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Abstract

Chudley-McCullough syndrome, a rare autosomal recessive disorder due to pathogenic variants in the GPSM2 (G-protein
signaling modulator 2) gene, is characterized by early-onset sensorineural deafness and a typical combination of brain
malformations, including ventriculomegaly, (partial) agenesis of the corpus callosum, cerebellar dysplasia, arachnoid cysts, frontal
subcortical heterotopia, and midline polymicrogyria. When hearing loss is managed early, most patients have minor or no
impairment of motor and cognitive development, despite the presence of brain malformations. We report 2 cases of
Chudley-McCullough syndrome, one presenting with congenital deafness and normal development except for speech delay and
one presenting prenatally with ventriculomegaly and an atypical postnatal course characterized by epileptic spasms, deafness, and
moderate intellectual disability. These highlight the challenges faced by clinicians when predicting prognosis based on pre- or
postnatal imaging of brain malformations. We have also reviewed the phenotype and genotype of previous published cases to

better understand Chudley-McCullough syndrome.
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Sensorineural hearing loss affects approximately 1/1000
children. Genetic causes account for 60%, with more than
40 causative genes identified. Sensorineural deafness is also
a feature of approximately 300 syndromes, including the
Chudley-McCullough syndrome (CMS)."

The differential diagnosis of deafness and (partial) agen-
esis of the corpus callosum includes pathogenic variants in
CDK 10,> SEC314> and YARS," Mowat-Wilson syndrome,’
arthrogryposis—renal dysfunction—cholestasis syndrome,®
Donnai-Barrow syndrome,” Wolfram syndrome,® and con-
genital cytomegalovirus infection.

Chudley-McCullough syndrome was first described in 1997
by Chudley in a consanguineous Canadian-Mennonite dizygotic
twin pair.” This syndrome is characterized by early-onset sensor-
ineural deafness and a combination of developmental brain mal-
formations including colpocephaly, partial agenesis of the corpus
callosum, cerebellar dysplasia, arachnoid cysts, frontal subcorti-
cal heterotopia and frontal polymicrogyria which, when present
together are almost pathognomonic for Chudley-McCullough
syndrome.'? It is crucial to be aware of this association, since the
prognosis is generally good, despite these severe brain

malformations. In 2012, Doherty et al'® linked
Chudley-McCullough syndrome to homozygous inactivating
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Figure |. Patient | neuroimaging. Third-trimester prenatal axial T2-weighted magnetic resonance imaging (MRI) (A and B), showing
ventriculomegaly (VMEG) and subcortical heterotopia (SCH). Postnatal brain MRI axial T2-weighted (C, D, and E) and sagittal T | -weighted (F)
imaging performed at 5 months, showing an interhemispheric arachnoid cyst (IHAC), ventriculomegaly (VMEG), frontal polymicrogyria (PMG),
bi-frontoparietal subcortical heterotopia (SCH), cerebellar dysgenesis (CDYS), and partial agenesis of the corpus callosum (PACC).

variants in the gene encoding G-protein signaling modulator 2
(GPSM2). This protein regulates actin cytoskeleton polymeriza-
tion during stereocilia elongation, corpus callosum formation,
and neuronal outgrowth."' So, GPSM2 plays a role in spindle pole
orientation and in neuroblast division. GPSM?2 variants cause
alterations in neuronal migration and corticomedullary differen-
tiation, resulting in gray matter heterotopia, as well as cerebral
and cerebellar hypoplasia. GPSM2 is abundant at the apical sur-
faces of hair cells and supporting cells of the inner ear during early
embryogenesis. Pathogenic variants lead to alterations in cell
polarity and function, resulting in sensorineural hearing loss.

Since 2012, 22 cases with 8 different variants in GPSM2
have been reported. Here we report 2 individuals with
Chudley-McCullough syndrome associated with bilateral sen-
sorineural deafness and typical brain malformations but with
variable clinical prognosis.

Patients and Methods

We report 2 cases of Chudley-McCullough syndrome with variable
neurodevelopmental outcome.

Results

Patient one is a 14-year-old boy, the first child of a consangui-
neous union, his parents being first cousins and in good health.
Prenatal ultrasonography at 22 weeks’ gestation showed iso-
lated colpocephaly. At 28 weeks, fetal magnetic resonance
imaging (MRI) confirmed colpocephaly with occipital horns
of 17 mm and 14.5 mm, respectively, considered as a moderate
to severe ventriculomegaly, and a thin corpus callosum. To
evaluate the progression of the ventriculomegaly, a second
MRI was performed at 32 weeks’ gestation, which confirmed
a stable isolated colpocephaly (Figure 1). In retrospect, fetal
MRI revealed bifrontal gray matter heterotopia (Figure 1).
Karyotype analysis performed on amniotic fluid cells and
screening for cytomegalovirus and toxoplasmosis were
negative.

The infant was delivered at 36 weeks 3 days and did well in
the newborn period. Birth weight was 3240 g (75th percentile),
height 52 cm (97th percentile), and head circumference
35.8 cm (90th percentile). Clinical examination revealed mild
axial hypotonia. Cerebral ultrasonography on postnatal day 1
confirmed colpocephaly and a short corpus callosum. At
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Figure 2. Pedigree of family | (left) and family 2 (right).

5 months, brain MRI showed ventriculomegaly, partial agen-
esis of the corpus callosum, frontal polymicrogyria, bilateral
frontoparietal subcortical heterotopia, cerebellar dysplasia, and
an interhemispheric arachnoid cyst (Figure 1).

At 6 months of age, neurologic development was appropri-
ate for age but the child developed epileptic spasms, confirmed
by electroencephalography (EEG) and treated with vigabatrin.
Spasms were rapidly controlled and EEG normalized.
Vigabatrin was discontinued at 19 months of age.

An audiologic assessment at age 17 months revealed pro-
found bilateral sensorineural hearing loss on pure-tone audio-
metry. Behavioral reactions were evoked by speech presented
at 80 dB on the left and 85 dB on the right side. Brainstem
auditory-evoked potentials did not identify any reproducible
response after stimulating right and left ears. Etiologic assess-
ment using computed tomography scanning of the temporal
bones, ear MRI, and genetic analysis of the gene encoding gap
junction beta 2 (GJB2) excluded the most common causes of
severe-to-profound nonsyndromic deafness. Conventional
acoustic hearing aids were provided bilaterally at 17 months.

At age 18 months, global development delay was noticed,
predominantly in language development. Because hearing aids
were unsatisfactory, a right cochlear implant was inserted at
21 months and speech therapy was initiated. With the implant,
the child progressed in language development, and his tonal
audiometry improved, with reaction to voice present at 35 dB.
At age 5 years, a contralateral cochlear implant was inserted.
Tonal and speech audiometry were satisfactory with the
2 implants. The child received special education services.
Because of persisting concerns about developmental function-
ing, intelligence quotient (IQ) testing using Wechsler Intelli-
gence Scale for Children, Fourth Edition, (WISC-1V), was
performed at age 13 years and showed moderate intellectual
disability, with verbal comprehension index of 50 and percep-
tual reasoning index of 50 (0.25th percentile). At age 14 years,
a new etiologic assessment by Mendeliome analysis of whole
exome sequence data revealed a homozygous pathogenic var-
iant GPSM2: NM_013296.4: c.742del; p.(Gly249Glufs*32),

which confirmed the diagnosis of Chudley-McCullough syn-
drome. No other potentially pathogenic variants were detected.
Parental analysis revealed that the mother was a heterozygous
for the variant, whereas testing the child’s father was not pos-
sible (Figure 2).

The second patient is a 7-year-old girl who presented at
2 years of age with congenital deafness and was referred to
neurology following unexpected MRI findings during workup
for cochlear implants. Brain MRI showed cerebellar dysplasia,
partial agenesis of corpus callosum, ventriculomegaly, midline
polymicrogyria, and a quadrigeminal arachnoid cyst (Figure 3).
At age 5 years, development was normal, except for speech
delay related to hearing loss. She has had cochlear implant
insertion and cyst fenestration. At age 7 years, she attends a
regular school with facilities for the hearing impaired. She has
speech impairment secondary to sensorineural hearing loss and
otherwise normal neurodevelopment. Formal evaluation of
intellectual abilities was not performed. She has weekly speech
therapy and communicates predominantly with sign language.
A Haloplex gene panel including 287 genes that are known or
candidate for brain malformation revealed a homozygous novel
truncating variant in GPSM2 (NM_013296.5 (GPSM2):
c.1501delA; p.(Ser501Alafs*30)), inherited from consangui-
neous parents of Turkish origin (Figure 2). This confirmed the
diagnosis of Chudley-McCullough syndrome.

Discussion

These cases highlight 3 important findings. First, the brain
malformations associated with Chudley-McCullough syn-
drome are highly recognizable and might assist with confirm-
ing the diagnosis and with counseling patients and families.
The findings on MRI include bilateral frontal subcortical
heterotopia, midline polymicrogyria, (partial) agenesis of the
corpus callosum, arachnoid cysts, ventriculomegaly or hydro-
cephalus, and striking cerebellar dysplasia in the absence of
cerebellar signs on neurologic examination (Figures 1 and 3).

Second, the neurodevelopmental outcome associated with
Chudley-McCullough syndrome is generally good, provided that
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Figure 3. Patient 2 neuroimaging. (A) Midline sagittal T |-weighted magnetic resonance imaging (MRI) and (B, C and D) axial T2-weighted MRI
showing extensive parasagittal polymicrogyria (PMG), partial agenesis of corpus callosum (PACC), ventriculomegaly (VMEG), quadrigeminal

arachnoid cyst (QAC), and severe cerebellar dysgenesis (CDYS).

hearing loss is detected and managed at an early age (Table 1).
This has important implications for prenatal counseling. When
confronted with ventriculomegaly in combination with other
brain malformations such as subcortical heterotopia or agenesis
of the corpus callosum, prognosis is generally expected to be
poor.'® Chudley-McCullough syndrome is an exception to this
rule, making the recognition of this syndrome on prenatal MRI
even more relevant to assist with prenatal counseling. Fetal brain
MRI findings in Chudley-McCullough syndrome have previously
been reported in a single case by Chapman et al.'” It was sug-
gested that frontal cortical dysplasia, medial frontal heterotopia,
or inferior cerebellar dysplasia should raise suspicion for
Chudley-McCullough syndrome and prompt for confirmatory
prenatal genetic testing in order to correctly counsel the family.'”
In patient 1, however, none of the brain malformations described
in Chudley-McCullough syndrome were recognized on fetal

MRI, and based on isolated, moderate, and stable ventriculome-
galy, a favorable neurodevelopmental outcome was predicted.
The difficulty in recognizing subtle brain malformations on fetal
MRImay be accounted for by the well-known technical limits and
interpretation difficulties of fetal MRI, which further complicates
antenatal diagnosis and counseling.'”

Third, patient 1 in this report highlights the fact that although
all previously reported cases were associated with relatively
good outcomes, epilepsy and moderate intellectual disability
may occur in, respectively, 12% and 25%, further complicating
counseling (Table 1). Review of published cases of genetically
confirmed cases of Chudley-McCullough syndrome points to a
gap in performing and/or reporting comprehensive neurodeve-
lopmental evaluations in these individuals, including not only
speech and language development but also formal evaluations of
cognitive, motor, and social skills. These data will assist
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clinicians with counseling Chudley-McCullough syndrome
families in the future.

Literature review further highlights that severe-to-profound
congenital or early-onset deafness in combination with (partial)
agenesis of the corpus callosum are the core features of
Chudley-McCullough syndrome, since they are present in all
previous reports and our patients (Table 1).

Finally, pathogenic variants in GPSM2 seem to be highly
specific of Chudley-McCullough syndrome and have not been
reported in association with any other brain malformation or
neurodevelopmental disease.

Conclusion

Our report highlights the presence of a recognizable pattern of
brain malformations associated with Chudley-McCullough
syndrome on MRI. The pattern is more challenging to recog-
nize on fetal MRI, but the presence of frontal cortical dysplasia,
medial frontal heterotopia, or inferior cerebellar dysplasia
should raise suspicion for Chudley-McCullough syndrome.
Neurodevelopmental outcome, although not always reported
in detail, is favorable in general, as illustrated by patient 2.
However, caution should be taken because moderate intellec-
tual disability and epilepsy can be part of Chudley-McCullough
syndrome, as illustrated by patient 1. Apart from the brain
malformations, moderate to profound sensorineural hearing
loss is the other hallmark of Chudley-McCullough syndrome.
All children with hearing loss of unknown etiology should
therefore be assessed with brain MRI and be tested for patho-
genic variants in GSPM2 in the presence of suggestive find-
ings. Parents must be informed that for Chudley-McCullough
syndrome, the recurrence risk is 25% for each consecutive
pregnancy, and that Chudley-McCullough syndrome patients
must be monitored for the development of hydrocephalus
because this may require shunt placement.
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