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Construction of a recombinant adenovirus carrying human interleukin-10 gene and its pro-
tection effect on rat hepatocytes during liver injury
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[Abstract] Objective:To construct a recombinant adenovirus carrying human interleukin (hIL)-10 gene and identify its expression
and protection effect on rat hepatocytes during liver injury. Methods:The hIL-10 gene was amplified by PCR from template plasmid
pORF-hIL10, then digested with endonuclease and inserted into pDC315 to recombine adenovirus Ad5-hIL10. Ad5-hIL10 was used to
infect rat hepatocytes,and the hIL-10 expression was identified by immunology method. Rat hepatocyte injury model was established,
and protection effect of the Ad5-hIL10 was investigated both in hepatocytes in vitro and rat models in vivo. Results:The recombinant
adenovirus Ad5-hIL10 was recombined successfully. After infected with Ad5-hILL10,the expression level of hIL-10 in hepatocytes was
increased with viral MOls. The cell viability of virus-infected hepatocytes increased along with viral MOIs under carbon tetrachloride
induction, being 92% when MOI=50. In rat model, compared with the control group and blank virus group,the hepatocyte hydropic
degeneration and stroma inflammation in Ad5-hIL10-treated group were alleviated,and the liver function was improved (P < 0.05).
Conclusion: The recombinant adenovirus AdS5-hIL10 has been successfully constructed,which was demonstrated to have activity of
improving rat hepatocyte viability and protecting liver function.
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1.1 A

pORF-hIL10 B4 (€ [F Invivo Gen A F] ) ; St
hIL-10 P& CH N AE Y AR A F] ) s MTT labeling
reagent (FZ[E Roche Diagnostics A F]); PG LA
(AbmE T 754 s hIL-10 ELISA A 7) & (5
Invitrogen A H] ),

12 F#k
1.2.1 4 hil-10 A B FL Rk 5B ke &

AR hIL-10 ZEHB 49, 7. 5-CCGGAATTCAC-
CATGGCCCACAGCTCAGC-3', & EcoR I BV A5
T % :5' -CGACGTCGACTTATCAGTTTCGTATCTTC-
ATTGTC-3', & Sal | BV AL, §738 F B 552 bp,
EGFP 514, i :5'-GGAAGATCTACCATGGTGAG-
CAAGGGC-3", & Bgl I B YIL 55 FUE .5 -TG-
CACTCGAGTTATTATCTAGATCCGGTGGATC-3' , &
Xho 1 I 5, #7314 5Bt K/IN 760 bp, LA pORF-
hIL10 Fik A4k , PCR 9714 hIL-10 JE[A ¢DNA J7
H, wREA pUCL9 #hikrf, P %, % pUCI9-
hIL10 BEY] A1 hIL-10 ¢DNA H B, JINZBH:96°C
5 min,95°C 30 s 2814 ,60°C 30 s 1B & ,72°C 60 s 4E
it 4L 20 MEER , H 72°C 10 min, §7 7 0.8%
TilE BHEE R H Uk, B RIS & m s , soREA
pDC315 # A F# pDC315-hIL10 #EAk,, [RIRE 7 ik
FE) Rl A 5 AU 28 (8 98 Y 26 [ (enhanced green flu-
orescent protein, EGFP) FR) T T 8 2 244 pDC315-
EGFP,

JFkL pDC315-hIL10 ,pDC315-EGFP 5 5 R g5
FEH 2Lk pBGHE3 3 i Lipofectamine 2000 FL4%
Py 293 4, FEATAAL N R IR A 2 JR S Pk R
WEBE , v QIAamp DNA Blood Mini Kit By iyl Y s
DNA, % PCR 414 hIL-10 5% EGFP %2, LIt € &
ZH B9 B DNA B e T hIL-10 EGFP £ [
B TR, #1444 AdS-hIL10 F1 Ad5-EGFP, Jk#E
TE 293 diffdrb s 2 Y1 AR B0k alifh
122 KRI85 5k

THIE G HEE SD KB, K 250~300 g, H1 I
TR S ve S sy O R B SR 2D I R T

I3 B R UM ™, 4573 B B 400 L B T RPMIT
1640 i3 78 37°C 5%CO, F1F FUkabsst
1.2.3  IRRa 3ARR fe  R o m) 52

KBTS 96 FLAT, 1 x 10° 4N/AL, 1535 24 h;
W ME R F- U@%Bﬁfg(multiplicity of in-
fection, MOI)=1.5.10.50 I AJ% 5 Ad5-EGFP, 54%
2 hy W BRI B B 2% I3 BB IR, B5 9% 48 h
I, DO T WSS THEEO R IR BHM AR L]
1.2.4  Mpoma 3R B AGA e 2

K EHTFZRMAH 6 FLAR,5 x 10* A~/FL, 17595 24 h;
e FHIC L 5535 W, MOI=1 .5 .10 .50 fiIl AJKHE Ad5-
hIL10, F24% 2 h Wk L3, 0 & 2% 003 1 55 5%
W, Higs 48 h, WHERT R 1, R hIL-10
ELISA &7 &0 & 400 F i hIL-10 &4, TES
TR S UL, [RIEF IR BG40, LA RT-PCR 57k
Y 5E hIL-10 mRNA %35, DI P hil-10 HTi&FT
Western blot K 41 EITHE H hIL-10 & M AIFRIA
1.2.5 Zmfe5i4s BE A 69 3 2 & hlL-10 & ik xH A 29
RLBAG 09 AP AE )

K EATFZRMAH 6 FLAR,5 x 10*4~/FL, 17595 24 h,
53 3 (BB 8 DEAL) . Ad5-hIL10 JERYLAH 20 i
WEEJ , 4 HJC S 35 71 , MOI=1.5.,10.,50 i A
W TE AdS-hIL10, 5208 2 hy B 138, B & 2%
RS IR, B 9% 24 h e, In A DU G fe i = 40k
0.5 mol/L, #4235 5% 24 h, Ad5-EGFP By 4 | XA
7 AdS-EGFP JRYL 4L, 5 AdS-hIL10 YL [R]
AL IAAH ) B ) DU Ak 25 0T R 240 B[R] 20
B V) lIbrsE I R

i f PUEEL - (methyl thiazolyl tetrazolium, MTT)
L o S A DU 20 LA 7375 238 IR BE SR A, 75 VD
feiRAVER G 24 h, 7 L3552, INA 0.1 mol/L PBS
W 100 wl/AL, F5 MTT labeling reagent 10 pl/#L
BLURIE 0.5 mg/ml, BIEAH A 4 h; I Solubilization
solution (10% SDS,0.01 mol/L HC1) 100 wl/fL, &
AR N 1% 5 BEFRAY (Model 550 Microplate Reader,
Z [ BIO-RAD 24 E)MAE 570 nm B WGEEE, 2
1EWK N 655 nm; 2 40 A A7 £k
1.2.6 KFJIMGERE S

faERE SD KR 24 F HEME, 4 JRIIRS /AT 80~100 ¢
(FRHBE_ 18 SLAC SE58 shy i3 it i iE g sh
UGN SE) SRy 4 4, B4 6 H L AdS-hIL10 3R
ST AAS-EGFP G741 5 X BRZH (P45 )5 RIA
J7) AEH TR, B 2 AAREAESS 1.3.5.7.9 R4
FEERIK A3 B S % R 7 AdS-hIL10 F1 Ad5-EGFP,
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TR H AR 5 x 108 pfu/200 wl, J5 2 2000 [F2
TESAFABUVEBIEK . 7655 3.5.7.9 .11 K BRIEHR
Xof BREH AT, Hax B A P % 409% P S Atk
A1 BE TR, B RE L 200
127 KA hIL-10 FX ZAT T heth &

TER BRI A Ny 5 Ak 2 3% 4 J KR
T EER R ML, ELISA 757 IR0 107 hIL-10 K1k
I3 A A AL IR LT 2 (total bilirubin, TBIL) | PN 44
in E L 7 il (alanine transarninase, ALT) NS
BIRBEILL LM (aspartate aminotransferase, AST) |
BnEH (total protein,TP) HEA (albumin, ALB) &
JHIIREFEAR
128 XEMARTEFKSE

N

Ad5-hIL10
M Cl C2 N
21 226 bp
5 148 bp
3530 bp
2 027 bp
1375 bp

947 bp

564 bp
552 bp

AEBER R, BOR AP 23R4, A &) F HE
Yo ALK BT TE AR 1k
1.3 %itsrE

LI BAE LR + ARERE (x + 5) B, BHZ
i) LR FH LR R 7 25 4047 (one-way ANOVA ), 20
[E) PR LAk H LSD-¢ K6, SPSS13.0 #X At Ab P,
P<0.05 BREFAGLIZFEE L,

2 & R

2.1 FaAMImEHER

BRI TELE 293 A EEZH 2 8] 45 PR U B
BE 24,4 PCR §7H hIL-10 8 EGFP %, Frt 2 4>
R RE I vl T EGFP hIL-10 JEPH (18] 1),

Ad5-EGFP
M N C3 C4

2 027 bp
1 375 bp

947 bp
564 bp

M:Lambda DNA/EcoR 1 +Hind 1 43T 8ARIC ;N BAMERT IR 5 50 C1 F1 C2 22 PCR 471 IESE 4 hiL-10;C3 Fil C4 IESE & EGFP R F1
Bl 1 EANRREE A

Figure 1 Identification of the recombinant adenovirus clones

22 MAEBRA R E
KT AdS-EGFP J5 48 h, %%
B NSO AL LB, 25 R BoR,

Fitig MOI LA THsr , e B B CR ag  t 5r  7E
MOI=1.5.10.50 i}, EGFP 335 FHVE i) 248 Jg . 451] 43
WK 15.6% 28.9% 35.6%F1 56.8% (&l 2).

AdS-EGFP

MOI = 1 MOI =5

MOI = 10 MOI = 50

ATRIEGE AdS-EGFP J5 B4R (L0 7 (T AR .
K2 i EGFP N 2 R U YRR (x 200)
Figure 2 Infection efficiency of adenovirus carry EGFP in rat hepatocytes (x 200)
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K EUIFZR AL MOTI=1.5 1050 A4 2% YL 38 J3 J%
YR aE AdS-hIL10, 1537 48 h J5 , 23 5°% JH ELISA |
RT-PCR Fl1 Western blot Il & 20 i | ¥ # hIL-10
P (&l 3), ELISA Z55R f7x ,MOI=1.5,10 500},
YA 138 T hIL-10 % 5 43002 (39.87+18.74) |
(96.03+15.12) . (114.36+5.57) . (251.23+29.97 )ng/ml.,
RT-PCR 55 i /R A B 1 hIL-10 HAYEA, Kb
552 bp, Western blot Z5 % 7~ Fifi 2 95 B SRR gL o
BT hIL-10 F A 8 ET,

A

300 1
250 A +
Z 2004
S
= 150 A
S
= 100 1
50
0 ;
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MOI

B hIL-10 Marker C Ad5-hIL10

GAPDH‘ e —

A ELISA & 410 3% 3% F 35t hIL-10 83k % ;B RT-PCR #&:]
L Ad5-hIL10 B9 BT 40 Al b TL-10 JEP A9 3% ;C: Western blot
AN TR MOT B K BUH-AHMLS hIL-10 (92 H 3R XL

Fl 3 IR EREAARA T hIL-10 3 K7 K BUF 40 i 2k
Figure 3 Expression of hIL-10 gene in rat hepatocytes mediat-

ed by adenovirus

2.4  hIL-10 & & % ve f0 8t i 369 K R 28 fe 4%
1 0 AR AP AE R

R U4 LA PO S Ak Bk 22 2R 0.5 mol /L
J , AR B 4540, A A TS R T B R 59%~
2%, S AXEAMEL, Z2REEREE (P<
0.01,n = 8), M4HTSELL MOI=1.5 10,50 Ay
TR B IR R AdS-hIL10, Fhn pu & fkarigs S50, )
HHRLAF IS ZERE MOT (B = midg i, 24 MO1=5 .10,
50 [, Ad5-hIL10 JBYL 2 (AN HEAE 1 R 5 Ad5-EGFP
TG A L, 22 A it22 3 L, MOI=50 i, 4
MUAFIE IR 2 92% (K 4).,
2.5 KEAAMARNF hIL-10 &k

[0 Ad5-hIL10 /&34 [ AdS-EGFP B4l

e poptitic|
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AMIAFTEH (%)
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Ad5-hIL10 Y45 AdS-EGFP BRYL4 A, “P<0.05, *"P<
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Bl 4 AdS-hIL10 Rk P AR S 1K U AR AT 1 5
p AL

Figure 4  Effect of Ad5-hIL10 on rat hepatocyte viability in-

jured by carbon tetrachloride

ELISA J7 A6 4 20K BRI hIL-10 3545351
9 (104.07 + 10.64) (11.68 + 3.28) . (10.35 + 2.06) .
(10.13 = 1.45)ng/ml, Ad5-hIL10 ZH 1134 hIL-10 ik
BEAE, SHAIUMEZERASIFRE (P <
0.01,n = 6), 45 A5 A4 2 (14 5 41 AR 7 AdS-
hIL10 AB7E K BRI K F-3RIA (K 5)

140
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+
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D X O
(= -]
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[y}
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* * *
. i . i .
Ad5-hIL10 Ad5-EGFP  #if5 EH
WY BT XM R4
5 Ad5-hIL10 JRY74LILER, *P < 0.01,
BS KEWRMIMGE hIL-10 #ik

Figure 5 Expression of serum hIL-10 in rat liver

2.6 FEKXRITAEAEE

AR TR, F BTS2 A~ A6 0 1. TBIL
ALT AST TP ALB 5 WifFZhfigdsbs (£ 1), nl i
AdS-hIL10 J6I7 4 50 BBAHAH HL, P S TidR
bR WA G2 E L (TBIL. TP P < 0.05;ALT,
AST ALB:P < 0.01);Ad5-hIL10 4 J7 44 F1 Ad5-
EGFP 4 tL , 7EBR TP FMEHAl 4 TiHE AR 22 5397
G2 ER (P < 0.01), UEBAFUE A TL-10 R4 K R
JHFRIE AT LA Sk AT 0 e it XoF oA P 24 1) 4
P, X FD Re AT W1 O VR A, BRAE R AR R B Y
SRLLR M AN, e AEAMREA, AdS-
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hIL10 JRYT4LF AdS-EGFP AT 4HAH L, TP BAR A
it S B AT WL R . AdS-hIL10 JRY7 4
551 % FRGTAR LG TBIL AL AST A5 BT+ (P <
0.01), ALT B&A FH& , TP ALB B T (P> 0.05),
VLI EARA 1L-10 IO, (R RE AT 2l g o8 41k

RIEH, AR K BT DI ReATS A — & s,
Ji8, AdS-EGFP I8 4 . 147 %) HE 4 1) 4% T 48 A
AL —E(P > 0.05), H 515 X R4 LA B
25 (P < 0.01), iE W9 25 #i/k AdS-EGFP X
JH 4B PR AE

x1 ARFYHERELR

Table 1 Results of rat liver function test

215 TBIL(pmol/L) ALT(U/L) AST(U/L) TP(g/L) ALB(g/L)
Ad5-hILIO VAT 11.30 + 2.282 142.17 + 120.76 310.17 + 86.25% 65.75 + 7.56 32.32 +2.52
Ad5-EGFP AP 21.60 + 7.54* "% 886.67 + 254.39"*2 1 999.17 + 497.49"*2  55.05 + 12.96° 25.88 + 3.80" *2
WimxT B 22.60 +9.48*2  778.83 + 168.61**4 2309.00 + 779.05**4  57.12 + 5.03*%  24.72 + 3.44**~
IEFKER 1.12 £ 040" 62.50 + 17.72 137.33 + 18.33"* 73.00 + 5.16 34.97 £ 2.13

5 Ad5-hIL10 J8IF AR, *P < 0.05, **P < 0.01 ; 5 IE# X FREH i, “P < 0.01(n = 6).,

27 RERFHELREKR S

SREHHZE R R FE R BR, IOR R ZL, 7 B
YR HE e (& 6), 7T WL AdS-hIL10 369745
TEHXO HRA R B A AR B0, 20 R/ NE S IE
B AN /N E S S R QIR

Ad5-hIL10 JRyT4 Ad5-EGFPIRYTHH

P

H AH AdS-hIL10 3357 2104 X3 56 FL AT 0L 5% i 20
MR . Ad5-EGFP 1497 20 F451 45 % B 4H K BUF 20
LD R Y Sk 4 e e | G 3R AR % A
FRLRREAS T T, T DR B B4R FEIRBE R BE XA
SN

il ot TEH X AR

ATRIEH ML, S 7m K B -2, @ 7 5 A I
E 6 KENFAIIE AWML (HE, x 200)
Figure 6 Morphological changes of rat hepatocytes (HE,x 200)
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SRHHEM I ANE L hIL-10, S AMNESE AT A= 42
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7SR RUH AR 0 40 BAS TR RN sl | SR
Ad5-hIL10 B adEA T Bl Pk 110, &3 h1L-10 A9
IRAMEAT LAAEAAR SN R8T 20 5493 , 8 e -2
FEBT I SRR T BAAG 5, Ti ELAAR P S804
THHFIHBREFEbRAG It 7R | Ad5-hIL10 3R Y7 4L IThRE
AT — e R (ERISIC 0 X HRZHAH AT BH el
2, JUILRE I b I 2l , R K R DR A &2
Sk, TSR] RiESs  AdS-hIL10 3674
ML ASEAR BT IR, O AR TE SR5E, 4K
i, SR S NI o, AR SEESIESE  TL-10 XoF JH-4t A5
P ORI, AT DB S A P A S e R o i A e 4
AT DISE i SERAILE & PR RN, ASAIFTERA A
o7 hIL-10 FE PR 4 B Bk A A S sk rp AT AR K
IRV T, 7B A B SR A 3 R R 7 I R s
M HZ RSG5 HAE T AL, WA BARR
N7, T e BB A AR 5 BRI T T R Z—
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