Reviews and Monographs ERud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12026,53(9):2378~2391

www.pibb.ac.cn

o7 MR EY 2 B AR fE S 4 -
MEEHHLHI BIZ5 455 L"

Xk Y BT E4dg? Mo MYT R I
(V Jbmt AR B, dbat 1022005 2 EZEME B WERIR H, K 450001)

WE o7 WA ZBEAEEZ AR (a7 nicotinic acetylcholine receptor, a7 nAChR) J&—Fp ELAA = Ca® il iB P | DLt Al s
JBBBCRAIE A BCAR T B Il , |22 SE Aty | S fE s ST | M RIBREETT R SN, e 2R
FEHBEE A RAEMEDR ISR T HE A . AR, VR SFBOR 1Y A& R HES) T4 o7 nAChR [THERR | BRI FIAEF i
AL AERT, ST %2 AR A 25 B HR AR R 25 A S al . HHT, B0 o7 nAChR (25 W & B4 vh T IE A S 77
(orthosteric agonists), 1EASHJ AT (positive allosteric modulators, PAMs) LN 35 H B2 A8 F 380G 5 728/ I8 49 VE i A8 4
WshH| (allosteric agonist-positive allosteric modulators, ago-PAMs). H:, TEMEshFERFIFRIG RIS o7 nAChR Bt
RS, (B SZ ORI B PR B A R 245 97 ke e A 2 55 R R AT BRI L I PR %K . PAMEs il ago-PAMSs 3 i3 48 14 4 75 mg 28
PO XS SZAR D BE A TR AR 4%, s WAL PR | S S2 KBl ) % Rk R 25 e R AR A TR ] o A SCIEI B8 o7
nAChR [WESHFRFIE . A FITNRE | P 0CHE S 2 Ao i SR E AT 4508, RGUMILIHIER IR . PAMs Fl ago-PAMs [W4E
Fim SR, FFHEHEI o7 nAChR 254l PREE AL IH ik 1 Pk 5 AR 255t Iy 1wl

KR MR ZEEIZ AR, o7 nACHR, BShR], ALHIRTH, AR
HESES R96, Q42 DOI: 10.3724/j.pibb.2026.0320 CSTR: 32369.14.pibb.20260320

JR B8 25 2 Bk RE B 5Z 4K (nicotinic acetylcholine ThRE A B 25 BARIE , LS Cat I B B B
receptors, nAChRs) | iZ ik T2 R 4 i i (Ca/Na'if 355 % 1 2 - 15~20 %0 ) DI f 27
ZICA KR TR e, WA TRE g 09 bl T R RS 2. B T R o 2
UM L RANN . AN AR SN AR A O0AT  pk 7 WOkt T 5 2 W AL 4 5 B R B A
JiL 1. nAChRs PRH 2 (0 2H 435 A S AE A R (a7B2) 151 TSI TR B, o7 nAChR #748
S PR AR LA R, B R BT 98 o7 1A
SPTITIAL G725 O I 07 nACHR () FIIIRE | 9%

TETRCHHZE R IET . adP2 nACRRRIREN v 0 1 s o piome e (0 5.4 S8 0 VR
B T A G PR B 2 X 5 B W2 e KR R A

ety BB, RIS T : s
iﬁi{;ﬁi 3"IJx\jllaini;;ke.amﬂbiQ f;oﬂg EE g{ iﬂ ] i 25 SZARLERAFFEAT VB RE | A TR AL R AR L

e e
S W R RN 25 5 B e oy o o 2O A A 2 i, 2 A5

57 ¥ a7 nAChR By IR PN 2 ik K SEAL IR T 0dP2 o+ dbsi: eRHE BRI 46 AA I (2025100CC0030) , T 44
nAChR, JF"Z 0 A TG LA ocg w4 % & (242300420447) A0 PLIL H - (2024501QPICOS,
M VRS SHANGIE, SR ST 2 TR s

23 [9-10] 3 Bk e U . . . sk JHT ANo

ﬁ ' ﬁﬁﬂﬁw He *IL)(@E% (Chf)llnerglc antt B Tel: 010-50853067, E-mail: chenhuan@blsa.com.cn
inflammatory pathway, CAP) i % f & % F 1% 1 Tel: 010-50853099, E-mail: qsfctc@]63.com

A B a7 nAChR HA X5 HiAth nAChR V.U W F 07 2026-06-11, 357 111 2026-08-28

(cryo-electron microscopy, cryo-EM) £ R IK K




2026; 53 (9

XFHE, % o7TEREZEMAEREZE: NEBILHRIZ5HEL

2379
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Fig. 1 Schematic of the a7 nAChR gating cycle, subunit domain organization, and orthosteric binding sites
E1l o7 nAChREIIIZMEIS. TEEMSHEBSEMESMa~ER
(a) o7 nAChRYEFFEZ . WIHAFBLEES Z MR & . EMEEER CGEEKER) 26R1HSREFR, 5IRMEFHNR, Xca
HRBEE; e Z A AR RS BEE EAEEhRIfmE, ZUEHMREESIRE EHES, B mEEyCcH, wE
X JE SR A B BE S o (b) o7 W IRZE AU R B Kl . ECDZY 5200 & LRk %L, Hih Cys-loopZ 5 ECD S5 TMD 2 [8] B 1] 5 #lEK ;
TMD M I~M4E5 2 HELE Y, M2BZHEN T3 F i fLE At ICDEEN M3 S5MAZ 0], A& 148 EIREIRRKRE, B 5256z . &
KM SR PV, (¢) o7 nAChRIEMIZE A7 AR K . O = MIE R (R B0 MR ARABa7 ALY £ (+) M AR (<), O
BRIRFRGE & TIZALS W IEAE BN o 5 a7 WL A MR e L W] T B s 5 S AL, AChZE G (A0S0 TARABEBE P, i (+) 19
Loops A~NC5 T M () [YLoops D~FAL[FE# M. o7 nAChR: o7 MHBEZE £ FEALGLAZ /& (o7 nicotinic acetylcholine receptor); ECD: Mifh4h
H4 15, (extracellular domain) ; TMD: ¥ I%5#5, (transmembrane domain) ; ICD: N 454491 (intracellular domain) ; ACh: < &k HH B

(acetylcholine) .
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1.2 o7 nAChRHIE R ZES
1.2.1 IEMEOE

TERE I BN R 3 A A R A AL LR A2 A
o7 nAChR IERY 25557 5547 F AR~ 3L 19 ECD
S, hEm (+) SEAME (-) SR >
(B 1c) o 1 A4S O FH — 4 3 BE R ST 0 5 Ak
R, AHEE (+) M YIS, WI171, Y210 fi
Y217, PLK (=) T W77, JE R LR ) 55

G B XA TS I AE A A nAChRs F 1 5T
RERS BN R E A B h A B BH 5 7Sk 3, Hlad 55
Fr IR S L 2 5 AR I H g P B R B S
T-n M EAE AR E KRGS, MEZ T, o7 ik
PEVER BLAE AL 5 9 1 B 0 Sk 1A A % 55 8 41 I
(=) TH H ARy Jmy F MO 58 22 5 . LAEVP-6124
i, HRFRI AT M FE A BT {1 5 e Al A —
AHEEKR 4, Hrp (=) T S56 F1Q79FEA
[f] nAChRs WA HURRSF 2, ZafBlib, Epibatidine
FRIRT S Bk BB 6] loop C b RS AN R, i
4k loop B LR 2, M REELH XT a7 SZ 1R 1
VEFEME . X F N IEE ACh, B H BF5E 34 o7/
AChBP i} & iR 251 ), (A5 = ACh 54K



2026; 53 (9

XFHE, % o7TEREZEMAEREZE: NEBILHRIZ5HEL

+2381:

o7 nAChR & &) 0 ELHE LS B E4R o
1.2.2 7RI 5 0%

o7 nAChR (4 PR B8 SRR 1 T 1E A4 3 30 3510 1
ZE25R0 . L2, PAMs A 3 3o 14 K F i i i
SELERMNA, BRSO SRS, O s
I B ) S AR S 252 ARl LR N 1Y) 2
5, PAMs EE/ N TRIFIIAL B —HHEEATE
o7 TMD fEJE[E] . 17855 1178 PAMSs (285540 1 34
S, (HXZIRIEER R4 . TR PAMs £
BRESR AL, XEGE RSN, AR SRR e TEN
s B TR PAMs 5 M2 IR fi B 42, FE R
FEL L B4 R R A K TP A FR st 1] | DRk, mlKs
ZHEE T TG SR ey hEs =, 51
RUAHLL, 11 PAMSs 2545 )5 i M2 32 €Y L9 K fff i
DX 35 1) I TG o 2 2 X 43 T AU TT 28 PAMs 1)
BREUEE, R PAMs ARG PE (R S 1)
SEah o ARR R AT AR HAR SR sl R LR AE T
A ] R SE M A Y A7 a5, DA Y iR I ARk PR
P el SHAE R EE, o7 SRR PAMs 255100
SRR N M S AR . S5M i R
MY, N213. M253. A27528E o7 PAMs EFAY
3AEE AR, Hir M253 Fil A275 75 HAh 7 480 b gk
IR R (1) 5 A R ARSI G >

ago-PAMs 45 & IEA 7 A LAAM Y ZAB R 067 1, B
A6 EAEI0S o7 nAChR,, tHEETE ACh A7 AER E— 4
SR AZ IR HL . GAT107 42 H AT B8 S A B o7
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[Al-F (tumor necrosis factor, TNF) Bl & &7
2 BRI S T, o7 nAChR 2 5 X E
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a7 nAChR 4 5 1 {5 5 e 5 FB% 5% 3005 N 1 3
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-, SR E R AR AR EAE T, 25 AR
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KA AR, /MBI o7 nAChR AJ
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Table 1 «7 nAChR and related diseases
%1 o7 nAChR5H% &R

BIRIRZS a7 ] REITE S o7 R 25 I W B SORES
Fi/RGHEERD S H5ABHEL; AT MK-1167 (PAM) 1] (R 1l; NCT06721156)
(Alzheimer’s  Fi# (4950 EVP-6124 (PA) Y (EARHEZ& 1L NCT01969123/NCT01969136)

disease) ABT-126 (PA)
RG3487 (PA)

54y 240 Z 5 @&t 1R FI T RE R GTS-21 (PA)
(schizophrenia) 7% [55% TC-5619 (FA)

EVP-6124 (PA)

ABT-126 (PA)
QA I N PR

(post-traumatic

2 5 BARH B AN A7 % -1
Loy AR [ 1)
stress disorder)
MAZFEIBAE (social HUFEEIER [V
anxiety disorder)
(ESEREST ]

(chronic pain)

] 28 95 R - B oS! NSS-9 (SA)

QND8 (AG)

BNC-210 (NAMD

BNC-210 (NAM)
VQW-765 (PA)

I GAATE R s B2, NCT01527916/NCT01549834)
I GARITE R s B2, NCT00884507)

I GG R 3 23 Bo57); NCT00100165/NCT01400477)
Y (IE 3772 85 NCT01488929)
I CRik 3:FL A ), NCT01714661/NCT01716975)
I GAMITE 52 535 (00, NCT01655680/NCT01678755)

b Gk [ NCT04951076)

A CRIBFEL 1 NCT06510504)
4 G477 NCT07221578)
PR BT (ot PORR R 1)
R RT (JtEre s 17

FA: 4#%sh7) (full agonist); PA: F43#4zh7#| (partial agonist); AG:

#ah7) (agonist); SA: TIERILBhH| (silent agonist); PAM: IEAF

FIEA7 (positive allosteric modulator) ; NAM: fiASfJE 757 (negative allosteric modulator) .

FE TR 19 BRARFIE A 07 nAChR 7R 48
PE 2 AP R RO I FEAE T, B ] o7
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S FALE YR AR IRIFSE . SR, Y24 it JCHE 1)
o7 nAChR 2G4 I3t b, X 532k [ 5 4%
PE. ITRGRE T . BB R R R s i B A A
ZH X, B4, o7 nAChRIMZN G P G, S5
BNFIME A=A R . R I IhRERON 2. HaR,
B2 ) I RS S AR R BLIm R h i = £
FEME . TC-5619 FHANFFE 7R 1T GGERS i 70 SLAE A
1Ty R B AR B bR o, (AR S — T A 477
i 3 1 LA G R s & 3k 25 5 EVP-6124
FERG #3240 THABFSE i s AR5 5, 0
LI A B TR 50 24 A 38 BA N 5 Dy g 2k [R] 32
BIZGN N FRIR, BRE I IRRAE S A2 AR AT F
FEEMEZE S, nTREFE YN B A —3, ABT-
126 FIAIF I AL AE AR IR IR 835 21 UL 2 Al U

55 1, 2L b I8 KRR A% WAL TP S &R 1t
GEIL O, PR AURIE TR S A JEAS 2 AT R
tn N I E, Im R 2 s 3 5652 Y7 80 PR .
GTS-21 I 75 kb 7% PSO BBE ] 4 A0 Ty BE i
a6 153 i I 2 LB AR 3% MATRICS TA A1 25
Zni, HAEBPERERVE 43 vh oR — s B, 4
ISR 5 B B I 2 T 30U 5 ke o

3 o7 nAChRIJZHIE

3.1 EFMEEAEENF

FATHE T 1T 10 AFBFSE e WL TE A4 S 3l 77
(FE2)o kL NrF IR B T 2 M8 S50 2 I AL ek
FHR P SCEE R FHES bl AN SO | ZERE
B4 T 2R SR AU ACh Y 22 1 2 i 45 1 R AR i )
MM . RIS, BT 5 | AT A sy Bk
FrBe, JFEnE e | bk R A 1T SR
a7 Z55 DARIAR EAR I, DT i A e P
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Fig. 2 Orthosteric agonists and silent agonists of 7 nAChR
E2 o7 nAChREJIEMBBHF FIi BB Bh
0 FRARAE T o ZITER S ) SRR ARG, 4% (R RAES A T ARIE 1) o7 nAChRIEA BN SBR[ P L0 AFRTE IR IER

AR T SR TR T, W OAREFROR 2 A,

TC-5619 J& a7 nAChR % £ 7 2 sh 7 (K=
1 nmol/L), It H A nAChRs 7.7 % 5-3% 2, )tz 3 7l
(5-hydroxytryptamine type 3, 5-HT3) sZ{& . Bl
ZARBIVE AL 1558 1 000~10 000 135 7, 7E 552
g, TC-5619 AT ARG ARNN, 774229 40% 1 o7
BT AR T IEIR L, TC-5619 8 3E AKE #1143
SERET7 0] 9 TR RAFSY 8, (RS ek retfeit .

EVP-6124 (Encenicline) #& a7 nAChR #5431
B (e RO OV AR T2 sh 7)) o 7R,
0.3~1 nmol/L EVP-6124 1] i} 3 358 ACh 5 311 o7
HLE R M ', EVP-6124 /& o7 nAChR 254 hilfs IR
e xR Z —, W i A AN BT T3 i
PRI, (M atE (RRZGERNG) FyraL
RGO ZL0E ) [A]AZ R

AQWO51 (VQW-765) 5k ) a7 W4 HEL It 24 Ry
ACh 1) 75%, J& o7 nAChR #4r ik zh 50, ot HAth
nAChRs Y. 1 F1 5-HT3 37 14 i 1€ £ 1 >100 £ 7',
AQWOS 1 Fe W] H THG i 43 S0 RN I 2 Vg SR A DG
INATEERS , (HRBRIE BRI 2L ™, 24N
VQW-765, Tk 2 R JEAHOCE B E Y, H T
IE T B A R M E E IR R BF 5
(NCT07221578) .

GTS-21 (DMXB-A) J& 15 A WA 14 £i1 4= 91
J& T o7 nAChR fif [m] V&R 40 B sl 0 7. pFgE I,

GTS-21 WP R . Praafb . ProdT-/E iz 5
05 75 IR b, GTS-21 88 3k A AKBFSE,
FERG P53 40 J7 0] S H AR D RLERSE | e
5 AR HE IR R AL

PNU-282987 /& (= 1 £ ¥ a7 nAChR 3 3 7
(K=26 nmol/L) , X JJLPA) AU A1t 22 5 % nAChRs 1E
RS (IC,>60 pmol/L) "', Z A& ¥y it JC W
R RE, Bt EEZMERN THMN S TFHT
o7 nAChR HLHIBFFE .

QND8 &I AR 1 1L #EE o7 nAChR 357
FE/NBRAAE MR, QNDS8 ] i HAvi i ik
TEORIMLAR e b i, D 2 K, ELXT A2 Sl Dl
— AT R ITCHI R . AL EWEN o7 nAChR
) BRI e 25 P A s — D F S el 7

BRICRIEFEL RIS, a7 nAChR AT 1E—K
DU B, WINS6740, %KL WA ST
W2, BT S A2 R 3 s, AT A
PAM PNU-120596 J5, RIS #AFHETRN, #R
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Abstract The a7 nicotinic acetylcholine receptor (a7 nAChR) is a ligand-gated ion channel characterized by
high Ca* permeability, rapid activation, and rapid desensitization. It is widely expressed in the nervous system
and various non-neuronal cell types. a7 nAChR is involved in regulating neuronal excitability, synaptic
transmission and plasticity, cognitive function, and inflammatory responses. These properties have made o7

nAChR a potential therapeutic target for neuropsychiatric and inflammatory diseases. In recent years, advances in
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cryo-electron microscopy have provided structural insights into a7 nAChR gating, ligand recognition, allosteric
modulation, and allosteric activation. The receptor mainly undergoes transitions among resting, open, and
desensitized states. Recent structural studies have further revealed asymmetric conformational changes and
multiple intermediate states during receptor activation and recovery from desensitization. Conformational
rearrangements in the extracellular domain-transmembrane domain coupling region and the pore-forming M2
helices are closely associated with channel opening and desensitization. However, structural characterization of
the o7 nAChR gating cycle still largely depends on pharmacological stabilization. Open-state structures have been
resolved in the presence of PNU-120596 or GAT107, whereas a high-resolution structure of the open state
induced by acetylcholine alone remains to be determined. These physiological roles underpin the involvement of
o7 nAChR in multiple disease processes. In the hippocampus, a7 nAChR regulates local neuronal circuits, theta
oscillations, synaptic transmission, and synaptic plasticity, thereby contributing to learning, memory, attention,
and other cognitive processes. In macrophages, microglia, and other immune-related cells, a7 nAChR activation
regulates inflammatory responses and oxidative stress. These effects involve several signaling pathways,
including Janus kinase 2 (JAK2)/STAT3, phosphoinositide 3-kinase (PI3K)/AKT, and NF-kB signaling, as well as
regulation of the NLRP3 inflammasome and IL-1B production. Such anti-inflammatory effects may also
contribute to a7 nAChR-mediated neuroprotection. Although several compounds targeting o7 nAChR have
entered clinical studies, no a7 nAChR-selective drug has been approved for clinical use. Limited clinical
translation may be related to rapid receptor desensitization, inconsistent efficacy across clinical studies,
insufficient or variable target engagement, patient heterogeneity, and clinical endpoint selection. TC-5619 showed
promising effects on cognitive impairment and negative symptoms in an early exploratory study of schizophrenia,
but these effects were not confirmed in a subsequent, larger phase II trial. Encenicline (EVP-6124) also showed
cognitive improvement in early studies, whereas two global phase III trials in schizophrenia failed to meet their
co-primary cognitive and functional endpoints. Pharmacological strategies targeting a7 nAChR have expanded
from orthosteric agonists to positive allosteric modulators (PAMs) and allosteric agonist-positive allosteric
modulators (ago-PAMs). Orthosteric agonists directly activate the receptor by binding to the orthosteric site, but
their effects are limited by rapid receptor desensitization. Type I PAMs mainly enhance agonist-evoked responses
with relatively small effects on desensitization, whereas type Il PAMs markedly potentiate receptor responses and
reduce or delay desensitization. Ago-PAMs such as GAT107 can directly activate a7 nAChR through an allosteric
mechanism while also potentiating responses to orthosteric agonists. Together, these findings have broadened the
pharmacological approaches to a7 nAChR regulation. In summary, future drug development should focus on
precise regulation of a7 nAChR according to receptor structure and disease mechanisms, rather than simply
enhancing receptor activation. Further studies are needed to clarify how candidate ligands affect receptor gating,
conformational transitions, recovery from desensitization, and downstream signaling. Pharmacological differences
between neuronal and non-neuronal a7 nAChRs, between homomeric a7 and heteromeric a7B2 receptors, and
between a7 nAChR and other nAChR subtypes also require further investigation. Integrating structure prediction,
artificial intelligence-assisted virtual screening, molecular docking, molecular dynamics simulations, and

electrophysiological validation may facilitate the discovery and optimization of new a7 nAChR modulators.
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