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Abstract: Background: Split-hand/foot malformation syndrome is a rare, clinically and genetically
heterogeneous group of limb malformations characterized by absence/hypoplasia and/or median cleft
of hands and/or feet. It may occur as an isolated abnormality or it may be associated with a genetic
syndrome.

Case Report: In the present case, isolated split-hand/split-foot malformation was diagnosed by prena-
tal ultrasound at 24 weeks in a male singleton fetus, with deep median cleft of the right hand, syndac-
tyly and hypoplasia of phalanges in both hands, and oligodactyly of the right foot. During consulta-
tion, the father of the fetus revealed that he also had an isolated right foot dysplasia. The parents chose
elective termination and autopsy confirmed prenatal ultrasound findings. Genetic testing of the
aborted fetus with QF-PCR analysis for common aneuploidies and array comparative genomic hy-
bridization (aCGH) showed a male genomic pattern, without aneuploidies or chromosomal imbal-
ances. Further investigation with next generation sequencing of 49 clinically relevant genes revealed a
novel heterozygous FGFRI mutation ¢.787_789del (p.Ala263del) in the fetus; the father was het-
erozygous to the same mutation.

Conclusion: A novel heterozygous FGFRI mutation causing split-hand/foot malformation syndrome
is reported. Accurate genetic diagnosis allowed detailed counseling to be provided to the couple, in-
cluding the underlying cause, recurrence risks, and detailed management plan with preimplantation
genetic diagnosis for future pregnancies.
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mutation.

1. INTRODUCTION

Split-Hand/split-Foot Malformation (SHFM) syndrome,
also referred to as ectrodactyly is a rare congenital malfor-
mation [1]. SHFM is a clinically and genetically heterogene-
ous group of limb malformations characterized by ab-
sence/hypoplasia and/or median cleft of hands and/or feet,
and various mutations seem to be implicated in the SHFM
phenotype [2, 3]. The aim of the present study is to present a
rare case of isolated split-hand/split-foot malformation diag-
nosed by prenatal ultrasound at 24 weeks, due to a novel
heterozygous FGFRI mutation ¢.787_789del (p.Ala263del).

2. CASE REPORT

A 30-year-old white Caucasian woman, G1, PO was re-
ferred at 24 weeks’ gestation due to a possible fetal limb
abnormality; “aplasia of the middle finger of the right hand
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of the fetus” was reported in a recent second-trimester anom-
aly scan, while two previous anomaly scans at 19 and 21
weeks were reported as “normal”. The woman’s past medical
history was uneventful. Our level II examination revealed a
male singleton with ectrodactyly, manifested by deep median
cleft of the right hand, resulting from the absence of the cen-
tral digital rays. Syndactyly and hypoplasia of phalanges
were found in both hands (Figs. 1-3), as well as oligodactyly
of the right foot and a two-vessel umbilical cord. Hence,
isolated split-hand/split-foot malformation (SHFM) was di-
agnosed and amniocentesis was offered after detailed coun-
seling regarding the syndrome, its prognosis and the role of
genetic analyses. During consultation, the father of the fetus
revealed that he had an isolated right foot dysplasia, with big
toe syndactyly, exadactyly and syndactyly of 4™ and 5" digit
(Fig. 4). The parents chose elective termination at 24 weeks'
gestation and genetic analysis of the fetus; the post-mortem
gross features of the fetus were identical to those of antenatal
ultrasound. QF-PCR analysis for detection of common ane-
uploidies of chromosomes 13, 18,21, X and Y (ABI*PRISM
3130xl, Life Technologies) and array comparative genomic
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Fig. (1). Right fetal hand malformation characterized by oligodactyly (only four fingers present; absence of the middle finger), syndactyly of
the thumb and the index finger, and deep central cleft or lobster claw hand. A: Prenatal 3D-ultrasound image of the right hand. B and C: Pre-
natal 2D-ultrasound images of the right hand. D and E: Autopsy images of the right hand.

Fig. (2). Left fetal hand malformation characterized by oligodactyly (only four fingers present; absence of the middle finger) and syndactyly
of the thumb and the index finger; there was no central cleft. A: Prenatal 3D-ultrasound image of the left hand. B: Autopsy image of the left

hand.

hybridization (aCGH; microarray 8X60K G3 ISCA V2; Cy-
toGenomics software; Agilent Technologies) revealed a male
genomic pattern, without aneuploidies or chromosomal im-
balances. The following 49 clinically relevant genes were
analyzed by using next generation sequencing: BHLHAY,
BMP2, BMPRIB, BTRC, CC2D24, CDH3, CEP290, CHSY1,
DLX5, DLX6, ESCO2, FAM584, FBLNI, FBXW4, FGFI10,
FGFRI, FGFR2, FGFR3, FMNI, GDF5, GJAI, GLI3, GNAS,
GREMI1, HOXAI3, HOXDI3, IHH, KIF7, LMBRI, LRP4,
MGP, MKSI, NOG, PTHLH, RECQL4, ROR2, RPGRIPIL,
SALLI, SHFM1, SHH, SOX9, TBC1D24, TBX15, TMEM216,

TMEMG67, TP63, WNTI10B, WNT3, WNT7A. This analysis
led to the detection of a novel heterozygous FGFRI muta-
tion ¢.787_789del (p.Ala263del). There were no suspicious
variants detected in the other 48 relevant genes tested. Tar-
geted sequencing of FGFRI in both parents showed that the
father was heterozygous to the same mutation, whereas the
mother was not, suggesting a 50% risk of recurrence. The
following sequences have been used for targeted sequencing:
FGFR1 GENE REF SEQ: NM 023110.2: ¢.787 789del;
NP_075598: p.Ala263del. The Sanger sequencing results of
the mutation and control are presented in Fig. (5). Given
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Fig. (3). Right fetal foot malformation characterized by oligodactyly, with only the big toe present. A: Prenatal 2D-ultrasound image of the

right foot. B: Autopsy images of the right foot.

Fig. (4). Paternal feet and hands. A and B: Paternal right foot malformation after surgery: Initially hexadactyly; an ectopic extra toe (only a
bony part without a nail) between the 1% and 2™ metatarsal bone was removed surgically; the surgical scar is visible. There is also syndactyly
of 4™ and 5™ toe and syndactyly of big toe and the 2™ toe, as well as aplasia of the last phalange of the second toe. C: Paternal feet: right foot
malformation and normal left foot. D and E: X-rays of the right foot malformation. F: Normal paternal hands.

these findings, the option of IVF and preimplantation genetic
diagnosis for selection of unaffected embryos in future preg-
nancies was discussed fully with the couple.

3. DISCUSSION

Split-Hand/split-Foot Malformation (SHFM) syndrome,
also referred to as ectrodactyly is a rare congenital malfor-
mation; it occurs in 1:18,000 liveborn infants and it accounts
for 8%-17 % of all limb malformations [1]. SHFM is a clini-
cally and genetically heterogeneous group of limb malforma-

tions characterized by absence/hypoplasia and/or median
cleft of hands and/or feet [2, 3].

SHFM may occur as an isolated abnormality or it may
be associated with a genetic syndrome. Current evidence
suggests that a relatively large number of mutations are
implicated in the SHFM phenotype. Most commonly
SHFM seems to be inherited in an autosomal dominant
fashion with reduced penetrance; while in a typical auto-
somal dominant inheritance an affected parent would have
a 50% chance of passing the genetic defect to his/her off-
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Fig. (5). Sanger sequencing results. A: Embryo heterozygous to the novel FGFRI mutation c¢.787_789del (p.Ala263del) mutation. B: Father
of the embryo heterozygous to the same mutation. C: Mother of the embryo normal.

spring in each pregnancy, with “reduced penetrance” the
person who inherits the underlying genetic defect, may
never develop the condition [4-10]. More rarely, other
forms of inheritance have been reported, including autoso-
mal-recessive, X-linked, chromosomal deletions and chro-
mosomal duplications [11, 12]. Sporadic cases with iso-
lated SHFM most likely result from de novo mutations; in
such cases, the recurrence risk for the patient’s sibling is
very low, while for the patient’s offspring is as high as
30%-50 % [2]. Given that inheritance of SHFM is associ-
ated with reduced penetrance, including skipped genera-
tions, variable phenotypic expression, non-Mendelian in-
heritance and gender bias with anomalous segregation ra-
tios in offspring of affected males [3, 6-8, 10, 12, 13], ge-
netic counseling in such cases is rather complex and chal-
lenging. Hence, genetic counseling in SHFM should be
based on a panel of clinically relevant genetic testing, in
order to be adequately informative and reliable. In the pre-
sent case, accurate genetic diagnosis, allowed focused ge-
netic and reproductive counseling, including detailed dis-
cussion of the option of in vitro fertilization and preimplan-
tation genetic diagnosis for embryo selection in future
pregnancies.

In the present study, aCGH was advised since ectrodac-
tyly may be sometimes associated with certain genetic de-

fects, including ectrodactyly ectodermal dysplasia cleft
lip/palate syndrome (EEC) and Cornelia de Lange syn-
drome. SHFM may be either an isolated finding or part of a
syndrome, such as EEC, acro-dermato-ungual-lacrimal-
tooth syndrome, lacrimo-auriculo-dento-digital syndrome,
CHARGE sequence (coloboma of the eye, heart defects,
atresia of the nasal choanae, growth and/or developmental
retardation, genital and/or urinary abnormalities, and ear
abnormalities and deafness), VACTERL association (ver-
tebral anomalies, anal atresia, cardiovascular anomalies,
trachea-esophageal fistula, renal and/or radial anomalies,
limb defects), mental retardation and sensorineural deaf-
ness [1].

In the present study, a panel of clinically relevant genes
was analyzed by next generation sequencing of DNA ex-
tracted from the aborted fetus; this panel included genes
known to be implicated in various fetal genetic syndromes
with associated hand-foot malformations. This extensive
analysis yielded a novel heterozygous mutation of the Fi-
broblast Growth Factor Receptor 1 (FGFRI) gene: c.787 _
789del (p.Ala263del). According to the public genetic da-
tabases and to the best of our knowledge, this is the first
time that this mutation is found in association with the
SHFM. Mutations in the FGFR genes have been also asso-
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ciated with the Pfeiffer syndrome, the Jackson-Weiss syn-
drome, the Antley-Bixler syndrome, and with osteoglo-
phonic dysplasia, which are all characterized by cranio-
synostosis and limb deformities. The Pfeiffer syndrome in
particular is genetically heterogeneous; some cases are
linked to mutations of FGFRI, which maps at chromosome
8pl11.22-p12, while mutations of the FGFR2 gene, which
maps at chromosome 10q25-q26, have been also reported
[14]. In the present case, prenatal ultrasound examination
did not confirm craniosynostosis and this supports the con-
tribution of ultrasound examination in establishing diagno-
sis [15].

CONCLUSION

In conclusion, a novel heterozygous FGFRI mutation
c.787 _789del (p.Ala263del) causing split-hand/foot malfor-
mation syndrome is reported. This study demonstrates the
clinical utility of autopsy combined with molecular analysis
by using clinically relevant new generation exome sequenc-
ing in order to identify the underlying genetic cause in a
structurally abnormal fetus. Specific genetic findings may
provide parents with an accurate explanation regarding the
cause of a certain developmental abnormality, delineate the
recurrence risks, and may help in drawing a detailed man-
agement plan for subsequent pregnancies.
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