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Hepatic energy metabolism of mouse infected by recombinant adenovirus
Li Wenli, Lin Yandie,Chen Hao,Li Hao*
(Department of Pathophysiology , NJMU ,Nanjing 210029, China)

[Abstract] Objective:To study the alterations of energy metabolism and oxidative stress in mouse liver after infection of recombinant
adenovirus. Methods:Seven-week-old male Balb/c¢ mice were randomly assigned to control and adenovirus infection groups.
Recombinant adenovirus encoding green fluorescent protein (GFP) or phosphate-buffered saline(PBS) was delivered by tail vein
injection. Tissue distribution of GFP was determined by fluorescence microscopy. The levels of alanine transaminase (ALT) , aspartate
amino transferase (AST),glucose, cholesterol, triglyceride , B-hydroxybutyrate (B-HB),fibroblast growth factor-21 (FGF-21) and
malondialdehyde (MDA ) in plasma as well as hepatic glucogen contents were detected 5 days after injection. Hepatic expressions of
genes involved in gluconeogenesis, lipogenesis and fatty acid oxidation were examined by quantitative real-time PCR. To determine
the oxidative stress levels in mice,MDA in blood and hepatic mRNA expression levels of reactive oxygen species (ROS)-generating
or antioxidant genes were also examined. Results; The expression of GFP delivered by tail vein injection was mainly in the liver of
mice,with the highest levels at 5 days after injection. Compared with the control mice,adenovirus infection led to an obvious increase
of ALT and AST in plasma of mice in the adenovirus infection group. The levels of B-HB and FGF-21 were also elevated. Analysis of
the liver transcripts indicated that genes implicated in fatty acid oxidation were increased while those involved in lipogenesis and
gluconeogenesis pathways were suppressed by adenovirus infection. Besides,hepatic levels of ROS were also increased. Conclusion:
Our findings indicate that adenovirus infection improved fatty acid oxidation and inhibited gluconeogenesis and lipogenesis. The
alterations of energy metabolism may be mediated by the increased oxidative stress in liver after adenovirus infection.
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(AST) JHEEEE Hh =85 . B-HB M N 8 (MDA) &
i,

1.2.4  BEBE S J5 R W kA fn 3¢ FGF-21

BUNRAS I, L5 000 r/min 80> 15 min, B
7, BFLIIA 100 wl, 37°CH% 90 min, FFF9MA, FHFL
IMAAY R 100 pl,37°CHET 60 min, FEHK
BT, Vet , LIRSS &9 TAEW 100 ul,
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1.2.5 Real-time PCR #:il]
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SR B0RF RNA 30055 55558 eDNA 5 1) (751 W4
1) i e R A A FRZA Fl65 B, Real-time PCR )i
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A7 BED] R e K 2RI K U, 3k LR P A AR
1 10 min, B 27Kk 10 min, Schiff [GIK 10 min, i
FKHE 5 min, HARZR Y% 3 min, JAKHYE 5 min, 35
FER
1.2.8 HE % &

B AP BRA Y 5 pom A D) A,



5 35 55 4 0]
2015 4F 4 J1

ZESCHR A BB X /N U E RE B4 QI A B2 -447-

TR RS BETERE K, IR Z YLD 5 min, i
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Table 1 Name and sequence of real-time RT-PCR primers

2Rk (IR JF3(5'—3") T (bp)

Gpx-1(glutathione peroxidase-1) F.CCAGGAGAATGGCAAGAATGA 91
R:TCTCACCATTCACTTCGCACTT

Sod2 (superoxide dismutase2) F.:TCCCAGACCTGCCTTACGACTAT 113
R:GGTGGCGTTGAGATTGTTCA

Nrf2(nuclear factor erythroid 2-related factor 2) F.: TAGATGACCATGAGTCGCTTGC 53
R:GCCAAACTTGCTCCATGTCC

Nox2(NADPH oxidase 2) F:GAAAACTCCTTGGGTCAGCACT 95
R:ATTTCGACACACTGGCAGCA

FAS(fatty acid synthase) F:CTGCGGAAACTTCAGGAAATG 287
R:GGTTCGGAATGCTATCCAGG

CD36( cluster of differentiation 36) F:GAACCACTGCTTTCAAAAACTGG 102
R:TGCTGTTCTTTGCCACGTCA

UCP-2 (uncoupling protein-2) F:ATGGTTGGTTTCAAGGCCACA 83
R:TTGGCGGTATCCAGAGGGAA

FGF-21(fibroblast growth factor-21) F:AAGACACTGAAGCCCACCTG 181
R:CTGCAGGCCTCAGGATCAAA

PCK-1 (phosphoenolpyruvate carboxykinase-1) F:CTGCATAACGGTCTGGACTTC 65
R:GCCTTCCACGAACTTCCTCAC

PGC-1a(PPAR coactivator protein-1 a) F.CGGAAATCATATCCAACCAG 93
R:TGAGGACCGCTAGCAAGTTTG

SCD-1(stearoyl-CoA desaturase-1) F.:TTCTTGCGATACACTCTGGTGC 164
R:CGGGATTGAATGTTCTTGTCGT

PDK-4(pyruvate dehydrogenase kinase-4) F:CCGCTTAGTGAACACTCCTTC 136

R:TGACCAGCGTGTCTACAAACT

2 & R

2.1 FRIRE R AR

25 /N B K 4 3k GFP 1 IR 9 B (Ad-
GFP)J& , 43 e S IE 3.5.10 d BUH o0 il A4S
HAIATIREYI F MER et et kG, &P,
GFP TEFNEA B35 2k e il B S ZULT
W2, 5 SCR IR R — 5, FERFAR R, H 5 a
3 d RPATUREE ] GFP (353K ,5 d RH9OGIRE ik,
10 d J5 GFP RiEH i NRE(E 1), fERZESE5,
BUEST S d J5 T ARLE 2R 2 R 1 2 AT AR S A
2.2 FLRRIAE RS BT IEAR A

SXTIRAAH L, FE AL R R A /) B 3R
ALT Kz AST 7KV & T (B 2A) , HIFHZY) i
17 HE Jete, v] DLARR AR LS 5 d, /N4 &

Al BJ
ATERFIKTESS 5 d J5 BUNBUT IR SUEAT ok 7E 5
BT EE W IRZE /N PR ZUE GFP 335 5 B - 7 2 it #R
Ye2H /NI 2L ok AR T 1, ATULER 21 B A 2 (51 (x100) .
Bl AR Ad-GFP Fk M SO %EE
Figure 1

Expression of GFP in mice livers infected with re-
combinant adenovirus was confirmed by fluores-

cence microscope
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Figure 2 Adenoviral delivery of GFP to mouse liver caused an obvious liver injury
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1 PGC-1a B TR, SR & B OC YA FAS
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WY FGF-21 788 17 2 S Ak AR 4 Az plg rh A i 22
PP K6 T /NI FGF-21 7K | & B ZH B
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AUk FGF-21 mRNA 56 BELAH B3 Tm (/& 3A),
PR AT MR wE B 5 LS 1 s T 1R A Ak 3 i 1T g
5 FGF-21 Fik FIA X,
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SCHRHRIE , FGF-21 [ R4 1in-5 4 i ¥ 07 etk
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s
i 87

mRNA AHXJ

41
21
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%2 MHREAM GFP A/MREER MR PR GHERILLE
Table 2 Body weight and serum measurement of the control
and Ad-GFP mice

Febr POyt Ad-GFP L4
T (g) 243+ 0.5 24.1+03
LK (mg/dl) 118.2 + 14.6 109.0 7.9
B-HB (umol/L) 128.1 + 1322 263.0 + 22.9*
B = H (mg/dl) 949 + 8.7 103.2 +25.2
JIE P BE (mg/dl) 1262 + 12.1 130.0 + 14.2
FGF-21(pg/ml) 35.1+ 0.4 56.5 £ 0.5

x4, P < 0.05,

AR, PRk, R 1 i 2% rh R B AR =
TFE(MDA), G50 i, FE A i /N BRIl S
MDA F7KFIH B T (B 4A) , $7RIE TR B3
AL @ IEZHZ mRNA [ realtime PCR
R A, 5T PRS0 AT SR Nox2 ZE[A mRNA 7K
PR, BRI B Gpx-1 Nief2 K35 T I (1A
4B), VI SRR HH T R S B T RE
AT RS H R AR A 5K

RIS =

2 o 2 M P SR ) 21 B 7 VR X R

IR (mg/g)
—_ = N
N

S o

w0
AN

IR

YR Ad-GFP LR

A SEIBUNRUFAEZIZN mRNA AN 4 8L, S 557 AR 2R PCK-1,PGC-1a SR & UKL FAS SCD-1 mRNA 7K1 R FEA , 1
iR A A G /Y FGF-21,PDK-4 \UCP-2,CD36 #Y mRNA 7KV 2 7} i85 5 B IFZHZL PAS Het W, HE A MR 5, PR Dt o ik A Jh o
1 (x200) ; CAHIFLHLUE TR A I, 5% BRZHAH L , AR 2B s R 2N U ZH S W) i b . ST IREHAEL, "P < 0.05,*"P < 0.01(n=8),

K3 HAWRHE Ad-GFP BRI NS4 BRI & Bk, 345 s i e S i K RN T IR Ui T i & i
Figure 3  Hepatic expression of Ad-GFP increased expression of genes in fatty acid oxidation pathways and reduction in lipid syn-

thesis and gluconeogenesis pathways and led to a decrease of glycogen levels
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Figure 4 Reactive oxygen species was significantly increased
and expression of antioxidant genes were impaired

with expression of ADV-GFP in mice livers

JR B A T At T 4 1) S B B R A B . 51
SRR EEAH L, SRR R S O 5,
AR A | A ) R 2R RS RN R A DG B0
BRI AR R Tz, B, B T EAH BRI
TE—E R AR N, T UL 5 B 5 | & A PIL A R
i 20 A8 Sy TG MR AR 31 BR . Zhou 2514
HAE R AR Y, B BRI A FH rp 25 18 31
TR TR AR B 3Rk W B AR 10T 5 | R A 2 0 RE
G RE S, BRI 2 AR R e ik J
AN, (LR X S R A AT (AR P 2 3K 5 X R
FRUF A MR SRR D
JHFRESZ B4 05 )5 , HRE AR IHPIR S & & Ak
A5 Xu ST R, RS 5 e 2 E e, i
WK T A SRR DI RE D8 T Sk n) S LT
W AR, A B AR IR 1A S A A (2 A2 )
P, X2 RS SE Y (APAP) FIPUSEALHR (CCL) Tk
2R AR AR LA AE (R Ambade
SR ST R RS BT S0 T 0 3 B T PP E g
R BRI R I 5 i Z i Ak b, 5 ks
FAT] A5 A B, F L I R 5 | RS A 42 40
SHUTF R RE SR 5T A B, iR e A Ak
T S i | BRI 1 SR A 1 T 1T O 2 A &
R fE e, ASSCHEM , RIS A8 TR
5 A e R R S B A MR R A 6, IR TR
AL AR SR DU SR AR FE A e 3 TAREEAE A
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