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AR IFAT Lo ~ Lo B0 B4 T AR AR 57 A B A 2 M A5 4L . TLR4-siRNA 2K B CCLARTT 1 d FF 4 #5478 5 B o 44 {2
HEMA L TLRA-siRNA10 pg/30 pb) ZEEE 7 d; CCT 4L AE AT siRNA 2143 513 5 45 1 7 BRER K R4S it siRNA L R FH #4565 2
von Frey I Jf £2 43 51| U 22 4% 2 K B0 $A 8 1 B ALAM A 9 10 5 SR JH 92 B 7 B RT-PCR i WL 4 4 K RUB 4140 TLR4 mRNA 19
Fik ;R ELISA B4 4 R RUCA B SURERN F IL-13. TNF-o B &2, 4% SHEFERLAML, L FMHAEEIE ., KK
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A3 TP KRR B TLRA 5 PR 3 3k 30 HL 15 538 B T Ui 90 0 TR 1 7K T 3 T 2 ik Al B b 2 45 L5 2 10 ol 2 S MR 500

[kEiR] Toll FEAZ IR 4; T GBS 5 sIRNA; A B M S 254, ; RNA THE; AN F 185 MEIRERE T o

[FES%ES] R441.1 [XHizE"E] A [XEHS] 0258-879X(2011)04-0377-05

Intrathecal injection of siRNA targeting Toll-like receptor 4 reduces neuropathic pain in rat model of chronic

constriction injury

WU Fei-xiang, MIAO Xue-rong, XU Xue-wu, SUN Yu-ming, YU Wei-feng”
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[Abstract] Objective To observe the effect of intrathecal injection of siRNA targeting Toll-like receptor 4 (TLR4) on
neuropathic pain and spinal cord levels of TLR4, IL-18, and TNF-qa in rat model of chronic constriction injury (CCI). Methods
Male Sprague-Dawley rats were randomly divided into four groups(n=10): the sham group (intrathecal normal saline, IT
NS), CCI group (CCI+IT NS), mismatch siRNA group (CCI+IT mismatch siRNA), and siRNA-TLR4 group (CCI+IT
siRNA-TLR4). The lumbar intrathecal catheters were implanted in rats and CCI models were established as previously
described. The TLR4 siRNA were administered intrathecally for 7 days starting from 1 day before surgery. The spinal cord
expression of TLR4 mRNA was assessed by real-time PCR. Levels of TNF-« and IL-18 in spinal cord were detected by ELISA.
The thermal and mechanical nociceptive thresholds were assessed by paw withdrawal latency (PWL) to radiant heat and von
Frey filaments. Results Compared with the sham group, animals in CCI group had significantly lower mechanical and thermal pain
thresholds. higher expression of TLR4 mRNA and levels of IL-18, TNF-q in the spinal cord (P<C0. 05). Rats in the siRNA-TLR4
group had significantly higher mechanical and thermal pain thresholds (at 1, 3, and 7 days after ligation, P<C0. 05) and significantly
lower expression of TLR4 mRNA and levels of IL.-18, TNF-q in the spinal cord compared with those in the CCI group and mismatch
siRNA group(P<C0. 05). Conclusion Intrathecal injection of siRNA-TLR4 can decrease the levels of inflammatory factors by silencing
the TLR4 in the spinal cord of rats, and subsequently relieve the neuropathic pain induced by CCI.
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2295 B P JH (neuropathic pain) B8 % S b
Pdg NI 48 0T 8 Chyperalgesia) F1-5 8 1 &
Ji Callodynia) X 5 RICRR B BEU 0 24 o vy 48 2%, H i
BT AS B 4 . O R A B B ACBRTF- . Toll FESZ 14
4 (Toll-like receptor 4, TLR4) & 41 I ig £ M¥ (li-
popolysaccharide, LPS) i W15 5 ¥ T 1Y & 2
BEE L LPS BN R R 2 AR RN AR S R G
F B A R G 2 K, AT RE S R SR K
S AR A2 B P P AR A AT AL JE
AT BT HIBE 5T A BE , A B Pl 22 25 L 5 1R 1 R B bl 28
P B 5 T RE S BEZH 4 TLR4 Rk A ¢,
TLRA FJ 82 i 28955 3 1R 950 TR 97 10 1 8 A
RNA T#(RNA interference, RNAD) £ AR GE 5 ff H
P B R R 3k TR, T A Sy O 5 2 o B R RO T
TR A . BRI AR SR T RNA T84
AT PR RN TLR4 K3k WA N IE S sIRNA-
TLR4 X} A B #1425 4 (chronic constriction injury,
CCD K BURY B 1 1 L I 2R 05 H 7T 58 /9 4 T BIL 1 B
AR, R 5 BRI B Al

1 MEFFEE

1.1 Z&HHAAKM KM IL-18, TNF-o ELISA
003 0 Sk b i SR AR TR BR A R
BME-410 C BEHHFAYL . von Frey Wi 22 4 v [
P 2Bl 2 g AR W B 2 TR AF BT i . RT-PCR K
76 N 2= E NEB(New England Biolabs) 23 & 7= i ;
DNA FHX 43 00 £ ki e o o b0 A o B Rk R A
(R /NIl

1.2 #hhomB a4 R Y SD KL
JFhE 200~250 g, W A4 T E RESLE Y oL,
SCEGHTAS 12 h, A ROK . KREBEHL N 4 4 8F
A 4H (Sham 2H) \CCI £ (CCT+# P vE 5 A= B R /K L4l
it siRNA 2 (CCI+ #5 N 11 3 45 B siRNA) ¢ TLR4
SIRNA 21 (CCT+#5 75T TLR4-siRNA) , &4 10 5,
J5 3 AR ER 2 BESCHRT i £ A ) A i Ak 28 25 LA
BIFAT Lo~ LN B, BERHIE D s e %
(40 ml/kg) W5 I T3 0 BRI , 43 15 A 00 A i ik 22, FH 4-0
PLERAE AL M P B I BR 2 mm 2540 4 R4 (LR
SRR AN BT R 22 it SRS S B AR A R R L TR
BRI IS UH 8l S WL ¢, BT R 2 KRR 2% R A
M mALEFL, TLR4-siRNA 20 K B CCI AR 1 d
T4 35 o8 T 56 B 5T AR £ 2 B A 8 TLR4-siRNA (10
pg/30 uD JELE 7 d; CCL 2 HE I siRNA 21 53 51 i 5
S R PR K FAE B siIRNA, TLR4-siRNA K 4 it
siRNA ¥ GenBank TLR4 J¥%1 (NM_019178) 7EHi
5T o R s SR T 1E AR5, TLR4-siRNA

JF51.5'-GUC UCA GAU AUC UAG AUC U-3' (%41
{78 1352-70) 3485 L siRNA 41 .5'-GGC GUG UCU
CUC UUA CGA C-3/,

1.3 BAEE  KRBUKES M L& RH#E R U
T2y 2.5 cm W/NE L BRI, — FHER S R &
TR Lo~ LB, F/NBY ) 3 B Lo o8 BY I, W4
Lo B2 A Ls J5 ) 1n] 5 59 LA, 59 BR¥E8 3 Lo ik
9, Tk R Ls~ Lo [A1 A = A TR B, FH /DN B 25 o A JBE, AT
LB i iy B R e B PE-10 545 4iE 27 il FL A A
1 AEE AT U 2 4wty B e R R L ALY 1 em, AT
LN € L e R SANEA =y T I N | T
WED, SERBEBUEARTESERZRRARKES
ZEBEEFETIRMER FERTHEBUEYSE
BEMAKR GG EIRAG 28 E R TS 0.3 ml 2
THHEZE (100 mg/mD . RIFHREME.

14 #smBEaE LUK ETE R G RT3 46
JICS 5 B9 7 AR B [6] (paw withdrawal latency, PWL)
R 4 T CCTARRT 1 d XARJE 1.3.7.10,
14 d W 5E 45 41K BB RO 99 . 0 7 {808 B 21 0. 1
so A Zhi R NSRS 1 2 B T R RSB R
WM 3 W, BB R 5 min, BOE 2 1 0 #4050 14,
FAR BRGNS T 20 s, DL 4 B GTER A2, A
SE FH ] — (LA HUE 5236 N G378 AH ] B (i) B A ] 52
5 ST SR

1.5 At sligm e HRKRETHARNE
Ja W w DUAE A LB B, S ik R R B AR
5% 15 min, fF KR A FEE AR ST 06 Sh A KI5, H
— ZRINFREALTY von Frey 41 4k 35 B BRUG 2
JEES A Z AL S T L FELL 6 ~8 s, MEJE A 11
A RN, K ERAE R (] N B AEF T von Frey £F
Y 37 R PR Y 4 R R L ] R BE N T
PRI 20 Jr 51 1 48 TCR R, AN AR BHAE R . A “up-
and-down” B9 J7 1 Wl & 45 /2 [ N B {H (paw with-
drawal threshold, PWT),

1.6 RT-PCR A& % B & & PCR % M 2 A # 4 2%
TLR4 mRNA # &5 ARJ51.3.7,10,14 d B L, ~
L, BB 20, 2 5 44k B RNA, 75 2851 4ok
FEIE B0 e 4 B 5k BE IR Sk U — S5 BE oD-
NA,LL 5'-TCA TCC AGG AAG GCT TCC AC-3’
(IET) .5'-GGC GAT ACA ATT CGA CCT GC-3'
(1) A58, 94°C 5 min f#4%; 94°C 50 s,55C
50 5.72°C 90 s 4 30 AMEFF;72°C 10 min ZEAf, B
5 pls 120 B WEBE S f VK %5 %€ RT-PCR 7)., SEHE
FE i PCR A 51 9 [6) B, B-actin (NM _031144) J¥ 31 .
5'-ACC CGC GAG TAC AAC CTT C-3'(IEf]) .5/~
CCC ATA CCC ACC ATC ACA CC-3"(Jz ), &
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RN E R 25 pl, 7ESLH E 8= PCR &AL 1, 4%
W LLR R 7 R A7 52 PCR: TR . 95°C 10 s, 20°C/
s,1 cycle; PCR W :95°C 5 s,20°C/s,62°C 20 s,
20°C /5,40 cycles; B it M1 2k 73 7. 95°C 0 5,20°C /s,
65°C15 s,20°C/s, 95°C 0 5,0.1°C/s, N &EW)F
B A 1 1 2 R fife fh 2, 0 AT 4% A R U i 4 4
TLR4 mRNA i3k K,

1.7 ELISA 3% 2 A8 4 1L-1 3, TNF-o K-F
ARJF1.3.7.10.14 d BOR KB Li ~L: BERE B4 21, &
FKIGAT S I, R PR 2.0 ABC-ELISA
PR, PR R TL-18, TNF-a ¥ 5060 B Tl br A
b AR UE AR SR A KR IL-18. TNF-o 5 Hdt 4%
B OMAA W E PR B 1L-18. TNF-o. JE 1l S s
AW ERAE AR b, B T S A B AR 1 0 BE R R
MZE (streptavidin) 5 4 9 £ 45 &, I A B E Y
OPD., 1 808 8, /i 2¢ 1k W 8 2 L 30 68 718 VR, 7E 492
nm b6 BE (D) L 38 i 22 il bs 1 i 4ok s AR
(4 1L-18. TNF-a /K ¥

1.8 %itF 4 R SAS 8. 2 Gt #Fi#t4r1 4
Br it SR DL v 45 Rom B8R LR BRHIERL F
o 3 (SNK-¢) - K 5 7K 1fE (o) H 0. 05,

2 &H B

2.1 BHXAmEG T LR DHEH. 5/
FARAMW B AEEFE 1.3.7.10.14 d. KK
£ PWL H AL (P<<0. 05), 47 /&£ PWT {H th [ A
(P<<0.05);5 CCTI MLk, 454L/5 1.3.7 d. TLR4-
siRNA 4l KA 2 PWL.PWT F+ & (P<<0. 05) ; A
ARG 1 d s, ¥ N TES TLR4-siRNA A 37 i #U 3
o SR LB 1 S PR R L RS R 7 d K
S CCTAHKY-, S5 RULH, 25415 R B B8
B 3o B AL P S MR R L B 9 VE S TLRA-siR-
NA BA —aEBmfEM.

2.2 HWMXAHM TLR4 mRNA & ik a) T 1L
RT-PCR(A 2) e 52 B %2 5t 2 5t PCR (K] 3) 45 ] 3k
B R R E M 245405 1 d, TLR4A mRNA ik 1
BT ARAE 3 A5 s siRNA AL H 5, TLR4
mRNA Fik &, 5 CCI 4 X4 siRNA 414 H,
TE1~7 d B 2Z S AL #E L (P<<0.05), 45Ul
B, CCI KR 86 TLRY mRNA 3k b8, 85 0 1 5
TLR4-siRNA A B#fIt TLR4 mRNA B3k,

2.3 &4 XK A H M IL-18. TNF-o & ik # %
. ELISAZE R (E 4 BR . 1L-18. TNF-o £ F A
HERETA DRI, AT WHEEILE AU RSB
(P<C0.05), f£ siRNA AbHJF kMK, 1 1~7 d

W5 CCT AR 22 5 A e it 7 8 X (P<C0. 05), %
F IL-18. TNF-o fii T TLR4 {55 5 38 & (49 F iz . BH Wi
TLR4 AJfiff 1L-18, TNF-o 78 WAREAK . Aot 4R 11-
18 TNF-o (-3 Il G645 TLR4 L IRAT K.
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18 B —O— Sham group  —A— CCI group

—8— siRNA group  —A— Mismatch siRNA group

Paw withdrawal latency ¢/s

Baseline 1d 3d 7d 10d 14d

1 ZSHXENHERHEHRNAFHNEL
Fig 1 Mechanical allodynia and
thermal hyperalgesia in rats of different groups
* P<C0. 05 vs sham group; 2 P<C0. 05 vs chronic constriction injury

(CCD group. n=10, r+s

bp M 1 2 3 4

B 2 RT-PCR # KR EHHALR TLR4 RiX
Fig 2 RT-PCR analyses of TLR4 mRNA
expression in rat lumbar spinal cord
M. Marker; 1. CCI group; 2: Mismatch siRNA group; 3: TLR4-
siRNA group; 4: Sham group

O Sham group @ CCI group
@ siRNA group M Mismatch siRNA group

3d 7d 10d 14d

B3 IHEHXEE PCRENKREHEHLE TLRY Rk
Fig 3 Real-time quantitative RT-PCR analysis

Fold change

1d

of TLR4 mRNA expression in rat lumbar spinal cord

* P<C0. 05 vs CCI and mismatch siRNA group; n=10, =+
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4 ZSHAREE IL-1p. TNF-a RIEMEL
Fig 4 [Effects of intrathecal siRNA-TLR4 on CCl-induced
IL-1§ and TNF-¢ in lumbosacral spinal cord
* P<0. 05 vs CCI and mismatch siRNA group;n=10, r=+s
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TLR4 J& [ %Y 37 f, n] 5050 955 J 6 A 4 i 1k
HORSE S 0 i 22 05 L RK SR B | I RE 22 0 KO
A A% TR A L O o B R L AT AE W A 2R S i o
D R L NN S e Y T N
KUY TLR4A AN AE 5 1 1 38 45 CD14 Sk 523
TLR4 M9 380, MM N 3 fb 1) TLR4 583k & A
MyDS88 ) TLR4 Z K345 A, MyDS8S8 i i H At 73,
(death domain) ## 5 TL-1 32 A 5 i B (1L-1 recep-
tor associated kinase, IRAK) 45451, 53 IRAK 11
F1 B ol 1R Ak . DT U8 98 IR B8 TR F A2 A AH 5 R 7~
6 (TNF-q receptor associated factor 6, TRAF-6) , I
J 38 1 BOE TKK f 1eB W o B BT AL, 33
1B R M T 12 Tl W Ak T B i L i NF-«B %% 1o 31 fifg
W, FLTE I SRS 3l 40 i I - Can 111,106 11-8
T1L-12 45) Fi %6 B fil ¥ 73+ CD80 Fil CD86 ik Al 1) 7%
B IR A S BURIE R TR,

SE 9 E B PCR 43 B 5 B 4 /N B8 0T 48 Jifs b
TNGIER RS L M2 VI BR J§ TLR4 mRNA 4 % ik 7t
B, Tanga %M BT 48 L #2006 42 19 /N B
J T A0 L TLRA AT BB 90 90 o B R A= . AR
KB AE R BRAR A 2 25 L5 L R R BGA &
B o ORI P 1Y) S5 8 M R RN . O B TLR4
mRNA W FRIEHU T+, % T TLR4 7E 55 S0
P B L M At 2 5 4L S 1 TLR4 Rk

EVAETRE 5 Ah A w2 B0 R A P A0 Y B A
5, WA 75 2 R B 1 2k

RNAIi & Fl H M 4 RNA (double stranded
RNA.dsRNA) = 25, F8 5 b BB 04 g 45 e 3t B 3%
AR mRNA A, 620 i 25 B 4 5 5 IR BB 2k
TR LR, Dorn R siRNA $LH P2X; .,
R ARG St 1 f5 L T B T RNA A I7 18 M5 0 19 S 3T
Tan % X siRNA 7] 5y 4k 45 5 1 i % 1) & 22
43 F N-HBE-D-K & & 2 (NMDA) 2 (K . 5 £
NR. B, £ 85 9351 5 & B NR.B mRNA K HA K HE
12 A AR, A e ) R LA s g T i 9
B UL AE A S B AE ] SIRNA IR 9718 P& R B AT
—E AR AT M, ARBESE L) RNAL A TR
CCI K BUBS N 7E BT TLR4-siRNA, 455 % 1, TLR4-
SIRNA A s TLR4 #4363k, 1 40 41 #4055 i
T MU ME S8 PR i — 2P ] TLR4 AZ 4K
Al RS 5 2 B POR RN AT HER F FiRyT 18 4
PR EA — & W47k,

20 1t PR A o 2 M RO B R s B
YEM ., TNF-o . IL-1p.1L-10 FI TL-18 J& TLR4 {5 %
i I RAEN T, TNFa Al 5% PGE, & ., if
A5 & Z K P YT LA W e BE . AT 5 5
WAL, TL-18 ol 138 P ¥ i K g A K T 1
Ik UL BE)S A 200 KR e T, W
TS TL-1R F1 TNF-o BH T30 7T el 48 9 o 2o B0
AP ARBIESE R B L AR B P2 4 LR BRUE B TL-18.
1L-6 ByFR R EI I, 08 & TEF AL, ZW s
P05 5 4t PR R i 3 3k T g A 9 I R R
PIRAR 5 NI &R e i, NEIS YR, BHLIB I
TiF (R A5 5 38 B v A o] — AN 201, B S BOR i IR 7
YRR A A3 W R B 2D, TLRA AR O 85 JBE 32 K
B RESH S RN LT, 2 S 3h RAE
R TP 25 TLRA BB, BEIE L] DL BH Wi ok
W5 B A0 M PN e 5L 9D TL-1B AT TNF-o 55 4
JEL PR 1 43 W o DA TT 2 fi S . A BIF 9 5 RNA
fR 77 BRI TLRA B B, 9800 T TL-1g il TNF-«a
14 53 0 ] B 03 40 7] AR 5 ok 0 S LA S o PR UK
i . B, TLR4 AJ BBJZ IR 7 #2851 < 0 1 —
ASHT Y R Ao

B2 AT IE S B A B 2 4 LR Uk s B
PEYIR ™ A I Rl B , TLR4 3K B & 1L-18 . TNF-a
SR LL RNAL 80R T4 TLR4 Al k> TL-18,
TNF-q 43 W, [ B 400 551 2400 5 Aok B 8 ML A 1 S
PIF RN e B TLRA-4H L R 715 538 6 v] & 5
29 PR IR A ¢, TLR4 AT BE S 34 J7 Al 48 96 B 1
VIR R R0 AE A — PR Y
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