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W E . P2X3 ZARE ATP A SRR T AR B PE B B i, |2 /A T = X4 (trigeminal nerve,
TN) 5 ALY (dorsal root ganglia, DRG) &8 B #1122 70,  FFEAERZ WSS % R S BE T o I Aok,
P2X3 SZARAE Jy i vE PEIS %K (refractory chronic cough, RCC) HiAS B JE K] A 184 1% Wi (unexplained chronic
cough, UCC) M E EH S 512 T ) V2 Rk VE. £ 3K P2X3 2 HH S0 7 2l i & JF it N IR Rk Es, Hk
Gefapixant CL7E H AP ETiT. ANSCERIR P2X3 SZARKIGE M) S5 ThRE . AHOREEIZ 245V 1) foof i Jg S FL T 1458 3
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P2X3 receptor and chronic cough: mechanisms and emerging therapies

CUI Bin, YU Ye*
(School of Basic Medicine and Clinical Pharmacy, China Pharmaceutical University, Nanjing 211198, China)

Abstract: Chronic cough, particularly refractory and unexplained variants, remains a significant clinical challenge.
The P2X3 receptor, an ATP-gated non-selective cation channel highly expressed in sensory neurons of the
trigeminal nerve (TN) and dorsal root ganglia (DRG), plays a key role in regulating the cough reflex. Increasing
evidence has positioned the P2X3 receptor as a critical target for antitussive therapy. In recent years, substantial
progress has been made in the development of P2X3 receptor antagonists, culminating in the approval of Gefapixant
in Japan and Europe. This review explores the intricate relationship between P2X3 receptor function and chronic
cough pathophysiology, while also highlighting advancements in receptor-targeted drug development, ultimately
paving the way for more effective and safer therapeutic interventions.
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TAE R L REIR Mo B8 g ) F LI
AT EMIZW 5097 /5, RRemmoRS 2, H
I RIHAEAE, ML VPAS e VR PEIS M nZ I (refractory
chronic cough, RCC) B{A~BH J5 K] (112 14: 12 1 (unexplained
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P2X3SZARTENSPERZ I TT Hh AT FH 5 2599007 3t g 1323

JEE S A, SRS B K 2 AR T T 7
L2 CHEN IR IR IR I B O 4 7EE 4 E
1 Ble P2X3 2484 J9ih 97 UCC AT RCC R3804,
A BT IT R 77, B[R] HE A [ 24 4 o A7 76 0k
WA EIE . A SCLRIR T P2X3 R AR 45 #.
AL AR BB IhRE,  FE VRGN AR TE IR PRI B
BN ASFH B 1] P2X3 2RI 259 S A F R B,
NER P2X3 BB R SIRRIGIT 5%

1 P2X3Z R 511 HLH

1.1 P2X3%{KZE#

P2X S22 = JRARFECAR 141838 , #% ATP 30,
FUVF Na's K' I Ca® Z5PH B Fdid . %5 AT LAy
75N P2X1~P2X7 LN A, Hop AL A YR = R Ak
Mg =AM, BNTERE “EHRR” 1
Z, ATCAZ A IX . A X DL R 5 I T X = A
#54y ¥, N3& P2X3 (human P2X3, hP2X3) & (A i
IRGER) T 2016 FF4E 1 Ao, RS A 5 5
WEBELH R, B ARER T R A Ml A I S B T
FEM AL . SACRE P2X3 MIEE A B — R
K20 PR 1S5 7K P 25 R 38 DL K 6 A 125 TS i AT 24 i
Py A o P MR A5 A 4 M 3 TE 55 B P2X3 I AR 1
T IALE, BT LUK 73 Sk (head) /o fiE (left
flipper, LF). 5 fi& (right flipper, RF). 7 f& (dorsal
fin, DF). & {& F # (lower body, LB) 1l & 1& F #f
(upper body, UB) &% [X 32 "', 7F P2X3 2 &k ) fLi&
Mg R, T330 fE NSRRI E 2 —, 5@
EHE T 1B E . EFFBCIRASK, fEERERT “ 4/
JRME 45K, HFaE P2X3 JHIE f IO 2 0] 58k s
5 P2X4 ZARA A S5/ AH L, hP2X3 2R IA Bk
PEME UL R B TR 25 A0k, 3 PSS 5 HE S AL,
P2X3 1 P2X4 (1) LF 45 1) 45 [m] €1 3 V. 2 1¥) LB-DF
SiEUR I8 ), IXHRIR LF 45 3I87E ATP 45 & i
fiE B AT e e L T TR O E E AT B 2 pax3 7
M TFTBCIRAS L 8 2 i BOIRAS I, “ AL siig &5
PRI 2, TM2 Wi, o B 3, MR HER AR,
FLIE RO Wi b A P
1.2 P2X3ZKRFET 511 HLE

P2X3 SZARNE NI ATP | T30 18 5 e R i
5 ATP 45468 /1Mo, b P2X7 5244w 10° %0 L,
TR R RS I r B P= E g sy MY, Bk
) i S IsF ) £ T 977 6 s N v R A AR . AE
AFIAMES, P2X3 2R EH ATP SRR Ca™
5 Mg”" 4GNS . P2X3 21k 5 ATP (45410

AL T =A AR 22 B 5w M. PRX IBIE &R
TEBOE IS, ATP 23 {23 DF 5 Head 45 #4382 8] )
28545/, 5 S8 DF 45k FiZ5), Head
SERIIR R N85, LF S5k (R AR DF 2544
WOk AR FIEsh 5, XA S E P2X ZAREE,
FLIEFF B @R X S ARATHVES B T P2X 2
AT 2R DAAS [7 3 26 F ) BB e S A 2 7, o
UM E " AR e T B AR R T, i
ATP {7249 [ERE A 0% P2X3 524K, TNP-ATP o] &
FEMHEIER PR D,

2 P2X3ZREIINRES T

ATP B S SrF, 1E4Ufuif. IR0 %A%
N EE AU LA B AL 22 T, 2 1S R A B A URE
B BIR PR S . EIEH A& T, 415
S ATP IR, 24 5O R AR, 4R 4h ATP
KPSz U, ATP @it 55 20 W ek H 43 WA i)
7 AE T 4R BE 11 P2X 524K, M5 & N
JEEE T RIRINL s BRILZ A6, IEH R E 3
A LAG| R ATP FIREBGH TS P2X A2 44 1721,

P2X3 ZARVE N ATP [ JHEFHE TiRIES 5 A
R Z MR A BRI RE, T AE SRR M) P2X3 AR T
ReVERT S0 WY 2 . P2X3 2 ARAE Sk B8 R 4
T B EEER P BRI A, T R ADEAR
R B IR S P2X3 IR PIFEKR, S
5N E YRR Z 46, P2X3 ZAkIE 2 5 B
A [18-19]

W% WK A 2B FH AL 22 BBURK IR C 2 48 R0 LR BBUER 1)
AS ZHYEFT A, W R P Tl IE R R, o
I 52 AR A A RIS 1 (transient receptor potential
vanilloid 1, TRPV1). [ I 52 4% i o7 7 55 % 1 7Y 4
(transient receptor potential vanilloid 4, TRPV4). [i#
B 52 A A B B TP 1 (transient receptor potential
ankyrin 1, TRPA1). [B# I 52 4 Hy £o7 48 8 2 W7 A 8
(transient receptor potential melastatin 8, TRPMS8) LA
Je P2X3 FI P2X2/3 SR A% P (B 2 VIR T
P2X3 %445 TRPV1. TRPA1 Z5@iE M FVER ).
Horr, P2X3 ZARE N AE SR R 23R
1K, R FEWOA R E D R ER . RS
REWNT, SRR ML RF K. H LUK L RIE
HAAER AR FERIEH L RIE ) R A
Y 32 451, ATP 7KV Tt iy, HAS 5488 P2X3 2461301,
WOg 2k, SIERRER T HIRTH, AIEM AR K
A B, FEAEBE AL, NI R AR SR IR
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P2X3ZAATPRE GRS (AERE) P2X3ZAATPE SRS (FEURE)

“mHESMER X 45
SRR XiE

HRMEBXAE e
3 = B E

HATPEP2X3ZAG G, WGSBS, AN, FIEAE A S5 [T — RO B2, & T
BOBIEITH, SCBLE T HIES A Z .

HREAARX

Bl P2X3Z 4K NN R EE

Aoy
/ TRPV4

< EKEMZ

P2X35ZAR 5 TRPV. TRPA 1S58 1 75 0% W s A B P R A3 Ve o 25 b SRR 1A me ) 5 vy LA S B0 1 s 4 . 2473 4
i 55 368 3 AT PR JECHER 5 1 R 4 R A5 518 16 28 ARTE IR TE A 2 R IR S A 42 T S HAH DGR 2 1T . P2X3 2 AN ATP | 145 B Rk 4%
PERH RS T, S 51 R A TS T R, SEE O LRI R S E AL, PR AR B . FAh B T IE (i
TRPV1. TRPAL. TRPV4., TRPMSB%) U # RAES T, WIBAERE . WATEE. 1041 IR 3R E2 B A1 RO s Ak 2% Bl B RINEORO
DRBCRPHAE S . REEEE S TR E NS A EES, IEREMAEEBIZ I, FHill—DEE R R Rma 25,
VAT S S

E2 P2X3K HithSNEHERGZ RS ERM AL REE
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i SN R A P — TR RIS, 7E ATP (%
RN 52 B, AU S B A e i S8 P IR T
T SERE 2 A, i ELZE R (i RS2 1
AL 52 2 L E RAE M. BEFLR B, P2X3
SEARRN P2X2 SEARAE U 17 0% WA 5% A 22 £ 4 vh 1
ARIE. WAh, P2X3 AR HUI REW ] ATP Xt
M RS, RIBEAS ATP 5 P2X3 /4
M4, 16 P2X3 ZARALTIFBORES, W LUK
R IR AN, R % 508 18 M I R A 3 14 2 3 ot
B, JFRERRIRZ IO 2T,

P2X3 RS 5 AR N R A, fE AR
B Ao 2N I s v e AR LR, R R K
O R EZ —, Kk P2X3 2404 ok & BN 8%
BRI E . SESEZAY AR,
P2X3 SZAR [ 254 1 EAE T I B SNE 2 R 4t
BE M58 S X AP 2 251071 R AN R 25 SN o

3 P2X3Z RN A Im R I8 1 %A T Y
Rt

7E B 1) P2X3 52 R (0 #0177 L F IR T AR
(Gefapixant, AF-219) £ 4if¥7 RCC 8¢ UCC 1)1 7K
R P2X3 ZARFE PN, O e = I RS,
FAE H AR RRI L _E 7 P52, (Hl TRk A
PR, Gefapixant 7£ 3¢ [E f) b 77 H1 i 8 2156 1 & 5 24
/& H 5 (food and drug administration, FDA) [ [
s, —LLFEAT T R I S (I PR EHNHIF) Sivopixant
(S-600918)~ Eliapixant (BAY 1817080) 1 Camlipixant
(BLU-5937) 1EAbF AN B BE P, Hrp Sivopixant
A1 Camlipixant H § 45 7E HERE I R 1056, &2 m) P2X3
SRR B MRS BUFR SN BT RCC 8 UCC 5
WHRIH .

3.1 Gefapixant (AF-219)

Gefapixant {E 4 5 — 3K b 17 1 P2X3 SZ A 4]
I, 55 R 24 T o BT ARRER 7 ) T R 1 e S
YA, HFEMEHTHMEME RS, mAZH
P R, it RG22, B0 < G
P2 TR P2X3 24K, PR A TR e 22 SR Y sk oo B ol
Sy P, Gefapixant 7£ I K56 d B A =
AR ) A= ) B A R FeAth e 298 77, (BB E IRA
Gefapixant JG 2 KA R R M. 7ESGRTHFFH,
P2X3 3 [H R bk /N SR BT R R AS P A — T
AR IR R, T 600 mg &, fEH 2K H
MRZ5VJE, AR WO 2R K P BRI, R DRIz
1M 52 5600 R AR 36 TR A9 Bl ek, B2, JLTPRTE &

HHEBHIL T R EAS . X 3R 0 R R mARAE S8
PERZ I AT R, BN RN e, Hid
I E W] e REUT LS NS 5 5 2 1k
SRERE k. TERE S MAREE SR T & TG n 0 Ak
iR JT 1, M\ 7.5 mg (1 FHEF] 50 mg 1 &,
HMRHAPK, KL 50 mg (I EIET] 7 bR IE,
JEER DL 45 mg (R R BT Y,
T = I R e, SRR 5 2000 R B BE (2 A
BN, PRFER 59 %), BHMIRKRA 45 mg
FIEJE, MM 2 K. AR RN T 8
AR EARAR AR IR TN, (H 3 BT A& SR B T
WhrdE P 7F Gefapixant WG AR T, #032
B L TR B A DG R R A (32 B R IR
BUREH ), Hid 16%-20% g BRI 3R 22115 1E Rk
2y 15245 2 BB E R ThRE T /E 2~4 B HATIR
2, AHZA KRS L5 BRI TR A 22055,

Gefapixant 5 2R T 2022 5= 78 H Ak ik - 77,
R 3% B FDA X [0 H 3 2 Hi i (NDA), FZRIT R
UEPE A F 22 4 ) P, Gefapixant K% P2X2/3
S AR AR IR B M H] (150 ¢ P2X3 [H 6 = Rk
), SFEGIEKBVER RS, BOZAYIEIR
T B E E A B, &%) Gefapixant (1252 5
St R EE L,

3.2 Sivopixant (S-600918)

EExE B R ROE TR P2X3 SRR S BULAI
TR — BT H, HA Sivopixant X P2X3 57 {4
] SR A4 () 3% 4 1 BH 2 5 T Gefapixant, /237 2L 111G
PRIEYIT RCC 5% UCC il iz — %, Hout T
P2X3 SZAREE RN IR AU 4.2 nmol/L, T
X P2X2/3 52 A P 2= 0 ) vk 5 3 o= T P2X3 32
1A, TE BB SR ) B0, H AR — S ARG
Ak F Sivopixant fJ#8 43 B ARG TR BEA KRV

E—T AR RS H, S5 T 20~75 21
31 BN, Hh it b 65%, FHIFEHA
50.0+14.6 %, 1KE N 62.6+13.9 kg. # HEFEHL
ATF 2 ANMRIGE A B, WA GIT M
FN. A BRI AEYRTT I M RHL IR Sivopixant [
R, BRE EOR—X, FIEHN 150 mg, ILEFLE
PR, T B AR B 2 7 s R D) AR P e R B 2
Ja A 2~3 B . Bl S HEN 2 B IR IT BN,
70 UE A TR) A S50 2H iR 2 B 7], Bk B 4 il A
Sivopixant, £ G 34T — FIIBE DT . 7RI AR,
HT AR EEP@BYE, 58T 304
B B IR RIS E R . 45 R M W7, Sivopixant
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IR F BRAR T Rl e . o | B AT, R
W PERG R AR, AN A4 B L TR R R
RN 5 — 0 = I PR ARG 4 5 T AR A
18~80 % 1] 406 44 &3, Forh 390 44 B e 1 I
RS B WERENLFI R 4 A, B H—RIRA
Sivopixant 5{Z2/& 71, Sivopixant FJ7E 4524 50 mg.
150 mg 5% 300 mg, #7424 & . fEARA 5e 5 — K g
X AT A 2 A BE YT o ZIm RIS A5 R R,
5z B ML, R R Sivopixant 7E 24 /N
WO IR o gt E S, HERDH
ee AR A 6 1 7 AR P R . 5 50 mg R4
DA 150 mg FIFZAHLL, 300 mg (¥ AR FH 77 &6 2
P A ARV R R GE RN IR M IR RIS
o, Sivopixant [ 2 7~ H 5 & AH DG RRAE, DA
300 mg &R — IR A2 &5 2 e AR L, 3
N Wk - B P T B SRR AIG, AR DY S SR A
50 mg 1 150 mg 771 & 2H J 2 i % WORE 2 5 22 TR 7 4.
FHECY AR R % o3, HPAIRIE B e A
k. MR R SAT AR SEAR S SRy 3 B
3.3 Eliapixant (BAY 1817080)

Eliapixant f FE/R A B R, %24 EA KK
P BARMIRIE S L, 75 F 24577 T o] LU 280/ Mo B
B, JRBERGE AN R B — IR R M A
BT, FE A P ERE P AL AU P 0 (visual
analogue scale, VAS) ¥4+, Eliapixant 55 Gefapixant
ST AL HHT =, Eliapixant 1] VAS P43 240 T %
BRI R ZH . ERORAE MR I 0 28 <2 M\ Eliapixant 5
Gefapixant () 2571 PRk o, P92 1) A 49 0 A3
K%, (HJ2M 2 T Eliapixant U 40 45 5 47 1 i
S DL R T e e PR — I R R A T
Eliapixant 7£ A\ A4 o1 (R 52 M 22 4 0 024 W A
N HVRE. B AR5 T 88 AL g B A 5 1,
BUREZERE TR AR & LA SO T,
KH ERIE, AR %) 7 2 A Eliapixant.
W E BB, Tt a5, Eliapixant (1)} 3%
R, BAERERNSE, BESRHH—E%
mi, EELAN A2 R, X RN B — T
ARG PR ISR 1 R 484X (body mass index, BMI)
£ 18~35, HAE 12 2 /0 — 4 (1) 18 11 v ik 1) 285,
KEHNIGITI I A A1 B. A BN B ez 22
FNAIT 2 JE 5, Fi%52 10 mg ) Eliapixant 3697 — &
B I3 B 352 50, 200 1 750 mg A7) & 1
7177 2k F Eliapixant #3476 )7, 57 &K P RF 2k
1A, BRWIRRY. ¥ 40 2 EFL01: 1R L

BE AL L 2 A-B 18k B-A 1 ¥, 7E 58 B PR IR
Bn) 37 B EFR R, SeEFHEML, RAH
S GMATR R, 50 mg S EAIR T LARHEZ R,
RS PAWE 5 5 A5 o E M, Eliapixant [ F &
2 BRI T N WA 2R RN 18 M 0 o 1 7 B R, LE
Gefapixant 13 % 5 P2X3 2 A ik 84k B, H—
TUHIE 70 45 5 [ B¢ & 7~ Eliapixant %f T P2X3 24K H
HoR . (I EAR 132INT g R T
e AR AR 13 4% (145 38 & 2, R I Eliapixant
XN P2X3 A YR = 544 (1) gk B EE N 2K P2X2/3
SR = R AR 20 £ Y,

1E 5 — WHIE 52 Eliapixant %2 4= N 2503 112
HIRF T, B R 47 44 18~45 B B AR B MEEAT
55 R P % LA B ARG 4 1 77 X 1R Eliapixant BY %2
R, FReE 2 )5 K3 200 mg AR 750 mg & AE
24 /NI A B R IR FE ARG R T UM, T ELBR
IR R R RAERE, szt ™ HEi%49
JE SR T Z R R R 2R T IR R .

3.4 Camlipixant (BLU-5937)

Camlipixant /& 1 Il 5= K ) Bellus Health 23 &)
TR, FEHE P2X3 24K, EHT ARSI
iz, HTF¥RIT RCC 5, UCC Y, JEFiR4bRIE
hP2X3 1 P2X2/3 SR SAESE IR EK B, Camlipixant
X P2X3 B 155 A gk B g BE IR 9453, 3t 8 )
P2X2/3 SZ AR BT BE R L ISR A ), s HE X P2X3
A = AR ik B, XA 15 AR IR IT 18 M % i
FHA RIS B, ER R, LR
M i 5 O SIS IEATRE R . SXTRRAAARLL,
A BB T SEIG B VAT 2 s KRR P R S0 (2
TS ) PR, SFE Camlipixant A 5200 bk
O JRHN, AR EEVE S o smer B ZH 0] LB Bk o [ A
PEORFLAEIRTT 19 M b B e AR 2 BY . Il
PRARES B 5 45 it — PR s, Camlipixant Ft 5] 2 1)
Wi B R AR X e 2 %320,

—I IR RIS T 69 L EE, TR E
HRENLF B2 A 16 d VAT I . & H Ik
[k Camlipixant BEUCHD 1) 2B, REGREEIE 1
TR FIEMRI 25 mg. 50 mg. 100 mg % 200 mg,
4 RAVEIEI—IR, ZJGFIHT 10~14 RGN
ZImRiAI g R R, 5B, HZ4Hm 24
/N N AT R 4 81 L BARARR, 2BV T 1S B s B
I AR AR SE T 240 2B, KL
I 44, Sy HA 12,5 mg. 50 mg. 200 mg
A BFRIA, B HBR O, #4788 28 d EI7 .
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INTZIRIE R RS B, RIIR A R B AL,
BA R EMA R E P, R R RGeS, R
& Camlipixant 8 73 7 25/ AL, T Se A D
FIsR e BIE R R A, AR ST ORI A 18 Bk R
T Hx

4R Camlipixant 7§ G R LGS H R I H T
RIS, AR = I R RS DA K AE SEBR I R B
FHT7 TSR THI G A8 PR AR, 78 AR I 508 i R AR IR
5 b e — 5 PPl FL I PR CR DA S 22 4

221 gE TR P2X3 )L RMEIZ )

4 P2X3FE[E Ay IE R SRR T P2X3[ 1R B 4E
GAB-2

IEHEK, LA Gefapixant N{RFK ) P2X3 Z &A%
A 1) )30 A P [ 2 R 1D A5 AL ) B0 S 5 P B %
JYR RN AT EE ) P2X3 A2 4K (1 1 R 5 5770 6 1)
AL 5 S SRR, AR TR AL ik B
P2X3 SZARFEHUAIR & (B 3 1E4H#ER | Gefapixant,
DDTPA/ Sivopixant } Camlipixant /£ P2X3 3% & |
(AN R &5 A 3T 5 SRR B TR ) o

Gefapixant /& 25 — AN 7 oAk 1 #E 7] P2X3 %2
Wiy, H5 P2X3 M E & 1k gs H iR
Ty KRR Rl . Gefapixant 5 P2X3
ZARGE ST T ATP 854 DS R T, i B
EHAHARE) LF. DF A1 LB Z5#38 LRI, I H LF 45
FAV I R s AR W R 1 87 p A i BLA B R 3L B

TEGAZAL m IR 2 BRI ik B, Gefapixant &5
Asn190 A1 Leul91 ) B #2242 il X T &K 4% Gefapixant
e FH 2 0 E 2, 1 HR A Gly189 18 A &
B th A Bos 5 Gefapixant [1) B $2 #2 fid,
{HI2 X Gly189 TEAL Ay 2 IR 1) L AR H 25 B A ik
B, HAEAS K477 Gefapixant 00 VE F (0 & 4%
R A EEE L. itk 4k, Gefapixant 5 H
KUY AF-353 5 P2X3 R E A 4Maid &AL
Xt G 43 A K& Bl Val6l. Asnl190. Leul91 Al Val238
A B A AL N BE M) % . 24 Gefapixant 5 P2X3 %2
k4540, LF F1 LB 55 DF 45 3k 2 8] ) AH %t iz 5
WERE T, AT SE T P2X3 ZARThRER M) B,

DDTPA J& Sivopixant Zfl¥), 5 Sivopixant Jf
T FIMERZES, 1M HEW P2X3 miEE D
R0 —H W ES s Btz 4b, DDTPA/Sivopixant
T P2X3 WA R R 2= 5, &—
AR M ()R T S AR 7R B A2 AR S T AR H
RA A F [ H, DDTPA/Sivopixant F1E A7 s 1R AT
RERF S MEHAL T B RTRERISMTALE b, %A E S
A A XA i, 5 Gefapixant 1 ] A8 A [ .
FHEE T P2XT7 SZARI AR K4 1577 A-740003, DDTPA/
Sivopixant F 94 45 & FALAH L, A7 T LB 454435
TV R 0 2 [A] 2 s 1, {HL2 A-740003 (1) 45 & fr B
B4 T RO AT REX IS, 1 % DDTPA/Sivopixant
B A AT A2 DAY 9 L g /K M T A S — P A
CISHPIE S

R1 ML EP2X3Z AR IR A EZFIEXESR

AT A WLER WAEMFI thEEE A P2X3vs P2X2/3  IRiKHERE S0k
PR B 5

Gefapixant N wlob  HURTSREATAY  P2X3. 3745 EFHA.  [28,36,52]
(AF-219) 9¢ P2X2/3 WL i

Sivopi :;\/\N/\NH N, — A o e P —

ivopixant : K)\\/Q/D TREEMAEY) P2X3 ~2601% I R — 3 [28, 39-43]
(S-600918) ;o

N S

Eliapixant . = AREBREELY P2X3 13~201% Bk [28, 36, 45, 48, 49]
(BAY 1817080) >

F o\Co
= F

Camlipixant %H BRI sERT A P2X3 >1 0001 mR=31  [28,51-53]
(BLU-5937)  _ f | "
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Phe277

Camlipixant m

\.\l‘;‘i(%

As
Gefapixant
[ .
T S R A B A A R R S AN . Gefapixant 5 P2X3 AR S5 A B AL AEATPSE & AR IR 77, A8 M 48T
SE A E . DL N SR T B A . 1% X R E 1 Val6l. Leul91FLys176, LAz AIAR TP 3k 72 48 45 gt v (T Leu2 6 S MILB K
Val23855 20 1%, » TEATPI 1Zd . WiELs itk Higs), Ztgaiilm Nigs), B P2X352 14 5 Gefapixant )45 & 7% i il
A EHIEAE N, GefapixantZE & 5, S EHAF IR/, HARFIE Y K. DDTPA/SivopixantZh & LRI EEM 4
B, E# 5Leu298. Lys284. Asp79. Tyr285HIHAFH], GIn85%% E AR B4 DDTPA/Sivopixant, {HZHARIR S 7= ]
MR . CamlipixantM 45 & T ATPZE & Xz b, HP2X3PIANTEE: L [AI) S i LB HIEAA i, Met70. phe277F1Leu293
IR T RAEMYE I3RS, Arg68FIGIu288 I 7E Camlipixant4s S FEF 78 “i5 17 fEf. ATPEE &R, ZiMs & 04878
%, Camlipixant4§¢f5, I FELASHIV S A7 () 5 BRI IS Bk AR 8 G %, AT 380 ATP 45467 S IR 4E /N
B3 P2X3$BE A5 T T RE AL s R B

A
Ly, >

\e'

1
1

1

1

1

\ 9 I
- eyisd |

‘ 1

1

1

1

1

Camlipixant %} P2X3 /& BA mRuk £k, i
W — TGS AW W AR s T L. AR
#l, Camlipixant X} A 2§ P2X1 52 K. P2X5 52 {4k LA
J P2X7 ZARMISER 1855, AXAEEE /RG], 1
Xt F P2X3 52 A 1) 55 A1 W vy s 4 JBE R 4 i BT
Camlipixant X} P2X3 52 & ] 5 ) fi7 5 55 Gefapixant
() 485 45 AL AN A, Gefapixant [ 45 & 67 245 35 5 i
P2X3 SZ 4K 1) LF Al DF &5 K384 B, Camlipixant Jl
FELEEAE P2X3 2R SR EIIX I, & XA
T ATP 256 1481 177, Horh Met70. Met91. Leu293.
Phe277 X% T — M EF T AR A BRI M 4. 4
Camlipixant 5 P2X3 Z K &5& 2 J5, P2X3 & K4E
MR EHE, S5 Camlipixant 45 & LS K4 5
%, FR{E1S ATP 454 04845 /N2 JFE R 172, B
1AL FE N Camlipixant () 45 & %5 5 41 A 45 #4380 K
R AA, MBI ATP 45400, <M 18
AN E BT X Gy R T B B T Camlipixant
(1 O B

5 RESNG

£ RCC BY, UCC Wyyay7, I ek AR [m) 4
P RGE B2 R AR P2X3 Ak 4 A
TN, 2582 EH R BB R,
bt P2X3 2R 29 LA W IR 7 R £ . AR
&R IR) P2X3 2RI RS BUA Bt it e S
TERALUSI, $E7R DAR SGBEREE I « (1) LA Gefapixant
S AR IR AR Ay 41 i) ) g e B o AR AR A
18, HMPHE ATP 52k M4s G, (AR
1) 65 e Bl 5 VRN RT3 (2) /R W Camlipixant 55
B — & A PR T RSB AG K AR 2, (A
23005 AR T AT R AR BRI (3) 4B P2X3
TR LGS BN R E 2, 5
P2X3 5244 5 S0 e [X DA 2 i P [X B A 485 45 IR A
B>, WAERERME AR AR TR .

R ] P2X3 SZAK L 254 v 75 DL R 7 TH
BT E 5008 : (1) 456 AL BN 3) 11485
SEMAEY T, WADE AR, T AR



103 o,

P2X3SZARLEAB PERZ IR T 1 F 5 29t ik e

1329

UEAIREAT 5 (2) IRE ML A IR 5 s IR S5 M 3,
FHE5 X 88 e 55 i A XSk ) o [RIVE P 35, O R A

LR B 5

DA 202 SRR A L 2t 5 (3)

PR 2R R %6, RA4% P2X3 5L A A
M2 R G R TTER, TP &
2, ARBEFIAGN T LR P2X3 AR I RS LA
VERINLE AT FUBERE, TN A P2X3 Rk #4k
IR AR B S %

(10]

(1]

[12]

[13]

[14]

[15]

(Z £ X #
Zhang M, Wang S, Yu L, et al. The role of ATP in cough
hypersensitivity syndrome: new targets for treatment. J
Thorac Dis, 2020,12: 2781-90
Zhang M, Sykes DL, Sadofsky LR, et al. ATP, an attractive
target for the treatment of refractory chronic cough.
Purinergic Signal, 2022,18: 289-305
Mazzone SB, McGarvey L. Mechanisms and rationale for
targeted therapies in refractory and unexplained chronic
cough. Clin Pharmacol Ther, 2021, 109: 619-36
Illes P, Miiller CE, Jacobson KA, et al. Update of P2X
receptor properties and their pharmacology: IUPHAR
review 30. Br J Pharmacol, 2021, 178: 489-514
Hirons B, Turner R, Cho PSP, et al. Chronic cough: is the
end nigh? Breathe (Sheff), 2023, 19: 230165
Sykes DL, Zhang M, Morice AH. Treatment of chronic
cough: P2X3 receptor antagonists and beyond. Pharmacol
Ther, 2022, 237: 108166
Jacobson KA, Pradhan B, Wen Z, et al. New paradigms in
purinergic receptor ligand discovery. Neuropharmacology,
2023,230: 109503
Kennedy C. That was then, this is now: the development
of our knowledge and understanding of P2 receptor
subtypes. Purinergic Signal, 2021, 17: 9-23
Mansoor SE, Lii W, Oosterheert W, et al. X-ray structures
define human P2X(3) receptor gating cycle and antagonist
action. Nature, 2016, 538: 66-71
Kawate T, Michel JC, Birdsong WT, et al. Crystal
structure of the ATP-gated P2X(4) ion channel in the
closed state. Nature, 2009, 460: 592-8
Li M, Wang Y, Banerjee R, et al. Molecular mechanisms
of human P2X3 receptor channel activation and
modulation by divalent cation bound ATP. Elife, 2019, 8:
e47060
Sattler C, Benndorf K. Enlightening activation gating in
P2X receptors. Purinergic Signal, 2022, 18: 177-91
Wang J, Yu Y. Insights into the channel gating of P2X
receptors from structures, dynamics and small molecules.
Acta Pharmacol Sin, 2016, 37: 44-55
Mansoor SE. How structural biology has directly impacted
our understanding of P2X receptor function and gating.
Methods Mol Biol, 2022, 2510: 1-29
Hattori M, Gouaux E. Molecular mechanism of ATP
binding and ion channel activation in P2X receptors.
Nature, 2012, 485: 207-12

[16]

[17]

(18]

(28]

[29]

Bonvini SJ, Belvisi MG. Cough and airway disease: the
role of ion channels. Pulm Pharmacol Ther, 2017, 47: 21-8
Syed N, Kennedy C. Pharmacology of P2X receptors.
Wiley Interdiscip Rev Membr Transp Signal, 2012, 1: 16-
30

Trapero C, Martin-Satué M. Purinergic signaling in
endometriosis-associated pain. Int J Mol Sci, 2020, 21:
8512

Arbelaez F, Joeng HK, Hussain A, et al. Randomized,
controlled, proof-of-concept trial of gefapixant for
endometriosis-related pain. Fertil Steril, 2025, 123: 280-8
Pelleg A, Schulman ES, Barnes PJ. Extracellular
adenosine 5'-triphosphate in obstructive airway diseases.
Chest, 2016, 150: 908-15

Rodriguez NR, Fortune T, Vuong T, et al. The role of
extracellular ATP and P2X receptors in the pathogenesis
of HIV-1. Curr Opin Pharmacol, 2023, 69: 102358

Sabnis RW. Novel P2X3 inhibitors for treating neurogenic
disorders. ACS Med Chem Lett, 2023, 14: 1146-7

Smith JA. The therapeutic landscape in chronic cough.
Lung, 2024, 202: 5-16

Ambalavanar R, Moritani M, Dessem D. Trigeminal P2X3
receptor expression differs from dorsal root ganglion and
is modulated by deep tissue inflammation. Pain, 2005,
117:280-91

Spinaci A, Buccioni M, Dal Ben D, et al. P2X3 receptor
ligands: structural features and potential therapeutic
applications. Front Pharmacol, 2021, 12: 653561

Song WJ, Morice AH. Cough hypersensitivity syndrome:
a few more steps forward. Allergy Asthma Immunol Res,
2017, 9: 394-402

Basoglu OK, Pelleg A, Essilfie-Quaye S, et al. Effects of
aerosolized adenosine 5'-triphosphate vs adenosine
5'-monophosphate on dyspnea and airway caliber in
healthy nonsmokers and patients with asthma. Chest,
2005, 128: 1905-9

Yi B, Wang S, Li W, et al. Potential applications of P2X3
receptor antagonists in the treatment of refractory cough.
Respir Med, 2023, 217: 107336

Ishiura Y, Nomura S, Ishii Y, et al. Efficacy of Gefapixant,
a P2X3 antagonist, for refractory atopic cough. Int Med
Case Rep J, 2023, 16: 497-501

Turner RD, Smith JA, Birring SS. Gefapixant for chronic
cough. JAMA, 2024, 331: 529

Matera MG, Rogliani P, Page CP, et al. The discovery and
development of gefapixant as a novel antitussive therapy.
Expert Opin Drug Discov, 2024, 19: 1159-72

Birring SS, Cardozo L, Dmochowski R, et al. Efficacy and
safety of gefapixant in women with chronic cough and
cough-induced stress urinary incontinence: a phase 3b,
randomised, multicentre, double-blind, placebo-controlled
trial. Lancet Respir Med, 2024, 12: 855-64

Huerta MA, Marcos-Frutos D, Nava J, et al. P2X3 and
P2X2/3 receptors inhibition produces a consistent
analgesic efficacy: a systematic review and meta-analysis
of preclinical studies. Eur J Pharmacol, 2024, 984:177052
Satia I, Hassan W, McGarvey L, et al. The clinical



1330

GRS

374

[39]

[40]

[41]

[42]

[43]

[44]

[46]

approach to chronic cough. J Allergy Clin Immunol Pract,
2025, 13: 454-66

Nussbaum JC, Hussain A, Butera P, et al. Single- and
multiple-dose pharmacokinetics of Gefapixant (MK-
7264), a P2X3 receptor antagonist, in healthy adults. J
Clin Pharmacol, 2024, 64: 1023-9

Lilly GL, Carroll T, Pietsch K, et al. Refractory chronic
cough: a state-of-the-art review for otolaryngologists.
Otolaryngol Head Neck Surg, 2025, 172: 419-35

Guo CR, Zhang ZZ, Zhou X, et al. Chronic cough relief
by allosteric modulation of P2X3 without taste
disturbance. Nat Commun, 2023, 14: 5844

Yamamoto S, Horita N, Hara J, et al. Benefit-risk profile
of P2X3 receptor antagonists for treatment of chronic
cough: dose-response model-based network meta-analysis.
Chest, 2024, 166: 1124-40

Burgoyne DS. Managed care considerations for the
treatment of chronic cough. Am J Manag Care, 2022, 28:
S166-74

Kai H, Horiguchi T, Kameyma T, et al. Discovery of
clinical candidate Sivopixant (S-600918): lead
optimization of dioxotriazine derivatives as selective
P2X3 receptor antagonists. Bioorg Med Chem Lett, 2021,
52: 128384

Niimi A, Saito J, Kamei T, et al. Randomised trial of the
P2X3 receptor antagonist sivopixant for refractory chronic
cough. Eur Respir J, 2022, 59: 2100725

McGarvey L, Smith JA, Morice A, et al. A randomized,
double-blind, placebo-controlled, parallel-group phase 2b
trial of P2X3 receptor antagonist Sivopixant for refractory
or unexplained chronic cough. Lung, 2023, 201: 25-35
Ramadan A, El-Samahy M, Elrosasy A, et al. Safety and
efficacy of P2X3 receptor antagonist for the treatment of
refractory or unexplained chronic cough: a systematic
review and meta-analysis of 11 randomized controlled
trials. Pulm Pharmacol Ther, 2023, 83: 102252

Francke K, Chattopadhyay N, Klein S, et al. Preclinical
and clinical pharmacokinetics and bioavailability in
healthy volunteers of a novel formulation of the selective
P2X3 receptor antagonist Eliapixant. Eur J Drug Metab
Pharmacokinet, 2023, 48: 75-87

Davenport AJ, Neagoe I, Briuer N, et al. Eliapixant is a
selective P2X3 receptor antagonist for the treatment of
disorders associated with hypersensitive nerve fibers. Sci
Rep, 2021, 11: 19877

Fletcher MC. Selectivity of the P2X3 receptor antagonist

[48]

[50]

[54]

[56]

[57]

Eliapixant, and its potential use in the treatment of
endometriosis. Purinergic Signal, 2022, 18: 1-3

Zheng Z, Huang J, Xiang Z, et al. Efficacy and safety of
pharmacotherapy for refractory or unexplained chronic
cough: a systematic review and network meta-analysis.
EClinicalMedicine, 2023, 62: 102100

Klein S, Gashaw I, Baumann S, et al. First-in-human
study of eliapixant (BAY 1817080), a highly selective
P2X3 receptor antagonist: tolerability, safety and
pharmacokinetics. Br J Clin Pharmacol, 2022, 88: 4552-
64

Morice A, Smith JA, McGarvey L, et al. Eliapixant (BAY
1817080), a P2X3 receptor antagonist, in refractory
chronic cough: a randomised, placebo-controlled,
crossover phase 2a study. Eur Respir J, 2021, 58: 2004240
Friedrich C, Francke K, Gashaw I, et al. Safety,
pharmacodynamics, and pharmacokinetics of P2X3
receptor antagonist Eliapixant (BAY 1817080) in healthy
subjects: double-blind randomized study. Clin
Pharmacokinet, 2022, 61: 1143-56

Garceau D, Chauret N. BLU-5937: a selective P2X3
antagonist with potent anti-tussive effect and no taste
alteration. Pulm Pharmacol Ther, 2019, 56: 56-62
Marucci G, Dal Ben D, Buccioni M, et al. Update on
novel purinergic P2X3 and P2X2/3 receptor antagonists
and their potential therapeutic applications. Expert Opin
Ther Pat, 2019, 29: 943-63

Smith J, Morice AH, Birring SS, et al. Improvements in
cough frequency over 24 hours with BLU-5937, a
selective P2X3 antagonist, in patient subgroups defined by
baseline awake cough frequencies. Am J Respir Crit Care
Med, 2021, 203: A1019

Smith J, Morice AH, Birring SS, et al. Safety and efficacy
of BLU-5937 in the treatment of refractory chronic cough
from the phase 2b SOOTHE trial. Am J Respir Crit Care
Med, 2022, 205: A5778

Wang DP, Zhang M, Li M, et al. Druggable site near the
upper vestibule determines the high affinity and P2X3
homotrimer selectivity of sivopixant/S-600918 and its
analogue DDTPA. Br J Pharmacol, 2024, 181: 1203-20
Wang J, Wang Y, Cui WW, et al. Druggable negative
allosteric site of P2X3 receptors. Proc Natl Acad Sci U S
A, 2018, 115: 4939-44

Thach T, Dhanabalan K, Nandekar PP, et al. Mechanistic
insights into the selective targeting of P2X3 receptor by
camlipixant antagonist. J Biol Chem, 2025, 301: 108109



