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Split-Hand/Foot Malformation and Subependymal
Heterotopia Caused by a DLX5 Gene Mutation:
A Case Report
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Split hand/foot malformation (SHFM) is a rare
congenital malformation involving a limb anomaly [1]. It is characterized by the absence of the
central digits of the hand or foot, and is also
known as cleft hand or ectrodactyly [2]. SHFM
generally an autosomal dominant (AD) condition associated with seven chromosomal loci
(SHFM1 to SHFM6 and SHFM with long bone
deficiency [SHFLD]) [3]. Involvement Dlx- distalless-related homebox 5 (DLX5) gene expression in the SHFM1 type has been reported with
autosomal recessive (AR) inheritance in a family; furthermore, SHFM6 also shows an AR inheritance pattern and SHFM2 is an X-linked recessive condition [4]. DLX5 and DLX6 are expressed in the embryonic limb buds and ectoderm, are necessary for craniofacial, axial, and
appendicular skeleton development, and also
promote cortical interneuron migration from the
basal forebrain [5-8]. Herein, we report the first
case of a male SHFM patient with deafness and
subependymal heterotopia that appeared to be
inherited as a heterogeneous condition of the
DLX5 gene.
A 1-day-old male patient was admitted to our
Department of Pediatrics for evaluation and
management of ectrodactyly detected on prena-

tal ultrasonography. The patient was the parents’
first baby and was born via an emergency cesarean section due to premature rupture of membranes at 39 weeks of gestation. At birth, the
weight was 3,960 g ( > 90th percentile), the
height was 47.3 cm (10th–25th percentile), and
the head circumference was 35.1 cm (75th–90th
percentile). Ectrodactyly of both hands and feet
were observed and there were no other abnormal findings on an infantogram (Fig. 1). His father also had ectrodactyly on both hands and
feet, as well as bilateral congenital deafness, and
was unable to communicate verbally. The patient's father was the fourth of six siblings, but no
one in his family had similar anomalies. Additionally, the patient’s father did not have a history
of convulsions.
Subependymal nodules on the right occipital
horn were identified on brain magnetic resonance imaging that was performed at 7 months
of age due to an afebrile seizure (Fig. 2). He received a cochlear implant after the confirmation
of hearing impairment in an auditory brainstem
response test (hearing threshold more than 90
dB). At the age of 5, the patient presented to our
emergency room due to a 2-minute afebrile focal
seizure. Electroencephalography showed asym-
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Fig. 1. Radiological images of the hands and feet showing complete absence of the second, third, and fourth digits on both (A, B) hands
and (C, D) feet.
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Fig. 2. Brain magnetic resonance imaging. (A) A T1-weighted sagittal image and (B) T2-weighted axial image show subependymal
heterotopia on the right occipital horn (white arrows).

metric background activity due to depressed background activity
in the right mid-posterior area and sharp waves in both frontocentral areas. The patient was diagnosed with focal epilepsy and began
treatment with levetiracetam. Genetic testing was performed for
the patient, over the objections of his father, who also chose not to
receive a genetic evaluation himself. Genetic variants were not detected in the subependymal heterotopia-related periventricular
nodular heterotopia (PVNH) 1 and PVNH2 genes; however, a
heterozygous mutation was detected in the SHFM-related DLX5
gene (NM_005221.5:c. 557A > G (p.Gln186Arg, hetero). A
mouse-model study conducted in 2002 reported that double
knock-out of both genes (Dlx5/Dlx6−/−) resulted in typical ectrodactyly, with craniofacial and inner ear abnormalities [9]. This
case showed a heterozygous DLX5 gene mutation, but the pa200

tient—like his father—showed typical phenotypes of DLX5 mutation, including ectrodactyly and craniofacial and inner ear abnormalities, as well as hearing impairment and SHFM. This case has
clinical significance because, although we were unable to perform a
parental genetic study, the presence of a similar phenotype in the
father shows that DLX5 mutation could have had an AD inheritance pattern. In addition to our case of a DLX5 mutation, a patient
with SHFM caused by a novel heterozygous variant in the DLX6
gene, which is also known to show AR inheritance, was reported in
2017 [10]. After cochlear implantation, the patient was diagnosed
with grade 2 hearing impairment. He has received speech-language
therapy and an anticonvulsant agent. Other areas of development,
including motor and cognition, have been well maintained and he
is doing well without seizure relapse.
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