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Abstract

Background and Objective: Demarquay-van der Woude (DVWS) and Popliteal Pterygium (PPS) syndromes are
distinct autosomal dominant conditions generally presenting with a cleft lip and/or cleft palate. Both syndromes are
genetically associated with mutations of the gene coding for Interferon Regulatory Factor 6 (IRF6) and grouped together
as the IRF6-Related Disorder. In addition to a cleft, DVWS characteristically includes generally two labial pits on the
lower lip. The pits may be symmetrical or asymmetrical, with saliva draining from them, or may also be abnormally
flabby or conical-shaped mucosal elevations without distinct pitting. In PPS, the cleft patient commonly presents with an
extensive single lower lip pit with salivary drainage, as well as popliteal webs/pterygia of the lower limb/limbs. Additional
defects may include intraoral synechial web, syndactyly and genito-urinary malformations.

Methods: One case (infant) with two family members presented with overlapping deformities associated with
DVWS, as well as PPS. Sequencing of the IRF6- gene was performed on one of the members.

Results: The surgical records of 4182 patients of a major cleft lip and palate clinic recorded 71 (1.70%) patients
diagnosed with DVWS, 12 (0.29%) with PPS and one infant (0.02%) as an interlinked DVWS-PPS. In the family of the
baby presented in this paper, all three affected individuals are females and each the third child in the family, who have
lip pits typically associated with DVWS that are both bilateral and symmetrical. The grandmother and grandchild, but
not the mother, has underdeveloped or minor unilateral popliteal webs. All three have syndactyly of their feet with
hypoplastic toenails (involving one to three phalanges) and pyramidal-shaped (or redundant) skin above the hallux nail

of the main phalanges.

Conclusion: The infant and two family members are identified as interlinked DVWS-PPS.

Keywords: Cleft lip and palate; Demarquay-van der Woude; Popliteal
Pterygium syndrome; IRF6-Related disorder

Introduction

Although Demarquay first described the Fistula labia inferioris
congenua in 1845 [1], Van der Woude [2] reviewed these features and
established a relationship between lower lip pits and cleft lip or palate.
Demarquay-van der Woude Syndrome [3] (DVWS) (OMIM 119300)
is an autosomal dominant condition that affects embryologic facial
development and is characterized by the usual two labial pits (fistulae)
or elevations in the lower lip, cleft lip with or without cleft palate. Dental
agenesis is seldom. Lip pits or sinuses are usually symmetrically and
bilaterally located on the vermilion portion of the lower lip on either
side of the midline (Figure 1). They are less unilaterally, medially or
bilaterally asymmetrical [4]. The sinuses penetrate the orbicularis oris
muscle and mostly communicate with the underlying minor salivary
glands, and are usually asymptomatic with intermittent or continuous
drainage of watery or salivary secretions. Hypotonia of the muscles of
the lower lip has also been described in DVWS, leading some authors
to suggest the existence of real central lip dysplasia [5].

Most reported cases of DVWS have been linked to the chromosome
1932-q41 (DVWS 1), however, a second locus (DVWS 2) has been
mapped to the chromosome 1p34 [6-9]. Kondo et al. have demonstrated
that mutations in the gene encoding of the transcription factor
interferon regulatory factor 6 (IRF6) cause DVWS. The IRF6-protein,
which plays a predominant role in embryological facial development, is
found in the medial edges of the paired palatal shelves around the time
of fusion [10].

The popliteal pterygium syndrome (PPS) (OMIM 119500) is an
uncommon malformation syndrome, which includes multiple defects
of the extremities, face and mouth and the genito-urinary system. This
uncommon disorder is considered to be autosomal dominant, though
autosomal recessive inheritance has been suggested [10]. The most
consistent malformations of this syndrome, in descending order of
frequency, are the popliteal pterygium (webbing of the skin extending
from the ischial tuberosities to the heels), cleft palate and/or lip, mostly
an extensive single lower lip pit with salivary drainage, genital anomalies
and synechia or syngnathia. The pterygium disorder presents with an
intra-familial variability [11-13].

Although the IRF6-related disorders span a spectrum from isolated cleft
lip and palate to severe end of webbing of ischial skin [13], and even the
popliteal pterygium syndrome share some cranio-facial features with
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Grandmother Mother Child
-
Gender Female Female Female
Position 3rd child (1) 3rd child (1) | 3rd child (1)
Cleft palate + + +
Cleft lip (b=bilat; u=unilat) +(b) +(b) +(u)
Lip pits (double,symmetrical) + + +
Synechia or syngnathia - - -
Popliteal web (minor,one leg) + - +
Syndactyly (foot) + + +
Nail anomalies (foot) + + +
Figure 1: Bilateral and symmetrical lower lip pit with unilateral complete cleft Ankyloblepharon ) ) B
lip and palate. Digital reduction - - -
E Intercrural web - - -
DVWS as part of this disorder, it is distinctly different. The clinical case Genital anomalies _ R ;

presented in this paper has features of both DVWS and PPS. The infant
and her two family members present with anomalies not previously
described in the literature. The management of this condition, based
on the protocol of the Facial Cleft Deformity Clinic, is presented in this

paper.

Epidemiology

DVWS has a variable expressivity and a high penetrance ranging
from 89% to 99%. The prevalence in general population varies from
1:35,000 to 1:100,000 live births [14]. This syndrome has been reported
as the most frequent chromosomal malformation in facial deformity
connected to clefts, accounting for 2% of all cleft lip and palate cases.
Clefts without mandibular lip pits occur in 5%, while pits without clefts
manifest in 64 % [8]. Lower lip pits, with or without cleft lip or palate, is
a cardinal sign of DVWS and present in 90 % of the cases [15].

Cleft palate with or without cleft lip presents in almost all cases of PPS
[12,16] and is most frequently accompanied by mandibular lip pits
[17,18]. Congenital synechia is a rare phenomenon with only a few
documented cases as an intraoral web [19]. The most striking feature
is the popliteal web of the lower leg, occurring in 57% to 84% of cases.
The pathognomonic deformity of the great toe consisting of a triangular
pterygium extending from the nail fold to the middle of the free margin
of the nail maybe found in 30% of the patients. Syndactyly is described
in 50% of the patients in PPS [12,16].

Patients and Methods

The medical and surgical records of 4182 cleft patients of the Facial Cleft
Deformity Clinic were reviewed. Data collection included sex, family
history concerning lip pits and cleft lip or palate and its variation, as
well as other associated malformations.

Seventy-one (1.70%) patients were diagnosed with DVWS, whereas
twelve (0.29%) with PPS and one patient (0.02%) as an interlinked
DVWS-PPS.

The interlinked DVWS-PPS patient’s family presented with the clinical
features of both DVWS and PPS and the malformations are partially
expressed in three females of different generations. The features of the
three affected individuals in this family, all females and each the third
and only child in the family, are summarized in Table 1.

Table 1: Features of family group with interlinked DVWS-PPS

The infant girl was born with a complete unilateral left-sided cleft lip
and palate, bilateral symmetrical lip pits on the vermilion portion of
the lower lip on either side of the midline and a contracture at the right
knee resulting from an underdeveloped or minor popliteal web (Figure
2).

The mother of the index case was examined and revealed scars of a
repaired bilateral cleft lip and palate as well as excised lower labial
pits. However, she presented with no popliteal web.

The physical examination of the grandmother revealed lip scars due
to the repaired bilateral cleft lip, scars at the repaired hard and soft
palate, and scars due the surgical removal of the lower labial pits. In
addition, a triangularly shaped redundant tissue was noted above
the great toe. A history of an underdeveloped or minor pterygium of
one leg, extending from the ischial tuberosity to the heel, which led
to a minor flexion contracture of the knee, was reported. A clubfoot
was operated on several times.

All three family members presented with a partial syndactyly
between the second and third toe, as well as with hypoplastic
toenails, involving one or three toes. A pyramidal-shaped (or
redundant) skin above the hallux nail of the big toe is present in all
three generations (Figure 3).

The grandmother, the mother and the infant girl were all third sibling
of each family unit in which no other family members were affected.
There was no apparent consanguinity between the grandmother and
husband and between the mother and her husband.

Molecular genetic analysis of the IRF6-gene performed in the
mother revealed a novel single copy sequence variant ¢.1270T>C;
p.Ser424Pro in the heterozygous state in exon 9 believed to be
disease causing. In-silico analysis and pathogenicity indicators of
this variant using Alamut Interactive Biosoftware indicated a highly
conserved nucleotide (amino acid). The other two affected family
members were not tested due to financial constraints.
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Figure 2: The popliteal web on the right leg and pyramidal-shaped (or
redundant) skin above the big toe of the baby infant.

Figure 3A: Grandmother and mother with scars of repaired bilateral
cleft lip and lip pits and the baby girl with unilateral complete cleft lip with
bilateral symmetrical lower labial lip pits.

Figure 3B: All three have partial syndactyly of their feet including hypoplastic
toe nails.

Treatment

The soft palate cleft of the baby girl was repaired at five months of age.
The hard palate cleft anterior nasal floor and unilateral cleft lip, as well
as lower labial lip pits were operated upon seven months of age. Simple
bi-elliptic excision of the labial lip pits was performed. Special care
was taken during the dissection not to damage the orbicularis muscle.
An optimal cosmetic result was achieved. Although the DVWS and
PPS are rare, the paediatric maxillofacial and paediatric orthopedic
surgeon should be involved in planning the care of patients with these
syndromes.

Discussion

Demarquay-van der Woude (DVWS) and Popliteal Pterygium (PPS)
syndromes are uncommon syndromes resulting from the mutations
of genes mapped to the chromosome 1q32-q41 or 1q34 [6-9]. The
genetic origin is traced to IRF6-gene which plays a predominant role in
embryological facial development and as such these two syndromes are
grouped under the description of IRF6-Related Disorders [13].

The medical and surgical records of 4182 patients of a large cleft lip
and palate clinic were reviewed. Data collected consisted of cleft type,
gender, associated mandibular lip pits and its appearances, family
history and other associated malformations.

Bocian and co-workers [8] reported an incidence of 2% DVWS of all
cleft lip and palate cases. This percentage can be confirmed for DVWS
and PPS together at 2.01% for this facial cleft deformity clinic with 71
(1.70%) patients as DVWS, 12 (0.29%) as PPS and one (0.02%) as an
interlinked DVWS-PPS.

Facial cleft deformity data of the clinic revealed 2537 (60.6%) White
Caucasians, 1389 (33.2%) Black Africans, 110 (2.6%) Cape Coloured,
134 (3.2%) South Asians and 12 (0.3%) East Asians. Furthermore,
the data was evaluated for the isolated cleft lip (CL), the cleft lip and
alveolus (CLA), the cleft lip, alveolus and palate (CLAP), the isolated
hard palate cleft (hP), the hard palate and soft palate cleft (hPsP), the
isolated soft palate cleft (sP) the COMBI cleft (i.e. isolated cleft lip and
isolated soft palate or partial hard and soft palate, with a bridged fusion
in between) and the oblique facial cleft. The data for the DVWS was as
follow: 14.1% (10) cleft lip and alveolus, 39.4% (28) cleft lip, alveolus
and palate, 33.8% (24) hard palate and soft palate cleft and 12.7% (9)
isolated soft palate cleft, whereas for the PPS the following was recorded
33.3% (4) cleft lip, alveolus and palate, 25.0% (3) hard palate and soft
palate cleft, 25.0% (3) isolated soft palate cleft and 16.7% (2) COMBI
cleft (Table 2). No isolated cleft lip is recorded for the DVWS and PPS.
All PPS cases had an involvement of the cleft palate with or without
a cleft lip, whereas in DVWS cases 85.9% had a cleft palate with or
without cleft lip involvement and 14.1% a cleft lip and alveolus. The
interlink case presented with a cleft lip, alveolus and palate.

The overall male to female ratio is 1.10: 1, however, for DVWS 1: 1.09
and for the PPS 1: 1.40. 16.4% (685) of facial cleft deformity patients
were diagnosed with a syndrome and 13.3% (555) have other genetic
variations that cannot be allocated to a specific syndrome. DVWS and
PPS together present 12.3% of all recorded syndromic patients.

The interlinked DVWS-PPS case in the family group of three presented
as a unilateral complete cleft lip, alveolus and palate of the left side
with bilateral symmetrical lower labial lip pits. In this family group, an
underdeveloped (minor) popliteal web was diagnosed in one leg only
in two of the three females, while a partial syndactyly was present in
all of them. This infant girl presented with features that are common to
both syndromes. There were overlapping deformities associated with
both DVWS and PPS in all three affected individuals who are females.
Lip pits typically associated with DVWS, bilateral and symmetrical,
were present in all three. The grandmother and the grandchild, but not
the mother has underdeveloped (minor) unilateral popliteal webs. All
three generations have partial syndactyly of the 2nd and 3rd toes and
hypoplastic toenails. The patient’s condition is an interlink between two
syndromes (Table 1).

DVWS and PPS are both associated by mutations in IRF6 which
belongs to a family of nine transcription factors [6]. More than 300
mutations associated with the clinical phenotype have been reported up
to date [21]. Mutations in patients with DVWS are missense mutations
in the DNA-binding domain, truncating mutations including whole
gene deletions and splicing mutations causing haploinsufficiency of the
IRF6-gene. PPS on the other hand are strongly correlated with missense
mutations involving the DNA-binding domain without affecting the
protein - binding activity or mutations causing the creation of cryptic
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Ciefts Clinic numbers| DVWS PPS Interlink
Total 4182 71 (1.70%) 12 (0.29%) | 1 (0.02%)
CL 5.8% (244) - - -
CLA 13.5% (566) | 14.1% (10) - -
CLAP 38.2% (1599) | 39.4% (28)  33.33% (4)  100% (1)
hP 0.9% (39) - - -
hPsP 17.2% (717) | 33.8% (24) = 25.0% (3) -
sP 18.5% (772) | 12.7% (9) | 25.0% (3) -
COMBI 4.1% (172) - 16.7% (2) -
Oblique facial 2.0% (85) - - -

Table 2: Cleft type distribution for DVWS and PPS.

splicing sites, which produce a dominant negative effect [22]. This
suggests that PPS-causing mutations have a different effect of IRF6
function than DVWS causing mutations. The majority of mutations in
DVWS are located in exons 3, 4, 7, and 9 and in PPS mutations are
present in exons 2, 4 and 9 [6]. The severity of the PPS phenotype
could also be partly due to other genetic and environmental factors.
Families with individuals with only DVWS and other members with
the additional features of PPS have been described [23]. As such, one
should consider whether the DVWS and PPS might be interlocked as a
single syndrome, connected to the chromosomes 1q32 and 1q34, with
variable expressions of features common to both syndromes.

Conclusion

The infant, in a family group of three females, and each the third
child in the family, has been identified as an interlinked DVWS-PPS.
This appears to be only the second report in the literature. This case,
including the description of the mother with her genetic test and the
grandmother, is of significant clinical importance since unique features
are found which combine DVWS and PPS, as well as the additional
not formerly described skeletal and facial anomalies. Furthermore the
molecular genetic analysis of the IRF6-gene performed in the mother
revealed a novel single copy sequence variant. It may well be that the
DVWS and PPS may be interlocked as single syndrome with various
expressions.
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