
Pediatr Investig 2022 Jun; 6(2): 93–99 93

O R I G I N A L A R T I C L E

Clinical analysis of CHD2 gene mutations in pediatric patients
with epilepsy

Weixing Feng Fang Fang Xiaohui Wang Chunhong Chen Junlan Lu Jie Deng

Department of Neurology, Beijing Chil-
dren’s Hospital, Capital Medical University,
National Center for Children’s Health, Bei-
jing, China

Correspondence
Xiaohui Wang, Beijing Children’s Hospital,
Capital Medical University, National Center
for Children’s Health, Beijing 10045, China.
Email: heqi50@sina.com

Funding source
National Natural Science Foundation of
China, Grant/Award Number: 81301118

Received: 20 November 2021
Accepted: 10 March 2022

ABSTRACT
Importance: CHD2 is a member of the chromodomain helicase DNA-
binding (CHD) family of proteins, which have important roles in the regu-
lation of gene expression. Dysregulation of this protein may lead to various
disorders.
Objective: To delineate the genotypes and phenotypes of CHD2-related
epilepsy.
Methods: We analyzed the medical history, magnetic resonance imaging
findings, and video-electroencephalogram recordings of 17 patients with
CHD2 mutations in the Neurology Department of Beijing Children’s Hos-
pital from June 2016 to June 2021.
Results: Age at seizure onset ranged from 6 months to 10 years; the
median age at onset was 4 years. Generalized tonic-clonic, myoclonic,
eyelid myoclonic, atonic, atypical absence, myoclonic-atonic, and spasm
seizures were observed. Ten of the 17 patients had multiple types of seizures.
One patient exhibited photosensitivity epilepsy and one patient exhibited
grid image-induced visual reflex epilepsy. Developmental disability was
present in 14 patients, while autism features were present in five patients.
Sixteen patients had de novo mutations of CHD2; one patient had an inher-
ited variant. Eleven mutations were novel. One patient had two mutations;
that patient exhibited development delay and refractory epilepsy. Seizures
were controlled in eight patients, improved in seven patients, and resistant
to treatment in two patients.
Interpretation: Phenotype severity in patients with CHD2 variants ranged
from drug-responsive seizures to severe epileptic encephalopathy. Most
patients exhibited developmental disorders.
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INTRODUCTION

The chromodomain helicase DNA-binding (CHD) family
of proteins comprises ATP-dependent chromatin remodel-
ers that contribute to the reorganization of chromatin struc-
ture and deposition of histone variants necessary for reg-
ulating gene expression. CHD proteins are presumed to
modify gene transcription by affecting chromatin structure
through helicase function.1,2

Heterozygous pathogenic variants in CHD2 (MIM:
602119) were identified in a group of neurodevelop-
mental disorders characterized by early-onset refractory
epileptic encephalopathy, developmental delay, intellectual
disability, and an autism spectrum disorder.1,3 The clas-
sic atonic-myoclonic and absence types of seizures have
been observed in many patients.4 Some individuals have
exquisite photosensitivity. Photosensitivity is a heritable
abnormal cortical response to flickering light, which often
manifests as electroencephalogram (EEG) changes that
constitute a photoparoxysmal response.5 Notably, there
have been reports of several individuals with generalized
epilepsy who carried a multigenic chromosomal deletion
in the 15q26 region, which included CHD2.6,7

Recently, variants in the CHD2 gene were identified as a
cause of developmental epileptic encephalopathy. Several
prominent features of the CHD2-developmental epileptic
encephalopathy phenotype overlap with other developmen-
tal epileptic encephalopathies including myoclonic-atonic
epilepsy, Lennox–Gastaut syndrome, West syndrome, and
Jeavons syndrome.8 A deletion that affected CHD2 was
also identified in genomic microarray analysis of patients
with autism spectrum disorders (ASD).9 The present study
was performed to elucidate the phenotypic presentations
and molecular genetic characteristics of CHD2-related
epilepsy in a Chinese cohort.

METHODS

Ethical approval

This study was reviewed and approved by the Ethics Com-
mittee of Beijing Children’s Hospital (No. 2020-Z-077).
Written informed consent to participate in this study was
provided by the participant’s legal guardian.

Participants

Pediatric epilepsy patients with CHD2 mutations were
recruited from June 2016 to June 2021. Clinical data were
collected regarding seizure type, family history, examina-
tions (e.g., EEG and brain magnetic resonance imaging),
treatment, and follow-up findings. Clinical seizure types
were defined in accordance with the ILAE 2017 operational
classification of seizure types.10

Genetic analysis

The detection of CHD2 (RefSeq NM_001271) mutation
was performed using a next-generation sequencing-based
gene panel for evaluation of epilepsy or whole-exome
sequencing. The potential pathogenic variations were val-
idated by Sanger sequencing. The mutation was examined
for segregation in other family members. The pathogenic-
ity of the variation was evaluated according to the guide-
lines of the American College of medical genetics and
genomics.11 Variants affected splicing were predicted using
SIFT, PolyPhen, REVEL, and Mutation Taster software
programs. All the mutations finished the conserved analysis
by the GERP++ software program.

RESULTS

Clinical features

In total, 17 children with CHD2-related epilepsy were col-
lected, including 7 boys and 10 girls. The age at epilepsy
onset ranged from 6 months to 10 years and 5 months; the
median age at onset was 4 years (Table 1). All patients’
families denied a history of hypoxia asphyxia at birth. Four
patients had a history of febrile convulsion (patients 1, 8,
12, and 14); one patient had a family history of febrile
convulsion (patient 2). One patient had a family history
of epilepsy (patient 17); the patient’s sister had been diag-
nosed with epilepsy, and her convulsive seizures were cur-
rently controlled. The father of patient 12 had a history of
dystonia.

Seizure types varied among the 17 patients: 14 (82.3%)
patients had generalized tonic-clonic seizures (GTCS),
eight (47.1%) patients had myoclonic seizures, three
(17.6%) patients had eyelid myoclonic seizures, two
(11.8%) patients had tonic seizures, two (11.8%) patients
had atypical absence seizures, one (5.9%) patient had atonic
seizures, one (5.9%) patient had spastic seizures, and one
(5.9%) patient had myoclonic dystonic seizures. Among the
17 patients, 10 (58.8%) had multiple types of seizures. One
patient exhibited photosensitivity and one patient exhib-
ited grid image-induced visual reflex epilepsy (patients
14 and 12). Epilepsy syndromes were present in patient
3 (West syndrome) and patient 9 (Lennox–Gastaut syn-
drome). Fourteen (82.4%) patients had a developmental
delay before seizure onset. Five patients had autistic fea-
tures including lack of eye contact, stereotypical behavior,
and speech delay, in addition to intellectual disability.

Video EEG and magnetic resonance imaging

Video EEG was performed on 10 patients. Abnormal dis-
charges were observed in 10 (100%) patients during the
interictal period. Generalized spikes, multiple spikes, and
spikes plus slow waves were detected in 9 (90.0%) patients;

https://wileyonlinelibrary.com/journal/ped4


Pediatr Investig 2022 Jun; 6(2): 93–99 95

T
A

B
L

E
1

T
he

cl
in

ic
al

fe
at

ur
es

an
d

ge
no

ty
pe

s
of

17
pa

tie
nt

s
w

ith
C

H
D

2-
re

la
te

d
ep

ile
ps

y

P
at

ie
nt

nu
m

be
r/

Se
x

A
ge

at
se

iz
ur

e
on

se
t/

A
ge

at
la

st
fo

llo
w

-u
p

(y
ea

r)

Se
iz

ur
e

ty
pe

s/
O

ns
et

ag
e

(y
ea

r)
E

pi
le

pt
ic

sy
nd

ro
m

e
A

E
D

s

W
he

th
er

se
iz

ur
e

ha
s

be
en

co
nt

ro
lle

d

D
ev

el
op

m
en

ta
l

de
la

y
an

d
au

ti
st

ic
fe

at
ur

es

M
ut

at
io

ns
an

d
pr

ot
ei

n
ef

fe
ct

Se
qu

en
ci

ng
m

et
ho

ds

T
ra

ns
m

is
si

on
an

d
A

C
M

G
cr

it
er

ia
R

ep
or

te
d/

N
ov

el

F
un

ct
io

n
pr

ed
ic

ti
on

an
d

co
ns

er
ve

d
an

al
ys

is

1/
F

1.
5/

2.
7

M
S/

1.
5

−
V

PA
Y

es
−

/−
c.

39
0C
>

T
(p

.S
13

0S
),

sy
no

ny
m

ou
s,

af
fe

ct
sp

lic
in

g

T
ri

o-
W

E
S

D
e

no
vo

/P
S2

+
PM

2
(L

P)
R

ep
or

te
d12

U
nc

er
ta

in
/

N
on

co
ns

er
ve

d

2/
F

4.
5/

8.
3

G
T

C
S/

4.
5;

M
S/

4.
5

−
V

PA
Y

es
+

/−
c.

34
55
+

2_
34

55
+

3i
ns

T
G

,s
pl

ic
in

g
T

ri
o-

W
E

S
D

e
no

vo
/P

S2
+

PM
2

+
PP

3
(L

P)

N
ov

el
U

nc
er

ta
in

/
N

on
co

ns
er

ve
d

3/
M

1.
5/

5.
5

G
T

C
S/

2;
E

S/
1.

5
W

es
t

sy
nd

ro
m

e
V

PA
,N

Z
P,

T
PM

E
S

cu
re

d;
G

T
C

S
re

du
ce

d
m

or
e

th
an

50
%

+
/−

c.
35

95
+

1G
>

T,
sp

lic
in

g
T

ri
o-

W
E

S
D

e
no

vo
/P

V
S1

+
PM

2
+

PS
2

(P
)

N
ov

el
D

am
ag

ed
/

C
on

se
rv

ed

4/
M

1.
5/

3
G

T
C

S/
1.

5
−

V
PA

,L
T

G
Y

es
+

/−
c.

19
34

C
>

T
(p

.T
64

5M
),

m
is

se
ns

e

Pa
ne

l
D

e
no

vo
/P

S1
+

PS
2

+
PM

2
+

PP
3

(P
)

R
ep

or
te

d13
D

am
ag

ed
/

C
on

se
rv

ed

5/
M

7/
10

G
T

C
S/

7;
M

S/
7

−
L

E
V

Y
es

+
/−

c.
37

82
G
>

A
(p

.W
12

61
*)

,
no

ns
en

se

W
E

S
D

e no
vo

/P
V

S1
+

PS
2

+
PM

2
(P

)

R
ep

or
te

d14
D

am
ag

ed
/

C
on

se
rv

ed

6/
M

3/
8

G
T

C
S/

4;
M

S/
3

−
V

PA
,P

B
,

O
X

C
,L

E
V

A
ll

re
du

ce
d

m
or

e
th

an
50

%

+
/+

c.
19

60
_1

96
1d

el
(p

.K
65

4R
fs

*1
5)

,
fr

am
es

hi
ft

W
E

S
D

e
no

vo
/P

V
S1

+
PS

2
+

PM
2

(P
)

N
ov

el
U

nc
er

ta
in

/
N

on
co

ns
er

ve
d

7/
F

10
/1

2.
9

G
T

C
S/

10
−

V
PA

Y
es

+
/−

c.
12

50
G
>

A
(p

.W
41

7*
),

no
ns

en
se

W
E

S
D

e
no

vo
/P

V
S1

+
PS

2
+

PM
2

(P
)

N
ov

el
D

am
ag

ed
/

C
on

se
rv

ed

8/
F

2.
5/

6.
9

G
T

C
S/

2;
eM

S/
5

−
L

E
V

Y
es

−
/−

c.
14

17
C
>

T
(p

.Q
47

3*
),

no
ns

en
se

Pa
ne

l
D

e
no

vo
/P

V
S1

+
PS

2
+

PM
2

(P
)

N
ov

el
D

am
ag

ed
/

C
on

se
rv

ed

9/
F

3/
5

T
S/

3; G
T

C
S/

3;
eM

S/
3;

M
S/

3;
aA

S/
3;

M
A

S/
3

L
en

no
x–

G
as

ta
ut

sy
nd

ro
m

e

V
PA

,T
PM

,
LT

G
,C

Z
P,

V
N

S

A
ll

re
du

ce
d

m
or

e
th

an
50

%

+
/+

c.
37

81
T
>

C
(p

.W
12

61
R

),
m

is
se

ns
e

Pa
ne

l
D

e
no

vo
/P

S2
+

PM
2

+
PP

3
(L

P)

N
ov

el
D

am
ag

ed
/

C
on

se
rv

ed

(C
on

tin
ue

s)



96 wileyonlinelibrary.com/journal/ped4

T
A

B
L

E
1

(C
on

tin
ue

d)

P
at

ie
nt

nu
m

be
r/

Se
x

A
ge

at
se

iz
ur

e
on

se
t/

A
ge

at
la

st
fo

llo
w

-u
p

(y
ea

r)

Se
iz

ur
e

ty
pe

s/
O

ns
et

ag
e

(y
ea

r)
E

pi
le

pt
ic

sy
nd

ro
m

e
A

E
D

s

W
he

th
er

se
iz

ur
e

ha
s

be
en

co
nt

ro
lle

d

D
ev

el
op

m
en

ta
l

de
la

y
an

d
au

ti
st

ic
fe

at
ur

es

M
ut

at
io

ns
an

d
pr

ot
ei

n
ef

fe
ct

Se
qu

en
ci

ng
m

et
ho

ds

T
ra

ns
m

is
si

on
an

d
A

C
M

G
cr

it
er

ia
R

ep
or

te
d/

N
ov

el

F
un

ct
io

n
pr

ed
ic

ti
on

an
d

co
ns

er
ve

d
an

al
ys

is

10
/F

2.
3/

8
M

S/
2.

3;
T

S/
4.

5
−

V
PA

,T
PM

,
LT

G
,C

Z
P

A
ll

re
du

ce
d

m
or

e
th

an
50

%

+
/−

c.
22

91
A
>

G
(p

.H
76

4R
),

m
is

se
ns

e

W
E

S
D

e
no

vo
/P

S2
+

PM
2

+
PP

2
+

PP
3

(L
P)

N
ov

el
D

am
ag

ed
/

C
on

se
rv

ed

11
/F

0.
5/

6
M

S/
0.

5
−

L
E

V
,

N
Z

P,
V

PA
R

ed
uc

ed
m

or
e

th
an

50
%

+
/−

c.
37

34
du

pA
(p

.Y
12

46
If

s*
13

),
fr

am
es

hi
ft

Pa
ne

l
D

e
no

vo
/P

V
S1

+
PS

2
+

PM
2

(P
)

R
ep

or
te

d3
U

nc
er

ta
in

/
N

on
co

ns
er

ve
d

12
/M

2.
3/

10
.5

G
T

C
S/

2.
3;

eM
S/

7
−

T
PM

,
V

PA
,L

T
G

,
N

Z
P,

K
D

,
V

N
S

N
o

+
/+

c.
18

09
G
>

T
(p

.K
60

3N
),

m
is

se
ns

e;
c.

18
09
+

1G
>

T,
sp

lic
in

g

T
ri

o-
W

E
S

D
e

no
vo

/P
S2

+
PM

2
(L

P)
;P

V
S1

+
PS

2
+

PM
2

(P
);

R
ep

or
te

d15

N
ov

el
D

am
ag

ed
/

C
on

se
rv

ed

13
/F

5/
10

G
T

C
S/

5
−

L
E

V
Y

es
−

/−
c.

41
64

du
pG

(p
.K

13
89

E
fs

*1
9)

,
fr

am
es

hi
ft

Pa
ne

l
D

e
no

vo
/P

V
S1

+
PS

2
+

PM
2

(P
)

N
ov

el
U

nc
er

ta
in

/
N

on
co

ns
er

ve
d

14
/F

1.
5/

7.
5

G
T

C
S/

1.
5

−
V

PA
Y

es
+

/−
c.

46
36

C
>

T
(p

.R
15

46
*)

,
no

ns
en

se

Pa
ne

l
D

e
no

vo
/P

V
S1

+
PS

2
+

PM
2

(P
)

R
ep

or
te

d3
D

am
ag

ed
/

C
on

se
rv

ed

15
/M

4/
7.

8
G

T
C

S/
4

−
O

X
C

,L
E

V
,

T
PM

,C
Z

P,
PE

R

R
ed

uc
ed

m
or

e
th

an
50

%

+
/+

c.
20

95
C
>

T
(p

.R
69

9W
),

m
is

se
ns

e

T
ri

o-
W

E
S

D
e

no
vo

/P
S2

+
PM

1
+

PM
2
+

PP
3

(L
P)

R
ep

or
te

d16
,1

7
D

am
ag

ed
/

C
on

se
rv

ed

16
/F

5.
8/

7.
6

G
T

C
S/

5.
8;

M
S/

6
−

V
PA

,O
X

C
,

L
E

V
,C

L
B

,
N

Z
P,

K
D

N
o

+
/+

c.
25

93
C
>

T
(p

.L
86

5F
),

m
is

se
ns

e

Pa
ne

l
D

e
no

vo
/P

S2
+

PM
1

+
PM

2
+

PP
3

(L
P)

N
ov

el
D

am
ag

ed
/

C
on

se
rv

ed

17
/M

3/
5.

6
G

T
C

S/
3;

aA
S/

4;
A

tS
/4

−
V

PA
,C

Z
P,

L
E

V
,T

PM
A

ll
re

du
ce

d
m

or
e

th
an

50
%

+
/−

c.
40

36
G
>

C
(p

.V
13

46
L

),
m

is
se

ns
e

Pa
ne

l
U

na
ff

ec
te

d
fa

th
er

/P
M

2
(V

U
S)

N
ov

el
†

D
am

ag
ed

/
C

on
se

rv
ed

†
A

di
ff

er
en

tn
uc

le
ot

id
e

ch
an

ge
(c

.4
03

6G
>

T
),

re
su

lti
ng

in
th

e
sa

m
e

am
in

o
ac

id
su

bs
tit

ut
io

n
(p

.V
13

46
L

)
ha

s
be

en
re

po
rt

ed
.18

A
bb

re
vi

at
io

ns
:a

A
S,

at
yp

ic
al

ab
se

nc
e

se
iz

ur
e;

A
C

M
G

,t
he

A
m

er
ic

an
C

ol
le

ge
of

m
ed

ic
al

ge
ne

tic
s

an
d

ge
no

m
ic

s;
A

E
D

s,
an

tie
pi

le
pt

ic
dr

ug
s;

A
tS

,a
to

ni
c

se
iz

ur
e;

M
,m

al
e;

F,
fe

m
al

e;
V

U
S,

va
ri

an
ts

of
un

kn
ow

n
si

gn
ifi

ca
nc

e;
W

E
S,

w
ho

le
-e

xo
m

e
se

qu
en

ci
ng

;G
T

C
S,

ge
ne

ra
liz

ed
to

ni
c-

cl
on

ic
se

iz
ur

e;
T

S,
to

ni
c

se
iz

ur
e;

M
S,

m
yo

cl
on

ic
se

iz
ur

e;
M

A
S,

m
yo

cl
on

ic
-a

to
ni

c
se

iz
ur

e;
E

S,
ep

ile
pt

ic
sp

as
m

;
eM

S,
ey

el
id

m
yo

cl
on

us
;

C
L

B
,

cl
ob

az
am

;
C

Z
P,

cl
on

az
ep

am
;

L
E

V
,

le
ve

tir
ac

et
am

;
LT

G
,

la
m

ot
ri

gi
ne

;O
X

C
,o

xc
ar

ba
ze

pi
ne

;P
B

,p
he

no
ba

rb
ita

l;
N

Z
P,

ni
tr

az
ep

am
;T

PM
,t

op
ir

am
at

e;
V

PA
,s

od
iu

m
va

lp
ro

at
e;

K
D

,k
et

og
en

ic
di

et
;V

N
S,

va
gu

s
ne

rv
e

st
im

ul
at

io
n;

P,
pa

th
og

en
ic

;L
P,

lik
el

y
pa

th
og

en
ic

.

https://wileyonlinelibrary.com/journal/ped4


Pediatr Investig 2022 Jun; 6(2): 93–99 97

R1546*

K1389Efs*19

c.390C>T

Y1246Ifs*13

Chromo 

domains

DNA-binding 

domain

DEXDc helicase 

domain

ATP helicase 

domain

W1261*

W1261R
K603N

c.1809+1G>T

T645M

c.3455+2_3455+3insTG

c.3595+1G>T

K654Rfs*15

W417*

Q473*

V1346L

L865F

R699W

H764R

FIGURE 1 Schematic illustration of CHD2 variants identified in this study. Red entries are novel variants found in this study.

a slow background rhythm was detected in one patient, and
electrical status epilepticus in sleep was detected in one
patient. Clinical seizures were recorded in eight patients.
Six types of convulsions (myoclonic, eyelid myoclonic,
atypical absence, and myoclonic dystonia in awake peri-
ods; tonic and tonic-clonic seizures in sleep periods) were
detected in patient 9. Two patients (patients 1 and 11)
exhibited myoclonic seizures; two patients (patients 8
and 12) exhibited eyelid myoclonic seizures. Patient 12
exhibited grid image-induced eyelid myoclonic seizures
(170 times). Patient 10 exhibited myoclonic seizures and
tonic seizures. Atypical absence seizures were detected in
patient 17. GTCS was detected in patient 16. Ten patients
received intermittent photostimulation during EEG moni-
toring. Patient 14 had a photoparoxysmal response induced
by intermittent photostimulation.

Brain magnetic resonance imaging was performed in 17
patients; no abnormalities were found in 14 patients. The
T2-weighted-fluid-attenuated inversion recovery signal in
the bilateral hippocampus was slightly hyperintense in
patient 9. Patient 17 exhibited subtle structural lesions such
as deepened bilateral frontal-parietal sulcus and slightly
widened bilateral ventricles; patient 11 had an arachnoid
cyst in the occipital cistern.

Treatment and follow-up

The follow-up interval ranged from 13 months to 7 years.
In this study, valproic acid (VPA), levetiracetam (LEV),
nitrazepam, and clonazepam were the anti-seizure med-
ications (ASMs) frequently used for the treatment of
CHD2-related seizures. Seizures in eight patients were con-
trolled by VPA (four patients), LEV (three patients), and
VPA combined with lamotrigine (one patient). Seizures
were improved (seizure frequency decreased by more than
50%) in seven patients. Two patients (patients 12 and 16)
were resistant to treatment. Thirteen patients were treated
with VPA (nine patients received VPA combined with

other ASMs); this treatment was effective in five (38.5%)
patients. Eight patients were treated with LEV (five patients
received LEV combined with other ASMs); this treatment
was effective in three (37.5%) patients. Four patients were
treated with nitrazepam; seizures decreased by more than
50% in two patients and were resistant to treatment in two
patients. Three patients were treated with clonazepam and
all showed improvement. Seven patients were treated with
only one ASM; 10 patients were treated with two or more
ASMs. Patient 9 received ASMs and vagus nerve stimula-
tion; this approach led to seizure reduction by more than
50%. Patient 12 was treated with four ASMs, a ketogenic
diet, and vagus nerve stimulation; however, this approach
did not lead to seizure control (Table 1).

Genetic analysis

Eighteen CHD2 mutations were detected from 17 patients
(Table 1), including four nonsense mutations, seven mis-
sense mutations, three frameshift mutations, and four
splicing-site mutations. Sixteen patients had de novo muta-
tions, while one patient (patient 17) had an inherited
pathogenic variant (c.4036G>C, p.V1346L) from his unaf-
fected father. Patient 17 was a 5-year-old boy with a devel-
opmental disorder and epileptic encephalopathy; his older
sister carrying the same variants was also diagnosed with
ASM-responsive epilepsy and GTCS seizures. His sister
had a normal intelligence quotient and her seizure was con-
trolled by LEV. Patient 12 had two de novo mutations,
including one pathogenic variant and one likely pathogenic
variant; the corresponding clinical phenotype was serious
and involved refractory epilepsy. Of the 18 mutations, 11
were novel (Figure 1).

DISCUSSION

The CHD2 gene encodes a member of the CHD family
of proteins, which are characterized by a chromatin-
remodeling domain (i.e., the chromodomain) and an
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SNF2-related helicase/ATPase domain.1,19 The CHD2 pro-
tein has important roles in chromatin structure modulation,
DNA recombination and repair, cell cycle regulation, and
cell differentiation. Dysregulation of this protein may have
adverse effects on human development.4,20

A recent study suggested that CHD2 might contribute to
a broad spectrum of neurodevelopmental disorders, such
as epilepsy, developmental delay, congenital anomalies,
and/or autism spectrum disorder.21 CHD2 knockdown
zebrafish exhibited clinical and electrographic seizures that
paralleled the human phenotype.22 Veredice et al.6 reported
CHD2 mutation-related epilepsy in a 30-month-old girl
with refractory myoclonic epilepsy, developmental retar-
dation, and photosensitivity. In addition to the small struc-
tural variations associated with CHD2-related epilepsy,
microdeletions or duplications have been found in the
15q26.1–q26.2 region, which contains multiple genes (e.g.,
CHD2 and RGMA), in patients with epilepsy. The CHD2
gene is the main pathogenic gene associated with epilepsy
in these patients.23–25

CHD2-related epilepsy includes many types of seizures,
such as absence, myoclonic, myoclonic dystonia, and
GTCS. In the present study, various types of seizures were
observed. The most common types of seizures were GTCS
and myoclonic seizures. Ten patients had two or more types
of seizures. All patients exhibited generalized seizures,
while none exhibited focal seizures; these findings were
consistent with the results of other studies.1,22 Phenotype
severity in patients with CHD2 variants ranged from drug-
responsive seizures to severe epileptic encephalopathy. The
CHD2 gene is also reportedly associated with photosensi-
tive epilepsy.4 Studies from China reported three patients
with light sensitivity (3/18, 16.7%).3 In our study, only one
patient exhibited light sensitivity characteristics. Martins
da Silva et al.26 reported that the incidence of photosensi-
tive epilepsy in patients with epilepsy was 5%. However
light sensitivity is indeed a characteristic of CHD2-related
epilepsy.20 Study from Suls et al.22 showed that three
individuals with CHD2 mutations had fever-sensitive gen-
eralized seizures. In our study, four patients experienced
fever-sensitive generalized seizures, indicating that CHD2
may also be associated with fever-sensitive epilepsy. The
CHD2 gene also was reported as ASD and developmental
delay candidate gene.20 De Maria et al.27 reported CHD2-
related phenotypes to encompass a wide spectrum of
conditions with developmental delay, including prominent
language impairment, attention deficit hyperactivity disor-
der, and ASD. In our study, 14 patients (82.4%) exhibited
developmental disability and five patients exhibited autistic
features. These findings indicated that CHD2 mutations
may lead to epilepsy, developmental delay, intellectual
disability, and behavioral problems.

CHD2 mutations are mainly de novo.3,21 Only a few famil-
ial cases have been reported.28 In this study, one patient
and his sister had an inherited pathogenic CHD2 variant
from their unaffected father. The clinical characteristics
of the patient with inherited mutations were similar to the
characteristics of the patient with de novo mutations. We
also identified a patient with two CHD2 mutations; that
patient had drug resistance epilepsy and the seizures were
not controlled despite multiple treatment methods.

In conclusion, our patients with CHD2 mutations exhibited
epilepsy, developmental delay, and behavioral problems;
phenotypic variability was present. Most CHD2 mutations
were de novo. VPA and LEV were useful as a treatment for
epilepsy caused by CHD2 gene mutations.
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