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High-fat diet promotes intrahepatic cytokines expression in viral hepatitis mouse model WU Ting, HAI Su-ping, HU
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Abstract Objective: To investigate the effect of high-fat diet on the expression of inflammatory cytokines in viral hepa-
titis mouse model. Methods; Totally, 152 C3H/HeN mice were allocated to standard diet group (n =32), high-fat diet
group (n=32), standard diet with infection group (n =44), and high-fat diet with infection group (n =44). The standard
diet group and standard diet with infection group were treated with standard diet throughout the study; the high-fat diet group
and high-fat diet with infection group were treated with high-fat diet throughout the study. The standard diet with infection
group and high-fat diet with infection group were infected with murine hepatitis virus 3 (MHV-3) after 12-week feeding. The
expression of intrahepatic TNF-«, IL-18, IL-6 and IL-17A was detected using quantitative reverse transcription polymerase
chain reaction at different time points post-infection. Results: The 12-week high-fat diet feeding induced metabolic
abnormalities in mice. At day 4 post-infection, only the intrahepatic expression of IL-6 increased in standard diet with infec-
tion mice, while the expression of TNF-a, IL-13, IL-6 and IL-17A increased in high-fat diet with infection group (P <
0.05). At day 8 post-infection, the intrahepatic expression of TNF-a, IL-18, IL-6 and IL-17A was elevated in both two
infected groups, and was significantly higher in high-fat diet with infection group (P < 0.05). At day 12 post-infection, the
intrahepatic expression of TNF-a and IL-17A in standard diet with infection group and 1L-6 in high-fat diet with infection
group fell back to baseline. At day 16 post-infection, intrahepatic expression of these cytokines was not upregulated in
standard diet with infection group, while the expression of IL-13 and IL-6 in high-fat diet with infection group fell back to
baseline. Conclusion: High-fat diet feeding promoted an early-onset, enhanced and prolonged hepatitis virus-induced upregu-
lation of intrahepatic inflammatory cytokines expression.
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BB} 3 WUREAESA TV PR L2 110 315545
R4y AFFETTIE 0 4SBT I/ AS 5140

BF A 2a R T R A K -FAem SR ZL R
RNA 056 560 cDNA , i 0 5 55 58 5 itk =0 52 iz
( polymerase chain reaction, PCR) #:30 /]N 5UTT PN fi Jg
YRAE P T (TNF-o) . (140 % (L)1 116 TL-17A
mRNA ik, &)W K & Realtime PCR Master Mix-
Plus 12.5 L,cDNA 1. OpL, I RS9 (10 ummol /L)
1.0 L, ddH,0 L2 20 pl. 21 41 :95°C 44
Jaah 1 min, JEAEH;95°CAEPE 15 5,60°CiE Kk 15 s,
T2°CHEfH 45 s, JEFF 40 Y., TNF-a L7519 5'-
GGCAGGTCTACTTTGGAGTCATTGC-3", T Iif 51 ¥
5'-ACATTCGAGGCTCCAGTGAATTCGG-3'; IL-18 I
W51 %) 5'-TGTAATGAAAGACGGCACACC-3', T %
5% 5'-TCTTCTTTGGGTATTGCTTGG-3"; IL-6 I Jif
5[4 5'-CCACGGCCTTCCCTACTTC-3", FiE514) 5'-
CTCATTTCCACGATTTCCCAG-3"; IL-17A E 751 %
5'-AGAGCTGCCCCTTCACTTTC-3", T i 5| ¥ 5'-
GGGGTTTCTTAGGGGTCAGC-3', LI B-actin “HHZ,
E#514% 5'-TCTTTTCCAGCCTTCCTTCTTG-3', T ¥iif
5| ¥ 5-GAGGTCTTTACGGATGTCAACG-3', % FH
274 2T HA /N BRUFE PR 45 A PR AR X 3k 7K o

HA A 60% PSR (REmAS T A
FHEA R A 7], TP23520) 5 /N BUBE & 3R ELISA 3105
& (Fd Mercodia 10-1247-01) ; Trizol Reagent ( & [F
Invitrogen 15596-018 ) ; ReverTra Ace ® qPCR RT Kit
( H & TOYOBO FSQ-101 ); DreamTaq Green
PCRMaster Mix(2x) ( ZE[E ThermoFisher) ; SCit E &
PCR {% (Z£[E Bio Rad CFX96) ;cobas ® 8000 % [
4 H AT

%it F o KU SigmaPlot 12. 0 45t 2¢ 4%
%, GraphPad Prism 5 BAF4: 8, iHEZERH(x £5)
FOR,2 A HEECR A ¢ K3 5 W RE AR VF 32K JH
S B A XU 2R 07 22 53 #r 5 >R Kaplan-Meier 2%
HREAER R ] log-rank 45 56 [L A 2 20 1] (19 A 77
2k 5 XF [F]—FA] 88 4 >SS0 2 R ] Two-way ANO-
VA K368 £ 5 95 5 G 1 A B4R, SR Holm-
Sidak = J5 A 50 o ALAL ) 22 57 o IR TRk Ok,
HEFT XTI ¥ 5 TR T e, DL P <0.05 2SS
At E Lo
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JE R B 1 DL [ Pt AV %85 8 i L T e s R T A
B RAKF A, Z2REHEITFHE (P>
0.05) ; TREMESE 12 J&], m ARk & 4/ R B JiE
BB, A B g, AR H i =R S R
e 2 P R A O [ et {2 B g LT e 2
Wi B A TARME IR B (P 3 <0.05) , H
KA, 2R TG E (P >0.05) , W& 2,

B R B F ) Rom A R R e 16 RF 0 /D
BRI S5 s BORG h 22 B, B R R 2O, REIRN
PG RTESr T R Rl IR TR R 6
F(13.13 £0.22) 557 K(12.53 £0.22) 4E 8 K
(13.43 £0.24) 459 K (13.46 £0.24) 45 10 K
(13.37 £0.24) 55 11 K (13.46 +0.24) 5512 K
(13.06 £0.24) K45 13 K (12. 64 +0.24) i KIE4
AR T REL K (P 1 <0.01) MR S5 14 X
(13.69 £0.25) Py HREL LK, R LRI FE
SL(P>0.05) , 5 I RRE IR 2 W 22 it . = R IRE
SRS TR JE 452 K (14.90 +0.31 vs 13. 70 +
0.31, P=0.034) %53 K(14.70 £0.31 s 13.30 +
0.31, P=0.014) 54 K (14.40 £0.31 vs 13.08 +
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0.32, P=0.022) }45 12 K (13.81 £0.34 vs 12. 31
+0.35, P =0.018) Ifi R IF-43 fib 3 1% b o TK 12 Je%
Yeed, WLIET 1A,

PR IR IR AN TR R 25 6 K (1 ) |
TR HE) B3RO H) MBI, SRk E
YL/ R R AT, TR R 26 3 R (1 H) |
BT R H) 13 R H) BIET G5 14-
30 d ARFFHBAET . 2 4/ B R 53510 80% Fi
5% , 25 Tqit#E L (P =0.707) , WL 1B,

B IR B Je 2 Rogm A R G AT L R R 3 5
WA Al TR R A 4 .8 12 ] 16 K, e 2 A
JEY /N R S B A o SRS 5 4 R, Al
R YL AR UL ey b 1 400 RO SR AT, | SR 4 JHF- 400 i
SERIEE R LB A A LR 2A s mAR IR E
TG 2 AT L Tz 1) T A R A3k AR K 4t i A I
A5 ULE 2B, JRYL S 8 K, bR HE TR B IR Y 4 R AL
PERFAMIRGE 5056 4 R B3, KHB 4 T 40 ML 254 1
AN AR AR BT, UL 2G5 AR AR B IR e 4l ]
UL 32 19 JF A A BRI 20 B BRI A%, 35 437N
TRENR AR RS BREEARMELLIX 43, WLIEL 2D JRYY S5
5512 K AR E R YL AL N 2 TG I A AR |
INFE, VLI 28, S R BB 2 v] L) 12 R i A% A K
L IRFEAE A E A 2, DL 2F SR JE AR 16
R AR YL ZE T P TG I S S A B AR 1 IR5E, W
K126, BB IR & IRYL AL V2 (IR IS , WLIE] 2H
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%1 NER L MHV3 B KT 4

5 &N ¢ ofof G kI #
5 H % TR 24 200 &/min EE, R
4 R TR 24 230 &/min & ks A IR 5
3 RHE, B 230 ~260 &/min LRI TS I S e ]
2 LEINE. 3 #iF 260 &/min BB, BE RITER
1 B E, MR A3t 260 K/ min, 1E 7 L IRATF 45 R, A A REITE
K2 RETHI2 AENERAET (% £s)
SH E-%2 12 )3
AFEREE(n=8) BEREA(n=8) HFERRA(n=8) FHEKEA(n=8)

HE(g) 17.83 £0.39 17.78 +0.30 23.23 £1.10 45.51 +0.52"
7 AL A HE(U/L) 28.75 £5.99 25.75 £5.85 25.50 £4.78 28.00 £4.04
XA BB AERAE(U/L) 59.13 £0.39 56.75 £3. 11 57.13 £4.70 55.38 £4.90
% = 8% (mmol/L) 0.87 0. 12 0.94 +0. 14 1.10 £0.18 1.75+0.15"
%12 [ B2 (mmol/L) 2.81+0.16 2.92+0.16 3.36 £0.50 5.92+0.25"
% 5% E Mg &9 A2 B 8% (mmol/L) 1.45 +£0.09 1.49 +0.09 1.53+0.11 2.43+0.11°
%55 & I & & A2 B B2 (mmol /L) 0.24 +0.04 0.25 +0.06 0.30 +0.05 0.55+0.08"
% J8_ o 4% (mmol/L) 3.04 +0.39 2.38 +0.86 4.21 +0.70 8.40+0.81"
Wty (pg/L) 0.34 +0.04 0.37 £0.06 0.47 +0.17 1.44 £0.28"

E: 5 B — B R S AT AR LA, T P <0.01
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2 IR AR R B Je 4N Rgm A R )G BT A dm LT
Fik BYLEH 4 R bREIR BB A TL-6 Rk
THREIREH (P <0.05) ; m gtk & Y4 TNF-o
IL-18 IL-6 IL-17A FRikim TR iRtk &4, Him gk
B TNF-o IL-6 IL-17A 23K 5 Fhrife ik £ /8%
YL (P <0.05) , L3 3,

YL S5 8 K, e BRI B S 2H S b v R R Rk
Yesf] TNF-o IL-1B . IL-6 \IL-17A F3k50 518 T g
REH KR, Hs e ik & e e 4 5 T hn e

IRERRYL A (P $4 <0.05) , L3 4,

JRYLJSEE 12 R ARk R 4 TL-18 AT TL-6
FIRE TAREIRE 4L (P <0.05) ; & 8Tk £k e 21
TNF-o IL-18 \IL-17A ik & TR R IR B4 (P 3 <
0.05) ; H & 8k &4l TNF-o 335 85 F AR IR B K
Yeg (P #4<0.05) ; = AR B IR Y 4 TL-6 [nlyx 52 0L
LA ARTARER IR (P <0.05) WK S,

JRYLFEEE 16 K AR B B4 5 2 MR iETR
EA/NRF N R AR 7 L8, 22 5 BF e
(P ¥ >0.05) ; = JERE YL TNF-a  IL-17A
FRE T EISIKEA (P <0.05) ; &gk &k e 4
TNF-o 335 TR MER YL (P <0.05) , L5k
6,

it i

AW, E IR MR 12 A 255 C3H
/N BR G BLAAC L i IRE e IR DA K e R 2
MAE AR EE G AR R B, (BT 512 S P 48 P 40 i
2235 LA, IR ok B S BT o SR e B e
U] BRI E AR 1 ~5 K, BEAF BRI R4 3
LRIC 25 (HE B IR B B A I RT3 (5 2 ~
3 R) B BN T AR BB g, e BT UL 2
JHF AN ASCBRAE AR |, B BB SE A AR 00 1 7N
B, B R G i A A S8 1 4 L 2R P A 0, kg
FATY 2 H B A 77 S ) R AR R ARRE AR . A
SRR U SRR 5 57 4 IR R e [R) ARSI A PN 4%
PEYHM PR 3R 38 , ARl S B AL TL-6 3 |
I, 100 e DR AR IR 2N BRI TNF-o TL-1B8 116
IL-17A Rk E LM, Gt o By S /9 TNF-
o JL-6 Fik B TIRE T3, X —45 R R
AR S8 {2 B YL 5 = () S M At it PR Hh B
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%3 REEFE%4FFHN INF-o 18 IL6 IL-17A B4t &k (% =)
28 7| TNF-« IL-1B 1.6 IL-17A
AR AR 1.06 £0.22 1.00 £0. 14 1.06 +0.21 1.29 +0.31
L&l 1.23 £0.24 0.97 +0.07 1.03 +0.07 1.21+0.23
ARG 1.63 £0.34 1.35+0.38 2.16 £0.554 1.81 £1.18
BRI R A 5.30 £3.96 "% 1.78 £0.66" 8.64+7.09*" 8.27+1.19**
ML R EHRE PIL 0.034 0.265 0.016 0.085
. GAR A REILE AP <0.05;5 Hist R, P <0.05; 5 AR A R Ak E PP <0.05

%4 REFEES8 KN TNF-o IL-13.IL6 IL-17A ty a3t &3k (& +5)
28 7 TNF-a IL-1B 1L-6 IL-17A
o X i 0.77 £0.37 1.56 £0.59 1.72 £0.57 1.36 £0.96
B gk 1.67 +0.68 1.67 £0.57 1.89 £0.52 1.79 £0.90
AR R 2.95+1.374 3.03 +£0.944 6.78 £2.334 4.79 £2.194
AR R R 36.69 £23.02"% 13.66 +4.66** 65.79 £69.54 "% 49.80 +52.29**
AR REMRE PIA 0.006 0.001 0.028 0.047
AR AR ILE AP <0.05;5 Histh R, P <0.05; 5 AR A R kg PP <0.05

%5 RBLEE 12 KFFH TNF-o IL-18 IL-6 IL-17A # ARt %3 (& &)
28 5 TNF-« -1 1L-6 IL-17A
AR 1.18 £0.34 0.92 +0.28 1.29 £0.29 1.47 £0.25
B gk 1.07 £0.35 1.05£0.22 1.55 +0.28 0.95 +0.56
MRS R 1.06 £0.26 2.09+0.634 2.34+0.674 1.20 £0.45
B REAR R B R 3.06+0.95* 2.64+1.42" 1.52 £0.44* 1.71 £0.22"
BREEBREH L PIE 0.001 0.419 0.041 0.020
E G AR AR ILE AP <0.05; 5 Histh R, " P <0.05; 5 AR R R S b E TP <0.05

%6 RLEH 16 KA N TNF-o IL-1B IL6 IL-17A 848 % K 3£ (% +5)
28 | TNF-« IL-18 1L-6 IL-17A
AR A 0.49 £0.06 0.65 +0.07 0.84 +0.49 1.20 +0.35
o L&t 0.90 +0.20 0.94 +0.21 1.02 £0.41 1.27 £0.54
MRS RG 0.80 £0.22 1.01 £0.38 1.04 £0.45 2.06 +0.90
=Y & Y- T 1.58 +0.69 " 1.54 +0.67 1.21 0. 67 2.89+1.50"
RELE RO A P 0.386 0.894 0.998 0.523

B AR AR EILE AP <0.05; 5 SRR bE TP <0.05; 5 AR B R

o TR, BRI 6 ~ 13 2K, /) BB A
PR3 1 AR T 62k SR T A b HE B X — I 30
TR e BUR L 5 55 8 RN 12 FAG I AT
ML TRk SRR ER 8 K AR MER B IR L 4L
N TNF-o IL-18 116 \TL-17A 35 i, (B B 2%
T IR e 20 R M 4l PN 1~ KK, Se it
N A N 5 Rk 1 32 B R AR R i A
PR, B A7 o ol s 2 TR 75 5 1) 2 Pk 200 M I
T EVIEEE G X5 T 2 S B kR — B bR i
R I/ SRR IR LA IR 5 5 8 Koy
F ABIR 3 200 A DL A X8 A2 s e i A B JR g
LHATY R UL B4 0 A e B 405 5 A A
RGO P, ARG 2 12 O BRiE IR R I
e2H /N BUIFA TNF-o0 TL-17 A 33K 7K [m] % 52 A SR

R FP <0.05

YA, AR 2 22 o L B 300 P A4 6 M IR0 5 T v
BRIK RG24 JAT TL-6 Rk K- ml v 28 R B e K
S JFAE 2 22T AT LT 248 0 S e A R 26 9 £ 4
LI S5 R APEIRSE S s e it s B YL 5 TNF-oc |
IL-6 IL-17A (R 3R3k LIRS 3Z R &, S AR =
HARRYAE TR AN N 2Rk R A
PRSI, BRI R 56 14 R ULE /N BUEVARIG IR
PEIMIRIE R K o I, A v AR £ SR YL 4 /)N B
JFF PN 4% 1 40 it R 7 3% 58 O 1A, BRI iR e 4
TNF-o IL-17A SRR 5 2w, 2 20/ BRUHEZH
L2V DL BA S RAEIRBERAE o Goit2f o i i ek
Jen | f RN R 7 EOR Z AR, R
PR 58 T2 B R ) KRR A I i B 5 R
(14 200 P 9
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