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Abstract

Neuropathic Pain (NP) is a chronic pain syndrome caused by primary injury or dysfunction of the
somatosensory nervous system, with a prevalence rate of 7% to 10% in the general healthy popu-
lation and an increasing trend. Its complex pathological mechanisms have not been fully elucidated,
and traditional therapeutic approaches have limited efficacy. Previous studies have mostly focused
on the core role of neurons, while recent research has confirmed that non-neuronal cells (glial cells)
and abnormal sympathetic nerve activity play crucial roles in the occurrence, development, and
chronicization of NP. This article systematically reviews the interaction mechanisms between sym-
pathetic nerves and glial cells (microglia, astrocytes) at the spinal cord level: Sympathetic nerves
can form functional connections with sensory neurons through multiple pathways, including abnor-
mal coupling in peripheral nerves, regulation of central pain circuits, and targeted sprouting of
nerve fibers in the skin and spinal cord, thereby enhancing pain signal transmission. Spinal glial
cells can be activated by inflammatory factors and nociceptive signaling molecules under NP condi-
tions, and participate in pain sensitization by secreting bioactive substances and regulating synap-
tic plasticity. Through neuroimmune inflammatory responses and cross-talk of signaling pathways,
the two form a bidirectional regulatory network that jointly drives the chronicization of pain. This
article aims to integrate the research progress in this field, providing a theoretical basis for reveal-
ing new pathogenic mechanisms of NP and developing novel therapeutic strategies targeting spe-
cific receptors or cell phenotype regulation.
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PRI AR AL T SRR — DN E AR MR R, HoAR S8 Eg E 200 3 AN RS B R
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IR C R S IS 28N L SR A (6] Horbr,  AMIUNE B AARAA b je BUOAAZ AR AL, G I RS HE A 3
PREERE, TR PRSI E AL S IERTE, WX AR A RIS A B s A O B DA A T
A0 B B30 i 8 A R B P X, B B AN RO S AR DA 5, SO 3T 5% o o £ B 1) 1 28 1 7 i8R A T
AEEE, LI TR AR RS TSR AT 26 30 S5 om B 0SB VDA DG TR AT PR ) 36 % U S e
06 T 7 ) R AR e Sk i P A AR S T A AL LR, B R TBC N IR L 55 R e SR ) b 22
i, XA RET A IR S AR AT Tm) R, I S AR IR [A] S R EE[6] . AHUAARZH S S  BL
PR R AEIRARIN S0 TR CAn A 0 ATUBBORI I T A S 1 Y0 /b J Bk I 32 4 B A7 (Transient Re-
ceptor Potential, TRP)/ 57 %8 K% ik 51 (TRPV 1. TRPA1), 5 EUBSZ 7 41 B 5L (1 BH B8 30 38 1%, 9 S 1
BB FRENR, TR AR AR B K BN E BT [6]0 IR RS 5 W R NI A E(FEN AS A 4ERN C 4F
Yy POEAL 3 R ERE T AR A AT, B RRA R . P YR EMAE T, KE SRR AT AMEIT;
B8 5 A5 2 0 O SO0 B o R 1) #5050 %2 Ee I /s MO A, P it i 52 Joi SRR #E A2 328 28 TP K A Jak
R, TE BRI AR AN 7].  EIR S SR R 5 AR R ) AR G A AL R R R IR RE T, A5
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2.1. XBRWZBIAMEREN FERE

AIEME RGN E FME RF ) EEARG 7y, EAFRE T EFES5IFTHUERISERR
WP AT ThRE, AR R 24P X IBA R 45 A fiE (Complex Regional Pain Syndrome, CRPS)%5 NP A5 % 9
ACIEAN LG R 5405 TR P 22 TC 2 [RIRT T B B D RE R G, X — 3 B 5038 =2 5 4/ JE s AU B AL
il —[8]c 1% H ARG E N 2 iR W B AR A 5 A A 4E. C AFL4EMThREI R, (7305 F MK
A2 00 A AP A BRI 25 FV B IR SR BURE 3B (8] (9]0 MATIRAR A AT, BRI £ B
R[5 AS 4. CA4ERT S RIEN B FIRERRESZARES S, #E—DW0E NfE S, SHMET
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AR B 0B A BB Sk )R D B R e (R B R ) 1) B2 A5 A ST SR A 20 A 4 S kv R 4 A 4
(R LR E N, o F EIR A2 RFRIE B, TR A A 2 B T H5 , R BB RE IR iT 45 2]
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FI[16] FAAMUIX 52 S G A2 A 2 B RN (1 S B X 48R, 122 XIS ) A 48 70 vl R S PR MAOR B B IR B3 25
VERIBAE 5, S A IRPERT A kB AP LI, SR AP RGE RS AT,  HEI AR SR A R AR
TRRN[16]o BFTERIT, 10T o A 53 A DX 6 ] 28 S A i), T i 25 189 iR S0 A 22 f 35 21
RIS RE TS A O B Ve R s s e, AT PR, X — ML B e PRI 28 2547 (¥ B 1 FH 3 A3t
THRSIE[16]. BLAh, A SR A L AR BRI BT R, MR T e - BT A
AR P i B T A A 22 O R YO R A BN T R A, R A A T IR T B TR
AT K R FR) 28 A X 3 (U S B S R PR 0%« i K o R A ), i 2 T i ARG A 110475 35 Pk
5 RASBERRGE RN [17] M55 )5 BT oo W py Ay SR A i 223 3l . — R I (A Al Y
TES, SRR AL SRR R IS SRl R FATR K EAT G, R
2 R B 5% 9 5 A0 s 8 il 4 4 T3 v S e X e 455 [N S B R A AR, AR i i
TAIE L RIE B IR, 2 SRR RE(17]. B0, EHE Sk i Y R R 2 e B B SRt
g, TR G BE T A 0 VEAP 22 T IR 1 5 A IR e R B X s, AT A B AR F[17]

23. P ZBHESHENRETARELEEE

SRR RS2 S0 R0 B LR, T AR A e SO L AT ™ R 10 2 B AT LR, A IR AR ER
B, ZEME S50 F RS E TCRARRE 0 A A BRSE, TEES XIRR(18]. BAAM S, LA ELf
B AT T BRI RIR R K BN A, T e B Y BB A4 S AT K TR R B
W8l M E VRGP 20 ARSI B A T 1SR R R, IR n LU/NEAR T A 6 2F4EA
C RURGEARZ N, HAME Bl 5 mT 73 A R AR 5 73 325 IR AN B B FLSK R MR B S T R AR i 2 1],
I 241 0 RS T A ) 22 T SZ AR (1 TRP 324K AR 324645, e ME R SOR R IR 5 0, R PR iy 7
HRFEHINUIR AT KA ZERIGR[18] . IX A 8] L2 B AR, A OR 1 2R BRRES T A i 22 0 1 9 Th g
S5 ENE R (LIS D BEAH TARSL, b T AL S S THE[18]. (BAERMEAR KBRS T, b
BT, SO B R MRS A 22 AT AR 2 A et el AR D 7 (i e A B 7 IR PR 228 IR 1)
MIPERIS RAESFHBURZEIA, BRI KB A7 30, IX B8 00 SCAT R I 73 A 5 IR, 38
R RRR YRR IR, 505 T RG22 70 I A TR B4 (K 23 (Al e, AT SIEBIL P 3 2 1] £ FL 42
FHEAERI[19]-[21]0 X 5 e A AU AL 1 B2 ) 73 A i 2, S I A~ AR IR A 7 3 4
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B, BB HAG TN B S AP 2R AT AN S R CF LS, RIS AR AR AL 25 B _ERREKCT
BETEE B BRI TR I, S S R 2 A F B 5 T R R RS, S
I B AT A5 B 8 58 [22] 0 2 TEA R AMBGIESE TR EDIRS PR A W AR IR, U 7
FEH AR IS Tl I A X R e A TR S R E . 2 5 E S 1R 5
FRATE, BRAR B AR B AE NP op PR P B T B B SO AR (22

24. BHRAEZBMESREHETORE

BHERANHMEA RR S PR E RE S SR ORI, BA BSOS S IF ik
M EEIIRE23]. UABEMEKERGGMETIE. Rk, RIERZR)GE, BRI RERE N
AR, KERIE R TR ER T o BN R 1) SHEEFRHE TR, EESMERH, X
DA 7 AT 5 AT SRR 22 A R 2P A AR R R PG, I LAz i v AH N o7 DA ey 2 o 8 9 B R 4 [ 24]
X A A AR SN, A1 A SRR 28 ] B R 5 R P 2R O TG P, T A DA R A e 22 1 R B )
B, ZHCRABEIR 2 W T KREAR. PR R ARE A A NP4 E R H[24]. Ji S [22] 196
FUE— DRSS T IX — L. MR, DRG WK 5 A8 B 4 A 4 vl i Bl i b
BRE, RrrMAEH T RERMAETREEEEN wA-B FARREZER; EHE LIRRS AT LIRERE
SR GG, EEAEIE AR IEE, TS AR A2 15 (Dorsal Root Ganglion, DRG) #1428 7t 1 & i
HLA 5 B LA RSO A, T 2 2 S 5 DRG M o tE[22]. Mea IS 5R A DRG #£& ol i
H I HET AR A 4, BRSCE 2 A M B i (A = RR), W35 1E5% DRG & o AT /A 1)
B FAEBRR I E S, RASHRIm RIS RE22].

3. MEREMERPH SR RAREL
3.1. BEER MRS KR EIBINEE

FSCAE IR L Bh A (B B8 L S P T A B A/ SR AT IR AN A, X S s — A R SRR B, IR IO
JRAAR . VA SRR T AR AN XS B A TR, S R AR 4R 2R e S O A R 8 R R A
[25] i o 4 P 1 3 N B0 B 22 (A A, - BRI TR IR R 2D I o 4t
FEE AN, Hora/NR BT R TR 402 2 5 NP 42 %0 A 26] [27].

BHEVE N RN RGUEE NS AN E I SRR AL, AR S e FR A0 o3 40 M 1 By R i 42, 3X 254l
THE SESIRERERE 2R, SRR KEZH, KRR SIEE 5 NV KAZ OB
JRAHA SR 28], RIERAARAERFEE, RAEBEH N 6 MERATIE. NRK 5 DAE,
Fig R IATE 2 7 2, HIEE R =4S BRI R . 2510 - G BE SR B R i i is,  [RI
RO 2 oA =) 5 RARRIBR A E 3, 4ERpOA S g iz e, HAEBIRE T UL A2 RAORE, T)
R 5705 50 % RIS ORI [26] [27] 0 /0 T I 240 i 2 4518 1 03 2 ZEAH A, A2 0o Dy R S il 5 T R A DA T4
AN TR, AR I E SRR IR A AT B, Rt nl Rig s, i iEes, HAE
25 S Al A RAR L R 1K [26] [29]-[3 1] /N RAIMIAE A A g i, mANEEEHhE 4 NESAr
%, EA Tl AR SRR, MR R TF S MAERE TS 5 MAENREE, BN
SRS AT RIEARE LR VE T, M AR S5 1 3 D) 3 12K 5 v M A Ak A 38 I B 22 5 (32] [33]

AN 2 HE S T R O T, (S Bh A BRI A S IR, A ERERIVE R A S
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Sh 1%, HEZIETE RS, WM THRAMIES SHGEE, DifeRH 5ea mEamE
BRI AL AR wT 7)Ao B TR RC TR 5 > R R AL, 2 58 BER T B A Ja R I 4 e BE 8T »
SR TR 5 A P A /0N 52 5 A2 S 240 ML DU S e A2 - S JSAR ELA P R v (5 EA% s, 5 BRI AR e fhe
T BRI P AL D RE W F) 5 22 57 [34] . B RE LA IR & 28Rl 7 75 5 MR s 3t Rk, 25K
B REYER. B9 R 0 AR, FIhaer prE Som e . 1) 22 5 0 A PR 4 AL
Wt E LR, RIS 2 WA BRI N, HE— I 7 A R S D ReNLH], HIhRER:
SRR MZRAT YRR KRB, oL AT SR TR B R (33].

3.2. HEER RAMRAELILE

BRI RS R 2 MG S 0 PR . ANAMAIRG G, LA AR R 5 S
ST =BRRIR T (ATP). A8 T (HY) PYRE)Z IR ME S EERE A, 5/ 540 % A
JSE AR (UM RS e 244 P2X4, P2X7, #IAMZIE NKI 25 R rbsh &, Hoh RS Sk, R&ES/
JRE R AR AL . [EIES, AN AR A4S 5 A 1 JR B A S R, SRE R (A IR A SE R F o (TNF-a)s EI4H
fAr 3R 18 (IL-1p)) L i - A58 b B iR i R REALZY, 3 — 20 ORI 240 R PR 375 A 28ONE 35

BT I 5 A0 B 55 /0 5 200 B9 A 1) SR T 2 2 R AE R BN AR BB K . SRS K S S 5 R Ay 3. 1
HRSEGUESE, (R840 F (1 IL-18. TNF-0) S &b A 541 CXCL2. CCL2 %) A48 Mh K- i, 2 VP4
BTV 5 A -5 /08 52 I 4 L A IR S (0 T S AR ) B AR AR [36] . 0 B I 4 PR XS 22 o A 2 P S WL 12 45 £
B ERURYE, B RIE. BRI 485 K A PR P A AT S S A [37]-[39]. TEAL G BB
AR B o3 A S R DT T T 3 R A R e [ % (R B e A R R R R O, TR IR
S SIS, BRI 51 R K5 40 B9 (gliopathy) [40]-[43]. JR IR 4548 A 2 (O M LA B 88 K 2238
J 5 A0 IR (28 O . i, BT 4 MR TR R o (IFN-o) AT I8 IR F TR 4% A2 611
IFN-o/ 32, S A5 PR Sl A% 38 S A0 T A 5 A% (44 ] AEPPERBRIE AR A, A5 B ot 40 s
A AT R TR SR IS 11 42 TG 1K) NMDA 524K, A4 SR ATP YRl P2X 524t — B o i
JRAMAR[45]. HeAh, TERRET G, RN B IR A A R Can R o 4 B R T B I 4 I crosstalk)
n[ifiik CADMI1-CADMI. NRP1-VEGFA %55 53l 1% 1 45 S a5 S AR & AR [46]. FEIR IR S 21T %8
(CIAE A, SRR WG I {23t CDA+ T UM B BET /1, oS4, SEORmAT N47]. 1
il CRMP2 R4k AT 98/ CD4A+ T 21 i i K I TR AN ATE A, SR CTT RIEIR[47]. IR A T 2 fb (5
SRR BRI CIZ T ST TR R . FREETC 5 I A I 2R AR LA IR 52 A4 . Bl R s Ak, H3RE
TRSFIIAN NS 5 BTG B R, 3 DIThRESC FLBE e T Bt o e o 40 M v T Ik B i 2 [49] J S b 45
FI[50] [51] 548 L L ESNEIR, S 5HRME KRGS TLIEME MR, EHRME R , K
JR A A A I A I R B — DR 315 S O (AT S AR, T 2 NP 2 Bl 28 40 2 B b 28 A AR AL B[R] 4 FH ) 45
BHEH A NME 0 S I A G TR A /N4 R) 2 s B A P HES, BARTE SRl E i, R
T AR E R R S AL AR o R SR R o T KSR SR SE, NP Rl ST A T 4
A, T A RO A e T R S B e AR ORI, 25 NP GBS R B AR R
4. ING

MR B R R B LRI O B, W PR S ANE M R L2 R W HRIE R, ARG T
rhC 18 B DU HOROR R AR A HY o8 R . I R A R G, A SO 1R RE LA A R T AL
A S IR RS AL, DAR R MM EAE T, £E NP @ PG R h S e B . BT S, S
MBI AN ol - AR RESZ AL B AR SEAE P DX SR ThRE 2 . DL K Bk A i P9 e 12k
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