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 E HBK: Hit CXCLI3 REZAR CXCRS &5 1 % S BAHLE . Fik: 483 i mihg
10 M i E A A T F CXCL13 #yskik; 3t 45 4 CXCL13 f1 CXCRS it & 3k kL #fF % CXCLI13
F1 CXCR5 hAH B AEF; Western Blot 77 34l CXCL13 & 41 A T8 3R & B fic Jt 40 j J& INK 3% B
Ak K P A% A o 8 P 7E 4T CXCLI3 J5 A 8 7 INK 8 BR AL KT qh A7 4 546 T 8 9 3F 4% INK 40 41 7
SP600125 *f CXCLI13 5| A2 #y #u 5 B A F KR T m. &R RIMNERNERET AWE
AR K CXCL13; CXCL13 25 5 %4k CXCRS &4 3 5 £ W1k, CXCLI3 B E B HWEW
JC B 4 B T T A T M BE INKG Y 0E 4T CXCLI3 i B4 BE 48 o INK; 8 3T 4 INK
A Z AR T CXCLI3 5 1 #4008 W L FOmAR M A 5 K R . #5i8: CXCL13 it CXCRS #7E B
JBJ 4 e, R INK 55 8 5 4
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CXCL13 activates JNK in astrocytes through CXCRS to induce pain hypersensitivity *
ZHANG Min, CAO Dei-Li, JIANG Bao-Chun * , GAO Yong-Jing *

(Institute of Pain Medicine and Special Environmental Medicine, Nantong University, Nantong 226019, China)
Abstract Objective: To explore the mechanism of CXCL13 and its receptor CXCRS5 underlying pain
hypersensitivity. Methods: The expression of chemokine CXCL13 in neurons of the spinal dorsal horn was
examined via neuron culture and immunofluorescence staining. CXCL13 and CXCRS5 overexpression plasmids
were transfected to clarify the interaction between CXCL13 and CXCRS5. Western Blot was used to detect the
phosphorylation of JNK in primary astrocytes after CXCL13 incubation or in the spinal cord after intrathecal
injection of CXCL13. Behavioral test was used to check pain hypersensitivity after intrathecal injection of INK
inhibitor SP600125 and CXCL13. Results: In vitro cultured spinal dorsal horn neurons express and release
chemokine CXCL13, and CXCL13 was internalized via binding to the receptor CXCRS5. CXCL13 rapidly and
transiently activated JNK in cultured astrocytes. Intrathecal injection of CXCL13 also rapidly and transiently
activated JNK in the spinal cord. Intrathecal injection of JNK inhibitor alleviated heat hyperalgesia and
mechanical allodynia induced by CXCL13. Conclusion: CXCL13 activates JNK in astrocytes through CXCRS
to induce pain hypersensitivity.
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JFR 40, A2 4R CXCRS Y B 40 M AT T 40 i
WA E . B i 7o, CXCL13 Al CXCRS 7£
IEH/NREREIRIE; EEiifE, CXCLI3
HT CXCRS 435 75 4 248 70 AR 2 Ji SR 4 B i 3R 0k K
Mg B 48 0, 1M FL CXCRS KRB /N B, #4835
1175 5 1 2 T 1 IR 40 BB 2 B4R KRR FE i,
MR REESEM Y, K CXCLI3 E
It CXCRS i 33F 2 T s Jo 200 #3322 9 B v
JEIh. {H CXCL13 & & ek, CXCL13 Al
CXCRS 4 R AEAHBAEH . CXCL13 Wil e 2%
JR R A M, 33K L i) AT R = AT 9

A 224y 450 1) B F N (mitogen-activated
protein kinases, MAPKSs) J& 7 18 4 7 Jf8 & 248 R e vh
i B BAE F 4 P S, T B EE c-Jun N K U
P (c-Jun N-terminal kinase, INK). 4l 8 45 5 14
I (extracellular signaling-regulated kinase, ERK)
Al p38. LAAEMIHFFL RN, INK 7R ffH HRIET
BN, 1 H INK FIREERAL R T4 88 TR I
TG 4T A PR 98 R e A 9 1) 4 e B A
CXCRS RIETHBERIK A, INK 2HhZS5
CXCL13 5| 2 ) B T Jise o 4 M v DA % O o it
We? A 5T FH AR A0 48 oo 3% 77 fiL L 4 CXCL13
CXCRS i RIA F kL% L J73%, WHFL T CXCL13 1
FHEE TOH IR A FN 73 W LA K CXCL13 F CXCRS 1)
FHEAEF,  FFR R 5T 40 i J5 AR 355 7% A0 24 B 2%
J5i%, WAL T INK 7E CXCL13 5 5 i 2 I R 4
53 R R i B IR

Bk

1. ¥k

. R AR BEPE ICR /N BURUE A= ICR /)
B EH R IR R A s s e B . SR H BE N E
FRITEHAT ..

R ) A 24 . CXCLI13 i 44 (Santa Cruz Bio-
technology); MAP2 Hi{& (Sigma-Aldrich); CXCL13
U (EE PeproTech) ; BCA £ ¥ I &
k77 & (ZE[FH Thermal Scientific) ; Cy3-donkey an-
ti-goat IgG Fl Alex-488-donkey anti-mouse #5 it. %%
—#t (£ [E Jackson Research) ; ZHZIZfRWT Lysis
Buffer (Beyotime); DMEM 5953 (Gibco); A4 1L
i FBS (Gibco); SP600125 (Calbiochem); H: 41k
RFIMEE Sigma 2 =K.

S0 BT = 224X #8: von Frey filament (Stoe-
ling); Model390 #Ji o i Bl i€ 4% ¥ (IITC Life

——

* 175

Science); HL¥KAX (3£ Bio-Rad) ; I EBOEILE
FE R IMUEE SP8 (Leica): v 17k B304l (Eppendorf);
Odyssey W LA (£ LI-COR) ; %
heemEbriX (3£ BioTek)

2. ik

(D FREE AME Ui REFE: RETH 2 XK
W R s BT 3~4 K ICR /MR A 75%
RS %, W7k BY RN TR ) HBSS +
HEPES 1, 7EfEHIE T AT IRMAER VIR FA, B
FATRESMEE, BOEREL AN TR T Papain Y46
1, 37°CiH4k 30 min. 5.0, FF Papain JHALIE, N
HBSS + HEPES it 3 Ik, BS.b, 3% Bif: hnseass
FRIEWAT, #pik 1~2 min, WH EE R
40 um PG LTI E; B0, 1000 rpm, 5 min,
b, mEeR R ER, KAl A RN,
52 R

(2) FRER TR 7% Hid2~3
R ICR /N 75% WAsTHEE, Bk, HOKM R =,
JRCELE T4 (1) D-Hanks s 7ERFIEE T 51 B K i
R ZAMEANE . W% 2 R D-Hanks ¥, F55J)
BIREHE, HREELE, MR IREVIT R
JCHI R 44 1E 100 wm P s 3000 rpm B0y, FF
FiEs MR e AR IR A, 1 10 pm JE S,
SFENFMG B2 Rk 3~4 R 1 IR, 10
RAA N D-A R, 1 RIEnTH .

(3) AT 2SI O/ BB A 175 &
JEAT NRE I K BCAE ICR /N BROCE T 47 A I 28
IEMN I, EGNEN 3K, ENEAAR, 2R
K, WREAE 23 CAA, BIAIFE B 8 sSNE T 6 A
2 [8]; #ESHEMN 3 K )5 F von Frey filament i#47 /s
BT JEC T o Al 375 A R AGr UK A Dixon #2071 “up
and down” 777, 19 EIHLIRAE 2 S 3 HE (mechanical
withdrawal threshold, MWT). % & B fH K, Fx~
ATUBR A i 375 A o 7™ s (@)™ B VIS i e A -
H BT TCR /) B JBCE A RS I ) S8R g v 3 B 28
Fowifp, GRNAER, 2K, BELE23CAL, B
[E7E L7 8 \NE T 6 M2 If. &N JaH— w2 sifE
{1 AR ST R /DN SR R RS, T P Y P S i o
Tl JE I IR R 2E 12~ 14 s, /NERHH IR 2 I 452 1k
FRAF, TCSRBIE . DhlE kR,  HRATE (R AN
it 20 s, BFR/NRBEGS 3K, EFE 15 min, THEIH
SPIME, 19303 2 R (thermal withdrawal
latency, TWL). #i ¥R IAMRAG, 27 B ot i B
L

(4 NRBEHEWHNAY: HRDREHER,
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W\ SETRGE R, 75% RGN, FE S REHES
L Ly JEEMERZR A1V 10 pl 259 28 /)8 BRIk X i T Bt
B R B BB EIE B R S R, T 4 RS 1 R AL
5 1B %l

(5) Western Blot £ HAGI: 240/ 40 2 i
M NN RIPA 2T 70 pl R AR 23/ 40, 1
VK L#E 30 min; 4°C, 15000 rpm, 50> 20 min,
WA A B . W3 wl B 21wl XUFE K AT
B8 f%, A BCA VEME & AW, ®FLIMA 30 pg
EEHFATHIK, HEO®Z 2 PVDF K B 5% B
ReWky =B 2 h, 4CH—Hid i, —HiH 5%
it HE 4k B35 & (p-JNK, 1:1000; GAPDH, 1:1 0000);
2 R=IEE 1 h J5H TBST % 3 K, £HK 15 min;
PP 5% HIBAR TR M RE 1 0000 fiF, 2 i G
H 2 h; TBST ¥ 3 K, X 15 min, H Odyssey ZL
ARG LS TR

(6) HyEw eyt MPKLEEEFRE, 001 M
PBS ¥ 1 Ik, H 4% 2 ZHEEREAEE € 20 min. 0.01 M
PBS ¥t H 3 &, #FX 5 min; 1 1%BSA 2 i &
2 h; H 1%BSA # B — $T (CXCL13, 1:200; MAP2,
1:5000), 4 CFH LA KHEIR1h/E 001 M
PBS ¥ 3 ¥, K 5min; 4 HIIAR 0.01 M PBS i
FE Cy3 Fl Alexa 488 51t %4 % —$t (1:1000, Jack-

pCMV-RFP pCMV-CXCL13-RFP

CcMV cMv
RFP RFP\ CXCL13
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son Immuno Research); EEZHEIFH 2 h, 0.01 M PBS
e 3K, BIR S min, B, f8E G R T
AL

(7) JiORLRe 2 AN GH % 4. 43 7l #e i CXCL13
2 3L & RFP Il CXCRS ¥ 5L il & GFP (9%
KPR, 246 Bl IR R, BORE B LA 1,

HEK 293T 2 i %5 £ ik 51| 70% ~ 80% R A K
W& A G 70 % % p)CMV-RFP. pCMV-CX-
CL13-RFP. pCMV-GFP Fl pCMV-CXCR5-GFP Jii i .
2 F TARGT ) Opti-MEM FifE 5k, 15 A Opti-MEM
Fi B Lipofectamine 3000 [Lipofectamine 3000: Jii i
(mlmg) = 1:2]; AEK —#F L1REWE, SiE
1E 10~15 min; FHRABIMAAMF, 6 h J5HH,
JRRLG G 48 h BRI A FEAT W25 A4 A& AR

73 B4% 8 pCMV-CXCL13-RFP 1 pPCMV-GFP.
pCMV-RFP FIl pCMV-CXCR5-GFP. pCMV-CXCL13-RFP
Al pPCMV-CXCRS-GFP 4321, K e 7 AN [H) o hi 1
I FE AR 3 —

3. BUE RIS 2o Hr

Wb FRASFH Tmage J AR AT BUR B3, Gt %
K EEAE: F H 28 K FE 5 A 2 GAP-
DH S AKEE (B s WHEENRES
THEE, HCARZRAHN S B AR R IA & . BT AT

pCMV-GFP pCMV-CXCR5-GFP

CMV \CMV
GFP  GFP \_/CXCR5

CXCL13-RFP RPF
GFP CXCR5-GFP CXCR5-GFP

B 1 CXCLI3 5 CXCRS 45& I WAbseitRm &l

Fig. 1 Schematic diagram showing the experimental design to prove the binding of CXCL13 with CXCRS and the internalization

CXCL13-RFP
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= 7R 40 £ s 8 FH GraphPad Prism (version 8.01),
BIRRE + FriEiR (X £SEM) FRoR, TN
g5 LR ORI 207 2293 # (Two-way ANOVA), Z4H
Z A LLICR FHFL R R 7 2250 T (One-way ANOVA),
P [8] B3R A ¢ K596 (Student's -test), P < 0.05
NEFRA R FE L.

# R

1. A HETS A EuRISBIEF CXCL13

AR TR oR, AL S
AR A, FRET M4t CXCL13
FIEWI P, T AN RIER A FRES MY
FPIETLRIE CXCLI3 SN, AWFABUH A 3~4
KIFICR /N BEE M2 AT R 85 77, 8597
5 KJE g AT R A g, 5 R EOR, B
T CXCL13 7EfH &yt I ML 2R FN IS A 2 SR 0 A7
TE MM R 7R 5L A B IR B PE OB 5 (L
2A), HiZME& 0 5SS H 2 (MAP2) bz (I
K 2B, C) , B CXCLI3 Rk T HHT ALt
I 1 AN 53 o

2. 43R CXCLI13 5524k CXCRS 45H k4B
ik

ik — B TR R T CXCL13 {E N4 b L B
F 0l 5 H 52 4k CXCRS M B AR RIEIhRE, A0
B ek # CXL13-RFP & F ik Jfi#i. CXCRS5-GFP
T 2RI JFURL S AH R HE TR (RFP 8% GFP it 318 )i
B, 2y Al Y HEK 293T Zifi, W% CXCL13 #l
CXCRS 4k, 40 Authil. 4558 8~ HEK293T

20 pm

B2 AMEIRIERER M ac ki@ 7 CXCLI3

——

e 177 -

4 B %% Y CXCL13-RFP i Rk ki J5, MW A A
AR 4340 B CXCL13 ISR (LB 3A) , *FHREZH
RFP fEfIH N 5] 7rAn (LB 3D) o %% 4% GFP Xt
PR L 1) 40 i b B L GFP #92) 0 A (LI 3B)
% Yt CXCRS5-GFP i % 38 Jii #i J5, CXCRS 7E il 2%
MR E#ARE LB BE) o BESE RS
RN, B9 5 Y CXCL13-RFP i 3 ik Jii Hi Al
GFP X {8 TURL I A0 P AL A G HeFh Bl — ik, WHE S
AFebr (LB 3A-C) 5 #5350l i 4« RFP % B T kL
L CXCRS5-GFP i 312 Uk I 41 B A% A5 32 70 21—
T, WEESUAIN (WK 3D-F) . {H2%5 5
e % CXCLI3-RFP M KA Fi L5 CXCRS-GFP 1%
A JORLfE A B Fh 2] — 2, CXCL13 FEHE A
{HE# Y CXCLI13-RFP 4iig 3Rk, Wwn]il+3%
15 CXCRS-GFP 1) 40 ffg #1, H CXCLI13 A1 CXCRS
PR OGS A 3, E2RRCR MRS (E
3G-1, RHEBOR W 31-L) , 4wk CXCL13
el 5324k CXCRS5 &It KAWL,

3. CXCLI13 & BRI i 4m fa  INK

AR L AT A A R B, B2 CXCRS 72 HiE
B R REY, N THF CXCLI3 5%
& CXCRS 456 JaBusE ) T s 5@, AKH
AN IR RIS R 400, 10 ng/ml [ CX-
CL13 HAL A FHI3# 0.5 h 8 1 h, @il Western Blot
Rl p-INK [F)R15. 4% B8R, CXCL13 #E 2
SR 4A 0.5 h &, 5l INK BRI /K F e (I
K 4A,B) 5 {HCXCLI3 i & 1 hJ5, p-JNK [J 3%
EEMMALEEEZEZS (WK 4C, D) , UL
CXCL13 55244k CXCRS 45 & PR B INK .

(A) B Yt R R T CXCLI3 70 A A2 ool g & i 9R 3k ;. (B) #ehr iR E AR R E 2 (MAP2)

G Yett; (C) CXCL13 5 MAP2 FL5EfT

Fig. 2 In vitro cultured spinal dorsal horn neurons express chemokine CXCL13

(A) Immunofluorescence staining showing the distribution of CXCL13 in the neuron and culture medium; (B) Immunoflu-

orescence staining of neuronal marker microtubule-associated protein 2 (MAP2); (C) CXCL13 is co-localized with MAP2.
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A
20 um
E

10 pm

B3 CXCL13 5%k CXCRS 45aIFRENK
(A-C) 73 53} % B CXCL13-RFP 3 2 1% iU R0 Al GFP of [ 5 KL 5 £ b 31—k () HEK 293T 4 s (D-F) 70 Jol % B¢
CXCRS5-GFP 1 35 JFURL AT REP Xof 5T RE J #5212 19 HEK 293T 4Rl; (G-1) 73 %% 4¢ CXCL13-RFP fll CX-
CR5-GFP i FIX 5k 5 4 A 21— ¥) HEK 293T 4

Fig.3 CXCL13 binds to the receptor CXCRS5 and is internalized
(A-C) Mix of HEK 293T cells that were transfected with CXCL13-RFP overexpression plasmid or GFP control plasmid; (D-F)
Mix of HEK 293T cells that were simultaneously transfected with CXCRS5-GFP overexpression plasmid or RFP control plasmid;
(G-I) Mix of HEK 293T cells that were transfected with CXCL13-RFP or CXCRS5-GFP overexpression plasmids.

4. B HER TS CXCL13 FALH TH#0% INK A CXCL13, 10 ng/ml
93— 45 4 P BATE CXCLI3 805 INK, #5997 Control _ 0.5h 1h
45 100 ng CXCL13 ALK T 0.5h 5 1 h J5, Western p-JNK [ sE== 0
Blot # ] 1488+ INK BEERL /KT (EP p-INK )3
) o gRER, H5WNES PBS MHEL, CXCL13 GAPDH — e — < 35 kD
VESE 0.5 h, INK BRRIK-T- 5 E T m (LB SA, 5 .
B) . vE4/5E 1 h, PBS 411 CXCLI13 41 INK % 16- T
ALK TR EEZER (WK S5C, D) « WHAER
BEH CXCL13 X INK A3 th o s i 4 7 é 1.2 :
5. 400 INK BGE25A% CXCL13 s S R S 08
)y T WIHEAE INK {5 58 B2 55 CXCLI3 z
7 FHRRUR N, AHIEFUAE FH INK #0177 SP600125 o 0.4+
(20 nmol) FEATEIPIESS, 30 min 5 P PIIESS 100 ng 0 | X
) CXCL13, A/ BB NAT . 45 3R B, Control 05h 1h
BN VESS CXCL13 i T 1R /N 8= A B 2 A Uik P B4 CXCLI3 B0E 2R R4S INK (72=3, X =SEM)
finki 5 % 9 AN AR I B, TR N RRSE 6 h BL b (A) p-JNK, GAPDH Western Blot %f7; (B) p-JNK
T4 SP0012S HARIR T CXCLI3 S FEHITEL o008 o o AR
AR LB 6A) AL Ml Ao (I K . (A) Western Blot bands for p-JNK and G’APT)H; (B)
6B) , ULEIHIH INK BUE REWS 22 i CXCL13 75 % The statistics of p-JNK band. *P < 0.05, compared
IR i 3L B with the Control group.
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A C
PBS CXCL13,0.5h PBS CXCL13,1h
) — v — — B A W —
A —p———_ PUNK e e e s
GAPDH - s s s - — GAPDH " s s s s —
B D
2.0 1.5
*
T 1.54 T .
- £ 10-
<< <
O 1.0 T 0
2 2
Z Z 0.5
4 0.5 &
0 T 0 T
PBS CXCL13 PBS CXCL13

5 AEST CXCL13 EALH TH#EE Al INK (72 = 3, X £SEM)
(A) IS 100 ng CXCLI3 J& 0.5 h, p-INK F1 GAPDH Western Blot 25717 /&; (B) p-JNK 46141+ K, *P <0.05,
5 PpBS HAHLL: (C) $4ATES CXCL13 J5 1 h, p-JNK #1 GAPDH Western Blot 251 &; (D) p-JNK 44 4t it K,
P>0.05, 5 PBS 41tk

Fig. 5 Intrathecal injection of CXCL13 activates JNK in the spinal cord (72 = 3, X £SEM)
(A) p-JNK and GAPDH Western Blot 0.5 h after intrathecal injection of CXCL13 (100ng); (B) The statistics for p-JNK band.
*P < 0.05, compared with PBS group; (C) p-JNK and GAPDH Western Blot 1 h after intrathecal injection of CXCL13; (D)
The statistics for p-JNK band. P > 0.05, compared with PBS group.

A B
—&— SP600125 + CXCL13 (22=7) —=— SP600125 + CXCL13 (72=7)
+—e— PBS + CXCL13 (72 = 6) +—e— PBS + CXCL13 (72 = 6)
15+ ~ 257
D
O =
) 2 2.0
S i s o
T 10 s
T S 15- #
z &
S Joik sokk gl
s 5 E 1.0
= . @®
; £
© © i
£ § 0.5 etk
= stk
0 T T T 0 T T T
BL 3h 6h BL 3h 6 h
Time after injection Time after injection

6 A INK HIOE A CXCLI3 % SR SBUR N (72 = 6-7, X £SEM)
(A, B) #§N{E4F PBS + CXCLI13 5 5 1% /I R A2 W1 S8 (0 AR MU S RILA VE Ais Ai, #9826 h DL ks 3R AT
WIS SP600125 A4 RUZEM# | CXCL13 FIEM /NI (A) P oe i BoR (B) AU il <
#4xP.<0.001, 5 BL41MHH;: P <0.05, P <0.001, 55 PBS+CXCLI13 4L

Fig. 6 Inhibition of JNK activation alleviates the hyperalgesia induced by CXCL13 (72 = 6-7, X =SEM)
(A, B) Intrathecal injection of PBS + CXCL13 induced obvious heat hyperalgesia and mechanical allodynia which
lasted for more than 6 h; Pretreatment with SP600125 effectively relieved CXCL13 induced heat hyperalgesia (A) and
mechanical allodynia (B).
*#%P < (.001, compared with the BL (baseline); "P < 0.05, p <0.001, compared with the PBS + CXCL13 group.
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AR R AR MBS 77 FURLEE 4. Western
Blot. % 6 Yt LA K AT Nk 46 7 7%, B AL
7 CXCL13 Il CXCRS HyAH B A FH B & 2 5 00 o i
B RS Sl M. RS RER: IEH/NRERE
B A A uRIE W T CXCL13; CXCL13
5 H 24k CXCRS 45 & 9 K AE WA CXCLI3 i
SRR AT T INK ;. B5P9 S INK 057
Z%fft CXCLI13 %5 SR EU N .

R R R — AR R R A A R 7, PR
BA H 20 & R 4 i R iE T R e o <&
W7 o BT EKEILE 50 2 A0,
30 ZAMERRERRIE. EFERKIVT R T 2R
tk Al ¥ 4 cCL2, CCL7, CXCL1, CXCL10, CX-
CL12, CXCL16, CX3CL1 @il S ML ic-RIEK
FRANME . #PLE Te- N FRANAE . 2 TR I 40 P - /N i
540 B I R ELAE P 2 5 R TR 28 AL A 1 e i 7
CXCL13 fEIEH /NI R A RIS, EIEME 4R
FUUERE. H S R Esas. SRR E R
GUMREE . FAREEREOLT, CXCLI3 7E N+ R IA
T T o 2 1495 SR PR 51 e 2 vk R
IR T, CXCL13 764§ R IiE g m B2, A wt
FUE AR RE A RE TS A& TG, AIE] CXCL13
TEME ORI 2 sk A, BAEsFREe
WA Z K CXCL13 FAE S5, ¥ CXCL13 7E#f
LIUHIFRIE, FEmgnfsh i, MmAE AT H A
M, 25N TR SR A A] AR AT A

R R P32 Rk A 7 IRIES IR/ G & R
RSz, JEf 20 ZRRAL, DT TR,
IRl s b R 7 F1 2 AR A —— X . R CXCRS
N & CXCL13 HME— 324k, {H1E CXCRS 2 [A
R BN B, B YRS CXCLI3 B Ao i i
WA TEATHRE, REKIEE TR, #2775 CXCLI3
T REAT HoAh 524k B AR 58 o AR AN G G 1) 7 vk
W E| CXCL13 ANH 7] B 4b 55 Wb, sk b N 21 % e
7 CXCRS 3Rk Joi ki i 4 fe 4, 3¢ H CXCL13 5
CXCRS & i 3t ks Uk, i B CXCL13 5 CXCRS
dialaRAET AN BICEIGE, BT 2k
CCR2 4 T 5 i ff L B)iEa4k R+ CCL2 I 45 & A
WAL M, IF H ARSI CCR2 F15E B N /A,
SR B IK VB AR AR Y. CXCL13 A CXCRS 454
F AL G AT R I VA B IR AR AR, XA A DA
JEiHE— BT CXCL13 At 2k th 75 5 DL S
HIEFT o

——

(T

rh [ E & 5 2 2 & Chinese Journal of Pain Medicine 2021, 27 (3)

PIERII o, B PR g A 5 1E G
M o WA By W55, WoE ARG 5 iE g,
1 MAPK i #. #% i B8 C (phospholipase C, PLC)
JE R AR B LR 3 ¥ (phosphatidylinositol-3-ki-
nase, PI3K) i@ "', INK Fll ERK /& MAPKs i 5
WRAE B G, FFRET M ERK 0 5 40 FE
WOt E A GFEEZEDIMK, H ERK RIEK A
Ji 27 5 A B 2R A SRR A DG . i, AR
WS 02 R E MR, pERK RIE T
BEEE oo U FE R G B RO AR A
pERK fEMAMGHIIRIE T HE T, ZERIETH
BE/IN FRATL, (H S B0 30 T R e R gn i rp 1
5 ERK 9 Ai AN, INK R #ETA5Y AR
e R AN, HAEHZ RESRHERiG)E, p-JNK
AR BE R R A P i R a1 i B AR U4 LA
R, B S CXCL13 B0 p-ERK &
B HE T AR TR AN M Rk, 1 H MEK 4115
PD98059 £% fi# T CXCL13 i T W oo i 8, i W
CXCLI13/CXCRS 15 5 % 7] L@ i 3#0% ERK {2 i
. T CXCRS FERIATEBEFRIM Y, &
SEIGHEFEAGIN T CXCLI13 X35 7 52 TR M Joft 4 i o
INK f#0%, W5 CXCL13 R 7EHl# 5 30 min
PO T INK, 76 1 h R EIEH; 5 7ES CXCL13
9 7E 30 min J5 3§ 5 B8 S [ p-JNK & 35 34 s 1
CXCL13 %t ERK [ #4075 i (8] 2 M 30 min FF 4R, #F
41 h bl P, 8] CXCL13 % ERK A1 INK f) 4
IEINTFEASE A . LAMERIWEFCIERT,  INK #0151
SP600125 A 52 4% I 1 74 AN e 28 4 2 171,
AHIF T H AT 27 55 T S Y P v S TN 1001 751 22
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