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Abstract
Background: Craniosynostosis syndromes are rare and prognosis would benefit from early diagnosis and treatment. We
tried to establish a fast molecular diagnosis method to detect craniosynostosis syndromes.

Methods: One patient aged 6 months was observed and diagnosed at first, and then another 10 patients were included
in this study. All of them suffered from congenital hydrocephalus with normal head circumference. Karyotype analysis,
chromosome genome microarray analysis and whole exome sequencing were used.

Results: The first patient was diagnosed as Apert Syndrome based on his clinical features and whole exome sequencing.
The other 10 patients were also detected by the same protocol and one of them was found to be with Crouzon Syndrome.
Both of the patients with craniosynostosis syndrome were treated in time and benefited from this new diagnosis protocol.

Conclusions: Craniosynostosis syndromes cause hearing loss and deformity. It is worthy to detect mutations on FGFR1,
FGFR2 and FGFR3 for children who suffer from congenital hydrocephalus with normal head circumference.

Keywords

Craniosynostosis syndrome, Hydrocephalus, Diagnosis

Abbreviations
SD: Standard Deviation; CSF: Cerebrospinal Fluid; CT: Computed Tomography; DQ: Developmental Quotient

Case Description Parts of patients with congenital hydrocephalus could

. o have an abnormal increase of head circumference caused
A 3.2 (correct writing form of weight is 3200 gr) kg boy

was born with syndactylia deformity in November 2013.
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Children’s Hospital, Chongqging Medical University, China,
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and toes, cleft palate (Figure 1A, Figure 1B, Figure 1Cand | o fueny january 16, 2017; Accepted: March 20, 2017:
Figure 1D). All the tests of Cerebrospinal Fluid (CSF) for  pyplished online: March 22, 2017
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Figure 1: The images of multiple malformations, CT scan and DNA sequence results from the patient (A) The image of
bregmatic apophysis; (B) The image of syndactylia deformity of both hands; (C) The image of syndactylia deformity of both
feet; (D) The image of cleft palate; (E) The image of CT scan; (F) COLQ c.1228 G > A; (G) FGFR2 c.755 G > C; (H) KANSL1

by intracranial pressure mismatching body development,
and the patient was with head circumference in the nor-
mal range [1] even intracranial hypertension. There were
excessive hydrocephalus in ventricle and hydrocephalus
obviously resulted in intracranial hypertension (Figure
1A and Figure 1E). It seemed that the patient’s head cir-
cumference had not been influenced by hydrocephalus

alone, and there simultaneously were with other body
deformities. Syndrome should be taken into account.

We performed karyotype analysis and chromosome ge-
nome microarray analysis (HD Cytoscan, Affymetrix Co.
Ltd, USA) for this patient at its initial diagnostics. However,
there were no positive findings. After the discussion with
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Table 1: DNA mutations of the patient.

Gene DNA mutation Amino acid | Genetic Heterozygosis/ Inheritance Protein structure
mutation background Homozygous mode prediction
SERPINA10 CA473A>T p.L158Q Maternal Heterozygosis AD Impairment
TGFBR2 c.944C>T p.T315M Paternal Heterozygosis AD Impairment
VIPAS39 c.1274C > A p.R425L Maternal Heterozygosis AR Impairment
NODAL c.607C>T p.E203K Paternal Heterozygosis AD Impairment
ATL3 c.713A>C p.V238G Paternal Heterozygosis AD Impairment
BRCA2 c.5785A > G p.11929V Paternal Heterozygosis AD Impairment
JAG1 c.133C > A p.v45L Paternal Heterozygosis AD Impairment
LAMA2 C.6206A > G p.Y2069C Paternal Heterozygosis AR Impairment
ANKRD26 c4487A>T p.V1496D Maternal Heterozygosis AD Impairment
ATXN2 IVS5-3G > A Paternal Heterozygosis AD
ABCG5 c.1528G>T p.H510N Maternal Heterozygosis AR Impairment
HMGCL c.348C>T p.A116A Maternal Heterozygosis AR Impairment
TTN c.16757C>T p.C5586Y Paternal Heterozygosis AD Impairment
SYNE1 c.13511C > A p.C4504F Maternal Heterozygosis AD Impairment
CcoLQ c.1228G > A p.R410W de novo Heterozygosis AR Impairment
FGFR2 c.755G > C p.S252W de novo Heterozygosis AD Impairment
KANSL1 c.271G>A p.P91S de novo Heterozygosis AD Innocuous
c.584C > A p.G195V de novo Heterozygosis AD

the parents to explain the process and purpose of whole
exome sequencing, we then applied the whole exome se-
quencing to detect the patient and his parents’ DNA. There
were 18 mutations found in the patient’s exome and only 4
de novo DNA mutations were found, through comparing
with his parents, who do not have any symptoms, and veri-
fied by Sanger DNA sequencing (Table 1, Figure 1F, Figure
1G, Figure 1H and Figure 11I).

Patient Follow-up

The syndrome should be attributed to the mutation on
FGFR2, which FGFR2 mutations could result in several sub-
types of craniosynostosis syndrome, such as Crouzon syn-
drome, Apert syndrome, Pfeiffer syndrome and so on [2].

FGFR-related craniosynostosis syndrome is complex ge-
netic disorders with clinically distinct phenotypes, although
most mutations exist on FGFR1, FGFR2 and FGFR3 genes.
The clinical features of Crouzon syndrome, Apert syndrome
and Pfeiffer syndrome are referred [FGFR-Related Cranio-
synostosis Syndromes. Gene Reviews®. http://www.ncbi.
nlm.nih.gov/books/NBK1455/ (Last update June 2011)].
Based on the symptoms of this patient: normal weight and
height, hydrocephalus, syndactylia deformity of all the fin-
gers and FGFR2¢.755 G > C mutation, all of which are closely
related to Apert syndrome. Therefore, the diagnosis of this
patient should be Apert syndrome, whose incidence is about
1 in 65,000 live births [3].

There is an odds of 50% to result in intellectual disability
for Apert syndrome and drainage could reduce intracranial
hypertension to improve the outcome by hydrocephalus sur-
gery if there was no irreversible mental damage had appeared.
Gesell development scale test was applied when the patient was
six-month-old and the DQ value was 24.4, showing that the

intelligence development level of the patient was significantly
lower than that of normal children. Since it had caused seri-
ous and irreversible mental damage, it was not necessary of
hydrocephalus surgery. The incidence of hearing loss in Apert
syndrome is nearly 80%, mainly because of skull malformation
[4]. Therefore, a comprehensive hearing test was performed
and hearing was normal. The patient was advised to receive
surgery for cleft palate at the age of one-year.

The patient is alive until August, 2015. Fundoscopic exam
and hearing evaluation (pure tone audiometry, acoustic im-
mitance test and auditory brainstem response) were routinely
performed and no positive findings. The hydrocephalus symp-
tom is not improved or deteriorated. Therefore, the patient has
not received surgery for cleft palate.

Case Discussion

This case represented a normal head circumference
even an intracranial hypertension caused by hydroceph-
alus. When a patient is with hydrocephalus and deformi-
ty of other organs, it reminds us that the patient is with a
syndrome (like Apert or Pfeiffer). If patients do not have
any obvious deformities (like Crouzon), it is risky to di-
agnose them as hydrocephalus alone.

Besides, we also collected 10 patients (7 boys and 3 girls)
who were suffered from congenital hydrocephalus with
normal head circumferences. All the tests of CSF for virus-
es, bacteria and parasites identification showed negative re-
sults. There was no deformity found among them. Peripheral
blood from the 10 patients was collected and DNA was ex-
tracted. Each exon of FGFR1, FGFR2 and FGFR3 genes were
amplified by PCR and analyzed by DNA Sanger sequence.
One of them with low-set ears was found to be with p.S252W
mutation on FGFR2 and another patient with strabismus was
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found to be with p.S347C mutation on FGFR2 [2,5]. There
were no syndactylia deformity of their fingers or toes, and no
evidence to support mental retardation, whose symptoms
were related to Crouzon syndrome. If they were not analyzed
by DNA sequence, they would have been diagnosed as sim-
ple congenital hydrocephalus. Both of them were received
hearing test in view of high incidence of hearing loss caused
by Crouzon syndrome [4]. It is helpful to screen FGFR genes
to check the children who suffer from congenital hydroceph-
alus with normal head circumference. It is helpful to diagnose
craniosynostosis syndrome, and their prognosis would bene-
fit from reasonable diagnosis.
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