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Abstract

Floating-Harbor syndrome (FHS) is a rare genetic disorder caused by heterozygous mutations in the Snf2-related CREBBP
activator protein (SRCAP) gene. The syndrome is characterized by proportional short stature, delayed bone maturation, delayed
speech development, and facial dysmorphism. Submucous cleft palate and cleft lip have been reported in FHS, but to our
knowledge orofacial clefting in this condition has not been assessed in detail. Here, we report on a case of bilateral cleft lip in a

patient with FHS confirmed by exome sequencing.
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Introduction

Floating-Harbor syndrome (FHS; OMIM#136140) is a rare
genetic disorder caused by heterozygous mutations in the
Snf2-related CREBBP activator protein (SRCAP) gene (Hood
etal., 2012). The condition was first reported in 1973 (Pelletier,
1973), and approximately 60 cases have been reported to date.
The syndrome is characterized by proportional short stature,
delayed bone maturation that normalizes in early or late child-
hood, delayed speech development, and facial characteristics
(Robinson et al., 1988; White et al., 2010; Nikkel et al., 2013).
The face is triangular with deep-set eyes, long eyelashes,
bulbous nose, wide columella, short philtrum, and thin lips
(Feingold, 2006; Hood et al., 2012).

The diagnosis of FHS is suspected when individuals show
typical clinical findings and can be confirmed by sequencing of
SRCAP (Hood et al., 2012). SRCAP mutations were found to be
located mostly within a small region between codons 2407 and
2677 of exon 34, but also in exon 33 (Kehrer et al., 2014;
Seifert et al., 2014). SRCAP encodes an ATPase that functions
as the core catalytic component of a multiprotein chromatin-
remodeling complex, and it has an important role in regulating
cell growth and division (Johnston et al., 1999; Monroy et al.,
2003; Messina et al., 2016).

Reports of dental anomalies in FHS are sparse, but mal-
occlusion, hypoplastic jaw, high-arched palate, increased
spacing, agenesis of mandibular incisors, supernumerary

teeth, and oligodontia have been described in association with
this syndrome (Robinson et al., 1988; Houlston et al., 1994;
Ala-Mello and Peippo, 2004; De Benedetto et al., 2004; Hood
et al., 2012; Singh et al., 2017). Although submucous cleft
palate and cleft lip have been rarely reported (Patton et al.,
1991; Hood et al., 2012; Undiagnosed Diseases Network,
2019), to our knowledge orofacial clefting in this condition
has not been assessed in detail. Here, we report a case of
bilateral cleft lip in FHS confirmed by exome sequencing,
and we describe the general features and dental findings in
this patient.
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Figure 1. Frontal (A) and lateral (B) photographs at age |5 showing
dysmorphic facial features: upslanting palpebral fissures, a simple and
enlarged right ear helix, status post repair, and downturned corners of
the mouth.

Case Report

The patient presented to our institution as a 14-year-old boy
who moved to the United States from Mongolia. The patient’s
mother reported a normal pregnancy and delivery. He was born
at term with a bilateral cleft lip at a birth weight of 3.3 kg, and
he had difficulty feeding due to the cleft lip. Lip repair was
performed in Mongolia at age 6.

Upon arrival to our institution, significant findings included
short stature, brachydactyly of all fingers, maxillary deficiency,
and facial features that included upslanting palpebral fissures, a
simple and enlarged right ear helix, status post repair, and
downturned corners of the mouth (Figure 1). The patient’s
height at 148.3 cm placed him below the 1st percentile based
on Centers for Disease Control and Prevention growth charts,
and his bone age was just under the upper limit of 2 standard
deviations.

The patient had a history of significant developmental
delays. He started to walk when he was 4 years old, did not
speak until the age of 5, and began to speak 2 word sentences
after the age of 8. When he was 11 years old, he could speak in
simple sentences and dress and feed himself, but he could not
read or write. After arriving to the United States, the patient
was placed in a special education program in his school and had
an Individualized Education Plan in place. At the time of the
initial visit to our institution, the patient was able to speak full
sentences and write in his native language, but he could only
make simple sentence structures and had some difficulty fol-
lowing complex conversations.

The family history was negative for clefts, lips pits, or
mounds, and parents were nonconsanguineous. A single
nucleotide polymorphism (SNP) array was performed, and an
interstitial duplication within 2p15 was identified. However, as
the clinical significance of this finding was unclear, the
patient’s and his mother’s blood were collected and sent for

Table I. Frequency of Clinical Characteristics in Previous Studies
(Hood et al., 2012; Le Goff et al., 2013; Nikkel, et al.,, 2013; Seifert,
et al,, 2014) and Comparison With Our Patient.

Characteristics Previous Studies This Study
Facial dysmorphism 63/63 +
Speech delay 63/63 +
Skeletal anomalies 1/ +
Delayed bone age 33/35 ?
Short stature 50/63 +
Intellectual disability 44/54 +
Eye anomalies 15/54 —
Ear anomalies 17/63 +
Gastrointestinal malformations 5/35 —
Cardiac malformations 6/63 +/—

Figure 2. Cephalometric lateral X-ray (A) and panoramic X-ray (B) at
age |5 showing flat cranial base and maxillary retrusion. Panoramic
X-ray shows supernumerary teeth and abnormal roots.

exome sequencing. This testing revealed a presumed de novo
heterozygous mutation in exon 34 of SRCAP, which is indica-
tive of FHS.

The patient was evaluated by Genetics, Cardiology, Endocri-
nology, Neurology, and the Craniofacial Center at our institution.
Cardiology examination showed sinus rhythm, first-degree atrio-
ventricular block, normal intracardiac structure, slight dilation of
the aortic root, and a tiny patent foramen ovale. Endocrinology
evaluation for short stature and mature bone age, including thyr-
oid function tests, revealed no significant findings. A brain MRI
was normal. Clinical characteristics in individuals with FHS in
comparison with our patient are summarized in Table 1.

On examination at our Craniofacial Center, the patient pre-
sented with a slightly concave facial profile and a class III
molar relationship with —2 mm overjet. No centric occlu-
sion—centric relationship shift was noted. A cephalometric
radiograph revealed proclined maxillary and mandibular inci-
sors and a skeletal class III relationship with sella-nasion-A
point angle (SNA) at 72.9° and sella-nasion-B point angle
(SNB) at 73.1° (Figure 2A). He had a flat cranial base angle
(sella-nasion-basion) which was 164.4°. A panoramic X-ray
revealed presence of all permanent teeth, including developing
third molars. Two supernumerary teeth were also detected
between the maxillary central and lateral incisors on both sides.
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Figure 3. Frontal (A), upper (B), and lower (C) intraoral photographs at age |5 showing dental anomalies: anterior crossbite, 2 supernumerary

teeth, and abnormal teeth shape.

Figure 4. Cephalometric lateral X-ray (A) and panoramic X-ray
(B) after orthodontic treatment at age |7.

Further examination of the panoramic X-ray showed blunted
and shortened roots. The patient’s maxillary and mandibular
second molars did not show bifurcation of roots, and the roots
of the maxillary central incisors appeared to be severely dila-
cerated (Figure 2B). Intraorally, the patient had a posterior and
anterior crossbite with an overbite of 2 mm and overjet of
—2 mm (Figure 3A). He had mild crowding in the maxillary
anterior region and generalized spacing in the mandibular ante-
rior region. Morphologically, the patient’s mandibular second
premolars were shaped more like primary molars. The patient
also had multiple caries (Figure 3B and C).

Plastic surgery repaired the Stahl’s ear by performing an
otoplasty. A lip revision surgery was also recommended fol-
lowing orthodontic treatment, as a central notch/whistle was
detected. Before beginning orthodontic treatment, the patient’s
poor oral hygiene was addressed, and prophylaxis was
performed. Six composite restorations and 3 sealants were
completed, and 2 supernumerary teeth were extracted. A fan-
shaped palatal expander was placed for palatal expansion
before comprehensive orthodontic treatment. After 2 years of
orthodontic treatment, the treatment was discontinued due to
poor patient compliance and poor oral hygiene, and the patient
was placed in retention (Figure 4A and B).

Although the importance of maintaining good oral hygiene
was emphasized, braces had to be removed earlier than
expected because oral hygiene remained poor. After the com-
pletion of orthodontic treatment, the patient was followed up by
periodontics for scaling and root planing due to generalized,
severe, chronic periodontitis.

Discussion

Here, we report a patient with FHS who had bilateral cleft lip
without cleft palate. Only 2 cases of clefting in FHS have
previously been reported. One report mentioned that the patient
seemed to have submucous cleft palate, although this was not
observed intraorally (Patton et al., 1991). Another patient with
a unilateral cleft lip was also reported (Hood et al., 2012), and
our patient is the first case reported with a bilateral cleft lip, to
the best of our knowledge.

Floating-Harbor syndrome is caused by mutations in
SRCAP, which encodes an ATPase that is the core catalytic
component of the SRCAP complex. This ATPase functions as a
transcriptional activator in CREB-mediated transcription and
interacts with partners of CREB-binding protein, encoded by
CREBBP (Johnston et al., 1999; Messina et al., 2016). Inter-
estingly, Rubinstein-Taybi syndrome (RTS) is caused by muta-
tions in CREBBP, and clinical findings of FHS and RTS are
similar (Eser et al., 2017; Milani et al., 2018). For example,
patients with these syndromes both typically show short sta-
ture, delayed bone age, and developmental delay. Of note,
some patients with RTS have cleft lip and/or palate (Tuysuz
et al., 2012). CREBBP is a transcriptional factor that has been
reported to play essential roles in embryonic development.
Therefore, it is possible that mutations in SRCAP that impair
function of CREBBP are the cause of clefting in FHS. Future
studies will be required to determine why clefting only affects a
fraction of patients with RTS and FHS, and what other factors
either protect against or predispose to clefting.

In the patient with FHS described here, both SNA and SNB
were below the average values, which are 82° for SNA and 80°
for SNB. The cranial base angle was 164.4° in this patient. The
normal value of the cranial base angle is 131°. We believe that
the SNA and SNB angles were retrognathic due to the flatten-
ing of the cranial base angle. The cranial base is an important
structure for craniofacial growth and development, as the ante-
rior cranial base influences facial growth (Enlow and Moyers,
1971; Nie, 2005). Although many individual variations of
growth patterns and shapes in the cranial base do not follow
the average pattern (Grayson et al., 1985), increased or
decreased cranial base angles have been seen in a number of
developmental disorders. Acute cranial base angles are often
seen in mandibulofacial dysostosis and cleidocranial dysostosis
(Kreiborg et al., 1981). Patients with Down syndrome or Turner
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Figure 5. Hand-wrist X-ray at age |5 showing slightly advanced bone
age.

syndrome have a short retrognathic face due to reduced cranial
base length and increased angulation (Andersen et al., 2000;
Quintanilla et al., 2002). As ours is the first report to assess
cephalometric findings in FHS, it is not certain whether a flat
cranial base is a typical skeletal finding in the syndrome. Our
patient also had maxillary deficiency and an anterior crossbite,
which might have been caused by the repaired cleft lip, because
scarring can hinder normal maxillary growth. It was reported
that both patients who had only lip closure surgery and patients
who had lip and palatal closure surgery had similar degree of
maxillary deficiency (Capelozza Filho et al., 1996). Maxillary
deficiency may also be attributable to FHS. However, it is not
certain if the maxillary deficiency was due to repaired cleft lip,
FHS, or a combination. Surgery was not required to correct his
jaw size relationship, as his A point-basion-B point (ANB)
angle was —0.2.

One of the typical features of FHS is delayed bone matura-
tion. In previous cases, most patients had delayed bone age when
measured before the age of 6 years (Houlston et al., 1994;
Lacombe et al., 1995; Wiltshire et al., 2005), but some reports
stated that delayed bone age was still seen in patients aged
between 6 and 12 years (Lacombe et al., 1995; De Benedetto
et al., 2004). After the period of delay, the bone age was found to
be markedly accelerated and reach normal level (Nagasaki et al.,
2014). Because our patient presented to us at age 14, we were
unable to determine whether he had earlier delayed bone matura-
tion. Furthermore, when he first presented to us, his hand/wrist
X-ray showed that he had an advanced bone age close to
17 years according to the standards of Greulich and Pyle.

Despite the patient’s advanced bone age using a digital hand
atlas (Figure 5), we found that his lateral cephalometric X-ray

at age 15 showed a cervical vertebral maturation index (CVMI)
of stage 4, and at the age of 17, the CVMI was stage 5. The
CVMI stages at both ages were behind his chronological ages,
indicating that skeletal maturity measured by hand wrist ima-
ging and cervical vertebral imaging were discordant. Various
skeletal anomalies were observed in previous cases of FHS;
most commonly, these were brachydactyly, fifth finger clino-
dactyly, coning and sclerosis of several epiphyses, and short
phalanges (White et al., 2010; Nikkel et al., 2013). Anomalies
of the spine have also been reported, including mild irregula-
rities of the vertebral bodies, hypoplasia of the odontoid pro-
cess, and abnormal curvature of the spine (Saul and Wilson,
1990; Stagi et al., 2007; Hood et al., 2012). This may suggest
that assessing bone maturity with the vertebral shapes must be
done with caution in FHS.

In summary, we report a patient with bilateral cleft lip in
FHS. In addition to various characteristics including short sta-
ture, skeletal anomalies, and facial dysmorphism, screening for
orofacial clefting should also be performed when there is a
diagnosis of FHS.
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