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Abstract. Crouzon Syndrome is an autosomal dominant syndromic craniosynostosis characterized
by premature closure of cranial sutures, exophthalmos, and midface hypoplasia. It is caused by mul-
tiple mutations in the fibroblast growth factor receptor 2 (FGFR2). We describe prenatal genetic
testing of FGFR2 in a fetus of a mother whose previous child had Crouzon Syndrome due to an
apparently de novo mutation, S351C. Sequence electropherograms of the exon 10 of FGFR2 encom-
passing the codon 351 reveal ed only the normal sequence, thus predicting avery high likelihood of an
unaffected fetus. The study was confirmed by the birth of a normal neonate. We report the use of
molecular genetic testing to exclude Crouzon Syndrome due to FGFR2 mutation prenatally. Prenatal
diagnostic testing for a known mutation is a reasonable option for couples at risk for having a child
with Crouzon Syndrome due to germline mosaicism. Molecular testing is more accurate and reliable
than ultrasonography and provides families with reassurance.

INTRODUCTION

Crouzon Syndrome (MIM 123500) is an au-
tosomal dominant syndromic craniosynostosis
characterized by premature closure of cranial su-
tures, exophthalmos, and midface hypoplasia. The
birth prevalence of Crouzon Syndromeisestimated
to be 15-16 per 1,000,000 births (Cohen and
Kreiborg, 1992) with 30-60% of cases being spo-
radic (Al-Qattan and Phillips, 1997). Themgjority
of patients with Crouzon Syndrome have muta-
tions in the extracellular immunoglobulin 111 do-
main of the fibroblast growth factor receptors 2
(FGFR2) gene (Passos-Bueno et al, 1999). Here,
we describe prenatal genetic testing for FGFR2
S351C mutation in afetus of amother whose pre-
vious child had died of Crouzon Syndrome.

MATERIALSAND METHODS

Case evaluation

A 33-year-old woman’sfirst child was diag-
nosed with Crouzon Syndrome. The patient’s de-
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tailed clinical and molecular featureswere previ-
ously described (case 4 in Shotel ersuk et al, 2003).
Briefly, the child had a severe form of Crouzon
Syndrome with hydrocephalus, compressive
optic neuropathy, and hearing loss; died of aspi-
ration pneumonia at the age of 1 year (Fig 1).
Murtation analysis of FGFR2 revealed an S531C
mutation (Fig 2A), which was not present in her
parents. The parentswere counseled that their risk
of having another child with Crouzon Syndrome
was low since the mutation appeared to be de
novo.

After extensive counselling about the low
risk of recurrent Crouzon Syndrome in her sec-
ond pregnancy, the couple chose to undergo pre-
natal diagnostic testing for the FGFR2 mutation.
Amniocentesis was performed at 16 weeks ges-
tation without complications. The amniotic fluid
was sent for mutation analysis and chromosome
studies; no abnormalitieswere detected. Serial ul-
trasound examinationsat 7, 18, 28, and 37 weeks
gestation revealed normal anatomy and growth
of the fetus.

At 38 weeks gestation, the patient delivered
a normal appearing female infant by repeat ce-
sarean section.
Mutation analysis

After informed consent was obtained, 10 ml
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Fig 1-The affected child with Crouzon Syndrome had
frontal bossing, proptosis, and maxillary hypo-
plasia

of amniotic fluid was aspirated and used for DNA
isolation by a QlAamp® DNA Mini Kit
(QIAGEN, Valencia, CA, USA). The FGFR2
exon 10 wasamplified using previously described
methods (Shotelersuk et al, 2002). The PCR prod-
uct was then sent for direct sequencing at the
National Science and Technology Development
Agency, Bangkok, Thailand.

RESULT AND DISCUSSION

Sequence €electropherograms revealed only
anormal sequence (Fig 2B). Crouzon Syndrome
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Fig 2-The sense sequence electropherograms in the
affected previous child (A) and the unaffected
fetus (B). The arrows show that the wild-type
sequence, C, can be observed along with the
mutant sequence, G, inthe affected girl but only
the wild-type sequence in the unaffected.

is an autosomal dominant condition but can oc-
cur sporadically asaresult of ade novo mutation
in FGFR2. The mgjority of Thai patients with
Crouzon Syndrome are sporadic (Shotelersuk et
al, 2003) and hence, the risk of having another
child with the same syndrome is low for these
parents. Nonetheless, because of gonadal mosa-
icism, the recurrence risk of an autosomal domi-
nant condition in the siblings of a child with the
disorder with unaffected parents does existent.
The risk varies from condition to condition
(Zlotogora, 1998). It appearsto be approximately
6% for osteogenesisimperfectatype Il (Byerset
al, 1988) but only 0.02% for achondroplasia
(Mettler and Fraser, 2000). Therisk for Crouzon
Syndrome has not been measured.

The first child had a clinically severe form
of Crouzon Syndrome. She died at the age of 1
year, though many Crouzon patients live into
adulthood. The severity was the main factor in-
fluencing the parents’ decisions during the sub-
sequent pregnancy. Despitealow recurrencerisk,
they decided to undergo prenatal diagnostic test-
ing for the FGFR2 mutation. The couple elected
amniocentesis over chorionic villus sampling
(CVYS) dueto the lower risk of fetal loss.
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Other procedures have been utilized to di-
agnose Crouzon Syndrome antenatally. Prenatal
ultrasonographic features of exophthalmos
(Menashe et al, 1989), binocular diameter (Leo
et al, 1991) and unusua head shape (bossing of
the forehead, splaying of the coronal sutures)
(Brook, 1986; David et al, 1991) were described
for the diagnosis of Crouzon Syndrome. How-
ever, these findings can be equivocal (Chenet al,
2003). DNA-based testing for a known mutation
is more accurate and reliable. Alternatively, a
coupleat highrisk for having achild with Crouzon
Syndrome may consider preimplantation genetic
diagnosis (PGD). Therewasareport of pregnancy
following PGD for Crouzon Syndrome (Abou-
Sleiman et al, 2002). However, PGD requiresvery
sophisticated techniques including single cell
PCR and is expensive. Since neither parent is a
carrier of the FGFR2 mutation, they choseto use
prenatal molecular testing.

Conclusions

Wereport the use of prenatal molecul ar test-
ing for Crouzon Syndrome. Prenatal diagnostic
testing for a known mutation is a reasonabl e op-
tion for couples at risk for having a child with
Crouzon Syndrome due to germline mosaicism.
Molecular testing is more accurate and reliable
than ultrasonography and provides families with
reassurance.

ACKNOWLEDGEMENTS

This work was supported by Development
Grants for New Faculty/Researchers, Chulalong-
korn University and the Thailand Research Fund
(Contract grant number: RSA/05/2544).

REFERENCES

Abou-Sleiman PM, Apessos A, Harper JC, Serhal P,
Delhanty JD. Pregnancy following preimplanta-
tion genetic diagnosis for Crouzon Syndrome.
Mol Hum Reprod 2002; 8: 304-9.

Al-Qattan MM, Phillips JH. Clinical features of
Crouzon’s Syndrome patients with and without a

Vol 35 No.4 December 2004

positive family history of Crouzon’s Syndrome.
J Craniomaxillofac Surg 1997; 8: 11-3.

Brook F. Sonographic appearance of craniofacial dys-
ostosis in utero. Radiography 1986; 52: 153-4.

Byers PH, Tsipouras P, Bonadio JF, Starman BJ,
Schwartz RC. Perinatal lethal osteogenesis
imperfecta (Ol type I1): a biochemically hetero-
geneousdisorder usually dueto new mutationsin
the genes for type | collagen. Am J Hum Genet
1988; 42: 237-48.

Chen CP, Chern SR, Lin SP, Wang W, Tsai FJ. Prenatal
identification of a G338E mutation in FGFR2 in
a fetus without sonographic appearance of cran-
iosynostosis. Prenat Diagn 2003; 23: 175-6.

Cohen MM Jr, Kreiborg S. Birth preval ence studies of
the Crouzon Syndrome: comparison of direct and
indirect methods. Clin Genet 1992; 41: 12-5.

David DJ, Cooter RD, Edwards TJ. Crouzon twinswith
cloverleaf skull malformations. J Craniomaxillofac
Surg 1991, 2: 56-60; discussion 1.

LeoMV, Suslak L, Ganesh VL, AdhateA, Apuzzio JJ.
Crouzon Syndrome: prenatal ultrasound diagno-
sisby binocular diameters. Obstet Gynecol 1991;
78: 906-8.

Menashe Y, Ben Baruch G, Rabinovitch O, Shalev Y,
Katzenlson MB, Shalev E. Exophthalmus—prena-
tal ultrasonic features for diagnosis of Crouzon
Syndrome. Prenat Diagn 1989; 9: 805-8.

Mettler G, Fraser FC. Recurrencerisk for sibs of chil-
dren with “sporadic” achondroplasia. Am J Med
Genet 2000; 90: 250-1.

Passos-Bueno MR, Wilcox WR, Jabs EW, Sertie AL,
Alonso LG, Kitoh H. Clinical spectrum of fibro-
blast growth factor receptor mutations. Hum
Mutat 1999; 14: 115-25.

Shotelersuk V, Ittiwut C, Srivuthana S, Mahatumarat C,
Lerdlum S, Wacharasindhu S. Distinct craniofa-
cial-skeletal-dermatol ogical dysplasiain apatient
with W290C mutation in FGFR2. Am J Med
Genet 2002; 113: 4-8.

Shotelersuk V, Mahatumarat C, Ittiwut C, et al. FGFR2
Mutationsamong Thai childrenwith Crouzon and
Apert Syndromes. J Craniomaxillofac Surg 2003;
14: 101-4.

Zlotogora J. Germ line mosaicism. Hum Genet 1998;
102: 381-6.

979




