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WE: AR E 2K FFEE (benzo[a]pyrene, BaP) % HepG2 Qﬁiﬂﬁqjﬁigréﬁéﬁiﬂﬂiﬁl? 21 (fibroblast growth
factor 21, FGF-21) g B AR W S AH OG5 PR 3R I8 F 52, DL R Ik M6 B F 2 75 05 77 )& 52 4 (aryl hydrocarbon receptor,
AhR) Fi /5. KA 15.30 fil 60 umol-L"' BaP {E J HepG2 4H iid 24 h, ﬁ()ﬂ\J HepG2 41 Jifg /b & IE [ B (total cholesterol,
TC). H il =5 (triglyceride, TG) AL % i Jig &% A IH [ % (low-density lipoprotein cholesterol, LDL-C) FJ & f, gPCR
H1 Western blot £ Il FGF-21. -5 A0 AH J¢ HE TRl [ 5044 4 i 446 38 BE 03800 52 44 o (peroxisome proliferator-activated
receptor o, PPAR«) IR KR A8 19 5% #2 % 1o (carnitine palmitoyltransferase 1o, CPT-1a) ixk 58 A0 49 i3 44 358 58 40 B it 52 A
y HWIE K F 1a (peroxisome proliferator-activated receptor gamma coactivator 1a, PGC-1a)] F1fi 5T & e AH ¢ L A [3d
SE AL W TR 3 BE W) NS 32 A y (peroxisome proliferator-activated receptor y, PPARy). CCAAT/3E 5% F 45 & & 1 «
(CCAAT/enhancer-binding protein a, C/EBPa)~ il i5 I i liff A LY AIMF 1 (stearoyl-CoA desaturase 1, SCD1)] [ mRNA
IR ARk . 8150 25 4% YL i S TR AhR (AR R A MO bk, % 73 2NN 30 pmol-L BaP JFAT45 25403, 41 O et
AN AR 5 5 B, A FGF-21 B- 4 M A 5 JE DAL R A J & BT G B TR (1) mRNA AT EE 3R GK . 5 control HAH EE, 15,
30 A1 60 pmol-L"' BaP #B 1] {f HepG2 4l iy h TC. TG #1 LDL-C )& & J1 ;60 pmol-L" BaP 20 HepG2 41 iyt FGF-21
1 -5 ALK 2 BE T mRNA FI 2R (938 K 38 NP2 BE AR 2 30 pwmol-L™ BaP 411 &, {HI 53 & AR 5 5 A 1) mRNA #1214
K RIETFE . UTER AR 45 F 30 pmol L BaP J5 HepG2 40 i3 1 g )i & & . TC. TG A1 LDL-C Eﬁé‘%ﬁ%ﬁ FGF-21.-
SAAR DG JE R RD T T2 A BOHE G 222 (R ) mRINA R R IA 13 PR o AS[F) 77 5 BaP #f oT i# i AhR i A% HepG2 4 i
JIg R % 1R FGF-21 F 0k 38, Fo i 7 52 (%) BaP {2 2 i S5 A B AE AR G 45089, (H AT 2 25 92 e IR 1D % B- 4840 K1 T
i 71 & BaP X FGF-21 115 S 4F FH 58 TR 241, 7T 32 & 08 & oK1, TR 2k 8 7 R B- A0 VR AT g5 . 45 1
BaP Xf FGF-21 Jig J5 A QU S AH SC3E [AT (4 P 842 H ARR JIT /S
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fibroblast growth factor 21 (FGF-21), lipid metabolism, and related genes in HepG2 cells, as well as whether these
effects are mediated by the aryl hydrocarbon receptor (AhR). HepG2 cells were treated with 15, 30, and 60 pmol-L"
BaP for 24 h. The levels of total cholesterol (TC), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C)
in HepG2 cells were measured. The mRNA and protein expression levels of FGF-21, f-oxidation-related genes
[peroxisome proliferator-activated receptor oo (PPARa), carnitine palmitoyltransferase 1o (CPT-1a), and peroxisome
proliferator-activated receptor gamma coactivator la (PGC-1a)], and lipid synthesis-related genes [peroxisome
proliferator-activated receptor y (PPARy), CCAAT/enhancer-binding protein o (C/EBPa), and stearoyl-CoA
desaturase 1 (SCD1)] were detected by qPCR and Western blot. A stable cell line with AhR silencing was
established via lentiviral transduction, and the cells were treated with 30 umol-L" BaP. Lipid content was assessed
by oil red O staining, and the mRNA and protein expression levels of FGF-21, f-oxidation-related genes, and lipid
synthesis-related genes were measured. Compared with the control group, all three doses of BaP (15, 30, and
60 umol-L") increased the levels of TC, TG, and LDL-C in HepG2 cells. Compared with the 30 pmol-L" BaP
group, the 60 umol-L" BaP group showed higher levels of TC, TG, and LDL-C, lower mRNA and protein
expression of FGF-21 and fS-oxidation-related genes, and higher mRNA and protein expression of lipid synthesis-
related genes. Following AhR silencing and treatment with 30 umol-L"' BaP, lipid content, as well as the levels of
TC, TG, and LDL-C, decreased in HepG2 cells, and the mRNA and protein expression levels of FGF-21,
f-oxidation-related genes, and lipid synthesis-related genes were all reduced. Different doses of BaP increased lipid
content in HepG2 cells. However, low-dose BaP activated AhR, thereby relatively increasing FGF-21 expression,
reducing lipid synthesis, and enhancing fatty acid f-oxidation. In contrast, high-dose BaP activated AhR but
relatively decreased FGF-21 expression, increased lipid synthesis, and reduced fatty acid f-oxidation. The effects
of BaP on FGF-21, lipid metabolism, and related genes are all mediated by AhR.
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WE B, AR A 2 EL 2 S Bl B IR BUAR R (R AR
Dy R 5 5 AH OGS 7 V£ 5 (metabolic dysfunction-
associated steatotic liver disease, MASLD) ¥ & 4= &
JePY, MASLD & — N ANWr kR 18 s, 7™ F I 1] 2
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11 % ¥ 77 )& (polycyclic aromatic hydrocarbons, PAHs)
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Pyr, ZKIEEE (benzo[a]pyrene, BaP) #& PAHs FH H¢
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A& (aryl hydrocarbon receptor, AhR) 454 1 %5 /& /N i
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IRWOE G, NZIE BURE E B i% 8 A R AEH . PAHs
{1 $5 BaP.2,3,7,8- VU & — & -p- - BE I (2,3,7, 8-

tetrachlorodibenzo-p-dioxin, TCDD) Z5#fS /& 4 #i. i) AhR
ShUEAEBC A4, BaP )& AR T2 2 (1 ARR A 217
TE AR WS IR & R, ARR R4 7 £ 18 HSP90. p23.
XAP2 1E 40 i J51 7 i o i 1 ) 2 54, 24 BaP 5 AhR
455, AR B B &5 57 F e R AALE A
(aryl hydrocarbon receptor nuclear translocator, ARNT)
TR —RAR, R BN, 5 HEREER S 311X
W IR 5 8 6 (xenobiotic- or dioxin-responsive
elements, XREs/DREs) %4 &, 5| /k % Fi 4= £ J 5 #LAE
M. I H AR 7E I AR AR 6 77 1 E A 4
HI, A 0T B0, 0 (s R A ) A 5 1) AR,
A4 4% B F «B (NF-xB) @ %, T W s 5 B8 & i
(fatty acid synthetase, FAS)-[&] B2 1 15 o 45 A & H e
(sterol regulatory element-binding protein-1c, SREBP-1c¢)
I B, AT T SOME AR A . B E R E YIRS
AR 2 [B] R AR EL AR A AT 8 1 7 3 AR AR
AT 4 41 g A= 4 [R F 21 (fibroblast growth factor
FGF-21) 72— % 5 g s AE 0 R R5 H 7, W 2
5900 2 AR A, A 5F 7R W] AhR 5 FGF-21 (1)
FeF R K. Girer P LR W] FGF-21 J5 8) 7
H 3 Bt XRE &5 #435, 454 XRE1.XRE2 1 XRE3. T
H 2H i 391 f BF 98 K B, 770 1Y) BaP W] i % AhR &5
FGF-21 JA )7 X3 rh XRE1 45 &, 1M1 # 7) & [¥) BaP 1]
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4% AhR 5 FGF-21 J& 3 7 X 38+ XRE3 &5 &), {H
A 5% BaP 4% FGF-21 J 0 1 Uit Jig o AR i A 96 386 (R 3%
K BIFZ I 2 75 AhR A5 0 T BH A AR e 18

AHEF B 7E B BaP X HepG2 41 ffa A5 5 AR 5 119
sZM J H Ay 1B, B S B ARR {3 5 I8 % 5 FGF-21
EH R A o SO0 I8 18 0 T e i T ER
AR 1] HepG2 Fa 3% 4l fu bk, 14t — 2D 50 UF BaP X} FGF-21
AR BT AT S AH G 25 (R 1) 208 72 HH ABR A1 3 11 43
BLA, AR RN 78 FR 858 15 e W SO R AR 57 8 0 28 K
P, 9y MASLD 76 77 52557 (1) 245 W0 97 B0 s R SR s
THF MASLD A U4 2 95 A A2 A1 S

MRS R%

LI AMAE AR 4 PR (HepG2) 1 1 b 5¢
A 2Bt o

W3R IR R R (3¢ [ Sigma 2 F, it 5
B1760); & K il 20 O %% 4K 71 « 1 mol-L" Tris-HCI
(pH6.8) 1 mol-L" Tris-HC1 (pHS8.8) (L2 = K4
FEARAT PR A ], #5558 C0158S.ST768.ST788); H
R i SRR BN\ Tris-base (AL H B ERHH
R &1, #5420 5 A 15121223 13120529+ 15032698);
BCA A & &/ #1571 & (32 [E Thermo Fisher Scientific,
fit 5 : 23227); = JH[E B (total cholesterol, TC). H i =
g (triglyceride, TG) F1IK % B2 iF 25 (1 10 [ BE (low-
density lipoprotein cholesterol, LDL-C) & 7] & (7§ 1t &
JR A TREWE TR, #5209 A110-1-1. A111-1-1,
A113-1-1); HAA (15 Mt 4 5 A L MO FI 8 1 (stearoyl-
CoA desaturase 1, SCD1) . ixt S8 A Y Bl A 388 58 Y0 0 52
{4 y (peroxisome proliferator-activated receptor y, PPARy).
CCAAT/H 3 7 45 4 & H o (CCAAT/enhancer-binding
protein a, C/EBPa)- i % 4 4 g 44 3 5E ) B3 324K @
(peroxisome proliferator-activated receptor a, PPARa).
IRl TRk, £ A Bk %% #%2 B 1o (carnitine palmitoyltransferase
la, CPT-1a) i A0 100 ity K 369 B P i 32 4y SR B0E
¥ la (peroxisome proliferator-activated receptor gamma
coactivator la, PGC-1a)+ f-actin] 14 H J€ [F Abcam 2
7], #5754 ab232368 .ab178860+ab138491.ab76026
ab80588.ab68477.ab8226.

IXEF  BIO-RAD F:fitli KA (fF AR A iy B2 2 7 b
AR, 25 1645050); Odyssey £1 41 6 iR &
4t (3£ [E LI-COP A #], 145 : CLX-0493); % 1% i fL
MR A6 & 4t (32 [E Perkin Elmer 2 @, Enspire); PCR 4%
(45 Arktik). F 38 18 52 52 & 9% % PCRAX (5
Pikoreal 96) J#J H % [E Thermo Fisher /A 7]

MDA SAIE B4 K E 80% % E 1) HepG2

U AE T 6 FLIR N, @ % B 0.15.30.60 pmol-L™" &k &
BaP 4, 4% 73 20 0 A\ AH BV BE (1) BaP. (@ 1 & control
2l . BaP 41 . shControl+BaP 4 .shAhR+BaP 41, 4% 4y 21
BN 30 pmol-L" BaP. H & ¥ DMEM # 7% I F
37 °C5% CO, 35 74 H I & 24 h J5, #FAT f5 22505,
HE K3

4R TC. TG LDL-C Z &M %7 &5 1E
Ui B EAT ARSI, 15 A R LB AR, T B AR G 5E TR
JeBE, iF 5 TC. TG.LDL-C &% &

M ORE HURERGMAMREMA 1 mL 2%
BT K7 401 P ] 52 30 min. 38 % NN 400 L i 41 O %
4 420 min, PBSIEUE 3 1K, i Ja TG BAes
MR R, K HALO B 3EAT 5 543 #r, W g i PH
PETIAR 73 b o

UER AhRFREE ARBEMRAIE 12 S 8iA e B &
TAY TR (L) A RAR (585 WZ139).
P HepG2 21 M 2= 6 FLAR, /2% % 200 M i 45 L 400 Jfa &Ry
2x10°4, JEYLE $L (multiplicity of infection, MOI) = 100,
7] £ S 536 4 7 0 polybrene, 1 H KA 5 ug-mL”,
N BT T (R BRI &AL, BRI A E T 37 °C.
5% CO, R 9% . v 6 h o M MIE A,
AT T SR R FLEAT 4 e S IR, W] g K
I TA) B 22 25 24 h B AL B . 48 h )5 il it 9¢ b B,
MR M. RIS 7 48 h )5, FE R4 5T,
SN E 2 ng-mL RIS B E K ik B 5R 2k, T CO, i
FER AR RE IR . Ai0n A WS, ik S AR R
B ee s 97 5L, 5597 48 h 5 O 40 IR

qPCR  HUIRAS R A7 1 40 Mo 42324 751 S 45 1R $2 L
RNA, K H 1 % 5% i 7] & % cDNA, ¥4 10 pL total
RNA. 2.5 pL primer mix. 25 pL nuclease-free water.
10 pL 5% RT buffer, 2.5 uL RT enzyme mix LK _EVR %]
B 1) % 50 pL S B W, PCR Sz # 564X (37 °C 15 min,
98 °C 5 min) 58 &% 5 5%, T-20 °CRA7FFFH . # 1 uL
cDNA.0.4 pL b Fi# 5% .5 uL SYBR Green PCR
Master Mix. 3.2 uL RNase free water {1 & 3 2] it &,
10 pL [ B AR &, 3858 qQPCRAXFE FF N 95 °C 1 4% 1t
30 s, fifi J5 3547 40 NP IGIE R (95 °C, 5's; 60 °C, 10 's;
72 °C, 15 s); MR 4 i A it 26, SRAEEHE C 1A, HMEEH
AR 2 IA A M 7 i3 T 2T R B HEAT, DL p-actin
NN SRR, BN REACPAT L S IR, BCP YA REAT 4
Pro SIWIFAINZE 1.

Western blot A KRS B4 10 410 B $2 B 25
1, SDS-PAGE i L yK 0S8 R AT 43 59, M4 Bk K
/N B HUAE B K /N R 2R Al — B £ 0% I (polyvinylidene
fluoride, PVDF), % Ji5t 3¢ ji5 B 5 57 - BH AR FEL AR I8 4K
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Table 1 Primer sequences. SCD1: Stearoyl-CoA desaturase 1; PPARy: Peroxisome proliferator-activated receptor y; C/EBPa: CCAAT/
enhancer-binding protein a; PPARa: Peroxisome proliferator-activated receptor a; CPT-la: Carnitine palmitoyltransferase la; PGC-la:

Peroxisome proliferator-activated receptor gamma coactivator la; AhR: Aryl hydrocarbon receptor

Gene Species Primer sequence (5'-3")

CPT-1a Human Forward primer 5'-TCCACCGTTTGACTTGTGACCC-3'
Reverse primer 5'-CCCTTTATCCATCCATTAGGAGCCGAT-3'

PPARa Human Forward primer 5'-ACAGATGACGACCAGGACAC-3'
Reverse primer 5-AAACGGGATTGCATTGTGTGA-3'

PGC-la Human Forward primer 5~ AGGCGGTGCTCGCTTGTG-3'
Reverse primer 5'-GGGATAGATAAAACAGGATGCGA-3'

SCD1 Human Forward primer 5'-CAGTTCCTACACGACCACCACTA-3'
Reverse primer 5'-GGACGGATGTCTTCTTCCAGAT-3'

PPARy Human Forward primer 5'-GATCCTCCTGTTGACCCAGA-3'
Reverse primer 5'-TCAAAGGAATGGGAGTGGTC-3'

C/EBPa Human Forward primer 5'-CCAGAGGATGGTTTCGGGTC-3'
Reverse primer 5'-GCGGAAAGTCTCTCGGTCTC-3'

AhR Human Forward primer 5'-AGCTACTCCACTTCAGCCAC-3'
Reverse primer 5'-TTCGGATATGGGACTCGGCA-3'

J-actin Human Forward primer 5'-CTACCTCATGAAGATCCTGACC-3'

Reverse primer 5'-CACAGCTTCTCTTTGATGTCAC-3'

PVDF 5 & H (18 A B IR AR AR F A, ¥ B
400 mA, 1 ho #4505 ¥ PVDF JBET- 4 P v o 4
4130 min, 4 °C—Hii% & 1L (B-actin HT 74 48 W 3% TR
1:10 000 FH 044 BE AT FRE, R — PUIR 4R %
HE 121 000 FH Hoi4 i BE R EAT W0 RE), 28 — H HUH 2%
FI TBST P 3 7%, BN Z i (Z Pk 4a il 3% 1
1:1 000 FHHLIARRG B AT# FE), = PF & 1 h, TBST
Vel 3 ¥k, TBS el 1 i, i AL/ BoL A i iR R &
BEAT 48, A Imaged #E4T 5048 AT AL 20 BT
Giit S 4IE %5 K FH GraphPad Prism 7.0 £
I3, WALIE] EE R A ST REAS (46 56, 22 8 E E 4T
FLR K 7 Z M (one-way ANOVA) 11t % 52 46 4H (7]
)22 S 1, B R 8 + R ifEZE (x £5) KR, P <
0.05NAZERBHGITHER L.
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Figure 1 Increasing concentrations of BaP elevate the levels of TG (A), TC (B), and LDL-C (C) in HepG2 cells. n =3, X £ 5. "P < 0.05,
“P<0.01, " P<0.001. BaP: Benzo[a]pyrene; TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol
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Figure 2 Increasing concentrations of BaP upregulate the
expression of FGF-21 in HepG2 cells. A: FGF-21 protein band
pattern; B: FGF-21 protein expression statistics. n = 3, X £ 5. P <

0.05, "P<0.01, ""P<0.001. FGF-21: Fibroblast growth factor 21
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Figure 3 Increasing concentrations of BaP upregulate the expression of genes related to lipid metabolism in HepG2 cells. A: Protein band

pattern of f-oxidation-related genes; B: Statistical graph of f-oxidation-related gene protein expression; C: Protein band pattern of lipid
synthesis-related genes; D: Statistical graph of lipid synthesis-related gene protein expression; E: Statistical graph of f-oxidation-related
P <0.001
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gene mRNA expression; F: Statistical graph of lipid synthesis-related gene mRNA expression. n=3,x=s. P <0.05, "P<0.01,
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Figure 4 Silencing of AhR ameliorates BaP-induced lipid accumulation in HepG2 cells (40%). A: Band pattern of AhR silencing; B

Statistical analysis of AhR silencing interference effect by Western blot; C: Statistical analysis of AhR silencing interference effect by qPCR;

D: Oil red O staining and HALO software analysis results; E: Statistical analysis of HALO software results; F: TC content; G: TG content;

H: LDL-C content. n=3,x+s. P<0.05, "P<0.01,""P<0.001
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Figure 5 BaP affects the expression of FGF-21 in HepG2 cells
through AhR. A: Protein blot; B: Protein expression statistics. n =
3,X+s. P<0.05
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Figure 6 BaP affects the expression of genes related to lipid metabolism in HepG2 cells through AhR. A: Protein band pattern of

p-oxidation-related genes; B: Statistical graph of f-oxidation-related gene protein expression; C: Protein band pattern of lipid synthesis-

related genes; D: Statistical graph of lipid synthesis-related gene protein expression; E: Statistical graph of f-oxidation-related gene mRNA

expression; F: Statistical graph of lipid synthesis-related gene mRNA expression. n=3,x£s. P <0.05, "P<0.01, P <0.001
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