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Abstract

Objective: To explore the clinical features and genetic variation characteristics in children with
KCNQ2-related developmental and epileptic encephalopathy (DEE), and to provide references for
the clinical diagnosis and prognostic evaluation of this disease. Methods: A retrospective analysis
was performed on the clinical case data of three children diagnosed with KCNQ2-related develop-
mental and epileptic encephalopathy (DEE). Additionally, relevant domestic and international lit-
erature was systematically reviewed to summarize the clinical features and genetic variation char-
acteristics of the disease. Results: Among the three children, two were female, with onset within 24
hours and 26 hours after birth; one was male, with onset on the third day after birth. All children
presented with epileptic seizures as the initial symptom, with seizure patterns including intermit-
tent seizures or clustered seizures. When seizures were frequent, the frequency could reach more
than 10 episodes per day. The specific seizure types were mainly focal seizures, and some were
complicated with tonic seizures. Electroencephalogram (EEG) examination showed that all three chil-
dren had abnormal electroencephalographic activity, manifested as multifocal discharges, burst-sup-
pression waves, or hypsarrhythmia. In terms of treatment, multiple anti-seizure medications (such
as phenobarbital, levetiracetam, etc.) were administered initially, but the therapeutic effect was
poor in all cases; epileptic seizures disappeared completely in two children after oxcarbazepine was
added. Regarding prognosis, all three children had significant psychomotor developmental delay;
one child died at 1 year and 6 months of age due to persistent and frequent epileptic seizures. Ge-
netic testing results revealed that all three children carried de novo missense variants in the KCNQ2
gene, with specific variant sites being c.620G>C (p.Arg207Pro), c.997C>T (p.Arg333Trp), and c.908C>T
(p-Ser303Phe). Conclusion: De novo missense variants at specific loci of the KCNQ2 gene are im-
portant pathogenic causes of developmental and epileptic encephalopathy (DEE). Diseases caused by
such variants exhibit typical clinical features: epilepsy usually onsets in the early neonatal period,
with high seizure frequency and poor response to multiple anti-seizure medications; they are often
accompanied by significant psychomotor developmental delay, resulting in an overall poor prognosis.
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% B P M %955 (Developmental and Epileptic Encephalopathy, DEE) & — 41 ™ 5 g Jilr ) L #4242 5 Gi i
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[1][2], F2 5 s 12 P s () B AR BIO R R o eI FE AN, KCNQ2 8 A 5 R SR M A ) LR
(oenign familial neonatal epilepsy, BFNE)AH%[3] [4]; {HITHFFT R, 1ZIEH A 760 58 DEE [5]-[7],
HEZRIRHE A 42 KCNQ2 & & M 14 i (KCNQ2-related Developmental and Epileptic Encephalopathy
KCNQ2-DEE). {31 )72, BFNE 5 KCNQ2-DEE &85 LA ) LI K AF ke, (B & Hc %57
. OArE R R, WUNRIEZEAE 4 NHWBEATEME, HEME RS G Fﬁwuﬁlﬁﬁf
RAERFEERFAE, BB A E. B, @ 5IHR % KCNQ2-DEE 5t 5 HT1il, & Hur ) LEHHZ 40
SR HAR AR (B 2 R R ASHIE 5 IR B 23 A 5 7 = 2 B B & 22 Bt ) LRHISUIE 1Y) 3 451 KCNQ2-DEE &) LI I
IRFHIE S 8% FFIE, SRS R IG IR R ITAHZZIR RN AR, AIGIRIZIT Ok X TG PSR S %

2. ImPRFEH

B, 2, LHE, K “HhdEm 10 N7 ABE. BILTAE)G 26 AN HBUmE, R 6 I, KIERIN
BRI BZER. DR, WFREZE. WK 38, e BRI RCE G ORFEshiE, BRAE
FrER2) 1 b )a FATSRIR. BJLAR G2P2, fAls 3872 Al e = iAs, HiZERHE 3100 g, HAR EHA R B
o SRR, dENTRSENS: WML 3 %, M. KR IOER . BT SRR . AR
#: 5K 50.0 cm, Kk 35.0 cm: AR, KEIMET, SRERE, TREERINA: ATXCPHE, kA O
IR AR AR IS s USSR v, B A LB R SO T IE R 51 . SRIR s w M. AFEThaE. O
JUUBE . FETT(RMmATS . M. Mgg). MmpE. MR, MR, FRRINEE LR M. JREALIR Ui
ERIEE . WBRFEIEAE: OIPEEIRRIGALEL S RGN f R R AR 2 5 2 P
HLCA AR X . X, X . BEIX), BRIUE] 6 DR AE, A R A R R A O KA Bk
W RMBUL VRGN IEYR & (magnetic resonance imaging, MRI)Z XU H B FRIE 5 5
U B /N o A B B3 B8 o JRTT I FE: AR fa 564h TR E4EE 3R B6 Sk sy, I HIRZR L Zhim
BT, (HRURAEE, B)L 1 AW EENRIE, SAENE, BHEERRETRIK. FHTHREL
BIA I CHTEIHIRTT, RAESURIEE P 1~5 K 1 IR, ftlalfE 50 RICKEAE; (HIELEFEUHBURE [t
PERAE, BRRFFLRZ) 3 i Eeff. 4 AWE I B-RIGFECAIRTT, BIRME-RIFE, SR HI
Wi RAE . BEVISEERRI: RRBEVIRT L 1 D8, RE R BEIALEARES L, THAREA,
B RILRES), DHEWTIERI RG4S . 455 B LIRREI, VIPi2Wh DEE. 44h 13 A 45 SAE L.
L KCNQ2 KB K i A8 5, AR A7 £ ¢.620G>C (p.Arg207Pro), 7T Exond X3 (FE L1 1),

\AM\[\MAZ\JV L\[\AMAANM M

Figure 1. Sequencing map of the ¢.620G>C (p.Arg207Pro) mutation site in exon 4 of the KCNQ2 gene (the child
was mosaic; the father and mother were both wild-type)
[E 1. KCNQ2 [ 4 S4BT ¢.620G>C (p.Arg207Pro)RENML = MIF E(BILHRE, RFE. BFEHAFER)
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B2, Lo, 1HE, W “HhiiE 1 K7 ABt. BILTASG 24 My Bl ahdE, JLRE 6 I, RIERILA
BORER. WEREL. Cfdhsh, e mBksRE Rl AMEARE M, FRORIMERS 20 & 1 4585
ATEATEM. BILR GAP3, Jak: 39*° AL/, HAfkE 3690 g, HIZER LEVAR R . LRk
&, BILA 2 BFEBERACEE, B EERE. FKEDIOEN. &R SR AR L. AR &
K 52.0cm, SkE|34.0cm; #EE, RNAT, FPRCPRR, JCRPERITZY: ATXCEHE, skAR; OMtIE T A
RS WML WUk 38065, B ) LR RS TIE R 51 . St wi. FEThee. O
LB FARTR (RS B BE). IpE. MALRR. FIRRIhAEL RN MK PR 67.6 umol/L; 1L, JR
BRI R A 25 R IR R . AR F SRR E: PN s s 2 B2 M RCE A AR X . X Fi
X\ HHEX, LA A X oy i 3E), MR 3 YRR T A I H o X 0 SR A M R AE s G MRI 7R A R
MR R RS B R DV L, PRI R B ARG IR . 1y IR ARG T B kS R L
AN (AN & 20 mg/kg/d), 24 /NG SOR IRZS L2 (4E R & 5 malkgld)iG Ty, (HRURAE, B
48 H R AE 1~2 I, BKAIAIRG 2 B TE A AE . Bl 27 HESIN PR DU SR K 0, KA TEE 3~7
WIR, FEORFEELZER ERRA A 2T, [N SR ANBKGE M-S G EIZHTINE 5.5 pg/kg/min),
ZIRTT T RYAERF 14 Ko WIRLE )L B KAE, SIERIE 10~24 RIK, RIERIFERT, HRAER QR
% 180~200 /5y [RGB LW /D . RN ZE, PERERA S . ST A AT B R (RIRIOH K & 2 Ak
JECHL, 8 /NS T (A S B 11 DGR T A I R S XA R kR AR o IR DO — P BEE R TEHIRYT,
HELEKIEL, SRR bt BLHB S kA, ks DR E 2 57 2576,
TR KA IEHTR D, B H AR 5~6 K, Jask¥Iakg 3 RERME. &ILAE 51 RITEREEH,
RGBT SRR RKBEVIR )L 4 AR, B0 R 7P 5 R IR & 4F, (3
REVEIR R RIS : Ragthk, BHEFRD, SRLH. TEPHE%, BARIBMYEK. 28 )Lk
MG FEE, SHEITEANETFHN PR, SRER: B)LIET KCNQ2 3[R k4 & RAs, RAFNL M
4 ¢.997C>T (p.Arg333Trp), T Exon7 X451 W1 2).

ZIN
AGAAGCACTTT GAGAAGAGGCGGAACCCGGCA GCAGGCCT GG
AGAAGCACTTTGAGAAGAGGTGGAACCCGGCA GCAGGCCTG

AGAAGCACTTTGA GAAGAGGCGGAACCCGGCA GCAGGCCTG
A GAAGCACTTT GA GAAGAG GCGGAACCEGGEA GCAGGCCTG

A GAAGCACTTT GAGAAGAGGCGGAACCCGGCA GCAGGCCTG
AGHBAGCCAETTI GAGCAAGCGAGGEG CAACCEG GEA GEAGG EET G

Figure 2. Sequencing map of the c.997C>T (p.Arg333Trp) mutation site in exon 7 of the KCNQ2 gene (the child
was heterozygous; the father and mother were both wild-type)
[E 2. KCNQ2 £[E 7 S4MEF ¢.997C>T (p.Arg333Trp) RN S MFE(BILEE, RFE. BEHHFER)
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%13, 5, 1 H6HE, F “HW#HEL AR ANbi. 8ILVERFRNRICHZT R RZE, EHE;
A JEEE 3 RN, RAEVIMGRI A “wive” K, BEEHBIUENLTK S e, FEOR. Jh R1E &
FSHE, BIRRIERES: 30 B2 2 /-8l 5 2k, RAEMZRTHR 1~3 K 1 k. &ILFR G3P2, RHHIHE
FEHA, HAEIRE 3450 g, HAERTCEVA R B OB, R 1N, SiERE. Kk
M BR TR AER . ABREKIGE: K5 40009, K 51.0cm, SLkH 37.0cm; Kk, SR AE,
TCRFBRTIZY s AU X, KA S OB AR W5 s XU A 3 X, @ Giaa bk o S B R 51
Ho KA. ARSI . FFEShaE. OUUEE. ALIEhr(EAs. B 85 RE, M. Rt
AR IR AT 25 SR IR o SRR OIPEE: SRR BFLAR M. =R sl ke s A5
REM: S ZAIEE R WRAEE: H0ES AR MUK MR DEIRAR R SRR N, %
EREAR. PSR REERE, RICVEER - WHIETE, WE 1 )RR R A E: B
K. $E7 KCNQ2 JEH R 4+ 548 57, A8 A7 &4 ¢.908C>T (p.Ser303Phe), i Exon6 X1, %EflEk
I (VE DL B 3) s AN 2 LA IR PR = SR DR DLk Ok . LR K R BR Al 108 . a7 i i 2B 23
KA TAREWZ DR, Je/aBATEMtE . SUHEPE. A2 SR, mbOmaEEyT, HEAKRA
e, BN RAERME, RESER L 10 RIKIK, BAERRIERTG I R RIE: RIH
VU LsK Ao, 4 B JE il B4R, 72 BRRE, ARERCARES), BILERERE: BEREERE: K
ERIGE KM — 7, e 4 Sisih. Hjm Ak, sop RIE, BREERBE, FIRFFEEL 1 5080522
filt o STETPUATN FEL I R TR R T, B 2 R E RIS REMRAE, A IRKRILE
KR, sy “B)UBMRYERTR : KHIRSEE IR West ZEA1E” « BT 4R &ILRIRT]
CHUIN Y 12 5 AR, SHEMEERNAKE, REPNIERTERERG: AR, AR
FEN, LBERERS, HARTHERRIES. BILRAT 12 6 NMHBE, FIERN K E S 250H
15 A K AT

FE&R eI E e8] | frE R B P IR 1B 5 TRHR
FA | KCNQ2 | chr20:62070970 | ¢908C>T | At R | KCNQ2 | chr20:62070970 | c908C>T | REMER
FC GeoRGR G T CC TE CTITEC G CG FEGe GTFTGCTCE T CC I C I CG CG
C GGEMGTC T LTCTT T TC GG CG G G G TG I CG CG
- N -
[ \/ [
1 \ YV X\ | \ [\
Ve D AN XA N Bnd N —hed A Dt E AVAESS @ A L IS SRS
FE& [ wwEm | BE [ ERfR | R HE | mEER | BB | EmtEw [ ERRm
pes | keno2 | ch20:62070070 | e908CT | RRAES e ) chr20:62070970 | e908C-T | RRAXH
I ¢ GGT GRCT CC T C T T CGCG CG G G C cC C FCTTETC GC G
€ GGT GTC G € L I € T €6 € G CG G G ¢ TG € I C GC G
w 3

| \ / '\

AN LA AAIN DI A DN~ LA X el bod Mo Nodo Ko Aok Aeuwery ol Mool

Figure 3. Sequencing map of the ¢.908C>T (p.Ser303Phe) mutation site in exon 6 of the KCNQ2 gene (the child was hetero-
zygous; the father, mother, and sister were all wild-type)
[ 3. KCNQ2 £ [ 6 ST F c.908C>T (p.Ser303Phe) R AMIFFEI(BILAE, XK. 8%, HEHIAHFER)

3. g

KCNQ2-DEE £ 5 KCNQ2 H& [R 2 53 4H ¢ (1) & & PEE e 1 i (DEE), st R e B ki A= ) L5 S92
FIEVE R, RIEIEREZ MBI RAE, WA B - H i R ™ E R H IR [8]. A7tk
) 3 1) LI HETT KCNQ2 & R HT & 4 AR S, HlmREFES Fid gk miks R E: 36 8L+
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A S5 24 /NN 26 /NI B 3 R NI ORI KA, RAESE I AR AIA 10 IRER UL E, RAETE ARk
PERAE BERME. 1ZW7TH, 1S LS E N KB RZREAE, JEIEAE N West ZR61E; HAR 2 #i2
W7y o o BRI R 7 o 0 E B R IAFAE 22 52 2 B DA 2 B 2 A MO o R ERRAE, 1 Bl 2R K -
BT, G e B R . RTINS TS T, 3 B LEIAFL R B 1. 6 2 BIaER R
B ZICA 72 CRPEHIRYT, RCRAE: AR RGPS, WO R AIER 2 ], HA5is i R
M2 R BIEG . B 3 fEREZEEAE LA fFBEA 2 Z B30, FOMEEs . &RvERE. memsiaT,
TSR EEIN R, B EATMRERE, ®&T 1% 6 MHREN R, %L1, 368K E
KCNQ2-DEE FIA%CHFAE s 7 A2 ) L5301 0 B LA ) R0 4 A (AT oy e 1 A B B AR S ) S i
H PR R (MR - ) s R TR B AR R) . BB IZ B R B S, HLE DR I ¥ E SE AR AR
KCNQ2 H[RIH k4 XA 5, i KCNQ2-DEE 2. AHIF 005 51 ) Ha I PRAFAE 55 DAAT SRR T 45 2R
—E[2] [5] [7][9], E— Uk 1 %P5 i H R R B

KCNQ2 J: K & A T Gy itk 20013.33 X35k, FHogmbd =420 o 17145 80 B - (K 18 S Kv7.2.
ZHE SRR ML () B RS ZH 73, T Lo S8 T B0 S22 380G BN RTE A B o, BA M KO
e, AIBEMCPH A Te M m PRI e & e B AL AR 38 S [10]-[12]. KCNQ2 2 [A] (1) B0 42 7t 3 5 )
RS T8 0 ) R A S AR ROV [13] [14]. MRAMIFFIUESE, 44K %% KCNQ2 B A 74 F 8 Kv7.2
WAEETNRERZA, R 5 R IBIE ) EEE RN . EAERENE, KCNQ2 R FE LI fe F M7 T4l
HlRE 2R, EEARELLIT LY, o RS, S8 K72 TEMRIEK R BiEES
DhRe s, B FiEE s . Bl 8 5w B TR D st s @ s Thae s, RS2 s N IR %
B A SR U 2B R EVLEE 4,5- 858 (PIP) R 1 EE /12245 . AN KCNQ2 Ui AL 5+ 2 fi & - id
ANE 43 FBORALHI[11] [15], X -FESHIZ IR AR R, MREREE K BENE SRR ™ & 1
KCNQ2-DEE. #t— D Fi3R B, HTR 795 45 B 78 18 Th e 451 35 002 55 5 Wim A o ™% B 72 55 2 B A A G
P£: BFNE ML R SECHEIE R EIhAE LR, 1 KCNQ2-DEE ¢35 5 U 4 ik i i i 7™ 5 Th g e 2k
[8] [16] [17].

AT H 3 1 JLH KCNQ2 JE R AR ¥ o ki X RAE, BARA JAL 53 5 H: ¢.620G>C
(p.Arg207Pro). ¢.997C>T (p.Arg333Trp). ¢.908C>T (p.Ser303Phe). Jyitk— 5B IE 1% 2848 K [l R 7 s
T I R . RIKEE THRIEOHE 2 (1) KCNQ2 A8 S0 it 5 &K B 76 111 ) KCNQ2-DEE 7 7 1,
B SCRAR L R IA 98.2%, A 1.8% 9 HESE N 1 AN SRAR[6]; T /E BENE i fsilH, AT 3 A A7 10 . 22
S BBTRAR (5 59.5%. Hf URAR N 37.8%. MEFLEANRAL (5 2.7%. HULATIL, BB R KCNQ2-
DEE M EZABRIE, KGRI 3 B )L NHT R CRAR M4 R 58 4 — 8, #h—BEst TR 72k
AI#E KCNQ2-DEE &% FR % O E - AR, Xf bt BFNE 5 KCNQ2-DEE [ 58AF J5H /3 #ii 25 S ol S, 2%
ARSI AT A A PAC 5 1) 3 R ol KCINQ2 A X227 1) 7 B2 225 4R A

KCNQ2 J: (K 4w 4 B 7B E A WA Kv7.2 BAR SR E, TEAE 6 MERXIE
(S1~S6). N i fitd 57 & S L1 C s o X 3. ABFFE 3 A KCNQ2 A% o s Xof L F) 2 A 2 1 [X 35
Wi AT S4 HREKRIX . C 5 X3, LA K S5~S6 5 Xtk 2 ] () FLIE L X o BEAE 24 %t 93
fil KCNQ2-DEE B3 It 7, ORI 4 /BRI S8 # i X3, G046 S4 R A% E% . S5~S6 FLIEIX .
C Ui X [7], X S5AMFIL 3 AN FAL AT 1 oA 56 4 — 8, #E—DIGIIE 71X 24 X I8 7E KCNQ2-DEE &

S3 XIRMIESL AT 5 PIP, 456, [RIAE Kv7.2 B 7 fLIE ) [ I Hsid A v A H B 2R A I [18] . % DX 5%
PRIAR 5 5 B T D Re sz 4, EI SR AR AL, X2 HATA AT BFNE .0 EEHLH . 1k
b, fE KV7.2 BB 7 FLIE S A SRBEMTL XK, IEAFLE PIP2. A VG € 5 1 (AKAP) K45 1 82 F (CaM)
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R RSG5, AKAP 454 AT EIE XA 1E, CaM R4 4 520 Kv7.2 38 1 1) 41 i I 26 1 (1) 36 is
IEFE[19]. #5 KCNQ2 F: R85 Rk AR TR IR Se G 45 A X I8, &S EUE AL &5, 351 R S 5080y,
X—HLE AN /& KCNQ2-DEE (38 7EM B BE Al . ACHIF 72 id i X bt KCNQ2 2 R 748 57 1) SRR Z3 A1 A,
N KCNQ2 AH S [ 11 R 7% B 5 J5 DR AR 5 e 67 2 IR R SR IR T BB IE s, o i — 0 W A AN [R) R 2
(ORI AL 22 5 B9 T LAl

AW 3 FIEJLIET R A EZES: 61T 4 AE. 62 F 51 Hgn, EORFERZ. £2
P PG H A I BN TE B N R PGS, OO R AR S T 3 WA 2RI N B R PSR KA
RO A ER B4 )G, & T 1% 6 NMHRKNRIT. dHikal WL, FHIRA KCNQ2-DEE I K i &
P8 B RV, AT e P e R VE AT A . HR T 4 EiE 5 KCNQ2 Hili 75 i 2 41
L P R X 3 A7 3 () 7 5 45 6 [20] T B S 114 49M 3 1Y) 9 4% T J 38 B X — S R S AR M T g
[21] IR, 38 T8 B 77 A 8 1 T AIE I i 2, I KCNQ2 JE K48 S 5 SUHE 38 T e K T 5| &
(R eIt FE Mg, XA HAE KCNQ2-DEE VR 97 HH (I RS AL T AL 2 TH AR o BRAE AT 9 45 JLadk
— AR 7145 [9] [22] [23], AN Z8 S AN 8 1 BE A 75 (0 B R VG ~F- L R 22 504 | iy 52 =R X i 4r KCNQ2-
DEE BHEH, HAZFERLEPURIRZ Y (FEntEs. me e b i)t s t— @R T 30RO R
PRI 7E T 1X e 24 W [R]AF JL & Aha T BEL KT/ FH [23] . FR R B BA 2, 7 8 0 22 B MR IR FIALRL, AR 8
I TFBGR[24], B2 1N FH 02 3 A E s PR 254 . SR, B IR RN R 5 51 R ™
HEWEM, HArE S o s bR .

AWfredr 3 Gl )L ERERE, B4 1. F 2 £ R HECA BB e B Rk EEdlE, K8
WIGTERE R T 3. BTl FRATHEN, FUUAE RN K AE, TREX G KCNQ2-DEE &Lt
WIRBEARIGEHAARNE . BERZ, B3 & g h E RO R - MHEE, FEakidt—
AR N R, A E T R LR R R I e AR SRR R - W SRS S A R
KB G RAELEA IR [25], BRI AT &) 3 K& TilJE BB 2 M E IR R 2 —.

[ 7 2 PG H, A FE it 3 B bR R T KCNQ2-DEE I RAFAE 3 M A8 S5 p 5 i
R RAEZIIIRIT N, B FREA RN BB BT IR A oA $2s 1) VB 27 A8 8 o 7 B ) AS A2 558 ) R
SEWFARE—E R, (An RS0 IR IR R . A K@ TR 2 il KA BE T
5T, SREHERL VP KCNQ2-DEE MR A . JERIRIRE i, DAACR I 4% 1 5 8 LR 8 TS MIAH 56
P, RRAGIE PR IZTT SR WS 52 it 5 ] 58 BB IE AR -

£k LRk, KCNQ2-DEE HA BHHA I I PR 5 AL 224 AE . i 22458 A ) LS IR, DAJwoi [ J i
ERNIZORI, KAEA R AR B AR Wi BRIy 2 SRR . B - i R B
KA BURAE S L KCNQ2 L RIHT R AL XA, HAR S B AR 1A 5 X Sk 2 B2 7 S4 Hi T Jk
X\ S5~S6 FLIETERIX S C i Mo [X 3. 2B LK 2Rl BT R AE 239697 RNAE,  H
PR B E IR MIESIR BRI, WK BT EIT T RE TG . 456 AW A AR 5 BE A A ST
FEEW, $FRBNBIERL AT B /E N KCNQ2-DEE A iRy ke, FLImPR M (A 15 Ak d it 5 K
P T BE MR T 38— 2B BRIE

= A
V0 A EL R4 A R 7
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