Reviews and Monographs ERud=gars

0) )L S i R
Progress in Biochemistry and Biophysics
' '12023 ,50(3):421~436

www.pibb.ac.cn

TRPV1@EERIIIEE. | 3=l HI KR EBABFI7E
Y & R B R F

mE&R HBWY wWRERR" H 47 & 2V TRAY
() R ED R AR, JE5 1022055 2 PUIEL TASEHMI 0T TR¥%BE, A5 643000)

#&E TRPVI (transient receptor potential vanilloid-1) SZELIAR 42 AEEFENEIN B TFiMiE, JE TR 2B 0 EIE %, 68
IR A AL 2 RS . TRPV LR 29I A BB 2 —, H S5 RO R 5 2R i LA ¢, —H
LIk, TRPVI PR HE 5 505 0 BUR SOR T A& 32 9 o 2021 AR5 D1 JR A B 2 88 06) vl 88 AR fi i Sz a8 52 T AR AT, fiff
TRPVI FE— W R S . TRPVI B 20 24 WFFEEal, (BRI AL 2590 B AT SR SEF I8 IME S o A

TRPV1 (A BLIIHE |

IR 2520 A B A BE e, £33 T TRPV I RYIA MG . DHRERS SFNAS AL, H i A 1 3 Fif

1AL K TRPV IR T RITEZ5 1 A 0 B e, JF X AR TRPV 25447 I B

XEEIWR  TRPVLEE, [THHLH, P50, #shil, 5o

hE4S%ES  Q71, R4

TRPV1 (transient receptor potential vanilloid-1)
SR L W) 2 — A8k B TRPV W KGR 5L
UV TS SRR PN 57 SE R 0] 1 B N ER R BIE
MR R B R 32 R BRR A% 4K (vanilloid
receptor 1, VR1). Caterina %5 "' 7£ 1997 4F 15 IR %
FE . FEREH TRPVL, & BUHJE 820 Az 4%
IF R ARAT T 2021 4F o DLJR AR B om al PR o 2
TRPV1 & —Fl 2 A Z R s AL 0 F 25k B 5
FilAE, AR GE , nd (R
JE>43°C) ., i+ (pH<5.9) . BEE | WL
J3 B RO (N-FEAE DU S . 2-4E
A DR L SIRSEAEE L AR AE)
LKA IR Ve A (B R . W iR R
(resiniferatoxin, RTX). ZHZE . WML, REDT
. YRS 7). TRPVIAFE TGS ZTT
Hl— LB s Z AL L b, 5 2RO I &
LRI G, Qs . RIE . OB . nEK ., R
MG A IR S5 . b, TRPVI TR 7 T Y
oz, HBShRI RG] O™ A U 1
Mo HeAh, TRPVIBSRAH S A BMRER, bR T
N TR ZA, BTN i TReL . B B

DOI: 10.16476/j.pibb.2022.0198

S SRR R A U B VR . SR
H T LT B9 TRPVL 254 KA BB 1 41 F 6 .
Bifi % % TRPV 1 38 38 1E AL H PR ABFSE, TRPVI
A AR — R A 25 R TR, TR REAN
[ ST AR 25, [R] B mT D& JR 3R 7O I A R
g . RGPS RIS DR A5 R R 259

AR 58 TRPVAE ML K& H A 259 F
KHINH, X TRPVI By IR0 AG . AT RE |
SEFRFAE . A HLERRTE R A 25 R A
PEATIAGN 845, FERER A TRPV L I 5 7 (B 73 %
B,

1 TRPVIH ST E5EIRINEE

TRPV1 3= 255417 T Ji] il i 28 22 52 1 S ut it 28
JH, ANEEARARZE T . SRR R E R
M rh/NE AR CETYERITR > AS 21 4E 1 thhbh, 7E
KM R G Y ARG IS RGE . I 2R ER
# il IR A
TRAS Tel: 13671166693, E-mail : djj224@163.com

& Tel: 18610797349, E-mail: bk6180b@163.com
Wk B #1 . 2022-04-29, 3252 HH: 2022-08-10




<422 EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (3

B, B LR AN BN PR B L R A AT AL
U AR 2T SV AN A Rk Y
TRPVI HAG ZF A BIIRE, ¥ 2R3
SR . TEHIRAE RSB T, UiF
JEAZ % 1 TRPV L B4 A IR & [X 7 i o A
b, IR LRGN, SR ER R Y, X
Pl PR S 0E 5 2 b s B MR AT G, ik
TR, S EEGEAIE . BIRER . RSk AU K
i U, TRPVIIEZ 5 TR, SRR
ILR LR s T C AR e <A P U
ENTIR RGN A B TR AAAE, TRPVI AL 500K |

T
I !

HrS12 e

BT G

N

VP FRAE IR B4 X 17, MAh, TRPVI
SSORIRIT R BEIRAS
RN E N T P
LR B R

2 TRPVIHZEH 5N

2.1 TRPVIHZ#H

TRPV 1 J2& H 4 A [7] S FE 20 B8 174 1) 58 0 2R A
A ST TR RS DI . P NI A C 3y s
WE 1, 2/, TRPVEIE AN N b b A
H A 25 #y3 (ankyrin repeat domain, ARD) . %%

FLIRNE

Rt
R AR

Fig. 1 The pattern of functional domain of TRPV1 channel in membrane
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Fig. 2 The 3D structure of TRPV1 channel
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Fig. 3 The activation of TRPV1 channel from closed state to open state
B3 TRPVLEEMXAZFTHEMELE
SAMNE SR, TRPVIEER T SOIENYI6790E , M TRPV Ll B g e A4 &5 35z BRI AR HIUG . SOIRIER T 21843 L

L BT, G IE f OGRS RIFTITRAS

221 FHRIACE WIS T 1L

BREAE AT RGN, HA G
KPS ML o 2, FI A R A A B,
5HMES AW EZEERIEA S3 LAY YSIL Al

“H =

S512 %S4 I+ ) M547 Fl T550 **' . 2013 4 Cao
A O EANE T4 A HREE B TRPV L8 E R R
HLERZEE, SR TR 3 /), ek iR
B E LS AR, Yang 25 Y 5 20 7440 5 4

Znn|



<424 AL A B R

Prog. Biochem. Biophys. 2023; 50 (3

KL IUE, e TR ER RS N4
SRR L BRI AR, BPBREER Lk
PRI T 48 M) S4-S5 LT, ARNisE R L4 M) S4
(F4), BRI EIR, HMERENERER 3R
5, TERHIRES G AR A /K 25 I TR B Z Fld
%, R T VR UR IS h B = TS Y R AR
JEMBIG . SRR WoR, HURER NEsAHo S
FETEAR T EAERT, PR B i 2t 7l
PEALF AR, 10 5 Sk S 1A S8 R AR S e e Ik
[ Bk Jk 4843 il 5 ES70 F TS50 JE W &L 8 . Yang
A OB SE R TR T R B
RS sS4 B8, B EiEE T
HAEH, RS SES TS50 2 A S sA HAE

OH
H
)\/\WN\/@O/
(0]
B
O
0 XN
SO0
o

SR JE B ER 1 Sk 0 R 3 5 ES70 2 A Bl SR AH B
TER, Sk L5 Hk > [RDE s AR 4 I AH B
M, FaOE S4-S5EHEF I AMAS:, feJa S4-S5i%
TN sh T Se sl 7ok, MfilidiEsd
DALFR L DO 24 AT LA 8 | s R v 5 RS A LA
FHERE R 8, B & S6 TR IR YS11 /Y
3. SR, Kwon4s ° MBMEE SR URHE
BELER AR R ) TS50 53005 A1 5 AR H 477,
INH T550 BIVE I A R I 1535

B T HUE SN, A BT 4R S AR, 2. 2%
FIEAL A 0 (E4) DL TR RIRRE ) 2
AE L WX AR NS AR, F R
FALE PRI AR A AR (ER RS

AR
HO
\OD\/YWV
(6]
3
(0} (0}
/Ow \/\/\/\/:\/\/\/\)]\N‘ \( IO\
H
HO OH
el T FE
SN
HAﬁj
o) N
Tt !
) H/\@O\ )\/\/\/\WE\/@
=
OH o~
O
MBI CA-008
. C
R, R' (0}
DVE SR, ilg:cw
R, YoV
(0] O//I\C(m)
B BEREAT A BRI AT AR )

Fig.4 Molecular structure of TRPV1 agonists
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Fig. 7 The proton—induced conformational changes of external pore region

BRFFSHIMLRIBEHARETL

=7

[47]

apo JH' K 5 E60045 & BT 94, pH6a%pH6c HpH=68 1 R BL 1S, apolRA T, E6005 Y653 /L&, Tii ApH6aFpH6e, E6005)

Y6532 [l EHEH S, BB BOR MO

223 IS B T 1AL

TRPV 1 A7 AR 5 04 T B S, B Ui
ARG BT A G B At R v 2 & AR K
A 4578 (£ 100 keal/mol) 5, IR B RO AT 3k
0,740, b PR B8 F R AR B T 45538 3 1 5 A%
Clapham 45 ¢ % B, TRPV 1 %5 i B SR 18 A4 15
T AU AR T I E T T A RGP G2 2 [l 1)
MFEE AC, o  E IR SV B 300 1 11 I B A
I TN REVR TSR S5 H & AR R IME G A8 1L, (#i45
WP IR R I A VAR T S R AR AR AR A, DT
FESAE B KA T R W FEAR
a4 = TRPV L Y I B SRk v, W R SR B0/ A

ARE S 5 E RN °, TRPVI 7E 25°C Al
48°CHIFIRAS T (4546 B LA Bl i 4771 )
B BELE R FE I, 3 25 R 7E PTG A i R A
LRI FEAR B FEEE— K FEAR R, TRPVI Y4
KRG ARAEE K, gl s, i S6 R
IR k. FEEE B AR, AMLIXIEE A K
e, SRkt R Yk, S6 LAY T
I1FTHF, S6 L 1668-1673 JE Wi m M e & A= ¥4 5 &
Heo XFERFLAGIATI AT MR RBUMT R, 55 kK
AR 2R TR IR, SRR 221 £ 2 5T
ko TRPVIA7E7E—A RG0S A AR LM 4, %
W 25 A A A4S F 2R . ARG AR R, (R



2023; 50 (3

MELR, %. TRPVLAEMINEE.

IR R E AR T R A MR & Y R 427~

W26 rh BRI A G A EAE R R AR R AR, i
fii S6 T I 1HZATIF ¢,

FEMRIR T, HBEAS M /R B R N RTX %545
RSB R RE (S B U 25 AN VSLD % A= M1
Ak, A Rl TR (R i A RE S A S T 1Y
TFe XAEERFTI, BRI R R A
WOE AR AR . ZIAEST Do R, ARLIX
() turret 76 PG o FE AR R B2, Turret bR 15
PHURIEA ¢, 75 TRPV i 1Y PGS TS H(E A
XK, AHSE BT BUE M E BRI A REdE— 2 5
KB

SUE TRPVL T A BOG AT 5 #E, KM
XUEHE B BAREE S, (R EN Tt
FEAERLEFR Gy, JUHIE I 5 R AT+ 138
TG BUER A A AR R (I . X 5 T X & TRPVI
FEPRIR RS . EFERRE A0S BB TR PR
T REHS (U BH T BRR B, AN I el AR
BomA Ry SE RS R NS AEAT? il
RIESE ) BT —M T VSLD f Ak X5l . B
(R 285 45 07 a5, LA B 235 5 TE 0 s I JE T IR 2 5
I, 455 R I VSLD A sh 25 AR AL 7E U G
(T B G2 X A TRPV 557 915
THZUE T B B, W R ARISFR R %] VSLD X i
PR, A B PR A s, I8 A
SCF RS TE S RIS B A R BEAS 7 A X (AL A
RSP AL

3 TRPVIFTFIEZL ML B E) N A

R 1 5 00 38 8 A VR 2B, TRPVIL Y
R 43 A B sh R A FEBTR . TRPV #8367~ 4 1)
JU B AT A2 it Wi 15 25 s ) L P Ao
LR [, T TRPV 1354050 ] DL s ikt
FEN Y RAE O R O R O B R AT
Sk, FELL TRPV 3 sl 7 A S50 #8 T LU 59
BIT . BT HFEUF RSN, TRPV IR 4 A
(R0 7 THIABAT R A PRI
3.1 TRPVIATHIEERERHILA
3.1.1 TRPVIEh7

Il PR HiTAIF 9 £ 28 31F BH U A RTX 3 Fh i 20
WshFAE Z Fh s e Al I BA O R Y. (H)2
FER A BRI | PR A S S AR Y
AR, BUETCHE X 5 A B s oo o,
11 HAE FH 25 FF LR B B 2 1 I VR a5 13k
VIR BRI ANTE o 17 LA 3R F B (olvanil,

NE 19950) MACRAAERIF B s o, RAE
FEI R AT T A S B RR 7 E X AR R
B 7 R 254K B0 2 2 A G i A 22
OARAEDFAEAR . FHit, B TRPV1 5]
TN Sy BB R A

TRPV 13 8l i AH G 254 32 22 S BUUER 1 45
FR AR AR B AR ZL . BUE A (8%)
DL B A R R ) 0 R R S [ £ 2 A A )
(FDA) i BT7 70, HEAMAE — e R 5 1E
FEMR R I S i AE A 2 BRI . A
RIS . PURIEIRYT . IR P 2 A8 55
PR IR oo

SEEGR I EIVE R, —SeRaE B B R
SRR g R, i S B R (XA
Zucapsaicin, Civanex ¥ Civamide 55 ) ™! F Jz 2{
BRI CNTX-4975 7 i X AR g s K B
TR A IR T T R IANHFLE (0.075%) .
CNTX-4975 & TE B 45 24, P20 92 fife () B8R W
FLBE R RO B SR TE, N R RN
AL, CA-008 J&—FKIEERTATZY , TR/ N RER
AL AL IR ER ¢, R I RO R R
TR, SRTA & B T I P . Sk
R A U S R N S (A

RTX & i 80 TRPV 1 sl , ] 5145 3
JEBE P 28 0 I PR I 48 A R T R AL R T AE
TRPVI1 SR AT, A ML R RTX 5 T X
etk . teAh, ARFEIA TRPVI 4N Z RTX
(R RZ 92 TURRIERE A 98 PP I s AR AL R
RTX 85 N BT N TS T R B, HR S
s BN PE . PR s HLAR R Y 2RI R T
W, RTX 7E M 01 e o | ke Ay ™ X9
P LA ST B O RIPTRIRYT P 5 o
S TR, HWATEENAN R R

ARG oA B TRPV SN, Uk % ik i
Ay s IR IK R AT A= s IR WA
AR e B E AR SN EPE (1.6 pmol/L),
It HAEAR R AR BOR AL R B T R AR TG
P o 17T R K IR AT A 4 P O R A, 2 F R
(P2) KB = X1 IR i 2 T A RS L i S 3
BH K I R34 40 M 18 % TRPV 1 871
3.1.2 TRPVIH5Hi7]

AR TRPV s Cgefdtt Bifi, {Hl
THEERIVEFIMAEAE, 2L IR & E S R
TE TRPVIH540H) o 55— BLAY TRPV L 54705



<428 EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (3

R AR AT AE ) ——BROE 7, SR BT (1)
VEREMEAR 22, XTUH 08 SZ 4K . HL R 1] 45 5 58 JE RN
TRPMS ¥ A3 %% 3 /4 BH W 25 v o™ e 1R 2
TRPVIFEHTAIAAR B, EZHEPHIG T RIS, $5
U o3 T A5 S HARER L, AT o3 Skl S
R 3 ANk, Sk b im 7 A TR E
FIL S F IR A, SERLS M e A, WR
R, Gl BRIEFNEERIL, REEAs I — R SRR
WG I EIE AT, TR S A & i i A R )

HO s wc1
NJ\N

GRC-6211

o =
= X N FO
' H N s
F X S
N N \\O
F F F H

PAC-14028

Cl

)fNH

(0)

AZD1386

AMG-9810

Nisa

aon_J H
|
s

BCTC

FEHB. MRHEIX 3 HR 23 B 28 AT AR 22 AN [R] 2E 22
RSP o XSS PO 2 A T .
PERABUR R S AN ROV o DS R R
B, ATHFRE T4 AR TRPVIIEHLH, B
M ASIR I R, SRR R R BURACR , X
MSETUR SR B PEPE TRPVL RS 7, &

P4 SB-705498 ') Fl NEO-6860 ( %5 # #*
*ﬁ%) [100-101ZD
H
N\
g
g NH
W \n/
(6]
ABT-102
HO
\
OﬁN o
\
o) j N /
F OO—NH
P — N
JTS-653
OH
DO LW
N F
L F
N
Mavatrep

Bro N
@EJLCNQ\e

SB-705498

S
rJ )—NH
FwN }_
5 0 =
|

X

AMG-517

? Q1

XN o~
H

cl

SB-366791

Fig. 8 Molecular structure of TRPV1 antagonists
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Abstract Transient receptor potential vanilloid 1 (TRPV1) channel, belonging to transient receptor potential
(TRP) channel superfamily, is a ligand gated non-selective cation channel which can be activated by multiple
physical and chemical stimuli. The abnormal irritation and expression of TRPV1 is involved in pathogenesis of
various diseases, so that TRPV1 channel is one of the important targets for drug research and development. For a
long time, TRPV1 channel has attracted much attention because of the excellent analgesic effect of TRPV1
modulators. Due to the recognition of the research work of receptors for temperature and touch by the 2021 Nobel
Prize in physiology or medicine, TRPV1 channel has become the focus of attention once again. It has been more
than 20 years of the research for TRPV1, but the gating mechanism and drug development are still the difficulties.
TRPV1 agonists can only be used for topical administration, and the antagonists could be used for oral
administration. However, the problem with antagonists is that they cause hyperthermia and damage to noxious
heat detection, which is the result of TRPV1 antagonists simultaneously affecting capsaicin, H" and heat gating.
Studies have shown that there are common processes of the three gating mechanisms, but no way to affect a single
gating mechanism. From the angles of physiological function, gating mechanism and drug discovery, this paper
reviews the distribution and expression, functions and features as well as structural characteristics of TRPV1
channel. This paper focuses on three gating mechanisms and the progress of TRPV1 modulators in drug
discovery. TRPV1 modulators are a exceptional analgesia drug, and have been studied in cardiovascular diseases,
itch, cough, psychiatric disorders and diabetes. With the emerging of artificial intelligence (Al)-assisted drug
design and the continuous exploration of gating mechanism, we should have confidence in the future of TRPV1
modulators.
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