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Dominant mutations in three fibroblast
growth factor receptor genes (FGFRs1-3)
cause Crouzon, Jackson-Weiss, Pfeiffer, and
Apert syndromes. In the present study, 50
Brazilian patients with these four syn-
dromes (27 Apert, 17 Crouzon, 5 Pfeiffer, and
1 Jackson-Weiss patients) were screened
for mutations in the FGFR1-3 genes. Except
for one, all the Apert patients had either
S252W (n = 16) or P253R (n = 10) mutations.
The remaining Apert case is atypical with a
mutation altering the splice site of FGFR2
exon IIIc. The Pfeiffer patients had muta-
tions in one of the FGFR genes: three in
FGFR2, one in FGFR1, and one in FGFR3. In
contrast, only 8 of the 17 Crouzon patients
studied had a mutation in either FGFR2
(n = 7) or FGFR3 locus (n = 1). Mutations in
the FGFR2 locus account for most (93%) of
our syndromic craniosynostotic cases,
whereas 5% had mutations in the FGFR3 lo-
cus and only 2% had mutations in the FGFR1
gene. Except for one, all the other mutations
were reported previously in craniosynos-
totic patients from other populations. Inter-
estingly, the mutation C278F, previously de-
scribed in Crouzon and Pfeiffer cases, was
here identified in a familial case with Jack-

son-Weiss. Also, unexpectedly, a common
mutation altering the splice site of the
FGFR2 exon IIIc was found in one Apert and
two Pfeiffer patients. In addition, we iden-
tified a new mutation (A337P) in the FGFR2
exon IIIc associated with Crouzon pheno-
type. Am. J. Med. Genet. 78:237–241, 1998.
© 1998 Wiley-Liss, Inc.
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INTRODUCTION

The craniosynostoses , a heterogeneous group of dis-
orders affecting ∼1 in 2,000 children, are generally de-
fined as premature closure of one or more of the cranial
sutures [Cohen, 1986; Gorlin et al., 1990]. Four condi-
tions are best known: Crouzon syndrome, the mildest
one, has only craniofacial manifestations; Jackson-
Weiss syndrome with foot anomalies and Pfeiffer syn-
drome associated with foot and hand anomalies are the
intermediate forms; and Apert, with bone and soft syn-
dactyly of upper and lower limbs, is the most severe
type [Gorlin et al., 1990].

It has been demonstrated that mutations in three of
the four known fibroblast growth factor receptor (FGFRs)
genes are responsible for these four conditions. A spe-
cific mutation (P252R) in the FGFR1 locus was only
identified among Pfeiffer patients, whereas the change
P250R in FGFR3 was found in Pfeiffer and Crouzon
cases [Muenke et al., 1994; Schell et al., 1995; Bellus et
al., 1996; Muenke et al., 1997]. However, several mu-
tations in exons IIIa and IIIc of the FGFR2 locus were
associated with Crouzon, Pfeiffer, and Jackson-Weiss
[Reardon et al., 1994; Jabs et al., 1994; Lajeunie et al.,
1995; Oldridge et al., 1995; Park et al., 1995a; Rutland
et al., 1995; Schell et al., 1995; Meyers et al., 1996].
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Therefore, the milder phenotypes can be caused by sev-
eral mutations within and in different FGFR genes. In
contrast, two canonical mutations in exon IIIa of the
FGFR2 gene (S252W: P253R) have been reported in
most Apert patients [Wilkie et al., 1995; Park et al.,
1995b; Oldridge et al., 1997]. Interestingly, common
mutations may result in different phenotypes, al-
though a plausible explanation for such findings has
not been provided yet.

We are not aware of any comparative study of these
four syndromic craniosynostoses within a single popu-
lation and/or in Brazilian patients. Therefore, we per-
formed a study of the FGFR1-FGFR3 genes in 50 Bra-
zilian patients with these four syndromes (27 with Ap-
ert, 17 with Crouzon, 5 with Pfeiffer, and 1 with
Jackson-Weiss). The aims of this analysis were to
verify (1) if these patients present a spectrum of mu-
tations in the FGFR1-3 genes similar to the one previ-
ously reported; (2) if the phenotype is the expected ac-
cording to the type of the mutation identified; (3) if
there is evidence for additional genetic heterogeneity of
these phenotypes; and (4) the relative proportion of
syndromic craniosynostotic patients caused by muta-
tions in the FGFR1, FGFR2, or FGFR3 genes.

PATIENTS

Fifty unrelated patients with Apert, Crouzon,
Pfeiffer, or Jackson-Weiss syndrome were included.
These patients were ascertained through three Brazil-
ian craniofacial units (Hospital de Pesquisa e Reabili-
tação de Lesões Lábio Palatais and Hospital das Clı́ni-
cas at the University of São Paulo and at the Federal
University of São Paulo). All patients were examined
by a clinical geneticist who documented the phenotype.
Crouzon syndrome was distinguished from the other
three conditions by the absence of hand and foot in-
volvement. Patients with foot anomalies and the ab-
sence of broad thumbs were classified as Jackson-
Weiss; whereas patients diagnosed with Pfeiffer syn-
drome had broad thumbs and great toes; Apert
patients, besides a severe craniosysnotosis, had bone
and cutaneous syndactyly of fingers and toes, which
allowed the clinical distinction from Saethre-Chotzen
syndrome.

METHODS

DNA was isolated from total blood according to stan-
dardized methods [Miller et al., 1988]. DNA analysis
was performed in at least one affected individual per
genealogy and whenever a new mutation was detected;
40 unrelated normal controls from the same ethnic
background as the affected patients were screened for
this mutation.

FGFR2 exons IIIa and IIIc were polymerase chain
reaction (PCR) amplified using the condition reported
previously [Oldridge et al., 1995; Slaney et al., 1996].
For the screening of Apert mutations S252W and
P253R, the PCR products were digested with SfiI and/
or BstUI, respectively [Slaney et al., 1996]. Patients
without any of these two changes were screened for
mutations in exons IIIa and IIIc through SSCP. Once

one altered pattern was detected, then sequencing was
performed. The primers used for sequencing were the
same as those for PCR amplification. To confirm se-
quence changes, enzyme digestion was used whenever
possible.

In the cases without a detected mutation in exons
IIIa and IIIc of the FGFR2 gene, the following muta-
tions were analyzed through enzyme restriction diges-
tion and/or SSCP analysis: P252R in the FGFR1
[Muenke et al., 1994] and P250R in the FGFR3 gene
[Bellus et al., 1996]. In addition, the integrity of the
Ser252 codon in FGFR2 gene was tested by digestion of
the amplified exon IIIa with the enzyme BsiEI [Ol-
dridge et al., 1997].

RESULTS

We first tested all of our patients for the S252W and
P253R FGFR2 mutations. Mutation P253R was found
exclusively among Apert patients (n 4 10 in 27). The
S252W change was identified in 16 of the 27 Apert
cases studied but also in one patient with Pfeiffer syn-
drome [Passos-Bueno et al., 1998].

One altered pattern in exon IIIa in two patients (one
Crouzon and one Jackson-Weiss) and six distinct band
shifts in exon IIIc in nine patients (six Crouzon, two
Pfeiffer, and one Apert) were detected through SSCP
analysis. Direct DNA sequencing of these PCR prod-
ucts showed that these abnormal bands were because
of specific point mutations (Table I).

The two Pfeiffer cases in which we had not detected
any mutation in the FGFR2 exons were further tested
for the P252R mutation within the FGFR1 gene, and
we found that one of them has this particular mutation
(Table I).

No band shift was found in exon 7 of FGFR1 and for
exons IIIa and IIIc of FGFR2 in the remaining 11 pa-
tients (10 Crouzon and 1 Pfeiffer). In addition, these
patients have the ser252 codon in exon IIIa of FGFR2
gene apparently intact because they have the expected
restriction site for BsiEI. These patients additionally
were screened for the mutation P250R in FGFR3 gene,
and two of them (one Crouzon and one Pfeiffer) were
found to have this specific change (Table I).

DISCUSSION

Wilkie et al. [1995] first demonstrated that Apert
syndrome was caused by the mutations S252W or
P253R within the exon IIIa of the FGFR2 gene. In the
present report we observed that except for one case, all
the other Apert patients have either one of these mu-
tations: 59% have the S252W and 37% have the P253R
change, confirming that the range of mutations for this
phenotype is very limited. Indeed, including the pre-
sent patients, about 191 out of the reported 194 Apert
patients have either one of these two mutations [Wilkie
et al., 1995; Park et al., 1995b; Meyers et al., 1996;
Moloney et al., 1996; Slaney et al., 1996; Oldridge et al.,
1997; Passos-Bueno et al., 1997]. Except for one [Mey-
ers et al., 1996], the other two exceptional Apert cases
had their mutation identified. One of them had a phe-
nylalanine instead of a serine at position 252, reinforc-
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ing that the specificity of this severe phenotype de-
pends on the position of the mutations at the immuno-
globulin-like (Ig)-II and Ig-III linker of the FGFR2 gene
[Oldridge et al., 1997]. However, the other exceptional
case, which we previously reported, had an A to G tran-
sition at the 38 acceptor splice site of the intron adja-
cent to exon IIIc [Passos-Bueno et al., 1997]. These re-
sults suggest that Apert-like patients with none of the
canonical mutations should be investigated for other
mutations within the FGFR2 gene.

Among the 17 Crouzon patients studied, seven had
causal mutation in the FGFR2 gene. Six of these
changes (C278F; G338R; C342Y; C342F; C342R) were
reported previously among patients from other popula-
tions [Reardon et al., 1994; Oldridge et al., 1995; Mey-
ers et al., 1996; Gorry et al., 1995; Steinberger et al.,
1995]; but the mutation A337P is apparently being re-
ported for the first time. This mutation creates a re-
striction site for Sau96I. The screening through en-
zyme restriction digestion of 40 control chromosomes
showed that none of them have this change, and there-
fore, we considered it responsible for the phenotype in
this patient. This mutation is just adjacent to the pre-
viously described mutation G338R. They both occur in
very conserved amino acids, not only among FGFR2
from different species but also within different FGFRs.
The A337P is located five amino acids away from the
cysteine at position 342, which forms the disulfide bond
with the cysteine at position 278. These observations
suggest that the A337P mutation possibly interferes in
the formation of this bond.

The distribution of FGFR2 mutations among Crou-
zon patients is clearly not random because 46% of the
detected mutations were in the codons for the residues
278 and 342 [Reardon et al., 1994; Oldridge et al., 1995;
Meyers et al., 1996; Gorry et al., 1995; Steinberger et
al., 1995; and present study]. Because none of these
mutations corresponds to a CpG to TpG change, addi-
tional studies will be necessary to understand why
these sites are more prone to mutation.

The frequency of mutations among our Crouzon pa-
tients (47%) is comparable with that in previous stud-
ies, including those that have sequenced the exons IIIa

and IIIc as a method for screening mutations in the
FGFR2 gene among patients with this phenotype
[Meyers et al., 1996]. Our data thus reinforce that
there may be locus or allelic heterogeneity for this phe-
notype.

The Jackson-Weiss propositus included in the pre-
sent report inherited the gene from his mother who
also has craniosynostosis and foot anomalies. A broad
hallux was observed in the propositus and his mother;
the only hand alteration was bilateral clinodactyly of
the 5th finger in the propositus (Fig.1). These patients
have the C278F change, which has been described in
Crouzon and Pfeiffer patients [Oldridge et al., 1995;
Meyers et al., 1996]. Therefore, the present findings
increase the spectrum of clinical variability caused by
this mutation and additionally reinforces the existence
of other genes or environmental factors playing an im-
portant role in the expression of the mutated allele. It
is possible that polymorphic changes in other genes,
which can also cause craniosynostosis, such as MSX2
for the Boston form [Jabs et al., 1993] and TWIST for
Saethre-Choetzen [Howard et al., 1997; El Ghouzzi et
al., 1997], might interfere in the expression of the
FGFR2 mutated alleles.

It is interesting to note that our five Pfeiffer cases
had their mutation identified: three in FGFR2 (60%),
one in FGFR1 (20%), and one in FGFR3 (20%). Two
(one isolated and one familial) had the A to G transition
at the 38 acceptor splice site of the intron adjacent to
exon IIIc. This mutation was reported previously in
two Pfeiffer cases from other populations [Schell et al.,
1995; Lajeunie et al., 1995] and in one Brazilian Apert
patient [Passos-Bueno et al., 1997]. The fact that we
observed that 40% of our Pfeiffer cases (2 in 5) or 6% of
our total cases (3 in 50) have this A to G transition and
that this change was also detected in patients from
other populations, additionally suggest that mutations
along the FGFR2 gene might not be at random.

The clinical distinction of these four craniosynosto-
ses and the association with their respective mutations
is undoubtedly important for a better understanding of
the function of FGFR2 gene. However, if we consider
these four clinical syndromes as a unique entity but

TABLE I. Mutations in FGFR1, FGFR2, and FGFR3 Genes Among Patients With Syndromic Craniosynostosis

Locus Exon Location
Nucleotide

change
Amino acid

change
Type of

mutation
Number of

cases Syndrome

2 IIIa 934 TGC–TGG S252W Missense 16 Apert
1 Pfeifferb

2 IIIa 937 CCT–CGT P253R Missense 10 Apert
2 IIIa 1012 TGC–TTC C278F Missense 1 Crouzon

1 Jackson-Weiss
2 IIIc 1203 TGC–CGC C342R Missense 1 Crouzon
2 IIIc 1204 TGC–TTC C324F Missense 1 Crouzon
2 IIIc 1204 TGC–TAC C342Y Missense 2 Crouzon
2 IIIc 1188 GCT–CCT A337P Missense 1 Crouzon
2 IIIc 1191 GGG–CGG G338R Missense 1 Crouzon
2 IIIc −2 acceptor site A–G Intronic Splicing 2 Pfeiffer

1 Aperta

1 5 755 CCT–CGT P252R Missense 1 Pfeiffer
3 7 749 CCG–CGG P250R Missense 1 Crouzon

1 Pfeiffer

aThis patient was previously reported [Passos-Bueno et al., 1997].
bManuscript in press (Passos-Bueno et al., 1998).
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with different phenotypic effects of the mutated alleles,
we could suggest that most cases are caused by muta-
tions in the FGFR2 gene (93%), followed by cases
caused by mutations in the FGFR3 gene (5%) while
mutations in FGFR1 (2%) accounts for four cases. This
proportion might be biased because Apert patients are
more likely to be ascertained because of their more se-
vere phenotype. If we exclude these patients, we still
observe a higher proportion of cases caused by muta-
tions in the FGFR2 gene (79% in FGFR2, 11 in 14; 14%
in FGFR3, 2 in 14; and 7% in FGFR1, 1 in 14). These
findings are in accordance to the recent review of Co-
hen [1997].
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