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Abstract
Background: Treacher Collins syndrome-1 (TCS1; OMIM# 154500) is a rare auto-
somal dominant disease that is defined by congenital craniofacial dysplasia. Here, we 
report four sporadic and one familial case of TCS1 in Chinese patients with clinical 
features presenting as hypoplasia of the zygomatic complex and mandible, downslant-
ing palpebral fissures, coloboma of the lower eyelids, and conductive hearing loss.
Materials and Methods: Audiological, radiological, and physical examinations were 
performed. Targeted next-generation sequencing (NGS) was performed to examine 
the genetics of this disease in five probands, and Sanger sequencing was used to con-
firm the identified variants. A literature review discusses the pathogenesis, treatment, 
and prevention of TCS1.
Results: We identified a novel insertion of c.939_940insA (p.Gly314Argfs*35; 
NM_001135243.1), a novel deletion of c.1766delC (p.Pro589Leufs*7), two 
previously reported insertions of c.1999_2000insC (p.Arg667Profs*31) and 
c.4218_4219insG (p.Ser1407Valfs*23), and one previously reported deletion of 
c.4369_4373delAAGAA (p.Lys1457Glufs*12) in the TCOF1 gene. All five cases 
exhibited a degree of interfamilial and intrafamilial phenotypic variability. A review 
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1  |   INTRODUCTION

Treacher Collins syndrome-1 (TCS1; OMIM# 154500) was 
named to commemorate Edward Treacher Collins, an English 
ophthalmologist, after he first described the basic components 
of the disorder in 1900 (Teber et al., 2004). TCS1 is an uncom-
mon autosomal dominant disorder that is defined by congenital 
craniofacial dysplasia. It is also referred to as mandibulofacial 
dysostosis or Treacher Collins––Franceschetti syndrome. TCS1 
is characterized by conductive hearing loss due to malformation 
of the external or middle ear, and a unique “bird-like” facial 
appearance presenting as hypoplasia of the zygomatic complex 
and mandible, downslanting palpebral fissures, and coloboma 
of the lower eyelids. TCS1 clinically overlaps with other dis-
orders such as Goldenhar syndrome (OMIM# 164210), Nagar 
syndrome (OMIM# 154400), and Miller syndrome (OMIM# 
263750). This presents the difficulties when making a differ-
ential diagnosis according to phenotype. Therefore, an accurate 
diagnosis can be confirmed by molecular analysis of the patho-
genic gene of TCS1 (Zhang et al., 2013). There are four subtypes 
of TCS, all with similar phenotypes: TCS1 (OMIM# 154500), 
TCS2 (OMIM# 613717), TCS3 (OMIM# 248390), and TCS4 
(OMIM# 618939). These subtypes are caused by variants in the 
genes TCOF1, POLR1D, POLR1C, and POLR1B, respectively.

The incidence of TCS is estimated to be about 1 in 50,000 
live births (Trainor & Andrews, 2013). Variants in the 
TCOF1 gene account for over 90% of TCS cases and variants 
in POLR1D and POLR1C are responsible for approximately 
9% of non-TCOF1-related TCS cases (Dauwerse et al., 2011; 
Weiner et al., 2012). To date, there are over 300 variants 
in the TCOF1 gene have been reported, and approximately 
60% of TCS1 is the result of de novo variants (Human Gene 
Mutation Database®; Li et al., 2019). In most cases, TCS1 
is caused by frameshift deletions or duplications (1–41 bp) 
in the TCOF1 coding region resulting in a premature stop 
codon (Masotti et al., 2009). Phenotypic variability has been 
observed in patients with TCS within and among families 
and there has been no clear evidence of a genotype–pheno-
type correlation in TCS.

Most cases of TCS have been reported in Western coun-
tries. Here, we report four sporadic cases and one familial 
case of TCS1 in Chinese patients. We identified two novel 

variants and three previously reported variants in the TCOF1 
gene. A review of the current literature indicated that our 
findings expand the variant spectrum of TCOF1. Our results 
also indicate that NGS has a vital role in the diagnosis of 
TCS and, therefore, genetic counseling is beneficial for the 
prevention of the disease.

2  |   MATERIALS AND METHODS

2.1  |  Patients and clinical data

In this study, four sporadic and one familial case clini-
cally diagnosed as TCS were recruited at the Department 
of Otorhinolaryngology, Head and Neck Surgery, the First 
Affiliated Hospital of Zhengzhou University. Medical and 
family histories were collected, and all subjects underwent 
physical examinations and pure-tone audiometry (at frequen-
cies from 250 to 8000 Hz) tests. Objective audiometry for 
pediatric patients consisted of auditory steady-state response 
(ASSR), tympanometry, auditory brainstem response (ABR), 
and distortion product otoacoustic emissions (DPOAEs). All 
probands underwent temporal bone thin-section computed 
tomography (CT). Written informed consent was obtained 
from all cases (Pan, Lu, et al., 2020). This study was per-
formed with the approval of the Ethics Committee of the 
Second Affiliated Hospital of Zhengzhou University (refer-
ence number 2018008). We have submitted the information 
of phenotype and variants to the LOVD database (https://
datab​ases.lovd.nl/share​d/indiv​idual​s/00305490, 00305493, 
00305494, 00305495, and 00305496).

2.2  |  Targeted next-generation sequencing 
(NGS), bioinformatics analyses, and variant 
interpretation

Peripheral venous blood was collected from the probands, 
parents, and siblings if available. Genomic DNA was ex-
tracted from peripheral blood samples using a GenMagBio 
Genomic DNA Purification kit (GenMagBio) following 
the manufacturer's protocol. Targeted NGS, bioinformatics 

of the literature revealed no clear evidence of a genotype–phenotype correlation 
in TCS1.
Conclusion: Our results expand the variant spectrum of TCOF1 and highlight that 
NGS is essential for the diagnosis of TCS and that genetic counseling is beneficial 
for guiding prevention.
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analyses, and variant interpretation were performed as previ-
ously described (Pan, Xu, et al., 2020). Variant nomenclature 
was based on TCOF1 transcript NM_001135243.1.

2.3  |  Sanger sequencing

The variants in the probands detected by NGS were validated 
by Sanger sequencing. The co-segregation of the variants 
with the disease in family members was also tested by Sanger 
sequencing. The NCBI Primer-Blast tool was used to design 
primers targeting these variants (Data S1). Purified PCR 
products were sequenced on a SeqStudio Genetic Analyzer 
(Applied Biosystems/Life Technologies).

2.4  |  Literature review

A search of the literature was performed spanning from 1955 
to 2020 using the NCBI PubMed database with the keywords 
“Treacher Collins syndrome” or “TCOF1.” We subsequently 
summarized the natural history and the genotype–phenotype 
correlation of TCS1.

3  |   RESULTS

3.1  |  Clinical features of TCS1 cases

We summarized the clinical features of four sporadic and 
one familial TCS1 cases in Table 1. All five probands had 
zygomatic complex hypoplasia, mandibular hypoplasia, 
downslanting palpebral fissures, coloboma of the lower eye-
lids, and bilateral conductive hearing loss. Dysplastic auricles 
and external auditory canals were not observed in proband 
case 4. Hence, a degree of interfamilial phenotypic variabil-
ity was observed. In familial case 5, the proband suffered 
from severe craniofacial deformities and conductive hearing 
loss, whereas the proband's mother was carrying the same 
variant but was only mildly affected. Therefore, intrafamilial 
phenotypic variability was also observed to some extent.

3.2  |  Identification of variants

Variants in the TCOF1 gene were detected in the five probands 
with targeted NGS and then, confirmed in their family mem-
bers by Sanger sequencing. Two previously reported insertions 
of c.1999_2000insC (p.Arg667Profs*31; NM_001135243.1) 
and c.4218_4219insG (p.Ser1407Valfs*23) were detected in 
case 1 as well as case 2 and further confirmed by Sanger se-
quencing (Bowman et al., 2012; Masotti et al., 2009). One pre-
viously reported de novo deletion of c.4369_4373delAAGAA 

(p.Lys1457Glufs*12) in the TCOF1 gene was identified in 
case 3 and this variant has been described as a hotspot vari-
ant that is frequently detected in TCS1 cases (Bowman et al., 
2012; Chen et al., 2018; Conte et al., 2011; Li et al., 2019; 
Masotti et al., 2009; Splendore et al., 2000; Zhang et al., 
2013, 2020). A novel de novo insertion of c.939_940insA 
(p.Gly314Argfs*35) was detected in case 4. A novel familial 
deletion of c.1766delC (p.Pro589Leufs*7) was identified in 
proband case 5 and in the proband's mother, therefore, it is 
co-segregated in the family. Variants identified in this study 
are summarized in Table 2.

3.3  |  Case information

3.3.1  |  Case 1

The female patient (Ⅱ-7, Figure 1a) was 50 years old at the 
time of recruitment. The patient had a unique “bird-like” fa-
cial appearance presenting as hypoplasia of the zygomatic 
complex and mandible, downslanting palpebral fissures, and 
coloboma of the lower eyelids (Figure 2a). She also had the 
auricle deformity and external auditory canal atresia bilat-
erally. Pure-tone audiometry showed bilateral conductive 
hearing loss. Temporal bone thin-section CT showed crani-
ofacial malformations and deformity of the ossicular chains. 
Her parents and her six siblings had no symptoms or signs 
of TCS1. Targeted NGS identified a previously reported in-
sertion c.1999_2000insC (p.Arg667Profs*31) in exon 12 of 
TCOF1 in the proband (Figure 3a), which may cause the for-
mation of a stop codon 31 amino acids downstream of the in-
sertion (Bowman et al., 2012). We could not confirm whether 
the variant was de novo because the proband's parents had 
died. Neither her husband nor her son carried this pathogenic 
variant by Sanger sequencing (PVS1+PM2+PP3+PP4).

3.3.2  |  Case 2

A 12-year-old boy (Ⅱ-2, Figure 1b) was born to non-con-
sanguineous Chinese parents. Paternity was established 
through a paternity test. He had noticeable hypoplastic 
zygomatic complex, mandibular hypoplasia, downslanting 
palpebral fissures, coloboma of lower eyelids, and hearing 
loss (Figure 2b). Atresia of external auditory canals was 
observed and auricle reconstruction surgery of the right 
ear was performed. Audiological studies revealed approxi-
mately 75  dB threshold for bilateral conductive hearing 
loss. He had been using soft-band hearing aids for 6 years, 
which allowed learning needs to be met. Temporal bone CT 
scans showed bilateral deformity of the ossicular chains. All 
of the family members had a regular facial appearance and 
hearing. A previously reported insertion c.4218_4219insG 
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T A B L E  2   Reported pathogenic TCOF1 variants in Chinese TCS1 patients

Location Nucleotide Protein Previous reports

Exon 2 c.136C>G p.Leu46Val Chen et al. (2018)

Exon 2 c.149A > G p.Tyr50Cys Zhang et al. (2020)

Exon 2 c.159G>A p.Trp53* Chen et al. (2018)

Exon 2-6 exons deletion — Liu et al. (2020)

Intron 2 c.165-1G>A Splice Yan et al. (2018)

Exon 5 c.384_385delGA p.Glu128Aspfs*46 Li et al. (2019)

Exon 5 c.430_431insA p.Thr144Asnfs*31 Chen et al. (2018)

Exon 5 c.451delC p.Leu151Phefs*68 Chen et al. (2018)

Exon 5 c.489delC p.Ser164Glnfs*55 Fan et al. (2019)

Exon 6A c.648delC p.Ser217Glnfs*2 Fan et al. (2019)

Exon 6A c.810_811insA p.Glu271Argfs*3 Chen et al. (2018)

Exon 7 c.939_940insA p.Gly314Argfs*35 This study, Case 4

Exon 8 c.1142delC p.Arg383Glyfs*109 Zhang et al. (2020)

Exon 8 c.1155_1160delAGCTGCinsGGGACTT p.Ala386Glyfs*35 Chen et al. (2018)

Exon 9 c.1303_1304insC P.Gln45Profs*23 Wang et al. (2014)

Exon 9 c.1307_1344del p.Val436Glufs*9 Chen et al. (2018)

Exon 9 c.1393C > T p.Gln465* Zhang et al. (2020)

Exon 9-13 exons deletion — Li et al. (2019)

Exon 10 c.1639_1640delAG p.Ser547Glnfs*2 Li et al. (2012)
Chen et al. (2018)

Exon 10 c.1658C>G p.Ser553* Wang et al. (2014)

Exon 11 c.1719delG p.Asn574 Thrfs*22 Zhang et al. (2020)

Exon 11 c.1719_1720insG p.Asn574Glufs*29 Chen et al. (2018)

Exon 11 c.1766delC p.Pro589Leufs*7 This study, Case 5

Exon 12 c.1999_2000insC p.Arg667Profs*31 This study, Case 1

Exon 12 c.2103_2106delTGAG p.Ser701Argfs*9 Wang et al. (2014)

Exon 13 c.2285_2286delCT p.Ser762* Zhang et al. (2020)

Intron 14 c.2478+5G>A Splice Fan et al. (2019)

Exon 15 c.2626_2627delGA p.Asp876Glnfs*2 Li et al. (2019)

Intron 17 c.3047-2A>G Splice Fan et al. (2019)

Exon 20 c.3386delA p.Lys1129Serfs*79 Chen et al. (2018)

Exon 20 c.3496delG P.Ala1166Profs*42 Chen et al. (2018)

Exon 23 c.3823delC p.Arg1275Glyfs*32 Chen et al. (2018)

Exon 23 c.4129_4130delGT p.Val1377Phefs*21 Chen et al. (2018)

Exon 23 c.4218_4219insG p.Ser1407Valfs*23 This study, Case 2

Exon 23 c.4231C>T p.Gln1411* Chen et al. (2018)

Intron 23 c.4342+5G>C Splice Zhang et al. (2020)

Exon 24 c.4369_4373delAAGAA p.Lys1457Glufs*12 Zhang et al. (2013)
Chen et al. (2018)
Li et al. (2019)
Zhang et al. (2020)
This study, Case 3

Exon 24 c.4420C>T p.Gln1474* Zhang et al. (2013)

Note: Nucleotide numbering is based on GenBank reference sequence NM_001135243.1.
Abbreviation: TCS1, Treacher Collins syndrome-1.
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(p.Ser1407Valfs*23) in exon 23 of TCOF1 was detected 
in the proband by targeted NGS (Figure 3b), which may 
cause a premature stop codon (Bowman et al., 2012; 
Masotti et al., 2009). Sanger sequencing analysis con-
firmed that the variant was absent in the proband's parents, 
indicative of a de novo variant. This variation interpretation 
based on ACMG guidelines was classified as pathogenic 
(PVS1+PM6+PM2+PP3+PP4).

3.3.3  |  Case 3

A 4-year-old boy (Ⅱ-1, Figure 1c) was born to non-consan-
guineous parents. Paternity was established through a pa-
ternity test. There was no family history, and the history of 
pregnancy was uneventful. He had microtia with left external 
auditory canal atresia and right external auditory canal steno-
sis. Zygomatic complex hypoplasia, mandibular micrognathia 

F I G U R E  1   Pedigree of five unrelated families with TCS1. (a) Case 1. (b) Case 2. (c) Case 3. (d) Case 4. (e) Case 5

F I G U R E  2   Facial phenotypes and audiograms of individuals with TCS1. (a) Case 1. (b) Case 2. (c) Case 3. (d) Case 4. (e) The proband of 
Case 5 and his mother



      |  11 of 15PAN et al.

with retrognathia, downslanting palpebral fissures, and colo-
boma of the lower eyelids were also marked at birth (Figure 
2c). DPOAEs were absent in all frequencies on the right side. 
Average thresholds of ABR (right, 70  dB nHL; left, 80  dB 
nHL) and the thresholds of bone conduction ABR (right, 
20  dB nHL; left, 20  dB nHL) were confirmed. The audio-
grams of ASSR at 500, 1000, 2000, and 4000 Hz are recorded 
in Figure 2c. He had been using soft-band hearing aids and had 
a normal level of language development. Temporal bone CT 
scans showed bilateral deformity of the ossicular chains. The 
proband's parents had no abnormalities or hearing problems. 
Genetic analyses of the proband showed a previously reported 
variant c.4369_4373delAAGAA (p.Lys1457Glufs*12) in 
exon 24 of TCOF1 (Figure 3c), which may result in a pre-
mature stop codon causing translation of a truncated protein 
(Bowman et al., 2012; Chen et al., 2018; Conte et al., 2011; Li 
et al., 2019; Masotti et al., 2009; Splendore et al., 2000; Zhang 
et al., 2013, 2020). This variant was not identified by Sanger 
sequencing in either of his parents, confirmed a de novo status. 
This variation interpretation based on ACMG guidelines was 
classified as pathogenic (PVS1+PM6+PM2+PP3+PP4).

3.3.4  |  Case 4

The proband (II-2, Figure 1d), a 2-year-old infant, was the 
daughter of non-consanguineous parents. Paternity was 
established through a paternity test. The history of expo-
sure to teratogens and the evidence of hereditary diseases 
were uneventful. At birth, she had mandibular hypoplasia, 

downslanting palpebral fissures, coloboma of the lower 
eyelids, and mandibular micrognathia with retrognathia 
(Figure 2d). Mandibular distraction surgery was performed 
when the proband was 2 months old. Normal auricles were 
observed. DPOAEs were absent in all frequencies on both 
sides. Average thresholds of ABR were recorded (right, 
70 dB nHL; left, 65 dB nHL). Bone conduction ABR con-
firmed conductive hearing loss with thresholds of 25  dB 
nHL on both sides. The audiograms of ASSR at 500, 1000, 
2000, and 4000 Hz are shown in Figure 2d. Temporal bone 
CT scans showed hypoplastic zygomatic arches, deformity 
of the ossicular chains but no deformities of external audi-
tory canals. Targeted NGS analyses of the proband identi-
fied a novel insertion c.939_940insA (p.Gly314Argfs*35) in 
exon 7 of the TCOF1 gene (Figure 3d), which may lead to a 
premature stop codon and result in translation of a truncated 
347 amino acid protein predicted by the SWISS-MODEL 
program (http://swiss​model.expasy.org). This variant was 
absent in her unaffected parents or elder sister by Sanger se-
quencing, indicative of a novel de novo variant. The variant 
was also not detected in 500 healthy Chinese controls. It has 
not been reported in the gnomAD database. This variation 
interpretation based on ACMG guidelines was classified as 
pathogenic (PVS1+PM6+PM2+PP3+PP4).

3.3.5  |  Case 5

The proband (Ⅲ-1, Figure 1e), a 12-year-old male, had 
left external auditory canal atresia, right external auditory 

F I G U R E  3   Sanger sequencing of five unrelated families with TCS1. (a) Case 1. (b) Case 2. (c) Case 3. (d) Case 4. (e) Case 5

http://swissmodel.expasy.org
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canal stenosis, and bilateral auricle deformity that was 
treated by auricle reconstruction surgery on the right side. 
In addition, the proband was severely affected with no-
ticeable craniofacial malformations, including hypoplastic 
zygomatic complex, mandibular hypoplasia, downslant-
ing palpebral fissures, and coloboma of the lower eyelids 
(Figure 2e). Pure-tone audiometry revealed approximately 
80  dB threshold for bilateral conductive hearing loss. 
Temporal bone CT scans showed the deformity of the  
ossicular chains. There was a family history in TCS1 in 
the proband's mother (Ⅱ-5, Figure 1e), but she displayed 
a mild phenotype of craniofacial malformations, cupped 
protruding ears, and approximately 70  dB threshold for 
conductive hearing loss. The proband's father had no dys-
morphic facial features and normal hearing. Targeted NGS 
of the proband identified a novel deletion c.1766delC 
(p.Pro589Leufs*7) in exon 11 of TCOF1, which was pre-
dicted to give rise to a premature stop codon causing a 
truncated 594 amino acid protein (Figure 3e). Sanger se-
quencing confirmed that the variant was inherited from his 
mother; his father did not carry the variant. The variant 
was absent in 500 healthy Chinese controls. It has not been 
reported in the gnomAD database. This variation interpre-
tation based on ACMG guidelines was classified as patho-
genic (PVS1+PM2+PP3+PP4).

4  |   DISCUSSION

4.1  |  Mechanism

Treacle, a nucleolar phosphoprotein encoded by TCOF1, 
plays a vital role in both the formation and migration of 
craniofacial neural crest cells (Li et al., 2019). Neural crest 
cells are involved in cartilage bone, connective tissue, and 
sensory ganglia in the head (Dixon et al., 2006). The lack of 
treacle can result in the hypoplastic characteristics of TCS1 
craniofacial abnormalities by disrupting the formation and 
proliferation phases of neural crest cells. Tcof1+/− mice re-
portedly have craniofacial malformations and may die within 
24 hours of birth due to respiratory arrest, which is caused by 
malformations of skeletal elements in the palatine, premax-
illa, maxilla, and nasal (Dixon et al., 2006). Tcof1+/− mice 
were used to analyze the developmental mechanisms of con-
ductive hearing loss, and it was indicated that the effective 
cavitation of the middle ear was closely related to the growth 
of the auditory bulla, which is a structure derived from neural 
crest cells and includes all of the components of the middle 
ear (Richter et al., 2010). Defects in these processes have a 
profound and adverse effect on hearing. All five variants ob-
served in our study gave rise to premature stop codons in the 
reading frame, corroborating that the fundamental molecu-
lar mechanism of the TCS1 is haploinsufficiency. All five 

probands had craniofacial malformations and conductive 
hearing loss.

4.2  |  Molecular mapping

The linkage of the TCS locus to markers in the chromosomal 
region 5q32q33.1 was gradually concluded (Dixon et al., 
1991, 1992, 1993). The coding sequence of the gene was 
isolated and named TCOF1, and it was confirmed to encode 
a low complexity, serine/alanine-rich protein named treacle 
(Dixon et al., 1997). This 1,488 amino acid protein of ap-
proximately 152 kD has three domains with unique N- and 
C-termini and a sizeable central repeat domain (So et al., 
2004). The LIS1 homology (LisH) putative domain belong-
ing to the N-terminal is proposed to regulate microtubule 
dynamics, and the multiple nucleolar localization signals 
(NLS) belonging to the C-terminal are essential for locat-
ing to the nucleolus (Emes & Ponting, 2001; Marsh et al., 
1998). Treacle, a highly phosphorylated nucleolar protein, 
mainly consists of the central repeat domain (Isaac et al., 
2000). The complete exon/intron genomic structure and the 
coding sequence of the TCOF1 gene were reported to con-
tain 26 exons (Wise et al., 1997). Two additional exons were 
identified in the TCOF1 gene: exon 6A and exon 16A (So 
et al., 2004). The sequence for exon 6A transcribes the major 
TCOF1 isoform (isoform d, NM_001135243.1). Screening 
for TCOF1 variants in a large cohort of TCS1 patients from 
different populations, Splendore et al. (2002) confirmed that 
exons 10, 15, and 16 of the central repeat region and exons 
23 and 24 of the NLS domain are mutational hotspots, ac-
counting for more than half of the pathogenic variants in 
TCS1 cases. We reviewed the literature and summarize the 
reported pathogenic TCOF1 variants in Chinese TCS1 pa-
tients in Table 2. It is concluded that the hotspots of TCOF1 
variants associated with TCS1 in the Chinese population are 
exons 5, 23, and 24. The only frequently recurring variant, 
c.4369_4373delAAGAA (p.Lys1457Glufs*12) in exon 24, 
contributes to approximately 12% of Chinese TCS1 cases. In 
this study, c.939_940insA (p.Gly314Argfs*35) was reported 
as the first variant in exon 7 in Chinese TCS1 patients.

4.3  |  Natural history of TCS1

In the natural history of Chinese TCS1 cases, Li et al. (2012) 
first identified a deletion in the TCOF1 gene in a 5-year-old 
boy with hearing loss and craniofacial malformations. Wang 
et al. (2014) found two variants in a TCS1 patient, one of 
which was a silent deletion variant, which emphasized the 
significance of the clinical and pedigree assessment in inter-
preting novel sequence changes. Li et al. (2019) described 
five Chinese TCS cases that exhibited high inter- and 
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intra-familial phenotypic heterogeneity and illustrated that 
genotype–phenotype variability is extreme in Chinese cases 
of TCS.

We have reviewed the literature and summarized the clin-
ical characteristics of all reported Chinese TCS1 cases in 
Table 1. All reported cases had conductive hearing loss, in-
dicating that audiological examinations should be performed 
regularly for suspected TCS patients and that a greater focus 
should be placed on the treatment of conductive hearing 
loss in TCS. An estimated 93% of reported Chinese TCS1 
patients have zygomatic complex hypoplasia, mandibular 
micrognathia with retrognathia, downslanting palpebral fis-
sures, and coloboma of the lower eyelids. Hence, TCS is rel-
atively easy to diagnose by a unique “bird-like” face. The 
numbers of patients (shown in Table 1) with malformation of 
auricles, external auditory canals, and the middle ear are ap-
proximately 69%, 65%, and 85%, respectively. These findings 
reflect the importance of temporal bone CT scanning and the 
close association between TCS and otorhinolaryngology and 
plastic surgery. The phenotypic variability in patients with 
TCS1 is evident within and among families. There has been 
no distinct evidence of a genotype–phenotype correlation in 
TCS1.

4.4  |  Treatment

TCS is a rare congenital disorder defined by craniofacial 
dysplasia. For newborn patients with TCS, early intervention 
is required to avoid respiratory failure arising from the nar-
rowing of the airways caused by craniofacial malformations. 
Intervention includes the clearing and maintaining of the air-
ways, feeding, protecting the eyes, and improving auditory 
ability and speech development. Operations later in life in-
clude aesthetic and functional reconstruction of the face and 
external ear. Concerning conductive hearing loss, ossicular 
chain deformities can be surgically corrected if external audi-
tory canals are normal; otherwise, bone conduction hearing 
aids are often used to improve hearing in these patients (Fan 
et al., 2019). Ideally, soft-banded bone conduction hearing 
aids should be started before 12 months of age to allow for 
normal development of the central auditory nervous system. 
Bone conduction hearing device implantation surgery is 
recommended after the patient is over 6 years of age when 
the thickness of cranial bones is a minimum of 4 mm. In a 
study that investigated the hearing rehabilitation effect in six 
Chinese TCS1 patients, the mean pure-tone threshold im-
provements were calculated to be 30 dB for both soft-band 
bone conduction hearing aids and implantation of a bone 
conduction hearing device. The mean speech discrimination 
scores improved approximately 50% after hearing interven-
tions (Fan et al., 2019). The probands of case 2 and case 3 

who wore soft-band hearing aids experienced a satisfac-
tory improvement in their hearing. Therefore, we recom-
mend that the probands of case 4 and case 5 undergo hearing 
rehabilitation.

4.5  |  Prevention

TCS1 has a 50% probability of being inherited due to an au-
tosomal dominant trait. The probands in cases 2–5 and their 
future spouses are recommended for genetic counseling. The 
recommendation for probands’ parents to avoid another TCS1 
child is preimplantation genetic diagnosis (PGD). Targeted 
NGS has a vital role in the diagnosis of TCS1 and genetic 
counseling is beneficial for the prevention of the disease.

At least two professional editors, both native speakers of 
English, have checked the English in this document. For a 
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