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STXBP1 encodes syntaxin-binding protein 1, a brain-expressed
membrane trafficking protein that facilitates presynaptic vesicle
docking in neurotransmission. Heterozygous loss-of-function
variants were originally associated with infantile developmental
and epileptic encephalopathy (DEE4, OMIM #612164),1 with
the phenotype later expanding to include a wide range of severe
epilepsies, intellectual disability, and other neurodevelopmental
disorders.2 Movement disorders including ataxia, tremor, dyski-
nesia, dystonia, bruxism and stereotypies have been described,
though nearly always accompanied by epilepsy and intellectual
disability.2

We report a child with an STXBP1 stop-loss variant, who
presented with an infantile onset complex movement disorder
without epilepsy and only mild cognitive difficulties. Now
adopted, he was born to non-consanguineous parents. His birth
parents both have a history of epilepsy and learning difficulties;
in addition, his father has dystonia and tremor, and paternal
grandmother had dystonia. His older biological sister has learn-
ing difficulties, joint hypermobility and attention deficit hyper-
activity disorder (ADHD) but no movement disorder or
epilepsy. Following a normal pregnancy and birth, tremor was
evident from 6 weeks of age, rhythmic rocking movements
from 6 months, and his development was delayed; he walked
independently at 4 years and first words were noted from
2 years of age. He has writing difficulties and frequent falls
which cause injury. His tremor is worsened by anxiety, fatigue
or heightened emotion and later in the day his posture becomes
crouched. His sleep pattern is disrupted with lower limb night
cramps. He attends a mainstream school where he has extra
support including speech and language therapy. He has
additional diagnoses of ADHD, autistic spectrum disorder and
hypermobile Ehlers-Danlos syndrome. Trials of Levodopa,

Trihexyphenidyl and Levetiracetam had no perceived benefit
and were discontinued. Melatonin has been effective in
improving sleep. Examination at age 9 years revealed marked
action-induced tremor of both arms and hands and intermittent
dystonic finger posturing, tremulous tongue movements and
difficulty on tandem walking (Video 1).

Video 1. First segment: In this video when he is 5 years old, fine
motor action elicits tremulous finger movements and
intermittent dystonic finger posturing. Age 6, when learning to
ride a scooter, he demonstrates reasonable balance and
fluidity to pushing without falling. Second segment: During
assessment age 9, he has mild tremor at rest but marked
distal limb tremor seen with arms held in midline or out in
front, as well as intermittent dystonic finger posturing, and
added distal hyperkinetic movements of larger amplitude,
some which are possibly myoclonic in nature. His gait is
relatively fluid and he is able to run and turn with ease, skip,
and perform heel and toe walking.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13509

1Molecular Neurosciences, Developmental Neurosciences, Zayed Centre for Research into Rare Disease in Children, UCL Great Ormond Street Institute of Child Health,
London, UK; 2Department of Neurology, Great Ormond Street Hospital, London, UK; 3North East Thames Regional Genetic Service, Great Ormond Street Hospital
for Children NHS Foundation Trust, London, UK

*Correspondence to: Manju A. Kurian, Developmental Neurosciences, Zayed Centre for Research into Rare Disease in Children, UCL Great
Ormond Street Institute of Child Health, 20 Guilford Street, London, WC1N 1DZ, UK; E-mail: manju.kurian@ucl.ac.uk
Keywords: STXBP1, tremor, stop-loss, movement disorder.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.
Received 27 April 2022; revised 1 June 2022; accepted 10 June 2022.
Published online 23 July 2022 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/mdc3.13509

MOVEMENT DISORDERS CLINICAL PRACTICE 2022; 9(6): 837–840. doi: 10.1002/mdc3.13509
837

© 2022 The Authors. Movement Disorders Clinical Practice published by Wiley Periodicals LLC. on behalf of International Parkinson and Movement Disorder Society.

LETTERS: GENOTYPE AND PHENOTYPE

CLINICAL PRACTICE

https://orcid.org/0000-0003-4096-6945
https://orcid.org/0000-0003-3529-5075
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13509
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13509
mailto:manju.kurian@ucl.ac.uk
http://creativecommons.org/licenses/by/4.0/


T
A
B
L
E
1

Su
m
m
ar
y
of
re
po
rte
d
ST

X
B
P1

-d
iso
rd
er
ca
se
s
w
ith
ou
te
pi
lep
sy

T
h
is
re
p
o
rt

S
ta
m
b
er
ge

r
20

16
(P
15

)
S
ta
m
b
er
ge

r
20

16
(P
29

)
S
ta
m
b
er
ge

r
20

16
(P
44

)
S
ta
m
b
er
ge

r
20

16
(P
45

)

G
b
u
re
k-

A
u
gu

st
at

20
16

(P
I)

G
b
u
re
k-

A
u
gu

st
at

20
16

(P
II
)

G
b
u
re
k-
A
u
gu

st
at

20
16

(P
II
I)

B
an

n
e
20

20
R
au

ch
20

12
R
au

ch
20

12
H
am

d
an

20
11

K
im

20
21

M
ut
at
io
n/

in
he
ri
ta
nc
e

pa
tt
er
n

c.
17

83
T
>
C
,
p
.

(*
59

5G
ln
ex
t*
67

)
c.
36
4C

>
T
;

p.
A
rg
12
2*

de
no

vo

c.
17

T
>
C
;

p.
Le
u6

Pr
o
de

no
vo

c.
70
3C

>
G
;

p.
A
rg
23
5G

ly
de

no
vo

c.
79
5-
1G

>
A

de
no

vo
c.
24
7-
1d
el
G
,p

.?
de

no
vo

c.
79
5-
1G

>
A
,

p.
?
de

no
vo

c.
11
62
C

>
T
,

p.
A
rg
38
8*

de
no

vo

c.
11
6_
11
8d
up

,
p.
A
rg
39
du

p
de

no
vo

c.
30
1G

>
C
,p

.
(A
la
10
1P

ro
)

c.
24
7-
1d
el
,p

.?
un

kn
ow

n
c.
12
06
de
lT
,p

.
(T
yr
40
2*
)
de

no
vo

c.
14
39
C
>
T

un
kn

ow
n

Se
x,

ag
e
at

re
po

rt
m
al
e,

9y
fe
m
al
e,
5y

fe
m
al
e,
7y

m
al
e,
3y

fe
m
al
e,
11
y

fe
m
al
e,
6y

fe
m
al
e,
11
y

fe
m
al
e,
11
y

fe
m
al
e,
5y

fe
m
al
e,
?

fe
m
al
e,
?

m
al
e,
21
y

fe
m
al
e,
8y

M
ov
em

en
t

di
so
rd
er

re
st
in
g
an

d
in
te
n
ti
o
n

tr
em

o
r,

d
ys
to
n
ic

d
is
ta
l
li
m
b

p
o
st
u
ri
n
g,

at
ax
ia
,
h
ea
d

tr
em

o
r
as

in
fa
n
t

tr
un

ca
lt
re
m
or
,

in
te
nt
io
na
l

tr
em

or
,

tr
un

ca
la
ta
xi
a

dy
sk
in
es
ia
lim

bs
an
d
tr
un

k
an
d

ch
or
ea
tif
or
m

m
ov
em

en
ts

tr
ig
ge
re
d
by

ex
ci
te
m
en
t/

ac
tio

n

in
te
nt
io
n
tr
em

or
,

je
rk
y

m
ov
em

en
ts
,

ch
or
ea
tic

or
ev
en

ba
lli
st
ic

m
ov
em

en
ts
,

st
er
eo
ty
pi
es
,

at
ax
ia

tr
em

or
,a
ta
xi
a,

hy
po

to
ni
a

tr
un

ca
l

hy
po

to
ni
a,

lim
b

hy
pe
rt
on

ia
,

at
ax
ia
,h

ea
d

tr
em

or
as

ne
w
bo

rn
,

in
te
nt
io
n

tr
em

or
of

th
e

ha
nd

s
sin

ce
in
fa
nc
y

ge
ne
ra
liz
ed

hy
po

to
ni
a,

at
ax
ia
,h

ea
d

tr
em

or
as

in
fa
nt
,

in
te
nt
io
n

tr
em

or
sin

ce
in
fa
nc
y

hy
po

to
ni
a,
at
ax
ia
,

in
te
nt
io
n

tr
em

or
of

ha
nd

s

tr
em

or
an
d

ex
ce
ss
iv
e
st
ar
tle

fr
om

in
fa
nc
y,

ey
e-
ro
lli
ng

at
2.
5y
,h

yp
ot
on

ia
an
d
sp
as
tic
ity

at
5y

N
A

at
ax
ia
,t
re
m
or

fi
ne

tr
em

or
he
ad

tr
em

or
,

dy
sk
in
es
ia
,

br
ux

ism
,

ha
nd

st
er
eo
ty
pi
es

D
ev
el
op

m
en
t

d
el
ay
ed

;
w
al
ke

d
at

4y
,
fi
rs
t
w
o
rd
s

2y

G
D
D

fr
om

ea
rly

ag
e:
w
al
ke
d
at

2y
8m

,fi
rs
t

w
or
ds

3y

8m
m
ot
or

de
la
y,

hy
po

to
ni
a,

G
D
D

fr
om

15
m

G
D
D

fr
om

6
m

G
D
D

fr
om

in
fa
nc
y

G
D
D

fr
om

6m
w
al
ke
d
at
3y

G
D
D

fr
om

4m
w
al
ke
d
at
3.
5y

G
D
D

fr
om

7m
w
al
ke
d
at
2.
5y

G
D
D

fr
om

in
fa
nc
y

G
D
D

fr
om

in
fa
nc
y

G
D
D

G
D
D

w
al
ke
d
at
2y

G
D
D

re
gr
es
sio

n

D
eg
re
e
of

ID
n
o
n
e-
m
il
d

se
ve
re

se
ve
re

se
ve
re
-p
ro
fo
un

d
se
ve
re

se
ve
re

se
ve
re

m
od

er
at
e

se
ve
re

m
od

er
at
e–
se
ve
re

m
od

er
at
e–
se
ve
re

se
ve
re

se
ve
re
-p
ro
fo
un

d

E
E
G

su
m
m
ar
y

n
o
rm

al
no

rm
al

no
rm

al
un

til
ag
e

5y
w
he
n

di
ffu

se
ba
ck
gr
ou

nd
slo

w
in
g
w
as

no
tic
ed

no
rm

al
E
E
G
s
at

ag
es

14
m

an
d

32
m

N
A

no
ep
ile
pt
ifo

rm
di
sc
ha
rg
es

bu
t

a
lit
tle

slo
w
in
g

(1
8m

,2
y
an
d

7y
)

no
ep
ile
pt
ifo

rm
di
sc
ha
rg
es

bu
t

a
lit
tle

slo
w
in
g
(3
y,

9y
,a
nd

12
y)

no
rm

al
(1
8m

)
no

rm
al

N
A

3–
5
s
th
et
a
w
av
es

(a
m
pl
itu

de
m
od

ul
at
io
n)

in
te
rm

itt
en
t
le
ft

te
m
po

ra
l

slo
w
in
g
at

21
y

di
ffu

se ba
ck
gr
ou

nd
slo

w
in
g

G
ai
t
an
d

sp
ee
ch

at
la
st

as
se
ss
m
en
t

ca
n
w
al
k
an

d
ru
n

n
o
rm

al
sp
ee
ch

w
al
ks

th
ou

gh
un

st
ea
dy

lim
ite
d
sp
ee
ch

w
he
el
ch
ai
r-

bo
un

d
no

sp
ee
ch

ca
nn

ot
w
al
k,

m
in
im

al
or

no
re
ce
pt
iv
e
sp
ee
ch

at
ax
ic
ga
it
no

sp
ee
ch

ca
n
w
al
k
lim

ite
d

sp
ee
ch

ca
n
w
al
k
lim

ite
d

sp
ee
ch

ca
n
w
al
k
lim

ite
d

sp
ee
ch

he
lp

w
ith

al
l

ev
er
yd
ay

ta
sk
s

N
A

N
A

ca
n
w
al
k
sin

gl
e

w
or
d
sp
ee
ch

ca
nn

ot
w
al
k
no

sp
ee
ch

B
eh
av
io
ra
l

di
ffi
cu
lti
es

A
S
D
,
A
D
H
D

ep
iso

de
s
of

ir
ri
ta
bi
lit
y
an
d

ac
tin

g
ou

t

no
A
SD

fe
at
ur
es

no
ag
gr
es
siv

e
be
ha
vi
or

ag
gr
es
siv

e
be
ha
vi
or

ag
gr
es
siv

e
be
ha
vi
or

N
A

N
A

N
A

A
D
H
D

N
A

N
eu
ro
-

im
ag
in
g

M
R
I:
d
el
ay
ed

m
ye
li
n
at
io
n

(3
y)
,
n
o
rm

al
(2
y

an
d
5y

)

M
R
I
no

rm
al
(2
y)

M
R
I:
de
la
ye
d

m
ye
lin

at
io
n

(4
y)

M
R
I:
W

M
le
sio

ns
,

th
in
ni
ng

of
C
C
,

m
ild

at
ro
ph

y
(1
5m

an
d
32
m
)

N
A

M
R
I
no

rm
al

(1
4m

)
M
R
I
no

rm
al
(8
m

an
d
2y
)

M
R
I
no

rm
al
(1
8m

)
M
R
I
no

rm
al

M
R
I:
fr
on

to
-

te
m
po

ra
l

at
ro
ph

y
(4
y)

M
R
I:
fr
on

ta
l/

pa
ri
et
al
at
ro
ph

y
C
T
no

rm
al
(4
y)

M
R
I
no

rm
al

A
D
H
D

–
at
te
nt
io
n
de
fi
ci
t
hy
pe
ra
ct
iv
ity

di
so
rd
er
,
A
SD

–
au
tis
tic

sp
ec
tr
um

di
so
rd
er
,
C
C

–
co
rp
us

ca
llo
su
m
,
C
T

–
co
m
pu

te
d
to
m
og
ra
ph

y,
E
E
G

–
el
ec
tr
oe
nc
ep
ha
lo
gr
am

,
G
D
D

–
gl
ob

al
de
ve
lo
pm

en
ta
l
de
la
y,

ID
–
in
te
lle
ct
ua
l
di
sa
bi
lit
y,

M
R
I
–
m
ag
ne
tic

re
so
na
nc
e
im

ag
in
g,

N
A
–
no

t
av
ai
la
bl
e,
W
M

–
w
hi
te

m
at
te
r.

838 MOVEMENT DISORDERS CLINICAL PRACTICE 2022; 9(6): 837–840. doi: 10.1002/mdc3.13509

LETTERS: GENOTYPE AND PHENOTYPE STXBP1 STOP-LOSS WITH MOVEMENT DISORDER



Using established methods,3 whole genome sequencing using a
broad neurology panel of 3447 genes revealed a novel heterozygous
stop-loss variant in STXBP1 [NM_001032221.6] c.1783 T > C, p.
(*595Glnext*67), predicting abolition of the stop codon and addi-
tion of 67 amino acid residues at the C-terminus. The variant, con-
firmed by Sanger sequencing, is absent from gnomAD. Segregation
studies were not possible due to familial estrangement. No other
pathogenic variants were identified. MRI brain and spine scans age
1, 3, and 5 years showed only mild hypomyelination at 3 years.
Prior genetic testing for microarray CGH, fragile X single-gene
testing, and clinical exome analysis of panels for ataxia, dystonia and
hyperkinesia were negative (N.B. STXBP1 was not included in
these gene panels), and neurometabolic investigations on blood,
urine, and CSF were non-diagnostic (Supplementary Information).
EEG showed no epileptiform discharges.

Experimental animal models including expression of human dis-
ease variants in mice suggest that STXBP1-encephalopathy is
related to haploinsufficiency rather than a dominant-negative
mechanism.4 Stop-loss mutations are an infrequent but recognized
mechanism of genetic disease, not previously reported in STXBP1.5

The downstream consequences of the stop-loss variant are unclear,
but may include putative loss-of-function effects impacting protein
folding, subcellular location or substrate binding due to protein
elongation. We propose this variant as the likely cause of disease in
this patient due to phenotypic overlap, lack of alternative cause on
detailed genetic analysis, and haploinsufficiency intolerance of the
gene. However, population databases indicate that stop-loss changes
are less selected against than other nonsense variants.6 Segregation
analysis was not possible, but given the expanding spectrum of
STXBP1-related disease, it can be speculated that one of the pro-
band’s parents may also harbor this same variant, which may explain
some or all of their difficulties.

Although STXBP1-related disorder is strongly associated with
epilepsy (95%) and severe/profound intellectual disability
(88%),2,7 our case had no history of seizures and only mild cog-
nitive difficulties. To date, movement disorders without epilepsy
are only rarely reported in STXBP1-related disease and all
described cases have severe ID: 3 girls with ataxia and tremor8;
one individual with spasticity and tremor9; and one with tremor
with myoclonus10 (Table 1). A recent description bringing
together 534 cases of STXBP1-related disorders using Human
Phenotype Ontology terms has revealed a broader phenotype;
ataxia and tremor are common (25% and 24% of cohort respec-
tively) and seizures are described in 89%, but the combined lack
of epilepsy or severe learning difficulties remains rare.5 Our case
expands the proposed genotype of STXBP1-related disease and
illustrates the emerging milder phenotype without epilepsy or
significant intellectual disability; it also highlights the importance
of including STXBP1 in movement disorder gene panels for
diagnostic next-generation sequencing analysis.
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