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Mucopolysaccharidosis (MPS) are monogenic, multisystem disorders

resulting from enzymatic defects in the degradation of glycosamino-

glycans (GAGs). Although each of the 11 MPS subtypes is linked to a

specific enzyme deficiency, phenotypic overlap is considerable.

Recently, a 12th disorder, MPS type X, due to biallelic variants in the

arylsulfatase K gene (ARSK) was reported (Verheyen et al., 2021). We

describe herein two additional affected sibs and expand the

phenotype.

The younger individual (Individual 1) was noted to have a wad-

dling gate as a toddler. At presentation at age 7 years, he complained

of stiffness and pain in his legs, and was diagnosed with Legg-Calvé-

Perthes disease (LCPD). He experienced increasing pain in his hips,

thighs, knees, legs, hands, and back. Radiographic changes in his hips

were visible by age 7 years. Additional diagnostic suggestions at that

time were multiple epiphyseal dysplasia or Meyers dysplasia. Assess-

ment by a multispecialist skeletal dysplasia clinic at age 8 years

5 months concluded that he might have a MPS given his increasing

symptoms as well as his similarly affected sibling. Radiological changes

were not present in the hand of Individual 1 at age 2 years, but at age

8 years 5 months several carpal bones were either not ossified or

small for his age. Lack of ossification of some carpal bones and osteo-

necrosis of the femoral heads were suggestive of a mild MPS

(Figure 1).

The 2 years older sibling (Individual 2) complained of pain in her

knees, thighs and hips from age 9 years. By age 10 years, she had

developed pain in her legs, ankles, and back. Initial imaging showed

slight anterior wedging of her vertebrae and lack of ossification of car-

pal bones, in keeping with a tentative diagnosis of MPS. Both individ-

uals used paracetamol for pain.

On repeated analyzes, urinary GAG quantitation by dimethyl

methylene blue (DMB) test was slightly increased in both children.

Thin layer chromatography showed a normal glycosaminoglycan

profile.

Morquio disease, MPS type IVA, was suspected, but both children

had normal serum levels of galactose-6-sulfatase and beta-galactosi-

dase. Whole exome sequencing for the sibs and their parents was ini-

tially performed assuming that the father was affected due to

longstanding complaints of stiffness in his joints. When no molecular

cause was detected, the variant data were re-interpreted with both

parents considered unaffected. Both children were homozygous, and

both parents heterozygous, for a predicted stop variant in ARSK,

NM_198150.3:c.1251C > G p.(Tyr417*). The variant is located in the

penultimate exon and is predicted to target ARSK-mRNA to

nonsense-mediated decay. Urinary GAG excretion in both sibs

assessed by HPLC-MS/MS (liquid chromatography–tandem mass

spectrometry) analysis detected a threefold increase of dermatan sul-

fate (DS) while heparan sulfate (HS) was slightly above the upper ref-

erence range in Individual 2. The increased DS level is similar to that

described in two of four individuals in the original report of MPS type

X (Verheyen et al. 2021).

Clinical findings in the two children we describe and in the origi-

nal report are summarized in Table 1. In contrast to the two
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individuals described by Verheyen et al. for whom data are available,

the sibs we report were normocephalic at birth, and did not have

recurrent ear infections or sleep apnea as young children. Further-

more, at age 9 years 5 months and at 11 years, respectively, they did

not have coarse facial features or short stature, and were not dispro-

portionate. The individuals we report are younger than those reported

previously (ages 14–18), which might explain the absence of short

stature, a disproportionally short trunk, and coarse facies.

Both children have slightly hypomineralized enamel on their perma-

nent teeth. The older sibling had several teeth extracted due to enamel

defects and has hypoplasia of a permanent incisor (an enamel pit). Defec-

tive enamel might be a feature of MPS type X, analogous to what is seen

in MPS type IV (Barker &Welbury, 2000; Ribeiro et al., 2015).

Both children had hypermobile interphalangeal finger joints,

which is also a feature of MPS type IV (Raff & Byers, 1996).

Both individuals have vertical striae in the metaphyses similar to

those described by Verheyen et al., but noted at an earlier age

(Figure 1). Osteochondral lesions were present in the dorsal aspect of

the patellae in Individual 1 and in some metacarpal heads. Similar

lesions were seen in the metatarsals of Individual 2 (not shown), this

may be a distinguishing feature of MPS type X.

In conclusion, the two individuals described herein illustrate that

short stature, a short trunk and coarse facies are not necessarily pre-

sent in young children with MPS type X. A waddling gait and joint

pain, accompanied by skeletal radiological changes resembling mild

MPS warrants examination for ARSK-related MPS. Normal urinary

GAG quantitation does not rule out the diagnosis (Verheyen

et al., 2021). As in the four previously published individuals, MPS was

suspected, though one of the children we report was originally

thought to have LCPD. Bilateral LCPD should result in considering the

possibility of MPS type X as well as other MPS subtypes (Mendelsohn

et al., 2013). The diagnosis of MPS type X allows for tailored cardiac,

ophthalmologic and audiological surveillance, and can inform genetic

counseling.
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F IGURE 1 Sector-shaped osteonecrosis of femoral heads are seen in Individual 1 at age 7 years (a), 9 years (b), and in Individual 2 at age
10 years (c). Slight anterior wedging of vertebrae in Individual 1 at age 9 years (d) and in Individual 2 at age 10 years (e). Normal wrist in Individual
1 at age 2 years (f), defective ossification of carpals in Individual 1 at age 9 years (g), and at age 11 years in Individual 2 (h). In Individual
1, osteochondral lesions of metacarpal heads are visible (g). Osteochondral lesions of both patellae at age 9 years in Individual 1 (i, j). Vertical
striae in the metaphyses in Individual 1 at age 9 years (k) and in Individual 2 at age 10 years (l)

3370 RUSTAD ET AL.



T
A
B
L
E
1

P
he

no
ty
pe

an
d
ge

ne
ti
c
va
ri
an

ts
o
f
in
di
vi
du

al
s
w
it
h
A
R
SK

de
fi
ci
en

cy

In
di
vi
du

al
s
de

sc
ri
be

d
in

V
er
he

ye
n
et

al
.

In
d
iv
id
u
al
s
d
es
cr
ib
ed

in
th
is
re
se
ar
ch

le
tt
er

G
en

et
ic
va
ri
an

ts
an

d
ph

en
o
ty
pe

o
f
in
di
vi
du

al
s
w
it
h
A
R
SK

de
fi
ci
en

cy
,t
ab

le
ad

ap
te
d
fr
o
m

V
er
he

ye
n
et

al
.2

0
2
1

V
ar
ia
nt

in
A
R
SK

Su
bj
ec
t
1

Su
bj
ec
t
2

Su
bj
ec
t
3

Su
bj
ec
t
4

In
di
vi
d
u
al
1

In
d
iv
id
u
al
2

c.
2
5
0
C
>
T
,p

.
(A
rg
8
4
C
ys
),

ho
m
o
zy
go

us
N
M
_1

9
8
1
5
0
.2

c.
2
5
0
C
>
T
,p

.
(A
rg
8
4
C
ys
),

ho
m
o
zy
go

us
N
M
_1

9
8
1
5
0
.2

c.
5
6
0
T
>
A
,p

.
(L
eu

1
8
7
T
er
),

ho
m
o
zy
go

us
N
M
_1

9
8
1
5
0
.2

c.
5
6
0
T
>
A
,p

.
(L
eu

1
8
7
T
er
),

ho
m
o
zy
go

us
N
M
_1

9
8
1
5
0
.2

c.
1
2
5
1
C
>
G
,p

.(T
yr
4
1
7
*)

ho
m
o
zy
go

u
s
N
M
_1

9
8
1
5
0
.3

c.
1
2
5
1
C
>
G
,p

.(T
yr
4
1
7
*)

h
o
m
o
zy
go

u
s

N
M
_1

9
8
1
5
0
.3

E
th
ni
ci
ty

T
ur
ki
sh

T
ur
ki
sh

In
di
an

In
di
an

N
o
rw

eg
ia
n

N
o
rw

eg
ia
n

A
ge

,g
en

de
r

1
6
ye

ar
s,
fe
m
al
e

1
4
ye

ar
s,
m
al
e

1
8
ye

ar
s,
m
al
e

1
7
ye

ar
s,
m
al
e

9
ye

ar
s
5
m
o
n
th
s,
m
al
e

1
1
ye

ar
s,
fe
m
al
e

B
ir
th

w
ei
gh

t
N
A

N
A

N
A

N
A

2
6
1
0
g,
<
1
st

ce
n
ti
le

3
0
1
4
g,
9
th

ce
n
ti
le

B
ir
th

le
ng

th
5
0
th

pe
rc
en

ti
le

5
0
th

pe
rc
en

ti
le

N
A

N
A

4
6
cm

,1
st

ce
n
ti
le

5
0
cm

,4
2
n
d
ce
n
ti
le

B
ir
th

he
ad

ci
rc
um

fe
re
nc

e
M
ac
ro
ce
ph

al
y

M
ac
ro
ce
ph

al
y

N
A

N
A

3
4
cm

,1
8
th

ce
n
ti
le

3
4
cm

,1
7
th

ce
n
ti
le

Su
sp
ec
te
d

di
ag
no

se
s

M
P
S, sp
o
nd

yl
o
ep

ip
hy

se
al

dy
sp
la
si
a,
T
ur
ne

r
sy
nd

ro
m
e

M
P
S, sp
o
nd

yl
o
ep

ip
hy

se
al

dy
sp
la
si
a

B
ra
ch

yo
lm

ia
,M

P
S,

sp
o
nd

yl
o
ep

ip
hy

se
al

dy
sp
la
si
a

B
ra
ch

yo
lm

ia
,M

P
S,

sp
o
nd

yl
o
ep

ip
hy

se
al

dy
sp
la
si
a

LC
P
D
,M

E
D
,M

ey
er
s
d
ys
p
la
si
a

M
P
S
IV

M
P
S
IV

H
ei
gh

t
1
4
6
,5

cm
,�

3
.2
5
SD

1
5
0
cm

,�
1
.9
4
SD

1
5
7
cm

,�
3
.2
2
SD

1
4
5
cm

,�
4
.5
3
SD

1
4
9
,5

cm
at

ag
e
9
ye

ar
s

5
m
o
n
th
s,
SD

S
1
,9
3
P
re
d
ic
te
d
ad

u
lt
h
ei
gh

t
ba

se
d
o
n
m
id
p
ar
en

ta
lh

ei
gh

t:
1
7
8
,5

+
/�

1
0
cm

1
4
9
,5

cm
at

ag
e
1
1
ye

ar
s,

SD
S
0
,4
0
P
re
d
ic
te
d
ad

u
lt

h
ei
gh

t
b
as
ed

o
n

m
id
p
ar
en

ta
lh

ei
gh

t:
1
6
5
,5

+
/�

1
0
cm

W
ei
gh

t
6
8
kg

4
9
kg

N
A

3
2
.4
8
kg

6
4
kg

,1
7
kg

ab
o
ve

9
7
,5
th

ce
n
ti
le

(w
ei
gh

t
fo
r
ag
e)

3
7
,1

kg
,5

0
th

p
er
ce
n
ti
le

(w
ei
gh

t
fo
r
ag
e)

O
cc
ip
to
fr
o
nt
al

he
ad

ci
rc
um

fe
re
nc

e

5
9
cm

,2
.5
2
SD

5
8
.5

cm
,1

.9
5
SD

5
3
cm

,�
2
.2
1
SD

5
2
.5

cm
,�

2
.4
1
SD

5
5
cm

,S
D
S
1
,1
7

5
4
cm

,S
D
S
0
,6
4
at

ag
e

1
0
ye

ar
s
9
m
o
n
th
s

A
rm

sp
an

1
5
0
,5

cm
1
5
5
cm

1
6
4
cm

1
4
7
cm

1
5
1
cm

1
4
8
cm

F
ac
ia
lp

he
no

ty
pe

C
o
ar
se

fa
ci
al
fe
at
ur
es

C
o
ar
se

fa
ci
al
fe
at
ur
es

C
o
ar
se

fa
ci
al
fe
at
ur
es

C
o
ar
se

fa
ci
al
fe
at
ur
es

N
o
t
co

ar
se

fa
ci
al
fe
at
u
re
s

M
al
ar

h
yp

o
p
la
si
a,
n
o
t
co

ar
se

fa
ci
al
fe
at
u
re
s

V
is
ua

lc
o
nc

er
n

M
ild

m
yo

pi
a
si
nc

e
1
4
th

ye
ar

o
f
lif
e,

m
ild

le
ns

an
d
vi
tr
eo

us
o
pa

ci
ty
,

m
ild

re
ti
na

l
pi
gm

en
ta
ti
o
n

te
m
po

ra
lo

f
th
e

fo
ve

a

M
ild

le
ns

an
d
vi
tr
eo

us
o
pa

ci
ty
,m

ild
re
ti
na

l
pi
gm

en
ta
ti
o
n

te
m
po

ra
lo

f
th
e

fo
ve

a

N
o
rm

al
N
o
rm

al
,n

o
co

rn
ea

l
o
pa

ci
ty

N
o
rm

al
Sl
ig
h
t
m
yo

p
ia
at

ag
e

1
1
ye

ar
s
4
m
o
n
th
s

A
ud

it
o
ry

sy
st
em

N
o
rm

al
au

di
o
gr
am

an
d

ty
m
pa

no
gr
am

N
o
rm

al
au

di
o
gr
am

an
d

ty
m
pa

n
o
gr
am

N
o
rm

al
N
o
rm

al
N
o
rm

al
au

d
io
gr
am

N
o
rm

al
au

d
io
gr
am

Ja
w

an
d
te
et
h

O
pe

n
bi
te
,w

id
e
sp
ac
ed

te
et
h,

di
as
te
m
at
a,

ca
ni
ne

-l
ik
e

ap
pe

ar
an

ce
o
f
la
te
ra
l

in
ci
so
rs

O
pe

n
bi
te
,w

id
e
sp
ac
ed

te
et
h,

ca
ni
ne

-l
ik
e

ap
pe

ar
an

ce
o
f
la
te
ra
l

in
ci
so
rs

N
o
rm

al
N
o
rm

al
Sl
ig
h
tl
y
h
yp

o
m
in
er
al
iz
ed

en
am

el
Sl
ig
h
tl
y
h
yp

o
m
in
er
al
iz
ed

en
am

el

H
an

ds
/w

ri
st
s

N
o
rm

al
N
o
rm

al
,i
nt
er
m
it
te
nt

pa
re
st
he

si
as

N
o
rm

al
B
ra
ch

yd
ac
ty
ly
,

ar
th
ro
pa

th
y
o
f
ri
gh

t
w
ri
st

H
yp

er
m
o
b
ile

d
is
ta
l

in
te
rp
h
al
an

ge
al
jo
in
ts

an
d

H
yp

er
m
o
b
ile

d
is
ta
l

in
te
rp
h
al
an

ge
al
jo
in
ts

an
d

(C
o
nt
in
u
es
)

RUSTAD ET AL. 3371



T
A
B
L
E
1

(C
o
nt
in
ue

d)

In
di
vi
du

al
s
de

sc
ri
be

d
in

V
er
he

ye
n
et

al
.

In
d
iv
id
u
al
s
d
es
cr
ib
ed

in
th
is
re
se
ar
ch

le
tt
er

fi
rs
t
m
et
ac
ar
p
o
p
h
al
an

ge
al

jo
in
t

fi
rs
t
m
et
ac
ar
p
o
p
h
al
an

ge
al

jo
in
t

Sk
el
et
al
fe
at
ur
es

D
is
pr
o
po

rt
io
na

te
sh
o
rt
-t
ru
nk

sh
o
rt

st
at
ur
e,

ge
nu

va
lg
us
,

m
ild

sc
o
lio

si
s

D
is
pr
o
po

rt
io
na

te
sh
o
rt
-t
ru
n
k
sh
o
rt

st
at
ur
e,

m
ild

ge
nu

va
lg
us

D
is
pr
o
po

rt
io
na

te
sh
o
rt
-t
ru
nk

sh
o
rt

st
at
ur
e,

ge
nu

va
lg
us

D
is
pr
o
po

rt
io
na

te
sh
o
rt
-t
ru
nk

sh
o
rt

st
at
ur
e,

ge
nu

va
lg
us
,

m
ild

sc
o
lio

si
s

P
ro
p
o
rt
io
n
at
eO

st
eo

ch
o
n
d
ra
l

le
si
o
n
s

P
ro
p
o
rt
io
n
at
eO

st
eo

ch
o
n
d
ra
l

le
si
o
n
s

Li
ve

r,
sp
le
en

N
o
rm

al
in

si
ze

an
d

st
ru
ct
ur
e
(u
lt
ra
so
un

d
ex

am
in
at
io
n)

N
o
rm

al
in

si
ze

an
d

st
ru
ct
ur
e
(u
lt
ra
so
un

d
ex

am
in
at
io
n)

N
o
rm

al
o
n
cl
in
ic
al

ex
am

in
at
io
n

N
o
rm

al
o
n
cl
in
ic
al

ex
am

in
at
io
n

Sl
ig
h
tl
y
h
yp

er
ec
h
o
ge

n
ic
liv
er
,

o
th
er
w
is
e
n
o
rm

al
(u
lt
ra
so
u
n
d
)

N
o
rm

al
(u
lt
ra
so
u
n
d
)

K
id
ne

ys
N
o
rm

al
(u
lt
ra
so
un

d)
N
o
rm

al
(u
lt
ra
so
un

d)
N
o
t
av
ai
la
bl
e

R
en

al
ca
lc
ul
us

at
6
ye

ar
s

N
o
rm

al
(u
lt
ra
so
u
n
d
)

N
o
rm

al
(u
lt
ra
so
u
n
d
)

H
ea

rt
Sy

st
o
lic

m
ur
m
ur
,m

ild
ao

rt
ic
va
lv
e
st
en

o
si
s

an
d
re
gu

rg
it
at
io
n,

th
ic
ke

ne
d
en

ds
o
f

ao
rt
ic
cu

sp
s,
m
ild

le
ft

ve
nt
ri
cu

la
r

hy
pe

rt
hr
o
ph

y

Sy
st
o
lic

an
d
di
as
to
lic

m
ur
m
ur
,m

ild
ao

rt
ic

va
lv
e
st
en

o
si
s
an

d
re
gu

rg
it
at
io
n,

th
ic
ke

ne
d
en

ds
o
f

ao
rt
ic
cu

sp
s

N
o
rm

al
o
n
cl
in
ic
al

ex
am

in
at
io
n

N
o
rm

al
o
n
cl
in
ic
al

ex
am

in
at
io
n

N
o
rm

al
E
C
G
.P

o
ss
ib
le

sl
ig
h
t

di
as
to
lic

d
ys
fu
n
ct
io
n
,

o
th
er
w
is
e
n
o
rm

al
ec
h
o
ca
rd
io
gr
am

N
o
rm

al
E
C
G
an

d
ec
h
o
ca
rd
io
gr
am

N
eu

ro
lo
gi
ca
l

ex
am

in
at
io
n,

co
gn

it
io
n

N
o
rm

al
N
o
rm

al
N
o
rm

al
N
o
rm

al
N
o
rm

al
.P

o
ss
ib
le

T
o
u
re
tt
e

sy
n
d
ro
m
e

N
o
rm

al

U
ri
na

ry
G
A
G

(D
M
B
te
st
)

N
o
rm

al
at

1
1
an

d
1
6
ye

ar
s

B
o
rd
er
lin

e
at

1
4
ye

ar
s

N
o
t
av
ai
la
bl
e

N
o
t
av
ai
la
bl
e

A
t
ag
e
8
ye

ar
sU

-G
A
G

1
3
m
g/

m
m
o
lc
re
at
in
in
e
(a
ge

ad
ju
st
ed

re
fe
re
n
ce

ra
n
ge

5
–

1
1
)A
t
ag
e
9
ye

ar
sU

-G
A
G

1
4
m
g/
m
m
o
lc
re
at
in
in
e
(a
ge

-
ad

ju
st
ed

re
fe
re
n
ce

ra
n
ge

5
–

1
1
)

A
t
ag
e
1
0
ye

ar
sU

-G
A
G

1
4
m
g/
m
m
o
lc
re
at
in
in
e

(a
ge

-a
d
ju
st
ed

re
fe
re
n
ce

ra
n
ge

4
–1

1
)U
-G

A
G

1
5
m
g/
m
m
o
lc
re
at
in
in
e
o
n

re
p
ea

t
an

al
ys
is
(a
ge

-
ad

ju
st
ed

re
fe
re
n
ce

ra
n
ge

4
–1

1
)

LC
–M

S/
M
Sa
M
et
ab

o
lic

di
se
as
es

D
S
1
6
5
μg

/m
m
o
l

(e
xp

ec
te
d
0
–5

3
μg

/
m
m
o
lc
re
at
in
in
e)

at
ag
e
1
7
ye

ar
s

D
S
2
3
4
μg

/m
m
o
l

(e
xp

ec
te
d
0
–5

3
μg

/
m
m
o
lc
re
at
in
in
e)

at
ag
e
1
5
ye

ar
s

N
o
t
av
ai
la
bl
e

N
o
t
av
ai
la
bl
e

In
cr
ea

se
d
D
S
3
3
8
μg

/m
m
o
l

cr
ea

ti
n
in
e
(r
ef
er
en

ce
va
lu
e

0
–1

0
9
)a

t
9
ye

ar
s
5
m
o
n
th
s

In
cr
ea

se
d
D
S
3
5
8
μg

/m
m
o
l

cr
ea

ti
n
in
e,

(r
ef
er
en

ce
va
lu
e
0
–5

3
).H

S
3
6
5
μg

/
m
m
o
lc
re
at
in
in
e(
re
fe
re
n
ce

va
lu
es

0
–3

2
3
).
A
t
ag
e

1
0
ye

ar
s
1
1
m
o
n
th
s

A
bb

re
vi
at
io
ns
:L

C
P
D
,L
eg

g-
C
al
vè

-P
er
th
es

di
se
as
e;

M
E
D
,m

ul
ti
pl
e
ep

ip
hy

se
al
dy

sp
la
si
a;

M
P
S,

m
uc

o
po

ly
sa
cc
h
ar
id
o
si
s.

a A
na

ly
si
s
pe

rf
o
rm

ed
at

A
m
st
er
da

m
U
ni
ve

rs
it
ai
r
M
ed

is
ch

e
C
en

tr
a,
A
ca
de

m
ic
M
ed

ic
al
C
en

te
r,
La
b
G
en

et
ic
M
et
ab

o
lic

di
se
as
es
.

3372 RUSTAD ET AL.



AUTHOR CONTRIBUTIONS

Conception and design: Cecilie F. Rustad, Trine E. Prescott, Else Merckoll,

Erle Kristensen, Cathrin L. Salvador, Hilde Nordgarden, and Kristian

Tveten. Data collection: Cecilie F. Rustad, Trine E. Prescott, Else Merckoll,

Erle Kristensen, Cathrin L. Salvador, Hilde Nordgarden, and Kristian Tveten.

Data analysis and interpretation: Cecilie F. Rustad, Trine E. Prescott, Else

Merckoll, Erle Kristensen, Cathrin L. Salvador, Hilde Nordgarden, and Kris-

tian Tveten. Drafting the article: Cecilie F. Rustad, Trine E. Prescott, Else

Merckoll, Erle Kristensen, Cathrin L. Salvador, Hilde Nordgarden, and Kris-

tian Tveten. Critical revision of the article: Cecilie F. Rustad, Trine E. Prescott,

Else Merckoll, Erle Kristensen, Cathrin L. Salvador, Hilde Nordgarden, and

Kristian Tveten. Final approval: Cecilie F. Rustad, Trine E. Prescott, Else

Merckoll, Erle Kristensen, Cathrin L. Salvador, Hilde Nordgarden, and

Kristian Tveten.

ACKNOWLEDGMENTS

The authors are grateful to the family for their generous contribution

to this work.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Cecilie F. Rustad https://orcid.org/0000-0001-7903-9087

REFERENCES

Barker, D., & Welbury, R. R. (2000). Dental findings in Morquio syndrome

(mucopolysaccharidosis type Iva). ASDC Journal of Dentistry for Chil-

dren, 67(6), 431–433.
Mendelsohn, N. J., Wood, T., Olson, R. A., Temme, R., Hale, S., Zhang, H.,

Read, L., & White, K. K. (2013). Spondyloepiphyseal dysplasias and

bilateral legg-calvé-perthes disease: Diagnostic considerations for

mucopolysaccharidoses. JIMD Reports, 11, 125–132. https://doi.org/
10.1007/8904_2013_231

Raff, M. L., & Byers, P. H. (1996). Joint hypermobility syndromes. Current

Opinion Rheumatology, 8(5), 459–466. https://doi.org/10.1097/

00002281-19960900-00012

Ribeiro, E. M., Fonteles, C. S., Freitas, A. B., da Silva Alves, K. S.,

Monteiro, A. J., & da Silva, C. A. (2015). A clinical multicenter study of

orofacial features in 26 brazilian patinets with different types of muco-

ploysaccharidosis. The Cleft palate-Craniofacial Journal, 52, 352–358.
https://doi.org/10.1597/13-204

Verheyen, S., Blatterer, J., Speicher, M. R., Bhavani, G. S. L., Boons, G. J.,

Ilse, M. B., Andrae, D., Sproß, J., Vaz, F. M., Kircher, S. G., Posch-

Pertl, L., Baumgartner, D., Lübke, T., Shah, H., al Kaissi, A.,

Girisha, K. M., & Plecko, B. (2021). Novel subtype of mucopolysacchar-

idosis caused by arylsulfatase K (ARSK) deficiency. Journal of Medical

Genetics, 1-8. https://doi.org/10.1136/jmedgenet-2021-108061

How to cite this article: Rustad, C. F., Prescott, T. E., Merckoll,

E., Kristensen, E., Salvador, C. L., Nordgarden, H., & Tveten, K.

(2022). Phenotypic expansion of ARSK-related

mucopolysaccharidosis. American Journal of Medical Genetics

Part A, 188A:3369–3373. https://doi.org/10.1002/ajmg.a.

62934

RUSTAD ET AL. 3373

https://orcid.org/0000-0001-7903-9087
https://orcid.org/0000-0001-7903-9087
https://doi.org/10.1007/8904_2013_231
https://doi.org/10.1007/8904_2013_231
https://doi.org/10.1097/00002281-19960900-00012
https://doi.org/10.1097/00002281-19960900-00012
https://doi.org/10.1597/13-204
https://doi.org/10.1136/jmedgenet-2021-108061
https://doi.org/10.1002/ajmg.a.62934
https://doi.org/10.1002/ajmg.a.62934

	Phenotypic expansion of ARSK-related mucopolysaccharidosis
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


