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A Novel Insertion in Exon 23 of the TCOFT Gene in a
Newborn Infant with Treacher Collins Syndrome
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Treacher Collins syndrome (TCS) is the most common and well known mandibulofacial dysostosis with characteristic clinical
features including downward slanting of palpebral fissures, coloboma of the lower eyelid, hypoplastic zygomatic arches,

micrognathia, macrostomia, microtia, and other deformities of the ears. TCS is caused by mutations in at least 3 genes involved
in pre-rRNA transcription: TCOF1, POLRID and POLRIC. We experienced a 1-day-old female infant with characteristic
clinical features of TCS. A novel, heterozygotic mutation within the TCOFT gene (c.3874_3875insG, p.Ala1292Glyfs*30) was

identified to cause a premature stop codon.
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Introduction

Treacher Collins syndrome (TCS; OMIM #154500) is the most
common mandibulofacial dysostosis, which occurs in 1:50,000
live births. It exhibits autosomal dominant inheritance with a
high degree of penetrance and variable phenotypic expression.
Characteristic clinical features include downward slanting of
palpebral fissures, coloboma of the lower eyelid with lack of
eyelashes medial to the defect, hypoplastic zygomatic arches,
micrognathia, macrostomia, microtia, and other deformities of the
ears. Conducting hearing loss and cleft palate are often present.
TCS results from mutations in the TCOF7 gene on 5g32-q33.1,”
which encodes the serinefalanine-rich protein named Treacle.”
Mutations observed in TCS result in the introduction of a premature
termination codon that can lead to truncation of the protein or
to nonsense-mediated mMRNA dec:ay.B'4J This suggests that the
developmental anomalies result from haploinsufficiency of the
ICOF1 gene.5] Recently, Dauwerse et al. conducted a genome-

wide copy number analysis on the patients who were negative
fora TCOFT mutation. They presents two additional susceptibility
genes related to this disorder-POLR1D,POLR 1C genes, which
encode subunits of RNA polymerases | and Ill, account for
approximately 9% of non-7COF1-related TCS.” We examined
a newborn infant with suspected TCS. Genetic testing for the
TCOF1 gene was performed, and a novel, heterozygotic mutation
(c.3874_3875insG, p.Ala1292Glyfs*30) in exon 23 of the TCOF1
gene was identified. In Korea, 9 cases were reported so far, however
genetic testing for TCS was not performed in any cases. This is the
first TCS case who diagnosed molecularly in Korea. Here, we report
the above case along with a brief review of the literature.

Case Report

We present the case of a newborn female infant with facial
and auricular malformation, who was referred to our center.
Pregnancy and family history were uneventful, and vaginal birth
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occurred at 38" weeks of gestation. She was the first child and
at birth, weighed 3,080 g (50th percentile), with a length of 48.5
cm (50th percentile) and a head circumference of 33 cm (25-50th
percentile). Apgar scores were 7 at 1 min and 9 at 5 min. Vital
signs atadmission were stable, and, especially, there was no signs
of respiratory difficulty. Clinical features included downward
slanting of the palpebral fissures, blepharophimosis, hypoplasia
of the zygomatic bones, mild macrostomia, micrognathia and
retrognathia, microtia and hypoplasia of the middle ear on the
right side. The chest showed symmetric expansion and lung
sound was clear, the abdomen is soft and flat and abnormal
structure of extremities was not found. Auditory brainstem
response (ABR) and otoacoustic emissions (OAE) tests were
performed to evaluate hearing ability and bilateral conductive
hearing loss was observed. To evaluate any concomitant
anomalies, echocardiography, abdomen sonography, and an
ophthamalogic examination were performed, and the results
showed no abnormal lesions. Genetic testing was performed
to diagnose TCS molecularly. DNA was isolated from peripheral
blood leukocytes of the patient. The coding regions and
intron/exon boundaries of the TCOFT gene were amplified
by polymerase chain reaction (PCR) by using specific primers
under optimal conditions. The analysis demonstrated a novel
heterozygotic mutation, ¢.3874_3875insG, p.Ala1292Glyfs*30,
in exon 23 of the TCOFT gene (Fig. 1), which was found to be a
frameshift mutation resulting in a premature stop codon 30
amino acids after the mutation. TCS was molecularly confirmed.
Appropriate institutional review board approval for this study
was obtained from the Ethics Committee at Eulji General
Hospital. Written informed consent was obtained before blood
draws for the collection of sample and subsequent analysis.
However, we didn't perform the genetic testing and counseling
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for parents due to refusal. The patient was discharged at 7 days
after birth wihout respiratory and feeding problem.

Discussion

TCSisan autosomal dominant disorder that affects craniofacial
[tis thought
to be caused by impaired development of structures derived
from the first and second brachial arches. TCS is also known as

morphogenesis during early embryogenesis.”

Franceschetti-Klein syndrome and mandibulofacial dysostosis.

In approximately 81-93% of patients, TCS is caused by mu-
tations in the TCOF1 gene.*® Interfamilial and intrafamilial
phenotypic variability is high and there are no direct genotype-
phenotype correlations in cases of TCOF1 mutations.” The
syndrome results from sporadic mutations in 60% of cases,
whereas it hasa familial history in the other 40%.” Thus far, more
than 240 mutations in the 7COFT gene causative of TCS have
been described along 28 exons.”™ The TCOF7 gene mutations
include small deletions (499%), missense/nonsense (22%), small
insertions (129%), splicing (10%), gross deletion (3%), small indels
(29%)." Nucleotide changes were divided in three functional
categories: those that produce a premature stop codon, missense
changes, and changes at splice sites. Pathogenic mutations in
the 7COFT gene were reported throughout its coding region
and, with the exception of a 5-bp deletion in exon 24, are usually
family-specific."” The majority of mutations responsible for
TCS are localized in exons, mainly in hot spots in exons 10, 15,
16,23, and 24.” In a recent study about novel mutations of the
TCOF1 gene in European patients with TCS, 12 novel mutations
were described ; small deletions (10/12), dupulication (1/12),
substitution (1/12). And they confirmed that exon 24 as hot

AGAAGA.’,G.’A&G;\AGCTGGGGG;CGGGGA;‘aGGTGGGGAG

Fig. 1. Partial sequencing of the TCOFT gene. The patient carries a novel heterozygous
mutation, ¢.3874_3875insG, p.Ala1292Glyfs*30.
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spot of the 7TCOF7 gene because the ¢.4366_4370delGAAAA is
the most frequent mutation they found it in 3 of 16 affected
patients. That is probably due to the high repetition of adenines
making exon 24 region prone to polymerase slippage in
DNA replication.'” The TCOFT gene encodes the nucleolar
phosphoprotein, Treacle, which is involved in ribosomal
biogenesis and shows peak expression in the neural crest cells
of the brachial arches." Haploinsufficiency of the TCOFT gene
leads to reduction in Treacle levels and thus insufficient ribosome
biogenesis, thereby restricting the cell cycle progression of these
highly proliferative cell populations, which causes reduced
proliferation, cell cycle arrest, and high rates of apoptosis."”
General cranioskeletal hypoplasia occurs due to generation of
insufficient neural crest cells.

In Korea, Kim et al." reported the first TCS case in 1974
and Cho et al."” reported a case of familial TCS in 24-year-old
mother and 2-month-old male baby diagnosed by typical facial
appearance. So far, total 9 of case reports published about their
characteristic clinical features, respiratory problems such as an
anatomical airway abnormality and difficulty of intubation,
feeding problem and plastic repair. However genetic testing
was not performed in any cases. Thereby, it is difficult to analyze
correlation between the phenotype and the genotype in Korea.
According to literature, there is lack of correlation between
the phenotype and the type, the size and the location of the
mutation.*"”

Molecular diagnostics plays a significant role for patients
with TCS, in both the prenatal and postnatal stages. However,
itis impossible to predict how severely affected a fetus may be
because there are no genotype/phenotype correlations. Con-
sequently, ultrasonography is a useful tool for prenatal diagnosis
because this technique may provide information regarding
the severity of the fetal condition, as well as being useful for
evaluating fetal progression.m)

AsTCS issuch a highly complex disease, treatment of individuals
with TCS should be tailored to the specific needs of the individual,
preferably by a multidisciplinary team consisting of pediatricians,
geneticists and craniofacial surgeons. Airway assessment should
be the priority, followed by oropharyngeal repair and midface
reconstruction. Auricular repair and bone-assisted hearing
aid placement should be carried out in late childhood. Finally,
definitive skeletal repair should be completed.m)

In conclusion, molecular genetic approaches are very useful
for confirming TCS in newborn infants clinically suspected with
TCS. In cases with familial history of TCS, molecular genetic
approaches could be used for prenatal diagnosis.
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