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Abstract
The focal facial dermal dysplasias (FFDDs) are a group of rare inherited developmental disorders characterized by
congenital scar-like atrophic lesions in the bitemporal (FFDD1, 2, and 3) or preauricular (FFDD4) areas. FFDD4 is an
autosomal-recessive trait characterized by preauricular skin defects without additional dysmorphic findings. Previously, only
two CYP26C1 mutations in four unrelated patients with FFDD4 were reported. Here, we report two additional unrelated
FFDD4 patients with four CYP26C1 mutations including three novel lesions: a missense mutation, c.230G>C (p.Arg77Pro),
and two splice-site mutations, c.1191+1G>T (IVS5(+1)G>T) and c.1191+2insT (IVS5(+2)insT). In silico analyses
predicted all three mutations as pathogenic. Compound heterozygosity was validated through parental studies. These results
provide further evidence that CYP26C1 mutations are the molecular genetic basis of FFDD4. Identification of additional
cases by dermatologists, pediatricians, and medical geneticists will lead to further understanding of the clinical spectrum of
FFDD4 and define its molecular genetic heterogeneity.

Introduction

The focal facial dermal dysplasias (FFDDs) are a group of
inherited developmental disorders characterized by con-
genital scar-like atrophic lesions in the bitemporal (FFDD1,
FFDD2, and FFDD3) or preauricular (FFDD4) areas [1–5].
FFDD4 (MIM614974) is characterized by preauricular skin
defects without additional dysmorphic findings and is
inherited as an autosomal-recessive trait [4–6]. To date,
only ~20 families have been reported worldwide [1, 5–11].

In FFDD4, the facial skin lesions at birth typically pre-
sent as multiple, round, or oval-shaped, and vesicular, in the
preauricular region along the developmental fusion line of

the maxillary and mandibular prominences [5, 10]. These
vesicles are filled with fluid for a few years of life and then
change into hypopigmented macules, sometimes sur-
rounded by a hyperpigmented rim with fine hairs (hair
collar sign). Additional features may include polyps on the
buccal mucosa along the same line as the external skin
defects. Development and intelligence are usually normal,
but neurologic complications have been reported in one
patient due to a perinatal intracranial hemorrhage [10].

Recently, our group identified two CYP26C1mutations in a
family with two affected siblings with FFDD4 by exome
sequencing [5]. A seven-base-pair (CCATGCA) duplication,
c.844_851dup (p.Gln284fs*128, previously erroneously
designated as p.Glu284fs*128), was inherited from the mother
and a missense mutation, c.1433G>A encoding p.Arg478His,
was inherited from the father. Both resulted in loss of
CYP26C1 enzyme function when evaluated in an in vitro
expression assay [5], establishing the pathogenicity of these
mutations. Additional sequencing of four other unrelated
patients with FFDD4 revealed that three of the four patients
were homozygous for the mutation encoding p.Gln284fs*128.

Here, we describe two unrelated Caucasian families with
FFDD4. The probands were screened for CYP26C1 muta-
tions, and compound heterozygosity for three novel
CYP26C1 mutations was identified, thereby extending the
molecular genetic heterogeneity of CYP26C1 mutations
causing FFDD4.
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Materials and methods

Patients

The two unrelated probands and their family members were
examined and their clinical findings were recorded. This
study was approved by Pellegrin-Enfants, Bordeaux,
France, and written informed consent was obtained for each
subject. This study was also approved by the Institutional
Review Board of the Icahn School of Medicine at Mount
Sinai, New York, NY.

Molecular and structural analysis

Genomic DNA was isolated from venous blood
obtained from each subject. The six exons and
their intronic boundaries of the CYP26C1 gene
(NM_183374.2) were sequenced as previously
described [5].

Results

Clinical description

Patient 1 was a male, first evaluated at 3 months of age for
bilateral abnormal facial skin lesions (Figs. 1a, b). The
unrelated parents had normal facial characteristics and the
family history was negative for facial skin findings. The
parents also had an unaffected 4-year-old son. The patient
was born at term after an uneventful pregnancy, labor, and
vaginal delivery. Birth weight was 3.2 kg (25th–50th
percentile), height was 50 cm (25th–50th percentile), and
head circumference was 35 cm (50th–75th percentile). On
dermatologic examination, he had three round skin lesions
measuring ~7 mm on both cheeks in a preauricular dis-
tribution. Areas of cutis aplasia were present on both cheeks
and were bordered by a rim with thin hairs (Figs. 1a, b). No
lesions were present in the temporal regions or on his buccal
mucosa. His psychomotor development was normal for age.

Fig. 1 The preauricular lesions
in FFDD4 patient 1 at 4 months
of age (a, b), and in FFDD4
patient 2 at 24 months of age (c),
and at 4 months of age (d). Note
the round skin lesions (arrows)
described in the text
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The remainder of his physical examination was
unremarkable.

Patient 2 was a female, first seen at 24 months of age for
bilateral facial skin abnormalities (Figs. 1c, d). The unre-
lated parents had normal facial appearances with no lesions,
and the family history was negative for abnormal facial
dermatologic findings. The parents had an unaffected 4-
year-old daughter. Patient 2 was born at term after an
uneventful pregnancy, labor, and delivery. She walked at 1
year of age and her psychomotor development was normal.
On examination, she had three round skin lesions measuring
~8 mm on the right cheek and two on the left cheek, both in
a preauricular distribution. She had a right preauricular tag
and fistula associated with an area of long thin hair. The left
lesions were atrophic and pale (Fig. 1d). The remainder of
her physical examination was unremarkable.

Molecular genetic studies

In Patient 1, sequencing CYP26C1 identified two novel
mutations: a missense, c.230G>C encoding p.Arg77Pro,
and an insertion, c.1191+2insT (IVS5+2insT), located at the
consensus splice site of the exon 5/intron 5 junction. The
c.230G>C mutation was inherited from his father, whereas
the c.1191+2insT lesion was from his mother (Fig. 2a).

In Patient 2, sequencing CYP26C1 revealed compound
heterozygosity for the previously reported seven-base-pair
duplication, c.845_851dup encoding p.Gln284fs*128 [5],
and a novel consensus splice-site mutation, c.1191+1G>T

(IVS5+1G>T), located at the donor splice site of the exon 5/
intron 5 junction (Fig. 2b). The c.845_851dup was inherited
from her father and c.1191+1G>T was from her mother.
Her unaffected sibling was heterozygous for c.845_851dup.

Discussion

The FFDDs are a group of inherited developmental facial
defects that occur at the site of the dermal fusion along the
frontonasal and maxillary prominences or along the max-
illary and mandibular prominences. The former defects are
seen in FFDD1, FFDD2, and FFDD3, and the latter occur in

Fig. 2 Partial sequences of CYP26C1 in Patients 1 and 2. a Patient 1
had a novel missense mutation, c.230G>C, encoding p.Arg77Pro and
a novel insertion mutation, c.1191+2insT (IVS5+2insT). The mutation
encoding the missense mutation, p.Arg77Pro, was inherited from the
patient’s father and the novel consensus splice-site mutation was
inherited from his mother. b Patient 2 had the previously reported

duplication mutation, c.845_851dup encoding p.Gln284fs*128, and a
novel consensus splice-site mutation, c.1191+1G>T (IVS5+1G>T).
The mutation encoding the duplication mutation was inherited from
the patient’s father and the novel consensus splice-site mutation was
inherited from her mother

Fig. 3 Schematics of retinoic acid metabolism. CYP26C1 is involved
in converting all-trans retinoic acid to non-active metabolite. Defects
of CYP26C1 would lead to accumulation of the substrate, all-trans
retinoic acid
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FFDD4 [1–4]. FFDD1 (MIM136500) is characterized by
bitemporal lesions without other dysmorphic features and is
a clear autosomal dominant trait. FFDD2 (MIM614973) has
the characteristic bitemporal lesions as well as other facial
and systemic abnormalities and is inherited as an autosomal
dominant trait with variable expressivity and lack of pene-
trance. To date, the genes responsible for FFDD1 and
FFDD2 have not been identified. FFDD3 (MIM227260) is
characterized by bitemporal lesions and other characteristic
dysmorphic facial features. Some FFDD3 patients have
recessive mutations in the TWIST2 gene, which encodes a
basic helix-loop-helix transcription factor involved in cra-
niofacial dermal and bone development [3, 4, 12, 13],
whereas some have a genomic duplication at
1p36.22p36.21 and normal TWIST2 alleles [14, 15].

FFDD4 is inherited as an autosomal recessive trait in
most patients. Previously, only two CYP26C1 mutations,
c.844_851dup encoding p.Gln284fs*128 and c.1433G>A
encoding p.Arg478His, were identified in four of five
unrelated probands with FFDD4 [5]. There have been no
other confirmatory reports documenting the CYP26C1 gene
as the genetic defect in FFDD4. Here, we report two
additional unrelated patients with three novel CYP26C1
mutations: one missense mutation, c.230G>C encoding p.
Arg77Pro, and two consensus splice-site mutations, c.1191
+1G>T (IVS5+1G>T) and c.1191+2insT (IVS5+2insT).
Notably, of the seven unrelated FFDD4 probands who were
CYP26C1-genotyped (including the two from this report),
three were heterozygotes and three were homozygotes for
the p.Gln284fs*128 mutation, which occurs in Caucasians,
according to the gnomAD database (http://gnomad.broa
dinstitute.org) [16], at a minor allele frequency of 0.0037,
so homozygosity occurs in ~1 in 286,000 Caucasians.
Mutations c.230G>C and c.1191+2insT have not been
found in over 138,000 individuals in the gnomAD. How-
ever, c.1191+1G>T has been reported with an allele fre-
quency of 0.0002 in the Caucasian population. The
CYP26C1 mutation encoding p.Arg77Pro is located in exon
2 and is predicted as pathogenic by in silico programs
Polyphen-2 (http://genetics.bwh.harvard.edu/pph2/) [17]
and MutationTester (http://www.mutationtaster.org) [18].
The two splice-site mutations are located at the donor
consensus site of intron 5 and predicted to abolish the donor
site by the in silico splicing program, Neural Network
(http://www.fruitfly.org/seq_tools/splice.html) [19], resulting
in defective CYP26C1 pre-mRNA processing and
non-functional CYP26C1 protein products. Leukocyte
RNAs to confirm the aberrant splicing of exon 5 were not
available.

CYP26C1 maps to human chromosome 10q23.33. In
mouse embryos, CYP26C1 was found to be expressed along
the fusion line for the maxillary and mandibular promi-
nences [20], the site of the preauricular skin lesions in

FFDD4 patients. CYP26C1 belongs to a family of three
mammalian P450 enzymes involved in retinoic acid meta-
bolism (Fig. 3). Although the precise mechanisms respon-
sible for the atrophic skin lesions caused by the CYP26C1
mutations remain to be elucidated, altered retinoic acid
metabolism during embryogenesis is presumably the cau-
sative factor.

In conclusion, this current study provides further evi-
dence that CYP26C1 mutations are responsible for FFDD4.
Although FFDD4 is rare, it has a distinct phenotype that
should be familiar to clinicians. The identification of addi-
tional cases will likely expand the clinical spectrum and the
molecular genetic heterogeneity of FFDD4, as one patient
with FFDD4 had screened negative for a CYP26C1 muta-
tion [5]. It is likely that other genes involved in the
embryonic fusion of the mandibular and maxillary promi-
nences will be identified.
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