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Abstract
Increasing evidence has demonstrated extensive bidirectional communication between the nervous
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system and the immune system. In recent years, peripheral sensory neurons have been recognized
not only as detectors of noxious stimuli but also as important regulators of immune responses. Sen-
sory nerve endings are widely distributed in barrier tissues such as the skin, respiratory tract, and
gastrointestinal tract, where they can sense environmental signals through various ion channels
and receptors. Upon activation, sensory neurons release multiple neuropeptides, including calci-
tonin gene-related peptide (CGRP), substance P (SP), and vasoactive intestinal peptide (VIP), which
can directly modulate the functions of immune cells. These neuropeptides influence the activation,
differentiation, and cytokine production of various immune cells such as macrophages, dendritic
cells, T cells, and B cells, thereby participating in the regulation of inflammation, host defense against
infection, and tumor immunity. Recent studies have highlighted the important roles of sensory neu-
ron-mediated neuro-immune interactions in the pathogenesis of inflammatory diseases, infections,
and cancer. This review summarizes the current understanding of the interactions between sensory
neurons and the immune system, focusing on the immunoregulatory roles of major neuropeptides
such as CGRP, SP, and VIP. In addition, we discuss the involvement of sensory neurons in inflamma-
tory diseases, mucosal immunity, and tumor immunity, which may provide new insights into ther-
apeutic strategies targeting neuro-immune communication.
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ARG S R R RN ARSI EZERE RS . B AN, FE RN B i G e 40 i 2
H W v M £ %, MMERAFES RS RIEGSERMSEE. A, Taksk
TR, P Z AARAE) 2 M 2R B Kk &R JCHE B E, 7RG o S =]
i, IERERS B B & KA 28 R 3 S 5 e R, IR 90 RN J 20 2UE 5 45t
PR ¥ AR [1].

SRR RS2 o0 A T R WPEIRCE N i 3B S B R A 2, X 2 ZARE R AR HRAEN 0 SR AR AR (R
BIBERE, AR S RS AR B B AT R 8 18 I R 0A 2 P R T RS2 AR B L . TS E AR
VIR, IR X A5 SR AR BN [2] [3]. PR BIREUS, ATIRER R M &k, A4
B4 2% 2k K] #H 5% ik (calcitonin gene-related peptide, CGRP). P #Jii (substance P, SP). IfIL & % 11 % ik (vasoactive
intestinal peptide, VIP) J2 #1245 % U (neuromedin U, NMU)Z5[4], MM B 32245 & BB S 28 4 O Th IR S (B 1)

AR, BEAE BRANMI T 2 (A A 2 M R AR MR, W5 BT IR B 2 RGTE T
R E R . B AN DUR N TR R, WA RS R RGN E R
Mo B, RGEIRGEAEN FRIME - G BAENUR], X T B G2 Va2 0 2% DL RAR 2B e vh
J7 AR A E R
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EEERERAL, [FN WAFLE T AN A5 S5 e oA B, AL Re s ER AN A VA B Hh 224k

Eﬁi?ﬂﬁti, TR 28 A 2 Tl B T RS2 A4, A G A IR B A2 44 B 37 38 38 (transient receptor po-
tential channels, TRP)A H1 & 7] #4 4418 15 (voltage-gated sodium channels, Nav)&5[5]. TRPV1 fl TRPAL &5l
TH B8 B R B AR AN B P58 B 98 9 A T, AT IR0t S i A 8 175 5 4 22 IR RR T8 [6] [7]-Nav1.7 F1T Nav1.8
S DU E B 2 0 A I T A SRR AR T AR P R IR S E A [8].

R 7RRFIAN R, AR IE R LR R S (E T . BIERURIN, IR ] ISR %
{4 (pattern recognition receptors, PRRs) A & £ F 4 J Al 15244, 454 Toll #5244 (TLRs) A1 = 40 /- 3= 32 4K
EE[9]0 IXELRZ PRATIREGE ph 22 BE S TR SR A AH OC 23 TR U(PAMPS) LA R SRER 1, AT 2 S5 LR 1) e 2
P FE[10] [11].

7, 2R A i R A 3 BRI Ik Sz A . filtnn, ERARAE. A SR & T 4 T
FIA CGRP ZAAHE A1k RAMPL DL VIP 32 {4 VPACL F1 VPAC2 %5, I e B0k B S 4 115 5
[12] [13]. XM AAE SR ANME RG S G RG A ARG 1 B2 1 7 7 FE4
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Figure 1. Schematic diagram of sensory nerve regulation of immune response
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3. HZRBRSMARK

RGP FHIME - S BAE AR, Ak I EE U2 — . 5A M EIE FAH L,
PR IR 7E R 22 B s A 2 RN RS, A VG RIBE T RREERTIAIBEAG, Db RE RS 75 R R AH SR
B3R R S HO TR A5 5 (6] JBRHE 1o 28 TR ) 40 25 K 0 955 P85 25 3[R #H 5 ik (calcitonin gene-related pep-
tide, CGRP). P #JJi(substance P, SP). IfiL’& 5 1% iz ik (vasoactive intestinal peptide, VIP)LA & #1222 U (neu-
romedin U, NMU)%5 . 3 641 28 JIK 0 380 5 e 158 200t 26 180 PR e PRS2 AR 5, DT 811 4 28 4 L PR V54K,
SRR T 7 A, AR RAE RN RGP S A U B A R R AR B AR .

EAFE R, PRAIRTE S U 4 rh AR R AR AT B W) 2 A IS B OB o« [R]— P 2 BRAEAS [ 2 21
ARV B B EL 2B A [F] S B A B b nT BE R I AN R L AR SO E A . BRIk, ZEBR SR IR ThRERS, &
BLEE A FAR M AR 1 AT 255 7 T

3.1. CGRP: BEKBHWNEREBIZEF
CGRP & g h Rk i F 8 A RN 2 Mk —, 2l TRPVLIMG FEAZ 2 & 0™

DOI: 10.12677/acm.2026.1641339 1068 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641339

HKER, FAM

o IRt AR e BEES 3R 2 AR R 2 AR (CALCRL) 5 2 A F B 1 R B 1 (RAMPL)ALEL, %216 E &ML
LM A R, B SORGEN . EEAEAE. T 400 A NK 40055, {3 X L5240 B RE % BLHE 0 B
FIZE IR ) CGRP 155 [14] [15].

TES %7, CGRP it CALCRL-RAMPL Sl IR H R L B IF 40N cAMP ZKF, M
TMifil & PKA %6 FiEfE S8k [16]. 1£ B 4iffir, %05 5 A B T2t FAMA R A O SR, 38 e A4 i o %
[17]. TAE 2 5 J bk B REZH M (Type 2 innate lymphoid cells, ILC2s)HY, cAMP-PKA 15 5 | 5 4 i 1 4 411
ARG, AT CE il A0 /8 i 4 R I ZH 2R rp PR 2 B 980 S B [18] o b4, CGRP IFRIAA 57832 L5 5
5, 1 JAK-STAT 18 7] 17 CALCA/CALCB 1% 3% [19] [20], 1My 138 i 75 A [F1 40 f 28 8 b R AN ]
MERCR, X —ZRR, ARBZEARYT CGRP {55 1M N A7 & 35 5 1

CGRP 7By I/ F [FRE A TS . TSR, 7N e i i vpr a4 22 R IR 1)
CGRP fefig i i N Ak N B WR 4 JE 0] NLRP3 8 M/ IMATIEOE, ATk e IL-18 (130 SR,
FE R M INMEEEAE I R A AR IR S ALK CGRP RIBE L 4 iR 5 NLRP3 44 45, BHLIE H 5 NEK?7
FERRE AW, AT I 5875 32X 4 B L (1 A N &8 [21] . VAT, CGRP 2B/ S0 - |
VR B BN 1, HLIm I 1 22 P G2 4H 6 1) e 7E JORE SN SR i B2 SRE PRSI h R HE R BEAEH
SR, H BB RN BAT B S 1 B AOm v, A7) 75 a3k — 2B A9 5 DA W AR AN [R50 wh (R 4 AL

3.2.SP: LUREAENREEERTF

P WIFi(SP)/2 5 — R E E ARG M ARG, |2 S S SOE RN . SP BRIl AEH] T
M2 1 RS2 A(NKIR) V19 S BEA BB IO RE AT S JEE s L PR € [22]

FERAEISE T, SP REWS (e 2 UK AR B RS R BERORE , 755 2 e SOREA Y BORE TG, - AT 1 55 ) 18 ¢
RESNE . BEAL,  SP IR et MR AN M K b PR A R JORE B AL SR 4R, AN B 2ERE S B2 [23] [24]. S
[FIF, SPBREUE IR T UM ALIRZS . WETCR DL, SP LA I bl I T 4035 AL JF: i 7] Th B
Th2 R340 [25]-[27], M2 R 1) = 2200 2 5 RO SOV (1 e

3.3.VIP: REBSERFRSHLRENRERATETF

I35 14 7 )ik (vasoactive intestinal peptide, VIP)J& — | 12 A74E TAH S R G5 [ 2 R A E AL A il
Ik, FES I R R EAEH . VIP E25Eid 5 H 52k VPACL Hl VPAC2 454, AT Y 2 Fh G e 4
M ThfE[12] [28]-

SRR, VIP Gl R R RAER . $TREY, VIP BB T B W4 m) 5t 5 1)
M2 RBIRA, FEHIH] TNF-a AT IL-12 S502 R AR 7= 4, IR EE 1L-10 555058 K7 140 Wb, AT
FE— e ML b BRI B AE S R [29] [30]. 3d i 15T B MR A ThREIRZS s VIP BERSAE SOAE S S FE
FEH VR ER

UbAh, VIP FEMAR e B I S RS h RIE B BEH . i sh &R VIP Al EH F3RiE
VPAC2 1] 3 RS R M(ILCI) T IL-22 (17742, AT 4ERR 738 B b su B2 PE[31] . ARG AL,
JRGEARE IR ) VIP 8] B3G5 B 4HMICH R KA 19G ZruhRe s, IR BEHT AR T 1) S i
%, GBS R[32].

4. BRHAEERBNESERTIIER

TR AT FUR B, EGEAR LA T HIFRLE - S TARLE 2 MO B R A 5 % R R rh R4 EE B4R
BIERGNEGA . JOENEBOR UL SRS o 8 IR O e A P S e AR L Th B, IR R RS AE AN
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PIRTE S N A Ry SR B AR
4.1, RERRAEMERR

Fek R A AFEE AN —, R R NARE R o 5. £ 2P0 SO s,
TR 5 5 RS (A AR AR F A R BB EUR AL 2 — .

WA I, FEELE i 5518 M JOREPE K R b, Bl 00 7 5 £ B ) S R Bt i 2 4R 4 22 e i 22 ik
KT [33] [34] o et Ja) s e 48 BEL iy B S PR B B R 56 7 IR M 25 S A%, mIE—EfE M L GR R
JE I BRER, XSRS B A e R R B EAEAI[35]. b4, FEAREME AR, AR
BEROL BRE Lk 28 RE DR 7~ B0 P2 A, IR PRI AR 1 40 M 55 S s A P [ = SR L A SR AR AN RN B, T R
Kﬁﬁﬁpqpn

KECH T KR, SR A SOREIE R PRI 1) R AE R R R B AR, IR T AR
NTEAE R ITHE A

4.2. REASHERE

SR L AERFICE A B SRR iz 0, S 5IRE R R RN . ERPEET, B
FREE R 30 B8 SR A A OG5 5 il S 5 G A%, AT st M AL ARt 5 5 (1 975 0 i

B i B e 22 i P TR AR R G, AR ERE b R B % o B M R T [ e g v R AL OE T
NaV1.8*J& mﬁ%*ﬁ*%%ﬂ%%%ﬂl PR IS BB CGRP Al RAMPL (2 2E 55 7 ilh, I
T 38 568 7 80 6 5 B D) e [38] o FEZH PR JER YA 2R R ot 2 R TSP A4 22 R B A% 2 ) 22 o G2 4 L 1) T
o BN, AR T RENE VR T BN AN pR 4 M VR AR, AT BT 98 RE S B R 9 A 7 ok
I FE[39].

SR, TESELLIELLT, MR 00 S 1A 1T R AT e 400 ) Jo 9 ) 9 R SOBE, AT 7E CRA 4 A 552
S5 45 114 ) ) 5 o R ARV o l%,@imﬁfmm¢m¢%&ﬁﬁﬁﬂﬁﬁ,ﬁﬁ%ﬂrm&%ﬁ
YR Je GRS
4.3. MERE

JE B Ao 22 02 T (PN ) A2 8 40 B V2 90 AT 30 4 22 (3 AR [40] o IX — b FR AR 3E 1 i i B RS P Bl R i 4
JEiE, (e RIS S 41]. PR L, PNI & —F A N BAERFIE, JEH 5 & AR R R s A R A K
[42].

EZ PR T, AE R AT AME R ON SIS, T S B 5 RS2 A8 A o E R

LG 1) B SRR [43] [44] . BE— B FUR B, IR A5 5 RS S R SO 35 G e A0 B 1 T BRIRAS
TR 15 bR s S o i, 7E SR LR b, 1) RS AR M & T AR LE S5 MIRIR I CD8* T i i)
THREFEMR B UIAH G, HARMER N PD-1. LAG3 F1 TIM3 S5FE bR STk b, F Lk b RS 40 o [
TOorubRe S N B DR TR, R 2 3 1 43 A TR 9 T R 1 B 771 (secretory leukocyte pro-
tease inhibitor, SLPI)m] ¥ 1 35 &2 #4015 S HOB M £ Ik CGRP. CGRP fifif5ifid 5 CD8* T 41
MRTH ) RAMPL SZ4RE5 4, (R3F T AR I #Es R AL b . 120 B2 mT R 0 IR H IR PR (L B (AC) 42
EAA cAMP JKF,  iEI 8 I B SRS A (PKA)HIE] T 4032 (TCR)(E 5@ . Harc T2/
BRI IGAIE, @ B A EE R A (BoNT/A). FIZ R FATAEY QX-314. BIBNA096 252454 BH Wi 175
JRZIME LTI CGRP-RAMPL {55 il B8 % 22 At IR 12118 e e A0 B () T e vy, AT 1 1) g A= K
HIEK LB B ) A7 A [44] [45] -
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CGRP 7EH At iR 15 7Y v [RIRE R I H S e AR A o i, 76 D s ibiAdeh, CGRP Al CD4* T
YA, ANEEEME CD8* T 4HA A F AR A% (NK)GH M 7E 8 4 23 b AR [46] o 7E J iR 545 i (pancreatic
ductal adenocarcinoma, PDAC)f Y, 15755 1B 2 23 P 2 U RE L) CGRP 54 A4 K Al T+ (NGF) 3 [FI/E H
TR AR DG AT AR, ) IL-15 FIFRIL, AT NK 40 5520 e 3k febogg 2k i, () BsSJm Jg FifrJ8d AH
FHENF o 1 B i 25 2% (Resiniferatoxin, RTX)#E [ 4 il TRPV L5 &2 4 2 e ol fd ] CGRP 324+ 57
Rimegepant 7] B 2. i i e ik 2 [47]. SRTT, AU ERY], EREER R b sh 220435 vl he
SRFRITUGH G . JUBBE TR, 2o 2 B SR PR A, R Py CD8* T 4t NK 4H il |
W TR A A S5 e e 8 G B At MR a2, T A 4 401 40 i (Myeloid-Derived Suppressor Cell, MDSC)-.
iR A 2 5 Wk 40 i 55 S 2 10 ) 4 BRI 3 o, R B 4 B L A R ik, bR A . [RIR, R W%
WO T RO 22 JIK (1 CGRP) B M8 G s A B, R T 4R I I Gk & i 73Rk,
TM?@%&&M,ﬁﬁﬁ%@%ﬁm%&moﬁgﬁﬁﬁr,_AW%EWW%E¢WW%ﬁﬁ%ﬂm
T SRR A

ST S, A 2 T IR IR B (0 s B, FEIMOR R AR R R R T R R MR, X
AR S VR YT PR T T AT

5. R4S

ICN=A

IEAER W TEA W R M 22 RS S R G2 A E VI 2 2 A AR SC & AN B2 RS
FEMARE T, BRI G AN AN TR, I REW I B A A Ik B S S s, fER
RSN SRR 75 A S R S e S R R A B AR T . CGRP. SP A VIP A5 A 22 fikc it i 8 17 Wk 240 ML
PICRANML . T 40 % B 4R =5 2 R ML T RE, EAN AL i R A fle 2 BT R A, AT
TR AL - G M 2% .

JUEARHE UG R E R, (BRI AE B T AR R B B B R SR, AR A
RN B B AL Ryt — D i B . BEAE S AN P 2SR e s L2 M2 PRI AR, KRR
AEE ARG - GBEEAERI T, ISR RSN G LU 8 S 0 1R T 3R (T
T RO SR
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