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Abstract
Autism spectrum disorder (ASD) is a long-known complex neurodevelopmental disorder, and over the past decades, with 
the enhancement of the research genomic techniques, has been the object of intensive research activity, and many genes 
involved in the development and functioning of the central nervous system have been related to ASD genesis. Herein, we 
report a patient with severe ASD carrying a G > A de novo variant in the FGFR2 gene, determining a missense mutation. 
FGFR2 encodes for the ubiquitous fibroblast growth factor receptor (FGFR) type 2, a tyrosine kinase receptor implicated in 
several biological processes. The mutated version of this protein is known to be responsible for several variable overlapping 
syndromes. Even if there still is only sparse and anecdotal data, recent research highlighted a potential role of FGFR2 on 
neurodevelopment. Our findings provide new insights into the potential causative role of FGFR2 gene in complex neurode-
velopmental disorders.

Keywords Autism · FGFR2 gene · Intellectual disability · Human chromosome 10 · Sanger sequencing · Missense 
mutation

Introduction

Autism spectrum disorder (ASD) is a complex neurodevel-
opmental disorder defined by deficits in social communi-
cation and restricted repetitive sensory–motor behaviours. 
Over the past decades, researchers mainly aimed to unravel 
the causes underpinning ASD clinical and etiological het-
erogeneity, and to discover specific biomarkers and endo-
phenotypes (Shen et  al., 2020). Although inconclusive, 
ongoing research has shed light on genetic factors poten-
tially implicated in ASD susceptibility and severity (Hodges 
et al., 2020). The breakthrough of genome-wide associa-
tion studies and whole exome sequencing techniques have 
helped broaden our understanding of ASD-related genes and 
to find common genetic risk variants (Grove et al., 2019). 
Several candidate genes seem to play a role in brain devel-
opment, neurotransmitter function, or neuronal excitability 
further to the formation and maintenance of neuronal syn-
apses (i.e. RELN, MeCP2, NLGN3, NLGN4, TSC2, CDKL5, 
NRXN1, VAMP2) (Hodges et al., 2020; Spoto et al., 2022). 
Herein, we describe a 12-year-old Sicilian male patient with 
severe ASD, associated with Attention Deficit/Hyperactivity 
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Disorder (ADHD), carrying a de novo variant in the fibro-
blast growth factor receptor 2 (FGFR2) gene.

Materials and Methods

NGS Technology

Exome analysis was performed as described (Calì et al., 
2017). The identified variants were filtered according to (i) 
recessive/de novo/X-linked pattern of inheritance and (ii) 
allele frequencies using the following genomic datasets: 
1000 Genomes, ESP6500, ExAC, and gnomAD. In silico 
analyses were performed with Varsome (ACMG criteria) 
(Kopanos et al., 2019).

Sanger Sequencing

Sanger sequencing was performed using the BigDye Termi-
nator v1.1 Cycle Sequencing Kit (Thermo Fisher Scientific) 
by standard methods.

Array‑CGH

A single-array comparative genomic hybridization (aCGH) 
experiment on the proband and her parents was performed 
using the Human Genome CGH Microarray 60 K (Agilent 
Technologies).

Results

Clinical Presentation

We report the case of a 12-year-old boy born to non-consan-
guineous parents after an uneventful full-term pregnancy. 
The proband showed delayed psychomotor development 
(walking at 19 months) and language development restricted 
to vocalizations, associated with social and behavioural 
abnormalities (tendency to isolate from peers, stereotypies, 

the propensity to seek visual stimuli, and toe walking). 
At 4 years old, according to the Diagnostic and Statistical 
Manual of Mental Disorders, 5th Edition (DSM-V) crite-
ria, the patient was also diagnosed with autism spectrum 
disorder. The clinical examination highlighted the presence 
of plagiocephaly, macrocephaly, macrosomia, arched pal-
ate, syndactyly of the 2nd and 3rd toe fingers bilaterally, 
flat feet, slightly generalized hypotonia, and ligament laxity. 
Subsequently, a co-diagnosis of severe ADHD was made, 
and treatment with periciazine was started. At the age of 
7 years, despite the pharmacological and habilitative treat-
ments (the child attended Applied Behavioural Analysis and 
speech therapy and used Picture Exchange Communication 
System), the patient’s clinical picture gradually worsened 
(impulsivity, multifarious stereotypies and inadequate par-
ticipation during treatments). Brain MRI and EEG were both 
unremarkable. Switching from periciazine to risperidone 
slightly reduced ADHD and ASD symptoms; moreover, 
gradually, the child increased in weight and presented sev-
eral metabolic complications (increased glycated haemoglo-
bin levels and hyperinsulinism). For these reasons, at the age 
of 10 years, a switch from risperidone to aripiprazole was 
made, presenting an improvement in behavioural abnormali-
ties, social-communicative skills, and a normalization of the 
previously reported metabolic disturbances.

Genetic Analysis

Results from a single aCGH using the Human Genome CGH 
Microarray 60 K were not informative (data not shown). Trio 
exome sequencing analysis (WES) was carried out, high-
lighting a heterozygous variant c.412G > A (p.Asp138Asn) 
in the FGFR2 gene [REFSEQ: NM_000141.5]. Using a con-
ventional Sanger sequencing, we confirmed that the variant 
occurred de novo (Fig. 1c). This SNP was associated in the 
literature with “Cleft lip and palate” (Riley et al., 2007) and 
is classified as “likely pathogenic” according to the “Ameri-
can College of Medical Genetics” criteria (Kopanos et al, 
2019). In silico analysis was performed with VARSOME. In 
the absence of any significant variants affecting other genes, 
we considered the c.412G > A (p.Asp138Asn) in the FGFR2 
gene causative of our patient’s clinical picture.

Discussion

The ASD patient described here showed a mutation in the 
FGFR2 gene, located in the chromosomal band 10q26 
(Fig. 1a) and encoding the fibroblast growth factor receptor 
type 2. It belongs to the family of tyrosine kinase recep-
tors (including FGFR1, FGFR3, and FGFR4) that regulate 
several biological processes, including bone development, 
differentiation of mesenchymal and neuroectodermal cells, 

Fig. 1  Heterozygous variant identified in the present ASD patient. 
A genomic organization of the FGFR2 gene localized in the chro-
mosomal band 10q26.13. Gene is transcribed from the telomere to 
the centromere side and consists of 18 exons. Exon 4 contains the 
detected C > T variation (G > A in the RefSeq NM_000141.5). B 
Nucleotide and aminoacidic sequences of the FGFR2 gene exon-4. 
The red asterisk indicates the nucleotide and the corresponding ami-
noacidic variant. The horizontal black line indicates the direction of 
transcription/translation. Data and images from the UCSC Genome 
Browser (http:// genome. ucsc. edu, accessed on 15 June 2023). C 
Sanger sequencing electropherogram of the 21 nucleotides surround-
ing the C > T variant, showing the heterozygous missense mutation 
detected in the ASD patient, respect to his parents. A black box high-
lights the mutated nucleotide

◂
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intracellular survival and proliferative cellular mechanisms 
(Azoury et al., 2017; Goyal et al., 2021). FGFR2 has been 
associated with several heterogeneous autosomal-dominant 
syndromes, among which the Pfeiffer (#MIM 101600), 
Crouzon (#MIM 123500), Apert (#MIM 101200) syn-
dromes, variably presenting overlapping features affecting 
the skin and the skeletal and neurological systems, and often 
associated with a high risk of cancer. Recently, FGFR2 has 
been hypothesized to be implicated in neurodevelopmental 
disorders as well (Coci et al., 2017; Gracia-Darder et al., 
2023; Szczurkowska et al., 2018; Tammimies et al., 2015).

Autosomal-dominant FGFR2 mutations might result in 
constitutive activation of the receptor, which, in turn, may 
determine an early differentiation of the osteoprogenitors, 
hence, a premature suture fusion (Azoury et al., 2017). 
Therefore, it is not surprising that most FGFR2 pathogenic 
variants (mainly missense ones) lead to syndromic cranio-
synostosis (i.e., Crouzon, Apert, Pfeiffer, Beare-Stevenson 
cutis gyrate, Jackson-Weiss, and Seathre-Chotzen-like syn-
dromes) with a multisystemic involvement (Azoury et al., 
2017). However, FGFR2 is nearly ubiquitously expressed, 
particularly in the brain, respiratory system, male and female 
tissues, and skin (Fig. 2); thus, mutations in this gene have 
been associated with other clinical phenotypes, such as 
Hypospadias and Lacrimo-auriculo-dento-digital syndrome 
(Azoury et al., 2017; Stenson et al., 2020).

Although the evidence available today is still sparse, 
recent data unravelled a potential role of FGFR2 on neu-
rodevelopment, such as the reported presumed loss-of-func-
tion mutation (c.A1295G) of FGFR2 in an autistic child, 
without features of craniosynostosis (Tammimies et al., 
2015). Accordingly, Gracia-Darder et al. (2023) reported a 
heterozygous variant (p.Cys382Arg) in FGFR2, suggesting 
a possible causative role in the aetiology of their patient’s 
autism. In addition, Coci et al. (2017) reported three siblings 
affected by two distinct forms of severe neuropsychological 
impairments inclusive of autistic features, who turned out 
to carry two different unbalanced translocations between 
chromosomes 10 and 22, deriving from a maternal balanced 
translocation, two chromosomes harbour important genes 
implicated in central nervous system development and body 
growth, including the FGFR2 gene. These data are sum-
marized in Table 1.

Szczurkowska et al. (2018) have already proposed such 
a role for FGFR2 in neurodevelopmental disorders. They 
demonstrated that the mutual regulation of FGFR2 and the 
cell adhesion molecule NEGR1 are apparently implicated in 
the genesis of impaired core behaviours related to ASD in 
mice: the downregulation of either one of these two genes 
leads to a defective NEGR1-FGFR2 complex (which in its 
turn would converge on the Extracellular signal-regulated 
kinases/Akt downstream signalling pathway), eventually 

Fig. 2  Expression level of the FGFR2 gene in human healthy tissues. 
The expression level was obtained in 54 human tissues from GTEx 
RNA-seq of 17,382 samples from 948 donors (V8, Aug 2019). TPM: 

Transcripts per Million. Data and image from the UCSC Genome 
Browser (http:// genome. ucsc. edu, Accessed 05 May 2023)

http://genome.ucsc.edu
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affecting neuronal migration and the spine density during 
mouse cortical development, being, therefore, responsible 
for the autistic symptoms. Earlier, Vaccarino et al. (2009), 
considering that the FGF family is involved in cortical size 
and connectivity regulation, mini-column pathology and 
excessive network excitability, hypothesized that mutations 
in these genes may lead to autistic sensory hyper-reactivity.

Finally, it is worth recalling our patient’s clinical features, 
partially overlapping with those present in specific FGFR2-
related syndromes, such as high-arched palate (as in Pfeiffer 
syndrome), syndactyly of the 2nd and 3rd toes (Jackson-
Weiss syndrome #MIM 123150 and Sathre-Chotzen syn-
drome, #MIM 101400), plagiocephaly (Sathre-Chotzen 
syndrome), developmental delay, and intellectual disability 
(Beare-Stevenson cutis gyrate syndrome, #MIM 123790, 
Crouzon syndrome, and Pfeiffer syndrome).

All these data not only corroborate the already proposed 
pathogenicity of FGFR2 in neurodevelopmental disorders, 
including autism and ADHD but also specifically support its 
etiological role in our patient’s case. Given the recent break-
through of NGS techniques, such as WES, we reckon that 
the analysis of FGFR2 should be included, and its variants 
should be taken in mind in patients with neurodevelopmen-
tal disorder, especially in association with craniosynostosis 
and body overgrowth. Further evidence is needed to reveal 
the specific role of certain FGFR2 variants in determining 
distinct phenotypes to finally delineate a more precise geno-
type–phenotype correlation within this rare and intriguing 
group of disorders.
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