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Abstract

Pancreatic ductal adenocarcinoma (PDAC) has an extremely poor prognosis. Perineural invasion
(PNI) is a key pathological feature of PDAC and is closely associated with patient pain and unfavorable
outcomes. As a crucial member of the ionotropic glutamate receptors, the N-methyl-D-aspartate re-
ceptor (NMDAR) has recently been demonstrated to play a pivotal role in tumor PNI. This article
reviews the main mechanisms by which NMDAR promotes PNI in PDAC: activating Ca2+ signaling
pathways, mediating pseudo-synapse formation, and regulating Schwann cell metabolic remodel-
ing. In-depth investigation into the mechanisms of NMDAR in PNI of PDAC may provide novel inter-
vention targets and therapeutic strategies for pancreatic cancer treatment.
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1. 5|8

fif iR 587 I35 (Pancreatic Ductal Adenocarcinoma, PDAC) & —Fh 7 5t 2 OB M R, 5 SFAX AT
AL 13%, BRIFBEMIETRE L FEA[1]. #1242 JE(Perineural Invasion, PNI), &8 S5Hh 48 K24z
filh HLAAGAHZ AL > 33%, BRMRE 20 i tH IR AE PP 3 1) = SR 25 AR AT — 2 [2] . PNT AN MR e 1)
HERERHE, ESAREEFERETER, HEFEERAHZ I [3].

BRIRZ ARy N E T AR 2 %2 4 (ionotropic glutamate receptor, iGIuR) A1/ 1§} 74 25 % 5 52 14 (metabo-
tropic glutamate receptor, mGIluR), A& X ALHE N-H 3E-D- K 4 & IR 5 & (N-methyl-D-aspartate receptor,
NMDAR). a-%3£-3-523E-5- H 3 -4- 7 BT R 52 145 (a-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid
receptor, AMPAR). 417 % iz %2 {4 (kainate receptor, KAR)H 0 521K[4]. @4 NMDAR & & W5 K L4
£ GRINT R gt ] 5 H &R 5L D-22 R4S & /) GluN1 JEEE, PUAS GRIN2 B[R4 5 ] 543 2 IR 45
[ GluN2A-D W2, P> GRIN3 HER 4 bt vl 5 H &R 45 5 1 GluN3A-B WAk . A7 DI fETE NMDAR
AACNIITRARE AP, HFA GluNT FEFFH A GluN2 BERLEE 5L R A GluN1, —4> GluN2 fi—
> GluN3 73[R 228110 B 5]

NMDAR {EME RG] V2, AHEZMED 6. MAEMBE T, NMDAR A H I EEH A K
xS 2 B R A (R VR, i) BB (7], BR8] 4illae[9155 . IS, Bk Mk £,
NMDAR 7EJiJ8 PNI 2L b 475 2 . EIXFERIR A, FATHE 7 NMDAR 1R I PNI
HER, B ERST HELE R FINLRIANG T RO TS, AR R 16T S BB (1) S B A1 SR

2. NMDAR j#id Ca>" {5 SiEHR{EH# PNI

NMDAR HJBE R S5 Ca® Wi, BET A NS Sl e, X R = AL HE 8 PNI %
SENLAZ —[10]. WFFERY], BRERIENMAIEST, 7T AR 2 40 R O3 i T+ PDAC 4l Ca?' ik
J, BiF CaMKIVERK {5 5 3d#, Eif OBy 2 Rk, (ORI s i fieidt PDAC RZBAMIEM B
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JI[11] @& GluN2B B ff H NMDAR #5155 #2328 (MK-801) ] LARHIEr FR i #2[11], X 15 NMDAR
TEE AR 5 B PN ok it o (1 B8 LR o (B AR R A2, A F FO U0 B T 4P 28 40 o 76 Bk AR 55 i PNT
R, FEAE “BEN” BIRBMEN, el R RN A, AT AR R A R AR 1]

FAE 2013 4, [ 2238 RIAEIRIEAH 2 N 7 WA 8 (pancreatic neuroendocrine tumor, PNET).  Ji# /i &
M. FURYE . DR AR R, NMDAR (JLH /2 GIuN2B V5 7E e i A2 28 R i R 1A TH
[12]o HE—DIRERAEN], PNET 40fn] DL B 0 s 2 IR 11 7 2UH0E H & NMDAR,  #ET#0E N Ca®*
FTEM[12]. XSG ER] T NMDAR R/ S8 Im PN /ER, HALHS Ca* {5 5@
PR S B DA R

3. {hoefl RR

AT ) — WU S AR, IR B e S Tuhl, ] DUE R AR, S Har 4 a0
fili(pseudo-synapses) [13]. A SLU R BIE M RGUIR[14] [15 ] FIFLRIE LR IE (1617, #h& 4 i Al
W98 24 2 [B) R DR 4 2 R e SR A i), AR SR AL S M LE M SR Mg rh 2R o . i EHRGE T oRE
e 22 T R 0 2 S R FT LA I 0% NMDAR ) GluN2D W IE{E 3 Ca2* Wi, IX%N PDAC #ERE[13]. (HRE
B, 1ZSLEEE AR D GluNT 5 SLC17A6 %651, 7E A PDAC 23 (1) 032 e A 0 52 31 S fi iy
P (5 SLC17A6) 5 Rl BU% X (& GluN1), MEBTMZE M B 1 Dy R AR AT [ 13]. 7/ B Rg 2
ZIH % GluN2D J&, O 98 fi i Bl k(137

TE /N It (small cell lung cancer, SCLC)PNI I FEHT, A WS UE SEAFAESRAALE W[ 17]. LI K
LS fh A DCHERIE SCLC Hr ik, et o se bl R Bas 5o e HAHME IR RE J1[17]. #2 Rk, 1E
BB R ANMAT AL TN E A e AT LS SCLC 40T a8 i, I FLiZ 5 b AN AU AS R 485 4 4 5 f
FEILIEFAE R PRI SCLC 28 v] A=A B R PME i f5 HiL A7 55 NMDAR -3 B R il AL 17]. JE 2Rk
R, e o] DM SCLC 403G sE, M A 2R Z 400 RP /N AR B AT = L [17]. ME g
FEAE R IR A JE HLAL AR, 12 R A5 K T0 18 S5 K10 2 T RE SR A 42 S il & T — b ThREME R i (functional
synapses)” [17], W7 1 MR 405 #H 2 A M2 RIS TT 23 (90 &, AR 40 i PN I se d2 (it 18 ) 8
¥

AR TG B S 2 i), I AR B A A A A B T SRS . TR 2 G TR A SR 1Y)
[FIF, A nT eI i TR R A5 1, RO SRAE#ER T ARG . AR K AITRE, TR A B
AR PR TCEREEE A, R 40 it A 2k . D R A i — P IERH T PDAC 41
AL MEVIKR, HARREEMETOT MR fe /e, 3R NMDAR 75 if iR 55 e
PNI i 2R H .

4. NMDAR &35 77 4l (Schwann Cells, SCs){gi# PNI

TE N 2 b i F B IR R4, SCs TR IESEAEFRARR PNI HHAC BI(EBE (18], ALK
B, SCs {2t fEMR S e PNI (L] S NMDAR B E V1K R[19]. AFT LW 7 P& o Iis &
PR L HE R PNT AR, 1Z5250 38 B PDAC 4 th nf LU /s 4 2R 1 5 sU S SCs 19 GluN2A,
e PN #EFE[19]. SKERFR W], SCs 73l 4 2Btz v] LA PDAC 40 t&IOf{E 3k PDAC SE&1E4T 4,
1M PDAC 40 2 ZBERGFE A N B AR S B, B BE SCs 1) GluN2A, it — ik SCs FRIUMIA 5%
HIBERR, HEWAREMEE19].

i SC AR A S8 2 BA g 4 R B BRSO S R B0E NMDAR IR [12], 11250 & ik 1) g
Y05 SCs 8] “BREE - HEBREIIAE” [19], 784 F W NMDAR 7£ iR 58 B i) PNI i F2 DL
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I R 3304 35 (tumor microenvironment, TME)E ¥t fErh A E B EMMER . Lhr L, 2R CHEYHRIE
NMDAR 7EffJ8 TME %35 F2 b () B B4E I [20]-[22], tBEER T NMDAR 1E 4Bl 1697 38 A B oK
7.

5. RESRE

I 5 6] b e e 22 AR HLAAGR IR N, NMDAR N AR 58 B PN ik R rb i) S B RS I8 1 o
EFXf NMDAR B A G 7R 1 IR PN 207 HLH], SE oyt — B pa R 0L R ek . Of
WEFEUER, B2 A NMDAR 7] LAE TME, XM A 697 B L[23], T H T IR 58 e PNI 1R
M, BT HAE PDAC IHITHIE RNE. AL5R RS IR 7 NMDAR {2 PNI [ = 264% Cid i BOE
Ca’ (55 IR HEFE AR 51228 . /T ROV RAGE M SEIME 0 - IoRs B 16 38 Tl 5 440 e 2 S i
- WR IR AU PR R AR B A B . SR, AU AR A A T i AR A TR o) S, 8 2R P B Ak r 2
PR E—— R B R A nT AL R B F A BN A 5 R Ca? B8 7 S 5 L 2 i B BEG 28 2 s i 4%
W £ T SR G A - 1R B R4 ? NMDAR 1R (2 Bl 34 e PNI QB2 4k, HALHIIR B A
IRREIZ AFEIEFT, 2L )@, A HESDE 4T NMDAR  FRURES T 75 5 i IS Rb A 70 v i R 5 1k 3B 32

e HE

WS ARZ I AN A 2 4:(2023SGGZ050); N5 HIA X B 2R RS2 4001 H (2022MS08049); 14 5
A VA X EHZ 1 RI(2022YFSH0098): A 5 H VA X i 8 2 R Fi i H - 2 R 50 H (NJZZ22685).
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