
Split hand/foot malformation (SHFM) is a rare 
congenital malformation involving a limb anom-
aly [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) condi-
tion associated with seven chromosomal loci 
(SHFM1 to SHFM6 and SHFM with long bone 
deficiency [SHFLD]) [3]. Involvement Dlx- dis-
talless-related homebox 5 (DLX5) gene expres-
sion in the SHFM1 type has been reported with 
autosomal recessive (AR) inheritance in a fami-
ly; furthermore, SHFM6 also shows an AR in-
heritance pattern and SHFM2 is an X-linked re-
cessive condition [4]. DLX5 and DLX6 are ex-
pressed in the embryonic limb buds and ecto-
derm, 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-
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tal ultrasonography. The patient was the parents’ 
first baby and was born via an emergency cesare-
an section due to premature rupture of mem-
branes 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 abnor-
mal findings on an infantogram (Fig. 1). His fa-
ther also had ectrodactyly on both hands and 
feet, as well as bilateral congenital deafness, and 
was unable to communicate verbally. The pa-
tient's father was the fourth of six siblings, but no 
one in his family had similar anomalies. Addi-
tionally, the patient’s father did not have a history 
of convulsions. 

Subependymal nodules on the right occipital 
horn were identified on brain magnetic reso-
nance imaging that was performed at 7 months 
of age due to an afebrile seizure (Fig. 2). He re-
ceived 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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metric background activity due to depressed background activity 
in the right mid-posterior area and sharp waves in both frontocen-
tral 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 de-
tected 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 ec-
trodactyly, with craniofacial and inner ear abnormalities [9]. This 
case showed a heterozygous DLX5 gene mutation, but the pa-

tient—like his father—showed typical phenotypes of DLX5 mu-
tation, including ectrodactyly and craniofacial and inner ear abnor-
malities, 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 inheri-
tance 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. 

A B C D

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.

A B

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).

https://doi.org/10.26815/acn.2021.00472200

Shin JH et al. • SHSF and Heterotopia in DLX 5 Variant



This study was approved by the Institutional Review Board of 
Jeonbuk National University Hospital (IRB no: 2021-06-072). 
Written informed consent was obtained from this patient.

Conflicts of interest 

No potential conflict of interest relevant to this article was report-
ed. 

ORCID 

Jun Hee Shin, https://orcid.org/0000-0001-6460-2770 
Min Jeong Han, https://orcid.org/0000-0002-7058-3657
Sun Jun Kim, https://orcid.org/0000-0002-7673-8728 

Author contribution 

Conceptualization: JHS, MJH, and SJK. Data curation: JHS, MJH, 
and SJK. Methodology: JHS, MJH, and SJK. Project administra-
tion: JHS, MJH, and SJK. Visualization: JHS, MJH, and SJK. Writ-
ing-original draft: JHS, MJH, and SJK. Writing-review & editing: 
JHS, MJH, and SJK. 

References 

1. Sowinska-Seidler A, Socha M, Jamsheer A. Split-hand/foot 
malformation: molecular cause and implications in genetic 
counseling. J Appl Genet 2014;55:105-15. 

2. Moerman P, Fryns JP. Ectodermal dysplasia, Rapp-Hodgkin 
type in a mother and severe ectrodactyly-ectodermal dyspla-
sia-clefting syndrome (EEC) in her child. Am J Med Genet 

1996;63:479-81. 
3. Umair M, Hayat A. Nonsyndromic split-hand/foot malforma-

tion: recent classification. Mol Syndromol 2020;10:243-54. 
4. Shamseldin HE, Faden MA, Alashram W, Alkuraya FS. Identifi-

cation of a novel DLX5 mutation in a family with autosomal re-
cessive split hand and foot malformation. J Med Genet 
2012;49:16-20. 

5. Proudfoot A, Axelrod HL, Geralt M, Fletterick RJ, Yumoto F, 
Deacon AM, et al. Dlx5 homeodomain: DNA complex. Struc-
ture, binding and effect of mutations related to split hand and 
foot malformation syndrome. J Mol Biol 2016;428:1130-41. 

6. Restelli M, Lopardo T, Lo Iacono N, Garaffo G, Conte D, 
Rustighi A, et al. DLX5, FGF8 and the Pin1 isomerase control 
ΔNp63α protein stability during limb development: a regulato-
ry loop at the basis of the SHFM and EEC congenital malfor-
mations. Hum Mol Genet 2014;23:3830-42. 

7. Simeone A, Acampora D, Pannese M, D'Esposito M, Stornai-
uolo A, Gulisano M, et al. Cloning and characterization of two 
members of the vertebrate Dlx gene family. Proc Natl Acad Sci 
U S A 1994;91:2250-4.  

8. Levi G, Puche AC, Mantero S, Barbieri O, Trombino S, Paleari 
L, et al. The Dlx5 homeodomain gene is essential for olfactory 
development and connectivity in the mouse. Mol Cell Neurosci 
2003;22:530-43. 

9. Robledo RF, Rajan L, Li X, Lufkin T. The Dlx5 and Dlx6 ho-
meobox genes are essential for craniofacial, axial, and appendic-
ular skeletal development. Genes Dev 2002;16:1089-101. 

10. Ullah A, Hammid A, Umair M, Ahmad W. A novel heterozy-
gous intragenic sequence variant in DLX6 probably underlies 
first case of autosomal dominant split-hand/foot malformation 
type 1. Mol Syndromol 2017;8:79-84. 

Ann Child Neurol 2021;29(4):199-201

201https://doi.org/10.26815/acn.2021.00472

https://doi.org/10.1007/s13353-013-0178-5
https://doi.org/10.1007/s13353-013-0178-5
https://doi.org/10.1007/s13353-013-0178-5
https://doi.org/10.1002/(sici)1096-8628(19960614)63
https://doi.org/10.1002/(sici)1096-8628(19960614)63
https://doi.org/10.1002/(sici)1096-8628(19960614)63
https://doi.org/10.1002/(sici)1096-8628(19960614)63
https://doi.org/10.1159/000502784
https://doi.org/10.1159/000502784
https://doi.org/10.1136/jmedgenet-2011-100556
https://doi.org/10.1136/jmedgenet-2011-100556
https://doi.org/10.1136/jmedgenet-2011-100556
https://doi.org/10.1136/jmedgenet-2011-100556
https://doi.org/10.1016/j.jmb.2016.01.023
https://doi.org/10.1016/j.jmb.2016.01.023
https://doi.org/10.1016/j.jmb.2016.01.023
https://doi.org/10.1016/j.jmb.2016.01.023
https://doi.org/10.1093/hmg/ddu096
https://doi.org/10.1093/hmg/ddu096
https://doi.org/10.1093/hmg/ddu096
https://doi.org/10.1093/hmg/ddu096
https://doi.org/10.1073/pnas.91.6.2250
https://doi.org/10.1073/pnas.91.6.2250
https://doi.org/10.1073/pnas.91.6.2250
https://doi.org/10.1073/pnas.91.6.2250
https://doi.org/10.1016/s1044-7431(02)00041-6
https://doi.org/10.1016/s1044-7431(02)00041-6
https://doi.org/10.1016/s1044-7431(02)00041-6
https://doi.org/10.1016/s1044-7431(02)00041-6
https://doi.org/10.1101/gad.988402
https://doi.org/10.1101/gad.988402
https://doi.org/10.1101/gad.988402
https://doi.org/10.1159/000453350
https://doi.org/10.1159/000453350
https://doi.org/10.1159/000453350
https://doi.org/10.1159/000453350

	Conflicts of interest 
	ORCID 
	Author contribution 
	References 

