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PM 2.5 Promotes the Incidence of Nonalcoholic Fatty Liver Disease
Via Inhibiting FGF21/AMPK «2 Pathway*
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ABSTRACT Objective: To explore the influence of PM 2.5 on the nonalcoholic fatty liver disease(NAFLD) and its correlation with
FGF21/AMPK «2 pathway. Methods: 40 6-week-old male mice were randomly divided into 4 groups according to the concentration of
PM2.5 in trachea drip: control group (10 mice with normal saline), low toxicity group (6.25 wg/mL), medium toxic group (12.5 pwg/mL),
high toxicity group (25.0 wg/mL), 10 mice/group, continued exposure for 19 days. A NAFLD mouse model was established by feeding
high-fat diet for 6 weeks from 10 weeks of age. Levels of circulating TG, TC and FGF21 were measured before, after contamination and
after high fat feeding for 6 weeks. Mice were sacrificed, and liver cells were cultured and randomly divided into two groups, respectively
transfected with Ad-FGF21 and control virus Ad-GFP for 16h. After that, PM2.5 suspension was added for a total culture of 36 h, and the
survival rate of the two groups was measured, and the contents of TC, TG, FGF21 and AMPK alpha 2 in liver cells were measured. Re-
sults: After the contamination and 6 weeks of high-fat feeding, serum TG and TC in each group were significantly increased compared
with those before the contamination, and serum FGF21 levels were decreased. With the increase of the concentration of the contamina-
tion, serum TG and TC were also increased, and serum FGF21 was decreased (P<0.05). After 6 weeks of high-fat feeding, serum TG and
TC in each group were significantly increased and serum FGF21 significantly decreased (P<0.05). Compared with the Ad-GFP group, the
survival rate of hepatocytes in the Ad-FGF21 group was significantly increased after PM2.5 exposure, TG and TC levels were significantly
reduced, and the FGF21 and AMPK «?2 hepatic expression levels were significantly increased (P<0.05). Conclusions: Childhood PM2.5
exposure can accelerate the development of NAFLD in adulthood and is closely related to the exposure concentration. PM2.5 may pro-
mote hepatic lipid deposition and the development of NAFLD by inhibiting the liver FGF21/AMPK «?2 signaling pathway.
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132 FRARRE IR RIS 6 JH 5 abst /N, U
IR T DMEM Bigedit . BEDLN AL, 73005k gy id ik
FGF21 4 ik 75 3K (Ad-FGF21) 55 %} B 55 8 Ad-GFP 16 h,
JEHTRFRIA PM2.5 B TP AR 37, 36 h 5 e
ANHLAATE (%), ME R AIfLN TC & TG,
1.3.3 Western blot &4 Ml AT 40 A FGF21 . AMPK o2 &8 i
FH RIPA Zi e T 4 M i i B H R BCA 50T
FHESR, I AMRNARFRL 6% SDS-PAGE Loading buffer, Jt
30 wg A A, 7E 8% SDS-PAGE HilfATHITK 2 h, SR J5H4 4E
G N6 2 RS AL Y PVDF B 1 h, DL 5% IR e = IR T
£1P 1 h, A 1:1000 F B f—4i (FGF21  AMPKa2 J% B-actin
LRSI F Abcam 2 7]), 4 CHER A, K H PBST I3t 3 Ik
J& A 1:5000 F B9 HRP #7310 19 — 47 (Abcam 23 ] ) 25 i %
H 2h, H ECL bR GIT A TRE = It
L4 GitEFHE

iz SPSS17.0 JRGLIHH A AT R A2, THEFORLL
(et )RR, AL ELBER A t I sl A R Ty 224307, LA P<0.05
MR RA G S
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2.1 BAFFEAES TG, TC K FGF21 7K F Lk

YLREHT, 441 TG TC FGF21 /K- L 22 R LG4
SL(P>0.05); Y3 5 M =i g MEsR 6 i), 44 TG TC /K PH g
BEATEA W T35, FGF21 /K- i AL, FLRES Yo sk ny Ba
TG . TC JRAHR Tt , FGF21 Bl Z FEAR(P<0.05)., 5 Ye8i/m AL,
HA R SE 6 JHJG TG TC ¥ 18 275, FGF21 B &A%, 22
S G L (P<0.05), WL 1.
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Table 1 Comparison of TG, TC and FGF21 levels at different time points among different groups

Time Groups N TG(mmol/L) TC(mmol/L) FGF21(pg/mL)
Control group 10 0.35+ 0.09 1.21+ 0.18 136.35+ 10.35
Low toxicity group 10 0.39+ 0.11 1.23+ 0.11 134.42+ 9.44
Before poisoning
Middle toxicity group 10 037+ 0.13 1.19+ 0.15 138.63+ 10.40
High toxicity group 10 0.36% 0.14 1.20+ 0.13 140.89+ 12.51
Control group 10 0.37+ 0.12 1.24+ 0.20 137.19% 9.33
Low toxicity group 10 0.51+ 0.14°° 1.35+ 0.19°° 121.29+ 12.31°°
After poisoning
Middle toxicity group 10 0.66+ 0.17°°° 1.52+ 0.17°°°¢ 112.36% 15.34°°°¢
High toxicity group 10 0.87+ 0.21°°°°¢ 1.70% 0.24°°°¢ 101.44+ 13.36°°°°¢
Control group 10 0.52+ 0.19° 1.50+ 0.31° 124.17+ 0.37°
High fat feeding for 6 Low toxicity group 10 0.87+ 0.20°° 1.89+ 0.35°° 112,15+ 12.29°°
weeks Middle toxicity group 10 1.03+ 0.23°°° 221+ 0.33°°°¢ 99.20+ 14.34°°°¢
High toxicity group 10 1.39+ 0.29°°°°¢ 2.65+ 0.41°°°¢° 87.19+ 10.32°°°°¢

Note: Compared with before poisoning, ° P<0.05; Compared with the control group, ¢ P<0.05; Compared with low toxicity group, ® P<0.05; Compared

with middle toxicity group, ® P<0.05.
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Fig.l Overexpression of FGF21 in mice hepatocyte

2.3 1%3% FGF21 J§ PM2.5 X3 BF4ABETEE RSN
5 Ad-GFP 41 b4, Ad-FGF21 4 PM2.5 L35 J5 HT-4n 17
EREET S, ERA G2 X (P<0.05), WK 2,

100 *

(o]
o

80

. I
60 1
50 |
40
30 f
20 f
10 |
0

Ad-FGF21 group Ad-GFP group

Fig.2 Overexpression of FGF21 increased the survival rate of hepatocytes

Survival rate of hepatocytes(%)

after PM2.5 poisoning
Note: Compared with Ad-GFP group, * P<0.05.
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Fig.3 Influence of FGF21, AMPKa? levels in hepatocytes after
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Note: Compared with Ad-GFP group, **P<0.01.
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Fig.4 Influence of PM2.5 on the lipid deposition in hepatocytes after

overexpression of FGF21

Note: Compared with Ad-GFP group, *P<0.05.

PRI R A K RIS B AR FHAIL R A& 5 | DG WG IR 2
A BRI SBURF A ARSI Bl PM2.5 45 RS 400k 4 1)
R R0, Zh LG 2s R EoR , PM2.5 IR A AT /N FRFFATE
L HG AR 2021, {0 PM2.5 380 NAFLD Jinig 5 in & 191
FARLHHAS 123 WA H , BT AL 0 2 B AL B 5T 14 4 TFH5
KO B, Pk, ) FH S A %) B A A ANk 47 22 i e HL A
J& NAFLD %A & JE i pL A B2 ARE Mt A L, AR
SEERIL, Gt 19 RYLH ), &4 TG . TC B EniH et m,
FGF21 AMPK /KF-FAI%,  FLRfA Ye 3 W 1934 0, TG . TC 7R
FHN FH 8, FGF21  AMPK i 22 [ {15 (P<0.05) , 15 2= B 45 CIRfE 5
SEARTT, DA PM2.5 JREEHN AT B AN AR PR i
& NAFLD LRt 5 — i d T . Rl 6 JHg , &4
MG Z AL — A s, JEFF FGF21 AMPK F&MEI] %, B
NAFLD,, H A 0L, G4FHA PM2.5 & 8 a] il o s ar = e
ST, S350 NAFLD §) & A4, H™ BRI 5 44 YL 3 /0
W HE BETIAR S22, FRA TN FGF21 /KR W ml i 1k 540 1 i
Y AMPK BE 23 [, 15 & I B LA
F s, FGF21 nf i i B AE AR AR Se S R A Kk
X R B T 19 NAFLD HAT (-3 PE =, 53 WF o i
Fr,FGF21 T it AMPK {553 [ X6} #1170 Al o - i A i A ARt
AL SR TR Ak 0 AMPK. 0] 38 35 B R AL 400 i e 1 A= %,
Hod AMPK o2 FZEFERS , % AMPKa2 /K TR VEH
U, B DE AR B UORUINRI S, ARG 5T & B, Ad-FGF21 41



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.11 JUN.2020

- 2035 -

PM2.5 YL 355 IF4I LA TG 542 Ad-GFP 41 i & 7155, B TG . TC

KT B (R, FGF21  AMPK o2 7 5t I i 35 7+ (P<0.05), i

VKA PM2.5 55 FGF21/AMPK o2 3 B& 7770 ARG , 7] 42 b

I3 JZ IR S #ik FGF21 al i #20 T i) AMPK fig 5 id

B PM2.5 SR EUFIERR BLICAR , 7T 85 % FGF21/AMP-

Ko2 3 B0 B A QI & 4 1 [ AR FIAT G RS A5 ROF Fe

AR AMPK B[R /)N BRUBERL, T 25 7 iR SR L 56 5 RS /)N

SR BRI IR ARG AE , TS R A /N2 12 A BRI

JHFHRAE , 1 WM ) FGF21/AMPK o2 3 6 1] s FERIE R iR
L5 BRTIR, #AEI PM2.5 258 TN AR F NAFLD &

A=, B E v B2 DDA G PM2.5 ] B T a0 A AT D

FGF21/AMPK o2 753 {2 1 JH- 41 L i 57 U AR il NAFLD 1)

KHRE, IS FGF21/AMPK a2 {5 5 18 I 115 P A B2

JRYT NAFLD R E7r 1A%

& # 3L #k(References)

[1] Benedict M, Zhang X. Non-alcoholic fatty liver disease: An expanded
review[J]. World Journal of Hepatology, 2017, 9(16): 715-732

[2] Chi ZC, Gastroenterology DO, Hospital QM. Pathogenesis of non-al-
coholic fatty liver disease [J]. World Chinese Journal of Digestology,
2017, 25(8): 670

[3] Rocha ALL, Faria LC, Guimarzes TCM, et al. Non-alcoholic fatty liver
disease in women with polycystic ovary syndrome: systematic review
and meta-analysis[J]. Journal of Endocrinological Investigation, 2017,
40(12): 1-10

[4] Rinella ME. Nonalcoholic fatty liver disease: a systematic review [J].
JAMA, 2015, 313(22): 2263-2273

[5] Diehl AM, Day C. Cause, pathogenesis, and treatment of nonalcoholic
steatohepatitis[J]. N Engl J Med, 2017, 377(21): 2063-2073

[6] Tarantino G, Capone D, Finelli C. Exposure to ambient air particulate
maRer and non-alcohohe fatty liver disease[J]. World J Gastroenterol,
2013, 19(25): 3951-3956

[7] Kim JW, Park S, Lim CW, et al. The role of air pollutants in initiating
liver disease[J]. Toxicol Res, 2014, 30(2): 65-70

[8] ¥ st. PM2.5 3t s & g A o # TNF-o IL-2 IL-8 VA% ICAM-1 7K
¥ e B 5 [D].F KK, 2017

[9] H#H33, /R4 dk, £ L% PM2.5 # HepG2 4 LB i HeAR % v A AL
R I].2R3E 5 4 B e &, 2015, 32(6): 509-512

[10] Li M, Li YM. Fine particulate matter and nonalcoholic fatty liver dis-
ease[J]. Zhonghua Gan Zang Bing Za Zhi, 2016, 24(9): 713-715

[11] Molleston JP, Schwimmer JB, Yates KP, et al. Histological abnor-
malities in children with nonalcoholic fatty liver disease and normal
or mildly elevated alanine aminotransferase levels [J]. The Journal of
pediatrics, 2014, 164(4): 707-713

[12] Tarantino G, Capone D, Finelli C. Exposure to ambient air particulate
matter and non-alcoholic fatty liver disease [J]. World journal of gas-
troenterology, 2013, 19(25): 3951-3956

[13] Khoonsari M, Azar MMH, Ghavam R, et al. Clinical Manifestations
and Diagnosis of Nonalcoholic Fatty Liver Disease[J]. Iranian Journal
of Pathology, 2017, 12(2): 99-105

[14] Jia Q, Xia Y, Zhang Q, et al.Dietary patterns are associated with
prevalence of fatty liver disease in adults[J]. Eur J Clin Nutr, 2015, 69
(8): 914-921

[15] Periasamy S, Chien SP, Chang PC, et al. Sesame oil mitigates nutri-

tional steatohepatitis via attenuation of oxidative stress and inflamma-
tion:a tale of two-hit hypothesis [J]. J Nutr Biochem, 2014, 25 (2):
232-240

[16] Kelishadi R, Poursafa P. Obesity and Air Pollution: Global Risk Fac-
tors for Pediatric Non-alcoholic Fatty Liver Disease [J]. Hepatitis
Monthly, 2011, 11(10): 794-802

[17] Giovanni T, Domenico C, Carmine F. Exposure to ambient air partic-
ulate matter and non-alcoholic fatty liver disease[J]. World Journal of
Gastroenterology, 2013, 19(25): 3951-3956

[18] Hashemzadeh B, Idani E, Goudarzi G, et al. Effects of Pm2.5 and
No2 on the 8-Isoprostane and Lung Function Indices of FVC and
FEV1 in Students of Ahvaz City, Iran [J]. Saudi Journal of Biological
Sciences, 2016: S1319562X16301656

[19] Shekarrizfard M, Faghih-Imani A, Hatzopoulou M. An examination
of population exposure to traffic related air pollution: Comparing spa-
tially and temporally resolved estimates against long-term average ex-
posures at the home location [J]. Environmental research, 2016, 147
(15): 435-444

[20] Zheng Z, Xu X, Zhang X, et al. Expoure to ambient particulate matter
induces a NASH-like phenotype and impairs hepatic glucose meta-
molism in an animal modle[J]. ] Hepatol, 2013, 58(1): 148-154

[21] Vesterdal LK, Danielsen PH, Folkmann JK, et al. Accumuation of
lipids and oxidatively damaged DNA in hepatocytes exposed to parti-
cles[J]. Toxicol Appl Pharmacol, 2014, 274(2): 350-360

[22] 9, #HH4, 2.5 PM2.5 *bHF 2m B g S AR i Ao A B2 38 49 3%
st [J]. 7 B S X E 2, 2016, 23(9): 9-11

[23] Videla LA, Vargas R, Riquelme B, et al. Thyroid Hormone-Induced

[t}

Expression of the Hepatic Scaffold Proteins Sestrin2, 3-Klotho, and
FRS2a in Relation to FGF21-AMPK Signaling [J]. Exp Clin En-
docrinol Diabetes, 2018, 126(03): 182-186
[24] Yang H, Feng A, Lin S, et al. Fibroblast growth factor-21 prevents di-
abetic cardiomyopathy via AMPK-mediated antioxidation and
lipid-lowering effects in the heart [J]. Cell Death & Disease, 2018, 9
(2): 196-203
R, WL, B, . BT 22 P 7 s AMPK S8 3K A
#) NF-xBp65 i 34 KAk 3F 78 #b i s AT KR DE 5145 [J]. P B P
7 &, 2018, 43(15): 3176-3179
[26] Fu X, Zhao J X, Zhu M J, et al. AMP-Activated Protein Kinase ol

[25

[t

but Not a2 Catalytic Subunit Potentiates Myogenin Expression and

Myogenesis [J]. Molecular & Cellular Biology, 2013, 33 (22):
4517-4522

[27] Yong Z, Ying W, Yu Q, et al. Ampelopsin Improves Insulin Resis-
tance by Activating PPARy and Subsequently Up-Regulating FGF21-
AMPK Signaling Pathway[J]. Plos One, 2016, 11(7): €0159191

[28] Zhang HA, Yang XY, Xiao YF. AMPKalphal overexpression allevi-
ates the hepatocyte model of nonalcoholic fatty liver disease via inac-
tivating p38MAPK pathway [J]. Biochem Biophys Res Commun,
2016, 474(2): 364-370

[29] Kamikubo R, Kai K, TsujiNaito K, et al. Beta-Caryophyllene attenu-
ates palmitate-induced lipid accumulation through AMPK signaling
by activating CB2 receptor in human HepG2 hepatocytes [J]. Mol Nutr
Food Res, 2016, 60(10): 2228-2242

[30] &%, Z AR, ALE &, . K " km " B P EIKE K A
I R B AT e AR IT 2 A (1.7 iy o 12, 2013, (BO4): 10-11



