Revista Romdna de Medicina de Laborator Vol. 26, Nr. 4, Octombrie, 2018 471

s SC | en d O Short communication

DOI:10.2478/rrlm-2018-0033

The utility of molecular genetic techniques in
craniosynostosis cases associated with intellectual disability

Alina Boglis"**", Florin Tripon*?, Claudia Banescu'**

1. Laboratory of Genetics, Emergency Clinical County Hospital Targu Mures, Romania
2. Department of Genetics, University of Medicine, Pharmacy, Sciences and
Technology of Targu Mures, Romania
3. Laboratory of Molecular Biology/Genetics, CCAMF, University of Medicine, Pharmacy,
Sciences and Technology of Targu Mures, Romania
Abstract

Molecular genetic testing in craniosynostosis leads to the detection of the mutations in the genes encoding fi-
broblast growth factor receptors (FGFR), providing information about the etiology of the genetic disorder. Muenke
syndrome is produced by p.Pro250Arg mutation in FGFR3 gene with evidence of variable expressivity, represent-
ing 8% of the syndromic craniosynostoses.

Here, we present the identification of a p.Pro250Arg pathogenic mutation (c.749C>G) in the FGFR3 gene
using Multiplex Ligation-dependent Probes Amplification (MLPA) analysis in conjunction with Sanger sequencing
in a patient with craniosynostosis and mild intellectual disability. The MLPA analysis detected a reduced signal of
the probe, at the site of the c.749C>G mutation, defined by the presence of one allele of C749>G mutation in the
FGFR3 gene, exon 7. Sanger sequencing was performed for confirmation and identified heterozygous p.Pro250Arg
pathogenic variant (c.749C>G) in exon 7 of the FGFR3.

In conclusion, we assessed the validity and clinical utility of the combined molecular genetic techniques, MLPA
analysis, and Sanger sequencing, for craniosynostosis and intellectual disability, improving not only the diagnostic
testing but also the genetic counseling and management of the disorder.
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Introduction approximately 24% of patients with craniosyn-
ostosis (1). The most common craniosynostosis
syndromes, are the Crouzon syndrome, Saeth-
re—Chotzen syndrome, Apert syndrome, Pfeiffer

In the last decades, molecular genetic tech-
niques have been developed to confirm the ge-
netic etiology of many genetic disorders (1,2).

Nowadays, the genetic etiology of the most syndrome, and Muenke syndrome, but some-
frequent genetic disorders has been reported, times these syndromes are difficult to diagnose
and a causative gene mutation is identified in clinically, especially those with a clinically vari-
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able phenotype; therefore all cases require mo-
lecular genetic testing (3).

Muenke syndrome (MS) (OMIM # 602849),
an autosomal dominant disorder, produced by
p-Pro250Arg mutation in the fibroblast growth
factor receptor 3 (FGFR3) gene is the most com-
mon craniosynostosis syndrome (4,5). The inci-
dence of MS is about 1 in 30,000 individuals and
represents 8% of the syndromic craniosynosto-
ses (6,7). It shows that MS has an incomplete
penetrance of the mutation of approximately
80% (8,9).

MS is characterized by unicoronal or bicor-
onal craniosynostosis (7), with a highly variable
phenotype from normal appearance or isolated
craniosynostosis, macrocephaly, to more com-
plex features that can resemble with another cra-
niosynostosis, such as Crouzon syndrome, Sae-
thre-Chotzen or Pfeiffer syndrome.

Despite the huge progress in both clinical
and molecular genetic aspects, choosing the right
genetic test can be challenging, because of finan-
cial limitations in some regions or availability of
these techniques. In the last two decades, Mul-
tiplex Ligation-dependent Probes Amplification
(MLPA) became more available, which seems
to be able to identify an increasing number of
cases compared with Fluorescence in Situ Hy-
bridization (FISH) and Comparative Genomic
Hybridization (CGH) (10). However, these stan-
dard approaches have an essential role in specific
genetic disorders. Furthermore, gene sequencing
may represent a second-tier genetic testing when
MLPA is available because sequencing is less
cost-effective, taking into account the genetic
variability of the mutations and overlapping fea-
tures, molecular testing being limited to a single
gene or a few at the same time (1).

Here, we present the identification of a
p.Pro250Arg mutation (c.749C>G) in the
FGFR3 gene using MLPA analysis in conjunc-
tion with Sanger sequencing in a patient with
craniosynostosis and mild intellectual disability.

Material and methods

Subject

An 11-year-old male patient with Crouzon
syndrome suspicion was referred to the Ge-
netics Laboratory of the Clinical Emergency
County Hospital, Tirgu Mures, Romania. The
patient was diagnosed at the age of 5 weeks
with craniosynostosis and later on with mild
intellectual disability. The craniosynostosis
was confirmed by physical examination, skull
radiography, and computed tomography scan.
Family history is negative for the similar com-
plaints, with no suspicion of consanguinity be-
tween the healthy parents; his older sister has
Turner syndrome with karyotype 45,X. Before
blood sampling, the patient’s mother gave us
informed written consent for the molecular ge-
netic testing. Ethical approval for the genetic
testing was granted by the Ethics Committee
from the University of Medicine and Pharmacy
Tirgu Mures, Romania.

Molecular genetic techniques

Fresh peripheral blood (2 ml) was collect-
ed into EDTA vacutainer tube from the patient
and DNA was isolated and purified using the
Quick-gDNA MiniPrep kit (Zymo Research,
USA) following the manufacturer’s instructions,
with a DNA concentration of 102.68 ng/ul, and
stored at 4°C for further analysis.

ML PA analysis

First, the genomic DNA sample was eval-
uated through MLPA analysis by using SAL-
SA MLPA probemix P080-C1 CRANIOFACIAL
(MRC-Holland®, Amsterdam, Netherlands).
The kit contains probes for the FGFR1, FGFR2,
FGFR3, MSX2, TWISTI1, ALX1, ALX3, ALX4,
EFNB1 and RUNX2 genes (www.mlpa.com) to
detect deletion or duplication of one or several
exons and certain point mutations. The results
were interpreted with the Coffalyser software,
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available from the MRC-Holland®. The MLPA
analysis detected a reduced signal of one of the
analyzed probes which suggested a heterozy-
gous mutation in exon 7 of the FGFR3 gene.

Sanger sequencing and interpretation

analysis

For confirmation of the results obtained by
MLPA analysis, Sanger sequencing was carried
out using BigDye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems, Foster City,
CA, USA) and analyzed by capillary electropho-
resis on the Applied Biosystems™ 3500 Dx Se-
ries Genetic Analyzer.

Amplification of genomic DNA sample was
performed using previously described primers
for exon 7 in FGFR3 gene, forward: GACGTA-
CACGCTGGACGTGCT, and reverse: ACG-
CAGCTGCCTATGGCCCTGA (9). Polymerase
Chain Reaction (PCR) conditions set up in our
laboratory were: an initial 10 minutes at 95°C,
succeeded by 35 cycles at 95°C for 45 seconds,
45 seconds for annealing at 58°C, 1 minute at
72°C, after that for final extension at 72°C for
about 7 minutes.

PCR products were purified using the
CleanSweep™ PCR Purification reagent. Di-
rect DNA sequencing of both strands was per-
formed using BigDye™ Terminator v3.1 Cycle
Sequencing Kit. To purify sequencing reac-
tions, we used BigDye XTerminator™, and af-
ter that, the sequencing reactions were loaded
into the genetic analyzer. The sequences were
analyzed using Variant Reporter™ Software
v1.1 (Applied Biosystems).

The molecular genetics techniques were
conducted at the Laboratory of Molecular Biol-
ogy/Genetics at the Advanced Research Center
Medical and Pharmaceutical from the University
of Medicine and Pharmacy of Tirgu Mures.

Results

Clinical findings

The clinical features of our patient resemble
Crouzon syndrome: turribrachycephaly, exoph-
thalmos with left microphthalmia, hypertelorism,
hypoplastic maxilla, beaked shape nose, high-
arched palate, ectopic eruption teeth 13, abnor-
mal dental occlusion, low-set ears, short upper
lip, proximal syndactyly of toes two and three.
Regarding other physical examinations, the pa-
tient was found to be normal. Also, our patient
presented a mild intellectual disability.

Molecular genetic techniques

The MLPA analysis detected a reduced sig-
nal of the probe, at the site of the ¢.749C>G
(p-Pro250Arg) mutation, defined as the presence
of one allele of C749>G mutation in the FGFR3
gene, exon 7. MLPA analysis was performed
twice with similar results, the value of the re-
duced signal (dosage quotient of the reference
probes in our patient DNA sample) was <0.65
(normal value is between 0.80 and 1.20). These
findings should always be validated by other mo-
lecular techniques, according to the MRC-Hol-
land® recommendation (Figure 1).

Sanger sequencing identified heterozygous
p.-Pro250Arg mutation (c.749C>G) in our pa-
tient. This missense variant, a single nucleotide
substitution (¢.749C>QG) leads to a substitution
of arginine to proline at amino acid 250 of the
FGFR3 gene (Figure 2).

Discussions

Given that craniosynostoses are a hetero-
geneous group of disorders that may include
overlapping features, making the correct clinical
diagnosis can be challenging. Over the years,
several studies tried to identify the genes and
the mechanisms for craniosynostosis and devel-
oped a more efficient and cost-effective molecu-
lar diagnostic strategy for genetic testing, where
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Fig. 1. MLPA analysis: red color indicates the reduced signal of ¢.749C>G, the FGFR3 gene (ratio <0.65)
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Fig. 2. Electropherogram of Sanger sequencing

(C to G) pathogenic mutation in the FGFR3 gene, where S symbol is a single-letter code recommendation

of nucleotides, meaning G or C

with craniosynostosis and mild intellectual dis-
ability. The patient with a Crouzon syndrome

gene-targeted sequencing of recurrent muta-

tions was carried out (1,8,11,12). Many studies
demonstrated in both humans and mice the im-

resemble phenotype was at first investigated by

MLPA analysis, where a reduced signal probe

plication of the FGFR1, FGFR2, FGFR3, FBNI,
MSX2, and TWIST genes in the morphogenesis

of the cartilage and bones (13,14).

has been identified in the position of ¢.749C>G
of the FGFR3 gene. This mutation is particular

to MS and sometimes the phenotype of MS is
overlapped with other syndromic craniosynos-

A heterozygous p.Pro250Arg mutation of

the FGFR3 gene has been found in our patient



Revista Romdna de Medicina de Laborator Vol. 26, Nr. 4, Octombrie, 2018 475

toses (9,15,16). Furthermore, in the phenotypic
spectrum for MS, besides craniosynostosis, are
included: midfacial hypoplasia, hypertelorism,
brachydactyly, coned epiphyses, carpal and tar-
sal fusion, low-set ears, hearing loss, epilepsy,
developmental delay, behavior problems, and
mild intellectual disability (9,15,17).

To validate the p.Pro250Arg mutation of
the FGFR3 gene, identified through MLPA
analysis, we carried out the Sanger sequencing
of the FGFR3 gene in our patient. Gene-tar-
geted sequencing for the ¢.749C>G in exon
7 of the FGFR3 gene has confirmed the pres-
ence of the heterozygous p.Pro250Arg muta-
tion, defined as a single nucleotide substitu-
tion. According to the last evaluation of the
NCBI ClinVar (www.ncbi.nlm.nih.gov/clinvar/),
the references NM_00142.2(FGFR3):c.749C>G
(p-Pro250Arg) with the cytogenetic location
4p16 and genomic location at the level Chr4:
1801844, on Assembly GRCh38, is considered
to be a pathogenic variant associated with MS.

Because of the phenotype similarities of MS
with other craniosynostosis syndromes caused
by different mutations in the FGFR3 gene, the
direct gene-targeted sequencing is rarely per-
formed (11). There are studies where the exome
and whole genome sequencing (WGS) were
used to identify the Pro250Arg mutation of the
FGFR3 gene as the initial genetic testing (1,8),
but this implies considerable financial resources.
Even though mutations in the FGFR1, FGFR2,
FGFR3, FBN1, MSX2, and TWIST genes rep-
resent ¥ from all diagnosed cases, the etiology
of the remaining craniosynostosis varies. Thus,
whole exome sequencing (WES), as compared to
Sanger sequencing, is useful to determine muta-
tions in FGFR genes in heterogeneous disorders
(13,18).

Therefore, according to the recommendation
of Hehr U (19), genetic testing should start with
an investigation of exon 7 for the detection of the
Pro250Arg mutation of the FGFR3 gene, and in

the case of other mutations suggested by the pa-
tients’ phenotype, MLPA followed by sequenc-
ing analysis is recommended.

For example, successful detection of a sin-
gle point mutation in the FGFR3 gene is the
p-Pro250Arg mutation in our patient using
MLPA analysis, as routine molecular testing to
establish an accurate diagnosis. The results of
the MLPA analysis performed helped us to se-
lect the exon for DNA sequencing saving time
and financial resources. Confirmation through
Sanger sequencing of the associated mutation
is essential for proper clinical management for
optimal care (for example, neurodevelopment
evaluation, screening for neurosensorial hear-
ing loss, ophthalmologic evaluation) and genetic
counseling of the family with estimation of re-
currence risk for future pregnancies and testing
other family members at risk (20).

MLPA, a multiplex technique, allows identi-
fication of deletions and duplications of the sev-
eral DNA sequences in the same reaction (www.
mlpa.com) or chromosomal changes of interest
that remain undetected using other molecu-
lar techniques, like DNA sequencing (21, 22).
Also, the MLPA method may be considered as
a good alternative to array-based techniques for
many genetic disorders for the routine applica-
tion (www.mlpa.com). MLPA analysis is a rapid
method and a very reliable and cost-efficient test
for the genetic diagnosis of craniosynostosis or
other genetic disorders associated with cranio-
synostosis, intellectual disability of unknown
etiology, but always a correct clinical diagnosis
is mandatory to enhance the genetic diagnosis
efficiency.

The use of MLPA panel allowed us to es-
tablish the correct diagnosis identifying the
¢.749C>G mutation in a patient with craniosyn-
ostosis and intellectual disability, and we vali-
dated and extended the MLPA findings perform-
ing Sanger sequencing. Sequencing analyses are
typically not recommended as an initial diag-
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nostic method as far as mutations are not easily
found using this molecular test. Instead, Sanger
sequencing is generally used to confirm a muta-
tion found by another method.

Although the Sanger sequencing is not
available at a large clinical scale for diagnosis
because of the high costs, the MLPA analysis re-
mains a reliable and cost-effective primary test
for detection of the DNA sequence changes to
establish the causes of numerous syndromes or
intellectual disability.

In conclusion, we assessed the validity and
clinical utility of the combined molecular ge-
netic techniques, MLPA analysis and Sanger
sequencing for craniosynostosis associated with
intellectual disability, improving not only the di-
agnostic testing but also the genetic counseling
and management of the disorder.
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