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Summary

This report is regarding a Dutch female with microcephaly, mild intellectual disability (ID), gonadal dysgen-
esis and dysmorphic facial features with synophrys. Upon genotyping, an ∼455 kb de novo deletion encom-
passing the first exon of NRXN1 was found. Bidirectional sequencing of the coding exons of the NRXN1
alpha isoform was subsequently performed to investigate the possibility of a pathogenic mutation on the other
allele, but we could not find any other mutation. Previously, many heterozygous mutations as well as micro-
deletions in NRXN1 were shown to be associated with ID, autism, schizophrenia, and other psychiatric and
psychotic disorders. Our results are in agreement with other reports that show that NRXN1 deletions can lead
to ID, microcephaly and mild dysmorphic features. However, this is the first report of gonadal dysgenesis being
associated with such deletions. It is not clear whether there is a causal relationship between the NRXN1 deletion
and gonadal dysgenesis, but it is of interest that the FSHR gene, which encodes the follicle-stimulating hormone
receptor causative correlation that is mutated in ovarian dysgenesis, is located proximal to the NRXN1 gene.
Given that most of the females carrying NRXN1 deletions have been diagnosed at a prepubertal age, gynecologic
screening of female carriers of a NRXN1 deletion is warranted.

1. Introduction

The aetiology of moderate to severe ID is highly het-
erogeneous. Mutations in over 450 genes have been
implicated in ID, which only represents a minor part
of all ID genes that are anticipated (Inlow &
Restifo, 2004; Schuurs-Hoeijmakers et al., 2011; van
Bokhoven, 2011). The sheer number of ID genes
makes identification of the primary genetic defect in
individual families and isolated cases difficult. ID dis-
orders show impressive phenotypic variability in their
clinical presentation. A plethora of associated features
can be seen in a range of ID syndromes. Other neuro-
logical features, such as autism, epilepsy, ADHD and

behavioural anomalies are particularly common (van
Bokhoven, 2011), and for mutations in some genes,
these features can be seen in various combinations or
in isolation. Copy number variations (CNVs) predis-
pose to a wide variety of syndromes associated with
ID, neurodevelopmental disorders and psychiatric dis-
turbances (Vissers et al., 2003; Sebat et al., 2007). Thus,
microdeletions at 15q11·2, 15q13·3 and 16p13·11
can induce ideopathic generalized epilepsy (Helbig
et al., 2008), ID (Burnside et al., 2011), schizophrenia
(Stefansson et al., 2008) and autism spectrum disorder
(Pagnamenta et al., 2009), but such microdeletions are
also found in healthy individuals. There is a possibility
that in different neurological disorders, the CNVs dis-
turb the normal neurodevelopmental continuum by
functioning to disrupt the homeostasis of neuronal de-
velopment (Coe et al., 2012).

The NRXN1 gene is one of the largest human genes
(1·1 Mb) with 24 exons, located on chromosome
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2p16·3 (Boucard et al., 2005). NRXN1 was previously
recognized as a synapse protein in vertebrates and
studies in Drosophila established that NRXN1 is pre-
sent at the synapse where it regulates the levels of ac-
tive zone protein bruchpilot (Zeng et al., 2007; Zweier
et al., 2009). Neurexins are presynaptic cell-surface
proteins that link the pre- and postsynaptic compart-
ments of synapses by binding extracellularly to postsy-
naptic cell adhesion molecules and intracellularly to
presynaptic PDZ domains (Missler et al., 2003;
Etherton et al., 2009). Nrxn1-knockout mice have
defects in excitatory synaptic strength displayed in
electrophysiological tests and show behavioural
changes (Geppert et al., 1998). Both point mutations
and heterozygous microdeletions disrupting NRXN1
have been associated with a broad spectrum of psychi-
atric and neuronal development disorders including
schizophrenia and autism. Compound heterozygous
mutations in NRXN1 have been identified in syn-
dromic ID in Pitt–Hopkins syndrome (Kirov et al.,
2008; Rujescu et al., 2009; Ching et al., 2010). In add-
ition, compound heterozygous NRXN1 mutations
consisting of a combination of exon-disrupting micro-
deletions and nonsense or splice-site mutations have
recently been described in patients with severe
early-onset epilepsy and profound ID (Harrison
et al., 2011; Duong et al., 2012). Comorbid epilepsy
has been reported in almost half of these cases
(Ching et al., 2010; Gregor et al., 2011).

In the current study we report a de novo microdele-
tion of ∼455 kb affecting the NRXN1 gene in a patient
with an ID phenotype and primary amenorrhoea due
to gonadal dysgenesis. This is the first report of go-
nadal dysgenesis being associated with a NRXN1
deletion.

2. Materials and Methods

(i) Participants

Patient D1 was ascertained at the Department of
Human Genetics of the Radboud University
Medical Centre in Nijmegen, the Netherlands. She
was included in a larger cohort study among indivi-
duals with unexplained ID.

(ii) Genotyping

Informed written consent was obtained prior to blood
sampling from all members of affected families.
Genomic DNA was extracted from the blood using
a standard phenol–chloroform extraction method
(Sambrook & Russell, 2006) and the samples were
stored at -20 °C until further processing. The affected
and unaffected members of the D1 Dutch family were
subjected to SNP array analysis using the Affymetrix
2·7 M cytogenetics array platform to obtain CNV

data that revealed a heterozygous deletion of ∼455 kb
in patient D1. Subsequently the coding exons 2–24 of
NRXN1 were sequenced by bidirectional sequencing
using ABI-PRISM 3730 (Life Technologies, Foster
City, CA, USA) as described previously (Gregor
et al., 2011). For the affected female D1, sequencing
of the FSHR gene was also performed because of
gonadal dysgenesis.

3. Results

(i) Patient report

Patient D1 (Fig. 1) is a female born to non-
consanguineous Dutch parents. When referred for clin-
ical genetic evaluation at age 28 years, mild ID was
noted. The patient’s mother had two abortions (both
females) during early weeks of pregnancy. Patient D1
was born after a pregnancy of 42 weeks. The pregnancy
was complicated bymaternal hypertension, birth weight
was low–normal (2980 g, 2·3th–5th percentile). Gross
motor development was normal, but speech develop-
ment was delayed, with the first single words being spo-
ken after the age of 2 years. She went to a school for
special education of children with developmental delay.
Her behaviour was shy and introvert, and she was an
anxious child. Medical problems included a primary
amenorrhoea due to gonadal dysgenesis, diagnosed at
the age of 16 years, which was treated with hormonal re-
placement therapy. Since the age of 16 years she has had
recurrent episodes of loss of consciousness. Computed
tomography of the brain and cardiologic evaluation
did not reveal any abnormalities. Based on the clinical
presentation of the events a probable psychogenic
cause was considered. Upon physical examination
she had a height of 173·5 cm (50th percentile), a
weight of 70 kg (50th percentile) and a head circum-
ference of 53·3 cm (39th percentile). She has minimal
facial dysmorphic features including deeply set eyes

Fig. 1. Pedigree of family of patient D1. The small circles
with diagonal lines represent the spontaneous abortion of
female fetus while the filled circle shows the affected
female.
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and synophrys. Her feet were flat, long and narrow
with long toes, and she also had long fingers. A meta-
bolic screen could not explain the cause of her ID.

SNParray analysis on theDNAof the patientwith the
Affymetrix 2·7M cytogenetic array revealed an∼455 kb
loss in the chromosomal region 2p16·3 (chr2: 51 020 477–
51 476 031Mb,Hg19, built February 2009), encompass-
ing the alpha-promoter of NRXN1 including the first
exon. Array analysis in both parents showed normal
results, indicating that the deletion in this patient had
occurred de novo (Fig. 2). Sequencing of the other
allele of the NRXN1 gene of the patient did not reveal
another pathogenicmutation in patient D1. The deletion
abolishes exons1–7of theNRXN1gene, similar toa large
number of previously reported deletions. However, in
contrast to the present patient, gonadal dysgenesis was
not reported previously for any female deletion patients.
Interestingly, the FSHR gene, which is associated with
ovarian dysgenesis type I (OMIM 233300), is located
proximal to the NRXN1 gene (Fig. 2). We hypothesized
that the deletion might affect the expression of the
FSHR gene, which together with a mutation on the
otherallelemightbe causative for thegonadal dysgenesis.
However, sequence analysis of theFSHR gene in affected
female D1 revealed only known polymorphisms but no
mutation that could explain the gonadal dysgenesis.

4. Discussion

We report a heterozygous de novo deletion of 455 kb
that encompasses the upstream promoter and exons

X–Y, encoding the alpha-isoform of NRXN1. A re-
markable phenotypic variability has been observed
for individuals with NRXN1 deletion, ranging from
apparently unaffected carriers to individuals with se-
vere cognitive deficits such as autism, epilepsy and
schizophrenia. Recently, in a study conducted by
Moller et al. (2013) on a cohort of individuals with
idiopathic generalized epilepsy, a number of exon dis-
rupting deletions as well as five index cases with het-
erozygous de novo changes in NRXN1 have been
reported. Furthermore, two recent large studies by
Dabell et al. (2013) and Bena et al. (2013) have
reported an additional 34 and 25 pathogenic exon dis-
rupting deletions in NRXN1, respectively. Recurrent
clinical features associated with these deletions are
ID, motor delay, autism, seizures, microcephaly and
hypotonia. The patient from this study presents the
main characteristic features that are observed in
other deletion carriers. In addition, our patient
shows gonadal dysgenesis. Amenorrhoea has not
been reported previously in conjunction with
NRXN1 deletions and it is possible that the gonadal
dysgenesis might have another aetiology. However,
it is noteworthy that the FSHR gene is the nearest
neighboring gene of NRXN1 at the proximal side.
Homozygous and compound heterozygous FSHR
mutations are linked to ovarian dysgenesis
(Aittomaki et al., 1995). Sanger sequencing of the
FSHR gene in our patient did not reveal any DNA
variants, which in conjunction with a positional effect
of the deletion could give rise to the gonadal

Fig. 2. (a) Original picture of chromosomal region 2p16·3 carrying both NRXN1 and FSHR in close proximity. (b)
Original data of CNV analysis derived from 2·7 Cytogenetic SNP array of patient D1 showing heterozygous deletion in
the indicated chromosomal region 2p16·3 (chr2: 51 020 477–51 476 031 Mb, Hg19, built February 2009). (c) NRXN1
exons from 1–24, with its two isoforms (alpha-isoform and beta-isoform) as well as the ∼455 kb microdeletion in patient
D1, which overlaps exon 1–7 encoding for the alpha-isoform.
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dysgenesis. Unfortunately, we were unable to test
(bi-allelic) expression of FSHR in material from the
patient and therefore it cannot be concluded whether
close proximity of FSHR is coincidental nor exclude
an involvement of the FSHR gene. The size and pos-
ition of the NRXN1 deletion may determine whether
or not FSHR expression is affected. There are only a
few older females who have been investigated in the
study of Bena et al. (2013). There was a remarkable
excess of males (19 males vs. six females) and most
females were prepubertal. Also the patients investi-
gated in detail by Dabell et al. (2013) showed a male
excess (20 males vs. 14 females) and all the females
were prepubertal.

The study has a certain limitation, as sequencing of
the other already identified genes correlated with ovar-
ian dysgenesis was not performed due to the direct 2·7
K cytogenetic array approach but this technique can-
not rule out the involvement of other probable genes
causing ovarian dysgenesis in patient D1. Future
case report studies should keep this limitation in
their approach so that other probable causes can be
sorted out before the use of higher techniques such
as microarray and many others. In conclusion, the oc-
currence of gonadal dysgenesis presented here war-
rants longitudinal investigation of females with a
NRXN1 deletion to establish a possible correlation
with primary amenorrhoea.
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