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ABSTRACT The fibroblast growth factor (FGF) signaling pathway regulates the intracellular events which are
involved in the proper formation of the internal organs and limbs during the earliest stages of embryonic development.
Here, the researchers performed a detailed examination of clinical and radiological findings from syndromic cases
with sensorineural hearing loss and determined their molecular genetic etiology. Family history, physical examination,
laboratory and radiological examinations for three Turkish families displaying congenital sensorineural hearing
loss, microtia, dental anomalies and neuromotor developmental delay were evaluated and molecular analysis of the
FGF3 gene was performed. The researchers detected a heterozygous deletion of a 2.4 Megabase (Mb) segment in
the region spanning 68,734,891 to 71,538,481 bases in the chromosome 11q13.3-q13.4. Interestingly, this region
included the FGF3 gene in case 1, whereas two novel mutations (NM_005247: c.8T>G, p.Leu3Arg, NM_005247:
c.324+2T>C) were identified in case 2 and case 3 respectively. From this study, the researchers conclude that in the
absence of inner ear structures in cases of syndromic hearing loss, FGF3 gene related phenotypes should be
considered and the FGF3 gene should be examined by sequence analysis and array-CGH methods for both point
mutations and gross deletions.
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INTRODUCTION

The fibroblast growth factor 3 (FGF3) gene
comprises of 3 exons located on the chromo-
some 11q13.3 and encode a 239 amino acid pro-
tein. The resulting protein, known as the fibro-
blast growth factor (FGF), regulates several sig-
nal pathways which are involved in the proper
formation of the inner ear structures via specific
intracellular events during the embryonic devel-
opment (Ornitz et al. 2001; Alvarez et al. 2003;
Wright et al. 2003). Defects in the FGF signaling
pathway can lead to disruption in cochlear coil-
ing as well as formation of endolymphatic duct

and semicircular canals (Mansour et al. 1993;
Pauley et al. 2003; Hatch et al. 2007). Mutations
in the FGF3 and FGF10 genes can therefore
cause disruptions in the signal pathway which
can lead to diseases associated with defects of
the inner ear structures (Rohmann et al. 2006;
Tekin et al. 2007). A study by Gregory-Evans et
al. (2007) found that microdeletions at the 11q13
region of the chromosome, which also contains
the FGF3 gene, causes otodental syndrome (Gre-
gory-Evans et al. 2007). Moreover, they found
that anomalies of the inner ear development oc-
curred in addition to tooth and eye manifesta-
tions, which are the main symptoms of the syn-
drome. Subsequently, the LAMM syndrome
phenotype was defined by Tekin et al. (2008)
and these patients displayed facial dysmor-
phism, congenital sensorineural hearing loss,
microtia, microdontia and neuromotor develop-
mental retardation (Tekin et al. 2008; Al Yassin et
al. 2019; Basdemirci et al. 2019).
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Recent studies have shown that variants of
the FGF3 gene can be associated with temporo-
mandibular joint disease, rotator cuff disease as
well as tooth agenesis (Küchler et al. 2013; Mot-
ta et al. 2014; Carpio et al. 2019; Cunha et al.
2020). In addition, a relationship between the
FGF3-BMP signaling pathway and neural tube
closure, neural crest specification, and axis ter-
mination has been described (Anderson et al.
2016). Interestingly, FGF3 gene copy number
variations and point mutations have also been
associated with different types of cancers such
as that of the breast, prostate, esophagus, and
oral squamous cell carcinoma (Li et al. 2015;
Chung et al. 2019; Anwar et al. 2020; Brown et al.
2020).

Till date, a total of 24 mutations have been
identified in the FGF3 gene, of which approxi-
mately half (54%) were missense/nonsense mu-
tations. Further, 17 percent of mutations were
small deletions leading to frameshift, 4 percent
were small indels leading to frameshift, 12.5 per-
cent were gross deletions and 2.5 percent were
gross insertions. From this, it has been conclud-
ed that all heterozygous gross deletions includ-
ing those in the FGF3 gene are associated with
otodental dysplasia whereas homozygous /
compound heterozygous single nucleotide vari-
ations are associated with LAMM syndrome
phenotype (https: //portal.biobase-internation-
al. com/hgmd/pro/all.php).

In this study, family history, physical exami-
nation, laboratory, and radiological examinations
for three different Turkish families with congen-
ital sensorineural hearing loss, microtia, dental
anomalies and neuromotor developmental de-
lay were evaluated and molecular analysis of
FGF3 gene was performed.

Objective

In this study, the researchers aimed to per-
form a detailed examination of the clinical and
radiological findings of syndromic cases which
display sensorineural hearing loss and to deter-
mine their molecular genetic etiology. They fo-
cused on the examination of the FGF3 gene us-
ing different molecular methods, especially in
syndromic cases with sensorineural hearing loss
with an absence of inner ear structures.

METHODOLOGY

All experimental procedures were conduct-
ed in accordance with the principles of the Dec-
laration of Helsinki and were approved by the
Local Ethical Committee. Informed written con-
sent was obtained from parents of test subjects
included in this study. Three cases from three
different families were evaluated and their selec-
tion was based on family history, physical exam-
ination, laboratory and radiological examina-
tions. FGF3 gene associated LAMM syndrome
and otodental dysplasia phenotypes were con-
sidered as primary diagnosis and then molecu-
lar genetic analysis of  these cases were per-
formed as described below.

First, genomic DNA was isolated using the
QiaAmpDNA Mini kit (QIAGEN Germantown,
MD, USA) from peripheral blood leukocytes of
index cases. All exons and exon–intron junctions
of the FGF3 gene for patients were amplified by
polymerase chain reaction (PCR) using custom
designed primers (Primer sequences:  exon 1 for-
ward primer:  5’-CACCTTTCCCGCGAAGCCG-
3’; exon 1 reverse primer:  5’-CGCACCATGCCT-
TCTCCCG-3’; exon 2 forward primer:  5’-CTTC-
CACTCACTCCCCGACC-3’; exon 2 reverse prim-
er:  5’-GCAAAGCATTCTACTGCCCACATC-3’;
exon 3 forward primer:  5’-TGACGCTGCCA-
CAGTCTCC-3’; exon 3 reverse primer:  5’-GCTG-
GCTCTGGAAATAGCTGAG-3’).  The PCR prod-
ucts were sequenced using the Sanger sequence
analysis method using the ABI PRISM® 3130xl
genetic analyzer (Applied Biosystems, Foster City,
CA, USA). To evaluate the pathogenicity of the
detected variants, the frequency of the variant in
population studies (1000G, ExAC, gnomAD), pre-
dictions of in-silico analysis and American Col-
lege of Medical Genetics and Genomics (ACMG)
were used as selection criteria (Richards et al.
2015). Array comparative genomic hybridization
(Array-CGH) was performed in case 1 for the oto-
dental dysplasia. Chromosomal microarray anal-
ysis was performed on the Affymetrix Cytoscan
Optima (315K) chips (Thermo Fisher Scientific,
Waltham, MA, USA) using DNA obtained from
peripheral blood. The data obtained from the Chro-
mosome Analysis Suite (v3.2.0; Thermo Fisher
Scientific, USA) were evaluated using current
databases such as Pubmed, Database of Genom-
ic Variants, and DECIPHER.
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RESULTS

Clinical Characteristics

Case 1

A 10-month-old male patient was referred to
the researchers’ clinic for displaying bilateral
sensorineural hearing loss and facial dysmor-
phism. He was born at term by spontaneous
vaginal delivery (birth weight:  2850 g [-1.23 stan-
dart deviation score (SDS)] and birth height:  48
cm [-0.91 SDS]) and was the first child of non-
consanguineous healthy parents. Upon detec-
tion of hearing loss in the left ear during new-
born hearing screening, the patient underwent
the auditory brainstem response (ABR) test for
a thorough screening. While ABR results re-
vealed syndromic hearing loss resulting from
mild sensorineural hearing loss in the right ear,
the researchers detected very advanced senso-
rineural hearing loss in the left ear as well as
facial dysmorphism. Furthermore, patient’s
height, weight and head circumference measure-
ments were 70 cm (-1.4 SDS), 8000 gr (-1.42 SDS)
and 44.5 cm (-1.18 SDS), respectively. Dysmor-
phological examination revealed a prominent

metopic suture, bilateral preauricular skin tags,
prominent forehead, long face, small ears, nar-
row palpebral fissures, narrow and high arched
palate and simian crease on the left hand (Fig.
1a-b). Eye examination was normal in the neona-
tal period; however, head control was delayed
and the age of sitting without support was at
the 9th month. Organomegaly was not detected
in the whole abdomen ultrasonography (USG)
of the patient but there was a small atrial septal
defect (ASD) detected in the echocardiographic
(ECHO) evaluation. Internal acoustic canal (IAC)
magnetic resonance imaging (MRI) and tempo-
ral bone computed tomography (CT) was con-
ducted owing to asymmetric bilateral sensorineu-
ral hearing loss. These tests revealed advanced
hypoplasia in the left IAC and the 7th–8th nerve
complexes extending into the canal had abnor-
mal appearance. The 7th–8th nerve complex de-
rived from the brainstem in the form of two sep-
arate anatomical structures was identified as a
uniform single nerve at the entrance of the ca-
nal, which extended into the canal (Fig. 2a-b). A
physical examination at 2 years of age revealed
that the patient’s height was 82 cm. (-1.6 SDS),
weight was 9500 g. (-2.47 SDS) and head circum-
ference was 47 cm (-1.5 SDS). Upon further phys-

Fig. 1. Dysmorphologic findings of Case 1 a) prominent metopic suture, prominent forehead, long
face, narrow palpebral fissures, mild downslanting palpebral fissures; b) bilateral preauricular skin
tag, small, low-set and cup-shaped ears. Dysmorphologic findings of case 2; c) long face, deep set eyes,
downslanting palpebral fissures, depressed nasal bridge and upturned nasal tip, microdontia, widely
spaced teeth; d) preauricular skin tag; e) cupped shaped ears, short philtrum. Dysmorphologic findings
of Case 3 f) narrow forehead, long face; g) bilateral postauricular skin tag, small cupped shaped ears;
h) microdontia, widely spaced teeth.
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ical examination, the researchers observed low-
set and cupped shaped small ears, small, and
spaced teeth, flat nasal bridge, upturned nasal
tip and flat philtrum. At this age, the patient had
started to walk and speak a few words but was
unable to form a sentence. Due to small ASD,
follow-up examination was conducted and eye
examination provided normal results. Karyotype,
Array-CGH, and FGF3 gene sequence analysis
were performed on the basis of the preliminary
clinical and radiological diagnosis revealed oto-
dental dysplasia.

Case 2

A 5-year-old girl was referred to the research-
ers’ clinic for bilateral sensorineural hearing loss
and facial dysmorphism. She was born at term
by normal vaginal delivery (birth weight:  3040 g
[-0.62 SDS]) and was the first child of consan-
guineous (second cousins) healthy parents. A
brainstem implant was placed due to congenital
hearing loss. The height, weight and head cir-
cumference were measured at 113 cm (+ 0.85 SDS),
17 kg (-0.57 SDS) and 50 cm (-0.48 SDS), respec-
tively. Dysmorphological examination showed
narrow forehead, long face, deep set eyes, down-
slanting palpebral fissures, depressed nasal bridge
and upturned nasal tip, small cupped shaped
ears, microdontia, widely spaced teeth, short phil-
trum and preauricular skin tag (Fig. 1c-e). Fur-
thermore, eye examination revealed 2 degrees of
myopia, neuromotor evaluation revealed a de-
layed head control and the age of sitting with-
out support was found to be 10 months. She
could walk at 1.5 years of age and could speak a
few words at about 3.5 years of age. Her ECHO
and whole abdomen USG were normal. ICA MRI
evaluation revealed an absence of bilateral in-
ner ear structures, and intracranial segments of
the 7th and 8th right nerve and the 7th left cranial
nerve were not observed whereas the 8th left cra-
nial nerve was in fine calibration. These patho-
logical observations were consistent with Mich-
el’s aplasia (Fig. 2d). The absence of bilateral
inner ear structures was also observed in the
temporal bone CT evaluation (Fig. 2c). Karyo-
type and FGF3 gene sequence analysis were
performed on the basis of preliminary diagnosis
of LAMM syndrome due to clinical and radio-
logical findings.

Case 3

A 6-year-old male patient was referred to the
researchers’ clinic for bilateral sensorineural
hearing loss and facial dysmorphism. He was
born at term by normal vaginal delivery (birth
weight:  3950 g [+1.24 SDS]) and was the first
child of consanguineous (first cousins) healthy
parents. A brainstem implant was placed owing
to congenital hearing loss. The height, weight,
and head circumference measurements were
found to be 124.5 cm (+1.76 SDS), 24 kg (+1 SDS),
and 52 cm (+0.14 SDS), respectively. Dysmor-
phological examination revealed narrow fore-
head, long face, small cupped shaped ears, micr-
odontia, widely spaced teeth, and bilateral pos-
tauricular skin tags (Fig. 1f-h). Results of the
eye and heart examination were normal. Howev-
er a neuromotor evaluation showed delayed head
control. The age of sitting without support was
1 year and at 1.5 year of age he could walk. ICA
MRI and temporal bone CT examination revealed
that bilateral internal acoustic canals, cochlea,
vestibule and semicircular canals and the 8th cra-
nial nerves were not observed (Fig. 2e-f). Kary-
otype and FGF3 gene sequence analysis were
performed considering the preliminary diagno-
sis of LAMM syndrome owing to the clinical
and radiological findings.

Molecular Analysis Results for Patients

The case 1 patient displayed  a normal XY
male karyotype with 46 chromosomes. Heterozy-
gous deletion of a 2.40 Mb segment in the re-
gion spanning from 68,734,891 to 71,538,481
bases on the chromosome section 11q13.3-q13.4
was detected (Fig. 3). Interestingly, the array-CGH
examination of the parents yielded normal results
which indicates that the mutation was de novo.
Furthermore, the non-deleted allele of the FGF3
gene in the case 1 patient was sequenced by
Sanger method and no mutation was detected.

Cases 2 and 3 also showed normal 46, XX
female and 46,XY male karyotypes, respectively
with 46 chromosomes. In the case 2 patient, a
novel homozygous missense variant (NM_
005247:  c.8T>G, p.Leu3Arg) was detected (Fig.
4c). This variant has not been reported in any
previous literature in previous population stud-
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Fig. 2. a) Advanced hypoplasia was demonstrated in the left internal acoustic canal in temporal bone
CT of case 1; b) The hypoplastic left 7th–8th nerve complex derived from the brainstem in the form of two
separate anatomical structures showed a uniform single nerve at the entrance of the canal, which
extended into the canal in this form in ICA MRI of case 1; c) The absence of bilateral inner ear
structures was observed in the Temporal Bone CT evaluation of case 2; d) In the ICA MRI evaluation
of the case 2, bilateral inner ear structures, intracranial segments of the 7th and 8th right nerve and 7th

left cranial nerve were not observed; 8th left nerve was in fine calibration and the current pathology
was consistent with Michel’s aplasia; e) Temporal bone CT examination of the case 3 revealed that
bilateral cochlea, vestibule and semicircular canals were not observed (complete labyrinthine aplasia);
f) In the ICA MRI evaluation of the case 3, bilateral aplasia of the 8th nerves and intracranial segments
of the 7th nerves were detected.

(a)

(c)

(e)

(d)

(b)

(f)
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ies [such as 1000 Genome, genome aggregation
database (gnomAD)]. In silico analysis (Muta-
tion Taster, SIFT, DANN, FATHMM) predicted
that it could be disease-causing. Segregation anal-
ysis showed that healthy parents carried the het-
erozygous variant (Fig. 4a-b). A novel homozy-
gous splice-site variant (NM_005247:
c.324+2T>C) was detected in case 3 (Fig. 5c). This
variant was found to be heterozygous in gno-
mAD in one case, was never reported to be ho-
mozygous in the current databases and allele fre-
quency was low (0.000003977). In silico analysis
(Mutation Taster, HSF, DANN, FATHMM-MKL)
predicted that this variant, which was not previ-
ously reported in the literature, may be disease-
causing. According to the ACMG criteria, it was
considered as pathogenic (Richards et al. 2015).
Segregation analysis showed that healthy par-
ents carried the heterozygous variant (Fig. 5a-b).

The clinical and molecular genetic results of
all cases are summarized in Table 1.

DISCUSSION

The OMIM® database reveals that the FGF3
gene is associated with two different pheno-

types. The first described phenotype is otoden-
tal dysplasia, which results from a contiguous
gene deletion syndrome at chromosome 11q13,
an area which includes the FGF3 gene (OMIM:
#166750). Otodental dysplasia is a disease char-
acterized by facial dysmorphic manifestations,
sensorineural hearing loss, and dental anoma-
lies (globodontia, taurodontia, pulp stones and
enamel defects) (Gregory-Evans et al. 2007). Later,
Tekin et al. (2007) defined a phenotype that was
described as displaying “congenital deafness,
with inner ear agenesis, microtia, and microdon-
tia” (OMIM:  #610706). This phenotype, which
later came to be known as LAMM syndrome, is
characterized by facial dysmorphic manifesta-
tions, congenital sensorineural hearing loss,
microtia, microdontia and neuromotor develop-
mental retardation. Functional studies have
shown that the FGF3 gene is essential for nor-
mal development of the inner ear, teeth and au-
ricula in the early embryonic period (Ornitz et al.
2001). Thus, when the patients carrying homozy-
gous mutation in the FGF3 gene were studied,
varied effects were observed on the develop-
ment of teeth, inner ears, and auricles, which

Table 1: Clinical, radiologic and genetic features of the patients

Case 1 Case 2 Case 3

Age (year) 2 5 6
Sex M F M
Consanguinity - + +
Height (cm/SDS) 82 cm (-1.6 SDS) 113 cm (+ 0.85 SDS) 124.5 cm (+ 1.76 SDS)
Weight (kg/SDS) 9.5 kg (-2.47 SDS) 17 kg (-0.57 SDS) 24 kg (+ 1 SDS)
Head circumference (cm/SDS) 47 cm (-1.5 SDS) 50 cm (-0.48 SDS) 52 cm (+0.14 SDS)
Congenital hearing loss + + +
External ear anomaly Low-set and cupped shaped Small cupped shaped Small cupped shaped ears,

small ears, bilateral ears, preauricular bilateral postauricular
preauricular skin tags     skin tag     skin tags

MRI results of inner ear Advanced hypoplasia in Michel’s aplasia Michel’s aplasia
anomaly   the left IAC, 7th–8th

nerve complexes ext
ending into the canal
did not have normal
appearance,

Dental anomaly  Small widely spaced teeth Microdontia, small Microdontia, small widely
widely spaced teeth spaced teeth

Additional findings Atrial septal defect, simian Neurodevelopmental Neurodevelopmental delay
crease on the left hand delay, miyopia

Molecular analysis results Heterozygous deletion of a Homozygous Homozygous
2.40 Mb segment in  c.8T>G, p.Leu3Arg c.324+2T>C
chromosome 11q13.3-q
13.4, including the FGF3
gene

M: male, F: female, -: absence, +: presence, SDS: standart deviation score, MRI: : magnetic resonance imaging
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support the presence of phenotypic variability
in this gene mutation (Riazuddin et al. 2011).

There are approximately 43 cases of otoden-
tal dysplasia reported in the literature so far. In
most of the cases, dental anomalies have been
examined in detail, whereas hearing loss, and
other anomalies have also been reported in some
cases. The finding of facial dysmorphism in cas-
es reported in this study are compatible with the
known syndrome but differ from the cases in the
literature with some additional anomalies. In case
1, at the age of 10 months, otodental dysplasia
was diagnosed on the basis of congenital hear-
ing loss, facial dysmorphic findings, and tempo-
ral bone MRI findings. However, in the literature
indicates that sensorineural hearing loss occurs
in early childhood, and the earliest case was di-
agnosed at the age of 4 years. In addition, all
such cases reported normal cranial MRIs in the
patients (Kim et al. 2016; Liu et al. 2017; Su et al.
2019). The researchers believe that the research-
ers’ case differs from previously reported cases
due to congenital hearing loss as well as the
abnormalities found during cranial MRI. Further-
more, coloboma can occur in cases that involve
FADD gene in the deleted region, but the re-
searchers did not detect coloboma during a de-
tailed eye examination of the researchers’ case.
However, the case was followed up by intermit-
tent eye examination. In addition, while ASD was
detected in case 1, congenital heart anomaly was
not detected any of the cases described in the
literature.

Till date, 69 cases of LAMM syndrome have
been reported in the literature that involved 20
families. In 91 percent of the cases, there is con-
sanguinity between the parents. Congenital sen-
sorineural hearing loss and external ear anomaly
were present in all cases. In case of external ear
anomaly, 37 cases were affected symmetrically,
and 32 cases were affected asymmetrically. In
addition, 78 percent of the cases had type 1 mi-
crotia, while cup shape, simple, protruding ear,
auricular skin tag, and shortened upper part au-
ricular anomalies have been reported in the rest
of the cases. Inner ear MRI revealed complete
Michel’s anomaly in 20 cases, while additional
anomalies were found in the rest of the cases.
Inner ear anomaly detected in this way was sym-
metrical in 28 cases and asymmetrical in 41 cas-
es. Dental anomaly was found in all cases, and

the most common was small widely spaced teeth
anomaly (Tekin et al. 2007; Tekin et al. 2008; Ram-
sebner et al. 2010; Alsmadi et al. 2009; Riazuddin
et al. 2011; Sensi et al. 2011; Schaefer et al. 2014;
Singh et al. 2014; Basdemirci et al. 2019). Motor
delay was detected in two cases reported by Al
Yassin et al. and myopia was detected in one
case reported by Basdemirci et al. (Al Yassin et
al. 2019; Basdemirci et al. 2019). The research-
ers’ cases (cases 2 and 3) were symmetrically
affected in terms of external ear anomaly and
both had a small cupped shaped ear. Interest-
ingly, the postauricular skin tag found in case 3
had not been previously reported in the litera-
ture. In addition, dysmorphic findings such as
narrow forehead, deep-set-eyes, down-slanting
palpebral fissures, and depressed nasal bridge
found in case 2 have not been reported in the
literature either. The researchers detected Mich-
el’s anomaly in both the researchers’ cases and
they were affected symmetrically. In both cases,
small widely spaced teeth as well as dental anom-
alies were detected, which aligns with previous-
ly published literature. Lastly, motor delay was
detected in both cases, while myopia was also
detected only in case 2.

The homozygous mutation the researchers
detected in case 2 (NM_005247:  c.8T>G, p. Leu3
Arg) was located in the region encoding 17-ami-
no acid signal peptide in the N-terminus region
of the FGF3 protein. This signal peptide is neces-
sary to direct the corresponding protein, which
comprises of 16–30 mostly hydrophobic amino
acids, to the secretory pathway of the cell. In the
researchers’ case, the researchers predicted that
the protein secretion would therefore be disrupt-
ed by the hydrophobic Leucine-to-Arginine sub-
stitution at codon 3. The p.Leu6Pro homozygous
mutation detected by Tekin et al. (2008) in the
three Turkish siblings with LAMM syndrome was
based on a similar prediction that the signal pep-
tide structure would be affected, thus resulting in
an impaired protein secretion. Therefore, the
mutation the researchers detected is the second
known mutation which is projected to disrupt
the function of the FGF3 protein signal peptide.

The homozygous c.324 + 2T> C mutation de-
tected in case 3 was considered to be disease-caus-
ing because it was predicted that it would impair
splicing according to ACMG criteria and in-silico
analysis (Richards et al. 2015). The c.324+2T>C
mutation is in splice donor site of intron 2 of the
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FGF3 gene. Thus, this mutation may cause skip-
ping of exon 2 which encodes the FGF domain
of the FGF3 protein, and its loss can affect the
function of this domain (Anna et al. 2019). If
exon 2 is skipping, it leads to a shift in the open
reading frame which results in stop codon at
codon 92. These alterations can lead to truncat-
ed protein and/or nonsense mediated mRNA
decay. However, functional studies could not
be done at the protein level. This mutation is the
first splice-site mutation defined in the FGF3
gene.

CONCLUSION

In this study, the researchers present two
cases of LAMM syndrome arising from two
different families with typical clinical findings,
and a case of otodental dysplasia with atypical
clinical and radiological findings, both diag-
nosed at an early stage. All three cases described
in this study expand the phenotypic features
known to be associated with otodental dyspla-
sia and the LAMM syndrome. In addition, our
understanding of the molecular etiology of the
disease has been enhanced by the discovery of
novel genetic variants of the LAMM syndrome.

RECOMMENDATIONS

In case of absence of inner ear structures in
patients that report syndromic hearing loss,
FGF3 gene related phenotypes should be con-
sidered. Moreover, FGF3 gene should be exam-
ined by sequence analysis and array-CGH meth-
ods for both point mutations and gross dele-
tions to better understand the etiology of asso-
ciated disease.
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