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Abstract
Crouzon syndrome exhibits consideration of phenotypic heterogeneity, within the aetiology of which 
genetics play a crucial role. The FGFR2 gene  mediates extracellular signals into cells and mutations within 
the FGFR2 gene cause Crouzon syndrome. The review summarizes the genetic phenotype study and genetic 
evaluation related to Crouzon syndrome (CS) which frequently determines the degree of complexity, guide 
management, guidance and intervention related to this craniofacial defect. CS is a disorder characterized 
by early fusion of certain skull bones (craniosynostosis). This prevents normal growth of the skull, which 
may affect the form of the top and face. Signs and symptoms of Crouzon syndrome may include wide-set, 
bulging eyes; strabismus (misalignment of the eyes); “beak-shaped” nose; and an underdeveloped upper 
jawbone. Other features may include dental problems, deafness, and/or harelip and palate. The severity of 
signs and symptoms can vary among affected people, even within a family. Intelligence is typically normal, 
but intellectual disability could also be present. Crouzon syndrome is caused by changes (mutations) within 
the FGFR2 gene and is inherited in an autosomal dominant manner. Treatment may involve surgeries to stop 
complications, improve function, and aid in healthy psychosocial development.
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Introduction

Craniosynostosis is a birth defect characterized 
by premature fusion of one more of the calvarial 
sutures before the complications of brain growth and 
development, leading to restricted growth of the skull, 
brain, face and central nervous system development[1]. 
Among craniosynostosis are valued to comprise 15% of 
all cases. Crouzon syndrome (CS) is a genetic disorder 
characterized by the premature fusion of certain skull 
bones (craniosynostosis)[2]. Many features of CS result 
from the premature fusion of the skull bones. Abnormal 
growth of those bones results in wide-set, bulging eyes 

and vision problems caused by shallow eye sockets; eyes 
that don’t point within the same direction (strabismus); 
a beaked nose; and an underdeveloped upper jaw. In 
addition, people with CS[3] may have dental problems 
and hearing loss, which is sometimes accompanied by 
narrow ear canals. A few of the CS patients have an 
opening in the lip and at the root of the mouth[4]. The 
severity of those signs and symptoms varies among 
affected people. Individuals with Crouzon syndrome 
usually have normal intelligence [5,6].

Frequency of CS is seen in about 16 per million 
newborns. It is the most common craniosynostosis 
syndrome. Crouzon syndrome cs is a most commonly 
seen syndrome. It is a genetic disorder related to 
multiple fibroblast growth factor receptor 2 (FGFR2) 
mutations[7,8]. FGFR2 modulates the extracellular signals 
into the cells and several mutations in the FGFR2 gene 
have been associated with CS. FGFR2 along with the 
other genes of the family FGFR, FGFR1 and FGFR3 are 
related to signaling function in cranial sutures and play 
a crucial role in embryonic development of the limbs[9]. 
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This syndrome was first reported by Louis Edouard 
octave crouzon in 1912 when a triad of Calabrian 
deformations with craniofacial dysostosis, exophthalmos 
and facial anomalies was defined in a mother and her 
son[10]. Inheritance pattern of this condition is inherited 
in an autosomal dominant pattern, which means one 
copy of the altered gene in each cell is sufficient to cause 
the disorder.[11]

Materials and Methods

By reviewing various available studies, datas were 
collected through search engines, PubMed, google 
scholar, journals. The period of duration consideration 
of collected articles from 2000 - 2020. The dependent 
variables involved in this were about gene mutations 
associated with Crouzon syndrome.

  Inclusion Criteria :

-	 Crouzon syndrome prevalence

-	 Novel mutations associated

-	 Pathways involved

-	 Pattern of inheritance

-	 Management of cs

Exclusion Criteria : 

-	 other than crouzon syndrome were excluded 
from this study.

Normal Function FGFR2 Gene : 

The FGFR2 gene encoded for a protein known 
as the fibroblast growth factor receptor 2 (FGFR2).
[12]  Fibroblast growth factor receptors governs the 
processes of cell growth and division (proliferation), 
cell maturation (differentiation), formation of blood 
vessels (angiogenesis), wound healing, and embryonic 
development.[13,14] The FGFR2 protein serves in the 
outer membrane of cells which are characterized by 
an extracellular, transmembrane and an intracellular 
domain.[15] Such a positioning allows the FGFR2 protein 
to bind to specific growth factors from outside the cell 
and transduce the signals which aids the cell to respond 
to its environment. The FGFR2 protein plays a crucial 
role in the development of bones before birth (embryonic 
development).[16] Early signals by the protein directs 

immature cells in the developing embryo to become 
bone cells and form the head, hands, feet, and other 
tissues.[17] Several isoforms of the FGFR proteins have 
also been identified in different tissues, whose patterns 
may change throughout growth and development.[18] 
The cytogenetic location of FGFR gene is 10q26.13.

Clinical  Report of Crouzon Syndrome:

The first description about CS was given by Crouzon 
in 1912, who described it as a hereditary syndrome 
or craniofacial dysostosis in a mother and son. He 
described the calvarial deformities, facial anomalies, and 
exophthalmos. CS is characterized by premature closure 
of calvaria and cranial base sutures also as those of the 
orbit and maxillary complex (craniosynostosis). Other 
clinical features include hypertelorism, exophthalmos, 
strabismus, beaked nose, short upper lip, hypoplastic 
maxilla, and relative mandibular prognathism. 
Prevalence is 1 per 60,000 ( approximately 16.5 per 
1,000,000) live births. CS makes up approximately 4.8% 
of all cases of craniosynostosis.[19]

Genetics or Basic Defects Involved in Crouzon 
Syndrome 

 Inheritance:

CS is inherited in an autosomal dominant manner. 
This means that having a change mutation in just one 
copy of the responsible gene in each cell is enough to 
cause features of the condition. There is nothing that 
either parent can do, before or during a pregnancy, to 
cause a toddler to change state with CS. In some cases, 
an affected person inherits the mutated gene from an 
affected parent. In other cases, the mutation occurs for 
the primary time during a person with no case history of 
the condition. This is called a de novo mutation. When 
an individual with a mutation that causes an autosomal 
dominant condition has children, each child features a 
50% (1 in 2) chance to inherit that mutation.[20]

Pathophysiology:

Premature synostosis of the coronal, sagittal, and 
occasional lambdoidal Suture. begins in the first year 
of life completed by the second or third year. Degree 
of deformity and disability determined by the order and 
rate of suture fusion. After fusion of a suture growth 
perpendicular to that suture becoming restricted. fused 
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bones acting as a single bony structure. Compensatory 
growth occurring at the remaining open sutures to allow  
Continued brain growth Multiple sutural synostosis 
often extend to premature fusion of the skull Base 
sutures causing the following effects such as midfacial 
hypoplasia, shallow orbit, a foreshortened nasal dorsum, 
maxillary hypoplasia,occasional upper airway.[21,22] 

Several in vitro studies carried out in our institution 
formed the basis for the present review on Crouzon 
syndrome.[23–36]

Recent Gene Mutations Associated With 
Crouzon Syndrome :

A plethora of mutations have been identified in several 
genes with close association with craniosynostosis. A 
case study reported by Luong et al., on a Vietnamese 
family of three generations identified a heterozygous 
FGFR2 missense mutation (c.1012G>C, p.G338R) 
which was proposed to have been the candidate gene 
mutation associated with CS. The mutation was further 
screened in about 200 unrelated control subjects from 
the same population. The entire coding region or exon 
10 of the FGFR2 gene was amplified and sequenced. The 
heterozygous mutation was identified only in the patient 
with CS, while the other family members or controls did 
not show any such mutations in their gene. In addition to 
it a novel heterozygous mutation in the exon 11 of FGFR2 
was seen in the CS patient which was considered to be a 
silent mutation.39 In a case study reported by Korakavi 
et al., biallelic loss-of-function variant in the interleukin 
receptor 11 alpha gene (IL11RA) was identified in a 
patient with Crouzon-like craniosynostosis syndrome 
with associated dental anomalies. A total of six missense 
mutations were identified of which four were found to 
be novel, including 2 in the Ig-like C2-type domain.[37]

Similarly Keupp et al., [38]demonstrated that 
mutations in the IL11RA gene caused an autosomal 
recessive Crouzon-like craniosynostosis. The 
homozygosity mapping procedure followed by targeted 
next-generation sequencing identified a c.479+6T>G 
mutation in the interleukin 11 receptor alpha gene 
(IL11RA) on chromosome 9p21 in a family from 
Antakya, Turkey. The patients presented with features 
such as multiple suture synostosis, midface hypoplasia, 
variable degree of exophthalmos, relative prognathism, 
a beaked nose, and conductive hearing loss. [39]The 

segregation of mutations were further identified in 
five families: a German patient of Turkish origin and 
a Turkish family with three affected sibs all of whom 
were homozygous for the previously identified IL11RA 
c.479+6T>G mutation; a family with pansynostosis 
with compound heterozygous missense mutations, 
p.Pro200Thr and p.Arg237Pro; and two further 
Turkish families with Crouzon-like syndrome carrying 
the homozygous nonsense mutations p.Tyr232 and 
p.Arg292[40].

A report by Nur et al.,demonstrated several mutations 
in a cluster of patients with different craniosynostosis 
syndromes. Mis-sense mutations which leads to 
the substitution of one amino acid to the other viz., 
p.Trp290Arg, p.Cys342Tyr, p.Cys278Phe, p.Gln289Pro 
were identified along with a novel p.Tyr340Asn 
mutation. Ohishi et al., [41]reported a novel mutation in 
the FGFR2 gene (p.Asn549Thr) in a CS patient. The 
team also identified p.Ser252Leu mutation is a CS patient 
who had phenotypically normal father. The evidence 
gathered through the present review of literature clearly 
identifies the FGFR family of genes playing a crucial 
role in craniofacial development.[42,43,44] 

Conclusion

The advent of advanced molecular techniques have 
aided in understanding the genetic basis of craniofacial 
disorders. The genotype analysis in connection with a 
disease phenotype is required for proper evaluation of 
the diseases, to determine the pattern of inheritance and 
to ascertain the degree of complexity of the disorder. A 
clear outline about the genetic disorder would further 
help the clinicians to guide the process of disease 
management by providing genetic counseling and start 
with an appropriate treatment intervention.
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