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ABSTRACT

The aim of this study was to identify the sequence 
mutations in the Neurexin 1 (NRXN1) gene that has been 
considered as one of the strong candidate genes. A total 
of 30 children and adolescents (aged 3-18) with non syn-
dromic autism were enrolled this study. Sequencing of the 
coding exons and the exon-intron boundaries of the NRXN1 
gene was performed. Two known mutations were described 
in two different cases. Heterozygous S14L was determined 
in one patient and heterozygous L748I was determined in 
another patient. The S14L and L748I mutations have been 
described in the patients with autism before. Both of these 
mutations were inherited from their father. In this study, 
two of 30 (6.7%) autism spectrum disorder (ASD) patients 
carrying NRXN1 gene mutations were detected. It indicates 
that variants in the NRXN1 gene might confer a risk of de-
veloping nonsyndromic ASD. However, due to the reduced 
penetrance in the gene, the causal role of the NRXN1 gene 
mutations must be evaluated carefully in all cases.
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelop-
mental disorder that is characterized by persistent impair-
ment in reciprocal social communication and social interac-

tion, and restricted, repetitive patterns of behavior, interests, 
or activities, and with increasing prevalence in recent years 
[1]. Prevalence ratio of ASD was stated to be in the range of 
0.6 to 2.64% [2-3]. A male predominance was observed and 
male-to-female ratio was 5 [4]. There is no accurate etiologi-
cal factor that causes ASD; however ASD is likely to result 
from a complex interaction between genetic and environ-
mental factors [3-5]. Autism spectrum disorder is one of the 
most heritable psychiatric disorders and heritability of ASD 
is 90.0% [6]. There is an increased recurrence risk of more 
than 20-fold in first-degree relatives [7]. Comprehensive 
genetic testing of children with ASD revealed a chromo-
somal or mendelian cause in 15.0-40.0% of the patients [8].

Classifying autism into ‘essential’ and ‘complex’ sub-
groups may be beneficial to understanding the genetic basis 
of the disorder [9]. Essential autism is usually present in 
about 75.0% of cases and is characterized by absence of 
dysmorphic features and comorbidities. In this group, there 
is a higher male-to-female ratio and higher sibling recur-
rence risk compared to the complex autism. In complex or 
syndromic autism, some dysmorphic features and neuro-
logical and medical symptoms such as seizures accompany 
autism. Because of the comorbidities, prognosis is worse in 
this group. The distinction between the two types of autism 
is important because prognosis, recurrence risk and genetic 
approach are different between the two groups [10].

Understanding the genetic basis of autism is chal-
lenging. The genetics of autism is an active research area 
and up to now, nearly all kinds of study designs have been 
used including family based, case-control, genome wide 
association studies (GWAS) and next generation sequenc-
ing (NGS). All these genetic studies reported that more 
than 600 genes and 2000 loci have been related to ASD 
and 83.4% of the detected variants are rare variants [11].
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Genetic variations detected in ASD can be classified 
into three subgroups: in up to 5.0% of the cases, cytoge-
netic anomalies can be detected with standard karyotyp-
ing, and an additional 3.0-5.0% have been found using 
fluorescence in situ hybridization (FISH); in 10.0-35.0% 
of cases, copy number variants (CNVs) can be found with 
microarray analysis and in 5.0% of the cases, single gene 
mutations might be found [10]. In the complex/syndromic 
autism group, it is relatively easier to find the genetic 
etiology with the help of dysmorphic features. Fragile 
X syndrome, Angelman syndrome or Rett syndrome are 
examples of syndromic ASD. Approximately 1.0-3.0% 
of children with ASD have been found to have fragile 
X syndrome. A considerable number of children being 
evaluated for autism FMR1 premutations (55-200 CGG 
repeats) have also been found [10].

In the essential autism group, many genes have been 
blamed, and the likelihood of identifying a single gene 
mutation in an essential autism patient is extremely low. 
SFARIGENE [11] (https://gene.sfari.org) is a web-based 
database of candidate genes associated with ASD and all 
the genes annotated in this database are grouped in seven 
categories according to their relevance to ASD. A number 
of these genes are becoming clinically relevant. Especially 
the genes associated with the synaptic cell adhesion and 
synaptic function, such as neurexin 1 (NRXN1), neuroligin 
3 (NLGN3), neuroligin 4 (NLGN4) and SHANK3 have at-
tracted great attention. Neurexins function in the vertebrate 
nervous system as cell adhesion molecules and receptors. 
Neuroxin 1 is a cell surface receptor that binds neuroligins 
to form a calcium-dependent neurexin/neuroligin complex 
at synapses in the central nervous system (CNS). This 
complex is important for efficient neuro transmission and 
is involved in the formation of synaptic contacts [12]. 
The NRXN1 gene is listed as a strong candidate gene in 
the SFARIGENE database and heterozygous deletions, 
and up to now, point mutations have been detected in the 
NRXN1 gene in a limited number of patients with ASD 
[11]. Herein, in order to investigate the prevalence of 
NRXN1 mutations in ASD patients, sequencing of the 
NRXN1 gene was performed in 30 essential ASD patients 
with a normal karyotype and negative FMR1 analysis for 
fragile X syndrome.

MATERIALS AND METHODS

Thirty children and adolescents (aged 3-18) diag-
nosed with autism, who were followed at the Ege Uni-
versity Child and Adolescent Psychiatry Clinic, Autism 

and Developmental Disorders Department, Ege Univer-
sity School of Medicine, Izmir, Turkey, were included 
in this study. The patients’ autism diagnosis was made 
using (DSM-IV-TR) [13] criteria by two expert child and 
adolescent psychiatrists, who have been working in the 
autism area for the past 15 years. The Childhood Autism 
Rating Scale (CARS) Turkish Version [14,15] was used 
for all children in this study. The CARS is widely used to 
determine the presence and degree of autism. The CARS is 
an autism diagnostic schedule covering 14 functional areas 
that may be compromised in autism, and a final general 
category referring to ‘degree of autism’ [14]. The 15 items 
in the scale are: relating to people; imitative behavior; 
emotional response; body use; object use; adaptation to 
change; visual response; listening response; perceptive re-
sponse; fear or anxiety; verbal communication; non-verbal 
communication; activity level; level and consistency of 
intellective relations; general impressions. The examiner 
assigned a score of 1 to 4 for each item: 1 indicates be-
havior appropriate for age level, while 4 indicates severe 
deviance with respect to normal behavior for age level. 
The total score range is between 15 and 60. Scores of 30 
to 36 indicate mild to moderate autism and scores above 
36 indicate severe autism.

Chromosomal abnormalities and fragile X syndrome 
were excluded in all patients by karyotyping and FMR1 
gene CGG expansion analysis, respectively. The NRXN1 
gene mutation analysis was performed by sequencing of 
the coding exons and exon-intron boundaries of the gene at 
the Department of Medical Genetics, Molecular Genetics 
Laboratory, Ege University, Izmir, Turkey. Genomic DNA 
was isolated from peripheral blood cells by standard tech-
niques. All polymerase chain reaction (PCR) products were 
sequenced by the BigDye termination method using a DNA 
sequencing kit (Perkin-Elmer, Foster City, CA, USA) and 
analyzed using The ABI PRISM® 3100 sequence analyzer 
(Applied Biosystems, Foster City, CA, USA).

RESULTS

Thirty patients were included in this study. Twenty-
five (83.3%) were boys and five (16.7%) were girls. The 
mean age was 8.43 ± 4.06 years (minimum 3; maximum 
18). Three patients had a positive family history of ASD. 
Based on the autism severity ranking considering the 
CARS points, the majority of the features in the working 
group was determined as severe. Sequencing of the NRXN1 
gene revealed two different mutations, namely, S14L and 
L748I (Table 1).
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DISCUSSION

The ASD is a neurodevelopmental disorder character-
ized by deficits in social communication and the presence 
of repetitive patterns of behavior, activity and interests 
[16]. The heritability of ASD is 90.0% and there is an 
increased recurrence risk in first-degree relatives of more 
than 20-fold [7,8]. The aim of this study was to better 
understand the role of the NRXN1 gene that is listed as 
one of the two strong candidate genes in SFARIGENE 
(an important database for autism) [12].

Neurexin proteins are the cell surface receptors that 
tie neuroligin (NLGN). The Ca2+-dependent neurexin/

neuro-ligin complex is present at synapses in the CNS is 
required for efficient neuro-transmission, and is involved 
in the formation of synaptic contacts. The NRXN1 is a 
gene that expresses NRXN1 (OMIM:600565) protein, 
located on chromosome 2 at position 2p16.3, has 22 ex-
ons, encodes 1477 amino acids, has 7505 bp. Small and 
large deletions in the NRXN1 gene, could play a role in 
the etiology of ASD. Additionally, missense and nonsense 
mutations in the NRXN1 gene could play a role in the 
pathogenesis of this disorder [17,18].

Mild/moderately and severely autistic patients were 
involved in our study. There were more male cases than 
female cases in the study parallel to the rates notified in 

Table 1. Clinical characteristics and genetic results of the patient group. (ASD: autism spectrum disorder; CARS: Childhood 
Autism Rating Scale.)

Patient Sex-Age Family History
of ASD CARS CARS Scores Mutations Mother Father

P1 M-17 37 severely autistic – –
P2 M-4 30 mild/moderately autistic S14L/- – S14L/-
P3 M10 49.5 severely autistic – –
P4 F-5 46 severely autistic – –
P5 M-15 31 mild/moderately autistic – –
P6 M-6 44 severely autistic – –
P7 M-5 41.5 severely autistic – –
P8 M-9 38.5 severely autistic – –
P9 M-7 41.5 severely autistic L748I/- – L748I/-
P10 M-11 42.5 severely autistic – –
P11 F-8 47.5 severely autistic – –
P12 M-10 32 mild/moderately autistic – –
P13 M-15 26 mild/moderately autistic – –
P14 M-4 51 severely autistic – –
P15 M-6 47 severely autistic – –
P16 M-6 positive 41.5 severely autistic – –
P17 M-10 37 severely autistic – –
P18 F-6 37 severely autistic – –
P19 M-10 38 severely autistic – –
P20 M-8 43 severely autistic – –
P21 M-9 37 severely autistic – –
P22 M-8 positive 31.5 mild/moderately autistic – –
P23 M-18 50 severely autistic – –
P24 M-4 46.5 severely autistic – –
P25 F-14 positive 31 mild/moderately autistic – –
P26 M-9 35 mild/moderately autistic – –
P27 M-8 30 mild/moderately autistic – –
P28 M-3 53 severely autistic – –
P29 M-4 39 severely autistic – –
P30 F-4 42 severely autistic – –
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the autism literature [3,10]. Two known mutations were 
described in two different cases. S14L (SFARIGENE Vari-
ant ID: GEN179R001) in patient P2 and L748I (SFARI-
GENE Variant ID: GEN179R007) in patient P9. S14L [17] 
and L748I [18] mutations have been described in patients 
with autism before. Both of these mutations were inherited 
from their father. The fathers of the children who carried 
the mutations were reevaluated psychiatrically and autism-
spectrum quotient (AQ) questionnaire [19,20], which has 
been used extensively to measure the broader autism pheno-
type (BAP), was applied to the fathers. The father of patient 
P2 did not have any psychiatric diagnosis and symptoms. 
His total AQ score was 22 (social skill: 6 points, attention 
switching: 3 points, attention to detail: 4 points, communica-
tion: 4 points, imagination: 5 points). This may indicate a 
reduced penetrance in the NRXN1 gene. Reduced penetrance 
in the NRXN1 gene has been reported before [18-21]. The 
father of patient P9 had attention deficit and hyperactivity 
disorder (ADHD) symptoms and mild obsessions. His total 
AQ score was 13 (social skill: 4 points, attention switching: 
4 points, attention to detail: 3 points, communication: 1 
points, imagination: 1 points). The ADHD and sub-threshold 
obsessive compulsive symptoms in one father (father of P9) 
was determined as remarkable. Genetic relatives of people 
with autism may show milder expression of characteristic 
traits for autism, referred to as the BAP [22].

Up to now, the S14L mutation has been detected in 
four subjects with ASD and not in 1201 controls [17]. The 
S14L mutation was described in two siblings in two fami-
lies and the mutations in these two families were inherited 
from their father. In one of family, there was a boy who met 
the autism diagnostic interview-revised (ADI-R) criteria 
and his sister with central auditory processing problem, 
and decreased social interaction. Their father, who carried 
a heterozygous S14L mutation, had a learning disability. In 
the other family there was also a boy who met the ADI-R 
criteria and his brother had learning disability and hyper-
activity [17]. The L748I mutation was previously identified 
in two families with ASD. There were four ASD patients 
in these two families; the L748I mutation was detected 
in three of four ASD patients, and also detected in one of 
two unaffected individuals. Because of that, this mutation 
was evaluated as an ASD susceptibility allele showing 
incomplete penetrance [18].

CONCLUSIONS

Two of 30 (6.7%) ASD patients were diagnosed with 
NRXN1 mutations in this study. It indicated that variants 

in the NRXN1 gene might confer a risk in developing non 
syndromic ASD. However, due to the reduced penetrance 
in the gene, the causal role of the NRXN1 gene mutations 
must be evaluated carefully in all cases.
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