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Fig. 1 Predicted structure of 9 nAChR
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Fig. 2 Crystal structures of 9 nAChR ECD and its complexes with different types of ligands
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AT D Y BAR S AP A EAE AL . S L 131
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Fig.3 Assembly patterns and orthosteric site differences of «9* nAChR
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PISIE .
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FrERFEER Y XEEMEDN, a9a10 nAChR
(AL 30 5 PP 28 R nAChR (1 adP2 Fla7) JE
X L —— 5 B TR S rh RIS B A D RE LR SF
P, TRTE BIRE AR 3 h S 5 0 1 R
MR . a9al0 nAChR 52 3 ki 4 AR AR =K
A RE 5 AR P9 B 40 M bR T3S R i R 4 D g
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Fig. 4 Species differences in the amino acid sequences of the a9 and «10 subunits
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ZE M7 (NCBIRefSeq: XP_044274535.1). % (NCBIRefSeq: NP_001094506.2) . JE¥HJIIE (NCBIRefSeq: XP_041440602.1),

(EARE RS, SRR P E 22 5 %0
Y R BEAEEm, AR ANRAAZER
09 5L H A 9 B B WA, (BAERCIARSS &
FEYERIAETY EADAAAEZE S5 i, B o-CTX (4
RgIA) %} KB a9a10 nAChR ELAT 44 BE /R 4% 1) 126 3%
R, AEXF IR A2 1A 1 2 T 29 e A1 22 ok 1Y
1/300 ", XA E 25 5 R BR T RCARLS & 4grh

DB B LR R SR N TR, BN o9 LAY
T1e86 7E MG 14 25 Fh Xt 0 A Thr, 1248507 T AL 5
PR AR, HEH AT BRI SS & N ASH R 35, iF
MM a-CTX IS5 AR . X— R EAW)Z
B, —JH, B T a9* nAChR 7 fb 1t 72
HOE R 8 22 5 ) 4 R B B R O
[l 75 3 M1 A2 AR ARAS A =0 2 A AR E N



2026; 53 (&)

BET, F: ERE ZHERZENENSIHEE

2225

VEAZ R 3 R BEAIG, R R 2l 5256 1l i PR
(AR R TR E . S5 — T, R
M2 T B RN R 22 SR AT . D, AR
A RglA4 3 15 X% RelA JPF AL, SEBLT
X A F 1526 09010 nAChR 9 & 2 F )7, Jf R B
HOXT a9al O VTR ) i BEREBEME (51 00015 ) Je R4
AR BR AR 2 LR k-l RE-24 B~ ekt
— M BT N SR R B T
09* nAChR L RF IR, ARGEI MG 1A 2K 0 1% -
NIRIGUE" 27971 RAC G IR ki, 1EARKZ
Yt Rt b, R IR RS2 R 1) 20 i 28 sl L A
NIEAL S AR T Fe i e A IE 2 OC E 2L,

2 o9 nAChREVALA S ELIEINEE

a9* nAChR f/E BRI AR5 HAH S0 A 2 UTAH G
(R1) . TEHINETEBAMM T, 22K T2
a9al0 S P T ML A SIS H- i % 1 1 42 55
SR . ERSEANEF, 09* nAChR &5 a7 nAChR
[ 2 5 0 6k g $T K 38 #% (cholinergic anti-
inflammatory pathway, CAP), V¥ 5AEH TR
TEANA RS E . B L IRBE e 2 Fh F AU,
MRS SREIRAR . R K H AW B R
S, DN RA ARG iR H A B RE S5 R
PL

Table 1 Tissue distribution and mediated physiological processes of a9* nAChR
F1 o9* nAChRMISZHRENT SR EETE

Z Ak oy Aii Z 5L M 2 SR
09a10 nAChR FRIGBANAE. A jEE40E U055 EL B R 0 () U O 2808 W 7 P T 45 405 £ 3 (4, 12, 21-24]
09* nAChR Bt L4 THEANAE. /B S5a7 nAChRILFZ 5CAP, %M R VLR TR (3t 341 [25-29]

TR SR 4 M TR W S 5RRARA &
09* nAChR DRGHZ 7T T 62 5 M A UB e i B v 4 [30-33]

a9* nAChR 5 I Jljfif 5

B AE R HE

5 AMER B A K [34]
a9* nAChR & FRz. MBUEMRANNL. JRER LRz, i 25 2R GUROME R, feat M BOY sean i i # mi Bk
VAP I A T 72 5 AR R A TR

[26, 34-37]

21 WRSHERS

09010 nAChR e Z8 8L | S b A A 2 N
HEMM ., o H T 1994 430 i3 K Bl a7 WIE K
cDNA BREFTEAR 1M 24 58 45 R T i e 32 PR 4 ST
JE %, Rl R 2R SRS L R A T H
BN, BESS, T DR a9 WS AT
AT TR AR R P R R A I ol 0 HE, Ji
1V 24 28 S0 [ Ao HL 3R 38 F Ho i B4 ep 12
Vetter 55 2" LB 010 miBE/N RN BN (inner hair
cell, THC) " ACh HL Jii 58 & k2K, 4b & 41 M
(outer hair cell, OHC) 1A% #1551 a9 [H] V5 Z 14k
S, HAE L A oiaea sk . s
B A5, FMH ol0 37568 FE0 IE 7 1% H Th e T
Wi, a9 [FIESZ AR TCTE AU a9a 10 SR AZ 1A 1 A 2
YEH] . Vyas 45 %) F Fif CRISPR-Cas9 i [K] 2 5 4 A
P T CoR T HA PR a9 Fl a0 A/ BRAR
R, FETCHR MR DU I DL T 553 T 5% 090
10 nAChR 7£ B0 ARG v e 67 %) o 8 AT/ )
G (Cortif}) 1, HAMREIRICE SURERET
OHC ZEfi#fe , I 155 fli iy 4% th AR A S B AH SR, Wr

i J) e BT HY THC Rkl 21 HA fesgtnic, (H
WAE/NEIHC G bbrid . a9-HA 5 a10-HA &
brigfEZs B BN, BE T o9 Ml al0 76 E 40
R RS U R AR A A

BT, o9 FELIE al0 WP R IH
BRI AT T HE . nAChR 2 BH S 7 e £ Mk i
T B I, AR A X BH 2 1 Al 8 A A AR
BEES, FEEKBAECTEBNE L, Hip
o7 nAChR Xf Ca* il VEfr ot , 1 09010 nAChR (1
Ca® il B PEFE AL I R 8 22 57, KB H a9al0
a7 24, MM a9a10 nAChR X Ca* 18 1% P
EEAL, PERmELEh YT R T BRI ARAR TR
Ca? WHERHPE ) HIRE M o FiR LS 5591 & 09a10
nAChR i, Ca™ Wit M e 2k 85 1 BUE 5 is Aok 5
Bo. P00 LAY B b B (medial olivocochlear,
MOC) Z&fh G 1% A8 B 4% , 8 B ACh 5
& OHC 258 4 09010 nAChR JFJit, Ca® PN ¥ )5 L
16 SK2 FEARH A IE , GRSl BT R B KA
{8 B 20 MR AR AL IR LIz Bl 0 38 A R R
TENRBEREPHIHLA, BSR4 S0 i LR RS0 ¢
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VS, AEERAE AR AR A THC [ 1 EL 3 A5 A 2T 2 4% 336
S BURIE B TR, W/ a9, al0FER BEfT
R, R4S ) THC A1 OHC 7£ ACh i 5 T A L
B H R, H/N BB = MOC X I 75 () 4%
il 224, Wedemeyer %5 " 3 i 7E a9 WA P 5] A
L9’ T2 (fi FFLiE TM212JiE), #EK T a9al0
nAChR FF IR I8 Ca> M. TENH-HT, %%
A\ S T B AN A A B I o 2 ik fE L AT
Ca 55 RFLEmT ],
22 BRYHAE

5T N B2 3 1 RT-PCR 7E 22 R 90538 20 ffd rp 4G )
3| CHRNA9 ¥ 5% A, 4G Bk EL 4l . T bk e 48
JL L BRLAZ W A R AR SR AR i 2 AR JE] a9*
nAChR 5 o7 nAChR 2 [6] 2 5 IBRs EHT 438 i, 1%
WPEEH “EEMZ-ACh-nAChR” - SARIZ-
PEPH R, A RAE 2 I (TNF-a. IL-1B.
HMGBI1 %) B dEE sz fass . a9* nAChR 1]
i 5 NF-kB i 6 45 9 5 153 b, FE 78 e 41
KEWEAM S5 R HA ity g @, Y
o7 nAChR ¥ B B 68 B AR WL m) 4% R 48 . Fa AR 3
SRR TR R R, o7 SRR IR T S
09* nAChR AH B AEHT,  # i) 54%/ 1 W5 40 g v ATP
I F I IL-18 R IL-18 BT, $i /s ixX SECAATE CAP
H BT R O AT BEVE M a9* nAChR, T % a7
55 09* nAChR FE G I8 15 vh 2 4 J S 1A IA N 7
EAEENE, A H 09* nAChR 2Ll
T A B 3 I R A T Sl B R PR RE
PO 12 % T T Y ACh VR BE S K T i 2 B R
BIE 1, Zhang 4§ ' fn T WA -2 55 2
R BT R B R AT A M 4 2 B 4l i
09* nAChR R 28-S el b2 B e 1
IR 235 S E N ChAT'CD4' T4l 4= ACh, J5#
5 B a9* nAChR £55 (i i 3% 40 ML P BURHLAAR 73
W AR, a9* nAChR 25 R AvEE SR s, H
FE R T 424K (T cell receptor, TCR) J&E(H
SOREEES . AN TR, O R S
5 A 9 PE i B 88 % (experimental autoimmune
encephalomyelitis, EAE) M5 RAEIR
23 NEAREHERS

F o8 N B2 7E KBRS M #0495 (dorsal root
ganglion, DRG) fHZCH &I o9 Fl a0 W3 4%
SEAR, 278 a9 T al0 () 335 7 fE /& DRG £ T 11
e FEAE 20 SR SR AN ST P ol 0 WV RS A
W25 SR R —3, (. 09 7 B4 SEAAG I 25 3R 25 5%

R, TR E AR P, Shiers 5 2 Fl
FH RNAscope i 37 2238 H AR X AZEFVINR DRG 47
THZER, LW AZEDRG R a9 F1 al0
Fik, M/ DRG HARKGIE] a9 ik, FH a9TE
DRG " FE ] R HAT P FP R Sk

09* nAChR 7EJR W P45 (1) ARk 32 3
WRVE, FEFET o-CTX (41Vel.l FIRgIA) fEZ
T VA7 S PACIRABE AR v 1) I R AICR I R I, G4k
F R Z R 09* nAChR By EPEPESE BLA] o), H
TR 2805 B IR AN R PRI SR A B0/ FH
09* nAChR 7EJf 90 1% T i DI RE SR A1 T 25 B 220
o WER A, 7EDRGHZICH, a9* nAChR
LI b B 3 A O A A QI A R
EH P a9* nAChR 25 T 18 VLA 1o 5
IAEdE . FEPR I MR AE 54T, DRGHZIT
a9 FFRIRTTRER A LA, B ERGSES
AL 2 SR, TS & B o-CTX
FIH RglA-5474 X BLUD R E15 T4 2 BRI
() AR N I T CD3* T4 o9 Rk, 454
P B SR S BE AN A R 9 9 AT BR HBURAE R, $R
2 RAE SR AN ] BEAG B — AN IR A A BT 28
BRI XM T 09 S 5 S b e RE
5 i o9 /- VRS A DR K,
FRIZAZ IR 2 2V E AL T3 A o
24 ERMRSHEAIEHE TERL

09 nAChR 7E'S _ERRBERT . A B s . IR
BB R B M XRE B RFEHA PN R
ik e BRSER I, A ORI P Y 09 A7 {4
Z 5 . IR, 4EREER R
Ao 09* nAChR AL AT 23 £ SO U4 it i i 7%
FUE R AL, NI R AR B & X — 1R
S FHLHIEE B Ca> IR IHAS 1Y (5 o aE i, dE
FhAE BERARE AN/ N GTP WA JR 7 =0 o os & 81,
ACh 7] i a9* nAChR ¥ ¥ f1 5 HE AU A0 17 R I
PR R RRARAE 2 MIX —l BRI IR R, ROAEAE
RBEZINEE, (T - b R AR A TR A AR R R
JREEAS P I E . A, o9 mBR /N BRUAE A4S 1
RSN I RIS TS e T v R D R R PR T
dghn, w5 L RREERT T o9 nAChR f3RIAA
X BV BRI R P, a9 WIS B B AR
W12 PERE TR . BTG BEIR . BB A S
FEIRFEAR LG AR AR SET A5, 1] 10 37 Fe i
B/ L EBLS, $78 09* nAChR M BES
S e R, dEmsg iRy
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L] Elgoyhen 45 ' 7 K BN P AR AN 21 09 2%
iko JEEL A OB E R A BRTEAF R A/ B
i = S 55 R D A R B 9 Fe gk U, (H iR
g g R A S I8 = M ST B8 IE . Lykhmus 55 52
B IR AR /N B 22 A DX 8RS I 2 o9 A 0l B
mRNA MFEH, IR & ENTHEIt, BIER
JOT 41 B T £k A R, {H i BF 5% 32 3] Elgoyhen
A I BTEE, DA AR A AR B L AR T REAE
FEARER SR Y (om0, LR BH X S O
LB, SEEIA NS, o9 nAChR fEFR R FIZ R 40
T D REME RSB = i TR, HThRE 32 R R
THNEHLL

3 o9 nAChRE %%

3.1 MREFEMRTAHK

09010 nAChR 7E Mg 7 T S35 28 Hr i A4 7
EfSEZ 5 UE . MOC i & guid i il OHC Ay
FANHORAEAT, AT (=) 560 3 M 7 R i ) AR I e JP
PRBhiERE , MU/ %o THC FIT i 2 21 45 A LR
i 2, ik a9 L9 T AR/, HE4EH
PR Ca® (G 51N, X5 e A 5 A A AEWT )
PRI AR T, (EX Ao B (R A% T i
S s B L] S 22 AR RS . ACh X
SRARSZ ARSI E B AR G, LT REV Sl ad At
RS Sl B 0 B A R, iR SR Al
RHMALIRSh . Slika %5 ) 5 1 AAV2.7m8 1A
P D REHE SR Y 09 L T 28 AR 1R T A A= Al /)N L H-
Wy, TR MOC AR A IR0, Dl e 75
FRER T VT T SE T, RIS S Al D e 2 R
YER o IR B DE AT E T EL0 ey B 45 24 ] A M s 16
YR BIA SOk E, H il T 09010 nAChR H A
ThRR A 25 B2F R ANAR T 32 BR A Fk i, ARGk
RIVE XS 8. 281, % F 09010 nAChR 7E
HRAPZTT | e & HR AN BN A 3k, T
PEAG VAR N, AR nT 2 OHC ¢ 1 )
Bl At — 2B BRI RO AR A S U o
32 &R

TE A fh o2 8 Mk dE i 45 (chronic
constriction injury, CCI) ##IH | q9* nAChR ffik
BEMERE DU RglA S22 70 Ak SRR 500 7, 24
OHT IR, RgIA AT CCLIF S (10 il 5 BU% 1
IR RIS IEARI N . BERE S R S AT AR
A I IR R A S UK I S R R, b

CD86" L W 4l i 2 i . FEFFRETS /A, ReglA Al
CCLIF T 1 /N i 5 41 i 5 5L 0% Jie o 200 ik 3t Ak
RAEH G % P ReIA vl #0E GABA, Z A
K 5L DRG H i 380G 74 N R T F g B,
FEFBEM 20 R MEL E] GABA, I s 16 1 &,
$E7R RgIA WAMERE AR . PR B i D Ty 4
200 B8 5 a9* nAChR /15, 7E CCIAE Y
o, o9 FE DR R /D BROSE RRORINE RN S  TR Y
N S AERITC S (ES AU B 1 A e
W FEREAR . X FE P a9* nAChR FE 2 518 LK
I O AERE, TR A B LA R R
S IS AN BT, SR AR T BA PR AR S R
PR R YRR S 00 S R A 2 AR B R
B H LA S RgIA AT A K BRI U E Bl o, JF
By | T ey b G5 (bR <k G i 1L R
% DRG Mo B A

TEIBC5E2Ah ] (complete Freund’s adjuvant,
CFA) BRSBTS, 09* nAChR [FIFES:
SN S B iy, (HZR R L
Bl MM T . 09* nAChR 7E 5% 41 g
FIE REAHR 1z 3Rk, s @A R s
T 0 ATP 7% S 00 -1 B Y, R 09*
nAChR 7] 838 o 72 20 B vh i A YA 5 3 % 2
5 RAE VAT o
33 REMER

09 nAChR 7£ H B G e e v 09V FH 3 1 iy
PR R B RN R e R AT, IR AR B
i, CD4*CD8* RUBH M4 Jia i 240 Jfd 1= %2 35 09 nAChR,
22 AR I I 45 TCR AR 5 5 3 R 4 A7 76 R
FEGNFIPE P, . o9 BBE /N BRI TCR U,
CD4"F1 CD8 T 4 faysi /b, FFHERE F 5 Sy B &)
EPER R P AR R s, R TR B 4R R
(1Y) ACh 38 18 T £ B0 A M 2% 11 7Y 09 nAChR 1)
LI G IR SR AR S, AERER RS, B
YN L FF S PR B G ACh Al o B R B An
09 nAChR G 55 359 AT Joi o WK s S Re i 3 19 4R 1k A ik
g R A Y RS R T OIHB fig {5
09 nAChR {445 G2 4 il J 7 0 B2 IR S8 (8 3 L
i, Sk B B e SR o A R M R R 3R
JrERHE TR A
34 fBIE

AR, a9 nAChR 78 e % A= J v B 7R HI
H 522 856 e, R R M, o9 nAChR 7E 7L
S iR i e T 9 A 22 B R g v R T
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HHFR KT 5 BH AN RS HHE e 7 =1
PEFLIRIE R, CHRNA9 FEHN ik L, o9 nAChR
B AKT . ERK 1 STAT3 {5518 PR AL JE 40 ity
HAGH , I AT ERBET A S A R e 4 B AT
T2 %, Ak, a9 nAChR LK £ 2451 1510009228 5
WP eSS HAE R, HEHF A/G B A/A FE R AR
FLMR I AU G I, 3248 S ] fig T 35057 ARl 1R A 3
5 7 Je T T AT S 09 nAChR fE R R 1A
A, ¥ & HIF-20 Fl VEGF-A %5 [H 1 ) 2 15 R
Jas L5 sl IR SRR CHRNA9 £k THE, HS
STATS3 il 4% S G 32 Ko A o5 Fe 3k A 5 0§ 7] 09
nAChR IRYT7 IRIG IETEIR R, AL4E Z IRFS P
GeXIVA [1, 2] BURESHEBUAR ) DS Ee A
gk Ik RS 7, XEEHFSE R 09 nAChRAE N
PR IR YT R BR T RIARYE .

4 o9 nAChREVE (RS

4.1 HzhF

09* nAChR ) 2 Bl 22 R 7F nAChR ZE 0%
AR, BRI Z AREER (el T) B
BAEFIRZE A B Y. AChJZ a9* nAChR
AN TR . R ELARECA S A Bh7], SEELR
F ACh. McN-A-343 %535 #7852 (R 77 75 09
nAChR I RN 55353 sh ¥ . IRAEAE & 2% a9*
nAChR [ 58 28 sh, 1EmMZLah ¥z ik LAk
W sh A, R T FE 225 7, Papke 5§ 77
FF diEPP (N,N- 2 FE-N-IRILIR R ) 4ol
PAF— RN EY, 45 09* nAChR 58 43 5))
FIFES PG, FFAERAE AR /N AR AL
i T HARRR AN . 5- (BT I-3-FEH L) -1,2,4-18
—m (QMO) ZEFH, 3S-QMO-28 &2 H i iRk
) 09* nAChR 5¢ 4= ¥ 8l 7l = — , X mefk
3R-QMO-28 A3 ahil . 3S-QMO-17 KB4
A, M 3R-QMO-17 RINHEGR 7, LRI
F-THRESE R R, Zoel L FNUE — R BR 3 {37 55 JL L
AW S0 IR D S F N o G e S A B A S5
REJT 17
4.2 FHEmH

09* nAChR X Cys-loop F % HoAh 32 {4 i Fi {4 H
A3 R . T (HERZ RIS Fife
WAL FHE (GABA, ZIRFE BRI #4°0 a9* nAChR
RS ACFE U 7. o7 B E RS P MLA X a9*
nAChR A FEHU/EM , (HBEREMEEAL 7. 5-HT,
ZREEDUR (FEbeRIEE . BRI, DISERIB) [H

FEEA a9* nAChR FE LIS M . L ob G b8
PR NEE. KKER) mHEd e ELH
FHIBT 09* nAChR, 7] e 5L HBEMEAHC ™, 240
Tl dh (OB, = WRESALEY) X o9*
nAChR A 90 BE R AW G M, 76 R A A 29
FEPEPCR AR R BRSO 7 teAh, st
A T 38 33 BUFS ML 30 6 09* nACHR '™ ok 3 %
09* nAChR 2 1 H i B 40 6 M 1 XU 384 B0/ it
R

H i & A9 4E F T a9* nAChR (1) a-CTX #4°4
HAEHH], RgIA KB 09* nAChR AYFRHEHLH]
BEREME R HAth nAChR WA 5 1 000 /514 |, {HXF A
VR 3Z AR A ) S AR 1 G R S ot AR AT
(%) RgIA4 % A U5 a9* nAChR {445 5 5 1 0y, LX)
HAbnAChR WA | GABA,SZ{ARFIE Tl il B &
LN, FEACTT 75 T 0 28 B MR AR AR 3
PRS2 AL ReIA4RTAY ™ A AR 42k
I =) AR S A A TRl S B T I A
FEME. Vel B gF A UG RS, H AR AZ 4
FEMBAARN T, GeXIVA J2 75 — F i e # v
09* nAChR FEHTH, I hidd e Hep g ma 36
FE CCURL AL R WA b2t B ™
4.3 Em@AEETHF

5 a7 nAChR #IEE, 09* nAChR [ 1E [t 5144 3]
557 (positive allosteric modulator, PAM) 574
o 22 Je Bl (ryanodine) A 3 5% a9* nAChR X}
ACh Wy mg p; , AW E S EZEENT
ryanodine Z & (RyR), NFHZZBR ™', LKL
(4 E C) B2 EIME — 1 a9* nAChR
PAM, Jm#LAITRIPAM, WJ3E58E ACh i K HL I
AARKAS EC,, s RN J1 2% ™, (GAJE R L-HIR
007730 S G S N = W F ARl 7/ = W /1 7 N I 7
(dehydroascorbic acid, DHA) & D-SHrIk IfiLfig Jo
RRVER . 7EE S SRR A T, BRI AR i 3k
PR IRU R, HME RS PENT AR T AT g 43
JEF X a9* nAChR W IE [ 5 . S5 VE N 25 82
T EAYRHSZBR, PURINER A 09* nAChR £ 1
PAM MY Z5 A LT A TR 50HIE

5 REH5RE

09* nAChR 5 o7 nAChR 4y 3t H. 5 111 5 4L
RS S ERE Y nAChR B L [ o9 3V 3 5 YK B v
LK, BHIF AR O BIZEH A3 | - Fakfl .
WLV . AR SR SR B RS
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INFIR R . IEAER, 1938 T nAChR ff Bh & A0 &
PR BALATUR V3 VR L B R 1 PR &, nAChR K
TR 2P T 1) 155 43 BER S5 H4 B o7 nAChR 4832 1A 1
PG sh S 6 A0 s R AR AR g A AT [0 5 stk
FGEABRAR 09* nAChR [ 45 F- T RESC BRI T &
BE,

TE TN b, o9 AT M IR] R SR A, o]
5 oal0 HAIE I REVE IR TR, H 4%
HA R E USR5 fEYIBE2H, o9* nAChR 1)
TR T M) & B A5 P B B SR AR R 1%
I, R BRI GRS 48UE
2R A S A A R, EE “f—%
. REMfESER" moigeert:, Bikms, 75
HIRBMT, ZZ R EE DL 09010 5 TR IATE
KT Ca¥ WL, FETTIE SK2 3838 5 [ i L
[14) 25 WL 5 - TR 66 S PRSP A 0 B A5 o T B
YA . AR TOE AN R A SRR A 2ot a9*
nAChR NI 3= 2248 Bh AR AL 5 30 6 & 45 22 12 1M 47
AR o PR, 09* nAChR TIfE S5
S 5ME RN R | B . A SRR
R RAE M 2 R S5 2 PP I BEUE AR, (G
HATFZATE 1R TS

UG E S PR, a9* nAChR WIF5E 4584
Tl 22 O . He—, U S50 B L S 4
PUHI R . R4S 09 ECD Bk 5 Z Rl IR R 254
AR IRZER O ARASAT , (K2R = PR = Yk
S5F AN RERAS T I 4 ah 505 BA SR B
S E | ES IO -S4 52T N TN e e 2 212 )
il S 14 3 128 IR PR . ARTR 4 B TR
S 0T ah J S F B, f# AT a9* nAChR
¥ PN AR R E S AR,
WA R AL S D RERE RO R ,, ITER AR
09/010 . Fe A2 1 e X 8 T AR A s e, H
Fofr i 22 S BELASHI R AT ) I K% Ak 09* nAChHR 7 1
b R BUHIRFIE P BARR RIS E, B0
P 5 NI ARTE RS, & RS8N 7 255 07 T AFAE
WL HAPEIRLE A DAY S LR P i
P 2 B R B S A0, B TG 2
R ARA T 0 e 2R A AR E N RS2 A L35 1
FERRAR, MG PR AT 34 S 56 1] s ARG AL R T AN
SEME . HENT LT NI AZ AR I e e AR R R AR
RSP, Ik REfs s ofp g 22 S i BRI 25

BRI, SR SEBIR AT 1)k R S e e r) s 2 i
feo H=, [Fo IR AR T 25850t

FAOMERE . RIS 538 A0 4B —— 45 T Ui
BN | A5 G o 245 K I 5 B RUE 5 1 38 B
B TR RN B, X — TR AR R
oK IR AT DML G BC AR 145 B Tl DI RE 2R
PRINAIA S . BEAb, [ —EAREAN R S A s b
A B I B AR A R A R AN R R 2R
SERUNE, IXBLR AR R PR 1 LAtk
b, IR B Gl A i R Fe AR, DASE
IHBVRE SRS HETRTT o L0, B2 PEIEAS 5K
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ARG 250 B AR AN KRS . N, a9* nAChR
FEPURIE R g P, nl R IR Py BRI
B AL R T RE . EAh, AR 40 09%
nAChR [ D) B8 5 03 1 1 A 8 72 o i AT, inz ie=
RERSRTHA X A [ 2L SUOA S h 32 R D R A 19 A
Yibrid, EOREE-RUSPAL RE
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AR EIREE RS AL . 2K 2 RS F 1 i
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Structure and Function of The a9 Nicotinic Acetylcholine Receptor’
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Abstract Nicotinic acetylcholine receptors (nAChRs) are pentameric ligand-gated ion channels (pLGICs) that
mediate rapid cholinergic synaptic transmission throughout the central and peripheral nervous systems. These
receptors are integral to neuromuscular junction signaling, autonomic regulation, cognitive learning, reward-
related behavior, and neuroplasticity. The nAChR family exhibits remarkable functional diversity through
combinatorial assembly of seventeen identified subunits (al-al0, f1-p4, v, o, and €). Among these, the a9
subunit occupies a distinctive phylogenetic position, exhibiting greater sequence divergence from other neuronal o

subunits and possessing unique biochemical properties that distinguish it from all other family members. a9 can
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form homopentamers and also co-assemble with the a10 subunit to form functional heteropentamers, primarily in
(09),(a10), and (09),(a10), stoichiometries. This dual assembly strategy generates functional heterogeneity, as
distinct subunit compositions confer differential ion permeation, ligand sensitivity, and desensitization kinetics.
The structural determinants governing this stoichiometric variability remain incompletely resolved, representing a
critical gap in our mechanistic understanding. Unlike most other nAChR subtypes, traditional agonists of nAChRs
(such as nicotine) elicit virtually no agonistic effect on 09* nAChRs (a9-containing receptors, including o9
homopentamers and 09010 heteropentamers). This pharmacological divergence reflects structural differences
within the orthosteric site, particularly in regions at complementary subunit interfaces. As cation-selective
channels, 09* nAChRs exhibit high permeability to Ca*. In cochlear outer hair cells, a9010 nAChRs mediate
cholinergic efferent modulation by the medial olivocochlear (MOC) bundle. Acetylcholine-evoked Ca* influx
activates functionally coupled SK2 potassium channels, generating net hyperpolarization that dampens
electromechanical amplification through a tightly constrained signaling microdomain. This Ca*-dependent
excitatory-to-inhibitory conversion exemplifies sophisticated sensory gain control, and its disruption contributes
to noise-induced hearing loss, age-related hearing loss, and tinnitus. Beyond canonical ionotropic signaling, a9*
nAChR engages metabotropic transduction pathways. In macrophages, receptor activation modulates cytokine
production and inflammatory responses. In keratinocytes, it regulates wound healing by modulating cell migration
and differentiation. In dorsal root ganglion sensory neurons, a9* signaling contributes to nociceptive processing
and inflammatory hyperalgesia. This functional pleiotropy, spanning both ionotropic signaling and metabotropic
transduction, positions 09* nAChR as an exemplary model for investigating signal polymorphism within the
pLGIC superfamily. Pathophysiologically, a9* nAChR dysfunction is implicated across multiple organ systems.
In the auditory system, disruption of a9al10 nAChR-mediated MOC efferent feedback impairs cochlear gain
control, predisposing to noise-induced synaptopathy and age-related hearing loss. In immune cells, dysfunctional
a9* nAChR signaling disrupts cholinergic anti-inflammatory pathway activity, exacerbating pro-inflammatory
responses. In the peripheral sensory system, aberrant 09* nAChR signaling has been implicated in neuropathic
and inflammatory pain states. In skin, impaired receptor function compromises keratinocyte migration and re-
epithelialization through disrupted signaling pathways, leading to chronic wound healing defects and
inflammation. These pathophysiological associations have catalyzed pharmacological interest, yielding promising
chemical entities including o-conotoxins, small-molecule antagonists/agonists, and allosteric modulators.
a-Conotoxin peptides, in particular, demonstrate remarkable subunit selectivity and potent antinociceptive effects
in preclinical pain models. However, therapeutic translation faces substantial challenges: the broad tissue
distribution of a9* nAChR risks on-target adverse effects in non-target organs; pronounced species differences
between rodent and human receptors complicate preclinical validation; and the complexity of ionotropic-
metabotropic signaling crosstalk demands pharmacological strategies that extend beyond conventional orthosteric
agonism or antagonism. Looking forward, integrating cryo-electron microscopy of full-length receptors in distinct
conformational states with single-channel electrophysiology and systems-level circuit analysis promises to
illuminate the molecular mechanisms governing a9* nAChR function and regulation. The development of signal
pathway-biased ligands and tissue-selective delivery strategies may ultimately harness the therapeutic potential of
this receptor while mitigating safety liabilities. As a paradigm for understanding pLGIC signaling diversification,
a9* nAChR research will continue to inform broader questions regarding ion channel evolution, allosteric

regulation, and pathophysiological mechanisms of chronic pain and autoimmune inflammatory diseases.
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peptide, drug target
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