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Abstract. Congenital hydrocephalus is frequently caused by 
mutations in the L1 cell adhesion molecule (L1CAM) gene. 
The purpose of the present study was to identify possible 
causes of fetal hydrocephalus in a Chinese family. The samples 
from the parents and the hydrocephalic fetus were collected. 
Whole‑exome sequencing and in‑depth mutation analysis 
were performed. The identified variant, c.1267C>T.(p.Q423X), 
is situated on exon 11 of L1CAM gene (chromosome 
X:153134975). The fetus was confirmed to be hemizygous 
for the nonsense mutation and the mother was a heterozygous 
carrier. The mutation turns a glutamine into a premature stop 
codon at amino acid position 423. In conclusion, in the present 
study, a nonsense mutation in the L1CAM gene was identified 
during the prenatal diagnosis of a congenital hydrocephalic 
fetus from a Chinese family. The diagnosis highlighted the 
necessity of genetic screening for prenatal diagnosis.

Introduction

The neural L1 cell adhesion molecule (L1CAM) is a member 
of the immunoglobulin superfamily 1, constituted by six 
immunoglobulin‑like domains, five fibronectin‑III‑like 
domains, a single pass transmembrane domain and a short 
cytoplasmic domain (1). It produces various molecular and 
cellular effects, which are key to nervous system development 
and are involved in neural migration and differentiation, as 
well as memory and learning processes (2‑5).

The L1CAM gene is the known causative gene of L1 
syndrome. It is close to the telomere on the long arm of 
the X chromosome and contains 28  exons  (6). Mutation 
of the L1CAM gene may lead to four different X‑linked 
neurological conditions, including hydrocephalus, mental 
retardation, spasticity of lower limbs and flexion deformity of 
the thumbs (7,8). The phenotype varies greatly from mild to 
severe, largely depending on the specific affected domains of 
the L1CAM protein. In detail, the mutations located on the 
extracellular domains generally cause severe conditions, while 
the pathologies associated with dysfunction of the cytoplasmic 
domains tend to be milder (9‑11).

Hydrocephalus is defined as distension of the ventricular 
system of the brain owing to the inadequate passage of 
cerebrospinal fluid from the position of production within 
the cerebral ventricles to its region of absorption into the 
systemic circulation (12). Congenital hydrocephalus is one of 
the most common characteristics of L1 syndrome. It is most 
frequently caused by mutations in the L1CAM gene, which 
are responsible for 5‑10% of male cases of isolated congenital 
hydrocephalus  (13,14). Furthermore, the prognosis for this 
condition is poor.

The present study reported on a nonsense mutation in the 
L1CAM gene causing congenital hydrocephaly in a fetus from 
a Chinese family.

Case report

Case study. A 30‑year‑old healthy multipara visited The Second 
Affiliated Hospital and Yuying Children's Hospital of Wenzhou 
Medical University (Wenzhou, China) at 23 weeks of gestation on 
August 2018. She had already given birth to one healthy female 
infant and experienced one voluntary pregnancy termination at 
another hospital due to fetal hydrocephalus and the aborted male 
fetus was after the first girl was born. As indicated in Fig. 1, the 
familial pedigree suggested X‑linked recessive hydrocephalus 
because the first girl was healthy, while both of aborted male 
fetuses presented with congenital hydrocephalus. As presented 
in Fig. 2, the ultrasound scan indicated progressive lateral 
ventricular dilatation, indicating severe fetal hydrocephalus. 
The maternal patient requested to terminate the pregnancy and 
provided written informed consent.
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To identify disease‑causing factors, blood samples from 
the parents and umbilical cord blood of the aborted fetus were 
collected at 24 weeks of gestation. Preliminary karyotype 
analysis and single‑nucleotide polymorphism array did not 
provide any evidence (15). Whole‑exome sequencing (WES) 
and in‑depth mutation analysis were then used to analyze the 
samples from the parents and umbilical cord blood (16). All 
underlying pathogenic mutants were confirmed by Sanger 
sequencing  (6). Potential mutants were called by Genome 
Analysis Toolkit (GATK v3.7; https://software.broadinstitute.
org/gatk/download/)  (17) and the variants were filtered by 
gnomAD database (https://gnomad.broadinstitute.org; Exome 
Aggregation Consortium; ExAC Version  0.3.1)  (17) and 
annotated by ANNOVAR (https://annovar.openbioinformatics.
org/en; 2018 Mar 25 version) (17).

Literature search. Using PubMed (https://pubmed.ncbi.
nlm.nih.gov/) as the primary search database, the literature 
was examined for nonsense mutations in the L1CAM gene. 
PubMed searches of the references from database were 
performed using the key terms ‘prenatal’, ‘hydrocephalus’ and 
‘nonsense mutation’. Inclusion criteria were as follows: Fetal 
ventriculomegaly >15 mm; singleton pregnancies; normal 
karyotype and microarray; fetal ultrasound excluding additional 
central nervous system (CNS); or extra‑CNS malformations. 
Cases with aqueductal stenosis or progressive enlargement of 
ventricles were excluded. A total of 11 publications related to 
the topic published between 1989 and October 25, 2020 were 
retrieved and their features are summarized in Table I. To date, 
30 different nonsense mutations in the L1CAM gene have been 
reported (7,8,16,18‑27).

Results. The proband fetus was confirmed to be hemizygous for 
a mutant in the L1CAM gene, NM_001278116.1:c.1267C>T:p.
(Q423X), whilst the mother was identified to be a heterozygote 
and the father was healthy (Fig. 3). The nonsense mutation 
is located on exon  11 of the L1CAM gene [chromosome 
(chr)X:153134975] and computational analysis [Sorting 
Intolerant From Tolerant (SIFT) (https://genetics.bwh.harvard.
edu/pph2)  (28) and PolyPhen‑2 (https://sift.jcvi.org/)  (29)] 
revealed that exon 11 is involved in encoding the fibronectin 
type‑III of L1CAM protein. According to the gnomAD database 
(https://gnomad.broadinstitute.org; Exome Aggregation 
Consortium; ExAC Version 0.3.1) (17), this mutation had not 
been previously reported among Asian populations. Based on 
the Online Mendelian Inheritance in Man database (OMIM; 
https://www.omim.org), disease‑associated mutations in the 
L1CAM gene were determined to be associated with X‑linked 
hydrocephalus and the characteristics matched those of the 
proband. The identified mutation was X‑linked recessive 
inheritance and pathogenic.

Discussion

Hydrocephalus, the abnormal accumulation of intracranial 
cerebrospinal fluid, is a common congenital malformation 
in fetuses. It occurs in 0.4‑0.8% of newborns  (14). The 
specific causes of this disease have remained to be fully 
identified. However, a number of ideas have been put forward. 
In a certain proportion of patients with genetic disorders, 

congenital hydrocephalus manifests (13). It has been reported 
that X‑linked hydrocephalus (XLH), which is caused by 
mutations in the L1CAM gene, contributes to 5% of all cases 
of congenital hydrocephalus (10,14).

To date, >270  different pathogenetic mutations in the 
L1CAM gene have been identified, including frameshifts, 
nonsense, missense mutations and alterations in splice‑site 
junction (13). Certain studies have explored the associations 
between specific mutations in the L1CAM gene and the 
severity of syndromes. Mutations leading to extracellular 
protein truncation may produce severe pathogeneses, whereas 
mutations in cytoplasmic domains tend to lead to milder 
manifestations (7,9‑11).

The criteria for identifying a high‑risk mutation in the 
L1CAM gene are family history and the clinical L1 syndromes, 
including stenosis of the aqueduct of Sylvius, mental 
retardation, aphasia, spastic paraplegia, adducted thumbs, 
X‑linked complicated hereditary spastic paraplegia type 1 
and X‑linked agenesis of the corpus callosum (7,8,10,13). 
In the present study, in view of that the patient had 
experienced a previous pregnancy with fetal hydrocephalus 
and the current fetal ultrasound revealed hydrocephalus, 
genetic causes were suspected. A nonsense mutation, 
NM_001278116.1:c.1267C>T:p.(Q423X) in exon 11 of the 
L1CAM gene (chrX:153134975) was identified in the Chinese 
family. The mutant converts a glutamine into a premature 
stop codon on amino acid position 423, which in turn leads 
to extracellular protein truncation that abrogates the actions 
of L1CAM in its intracellular signaling pathways (7,18,19). 
However, there was no history of hydrocephalus in the 
mother's family. Nonsense‑mediated mRNA decay (NMD) 
is an RNA surveillance mechanism, which may be used to 
detect mRNAs that harbor premature termination codons 
and initiate the degradation of the truncated or potentially 
harmful proteins. In the present case, it may have been 
suitable to perform NMD analysis of the nonsense mutation. 
However, due to improper preservation of specimens, this 
was not performed. In a future study, it may even be possible 
to trigger the RNA surveillance mechanism artificially 
to observe whether the harmful effects resulting from the 
nonsense mutation may be alleviated by NMD.

Since only one case has so far been reported, it is impos‑
sible to clarify the exact mechanisms of how a mutation at this 
site causes disease in individuals. This is a limitation of this 
study. However, it is possible to estimate the pathogenicity of a 
mutation with some available online tools, e.g., MutationTaster. 
Specifically, the pathogenesis observed to result from nonsense 
mutations on other sites in the L1CAM gene may provide clues. 
To date, 30 different nonsense mutations in the L1CAM gene 
have been reported (7,18,21‑27). All of the mutations were 
unique to each family, with the exception that one mutation 
appeared in two different families (c.3496C>T) (7,23) and two 
different mutations were detected in one family (c.614C>A, 
c.615C>G)  (7). All of these 30  mutations are considered 
capable of causing disease.

The characteristics of XLH include the enlargement of 
both third and lateral ventricles, and agenesis of the corpus 
callosum (7,8). Previous data revealed that 41% of patients with 
congenital hydrocephalus carried pathogenic mutations in the 
L1CAM gene (26). Furthermore, the prognosis of these carriers 
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is exclusively worse. In certain cases, hydrocephaly in fetuses 
may cause stillbirth, neurodevelopmental delay in survivors 

or death in early infancy (13). Facing such conditions, most 
parents choose to terminate their pregnancies. However, in other 

Figure 2. Transabdominal view of the fetal brain. (A) Ultrasound image of the first hydrocephalus fetus. The width of the left ventricle was 2.05 cm, the width 
of the right ventricle was 2.65 cm and the cerebral cortex became thinner. (B) Ultrasound image of the second hydrocephalus fetus. The width of the left 
ventricles was 2.43 cm, the width of the right ventricle was 2.37 cm and the cerebral cortex became thinner. (C) Ultrasound image of the second hydrocephalus 
fetus. The biparietal diameter of the fetus was 6.06 cm, the occipitofrontal diameter was 7.73 cm and the head circumference was 22.55 cm. (D) Ultrasound 
image of the second hydrocephalus fetus. Hyperechoic choroid hanging sign (arrow), the bilateral lateral ventricles were expanded and the cerebral cortex 
became thinner.

Figure 1. Pedigree chart. Females are indicated with circles and males with squares. The proband is indicated by an arrow. Filled squares indicate affected 
individuals and the small black square indicates mutation carrier status. TOP, termination of pregnancy.



WANG et al:  PRENATAL DIAGNOSIS OF X-LINKED HYDROCEPHALUS4

Table I. Nonsense mutations in the L1 cell adhesion molecule gene.

	 Position in the gene
Author (year)	 (exon no.)	 Nucleotide change	 Consequence	 Country	 (Refs.)

Gu et al, 1996	 08	 c.828G>A	 p.Trp276Ter	G ermany	 (21)
Gu et al, 1997	 11	 c.1318C>T	 p.Gln440Ter	G ermany	 (22)
	 23	 c.3124C>T	 p.Gln1042Ter
Finckh et al, 2000	 04	 c.316C>T	 p.Q106X	G ermany	 (7)
	 11	 c.1267C>T	 p.Q423X
	 26	 c. 3496C>T	 p.R1166X
	 02	 c.79G>T	 p.E27X
	 21	 c.2746G>T	 p.G916X
	 06	 c.614C>A c.615C>G	 p.S205X
	 13	 c.1672C>T	 p.R558X
	 14	 c.1786G>T	 p.E597X	
Okamoto et al, 2004	 22	 c.2974C>T	 p.Gln992Ter	 Japan	 (8)
Kanemura et al, 2006	 26	 c.3496C>T	 p.R1166X	 Japan	 (23)
Jackson et al, 2009	 13	 c.1674C>T	 p.R558X	 USA	 (24)
Takenouchi et al, 2012	 01	 c.61C>T	 p.Q21X	 Japan	 (25)
Adle-Biassette et al, 2013	 06	 c.621C>A	 p.Tyr207X	 France	 (26)
	 07	 c.772C>T	 p.gln258X
	 08	 c.871C>T	 p.gln291X
	 08	 c.892C>T	 p.gln298X
	 12	 c.1380G>A	 p.Trp460X
	 12	 c.1453C>T	 p.Arg485X
	 12	 c.1453C>T	 p.Arg485X
	 15	 c.1882C>T	 p.gln628X
	 16	 c.1989C>G	 p.Tyr663X
	 21	 c.2785C>T	 p.gln929X
	 23	 c.3163G>T	 p.gly1055X
	 23	 c.3107G>A	 p.Trp1036X
Marín et al, 2015	 26	 c.3478C>T	 P.Gln1160X	 Spain	 (27)
Ochando et al, 2016	 18	 c.2239C>T	 P.Gln747X	 Spain	 (18)
Guo et al, 2020	 21	 c.2865C>A	 p.Y955X	 China	 (16)

Figure 3. Gene sequencing results in L1 cell adhesion molecule for the fetus and the parents. The ref sequence was cited from Human GRCh37/hg19 
(https://ncbiinsights.ncbi.nlm.nih.gov/2020/11/12/human‑grch37‑hg19‑refseq‑annotation‑update/). The mutation site is indicated by arrows.
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cases, terminating pregnancy was not a legal option given the 
gestational age. Intrauterine ventriculo‑amniotic shunting is an 
option for managing such cases. Theoretically, such therapy 
is beneficial for preventing amniotic fluid reflux and cerebral 
injury. The efficacy of this treatment has been proven in animal 
experiments (30). However, attempts in the 1980s were generally 
abandoned due to the high prevalence of severe neurodevelop‑
mental delay among survivors (31). Recently, a retrospective 
study including 44 fetuses with severe bilateral ventriculomegaly 
treated with ventriculo‑amniotic shunting demonstrated the 
feasibility of this treatment for severe fetal cerebral ventriculo‑
megaly. However, repeated shunting was required in nearly half 
of the cases and a high proportion of survivors have neurodevel‑
opmental delay. It has been proposed that the possible beneficial 
role of ventriculo‑amniotic shunting requires to be confirmed by 
randomized studies with a large sample size (32).

There are currently no effective therapies for curing genetic 
disabilities. The only available method is to prevent the birth of 
fetuses with diagnosed hydrocephalus and the reoccurrence of 
genetic hydrocephalus in future pregnancies. Comprehensive 
prenatal diagnostic measures have considerable significance in 
assisting clinicians in making informed decisions and providing 
guidance for families with L1CAM gene mutants.

In addition, prenatal ultrasound may detect the presence 
of hydrocephalus, but its dependability is not optimal. 
Kanemura et al  (23) demonstrated only 21.7% of cases of 
XLH were identifiable by ultrasound screening prior to 
22 weeks of gestation. Of note, enlargement of the ventricles 
usually does not begin until 20  weeks of gestation and 
certain individuals may only develop this condition after live 
birth or not at all (33). On one hand, prenatal diagnosis of 
hydrocephalus cannot always be made as early as possible. On 
the other hand, false‑negative results undoubtedly increase the 
clinical variability for diagnosing L1‑associated disease (33). 
Accordingly, using DNA sequencing to identify the genetic 
causes of hydrocephalus is particularly important in families 
carrying L1CAM gene mutations. It has been reported that the 
detection rate of L1AM gene mutations in patients without a 
family history of L1 syndrome is 9‑50%, while among those 
with a family history of L1 syndrome, the probability of 
L1CAM gene mutations is up to 50‑80% (7,10,34).

In conclusion, the present study reported on a nonsense 
mutation, NM_001278116.1:c.1267C>T:p.(Q423X), in the 
L1CAM gene as the probable cause of XLH in a Chinese 
family. According to the diagnostic experience in this case, 
prenatal ultrasound and DNA screening should be offered 
to high‑risk families to assist them in deciding whether to 
continue a pregnancy (14). Determining which mutations are 
associated with fetal malformations may also improve coun‑
seling for future pregnancies.
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