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Abstract. Treacher Collins syndrome (TCS) is a severe
congenital disorder characterized by craniofacial malforma-
tions, including cleft palate, hypoplasia of the facial bones,
downward slanting of the palpebral fissures and malformation
of the external and middle ear. Worldwide, 90% of cases of
TCS are caused by mutations in the TCOFI gene, which are
inherited via an autosomal dominant pattern, while <2% cases
are caused by POLRID and POLRIC genes, which are inher-
ited via autosomal dominant and autosomal recessive patterns,
respectively. The present study describes the clinical findings
and molecular diagnostics of a Chinese family with TCS. TCS
was diagnosed in a 9-year-old female Chinese proband and her
mother, while no craniofacial abnormalities were apparent in
other family members. Exons of the TCOFI gene and segrega-
tion analysis were used to examine causative mutations using
the Sanger sequencing approach. A single novel heterozygous
mutation in TCOFI exon 3 splicing site c.165-1G>A was
detected in the proband. Furthermore, the same mutation was
identified in her mother, but not in other family members.
These results suggest that ¢.165-1G>A is a novel heterozygous
mutation of the TCOFI gene that caused the development of
TCS in the proband and her mother. The TCOF mutation that
was identified in proband was inherited from her mother and
so can be considered as de novo mutation.
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Introduction

Treacher Collins syndrome (TCS) is a severe congenital
disorder characterized by craniofacial malformation that
occurs in 1 out of 50,000 live births (1-4). The condition
was first described by Thompson in 1846, however TCS was
named after E. Treacher Collins, who described the essential
components of the condition in 1900 (5). The first extensive
review of the condition was performed by Franceschetti and
Klein in 1949, who used the term mandibulofacial dysostosis
(MFD) to describe relative clinical features (6-8). The major
characteristics of TCS include cleft palate, hypoplasia of the
facial bones, the mandible and zygomatic complex, down-
ward slanting of the palpebral fissures and malformation of
the external and middle ear (9-12). Patients affected by TCS
require management strategies or treatment plans for hearing,
respiration, a variety of malformations, bad overall quality
of life and mental health, which describes a great burden to
individuals, families and society (13).

TCOFI mutations occur in >90% of cases of TCS and
are inherited via an autosomal dominant pattern (12).
Over the past decade, two additional gene mutations have
been reported in <2% of TCS patients: POLRID, which is
autosomal dominant, and POLRIC, which is inherited via
autosomal recessive pattern (14-17). Furthermore, >60%
of patients with TCS have no previous family history of
the disease and TCS arises as the result of de novo muta-
tions (6,17). Affected individuals may transmit the defect to
each child with a 50% probability according to Mendelian
laws of genetics, which emphasizes the importance of genetic
counseling to affected individuals (5). In the present study,
the clinical findings and molecular diagnosis of a Chinese
family with TCS are reported.

Materials and methods

Patients. A 9-year-old Chinese girl (the proband; Fig. 1) and
her 40-year-old mother (Fig. 2) from Jiangsu, China, were
diagnosed with TCS based on a physical examination in
December 2013 at the Department of Otolaryngology Head
and Neck Surgery, Chinese PLA 97th Hospital (Beijing,
China). No craniofacial abnormalities were apparent in the
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proband's father, sister or maternal grandfather, grandmother,
aunts or uncle.

Based on the physical examination of the proband, the
following clinical features were observed: Conductive hearing
loss, microtia, hypoplasia of the middle ear with concomitant
atresia of the external auditory canal, narrow nasal cavity,
soft palate drooping downward, downward slanting of the
eyelids, hypoplasia of the zygomatic bone, mandibular hypo-
plasia, coloboma with eyelashes absent in the medial part
of the eyelids and funnel chest. Similar features, but with a
lower level of clinical severity, assessed by slight deformity,
including mandibular and zygomatic hypoplasia; partial
absence of lower eyelashes; and coloboma of the lower lateral
eyelid, were detected in her mother. In addition, the proband
and her mother used hearing aids and were undergoing speech
therapy. The family pedigree is presented in Fig. 3.

The present study was approved by the General Hospital
of PLA Clinical Human Research Ethics Committee (Beijing,
China). All participants provided written informed consent
and all procedures complied with the Declaration of Helsinki.

Sanger sequencing. Following the physical examination,
peripheral blood samples (3-5 ml) were collected from the
elbow vein of the subjects, including the proband and the sister,
father, mother, maternal grandfather and maternal grand-
mother. Blood samples were stored at 4°C for DNA extraction
within 3 days or at -80°C for a longer storage times. DNA was
extracted from peripheral blood samples using the AxyPrep
DNA blood Midi kit (Axygen; Corning Incorporated, Corning,
NY,USA) according to the manufacturer's protocol. All TCOF 1
exons were sequenced to identify the causative mutation in the
proband. A total of 27 exons of TCOFI were amplified using
polymerase chain reaction (PCR) under optimal conditions.
Specific primers were designed using Primer3-v.0.4.0 online
software (http://bioinfo.ut.ee/) (Table I).

PCR amplification was performed in a 25 pl reaction
volume using the Tag PCR Master mix (Biomed Gene
Technology Co., Ltd., Beijing, China) according to the manu-
facturer's protocol. Thermocycling conditions were as follows:
Denaturation at 95°C for 5 min followed by 14 cycles of 95°C
for 30 sec, annealing at 60°C for 30 sec and extension at 72°C
for 45 sec, followed by 21 cycles at 95°C for 30 sec, annealing
at 56°C for 30 sec and extension at 72°C for 45 sec. The reaction
was completed with a final extension step at 72°C for 7 min.
PCR products were purified and sequenced. Sequencing was
performed according to the manufacture's protocol using an
ABI PRISM Big Dye Terminator v3.1 Cycle Sequencing-ready
Reaction kit (Applied Biosystems; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) with an ABI 3130 Genetic analyzer
(Applied Biosystems; Thermo Fisher Scientific, Inc.).

Mutational analysis. Sanger sequencing reads were mapped
to a human genome reference sequence (hgl9; University
of California, Santa Cruz, CA, USA) using the Mutation
Surveyor (v.5.0.2; SoftGenetics, LLC, State College, PA,
USA). Consequently, the frequency of each variant was
obtained from dbSNP database (version 132, https:/www.
ncbi.nlm.nih.gov/snp/); all variants with a frequency >1% were
filtered. Finally, the possible causative variants were predicted
using the combined annotation dependent depletion tool
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Figure 1. (A) Facial and (B) ear malformations observed in the proband.
Microtia, narrowed nasal cavity, downward slanting of the eyelids, hypo-
plasia of the zygomatic bone, mandibular hypoplasia and coloboma with
eyelashes absent in the medial part of the eyelids were observed.

Figure 2. Facial features of the mother. Narrowed nasal cavity, downward
slanting of the eyelids, hypoplasia of the zygomatic bone, mandibular hypo-
plasia and coloboma with eyelashes absent in the medial part of the eyelids
were observed.
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Figure 3. Family pedigree. Squares indicate males, circles indicate females.
Black shading indicates a patient with Treacher Collins syndrome.

(http://cadd.gs.washington.edu/) for missense variants. To vali-
date candidate mutations, phenotype-genotype co-segregation
analysis was performed in family members, including the
proband and the sister, father, mother, maternal grandfather
and maternal grandmother, using the Sanger sequencing
results (Figs. 3 and 4).
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Table I. Self-designed primers used for TCOFI gene amplification and sequencing.

Exon Direction Sequence (5'-3") Length (bp)

1 Forward GAAAGAGGAGCCGGAAGTGT 397
Reverse ACTGAAGTCGCAGTGGGAAG

2 Forward CCTCTTCTGAACCACCTGTCTA 233
Reverse CTTATTCCAAGCTGAGTTGCTT

3 Forward TGCCTATACTGTGTTTTCACCA 392
Reverse CCCAGGGTCTTTTAGGTCTTCT

4 Forward ACAGAGCTCATTCCTGCAAGTC 381
Reverse TAAGATCCCACAACTGGTGACA

5 Forward TTGAAGGGGTAGTTTACCCAAA 275
Reverse CCCTCGTCTAGGTGATGAGAAA

6 Forward CTTTGATGAGCAGCTGGTTT 228
Reverse AGGTTCCTGGAAGGGTTAGAG

6A Forward AAGCCTTGTGTACTTTTCTGGA 486
Reverse AGAGGTGCTCATGGCAGAGT

7 Forward GTGTGGCCAAAGTATCAGTCAA 497
Reverse ACACAGTGAGAGGGGAGTAAGG

8 Forward GGACTTGTTCTCCCACTCTGG 500
Reverse GAAACAGGATGAGGGGAGAG

9 Forward GAATCGGACAGTGAGGAGGAG 455
Reverse GGAAAAGTCAAAACCACAGGAG

10 Forward CCTGTGGTTTTGACTTTTCCTC 500
Reverse GAGATACACAGGATCGGGAGAG

11 Forward ACCTCACACTGGGACTCTGTCT 480
Reverse GGAATTTTCAGAGCTGGTTTTG

12 Forward ATGGACAACTCGGAGAGCAG 587
Reverse GACAAGGGGAAGAGAGGTGTC

13 Forward GTGAGGCCTGTGTTTTCTGG 400
Reverse CTGAGGCTTCTGCACACCTG

14 Forward CTCAGGTTCACACGCCTATTG 399
Reverse CCCCACTATGGCACAACTCT

15 Forward GGTAGAGAGGAGGACCAGTCAC 485
Reverse AGCTCTGATCTGGTGGGTCTT

16 Forward TAACACCTTTGCCACATCCA 388
Reverse GCCTCCCAAAGTGCTAGGAT

16A Forward CCGACCACGTGCTTATCC 246
Reverse ATGGCGAGATTTTCCCTATG

17 Forward GTGGACCCTTTGCCTTGTAA 373
Reverse ACTCAGCCAGTGTCCTGTCC

18 Forward GCTCTAGATCACCAGCACAGG 393
Reverse TAGGAGGCCAGAAAGCCTCT

19 Forward CAGTTTTGCCCCTTTGACTG 359
Reverse CAAACCAAGTGCAGAGGTCA

20 Forward CATGTGTGCCCCATCTAACA 474
Reverse TACAGGTGGGGAAACTGAGG

21 Forward GTGAGGGACCTGCAGAGAGA 270
Reverse CTGAGGGATCGGGTAGACAG

22 Forward AGGGCAGGGTGATCCTAGAG 298
Reverse CTGTTTTAGGGGACAACATGC

23 Forward ATTGGTGGAAAGGTGTGAGC 837
Reverse AGGAATGAGACCAGGTGCTG

24 Forward CTGGGATTGCAGGAATGAAC 398
Reverse GGTGTGTCACAACCCCTGAC

25 Forward CGCTGCAGACCCAGTATCTA 250

Reverse TCAGGTCTGCCTGGCTCTCT
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Figure 4. Pedigree and sequence analysis of T7COFI mutations in (A) P and her (B) mother, (C) father, (D) sister, (E) grandfather and (F) grandmother. The
results of Sanger sequencing demonstrate heterozygous mutations in P and her mother. P, proband.

Results

Clinical features. Prominent TCS features were observed
in the proband (Fig. 1). Furthermore, similar features with
lower clinical severity were observed in her mother, including
conductive hearing loss and deformities in face and ear (Fig. 2).

Sequencing and diagnosis. One novel heterozygous mutation
was identified in the TCOF1 exon 3 splicing site c.165-1G>A
(Fig. 4) of the proband and her mother. Furthermore, segrega-
tion analysis confirmed the co-segregation of this TCOF exon
3 coding region mutation (Fig. 4). No apparent craniofacial
abnormalities were observed in the other family members
assessed. In addition, their hearing was normal and there were
no changes in this coding region post-sequencing (Fig. 4).

Discussion

TCS is associated with autosomal dominant mutations
in the TCOFI gene, which is located on chromosome
5q32-q33 (6,10,18). TCOF I encodes a 144 kDa nucleolar phos-
phoprotein, Treacle, which serves arole in ribosomal DNA gene
transcription via interacting with upstream binding factors
and RNA polymerase I in the nucleolus (2). TCOF1 is broadly
expressed throughout the embryo, with particularly strong
activity in the neuroepithelium where it serves an essential
role in cell survival (2,11,19). Treacle participates in ribosome
biogenesis by controlling preribosomal (pre-r)RNA synthesis
or by pre-rRNA processing (8,12). Dixon ef al (11) suggested
that general cranio skeletal hypoplasia observed in individuals
with TCS is caused by a deficiency in neural crest cells, rather
than neural crest cell migration defect. TCOF I/treacle is essen-
tial for neural crest cell formation, neuroepithelial survival and
neural crest cell proliferation (11,20). However, the biological
role of Treacle remains to be fully elucidated.

It was previously believed that the TCOFI gene included
25 exons, 49-561 bp in length (21). In 2004, two additional
exons were discovered by So et al (22): 6A, 231 bp, situated
between exons 6 and 7; and 16A, 108 bp, localized between
exons 16 and 17 (21). Pathogenic mutations in the TCOFI gene

are spread throughout its coding region and typically comprise
point mutations or small frame shift deletions and insertions,
the majority of which are family-specific (23). The existence of
mutational hot spots in TCOF1 has been suggested, indicating
that exons 23 and 24 are responsible for ~1/3 of all known
pathogenic changes (23). The majority of mutations responsible
for TCS are localized in exons, mainly in the hot spots of
exons 10, 15, 16,23 and 24 (21,24). The TCOFI gene mutations
include missense, nonsense, small deletions and duplications.
The most common classes of TCOF1 alleles are small deletions
(60%) and duplications (25%), resulting in frame shift (17).

Multiple exons have been identified within the TCOFI gene
and different splicing patterns result in several variants of the
mutant gene. So far, >200 mutations have been identified (2).
Combined analysis of the variants and clinical features has
not revealed a clear association between genotype and pheno-
type (2). Spontaneous mutations can occur first in the proband
or be inherited from a parent. There is no gender predilection
and mutations can be splice site, nonsense or deletion variants.
All mutations lead to the insertion of a premature termination
codon (2,17,25).

In the present study, the proband was diagnosed based on
physical examination; and TCS was subsequently confirmed
using molecular analysis. Briefly, one novel heterozygous
mutation in the TCOFI gene was identified. To the best of our
knowledge, this mutation has not previously been reported
in TCS. The Deafness Variation Database (http://deafness-
variationdatabase.org) and Exome Aggregation Consortium
(http://exac.broadinstitute.org) databases were also searched
and the mutation was not listed. As such, the mutation
described in the present study, chr5:149743675:G>A;
NM_000356.3:c.165-1G>A, appears to be a novel TCOFI
mutation. The mutation is localized in exon 3 of the TCOFI
gene and is a splice site mutation that can lead to exon 3 being
skipped in the matured mRNA. This results in the formation
of a truncated TCOF1 protein with loss of function.

The phenotypic variability observed in TCS makes diag-
nosis challenging. Although there is no clear explanation yet,
genotype and phenotype discordance have been suggested by
some studies. In some individuals, phenotypic expression of
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TCS is so mild that it is near impossible to diagnose based
on physical examination alone (26). In contrast, some patients
may succumb to respiratory distress soon after birth due to the
severity of TCS symptoms (26). More than 60% of patients
with TCS have no positive family history and the condition
is thought to arise from de novo mutations (5). At present,
the reason for the differences in TCS presentation remains
unknown. The wide variation in symptoms has been attributed
to modifier genes, epigenetic factors and the role of wild-type
alleles (26-28). Some studies have demonstrated that patient
phenotype is not dependent on the type or localization of
the mutation responsible (21,23). Identical mutations in the
same family may cause variable expressivity in different indi-
viduals, variable expressivity of TCOFI mutations may not
be a consequence of mutational heterogeneity and phenotypic
expression of this disorder may be modified by combined
effect of genetic, environmental and stochastic factors, while
there are indications of increased severity over generations
phenotypic expression can not modified by the gender of the
parent (29,30). In the present study, with the exception of her
mother, the proband's family did not have any features of TCS
and no mutations were identified in the same region. Since the
novel TCOFI gene mutation was detected in the same region
in the mother as in the proband, it follows that this mutation
initially occurred in the mother and was inherited by the
proband with increased severity.

In conclusion, in the present study a novel pathogenic
mutation of the TCOFI gene was identified in a proband with
TCS and her mother. The results suggest that this mutation
could be passed on to the next generation in an autosomal
dominant manner. As a result, the progeny of the proband
and her mother have a 50% risk of suffering from TCS and
therefore require genetic counseling.
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