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Background: FERM domain-containing protein 4A (FRMDA4A) is a scaffolding protein
previously proposed to be critical in the regulation of cell polarity in neurons and
implicated in human intellectual development.

Case Presentation: We report a case of a 3-year-old boy with corpus callosum
anomaly, relative macrocephaly, ataxia, and unexplained global developmental delay.
Here, compound heterozygous missense mutations in the FRMD4A gene [c.1830G>A,
p.(Met610lle) and ¢.2973G>C, p.(GIN991His)] were identified in the proband, and
subsequent familial segregation showed that each parent had transmitted a mutation.

Conclusions : Our results have confirmed the associations of mutations in the FRMD4A
gene with intellectual development and indicated that for patients with unexplained global
developmental delay, the FRMD4A gene should be included in the analysis of whole
exome sequencing data, which can contribute to the identification of more patients
affected by this severe phenotypic spectrum.

Keywords: global developmental delay (GDD), compound heterozygous missense mutations, corpus callosum
anomaly, FRMD4A, intellectual disability

INTRODUCTION

Global developmental delay (GDD) and intellectual disability (ID), which constitutes 3% of the
pediatric population (1, 2), influences the physical and mental health of patients and their lives,
bringing about heavy burdens for families and societies. Because the etiological diagnoses of GDD
and ID overlap, the investigations leading up to a definitive diagnosis for these two diseases are
naturally similar. Early detection and diagnosis are very important to the initiation of rehabilitative
treatment as soon as possible. Genetic defects are responsible for the development of intellectual
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FIGURE 1 | (A,B) Magnetic resonance imaging of the patient’s head (Arrow points to area of subdural effusion). (C) Poband (II-1) is shown. The squares represent the
proband, and his father. The circle represents the mother. (D) Sanger sequencing showing two alleles of the proband and his parents, respectively.

TABLE 1 | Molecular information of compound heterozygous mutation on chromosome 10 of FRMD4A family.

Position cDNA change Amino acid change PolyPhen2 SIFT Mutation taster Provean ACMG
Chr10:13702384 ¢.1830G>A Met610lle Benign (0.001) Tolerated (0.063) Disease-causing Neutral (—1.01) Uncertain
(GRch37.p13) significance
Chr10:13696493 ¢.2973G>C GIn991His Damaging (0.992) Damaging (0.000) Disease-causing Neutral (—0.2) Uncertain
(GRch37.p13) significance

TABLE 2 | Summary of the clinical features of the present study and published case associated with FRMD4A mutation.

References Gender Age Population Family Mutations in Exons Ataxia MRI Other
history FRMD4A information
Present study Male 3years  Han Chinese — c.1830G>A 20 FOC6 Abnormal genu of corpus Macrocephaly
c.2973G>C 23 callosum and the splenium
of corpus callosum
Fine D et al. Male 6 years Israeli Bedouin FOC6 Homozygousc. 22 FOC6 Partial to near full agenesis Microcephaly
2134_2146dup13 of corpus callosum and

various degrees of
hypoplasia of the vermis
and cerebellum
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FIGURE 2 | (A-D) Protein molecular models of wild type (upper) and FRMD4A mutations (lower) by I-TASSER. (E) Conservation analysis of the abnormal variation.
Results indicate that both Met610 and GIn991 in the FRMD4A protein are highly conserved between different species.

in the phenotypes that are observed in carriers of its genomic
copy number mutations that increase the risk of schizophrenia
(14). Interestingly, other studies have reported that FRMD4A
mutations are regarded as a genetic risk factor for late-onset
Alzheimer’s disease in that they can disrupt tau secretion by
activating cytohesin—-Arf6 signaling (5, 11).

In epithelial cells, FRMD4A was demonstrated to act as a
scaffolding protein, regulating cell polarity by connecting the
Par3-Par6-aPKCt complex to Arf6 signaling through cytohesin-
1 (10). Par polarity complex signaling plays an important role
in neuronal polarization (15) but also in membrane trafficking,
including vesicular secretion (16). The fact that FRMD4A binds
to both Par3 and the ARF6 guanine nucleotide exchange
factor (cytohesin-1) suggests that FRMD4A mediates their
interaction and that the Par3-FRMD4A-cytohesin-1 complex
ensures accurate activation of the ARF6 protein (17). On the
other hand, in HEK293t cells, FRMD4A, a genetic risk factor for
late-onset Alzheimer’s disease, modulates cellular release of tau
through cytohesins and Arf6 (11).

In summary, a compound heterozygote in the FRMD4A
gene was identified in a 3-year-old male patient with a severe
neurological phenotype of unique dysmorphism, and a novel
missense mutation was suspected. The results were confirmed
by Sanger sequencing. The source of mutations was investigated
by two-generation pedigree analysis. The current results broaden
the spectrum of FRMD4A mutations responsible for the

neurological phenotype, and they have important implications
for molecular diagnosis, treatment, and genetic counseling in
the future.
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