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[Abstract] The liver is an important metabolic organ that maintains the relative stability of fatty acids
through 4 key pathways:regulation of circulating fatty acid uptake,intrahepatic de novo synthesis,fatty acid
oxidation and very low density lipoprotein output. The persistent organic pollutants (POPs) , because of their
lipophilic nature and high toxicity,often accumulate in the liver and induce hepatotoxicity. The POPs exposure
is closely associated with liver disease and can lead to imbalances in the synthesis and catabolism of fatty
acids. The de novo synthesis of fatty acids in the liver is an important link of fatty acid metabolism and is es-
sential for maintaining stable liver metabolism. Therefore, studying the regulation of de novo lipogenesis by
POPs helps to further understand and analyze the hepatotoxic mechanisms of POPs. This paper investigates
the effects of POPs exposure on hepatic fatty acid metabolism based on the pathway of intrahepatic de novo li-
pogenesis, with a focus on the molecular mechanisms of POPs in the regulation of hepatic fatty acid de novo
synthesis.
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AT A Rk R R U5 R & B (fatty acid syn-
thase, FASN) & () 3R 35, 3 I 1 BT 4 i 107 1R A 3k &
B KW 2 S 3OH i =18 (triglyceride, TG) & LRI
it . PR TN i 05 R A Sk & RS T B 0 1R AR 1Y
FooE EREZ, BB Nl 5 & Bl = BE maE . 3k
VB K5 P B8 Wi T (non-alcoholic fatty liver disease,
NAFLD) 5 A5 Wi B2 2 2 69 35 0 s 3= 2203 N iF
PIRR IR A 3k 5 1. S BT A (Acetyl-CoA, Z
ik COAD W] 3 3k JHF P R D5 R A Sk & it 72 6 BLHT 1Y
RE iR, H AR 0 . £ B COA 78 WA g A R 1k
fitf ( Acetyl-CoA carboxylase, ACC)/E H T #: 4k W W
TEREEEE ALV B A 2 FASN FE AL b 5 E R
Tt o HCP 22 ek 2 AR A R P A 55 0 T ek e e 4
o TG WMIE A6 . BRIk, 34 I B8 D5 e Ak &
B2 7 A 3 22 0 B D R TS SO IR 7 28 1 B
T =g URE B E A R

JHF PAL B 105 1 K Sk B B 52 22 b 2 s IR - 4 L v
g [ B E T e 45 5 5 1 -1c (sterol regulatory
element-binding protein-lc, SREBP-1¢) F1 % /K 1t &
Wy & B G 1 45 & 5 H (carbohydrate response ele-
ment-binding protein, ChREBP)"', H #{, POPs %t
JEF VAL 10 TR BN Sk B RS0 A 98 45 T R S8 X 2 B
T REIT . SOk, AT SCHRSCRF POPs XTI 4 i 17
M Ak 5 B B 2 A G CACC AT FASND th A 72
Wi, A SCEE MR T POPs X Bk 4 A4 F A4 .
1 POPs 3 SREBP-1 HJiE=

SREBP-1 4} 4 SREBP-1c fil SREBP-1a 5 4 %l ,
SREBP-1c 72 JH M 2 75 ¢ =i o 2 98 35 JHF 9 i 07 iR A =k
A B SR L S P . SREBP-1c /i A& 8 H 75 9t U1
J5 7T B B A% T SR DR T A0 s B
1 F R EIE R SREBP-1c 7] LA IR W5 B2 4= ik
AR HE M AR WAL ) Z L Bk Z SREBP-1c /)
BN AE 72 i BOIR S TF 2 35 08 W B s AT TG & .

YL A (bisphenol A,BPA)E—Z5% WY POPs,
BZW5E CAE W] BPA 1 Il 5 e & &= K0, 5
RAE 5 Z ARG 5 5 WO R 5 3R Z K Y)-1 (insulin re-
ceptor substrate-1,1RS-1) , Hoif i< W 2 b A F n] LA 4%
SR NG Bk LB 3-3% B ( phosphatidylinositol 3-kinase,
PISK) & H R 36 I AKT[ X PR 1 B B (protein
kinase B, PKB) | 1Yy & ik, &% % AKT il & 47
mTOR 4 63 5 P 7 45 9 P 8 A0 A 52 45 1K 1/2 Ceu-
berous sclerosis complex 1/2, TSC1/2) 3k ¥ %
mTOR @&, A H LW ik — 5 £ W S6 B 1
(S6KD A2 mTOR B i3 198 %5 SREBP-1c Jf:
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Vo HH I N ACC . FASN 183 34 3K 52 Wi B 105 1R 1 &
. ZHOU %2 W58 % 8L, BFIE X 324K o (liver X re-
ceptor o, LXRo) AIVE R 55 5t I+ 2 5 IF N G I 2 &
. S6K1 Al B IR AL B LXRa e fE i H 2 X%
. 7E LXRo B/ AT siRNA A+ % LXRa #HTF 40
ffisp , SREBP-1¢.FASN #il ACC1 # &7~ T F 8748
k. BPA X P9 i 5 e A Sk & B s 22 J2 A
A A AR B R AR BT, S BT IRS-1, Y T
PI3K/AKT A 2 1k A& M » LA i ke 300 ] £ 9 5 B
TSC1/2, 3% mTOR i# . T F S6K1.LXRa
Z 3| mTOR 3 # 19 2L 3 E R S6K1,LXRa
A LA TN SREBP-1c, ACC . FASN 1 3 35 5K 52 1w i i
B4 . M, miR-192 7EJG I 8 A i ik F b iy &
VET BAE A PTSEIED] miR-192 Al DL E 42 o M 8 45
SREBP-1. 4 BPA Z# 0] LIl miR-192 . 3% 1] S5
TR WE v 09 g B R G Bk R 3R 3k b IR RN IR T &
RO GUO S R B, 2805 Y W R %5k kW
JF B 0 A5 DR 5310 AN [ 3 B o 22 5, 55l BROAS ) O R
TE # % T JE (phenanthrene, Phe) J§ , SREBP-1 mRNA
TR LR, EE S S BUR N R G Y £, s i
1, LXRa A LLVE T SREBP-1c 4 J7 3h 1 X 38 %) 1
EHEJ R . COCCT 41 % #l 2 36 95 k& (PAHD . nf LA
9 FF 40 i b SREBP-1c B9 26 3k, ¥ K 1 #L H 2
LXRa [ FFRIE EiH .
2 POPs %f ChREBP ByiF#=

FEHFE R, ChREBP Al a8 & 5 K 1k & W0 55 4kl
g Wi o A7 6% A7, K3 O A IR Ik N Ak B R
ChREBP == 2 # LA ik /K AL A 9 M 56 19 I J0E it 1
FIB AR A BEARUE 8 DT R 1 A R 41 AR B A
bk EEEAEN, BT E A E, SREBP-1c Ml
ChREBP W] LA7E W B2 ff F1RG 17 12 & B AH 56 36 R i 3%
KR P L IED FEAE R . SREBP-1c i % /v S35 &
75 T8 W R A WA & 56 4 1 22 3k L 1l ChREBP 3 LA
i & 2R AR P Y 5 XA o T A R R R T PR
LR Y 6 3k P8 5 . ChREBP 3 [H 5% 5% 3% M Bk T
At %l R - 0 S5 TR L A S5, AR 32 A 1Y 1 Bt R
% B T 48 B % [N T-4 Chepatocyte nuclear factor-4,
HNF-4) \LXR.FXR 8 FUIR i # % Z i (TROY . 7
/NERHEEBR ChREBP 23 386 5% JIF I g 105 42 ¥, K 1, i
ik ChREBP . Al Ok A& TG %% # & 1 (micro-
somal triglyceride transfer protein, MTTP), & i
VLDL iz i B i .
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W RE W] W32 . — IR AP K TR 5E R B, SRR
iR #-2-2, B 2 R [ Mono ( 2-ethylhexyl) phthalate,
MEHPJ4EF HepG2 4Hfifd 24 h. 409 )y ChREBP & H
FkB W, %8 MEHP 3% i ChREBP & #
e R 195 B8 G B, 1A PR D7 R N Sk 5 WA i U R
RIS . R Y N s X &L LEE 5 &
PRI ALBHRR ) 2. 2", 4, 4"-PU R — K fif (BDE-47) ] |-
4 ChREBP1 #1 ChREBP2 mRNA ik, # /5 22 25
T ALEE M (MAPK) 1915165 F R,
3 POPs 3 ACC Y=

ACC J2: i oy BR AR v i — A4~ S g 3= 82
EF ¥ B COA F b AT B Hi il A G 5 BA
00T PR A R T e RS i 1 9 R ), 2 T KL AR R s PR
AALIEZE R H Y, ACC Wk Z Wil A R 1k
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AL, Hodr, ACCL = 22 45 40 A Ja 10, 1 ACC2 2 ik
PN RN AN O I o 7 i [ R A
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ACC2 Bk 25 5 302 b (A B W7 iR 8 Ak 8 ™ . i
ACC i M 3 2 32 IR AT TR 1% b 25 1 CAMPKO 1) 11
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S TR 2 BEdi e A poFa 2, AMPK i85 8
AN B COA B 7KK 5% ) fi 22 1R £ Tt 7% % I
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i SE Ak O B4k 1T R FASN B3k . S 8UE S R E
i, SREBP-1c £ FASN % [ #i# 3£ [, BPA W] 38 i
PI3K/AKT/mTOR & # /£ | T SREBP-1c, fii 1%
FASN mRNA K5, Jg W5 R & ni3 2 . LA ok 4
N G D7 2 A Sk A i BT 0 A 1D R X
W 22 GUIBOR B 5% T LLE S [ G 40 i A% R R
1B(Hepatocyte nuclear factor 1beta, HNF1b) 7K 3,
Hhn SREBP-1c¢ il FASN mRNA 3k, 40 I BE JE
o7 R 1 AR
5 INEERE

POPs 1 fdt e UK 457 2 52 0 T T JIE g 1D 7 A 35k
FoE Xt N R fil i 56 B, 254 POPs B2 5 45 bk
Ko 55 R AR G99 1Y 6 2 2855 N POPs 5| & M 8 P
82 B R POPs X I 4 g 107 B2 M\ 3k & il 43+
MR 7 RAE G2 . HRTRIIESE 2 & W POPs
AT 3 ok R A S B R N Sk R R O g R T
JUE R s 2 A 1 25 8L« 3 R 0 . BRI O, e T
N IR D TR M\ Sk & BUAH OC 73 F 335 A B POPs JiF
755 1 I B 1

[1] KUCUKOGLU O,SOWA J P,MAZZOLINI G
D.,et al. Hepatokines and adipokines in NASH-
related hepatocellular carcinomal]]. ] Hepatol,
2021,74(2) . 442-457.

[2] TIPSEN D H, LYKKESFELDT J, TVEDEN-NY-
BORG P. Molecular mechanisms of hepatic lipid
accumulation in non-alcoholic fatty liver disease
[J]. Cell Mol Life Sci,2018,75(18):3313-3327.

[3] GAOW Y,CHEN P Y,HSU H J,et al. Tan-
shinone [l A downregulates lipogenic gene ex-

pression and attenuates lipid accumulation

through the modulation of LXRalpha/SREBP1
pathway in HepG2 cells [ J ]. Biomedicines,
2021,9(3):326.

[4] NTANDJA WANDJI L C,GNEMMI V,MATHU
RIN P,et al. Combined alcoholic and non-alcoholic
steatohepatitis[ ] ]. JHEP Rep,2020,2(3):100101.

[5] ALKHOURI N, LAWITZ E,NOUREDDIN M, et
al. GS-0976 (Firsocostat) :an investigational liv-
er-directed acetyl-CoA carboxylase (ACC) in-

of non-alcoholic

hibitor for the
steatohepatitis (NASH) [J]. Expert Opin In-

treatment



2498

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

vestig Drugs,2020,29(2) :135-141.

XI Y,LI H. Role of farnesoid X receptor in he-
patic steatosis in nonalcoholic fatty liver disease
[J]. Biomed Pharmacother,2020,121:109609.
SAMUEL V T,SHULMAN G 1. Nonalcoholic
fatty liver disease as a nexus of metabolic and
hepatic diseases[ ] ]. Cell Metab, 2018, 27 (1)
22-41.

YOON M S. The role of mammalian target of
rapamycin (mTOR) in insulin signaling []J].
Nutrients,2017,9(11):1176.

ZHOU Y, YU S, CAI C, et al. LXRa partici-
pates in the mTOR/S6K1/SREBP-1c signaling
pathway during sodium palmitate-induced lipo-
genesis in HepG2 cells[J]. Nutr Metab(Lond) ,
2018,15:31.

LIN R,WU D, WU F J,et al. Non-alcoholic fat-
ty liver disease induced by perinatal exposure
to bisphenol a is associated with activated
mTOR and TLR4/NF-kappaB signaling path-
ways in offspring rats [ J]. Front Endocrinol
(Lausanne) ,2019,10:620.

LIN Y,DING D,HUANG Q,et al. Downregu-
lation of miR-192 causes hepatic steatosis and
lipid accumulation by inducing SREBF1: novel
mechanism for bisphenol A-triggered non-alco-
holic fatty liver disease[]]. Biochim Biophys
Acta Mol Cell Biol Lipids,2017,1862(9) :869-
882.

GUO J,ZHANG S,.FANG L,et al. In utero ex-
posure to phenanthrene induces hepatic steato-
sis in F1 adult female mice[ ]J]. Chemosphere,
2020,258:127360.

COCCI P, MOSCONI G,PALERMO F A. Preg-
nane X receptor (PXR) signaling in seabream pri-
mary hepatocytes exposed to extracts of seawater
samples collected from polycyclic aromatic hydro-
carbons ( PAHs)-contaminated coastal areas[] ].
Mar Environ Res,2017,130:181-186.

KATZ L S,BAUMEL-ALTERZON S,SCOTT
D K, et al. Adaptive and maladaptive roles for
ChREBP in the liver and pancreatic islets[J]. ]
Biol Chem,2021,296:100623.

HARO D, MARRERO P F,RELAT J. Nutri-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

¢ AEF 20225 T AFHSL AR 14

tional regulation of gene expression: carbohy-
drate-, fat- and amino acid-dependent modula-
tion of transcriptional activity[J]. Int J Mol
Sci,2019,20(6) :1386.

BRAVO-RUIZ I,MEDINA M A,MARTINEZ-
POVEDA B. From food to genes:transcription-
al regulation of metabolism by lipids and carbo-
hydrates[J ]. Nutrients,2021,13(5) ;1513

JI H,SONG N,REN J,et al. Metabonomics re-
veals bisphenol A affects fatty acid and glucose
metabolism through activation of LXR in the
liver of male mice[J]. Sci Total Environ, 2020,
703:134681.

BAI J, HE Z,LI Y, et al. Mono-2-ethylhexyl
phthalate induces the expression of genes in-
volved in fatty acid synthesis in HepG2 cells
[J]. Environ Toxicol Pharmacol,2019,69.104-
111.

LEE M C,PUTHUMANA J,LEE S H,et al. BDE-
47 induces oxidative stress, activates MAPK signa-
ling pathway.and elevates de novo lipogenesis in the
copepod paracyclopina nana [ J ]. Aquat Toxicol ,
2016,181:104-112.

LALLY J S V.GHOSHAL S,DEPERALTA D
K, et al. Inhibition of acetyl-CoA carboxylase
by phosphorylation or the inhibitor ND-654
suppresses lipogenesis and hepatocellular carci-
nomalJ]. Cell Metab,2019,29(1):174-182.
BATES J,VIJAYAKUMAR A,GHOSHAL S,
et al. Acetyl-CoA carboxylase inhibition dis-
rupts metabolic reprogramming during hepatic
stellate cell activation[]J]. J Hepatol, 2020, 73
(4):896-905.

HUANG T, WU X, YAN S, et al. Synthesis
and in vitro evaluation of novel spiroketopy-
razoles as acetyl-CoA carboxylase inhibitors
and potential antitumor agents[J]. Eur ] Med
Chem,2021,212:113036.

FANG K,WU F,CHEN G,et al. Diosgenin a-
meliorates palmitic acid-induced lipid accumu-
lation via AMPK/ACC/CPT-1A and SREBP-
1c/FAS signaling pathways in LO, cells[]].
BMC Complement Altern Med, 2019, 19 (1)
255. CR#E55 2503 H1)



