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ABSTRACT

Background. We aimed to delineate the genotype and phenotype of patients with KCNQ2 mutations from
South China.

Methods. Clinical manifestations and characteristics of KCNQ2 mutations of patients from South China were
analyzed. Previous patients with mutations detected in this study were reviewed.

Results. Eighteen epilepsy patients with KCNQ2 mutations, including seven self-limited neonatal epilepsy
(SeLNE), two self-limited infantile epilepsy (SeLIE) and nine developmental and epileptic encephalopathy
(DEE) were enrolled. The age of onset (p=0.006), mutation types (p=0.029), hypertonia (p=0.000), and seizure
offset (p=0.029) were different in self-limited epilepsy (SeLE) and DEE. De novo mutations were mainly detected
in DEE patients (p=0.026). The mutation position, EEG or the age of onset were not predictive for the seizure
or ID/DD outcome in DEE, while the development of patients free of seizures was better than that of patients
with seizures (p=0.008). Sodium channel blockers were the most effective anti-seizure medication, while the
age of starting sodium channel blockers did not affect the seizure or development offset. We first discovered
the seizure recurrence ratio in SeLNE/SeLIE was 23.1% in South China. Four novel mutations (c.790T>C,
€.355_363delGAGAAGAG, ¢.296+2T>G, 20q13.33del) were discovered. Each of eight mutations (c.1918delC,
c.1678C>T, c.683A>G, c.833T>C, c.868G>A, c.638G>A, c.997C>T, c.830C>T) only resulted in SeLE or DEE, while
heterogeneity was also found. Six patients in this study have enriched the known phenotype caused by the
mutations (c.365C>T, c.1A>G, c.683A>G, ¢.833T>C, ¢.830C>T, c.1678C>T).

Conclusion. This research has expanded known phenotype and genotype of KCNQ2-related epilepsy, and the
different clinical features of SeLE and DEE from South China.

Key words: KCNQ?2, self-limited epilepsy, developmental and epileptic encephalopathy.

KCNQ2 (OMIM *602235), encoding a voltage-
gated potassium channel, was firstly reported

been reported.*® In the Human Gene Mutation
Database, more than 400 variations in KCNQ?2

to be a disease-causing gene for epilepsy
in 1998.! To date, heterozygous mutations
in KCNQ2 are considered responsible for
a spectrum of disease, ranging from self-
limited neonatal epilepsy (SeLNE), self-limited
infantile epilepsy (SeLIE) to developmental
and epileptic encephalopathy 7 (DEE, OMIM
#613720).>* Various types of mutations have
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are recorded. Early onset seizures without
intellectual disability/development delay (ID/
DD) are common manifestations in SeLNE and
SeLIE, they might spontaneously disappear
or are pharmacoresponsive.® SeLNE/SeLIE
patients also have a probability to progress into
epilepsy again after late childhood.” DEE, in
contrast, is characterized by seizures onset in
the first week of life and unremitting moderate
or severe ID/DD. Seizures are often resistant
to regular anti-seizure medications (ASMs),
and may cease between nine months and
four years of age.® Loss of function, dominant
negative effects and gain of function have been
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confirmed as the underlying mechanisms.**?
Sodium channel blockers have been found to be
the most effective ASM.1°

Recent clinical studies have described the
clinical features of KCNQ2 related diseases,
including manifestations, treatment methods
and prognosis.®"! However, there are few
studies reporting patients with KCNQ2
mutations from South China, especially from
Guangdong Province, and the eletroclinical
features have not yet been clarified. In this
study, we aimed to explore the genetic and
clinical features of eighteen epilepsy patients
with KCNQ2 mutation from South China and
analyze and compare the clinical manifestations
of children with the same mutation in this and
previous studies.

Methods

Patients

Eighteen patients (Pt1-Pt18) with epilepsy
onset in infancy and KCNQ2 variations
from 18 wunrelated families were enrolled
at the Department of Pediatric Neurology,
Guangzhou Women and Children’s Medical
Center between June 2018 and August 2021. Our
study was approved by the Ethics Committee
of Guangzhou Women and Children’s Medical
Center (No. 2019-40101). We have obtained
informed consent from the patients” parents for
the study.

Clinical analysis

Clinical data were collected, including age of
onset, gender, seizure type, treatment method,
developmental milestones, EEG and MRI. Before
the era of genetic testing, treatment methods
of 18 patients in this study were based on age,
seizure type, and EEG characteristics. Since
some patients had started their evaluation and
treatment in other hospitals, treatment regimens
were heterogeneous. Vitamin B6 was applied in
some patients irregularly, and therefore was
not analyzed for effectiveness in this study.
Response to ASMs was considered effective if
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seizure frequencies decreased by more than
50% from the baseline after treatment. For the
sake of simplicity in this study, developmental
assessment was based on developmental
milestones and ID/DD was classified as mild,
moderate or severe based on the following: mild
ID/DD was considered when patients acquired
the developmental milestones but at a slightly
worse level. Moderate ID/DD was defined
as patients who were obviously delayed in
milestones, but who showed progress. Patients
were classified as severe or profound ID/DD
if their development was nearly arrested. The
descriptions of seizure and epilepsy were based
on the guidelines proposed by the International
League Against Epilepsy in 2017 and 2022.'>"

Genetic analysis

Next-generation sequencing including epilepsy
gene panel sequencing, whole exome sequencing
and whole genome sequencing was performed
for 18 patients in genetic testing agencies. The
epilepsy gene panel was designed to capture
the coding exons of more than 536 genes
associated with epilepsy including the KCNQ?2.
Next-generation sequencing was performed on
INlumina, NovaSeq 6000 or MGI 2000 system
platforms. Sequences of genes were referred to
GRCh37/hg19. The average sequencing depth
of epilepsy gene panels and whole exome
sequencing was more than 122X. The average
sequencing depth of whole genome sequencing
was 28X. Variations of eleven patients (Pt2-Pt4,
Pt6, Pt8, Pt10, Pt12-Pt15, Pt17) were validated
with Sanger sequencing. All KCNQ?2 variants
were harmonized with the ENST00000359125.7
(RefSeq NM_172107.4) of the GRCh37/hgl9
human reference genome build. Variants were
analyzed according to the recommendations of
the American College of Medical Genetics and
Genomics (ACMG)."*

Review of previous patients

Clinvar database, Human Gene Mutation
Database and the literature (Supplementary
table) were reviewed to analyze the clinical
course, seizure types, and response to the
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treatment of patients with the same mutation
detected in this study.®!164

Statistical analysis

Data were evaluated by Fisher exact probability
test, Mann Whitney U test, and Kruskal-Wallis
H test for comparisons between groups using
Statistical Package for the Social Sciences
version 20 software. Probability values less than
5% were considered to be significant.

Results

Clinical features

Eighteen children (Pt1-Pt18) from South China,
composed of eight female and ten males, were
clinically evaluated in this study (Table I).
Seven patients (Pt1-Pt7) were diagnosed with
SeLNE, two (Pt8-Pt9) were SeLlE, and nine
(Pt10-Pt18) were DEE. Fifteen patients came
from the Guangdong Province, two from
Guangxi (Pt2 and Pt8), and one from the Hunan
(Pt3) Province. None of their parents were
consanguineous. Ptl7 was born prematurely
at 36 weeks without asphyxia. Gestational
diabetes and maternal thyroid dysfunction
were diagnosed in Pt4 and Pt13, respectively.
No specific abnormalities were found in blood
routine test or metabolic disease screening in
eighteen patients. In the brain MRI, smaller
right hippocampus was found in Pt2, and
diffuse atrophy was detected in Pt14 and Pt17.
A positive family history of seizure was found
in three patients (Ptl, Pt4 and Pt6). Seizures in
three family members of two SeLNE patients
(Pt4, Pt6) disappeared spontaneously without
treatment in infancy. Seizures recurred to Ptl’s
father during adulthood.

Seizure was the initial symptom and was
observed in all of them (Table I). Patients of
SeLE developed seizures from 3 days to 3
months after birth, with a median of 5 days,
while, in DEE patients, seizures occurred at the
age ranging from several hours to six months of
age, with a median of 2 days. The age of onset
of DEE patients was earlier than that of self-
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limited epilepsy (SeLE) patients (p=0.006) (Table
II). Focal onset seizure was the most common
seizure type (88.9%, 16/18).

EEG often presented focal or multi-focal
discharge in both SeLE and DEE patients
(94.4%, 17/18), while suppression burst patterns
and hypsarrhythmia were only detected in
DEE patients (p=0.000) (see Table I and Table
II). Initial epilepsy syndrome was Ohtahara
syndrome in eight patients and West syndrome
in one patient. Four patients of Ohtahara
syndrome evolved to West syndrome. In
eight patients with ictal amplitude-integrated
electroencephalography (aEEG) in neonate,
a sudden rise of the upper and lower margin
followed by a marked depression in amplitude
were found in eight and three, respectively.

ASMs (18/18), prednisone (3/18), and ketogenic
diet (2/18) were used in this study. Generally,
sodium channel blockers (SCBs), including
oxcarbazepine (100%, 15/15), lamotrigine
(100%, 3/3), and topiramate (66.7%, 2/3) were
used and effective in 100% of patients (n=15)
and its usage rate was higher in DEE patients
than that in SeLE (p=0.029). In seven SeLNE
patients, phenobarbital (5/7), valproic acid (5/7),
topiramate (1/7), levetiracetam (1/7), nitrazepam
(1/7) and oxcarbazepine (5/7) were used, in
which, phenobarbital (100%, 5/5) and SCBs
(100%, 6/6) were the most effective, followed
by valproic acid (50%, 2/4). Lacosamide was
tried in Pt3, but was too early to evaluate the
effectiveness as it was only recently started
during the preparation of this manuscript. They
were pharmacoresponsive and became seizure-
free in infancy, with a median age of 3+ months
old. Oxcarbazepine, levetiracetam and valproic
acid were effective in two patients with SeLlIE,
and both of them were free of seizures in their
infancy. Nine DEE patients were responsive to
SCBs, especially oxcarbazepine (100%, 9/9). In
addition, nitrazepam (3/3), valproic acid (6/7),
and phenobarbital (3/6) were effective in most
of them. A combination of prednisone and other
ASMs was found to be effective in three West
syndrome patients. However, levetiracetam
(0/6), vigabatrin (0/1) and ketogenic diet (0/2)

193



Turk ] Pediatr 2024; 66(2): 191-204

Cao B, et al

‘Buusnbas swoua8 ajoym ‘gL ‘Supuanbas uoxa ajoym ‘GHM ‘poe droxdrea Y IA

‘ureqedia ‘goHA ‘seInzias oruo) ‘g, ‘arewrenidoy ‘AL ‘0qo] [erodura) ‘11, {$9InZ1as dTUO-dIUO] ‘G [, ‘saInzias ‘zg ‘wseds ‘widg ‘1) sainzias g ‘sinq uoissarddns ‘gg urdrewr
1amof pue raddn ayy jo astx ‘A Duostupaid ‘N ‘Tergreqouayd ‘g ourdazeqreoxo ‘DX ‘wedezentu ‘JZN ON ‘/ D[qe[reae J0u YN ‘Sa81edsp [eoojnnu ‘(A Qurdroure]
‘0171 ‘WejadRINIAd] ‘Aq ] PPpIuesode] ‘AT A91p d1ua80393 ‘(Y ‘potrad [epdrrayur ‘I ‘erunpyAyrresd Ay ‘GH ‘2INzIas dIUO[D-OTUO] [eId)e[Iq 03 [0 ‘GO L4 ‘soaem ondarida ‘Amg
‘Asdorida ‘g7 ‘epmydwre ur uorssaxdap paxrew e “y(J ‘S9INZI3s JIUOD ‘GD) ‘B[eW ‘A ‘D[eWd] “ ‘PO STeak ‘A {p[o SUFUOW “W ‘P[O SaaMm ‘M ‘plo sAep “p ‘p[o sinoy 4 Jusned 4

DIT+HOXO+VIA NAd ‘VdA (0T:w9 T79SdD)
wm qa/ar punojoxd SM "DIT°DX0 AdN (6D wdg ‘5144 ‘S1) oaou 2
pue sowmowos zg  widg ‘SO ‘HAA ‘WAL ‘dd [ dI'SH<QAN:dI‘dS  TA [eIdUdD) pue [ed04 :7§ |34 (yr8seemd)o<iees™ 4 1
DLT+IZN+VIA+IXO RIN
wm aa/ar punojoxd SM ‘VdA ‘NAd 4oA ain (wdg ‘5O14:) 0201 2(]
pue zgjuenbayup w47 ‘6O ‘HAA ‘dZN DXO ‘AAT1dd I <Nl ‘SH<4S AN  [eI9U2D) pue [ed04 |34 ‘BrygresiHd)D<vegyd 4 11
(¢rug “11959D)
Gd+DXO Yim wg adurs SM Nad ME:dI—AIN (wds ‘ST, ‘SD1.44) oaou a(q
aq/ar aerepow pue 45 wedl ‘SO ‘HAA  DXO ‘dd AHT :dI‘SH—4S—AdN dI | TerdudD pue €004 pC (d1109681vd)1<08291> 4 01
VAA WM wg duis J§ - WLz AITS  VAA'AAT / [eWION AN *dI / (D) umowqun  w+g  dayrey (uDeeedryd)v<ogeed N 6
AAT+AZN
YITM Zg [eUoIsead() L6 Ad1 dZN AN :dI / (SO1) umowyun  wzdg
s VN dd ‘AI1°S JXO VN VN / w+e VN (PAIRIW d)D<VI> N 8
dZN VN ‘PI0SE T(959%€C9
DXO YIMm uIg DUIs 4§ w/  ANTS  DXO'dd ‘AdTVAA AdAN:dl - NI (SD14d ‘SI) 18204 pe “TH9PL619:0T1P)PPEEETPOT IN £
VAA WM wg dws 45wkl NS VdA'dd /TewION — M astedg :q] / (SD144) 18204 pe YO ‘D<IT+96T° 4 9
va 020t 3 “(]PPITIH9S 611D d)
DXO UHM P+Q] DUIs 45 w9  INTS  OXO'dd / md astedg:dr WY (SO144) 18204 pe DOVOVVOVOPPEIE SSED 4 ¢
IO
wgauis §5 widg  HNTPS  OXO'dd / [BWION—CAN :dl A (SD144d ‘SDL) 18204 Pz (LesydaroponaTd)DPPSI6I N ¥
INDT+OXO
YILM ZG [euoIsead &y J4 (OWO1 QAN -dI / (sD14d) 12004 wiig
DXO UM wg d0uls g A2 “ANTPS DXO WAL / QAN =dT / (SD14d ‘SOIL) 1ev0d ps  oaouaq “(STHF9TIAL d)D<1064° W €
(uononpar) [eWION«—TL
VAA WM wp ows 45 widz NS VdA'dd /Ul MH dMRWWASY ] / (5D1.44) 18204 p9  oaouaq ‘(,18581v d)L<OIHLID N T
(uononpar)
OXO UM wg duis J§  wdz  ANTES DXO VdA [eULION «— (AN *dI / (SL'§D144) 1eoog pe  1oyed (PNCEIeA D v<Oree® N 1
JISIA 3s€] )
uonIpuo) e ady CYNahE g QEVNGRENSEIN | 19suo W s
sisou8o1g sisougerq JuswIeaL], DHA DHHAE amziag  jo ady urdrio/uoneIn g

BUTYD) YINOG WOIJ suoneynu  Ym sjuarjed g JO SaInjeay [edIurd pue djauan) '] 3[qe],

The Turkish Journal of Pediatrics * March-April 2024

e
=)
i



Study on KCNQ2 Related Epilepsy

Turk | Pediatr 2024; 66(2): 191-204

‘Buusnbas swoua8 ajoym ‘G ‘Supuanbas uoxa ajoym ‘GHM ‘poe droxdrea YA
‘urmeqesia ‘goA ‘seInzias ooy ‘g, ‘arewreaidoy ‘AL ‘2qo] [erodura) ‘11, {$9InZ1as dTUO-DIUO] ‘G [, ‘saInzias ‘zg ‘wseds ‘widg ‘1) sainzias g ‘sing uoissaxddns ‘gg ‘urdrewr
1amof pue raddn ayy Jo astr ‘AR Duostupard ‘N ‘Tergreqouayd ‘g ourdazeqreoxo ‘DX ‘wedszeniu ‘7N ON ‘/ D[qe[ieae J0u YN ‘Sa81edsp [ecojnnu ‘(A urdroure]
‘01T ‘WejadRINIAI] ‘Aq ] PPTuresode] ‘AT A91p d1ua80393 ‘(Y ‘porrad [epdrrayur ‘I ‘erunpAyrresd Ay ‘SH ‘9INzIas DTUO[D-OTUO] [eId)e[Iq 03 [0 ‘DL ‘soaem ondarida ‘M7
‘Asdorida ‘g7 ‘epmydwe ur uorssaxdap paxrew e “y(J ‘S9INZIa3s JIUOD ‘GD) ‘B[eW ‘A ‘D[eWd] “ ‘PO SIeak ‘A {p[o SYFUOW “W ‘PO S3aaMm ‘M ‘plo sAep “p ‘p[o sinoy 4 Juaned 4

Ad+OXO0 YHM W+ 0Uls
ad/dr syeiepowt pue Jg w9

DXO+VdA

wm aa/ar punojoxd
pue zg juenbagur  wgAT

DXO+VdA

wm aa/ar punojoxd
pue zg yuanbaiy wg

DXO WM wig durs
Aaq/dr erepow pue 4G w9AL

dZN+DXO+DLT+VdIA

wm aa/ar punojoxd
pue zg juonbary  wiAy

DXO WM Wz 9urs
aq/ar prw pue js  wgAp
JISIA JSE[
uonipuo) e ady

sisoudoi

MI
aszeds pue punoidpeq  vQa (wdg ‘g1, “SD1) oaou a(]
so‘gqad  DXO‘dd AT MO[S—CIN :dI’dS ‘WM  [eI9U9D pue [ed0] 214 ‘(d12£z1d)1<00€82 4 ST
(1, “wdg) oaou a(]
SM ‘HAA DXO ‘VAA ) 'Ad1 AdN :dI<SH [ [e1duaD) pue [ed0y w9 (dargee8ryd)1<0/66™ W LI
SM SH«QIN Vvd (wds '5D1,’S1) 00U
‘SO’49d DXO ‘VdA ad [dI'dS—AdN:dl W [eI9U9D) pue [ed0] pe (uDe1z81yd)y<Dge9™> W 91
DXO'VAA A4 ‘punoidyoeq (wds ‘51)
SO ‘gad ‘dZN AT INdL MOIS :dIdS /  [eIdUdD pue [ed20] pI VN ‘(19506241 d)v<D8982 4 ST
dZN “DXO anem (wds ‘51) oaou aqg
SO‘gdd ‘OIT'VAA @IAd1 MO[S :dI+—ddN:dI ‘dS /  [eIdUdD pue [ed20] pe (d1109g8ryd)1<08/91° 4 ¥I
(sO1g1‘s1) oaou 2
SO ‘gad OXO VdA ‘dd AIN:dT—dS WM  [eId9usD) pue [e20] g ‘(no1zer9sd) 1<D59€™ I €1
@
DAT}DJJH DAL}ISYFAUL J9suo W -
sisouder(q Jusujeal], DY 9OHHe aInzmg  jo a8y urdLIo/uoneIn g

"panunuo) T d[qeL,

195

The Turkish Journal of Pediatrics * March-April 2024



Turk ] Pediatr 2024; 66(2): 191-204

Cao B, et al

‘PIO SINOY Y ‘P[0 SYIUOWL :W ‘PO SALP 1P ‘SUOHEIIPIW dINZIdS-HUe S]ASY “4sing uorssarddns :gg ‘erunpAyrresdAy g “Ayyedoreydaous ondafide pue reyuswdoreasp :ggq
“Asdaqida pajrur[-j[es :g19G ‘S19320[q [PUUELD WNIPOG:gDS “Ieappun sem gOG Yim juaned auo jo ade ay : ‘syusnyed §719G 9913 UI Pasn Jou sem gD :, ‘PIPN[OUL JOU Sem
uonerrea aqunu Adod ayy :; “reapun sem syusryed 221y Jo UISIIO UOTIRINW JU} 3, “IEIDUN SEM g} J JO 991J INZISS PUe JISUO JO a8e A, 3, 4S9} [ SI[[EM-[eS[SNIY YIIM pazA[eue:,
159} (] AWM UUeIA ym pazAeue :, 4s9) Ayijiqeqoid joexy 1yst yiim pazAjeue :, ‘oiqesridde jou 1y N ‘sowoino reyuswdopaspoinau *do[eAdapna “Idquinu [ejo} i,

I 0 I 9ATIORJJ-UON
06T0 € € 0 2ATIYH dZN Jo 10a551
¢ I z 2ATIORJJ-UON
€260 6 9 € SINSRE | VdA J0 19334
¢ ¢ 0 9ATIORJJ-UON
2810 8 € g 2ATIYIY ad Jo way3g
Z 9 I 9ATIORJJ-UON
06T0 1 0 I 2ATAYIY AATJO 13F
¢ 0 ¢ ON
6200 ST 6 9 SOx sg40S
VN 0 0 0 0 0 0 0 18 0 8 ou
6 g ¢ I VN 6 g v 0000 6 6 0 gs pue/1o SH OH™
1 1 0 0 1 1 0 € 1 4 SPUWIO urajoid jo
6960 8 i € 13 #1 8 i v 9480 FL 8 9 SISV 01 2ATjISuRs suorday uontsod uoneny
0T i 9 SO urajoid jo
VN VN CEE0 oL S 4 10dg J0H pajepI-ggQ uonsod uoneny
auag jo
LGS0 6 g ¢ A 4 VA g v .88¢0 LI 6 8 LTUOXH 0} [uoXg woxj uoyisod uoneny
0 0 0 0 0 0 0 w 0 i [eyuazeg
VN 8 G z I VN 8 g € 9200 <II 8 ¢ 0aou 3@ UI3LIO uoHeIN
0 0 0 0 0 0 0 G 0 g s1YI0
VN 6 o € I VN 6 g ¥ 6200 €I 6 4 uonenw asuassiy - 2d4y uoneny
(wg-urg) (wg-urg) (wg-poT1)
£LST0 ¥ / wg wg VN €50 (Tl QT wg'g $2INZ15gG JO 921y Ay
(w9-pz) (pc-yug) (w9-yg) (wg-pg)
6600 6 (W9-pY)PT (PT-PI)PT U8 41800 6 214 PST 49000 LI 4 ps 39su0 Jo 23y
punojoiJ 9jeIdpoN  PIIA ON SO 49 4798
d L A4 v ‘dojeaspnaN d L d3d d L ad£youayg Sl

Ut }19SJJO 2INZIog

‘uonje[arrod ad£jouayd pue ad£jousn) Iy a[qer,

The Turkish Journal of Pediatrics * March-April 2024

196



Turk | Pediatr 2024; 66(2): 191-204

0
= |2 Z58 g
S o B
[
2E 5
= N O O IO mg>&
D89
2=
< e &
5 £23
m |8l © -~ o 1 oS =
= |5 < = &E
@) = 58:'—1
[l Z gmg‘._"_‘
Ele 2£73

i)
& g < LA
= |Z|o o ~m o o|E 5g
212 28
v | Teg
e N 5 o
2 e
> | S S8
zZ = cz2
* ()
-
[ =
< N g% ¢
D~ > [@]
~ 1z S Z8g
o =
S .c 2
S<78
S O
= o © o oxagﬁ.’?
5 B0
3 ER
o X O 5
= ° =
) Z |0 o ~ w|g 22
93] .CSSU
et @ = 9
ol i g 3
12}
2 0 g5 8
2 g < < EE:
N ] /|
g [=|T° Tz Zz T|gaQ
R QoD
Nm':
. =9 =
1 1 c T &
= ol o c g
I S

& <ZC &8 S © 5%
<= =) L8 .8
223
- o TR &
— n o < 0o oo R|lox e
— — — |22
[
QYo
c ¥ O
5 3 E %
=
¥ Hioono oo 100 © o5 go
& N "Sq.)
2 <N'ﬁ
s} Z g =
[ S B o
£ | i3
~ ﬁ@ommoom@o‘“%
N g‘gg
o & &~
— S m
Es 4
c %
3 0N
£y
o, ¥
oﬂ)
TE=
> e
T oS
) S Hm @
> () 5 0 9
= U o =
O = mz.‘_.
v O =~ = (=} o
= o B T
=) = N o= 9
9 & 5 @ ng
&L N N q g =
[} o >0
. ”“Z L o Z. = M
< [Sa} n o= -g_gu
2 GRE R
4
5.
g n ;(8 EM'E
§ 5 08 o 2ET
O g @£ 2 £ 25
. — S O 5o 8
Y = o e B
Y o] ~v—(8 k] '_‘QNJ.‘_.
2 @ k9] 55 g —=|E=>2
2 0§ £ %% = B|Eig
= = [8a] < A ;I: =&z

The Turkish Journal of Pediatrics * March-April 2024

DEE: developmental and epileptic encephalopathy, HS: hypsarrhythmia, SB: suppression burst, ASMs: anti-seizure medications, d: days old, m: months old, h: hours old.

Study on KCNQ2 Related Epilepsy

were ineffective in this study. At their last visit,
four patients (4/9) had been in seizure-free status
since two to five months following birth, with a
median of 3+ months. No statistical difference in
effectiveness of SCBs, phenobarbital (p=0.182),
valproic acid (p=0.523), levetiracetam (p=0.250),
or nitrazepam (p=0.250) was found between
SeLE and DEE. In 14 patients with SCBs, the
age of starting SCBs was not associated with
seizure offset (p=0.242), which was also found
in nine DEE patients (p=0.072). In addition,
age of onset (p=0.081) did not affect the seizure
prognosis in DEE patients. In the follow-up
study of nine SeLE patients and four relatives,
seizures recurred in three (23.1%, 3/13, Pt3, Pt8
and Pt1’s father).

ID/DD in nine DEE was unremitting. We found
that seizure-free patients had better cognitive
and movement ability than the patients with
poorly controlled seizures (p=0.008). However,
age of onset (p=0.099), seizure-free age (p=0.157),
age with SCBs (p=0.188), did not affect their
developmental outcome. Unfortunately, we
failed to perform Gesell Developmental Scale
tests. In addition, hypertonia was observed in
all nine DEE patients.

Genetic analysis

Genetic  analysis ~ with  next-generation
sequencing was performed in 18 patients,
and all of them were genetically diagnosed
with seventeen single-nucleotide variations
(SNV) and one copy number variant (Table
I). Apart from three patients without all their
parents’ blood samples, eleven mutations were
confirmed to be de novo, including eight in DEE
patients (100%, 8/8), and three SeLE mutations
were inherited from symptomatic parents. Pt9
inherited the mutation from her asymptomatic
father.

According to the ACMG recommendations on
SNV three variations (Pt2, Pt6, Pt8, 17.6%,
3/17) were pathogenic, eleven (64.7%, 11/17)
were likely pathogenic, and the remaining three
(Pt1, Pt4, Pt15, 17.6%, 3/17) were variations with
uncertain significance (VUS). The three VUS
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were not found in the normal control population
and were reported in other research findings
(Supplementary Table). The amino acids in
the three cites (p.Vall32Met, p.Leu640Trpfs*1
and p.Gly290Ser) were conserved in different
species (http://genome.ucsc.edu/). Two of them
(p.Val132Met and p.Gly290Ser) led to changes
in amino acid properties. The wild-type amino
acids were aliphatic and converted into sulfur-
containing (p.Vall32Met) or hydroxy amino
acids (p.Gly290Ser). p.Leu640 was located
in the last exon of KCNQ2, which might
escape nonsense-mediated mRNA decay,
however, segregation analysis revealed that
the symptomatic members in the family (the
proband and her mother) carried the variant
whereas the healthy counterparts had the wild-
type allele. Therefore, we considered those
three variations to be clinically pathological,
and all the patients with SNV were genetically
diagnosed.

Among the SNVs, twelve missense mutations
(70.6%, 12/17), one nonsense mutation (5.9%,
1/17), two small deletion mutations (11.8%,
2/17), one splice-site mutation (5.9%, 1/17),
and one start-codon mutation (5.9%, 1/17)
were detected, of which three (c.790T>C,
¢.355_363delGAGAAGAG, ¢.296+2T>G) were
novel. SNVs were distributed in the exon 1-7,
exonl5 and exon 17. All nine DEE patients
had missense mutations, and SeLE patients
had missense mutation and other mutation
types. There were differences in both mutation
types (p=0.029) and mutation origin (p=0.026)
between DEE and SeLE. We found that 35.3%
(6/17) SN'Vs were located in C-terminal regions
(Fig. 1), 23.5% (4/17) in the pore loop between
S5 and S6, 11.8% (2/17) in S2, 11.8% (2/17) in the
extracellular domain between S1 and S2, and
5.9% (1/17) in the N-terminal regions, S1, 54,
and the intracellular domain between S4 and S5,
respectively. Five DEE mutations and two SeLE
mutations were located in S4, PD, and helices A.
Fisher’s precision probability test indicated no
statistically significant difference in distribution
between the DEE and SeLE in the KCNQ2 gene
(p=0.388), the DEE hot regions (p=0.335) or the
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regions sensitive to ASMs (p=0.576). Neither
mutation position in the gene nor the protein
determined the seizure offset (the gene, p=0.714,
the protein p=1), or ID/DD outcome (the gene,
p=0.571, the protein p=0.369).

A novel copy number variation of 20q13.33del
(chr20:61974641-62324656) containing
fourteen genes including KCNQ2, CHRNA4
(OMIM*118504), EEF1A2  (OMIM*602959)
and RTEL1 (OMIM*608833) was found in Pt7.
KCNQ2 was an established haploinsufficiency
gene, and the clinical features of Pt7, such as
seizure type, EEG feature and response to
oxcarbazepine was consistent with the features
of KCNQ?2 related disease. It was considered
pathological according to ACMG guidelines in
copy number variation analysis."®

Review of previous patients

Thirteen kinds of mutations in fourteen patients
in this study were reported (Supplementary
Table). Only each of eight mutations resulted
in SeLN (c.394G>A, c¢.1918delC) or DEE
(c.1678C>T, c.683A>G, c.833T>C, c.868G>A,
c.638G>A, and c.830C>T). While patients with
DEE mutations were diagnosed with different
epileptic syndromes, six patients with ¢.1678C>T
(75%, 6/8), two with ¢.833T>C (50%, 2/4), and
two with c.638G>A (28.6%, 2/7) were diagnosed
with Ohtahara syndrome, and two patients
with c.638G>A (28.6%, 2/7) were diagnosed
with West syndrome. Besides, for the first time,
we diagnosed Ohtahara syndrome in patients
with ¢.683A>G, ¢.868G>A and ¢.830C>T, and
diagnosed West syndrome in patients with
c.1678C>T, c.683A>G and ¢.833T>C. Seizure
prognosis of patients with the same DEE
mutation (c.1678C>T, or c.638G>A) was variable.
Half of patients (3/6) with c.1678C>T and 66.7%
(2/3) patients with c.638G>A became seizure-
free. All the patients including Pt15 (3/3) with
c.868G>A became seizure-free. Prognosis of
previous patients with c.683A>G, ¢.833T>C and
c.830C>T were not available.

Four mutations (30.8%, 4/13, c.1741C>T, c.1A>G,
€.998G>A, c.365C>T) were detected in both SeLE
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Fig. 1. (A) Mutations in KCNQ2. The middle of the figure is the KCNQ2 structure. The black boxes represent
exons, and the horizontal lines between the boxes are intron regions. The slightly shorter squares in exons 1
and exon 17 are non-coding sequences in exons. The size of exons and introns are based on the number their
bases. Because the size of the figure is limited, we use slashes to represent the long introns. Mutations in blue
were discovered in patients with self-limited epilepsy, and mutations in red were found in developmental
and epileptic encephalopathy. (B) Mutations in KCNQ2 protein. Mutations in blue were discovered in patients
with self-limited epilepsy, and mutations in red were found in patients with developmental and epileptic
encephalopathy. S: Segment.
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and DEE patients. In this study, three patients
(c.1741C>T, ¢ 1A>G, c.998G>A) were SeLE, and
one with ¢.365C>T were DEE. Pt8 in this study
was the first SeLIE patient with c.1A>G, and
Pt13 to be diagnosed with Ohtahara syndrome
first in patients with ¢.365C>T. For patients in
this and previous studies, we first found there
was no statistical difference in seizure prognosis
between DEE patients with mutations detected
in both SeLE and DEE patients with mutations
detected only in DEE (p=1.0). Clinical course
of patients with ¢.997C>T (7.7%, 1/13) was not
analyzed because the diagnosis of one previous
patient was unclear.

Discussion

This study is a genetic and clinical analysis for
epilepsy patients due to KCNQ2 mutations,
including the largest sample from South
China. Electroclinical features in this study
are consistent with previous reports*”'°, but
we identified four novel KCNQ2 mutations
(€.790T>C, €.355_363delGAGAAGAG,
€.296+2T>G, 20q13.33del) and discovered some
distinct characteristics, which might result from
the special genetic background of the patients
or environmental factors in South China.

In this study, self-limited epilepsy (SeLE)
(9/18) and DEE (9/18) accounted for half each,
and the ratio of SeLNE (7/9) to SeLIE (2/9) was
7:2. Seizure and EEG/aEEG features, response
to SCBs, seizure offset, and ID/DD outcome,
mutations types were consistent with previous
reports.”!! In addition, we also found several
distinct characteristics, including the difference
in age of onset between SeLE and DEE, the
benefit of seizure-free to ID/DD outcome. The
age of onset of DEE was earlier than that of
SeLE in this study. However, all the seizures
started in infancy, we could not classify the
patients by the age of onset alone. The age of
onset, mutation location, and the age with
SCBs did not determine the seizure or ID/DD
offset. Opposite prognosis in Ptl0 and Pt14
who had the same mutation suggested that
other modifiers or environmental factors might
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be involved in the pathogenesis of the disease.
Previous studies have found several features
of mutation distributions in KCNQ2 protein
that S4, ion pore domain (PD), helices A and
B were discovered as four hot spot regions
related to DEE, and mutations in patients who
were responsive to ASMs mainly located in S2,
PD, 54, S6, C-terminal region and extracellular
region.” However, no mutation distribution
was similar between patients with DEE
and SeLE or between patients with variable
response to ASMs in this study. Besides, we
found hypertonia in nine DEE patients, which
has rarely been reported in previous reports.*
Abnormal neuronal excitability after several
gene mutations was found to be related to
hypertonia*?, which suggests that hypertonia
and DEE might have a common pathogenic
mechanism. Hypertonia was found in none of
the SeLE patients, implying it to be an important
symptom to distinguish DEE from SeLE. After
treatment, nine SeLE patients in this study
became seizures-free, and seizures in three
family members disappeared spontaneously
without treatment in infancy. This underlines
the importance of identifying the etiology as
early as possible to make the treatment decision
and correctly predict the disease prognosis.
Aggressive ASMs might not be required for
SeLNE without frequent seizures and we may
consider reducing or even stopping the ASMs
earlier for SeLE to reduce the adverse reactions.
It was reported that ketogenic diet was effective
in KCNQ2 related diseases®, however, it had
little effect in seizure control in this study.
Different mutations and the special genetic
background of South China might contribute
to this, however more studies are needed to
confirm this. In this study, 23.1% SeLE patients
had recurrent seizure, which was higher than
the proportion of 10-15% in previous reports’,
reinforcing the idea that a long-term follow-up
study is necessary for SeLE patients in South
China.

In this study, we found four novel mutations
(c.790T>C, €.355_363delGAGAAGAG,
c296+2T>G, 20ql13.33del), expanding the
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mutation spectrum of KNCQ2. Consistent with
previous reports*¥, de novo missense mutations
often led to DEE. However, mutations in the
three SeLE patients were de novo. Mosaicism in
their parents might be a possibility.*> Mutations
in Pt9 originating from an asymptomatic father
may be explained by mosaicism in the father as
well as an unreliable history. Genetic analysis
for multiple tissues or RainDrop™ PCR of their
parents would help to confirm this.

Variable phenotypes of 20q13.3 microdeletion
syndrome,  including  seizures,  brain
malformation, ID/DD and psychological
abnormalities, were reported.* In this study, we
found a mild phenotype in Pt7 with 20q13.33
deletion, involving KCNQ2, CHRNA4, EEF1A2,
RTEL1 and other ten genes without identified
diseases. Pt7’s clinical features were different
from epilepsy nocturnal frontal lobe (OMIM
#600513) caused by CHRNA4 mutations,
DEE33 (OMIM #616409) resulting from EEF1A2
mutations, and acute myeloid leukemia and
dyskeratosis congenita due to RTELI mutations.
Furthermore, CHRNA4 haploinsufficiency
does not cause a disease and mutations in it
are located in or close to the M2 region of the
receptor and the gain-of-function effect is
responsible for the disease.* Therefore, KCNQ?2
gene was considered the causative gene in Pt7,
and we will also conduct a long follow-up study
to observe whether other genes contribute to
this phenotype.

In the analysis of clinical features of patients
with thirteen kinds of reported mutations
in this and previous reports, we found that
patients were responsive to sodium channel
blockers, and heterogeneity in epileptic
syndrome and seizure prognosis was found in
DEE mutations. Clinical heterogeneity might
be the effect of other genetic modifier, and
environmental factors. It was proposed that
pre- or perinatal risk factors such as neonatal
hypoxia and preeclampsia in pregnancy could
amplify the pathophysiological impact of
KCNQ2 mutations.* Additional mutations in
other genes or the involvement of other genetic
variants that can further regulate the reduced
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M-channel function may also play a role.” In
addition, gender was once reported to be a factor
in intrafamilial variability.*” Pt13 with ¢.365C>T
in our study suffered more serious symptoms
than those in previously reported patients. We
speculate that the thyroid dysfunction of his
mother during pregnancy might have played
a role. In addition, epilepsy syndromes of Pt8
(c.1A>G), Pt10 (c.1678C>T), Ptll (c.683A>G),
Pt12 (c.833T>C), Pt13 (c.365C>T), and Pt18
(c.830C>T) in this study has enriched the
phenotype caused by the mutation they carried.

Generally, even though the mutations in KCNQ2
were confirmed to lead to different phenotypes
including SeLE and DEE, there were some
overlaps in the mutation types, mutation origin,
mutation distribution in the gene or the protein,
and the positive response to SCBs, and different
phenotypes were observed in patients with
the same mutation even in the same family,
illuminating that assessment of the impact of
KCNQ?2 pathogenic variants is complicated, and
a long-term follow-up study is necessary.

Unfortunately, the number of patients in this
study was not large enough and therefore
some of the results need to be confirmed with
future research. We also did not conduct Gesell
Developmental Scale test for most of the patients
to evaluate their developmental outcome.
Genetically, we failed to get the parents” DNA
sample in three patients, which prevented us
from determining the source of the mutation of
the patients. In future studies, we will continue
to conduct clinical and genetic analyses of more
patients with KCNQ?2 gene mutations to make
a greater contribution to the understanding of
the disease.

Clinical and genetic analysis of eighteen
patients from South China were conducted
and this study identified four novel mutations
and discovered some distinct features, which
was enabled a deeper understanding of the
clinical features of KCNQ2-related disease and
the difference between SeLE and DEE in South
China.
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