
Variable brain phenotype primarily affects the brainstem and 
cerebellum in patients with osteogenesis imperfecta caused by 
recessive WNT1 mutations

Kimberly A. Aldinger1, Nancy J. Mendelsohn2,3, Brian H.Y. Chung4, Wenjuan Zhang5, 
Daniel H. Cohn5, Bridget Fernandez6, Fowzan S. Alkuraya7,8, William B. Dobyns1,9,10, and 
Cynthia J. Curry11,12

1Center for Integrative Brain Research, Seattle Children’s Research Institute, Seattle, WA

2Medical Genetics Division, Children’s Hospitals and Clinics of Minnesota, Minneapolis, MN

3Division of Genetics, Department of Pediatrics, University of Minnesota, Minneapolis, MN

4Department of Paediatrics and Adolescent Medicine, Department of Obstetrics and 
Gynaecology, Centre for Genomic Sciences, LKS Faculty of Medicine, The University of Hong 
Kong, Hong Kong

5Department of Molecular, Cell and Developmental Biology, Department of Orthopaedic Surgery, 
University of California, Los Angeles, Los Angeles, CA

6Disciplines of Genetics and Medicine, Faculty of Medicine, Memorial University of Newfoundland, 
Newfoundland, Canada

7Department of Genetics, King Faisal Specialist Hospital and Research Center, Riyada, Saudi 
Arabia

8Department of Anatomy and Cell Biology, College of Medicine, Alfaisal University, Riyada, Saudi 
Arabia

9Department of Pediatrics, University of Washington, Seattle, WA

10Department of Neurology, University of Washington, Seattle, WA

11Department of Pediatrics, University of California San Francisco

12Genetic Medicine Central California, Fresno, CA

Autosomal recessively inherited mutations in WNT1 were recently identified as a cause of 

severe osteogenesis imperfecta (OI).
1–5

 This finding does not address the critical role for 
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Wnt1 in mid-hindbrain development that is well described in model organisms.
78

 Severe 

intellectual and motor deficits were noted in 4 of 16 families in the initial reports, but few 

details were provided. We reviewed developmental outcomes and brain-imaging studies for 

one new and five previously reported individuals with WNT1-associated OI. All six have 

brain malformations, with prominent brainstem and cerebellar hypoplasia in five of these six 

individuals.

Homozygous or compound heterozygous mutations in WNT1 were recently described as a 

novel cause for severe autosomal recessive OI in 25 individuals from 16 families in a series 

of six papers.
1–6

 Brain-imaging studies in two individuals were reported to show unilateral 

cerebellar hypoplasia,
24

 and another was reported to have Chiari malformation type 1.
5 

However, only limited data were presented regarding the brain and neurological phenotypes, 

including only a single MRI image. This is an important issue to address, as the WNT 

family of secreted signaling proteins play key roles in many developmental and homeostatic 

processes.
9
 Indeed, prominent defects in early brain development were described in two 

mouse lines with Wnt1 mutations long before WNT1 mutations were identified as a cause of 

bone fragility in humans.
78

To examine the human brain phenotype associated with mutations in WNT1, we reviewed 

all available brain-imaging studies from one new and 5 previously reported individuals 

including one sibling pair,
1–5

 which consisted of 5 brain MRI (figure 1) and one cranial CT 

scan (see online supplementary figure S1). We found significant malformations in all 6 

individuals (table 1). Hippocampal malformations were found in three affected individuals 

for whom coronal MRI sequences were available (figure 1D,H,L). The midbrain especially 

the tectum was small in 5 of 6 individuals, which we rated as moderate in two (figure 1E and 

online supplementary figure S1) and severe in three (figure 1A,I,M) of five individuals. 

Notably, few human disorders have been reported with specific hypoplasia of the midbrain. 

Cerebellar vermis hypoplasia, always most severe in the uvula and pyramis lobules, was 

rated as mild in one (figure 1E) and severe in three (figure 1A,I,M) of five individuals.

The cerebellar hemispheres were also small in the four individuals with vermis hypoplasia. 

Unexpectedly, this was unilateral in three of four subjects with cerebellar hypoplasia, 

involving the right hemisphere in 1 (see online supplementary figure S1) and the left 

hemisphere in 2 (figure 1B,J) individuals. The last patient had complete (bilateral) cerebellar 

agenesis (figure 1N,O). The only individual with normal size of the brainstem and 

cerebellum had severe Chiari malformation type 1 (figure 1P–R). Thus, the brainstem and 

cerebellar hypoplasia varied from normal to unilateral hypoplasia to complete absence.

For one severely involved patient, LR13-235a2 previously Family 2, proband II-6,
5
 our 

interpretation differed from the published report. We found unilateral cerebellar hypoplasia 

on the left (not right) and did not find schizencephaly. We agree with other changes reported, 

finding hypoplasia of the anterior commissure, optic chiasm, hypothalamus, tectum, pons 

and right cerebellar hemisphere, and absent vermis.

We also reviewed the developmental features for these six affected individuals (table 1). 

Severe to profound intellectual disability (ID) was noted in five out of six of these 
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individuals. The sixth patient (with Chiari malformation) was diagnosed with mild autism at 

3 years, but by 7 years her Full Scale IQ was 109. The head circumference was below the 

mean (−1 to −3 SDs) in 5 of 5 individuals with data available; the smallest head size was 

found in the severely affected individual with total cerebellar agenesis. Five individuals had 

ocular problems including four with unilateral ptosis and another with an unspecified eye 

movement disorder. Care for these patients was challenging due to their profound disabilities 

and multiple fractures. Two patients died at 3.5 and 7 years due to a chest infectin and sepsis 

followed by respiratory failure, respectively. Another patient has no useful neurological 

function after sustaining a profound brain injury at 28 months following an episode of severe 

hyperthermia (T 42.8 °C), respiratory failure, shock and multiorgan failure.

In summary, we found cerebellar hypoplasia in five of six individuals that varied from mild 

hypoplasia to complete agenesis of the cerebellum, with frequent asymmetry. The brainstem 

and cerebellar hypoplasia fit well with the brain phenotypes reported for two mouse lines 

with Wnt1 mutations.
78

 Both have severe developmental defects of the midbrain, pons and 

cerebellum that vary from severe midbrain and pontine hypoplasia with complete cerebellar 

agenesis to anterior hypoplasia of the same structures. The knockout mutants typically die at 

birth, while the hypomorphic Wnt1sw/sw mice have ataxia, but often live to adulthood. Wnt1 
is expressed in a rostral-caudal gradient beginning in the developing midbrain and spreading 

to the cerebellum and pons. In the cerebellum, Wnt1 is primarily expressed in progenitor 

cells in the upper rhombic lip that contribute to glutamatergic neurons.
10

 The skeletal 

phenotype was not examined in the Wnt1 mutants in the original reports, but spontaneous 

fractures and severe osteopenia were recently reported in Wnt1sw/sw mice.
11

The most unexpected feature is the asymmetry seen in several patients. Asymmetric 

cerebellar hypoplasia with cerebellar clefts has been reported as an isolated anomaly 

presumed to be caused by prenatal posterior fossa or cerebellar haemorrhage,
1213

 and 

asymmetric hemispheric hypoplasia is sometimes seen with Dandy-Walker malformation.
14 

Interestingly, the complete cerebellar agenesis observed in one patient with mutations in 

WNT1 resembles the brain phenotype seen in individuals with homozygous PTF1A 

mutations.
1516

 However, such striking asymmetry is rare among known genetic types of 

cerebellar hypoplasia.

The previously reported WNT1 mutations include truncation and missense mutations, but 

the patients in our cohort include five homozygous truncations (usually in the last exon) and 

one compound heterozygote with a truncation and a missense mutation (table 1). 

Interestingly, affected individuals in two unrelated Hmong families were homozygous for 

the same truncation, suggesting a possible founder mutation. In this small series, we 

observed no clear genotype-phenotype correlation. In one family (LR12-457) with two 

affected sisters, the younger sister had severe ID and profound disabilities, while the older 

sister, who declined brain imaging, was intellectually normal. These six patients may not be 

representative of all individuals with WNT1-associated OI, as all had clinical brain-imaging 

studies performed to evaluate neurologic abnormalities. Thus there may be a bias of 

ascertainment for more severely affected individuals since typically developing individuals 

would not usually undergo brain imaging. While 6 of 25 patients in six papers focusing on 

the OI phenotype had reportedly normal development, we found severe ID in five of six 
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individuals in whom brain imaging was performed, and mild autism in the sixth. We suspect 

a relationship between severity of the ID and brainstem-cerebellar hypoplasia, but cannot 

evaluate this statistically given the lack of brain scans in other reported patients. We also 

could not correlate the severity of the OI phenotype with the neurodevelopmental deficits or 

cerebellar malformations, but suggest that this analysis take place as additional patients are 

examined. From this limited dataset, we recommend that brain imaging be performed in any 

individual with WNT1-associated OI who also has developmental delay or any neurological 

deficits. However, our data is not sufficient to support brain imaging in affected individuals 

with normal neurologic status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Brain MRI with WNT1 mutations
The images shown are T1-weighted mid-sagittal, T2-weighted axial images through the low 

and high brainstem, and T2-weighted coronal images through the hippocampus. These 

images show variable brainstem hypoplasia that is typically most severe in the midbrain 

especially the tectum. Imaging patterns include a normal brainstem (P–R), normal (A, E) or 

mildly small (I) pons and medulla with very small midbrain (A–C, I–K with arrows in A and 

I), and diffuse severe hypoplasia of the entire brainstem (M–O with arrow in M). The 

cerebellar vermis varies from normal (P) to small (mild in E, moderate in A and I) to 
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completely absent (asterisk in M). In E, the dashed line marks the observed lower limit of 

the vermis and the solid line the expected lower limit of the vermis. The cerebellar 

hemispheres may appear normal (F, Q) or small (right hemispheres in B, J). Here the left 

cerebellar hemispheres are absent in two patients (asterisks in B, J), and the entire 

cerebellum is missing in one (M–O). The hippocampi are small and malformed (arrows in 

D, H, L). The gyral pattern and cortex appear normal. Images of a typically developing 

individual are shown for reference (S–V).

Aldinger et al. Page 7

J Med Genet. Author manuscript; available in PMC 2016 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aldinger et al. Page 8

Ta
b

le
 1

B
ra

in
 a

nd
 d

ev
el

op
m

en
ta

l c
ha

ra
ct

er
is

tic
s 

in
 a

ff
ec

te
d 

in
di

vi
du

al
s 

w
ith

 W
N

T
1 

m
ut

at
io

ns

In
di

vi
du

al
L

R
12

-4
57

a2
L

R
13

-2
35

a1
L

R
13

-2
35

a2
L

R
13

-2
43

L
R

13
-3

27
L

R
14

-0
42

R
ef

er
en

ce
L

ai
ne

 2
01

3
Fa

m
ily

 2
Py

ot
t 2

01
3

Fa
m

ily
 2

Py
ot

t 2
01

3
Fa

m
ily

 2
Fa

qe
ih

 2
01

3
T

hi
s 

re
po

rt
Py

ot
t 2

01
3

Fa
m

ily
 4

E
th

ni
ci

ty
H

m
on

g
H

m
on

g
H

m
on

g
Sa

ud
i

C
hi

ne
se

C
au

ca
si

an

Se
x

F
M

M
M

M
F

W
N

T
1 

cD
N

A
c.

88
4C

>
A

c.
88

4C
>

A
c.

88
4C

>
A

c.
99

0C
>

A
c.

18
4C

>
T

c.
67

7C
>

T
c.

28
7_

30
0d

el
14

W
N

T
1 

pr
ot

ei
n

p.
Se

r2
95

*
p.

Se
r2

95
*

p.
Se

r2
95

*
p.

C
ys

22
0*

p.
G

ln
62

*
p.

Se
r2

26
L

eu
p.

G
ln

96
Pr

of
s*

54

In
he

ri
ta

nc
e

H
om

oz
yg

ou
s

H
om

oz
yg

ou
s

H
om

oz
yg

ou
s

H
om

oz
yg

ou
s

C
om

po
un

d
H

et
er

oz
yg

ou
s

H
om

oz
yg

ou
s

M
R

I/
C

T
*

A
-D

E
-H

I-
L

S1
M

-O
P-

R

br
ac

hy
ce

ph
m

od
er

at
e

m
od

er
at

e
no

rm
al

na
m

od
er

at
e

no
rm

al

H
IP

D
m

od
er

at
e

m
od

er
at

e
m

od
er

at
e

na
na

na

B
SH

-M
ID

B
se

ve
re

m
od

er
at

e
se

ve
re

no
rm

al
se

ve
re

no
rm

al

B
SH

-P
O

M
E

D
no

rm
al

no
rm

al
m

ild
no

rm
al

se
ve

re
no

rm
al

R
 C

B
L

H
no

rm
al

no
rm

al
no

rm
al

m
od

er
at

e
se

ve
re

no
rm

al

C
B

V
H

se
ve

re
no

rm
al

se
ve

re
se

ve
re

se
ve

re
no

rm
al

L
 C

B
L

H
se

ve
re

no
rm

al
se

ve
re

no
rm

al
se

ve
re

no
rm

al

C
B

T
E

 c
hi

ar
i

ab
se

nt
ab

se
nt

ab
se

nt
ab

se
nt

ab
se

nt
m

od
er

at
e

D
ev

el
op

m
en

t

A
ge

 la
st

 s
ee

n
23

y
18

m
10

y
3y

7y
7y

O
FC

51
.5

 (
−

2.
5

SD
)

47
.5

 (
−

1.
5

SD
)

50
.5

 (
−

1 
SD

)
N

A
47

 (
−

3 
SD

)
48

.5
 (

−
1.

5 
SD

)

ID
pr

of
ou

nd
se

ve
re

se
ve

re
se

ve
re

se
ve

re
N

or
m

al
 I

Q
 1

09

W
al

k
no

no
no

no
no

ye
s

Ta
lk

no
no

no
no

no
ye

s

Fe
ed

no
no

no
no

no
ye

s

Se
iz

ur
es

no
na

no
ye

s
ye

s
no

A
ut

is
m

no
ye

s
ye

s
no

no
ye

s

J Med Genet. Author manuscript; available in PMC 2016 June 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aldinger et al. Page 9

O
th

er
U

ni
l P

to
si

s
O

pt
ic

 c
hi

as
m

hy
po

pl
as

ia

Pr
of

ou
nd

 I
D

fo
llo

w
in

g
hy

pe
rt

he
rm

ia
an

d 
as

ph
ix

ia
U

ni
l P

to
si

s
U

ni
l P

to
si

s

A
ge

 a
t d

ea
th

–
–

–
3.

5y
7y

–

* T
he

 p
an

el
 in

 f
ig

ur
e 

1 
sh

ow
in

g 
th

e 
in

di
vi

du
al

’s
 M

R
I 

or
 o

nl
in

e 
su

pp
le

m
en

ta
ry

 f
ig

ur
e 

S1
 s

ho
w

in
g 

C
T.

A
bb

re
vi

at
io

ns
: M

, m
al

e;
 F

, f
em

al
e;

 b
ra

ch
ce

ph
, b

ra
ch

yc
he

ph
al

y;
 H

IP
D

, h
ip

po
ca

m
pa

l d
ys

pl
as

ia
; B

SH
-M

ID
B

, b
ra

in
st

em
 m

id
br

ai
n 

hy
po

pl
as

ia
; B

SH
-P

O
M

E
D

, b
ra

in
st

em
 p

on
s 

m
ed

ul
la

 h
yp

op
la

si
a;

 R
 C

B
L

H
, 

ri
gh

t c
er

eb
el

la
r 

he
m

is
ph

er
e 

hy
po

pl
as

ia
; C

B
V

H
, c

er
eb

el
la

r 
ve

rm
is

 h
yp

op
la

si
a;

 L
 C

B
L

H
, l

ef
t c

er
eb

el
la

r 
he

m
is

ph
er

e 
hy

po
pl

as
ia

; C
B

T
E

 c
hi

ar
i, 

ce
re

be
lla

r 
to

ns
ila

r 
ec

to
pi

a;
 N

A
, i

m
ag

in
g 

no
t a

va
ila

bl
e 

to
 m

ak
e 

an
 a

ss
es

sm
en

t; 
ID

, i
nt

el
le

ct
ua

l d
is

ab
ili

ty
; U

ni
l, 

un
ila

te
ra

l; 
O

FC
, o

cc
ip

ito
fr

on
ta

l c
ir

cu
m

fr
en

ce

J Med Genet. Author manuscript; available in PMC 2016 June 08.


	References
	Figure 1
	Table 1

