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Mechanism of chronic pain development and maintenance from the perspective of 'glia-
neuron'' interaction *
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Abstract Plasticity changes in neurons are one of the main mechanisms mediating nociceptive sensitization,
and the persistence of chronic pain due to nociceptive sensitization seriously affects patients' quality of life.
A large number of studies have revealed the close connection and interaction between glial cells and neurons,
which are jointly involved in the regulation of chronic pain. Previous studies have mostly focused on the role of
activated neurons or glial cells in the regulation of chronic pain, while the information transfer between the two
cells has gradually received attention afterwards. Recent studies suggest that glial cells and neurons are involved
in the development and maintenance of chronic pain through the action of various neurotransmitters, chemokines, and
pro-inflammatory cytokines on the corresponding receptors. In this paper, we take cytokines as an entry point to
review the mechanism of glia-neuron interaction in the development and maintenance of chronic pain, hoping to
provide a multi-faceted and all-encompassing theoretical reference for cellular and molecular therapeutic strategies
for neuroinflammation-mediated chronic pain.
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IERE . BEAEHE ST GO P AR A L] PR DT
REIFBEMZ T YN o, DA & o m] 3 1t
SR SR, TR =R, BERE X A
2 240 L 1 A VR TR %) B 1 1 9 i s A A
TR B AT R0 B4R 5 ) 40 AL A g A7 R B, R
P22 5 5 4 i 2 32 1 324 AT DL IO 3 4 2 G 4 Wk
PIAYEVEYIIT, BT EOE M R A M. R,
o 28 J 5 400 B A S BT R TR A A 5 [ AE A a2
PR RIER KA, SR o] BIERgsR, B
BRI )R A R . YRR RGE 121
I AR T WL BIE 7 DA AR B A 2, T ot [ 2R b
JEBACHLEI BT R T AN L, G0 T8 i o 40 Ffa 45 411
JAME R R EAEMEudii. BEA O OCHRkIE
Xof BBl S8 228 Ji ot 4 L R o 8 TG AE 1 48 ORE R 1 08
PIR HAH ELAE 77 T3 AT 2538, HR 2B s
T AR R SR G M DR o ) 2 — 2R
SRR, FEBRAT XS 2 Fh BT 2 1 FE ) A9 45
I, ASCENZ s 72 HET, APEREAE
FRAPLZE T P AR i T 4 55 4 2 o 2 TR R AH ELAE
KAy F SR RAT LR, S M. 2T ARy,
PR SRR SR R A Sk, D8
PR RYR YT PR LT I FH 24 LB R 77 1)

AR5 A A A A AR

R P 2 40 ) o 2 P T L 5 e 8 e B0 EL )
N i1, HASTE] PR #0205 5T 240 e £ U 7 Ao 7 T
BEAFRIINEE. FHFIZ 25t (central nervous system,
CNS) H (1B B A /M. >R AR m 4
Jit) % JH FEl #45 2255 (peripheral nervous system, PNS) H
) TR 4 i R 4T B (satellite glial cells, SGC) ZiFix
RN I o 4 o

1. IR o A

B Y 5T 40 P RV T A IR, J& CNS Hh
B E MM, 5 20%~40%, £ 5T
18 11 PR P15 28 5 e A2 1 R [X SR 4 = 2 A
BT 254 b 54 o0 J R Al R %, BRI A
Ji ] DL el i 4% UL B 1 B A (connexin, Cx)
R S I8, AR R Al 35 R b A 4% SR
MUEFEMETTIER, B M A AL 5 5 A
A0 AR E T S DI R R4
Jo 0 B AR 5 A0 b R TR Dl e P e 42386 5T B2 A
1 N-H1 2-D- R A 2 B2 32 1A (N-methyl-D-aspartate-re-
ceptor, NMDAR). L ¥ 8 4% 2 IR 5% & (metabotropic
glutamate receptors, mGIuR). MEM A8 24K, 4k 1 ¥
T 22 2455 Ak B H U8 (mitogen-activated protein
kinase, MAPK) 15 ‘5 %%, =4 2 0E R ¥ i J8d TR 4t
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[X]F--a (tumor necrosis factor-a, TNF-a)). H4IHI/ 2
1B (interleukin-1B, IL-1B) « F 4/~ 2 6 (interleukin-6,
IL-6) DL J i 51 i % E2 (prostaglandin E2, PGE2). —
AME (nitric oxide, NO) %5, i SR, 7E4E
PR, UM R AhEE R N A Z K P 4ERE RS,
AR T4 SRR e 15 AR 0 SR b A1 ik 8 4 R 1) P 4%
% 240 M P9 45 T T I A e 3 A i R Y
Ji2 5 4 B ) A E R - K A R 5 12 B 1 (glutamate/
aspartate transporter, GLAST) M % & IR % iz & [ -1
(glutamate transporter-1, GLT-1) #£47 N ], #RBR
PR IR RE b, B4 3 B0 E IR AL R A SERR
S RE, JFRREHER T4 0 NMDAR, S EUK
WA TG M 1Y, RITEL R B A0
15597 T INRIE WA IR R I AR .

2. /MR

AN AR BN R B R AR A, R ME—RIE A
FIRERIA SN, & CNS MU 5%~ 10%.
R B, NRBA RN TIEBTE T
ZARIMETTIL, A{REME T GE K oA, I
HASZE . R R ai e & re R M. N4
e [ Tt e PR ) R A A BT A S HE A
JRARNAZ B — B B 2, 2 1D HORR R 22 R G 9 T
BRI oA i . ARSI F 22 T S At
B2 IO 240 PAF AE AT AT St 0 AE RN, /0N I Joi 4 L
BOE I A & IS /N B4, iR M1/M2
R I 7] ML BURE, Bl AR R IR 1) e B
5 RPN — A, /N BB 4 B DA A RRE A
JRI FEERIE, RMAEREFKIEPNFES S
Ho ANIANIE T B Y e A M, /N R o 4 B T4
TP R s S B R, S AR 48 T 5 B
T HAB W RRES FURR AL, T AN [R] 28 28 4 22 Ji o 24
Ji ot 298 ()4 07 s FAN 58 A [E] () 348

3. DA

TR R RIE T A, 5 E AR R
MHERE EARL, AP o b M SR, T
PRZE T BB BEOR B AL P4, (AR ELA CNS A
AN S, PNS TR IR 5 40 i 2 5 1t fivi o i 1)
TERFEAR . BeAk, TEXT M8 i R B L,
SGC /Ny 2 HOR R GHUR AR [ B2, 1 [RI S # 22
Ui ot 40 B A AT T A H BB 5 A R . 4%
FRI%EF% (gap junctions, GJ) A& 7% HAH AR 41 B 1) /N JE
TH, 520 2 T8 s 4 A 1) 3@ 15 18 i B 4
HPIAEETE i1l IE, AT 4ERE N TR B R D)
Re. EEEON GI AT, 2EAREAX
TR, AT TR F AR B it T iR 12
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SGC [ 52 20 Jid Jo 24t i 8 o] LA e iok 4 Bt o 4 1 1 L9
WE, WAl 5 ATP KA ERB R 40 i 434
B, I B S WA O EAE F R R i,
B S8R Y, JLITR ATP. BRI,
BATTFE AP 2 BT A M R . RZ, PR
0BRSS R Ny ATP, 2 S84t 5 i
Al )4 428 o o A4 Pt — 2D

L AR - A TS SR IER R
A5 Yy

WEFIER, MM, HRMELTT (dorsal root
ganglion, DRG) I fifi 1 (¥ {2 2 SE 40 R H 7.tk
Bl AR5 6 1A RS M R 1k A S 4
Frrh A EEAEH . 02540 ] i o i 2
BB LR T R SORE LML R TR FH T4 B 2 A
FEURR IR PR TC R DAY, R AR R T 28
PERIIE R, TS R FAX LI S

1. ATP/WEM 57 {4

ATP 75 41 J P4 2 41 A 58 52 A 3 AT 40 75 1R WE e
&Y, EARANUAE R —FT 20 Mm T HE R
GUIAR I T, R AR RRE IR FE S, e O
B P2XR S AREHE P2YR 25 B I A i
45 U9, POXR AEBH B ik EIE, bR
(P2X1R-P2X7R), ‘EAITF EAEIE M 1% R 4 3%
1k, CIEE RN /R 5T 4 B S bk T A i A
P2XR [ R S50 &MU Nk R2EY) 1, H,
P2X3R 7£ DRG 17k, P2X4R . P2X7R & HE/
ARk, S 58RI A - IR T
38 TR

W FINN ATP MAZ AP 2 RET/E T DRG #if
£ 011 P2XR ", P2X3R 7E DRG H ik $5 11: Hh vy 7K
PRI, FEMAE TR AR BT, S 5%
55 AR R 2 on g R R A U W T ERAE
T FEAR P2X3R (#3815 AT LU i) 4 22 5 B K
Bilhn, R R T A A 4R 18 1 45 45 P 45145 (chronic
constrictive injury, CCI) KEBIAL 5, P2X3R K& T
W, P RNV W A B 3 ) K B DRG H
[ P2X3R 1 R 2 ff W PR P Ao 225 BELPE S  (dli-
abetic peripheral neuropathic pain, DPNP) P/,

7E J& B # 2 45 75 (peripheral nerve injury, PNI)
i, FHEE AME T DB R B 18 B RO
77 SR AN 2 ATP, /)N 53 20 i 1) P2X4R L 1]
TR R R IR 1 1 228 77 (R T 15 R i 4 0 L
Pgm U, P2XTR HHMA ATP R0 o ml Rl nT
TSR EEFL KR R E AT i BRI R TR R G EE
Ak 12 4y S 3% P 1 45 3L (spared nerve injury, SNT)
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J&, MO ATP 0E G 86 A /N 48 i (1) P2XTR
HEMRE I IL-18 /E TR0, 7 SRR EU N,
M A P9V S P2XTR F5 4075 A-438079 T FHIT 1 MLk
PRI ML A P02,

BRI ) P2XTR 36 PRI H B AN 2 R R
Ji A R E, B RFFCIE R, TR 4N R
P2XT7R VG AL 5 B ATP,  J I ) 0k 48 95 P2Y 1R
T A& P2X3R F . 7 E LB P2XTR U 2>
5 P2X3R i, 488 i R e 8 0 0t A I R )
JRIL,  FEAS SRR (B a7 SR P DL
FUN P2X3R 5 P2X7R A B AE FH A S008I R &
PROE T CFE.

2. IR 7/t R 7 52 Ak

KZHER TG 2 A28k, A Z R AT
DL A [ Bt IR s - A SO B S SR S 518
PP AR S 3 B Az 4k B

(1) CXCLI13/CXCR5: #afb [ 7 C-X-C 2 /7 I
£ 13 (C-X-C motif chemokine ligand 13, CXCL13), X
B 4l iz 4k K F--1 (B-lymphocyte chemical attrac-
tants-1, BCA-1), #x#I7E B 41 i 5P i f 3 Jo3 41 i v
BRI 2], @ i AE T 52 4k CXCRS K 17 B 4f
MER Rtk R B 1B & 453 (spinal nerve
ligation, SNL) /&, A fii #f & JC ) CXCL13 & ik L
W, 1M CXCRS 75 8 5 B i Joi 40 i o 3R 98, EPAIE
T CXCL13/CXCRS 7£ ¥ i s i # 22 0 - 1 48 Ji ot
ST B P S B R B R A DA Bk R 22 SR, 15T
PRI PR I R AR . BRAL, BEPNVESRT CXCLI3
AT PLE R/ BRI AR B B HLAR PR R R, T
CXCRS5 KO /MR iR 17 Ji b

(2) CXCL1/CXCR2: CXCLI J& T CXC # 1k
AL~ R A 01 2 —, R PR R AR KR % B0 5k
(growth regulation oncogene, GRO) 5 41l fill [X T %5 5
(4] F Rz 4T & 4k R F -1 (cytokine-induced neutro-
phil chemoattractant-1, CINC-1). £ 4#h i 41 21,
CXCL1 FIETEWEup . P24, kg,
TE JRE L ELAG R A s A TE A, LR 2
Cx43 % #ll. CXCR2 J& CXCLI1 [f) 3= 2 1K, (H[H
I A 4 5] CXCL2. CXCL3. CXCL5. CXCL6-
CXCL7 J¢ CXCL8. fE SNL, CXCLI ¥ % 7F # 8
B 4N R i S 0k, CXCR2 7£75 4T
. BAES CXCLT AR, CXCR2 5 HL7)
SB225002 Ak PIEST CXCL1 shRNA 1255 8¢ 2k 4
AT LA CXCL1/CXCR2 55, FFEHmiE SNL %53
et 7. BB CXCL1/CXCR2 i i 4 6 A A
I I3 4 -+ 22 T AH ELAE F 2 5 40 2 B 0
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(3) CX3CLI/CX3CRI1: Fractalkine (chemokine
C-X3-C ligand 1, CX3CLI) #& CX3C ¥V 5 ik ME— 1 &%
R, ERME— TS24 CX3CR1, HiZ@ b1
SRS CX3CLL. A& mhiE, MisErE
BETT f /N R AN 3 b AR SR A S, T (i gk
FAME ORI CX3CLL, AR TR MR K 54
Fr. BRI CX3CR1 mRNA 3 FIEFEA B /NKZ
R4 &% DRG TR P, fEALE e 4
J937F (sciatic inflammatory neuropathy, SIN) 5% CCI J5,
Fractalkine 4% #4324 M 51 I8 CX3CR1 1
ZIN S IR 40 M ) TE AR R AR R AR R AL . Ak, BN T
S CX3CL1 Hr AL 44 AT LA 1) SNL J5 75 - AL bk
PRI B A BB I AR R PO A 4 45 4L (partial
sciatic nerve ligation, PSNL) 5, CX3CR1 KO 7/
R /0 o o 4 B A 932D, 98 PR X 22 B
P S B TR T 2R R KA H L (vin-
cristine sulfate, VCR) % 5 [f1/N AL, CX3CLI
WOE CX3CRI S A% 20 M 7= A2 0 P 4, 3 T s Ik
AR TG BRI 52 AR B AT BB &R (1 1 (transient re-
ceptor potential ankyrin-1, TRPA1), SE{5F 5 MH&H
fRAE B, R CX3CLI-CX3CRI 15 5@ M EH B
S A2 T -/ RS A AR AR F A e e B
PEIR I RS 4EFE

(4) CCL2/CCR2: CCL2 4 Fr v B A% 40 B i
1k % 1 1 (monocyte chemotactic protein-1, MCP-1),
A L#IE CCR2. CCR11, oA CCR2 A& H 3 H 24k,
& 1 CCL2, CCR2 4" LA CCL7. CCL8. CCL13
B%, {2 CCR2 454 CCL2 HsEM fifim. £ SNL )5,
CCL2 {EA hl s M B AR i A ik, i CCR2 1E
BREM LT RIS RREE 0 Y, B CCL2. CCR2
I3 E 0 R B A - 22 e A ELAE < SR
CCR2 tBA77E T84 PSNL Jaif AL B/ M R i B,
TEM BRI % 7, CCL2 i CCR2 &5
B BE B/ R R AN S . B Ah, Tmai 25 BY R
PSNL R Aff 5¢ CCL7, MR ZAiEtb & A 3
(monocyte chemoattractant protein-3, MCP-3). CCR2
FEFR i BEME R R VR L, U B /0N o 240
W) CCR2 Bl il 22 A S A B = A= 1) CCL7 AR,
75 A BE/NB T 4H A o

(5) CCL21/CXCR3: CCL21 (exodus-2) Sk
IR L LU LI 7 (secondary lymphoid-tissue
chemokine, SLC), J&F CC #afh K7 F ki —F/h
YH M R F-. CCL21 A] LLid i i 4k Rl -7 52 & CCR7.
CXCR3 K#EVEH . EAFATE, /M DRG
Hf CCL21 FRiE, FHrBIF5is B M4t

| T T —6—
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ISR R AN ) CXCR3, A S T0-#h & IR 5
R AH EAE R, MBS E B H CCL21 mibR
N B S BR R 2 B BhAh, BEA
FES CCL21 PR AIHLA TS, CCI /)N SR LA K HA R
TP R O S ek /b B, R, CCL21-CXCR3
SR SEMAERMIR RS 4R RS B
EH

CAB J R 25900 F AR 4590 )l 2 FH 2774
A . T 2, IR T DA 2 ST 4T,
VR AN JNE = AT o 1T VR 22 48 40073 B A U A%
RIBFFLFE Y, Bk DR T S2 A0 B0 70 B8 75 i B 0
SRR R BUR AR, W1 CCR1 454057 J113863+
CCR2 15 #1 77] RS504393. CCR3 #i #1771 SB328437.
CCR4 #EH177 €021, CCRS #5177 maraviroc/AZD5672/
TAK-220. CXCR2 f#i#15f] NVPCXCR220/SB225002
CXCR3 # #1171 NBI-74330/AMG487. CXCR4 ## #1T
7 AMD3100/AMD3465. XCR1 f #1771 vMIP-I1 B,
1E 280 fUBL R 2 RS BRI R 7, RAP-103 B
FH W7 DY F 4 1k IR 7 %2 4k (CCR2. CCRS5. CCRS.
CXCR4), /b /NI AN AL A% 41 i )R T
L% 90 K7 (R0 T R FE B AEF B, [RINh e
AT LA D KGR R BT 20T AR R R IR A R A
A EA R

3. RRER T/ RAE R T2 Ak

{2 9 RE 40 B K 7 1 40 ML A 35 17 (interleukin-17,
IL-17). IL-6 7EM2 MR A i b o A $E E AR o
FFEAE B, 0 28 1 5 4 Bl ao 7= A= i 4% JE 20 PR [
TER TP & T0- & BRI RS2 44, A ITIFEN2
PRI I R AR R e k45 R

(1) IL-17/IL-17R: IL-17 #& 1 Th17 40 ffd 5 &
i 2 20 e o 4 AT A IR SO E A B IR 7, (EARAE R
R A B e ) B . TEAST 2590 3 11
Jii F #ih 28 955 A% (cisplatin-induced peripheral neuropa-
thy, CIPN) H, 30 1A 8 2 Y B 4 il r= A= TL-17
Al LAY 5 5 467 T A58 DRG 4 7t i IL-17R 1F
F sl s A S S JE AR T T R A g B A
. DAL, IL-171IL-17R {5 5 4% 5 7T DLl i CONS,
PNS A1 (1) 41 48 0 - # £8 Ji Jo3 48 B AH B A P A o e
ik, WFAEIESE, Z8H /N DRG P EK
J5R 20 B TT e IL-17 LA s 2 e e A v, {2
HERH I BRI

(2) IL-6/sIL-6R: IL-6 & —Ffr 1L 78 f) 22 20 P (i
RIEEIN T, 5 IL-6R. HEE A 130 A KN E
15 A P I EOE S S L ERIAT & Fh A4k T Re .
TER BRI SO PR A, BRI IL-6
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BT %S RREs, %S 2l ™. TNFo
FIE, B AE TR IL-6, JFES/NMR T4
Hf DA B % 1T %5 PR 1 41 i A 2R 6 5244 (soluble interleu-
kin-6 receptor, sIL-6R), 2% IL-6/sIL-6R & &4, Bk
I IL-6 S S5 S R i B BT

=, B45RS

H AT 4 7, P 20 05T 48 -4 22 G () AH L
TERS RO i, 5 SRR, Hhais
Jii . AR T AR 28R 4 R T 7R A 5 i
PR REEEEM. AR T BRI, /N
e A TR R 4 S i 4 e A8 HLAE e MR
I IR AR 5 YRR L R B AE A . R B R T AN R
W CXCL1. CCL2. IL-17. IL-1P 4 %I/E F T4 &6
#2456 F ) CXCR2. CCR2. IL-17R. IL-1BR, %
B2 ORI CXCL13 ] F 12 R R 41 B 1)
CXCRS; /N RANMIZ M~ ATP #% P2XTR J5 1%
b, BEJBCIL-1B HJ# CNS 2T, B8

ATP
°®
oo

/N TR Al

P2X7R

ﬂEﬂs“zJﬁzm ________

~ o
'/\ CXCR5 +————— oXCL1 3°°‘-\
\ cXCL1 So ——» CXCR2

P2X7R \
\CCLz 9o —>CCR2 o

IL-17 — IL-17R
_____ H
TRIL1B

— 18R
o0

2 P2XAR ——— "ATP rd

' SIL-6R —— |L-6
R

CX3CR1¢— CX3CLl1

e

ATP %o —¥P2YIR DRG

1 [ & B 2% 2 i Chinese Journal of Pain Medicine 2024, 30 (7)
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22 56 R RE AT L2 W TL-6. CX3CL1 S id ke fE i+
ANIESRATAE; PNS Hp g 1 T 15 o 240 i 3 sk 4 3
ATP 5 DRG 7 P2X3R. P2YIR HZ &, 5 KIE W
R ERERNE, NR-N A ETG-M
2 R A0 2 (R AF AR AR SR I G B ER AL T HIESE, #HR
TR A 5 AT DAYE SR 48 e Jo 4 P O I B .
Z, WA AP s S B A TS5
A0 A 4o 22 Ji SR AN Rk — 2B A

P JEAN TS MR AL E 2%, WL
SERE MR TR, WERZHIRIRIT kg —1A
ARFFMR LR B ) L, Rk, A SCE SR T M
Ji A0 - PR 22 TG T AN R T AR 2 AR S 5 4
SRAE TR EAIE R AENLE LB D, RN
& PSR R T T PR AL B8 2 37 JL K

K2 Bt FCAE B AL R T 52 4R 1) 22 BEBR S P77
BRI 1 P EL B S bR 385 07 (0 B 58 B4, {3 Pawlik
2t B8 2 3R 98 R I, CCR1. CCR3 [ WL E 45 471 7

CNS

I

N
B
.
.
.
.
.
.
.
y ’
.
.
P .
§ .
~ ,'
~~§ ¢'
2 .~ .
2 .
3, . ’
.
e W<y .

.
.

()

[ 2/

PNS

Bl LR - Mo R SRS A IR T R R e A

CNS: THXZ 245, PNS: JAHMHZ £%; DRG:

RMLETT; ATP: =BERRHRTY; P2X7R: P2X7 MEMSSZ{Ak;

CXCL13: b F CXC Bk 13; CXCRS: #fbIKF CXC %24k 5; CXCL1: #fLIX+ CXC Fifk 1; CXCR2:
LT CXC 324k 2; CCL2: CC #fbA TRk 2; CCR2: CC &tk T34k 2; IL-17: H4UMIA2 17; IL-17R:
FANB A 3R 17 248 TL-1B: AIMIN R 1B; IL-1BR: FHAZIMIAN R 1B 5Z24K; P2X4R: P2X4 HEISSZ4K; 1L-6: [
A2 6; sIL-6R: FIVAPEFAIMIA 2K 6 324K; CX3CL1: #fbE 7 C-X3-C-Felitk 1; CX3CR1: #iLRH -+
C-X3-C- F£I05%2 4K 1; P2X3R: P2X3 FEMAZ4K; P2YIR: P2Y1 FEI&SZ{K; TNF-a: JIEIAIEHF a
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UCB35625 % 8 B SAE FH AN 0[] 571 £ 3 [R] 45 24 2R
— BT T113863. SB328437 [ F&MEA . HHFTT
BHRLSE RS NRE, N THFERER BRI 2
SRS TERZ, RRLIERER 2 R TR T
PR EERIRE T AN, BUIITIREEE R 2 5 R Z K
BRI E . 7RG 55 REERB VIR A R
JRANBE- A TC IS AR 1 R 24, R TS REA
FLRUR S R 2 B S RS U PR R A, R
PR JOREA T 18 M 1R 9T 25 e it — R 0 7
Z, BHEHR—BIIEARRE . 5o, #ICHE
i, #57E DRG 4 F P2XTR $E P& FH & e rh
JE A B AME ) P2X3R HEL B, B A £ o0 M Ay
P, T AN VE B R S8 P 1 24 AT 2 W TSR,
P A T4 (MC-NSC) % it )5, ALFe
1475 K BRI P2XR7 Rk K W B FEAG, %0 B
Pl &,

HHUE T L, BRI R 20 28 0 A 05 PR 288 1) R
B AT A A B A B A 10 22 B0 i 25 ) 4 g i
P, KR AR S R — HIT RAMER 258, Jkb
YRR N, S8R 25 A . B Ak, R
SR AT 70 75 2 40k 4852 I 40 28 2 9 v {1 4 441 i [
TFAEMS VIR R IPE T, H AR5 % P 28 S 40
MR FAER AR T S 5 LS, TFR 2 AE
FH 6 R0 55 LR85 55 35 B0 1 40 1 570 S B sl 711
FAh, RN AE SR AR T, e ek
JWVRIT T I .

A FE BIEE R 2 0t B ) s e fe i, EAmE
T BB BN R 28 J S5 24 it 2 18 A G 1K) R L
il o B A AR, (N SRR 4 22 Ji S5 40 P 7 12 1
IR R A SHEFFNLRIE v E . S —J7TH, Wik
HKENY5 NN fabr e A F, Wik 2R3l
K 22 3 0 AT R B AL OG0k S B, T
IRV BRIAT IR . WA MK
JEVP A B AR SE IR S Ak AR (R AT DL PRI IR A7
FE Wik, T AT SE PRI VRN 7 V2 Re A 1 R R AL
FIWF R R e (EASRIEM AL, Shirvalkar 2 “ 38
T % AH N & 8t (Medtronic Activa PC + S) % 5, Bz /i
NSRRI NN, B UK & T R w1
PR A R JeiE ), KRIHER K JZ (orbitofrontal
cortex, OFC) 15 5 1] L T #il o A (1) B & P18 P
PIRIRAS 212 M % 2 Wb S RE A 0 70
MU IRIEFE, $RAMAE R K12 i DL TR0 975 PRI R

A JE AT ER T BT 22 1A PR B SE R ATF 58 5K o] 0 2
PRSI I RIE AL, FERE— 040 70 Bl R AL,
Bk HAh e R AN (b RR AN, T2

——

e 527 -

Oy R [ At DR R L L R e SR
HUBIAE A2, 4k SRR AN ) 40 28 e Jo 40 it 2 )
{180 B P T IR 0T 490 4 I O 40 B 5 R 22 T A5 5 FA
FIAIR,  NARSKIF R BT IR TT 25 i B .

H @b RFR: AEHFRAILF BN R,

Z £ X W

[1] Corder G, Ahanonu B, Grewe BF, et al. An amygdalar
neural ensemble that encodes the unpleasantness of
pain[J]. Science, 2019, 363(6424):276-281.

[2] Zheng YJ, Zhang TJ, Yang XQ, et al. A survey
of chronic pain in China[J]. Libyan J Med, 2020,
15(1):1730550.

(31 FRIE, BURBL, 5kBL, 55 S4B AE R VE S 0% K
PR IR D], A BERFERERE | 2023, 54(5):390-396.

[4] Wang W, Tu W, Cheng R, et al. Electroacupuncture and
A-317491 depress the transmission of pain on prima-
ry afferent mediated by the p2x3 receptor in rats with
chronic neuropathic pain states[J]. J Neurosci Res,
2014, 92(12):1703-1713.

[S] Fei X, He X, Tai Z, et al. Electroacupuncture alleviates
diabetic neuropathic pain in rats by suppressing P2X3
receptor expression in dorsal root ganglia[J]. Purinergic
Signal, 2020, 16(4):491-502.

[6] Jiang BC, Cao DL, Zhang X, et al. CXCL13 drives
spinal astrocyte activation and neuropathic pain via
CXCRS5[J]. J Clin Invest, 2016, 126(2):745-761.

[71 Zhang ZJ, Cao DL, Zhang X, et al. Chemokine con-
tribution to neuropathic pain: respective induction of
CXCL1 and CXCR2 in spinal cord astrocytes and neu-
rons[J]. Pain, 2013, 154(10):2185-2197.

[8] Luo H, Liu HZ, Zhang WW, et al. Interleukin-17 regu-
lates neuron-glial communications, synaptic transmis-
sion, and neuropathic pain after chemotherapy[J]. Cell
Rep, 2019, 29(8):2384-2397.e5.

[91 Lu HJ, Gao YJ. Astrocytes in chronic pain: cellular
and molecular mechanisms[J]. Neurosci Bull, 2022,
39(3):425-439.

[10] Weng HR, Chen JH, Cata JP. Inhibition of glutamate
uptake in the spinal cord induces hyperalgesia and
increased responses of spinal dorsal horn neurons to
peripheral afferent stimulation[J]. Neuroscience, 2006,
138(4):1351-1360.

[11] Wang MJ, Jing XY, Wang YZ, et al. Exercise, Spinal
microglia and neuropathic pain: potential molecular
mechanisms[J]. Neurochem Res, 2024, 49(1):29-37.

[12] Fasciani I, Pluta P, Gonzalez-Nieto D, et al. Directional
coupling of oligodendrocyte connexin-47 and astrocyte
connexin-43 gap junctions[J]. Glia, 2018, 66(11):2340-
2352.

S

(T

2024/7/17 11:21:41 ’7



| T T

e 528 -

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

Charvériat M, Mouthon F, Rein W, et al. Connexins as
therapeutic targets in neurological and neuropsychiatric
disorders[J]. Biochim Biophys Acta Mol Basis Dis,
2021, 1867(5):166098.

Kennedy C. The P2Y/P2X divide: how it began[J].
Biochem Pharmacol, 2021, 187:114408.

Xu GY, Huang LYM. Peripheral inflammation sensitizes
P2X receptor-mediated responses in rat dorsal root
ganglion neurons[J]. J Neurosci, 2002, 22(1):93-102.
Dunn PM, Zhong Y, Burnstock G. P2X receptors in
peripheral neurons[J]. Prog Neurobiol, 2001, 65(2):107-134.
Fabbretti E. ATP P2X3 receptors and neuronal sensiti-
zation[J]. Front Cell Neurosci, 2013, 7:236.

Masuda T, Ozono Y, Mikuriya S, et al. Dorsal horn neu-
rons release extracellular ATP in a VNUT-dependent
manner that underlies neuropathic pain[J]. Nat Com-
mun, 2016, 7:12529.

Ulmann L, Hatcher JP, Hughes JP, et al. Up-regulation
of P2X4 receptors in spinal microglia after peripheral
nerve injury mediates BDNF release and neuropathic
pain[J]. J Int Soc Sports Nutr, 2008, 28(44):11263-11268.
Kobayashi K, Takahashi E, Miyagawa Y, et al. Induc-
tion of the P2X7 receptor in spinal microglia in a neu-
ropathic pain model[J]. Neurosci Lett, 2011, 504(1):57-61.

[21] Ferrari D, Pizzirani C, Adinolfi E, et al. The P2X7

(22]

(23]

[24]

(23]

(28]

W 2024P9R 7N L indd 528

receptor: a key player in IL-1 processing and release[J].
J Immunol, 2006, 176(7):3877-3883.

Chen Y, Zhang X, Wang C, et al. Activation of
P2X7 receptors in glial satellite cells reduces pain
through downregulation of P2X3 receptors in noci-
ceptive neurons[J]. Proc Natl Acad Sci U S A, 2008,
105(43):16773-16778.

LR, mKER B T R A EAE
PEIF I TE VR T 4L 0 [J]. R 22 4% 8 2020,
26(11):805-813.

SR, EAER , £, 55 CXCL13 @i CXCRS
WoE R A b INK 2 59 aid i [J]. A K
JEE A& 2021, 27(3):174-181.

Verge GM, Milligan ED, Maier SF, et al. Fractalkine
(CX3CL1) and fractalkine receptor (CX3CR1) distribu-
tion in spinal cord and dorsal root ganglia under basal
and neuropathic pain conditions[J]. Eur J Neurosci,
2004, 20(5):1150-1160.

Clark AK, Yip PK, Grist J, et al. Inhibition of spinal
microglial cathepsin S for the reversal of neuropathic
pain[J]. Eur J Neurosci, 2007, 104(25):10655-10660.
Staniland AA, Clark AK, Wodarski R, et al. Reduced in-
flammatory and neuropathic pain and decreased spinal
microglial response in fractalkine receptor (CX3CR1)
knockout mice[J]. J Neurochem, 2010, 114(4):1143-
1157.

Old EA, Nadkarni S, Grist J, et al. Monocytes express-

——

(T

v [ R B 22 44 & Chinese Journal of Pain Medicine 2024, 30 (7)

[29]

[30]

[36]

[37]

[38]

[39]

S

ing CX3CRI1 orchestrate the development of vincris-
tine-induced pain[J]. J Clin Invest, 2014, 124(5):2023-
2036.

Gao YJ, Zhang L, Samad OA, et al. INK-induced
MCP-1 production in spinal cord astrocytes contributes
to central sensitization and neuropathic pain[J]. J Neu-
rosci, 2009, 29(13):4096-4108.

Zhang J, Shi XQ, Echeverry S, et al. Expression of
CCR2 in both resident and bone marrow-derived mi-
croglia plays a critical role in neuropathic pain[J]. J
Neurosci, 2007, 27(45):12396-12406.

Imai S, Ikegami D, Yamashita A, et al. Epigenetic tran-
scriptional activation of monocyte chemotactic protein
3 contributes to long-lasting neuropathic pain[J]. Brain,
2013, 136(Pt 3):828-843.

Schmitz K, Pickert G, Wijnvoord N, et al. Dichotomy
of CCL21 and CXCR3 in nerve injury-evoked and
autoimmunity-evoked hyperalgesia[J]. Brain Behav
Immun, 2013, 32: 186-200.

Piotrowska A, Rojewska E, Pawlik K, et al. Pharmaco-
logical blockade of CXCR3 by (£ )-NBI-74330 reduces
neuropathic pain and enhances opioid effectiveness-ev-
idence from in vivo and in vitro Studies[J]. Biochim
Biophys Acta Mol Basis Dis, 2018, 1864(10):3418-
3437.

Pawlik K, Mika J. Targeting members of the chemok-
ine family as a novel approach to treating neuropathic
pain[J]. Molecules, 2023, 28(15):5766.

Noda M, Tomonaga D, Kitazono K, et al. Neuropathic
pain inhibitor, RAP-103, is a potent inhibitor of mi-
croglial CCL1/CCRS[J]. Neurochem Int, 2018, 119:
184-189.

Vazquez E, Kahlenbach J, Segond von Banchet G, et al.
Spinal interleukin-6 is an amplifier of arthritic pain in
the rat[J]. Arthritis Rheum, 2012, 64(7):2233-2242.
Konig C, Morch E, Eitner A, et al. Involvement of
spinal IL-6 trans-signaling in the induction of hyperex-
citability of deep dorsal horn neurons by spinal tumor
necrosis factor-alpha[J]. J Neurosci, 2016, 36(38):9782-
9791.

Pawlik K, Ciapata K, Ciechanowska A, et al. Pharma-
cological evidence of the important roles of CCR1 and
CCR3 and their endogenous ligands CCL2/7/8 in hy-
persensitivity based on a murine model of neuropathic
pain[J]. Cells, 2022, 12(1):98.

Zhang WJ, Zhu JF, Zhu ZM. Transplantation of micro-
encapsulated neural stem cells inhibits neuropathic pain
mediated by P2X7 receptor overexpression[J]. Biochem
Biophys Res Commun, 2020, 533(4):1219-1225.
Shirvalkar P, Prosky J, Chin G, et al. First-in-human
prediction of chronic pain state using intracranial neural
biomarkers[J]. Nat Neurosci, 2023, 26(6):1090-1099.

2024/7/17 11:21:41 ’7




