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1. Abstract

IRF6-related syndrome is a group of cleft lip and palate disorders
including Van der Wood Syndrome (VWS) and Popliteal Pteryg-
ium Syndrome (PPS). People with VWS are at the lowest end of
the spectrum. They can have cleft lip or palate or cleft palate or a
combination of these abnormalities. People with PPS usually have
cleft lip, cleft lip, or cleft palate, with additional skin and limb
abnormalities, including dark skin on the back of both feet (papil-
lary) and between the legs (between the veins), deformity, or ab-
normalities of the device. Mutations in the interferon-6 regulatory
factor (IRF6) gene, located on the long arm of chromosome 1 at
1q32.2, have been linked to IRF6 syndrome.

2. Generalities of IRF6 Related Syndrome

IRF6-related syndrome is a group of cleft lip and palate disorders
including Van der Wood Syndrome (VWS) and Popliteal Pterygi-
um Syndrome (PPS). People with VWS are at the lowest end of the
spectrum. They can have cleft lip or palate or cleft palate or a com-
bination of these abnormalities. People with PPS usually have cleft
lip, cleft lip, or cleft palate, with additional skin and limb abnor-
malities, including dark skin on the back of both feet (papillary)
and between the legs (between the veins), deformity, or abnormal-
ities of the device. Genital warts are swollen or swollen fingers or
toes (syndactyly), maxillary and mandibular adhesions (intraoral
adhesions), and upper and lower eyelids (ankylobulpharon). The
conical crease of the skin on the thumb nail is one of the definite
findings in PPS [1, 2] Figure 1.

-

Figure 1: Images of patients with IRF6-related syndrome.
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3. Clinical Signs and Symptoms of IRF6 Related Syn-
drome

The symptoms of IRF6 syndrome vary greatly from person to per-
son. Some people with the disease may have mild clinical symp-
toms, while others may have a more severe form of the disease
(variable expression) [1, 3].

People with VWS can have lip sores, cleft lip or cleft palate alone,
or a combination of these abnormalities. Lip sores are usually
formed as a pair of dimples on the lower lip. In less common cases
in VWS, a person may develop lip cone, lip pit, partial missing
teeth, incomplete cleft palate, and limited tongue movement (an-
gioglossia) [1, 3].

People with PPS typically have a thick network of skin on the back
of both feet that extends from the hip (isial tuberosity) to the heel.
In some patients, this abnormal thick skin network may be present
on one foot (unilateral). Because full leg stretching may be limited
or the legs may rotate abnormally (in or out), this may make it
difficult to walk [1, 3].

In most patients, dark skin may also be present between the legs
in the upper thigh area (intermittent fingernail). Some joints may
become permanently bent (joint contraction), especially the knees.
Babies with PPS may also have swelling or swelling of one or
more toes and / or toes (syndactyly), and some children may have
a triangular (pyramidal) crease in the toenails, especially the big
toe. To cover. There may also be dimples on the skin of the elbows
and knees [1, 4].

PPS may also be associated with facial abnormalities, including
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incomplete closure of the roof of the mouth (cleft palate) or upper
lip (cleft lip) in most infants. Children with cleft palate may also
be prone to recurrent middle ear infections (otitis media). Children
with PPS may have abnormal bands of fibrous tissue on the gums
(gums) or between the upper (maxillary) and lower (mandible)
bones of the jaws (syngenatia), which can cause problems with
opening the mouth. In addition, some people with the disease may
have abnormal fibrous tissue that connects the edges of the eye-
lids (filiform ankylosing spondylitis) and may show limited tongue
movement (angioglossia). Many of these facial abnormalities, es-
pecially cleft palate, can contribute to eating problems, breathing
problems, or speech disorders. [1, 4] Figure 2.

People with PPS may also have genital abnormalities. In some
women, two long folds of skin on either side of the vaginal open-
ing (large lips) or uterus may not have grown (hypoplastic). In
some patients, the clitoris may not grow enough. In some men with
this disorder, the scrotum may split abnormally (bifid). In rare cas-
es, the scrotum may be small (hypoplastic) or absent, leaving the
testicles in the abdomen (undescended testicles). In approximately
40% of men with testicular disorder, the testicles may also not be
able to descend from the abdomen to the scrotum (cryptorchidism)
[1,5].

In severe cases of PPS, abnormalities of the hands and feet (limbs)
may be present, including the absence (agenesis) or insufficient
growth (hypoplasia) of the fingers or toes, abnormal bending of
the outside (valgus), or Bending inside (varus) of the foot, or de-
formity (dysplasia) of the nails. It is worth noting that growth and
intelligence are usually normal in IRF6 syndrome [1, 5].

Figure 2: Images of disorders associated with IRF6-related syndrome.
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4. Etiology of IRF6-Related Syndrome

Mutations in the interferon-6 regulatory factor (IRF6) gene, locat-
ed on the long arm of chromosome 1 at 1q32.2, have been linked
to IRF6 syndrome [1, 6].
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IRF6-related syndrome follows an autosomal dominant inheri-
tance pattern. Therefore, a copy of the IRF6 mutant gene (either
parent) is required to cause the syndrome, and the chance of hav-
ing a child with the autosomal dominant syndrome is 50% for each
possible pregnancy [1, 6] Figure 3.
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Figure 3: Schematic of chromosome 1 where the IRF6 gene is located in the long arm of this chromosome as 1q32.2.

5. Frequency of IRF6-Related Syndrome

VWS is the most common cause of a single cleft lip and palate
gene. The prevalence of this syndrome in Europe and Asia is es-
timated at 1 in 35,000 to 1 in 100,000. The prevalence of PPS is
approximately 1 in 300,000 [1, 7].

6. IRF6-Related Syndrome Disorders

The symptoms of the following disorders may be similar to those
of IRF6 syndrome. A comparison may be useful for the differential
diagnosis of this syndrome:

Van der Woude 2 Syndrome (VWS2) is an autosomal dominant
cleft palate disorder that is almost identical to VWS. They differ in
two ways. First, the phenotypic spectrum of VWS?2 is the same as
VWS. Therefore, it is impossible to distinguish an individual case
of VWS from VWS2 based on clinical criteria alone. However,
people with VWS2 are more prone to cleft palate and less likely
to develop cleft lip and palate. Second, VWS2 is a GRHL3-related
disorder because it is caused by a mutation in the gene encoding
the GRHLS3 transcription factor. While 70% of VWS cases are due
to mutations in IRF6, 5% of VWS cases are due to mutations in
GRHL3 [1, 8] Figure 4.

Kabuki Syndrome, also known as Nikawa-Kuruki Syndrome, is
a rare genetic disorder characterized by mental retardation, short
stature, unusual facial features (reminiscent of Kabuki makeup in
Japanese theater), skeletal abnormalities, and prominent skin pat-
terns on the fingers. Hands, toes, and palms are marked. Disorders
of the palms of the hands and soles of the feet, cleft lip and palate
are relatively common findings in Kabuki syndrome. In addition,
cases of Kabuki syndrome, cleft palate, and cleft lip have been
reported, as seen in IRF6 syndrome [1, §].

Hirschsprung's Disease (HSCR) is characterized by aganglonic
megacolon. However, it has been reported that the cases include
cleft palate and in one case, cleft palate and lip cavity [1, 9].

Oro-Facio-Digital syndrome (OFD) is a predominantly X-related
disorder that is fatal in men. Affected women have a highly vari-
able phenotype characterized by abnormalities of the mouth, face,
and fingers, and can include kidney and brain abnormalities. Oral
abnormalities include an arched palate or cleft palate or cleft lip.
In one reported case, an infected person had an internal pit in the

lower lip [1, 9].
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Branchio-Oculo-Facial Syndrome (BOFS) is a very rare genetic
disease that is evident from birth (congenital). This disorder may
be characterized by low birth weight. An abnormal pit, seen as
a cleft lip, or a tumor-like skin abnormality (hemangiomatous or
atrophic skin lesion) occur behind both ears (postauricular area) in
this syndrome. Specific abnormalities in the head and face (skull
and face); Eye abnormalities; Premature graying of the scalp
during adolescence or other abnormalities also occur in this syn-
drome. Some people with BOFS have cleft lip or cleft palate, while
others may have unusually wide, prominent upper lip protrusion
(filtrum) that resembles surgery-repaired cleft lip. Additional skull
and facial abnormalities may include a large, dysplastic nose and
defective ears. In people with this disorder, characteristic eye ab-
normalities may include abnormally small eyes (microphthalmia).
Blurring of the lenses of the eyes (cataracts); Congenital ocular
stenosis (congenital strabismus); Wide distance of eyes from each
other (hyperthermia); Or the absence of tissue (coloboma) from
the colored part of the eye (iris), gives the iris an appearance like
a "keyhole". BOFS is inherited as an autosomal dominant genetic
trait [1, 10].

Bartsocas-Papas syndrome is a disorder that can include cleft lip
or palate and dark skin similar to that seen in PPS. This is a more
severe phenotype and in some cases, but not all, is fatal. This is an
autosomal recessive inherited pattern and has been shown to have
mutations in the RIPK4 gene, at least in some cases. In addition,
a recent molecular study showed that RIPK4 activates IRF6 func-
tion [1, 11].

Isolated cleft lip and palate (iCLP), also called non-syndrom-
ic cleft lip and palate, is a disorder that involves only the cleft
lip and palate and has no other abnormal features of a syndrome.
Isolated CLP is special because it is related to IRF6 syndrome in
two phenotypic and genotypic ways. This is phenotypically relat-
ed because up to 15% of people with VWS do not have dimples.
Because these people with VWS only have an oral-facial cleft,
their phenotype is the same as that of people with iCLP. In most
cases, they were diagnosed with VWS because another affected
family member had a lip sore with a cleft lip. Therefore, physi-
cians can diagnose these two disorders only by careful analysis
of the family tree. Isolated CLP is genotypically related to IRF6

syndrome because common types of DNA in IRF6, although not
3
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causing IRF6-related syndrome, can increase the risk of cleft lip
and palate. The role of IRF6 mutations in iCLP is less clear due
to the phenotypic overlap between iCLP and IRF6-related syn-
drome. Data from 2472 families identified rare IRF6 mutations in
0.24-0.44% of apparently iCLP families. The ability to distinguish
between autosomal dominant disorders associated with IRF6 and
iCLP is significant because the risk of recurrence for an individual
with iCLP (3%) while much higher than the general population
risk (0.1%) is much lower than the risk of recurrence [1, 12].
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Figure 4: Schematic of the dominant autosomal inherited pattern that
IRF6-related syndrome follows.

7. Diagnosis of IRF6-Related Syndrome

The diagnosis of IRF6 syndrome is based on physical characteris-
tics confirmed by molecular genetic testing. If a baby is born with
cleft lip or palate, a diagnosis of VWS should be considered, even
if there are no cleft lip and palate. However, the current method
does not include the IRF6 sequence for such individuals because
the cost is very high and the performance is very low (<0.5). Mo-
lecular genetic testing can be used to confirm a diagnosis based
on physical characteristics. Traditionally, molecular genetic test-
ing of the Sanger method has been used to sequence each of the
9 IRF6 exons. For VWS, more mutations were detected in exons
3, 4, 7 and 9, suggesting a two-tier method for optimal screen-
ing. For PPS, almost all mutations were detected in exons 3, 4,
and 9, and a rationale for a two-tier screening method is provided.
In addition, mutations in MCS9.7 were observed in a family with
VWS. MCS9.7 is a 600 bp sequence that is 9.7 KB upstream of
the IRF6 gene. Studies have shown that MCS9.7 is an amplifying
element, a DNA sequence that acts as a regulatory key to the pro-
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duction of IRF6 gene products. Mutations detected in this VWS
family reduce MCS9.7 enhancer activity, suggesting that it may
be the cause of the phenotype in infected individuals. Thus, recent
molecular genetic testing protocols include the MCS9.7 region.
To date, approximately 70% of people with VWS have detectable
mutations in the IRF6 gene. Approximately 97% of people with
PPS have detectable mutations in the IRF6 gene [1, 13].

If the suspected diagnosis of IRF6-related disorder is not molecu-
larly confirmed, there are at least two hypotheses for the inability
to detect all mutations. First, traditional methods for molecular
genetic testing do not screen the entire IRF6 and surrounding re-
gion for mutations in potential regulatory sequences. In support
of this hypothesis, a highly penetrating mutation in the MCS9.7
amplifier of IRF6 was detected in a family with VWS. Second,
mutations in other genes may be IRF6-related phenotypes in some
families. This includes 5% of VWS families that have mutations in
the VWS2 locus in GRHL3 and 2-3% of PPS cases with mutations
in RIPK4 or other genes associated with this syndrome (e.g., SFN
and IKKA). Over time, molecular genetic plates are becoming
next-generation sequencing platforms that allow the sequencing
of whole organisms (all exons in the genome) and whole genomes.
These platforms provide a more complete evaluation of the IRF6
gene and regulatory elements in order to detect any mutations in
the IRF6 syndrome [1, 14].

If the diagnosis of IRF6 syndrome is confirmed, the affected per-
son should have a thorough physical examination to determine if
they have any symptoms of the disorder. For example, the pres-
ence of an abnormality in the lower lip or the presence of a pyra-
midal skin fold on the toenail [1, 15].

If an IRF6 gene mutation is detected, prenatal diagnosis and pre-
implantation genetic diagnosis are available for IRF6 syndrome.
Molecular genetic testing for IRF6 gene mutations can be per-
formed on amniocentesis-induced embryonic cells at 18-16 weeks
of gestation or placental aberrations at 12-12 weeks of gestation.
Pre-implantation genetic diagnosis involves in vitro fertilization
and testing for gene mutations in blastocyst-derived cells. Only
embryos that do not have mutations are implanted [1, 16].

8. Treatment Routes for IRF6-Related Syndrome

Genetic counseling is an important intervention for sufferers and
their families. The risk of recurrence for IRF6-related disorders is
up to 50%, as expected for autosomal dominant inheritance with
high permeability. In addition, a specific set of mutations in the
IRF6 gene (unpleasant mutations that alter amino acids predicted
to interact directly with DNA) are associated with PPS, but are
not identified. In other words, people with VWS who have one
of these PPS-related mutations are potentially at risk of having a
child with a more severe PPS phenotype. Conversely, people with
PPS can have a child with a low-intensity VWS phenotype. At this
time, the factors that modify the phenotype in both directions are
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unknown. Thus, while the risk of having a child with IRF6 syn-
drome is predictable, the severity of the phenotype for children at
risk is unpredictable [1, 17].

Cleft lip and palate are treated with surgery and orthodontics. Peo-
ple with cleft palate usually need speech therapy and hearing tests.
Lip pits can be surgically cut for cosmetic or lip function reasons
[1,17].

Treatment for PPS is specific to the symptoms that are specific to
each individual. Treatment may require the coordinated efforts of
a team of specialists, including pediatricians; Plastic, orthopedic
and maxillofacial surgeons, speech pathologists; And specialists
who treat the ear, nose and throat (ENT specialists) may need reg-
ular and comprehensive planning to diagnose and treat the affected
child [1, 18].

Dark skin on the back of the legs (papillary) may be removed sur-
gically. Corrective surgery should be performed as soon as possi-
ble because the skin networks may limit the injured person's ability
to stretch their legs and inhibit normal gait. In many cases, how-
ever, surgery can be complicated because it can block nerves (for
example, the sciatic nerve and its branches) and blood vessels that
run down through the legs (vascular bundles). Is located in the skin
tissue. In these cases, surgeons must remove the nerves and blood
vessels from the extra skin and try to place them in their natural
place inside the legs [1, 19].

The extra skin network between the legs may also be surgically re-
moved, as it may limit a person's ability to open and close the legs
and move the legs independently, interfering with normal walking.
Swelling or fusion of one or more fingers or toes (syndactyly) may
also be corrected with surgery [1, 19].

Abnormal fibrous fibers of the mouth (oral syncytia), such as those
that connect the jaws (syngathia) or the gums (synechiae gums)
and abnormal fibrous tissue that connects the edges of the eyelids
(ankyloblepharon phylliform) It may also be corrected with sur-
gery [1, 20].

Surgery may also be performed to correct genital abnormalities
that may be associated with PPS but lead to infertility. In women,
plastic surgery may help regenerate the vagina and related struc-
tures (big lip, clitoris). In men, surgery can be performed to trans-
fer the undescended testicles to the scrotum and attach them to
prevent them from contracting (archipexia). Plastic surgery may
also be performed to correct the abnormal division of the scrotum.
Treatment with an endocrinologist may be necessary to remove
any small penis (micropenis) that may be present [1, 21].
Movement support (dynamic splint) or surgery may be used to
treat joint contractions. Physiotherapy is also useful for children
with joint contractions [1, 22].

A team approach for infants with the disorder may be helpful and
may include special social support, speech therapy, physiotherapy
and other medical services. Other treatments are symptomatic and
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supportive. All babies born with cleft lip and palate are best moni-
tored by a cleft or skull and face medical team [1, 22].

9. Discussion and Conclusion

People with VWS are at the lowest end of the spectrum. They can
have cleft lip or palate or cleft palate or a combination of these
abnormalities. People with PPS usually have cleft lip, cleft lip, or
cleft palate, with additional skin and limb abnormalities, includ-
ing dark skin on the back of both feet (papillary) and between the
legs (between the veins), deformity, or abnormalities of the device.
Genital warts are swollen or swollen fingers or toes (syndactyly),
maxillary and mandibular adhesions (intraoral adhesions), and up-
per and lower eyelids (ankylobulpharon). Van der Woude 2 Syn-
drome (VWS2) is an autosomal dominant cleft palate disorder that
is almost identical to VWS. They differ in two ways. First, the phe-
notypic spectrum of VWS2 is the same as VWS. Therefore, it is
impossible to distinguish an individual case of VWS from VWS2
based on clinical criteria alone. However, people with VWS2 are
more prone to cleft palate and less likely to develop cleft lip and
palate. Genetic counseling is an important intervention for suf-
ferers and their families. The risk of recurrence for IRF6-related
disorders is up to 50%, as expected for autosomal dominant inher-
itance with high permeability. Treatment may require the coordi-
nated efforts of a team of specialists, including pediatricians; Plas-
tic, orthopedic and maxillofacial surgeons, speech pathologists;
And specialists who treat the ear, nose and throat (ENT specialists)
may need regular and comprehensive planning to diagnose and
treat the affected child. Surgery may also be performed to correct
genital abnormalities that may be associated with PPS but lead to
infertility. In women, plastic surgery may help regenerate the vagi-
na and related structures (big lip, clitoris). In men, surgery can be
performed to transfer the undescended testicles to the scrotum and
attach them to prevent them from contracting (archipexia) [1-22].
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