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Abstract. Crouzon’s syndrome is a genetic disorder characterized by a distinctive
malformation of the skull and facial region resulting from the premature fusion of
the cranial sutures, abnormal growth of bones, and facial deformities caused by the
underdevelopment of the midfacial region and hypertelorism. This syndrome is rare,
with a prevalence of 16 cases among every million births worldwide. Mutations in
the gene encoding fibroblast growth factor receptor 2 (FGFR2) have been identified
as the main causative factors of autosomal dominant Crouzon’s syndrome. How-
ever, Crouzon’s syndrome may emerge as the result of a de novo mutation, in addi-
tion to its transmission as an autosomal dominant genetic condition. Crouzon’s syn-
drome may also result from epigenetic mechanisms, such as a decrease in
microRNA-338 expression that promotes increases FGFR2 expression and, conse-
quently, enhanced osteoblast differentiation. This work aims to briefly review
Crouzon’s syndrome in the context of its genetic and epigenetic aspects, with the
aim of allowing clinicians to more readily predict a patient’s orthopedic condition
before initiating orthodontic treatment.
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1 Introduction

Craniosynostosis is a birth defect involving the premature fusion of one or more of
the joints between the bones in the skull of an infant. This fusion occurs before the
infant’s brain has fully developed, leading to an abnormal skull shape happens. In
Indonesia, the prevalence rate of craniosynostosis is 1 case per 2000 births, and
most cases involve a single-suture synostosis affecting the sagittal or coronal
sutures [1]. A genetic study identified FGFR2, FGFR3, TWISTI, and EFNBI as the
most frequently mutated genes associated with craniosynostosis [2]. Crouzon’s
syndrome, Pfeiffer syndrome, Apert syndrome, and Saethre—Chotzen syndrome
have been identified as the most common types of craniosynostosis [3].

Of these, Crouzon’s syndrome, a rare autosomal dominant inherited disorder
with a prevalence of 16 cases per million births worldwide, is the most common
type, accounting for 4.8% of all cases of craniosynostosis [4,5]. Notably, however,
50% of Crouzon’s syndrome events are attributed to de novo, rather than inherited,
mutations. The occurrence of Crouzon’s syndrome has no sex or racial predilection
and is unrelated to intrauterine drug exposure.
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Louis Edouard Octave Crouzon, a French neurologist, initially reported this
syndrome for the first time in 1912 in a mother and son who presented with a triad
of calvarial deformities, facial anomalies, and exophthalmos [3,7,8].
Craniosynostosis and facial hypoplasia are characteristic of Crouzon’s syndrome,
[9] and although the craniosynostosis type varies, most cases involve both coronal
sutures. This syndrome is caused by the prenatal fusion of the superior and posterior
sutures of the maxilla along the wall of the orbit. Underdevelopment of the midface
and bulging of the eyes are also characteristic of Crouzon’s syndrome, [10] and
maxillary hypoplasia and mandibular prognathism with malocclusion often occur
as a consequence of cranial base and midface suture involvement.11 Although
nearly all patients with Crouzon’s syndrome exhibit normal brain development,
13% exhibit mental retardation, 11.5% have a history of epilepsy, and 30%—50%
develop severe recurrent headaches [12]. Furthermore, a syndrome-related
disproportion between craniosynostosis and brain growth can cause a high and
potentially fatal level of intracranial pressure.

Crouzon’s syndrome can be distinguished from Apert syndrome by the tendency
of the latter to manifest with an asymmetric cranial base, which is rare in the former
because the skull is more mature at birth and the bones are fused to each other by
multiple synostoses [13]. Other statistically significant differences include an
increased lateral orbital wall angle, which is characteristic of Crouzon’s syndrome.
Moreover, sinusitis and nasal septum deviation almost always occur in patients with
Crouzon’s syndrome. Intraoral manifestations of Crouzon’s syndrome include
mandibular prognathism, maxillary hypoplasia with a narrow palate, and crowding,
[14] as well as peg-shaped teeth, oglidontia, macrodontia, and widely spaced teeth.
Patients with Crouzon’s syndrome also frequently exhibit an imbalance of the
extraocular muscles, as well as recurrent ear infections that lead to hearing loss.

2 Genetics of Crouzon’s syndrome

Crouzon’s syndrome is a rare genetic disorder caused by mutations in the fibroblast
growth factor receptor 2 (FGFR2) gene [6,8]. This gene which has been identified
on chromosome 10, encodes the FGFR2 protein, a tyrosine-protein kinase that acts
as a cell-surface receptor for FGF [15,18] FGFR2 belongs to the FGFR protein fam-
ily, of which all four members play roles in important processes such as the regula-
tion of cell growth and maturation, cell division, embryonic development, blood
vessel formation, and wound healing.16 Specifically, FGFR2 plays essential regu-
latory roles in intracellular signaling pathways affecting cell proliferation, differen-
tiation, migration, apoptosis, and embryonic development [17]. Among its multiple
functions, FGFR2 protein signals immature cells to become bone cells during em-
bryonic development.

Mutations in FGFR2 have been found to involve three extracellular immuno-
globulin (Ig)-like C2-type domains (Ig-I, Ig-II, and Ig-III), a transmembrane do-
main, and a cytoplasmic tyrosine kinase domain. A genetic study found that nearly
60 FGFR2 mutations, most of which affected the Ig-III domain at locus 10q26.13,
could cause Crouzon’s syndrome [19]. Mutations in FGFR2 lead to the hyperactive
signaling of FGFR2, which causes the bones of the skull to fuse prematurely. This
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premature fusion frequently extends posteriorly into the cranium to distort the cra-
nial vault. Maxilla can prevent from translating downward and forward is the result
of fusion in the orbital area. Once a suture has become fused, growth perpendicular
to the suture is restricted, and the fused bones act as a single bony structure. Conse-
quently, compensatory growth at the remaining open sutures causes abnormal bone
growth and facial deformities while allowing continued brain growth.

3 Epigenetics of Crouzon’s syndrome

The term “epigenetics” generally refers to changes in gene function that are mitoti-
cally heritable but do not involve a change in the DNA sequence. Epigenetics may
be influenced by environmental factors such as histone modification, DNA methyl-
ation, and post-transcriptional silencing mediated by RNA interference, and these
processes may enhance or repress gene expression. MicroRNAs (miRNAs) are
small (approximately 21-24 nucleotides) noncoding RNAs that act as post-tran-
scriptional regulators of gene expression [20]. These miRNAs have been identified
in various biological processes, including cell differentiation, proliferation, and me-
tabolism, and a loss of miRNA-mediated regulation can cause disease progression.
MiRNAs can affect cell differentiation mediated by the FGF signaling pathway by
directly regulating the expression of either FGF or FGFRs. For example, in osteo-
blasts, miR-338 can directly regulate the 3’ untranslated region of FGFR2 to sup-
press FGFR2 expression [20] Therefore, a decrease in miR-338 expression would
enhance FGFR2 expression and, consequently, osteoblast differentiation. Moreo-
ver, miRNAs can affect FGF signaling during development by regulating down-
stream effectors of the related pathway [20].

4 Conclusion

Crouzon’s syndrome is a genetic disorder characterized by the synostosis and prem-
ature fusion of coronal and sagittal sutures. The differential diagnosis of Crouzon’s
syndrome includes Apert, Pfeiffer, Carpenter, and Saethre—Chotzen syndromes.
Mutations in the FGFR2 gene at chromosomal locations 10q25-26 have been im-
plicated in the etiology of Crouzon’s syndrome. These mutations can modify the
expression of FGFR2 protein, a tyrosine-protein kinase acting as a cell-surface re-
ceptor for FGF. FGFR2 signaling induces immature cells to become bone cells dur-
ing embryonic development. Accordingly, overexpression of FGFR2 can cause the
bones of the skull to fuse prematurely, resulting in abnormal bone growth and facial
deformities. Crouzon’s syndrome may be transmitted as an autosomal dominant ge-
netic condition or may arise consequent to a de novo mutation. Epigenetic mecha-
nisms, such as a decrease in miR-338 with consequent increases in FGFR2 expres-
sion and osteoblast differentiation, may also underlie the development of Crouzon’s
syndrome.
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