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Abstract

AIM: To investigate the effect of siRNA-me-
diated RPL31 gene silencing on the growth of
xenograft tumors derived from human pancre-
atic cancer cell line BxPC-3 in nude mice, and to
explore the potential role of the RPL31 gene in

pancreatic cancer.

METHODS: The siRNA sequence targeting to
human RPL31 gene was designed. Human pan-
creatic cancer BxPC-3 cells were subcutaneously
inoculated into Balb/c nude mice to develop
a transplantation tumor model of human pan-
creatic cancer. According to the tumor volume,
nude mice were randomly divided into three
groups: vehicle control group, negative control
group and RPL31-siRNA injection group. Mice
of the RPL31-siRNA injection group were in-
tratumorally injected with RPL31-siRNA using
RNAi-Mate. Tumor volumes were calculated
daily. On the 16th day after the first intratu-
moral injection, all the mice were sacrificed and
the tumors were taken out to undergo real-time
quantitative PCR (qRT-PCR) and Western blot
analyses to detect RPL31 expression. The expres-
sion of Ki-67 and CD31 proteins in xenograft
tissue was detected by immunohistochemistry.
Cell apoptosis in xenograft tumors was detected
by TUNEL assay.

RESULTS: Compared with the vehicle control
group and negative control group, mice in the
RPL31-siRNA injection group exhibited slower
tumor growth, significantly smaller tumor vol-
ume (P < 0.05), and lower RPL31 expression level
(P < 0.05). Immunohistochemistry results showed
that the proportions of Ki-67- and CD31-positive
cells decreased in xenograft tissue injected with
RPL31-siRNA (55.78% * 4.63%, 51.37% * 5.05% vs
11.08% + 1.31%; 56.53% + 6.03%, 44.84% + 5.24%
vs 9.67% £ 1.39%). TUNEL results showed that
apoptosis increased in xenograft tissue injected
with RPL31-siRNA (2.92% +0.54%, 3.85% + 0.87%
vs 39.58% +4.02%).

CONCLUSION: Silencing of RPL31 expression
could inhibit the growth of subcutaneous xeno-
graft tumors derived from BxPC-3 cell line in
nude mice, down-regulate the expression of Ki-67
and CD31, and induce cell apoptosis in the trans-
plantation tumors. The RPL31 gene is a potential
target for gene therapy of pancreatic cancer.
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BH): #F R siRNATE A& B L31(ribosomal
protein L31, RPL31)%F AJRARFEBXPC-34m i,
R T BALE o9 VA, IRITRPLIIE
FETERE SR o T A6 09 4 R L)

FiE: &t A mIe s ARPLI 1A R #9siRNA R
MM AT BBSiRNA; & 2 AR ZEBxPC-3% 8,
#9Balb/ciR Kk T A HBAER, 4RSI
FRIEAAC o A 340 A 2 B4R, M AT B4R
A& RPL3[-siRNAFF48; 1% FARNAi-Matesk
KA HERPL31-sIRNABAT A5 A9 T8 M2 4, YL
RELAAR R NG AR A KR JE, 2 IF 8 A XK
Wy 2%, KA 52 it £ £ PCR& Western blot#d 7 i&
For i A ML 4L AR PL3TF R 04 R A S J5 4ALLR
A& % 7% (immunohistochemistry, IHC)# | #% &,
KT AABKI-67TACD31 8 &k ik; Rz K BAr
TLHAR(TUNEL) -] 45 AR 78 28 22 49 2 L ) 1=

R 5 R A xR A A b AT B 4R AR L,
RPL3I-siRNAESHME R K T A5 A K%
12, BHBIAARARTSE D, ZFALA%TFE
L(P<0.05); #4198 4042 P RPL31 A B #JmRNA
KFFak G RFEREA TR, %, RPL3I-
siRNAESH A4 KA MG P Ki-67 4% TR
(55.78%+4.63%. 51.37%=%5.05% vs 11.08%
+1.31%), CD31#4 % i& F4(56.53% £ 6.03%.

44.84%+5.24% vs 9.67%+1.39%); RPL31-
SIRNAEH 204 KA AL G 20 I 8 T 38 h(2.92%
+0.54%. 3.85%+0.87% vs 39.58%+4.02%).

5. RPL31-siRNATT VA F i EBxPC-3
0 JRAR RO T AS MG P RPL31A W 09 kK, A7
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Ki-67%CD31489 & A, 54545 0l o A .
VARPL31 #3325 69 J B 36 57 A A8 Vs JR R )
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EAERAR 3%, BEAE N BRI 7 T 2B 2k
PR3 A B PR R NI T, S DRI 7 3
R BT AR BT AT S AL ST VA2 R I
J R VA 9T TP, RNATHE(RNA interfer-
ence, RNAD) [ LAPUH . il 5 F 1 (1 40 1)
BEIEPR ) 2R IE, IX PR A5 L 7 B 6 B o 7
PY IR 22 e v P 5 L A AR R
L3 1(ribosomal protein L31, RPL31)3EF J& T 1% bl
RS L3 IER G, gt (1) 8 1 02 b oA bl
PRGOS IL RN fA 2 —. RPL3THE S5 H e vh ik
KIS, MR BN, RPL3IER
BRI RPLIIES BB R A RIEh A
A e A R S0 R E YT BATTRT A A A
IR IR, FIFHSIRNAVIERR PL3 1 LR ik ] A
PR 4 R A, R T R P WARRPL3 1
55 R R s o AR, AR St — D AR R R
WRPL31-siRNAX B PC-3 41 o 4t &
TR B AE K O 2, ARPL31FE R N H T i
TV IT PRI K.
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1.1 A4 NI 41 AR Bx P C-3 (B R} 2 Bt
USRI OR IR ZR UL 23 0 ), DMEMB: 7 3
(36 [H Gibceo), i i (HyClone), RNAi-Mate(_t
W BRI A F]), TRIzol™ (TTANGEN),
cDNA #5387+ SYBR Green gPCR Master
Mix(Fermentas), RPL31441 A 7 oa % —Hi(Ab-
gent), B-Actinf it A H 50 [% —$i(Cell Signaling),
HRPHRIC A PR Pl P A2 Hr), ECL
R IGARF £ (Thermo Scientific), BCAZE K JE K
MWRRAIE . RIPAZRIRCE 2 °K), &R 7
Ml(corning costar), Ki-67%H A—Fi. CD31%
PO P SRR A I (TUNEL)IR 71 £
J% SP 43 21 2 AR IR G (i g AR )
FAT PR AD).

12 7%

1.2.1 siRNA# 3 B4 A% (Bt Ambion 351,
W95 ARPL31FHE M (Genbank NM_000993.4) () 4
155 ¥% 1 siRNA, RPL31-siRNA: 5'-AUUCG-
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CAUACCGAAUTT-3". [a] i ¥ 11 B3 5 e
siRNA: 5-UUCUCCGAACGUGUCACGUTT-3',
5-ACGUGACACGUUCGGAGAATT-3. iy
siIRNAXJHEAT A Ui 2' Ome & i LAFE =y FEAE AR 4 1)
g, I g E 254 R F A R A
1.2.2 mf3E R A S AR A 50 45 Balb/cil
B, AT 16-18 g, JL18 H (SCXK2007-0005), Hf
TR, S0 RT3 e SRR B AT PR A W, £
SPFLR BN I ML J%. 5 IRBx P C-3 5 i 4i
i, FRdn ARSI, A SRR K, W
LA, THEL AN IR S 25X 10" /mL, ¥
0 M BSR4 R 0.1 mL IR S B b 28 /8 i
AP O) 4 N AR PUIE =27 3 WA BV e NV I E TN
/L.

12.3 S8, 435 R G kAm & : BxPC-
3G 10 d, 3 TABUEK EZ50 mm’i, 3T
JHRE AR R BERLAL 2 T34 IR IR ZE . B PEXT
WAL, T4l BRA16 3, MERES . DL k7]
TR RSN SIRNAKY R, H Yl AR A i
RNAi-Mate#% 44 7+ DEPC/K+OPTI-MEM% 7%
FEA R, WRINER T 1.25 1 1.5, A H A
d0. 341k H R I8 R SR 7 SO 4 v S
/N FRNA: TS RPL3I-siRNA, 7%}
FUE Ly S A ) PR I 0 R STRINA, 35 1056 JiL 4
TSR R AR X R G 9. B3 H LR,
HUB R AFRIEST 10 ng siRNA, #ESE57K. B3 H
FEIR K AR (a) M 42(b), THERARR, TR A R
s V(mm®) = 1/2XaX b, 4 R 0 At 4
Kigk. THUAZE 245516 AR FH AIME i A7 32 b 2L B
AR, BUR 4L 2R

1.2.4 =it ZFPCRA Western blotiim] 5z 20 27
RPL31F A WU EE ) P8 20 27 42 e 4 1 1t 1)
FEOAN ML B RN A, AN e B VA8 A b
QiR L, W A ilicDNA. SEI E FEPCR
Kol 5140~ RPL31-F: 5'-CGACCCG-
GAAGTTGTACTTG-3'; RPL31-R: 5-TCTCGC-
CACCCTTCTTTG-3'; GAPDH-F: 5-GCACC-
GTCAAGGCTGAGAAC-3'; GAPDH-R:
5'-GCCTTCTCCATGGTGGTGAA-3'. VI
J: (1)94 °C 10 min; (2)94 °C 30 s; (3)60 'C 30
s; (4)72 °C 30 s; (2)-(4)40/ MR, 1225 Hrid:
BEAT B A A1), R RE BT 63 F Ji e 2 442 FRE
RIPAZF U PR U B 1, B E3E EITBCA
dE A s, )30 pgE A TSDS-PAGEH
UK, BRI, B, 4 CHEERPL3 1B X B-actindit
R, “HIEEEGWE 1 h, TBSTYLRS A

ECLR 71 & & W .

1.2.5 529 4L 2040 52 e 4o ) 4% 9 41 2% P Ki-67
A& CD31#9 Fik: BUFT I8 HPBS(0.01 mol/L, pH
7ANEUE, 40 /LR & J5 A s, U) R ek
WS PR B v W] AT S e A R et
HORIBES . PrsUE S R E I Ak ) =t P4
FARRE PR E ], Ki-67%CD31(1 : 100)—
P4 CHFE R, —$Hi37 CHE20 min, DABY
o, HARER RN min, LUK, BK,
TURGE W, PRI E S T R S s
ZA DO R N K e DN = 1 o R )
Ki-67 % CD31131A: 40045 Biss FBEFLIE £
1O VL BFREAT V4, TF S5 BHE 40 i 5 40 T 2
(10 43 L,

1.2.6 JBAE K 3 ARITHAA I b 58 28 22 R A 21 FEL
P BB R A2, A AR TUNEL B
UL T ERAE, DASHMEAN M 7 20 e o PR TR 2
SIS AN b B A0 M F o 1A .

Bt AbFR HISPSS12. 083 AT Bn S it
81, B Limean+SDE . W AH B s 2 73
ITORL S, 22 AR S5 50 RI I 2 32 P50 F O 22 0 B,
P<0.050FK 2 ¢ B W3 k.

2 BR

2.1 AR F T A MG A K & ALK, A
sIRNA JG 8 #R B AE Ari s, Jo—2ET. 341
BoR At 2 o S siRNAZE LRI,
RPL31-siRNATTIZ Jz N #E hi R AR KA 421, i
IR VR FRURH G 352 /0N s 751 F 2 e B e o e 4 7
TR A KRR, R AR, RPL3I-
siIRNATFILL R F b8 AR 1 36 K B S 35 )5
TEEFOT FAL R B e B AL, 22 e T Gk 2
X (P<0.05). Wl 125 24 45 o ik 10 S feg 448K,
RPL31-siRNAT-1i41(336.54 mm’+175.03 mm’)
2N T PR 41881 mm’ £372.83 mm’) Al
[ X6k i 2H (846.44 mm’ £263.96 mm’, &1, 2).
22 HTHAMBUELPRPLIIEAR £k 5
TR JELZELRT B 1 0T FRALAR LG, S RPL3 1-siRNA
(R MR 2H 20 h IR PL3 T H IIm RN A B2 4E (7K
PRIAWIE R, S E RPCRECR BoR, B
FINT LA L, RPL37-siRNAT-Ti4H B ki 41
ZAmRNA N [% T 77.31%+5.28%(P<0.05, ¥3),
T A6 B2 B T hoos B2 AH B 22 S e & vt 2
7 . Western blotSZ 5 /#1443 Hi, RPL31-siRNA
TR K N AR A AR TP RPL3 1 R 1 R IA 7K
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xR 1 SRR BEBRGHEMERONGT (%) WA % & 5
W4k T RPL3I

4548 Ki-67 CD31 ATIEH

SBFINIRA 55.78 + 4.63 56.53 + 6.03 2.92+0.54

B IReE 51.37 +5.05 44.84 +5.24 3.85+0.87
RPL37-siRNATFFIE 11.08 +1.31° 9.67+1.39° 39.58+4.02°
°P<0.05 vs SBFINIBZAE.

e 120¢
- WS IR
- WTEEHM{H - ol — =

—~ 800 r —A— RPL31—siRNAT-FiZH 4

g L 7
g; 700 ﬁg 80 |
K 600 - =
* <=
Bg 500 [ S 60
2 400 - o
300 = 40
» i ¥

200 & 20 L
100
0 | | | | | | 0

t/d

2
A IEFIRS IR B: FAMEXS AL, C: RPL31—siIRNATTHL.

FESTSIRNA 15 diE34A1RER IRAREE 2 N RARTBHI AR/,

I 0 ARG 975 90 ) FE 20 R 9 e xsf F AL, T 9
R 55 B 0 B AH L 22 S AN K (K14).

2.3 BT AMHG A LKI-67E G 0 KA Ki-67FH M
et sg AT HO g Mok, 00T HE A AT B 15 L 4L
FH A4t i Qe (AR, /3 AR)T, TMRPL31-siRNA
IR BH P 40 e (0, A A (T S). T
GIEAT 3T, Geil 55 A H AR A K-67BH T
S B T A b, RN AL 55.78% +4.63%,
XS 2 R 51.37%+5.05%, TRPL3I-siRNA
TTL M 11.08% £ 1.31%(P<0.05, £ 1). Kk, #1
SRR A Z P SR PL3-siRN A IR PL3 1
(2R3 G Ki-67 1 2 15 B S FRAIC.

24 K FHAMBALCD3M AL CD3EAA
T PP B M RS . e S 45 R
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ISHIRTIRE BV IRZE RPL31—siIRNATFiZH

3 SEEESPCRAINISLAIRER L TBEBERALITHY
MRNAZRIEXINTE. *P <0.05 v 7N HRLH.

-actin e——— e— > 000 kDa

RPL3] il s S ~ 14463 kDa

1 2 3

4 Western blotAEMINIZARER T BERERPLIIEL
RIKIKIFE. 1: FEFHINSIAL 2: BAVERSIRAN; 3: RPL31-siIRNA
TR,

71N, WA REZH A TP BRZHC D3 1 BH 1k 41 i 45
2, PAOBER, MRPL3I-siRNAT-TRZ41CD3 1B
R, FemiRik(Ele). XEGIAT T, &
TH A b B AL R R C D31 RH k4 BRI T 4
LE, )6 2H 4 56.53% +6.03%, BHYEXTBEZH
44.84%+5.24%, TMRPL3I-siRNATTHZH 49.67%
+1.39%(P<0.05, 3 1). Kk, AR 2 2 e
WRPL31-siRNAJKIHRPL3I ) EIEJFCD31(H#
K 5 A

2.5 RPL31-siRNA*HR S A MM A ARG A
89 m TUNELX MG Wik ™M EE, PR i
(0240 Az S s 0, A% PR 4, AN TE A
FIIUN, T A 90 T 4 i) D G 40 T A 27 AR A
AN OB (7). BB REAT T,
AR PR B R R AL 2P I T HR A, W)
X 2 42.92% £ 0.54%, M5 41 0 3.85%

KA L MR
xR RIRE
By, KEk
AW BXPC-3
AR T MR
P AR R AS LB AL
A, R IE N ES
siRNA# 7 X%
T ERASMH
N X FHRPL3I
FOB 64 F A xR
RS AR R AS LB
(GEGE IR
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1% 1 siRNA £ H)
RPL31 %k ik 7T VA
AR U
AL K.
#—-F AR R
T, RPL31 T iH
VG, AL g MR
P HIKi-67 Rk T
[, CD31&i&F
M, B8 m. A
RPL31 3K R
o R AR B
7TEA RAFE R
AR,

B 5 IHCOER3LAR THBEEEALRADK-67BEMIZRIA x 400). A: 7 FIIRZH; B: FAMEXIEA; C: RPL37—siRNATFFZ.

B 6 IHOER3ER TEBEALRPCDIEBENIRIA( x 400). A: 75K HRLE; B: BHIEEN L, C: RPL3I—sIRNAT-Fi4H.

B 7 TUNELATRIAERR NGABEREALLRPMIRIET BN x 400). A: 7 FINTIAZL B: BHMGTIALL C: RPL31—siIRNATHA.

+0.87%, MRPL3I-siRNAT T4l 439.58%+
4.02%(P<0.05, K1) IXLegh LRI, EHRPLII-
siRNAKMIRPL3IMZRIL G 0] A5 S Bt A
S i A AR T

3 iTie

B e 2 LRIV A RO TR, 20 AR
TS IR (2%, L LI = R R A2 W [N
e, SET A . SRR 0 B ) A — R
EAFENRAE LR R, XA, Pl
MR BETEFIPH T 2 AN SR T
AR IRIVA T A 24 W A AR AT )7 TR,
AR TR GE (0 F- R ST 4y, BRaT BA
s, AMEMED . AR RN X IE R

MBI T2 Ur S50 A SR, A
P vh R H T2 DA IR RE YR 9T AREAT IR AR
DRIVE 7 RO A AN AR, T 0 7 22 - FR T A &L
PEENE uhCa

¥ RiEAA B 1 (ribosomal protein, RP)#&2H ili#%
P& (ribosome) ¥ B Ry, AT N B
T e R A A P P, ok 22 1
FURW, VF 2R S B e A AL T d A A
Y& e A AR D RE, L W oHE 4R 2 R] e
TEMIRE IR A KRE R R i b R 4%
HEE . VR 2 AR AR ) R TA A iR
HR AR AL, AT IR R A AR 2 R
WAEE (1 S ARPY. RPL31HEIR & F A% Wi 5 1
L31BS 5, Fogmht i) 5Tt A iz i 7R 60S WF.
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