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TREACHER COLLINS SYNDROME

Primary Disciplinary Field(s): Genetics, Craniofacial Biology, Medical Sciences.

1. Core Definition

Treacher Collins Syndrome (TCS), also known as Mandibulofacial Dysostosis (MFD), is a

debilitating, principally autosomal dominant genetic disorder characterized by distinctive

craniofacial malformations. These defects arise from improper development of structures derived

from the first and second branchial arches during early gestation. The resulting phenotype typically

includes severe hypoplasia (underdevelopment) of the facial bones, particularly the zygomatic

complex (cheekbones) and the mandible (jaw), leading to significant functional and aesthetic

challenges.

The condition presents with substantial phenotypic variability, meaning the severity of the facial

anomalies can range dramatically, even among affected members of the same family. While some

individuals may exhibit minor, almost unnoticeable facial characteristics, others face life-

threatening complications immediately at birth, primarily related to airway compromise and

feeding difficulties. Consequently, TCS requires a highly specialized and multidisciplinary approach

to management, beginning in the neonatal period and often continuing throughout the patient's

lifetime.

The underlying pathophysiology centers on the premature death (apoptosis) of cranial neural crest

cells, which are pivotal for the formation of the skull, face, and jaw structures. This cellular failure

occurs during critical developmental windows, usually linked to mutations in specific genes

responsible for essential cellular processes, most notably ribosome biogenesis. Understanding this

fundamental genetic and cellular mechanism is key to differentiating TCS from other similar

craniofacial disorders.

2. Etymology and Historical Development

The syndrome is eponymously named after Edward Treacher Collins (1862-1932), a

distinguished British ophthalmologist. In 1900, Collins meticulously documented the characteristic

facial features associated with the disorder, focusing specifically on the distinctive abnormalities of

the eyelids and orbital region. His original description highlighted the presence of lower eyelid

defects, often described as a coloboma (a notch or gap in the structure), and the outward and

downward slope of the palpebral fissures (outer corner of the eyes).

Despite Collins' early description, the condition was subsequently recognized under different

names, reflecting contributions from other researchers. Notably, the term Franceschetti-Zwahlen-

Klein syndrome was also historically used, particularly in European literature, following detailed
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genetic and clinical descriptions provided by Swiss ophthalmologist Adolphe Franceschetti and his

colleagues in the mid-20th century. However, Treacher Collins Syndrome remains the most

globally accepted nomenclature within the medical community, honoring the initial systematic

clinical identification of the condition.

The definitive understanding of the syndrome's genetic basis only emerged much later, coinciding

with advancements in molecular genetics in the late 20th and early 21st centuries. The

identification of the primary causative gene, TCOF1, solidified the knowledge that TCS is not

merely a collection of physical symptoms but a disorder arising from a specific molecular defect

affecting embryonic development. This transition from purely clinical observation to molecular

diagnosis marked a significant milestone in the history of craniofacial genetics.

3. Genetic Etiology and Pathogenesis

Treacher Collins Syndrome is primarily caused by mutations in three identified genes: TCOF1,

POLR1C, and POLR1D. Mutations in the TCOF1 gene (Treacle-associated factor 1), located on

chromosome 5q32, account for approximately 80% to 90% of all diagnosed cases. This gene

provides instructions for making a protein called Treacle, which plays a crucial role in the

production of ribosomes, the cellular machinery responsible for synthesizing proteins. Specifically,

Treacle is essential for the function of the nucleolus, the structure within the cell nucleus where

ribosomal RNA is synthesized.

The majority of TCS cases resulting from TCOF1 mutations follow an autosomal dominant

inheritance pattern, meaning only one copy of the mutated gene is required to cause the disorder.

However, a high proportion (around 60%) of cases result from de novo mutations, occurring

spontaneously in individuals with no family history of the condition. Crucially, the source content

notes that while the condition is principally autosomal dominant, variants of the syndrome

stemming from mutations in POLR1C (and sometimes POLR1D) can exhibit an autosomal

recessive inheritance pattern. Autosomal recessive forms are typically associated with a more

severe phenotype and require mutations in both copies of the gene to manifest the disorder.

The common pathogenic mechanism underlying all forms of TCS is haploinsufficiency. In the

dominant form (TCOF1), the reduced amount of functional Treacle protein leads to defective

ribosome biogenesis. This shortage is thought to stress and ultimately trigger programmed cell

death (apoptosis) specifically in the neural crest cells that migrate to form the midface and lower

face. Since these cells are responsible for generating bone, cartilage, and connective tissues of the

face, their loss during embryogenesis results in the characteristic hypoplasia and structural

deficiencies seen in TCS.
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4. Key Craniofacial Characteristics

The clinical presentation of Treacher Collins Syndrome is defined by a constellation of distinctive

facial defects that are bilateral (affecting both sides) and symmetric. These features are highly

consistent and instrumental in clinical diagnosis. One of the most prominent features is the

underdevelopment of the cheekbones, or zygomatic hypoplasia, which gives the face a distinct,

downward-sloping appearance. This is often accompanied by temporal bone hypoplasia.

Defects of the lower jaw, or micrognathia (small chin) and mandibular retrognathia (retracted

chin), are universally present and represent critical functional concerns. The small and recessed

jaw often leads to crowding of the tongue, which can cause severe difficulty in breathing (airway

obstruction), especially when the infant is supine. Furthermore, palate defects, including cleft

palate, occur in approximately one-third of individuals with TCS, compounding feeding challenges.

Ocular and aural abnormalities are essential diagnostic markers. The defects often include lower

eyelid coloboma--a characteristic notch or defect in the outer third of the lower eyelid, which is

often cited in clinical descriptions. Eyelashes may also be sparse or absent medial to this defect.

The source specifically mentions small eyes with flaws of the iris, referring to the potential for

subtle or overt ocular structural abnormalities. Auricular malformations (malformed external ears)

are another defining characteristic, ranging from mild deformity (microtia) to complete absence

(anotia). This external ear anomaly is frequently associated with an atretic (closed) external

auditory canal and deformities of the middle ear ossicles, resulting in significant, often bilateral,

conductive hearing loss.

5. Diagnosis and Differential Diagnosis

Diagnosis of Treacher Collins Syndrome can occur both prenatally and postnatally. Prenatal

detection is possible via detailed fetal ultrasonography, particularly in cases with a known family

history. Ultrasound findings that raise suspicion include polyhydramnios (excess amniotic fluid due

to impaired fetal swallowing), micrognathia, and specific structural abnormalities of the ears and

orbits. Confirmation is often achieved through chorionic villus sampling (CVS) or amniocentesis

followed by genetic testing to identify the specific mutation in TCOF1, POLR1C, or POLR1D.

Postnatal diagnosis is primarily clinical, based on the classic triad of symptoms: bilateral microtia,

malar (zygomatic) hypoplasia, and mandibular hypoplasia. Radiological imaging, including

specialized computed tomography (CT) scans, is essential to fully characterize the bony structure

deficits, assess the patency of the nasopharyngeal airway, and evaluate the middle ear anatomy

prior to surgical planning. Given the wide spectrum of severity, the clinical findings are often scored

or categorized using standardized metrics, such as the Pruzansky scale for mandibular hypoplasia.

Differential diagnosis is crucial to distinguish TCS from other syndromes that share overlapping
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craniofacial features. These include Goldenhar Syndrome (Oculo-auriculo-vertebral spectrum),

which is typically unilateral and involves vertebral anomalies, and Nager Syndrome (Acrofacial

Dysostosis), which is differentiated by its characteristic limb defects (e.g., radial ray abnormalities).

Accurate genetic testing provides the definitive confirmation needed to rule out these clinically

similar, but genetically distinct, conditions, ensuring appropriate prognostic counseling and

management planning.

6. Management and Treatment Protocols

The comprehensive management of Treacher Collins Syndrome requires a specialized,

coordinated team of medical professionals, including craniofacial surgeons, geneticists,

otolaryngologists, ophthalmologists, orthodontists, audiologists, and speech pathologists. The

immediate priority at birth is securing a patent airway, as severe micrognathia can obstruct

breathing. This may necessitate placement of a nasopharyngeal airway, or in severe cases, a

tracheostomy to ensure survival and facilitate development.

Surgical intervention is phased and extensive. Early surgeries focus on mandibular lengthening,

often achieved using techniques like mandibular distraction osteogenesis, where the bone is

slowly stretched to increase jaw length and improve airway function. Later interventions address

facial symmetry and aesthetics. Zygomatic and orbital reconstruction is often performed using

bone grafts or implants. Auricular reconstruction (otoplasty or microtia repair) is undertaken to

rebuild the external ear, though this typically occurs after the child reaches six to eight years of age

when the rib cartilage (often used for grafting) is sufficient.

Addressing hearing loss is fundamental, given the near-universal presence of conductive hearing

impairment. Since the external ear canal and middle ear ossicles are malformed, conventional

hearing aids are often ineffective. Treatment frequently involves bone conduction hearing aids

(BCHAs) or surgically implanted devices such as Bone-Anchored Hearing Aids (BAHAs). Early

audiological intervention is critical for developing speech and language skills. Furthermore,

ophthalmological care is necessary to manage eyelid colobomas, dry eyes, and potential visual

impairment caused by structural defects.

7. Significance and Quality of Life Impact

The significance of Treacher Collins Syndrome extends far beyond its physical manifestations,

deeply impacting the patient's developmental trajectory, psychological health, and social

integration. The cumulative effects of multiple surgeries, chronic medical needs, and the highly

visible nature of the condition necessitate intensive psychosocial support for both the patient and

their family. Early intervention programs focusing on speech, hearing, and physical therapy are

essential for maximizing functional independence.
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Despite the challenges associated with the syndrome, intellectual development is typically normal,

meaning individuals with TCS are capable of high academic and professional achievement,

provided they receive appropriate support, particularly concerning communication barriers imposed

by hearing loss and speech difficulties. The emphasis in modern medical care is shifting from

simply correcting physical defects to maximizing quality of life, focusing on functional outcomes

related to breathing, feeding, and hearing.

The study of TCS also holds broader scientific significance. As a model system for understanding

craniofacial development, the genetic mechanisms underlying TCS--particularly the role of Treacle

protein and neural crest cell apoptosis--provide crucial insights into normal and abnormal human

embryonic development. Research into TCS pathology contributes directly to the understanding of

other complex congenital malformations and may pave the way for future therapeutic strategies,

potentially involving gene therapy or cellular manipulation, aimed at mitigating the defects in utero.

8. Further Reading

Treacher Collins Syndrome (MedlinePlus Genetics)

GeneReviews: Treacher Collins Syndrome

Children's Hospital of Philadelphia (CHOP) - Treacher Collins Syndrome

Edward Treacher Collins (Wikipedia)
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