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Abstract

The autosomal recessive form of primary microcephaly (MCPH) is a rare disorder characterized by microcephaly
with variable degree of intellectual disability. WDR62 has been reported as the second causative gene of MCPH2.
West syndrome is a severe epilepsy syndrome composed of the triad of spasms, hypsarrhythmia, and mental
retardation. There are limited clinical reports regarding WDR62 mutation and West syndrome. Here we report a boy
who was identified with WDR62 mutation and was followed up from age 3 months to 5 months and 14 days. He
had the first seizure as the classic epileptic spasm at the age of 3 months. Psychomotor retardation was noted
before the seizure occurred. The head circumference was 38.5 cm (SD 2.6) when he was 4 months old, no
dysmorphic facial features were observed. He couldn’t support his head steadily or turn over. He was able to laugh
when tricked by the parents, but couldn't track the sound and light. At the early stage, the electroencephalogram
showed multifocal discharges, which evolved into hypsarrhythmia one month later, and brain MRI showed
developmental malformation of cerebral gyrus. Two heterozygous mutations were identified in WDR62 by whole
exome sequencing ¢.1535G > A, p.R512Q and c.2618dupT, p.K874Qfs*40. The patient was administrated with oral
sodium valproate, nitrazepam, intramuscular adrenocorticotropic hormone for 2 weeks, and followed by prednisone,
levetiracetam, topiramate and vigabatrin. However, there was no significant improvement on the seizure control
after these treatments. According to the genetic report and clinical manifestation, we speculated that the WDR62
compound heterozygous mutation is responsible for the serious clinical phenotype.
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Background

WDR62 plays an important role in cerebral cortical de-
velopment. It is also one of the main pathogenic genes
(only after ASPM) for autosomal recessive primary
microcephaly 2 (MCPH2), which is a neurodevelopmen-
tal disorder characterized by microcephaly presenting at
birth and nonprogressive mental retardation [1-4]. West
syndrome is a severe epilepsy syndrome composed of
the triad of spasms, interictal hypsarrhythmia shown in
electroencephalogram(EEG) and mental retardation. Up
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to now, West syndrome has been rarely reported to be
related with WDR62 mutation. In this study, we reported
a boy with compound heterozygous WDR62 mutations,
diagnosed as MCPH2 and West syndrome. The in-
formed consent of the parents and the approval of the
ethics committee (SZCH [Article] 2019 /002) were
obtained.

Case presentation

The child patient, male, is the first child of a healthy
Chinese genetically unrelated couple. He was born at full
term following an uneventful vaginal delivery with length
49 cm (SD 0.47), weight 3.2 kg (SD 0.3), and head circum-
ference 32 cm (SD 2). He reached his normal milestone at
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the age of 2 months. He was able to hold head, track light
or sound, and laugh initiatively. But the parents noticed
that he lost the ability to hold head steadily and couldn't
track light or sound by the age of 4 months.

At the age of 4 months, the boy was hospitalized be-
cause of recurrent seizures including focal seizure and
epileptic spasm. His body weight and head circumfer-
ence were 6.5 kg (SD 0.68) and 38.5 cm (SD 2.6) respect-
ively. On physical examination, one cafe-au-lait macule
(8x4 cm?) on the left thigh and one hemangioma (about
2x2 cm?) on the neck were noted. Muscle tone was
slightly lower than normal in all extremities.

Head magnetic resonance imaging (MRI) at 3 months
and 13 days (Fig. 1) showed neuronal migration disorder
and multiple gyrus malformations. Shallow sulci, wid-
ened gyri and thickened bilateral cerebral cortex were
noticed in both cerebral hemispheres, and polymicro-
gyria in some areas. The first EEG was performed at 3
months and 12 days. It showed many sharp waves dur-
ing wakefulness and sleep, which were asymmetrical and
predominant at the posterior area, sometimes simultan-
eously appeared in the central and mid-temporal areas.
The second EEG was performed at 4 months and 20
days (Fig. 2), which indicated hypsarrhythmia during
sleep and wakefulness. Clinical epileptic spasms were
identified during this EEG recording.
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The trios whole exome sequencing (WES) [5] of the
family were performed at 4 months and 18 days (Run-
ning Gene Inc). Two heterozygous variants were identi-
fied in the WDR62: ¢.1535G > A, p.R512Q, inherited
from the mother; ¢.2618dupT, p.K874Qfs*40, inherited
from the father (Fig. 3). These two variants had not been
reported in literatures, and the frequency in the healthy
population was very low. The p.K874Qfs*40 is a frame-
shift mutation that leads to the early termination of pro-
tein translation and may have a great effect on protein
function. American College of Medical Genetics and
Genomics (ACMGQG) variation rating is likely pathogenic.
The p.R512Q is a missense mutation, and the amino
acid is well conservative, which may affect the function
of protein (Mutation Taster: disease causing, 0.999;
PolyPhen-2: probably damaging, 0.998; SIFT: damaging,
0.037). ACMG variation rating is variation uncertain sig-
nificance (VUS). The phenotype of the child was consist-
ent with the phenotype and genetic pattern of WDR62
mutation that had been reported, so the WDR62 com-
pound heterozygous mutation in our study were consid-
ered to be pathogenic.

The patient was administered sodium valproate (18.4
mg/kg/d) and nitrazepam (from 0.48 mg/kg/d to 1.44
mg/kg/d) at the early stages of the disease, whereas the
seizures were poorly controlled. After 2weeks of

Fig. 1 Brain magnetic resonance imaging (MRI) of the patient. Shallow sulci, widened gyri and thickened bilateral cerebral cortex were noticed in
bilateral hemispheres, and polymicrogyria in some areas. (the arrow) a: Axial T1; b: Axial T2; ¢: Coronal T2 FLAIR; d: Axial T2 FLAIR
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Fig. 2 The second electroencephalogram (EEG) of the patient. a: interictal EEG, periodical hypsarrhythmia, diffuse irregular medium-high amplitude
slow waves mixed with a large number of disorderly multifocal spikes and sharp waves, which were asymmetrical, synchronous/asynchronous. b: ictal
EEG, epileptic spasm occurred with irregular high amplitude slow waves followed by short fast activities during the EEG recording

intramuscular adrenocorticotropic hormone (ACTH) occurred in series, lasted 2—7 min, 6-7 series/d, which
therapy (1 U/ kg, twice daily for 1 week then increase to  were considered as tonic-spasms. Ketogenic diet was
2 U/kg, twice daily for 1 week), the patient was adminis-  tried and the frequency of seizure was lowered slightly
tered with oral prednisolone (2 mg/kg/d), and the seizure = to 4-5 series/d transiently. Lamotrigine (0.67 mg/kg/d)
frequency was slightly decreased from 3 to 5 series/d to ~ was administered, but withdrawn soon because of transi-
2—4 series/d. After the administration of levetiracetam  ent skin rash and exacerbation of seizure frequency. To
(20 mg/kg/d), topiramate (1.92 mg/kg/d) and vigabatrin  relieve the seizure burden, corpus callosotomy was rec-
(38.46 mg/kg/d), the patient still had epileptic spasms, ommended to the parents. However, they refused this
and had a new seizure type manifested as follows: operation in consideration of the young age and the pos-
clenched fists with both hands, upper limbs tonic, sible complications.
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Discussion
WDR62 is located in chromosome 19q13.12, compos-
ing of 32 exons, encodes 1523 amino acids, and the
protein contains multiple WD40 repeats [6, 7]. Muta-
tions in the WDR62 can cause severe cerebral cortical
abnormalities, including microcephaly, cerebral gyrus
hypertrophy with cortical thickening and dysplasia of
corpus callosum [6, 8, 9], all inherited in an auto-
somal recessive. A number of neurobehavioral abnor-
malities have been reported, including psychomotor
developmental delay, seizure, aggression and irritabil-
ity [9-11]. In addition, some case reports claimed that
WDR62 mutation can also cause skin changes [12].
Taking “WDR62” and “West syndrome”, “WDR62” and
“infantile spasms” as the keywords to search on PubMed,
we found only one publication by Nardello R et al. in
2018, which reported WDR62 and GPR56 variants in a
patient with MCPH2. Literatures have reported variable
and unstable frequency and severity of seizures in children
with WDR62 variant. However, in this case, the severity of
seizure and its effect on overall mental function were the
major phenotype. This suggested that WDR62 and other
mutated genes may work together to regulate the severity
of genetic phenotype [13]. Therefore, we cautiously put for-
ward the hypothesis that the combined effect of ¢.1535G >
A and ¢.2618dupT of WDR62 variants may lead to abnor-
mal change of brain structure in this child, which further
lead to refractory epilepsy and psychomotor retardation.

C-terminal of WDR62 has regulatory function, and N-
terminal is necessary for spindle microtubule binding.
WDR62 could regulate mitotic spindle orientation, centro-
some integrity and progression via Aurora kinase and JNK
mitogen-activated protein kinase (MAPK) signaling path-
way [7, 14]. In the early stages of the cell cycle, WDR62 is
located at the poles of mitotic spindle [12]. Immunocyto-
chemistry studies have shown that WDR62 exhibits cyto-
plasmic distribution during the intermitotic phase, but
accumulates in large quantities at the spindle poles during
mitosis. The reduced proteins caused by WDR62 mutation
fail to locate at the poles of the mitotic spindle, resulting in
the destruction of the asymmetric inheritance of the
centrosome and the abnormal development of brain
structure in children. In 2015, Kodani A et al. showed that
four microcephaly-related proteins, CDK5RAP2, CEP152,
WDR62 and CEP63, were co-located in the centrosome
[15]. CDK2 is a kind of cell cycle-dependent kinases, which
plays an important role in centrosome replication and cell
cycle process, and its centrosome localization requires the
interaction of microcephaly-associated proteins as well as
their centromeric satellite proteins. The dysfunction of
WDR62 can disrupt centrosome replication and sta-
bility [15]. In addition, several studies about pedigree-
specific deletion of WDR62 revealed that WDR62
contributes to brain growth in neuroblastoma cells
and peripheral glial cell lines. The loss of WDR62 in
glial cell lines can increase the death risk of neural
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stem cells and significantly reduce the pool of neuro-
blastoma cells, thus damage the growth of brain.
Therefore, the dysfunction of WDR62 in glial cells
may also be one of the reasons for the abnormal de-
velopment of brain structure [16].

West syndrome is an age-dependent disease [17],
which may cause by non-specific damages occured at
the critical point of brain ontogenesis. ACTH and
vigabatrin are currently recommended as the first-line
treatments for West syndrome [18, 19]. We believe
that WDR62 missense mutation and frameshift muta-
tion may lead to severe abnormal development of
brain structure in this child, which is related to re-
fractory West syndrome. Specific treatments for WDR62
variants have not been reported, though seizure was con-
trolled by valproic acid, vigabatrin and carbamazepine in
few patients. However, the clinical manifestations and
treatment of refractory West syndrome caused by WDR62
variants have not been paid much attention. Ketogenic
diet is effective and tolerated for West syndrome in some
reports [20, 21], especially combined with vigabatrin [22].
Some adverse effects including hypertriglyceridemia, tran-
sient acidosis, poor sleep, and constipation have been re-
ported during this diet [23, 24]. We also tried
ketogenic diet in this case, otherwise, it didn’t show
any significant advantage than other medicines. Cor-
pus callosotomy is considered as a palliative surgery
for drug-resistant epilepsy, which could improve the
seizure outcome on some West syndrome [25, 26],
especially epileptic spasms. We will try it if we get
the consent from his parents.

Conclusion

In conclusion, due to the variants of WDR62 a pheno-
type including microcephaly, refractory West syndrome
and psychomotor retardation was reported in this case.
Further study is needed to explore the relationship be-
tween WDR62 variant and epileptic encephalopathy and
the specific mechanism involved in the pathogenesis of
MCPH2. Our report enriched the phenotypic and geno-
typic spectrum of MCPH2 and West syndrome, indicat-
ing that genetic investigation was valuable for children
with refractory epilepsy and microcephaly, and will help
to further guide early clinical intervention and individu-
alized therapy.
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