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TUERBLARTAE N HE R E B S3 EEBE X R B &R EE TR
MM R, R K Bk F (400010 5, TRBERIAEINES B BRI SMRL)

[(HWZE] HM RA RNA THRE ARG FIE A2 19 S3 (ribosomal protein S3, RPS3) B[Rl 3R ik , WL I
Xif 17 s Rl F- kappa B( nuclear factor-kappa B, NF-kB ) {500 LA K Xt RS A5 S 300 e i P v 45 B B PE L . il M
AL TR (Ad) D304 RPS3 B[R 47 57 M i 8 9 RNA (shRNA) 3R 3k Uk, # FEHLEUFE R 45 L R R 43 3 4 : Ad-
RPS3-shRNA 2] .25 B 8 X IR (25 G R ) AR FRER KOG IRZH (NS XFRRZH ) o FAFAS AT 48 h 4331 Ad-RPS3-shRNA
UKL 25 MR B A AR B K AR B 3 2 IR B o SCRE MLV B T O A PR ) i 345 e S |l 2 4 PR P KT R 2
ZURIHYCE SOREF T mRNA P ZURECY h NF-«B 16 FIR KK PR br 2. 8528 B ENED: 3 h Ad-
RPS3-shRNA 41 K FUIfiLiE ALT K- (725.9 +67.3) U/L AST 7KF-(863.7 £72.7) U/L, il 3% TNF-a 7K3F-(223.7 +£16.8) ng/L,
IL-1B K- (242.5 +18.7) ng/L ICAM-1 7K - (258. 4 +24.9) ng/L, Suzuki P43 (3.72 0. 31) , fFZHZ mRNA /K ; TNF-o
(0.252 +£0.026) \IL-1B(0.217 +0.028) . ICAM-1(0.226 +0.017) ,RPS3(0. 094 0. 007) , JF£ZH 4! NF-kB & 17K (0. 216 +
0.022) FHHH: (92,4 £9.5) ¥ i AR F 25 U0 JRZH A NS X HRZH (P <0. 01) , T2 (% IR 20 (NS X R4 Lh iR e Se 122 2
F(P>0.05) ;¥R H#EVE 12 h Ad-RPS3-shRNA 0 &Kl Fadn 5 3 h AR LA Rl . &518  DUBRELARITAE N RPS3 FE A AT
b 2RI 20 M NF-kB 5 PRI R A B, AT B A AE IR T3 3K , 8 8008 TR AL IS 7 300 e ot P08 0453 4%

(XM ]  RNAI;NF-kB; AR S35 IFREAH ; Bl il P i 4
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Silencing ribosome protein S3 gene in donor livers reduces ischemia/reperfusion in-

jury following orthotopic liver transplantation in rats

Chen Xin, Cheng Mingxiang, Gong Jianping, Chen Yong, Tu Bing ( Department of Hepatobiliary Surgery, Second Affiliated
Hospital, Chongqing Medical University, Chongqing, 400010, China)

[ Abstract | Objective To silence ribosome protein S3 ( RPS3) gene in donor livers using RNAI tech-
nique, and to observe the influence on nuclear factor-kappa B (NF-kB) and the protective effect on early is-
chemia/reperfusion injury (I/RI) after orthotopic liver transplantation in rats. Methods Recombinant adeno-
virus-RPS3-shRNA granules were constructed. Seventy-two SD rats were randomly divided into three groups: an
Ad-RPS3-shRNA group, an Ad-blank-control group, and an NS-control group. Ad-RPS3-shRNA granules,
blank adenovirus granules, and normal saline were injected into donor rats in the three groups at 48 h before the
donor livers were harvested. The liver tissues and blood samples were harvested in 3 and 12 h after the liver
transplantation. Liver function, plasma inflammatory factor level, and liver histopathological change were as-
sessed. Meanwhile, the mRNA levels of inflammatory factors in liver tissues were detected by quantitative RT-
PCR. Electrophoretic mobility shift assay and Western blotting were used to assess the activity and level of NF-
kB. Results At 3 h after reperfusion following liver transplantation, the serum ALT level and serum AST level
were 725.9 £67.3 U/L and 863.7 +72.7 U/L in the Ad-RPS3-shRNA group. The TNF-«, IL-13 and ICAM-1
levels in plasma were 223.7 £16.8 ng/L, 242.5 £18.7 ng/L and 258.4 £24.9 ng/L, while the mRNA levels
of TNF-a, IL-1B and ICAM-1 in liver tissues were 0.252 +0.026 ng/L, 0.217 £0. 028 ng/L, and 0.226 +
0.017 ng/L. Suzuki score was 3.72 £0.31, and liver RPS3 mRNA level was 0.094 £0.007 ng/L. The liver
NF-kB level and activity were 0. 216 = 0. 022 and 92. 4 +9. 5, respectively. The above indexes in the
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Ad-RPS3-shRNA group were significantly lower than those in the Ad-blank-control and the NS-control group

(P <0.01). There was no statistical difference between the Ad-blank-control group and the NS-control group

(P >0.05). At 12 h after reperfusion following liver transplantation, the above indexes showed the same

change tendency as those at 3 h after reperfusion. Conclusion

Silencing RPS3 gene in donor livers signifi-

cantly down-regulates the level and activity of NF-kB, inhibits the over-expression of inflammatory factors, and

reduces early I/RI after orthotopic liver transplantation.

[ Key words |

RNAi; NF-kB; ribosomal protein S3; liver transplantation; ischemia/reperfusion injury
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PEAR I REAE RS AR 40 300 2 A 1) e P08 T30 40
(ischemia/reperfusion injury, I/RI) AN{Y 2= 52 el T i A=
FROIRERY & 4R, B ] R Y 2R T, S BUATT R
U/RT {953 F A2 3R I 2 B0 0 ik K38 R AE
ARG PRI T Y BFSE R BB /RT [
J PR S Sy ke L P B B A% % S A F kappa B
(nuclear factor-kappa B, NF-«kB) B iG J5 V835 &€ K 1
o B K, A b 2R BE IR 7 (tumor necrosis factor o,
TNF-a) . 141 %-1B (interleukin-18, TL-18) | 21 i (8]
43 F-1 (intercellular adhesion molecule-1, ICAM-1)
AR X YORE R 23 5 | 8 20 0 3 4 S 440
PRI 7 (] 50K S, AT S — 25 0 ik oA 46 4% 7 400 Ji K]
FHEZER AT R — R B & B A
& 4 S3 (ribosomal protein S3, RPS3) [ EL.A &% WA AH
KIRESD , ibJ& NF-kB By 75 DI RELHLA o (RSP S2 5
S RPS3 A[ LU fifi NF-kB(P65/P65) 15 DNA 454 3%
PEE 70 245, i NF-kB (P65/P50) 5 DNA %54 %R
P 30 4%, Bz RPS3 & [ fif NF-«B {55l #% ™
2P, NF-«B KBS IR Rk 7 R, AR
B LA R 9 B R AR AR AL H RPS3 F S P 4 & J¢ RNA
(shRNA) ik FUks , OB AR TR Y RPS3 JE AT, WigE
HXF NF-kB (52006 DL SO 48 f5 510 /R (8 O 47
YERL, JEX5 AL MERI AL R

1 #REFE

1.1 FaRRBEBEEME

RPS3 #5571 shRNA Jif5 # Bikz ( Ad-RPS3-shRNA ) i In-
vitrogen A F HR A, K5 6 TORLEE Y AR 293 4 (human em-
bryonic kidney-293 , HEK-293) {5 h . 21 Jii i 7 % G UK, Jf- 1
A SRE ALY G . Y 24 h SIS AR B ARG A 3 Ik,
SR FH CsCl 2 B9 B B0 vk B 4l vk 40 96 75 UK, 25 B Bl S 00
TS T T T B, I LA S B B ( PFU) Vs 2 1 B
1.2 Zshdlhs XK RITS LR M

AUAEHEME SD KL 72 1,8 ~ 10 El#%, A5 /& 250 ~ 300 g,

R BE R RS2 S rh o 4R A, S IRNREEE S A ik
#F Kamada #7535 8 57 K RS AF B sh R, Otk T
A EES T TR, B bk, b T T B i Dk A IR 9 5¢ kIR
B AAEE 4 CFMrER v 10 ml FESRALF A [E AL 0 °C
SRV O TR RO I ORI BE o 3 (R a4 — R ) R
JH AR A AR T 1 min, 7E 4 C PR W o sl
Bk P T TSk EfiAs . Q@2 TR YIS T, JFRAAH
AHERE, 58 BORF T s i ik i 2 5 5 S 1) g Pk o s o 5
W6, G5 TG, JC I R] 2 (20 +3) min, DL AR S P
TG, SERUR R R Rk ss a2 & A DY S 209048 o
i) A 58 IR A E A
1.3 St

e B ML A 2 W F SC 30 K B4 4 3 41 : Ad-RPS3-shRNA
2l 2 IR TR AT BE A (25 UG REAL) A= BEER K X BB 4H (NS X
WR4L) B2 12 X 4% b IAR K B 2 il X 2 Tk W A BRI,
FHZS 1 THIKT BT A Ad-RPS3-shRNA ki 1 x 10°PFU 25 4 it
JREFERIR 1 x 10°PFU LUK 75 B PR /K, 48 h 5 U1tk
JFRELRAFE T 4 °C UW ¥ (university of wisconsin) 112 h, 5/ A
SRR S TR E M 3,12 h A SEAHZ A KR 6
HU 2 1 s I Y08 b A B JEF e A )54 i 2 248
1.4 I3 ARBEFH R K 5w B F A

2 ANAASHTAL (CXT, Beckman, USA ) # il Ifi 1 4+ 4
SO (ALT) 43RG S0 (AST) /K, JF41Z14 10% /R
AR E A AL S B ML HE Y6, S6 8% R WH % DL Suzuki PP
IBRUEXT AT e P 430 DA A0 23 A AR 1 L B ol 5 R
SE SEMI 3 AN THAS A H 0 ~4 43, R ULBH 2 K 0 43,
A I 60% 7 4 3o FRIK G W RS2 96 ( ELISA ) G i ¢
HRAEFTF TNF-o IL-18 ICAM-1 7K, #R4E ELISA 35 £ ik H
(Sigma ) I 5 2% LA H Y 25 PR F-7KF o
1.5 A4 % 5 B -F mRNA 4l

SER 9 i 3R A Wi SN (qRT-PCR) A6 il J e 20 21
TNF-a IL-18 . ICAM-1 fi) mRNA /K, i @R IR PR AT P22t
FEA R EZICE RNA, 712 Il RNA il 323077 & 08 B 45 ( Trizol
kit) o BU1 pg & RNA fF RT-PCR, J5 ik 2 MR % 5t PCR i
F&. 51 F 5 K TNF-a % 5'-TATGGCTCAGGGTCCAA-
CTC-3', F il 5'-TGGTCACCAAATCAGCGTTA-3' , " Hi P= iy K Jig
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1 687 bp;IL-1B8 Iji# 5'-GAGCTGAAAGCTCTCCACCTC-3", T i
5'-CTTTCCTTTGAGGCCCAAGGC-3" , ¥ 1 r= ¥ K & 2 943 bp;
ICAM-1 [-3% 5'-CTCTGCTCCTGGTCCTGGT-3", Fiif 5'-CGTGA-
ATGTGATCTCCTTGG-3" , 4 B =4y K- 2 602 bp; RPS3 [-§§7 5'-
GCCACGTGTTGCTCAGACA-3', T ii# 5'-GCTTCTTAGGGGCCAA-
TCTTA3' 3 HAP= 4K i 855 bp. 9% 34 2 B 461 - buffer 10 pl,
51910100 pmol/l) 1 pul, 355 IR A 1wl BEAR RNA 5 pl,
DEPC 7K 13 pl325 C 2 10 min, $XJ5 42 °C 60 min, 55
95 °C 5 min, PCR JZ Jii 254 : buffer 25 wl, 5[4 (25 pmol/wul)
1 ul,TagMan PCR JR-& 7 M TagMan #8415 pl,cDNA A1 wl,
DEPC 7k 20 pl;95 °C J2 ¥ 10 min, 4R )5 L 95 C 15 5,60 C
1 minZfy 1 A4>JE 3, FAEEF 40 ¥, e )m 72 CHERIEM S min, [
i S o R 2 G5 5 o
1.6 A4 NF-kB & & &2 B &EHnE

Western blot 46 I iF£H 41 f NF-kB P65/PS0 % [ 1Ak
S LS E A Hh R 7 (50 mmol/L Tris, 150 mmol/L
NaCl,0. 1% SDS,1% sodium deoxycholate,1% Triton X-100, pH
7.2, Pierce) £ BUIF A1 21 556 1, 3+ LA Bradford 24 2 25 1 ¥
B, ¥ 10 pl A5 1 x loading buffer JiNzk ] 12% BP9 F L
JHEBEREHL VK Th 43 B 2 11, 7E 300 mA HL 3T T 22 b b i I
2 h,J5 H 3% Wi g W54 #1 0. 1% Tween 20 (USB, Cleveland,
OH, USA) T PBS ¥ " BHIT S B K S HiiA i &, ik 2
AR IH A% B (NF-kB 1: 800, B-actin 1: 400, Santa Cruz) , il A B
HR i AL Y (HRP) #3181 i, BandScand. 3 Xif 4 il 5 5 ik
Fraf i, A AR S B-actin K HLEFRR HARE A
FARHE . BEMCHLUKIE RS 853 BTk (EMSA) K5 JHF2H 21 rf NF-«B
P65/P50 i . 4% it EMSA 71 & ( Viagene ) #24E KE 4 LI T
JU AR B 16 2 Wl AZHE 5 0.5 pl NF-kB #4158 1832
HR SR, 7E 180 V Z5 A T JR I MR It i BE s v UK 70 miin Ji5 7E
0.5 x TBE, 390 mA % % 5 40 min, ¥ J & T4 5MT T
10 em AbAZEE 5 min FfBEIT, ¥ 15 ml Streptavidin-HRP (1:750)
HFEEEIR T I E 20 min, BandScand. 3 X 6 45 R #4753
L LAARAT IR (AR NF-«B A TG

+ 8

1.7 %itF o

B FEAKGEIN 3 YR I B8R iz A AR MR . 4541
SEEREHR LA & + s oo, L SPSS 18. 0 FEi b 474381, 4
(] LA R P A SRR AR B E 1) ¢ A5 o

2 HR

2.1 MHBHEREEZEI 12 h XK ok ALT, AST
KF
Ad-RPS3-shRNA T # 48 J5 K B VE A 3,12 h Il ALT,
AST K BALF 25 A X IR S NS XFHRZL (P <0.01) ;{H%
FIXIBZH 5 NS X R4 A T4t it22 22 57 (P >0.05) , W& 1,

*®1 BFREFHRE#ET3 .12 h XEMiE ALT AST k-
(U/L, n=6, x£s)

b Ad-RPS3-shRNA 4] 25 X R4 NS X B4

ALT  3h 725.9 £67.3 1736.5+173.7 1472.2+178.4
12h  1842.7+176.6° 3232.6£273.1 3347.6+293.5

AST 3 h 863.7 £72.7% 1874.6 +£163.7 2109.3 £188.7

12h  1513.4+187.67

a:P<0.01,5 % 5= B4 NS #F B 4L rbix

3149.1 £282.6 3662.4 £269.6

2.2 FFIEAZIRIERE

e N WA RS A IR PR A2 E T 12 h 2 (0 B2 (NS i R
2 A BRUFF AT 20 2 3 30 1 e o 114 JF 400 4 R A 5 A AR
JHF I B2 RH 28 5 1 Ad-RPS3-shRNA 20 44 35 5 43 #F 45 4% 5 LA Suzuki
PEOMAZR AL 2145 ™ B A2 BE , Ad-RPS3-shRNA 4] 312 h
PRI BAR T2 X IR A5 NS XHHRZH (P <0.01) ;55 F X R
205 NS X HRAH LU e it 225 (P >0.05), WL 1,32,

®2 FFREFREEE3 12 h XRFAL Suzuki 5

(n=6, x+s)
5[] Ad-RPS3-shRNA 21 25 X IR NS X HE 4]
3h 3.72 +£0.312 7.93 £0.63 8.22 +0.61
12 h 3.94 +0.34% 8.18 +0.66 8.25+0.69

a:P<0.01,5 % 5% &xriBm NS s B bix

LAt ae N g @ L‘

N

A: Ad-RPS3-shRNA 41;B; % & 3} 848 C: NS 33 fa 41
E1 FREEREEEI12h KEFALAKFERET (HE)
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2.3 A KoERFAKF

Ad-RPS3-shRNA 21 F A /5 PR HE 13 312 h 1fi 3% 5 5E A
T B T2 {X IR 5 NS S HEZH (P <0.01) ;25 H %
M2 5 NS XFHRAH LR e 4eit2E 22 5% (P>0.05) . W33,

£3 FFREEHRERES 12 h ARME TNF-a IL1g ICAM-
KFE (ng/L,n=6, x £5)

£ty Ad-RPS3-shRNA 25 25 PO R4 NS Xf HR4H
TNF-« 3 h 223.7 +16.8% 526.4 +49.5 517.6 £44.9
12 h 229.8 £15.92 512.7 +45.0 499.0 +43.3
IL-18 3h 242.5 +18.7% 512.8 £51.4 489.7 +£47.7
12 h 253.7 £17.92 524.4 +£36.2 503.4 £43.0
ICAM-1 3 h 258.4 +24.9% 548.7 +48.9 498.6 +43.7
12 h 264.1£22.6° 536.3 +54.8 514.7 £45.1

a:P<0.01,% %5 % G- 1B NS 3+ 8 20 b ik

2.4 AR X g B -F & RPS3 mRNA K-F

25 FAXT R ZH (NS S I 20 T 2H 21 6 E ] mRNA 7KF I 3
5 F Ad-RPS3-shRNA ZH (P <0.01) ;i 25 (A XF HE 2 NS Xf HE 20
AR L TC G T 25 5% (P >0.05) o [6] i Aar i) 1 JF2H 41
RPS3 mRNA /K, 4558 1B 7% RPS3 mRNA A 2 il , @ &%
F23 FIXS R4 NS X JEZH (P <0.01) . B3 4,

R4 MHERREEE 12 h KRFEAAHN TNF-o IL-18,
ICAM-1 ,RPS3 mRNA K (n=6, & +5)

it Ad-RPS3-shRNA 20 25 PO R4 NS it 2
TNF-a  3h  0.252£0.026° 0.721 +0.062 0.716 £0.074
12h  0.248 £0.021° 0.716 +0.077 0.724 0. 068
L1 3h  0.217 £0.0282 0.679 +0.065 0.696 +0. 063
12h  0.211+0.032° 0.663 0. 069 0.687 £0.057
ICAM-1 3 h 0.226 +0.017° 0.591 £0.071 0.621 £0.049
12h  0.214 £0.019° 0.543 +0.063 0.617 £0. 051
RPS3  3h  0.094 =0.0072 0. 466 +0.029 0.438 £0.045

12 h 0.089 +0.008* 0.449 +0.037 0.452 +0.035

a:P<0.01,5 % 5= & B4L NS xF#8 41 rb 4k

2.5 JF#2s NF-kB &G K

Western blot 7546 4% 20 K 4L 41 NF-«B 2 (/K F-F:
PL NF-kB 5 B-actin 45717 JK FE HCABAE R H br 85 R AE ST KO,
f£ Ad-RPS3-shRNA ZH i 251k T° 25 [ X HRZH NS X B2 (P <
0.01) ;28 (AXFHELE NS X IR H A B 4E i 24 22 7 (P >0.05)
W2,
2.6 JF44: NF-kB &G &%

EMSA 7L 8- 41K R ZUH NF-«B 25 6Pk, L NF-«B
S I EABLAE A HETR PR AR X 7K OF , Ad-RPS3-shRNA #] B & (% T
75 X IR NS X REZH (P <0.01) , %5 [ % fEZH NS X RE 4 L1
BEGHERER(P>0.05), WE 3,

3h 12 h
Ad-RPS3-shRNA— -

«NF-kB(214x10°%)
ZEEANTHE > ——— ——— < \F_<B(214x10°)
NS XTHH— o—— o— < NF-xB(214x10°)

B-actin— EE—_—_ — 3 ](° @™

07r @m3h
g 06 2K
T ost
™
Z o4r
il
gy 03r a
T 02F
=
Z 0l1f
L 1
0 Ad-RPS3-shRNA %5 1% iR NS %} i

4151
A:Western blot #M 2 R ;B. £ 547 a:P<0.01, 5% 5% &%t
PRZA NS a8 28 Yo &%
E2 MBERREEE3 12 h XRFHLH NF-«B ERRIEKF
Ad-RPS3-

NS XfHE  ASEHXHR shRNA
3h 12h 3h 12h 3h 12h

g

«NF-«kB
(214x10%)

@®

350 @3 h
300 W12 h
=1 250
it
0200
e
~ 150F
¥ .
= 100f ia
50F
0 1 1

Ad-RPS3-shRNA 25X g

5

NS X

A:EMSA &k R ;B R F 547 a:P<0.01, 55 5= g Ba,
NS i} F8 280 b &5
B3 FrBEEmEEE3.12 hAXRFALAG NF-«B EREMHE

ABTFEE i RPS3 Ff 5P shRNA BRI TR 1A
IR, L SRR BT IIE N B D4 i) RPS3 mRNA J5 %
B, 2R BAE RS AR T SK ALT (AST 7K 1 3%
U LB T IR A A 25 YR T a0 S R 26
L ASHIRIR , Suzuki P B o 33k 28 22 4] A0 1t
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W TER RPS3 ik ] LI A A I R 1/RI; 1
SERIRFST 2280 3G 1L NF-kB A2 SE 5 50 4 58 H 73
Tk IR MG VR 525 Y T 0] 4 Wy
RPS3 7£ NF-kB /v R 5 1/RI {5538 i h A& 4%
HEAEM.

S R, RS FREE 3 h f 12 h oy
NF-kB 7% Ak 5 0, P 03 24 h 4 23805 26 90 & W 4
TE 2 A TG Ak I A KRR R A 0T (40 TNF-o | IL-18
ICAM-1 45 ) FERBENN , 3k LE 41 i K 7 AR A L R B 432
SN R ZE 2345 47 , (B AT LA | RS 48 A 240 Jf 2R 4R
IR IS 1, 40 CAM \ROS ,GM-CSF | PAF
CXC chemokines ,C5a ,SLP %5 ; Bl i 4iE 48 PR -4 43 T
YA N AR, DT — 2D 5 | S A, 1 FE T I 5
BRI R R TG I T JFF A% s PR
3 h f112 h (il 3¢ TNF-o IL-18 ICAM-1 7KDL J i 2
241 mRNA 7K ; &3 Ad-RPS3-shRNA 41 2 /M [a] i 48
i PR F- S mRNA 2 B S AIGF 25 116 BE 2 NS X 1R
2 ; BERHTTER RPS3 J5 R4E K 723552 219l , NF-«B
AN R FE L P65/P50 SR — RIRTE A7 AE, 5
H NF-«B # [HF (1cB) 45 & (R B 74 Bl ™ 5 2
ZF|RAEH T TNF-o \IL-18 ICAM-1 2515354, Ik B #
12 ZAUKESR BRI NF-xB E A 41 I SR 45 &
FRIEN R BB 9t & B RPS3 J& NF-«B 4%
SRE AR DNA 454 (AR5 45# , = RPS3 {1 NF-
kB ANAES DNA A RS S IR ah RN 717 &
IR T NF-kB P65/P50 ZEFFZHZUH P 3 h A1 12 h
(I B B S5 R ULER RPS3 J5 NF-kB ik
aAE AR A2 BB Al B, AT R DUER
RPS3 JEPH W] L) BH W7 5k 98 /> NF-«B 5 DNA %54 41 il
FEDR G 5k, AT A 1 2R RE PR 2 3k, s 4% 8 AT I Uk
I/RI,

AREFFERIAEART T RPS3 7 NF-kB 415 (1) IR A
J& U/RI A5 5 3 % v (%) 5 22 4E ], 3E B 7 3 o U 2R
RPS3 K& (K A] U] NF-kB % 5% 2 48 K5, DT X %
LIRS B PR B4 3 P 68 R AL ARG 701 I/RI i
FEPRIA YT R UL Hr AR A
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