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SRS T R . ERA TG KL, AD & 1Y R 40 P (I w2 e ol W] i 5 R AN (Keratinocyte, KC) . &4l s
WHAE, SEMSREEALNRE, i, S50l M A ITA 225, AR BRI E B 2 o RN 2 e e
WALTC, TEMZ S RALT, KCH B QT 2L 4 W (T 41 /v -4 (interleukin-4, IL-4). IL-13. IL-31. IL-33. fi{§
U 35 T AR B0 M A R AR R A IR T A M C-X-C A A R P it i 12 (C-X-C motif chemokine ligand 12, CXCL12) .
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Research progress in neuroimmune disorders in atopic dermatitis

XUAN Zhenquan, CHEN Xuanyi, YAO Zhirong
Department of Dermatology, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China

[Abstract] Atopic dermatitis (AD) is a chronic inflammatory skin disease with the highest incidence in the world. The main clinical
manifestations are eczema-like skin lesions, pruritus and xeroderma. Recent studies have revealed that sensory neurons in the skin
lesions of AD patients can interact abnormally with keratinocytes (KC) and immune cells, leading to neuroimmune disorders.
Among them, there are two types of sensory neurons involved in neuroimmune disorders, including histaminergic and non-
histaminergic sensory neurons. In neuroimmune disorders, KC and immune cells activate sensory neurons to induce pruritus by
secreting proinflammatory cytokines such as interleukin-4 (IL-4), IL-13, IL-31, IL-33, and thymic stromal lymphopoietin, as well as
chemokines such as C-X-C motif chemokine ligand 12 (CXCL12) and CXCL10. In addition, neuropeptides such as nerve growth
factor, brain-derived neurotrophic factor and artemin secreted by KC and immune cells can induce overgrowth of sensory neurons,
thereby promoting neuroimmune disorders. At the same time, the excessive release of neuropeptides such as calcitonin gene-related
peptide and substance P by sensory neurons can act on KC and immune cells, thereby aggravating skin inflammation. In recent
years, many drugs targeting neuroimmune disorders are in preclinical studies, clinical trials and other stages, or have been marketed
for the treatment of AD. Among them, our research group has found that lidocaine, a local anesthetic, can target neuroimmune
disorders and relieve pruritus and skin inflammation in AD patients. At present, the role of neuroimmune disorders in AD has not
been systematically discussed. Based on this, this article reviews the types of sensory neurons involved in neuroimmune disorders,
the role of KC, immune cells and sensory neurons in neuroimmune disorders, as well as the therapeutic strategies targeting
neuroimmune disorders.
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FERPE B2 % (atopic dermatitis, AD) JE42FKA
05 2 B e (18 M R RE MR B2 Bk . BFSR R, ADTE
1~12 A2 I)LA 1~7 2 L P ) R R R, 75
o 30.48% 1 12.94% ", AR B P R SR AL
K 10% 20 IR 1, AD 3B R BN RIS B R kg
AR REPE R T RRE AT R W AR E Y AR T
B U g Y LB, 2 BURE IV AD 1) LR
FAEFALN 2 — BAKTTE, ZREHEEREL .,
705 7 T JRROR 45 0 7 7 BR TR R O AE A R B 5 AD
BE K RRBERE, 55 A UYL (keratinocyte,
KC) Bk “&EMER", WH 4N =K-33
(interleukin-33, TL-33) 71 g i & 57 bk 2 240 A nig 3%
(thymic stromal lymphopoietin, TSLP) '*', —Fu[#
SEEEEh R T 408 2 (T helper 2 cell, Th2 40 1) F
2 I [E A P 4 Bl (group 2 innate lymphoid cell,
ILC2) Z R HAb i IL-4. IL-13 SE 4 7, 51K
2RIRIER N o BEAh, KC 43 i b IR 5758 v] 48 55
R G AT R AR P R AR R VB DL BR Th2 40
MIFNILC2 4, WEFRRTERI ML (eosinophil, EOS) i
AEK 40 (mast cell, MC) tLHEAETE AD Hhifs 2 7l
PORE SR A

TENURAL U, A1 Rh 28 TS e AR BAR ) 72
A HIURM IE R AR, P H 5% 5AE
T I 28 5 ZE LI 55 3 22 1 R AR L R A
5 10T, il 2 8 SR AT B R W K R, 4 AD YR
P A B2 0 B AS 15 Jmy BIR T B K v 0 S i O B
B A 2 s AL R UL E AD B
Jrbr, RS A 8 T B TG B R I BR HL A3 A 9 P R
AT RIS 5 KC . e 40 i 58 BAE S 80ph 2 oy 3
BLA A . Horr, KC A28 200 B AT 43 MR 4% 240 it P9+
FEA Ak PR P00 B pf 28 T I T S RO, IR T 43
Pl iR IR M e FE ARG R, R pl
TG I FE 43 WA A 28 KR AT a5 R KC R0 05 20 il 7 2R
RAERNE, VEMTFEAD ML ELRE T IEKR,
B ) P 22 g ZE LA YT ORI CTE IR R TP S TR
WP AD IR 7. T BN, AXFEL%S Y
MG AL B M oM . KC. R i A
S Al 22 U A S S B R EL P PR T L SR Al 22 A
P TLIIRYT RS HEATZR38 LU B 58 35 4 9 %t
AD 9 A PRAEHLE AR, I AD 09 28l Al
PRAJE 5 4 1L T 1) R i
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JEGE B 287043 Ry A I R SR i A 28 T A 4 v e I
WA IC, MR R Z PR, ol 54 khe
JEGE 20T 4L 1 B2 4R (histamine 1 receptor,
HIR) FIHARZS G, DABOE M ZICREM K [ e
F5 2 5L [ A 56 K (calcitonin gene-related peptide,
CGRP) HIP#J& (substance P, SP) |, MM s
0 00 A 2 3 AR MC B R . B AR B TR HIR
MIBCLH R 251 T G2 A A R R 1 2 E SRR, (1
JEANHE I 2 2l AD FR 3 1 B K S RE RV EE 55 i DR
R BRI KB, L I A T Rk v
REJRRE A 22T Y HAR 15 5: AD (R FEREIR . HAR 5470
FINIAE AD sh WAL R AR 8 s iE B AT 1R D
WMRETER; 4kmi$es, HAR BN UG RERGE 22
B H MG R AL E B Z R

TEM e m, ARG BRI ph 2Tt R 4%
TOCHAEN . AWM, AD S KK i KC Al
B J2 20 ML A AR 5% A I PR BRI R ZH I R SR A
2200 1Y G VIR AZ 14, BT AT FF IR A 52 A H 437 B
B F il i W R % (transient receptor potential cation
channel subfamily, TRP) V1 1 TRPA1 45 1 0 fif i
Lt dkmifli i RS 1l 1 (voltage-gated
sodium channels, Nays) FTIFIf ™ EShfErAL, Fe#&
WS KM R 20, A RER IR . S
HREREB e ot —HE, AR R IR b 2 T L RS
38 3 Ao 3 AR 8 A FH T B JER 1) KC A B 52 4 i
T R R ok 4 -2

2 KCHihEMBEMNEZRERILR
MER

UEARSR AT 5E K I, #£ AD Hh KC Ao 328 4 fifd 38
I BEHLIL-4, TL-13, IL-31, TSLP Ml IL-33 %54i % 41
LR 7 LA R R A TR 15 B R AR | IR JRebi i 22
JO AR, PRI SR PR R A TR A AR B A LR
YEH . te4h, KC RN 555 4 Mk AT o s pf 2242 K
(nerve growth factor, NGF) . I #2875 3% K+
(brain-derived neurotrophic factor, BDNF) Fllffi £
M ZE (artemin, ARTN) 582 R E S 40k
K, IMfE s e AR, i SOk, FRAT
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KC FIG0 0 40 M 43 36 A2 48 4B L DR 7 Ak I 1 Al
2 JK S 5 0 2 A 728 2L 0 B BIL ) 8 47 2 T - ol 3
wmr.

2.1 IL-4 fI1IL-13

IL-4 FITL-13 =2 Th2 408 . ILC2 fil MC %54
PEANNL AT, ST & Bt 63K IL-4 FTIL-13 vl 75 & /1N
B Ik 4 i, I e /N BRUAG R PTUBT R 1 b o
28 IL R AT AE IL-4 Z RN TL-13 24k, a8 1L-4 1
IL-13 DL TRPV AR 45 P 9 O 3% 3% ' |
SR MR ST IL-4 A IL-13 A A S BUN A SRR
o, AH A BT S 2 PR W BB (Janus kinase,
JAK) /M55 5% 5 AL sk 8% I (signal transducer
and activator of transcription, STAT) {5 S, M
WA iz Jo SRR it 28 TG % TSLP 1 TL-31 2598 5 I 1) =2
N BE, FECNRAE PRI T A i w2
JCHY IL-4 524K o WHREIER (Nidra) ok Jakl 3£, Wn]
B FEAR AD /N UG IR T R I M F Bk A 0E 1

2.2 1IL-31

IL-31 225 AD KR EZE RN 7,
Th2 40 il . EOS Fl MC %5 4 58 40 g 40 s V7. #F
g2 U R, RGN AT ] R RIK IL-31 324k, H
HAGR KT 55 B R T R R AR B 18 M PR e 1 2 1)
S BeAh, RIS IL-31 0] B3 & /D L2 1%
AT Ry, E—2 % HALHI o & I By IL-31 B
PGS TRPVIY/TRPAT G M o0 T8k ' Rk F
FEBHR, AT AT B IL-31 0%, AR 2
PEFNPE MR

2.3 TSLP

WrgE 2 WoR, 2R R R BR B 9 KC T E AD
R R R R R R Yine . ezl g,
KC 3 i TSLP J2& 51 & Th2 B4 ie [l B i) B4R K"
Z— PV TRPVI M2 I A B TSLP B 32 3405E M i
SNSRI 2, $8 TSLP BERS & AD
MISEEPERIE . IRR L, TRAERAD M EZERNZ
— o FETRORE/NRSE AL, TSLP AJ 3 i TRP 3 i fK
RS i S B R 200, DAL E A R R T
B BT BT AN, AD B E R R A
P00 B Bk B e, Tz 4 25 i — 2B A F KC 23 WA R
JETSLP, MM AL “REFE- SR IMIEER" 24,
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2.4 IL-33

IL-33 13 J& AD H & 52 41 & Ik Bt i o KC BTl Y
CECR R, ARRZWIFAY P R BLIL-33 ]
T8 o PO B 20 AD RRIEER . — TR SR
WFgE 20 W, TL-33 A3 1 454 A2 R B 45 0
WRIEGERRZET0 . AR Al B R /N R ) R R g
1L-33 fig % 3 1o 00 BO@ M [+ 2 (suppression of
tumorigenicity 2, ST2) {753 %>k 1% T 2 PERE AT
Jy kA P, Ah, TRIER %5 28 % BAE S B A
18 MR /N BRUBE R, RBR IR E 2 0 9 TL-33 Z 44
(interleukin-33 receptor, IL-33R) FE[A 117r11 7] g 3%
FEARRE I R . RS TE AD /) B s B 8o #h 2208
N1r1] PR B R VE LR iy ), {HAE AD
Y B A5 R TL-33 F 36 3 7K OF 1508 P gk P e L OF
HE 2,

2.5 BIEp T

s 7 @R, ADHISEHAL N Tl id C-X-C
iR FBd &k 12 (C-X-C motif chemokine ligand
12, CXCL12) /C-X-CHLMARBEILIN T Z 4 (C-X-C
motif chemokine receptor 4, CXCR4) . CXCL10/
CXCR3. C-C#afbH+MifAk2 (C-C chemokine ligand
2, CCL2) /C-C &t ¥ 5 & 2 (C-C chemokine
receptor 2, CCR2) 55510 [ B H0G Bt 22T,
AT 75 K I

2.6 NGF

AD B E PR KC ., EOS Al MC ¥4 ] i 5 43
NGF, %P - 80 H Az A R S LBk 2 11 32 (A il
A % 1k
TrkA) R FESE Moo K, e o #2850 %
HAE B R, NGF b o] b e s 200, iR
ik AD B B FERME B LT NGF 7E i & o i 35
AL EEAEH], A 2R B NGF Z AR5 97 k17
9T, S5 R BZAEGUR AT 0 ] AD /N B Bz 4
TS TT AR, A DR R G AR, B
16/ IS B BB ITUME R - 7 i 2 ok A

(tropomyosin receptor kinase A receptor,

2.7 BDNF

5% * WoR, BDNF fEfE EIRGE M2 o0k K .
TE AD BBE AN E i, 3 R 1 EOS K F 5
BDNF /K- IEHIE, $#78 EOS 1] g i 43 i BDNF
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25 AD W KERRE B MiJF, GUSEVAZE ) % B
AD FB 1 Bz 5 FR 2 1Y EOS Wl i 43 i BDNF 75 5
Bt oA K, I 2K & BDNFEOS 5 8
N, 4R 7R EOS FUB A 22 0 1E AD H
I A P A TE HAR

2.8 ARTN

ARTN 22 5 & ZA M EEM L RZ —.
e AD HBOE W R P, AT 2 A0 A RT A
ARTN, DU i B3 Ao 28 o0 A 4 IR A1 Rz Bk ) Tl VAR
TR BIAE, DM E i 28 028 AR I N AD i
HAE MR IAIREE T B IR P . HIDAKA %P7 gf
— BRI, WO DY IR ATl KC o B 3R A Artn Jk
DR 43 b2 2 1) ARTN, 4k 11 520 AD /N BRURY B2 ok v
TRPVI Gt 2ot B AR, m&4E#E T AD A
rERRE,

3 ERHETEHESRERILTN
R

1 AD H, JERE B 22 0 AT 3 o a2 JIK
S M GERL . BN, AD B 1 R
HAFAE B 5 H B0 O o B 2R K Y CGRP TSP e
fhzegn Y, ARSI B AP R ZIK, FEAHAE AD
SBAE Y B2 A5 e A1 J] it v AT A I 2 2 5 9 CGRP Al
SP K, Hix/K-¥ 5 AD B9 ™ # & B & IE A
o B R A R SR R R 2 T R ik
CGRP HISP Ji, AD /)[R K2 Ik 9 0 2% ik HAZ 41000
REEAK, 410478 CGRP F SP £ # 28 fe gl 25 L A7
FE T EAE Y0 SOt R b & Tl 2 S
CGRP ., SP MU At 22 IR 2 15 #2824 92 25 0L 19 AR
B EAT B ik o

3.1 CGRP

AR 28 Tt BE e i CGRP AR RIEH . AH
JEBFFE 1 R, R B K B R A RS 22 e
JEE 43 W ) CGRP ] A W 5 R 240 Jfd 43 90 TL-23, 4k i
R B RRAAE . PSR SMIT T 2], CGRP W] i
et KC i R B S 3R B )R 9 BT F KC 4
WA IL-1B A FE IR SE A F-a (tumour necrosis factor-o,
TNF-a) SRR RAMNF, fEADMAKAES kg K
FEREAE . T AD BFH B U I KC ] Kk
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B 15 K OF- 1 CGRP 32 1A, i 13 KC % CGRP B 2
& A, CGRP A TR HE B2 Bk iCAZ T 40 i 5% 1)
Th2 F A, ML HEIZ A0 A5 W IL-13, fINEE AD 1 ¢
Bk 4 0 . MR, B T 5 CGRP 32 1k 45 $i 7
BIBN4096 1] A% AD /)N BT K 4 b TL-13 5542 5 200 ffd
LT 7KF - DT a1 R 45 X b B4 40 i 5 4 R B2
SRR, FERRRIURR 0,

3.2 SP

JEE R 22 TC I FE 43 WA 1) SP BE S 18 i IS ph 2
fK-1 321K (neurokinin-1 receptor, NK-1R, H[l SP 3%
) 755 KC BT 2 40 i 43 36 IL-18 FIIL-8, M
T EE Bk e T RS, SHIZE Y % PRSP A AJ i
i B TE A0 e AN 15 5 UH W BB 172 (extracellular
regulated kinase 1/2, ERK1/2) FlINK 155 i i K 15
FKCH3 M TNF-a, IL-6 552 R AHAEIN . [RIAF, SP
AT AD S SN E R IE R EOS T, Lidgm EOS
16 AD B E R R SR Y FRIEDMAN % % %
P, SP A A i i BT NK-1R 5 NK-2R %1% 5 EOS Jiit
ORI NGF FIL-31, HA#FSE ' 3E52, 78 AD /)
SRRzt rh,  SPYBEH 28 0 i J) R A a1 e A
EOS. M4k, SPif Al {6 MC H Mas #1256 G 2 Bk
ZRR G B2, M55 MC B0k B & (1l . IL-4
FIIL-13 45, ff AD /N B9 B2 5 4b & A= 2 B 4R AE
AN

3.3 JCflppze)ik

AD S 1Y Bz 5 S ph 28 T8I W] o BE Ay AR K
. AR N B -1 SR iR, PFRE R,
IL-31 Al fE ke o BE b AE KRR, Ak
02 AT BB O O A 2T SRR A Y
I kB AT 38 Ao 3K S W I G B S G -3 (glycogen
synthase kinase-3, GSK-3) i i 12 Fl c-Jun % &
K Ui B (c-Jun N-terminal kinase, c-JNK) 1% &
AR E KC 430 CXCL10 FIL-17A, DA 350 fik &
JE S5 P Bz AT R BRK /2 5558 B 4 HE KC 43
WIL-25, V52 BURAE RN IR B

4 ERWNShEEILNETRE

M2 B Z L AD R L B0 BLA B L . 2
Hi, EAEZHEIZALE 25 P40 Tl R ATORTE . I
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G EHRAF
RIREG SR B, o BT ADRYTY . BE AL Bt
(Dupilumab) A #0[i] IL-13 S2 44 . IL-4 Z ARy
FETL4Ra, [A]AFPEIBFIL-13 ., IL-43 %%, %2592 H
Frh B AD BH B IGIT B AN T2 B A
HEJE (Abrocitinib) PP IL-4, TL-13 38 #% T 0
JAKL TG, e HTIiRyrhEE AD B E 5, i
FUELT (Tralokinumab) AT EATS) . f S dkdh 5 IL-
13454, DABHITIL-13 52 (kM4 &, Mot 3 4l
IL-13 S 1915 538 B 5 259000 3 301G R I 50
HOTT 22 fif AD FECE IR P S IR R B AR B R R
Pt (Nemolizumab) J&#0 [) IL-31 52 1A iy A AL 24 50
BEHUIAR, A7E 3 W90 RIS o R B R 4 AP AD YT
2 BT Ml M DT 3 (Tradipitant) #] 4% $T NK-1R,
33 PRI 56 /R 1 25 9 1T B R fR R T AD RBRE Y
PR IR I B AT R A28 A 1 HAR 5407 INJ-
39758979 1149 2 Wi R IR 56t AT I 2 U v R
AD HH SRSk 1. Asivatrep (PAC-14028) [
FEPUTRPVL, HZLE IR 2 W AR 56 v mT i 2 Bl
AP R AD FECE R PE AN IR SE L RS A
(Tezepelumab) J& # ] TSLP B9 A £k B v B BT 1A,
A KHIRTT AD (A RO R v 5T v kb T 2 300
I PRIX IR ', TRPATFE B . IL-33 Hidi . TrkA
% Pt 7 Typhostin  (AG879) 1 CGRP 3% 14 $ $it 71
Olcegepant (BIBN4096) 7 AD zf 4 F5 v 14 Ji B 1
TREEER O ERE, FZRN B2
FA7, AT A bk A 5 53R 7 P E R AD i
AL F5 30T A BB I ST & IR 224 PR AT i o 22
G PEZKAL, 7E AD/INEUPREVE T B2k Na, 1.8 845 il
2596, MM R CGRP, L) ZFRAK /N LAY 1%
PRI G M iz Bk A AE 0 [RIEE, A 224 RAA mT 4
T T (regulatory T cell, Treg ZHAfL), il
iF W& TGF-B/Smad3 7 % il P% 175 5 Treg 40 M 731k,
M 2 80 9 R 0 DR, KR &R Ak
HF ADJRIT oA RAFIRT S, PEBESE S 2 e X
BLAE AD g B B4 AL v () el A R B,
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