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Abstract

The KCNQ3 gene encodes the voltage-gated potassium channel subunit Kv7.3, which assembles with
the Kv7.2 subunit to form the neuronal M-type potassium channel (Kv7.2/7.3). This channel plays
a crucial role in regulating neuronal excitability and maintaining the stability of neural networks.
In recent years, with the application of genetic testing technologies, the pathogenic role of KCNQ3
gene variants in various epilepsy syndromes has been gradually clarified, and the related pheno-
types include benign self-limited epilepsy, generalized epilepsy with febrile seizures plus, and epilep-
tic encephalopathy, among others. Different types of KCNQ3 variants can induce neuronal hyperex-
citability by affecting the current density, voltage dependence, and subunit assembly efficiency of
M-channels, thereby triggering epileptic seizures. In addition, the Kv7.2/7.3 channel is an important
therapeutic target for a variety of antiepileptic drugs, and the correlation between KCNQ3 genotypes
and drug responses provides a theoretical basis for precision treatment. This paper reviews the
structural and functional characteristics of the KCNQ3 gene, and summarizes the research progress
in its molecular mechanisms, clinical phenotypes and therapeutic strategies associated with epi-
lepsy and related neurological diseases, aiming to provide a reference for clinical diagnosis, treat-
ment and basic research.
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1. 51§

SR A LA P 28 0 5 5 [ 25 T30 R T PR 08 IR P e, L R 15 4 28 0 D 1 A 42 P 2
DIFAG o F T 4% S0 0 T E 4 45 40 28 0 B S B F o7 J PR Sl VR R T RO R FE SRS, L ThRE S
W AT S S I A UK 1]. KONQ P K R(KCNQ1-KCNQ3) 4 fid Kv7 H4RiE e, Hrh KCNQ2
KCNQ3 fE R4 ARG b fERIE, FFHBEEMR Kv7.2/7.3 FIEVI R, B M BY4058 18 (M Channel). M
TS TE SR AT BT RRAR TR, A R R S AL 2], H KCNQ3 # % R R gt
WA LR R BO% R R LUK, FCAE0N S 28 8 B AH 9 R AR F 52 3 T3 SR [3]. ARSI KCNQ3
BB R SRR IR R, WA THU . IGARERE IR T R T KRG 4508 .

2. KCNQ3 EF G 54 THINRE
2.1. KCNQ3 EHE K Kv7.3 EANEHIFE

KCNQ3 Z:H @i T ARG tafhk 8q24.22, B 15 NMMNET, 2K 2 190kb, wbdrh 872 N R R I
HRI Kv7.3 8. Kv7.3 J& T HE 138801818 (Voltage-Gated Potassium Channel, VGKC)H Z i % It , H&E
P GERE B SR Ky JBIERFIE: S50 N sl C snh T4HMp, IR 6 AN IR e 45 (S 1~S6) [4] -
Fodr, S4 SESCE Oy I F AT RS SRR R A, R IR A AR A ) O BR HU R AR RS s S5 5 S6 2 [ P-
loop DXIHH BB T FEVEEIS L, A& P B 1 e BV (A% 0 454, [RIIN 2 2 M M 8 15 57
RIEBEE AN AE[5]. Kv7.3 AR C Xt Bk, B8 ERTH A 48 (Ankyrin Repeat-Like
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Domain, A-Domain), Z45HI8 05 Kv7.2 WEAHBAER, e ZFie HEE or i VY R RmiE, £ M
BT D) Re K IE R S5 BRI [6]. Kv7.2/7.3 FERIET KWL Z G550 1042 S AH < R X,
AT A TOIRAR . BRI R AR B RAMATIR, P E ARG T Ph 2L FURE . 7 K )=
Mg LA RIEFE, EE R AR T RS, TN - AT O A, DR
T 5 T B A W L8 A PR R AT 7]

5 Kv7.2 ANFE, Kv7.3 MBS TA I E DAY B D e 1 [F0R DY SR 44, FLImTE r ik 55 8 = AN nlAar iy,
PEn Kv7.3 FEAFRAE N FE AT S SlEdH s, @5 Kv7.2 BRI E 2 s M
TR SR E[8]. X —45 MyREIE th oy KCNQ3 M H0m S & AR ML T B 20 75,

2.2. KCNQ3 '+ SR4 R ThEE

Kv7.2/7.3 3BIE A T M A2 65 BB AL BT (460 mV £-40 mV) BT BOIRA, BA
NGy P FREETT ) AR FRRE . 2O IE I RE AN B T, A B R AR XA AR ES, A
SEEBIAE FL A RBURIAE, PR ) 2R AR AR O I R A 9] 4 KCONQ3 J: R R AE Th b Bk A AR
FEIS, M IR E RN, AT G R AWML, ShPERALREUZE N, ML A T,
X WA A KCNQ3 AH I & AE HAZ O AR BE LR 10]. K, M IBEIES 5 R ML 16 5] 31 1%
M EE 200 T A TTHR R . BRI FTIR, T RERAS v 520 5 M wif J5 16 5B TS i A R fik i e
SRR, TR S A T B . SRAR T I S | DGR SR A D Re R, Rl KCNQ3 TR
S AMYAT 5 AR R AE, ] REXSINEIShBE = AR K HARE A . EAk, M OBIE IS S 5 4E R R R 4l A e
JUZ AR B P4, )RR A R RO R ERAS[8].

3. KCNQ3 EEZT R S5Hmkd!

R 2 KCNQ3 F K48 5 2 B R0 « KCNQ3 AN 22 20 e ik BAE %, ] Wik
. BEAERFAL SRR, KCNQ3 AHIGHUMN MR KN LA HE RGN, 5 KCNQ3 AAFRM, Ak, X
Kv7.2/7.3 IBIE)RERI LRSI [11]. WL X BE, REEE R IERIAE A F o R
AR, 1T 5 EREN AF DG (1478 S5 ) B E R IUCARAG R TG UG AR B BT A SRR, HRRIE IS T e 4 T A
JE 2 Y I R R AL LR R [12]

3.1. RMKEMHTE )LEH(BFNE)

KM B A2 ) L (Benign Familial Neonatal Epilepsy, BFNE)/Z i F- 4 1UESE 5 KCNQ3 & RAH <
WREE AL —, WFEEHAEGEORNRR, 20T HAJEE 2~8 Ko ) LERAERSHEA—BoRL R 4T,
WL FAG 2 AW A R B 2 T B 75 . BFENE [0 & B LR R, AT eRpEsR E
FRAE, WP T (s J H BRI,  RAESRLE B AL LT e, (H 2 B0mBIfE SR 2503 W AT 13].
KIABE VT o~, K240 BFNE &) LIS K & 1B, U HUREAE ) LE B8 I M I R PEmOR[ 12] -

TEW L4210, BFNE EZH KCNQ2 Ml KCNQ3 AFAR T 542, H KCNQ2 A FH yH W, 1
KCNQ3 I B A 5> . KCNQ3 #H2C BFNE 2t L RE FE, XL HE AL T Kv7.3 EH WS
FEIX S FLIE X, @R PG Kv7.2/7.3 EIENFH M B, MEE LA e as T &, A R
RAE[14]o BT M IEEER A LA 06 2 o A HEAEH, KR TR MBI a1k G B B
AR RA(3],

3.2. RMERIEME/LERMA(BFIE)

R 5% PR 32 ) L (Benign Familial Infantile Epilepsy, BFIE)S BFNE fEIlf 4L HA — & AR
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P, (BRI @R TR L, ZRETHARRAE | FEN, JHE 1~2 35188 %MA. BFIE [
WO R AE 2 BN, RUCRMERRE MR, H RN R EEE, gk R &mieRE, Mo E8IL
A B T R RS B 2 R AR RO ) L — B & KGR A 1B, R g sh R 8 2 R 32 B BEm[15].

KCNQ3 #2% BFIE (4 FHLil5 BFNE 2816k, ¥JLL M JEIEIIRE T M Z 0, (H IR I R) 22 5742
7R Kv7.2/7.3 BB 1E N [F] R B B B 128 X 248 R s 1k (A0 18142 1 A7 A e ) B R o 5 88 B8P B 1) KCNIQ3
THEESEH, PTRELEBH A LA IR BIEOR MM, MIEZ) LIS — DG, A RN RN K
1E[14],

3.3. EERRRE

KR BRI SR S AESN, KCNQ3 FE K38 57 i w5 BUSE ™ 5 i 22 21, A0 368 4 T AP £ P o Bk
B JIEE (Generalized Epilepsy with Febrile Seizures Plus, GEFS+) & 5. & 14 i 1k v 79 (Early-Onset Epileptic
Encephalopathy, EOEE). 5 R MEEUH AN A, XK EE 1 KCNQ3 A8 5% 2 HFEIRAL . 6 URAL BB 247 i
RAZ, H W Kv73 ARG ek, f Kv7.2/7.3 @iEN FH M BREE NRE16]. iy
IRFHEEFE R RAEE. RIERRZFE, WHERBREE, BXE RPURIR 270 R S AE . 72
R PEI I o, R AR AR EAT IR 2 K B RENG, RN R FIRE. 185 5 0ssh ke
PR, BEARFREE NG ST B N AT AR 2% XL R A B B KR R 17].

4. KCNQ3 EETRSAHEREEHMERE KR
4.1. NHERSHEL HIRE

I R FERIN, FBor 45 KCNQ3 He PR B 1148 5 Ve B, BRI AR AL, 8RR AN R R B 1)
INFIBERS, W KT A2 0aR . EE A SR, JCHAE R R MR I ko S, AR B IR
IR AEZR T S [18]. HALHI AT eSS M B TE D) 5e 5 s M SR Al A OC: 2 M IEEThRE R I, K
AR 236 B (AN A 288  p-2 ik T IR B A, TR A K I R4 SR (L TP) A I A4 (LTD) 55 50 B R
T B, R B AR SR AR TG BE S ATIRAS T REXT R ) 4% 1) e AR K BN 52
MR BOAFIFIAT A T (5] SSEge it — B30 7 Bl WA . W7t R, KCNQ3 K D REAZ 45 1) /N B
B AT B A2 e ) R RE S A ERARNSZ I AL AT R H SRR A, $278 KCNQ3 fE4ERF IEH A AT
Refnpp B v B AR BARRIPER19].

4.2. BAEIE RIEFF(ASD)

Ak, AHFFRIE KCNQ3 B8 %1l Ge 5 B HIE 1 R FEAS(Autism Spectrum Disorder, ASD)FH K .
5 DU N EE R KCNQ3 A HBIRANE, ASD #H3% KCNQ3 28 53 234 A — & i I W i & A
HIGRE R DI 2 A B G 15 5 V@R L E S ZIRAT AR E, 5 B fERE R JIBER520].

AW RN, KCNQ3 JE [A ) T fie 7 5 (I 18 D) G 3R 15 BB 8 DI Re il 2k RAZ )2 ASD 1) B 230 K 3
s bl P 2 P 25 F 4T 51 K ASD AHGER AL HILH BT FEREARRRUN, 2 BRI T 1]
e, KCNQ3 £ ASD 1 EU 1F FH A7) 75 188 B8 AR R 384 2% A0 D) B i ST B0 0IE[211] 6
5. KCNQ3 EEZE 7B s HLE
5.1. BIEINEERR L BB TR

AW R, @IEINEE K (Loss of Function, LoF)/& KCNQ3 AH I Z: R G50 1Y - B EUR LI,
FEAFREE LR, B RAR . TG AR L BT s AR S [9]. 4 R L KA Kv7.3 AR
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RE X s (1 H TR A2 2% S4 bk, FLIEIX P-loop BY C ¥ A ZEH4de), i b 483 s R abE . 2 73
BSOS ROR, PR M JBIE ECE GG . AR RITE AR FEUE AR AT &b, X
HATES Kv7.2 WA BRI R A, S E M IEIE a2 17].

MBI Re e R o SR AL 2R, ZhE AR TBOSIE T~ Fe, BRI, 2 E
RANEGE 288 I R BE DS, AT 5 R A AR 522
5.2. BEINRRERTR

KCNQ3 HJZhfiE 3513 2 (Gain of Function, GoF) A48 S AHXS /b W, FENEE X HRAF . il FERIEEBeS
) B A TR T ], 5% MR, AT B e FE AR AL . GoF 7% 57 mT REE i L w22 ) 4 v %
w SRR SISV, 2 5INABESER T R E RAE . BEEINZER I RAR, Bk
BUR ML B G R = SR Rt — P Bf21].

53. BERRIABIERS

Frgmhs X A2 5 4h, KCNQ3 HE R ARG 5 X A8 7 (A5 2h 7 X3 A 1 X AR ) AT e 550w I
KA. BN, JA BT XA 5 T RESSMA R e T I A5 A0, BRI KCNQ3 IIZRIBKT; A& X AR 5
AT HE T4 mRNA 8T8, AR5 W HoRAR, BEMI IR A DhRE. thah, RUERAMAEMIEHLEI(IN DNA %
e HERA B AT RN KCNQ3 HER RIBIRES, HA KW T H AT T2 B 23],

6. KCNQ3 X &KmREATMRHER

M I S 2 TR 250V P I LR, (RIS KCNQ3 A SN, ML S B/ E FI/E M i
(2. 3 i (Retigabine) 2 1 AN IE SE AT BLAZH0E M IETE B PUBIR 254, 5 B T3 B2 JRANRR I FE A
EIER, %A LE R AR I [24]. Bk Kv7.2/7.3 J8IEFF OGN SO R #v s, H R ERMEZ
Y $% XEN1101 5 HN37,

6.1. XEN1101

XEN1101 (XK Azetukalner) & —Fpk 0 Kv7.2/7.3 JBIE G . HAEREBURMERN FIFR, K&
FEARE B IV AR R YT A XS . JAMA Neurology 25 A [2513H7 7 — WAL BUE « 275 R
2b JARF ST, XENL1101 AEAMINIAIT I, AT LU ok A ARSI (70 AR E T 1%, I FLEAT 32 AT
FIT R SR, 25 mgs 20 mg. 10 mg ZHAF H R AEAEREHLL AL FEIR 73 73R 52.8% 46.4%. 33.2%,
PR ER T 2EA18.2%), A 1| RS, et REr, W ke, SR RN, TCATE),
FEE AN R RN RS 2 A .

6.2. HN37

HN37 (3FR Pynegabine)sK [ X%} “F & INE 2 5”7 Kv7 FFGH ISR L. ©F 250 0 5e i
FfaH, HN37 X4t Kv7 @E A ERNBIERE )1, FHTE 2 PRmOW s Y v 7R A 3 H 0 R
R[26]. E#ETH KCNQ JHEHUH AL F /N BT 7o, HN37 X5 R M R AE Z) e B os i cE e
[27]. HAh, —EEEERLZER 52T R IRGESRE], HN37 78 E O 200 NI H S I R A B B, {5
ATHE BAAPR[28].

7. REE
ITAER KCNQ3 JERITEME R G o I AL lUAS T B8t e, (AAEF 2R v in . Rk
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