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Abstract: Turner-type X-linked syndromic intellectual developmental disorder (MRXST) is a rare neurodevelopmental 
disorder. MRXST is caused by pathogenic variants in the HUWE1 gene on chromosome Xp11.22. The HUWE1 gene 
encodes a ubiquitin ligase, which has downstream effects on the n-MYC protein and DLL3 Notch ligand, ultimately 
affecting neuronal differentiation. In addition to intellectual disability and developmental delay, other clinical fea-
tures such as absent or delayed speech, skeletal abnormalities, abnormalities in hands or feet, seizures, and hypo-
tonia have been described in case reports. Facial dysmorphic features and eye manifestations have been reported 
in patients with MRXST, but have not been identified as distinctive to this condition. We report two cases of individu-
als affected by HUWE1-Related Intellectual Developmental Disorder and present a review of literature of male pa-
tients affected by this disorder. Based on the literature review and findings in our two patients, it is our observation 
that patients with MRXST present with distinctive features, which include broad nasal tip, root, or prominent nose 
(39%), blepharophimosis (27%), epicanthic folds (25%), ear abnormalities (25%), thin upper lip (23%), and deep set 
eyes (23%). Furthermore, we note that oculofacial abnormalities are seen more frequently in patients with missense 
variants than patients with duplications in the HUWE1 gene. The findings noted in this paper may help clinicians 
suspect a diagnosis of MRXST when presented with these distinctive ocular and facial features.
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Introduction

Turner-type X-linked syndromic intellectual de- 
velopmental disorder (MRXST; MIM#309590) 
is caused by pathogenic variants in the HUWE1 
gene on chromosome Xp11.22. A nonsyndrom-
ic form of X-linked intellectual development dis-
order is caused by microduplications of chro-
mosome Xp11.22 that include the HUWE1  
and HSD17B10 genes. Other names for this 
HUWE1-Related Intellectual Developmental Di- 
sorder include Juberg-Marsidi Syndrome and 
Brooks-Wisniewski-Brown syndrome. 

The HUWE1 gene plays a role in suppressing 
neuronal proliferation and initiating differentia-
tion [1]. HUWE1 encodes a HECT domain ubiq-

uitin-protein ligase [1]. The ubiquitin ligase sup-
presses the activity of the n-MYC protein, which 
regulates the expression of the DLL3 Notch 
ligand [1]. In mouse models, HUWE1 null bra- 
ins showed an accumulation of N-Myc protein, 
which correlated with phenotypic features [1]. 
HUWE1 expression is regulated by oxygen con-
centration during embryonic development [2]. 
In a study conducted on discarded IVF human 
embryos, it was observed that high levels of oxi-
dative stress inhibited HUWE1 expression. This 
indicated that HUWE1 plays an important role 
in early embryonic development [2].

The inheritance pattern of MRXST is X-linked 
recessive in some families. However, there 
have been cases in which the inheritance is 
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X-linked dominant due to skewed X inactivation 
in females [3]. The condition primarily affects 
males and presents at an early age. Females 
may also be affected but have been noted to 
have a milder phenotypic expression [4]. The 
first reported case, published in 1994, includ-
ed a multi-generation family with severe intel-
lectual disability in males and a milder intellec-
tual impairment in affected females [4].

Clinical features are variable among affected 
individuals. Intellectual disability, limited spee- 
ch, short stature, and dysmorphic features are 
frequently present [4]. Due to a high frequency 
of ocular anomalies, ophthalmologic anomalies 
must be screened for in these affected patients 
[3]. The diagnosis of MRXST focuses heavily on 
genetic testing. Broad based sequencing meth-
ods such as whole-genome and whole-exome 
sequencing may be used. Alternatively, a more 
targeted sequencing approach such as utiliz- 
ing an Autism/Intellectual Disability gene panel 
that contains the associated gene, may be con-
ducted to identify disease-causing variants in 
the HUWE1 gene.

Current treatment options focus on manage-
ment of symptoms. Efficacy has been variable 
depending on the severity of the underlying 
symptoms. Treatment has primarily been re- 
ported to be supportive. Growth hormone sup-
plementation [5] and medications for seizure 
prevention have been prescribed [6]. 

Long-term prognosis for MRXST has not been 
well documented as there are a limited number 
of longitudinal studies on this condition. A fol-
low-up study was conducted in 2016 [5] on two 
cases which were originally reported in 1994 
[7] and 1980 [8]. The clinical update revealed 
that these patients continued to have long-
term intellectual disability, limb abnormalities, 
low growth parameters, and remained nonver-
bal with hearing loss [5]. 

Facial dysmorphic features and eye manifesta-
tions have been commonly associated with this 
disorder, but have not been well characterized. 
We present two brothers with variants in the 
HUWE1 gene and clinical features consistent 
with the HUWE1-Related Intellectual Deve- 
lopmental Disorder. We compare their clinical 
presentations to other male patients previously 
reported in literature, with a focus on distinc-
tive facial and ophthalmic manifestations.

Case report

Our patients are two brothers, age 9- and 
10-year-old males at the time of visit. The 
patients were born to non-consanguineous par-
ents. There was no reported family history of 
birth defects, developmental delay, intellec- 
tual disability, early infant deaths, or multiple 
miscarriages. 

The older sibling was 10 years old at the time of 
evaluation. He presented with global develop-
mental delay including intellectual disability, 
fine motor delay, low muscle tone, speech and 
language delay. He had a history of nocturnal 
enuresis which was managed with overnight 
diapers and hypothyroidism treated with sup-
plemental levothyroxine. Head circumference 
measured 53 cm, which was around the 50th 
percentile for his age. He was in the 19th per-
centile based on stature-for-age and the 98th 
percentile based on CDC weight-for-age data.

The younger sibling was 9 years old at the time 
of evaluation. He had previously been diag-
nosed with global developmental delay includ-
ing speech and language delays. He did not 
meet the diagnostic criteria for autism. Head 
circumference measured 50.3 cm, which was 
less than the 5th percentile for his age. Patient 
was in the 4th percentile based on stature-for-
age data and the 8th percentile based on CDC 
weight-for-age data. 

Both siblings had dysmorphic features that 
included an asymmetric face, long philtrum, 
thick eyebrows, thin upper lip, elongated th- 
umbs, and elongated toes. The older sibling 
had mildly deep-set eyes, mild left ptosis, and a 
minimal refractive error for which glasses were 
not prescribed (Figure 1A-C). The younger sib-
ling also had mild right ptosis and astigmatism 
in both eyes, for which he was prescribed glass-
es (Figure 2A-C). His fundoscopic examination 
was notable for having a mild tilt of the optic 
disc in both eyes.

Chromosomal microarray testing revealed that 
both siblings had a copy number gain at 7q21.2, 
a 135 kB duplication that involved a portion  
of the AKAP9 gene, classified as a variant of 
uncertain significance. Autism Expanded Panel 
testing in both siblings revealed that each sib-
ling had a hemizygous, pathogenic, maternally 
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Figure 1. 10-year-old boy with dysmorphic ocular, facial and extremity characteristics. A. Facial features were no-
table for deep set eyes, mild left ptosis, asymmetric facies, long philtrum, thick eyebrows, and thin upper lips. B. 
Elongated toes on the dorsal aspect of the right foot shown. C. Bilaterally elongated thumbs were present as shown 
on a view of the palmar aspect of the hands.

inherited variant c.12559 C>T, p. Arg4187Cys 
in the HUWE1 gene.

Methods

Inclusion criteria

We conducted a systematic review of the litera-
ture to summarize the ocular and facial dysmor-
phic features in male patients with HUWE1 
gene variants. A PubMed search of “HUWE1” 
led to 285 results. 270 articles were excluded 
either due to a lack of clinical facial and eye 
descriptions, lack of genetic evidence confirm-
ing the HUWE1 mutation, or publication in a 
language other than English. Due to variable 
effects of X inactivation in biological females, 
only biological male patients with confirmed 
HUWE1 disease-causing variants were includ-
ed. No articles were excluded based on the 
year of publication. The remaining 15 articles 
results yielded adequate eye and facial descrip-
tions of a total of 80 patients with the HUWE1-

Related Intellectual Developmental Disorder. A 
total of 82 patients were included in the analy-
sis, which included our 2 cases. 

Systematic review of literature

A systematic review was conducted to evaluate 
the frequency of intellectual disability, develop-
mental delay, and facial and ocular characteris-
tics in the confirmed cases. The 80 patients 
were characterized as having either missense 
mutations (29 patients) or duplications (51 
patients) in the HUWE1 gene. Clinical charac-
teristics of each patient are presented in the 
Supplementary Tables 1, 2, 3, 4, 5, 6 [3-19].

Results

We report data on 82 patients with the HUWE1-
Related Intellectual Developmental Disorder, 
which included our two cases. Table 1 lists the 
percentages of ocular, facial, and intellectual/
developmental findings in patients with HUWE1 
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Figure 2. 9-year-old boy with dysmorphic ocular, facial and extremity characteristics. A. Facial features were notable 
for mild right ptosis, asymmetric facies, long philtrum, thick eyebrows, and thin upper lips. B. Bilaterally elongated 
toes on the dorsal aspect of feet shown. C. Bilaterally elongated thumbs were present as shown on a view of the 
dorsal aspect of the hands.

mutations. Ocular and facial manifestations 
were noted in a higher percentage of patients 
with missense mutations as compared to pa- 
tients with duplications in HUWE1.

Ocular manifestations

In patients with HUWE1 missense mutations, 
the following ocular characteristics were com-
monly reported: deep set eyes (52%), blepharo-
phimosis (48%), epicanthic folds (41%), strabis-
mus (41%), refraction error (17%), nystagmus 
(14%), downslanting palpebral fissures (14%), 
retinopathy (3%). The same characteristics 
were evaluated in cases with duplications, 
yielding the following results: downslanting pal-
pebral fissures (15%), epicanthic folds (11%), 
blepharophimosis (9%), strabismus (5%). The 
following ocular characteristics were not ob- 
served in the duplication group: deep set eyes, 
retinopathy, nystagmus, and abnormal refrac-

tion errors. Figure 3 summarizes the ocular 
characteristics of both groups.

Facial manifestations

The following facial characteristics were com-
monly observed in cases with HUWE1 mis-
sense mutations: broad nasal root or tip/pro- 
minent or bulbous nose (52%), thin upper lip 
(52%), microcephaly (41%), short philtrum 
(38%), high forehead (28%), full lower lip (24%), 
hypotelorism (21%), hypertelorism (17%), ear 
abnormality (low set, cupped, malformed) 
(17%), long face (14%), small nose (10%). In 
comparison, these characteristics were obser- 
ved at the following frequencies in HUWE1 
duplications: ear abnormality (low set, cupped, 
malformed) (31%), broad nasal root or tip/
prominent or bulbous nose (29%), high fore-
head (15%), long face (11%), short philtrum 
(7%), hypertelorism (4%), small nose (4%), full 
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Table 1. Common ocular, facial, intellectual, and developmental 
findings in patients with HUWE1 mutations
Ocular Percentage
    Blepharophimosis 27%
    Epicanthic folds 25%
    Deep set eyes 23%
    Strabismus 21%
    Downslanting palpebral fissure 14%
    Refraction error 9%
    Nystagmus 7%
    Retinopathy 2%
Facial Percentage
    Broad root, nasal tip/prominent or bulbous nose 39%
    Ear abnormality (low set, cupped, malformed) 25%
    Short philtrum 23%
    Thin upper lip 23%
    High forehead 21%
    Microcephaly 19%
    Full lower lip 14%
    Long face 13%
    Hypotelorism 11%
    Hypertelorism 11%
    Small nose 7%
Intellectual and Developmental Percentage
    Intellectual Disability 86%
    Developmental Delay 70%

Figure 3. Comparison of ocular manifestations in cases of HUWE1 mis-
sense and duplication.

lower lip (4%), microcephaly (4%). The following 
facial characteristics were not observed in the 

duplication group: hypotelo- 
rism and thin upper lip. Figure 
4 summarizes the facial char-
acteristics of both groups.

Intellectual disability and 
developmental delay 

Intellectual disability was not- 
ed in 90% and developmental 
delay in 76% of all patients in 
the missense group. Similar 
frequencies were observed in 
the duplication group, with a 
frequency of 84% intellectual 
disability and 59% develop-
mental delay. Figure 5 pres-
ents the intellectual and devel-
opmental percentages of both 
groups.

Discussion

We report two cases of in- 
dividuals affected by HUWE1-
Related Intellectual Develop- 
mental Disorder and present  
a review of literature of male 
patients affected by this disor- 
der. 

The two patients we report  
in this paper exhibit clinical 
phenotypic features including 
deep set eyes, thin upper lip, 
refraction error (astigmatism), 
in addition to intellectual dis-
ability and developmental de- 
lay. These findings are similar 
to those reported in the litera-
ture [4-6]. 

Facial dysmorphic features 
and eye manifestations have 
been described, but have not 
been identified as distinctive 
to this condition. Based on the 
literature review and clinical 
findings in our two patients, it 
is our observation that patients 
with MRXST present with dis-
tinctive features which include 
broad nasal tip, root, or promi-
nent nose (39%), blepharophi-
mosis (27%), epicanthic folds 

(25%), ear abnormalities (25%), thin upper lip 
(23%), and deep set eyes (23%). We also note 
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that oculofacial abnormalities are seen more 
frequently in patients with missense variants 
than patients with duplications in the HUWE1 
gene. The reason for the higher incidence of 
ocular and facial phenotypic features in pa- 
tients with missense mutation has not been 
identified.

Due to the variability in presentation, incorpo-
rating genetic testing can be beneficial to 
obtain molecular confirmation. Treatment of 
this condition is supportive and should be in- 
dividualized and focused on the management 
of symptoms present. 
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Figure 4. Comparison of facial manifestations in cases of HUWE1 missense 
and duplication.

Figure 5. Comparison of intellectual and developmental manifestations in 
cases of HUWE1 missense and duplication.

The biochemical pathways in- 
volved in the pathophysiology 
of MRXST are not yet well 
understood. Studying the role 
of HUWE1 in embryonic neur- 
al development may provide 
additional insight into the de- 
velopment of this condition. 
Future research could focus  
on evaluating the dose-depen-
dent effects of HUWE1 on 
patient’s phenotypic expre- 
ssion. 

One of the limitations of this 
study is that it is an observa-
tional study. We also had a  
limited sample size. There is 
scope for future studies as 
more cases are reported in  
the literature.

Based on our study of previ-
ously published case reports, 
we observe that patients with 
MRXST have distinctive facial 
and ocular abnormalities along 
with intellectual disability. Our 
two patients presented simi-
larly with intellectual disability, 
speech and motor delay, and 
oculofacial features. One sh- 
ould suspect MRXST when 
these distinctive features are 
observed in the proper clinical 
setting. The findings noted in 
this paper may help clinicians 
suspect a diagnosis of MRXST 
when presented with these 
distinctive ocular and facial 
features. 
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Supplementary Table 1. Ocular manifestations in patients with missense HUWE1 variants

Source Patient identifier HUWE 1 variant Sex
Deep 
set 

eyes

Epicanthic 
folds

Blepahro-
phimosis Strabismus Retinopathy Refraction 

error Nystagmus
Upslating 
palpebral 

fissure

Downslanting  
palpebral  

fissure
Other

[3] p6 c.1978G>A M 0 1 1 1 0 0 0 0 0 0
[3] p8 c.3982A>G M 1 1 1 1 1 0 0 0 1 0
[3] p12 c.9581T>C M 1 1 1 1 0 1 0 0 0 0
[3] p13 c.12067C>T M 1 1 1 0 0 0 0 0 0 0
[3] p14 c.12067C>T M 1 1 1 0 0 0 0 0 0 0

[3] p20 c.12885G>C M 1 1 1 1 0 1 0 0 0 0
[3] p21 c.12885G>C M 1 1 1 1 0 1 0 0 0 0
[5] Juberg Marsidi 1 p.G4310R M 1 1 1 1 0 0 0 0 0 pale retina

[5] Juberg Marsidi 2 p.G4310R M 0 1 1 1 0 0 0 0 0 pale retina
[5] Juberg Marsidi 3 p.G4310R M 0 0 1 1 0 0 0 0 0 pale retina
[5] Juberg Marsidi 4 p.G4310R M 0 0 1 0 0 0 0 0 0 pale retina
[5] Brooks et al c.12928G>C M 1 1 1 1 0 0 1 0 0 Optic Atrophy, 

esotropia
[5] Brooks et al c.12928G>C M 1 1 1 1 0 0 1 0 0 0
[5] Brooks et al c.12928G>C M 1 1 1 0 0 0 1 0 0 0
[5] Family 3 c.12188G>A M 1 0 0 0 0 0 0 0 0 0
[5] Family 3 c.12188G>A M 1 0 0 0 0 1 0 0 0 0
[5] Froyen A323 12037C > T M 0 0 0 0 0 0 0 0 0 0
[5] Froyen A323 12037C > T M 0 0 0 0 0 0 0 0 0 0

[5] Froyen A323 12037C > T M 0 0 0 0 0 0 0 0 0 0
[5] Froyen A323 12037C > T M 0 0 0 0 0 0 0 0 0 0
[5] Isrie chrX:53581342-

53581342 G>A
M 1 0 0 0 0 0 0 0 1 0

[5] Isrie chrX:53581342-
53581342 G>A

M 0 0 0 0 0 0 0 0 1 0

[9] Fam ID 1128 c.1125G>T M 0 0 0 0 0 0 0 0 0 0
[10] Fam 5 c.12639G>A M 1 0 0 1 0 0 1 0 0 0
[11] KLS1 c.328C > T M 0 0 0 0 0 0 0 0 1 0
[11] KS10 c.328C>T M 0 0 0 0 0 0 0 0 0 0
[13] Trio 99 c.328C>T M 0 0 0 1 0 0 0 0 0 0
Our Patient 10M c.12559C>T M 1 0 0 0 0 0 0 0 0 mild left ptosis, 

mild tilt optic 
disc both eyes

Our Patient 2 9M c.12559C>T M 0 0 0 0 0 1 0 0 0 mild right ptosis
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Supplementary Table 2. Facial manifestations in patients with missense HUWE1 variants

Source Patient  
identifier

HUWE 1  
variant Sex Hypo-

telorism
Hyper-

telorism
Small 
nose

Broad nasal 
root, tip/

prominent or 
bulbous nose

Short 
philtrum

Full 
lower 

lip

Thin 
upper 

lip

Long 
face

High 
fore-
head

Micro-
cephaly

Ear  
abnormality  

(low set, cupped, 
malformed)

Other

[3] p6 c.1978G>A M 0 1 0 1 0 0 1 0 1 0 0 0

[3] p8 c.3982A>G M 1 0 0 1 1 1 0 1 0 0 0 0

[3] p12 c.9581T>C M 0 1 1 1 0 0 1 0 1 0 0 anterior flammus naevus

[3] p13 c.12067C>T M 0 0 0 1 1 1 0 0 0 0 0 cleft palate, retrognathia, 
thick columella, narrow mouth

[3] p14 c.12067C>T M 0 0 0 1 1 1 0 1 0 0 0 cleft palate

[3] p20 c.12885G>C M 0 0 0 1 1 0 1 1 0 0 0 0

[3] p21 c.12885G>C M 0 1 0 1 0 0 1 1 1 0 0 0

[5] Juberg Marsidi 1 p.G4310R M 1 0 0 1 1 0 1 0 1 1 1 bifrontal narrowing, contrac-
tures, deafness 

[5] Juberg Marsidi 2 p.G4310R M 1 0 0 0 1 0 1 0 1 1 0 deafness

[5] Juberg Marsidi 3 p.G4310R M 1 0 0 0 1 0 0 0 1 1 0 deafness

[5] Juberg Marsidi 4 p.G4310R M 1 0 0 0 1 0 0 0 1 1 0 deafness

[5] Brooks et al c.12928G>C M 0 0 0 1 1 0 1 0 0 1 0 bifrontal narrowing, contrac-
tures, clumsiness, triangular 
face, low posterior hairline, 
deafness (1/3)

[5] Brooks et al c.12928G>C M 0 0 0 1 1 0 1 0 0 1 0 0

[5] Brooks et al c.12928G>C M 0 0 0 1 1 0 1 0 0 1 0 0

[5] Family 3 c.12188G>A M 0 0 0 1 0 1 0 0 0 1 1 wide mouth, prognathism, 
thick eyebrows

[5] Family 3 c.12188G>A M 0 0 0 1 0 1 0 0 0 1 0 0

[5] Froyen A323 12037C > T M 0 0 0 0 0 0 1 0 0 0 0 hypotonia 

[5] Froyen A323 12037C > T M 0 0 0 0 0 0 0 0 0 0 0 Hypotonia

[5] Froyen A323 12037C > T M 0 0 0 0 0 0 0 0 0 0 0 0

[5] Froyen A323 12037C > T M 0 0 0 0 0 0 0 0 0 0 0 0

[5] Isrie chrX:53581342-
53581342 G>A

M 0 1 0 0 0 0 0 0 0 0 0 0

[5] Isrie chrX:53581342-
53581342 G>A

M 0 1 0 0 0 0 0 0 0 0 0 0

[9] Fam ID 1128 c.1125G>T M 0 0 0 0 0 0 0 0 0 0 0 0

[10] Fam 5 c.12639G>A M 0 0 1 1 0 1 1 0 1 1 1 sparse eyebrows, broad 
philtrum

[11] KLS1 c.328C > T M 1 0 1 0 0 0 1 0 0 1 1 sparse scalp hair, highly 
arched eyebrows, broad 
columnella, micrognathia, 
depressed nasal bridge, open 
mouth, long philtrum

[11] KS10 c.328C>T M 0 0 0 1 0 1 1 0 0 1 1 arched eyebrows, long pal-
pebral fissure, flat philtrum, 
small mandible, hypotonia
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[13] Trio 99 c.328C>T M 0 0 0 0 0 0 0 0 0 0 0 seizures, hearing loss

Our Patient 10M c.12559C>T M 0 0 0 0 0 0 1 0 0 0 0 Asymmetric face, long phil-
trum, thick eyebrows

Our Patient 2 9M c.12559C>T M 0 0 0 0 0 0 1 0 0 0 0 Asymmetric face, long phil-
trum, thick eyebrows

Supplementary Table 3. Intellectual and developmental manifestations in patients with missense HUWE1 variants
Source Patient identifier HUWE 1 variant Sex Intellectual disablity Developmental delay
[3] p6 c.1978G>A M 1 1
[3] p8 c.3982A>G M 1 1
[3] p12 c.9581T>C M 1 1
[3] p13 c.12067C>T M 0 1
[3] p14 c.12067C>T M 1 1
[3] p20 c.12885G>C M 1 1
[3] p21 c.12885G>C M 1 1
[5] Juberg Marsidi 1 p.G4310R M 1 1
[5] Juberg Marsidi 2 p.G4310R M 1 1
[5] Juberg Marsidi 3 p.G4310R M 1 1
[5] Juberg Marsidi 4 p.G4310R M 1 1
[5] Brooks et al c.12928G>C M 1 1
[5] Brooks et al c.12928G>C M 1 1
[5] Brooks et al c.12928G>C M 0 1
[5] Family 3 c.12188G>A M 1 1
[5] Family 3 c.12188G>A M 1 1
[5] Froyen A323 12037C > T M 1 0
[5] Froyen A323 12037C > T M 1 0
[5] Froyen A323 12037C > T M 1 0
[5] Froyen A323 12037C > T M 1 0
[5] Isrie chrX:53581342-53581342 G>A M 1 0
[5] Isrie chrX:53581342-53581342 G>A M 1 0
[9] Fam ID 1128 c.1125G>T M 1 0
[10] Fam 5 c.12639G>A M 1 1
[11] KLS1 c.328C > T M 1 1
[11] KS10 c.328C>T M 1 1
[13] Trio 99 c.328C>T M 0 1
Our Patient 10M c.12559C>T M 1 1
Our Patient 2 9M c.12559C>T M 1 1
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Supplementary Table 4. Ocular manifestations in patients with HUWE1 duplications

Source Patient 
identifier

HUWE 1 
duplication Sex Deep 

set eyes
Epicanthic 

folds
Blepahro-
phimosis

Stra-
bismus

Reti-
nopathy

Refraction 
error

Nystag-
mus

Upslating  
palpebral fissure

Downslanting 
palpebral fissure Other

[14] M 0/8 3/8 3/8 1/11 0 0 0 0 0 0

[6] 611 758 kb M 0 0 0 0 0 0 0 0 0 0

[6] 3272 905 kb M 0 0 0 0 0 0 0 0 0 0

[15] 292 kb M 0 0 0 0 0 0 0 0 0 0

[15] 564 kb M 0 0 0 0 0 0 0 0 0 0

[15] 1.9 mb M 0 0 0 0 0 0 0 0 0 0

[15] 2.6 mb M 0 0 0 0 0 0 0 0 0 0

[16] 1.25 mb M 0 0 0 0 0 0 0 0 0 0

[17] F538, II4 1.02 mb M 0 0 0 0 0 0 0 0 0 unequal pupils

[17] F538, III5 1.02 mb M 0 0 0 0 0 0 0 0 0 0

[17] EX469 472 kb M 0 0 0 0 0 0 0 0 0 0

[17] EX469 472 kb M 0 0 0 0 0 0 0 0 0 0

[17] FTD 1.04 mb M 0 0 0 0 0 0 0 0 0 0

[17] AU88848 931 kb M 0 0 0 0 0 0 0 0 0 0

[17] AU88848 931 kb M 0 0 0 0 0 0 0 0 0 0

[17] SB1 430 kb M 0 0 0 0 0 0 0 0 1 prominent supraorbital ridge

[17] SB1 430 kb M 0 0 0 0 0 0 0 0 1 prominent supraorbital ridge

[17] SB1 430 kb M 0 0 0 0 0 0 0 0 1 prominent supraorbital ridge

[17] ON1 730 kb M 0 0 0 0 0 0 0 0 0 microphthalmos

[17] HF 73 kb M 0 0 0 0 0 0 0 0 0 0

[17] VS1 73 kb M 0 0 0 0 0 0 0 0 0 0

[18] 1 553 kb M 0 0 0 0 0 0 0 0 0 bilateral pterygia of the eyes

[18] 7 771 kb M 0 0 0 0 0 0 0 0 0 0

[18] 10 61 kb M 0 0 0 1 0 0 0 0 1 0

[18] 11 513 kb M 0 0 0 0 0 0 0 0 0 small palpebral fissure

[18] 12 513 kb M 0 0 0 0 0 0 0 0 0 0

[18] 13 4614 kb M 0 0 0 0 0 0 0 0 0 0

[19] 0 363 kb M 0 1 0 0 0 0 0 0 0 brief, <5 min self resolving episode 
of ocular revulsion at age 7
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Supplementary Table 5. Facial manifestations in patients with HUWE1 duplications

Source Patient 
identifier

HUWE 1  
duplication Sex Hypo-

telorism
Hyper-

telorism
Small 
nose

Broad nasal 
root, tip/

prominent or 
bulbous nose

Short 
philtrum

Full 
lower 

lip

Thin 
upper 

lip

Long 
face

High 
fore-
head

Micro-
cephaly

Ear  
abnormality  

(low set, cupped, 
malformed)

Other

[14] 0 0 0 0 0 44993 0 0 0/9 0 0 44945 44993 0

[6] 611 758 kb M 0 1 0 1 0 0 0 1 0 1 1 brachycephaly, enophtalmia, prominent 
supraorbital ridges, high arched palate, 
squared teeth,

[6] 3272 905 kb M 0 0 0 1 1 0 0 0 0 0 1 flat and ‘triangular’ facies, malar 
hypoplasia, prognathism, prominent 
nasal root, broad nose, enophthalmia, 
short philtrum, short oral frenula, 
hypertrophied alveolar ridges, squared 
small teeth, separated superior central 
incisors. Normal set ears with malformed 
auricles,

[15] 292 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[15] 564 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[15] 1.9 mb M 0 0 0 0 0 0 0 0 0 0 0 0

[15] 2.6 mb M 0 0 0 0 0 0 0 0 0 0 0 0

[16] 1.25 mb M 0 0 0 0 0 0 0 0 0 0 0 0

[17] F538, II4 1.02 mb M 0 0 0 0 0 0 0 0 1 0 1 0

[17] F538, III5 1.02 mb M 0 0 0 0 0 0 0 0 0 0 0 Macrocephaly, stutter

[17] EX469 472 kb M 0 0 0 0 0 0 0 0 0 0 0 cafe au lait, poor speech

[17] EX469 472 kb M 0 0 0 0 0 0 0 0 0 0 0 cafe au lait, poor speech

[17] FTD 1.04 mb M 0 0 0 1 0 0 0 0 0 0 1 some teeth absent

[17] AU88848 931 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[17] AU88848 931 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[17] SB1 430 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[17] SB1 430 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[17] SB1 430 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[17] ON1 730 kb M 0 0 0 1 0 0 0 0 0 0 1 high arched palate, square small teeth, 
micrognathism

[17] HF 73 kb M 0 0 0 0 0 0 0 0 0 0 0 epilepsy

[17] VS1 73 kb M 0 0 0 0 0 0 0 0 0 0 0 0

[18] 1 553 kb M 0 0 0 0 1 0 0 1 1 0 1 high and narrow palate, large mouth 
which is often open and droolin

[18] 7 771 kb M 0 0 0 0 0 0 0 0 1 0 0 small face

[18] 10 61 kb M 0 0 0 1 0 0 0 0 0 0 0 hypotonia

[18] 11 513 kb M 0 0 0 1 0 0 0 0 0 0 0 mild sinophyris, prominent metopic 
suture, high palate, flat philtrum, midline 
gap w prominent, serated front teeth

[18] 12 513 kb M 0 0 0 1 0 0 0 0 1 0 0 high palate, triangular face, midline gap 
w prominent, serated front teeth
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[18] 13 4614 kb M 0 0 0 0 0 0 0 1 0 0 1 bitemporal narrowing, hypotonia

[19] 0 363 kb M 0 0 1 0 0 1 0 0 0 0 1 rounded head, bitemporal narrowing, 
epicanthal folds, flat nasal bridge, full 
lips, upper lip eversion, and mildly low-
set ears with thickened helix and large 
lobes ([Figure 1]).

Supplementary Table 6. Intellectual and developmental manifestations in patients with HUWE1 duplications
Source Patient identifier HUWE 1 duplication Sex Intellectual disablity Developmental delay
[14] 0 0 45277 ?
[6] 611 758 kb M 1 1
[6] 3272 905 kb M 1 1
[15] 292 kb M 1 1
[15] 564 kb M 1 1
[15] 1.9 mb M 1 1
[15] 2.6 mb M 1 1
[16] 1.25 mb M 0 speech delay
[17] F538, II4 1.02 mb M 1 0
[17] F538, III5 1.02 mb M 1 0
[17] EX469 472 kb M 1 0
[17] EX469 472 kb M 1 0
[17] FTD 1.04 mb M 1 1
[17] AU88848 931 kb M 1 0
[17] AU88848 931 kb M 1 0
[17] SB1 430 kb M 1 1
[17] SB1 430 kb M 1 0
[17] SB1 430 kb M 1 0
[17] ON1 730 kb M 1 1
[17] HF 73 kb M 1 speech
[17] VS1 73 kb M 1 seizures, hearing loss
[18] 1 553 kb M 1 1
[18] 7 771 kb M 1 1
[18] 10 61 kb M 0 1
[18] 11 513 kb M 0 1
[18] 12 513 kb M 0 1
[18] 13 4614 kb M 0 1
[19] 0 363 kb M 1 1


