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Hepatic lipid metabolism and atherosclerosis treatment
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[ Abstract]  Atherosclerosis is a chronic inflammatory disease caused by various pathogenic factors. Lipid metabolism
disorders have a fundamental role in the pathogenesis of atherosclerosis. The liver is the largest metabolic organ in humans and
has a key role in lipid metabolism by influencing fat production, fat decomposition, and the intake and secretion of serum
lipoproteins. By targeting hepatic lipid metabolism, research and development studies have focused on novel lipid-lowering
strategies. Here, we review novel approaches to target the regulation of liver lipid metabolism for the treatment of atherosclerosis,
including new biomarkers, therapeutic targets, traditional Chinese medicine, and natural dietary supplements.
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1 SRS ERL S

1.1 % RNA

/N RNA (microRNAs, miRNAs) & —2R K ETE
18-25 MEHTRAYARE F RIS RNA, miRNAs 7£
HERE BEBRI AT AS A58 A 2 ALAH GBI A 2]
HEAE B UL O LA R IR 7 R 21, ¥ 32 3
miRNAs [ 52 1, miR-122 J& JIF o Rk e )iz 1
miRNAs, Krutzfeldt %> PR R I miR-122 2 5 F
JIEL i e S i o A Rl , B SCHE [ miR-122 AT {1 2% J1H [
/K 25 R (H miR-122 5% 0 IE F AR 3 17
DIE S A ASTE 2. miR-33 [R5 1 AR ] A i A
Ko AE miR-33a @R/ P, ATP 25 5 & 5% s 1
( ATP-binding cassette transporter Al, Abcal) 33k Fl
=% P AR 1 (high density lipoprotein, HDL) 7K i
FEFtm . miR-148a 15 A /N BUH 2H 24 g JiE 3%
ik, miR-148a SAEFRH SN [E RS A% 25 B2 AR A 1 E [
[ (low density lipoprotein cholesterol, LDL-C ) F1H
SRR VTG, Goedeke 54 [ RFFE W]
/B miR-148a 53 335 T PRI BE NG 3 F 324K (low
density lipoprotein receptor, Ldlr) #1 Abcal WK, T
HAHEFH T LDL-C 7J(E|Zﬂ“r%ﬂ](high density lipoprotein
cholesterol , HDL-C) 7K F-R&AK . miR-30c 1 i 48 ] 5
MBEARIE H MBS Rl 1, il G B & . i
Fik APOE™ /N miR-30c 7 & 35 B AR A8 BR v AR A1
% B AR U IE R LDL-C 7K, IR0/ AS Ji 2%
BT miR-30c T SRR R 2 B, miR-27 7]
) 17 200 AN e 4 e v ) B B A, O AS
NAFLD S BR AR AT K, ARFFRAE mF Tk
B, 2635 miR-27a 3 FU0 0 A 7 7R 5 ol A s ) P
ity A <RI 2B IR S IR A AR A AR, i
JFFIE DT AR, DA B35 B 15 A2 e 4T, miR-29b-
3p" . miR-143"*" | miR-181a"”’ | miR-103 F1 miR-
1074 L E BIUE I S5 PR AR G

H Regulus Treeutics Fll AstraZeneca #ff % [} miR-
103/107 40157 RG-125 HI T35 7 B s i 0 A6
(AR TAG PG D M T 61 RG-125 (3R Y7 1R
B F H A b miR-103/107 36 YE M AE S5, /b B
miR-103/107 YUERJE T H i =P A1 2 35 R A1, 1B
B R USRS Bk, RG-125 A AT REAE ) —
P R0 IR 5 RGBT . BE T miRNAs HYIRYT L 0]
Z A mRNA 7 A= 49 B[R] A T 36 7 i AR 2= L

BAURAIEHE IR IE T2, HER
B a2 MR I BTG 2 miRNAs Y TE A9 BIE H,
HAFA miRNAs 7] fEA A 4> mRNA #L5, BefhA
AT RE A B A S DEA ROV
1.2 FFX 5%

JiF X ZAK (liver X receptor, LXR) VST AS[A]ZH 4L
ARG AL, 2 1 RCT, J2iR YT AS W TE B9 25 1)
Mo LXR VEI5 ATP 455 & ¥ 2 R 505  HRE A
E . JH [E B 7o 52 AL ( cholesterol 7o hydroxylase,
CYPTAL) % RCT A5G P95, Al o A1 3l JIEL 1] st
BB BIFFAL VEBR . LXR 30T W) B 4 8 1a] 42 4
P DI BRI R B H i — B8 &, 5 R T 9 2B s
FiHE AR, TR B AS NAFLD 9% . H TR
Jr i AR AP B B 1D A= B hn AT i o A e S EOTF
FEVE, LXR 308l 50 B i PR VL FH O B A7 35 Ak (5%
D)o Yu 2 (R FE R F IV BUREJEL (Col TV) #E 1)
FCAAXT AKRL - HEAT DI REAL, #2135 T X5 AS BESR 1Y
RO P, T PR R R R R, IR X R & mE
(PEG) WA F YK ESESHHAT T, AR T
IV 70 i J5¥ 1] £ 3 GW A 40 K i ( Col TV-GW-
NPs) . $% Col IV-GW-NPs F-Hiff) LDLR /Nl ¢
TEIT ) A 2 B HH AR BT B n B8 =3 AR IfLAEE
R R T — MR T LXR WO RRB TE AN Y
It 3R SR BT AP 1 AR LXR s R &
Xt AS AR TR
L3 AARZEEH I

PUKTEE 11 90 (heat shock protein 90, HSP90)
EMFL b SRR P ENE AR, LHER S A
F A B v BOKE HSP9O 43 S HSP90a il
HSPOOB Wik, il HSPOO It it A3 4K B 35 i
TR PEBER  Z R TS A AEVESR N . Zheng
A0 RIFSE R, I HSPOOR 16 ARG 1 i 7 1 I
J# ( nonalcoholic fatty liver disease, NAFLD) f& 3% Fll
HERE/N B P BE s, mi B /I BRUEF HSPOOR AT 2%
OV JF AL T P AR D17 T2 1) BN Sk 5 i, A PR 8 i)
254 HSPOOR 1] i 1t Akt-Gsk3B-Fbw7 & A2 i
L[ P 5 75 TC R 45 A 5 F ( sterol-regulatory element
binding proteins, Srebps) &4, B AR K B 5 ER
JHERE A2 PE 2 AU PRI FN AS, oAb, A ATk i 1k
H 7 — BB 9 HSPOOB 4 5+ 1 411 4 57l —Corylin,,
Corylin 7EfE FIF 28 Py T K& 1Y & AU, Pt
JFFT RS Corylin A HFAE M F M EGHE, HE
b A AT B8 ™ R 11 IR 245 4 60 LR MR T
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R 1 LXR FShHIE RIF 5 Je

Table 1 Progress in clinical research of LXR agonists

el NCT Wi PRA 38 01 B 32303 EER S
Agonists Clinical trial stage and participate Result
[N RS2 3PN
Phase 1, healthy adult SE s T A 2 A R K - EL 32 PR
- (6] NCT02655679 : . ’
VIP-38543 I R I 39, fi e pl A Completed ; significantly improve lipid levels and well tolerated
Phase 2, healthy adult
[/.— ¥ iy = g ﬂ:[éj:
NCT00613431 I R 1309, SRR A ‘ SE; AN A
€S-8080 Phase 1, healthy adult Completed; no results posted
) NCT00796575 I PR I, f R AR b s R 2R
Phase 1, healthy adult Terminated ; no results posted
PR 1399, iR AT 25258 =6
JE PR D S v L I L1k 5 HA = WK TR A ER v g v PR A
BMS-852927(17) NCTO01651273 Phase 1, primary hyperch- Terminated ; elevated TG levels and decreased
olesterolemia on a stable daily dose circulating neutrophils
of a statin for = 6 weeks
" SRR TN e AR R
BMS-779788 NCT00836602 Phase 1, healthy adult Completed; no results posted
L R T IN s
R N e TepTIy
NCT00366522 Phase 1, healthy adult c ’lbtmg’ﬂb‘”';'% o
N ompleted ; no results poste
PR 130, fa B AR A p@ﬁ.*?&'ﬁbgi v
LXR-62318] NCT00385489 Phase 1, healthy adult c Tt d’ ”’;' d
ompleted ; no results poste
TSRS IN YL AR M B 1
NCTO00379860 Phase 1, healthy adult T )

Terminated ; central nervous system side effects

1.4 EREEERREI

i 4 )& 2 H I 9 ( matrix metalloproteinase-9,
MMP-9) J& T4 J50 43 J& 35 W 5 e, FL I 1 19 7 s
A S DK A A A 78 1 % | DA B JILREZE AT
gy 4L E 1 45 5 98 i JE A, Hernandez-Anzaldo 2512
AIBFFE R I, MMP-9 J2 9 7 EL 3] 1 A3 8 A 48 i
MMP-9 3% P ek 28 AT 532 0 JFF X0 T 2 1 ] e 114 5 5%
IO, IS B0 B A 2L 5 1 A9 3l ik ok e A AL
Mmp9 w15 /1N B3R v 53 6 BB IR T A2 ( secreted
phospholipase A2, sPLA2) {&E34 /i, Srebp-2 76 1
iz sSPLA2 J 1540l 3] varespladib B9 Mmp9 #5557 R,
HFRIBREAR, $R MMP-9 #4i5d MMP-9— i3
sPLA2 BRI Srebp-2 &35 , M 1T 3 SO AH [ fsA € i
Lo ANEERK FOBE VT B 4517 5 B Bk W Al
WA AS R MMP-9 33k I 08 gl bk it #oe A AL e
B, MMP-9 7E AS H AT AR RITIAF A6 8, fH T
YERVEAG AS B35 200k WL B8 XS A9 4 D 48 75
MMP-9 £ S C Bl T 5 4 5 e (g s pRAG I 2122
1.5 EeREaBRN=AREIRESENER

HE AR AR IKE B E N
( leucine rich pentatricopeptide repeat containing
protein, LRPPRC) J& PPR FKJ& I 2 2k 61 2 —.,
LRPPRC g fi T 2R 1R, 76 35 2ok Ak D e Al
F W % 7 B AR ], LRPPRC 1 3 5 220k 14

RNA RGBS AT U SR iq 2 A9, 39 T4 A
BRRR LTS P, eI AR B Ak, Lei %' (HF
2], LRPPRC i i ¥ fin - S8 Ak B e AL 15 o |, £ 1F
JF20 FtL i 7 PR B BRI S8 A, AT FNAIE 24 vp Hr il =
TR RN JIH [ B 2K P, DT 2% /) B NAFLD,  Akie
25 1240 3 15F S5 6 35 LRPPRC 8 /) BUF 48 (L s 172
it AT Bl R Ab 16 1 0 388 /) B NAD +/
NADH AR 528 T, DA A2 2 JET 200 i i 1 R 56 4
Ak, DB R R /N B A 75 728 1 AR R E S

2 g

2.1 TxBifE

SRR AL BP B, — R AERE T H 2 AL W FHE
Y, 28 &R MEITREARMZENES
FFEH o KBRS AESE ) HA 2 R0 25 AR, e 4G Bt
e Ay YT | R S R AR AR A TR, SE i Y B
FEFM] AN A8 AT A B[ It 1) L3 1R 2 AR B AR
MARAKSE > B, Ding 25 B 78 3 W M 46
AR A G A 38 5 (HMG-CoA
reductase, Hmger) Fl L BEREEE A mRNA A9k,
] JEF DL T PSS 9ot = 5 i, A A0 3R AT o, 7 JEL i e
FHA =FRKF-. A, B 8 3 A 0] F R AE
3R B HE R T R R R IR A A
WS TR R~ FLWH TR 2 7 LB SR MR 0T 1R, A B T il
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P ROA BT . Guo %1% [AFF 5T A, TR AL 42
By vl 2 AT 1 4 8 BR B A0 E B, L A Bk T
FEE S 0 =R R B R 10 R KT E
o Li %2R 165 tRNA MFHE AR T T KA AE
PEHYRT = B R K R 8 TR R A L R, K
AR HE B 7] A Firmicutes/Bacteroidetes T J& H
{H . Firmicutes/Bacteroidetes & J& b {H B T} & BE
PR NG BT AR i, AR A6 B U 858 15 IR IR B R
SRR D A2 1 , et AT g Jo A A 3% M vl e 3% L
R AR K
2.2 SRILA

SO AR S LK R SR T
2 TEFRE 1O MU PR IR T TR AR B T Tz A AL
PR, 3O L 3 0 T o R ok VR T A S P
SR\ CRIEREILR SFSE A FORIRT =L
B =L B =B R R, PSR AR TR
B S, VA JIE T P K S, = e R O Y
CYPTAL 335, A T RE T FIE [T 2 ) A5, & 4%
FERRVERT . B DR b 5o AL 3 B35 /<00 Il
FEBGEE Lo, AT LB 32, I R SE R B, ok
O AURERS i 25 i35 ek Co i R85 10 I 7K1 I 3t 3
JIERE U BB O GO R AR UCBORD i 2L
6] Deng 25" AR T LW, 50 UBLA AN
PRISHE 5] |4 Abeg5 FN Abcg8 HYFEIA, i 2 I %
LDLR™"/INEL AS 78 . Ak JHH- il = ER U0 AR AT
HRWRR AL H I = ER AR 2 I, o0 ALER
BrEA NIRRT =R A D ) Rk
PRI = REAR A , Wl = BRI
2.3 “EKZHHE

TR (2,3,4, 5-tetrahydroxystilbene-2-0-
beta-d glycoside, TSG) XFREZ W, & T 252 Ak
G, BITE S ARGEEN ST, TSG BA ZF
A PRIEPERIZS T A, AnBE G T BR A H B
SoE RN Ko FEE AL AF L Yao 555 R FH AR (1
HAHHTE TSG T THT 5 R R % il 5 4~ 3%
25 5 RIBE  EAREOE B L RS 1 70 i
KR BIRED AL IEMEN, Hh #EEEN
A1 X} HDL 45 IH [E] 85 A i) 25 2w ik 20 T+ 23
HE, Xu 5 R, TSG T 19U 508U
PRIRE TR R LDLR ™ /INGUIFBR T A PR F AS 728
TSG 7] i & FEAIK Srebpel 363k, FIH Abeg5 1 CypTal
IR, $&78 TSG Al ik 52 el JHE G 5 M Sk 5 B B
iR B %A AL F1 RCT 45 g A il OCBEML ) A 453R 97
AS IPEF ., Chen %51 [y BIF 5T [ R 2 W, TSG 3 5t
A JIE T s A7 S R XS TR ] e P 4 B, T P o

ARG, A ApoE™ " /INEL AS JRAE
3 RABESHFTEF

3.1 HHzm

RRCRYS ek 2 b P £ T 3 B A i D R TR, A
WP MBI &Y, v B AS F1 NAFLD %
RN, Vergani 200 (RF 57 22 W, MURHOHG S8 v
FEIU By Ak A mT el 1 o 5 BRI 4L Ab N
PR 200 6 00 PN Bz 240 G e 32 i o 1 R A 48 A 1 3
Wi E , HA W BIRIT IR I A2 i AS MITER .
RS 22 7y 308 e o A1 400 B &1 900 35 7 0% A L B 1 1
I P 200 B 43 A R O 6 PR 1) 3 3k 0l 2 i 5 s I 1R 75
SRR 5 A= B, T8 HepG2 41 i A 1 A8 17
PRI, 98070 I I 6 S AHRYS 22 B & 442 % i g A
e REMLTHI 2 —

Violi %8s 25 4 il Fi 523X e 22 SO
BEMLAEC A 2 41, 53 A I 2 W 10 ¢/d F1fH 46
RIS ERTN, 25RO 2 W T I 2 PRI
J& 2 h IR LDL-C /K-, 7F Covas 25 1952 ik,
Kb 200 4432380 ) AR 3 oA 9] 2 2 1
M, Rk =8, 453 % W], TC/HDL-C A&
RS e B 2 o G BE I SRAR M T R, H
F RS 22 3 76 B 38 e IR SOAS 58 4, T SOMORE 22 1
A= R ARG ) SR I AR A S 36 a3
FERE RIS NI A HONE 22 B R 6% % 44 1B 1
CEANERPE AT, DL G AR i 35 L S B0 AS AN
NAFLD,, iff—25 By A 5% i 4 b 76 BONE 22 B0 76 AR
W 251880 12 2G5 A5
3.2 XHEEH

SCREVE M PR 2 2, R — Bl 2R A
BRI A R IS AU 380 SR | B L 1) L A K i
R, SCEVE R A JORE | 0 3 I A T B
FEPESERRE )2 N 3 DR A% 3 RN 1) 25 095 T
S B AR, W PR 22 TP 25 W i AR
SO UE R X I LA R S, TR A A A 5 A 3
FF, Xi SRS R AFUESL I T R S T
PEE BRI, T e Z M I, 25 TR R A
FFeb Y & &, Stefan 251 8 i 5 H i 3k = L
L% (GTMAC) [ R B M1 A 1 T BH B8 18 1) S e
TE ¥ ( Pull-GTMAC ). Pull-GTMAC 3@ 3 34 35
ApoE™ /N BT B B3 AX 38 A 5¢ mRNA [ £ 3k, 1
Ldlr 52 i AR, Z ¥ 5T AS /R, (HR, S24E e
BHE—FHIL 18 K AL &  , TE A S S e By
J& AT RE L B T AN T A2 B RE AR, A0 %0 IR BB R
A FIIE A%
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e BRI S W B 2R AR ) (A R ) h A
) Z B3, (5 — B 1) 2 5 25 AN [A], 4 e A
JE 43 4 1 o 1R TR AL, 5 B 1R 3k 2 [B) R TR i
e, W B Z A Y 2E Dt iy | B
Bg BrR IIE A4 e SE, BRI AR AL iR 3R
HH 4 O Je T 36 Ao 5 i) 6 00 £ 4 €00 fig IO i A ) %
BT HA R AR Yang % 5T F T,
e e a8 Srb1 F Ldir ik k3% C57BL/6)
/N B R R 5 ) 68 B 38 3 9805 /)N BRUHE T Lar B/ Abe
AR H NG B ; @it EIE CypTal Fak Wi Fh
FIEL T ) BEL 9 R B e Ak, Yin 2810 B BIF 5T [R) AR 3
R, 4 56 0 g 38 o 1T ApoE ™" /N Ppara, Lar 55
RCT #H5¢ mRNA Fl18 A9 2% 35 08 TR Qi 22
L, I HL AT AR i 7 s B0 Jok ok e £ 1
5, AR E R ET O B R ER S . M b
Je e b, H F Tk B & 100 mL it 450 mg, 7]
SEHONEEA AR E SR, MR E TR R,
{H TR bR — PRI AR 4, R B R
FCE ISR, A, B P AR SR R AT
I B[], 7 3kt A 55 HE 25 R o

4 HiE

L LR RHE AR IR 4 AT TR Y
JTEXS I SRR 25 (R R ), A % K N L B 2R AT AL 25
PRI VF 22 PR 2G IR SR IR 2 b ST 57 DR 22 S PR A
ROERELT | LA LU AR B89 2 035 P 1w LA 1) i By
alH) TR U R TLAR PR RN AS B iR 8T Y
SR, FR TR o3 R I A B A AL ERATS A 1
SE , HAS KA R EREERLE S 2%, LUS BT 58 AT
A ERWTHAE I 7T AL
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