEVERIE
2Pk B, LUK VR B b ) 2R 3F, 15 5 45
(hACC1 ICy, =4.58 umol/L, hACC2 IC,, = 0. 037
pmol/L) , B AR il 3 VA BT 3 v, (HiZ Ak & W 1E
SD K45 255 5 A B s 2 | AR W R B 4
%[ iv (2 mg/kg)CL,, =2.6 L-h ™" -kg ™" ;po (5 mg/
kg)ec,,. =380 nmol/L, AUC =291 ng-h/mL, F =
17% ], SCmiE & N 53 46 how) 2t vh By AR 5 it
Frifte, /3254 46 (hACCL 1Cy, =193 nmol/L,
hACC2 ICy, =54 nmol/L; mACC1 ICy, =427 nmol/
L,mACC2 ICy, =89 nmol/L) , ZAb & ARSI K
AN N i A S5, BLAE SD R B[ iv (2 mg/kg)
CL,, =0.68 L-h~'-kg"; po (5 mg/kg)c,, =1 200
nmol/L, AUC = 2485 ng « h/mL, F = 34% | Fl
C67BL6 /N [iv(2 mg/kg)CL,, =0.21 L-h" -kg";
po (5 mg/kg)c,.. =5 800 nmol/L,AUC =8 880 ng-
h/mL, F = 46% | 42552 K} ¥ B0 L 479 25
R,

Boehringer Ingelheim 73 &) F 2013 4EHif j5 2~ I
T AT ACCHIHRIFR AR LR LA 1 HRkE 11k
BPRT ACC2 s 1, ARG Y 47 ~ 50,

O ) NN N~
Qoﬂ{o OO 004

hACC2 ICs, = 630 nmol/L

hACCI1 ICsy=1.46 umol/L
hACC2 ICs4=0.126 pmol/L

OO

hACC2 ICsy = 60 nmol/L

T 0
5O

HN-N
hACC2 ICs, =50 nmol/L

hACCI ICsy = 190 nmol/L
hACC2 ICs, = 30 nmol/L

o< OQiL Oy
NT N T
44 45

hACCI ICs,=4.57 pmol/L
hACC2 ICs =0.037 pmol/L

hACCI ICs=4.28 pmol/L
hACC2 ICso=0.841 umol/L

hACCI1 ICsy =193 nmol/L
hACC2 ICsy = 54 nmol/L

> O

hACC2 ICs, = 80 nmol/L

J\l
F F

ﬁ_\o{:,)—y\]: C HN—<

hACC2 ICs, = 180 nmol/L
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Shionogi 23 A 7E 2018 4 & BB M kT A=,
YRR BA RN IR LTk CoA JRALME 2 #il
#Hi70°7 . Shionogi 23 ] 3T Abbott 23 7 3 19 %
PR ACC2 33 51( A908292) (hACC2 IC,, =
38 nmol/L, hACCI IC,, > 30 000 nmol/L) &% ¥4 43
R K PUR B e o I IR, 15 B G ) 52 (hACC2
IC., = 66 nmol/L, H 36 P& 25 F hACCI 809 f%;
CYP2C9 1Cy, =4. 4 pmol/L) S SN HLE T 144 51
TR IR R B P 2 B ™ B30 O I R PR 2R
TEAZAL S P40 ) 35 P A E VAR T T R i —

EHUOE B TS 15 ) 53 (hACC2 1C,, = 1.9
nmol/L, H: % ¥ M 75 F hACC1 1 026 £%; CYP2C9
ICs, =13 wmol/L) ,iZAfb& 4 53 7E C57TBL/6 [k
N PK S5 527 ARG 4 I T o 238 A e ) 2
PR A E (0.2 mg/kg, iv, 2.5 mg/kg po; CL,, =
0.354 mL-min ' -kg™', F =83.5% ), 3 H H & I
DTEZAP BB B LR N AR A K (S
STHEFIEL, 43 04 1.0 A1 2.5 mg/kg A 20% Fi
41% N _BEAHEE A A isi) o BT, G Wi
— A AR AT

\ /

o— Cl
o S B HN’Q 0 S S]©/O
o o=\ " A, IO \/}’\,HQ’<0 A @\/Amor
52 5

51 (A-908292)
hACCI 1Cs, = 38 nmol/L
RACC2 ICsy > 30 000 nmol/L
2.8 AstraZeneca /3]
2010 4F, AstraZeneca T W& F BN LIAL -S4 2
(CP-640186) Ay b Wi it T Wi Skl
(1) DAHAd S PR, AN Z8 A0 228 L v ok | 2- WK 18 nds bk
SRR ; (2) LAFR O JE W L D5 R I e 2 4 ik 5
Y12 iy 4-DRIEFEIRIE , 12 B 7E O B A BLY 25 ) 1
RINEN;, 4E5E S Gly2162 Fil Glu2230 1% ¢ H & b
VEF AREL AP0 54 ~ 56, KA A W) B 1E 4SS

ioiko ioiko

54
hACC2 ICs5y=2.5 pmol/L

2.9 HAw%k

Bk L& ACC /NG F IR S1, Haselkom &
T 2010 4ETEAT 2 M58 57 (hACCT 1C,,
not determined ; hACC2 ICy, =2.8 pmol/L) FlfL &
¥ 58 (hACC1 ICy, =23 pmol/L, hACC2 IC, =22
pmol/L) , LRI w55 1) ACC il & ¥, HZ )5
PRI HTRE

hACCI ICs, = 66 nmol/L
Selectivity over ACC1:809

3
hACCI ICsy= 1.9 nmol/L
Selectivity over ACC1:1 026

1A I A, AE ACC IR TG PR AT B R B, ol BE D
PR BT BEIR Boe RAEA RIS Glu2230 1B iR
GHUE=R: 2 (a s SN EE e S S Y Y A= R 7B i T
NS FAUAE Y 2 S AL 4-WRIERENRIE )45 E 25 8]
PRI TR PE R RS A n] ik, Z )5 Pfizer HF A1
EORFE AU ACC IR IESE T X — W
SR & Y I Ats /ESOF JIUE Ei S 1Em

55 56
hACC2 ICs5y =609 pmol/L

hACC1 ICsy= 13 pmol/L
hACC2 ICsy= 1.3 umol/L

NJ\N
|
Y0
S
58 W

hACCI ICsy =23 pmol/L
hACC2 ICs =22 pmol/L

(0]
Cr- Ay
" o

hACC2 IC5y=2.8 umol/L
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2004 4, Jump % HGE T AT KIS BRLS
8 R AR 7= 59 ( Soraphen A) (hACCI ICy, <5 nmol/
L;hACC2 ICy, <5 nmol/L) FRILH 3419 ACC 114
W, HAM S L2 BT ACC Bk — &AL, ix
&5 1AE/E T BC iy ACC #5]. Nim-
bus T2 LUZAL G W) 0y 56 T4k & W AT e J o
W, FELE 75 3] ND-630, (HiZ Ak & W 4 )5 4t
2 PSR B ™ Y A ) SO AN 2 4 4
PR ZE Rk s, BEEDZ IR DT A, o WL SE 4

o

59 (Soraphen A)
hACC1 ICsy <5 nmol/L
hACC2 ICsy <5 nmol/L

3R E

ACC AR —MEGHE i, AR B MR A
EHESR TSR DGR, (2 SRR H A, S,
RIRA K ACC IR AENE N A& Y a5 F
2z HAFFE LA i 22 (4N Pfizer \Nimbus Thera-
peutics L) f Gilead ZEH8F & N 7F]) o R HETM TG
WCHE R 25 LT AE A DA DR D R 5 S ) DK il A
PR , A ) R0 3R o7 A M i T T ke 2 Y
W BRI AETERT VNG D7 99 i s I LA K% i o8 45
T kS EEAEM . HEN ND-630 (GS-0976 ) Fi
PF-05221304 4 Film R I Bl s af 58 v ; HA
AN TS WAL T AEYE R B, 25 255K
R, WERELACC HE S Pt A B Bt
i IeE 25 I RE A T A LS, ol 2 Ry BB RAR o

£ % x

[1] Pascale A,Pais R, Ratziu V,et al. An overview of nonalcoholic
steatohepatitis ; past, present and future directions[ J ]. J Gastroin-
testin Liver Dis,2010,19(4) :415 —423.

[2] Fan JG. Epidemiology of alcoholic and nonalcoholic fatty liver
disease in China[ J]. J Gastroenterol Hepatol,2013,28 ( Suppl
1):11 -17.

[3] Feldstein AE, Charatcharoenwitthaya P, Treeprasertsuk S, et al.
The natural history of non-alcoholic fatty liver disease in chil-
dren:a follow-up study for up to 20 years[J]. Gut,2009,58
(11) :1538 - 1544.

[4] Wattacheril J,Issa D,Sanyal A et al. Nonalcoholic steatohepatitis
(NASH) and hepatic fibrosis: emerging therapies[ J]. Annu Rev

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

Pharmacol Toxicol ,2018 ,58(1) :649 —662.

Fabbrini E, Sullivan S, Klein S, et al. Obesity and nonalcoholic
fatty liver disease: biochemical , metabolic, and clinical implica-
tions[ J]. Hepatology ,2010,51(2) :679 - 689.

Medes G, Thomas A, Weinhouse S, et al. Metabolism of neoplastia
tissue. IV. A study of lipid synthesis in neoplastia tissue slices in
vitro[ J]. Cancer Res 1953 ,13(1) :27 -29.

Currie E,Schulze A,Zechner R, et al. Cellular fatty acid metabo-
lism and cancer[ J]. Cell Metab,2013,18(2) ;153 - 161.
Mounier C, Bouraoui L, Rassart E, et al. Lipogenesis in cancer
progression[ J]. Int J Oncol 2014 ,45(2) ;485 —492.

Kim J, DeBerardinis RJ. Blocking fatty acid synthesis reduces
lung tumor growth in mice[ J]. Nature Medicine,2016,22(10) .
1077 -1078.

Martinez UE, Peiris M, Pestell RG, et al. Cancer metabolism: a
therapeutic perspective[ J]. Nat Rev Clin Oncol ,2017 ,14(1) .11
-31.

Samuel VT, Shulman GI. Nonalcoholic fatty liver disease as a
nexus of metabolic and hepatic diseases[ J]. Cell Metab,2018 ,27
(1):22 -41.

Francis P. Kuhajda M. Fatty-acid synthase and human cancer:
new perspectives on its role in tumor biology [ J ]. Nutrition,
2000,16(3) :202 -208.

Blank HM, Maitra M, Polymenis M, et al. Lipid biosynthesis:
when the cell cycle meets protein synthesis[ J]. Cell Cycle, 2017,
16(10) :905 —-906.

Yu LP,Kim YS, Tong L, et al. Mechanism for the inhibition of the
carboxyltransferase domain of acetyl-coenzyme A carboxylase by
pinoxaden[ J ]. Proc Natl Acad Sci U S A,2010,107(51) :22072
-22077.

Zhang H,Tweel B, Tong L,et al. Molecular basis for the inhibi-
tion of the carboxyltransferase domain of acetyl-coenzyme-A
carboxylase by haloxyfop and diclofop [ J]. Proc Natl Acad Sci
U S A,2004,101(16) :5910 -5915.

Zhang H,Yang Z,Shen Y ,et al. Crystal structure of the carboxyl-
transferase domain of acetyl-coenzyme A carboxylase [ J]. Sci-
ence,2003,299 (5615) 2064 -2067.

Corbett JW , Freeman-Cook KD, Elliott R, et al. Discovery of small
molecule isozyme non-specific inhibitors of mammalian acetyl-
CoA carboxylase 1 and 2[ J]. Bioorg Med Chem Lett,2010,20
(7):2383 -2388.

Tong L. Acetyl-coenzyme A carboxylase; crucial metabolic
enzyme and attractive target for drug discovery[ J]. Cell Mol Life
Sci,2005,62(16) :1784 - 1803.

Tong L, Harwood HJ Jr. Acetyl-coenzyme A carboxylases: versa-
tile targets for drug discovery[ J]. J Cell Biochem ,2006,99(6) :
1476 - 1488.

Fullerton MD, Galic S, Marcinko K, et al. Single phosphorylation
sites in ACCI and ACC2 regulate lipid homeostasis and the insu-
lin-sensitizing effects of metformin[ J]. Nat Med ,2013,19(12) .
1649 - 1654.

Bengtsson C, Blaho S,Saitton DB, et al. Design of small molecule



264

‘? @ EH Y 2% #it Journal of China Pharmaceutical University 2019,50(3) :253 —264

%5 50 &

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

inhibitors of acetyl-CoA carboxylase 1 and 2 showing reduction of
hepatic malonyl-CoA levels in vivo in obese Zucker rats[]J].
Bioorg Med Chem,2011,19(10) :3039 —3053.

Mcgarry JD, Leatherman GF, Foster DW , et al. Carnitine palmi-
toyltransferase 1. the site of inhibition of hepatic fatty acid oxida-
tion by malonyl-CoA [ J]. J Biol Chem,1978,253 (12):4128
—-4136.

Cho YS, Lee JI,Shin D, et al. Molecular mechanism for the regu-
lation of human ACC2 through phosphorylation by AMPK[ J].
Biochem Biophys Res Commun ,2010,391(1) ;187 —192.
Harwood HJ. Treating the metabolic syndrome : acetyl-CoA car-
boxylase inhibition[ J]. Expert Opin 2005,9(2) :267 —-281.
Shen Y, Volrath SL, Weatherly SC, et al. A mechanism for the
potent inhibition of eukaryotic acetyl-coenzyme A carboxylase by
soraphen A, a macrocyclic polyketide natural product[ J]. Mol
Cell ,2004,16(6) :881 —891.

Harwood HJ Jr. ,Petras SF, Shelly LD, et al. Isozyme-nonselective
N-substituted  bipiperidylcarboxamide acetyl-CoA carboxylase
inhibitors reduce tissue malonyl-CoA concentrations, inhibit fatty
acid synthesis, and increase fatty acid oxidation in cultured cells
and in experimental animals[ J]. J Biol Chem,2003,278(39) :
37099 -37111.

Zhang H,Tweel B, Li J,et al. Crystal structure of the carboxyl-
transferase domain of acetyl-coenzyme A carboxylase in complex
with CP-640186[ J]. Structure 2004 ,12(9) ;1683 —1691.
Griffith DA, Kung DW, Esler WP, et al. Decreasing the rate of
metabolic ketone reduction in the discovery of a clinical acetyl-
CoA carboxylase inhibitor for the treatment of diabetes[ J . J Med
Chem 2014 ,57(24) :10512 - 10526.

Kim CW, Addy C, Kusunoki J, et al. Acetyl CoA carboxylase
inhibition reduces hepatic steatosis but elevates plasma triglycer-
ides in mice and humans:a bedside to bench investigation[ J].
Cell Metab,2017,26(2) :394 —406.

Abel R, Mondal S, Masse C, et al. Accelerating drug discovery
through tight integration of expert molecular design and predictive
scoring[ J ]. Curr Opin Struct Biol ,2017 ,43 .38 —44.

Harriman G, Greenwood J, Bhat S, et al. Acetyl-CoA carboxylase
inhibition by ND-630 reduces hepatic steatosis, improves insulin
sensitivity ,and modulates dyslipidemia in rats[ J]. PNAS,2016,
113(13) :E1976 - E1805.

Svensson RU, Parker SJ, Eichner L], et al. Inhibition of acetyl-
CoA carboxylase suppresses fatty acid synthesis and tumor growth
of non-small-cell lung cancer in preclinical models [ J]. Nat
Med ,2016,22(10) :1108 - 1119.

Lally JSV, Ghoshal S, DePeralta DK, et al. Inhibition of acetyl-
CoA carboxylase by phosphorylation or the inhibitor ND-654 sup-
presses lipogenesis and hepatocellular carcinoma [ J ]. Cell
Metab,2018,29(1) ;1 -9.

Ratner M. Gilead bets big on Nimbus’ fatty liver disease drug
[ J]. Nat Biotechnol ,2016 ,34(6) ;575 —576.

Stiede K, Miao W, Blanchette HS, et al. Acetyl-coenzyme A car-

boxylase inhibition reduces de novo lipogenesis in overweight

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

male subjects:a randomized , double-blind , crossover study [ J].
Hepatology ,2017 ,66(2) ;324 —334.

Loomba R,Kayali Z,Noureddin M, et al. GS-0976 reduces hepatic
steatosis and fibrosis markers in patients with nonalcoholic fatty
liver disease[ J]. Gastroenterology ,2018 ,155(5) ;1463 —1473.
Petrova E,Scholz A, Paul J,et al. Acetyl-CoA carboxylase inhibi-
tors attenuate WNT and Hedgehog signaling and suppress pancre-
atic tumor growth[ J]. Oncotarget ,2017 ,8(30) ;48660 —48670.
Yamashita T, Kamata M, Endo S, et al. Design, synthesis, and
structure-activity relationships of spirolactones bearing 2-ureido-
benzothiophene as acetyl-CoA carboxylases inhibitors[ J ]. Bioorg
Med Chem Lett,2011,21(21) :6314 -6318.

Kamata M, Yamashita T, Kina A, et al. Design, synthesis, and
structure-activity relationships of novel spiro-piperidines as
acetyl-CoA carboxylase inhibitors [ J ]. Bioorg Med Chem Lett,
2012,22(11) :3643 -3647.

Kamata M, Yamashita T, Kina A, et al. Symmetrical approach of
spiro-pyrazolidinediones as acetyl-CoA carboxylase inhibitors
[J]. Bioorg Med Chem Lett,2012,22(14) :4769 —4772.
Mizojiri R, Asano M, Tomita D, et al. Discovery of novel selective
acetyl-CoA carboxylase ( ACC) 1 inhibitors[ J]. J Med Chem,
2018,61(3).1098 - 1117.

Chonan T, Tanaka H, Yamamoto D, et al. Design and synthesis of
disubstituted ( 4-piperidinyl ) -piperazine derivatives as potent
acetyl-CoA carboxylase inhibitors [ J]. Bioorg Med Chem Lett,
2010,20(13) :3965 —3968.

Chonan T, Wakasugi D, Yamamoto D, et al. Discovery of novel
(4-piperidinyl ) -piperazines as potent and orally active acetyl-
CoA carboxylase 1/2 non-selective inhibitors ; F-Boc and triF-Boc
groups are acid-stable bioisosteres for the Boc group[ J]. Bioorg
Med Chem ,2011,19(5) 1580 - 1593.

Keil S, Muller M, Zoller G, et al. Identification and synthesis of
novel inhibitors of acetyl-CoA carboxylase with in vitro and in
vivo efficacy on fat oxidation[ J]. J Med Chem,2010,53(24) .
8679 - 8687.

Lovering F, Bikker J, Humblet C, et al. . Escape from flatland:
increasing saturation as an approach to improving clinical success
[J].J Med Chem ,2009,52(21) :6752 -6756.

Bourbeau MP, Siegmund A, Allen JG et al. Piperazine oxadiazole
inhibitors of acetyl-CoA carboxylase[ J]. J Med Chem ,2013,56
(24):10132 - 10141.

Nishiura Y, Matsumura A, Kobayashi N, et al. Discovery of a
novel olefin derivative as a highly potent and selective acetyl-CoA
carboxylase 2 inhibitor with in wvivo efficacy [ J]. Bioorg Med
Chem Leit ,2018 ,28(14) ;2498 —-2503.

Jasmina M, Dominika C, Caroline P, et al. Recombinant yeast
screen for new inhibitors of human acetyl-CoA carboxylase 2
identifies potential drugs to treat obesity [ J]. PNAS,2010,107
(20) :9093 -9098.

Jump DB, Torres-Gonzalez M, Olson LK, et al. Soraphen A, an
inhibitor of acetyl CoA carboxylase activity, interferes with fatty

acid elongation[ J ]. Biochem Pharmacol ,2011,81(5) :649 - 660.





