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[ Abstract ] Objective To investigate the role and underlying mechanisms of lipopolysaccharide
(LPS) in the promotion of non-alcoholic steatohepatitis. Methods Wild type B6 (B6. WT) mice aged 6~8
weeks were randomly divided into 3 groups and fed with normal diet (ND) , high-fat diet (HFD) and HFD
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combined LPS injection (HFD+LPS) , respectively. LPS (0111:B4, 1.25 pg/g body weight) was injected
intraperitoneally to the mice of the HFD+LPS group once a week, and normal saline of same amount was given
to the mice of the other 2 groups. After 10 weeks’ feeding, the levels of triglycerides (TG) , total cholesterol
(TC), alanine aminotransferase ( ALT) and aspartate transaminase ( AST) in the serum and liver tissue were
detected by enzyme based assays. The lipid deposition in the liver was observed by oil red O staining. The
levels of IL-1B, TNF-a, CCLS, CCL2 and CCL4 in the serum and liver tissue were measured by ELISA. The
mRNA levels of IL-18, TNF-a, CCL5, CCL2 and CCILA4 in the liver tissue were detected by quantitative real
time-PCR ( RT-qPCR ). The pathological changes of liver tissue and inflammatory cell infiltration were
detected by HE staining. Infiltration of macrophages and neutrophils, and the expression of TLR4 in the liver
tissue was analyzed by immunofluorescence (IF) assay. Proportion of macrophages and neutrophils in the liver
was assessed by flow cytometry. Results The serum levels of TG and TC were significantly higher in the
HFD group than the ND group (P<0.05). Their contents in the liver were markedly increased in the HFD+
LPS group than the HFD group (P<0.01). The mice from the HFD+LPS group had more obvious vacuolar
degeneration of liver cells, infiltration of inflammatory cells, higher NAS score (P<0.05) and larger number
of infiltrated mononuclear cells (P<0.01) when compared with the HFD group. IF assay and flow cytometry
proved that HFD + LPS treatment induced significantly obvious infiltration of hepatic macrophages and
neutrophil accumulation ( P<0.05). ELISA proved that HFD+LPS treatment increased serum levels of IL-1p3,
TNF-a, CCL5 and CCL2 (P<0.05), elevated mRNA levels of IL-18, CCL5 and CCL2 in the liver tissue
(P<0. 05). IF revealed that TLR4 showed obvious cell membrane translocation in liver tissue after LPS
treatment, and the co localization of TLR4 and macrophages showed that the expression of TLR4 on the surface
of macrophages in HFD + LPS group was significantly higher than that in HFD group( P<0.01). Conclusion
LPS mediates intrahepatic infiltration of macrophages and neutrophils and aggravates the process of NASH in
mice fed with HFD through upregulating TLR4 expression on macrophages to induce chemokines and
inflammatory cytokines.
[ Key words ] non-alcoholic steatohepatitis; high-fat diet; lipopolysaccharide; chemokine;

inflammatory cytokine ; Toll-like receptor 4

http : //aammt. tmmu. edu. cn

Supported by the General Program of National Natural Science Foundation of China (81873883) , the National Natural Science Foundation for Young Scholars of
China (82000525) , the Project of Medical Science and Technology Development Plan of Shandong Province (2018 WS065) , and the Project of Science and
Technology Development Plan of Weifang City (2020YX011). Corresponding authors; LIANG Shujuan, E-mail; liangshj@ wfme. edu. cn; CHENG Lixia,

E-mail : winfmelx@ 163. com.

I K Pk B8 B PE BT 93 ( non-alcoholic fatty liver
diseases, NAFLD) &—Fift 5 [ 15 R HRHT AN AL b WO
DIV G B AR LR AT 5140, 5 S B AR AE S JHT 40
P =R (Triglyceride, TG) SR IR, HPHTIE
Z A4 BT RS 1 BA 2l B8 5 T ( non-alcoholic simple
fatly liver, NAFL) A K by JEC3i A8 (14 A5 V8 A 14 g Jo 2 i
4 (non-alcoholic steatohepatitis, NASH ) I JF 7 45 14 g
TVERFREAL o IR BEE RS VE 7 AL, AR i
H LA T B CRERE R ) S AR Y i P e
P BT H A B R A 0, NAFLD & g 80 38 4F 336 1
NASH J& NAFLD %5 3% h vk 9 ke i B2, 2 AP
B A 5L 2 24 e s 25 7™ SBT3 1Y) e B P

%, HIk, WIEE NASH % 5% HL i %) NAFLD 3477 K
INEEAE S X,

FHSETFFEHG 25 08 107 R e 40 R 1 R 08 i 25 i 3
T, B B RS VR R 2L, IO i 22 [
I REAE K 2B Y R A 7 2 (endotoxin ) B8
Mo e B AL i 2 5| I 66 5 B Ry O, ey
“JRT4N” BIAETE, I IS N 4 5 2248 ( Lipopolysacchrides ,
LPS) A LASE 3 JF ) K HE A MUV A B . 3k AL V0T
FRA LPS AT PB4y AOAE -, WIS 00 A L 25 B P
(¥ %A G BR R LPS 1] L i 5 2 ok R R AL
JIFAE 2 LPS HE AJEFRRT B 5E M R a2 —, B4
H RN, I 18 T RE 25T S BN 2 MR VR B LPS



http : //aammt. tmmu. edu. cn

=R KRR, 2021,43(22) 2425

£ NASH Hfg 25 S 2/EHT, EAHSCAL] i AN5E 4= B o
e, A BIEFEAE R RS R A ek /I B A TR )
LPS JE 4t , ot — 2B N IRYE LPS 7E NASH it J#
A B ARSCHILR] , RUIYI D NASH. f s A o7 S 42
BB

1 HRSH®

1.1 ##

1.1.1 28 zhd 6 ~ 8 & ME kB A= B B6. WT
(CSTBL/6) /s L (W 3 4 By 1= 2 Bt 5l ) 5 3 v ol
46 HARJTRE 18 ~20 g) (Al FR1EJCH E i I AR BRI v
EIR (20+2) °C fHIR(50+2) % HIWE & 12 h, firf 5l
Wt AR A 1 = 2 e sh W PR A 5 el T 2 B St
7 AT

L1.2 ikt IR R 5245 MD12033, fit G
Eb : B 15 20% g 1 60% Bk K AL A 4 20% ) 1 F T
IR AR YR A IR A . R/ USSR (i RE
FE 2R 5 24. 02% JI§HT 12.95% Bk AL 54 63. 03% )
1 B AL B R R AT

1.1.3 5] LPS(0111:B4) ,ORO ¥ AWM H £ H
Sigma-Aldrich ; TG \TC ,ALT I AST i &y B 5 2 &
A W) TREWESE BT T %29 95 (immunofluores-
cence, IF) ¥ M 49 K B PL /D B F4/80-Alexa Fluor647
(F4/80-647) F BB/ B 1eG g 1 25 [ Abeam, 112
PR B IgG(H+L) -FITC 4 B 3& [ Invitrogen , LI EH R
IgG(H+L)-Alexa Fluor 647 Il H J£[E Jackson Immu-
noResearch , i/ B [eG Hifkly) B 25 [ Biorbyt, FHF
TAAMIA (flow cytometry, FCM) 6 (14 K BT/ B
CD16/CD32 Hi #&, CD11b-PE | Ly6C-FITC , Ly6G-APC
1 F 25 [ Biolegend . RIPA Z&fi# i JHZHZL TG 5l
& A AT MR BORA PR A, BCA H H
e R & At R R R R A W], /L TL-
18 . TNF-o £ il i, 5] &5 W H 3£ [E eBioscience, /N F{i,
CCLA [CCLS #& I 50 & A P [ Absin 22 &, /)N B
CCL2 MR G B IR B A BRA B B seasln) &
1 B 22 [ Thermo scientific, qPCR &7 & Wy B 3£
Roche 22#]

1.2 7%

1.2.1 3hyial 55 K 4y 40 I 6 ~8 Jil it B6. WT
HEPE/N B, 230 45 7 IE R KB (ND 41) 5 &Rk e
(HFD 4) , #8574  HFD+LPS 2545 J 1 Y ik
S LPS(1.25 ng/g fRJiHE) ,ND 241 F1 HED 21 7 4 4
PRRR A JRER K, T30 10 JEALSE/NR, FgH 20 4 H 5

WEE 3K,
1.2.2 BEEERI M 4255 TG\ TC K

W AR /N BRI , A4 1700 G i I A5 A TG TC 7K
o HERFRBUHTEEATEZH L, 32 18 1 mg 24000 20 pL
BRI, IOKIB A N OSSR AR SR S Ui s
W TG . TC & &, IR AW EE TR OE
1.2.3  jher O Yt AU UIRRUTA g/
SUBTEE 4L 20, OCT 4 3 )5 Y U HR o UK R, 24T 0K R
VIR B S pm, 60% 5P BEHRE [ E f5 , PBS #jist,
L O Bt 8 min, JRAKG YL 5 1 50% H i, ot
FWAEE TSI RE IR, WS40 285 i TR
O, 3 Image J B0 HLHEF T 8 30T o
12,4 [gykA i o 4L 2dh ALT (AST /K-

W AR /IN BRI Y65 5 YA B IBOHT B JTF I 2 21, 4% B 1 mg
AU 9 WL AEBEER K, VKoK TB 25140 R WL AT 3K, B B
TH o MR 85 150 WY 5 43 T A 0 1 VR 55 U 2 21
ALT AST 7K, I R BE A TR OE
1.2.5 HE 3£ 052 I 2H 23 5 4 =11 KRR
S LPS 12 h AbBE/IN R, K g i R AL 2 BT 4% 2 5
FH S [ e 7, A O B3 )5 A T R, Y R R
5, 28 TR RO EEORS GIE AK AR S, 95 AR Y
4,5 min (LR YL S B R, J62E BB N AR 4
FG , SEE T L 2 A 12 I O o (AT, SR P 9 [
SE BAEWFFEBE NASH I RAHF 5T I 21 T AE 4135 /e H
NAFLD 1% 2/ 3 43 ( NAFLD activity score, NAS) '*" %}
NASH [ B FE B HEF T IEAL

1.2.6  ELISA £l 0 %5 . AT 2H 21 TL-1B8  TNF-a |
CCL5 .CCL2 ,CCL4 /KF  RIRFES LPS 6 h J5iise

INERILIR , #) IL-18 \ TNF- .CCL5 .CCL2 ,CCLA4 7K
- PR LR A 4 R UL U T o B AR BT B T
WELHZY, 4208 1 mg BFAEZHZUINA 10 wL 55 85 (A B i
FITR A RIPA SR 0PIR, VKK B 24T T ARSI,
12 000xg ,4 CE.0> 10 min, BLFIEW . BCA & ®iAK
IR Y B VR B . MEHRIE A 2k 3R
Bl IL-1B (500 pg) TNF-a(500 pg) \CCL5(12.5 pg) .
CCL2(500 pg) .CCIA(50 pg) WK, e/ i 72 ™ A%
P BEULA A3 A T o

1.2.7  TF Fa 0 JH Ak 28 22 15 s &4 i v s 44 e T AR
K TLR4 B3RS ¥ OCT W vk R L1 78]
RO JRER S wm Y R 2 10 min, 109% 111 2 1f 75 &
M 1 h, TG 5K, F4/80-Alexa Fluor 647(1:50)
HEARPUA, 4 CWEE R KBRS/ Gr-1 Bk
(1:100) Hapi/NE TLRA Hpfd(1:200) A brpiia, [



2426

=T R R4, 2021,43(22)

http : //aammt. tmmu. edu. cn

IHECE Isotype 41, N A2 A HUAA R Fh & | [7] Y | [F] R
U5 TR Y f i K AR A S ok BR R DL HEBR B BH Ak
4 CHEF o &5 A3 $H1 K B IgG (H+L)-FITC
(1:400) 253 1 h, DAPI ¢4 5 min, PBS YRI5
BTSN E A, BT YO R AEE TS

1.2.8 RT-gPCR i e A 1L-18 . TNF-o .CCL5 . CCI2
CCL4 mRNA 7K~ K F RT-qPCR A I #H 3¢ 55 A
mRNA 3k, F] ] TRIzol-5 45 74 $2 B/ B AR 20 21
RNA I RNA WREE R 2lifE . DL S wg RNA 647 [k
SR, SOV ZR R 20 plo B2 WL S5 cDNA 47
K, 510 50 e TR o AR R R E A AR
(WFE 1), BNAARFR K 20 pL, LA GAPDH fE RN 2,
Wt 274 Zp#r IL-18 . TNF-o, CC12 . CCLS5 , CCL4 11y
mRNA /KR 1L

%1 RT-qPCR 2|¥1F 5|

B JP5(5'—3") P BE/bp
IL-1B IEX  GACGGACCCCAAAAGATGAA 283
Jx L ATGGGAACGTCACACACCAG
IL-8 1L AGATACCGCCACGTTCTGAC 252
JZ L GAAATGGAGAGGCATCCGG
TNF-a 1EX  CAGGCGGTGCCTATGTCTC 88
Jz L CGATCACCCCGAAGTTCAGTAG
CCL5 1L GCTCCAATCTTGCAGTCGTG 242

X X GAGCAGCTGAGATGCCCATT

CCL2 1 GACCCGTAAATCTGAAGCTAATGC 117
JZ L AATTAAGGCATCACAGTCCGAGTC
CCLA 1 CCAGGGTTCTCAGCACCAAT 122
J< L TTGGAGCAAAGACTGCTGGT
GAPDH 1. TGTGTCCGTCGTGGATCTGA 131

J< L TTGCTGTTGAAGTCGCAGGAG

1.2.9 FCM Kt/ BUSFIE 842 40 F 4 5 1 40

JeERidnpe 200 HJE e W A IR A B et - E
EE N\D 4] Bl HFD | B8 HFD+LPS 41
2.57
2.0
O
= 1.57 &
H
0.5
o
0 4 10
s 1]/ i) A

HE, B0 FBR AR T SIS T 4, 388 1o 21 240 i B
B 21 40 i, 40% Percoll # J& 4y /2, 800 X g B .[»
25 min, F}# 5 B O, DASCHE ST IE B A% 40, i1y
T BUIX10° A4, i ABT/NE CD16/CD32 Hifd
1wl 35 A 15 ming, 00 ACKH B 20 1L RE A9 S 00 T 4
CD11b-PE \Ly6C-FITC Hif&tric B W4 il ; CD11b-PE |
Ly6G-APC Hribric ot i 4i il . a4 8 30 min,
PBS VEE A f5 , FH] FCM buffer F & 4012 200 H JE
Je Wit %, 28 A An AR
1.3 %3t oM

KM GraphPad Prism 8. 0. 1 G384 #4770 #r,
THEFORHL x+s R, P R BCR T ¢ K5, DL P<
0.05 A G FE L.

2 #£R
2.1 LPS B4 HFD 3t 3% ¥ fig X34 35 4% TG . TC &
LR A

AL 4 )G, ShAR ML /N R M Y TG . TC K
- BRI IEPRAE LPS ESIHTRFE . 45 R R @A
4 JEFFUG , HED 2/ BUL TS TG (P<0. 05, & 1A) .\ TC
(P<0.05, 5 1B) ZKF-Fhie, W% = T ND 41, 4R gt
SERIBEREI RS . WS A HFD 41 5[] HFD+LPS 41
IR AR 2E 5, 25 R BoR, 4l /N TG\ TC /K-
JTeH .2 5 (P>0.05) .
2.2 LPS B4 HFD s}/ 8F A g AR89 %0

9010 JE, AbFE/NER TZT O Yt iF 2L N g
JitAR, HFD+LPS 25 /)N BN P s O AR B2 = 7 HFD
(K 2A) . Image J & 5 4 #fr, HFD+LPS 2 /)N FRUHJIiE
NEBTUARTE AL (P<O0. 05, 8] 2B) 5 F- B % K/ (P<
0.001, & 2C) ¥ /T HFD 2, A4 2/ TG
TC 7K, HFD+LPS 4 JIFPy TG(P<0.01, & 2D) \TC(P<
0.01, 2E) /K F- B & & F HFD 40, DA B3R, LPS i
i HFD 75519 NASH /NRFFHZUN AR BT

= ND 21 s HFD 2 mm HFD+LPS 44
6 —

a a
5—
Lo4-

=

S 2
] =
0_

0 4 10

i)/ ) B

a:P<0.05,5 ND Zat4x

B 1 F10 FE/NRME TG(A) TC(B)KFEH

(ND 41 n=8,HFD 5 HFD +LPS 48 n=10,xs)



http ; //aammt. tmmu. edu. cn

B =R RAA2AR, 2021 ,43(22)

2427

N&H B AY/x 107 mm?
o
1
PRI IMAU
ES
1

ND HFD HFD+LPS ND

HFD HFD+LPS
21571 B 2H5 C

a:P<0.000 1,d:P<0.01,%5 ND Za1t4%;b:P<0.05,c:P<0.001,e:P<0.01,%5 HFD 48 rb4x
AFREH 4 O & ;B Image ] £ B oM A58 & @A%;C:Image ] € AT F3 I8 A KD JFAL TG K-FEJFLR2 TC K-

2 RANBIFHEARMI O RLEBURERE TG TC KEEENT

2.3 LPS B4 HFD & /) §F A 22

HE Jea g 45 W], Bpafi HFD 21 1 41 2145
FOZEREL, B B s R A fE e D R R TR
11, HFD+LPS 21 JFF k4 2R A A8 S A& A 4t i v e e
& T HFD 41 ([# 3A) ; HFD+LPS 41 /4141 NAS
W43 (P<0.05, |8 3B) B JH Mk P B> A2 240 14502 (.
2 HFD 41 (P<0. 01, & 3C), 377% LPS & T
HFD 55 0/ BRI 9 RRE ) B . {H &, HFD +LPS 4]
/NEUIML TS 4140 AST ALT /K -5 HFD 41 o B i 2%
5 (P>0.05,/d3D~G), #7576 NASH ., LPS 3%
1 B S 1 I A 4 o
2.4 LPS B4 HFD 423t RF A E& e, b itk

am gL iz i)
K H IF FAR SN BRI 27 W 0 e L vh

T Tap 100 -
%n d % 00
g 200 g 80 -
= B 60
% -
2 100 E 40
7
5 204
0- 0-
ND HFD HFD+LPS ND  HFD HFD+LPS
215 D ZH 5 E

(ND #2 n=8,HFD %5 HFD +LPS 42 n=10,is)

PR MR PR IR TG Lo 4558 Won , HFD 2 I 2H 21
W E A (F4/807 ) R BH I 2 ND 41, {H ks
Y (Gr-17) JCH ik 22 57 HED +LPS 44 /)N B i 4 21
HPERL L (Gr-17) | B W 20 i (F4/807 ) i i 2 /&
T HFD 2018 4.5) . [A]EF, SR A FCM 432 A Al i ik
rh s %) I 20 A R b b 20 B O, 45 R 2 7k, HFD
AN Z ML CD11L" Ly6C ELWE 41 ifs .CD11b"
Ly6C™ 4% 20 Ml Lt 9] 8 3% = T ND 41, {H CD11b"
Ly6G ™ Hf PR b7 2 g JC &l 2 1 22 5. i HFD X4 LPS
J5 CD11b* Ly6G* v i 40 il (P <0. 000 1, [& 4) .
CD11b"Ly6C" E W 4 Jifd (P <0. 001, & 5) . CD11b’
Ly6C" BAAZ4Hff ( P<0.000 1,8 5) &2 2 F HFD 4,
PR LPS FEAEF B L B A0 A 32 A0 S PR 20 i w55 48
2T, AT g HFD frst NASH 2R,



2428 S =B R AR, 2021,43(22)

http : //aammt. tmmu. edu. cn

2.5 LPS 34 HFD JF & > & f2 3% IL-18 . TNF-au
CCL5 .CCL2 ,CCL4 K F

IL-1B . TNF-o #1A A /2 NASH 3 i (1% 3 2 240 it 5

T, K 25 5 5 7R  HFD+LPS 4 It 35 1L-18 ( P<0. 05,

K 6A) TNF-a( P<0. 001, [ 6B) /K ¥ & % & F HFD

41, Horr IL-18 AR fh i ol B . R b 71 b 4k % 1

RIEH T, I AL IE - A SR . A5 B A

HFD 41

M AH 3¢ F -+ CCLS .CCL4 \CCL2 1451 B/ : HFD
+LPS 41 1f13% CCL5 (P<0. 001, & 6C) .CCL2(P<0.000 1,
K 6D) .CCLA( P<0. 01, [ 6F) k-5 F HFD 41, Hrh
CCL5 .CCL2 b H Il i . DA B #&/RAIR/KF LPS F
B 1IL-13 ,CCLS5 \CCL2 finE 4 B e K-, AT i
— e NASH & i,

HFD+LPS 4

A
8- 501 107
-no C
3§€40— R
= 30 E— 61
& = ¥
z 8 —
= ?20— é 4
o i p
g 10 g 27
e
o= O_ O_
ND 41 HFD 41 HFD+LPS41 B ND 41 HFD 41 HFD+LPS 4] C ND 41 HFD 41 HFD+LPS 41 D
6 — 400 — 200 —
T, 54 T -
= 5 5 o
é 4 = 300 — S 150
% 3] N 200 - N 100
= = g
wn
#r 100 50—
g 14 &= =
0 0 - 0=

ND 4l HFD 4] HFD+LPS4 E

ND 41 HFD 41 HFD+LPS4 F

ND 4l HFD 4l HFD+LPS4 G

AJFIERLZHE 6 1.7 KMZE, A TEOAT, 4.7 F8RE;BNAS 34 C. MR/ 2 ist 40D fo i ALT KT

E:foif AST A ;FBF 422 ALT K ;G AF 2122 AST K

B3 FHNRIFEREFVNRERME FEHZR ALT AST KF3FLE

a:P<0.000 1,5 ND #art4k;b:P<0.05,c:P<0.01,%5 HFD 401k

(ND %1 n=8,HFD %5 HFD +LPS 21 n=10,x+s)



http : //aammt. tmmu. edu. cn

=R KRR, 2021,43(22)

2429

2.6 LPS 34 HFD L.y 8 W IL-18 .CCL5 . CCL2
mRNA % &

K RT-qPCR A /)N BT HE 25 29 P9 A+ 56 P 0
Ak 12k, 45 3 R : HFD+LPS 44 i IL-18
(P<0. 05,8 7A) mRNA 7K3E 55 F HFD 44, i TNF-a
mRNA JCH & 22 5% (P>0. 05, & 7B)., HFD+LPS 4
CCL5(P<0.001,[d 7C) .CCL2( P<0. 05, & 7D) mRNA
IS5 2% 2 F HFD 4, CCL4 mRNA JGHH i 22 5 (P>
0.05,[& 7E) .

Gr-1

H

HFD+LPS

ND 4 HFD 4

S o € + +
10 CD11b+ LyBG+ 105 E CD11b+Ly8G
J0.064 854 0028 9.48

10*4

10°]
107 ]
= 0
% 9.89 -10724 27
ey s e S T Ty —
0 10° 10* 10° 0 10° 10* 10°

CD11b-PE
ABFIE P M am e (Gr—17) 1218 %08 % AR

4 FrREERA ik g R RYR 5

2.7 LPS B4 HFD 4% A A TL-1B .CCL5 ,CCI1.2
ER=E &3

SR ELISA A i JH- e 28 28 £ By o A X
RIETEH F 7K V- 4558 878 : HFD +LPS 4] fiF 41 41
IL-1B(P<0. 05,5 8A) .CCL5( P<0. 05, ] 8C) .CCL2
(P<0. 05,8 8D) 7k 78 T HFD 41, {H TNF-o, CCL4
JoB FMEZE R (P>0.05, 5 8B 8E) , iX 45 £ 5 mRNA
SITEE A — 8 £ R A5 R4 R LPS 34 HFD /)N i)
JH N 2 E B 7K

Detail

2.0 a

1.5

-G (%)
o
1

G
o
n

1

0
ND #1 HFD Z1 HFD+LPS 44

A B
HFD+LPS 2 o
104 CD11b+ Ly6G+ a
49.05€6-3 36.9
40
1041 1SS 0
10° ] 2 307
10°] =
1 = 20-
04 7 é
-1024 256 107
0 10° 10° 10° 0-

ND #{ HFD Z{ HFD+LPS 4
C D

TP AR ; B Image ] & F AT IE P Mt (Gr—17) iZ AR B ;
C:JF R CD11b" Ly6G™ o P 5 4m At ik X, 2w JE ALK 28 R ;D AFAE CD11b Ly6G™ P b 45 2 fig Yo 451
(ND %8 n=8,HFD 5 HFD +LPS 21 n=10,x+s)

a:P<0.001,5 HFD rbix



2430

B =FBRRAAR,2021,43(22)

http : //aammt. tmmu. edu. cn

F4/80

4

4

Isotype

HFD 4 ND 4

HFD+LPS £

ND 46
S = CD11b+, Ly6C+
10 4111 124
CD11b+,Ly6CM
104-

104

10%-
03

Y

Ly6C-FITC

~1073

6.51

10° 10* 10°

Merge

HFD 2H
10°4,, | @
CD11b+,Ly6Ch
10*+ 435
10° 5
10° <
01

-1024

AR NE B % 2w it (F4807 ) 71218 % 0% 92 R AR
XA ;C AR CD11b Ly6C" S5 A 4% 4w e v 5] 3 D2 AF A CD11b" Ly6C* E # £ it 1 4

CD11b'Ly6C"(%)

CD11b-PE

d
12 A
9
.
6 -
3
0=

ND 41 HFD 41 HFD+LPS 4

b:P<0.001,d:P<0.000 1,5 HFD 4}tz

B S5 FAEARHE R EREE

o
t R Ev ;B AR CD11b" Ly6C" # A4 2m i & CDI11b' Ly6C" E *% &m il ik
a:P<0.05,c:P<0.01,5 ND 41b4;

(ND %1 n=8,HFD 5 HFD +LPS 21 n=10,x:s)

Detail

20 pm

EIEITF(%)
T T

b
"

F4/80*

20 pm

HFD+LPS 4

10° 4 CD11b+ , Ly6C+
4834 559
CD11b+,Ly6CM

ND 41 HFD 41 HFD+LPS 4

ND 41 HFD 41 HFD+LPS 41

A



http ://aammt. tmmu. edu. cn 0 =R KRR, 2021 ,43(22) 2431

40 100 3000 1 o 6000 - 807 J
a C
- 0 20 2500 5000 4
. T - = - 60 -1
g s o 220001 = 4000, L
£ % 60 : % 3000 :
2 20 < 21500 £ . 2 404
= = 407 g 1000 g 2000 5
10 E ) < 1000 © 20
201 500 500 1
0 0 - 0- 7 0- 0-
1 2 3 A 1 2 3 B 1 2 3 C 1 2 3 D 1 2 3 E

1:ND #1;2.HFD 48 ;3. HFD+LPS 41
A.IL-18;B:TNF-a;C:CCL5;D.CCL2;E:CCI4; a:P<0.001,b:P<0.05,c:P<0.000 1,d:P<0.01,k5 HFD 48t%

6 /NERIE IL-18. TNF-a,C CL5 ,CCL2,CCL4 7kF (ND 41 n=8,HFD 5 HFD+LPS %1 n=10,%+s)

d

oo
]

o

~
1

)

3
]

16 2.0

N3
S
1

124 1.5

._.
=]
1

v,
]
CCL4 mRNA FIX} ek 5

IL-1B mRNA X ikt
TNF-a mRNA AHX ek
CCL5 mRNA ARk gt
5
1
CCL2 mRNA MRk

(i 0- 0= 0= 0-
1 2 3 A 1 2 3 B 1 2 3 C 1 2 3 D 1 2 3 E

1:ND #1;2.HFD 48 ;3. HFD+LPS 41
A:IL -18;B:TNF-a;C:CCL5;D:CCL2;E:CC14; a:P<0.05,c:P<0.001,d:P<0.01,%5 HFD #4L}t4z;bh.P<0.05,5 ND 4arb4k

7 RT-qPCR #&i&A/NRIFREA L A IL-18, TNF-a, CCL5 ,CCL2 ,CCL4 mRNA Ki%x (ND %2 n=8,HFD 5 HFD+LPS 21

n=10,x+s)
b
1000 " 70 - 50 000 - D 8000 - 24 000~
i a 7000
800 60 40 000 200007
T T, 50 T -, 60007 c :
= a 2 = = | 2 16 0004
£ 600 ; i £ 30000 £ 5000
20 to 40 &0 &0 o
RS \; 30 & £ 4000 $ 12 000
@ i E n a 3
5 0 £ 5 200007 S 3000 S 8000
— Z bt &
= & 204 = = 2000 =
200 10 0004 4000
10 1000
0 0- 0- 0- 0-
1 2 3 A 1 2 3 B 1 2 3 C 1 2 3 D 1 2 3 E

1.ND #8;2.HFD 41;3.HFD+LPS 48
A:IL-18;B:TNF-a;C:CCL5;D:CCL2;E;CCL4;a:P<0.05,c:P<0.01,%5 HFD #13b4% ;b P<0.05,%5 ND 4rbiz

8 ELISA # /NG ATA 424 IL-18 TNF-,CCL5 .CCL2 .CCL4 %&i%7kFE  (ND 22 n=8,HFD %5 HFD +LPS 41 n=10,x+s)

2.8 LPS B4 HFD 3/ ST IE B v 28 i & 3R 3 K ZH(P<0.05) , - H B BH I 114 H 200 6 55 e 200 bl %) e 45
F-#9 B A TLR4 MG, A, TLRA 5 F4/80 Hog i a5 R R, 5
TLR4 J& LPS YERIME B Z K, ) TWRAT LPS  HFD /NEUMI EG, HED +LPS 21 /)N BT JIE 2 05 400 i 2 36
P/ N A KT 90 A G B LD &I T TLRA B /KT (P<0.01, & 9) 478 LPS i $1
IEA141 TLR4 A 7K, 4550 BoR HFD NRFIE  SORE B FREBOR A AE BRIl 85 IR E v e 3
L TLR4 F A FEL R TUMN, K& T NDH 3k TLR4 A6, 3% —HLHI 7T BE7E NASH 3 Firh & #5 8
(P<0.01) ; LPS B:4 HFD /£ /4])5 TLR4 /KE5F HFD  Bi/EA] .



2432 5= FEE KR ,2021,43(22) http ://aammt. tmmu. edu. cn

TLR4 DAPI Detail

Isotype 21

20 wm

H
z
50 pm
3.0+ !
h
= 2.5
5 “\‘; a
a & 2.04
= =
T KE]
;L\ 1.5
50 20 X
pm = - 0]
=
= 0.5
=
1%
& NDZ{ HFD#l HFD+LPS 4]
&
=
=
A
F4/80 TLR4 Detail
=
@
50 pm 50 wm 50 wm
juna}
Y
)
Z
5 2. d
KE)
] R
2 ‘
= B
50 wm 50 pm U 20 pm Sy
Junn}
S
& 2 ND 4l HFD 4l HFD
x +LPS 2
)
=
=
50 pm 50 pm 50 pm B

a:P<0.01,c:P<0.001,15 ND #£8rt3z;b.P<0.05,d:P<0.01,%5 HFD 41 b4
A T4 TLRA A RTF [ EFT Lk FRA T@iie) TLRA &G G4k =R & TalEe TLR4 & &9 ;B FAR T E4
iy TLR4 ik kel HEF kT TG ER@miES TLR4 &5

9 RANRIFEALAERBERIEEEMEN TLRY RiE  (ND 41 n=8,HFD 5 HFD+LPS %1 n=10,%+s)



http : //aammt. tmmu. edu. cn

=R KRR, 2021,43(22) 2433

3 e

i NAFLD &5t/ (9 52 240 , NASH [ & 5 I
P — N LS 5 A 3H 2 0 0 Wb G E S
W28 1E Y 2 BT BEIE , BOMER MO A5 T MG Iy
AR PEF] NASH BE B 15 5 i BLAE BEDY R m g ik
BERE —UATHA L TR Z IS5 IRRUTR, £
LA T RE TS A 5 190 38 L ST I Ml B R
ATy RERE AT R A R R8O kAT IR AR
(AN A J6 RE R AE 2R A/ Ak, &4 BFss”
FEH]  NASH F835 /1N PN 4 o] Ao B 7 3t iR 3 AR
P LPS /KP4 25 i R R . XSRS S04 LPS 5
NASH % JE s UIH & , (EAH SRR A I

ML T LPS X NASH (14 5% 1 S oA el
i, ASBIFZE ) e M A A /N B, 7 ST, NASH A58
FFRIANE B v I i LPS, 45 3R W, kK LPS
TR NASH /N BUIF£H 41 A BRTRR, o B H2 i i 2
R G S A0 SRR AE . F4HZY HE Jefa 3k
B LPS B S A i I P9 4% MRV 3k S 45040 35 S0 F LPS
7E NASH %25 % JE v R ¥ T A . {H HFD+LPS
ZH I3 FNFF4L 4 ) ALT (AST 7K F- 55 HFD 41 70 i % 2%
S, AT RE A PR 2 I I B T A B 0 S B 8, A5 SR A T
P 28 2R IR S, 3% 55 TR T P ST D7 1
TR (2018 f) PN AYILIE ALT IE % JF R Bk E T
FFH RIEBGA — 2 Ak, Ok £ k78 45
th, B A | PR A e S A AR 2 R P s P
AV o BTN A S 0 200 B A Ak 2 5 5
BRI ZERLA A 6T LPS i S A 4o i
ZEHLHTIERG 0 A5 0 s i B T L, e, A
WS8R T T Js {3 W /0N BT PR 155 I 40 i 2
TaIst s i, % B0 HED +LPS 28 /) BUIF Ik J5 {07 5 15 24
Ji R 4 IR e 2 T HEFD 4, [A]ES, FCM 45
SN  HED+LPS 21 /)N U P B 20 it 55 v PRk 20
g LU I B 22 o A BT O B P ) A 5
PERLAHME T N RE R A e 2 il 52 2E T 52 e g
WifCistid e BFFE# W], CD11b Ly6C" H Ly6C" 4l
BERT 234k 4 21 58 RE 5 e 400 ., 2 368 0T I 40 452
95 1 T 0 I 0 Y ) T 400 I, 4 3k 8 i Ak I
TR ERR G Z R SR Y LPS B A
HFD il 34, /1N BUFIE P CD11b" Ly6C™ 4i it H 4]tk 25
BT HFD 41, 5% 4275 LPS 155 NASH JiTJJE b 42 % 1k
W5 40 it 3

e TR A G 200 i 1) £E I 1o R o i 4

MR, R il R RE A BN TL-1 8% TNF i 3774
2k L PE AN B o I R EORHE 7, NASH #8251k
P CCL2 ,CCLA ,CCLS %7K -5 T e AR o X
B F5 NAFLD 3¢ &R (153 Hrdgn, CCL2 ,CCL4 ¥k JiE
THiE 5 NAFL = NASH #9145 51" . i B i 10 e 14
B4 ANAN TLRs B30 @ it NF-«B {27 CCL2 74, )
T A B 0 i e PR A 451 T 00 A
CCLS5 REREAEHE NAFLD % A JIFLF 44kt . &L b
2 ] LPS S EL HFD /N2 5 BT80N 48 N
TR T K TR .l e, LPS T B 32 EE
TS IL-1 .CCL2 \CCLS @ik, S M N
PEME BT R . (HR, LA 2 At AL R 11 2
A IRAT 5 1 — A

TLR4 & LPS fih % . W5 40 J 4 938 107 25 B B 52
RN LPS fil % TLR4 J5 b 0 30 5 e 200 43 0 K e
EPR T DR T7E AR S 0 AR i T B (0. BFSE
W], NASH il NAFL f# % JIF4141 i TLR4" 5 W20 g 7k F-
THis, B 45 LPS /K B IEAH ¢, $275% LPS ] RE % b
TLR4' 5 W20 S JhE S o ASBETE 45 B
HFD+LPS 20 /)N BRUH-HIE A B v 4 it 32 i 450 i L e oh
TLR4 kK-8 8 2 5 T HFD 41, F A veotdt
AL HTIESE, HED +LPS 4 /)N BRI 9 B 40 i 5
TLR4 S PIE friiat, H TLR4 B0 B 2 A phy 400 B 3R
A I B 55057 . 253 LA BB, AR B RR LPS R
AN REA%E 1 1IN PP I A 5 200 L 300 , 38 RS 5
E I T TLR4 945k, S ECR MEA 1Lk I 1
TR, DT 0 P A AR 5 48 48 103 , 48
NASH i, #im) LPS 30k Bfe#E NASH A5 SCHL K
Rl PRI B T By AN 97 S A AR B A AE
S5 [ X — R R 5 AR AL AT 75 EE ik — 20 i oY
T UUSERT o

SE k-

[ 1] FRIEDMAN S L., NEUSCHWANDER-TETRI B A, RINELLA
M, et al. Mechanisms of NAFLD development and therapeu-
tic strategies[ J|. Nat Med, 2018, 24(7): 908-922. DOI;
10. 1038/541591-018-0104-9.

[2] RINELLA M E. Nonalcoholic fatty liver disease: a systematic
review[ J]. JAMA, 2015, 313(22) : 2263-2273. DOI. 10.
1001/jama. 2015. 5370.

[3] YOUNOSSI Z, ANSTEE Q M, MARIETTI M, et al. Global
burden of NAFLD and NASH: trends, predictions, risk fac-
tors and prevention [ J ]. Nat Rev Gastroenterol Hepatol,

2018, 15(1): 11-20. DOI. 10. 1038/ nrgastro. 2017. 109.



2434

SRR AR, 2021,43(22)

http : //aammt. tmmu. edu. cn

[4]

[10]

YEH C F, CHEN Y H, LIU S F, et al. Mutual interplay of
host immune system and gut microbiota in the immunopatholo-
gy of atherosclerosis [ J]. Int J Mol Sci, 2020, 21(22):
E8729. DOI: 10.3390/1jms21228729.

RATZIU V, HARRISON S A, FRANCQUE 8,

branor,

et al. Elafi-
an agonist of the peroxisome proliferator-activated
receptor-a and -3, induces resolution of nonalcoholic steato-

Gastroenterology ,

10. 1053/j. gastro.

hepatitis without fibrosis worsening [ J ].
2016, 150(5) . 1147-1159. 5. DOI.

2016. 01. 038.

WIGG A J, ROBERTS-THOMSON 1 C, DYMOCK R B,
et al. The role of small intestinal bacterial overgrowth, intes-
tinal permeability, endotoxaemia, and tumour necrosis factor
alpha in the pathogenesis of non-alcoholic steatohepatitis[ J].

Gut, 2001, 48(2) . 206-211. DOI. 10. 1136/gut. 48. 2.

206.

JINDAL A, BRUZZI S, SUTTI S, et al. Fat-laden macropha-

ges modulate lobular inflammation in nonalcoholic steatohepa-

titis (NASH) [J]. Exp Mol Pathol, 2015, 99 (1) 155—
162. DOI; 10. 1016/]. yexmp. 2015. 06. 015.
HAE BE 2R 2 T 27 3 23 B8 i I AR M 2, i

BRI B2 MR W PR G L R 2 2. ARIORG VRN 5 P
BRI (2018 AEFRTRR) [T ]. e ARATREG 2% 5, 2018,
34(5): 947-957. DOI: 10.3969 /j. issn. 1001-5256. 2018.
05. 007.

National Group on Fatty Liver and Alcoholic Liver Disease of
Chinese Society of Hepatology of Chinese Medical Associa-
tion, Fatty Liver Expert Committee of Chinese Medical Doctor
Association. Guidelines of prevention and treatment for nonal-
coholic fatty liver disease: A 2018 update[ J]. J Clin Hepa-
tol, 2018, 34(5): 947-957. DOI. 10. 3969 /j. issn. 1001-
5256.2018. 05. 007.

BAECK C, WEI X, BARTNECK M,

inhibition of the chemokine C-C motif chemokine ligand 2

et al. Pharmacological

('monocyte chemoattractant protein 1) accelerates liver fibro-
sis regression by suppressing Ly-6C ( +) macrophage infiltra-
tion in mice[ J]. Hepatology, 2014, 59(3) . 1060-1072.
DOI; 10. 1002/ hep. 26783.

RO, HiEH, AEE, & BAAR 25 MHHKHE T
TEARTENG VENR 107 BT 28 L3 BT 9 sk RO (T .
B K2R, 2021, 43(01): 83-90. DOI. 10.
16016/j. 1000-5404. 202005286.

WU J P, XIAO HY, ZHENG X L, et al. Expression and

significance of interleukin 25 and its related factors in serum

[11]

(12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

and liver of patients with non-alcoholic fatty liver [ J]. J
Third Mil Med Univ, 2021, 43(01): 83-90. DOI. 10.
16016/j. 1000-5404. 202005286.

WESOLOWSKI S R, KASMI K C, JONSCHER K R, et al.
Developmental origins of NAFLD; a womb with a clue[ J].
Nat Rev Gastroenterol Hepatol, 2017, 14 (2): 81 —96.
DOI: 10. 1038/ nrgastro. 2016. 160.
GRAVES D T, JIANG Y. Chemokines,
tactic cytokines[ J]. Crit Rev Oral Biol Med, 1995, 6(2) .
109-118. DOI; 10. 1177/10454411950060020101.
MARRA F, TACKE F. Roles for chemokines in liver dis-
ease J]. Gastroenterology, 2014, 147(3): 577-5%. el.
DOI; 10. 1053/j. gastro. 2014. 06. 043.

PAN X F, CHIWANDA KAMINGA A, LIU A Z,

Chemokines in non-alcoholic fatty liver disease: a systematic

a family of chemo-

et al.
review and network meta-analysis [ J]. Front Immunol,
2020, 11. 1802. DOI: 10.3389/fimmu. 2020. 01802.
MIURA K, YANG L, VAN ROOILJEN N, et al. Hepatic re-
cruitment of macrophages promotes nonalcoholic steatohepati-
tis through CCR2[ J].
iol, 2012, 302(11): G1310-G1321.
gi. 00365. 2011.

LI B H, HE F P, YANG X,

Am ] Physiol Gastrointest Liver Phys-
DOI; 10. 1152/ajp-

et al. Steatosis induced CCLS
contributes to early-stage liver fibrosis in nonalcoholic fatty
liver disease progress[J]. Transl Res, 2017, 180; 103 -
117. 4. DOI: 10. 1016/]. trsl. 2016. 08. 006.

BESSONE F, RAZORI M V, ROMA M G. Molecular path-
ways of nonalcoholic fatty liver disease development and pro-
gression[ J]. Cell Mol Life Sci, 2019, 76 (1) 99-128.
DOI: 10. 1007/s00018-018-2947-0.

Nz, Ruk, R, 5. B Kupffer 20}/ TIM-4
FIDREXS /N Bl P EE fk i P88 408 3 A 52 e [0 ]
& K2F2A4k, 2019, 041(001) ; 48-55. DOI. 10. 16016 /
j. 1000-5404. 201806145.
LIUY, WU H, GONG J P,

/\‘A‘—A

et al. Inhibition of TIM-4 in
Kupffer cells alleviates hepatic ischemia-reperfusion injury in
mice [ J].J Third Mil Med Univ, 2019, 041(001). 48-
55. DOI; 10. 16016 /j. 1000-5404. 201806145.
CARPINO G, DEL BEN M, PASTORI D, et al. Increased
liver localization of lipopolysaccharides in human and experi-
mental NAFLD[J]. Hepatology, 2020, 72(2) . 470-485.
DOI:; 10. 1002/hep. 31056.

(Y75 :2021-05-24 ; & [@ .2021-06-27)

(%h# X¥i)





