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90% LA b, AR R AT AR R T A S

BIZIS11 540, BET-2944.5 7501, 8 £ B a5
P EER AL B IR 4N i )E (esophageal squamous
cell carcinoma, ESCC)MIE HiffiE (esophageal adeno-
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7 Bk BT (pembrolizumab) A1 44 A T BT (ni-
volumab) k& 057 7E A A & 8 i — 4 7 DB R
HELOL BRI, — LR BE A ALY J5 R 1 5 WL 22 i 2% (ob-
jective response rate, ORR)AN30%~50%, .2k 257577
[FJORRIE 1 10%~20%, RIAETE S k& A7 i AX,
M A B e AR I SO B AR A R AT T B K R
(KEYNOTE-590 1L AR Vi it b, Sk &by 7 4140
N10.6%) T A, TR M R4k R i 24 7E G B G 7
RAMEIFIETT B ARAE, BRI ABEAR A PR,
DRI, NS JRE A 4 2 2 T R N 3 i B 7 ) R I ML
M I@AILS, T KB BI6IT SR es B R
DS=9'8

Jirb I8 iR 85 (tumor  microenvironment, TME)#2 ¥
SE IR S I AR T e L) OGBS RS, fE 4 b
TMERf 7t & B BAE T e Ze 4u i . 3 o 40 M S 4t i 4
BRI AR, R AL Rl (cancer neu-
roscience) ] X LA & R G N N TMERF 58 - A 1] 2
MR B B e U2k — AR ST AE — R HI SRR 7T
Hfitz b 20134E, Magnons NI GESE £ #4
LRI n] B A A M R AR RS, o STk
PR IR e I FE, BIISS I 2 (i gk 2 22 PN S
20144F, Zhao% Nk —35 R I 2 ph &40 ) 22 4
B R R AR R, S i 48 SO AR Y AL 3E MR rh [R]
BEEAG REAEA. fEHIERE L, 20204 Monje2s N &
GLiE IR e AR IX — N ST AL 20234F, Ha-
nahanfIMonje! "5 Hi i b & 5 o & B2 20 2
BRI A T B LR, IR A T L R AT
1 75 5 8 E b 75 16 I T8 B0 B A R o). TR A,
Winklers A U5 % 4008k 1) BF 78 SR A8 2% 07 [l i0EAT
T RG4S 20264F, Hanahan!'7E 5 #7 (1S i )4
fiF(Hallmarks of Cancer)”H ¥ 28 L 29 N iR 8T %
FRUEHESR, Fi5 HhoRg PN AT IR S L R AT IR 48 R St
PR P e A% S P T e e 088 S AR R RE R,
Ji g L 2 A7 AE AP 48 T - A M S Al 2, AT 3 — 25 1Y
BT PR RGAE MR WA R oS E . BTk, A
PRS- 5 A8 ELA A o PR £ e IR T 858, o) T [ B
FOBME B AL L2 I8 e T i R A S L

AR — AN DS L A 52 350 1) i 2 PR A
BA S J MR s 2 i) R AE,  HThRe = Itk
iR — M RSG5, M2 HFEMERR. He
Z % (enteric nervous system, ENS)FIRAEIIZE RS0

2

SERENL FONEERE, AL EE
T BVERFAE: i E M B ERRANIX F
HEMZ M RIZ ), UL IR 2 (recurrent lar-
yngeal nerve, RLN)3CHC; 78 &5 & & FE L LX)
B2 MO E -ENS Rl s 4ERF iz 8) SR ThRg, JHHEA
Mk IS 52 44 BT 77 51 3% 1 28 (transient  receptor potential
vanilloid 1, TRPVI)AHIGESEAL NS5 AN S R ¥
AL FEMIRE AR - BAEJZ I, TP A K
1) B-B ERAREAR(E 5 A et B B AN MG 5, T Ae
25 4l e,

SR, S5 EE. BRI RS AR RS
PRS- R R SO IR R AR B, R, LR
e R I i, 7E P4 - )% 28 BT TH HIEAR T &
i, MELZ LR A AR R I R GRS H
B O 4518 2 R T S ROAEL . ARy T BT AR L
REFR—YESE, MRDRREME, ZEME ., B
g J 2 J il R AU (perineural invasion, PNI)E T [A
—HESL iR,

ETHEMARFRESE, Us5RTEsS
SRR, OB IEE BT 28 18 % (cholinergic anti-in-
flammatory pathway, CAP)FZMA 4 5 58 i Al G % F2
B A G- G R 2% vh T RE L E A
RCER, MACEARE B 2 FTPNTEE I BT 4Ky
FEAS [R5 BOAN A2 B BOR A% P [ 3RS BoAE F 00 <<l B
PR, FET X —F R, ARSI B8 P2 fig] STy
BUMEZE LAl b, DORESHE NIZ DR, B
W (1) KRAE-CAPHILE & IV ZE BT R A 4 i
FaASYERFE I SR 75 S R E Dy Re A, (1) 7ERE
EEAELRT, LKA -B-E bR
adrenergic receptor, B-AR). PNIUF1EHE # £5 ik i i 7F
TS i B SRR R AR TR IR, (1) FESR
“ B PR R A BT B AL AR, B R pR
¥ (vagus nerve stimulation, VNS). KEMAEREFAR,
DA K B-32 1 BELYiT 7) 5 SRS AE B B SR B IR 9T T g AE
N RS N AE T A AR PR SR S, A TR R IR
FRHUEIT, KRR X o O B8 BLREIEE <k
) H A a8 A ) TR 4 E 40 B i T B ) 5 LA =
5, DA G U0 1 45 10 1R A SR I R B IE 1) 3 582
ARSCARE 75 R B A A AL, T A2 A B O J 2 DL
FEREE YN B 5 I R A T 3R fH— S 1R
P - B 3% 3 BT HESE.
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L1 RRhZ Rk 5

BEMMEREERBONE R, FTEHIMEME
7 i (extrinsic innervation)FH P £E #1432 it (intrinsic in-
nervation ) 715 73 20 2421,

HMEMEAEE = KA 5. 5F—REISC M A (LR
EMARNTE), HISENA4EERIF T LR 56 (nucleus
ambiguus, NA)FIEE #4251 (dorsal motor nu-
cleus of the vagus, DMV). SE4% Jk t 11138 B 41 4 1 B3
o &8 BB, DMV A H O £F 4 3 20 il 85
NEBOTEIL. R A IR R N A YR AR AL T 25 AR
fHZE i (nodose ganglion), HAX#HT 2 INH X (nucleus
tractus solitarius, NTS), FEALIHUIEE Y TKERAIE
B RS B RS B 5B RSB A, AT
P22 70 RS YR T 45 1 i L B v 18] A (intermediolat-
eral cell column, IML; J# & NT1-L2/L3), &3 0
JE R R, HE2maERAELE > MEaE &
B OBERARR i A, MR TR
i (dorsal root ganglion, DRG), & £H /5 M, 15t
A 338 e BRI A97 25 k JEHE £ JEL (B9 )20,

E M NIEME FEHENSA T, ENSHATL
JZ [ L] DA (Auerbach M) AT ZG BE T JE OB I T M
(Meissner )AL R, ENSH AR N 038 15 — K
>, B AL B E R, R AEIZ S
RIS A 9 v R 4 AR AT AR R A,
B ENSIH 2 S5 b S L Th gz 77 05 B i oA
P WU B BOAAAE B 2. 72 e A B BOB SO IX 3k, B
BT EZREMA IS AN B, M NE
P LIX A, ENSTERGS) & T2 l(lower  eso-
phageal sphincter, LES)Tfj i 4% & #5 5 N H 1) H
F1EH. Drokhlyansky A\ P8I7E20204F 5 F 241 i
RNAM FEARE k&) 7 NF/N BENS I 52 i 1]
ik, 78 TENSHIE G R Z A0, NG R R |
EENS KA KBRS 7Tk 2% b, &
B B A RN BE 5 (intramuscular  arrays,
IMAs)”, BT HUZE N IR R e i 2 R 450, &
AIFELES X380 il % 4k, 55 Cajalla] J5i 4 i (interstitial
cells of Cajal, ICCs)JZ I RERREK, T RIS 5LESHK /1
(kSRR SeguellaflGulbransen £ 45 134 1 ke
JFi 4N (enteric glial cells)TE B Rpi& B Fh H 40 g [a) (5

TAEFREEIER], SRSENSH AR S oA i A R
M RES 5 R R B A BT AR A 4 K 5 B
zjé[lS].

1.2 5 BEph 2 45 A 25 5 B AR B i v e AR -
PR L

TEME S BA R B RE, XPhE R
BEMRTTT B WUZ M RS e 22 [m] B R A AR A, I3k
— A FER A B B A AR, R =
MFERK EREEFFEP e an e amE
oA, MEAENE1L R ThRe, R E T R
WM T8 T R L EERRANIX CLEERZAE K
12 7)) % A IR 1 28 (recurrent laryngeal nerve, RLN)
SCHC IR UYL 0 9 =, 1T 328 i UL 38 4% DMV 48
ENSA S LA U2 xR e B s sh i )
) <D 2 1 R T AR (P R, Yo TANETT B B
I R e @I &R 177 I A A,

I i £ 7 PR A 0 1) i 3 SR IR 0K B - RNl AH
REVARH ABG A FARD T R AR EEEN L
17, IS MRIRME 55 5 R % AT, BRI
BOE Bk R R A B VPAl ) B A5, AR
ARG . PRI RIS I A )
JRE SRR 0L - i B &b TR SOV PR L, B
SCIC v DR 2 U 15 I A BT, RE AT RS
BEBETRRREY), MEREENE T 255 5
2 J BB 1) B A FE R PNTET], PNIE A A 2
ARBUGHZNER, SERMAST TR s
JE BRI G 58 B it 3 40 A 2 9854 T e A A A ) 9 i
HHYRBE @D, phah, & R AR 2t E 2k
FEAENAB B TRAE IS SN RZE S, MURRE AT
TR ZHLAZZIFBOEEBE = B NG A B, X
AR 1 &0 2 R AR S B IS T A e Y B
g 4041

AT i LA S . R B AP A LR N
FEFE, T MBCEE TSR AR 238 TN IR %
IR B R R, XU, SEAEHE S
I DMV-ENSHH R 4E R R iR ah . SORER S A B
B ThRe, (H H BTIESE T 5, B F BB PR
- L E B P TR K-B-ARTE 5. EHE L
BR R AE 4 N AT @I B1/P2-AR S TAH 4635 . BhJR I
H151 41 ffl (myeloid-derived suppressor cells, MDSCs)+
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BG40 J2CD8" TAHMIIIRE, (i Gy 3 40 o R 5%
FEH GG PUIAIR T s8 R, ] I A o812 DX IR X A0 i
() e I pE ) R, SR NLOR, A HE
ALE] #2755 N E AR 2 K (intraganglionic  laminar end-
ings, IGLEs)Fliz i 58 B U)RE & L IIMAs, 1] & A7
i HURORIE 2 2B IR, TRPV I/TRPA BRI 5244
FL {7 5 85 1 1 (transient receptor potential ankyrin 1,
TRPA 1) A% 35 14 188 52 U 34wl J8% R R R 9 A1 ol
FERPY)F (substance P, SP). 4% 25 3L (K #H 5% ik (calci-
tonin gene-related peptide, CGRP)Z: 2 ik, & 54
5N RN G2 4 IR A AT X — ML R AR B
BELEEHS G NELE. ZIX 02 &8 WA
HE S MmN SO, EMAYRIES E &
& it (gastroesophageal reflux disease, GERD). Bar-
rett £ RIS P 50 B 6 i 2 DIAR DE0O . R S It TS
TRPV AR I 188 B R TROR M 2 R 2 RE S B2, i
TEERBRANX S ERENZHE /G — B R4, N
AEEEE) R R B 5 AR S R ORE B
I ST SR i - A B [ 3,

SETT S, BEANETBRIMEZERFARHES
FRY A1) 2 R VR A, T A A R AT 5 ek 22 R G R 4
P RGUESLIR R AT PR 5. I AL B AR A
AE-RLNFIAHOC ) #5728 A0 5 DI RE ORI PR, bl B %
B R E R TS SR BIPNIRREIR A S, AW B
L P RN IR FE -EN ST 5t 38 3 10 S s 4 ) 5
PREEYRIE JERE, Tz o 6 W) 5 KB i
FHIR RAE MENS KR BIHE R e N 8% . WIER vanit,
TERENMHEMESHAAESREIEH 2T E R — B
R TR R Ay B A A 2R AL oy AT AE
e X ST E M AIER . M- L] A
PR RE AV TT SRS (18 5 s (LRI R D).

2 R AR b A O AR

REFEFI R NI IR, 2 B S
ARG EENA R . ERERED, EEMRRE
MARFRIMER AT 2 eI D R AR AE TR
B 5 15 (KR 0 4 A3 95 52 5C3E. L AERIWE U R W, 3K
FEAPZEAE B A (I AR — R TR B AR
&, MR MRS S MR R FATU
TSR R R a0 A, (AR RIIRRE

4

o8 5 S PEAE FUIN LA

2.1 HBRAEHLAIE 2RI W B bR Se BEAIL

JEBR, B $T 98 38 #% (cholinergic anti-inflammatory
pathway, CAP)ZK7EM & FH0 2 F G2 01 k%
oAU, 32 B R A% L RE AR (acetylcholine, Ach)
BOS BRI TS S B A b ) o 7R B £ 15t
JET, 5 48 (a7 nicotinic acetylcholine receptor,
a7nAChR), #lIil|# X F«B(nuclear factor kappa B, NF-
kB)YE 5, Wb MR IR FE A F-a(tumor necrosis factor-o,
TNF-0). A4/ %-1B(interleukin-1B, IL-1B). H4H
Ha A2 -6(interleukin-6, IL-6)ZE{E 48 KFHIRERL, MM
Y o RS04 CAPIE B LE bR S R 4% v 103
FERSOBWTZ BRE: SRR iR,
FE A 22 -C AP Fly 1 80 T 38 3k IR o) 1 1 48 R 14 Jirb 988 {1
S, TEHR A SR b B A% — i I AR 1 O

EEERY, RN R, EIA R
TR E P 20 1 M 1 5 T R JE I DL AL AR R 2
Rz (1) RS eRg AH O¢ LR A I 9 2 REARAS, T RE
FETIM2 G AN AIPEAR A (11) 7E S0 R B s A
FREE R AT BT 4R RENK AN B RN 5 P (i) i
I A Ch-T 4T it [ 585 160 82 44 Jef 2007 T4 M F) B e R A 81,
IRV R e A S VAR A Y, AR R
S I R = SR 5 LTI it — P30 iE. EREE
M)A, KGE M AR S s B AR R
a7nAChRA ™ T W5 538 2% 32 22 R A5 Bt 98 FOTE 15 i
JEVEH], M3 Y7 #685Z /4 (muscarinic receptor type
3, M3R)/F IS 530 B AL S 26 g vhn] BRI i3k g
T2 M HE 00, X RO MR R, FE R ERTZA N
TBYT HEE T LRGP R e 2 R A, T SR AT S
T A A R E P RS

2.2 BhEE SRR E S ]

WA RBE TR I, IR R B8 ] Read it 2 PR L
PR EMM A IR U, A HI S5 CAP LR 2L
JRZLOTO21 PSR A 5 FA) 18 A IS R HPA i 84 T 40 )
A7, B P HIFCAPEEKS). M8k B EuE
I OE A A4 R G ATHPA R, 0 2k T R 2 T 1
AT 5 CAPIHT R AT RI RS, b4k, BAH A 53k
IGABATR] 5 FIL-10" B Wi, BREIDUIR f, 7
JNTME HE A 28 3388 J53 11 2 2 U 5 T 24 T i i) 4 52 i) A
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08T (HEE) It

M2

MDSCS

BREMIREE (TME)

N (i)

B 1 g BRI BAERAUR B B EME SR BRAA Y BIBE 2 R, REME BT A R A R A
ZeyidE L. S8 LB LI II(UES) X (Co~T 1 LA E- R IR #1 22 (RLN)A KIS 2 SN =, (U BE SRLN K 55 B 4 i
HISR BB, PR i B0 B R R IR R R B A SR o 2 OR 9 XU i b BB (T1~TA) R T RESUNLIA) T3 LI X I8k, AR
FBBRGEET T2 Ja AT A 22 ] Bl 1) SR 2 1 9™ Jj& T8 R 22 ) R 4R JU (PN 1 o R BT (TA~T10) KA IS =, FEREGE Fh 22 -
M2 R GUENS) T 5K, B4 SR M2 L R 2 5 R A5 (TME) EL 2, R IIACDS™ TAIMI BN 3240, BEVE 4011
AH(MDSCs) FIM2 7 [ AR AR SR 45 G e AR AL, REBY T B R L WL(LES) X £ 48 U & 5 ENS 2% 2 TRPV I/ TRPA T 5%
BN, B/ R RIEN A5 SR8 2O . (Rt Barrett BB T MU (8 Idm K A4,  HIERCENS KA -LESTh g
S - SO R AR SORE S R IR0 T BEIA . % AT B BEARAS T RRE PR R AR A L B
ENS X PNITE £ R A R &t O AR . AR v B 5 R i, IR AR H Bt ) EL 1) 22 1, 4 F BioRender.com (¥ 25 44
filff. ENS: e 25t LES: FRETELINL; MDSCs: SEUPEMHIZ; PN 128 i [ (52 00; RLN: MR AHEE; TME: iV R
5i; TRPAL: BRRTZ AR ALEE 1 TRPVL: BRI 24 F R K 1Y, UES: ERERLANL

Figure 1 Schematic diagram of segmental neuro-immune interaction patterns in esophageal cancer. Esophageal innervation exhibits distinct
segmental differences, with the vagus nerve traversing the entire length of the esophagus and forming the primary neural regulatory axis. The cervical
segment/upper esophageal sphincter (UES) region (C6-T1) is predominantly innervated by motor fibers associated with the vago-recurrent laryngeal
nerve (RLN). The close anatomical relationship between the esophageal wall and the RLN, as well as its adjacent lymph node chains, indicates the
lymphatic metastasis pathways of proximal esophageal cancer and the risks of intraoperative neuroprotection. The upper thoracic esophagus (T1-T4)
is located in the transition zone from striated to smooth muscle; once tumors penetrate the submucosa, they can spread longitudinally along perineural
spaces and develop perineural invasion (PNI). The middle and lower thoracic esophagus (T4-T10) consists mainly of smooth muscle. Under the
regulatory background of the vagus nerve-enteric nervous system (ENS), sympathetic nerves and sensory nerves jointly participate in the remodeling
of the tumor microenvironment (TME), manifesting as immunosuppressive features such as inhibited CD8" T cell effector function and accumulation
of myeloid-derived suppressor cells (MDSCs) and M2 macrophages. The abdominal segment/lower esophageal sphincter (LES) region is rich in ENS
networks and TRPV1/TRPA1-related sensory afferents. Acid/bile reflux and inflammatory mediators can induce neurogenic inflammation, promote
the formation of Barrett’s esophagus, and the development of esophageal adenocarcinoma, forming a pathological loop of “ENS imbalance-LES
dysfunction-reflux/food retention-chronic inflammation and mucosal injury”. This figure summarizes the synergistic roles of sympathetic nerves,
sensory nerves, ENS, and PNI under the vagus nerve axis in the occurrence and development of esophageal cancer from a segmental perspective. This
figure is a conceptual integrated schematic, not drawn to an actual anatomical scale, and was created using materials from BioRender.com. ENS:
enteric nervous system; LES: lower esophageal sphincter; MDSCs: myeloid-derived suppressor cells; PNI: perineural invasion; RLN: recurrent
laryngeal nerve; TME: tumor microenvironment; TRPA1: transient receptor potential ankyrin 1; TRPV1: transient receptor potential vanilloid 1; UES:
upper esophageal sphincter



FIERS BEE P REME T SR E - R MU RN IT AR

F1 BEEBWERINATEST NS P ThRER LY
Table 1 Segmental differences in esophageal innervation and their functional comparison in esophageal cancer”
WEAB LTI BRMANAFE MR BbMARENL Witk AR 50
SISOV I WAKGLAME OB R SRS EHE
SEUES , RLNIYUH RS, doE MBS ARG MATREGE 750, RUNGHIHE
ooty AERUNGE VLR SWOR  fCRBHE  SEBEREALE ORI SO GEES AR
W TR LB AFRTHA it IRE AT
LT G R S )
S 5 ) W 8 R A . 1(PNL Tl % A 7
PRI ke s st i TNVERE PN by i s
EMEB REEEHE B RETRAK g o A MR R B bR R
TI-T4)  BEEA  SRgmsmg  CooHE  SRBIREARER e e g MO, 9
w SEOPR K (FIR G SRR il SRR
b (R R A
s SBNG: BRARMED e o RN S N
TN, ok MDSCsM2EUE, Higs e IR i " g
DMV-ENSH# % HZENS[H 17 s b X, AP B2 1R
TEIE omerar) fu wmmEne ey oo b BUEME I gy, TG MDSCyM2R:
(T4~T10) e o) A e RO RS deRREs; B o S TSR VL e e R 4
RGP IR TR RRIE SN Souh%h: CGRD/SPHE I 75 B BB TME 1] YUk B AR, (0
g Zr: TS N A , 1TH=
i A 5 i ORI
% )
8 1S 2 . /1 (GERD-Barrett-
VL R A g;g@ﬁﬁggﬁ TRPVI-MIZ MR EACKHEFFR 7
IEE/LES  TRPAIEA Lgéjlzhg\lsl;;liﬁ’*‘ R/ & %$QXW‘TE“E?ENS; THGERD-Barrett-fit 41 {HTRPV1/CGRP
JLE b ek maen BRSO IR % ZE R g AL
e b SCTSCLTRR, AL PNUE SRR 3)fEF =20k 1
- S22 R FUAAMIT I, 1K L
5124 7t
BHLRAIR)

a) B-AR: -1 LJIRZFAEZ 4K, CD8™ T: CDSFHME TN, CGRP: P45 K EE KM Sk, DMV: EMA T IZsh%; ENS: B4 248, GERD: H
A R IMAs: DL BES; LES: N A HELIML; M2: M28 S E4HHT; MDSCs: B4 30 fi 4 f; PNI: #2824, RLN: WEIR#ZE; SP: P

VIR ; TME: R EREE; TRPAL: B 2R A48 3 11 1; TRPV: BRI 324K s 7 F FE &K1, UES: &AM

EMZThEE,

EREREY, BEMAERRES TG ERL
156 H BTk = S AT RE TEIEYE, (EoR B WAL RS
JEH RS R R SR, BISCIRGK I N RES
PR TG N AT AR 35 AR G, Kloter NI R 45
CRIRFR B, MR B ik B 0 F AR R M (heart
rate variability, HRV)F1 & 453 % (high-frequency power,
HF) AR, BIEIAS IR E 2k s SR A G B 3=
MAREPRE, HX—SUE SR EE IR Rl
il 20 B SR AR SR A A A R AR DG, — TN 11 TR BA
FIRETE . H2539415 0 B 3 1 R L8R FiMeta 7
IR, EHF-HRVALE #1684 17 B 8 2 L TIKHF -
HRVZH(HR=0.59, 95%CI: 0.43~0.80, P=0.006), & iF
H Uk 1F) BAFR 1HE % (standard deviation of NN intervals,
SDNN) [FJ A 2 s A A7 A7 AR 37 R 3R (HR=0.59, 95%
CL: 0.46~0.75, P<0.0001), $&/REEMEIEHEKFA]
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B A £ TS I T F AR kA, 20254 R &
T-Cell ReportsWIZRiR, BE 7ML RS2 T
B 2 U R, a0 SRR R MR E TR DT BR KT R
T RIS A 2 RE AN G MRS, TRl FE (e 3t e 3t
Jix — e,

BRI 12, Bl B8 B HRV 5594
FRRRMRFEARDIT, FHIGUESE 32k B HAh S A
QRN TSN SN N =N 7 S TR = NN
BT Rk, CEHRV/RRE MK SN &
TS B IR ST R AR Y, BT 2R
TRV B B, ik 75 e R S M R T A 0
PABSAE. EOREE Bk B THACTE R AR A,
BT e B8 B H DUHRV AL ek 5k )1 55448
R R REEARBNIIIE T, Rk E R DRIk
BN E IR I TS EDbR SV R IR 1 H B
T HERAN AT AT PEAR Y, AH K TS AT 78 ik A5 T JE.
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2.3 REMEHRPEERTT A TR

bl & o 7 s 77 (immune  checkpoint inhi-
bitors, ICIs)fERE 2 MNGIT s N, iR
o0l B T FLT 7 R AR B, CRBON IR IR 5 AL
W E AL R BT O3 O o B e
HIEITRE R, (SRS B i, 7
B e N AE 73 TARAIESN, 18 3 S BRAS S B
K ZE WA S 5 R ICIsH a7 8 10, fEx— 5
N, BEMEIR IR EE- AR, Hik Al
FORERE R G VE RIEIRAS . MR S i 52 5 e ia
7RI E B THS, X R T
W ik = BRI R4

ML FF, RE M- IRTR AL P 28 08 B i T £ B
JHE/a7Tn AChRAE 5 17 k% - E A . A SR 4H i
MTYIML I DIRE, EEME RG S R RS K
WX, 0K 20 3% 1 184 5 P 1) 08 1 SORE . S B i
SIE ARV T Dy e, AT AT BENICIs K HE A H G1ig
BRI F R R BT M, B I R i 52 K-
HPAH 33 1 5 LA T IR A IR ZE 5K ) T B, AT
HEMDSCs, TregfIM2% EREZN AR, HI55CDS™ T4H
PSS T REL . SR R AR R ok A SR T RS
IR IR S S IR B, (RIS ICIS IR YR Y7 7 1.

FEERAEE T, HATM = L0 &8
R E 2 D REIRAS S1CIsIT R I R A ZIAH 5, (HK
H A R S BRI S MR () S5 R it T AR
— IO F ORI, 18 I o G A e v U 2 B O
o7nAChR, AT AU SRR PR 7 RE i, - 115 5 e 4 i A
TR AR AARAS, I S5 RS T4 B Dl g, AT
TE 2 A B AR 38 SR B () 02 G AT IR S e v
BEH. X TAE 2 LIS LB P B T R R,
BRIV 20E [ T (inflammatory  reflex)” & B i N2
ICIs e N2 — 2k A B id ik, H2 H AT ARETE R
FAMRIHT IR TV

H—J7MH, H ERRE T SICIs A e R SCHK,
TEB-'E LR ER Be PRI 7 1 A Y. 727U &
Frr T ) TR RIS o, B AR
KR AT B2 T VR R R R 2 2R A i 22 b e e
e AR KA KRAWIARE), FRDIEIR IR 40 0, 18R
A2 A4 PLINT AT e R G R . R B
e B e, BT RIS A G-
2(cyclooxygenase-2, COX-2)H1ill 71| A1 B-BH 5 741 v] y 4

ARG JAE M, B4 NK AN A AT A0 55 e s A ok &R,
T BEAR iR 2H 23 R IR B RS AR S G SAR B RIS, 12
71~ R 5 A B 52 S 4 R X B BHL DT A B2 50 K A AL B X
B4, BAR IR T R BELAEIEAICTs, (H A S
il S H % D RE LGS 1 £ B, R3S 1 it B
P AT P TME ) ] 4748,

R HRTHESE, T ORI H DL = A,
AT 75 & e e S R AN DASGAIE : 26—, B R
ZENE (I, JEIHRVEE AR S )il & 58K R %
PEIRE KPR AT R B RASAHOC,  IXXFICIsH
RIFATRE AR, 85—, HRAE-CAPHIZES) YR b
BEUE B BE OSSR TAN M A S BT R fes, ik b5
PIPD-1PUIAZ [RIAETER R /7. 58 =, AZIK-B-ARFH1
b S S e G S AN AR T R, B-FE A IR A
T Rg S 1 R IR 5 G 92 UG B AH DCAR B ) O A
—HES.

TEREIIM ISR, iR RhEdE A 2
PLSZ RN 2R 7E P 2 Dh R VPAl BOVNS/B- BRI B S ICTs
BHES N EEEEE N, (52 DIE IR EEAR, S0
FFRE LT R Rt AL:

(1) FIBEPEMEEASY, f8i FHHRVEH Al B 3 ph22
FEFRVRAl R AR -2 BOT T, SICIs N R AN S Rk
1T RERSTHT.

(2) /NIREER R MG AR RIS, TEAREICTsIERE -1
HrtaVNSEB-PHA 7, MEL A ME. FufE =& fi )
WY RUE S

(3) T BB REA N 2% [0 2 4240 5%, ATk
PIZRRIL . B A PR IC 5 PD-L1, TILsF 552 i
S MR 1 2 B R &R

FEUIERE b, EMEThROIR S BN
TEAE ICTs B 25 15 R R AT s b 5, o ik
FEMEE F R IIG IR AL SRt T BB AR, A OCTTsR
g, BIEREMEEHE TR, REME LS
TPEIRTT RS AR, FHAE 4T IR YT RS 5 i
2l S S N 7

3 REGERRE I HT AR - S B AL

BARIREM L P e B RE M - o B LI B 2L
TR, EHEAERIFARIIAAAE. AT . A
FIPNILFIR R T & B TMEN 2 2 P4 - G P2 I 45,
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3.0 RREMPL-B-ARY: H FT P uEEAH X
BT WP 22 - S B B

B A HREMEA 5 KB FHE RGN
KETS S, FE Bz R £ ol 5 R A% 7 180 A S )
YRR AL LA % -ARTS 5 BRI ROAES, 5
W) 3 B GO J S R IR B R B 4% T8 ) ik B
SSE. TE B P B At SRR v B R 9Tl A R
AP FEIE L B-AR, RHEMDSCsHUE . EME4n i 4
PR JZCDS” TAHMI T REAR T, M TiHEs) G
FNHIPE PR R B (22 Mt R, sk
28 T Z2 ik 8RE S RO IR R BB HT 4 168 % 4 R S T e
g, BRI ACB-B-ARFITE A SCH EBAE Rk E
F= FHELLZ A Hof A T 5 DA

3.2 PNI: M- i B2 B

PN £ 8 i h BN AR 8 A R BARIE 2 —,
HAFAE S ERAO R IR I 5 bk 2 s e 78 XU A
BB ZE () A AR A AEAR DR, I RGN
SRR, PNIFERE R B TS i E R
ARG Bk, HHRAERZME R L A
FIEARHEZE I RE M, EAN R BB 18] 754716 ] S5 57 ot
Ar$[78].

MBI LA, PNIFAR AL < i 2 e sl &
IE”, TMAERRANN . eI, T 4R LK e e A
U LA S 50 BAE R 1R —id f i,

PREE TR B 2 RNy BB 7y - B A
—, EAE LA K K F(nerve growth factor, NGF)/JE L
R & 2 AR BEE A (tropomyosin  receptor kinase A,
TrkA). REBRAHAIRVERRZE IR T (glial cell line-de-
rived neurotrophic factor, GDNF)/GFRal & AH MR T
S5 7E NI 2 ks, nIsRMEMmpmiT®E. 17
A PR A I R A, EEEn S, b
RG> WL B AT 2 S TR . SR A A
AL RS TR A IR, o= 2% 2 1 & 8 s
ST REIRIE.

it 73 A AE PN A o IR R Bh 45 4, T2 S
AR I E SR A EERT TSR R
B, it 7 A MmO S A A e . BT RE L
TE 43 WA AT 28 0 A1 R DA B B AL 48 A A1 5 T 45 T
2, (R E e 4 0 7 foh 22 SR, TR AE JR 8T i SE A ) T il
TR A2 - B AR A0, R b, PNTSE 7 4 PRy
— PSRRI 2 . A A i S A R R
Mg TR AE N ZR A A =T R, AU A%
SR 2 R B S S IR .

B2 75 R 1Ak, il 2R 5 1) X1 1 (Netrin-1) 5 4
R 4 BRI Y S iR 28 b - TR
4k (epithelial-mesenchymal transition, EMT)A1V& 77
PUHISE, IFAT RS 5 AR SRS A A AL IR ),
FI AT, 43 Netrin- 11 550 B HUANP 137 CEEA 5101
PRAEFE, FEH 5> SEAASRE o s A HIEMT . 145 i o8

F2 A GREME I REN LY
Table 2 Functional comparison between sympathetic and vagal nerves®
FHIE SR EAEME
T B NE Ach
- AR A i a7nAChR(CAPHIK); # RIRRSZ IR 7E b K/ A o1
052 A B-AR; ERMMEELY fal-AR AR 2

TE PR )3 BE /I REAR AL B R IR T e 18 8 ok e R 4 S o & 8 99 1 T
PEHEMDSCsFR R (& 32F 55 41 [ G 925 00 i)

MBI g ks, HICDS® TAIMAINK 4RO DA
o R 20 2 A _FiBVEGF, M“ﬁfg;ffgﬁ”ﬁ‘ 1228 H
S TMER) 8 2 57 GREHIL; L 2 s (LRI

Sy M B FABELH A B A LI

SIS A 2R T g R AT B AR MR TR R S5 R
<3 AR AN

T BT CAPHIHI TNF-q, TL-1B, TL-6%542 % B 7Bt
YRRz RS, STNK/M 1Y S0 F 78 880 il 8 04T PR
LR B MR B s 7E S R M S — A 1,

ANEFEGS MG T
AR ERA I, i )47 2% 5 e R 4, (BB iR
UEHEATI A R

VNS; o7nAChRA KT HI({3 7 B 2 IR BIE)

a) Ach: ZBEREBH; al-AR: ol I FERFAESZAAK; a7nAChR: a7 IR L BERRI 214 B-AR: B AR AESZIA; B2-AR: P25 LARFK AL 24k,
CAP: JHIAEDT 4 B, CDS'T: CDSFHIEETANN; IL-1B: FIANMEAR-1B; IL-6: IR F-6; M1: M1E! ERELNM; MDSC: 85 14 30 1 41 L
MMP: 55748 85 I ; NE: £ 5 FJRES; NK: HRA G4 taVNS: 20 57 HEpk A i 48 B i, TME: BoRi R85, TNF-o: BB RFEH T-a;
VEGF: L3 W A K H 5 VNS: 2KGE 48 s 38
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RS 5 ARG I 0T 70, (AR T RE AT =
D HIPNIA) B 2 B 3 I PR UE S .

P RERT S, PNIRIR RS A A
BUESRRIME L, R RESme 1 e -5 A Ba A 22 454
IR T A A D RE AR AR BB R A
FAAET & R EPR SR, TR AR S 2R
JRELE B AT RERC I SR A e & . M- RIRE TR
UL SN R TR e, (B H AT —HEWT ) 2 2
TARE AR 22 -0 R S HLRIT SR I A g PRIk, 72
PEIE EHAELL T, PNIRT ALy (B i 2 - s
B AR BaS P FE R IE N2 —, HAEE
AN R ZRAE JI 3 0, W] REONERARM IR0 R
G A 55 P HE i 2 ) BRI AR SR LB DI AL

3.3 MK EE RS R MR

G SRIR A NR, JCHIZECGRPAISP, 1] 4y
S8 I CGRP 32 A8 & A A Fl #if 42 UK - 1 52 4 (neuroki-
nin-1 receptor, NK1R)Z 51 £ -f09% FAE, JF1E MR
IR Hh LI %R S5 N5 42 2 T i 148551,

BT, B 2 I 6 B i i) LML E 4 47
BAR, MATRSR, Bue(E 5 R iERER
PRIAE o E I IRt 1) R AR 1R
TR PRI, 1 PR A 2 TR I CGRP AT
B RANM EEECDS” T MukE, PRI ISR IR
HIRE 7T, TMTRPVIE RAFE AL, R 0 i £ 55 sk
% a5 G PUCGRPZARTE P21 25 1 1 (receptor  activ-
ity-modifying protein 1, RAMPI1), 30 /b IRz i
FA 2 P ) 2 2 4 g A K, I — S5 SRR,
TEMIRE A, B0 1 22 CGRP-RAMP L4 AT G244 A%,
) G T M -l g, IR B 4
BRI B SIS SR TSR, 7,
SP/NKIR RGAE 2 F ig o 5 oRg 4 g 5 . 1T %% .
PURT: IS AR LIRITIPUESE, H 2 KM e
NKIRE FRIE, PR 1% 38 6 4 o\ e L AT 98 A0 Mg 1
PRI ) R, B IEE 5 78 0 b S RSP/
NKIRZ 5 X Mgk g 5 e i S8 B 28, iy HLAE
BT R BRI MDSCsHd 25 8iM2 B F 4
Wetk, Vs = RS L TR T, BRI BAS B R iR
SEW. T34, FE B AL HIE ], TRPV R A2
TCREME il A ORI 1 7R S R e N2, o I 2
SN R G A BRSSO ER R,

— RPN OB B ARG ZHSUE SRR B ORE AT
REFFANSE 4 ).

3.4 M- REXENEANA

CREIA IR, B MR A B R e - g
LHBEEAHEMA LR EM S N T, HAahw
K ILF 2 5B TR LS. NHEBhiE#H it e
TR R, A ST A% AL K BT 4 B
T=2K (1) CARERERERENSE Y, FEAR
BT T BOERRE . B PPNIS AR
S PSR LA S RLN 55 bk EL 45 3 R (I PR 3 () #5
JEFP R BEAEYE, B350 B-B- AR A 5 1 G 2 H 1)
CAPIE B T 28 L EEPUMR /R . B # & Ik
(CGRP/SP)X Iy (oM 58 1 15 45, X AT ) 7 7L
JE . BRERE . ArA R . BAEREEAEMPEAR
TS RS, (BTE RS T R B ERE; (i)
THUH &N, BFEREMETK S a8 R
BT RSS2 2. VNS/taVNSIEES TCTs 78 7E B 7] 2%
L5, XLy ) H AT R TR U A S B o, 1k
M S CAPIE 6 7] 5 HL A 4 RF G % o s A PR 1 b
R RSP PEAE D, 28 I - B- ARl B 1 1) T K
i, B KES S5 RES Ry,
TMPNINRBL T 422 IR 2 (R S AR 28 AR, X
3 R JE AR LIRS, 1 AT e I A -4 A 22 [
R R O B A B . AR, B RS
REfs ELEAMBIPNIF R 4, Bl = 88 Z
BB, BTk, RRMIGIT SRS AT LS Bl Sk &
P 4 e H E M P EBRIT, JEEIL R R IR
RIA THBT R A 25T, DASTELTE H AT 1 pf
Z- 9% Tl

4 RITRM SRS

SET RIS, A8 2 BT RCRE ) AL 7 1)
MBSy UE R EM S T TR RS AL,
FFAE LA EIBC 5 R T SC A 2 L R A S PNIAH
KAETRAE 5, AR BS54 A b T 2 T T 90 75 22
SRR, AT Fris R ) 2 BT TR S E 8 e )
Kb (B A AT HE PERTE T B TR B, A SR I PR IE e
PR, AN R CAFHE F AR B PRI IE (176 T
VES



FIERS BEE P REME T SR E - R MU RN IT AR

4.1 RKERREM KT

B 24547 2 T ) AL RE 7 A8 S K 8 9 A, i BE
AT I PR B Al 1 S g 2 B AL G R E M A IR B TR AN
VNS. fi & RERPHL R SIRERE, s HHRT
FE T AR J5 B BRI R 22 - S 2 15

Forr, BB 2R B T ARHIARZ O I EEAE T, e 2
TRAE IR 22 2 VR RIS T, R REIRD R E 2]
Wi TSR J5 B i D REREAS AN ALV PR T R, A4
McKeownAlIvor Lewis & 8 HRIA A LL 58 BETBR I B
B LR EEETEE O b, TR
PEBEXU R AR LTI, IXAE R 2 R N ORAIE
DIBR 5 BEAE AR L5 AR A, H A mT e
KB ARG BUBIZREAE. A DRE 2 AT
R )

e ERTHREIR Y, R4 T T DR B
e E E SO H R Dh R R B B DIBR R
. BRI RoR, TEBarrett & F RS S
JRBRYER AR, OR B 2R E M 1 B B V) BR R (vagal-
sparing esophagectomy, VSE)n]7EA~ B 2 52 0 i g 2%
AR FEEEARE B EIRRE A
JRAEEOL (B H R SR 7 3 R AR A RN
B8 15 I T B P B BE FE R B0 451 o 3 v e 40
FE R B, R 2 PR AN G bk L 45 E 4 kA B
DR B QB TE A 22 ARSI 2 22 ek, TR =2 v S
PUx RS AE S, R, VSEIUR BT E A1 A ™ 4%
i e S 3155 A2 v Y D e O B SR, BRAE BT HE VERIE FHE
R HE— PR, MARE NPT B8 B R
N

BrFARLRE SN, VNSIE T 5 —KE AE MK
M2 RSN, VNSIE I W S S AICAP LA E
TR RSN I H ad 2 B AL, MR AT BE K
JHRE o BRI AL A B R T B HATVNS 32 %
LG B SRR E P48 B R (cervical VNS, cVNS)
AR N PE L B2 B 0K 7+ 42 HE I (transcutaneous
auricular VNS, taVNS)Fi 5.

cVNSH FL . REHEHEOE R IE R, fEMES Lk
IAA B FIFIL-6, TNF-o0, IL-1p%5 4 1 H 1 IF 2k
BT, T RENY 9 G A 7T s A 7R BRI AR
B2, AEELAEBRE S T e seaa 1k s, HZ IR T 8
PERIRE A R ABRL ABLEZ T, taVNSEA T,
RBAAN Gy B BSOS, S SEit b SRR FE 32
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IRNFLATI A O R A . N RN A, A —
SRR 1 H 0 R G A 5 042,

T fili i R FL R e SRR o ta VNS B B I A
J7 AIT AT SR CD8” TANMG 1 IR YR IT AH G 4
FEB, FH 8RB B A 400500 [
ta VNS (il 342 A s PRAE 50 vh gt T4, (B
A FFPRI R R I SO B R, X
PE— EFERE FRRH 7 REALHT 5T 45 AR EG M AT I IR
AR e T, T cVNSIE £ taVNS, H R
BT REN B, &5 MET T4 a8 EEHEmN
VNSl PRI 72 UE 552 3 G808 B 12 B AR b8 £ far 5 2
A AFGE )R, AR SRIT ROBE AR 3 B T AR B A A I PR
RORIE 90 B ML HEWT 2 1, 75 B 6 B i o 5 M R i S
PEIG AR IRIE N USSR, A, e B & EERE AR
WRAREEREREMZTIN, BHFRPIARG
WA B BON Hta VNS, B b ] fE#E > #MECAPLIfE
50553 FIT B0 98 i — S P A, FF SO LA R IR R A
JAER A, A, taVNSTEERIR ., B4R
HAEEMAETREREL T OBl — e, W
L AR AT A AR D BT R 3 4 B T TR B R R A
Hg 43100

RS, BSEREMS X EET R EEY
FEW T — &k VSESE SRS R AT B OR BE A2 B 1k
AR, TR taVNS/cVNSEE 1 2 15 15 T B g
CAP. A, X w70 B8 I I PRUEHE AT 28
B, HO@EMNIE. fERPL. KM e e LY
ICIsPI B A 3R e 35 Rt — B BAf, H AT A BAE A
FI PR HESE.

4.2 ot o8- G0 5 ¥ 0] SR

TE PR 20 - o P2 B ) SR BE AT IR 42 -B-AR M2
H AT AIE 58 A 6 S5 B 1 T 1R LR R A e 1
BBl = ARSI F 527, B-BHR 771 5 H BB A CO X240
il 77 T 250 SR R S g A A O I AR AR S,
BE B BE SO MR b - B R B S BRI T
I ARIRIG AR Cs 3. 75 Z4g B2, Har e vliE
T8 ¢ B B- BELVAT 77 76 £ 8 rh R 8 B4R 1R = IC s (1) B
ER, MRGRIIFELZ HO . BTIEMERENLT BT
ICARIN. FHEZ R, PINGF. Netrin- 13515,
CGRP 52 PR 45 70 71 46 0 1) J2 38 40 2 BUPNI) S B, H
A5 2245 B3 8 L Ath iy 288 2 174 i o AR RD B S E 5
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B, AR PRSI R, B, AR E
WA ER, AR LS ) B8 A2 ] BEAS 2 AL FH I B
R ST, MREREME EHMERT, KA

JRAI ] L R A 22 T ORI R AR 2R A R NN IR T
T S s

43 RRMHRER

RRAF T ST S AT IH G NPT s (1) FIFH R
2 Jf 0 7 ] 7 3% 2 2 A S L 5 A 8 2 ) R
TRIREE B RS 20 MR BT A 48 21 44 5 G 3 400 i ) 4 1)
ERR. (1) TERTREME AT H IR O AR Stk 2K
Mk ) SR bR VE N TR 5 S I8 9T N B AR Y1)
WA (iii) K#taVNS, VSE, B-BHH 755 B A — 2 F ik IE
Bith () 40 28 - G 28 1 TGN N R YA 1 £ 09 e AR R 56, B
W AR IT AL, BeE 7 UR R a8 ANBE, FRiE—2D0F
il F6E R A L R LB RS R RN AR VS R
IR AR, (Iv) L& B A - 8 B 1 AL
W E e, RFEZ O MER SRR TR, JH
HLRRAE . BN M5 2 ) B S U . B B A TR
Fabn SR TT NEAE S, I 5o B L = 5 ol g i

Vi, HLRIAT ST, ARV S AR HE T BT R 4R
HSHE.

HAKRE, BRI T S A
LSIPSL L CEAYN R ot 11 NI S S ESN R e 29
e B RILEE ZILRE R &S RIE M. DT
EARIR R, IRAEMRATRIE IS ] REAELERR S fa s
HAMM RIIER], TR, (s s K
PN R REZ 5 G ge il L A4k SR AT R 4= 22 1 R
Tt BSERERE R HOBTA P2 R
AR - IR AR M- T, AR NRE R
JTRRAUIT AL T 7, (BE IR RN E AT R/
RS PENLEIEFE S ATHE PR BA ARG A e PR 1 it —
AUGAE. H 7 E R AR, A IHE 12 Bl
AN FOUSRO S 76 88 P AT Ak B A e B, Bl R
MBI T f e R R LRI AT 7T ATRE R RA S
ARG A I R SG 2 — P IE, AN EAESRZ T8 0 IR
I OL T L) S I PR S,
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Esophageal cancer is one of the malignant tumors with high incidence and mortality worldwide, and it is mainly classified into two
histological subtypes: esophageal squamous cell carcinoma and esophageal adenocarcinoma. In China, esophageal squamous cell
carcinoma accounts for more than 90% of all esophageal cancer cases. The combination of immune checkpoint inhibitors and
chemotherapy has become an important treatment strategy for advanced esophageal cancer. However, many patients still fail to
benefit from this approach, suggesting that critical regulatory mechanisms within the tumor microenvironment remain insufficiently
understood. In recent years, the emergence of cancer neuroscience has revealed the central role of the nervous system in shaping the
tumor microenvironment. The esophagus is innervated by the vagus nerve throughout its entire course and is also co-regulated by the
sympathetic nervous system, the enteric nervous system, and sensory nerves, thereby providing a unique model for investigating
neuroimmune interactions. Based on an overview of the anatomical foundations and segmental differences of esophageal innervation,
this article takes the vagus nerve as the main focus and reviews its potential antitumor effects in regulating inflammation and immune
homeostasis through the cholinergic anti-inflammatory pathway, as well as the suppression of vagal function by tumor-related stress
and changes in the microenvironment. On this basis, it further integrates the roles of the sympathetic nerve-p-adrenergic receptor axis,
perineural invasion, and sensory neuropeptide pathways in immunosuppression, chronic inflammation, and tumor invasion, and
briefly discusses the potential value of strategies such as vagus nerve stimulation, vagus nerve-preserving surgery, and -blockers in
reshaping autonomic nervous system balance and optimizing the treatment of esophageal cancer. The aim is to re-examine the
esophageal cancer tumor microenvironment from a vagus nerve-centered neuroimmune perspective and to provide a theoretical
reference for future basic research and clinical translation.

esophageal cancer, vagus nerve, tumor microenvironment, neuro-immune interaction, perineural invasion
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