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Abstract: [ Objective] To investigate the effect and mechanism of SDF—1/CXCR4 in radicular pain induced by auto-
graft of nucleus pulposus.[Methods] Three parts were included. (D 26 rats were randomly divided into sham group and
model group. Autograft of nucleus pulposus was done in model group. Paw withdrawal threshold (PWT) was tested by von
Fray filaments. The expression of SDF-1, CXCR4, pERK and pAKT of spinal cord was tested by western blot. Immunoflu-

orescence staining was used to locate the expression of SDF=1 and CXCR4. ) 54 rats were randomly and equally divided
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into sham group, model group, vehicle group, SDF-1 neutralizing antibody group, AMD3100 group, and isotype IgG

group. Drug was administered intrathecally. PWT and the expression of pERK and pAKT of spinal cord were tested. ) 18

rats were randomly and equally divided into model group, U0126 group and LY294002 group. Drug was administered intra-

thecally. PWT was tested.[ Results] D Autologous nucleus pulposus transplantation in rats reduced PWT (P<0.001) and
increased the expressions of SDF—1, CXCR4, pERK and pAKT in spinal cord of rats (P<<0.05). SDF-1 was mainly co—

expressed with neuron, while CXCR4 was co—expressed with neuron and astrocyte. 2) SDF-1 neutralizing antibody and
CXCR4 inhibitor AMD3100 reduced PWT (P<<0.05). The expression of pERK and pAKT in spinal cord of SDF—1 neutral-
izing antibody group and AMD3100 group was reduced (P<0.05). @ Intrathecally administration of MEK inhibitor
U0126 or PI3K inhibitor LY294002 reduced PWT (P<0.05).[ Conclusion] SDF-1/CXCR4 activates ERK and PI3K/AKT

signaling, which contributes to the pathogenesis of radicular pain induced by autograft of nucleus pulposus.

Key words: lumbar disc herniation; nucleus pulposus; radicular pain; SDF-1; CXCR4

HRAPESACTR S 5 A 28 0 i AR AN/ E0 AR A 2y
(dorsal root ganglion, DRG) Az FI| ] J# 1M 5| A2 i)
i o A2 FEME ] 45 28 Y E (lumbar disc herniation,
LDH) f i WLl RAEAR . LDH S BURTES Y
B A HUAR 38 27 8 RAE S~ UL A, b S
B g2 27 Ul BOR BZ B AL . 28 B 2L AT )
B AR R, IF A7 K JAE S SO 7 AR TL-6 (T~
1B TNF-o 5520 S X 5, il AP 2 27 4, 5
9o o 04 A1 e B A 5 ] B 3 28 PR e i b 2Rk
i, B0 e 0 X e . {H B T LDH S BUR
PP BB DML DT AN S8 T 4 o R o2 AT AR
+ 1 (stromal cell derived factor—1,SDF-1) , [N f%
) B e R R O A L o3 D T AR 44 L B R AR
T CXC I & 12 (chemokine CXC ligand 12, CX-
CL12) . #fE P CXC 321k 4 (CXCR4) /& SDF-1
MFESFPESZ 1. SDF-1 5 CXCR4 | ZWRIA T £
TP AN FNZH S, A SAE M S5 il 2
KRHEZERMER . SCHRHRGE L 7858 4 B A 1) 75 5
HeVEIR BRI AL R 5 2T F R
e BT SDF-1/CXCRA 5 538 8% 7T A ook 4 A6
TR (Y 66 i 3t 4 L 3 /R SDF-1/CXCR4 1553 % 2
5T ZR BRI L AL . WEFERET, SDF-1/
CXCR4 J&: 38 52 PTG 20 M M7 -5 I 35 YR (extracel -
lular signal-regulated kinase , ERK ) Fl# i ik LA 3—
P4/ FE I B (phosphoinositide 3—kinase/protein
kinase B, PI3K/AKT) i it A 454 H - KU B D) 1
APEAIR BRI T SDF-1/CXCR4 M #476 ERK i 6,
(ER YT PISK/AKT 38 7 5 %8 06 25 VS SO
KA 1, SDF-1/CXCR4 [ IF 3 7% ERK 1 PI3K/

[J SUN Yat-sen Univ(Med Sci),2021,42(3):373-380 |

AKT 38 %™ . 0] DWLYEAS [R] 1 2 r i L vp | SDF-1/
CXCR4 %F ERK F1 PI3K/AKT 3 % (19 7 F 2 A~ —#E
Mo BT, 75 A% SR AR 0 1 & AL
SDF-1/CXCR4 J& £ 5 , H 2 A5 38 & & ERK FI
PI3K/AKT i % A& 45 A i Jodi i . A9 B 7E4R
1 SDF-1/CXCR4 3 % 75 A% SR AR IR R U 7Y
oA AR FH S ML, o4 1) B LDH 51 AR PR 0 Y
P HIL A SR () S B AR A -

1 #MH5F*

1.1 FERFNERE

SDF-1.,GAPDH ., Tubulin, GFAP . Neun.CD11b
— 40, HRP bR ic f9 1gG Pt , X} 18 IgG (abcam,
) ; CXCR4 ., 2 1t ERK (Phospho—ERK, pERK) |
B 2 16 AKT (Phospho—AKT, pAKT) — # (Affinity,
F &) ; FITC 7)'_'tj“ﬁ:‘frfﬁ(Invitrogen, FEH);SDF-1H
FIPL A (US Biological, 3¢ [# ) ; AMD3100. U0126,
LY294002 (MCE, H [ ) ; — F £ W7 (dimethyl sulf-
oxide, DMSO, Sigma, ES )5 Von Frey 2 4 242 (
Stoelting, 2 [ ) ; Biorad ChemiDoc MP #¢ iX %12 &
45 (Biorad, 3¢ [ ) ; 8] ¥ 2¢ % B3 5E (Leica, EH ) ;
PE-10 5:4% (Smiths medical , 22 [H ) .
1.2 SEIeEIY

SPF 41 SD K BL(200~280 g) 1 R L K275
Yy sc g s AL 1P AT HIE S SCXK ()2016-0029,
SFREE R, BB R, =R (2322)C, A X EE
55%~65% , 4EFE K 12 h/12 h B Y A . ARAF5E
FIT A SEB AR AF A b Il K24 sh i 52 56 rhoc (e B8



o5 3 B W],%% . SDF-1/CXCR4 0% ERK 1 PI3K/AKT 38 B% A S 6 A% 35 28 B P 375

72 4 BRI B S I0 B ) 0 FH DR D0 2R 47
1.3 KA

ARG R = A5 L —: 26 HR B
BLA B R RN AR . KA 6 KRR F
AHTJE B AL [ {E (paw withdrawl threshold,
PWT) 25k s B FARHARJGH 14 AR A J5 5
3.7.14 X% 3 H R BRJ5 4 #f SDF-1,CXCR4.
pERK, pAKT Ik A2k s LAY ZH 2 H K BUA #6170
PEDOEAL 2 Y 0K SDF-1 . CXCR4 73 91| 5 B I i i
Y AR AR HE 1 GFAP /NS BT 240 Ml A i 2 11 CD11b
FRR 2 AR G 2 P Neun JE92 . 5256 — .54 HAKR
BEHLA> AT AR AL BRI 7741 . AMD3100 41
SDF-1 Hr LA L % IR TG 4, 43 BAT IR TR (2t
B AR S IESE S d S N TE ST 50 ¢/ DMSO 10 ul,
CXCR4 1 7] AMD3100 10 pg.SDF-1 HrFIHifk 5
ng, XA 1g G Spg (4 257 27 SOk E " AN
FSZEEE R ) . K44 6 HK BT ARES Y PWT
A s B 3 K BRI pERK T pAKT R34
Al LG =18 KR RBAL 7 A 4 . U0126
20\ LY294002 41, 73 BV J5 1% 252 5 d 5 P9 5T 50
/L DMSO 10 p.L MEK 41|57 U0126 10 pg, PI3K
P06 77 LY294002 10 pg (45 245 7 & 2 2% SCHk
RIS A ) o Rl AR AL 6 HR B AR
Ja B PWT 284k,
14 HREE

FESLES ML = ZE R AR LT, =
HE Liu S A 0 b K RS TS N B . e
Ll 2 4 JE s 3 S PR T K L (50 mg/kg, ip.) , VI 2
Jok % 52 1.3~4 M [B] B, B PE-10 5245 1] S 0 8 A 24
2 em BGAIERE KK B T8 2 B T bk [ 2
KRB 2 0], G 0 . AR5 SR F AR B
T s s Yy Ag R AT r R B IE T P S 29% )
Z R 10 WL DA UE S48 00 B, S B 548 0 B A 1R
FIRE FNESEFARES d I TRE5E%
1.5 #REVEST

SO 13 ] @S s AL . R L 22
JR K B (50 mg/kg, ip.) , 764K I B 3 A4 0E A 9\ B
1 1 53 5 A2 e 25 WL, DD BRAT LS Rl L6 5 15 58
KA M LS MEM , 7255 LS DRG. HUEME2 7B H
IRBEA . BIRVLRE AR IR B A% 4 2088 55 F 42 LS
DRG. T ARLAAAT L5 DRG HY %5, BUE R BER
HEEAK H B F LS DRG, BJZ2E AL KM
g,

1.6 PWTHIAE

N R BB AR AR IS M 4 T 1Y) 325 B A AL 30 8
FETH D15 min, (785035 B AR I b T %
kA . K H Up-Down ", H Von Frey £F 4
22(0.41.0.70.1.20,2.04.3.63.5.50.8.51.15.14 ¢)
XoF KBRS PR A A o BB AR A T ML SR, i U %
FREEINFTA] N 6~8 s R BRI BN TR] P B4 s i v
Bf SRR BSOS R B S B S . DL 2.041g
SR B A ) G R B A RO BN SR BH A D)
TE AR A &1 328 D 1) T VR 3 4 SRR s A U RN
4, 035 4R R 1S 328 3 ) R B 4 T R . DASES
— YT AR HT— 8 B A SR 6 IR I A R
R TSR AR 55 PWT
1.7 Western Blot S21&

S —ARJEHE 3.7 14 K, B4 3 HKFH T
MR IR . LI iR E 5 7 R4 3 HOR R
I pERK . pAKT FRik 21k . N HE 244 (70 mg/kg,
ip.) VR IR K U WSk b B8, 7 ki b iU R R
B LA-L6 1T BCARE . AR 2, ) R 2467
30 min, 24 J5 BIFES 4 °C 14 000 g 5.0 10 min, B
VW ATBCABE A ER ., VI EHEN.
SDS-PAGE i HL UK 7r S 1 e = PVDF [ . 5%
BSA P 1 h, BEEIMA—PIIFE 4 °C K.
RIS M AAH R 1 —h = I\ E The Ve M A
ECL &G o AW . ffi FH Biorad ChemiDoc MP
BERE AR R G AT B AT IR I )5 R Image J i
17 2% I K BE 3 AT
1.8 REBEHLEE

FH 2% 1% B HE 2 (60~80 mg/kg) ¥R B B % K L
J& , 2 3 80 kb E 1 200 mL AR B AR K S 4k
40 g/L 2 & W VE VE 81 72 30 min, K L4~6 HHE T
B 40 o/L 2 5 W S 81 72 24 h, SR R A
10% .20% #130% FENE RS LK 3 do 8022
SR VKA R (20 wm/ ), U0 R B 0E B S A
—PL,4 CHFH 12 h, EVRE AT BT, IR F
A 2he WUE KR B INABTIOEE KGR S TR
(S RTAT Gl S Y
1.9 SitFESH

Geit2f e Mridad SPSS 20.0(SPSS Inc., USA) it
15, A B R N8R 22 . PWT 500 17
B ) 0 R E 22 5% . X Western Blot %
PR AR 2 Oy 22 v ATk e . LA P <0.05
ERAGIHEE L,



376 HlR AR 2 (R AR )

423

2 # X

21 WEZABKABESEARIWES, 58
SDF-1,CXCR4.pERK.pAKT &i%x i

PWT A2 R o (KI1A) 48 5 0 i Ty 2=
AT AT S RFARA R 2R A G FE L (F=
54.55,P<0.001; F=703.9, P<0.001) ; #f— L % JH Si-
dak PAEM P LA L B, B RS 55 1.3.7. 14,
21 K PWT AR ATFEAR (P 14<0.001), H 5K T4
WA s %225 (P1<0.001), Western blot 4%
R EBR (E2A-D) : L K Iy 225007, B4
SDF-1.CXCR4 .pERK . pAKT % 4 £ ik 5 F AR 41
A Giit %25 57 (F=15.98, P=0.045; F=26.37 , P=
0.035; F=82.87, P=0.008; F=65.04, P=0.010) , 3} —
A A L A & BRASERY 4 SDF-1, CXCR4, pERK,
pAKTH ARG LI FARAFTIE I ORGH 3K P
=0.029, P=0.016, P=0.006, P<0.001; R J5 45 7 K P=
0.035, P=0.022, P=0.003, P=0.015; RJ5 %5 14 X P=
0.031,P=0.021,P=0.011,P=0.001) , #ryZE5¢ XYL
R R, SDF-1 ELAERZ 05041 (1 3) 11 CX-
CR4 FBAEM 2T AP A T4 /0 A (K1 4)
2.2 BHMES SDF-1 FAntEdfks CXCR4 %l
#I AMD3100 B i 81 B 4 %48 5| E A 5 it 5,
H T8 pERK.pAKT Rik 7k

PWT 3845 5 o (] 1B) . 4 B I 5 2%
AT, A AL 22 7R g F R X (F=188.9, P<

0.001; F=76.21,P<0.001) ; i# —25 K Ji Sidak iE1E M
PR LA R B, BT A SR 2 R B T G 4 PWT #E
ARIEH1.3.5.7 K BT AL (P 1<0.001) ;
AMD3100 21 F11 SDF-1 Hr FIFLARLL ) PWT EL A AIZH
(%5 3 KX : P<0.001 vs. AMD3100 41 5% SDF—1 H Fl 4t
R4H 355 5 K . P<0.001 vs. AMD3100 £H , P=0.008 vs.
SDF-1 Ff FIHLAR 4 ;%5 7 K . P<0.001 vs. AMD3100
4, P=0.004 vs. SDF—1 ORISR LL) T FHI4 (55 3.5
K : P ¥]<0.001 vs. AMD3100 2H 55, SDF-1 1 Fl i 4
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2 2 —3+— 3 —4+— 1 2
£ 20 £200 N : = =1 £20
= = 2) 1)2) 1)2) = 1) 1 2)
) S L D |
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E o— — 2 ol— . . , R — . . . .
A~ Baseline 1 3 7 14 21 A~ Baseline 1 3 5 7 A Baseline 1 3 5 7
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A

PWT for rats was tested in different groups. A: 1) P<0.001compared with sham group or baseline by Sidak—t after two—way ANOVA; n=6 per group.

B: 1) P<0.001 compared with sham group; 2) P<0.01 compared with model group or vehicle group, or Ig G group by Sidak—t after two—way ANOVA; n=6

per group. C: 1) P<0.05,2)P<0.01 compared with sham group by Sidak—¢ after two—way ANOVA; n=6 per group.
Bl SHAXRPWTELIFR
Fig.1 PWT for rats in different groups
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Western blot shows that the expression of SDF-1 (A), CXCR4 (B), pERK (C), pAKT (D) in the spinal cord of model group was upregulated, 1) P<
0.05, 2) P<0.01, 3) P<0.001 compared with sham group by Tukey—t after ANOVA; n=3 per group. SDF-1 neutralizing antibody and AMD3100 reduced

upregulation of pERK (E) and pAKT (F) in the spinal cord of nucleus pulposus autograft rats, 1) P<0.05, 2) P<0.001 compared with sham group, 3) P<
0.01 compared with model group or vehicle group by Tukey—t after ANOVA; n=3 per group.

2
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Fig.2 Protein expression in spinal cord of rats in different groups
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P=0.005)
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Double immunofluorescence shows that SDF~1 is mainly co—localized with Neun (I) in the spinal cord. The arrows indicate double—labeled cells.
Scale bar: 100 pwm.
B3 SDF-1.52RERMAM . /NG R AR E T N R

Fig.3 Co-localization of SDF-1 and astrocyte, microglia or neuron in the spinal cord

Double immunofluorescence shows that CXCR4 is mainly co—localized with GFAP (C) and Neun (I). The arrows indicate double—labeled cells.

Scale bar: 100 pm.
El4 CXCR45ERKFEMAME.NRREBMBETIRER

Fig.4 Co-localization of CXCR4 and astrocyte, microglia or neuron in the spinal cord
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