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Abstract

Neurodevelopmental disorders are prevalent, frequently occur in comorbidity and share substantial genetic correlation. Previ-
ous evidence has suggested a role for the ADGRL3 gene in Attention-Deficit/Hyperactivity Disorder (ADHD) susceptibility
in several samples. Considering ADGRL3 functionality in central nervous system development and its previous associa-
tion with neurodevelopmental disorders, we aimed to assess ADGRL3 influence in early-onset ADHD (before 7 years of
age) and Autism Spectrum Disorder (ASD). The sample comprises 187 men diagnosed with early-onset ADHD, 135 boys
diagnosed with ASD and 468 male blood donors. We tested the association of an ADGRL3 variant (rs6551665) with both
early-onset ADHD and ASD susceptibility. We observed significant associations between ADGRL3—1s6551665 on ADHD
and ASD susceptibilities; we found that G-carriers were at increased risk of ADHD and ASD, in accordance with previous
studies. The overall evidence from the literature, corroborated by our results, suggests that ADGRL3 might be involved in
brain development, and genetic modifications related to it might be part of a shared vulnerability factor associated with the
underlying neurobiology of neurodevelopmental disorders such as ADHD and ASD.
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Introduction course throughout adulthood and are more prevalent in

males (APA 2013; Thapar et al. 2015). Among these, Atten-

Neurodevelopmental disorders, as characterized by DSM-5,
include a group of neuropsychiatric conditions that gener-
ally manifest symptoms before adolescence, follow a stable
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tion-Deficit/Hyperactivity Disorder (ADHD) and Autism
Spectrum Disorder (ASD) are some of the most common
and more classical examples of neurodevelopmental dis-
orders (APA 2013). While ADHD is characterized by the
presence of attentional problems and a pattern of hyperac-
tivity and impulsivity, ASD manifests by impairment in the
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development of social skills and communication, and the
presence of stereotypical behaviors. The two diagnoses are
not mutually exclusive and frequently occur in comorbidity
(Sokolova et al. 2017; Zablotsky et al. 2017). Furthermore,
these disorders seem to share a common genetic background
(Ghirardi et al. 2018; Lichtenstein et al. 2010; Pettersson
et al. 2013; Rommelse et al. 2011).

In spite of the high heritability estimates for ADHD
(76%) (Brikell et al. 2015; Chang et al. 2013) and ASD
(80%) (Ronald and Hoekstra 2011; Tick et al. 2016), and
the increasingly larger samples, only a few genome-wide sig-
nificant hits have been reported, which contribute to only a
small part of the overall heritability (Autism Spectrum Dis-
orders Working Group of The Psychiatric Genomics Con-
sortium 2017; Demontis et al. 2018). Also, the replication
of these findings is inconsistent, rendering the genetic archi-
tecture underlying these neurodevelopmental disorders still
largely unknown. Apart from this, classical candidate genes
have emerged as potential biological substrates involved in
the development of ADHD and ASD, and some of these
genes presented pleiotropic effects being associated with
both disorders (Akutagava-Martins et al. 2016; Chen et al.
2015; Gilbert and Man 2017; Hawi et al. 2015).

Neurodevelopmental processes are essential to brain
functioning, requiring highly regulated cell guidance events
(Jackson et al. 2016). These processes depend on a small
number of cell guidance receptors and are influenced by
genetic variation (Tau and Peterson 2010). For instance,
the dysregulation of axon guidance and neurite outgrowth
processes were suggested to be involved in ADHD etiol-
ogy (Poelmans et al. 2011) and more recently in ASD as
well (Gilbert and Man 2017). Specific genes involved in
these processes have been largely studied in neurodevel-
opmental disorders. Among those, a promising candidate
gene involved in a range of functions related to the devel-
opment of the central nervous system (CNS) is ADGRLS3.
This gene encodes a protein shown to modulate interactions
between adjacent neurons, thus affecting axon guidance,
synaptogenesis and synaptic plasticity (Meza-Aguilar and
Boucard 2014).

ADHD and ASD present a pattern of biased prevalence
towards males. The underlying reasons for this phenom-
enon are poorly understood, but current evidence points to
an involvement of brain morphology differences (Mottron
et al. 2015; Park et al. 2018; Ruigrok et al. 2014), brain
maturational delays (Koolschijn and Crone 2013), differen-
tial effects of sex-hormones and sex-chromosomes (Davies
2014; Davies and Wilkinson 2006; Loke et al. 2015; Mitra
et al. 2016), neuroinflammation (McCarthy 2016), and
sex-biased DNA methylation (Nugent et al. 2015) and gene
expression (Loke et al. 2015; Ruigrok et al. 2014). The
differential prevalence of these disorders and the evidence
for distinct patterns of brain morphology and function

between males and females raise the possibility of sex-
specific underlying genetic factors (Gobinath et al. 2017).
Recent studies point to a multifactorial liability threshold
model, with a protective effect in females, derived from
the need to present a greater burden of genetic risk in order
to manifest either ADHD or ASD (Gilman et al. 2011; Jac-
quemont et al. 2014; Martin et al. 2017; Taylor et al. 2016)
and also suggest the presence of sex-genotype interactions
(Mitra et al. 2016).

ADGRLS3 expression is highly specific and regulated
during brain development, peaking in the prenatal and
postnatal periods (Arcos-Burgos et al. 2010; Haitina et al.
2008; Xing et al. 2009). Its important role in synaptic
development and the timely expression pattern suggest that
disruptions in gene expression or protein functioning affect
individuals earlier in life and produce persistent effects
throughout life. Noteworthy, the protein is expressed in
brain areas known to present differential volume measures
according to sex (Ruigrok et al. 2014) and to be involved
in ADHD and ASD, such as the amygdala, cerebellum
and cerebral cortex (Arcos-Burgos et al. 2010). In this
sense, the implications of ADGRL3 regulatory role in CNS
developmental mechanisms in the emergence of neurode-
velopmental psychiatric conditions are especially relevant
in the context of male neurodevelopment.

Furthermore, ADGRL3 has been repeatedly associated
with ADHD in several samples, from different clinical and
genetic backgrounds (Acosta et al. 2016; Arcos-Burgos et al.
2010; Bruxel et al. 2015; Choudhry et al. 2012; Gomez-
Sanchez et al. 2016; Hwang et al. 2015; Ribasés et al. 2011).
These findings are also supported by genome-wide linkage
findings (Arcos-Burgos et al. 2004) and by animal models
that implicate ADGRL3 in ADHD pathophysiology (Lange
et al. 2012; Orsini et al. 2016; Reuter et al. 2016; van der
Voet et al. 2015; Wallis et al. 2012). One specific variant
(rs651665) has been extensively studied and associated with
ADHD in a meta-analysis (Arcos-Burgos et al. 2010). This
variant was also shown to influence the severity of ADHD
symptoms and the response to treatment with stimulants
(Arcos-Burgos et al. 2010; Bruxel et al. 2015; Choudhry
et al. 2012). Interestingly, these results derive from studies
of ADHD in children, while replication attempts in adults
have not retrieved the same findings (Arcos-Burgos et al.
2010; Kappel et al. 2017).

Considering previous evidence implicating variants from
ADGRL3 in ADHD, mostly in its early-onset form, its role
in the proper development of the central nervous system, its
differential expression considering developmental periods
and sexually dimorphic brain regions, and the substantial
shared genetic risk between neurodevelopmental disorders,
we aimed to assess the influence of ADGRL3—rs6551665
in two acknowledged neurodevelopmental disorders: males
with early-onset ADHD and boys with ASD.
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Methods
Subjects
ASD Sample

The ASD sample consists of 135 male patients recruited at
the Hospital de Clinicas de Porto Alegre (HCPA) and/or
other medical and educational institutions of the State of
Rio Grande do Sul, Brazil (Schuch et al. 2014). Individu-
als were diagnosed with idiopathic ASD by experienced
and trained neuropediatricians in regular appointments
(on average 3—4 appointments) according to the DSM-IV
criteria (APA 1994). Exclusion criteria were the pres-
ence of Fragile X syndrome or other genetic syndromes,
chromosomal abnormalities and lesional abnormalities
of the CNS. All individuals included were white Brazil-
ians of European descent. Mean age of ASD patients was
9.1 years (SD=4.5). The complete research protocol has
been described elsewhere (Longo et al. 2009; Schuch et al.
2014).

ADHD Sample

The ADHD sample comprises 187 adult males (18 years
or older), recruited from the Adult Division of the ADHD
Outpatient Clinic at the Hospital de Clinicas de Porto
Alegre (HCPA). Individuals were diagnosed with ADHD
by trained psychiatrists through the application of clinical
and semi-structured interviews following DSM-IV crite-
ria for ADHD (APA 1994). Individuals included in this
study fulfilled full DSM-IV criteria, including the age of
ADHD onset before 7 years of age, confirmed with collat-
eral information. Exclusion criteria were the age of ADHD
onset between 7 and 12 years old, clinically significant
history of neurological disease (e.g., delirium, dementia,
epilepsy, head trauma, multiple sclerosis), past or present
symptoms of psychosis and an estimated 1Q <70. All
individuals included were white Brazilians of European
descent, and the average age at assessment was 31.9 years
(SD=10.6).

Control Subjects

A sample of 468 adult males with negative screening for
ADHD in the 6-question Adult ADHD Self-Rated Scale
Screener (ASRS) (Kessler et al. 2005) and no diagnosis of
ASD composes our control group. Individuals were blood
donors recruited at the same hospital where all cases were
ascertained. Control subjects average age was 31.8 years
(SD=10.5).
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The ethics committee of HCPA approved the study, and
informed consent was obtained from all subjects or legal
representatives.

Genotyping

DNA was extracted from peripheral blood by salting out
(Lahiri and Nurnberger Jr 1991). One SNP (rs6551665—
Chr 4:61873823, A/G—intronic) in the ADGRL3 gene was
selected and genotyped by TagMan allelic discrimination
assays (Applied Biosystems) according to the manufactur-
er’s suggested protocol. This polymorphism was selected
according to previous evidence of genetic association with
ADHD (meta-analysis in Arcos-Burgos et al. 2010) and
minor allele frequency in the European population above
15%. In order to assure genotyping quality control, approxi-
mately 10% of the sample was re-genotyped with no incon-
sistencies found. Allelic frequencies are in Hardy—Weinberg
equilibrium in all samples. Analyses considering the main
effect of ADGRL3—1s6551665 and interactions with SNPs
in the NCAMI-TTC12-ANKK1-DRD? cluster in ADHD have
been reported previously (Kappel et al. 2017).

Statistical Analyses

Logistic regression analyses were performed to assess the
effects of ADGRL3—rs6551665 regarding both ADHD and
ASD susceptibility, and to general susceptibility to neurode-
velopmental disorders (i.e., ADHD and ASD combined).
Given the sample size and allele frequencies, a dominant
model, where heterozygotes were combined with the less
frequent homozygotes, was used for these analyses.

In Silico Functionality Prediction

In order to explore the potential effects of the intronic variant
rs6551665 in the functionality of ADGRL3, we performed
an in silico prediction of regulatory mechanisms involved in
gene expression. We interrogated the publicly available reg-
ulatory databases—HaploReg v4.1 (Ward and Kellis 2012)
and RegulomeDB (Boyle et al. 2012). HaploReg is a web-
based database aimed at exploring the impact of noncoding
variants on clinical phenotypes through its effects on gene
expression regulatory mechanisms. It contains information
regarding chromatin state, histone modifications and protein
binding annotation. Similarly, RegulomeDB annotates SNPs
with known and predicted regulatory elements in intergenic
regions; some of its integrated data overlaps with HaploReg
but it also generates a score (range 1-7) suggesting the like-
lihood of regulatory evidence for each locus.
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Results

We observed an association between ADGRL3—
rs6551665 and ADHD susceptibility in males with early
onset of ADHD symptoms. The presence of the minor
G allele (i.e., AA vs. AG + GG) was associated with an
increased risk of ADHD in this sample (p =0.025; OR
1.502) (Table 1).

Additionally, in the susceptibility study in boys with
ASD, we also observed an association of ADGRL3—
rs6551665 and the disorder. A similar pattern to the one
observed in ADHD arises, where the presence of at least
one minor G allele confers increased risk to ASD develop-
ment (p=0.044; OR 1.511) (Table 1).

Finally, as expected based on the analyses with each
disorder, in the combined analysis of both neurodevel-
opmental disorders we observed a stronger association
with the presence of the minor G allele in ADGRL3—
16551665 (p=0.007; OR 1.500) (Table 1).

We explored the effects of rs6551665 on ADGRL3
through an in silico prediction analyses. HaploReg suggests
that rs6551665 is involved in gene expression regulatory
mechanisms especially in brain tissues, consistent with the
fact that ADGRL3 is mainly expressed in the brain. Chroma-
tin state data suggest that rs6551665 is related to enhancer
activity in almost all brain tissues evaluated (hippocampus,
substantia nigra, inferior temporal lobe, angular gyrus, and
germinal matrix). Furthermore, this analysis also suggests
that the SNP appears to be associated with an active tran-
scription initiation site in the anterior caudate brain region
(Supplementary file 1). Different histone marks are detected
at 186551665 locus (H3K4mel, H3K4me3, H3K27ac and
H3K9ac); the presence of H3K27Ac, often found near reg-
ulatory elements, suggests that the loci could have a role
as regulatory enhancer region. This set of results is also
observed in RegulomeDB; the database score of 5 suggests
that rs6551665 is placed in an enhancer region but has an
overall minimal transcription factor binding evidence.

Discussion

The results presented here suggest that ADGRL3 could be
part of a common genetic etiology for ADHD and ASD,
being implicated in the underlying neurobiology of two
common neurodevelopmental disorders. These results
derive from an integrative approach that acknowledges the
substantial shared genetic risk between psychiatric disor-
ders and highlight the importance of study designs that
accommodate and investigate specific overlapping genetic
factors that can give rise to a range of diagnoses.

Table 1 Logistic regression analyses regarding the influence of ADGRL3—1s6551665 on ADHD and ASD

Odds Ratio p-value

ASD

Odds Ratio p-value

ADHD
n (%)

Neurodevelop- Odds Ratio p-value

Controls
n (%)

Genotype

(CI 95%)?

n (%)

(CI 95%)?

(CI 95%)

mental disorders®

n (%)

0.044

1.511

44 (32.6)
91 (67.4)

0.025

0.007 61 (32.6)  1.502
126 (67.4)

1.500

105 (32.6)
217 (67.4)

197 (42.1)
271 (57.9)

AA

ADGRL3—1s56551665

(1.009-2.263)

(1.051-2.145)

(1.120-2.020)

G-carriers

ADHD Attention-Deficit/Hyperactivity Disorder, ASD Autism Spectrum Disorder

2Confidence interval 95%

"Neurodevelopmental disorders (combined group with ADHD or ASD)
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The overall evidence and present findings may be use-
ful to interpret ADGRL3 influence in neurodevelopmental
conditions. ADGRL3’s linkage (Arcos-Burgos et al. 2004)
and association (Acosta et al. 2016; Arcos-Burgos et al.
2010; Bruxel et al. 2015; Choudhry et al. 2012; Gomez-
Sanchez et al. 2016; Huang et al. 2018; Hwang et al. 2015;
Ribasés et al. 2011) in childhood ADHD has been exten-
sively demonstrated; we provide further evidence that
this gene is involved in the neurobiological substrate of
the disorder in a sample of adult males with early-onset
ADHD. This result is especially interesting since these
subjects comprise a sample with an early-onset of ADHD
symptoms and a stable clinical phenotype throughout
adulthood, characterizing a classical neurodevelopmen-
tal disorder (Thapar et al. 2015). Although not formally
investigated, the suggestive involvement of ADGRL3 in
ASD neurobiology observed in this study is not entirely
new. A copy number variation investigation in a child with
ASD detected a large duplication in the region encompass-
ing the gene (Gau et al. 2012). Interestingly, this same
individual presented several symptoms of inattention and
hyperactivity. Moreover, a linkage study showed a signifi-
cant signal for the ADGRL3 genomic region in dyslexia,
another neurodevelopmental disorder (Field et al. 2013).

The influence of ADGRL3 in neurodevelopmental dis-
orders could be related to its role in synapse development.
ADGRL3 encodes a transmembrane adhesion G protein-
coupled receptor, having an especially important function
during synaptic development (O’Sullivan et al. 2014).
Through its olfactomedin-like domain, ADGRL3 inter-
acts with fibronectin leucine-rich repeat transmembrane
3 protein (FLRT3), forming a trans-synaptic complex
(O’Sullivan et al. 2012, 2014). This binding is required to
support glutamatergic synapse development, and therefore,
it is implicated in the development of the nervous system.
The formation of these complexes suggests that ADGRL3
is responsible for establishing accurate glutamatergic sign-
aling during development. Another interesting point is that
glutamatergic neurotransmitter system variants and genes
have been implicated in both ADHD and ASD (Akutagava-
Martins et al. 2014; Chiocchetti et al. 2014, 2018; Elia et al.
2011; Hadley et al. 2014; Mariani et al. 2015; Naaijen et al.
2017; Noroozi et al. 2016; Uzunova et al. 2014). In this
sense, the effects of ADGRL3 in the formation of these spe-
cific synapses, through its interactions with FLRT3, could
be a potential mechanism related to the neurodevelopmental
origins of ADHD and ASD.

These results should be taken in the context of some
limitations. Firstly, only the new DSM-5 criteria allow the
comorbidity of ADHD and ASD in index cases of both
disorders. The samples of this study were collected under
DSM-IV criteria, a classificatory system that did not allow
the presence of ADHD-ASD comorbidity. Future studies
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should address the association of both disorders and inves-
tigate whether the effect size of the association reported here
could be even stronger in individuals diagnosed with both
disorders. Secondly, the control group was not age-paired
with the individuals with ASD, but they did not present a
diagnosis of neither ADHD nor ASD until adulthood. Also,
our study design, comprising only male samples of ADHD
and ASD, hinders the extrapolation of the present results
to female samples. However, since a previous study did not
detect a main effect in ADHD (Kappel et al. 2017), it is
unlikely that this variant might have a significant role in
this group. Similarly designed studies with larger sample
sizes and also evaluating these genetic effects in females
with autism are necessary. Finally, ADGRL3—1s6551665
is an intronic variant and its exact molecular effect and con-
sequent role in biological mechanisms is still unknown. A
screening of potential mutations in the ADGRL3 gene in
patients with ADHD revealed that its effect is most likely
caused by a partial reduction of gene activity, and not by a
complete loss of function (Domené et al. 2011). Therefore,
the ADGRL3 variant studied herein (rs6551665) could be
exerting its effects through regulatory mechanisms related
to gene expression as suggested by the in silico predictions.
According to previous work (Domené et al. 2011), we could
hypothesize that subtle changes in protein expression and
availability influence underlying neurobiological mecha-
nisms through ADGRL3 direct role or through the trans-
synaptic complex formation with FLRT3 (O’Sullivan et al.
2012). Alternatively, considering that several studies have
identified other ADGRL3 variants also associated with neu-
rodevelopmental disorders (Acosta et al. 2016; Bruxel et al.
2015; Choudhry et al. 2012; Huang et al. 2018; Martinez
et al. 2016; Ribasés et al. 2011), it is also possible that we
are capturing the by-proxy effect of another functional vari-
ant in linkage disequilibrium.

In conclusion, these results add to the increasing amount
of knowledge depicting the role of neurodevelopmental
genes in the substrate of ADHD and ASD. The overall state-
of-the-art suggests that ADGRL3 might be a gene deeply
involved in the development of the brain, and its genetic
modifications might be part of a common vulnerability fac-
tor related to neurodevelopmental disorders, which in turn
can manifest, depending on the remaining genetic back-
ground as different disorders like ADHD and ASD. Never-
theless, the evidence presented here warrants the need for
future studies that acknowledge and investigate ADGRL3
pleiotropic effects and possible influence in other neuropsy-
chiatric and neurodevelopmental disorders.

Acknowledgements We would like to thank the ProDAH-A team,
the clinical staff at the Child Neurology Unit and all the individuals
with ADHD, ASD and blood donors that participated in this study.
We also thank Dr. Sandra Leistner-Segal at Medical Genetics Service
from Hospital de Clinicas de Porto Alegre for the fragile X syndrome



NeuroMolecular Medicine (2019) 21:60-67

65

genotyping. This work received financial support from the Con-
selho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq
424041/2016-2, 466722/2014-1, 476529/2012-3, and 484403/2007-
9), Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES, AUX-PE-PROEX-1234/2011 and 376/2009) and Hospital
de Clinicas de Porto Alegre (FIPE-HCPA 100358, 08543 and 05451).

Funding The funding agencies were not involved in study design, data
collection, analysis or interpretation of data, writing the report or in the
decision to submit the article for publication.

Compliance with Ethical Standards

Conflict of interest The author(s) declare the following potential con-
flict of interest with respect to the research, authorship and/or publica-
tion of this article: Dr. Grevet was on the speaker’s bureau for Novartis
and Shire for the last 3 years. Dr. Rohde has received Honoraria, has
been on the speakers’ bureau/advisory board and/or has acted as a
consultant for Eli-Lilly, Janssen-Cilag, Medice, Novartis and Shire
in the last three years. He receives authorship royalties from Oxford
Press and ArtMed. The ADHD and Juvenile Bipolar Disorder Outpa-
tient Programs chaired by him received unrestricted educational and
research support from the following pharmaceutical companies in the
last three years: Eli-Lilly, Janssen-Cilag, Novartis, and Shire. All other
authors report no biomedical financial interests or potential conflicts
of interest.

Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

References

Acosta, M. T., Swanson, J., Stehli, A., Molina, B. S. G., Martinez, A.
F., Arcos-Burgos, M., & Muenke, M. (2016). ADGRL3 (LPHN3)
variants are associated with a refined phenotype of ADHD in the
MTA study. Molecular Genetics & Genomic Medicine, 3, 1-8.
https://doi.org/10.1002/mgg3.230.

Akutagava-Martins, G. C., Rohde, L. A., & Hutz, M. H. (2016).
Genetics of attention-deficit/hyperactivity disorder: An update.
Expert review of neurotherapeutics, 16(2), 145-156. https://doi.
org/10.1586/14737175.2016.1130626.

Akutagava-Martins, G. C., Salatino-Oliveira, A., Genro, J. P., Con-
tini, V., Polanczyk, G., Zeni, C., et al. (2014). Glutamatergic
copy number variants and their role in attention-deficit/hyper-
activity disorder. American Journal of Medical Genetics. Part
B, Neuropsychiatric Genetics, 165B(6), 502-509. https://doi.
org/10.1002/ajmg.b.32253.

American Psychiatric Association (APA). (1994). Diagnostic and
statistical manual of mental disorders (DSM-1V). Washington:
American Psychiatric Pub.

American Psychiatric Association (APA). (2013). Diagnostic and sta-
tistical manual of mental disorders (DSM-5). Washington: Ameri-
can Psychiatric Pub.

Arcos-Burgos, M., Castellanos, F. X., Pineda, D., Lopera, F., Palacio,
J. D., Palacio, L. G., et al. (2004). Attention-deficit/hyperactivity
disorder in a population isolate: linkage to loci at 4q13.2, 5q33.3,
11922, and 17p11. American Journal of Human Genetics, 75(6),
998-1014. https://doi.org/10.1086/426154.

Arcos-Burgos, M., Jain, M., Acosta, M. T., Shively, S., Stanescu, H.,
Wallis, D., et al. (2010). A common variant of the latrophilin 3

gene, LPHN3, confers susceptibility to ADHD and predicts effec-
tiveness of stimulant medication. Molecular Psychiatry, 15(11),
1053-1066. https://doi.org/10.1038/mp.2010.6.

Autism Spectrum Disorders Working Group of The Psychiatric
Genomics Consortium. (2017). Meta-analysis of GWAS of over
16,000 individuals with autism spectrum disorder highlights a
novel locus at 10q24.32 and a significant overlap with schizo-
phrenia. Molecular Autism, 8, 21. https://doi.org/10.1186/s1322
9-017-0137-9.

Boyle, A. P., Hong, E. L., Hariharan, M., Cheng, Y., Schaub, M. A.,
Kasowski, M., et al. (2012). Annotation of functional variation in
personal genomes using RegulomeDB. Genome Research, 22(9),
1790-1797. https://doi.org/10.1101/gr.137323.112.

Brikell, I., Kuja-Halkola, R., & Larsson, H. (2015). Heritability of
attention-deficit hyperactivity disorder in adults. American Jour-
nal of Medical Genetics. Part B, Neuropsychiatric Genetics. https
://doi.org/10.1002/ajmg.b.32335.

Bruxel, E. M., Salatino-Oliveira, A., Akutagava-Martins, G. C., Tovo-
Rodrigues, L., Genro, J. P., Zeni, C. P., et al. (2015). LPHN3 and
attention-deficit/hyperactivity disorder: A susceptibility and phar-
macogenetic study. Genes, Brain and Behavior, 14(5), 419-427.
https://doi.org/10.1111/gbb.12224.

Chang, Z., Lichtenstein, P., Asherson, P. J., & Larsson, H. (2013).
Developmental twin study of attention problems: High heritabili-
ties throughout development. JAMA Psychiatry, 70(3), 311-318.
https://doi.org/10.1001/jamapsychiatry.2013.2871555120 [pii].

Chen, J. A., Pefagarikano, O., Belgard, T. G., Swarup, V., &
Geschwind, D. H. (2015). The emerging picture of autism spec-
trum disorder: Genetics and pathology. Annual Review of Pathol-
ogy, 10, 111-144. https://doi.org/10.1146/annurev-pathol-01241
4-040405.

Chiocchetti, A. G., Bour, H. S., & Freitag, C. M. (2014). Glutamater-
gic candidate genes in autism spectrum disorder: An overview.
Journal of Neural Transmission (Vienna, Austria: 1996), 121(9),
1081-1106. https://doi.org/10.1007/s00702-014-1161-y.

Chiocchetti, A. G., Yousaf, A., Bour, H. S., Haslinger, D., Waltes,
R., Duketis, E., et al. (2018). Common functional variants of the
glutamatergic system in Autism spectrum disorder with high and
low intellectual abilities. Journal of Neural Transmission (Vienna,
Austria: 1996), 125(2), 259-271. https://doi.org/10.1007/s0070
2-017-1813-9.

Choudhry, Z., Sengupta, S. M., Grizenko, N., Fortier, M. E., Thakur,
G. A., Bellingham, J., & Joober, R. (2012). LPHN3 and attention-
deficit/hyperactivity disorder: Interaction with maternal stress
during pregnancy. Journal of Child Psychology and Psychiatry
and Allied Disciplines, 53(8), 892-902. https://doi.org/10.111
1/.1469-7610.2012.02551.x.

Davies, W. (2014). Sex differences in attention deficit hyperactivity
disorder: Candidate genetic and endocrine mechanisms. Frontiers
in Neuroendocrinology, 35(3), 331-346. https://doi.org/10.1016/].
yfrne.2014.03.003.

Davies, W., & Wilkinson, L. S. (2006). It is not all hormones: Alter-
native explanations for sexual differentiation of the brain.
Brain Research, 1126(1), 36-45. https://doi.org/10.1016/j.brain
res.2006.09.105.

Demontis, D., Walters, R. K., Martin, J., Mattheisen, M., Als, T. D.,
Agerbo, E., et al. (2018). Discovery of the first genome-wide
significant risk loci for attention deficit/hyperactivity disorder.
Nature Genetics. https://doi.org/10.1038/s41588-018-0269-7.

Domené, S., Stanescu, H., Wallis, D., Tinloy, B., Pineda, D. E., Kleta,
R., et al. (2011). Screening of human LPHN3 for variants with
a potential impact on ADHD susceptibility. American Journal
of Medical Genetics, Part B: Neuropsychiatric Genetics, 156(1),
11-18. https://doi.org/10.1002/ajmg.b.31141.

Elia, J., Glessner, J. T., Wang, K., Takahashi, N., Shtir, C. J., Had-
ley, D., et al. (2011). Genome-wide copy number variation study

@ Springer


https://doi.org/10.1002/mgg3.230
https://doi.org/10.1586/14737175.2016.1130626
https://doi.org/10.1586/14737175.2016.1130626
https://doi.org/10.1002/ajmg.b.32253
https://doi.org/10.1002/ajmg.b.32253
https://doi.org/10.1086/426154
https://doi.org/10.1038/mp.2010.6
https://doi.org/10.1186/s13229-017-0137-9
https://doi.org/10.1186/s13229-017-0137-9
https://doi.org/10.1101/gr.137323.112
https://doi.org/10.1002/ajmg.b.32335
https://doi.org/10.1002/ajmg.b.32335
https://doi.org/10.1111/gbb.12224
https://doi.org/10.1001/jamapsychiatry.2013.2871555120
https://doi.org/10.1146/annurev-pathol-012414-040405
https://doi.org/10.1146/annurev-pathol-012414-040405
https://doi.org/10.1007/s00702-014-1161-y
https://doi.org/10.1007/s00702-017-1813-9
https://doi.org/10.1007/s00702-017-1813-9
https://doi.org/10.1111/j.1469-7610.2012.02551.x
https://doi.org/10.1111/j.1469-7610.2012.02551.x
https://doi.org/10.1016/j.yfrne.2014.03.003
https://doi.org/10.1016/j.yfrne.2014.03.003
https://doi.org/10.1016/j.brainres.2006.09.105
https://doi.org/10.1016/j.brainres.2006.09.105
https://doi.org/10.1038/s41588-018-0269-7
https://doi.org/10.1002/ajmg.b.31141

66

NeuroMolecular Medicine (2019) 21:60-67

associates metabotropic glutamate receptor gene networks with
attention deficit hyperactivity disorder. Nature Genetics, 44(1),
78-84. https://doi.org/10.1038/ng.1013.

Field, L. L., Shumansky, K., Ryan, J., Truong, D., Swiergala, E., &
Kaplan, B. J. (2013). Dense-map genome scan for dyslexia sup-
ports loci at 4q13, 16p12, 17q22; suggests novel locus at 7q36.
Genes, Brain and Behavior, 12(1), 56—69. https://doi.org/10.1111/
gbb.12003.

Gau, S. S. F,, Liao, H. M., Hong, C. C., Chien, W. H., & Chen, C. H.
(2012). Identification of two inherited copy number variants in a
male with autism supports two-hit and compound heterozygosity
models of autism. American Journal of Medical Genetics, Part
B: Neuropsychiatric Genetics, 159 B(6), 710-717. https://doi.
org/10.1002/ajmg.b.32074.

Ghirardi, L., Brikell, I., Kuja-Halkola, R., Freitag, C. M., Franke, B.,
Asherson, P., et al. (2018). The familial co-aggregation of ASD
and ADHD: A register-based cohort study. Molecular Psychiatry,
23(2), 257-262. https://doi.org/10.1038/mp.2017.17.

Gilbert, J., & Man, H.-Y. (2017). Fundamental elements in autism:
From neurogenesis and neurite growth to synaptic plasticity. Fron-
tiers in Cellular Neuroscience, 11, 359. https://doi.org/10.3389/
fncel.2017.00359.

Gilman, S. R., Iossifov, 1., Levy, D., Ronemus, M., Wigler, M., &
Vitkup, D. (2011). Rare de novo variants associated with autism
implicate a large functional network of genes involved in forma-
tion and function of synapses. Neuron, 70(5), 898-907. https://
doi.org/10.1016/j.neuron.2011.05.021.

Gobinath, A. R., Choleris, E., & Galea, L. A. M. (2017). Sex, hor-
mones, and genotype interact to influence psychiatric disease,
treatment, and behavioral research. Journal of Neuroscience
Research, 95(1-2), 50-64. https://doi.org/10.1002/jnr.23872.

Gomez-Sanchez, C. L., Riveiro-Alvarez, R., Soto-Insuga, V., Rodrigo,
M., Tirado-Requero, P., Mahillo-Fernandez, I., et al. (2016).
Attention deficit hyperactivity disorder: Genetic association study
in a cohort of Spanish children. Behavioral and Brain Functions,
12(1), 2. https://doi.org/10.1186/s12993-015-0084-6.

Hadley, D., Wu, Z.-L., Kao, C., Kini, A., Mohamed-Hadley, A.,
Thomas, K., et al. (2014). The impact of the metabotropic glu-
tamate receptor and other gene family interaction networks on
autism. Nature Communications, 5, 4074. https://doi.org/10.1038/
ncomms5074.

Haitina, T., Olsson, F., Stephansson, O., Alsio, J., Roman, E., Ebendal,
T., et al. (2008). Expression profile of the entire family of Adhe-
sion G protein-coupled receptors in mouse and rat. BMC Neuro-
science, 9, 43. https://doi.org/10.1186/1471-2202-9-43.

Hawi, Z., Cummins, T. D. R., Tong, J., Johnson, B., Lau, R., Samarrai,
W., & Bellgrove, M. A. (2015). The molecular genetic architecture
of attention deficit hyperactivity disorder. Molecular Psychiatry,
20(3), 289-297. https://doi.org/10.1038/mp.2014.183.

Huang, X., Zhang, Q., Gu, X., Hou, Y., Wang, M., Chen, X., & Wu,
J. (2018). LPHN3 gene variations and susceptibility to ADHD in
Chinese Han population: A two-stage case—control association
study and gene-environment interactions. European child & ado-
lescent psychiatry. https://doi.org/10.1007/s00787-018-1251-8.

Hwang, I. W., Lim, M. H., Kwon, H. J., & Jin, H. J. (2015). Associa-
tion of LPHN3 rs6551665 A/G polymorphism with attention defi-
cit and hyperactivity disorder in Korean children. Gene, 566(1),
68—73. https://doi.org/10.1016/j.gene.2015.04.033.

Jackson, V. A., Mehmood, S., Chavent, M., Roversi, P., Carrasquero,
M., Del Toro, D., et al. (2016). Super-complexes of adhesion
GPCRs and neural guidance receptors. Nature Communications,
7, 11184. https://doi.org/10.1038/ncomms11184.

Jacquemont, S., Coe, B. P., Hersch, M., Duyzend, M. H., Krumm, N.,
Bergmann, S., et al. (2014). A higher mutational burden in females
supports a “female protective model” in neurodevelopmental

@ Springer

disorders. American Journal of Human Genetics, 94(3), 415-425.
https://doi.org/10.1016/j.ajhg.2014.02.001.

Kappel, D. B., Schuch, J. B., Rovaris, D. L., da Silva, B. S., Cupertino,
R. B., Winkler, C., et al. (2017). Further replication of the syner-
gistic interaction between LPHN3 and the NTAD gene cluster on
ADHD and its clinical course throughout adulthood. Progress in
Neuro-Psychopharmacology and Biological Psychiatry. https://
doi.org/10.1016/j.pnpbp.2017.06.011.

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi,
E., et al. (2005). The World Health Organization Adult ADHD
Self-Report Scale (ASRS): a short screening scale for use in the
general population. Psychological Medicine, 35(2), 245-256.
https://doi.org/10.1017/S0033291704002892.

Koolschijn, P. C. M. P., & Crone, E. A. (2013). Sex differences and
structural brain maturation from childhood to early adulthood.
Developmental Cognitive Neuroscience, 5, 106—118. https://doi.
org/10.1016/j.den.2013.02.003.

Lahiri, D. K., & Nurnberger, J. . Jr. (1991). A rapid non-enzymatic
method for the preparation of HMW DNA from blood for RFLP
studies. Nucleic Acids Research, 19(19), 5444.

Lange, M., Norton, W., Coolen, M., Chaminade, M., Merker, S.,
Proft, F., et al. (2012). The ADHD-susceptibility gene lphn3.1
modulates dopaminergic neuron formation and locomotor activ-
ity during zebrafish development. Molecular Psychiatry, 17(10),
946-954. https://doi.org/10.1038/mp.2012.29.

Lichtenstein, P., Carlstrom, E., Rastam, M., Gillberg, C., & Anck-
arsiter, H. (2010). The genetics of autism spectrum disorders
and related neuropsychiatric disorders in childhood. The Ameri-
can Journal of Psychiatry, 167(11), 1357-1363. https://doi.
org/10.1176/appi.ajp.2010.10020223.

Loke, H., Harley, V., & Lee, J. (2015). Biological factors underly-
ing sex differences in neurological disorders. The International
Journal of Biochemistry & Cell Biology, 65, 139-150. https://doi.
org/10.1016/j.biocel.2015.05.024.

Longo, D., Schiiler-Faccini, L., Brandalize, A. P. C., dos Santos Riesgo,
R., & Bau, C. H. D. (2009). Influence of the 5-HTTLPR polymor-
phism and environmental risk factors in a Brazilian sample of
patients with autism spectrum disorders. Brain Research, 1267,
9-17. https://doi.org/10.1016/j.brainres.2009.02.072.

Mariani, J., Coppola, G., Zhang, P., Abyzov, A., Provini, L., Tomasini,
L., etal. (2015). FOXG1-dependent dysregulation of GABA/glu-
tamate neuron differentiation in autism spectrum disorders. Cell,
162(2), 375-390. https://doi.org/10.1016/j.cell.2015.06.034.

Martin, J., Walters, R. K., Demontis, D., Mattheisen, M., Lee, S. H.,
Robinson, E., et al. (2017). A Genetic investigation of sex bias in
the prevalence of attention-deficit/hyperactivity disorder. Biologi-
cal Psychiatry. https://doi.org/10.1016/j.biopsych.2017.11.026.

Martinez, A. F., Abe, Y., Hong, S., Molyneux, K., Yarnell, D., Lohr,
H., et al. (2016). An ultraconserved brain-specific enhancer within
ADGRL3 (LPHN3) underpins ADHD susceptibility. Biological
Psychiatry. https://doi.org/10.1016/j.biopsych.2016.06.026.

McCarthy, M. M. (2016). Sex differences in the developing brain as
a source of inherent risk. Dialogues in Clinical Neuroscience,
18(4),361-372.

Meza-Aguilar, D. G., & Boucard, A. A. (2014). Latrophilins updated.
Biomolecular Concepts, 5(6), 457-478. https://doi.org/10.1515/
bmc-2014-0032.

Mitra, 1., Tsang, K., Ladd-Acosta, C., Croen, L. A., Aldinger, K. A.,
Hendren, R. L., et al. (2016). Pleiotropic mechanisms indicated
for sex differences in autism. PLoS Genetics, 12(11), e1006425.
https://doi.org/10.1371/journal.pgen.1006425.

Mottron, L., Duret, P., Mueller, S., Moore, R. D., d’Arc, F., Jacque-
mont, B., & Xiong, L. (2015). Sex differences in brain plasticity:
A new hypothesis for sex ratio bias in autism. Molecular Autism,
6(1), 33. https://doi.org/10.1186/s13229-015-0024-1.


https://doi.org/10.1038/ng.1013
https://doi.org/10.1111/gbb.12003
https://doi.org/10.1111/gbb.12003
https://doi.org/10.1002/ajmg.b.32074
https://doi.org/10.1002/ajmg.b.32074
https://doi.org/10.1038/mp.2017.17
https://doi.org/10.3389/fncel.2017.00359
https://doi.org/10.3389/fncel.2017.00359
https://doi.org/10.1016/j.neuron.2011.05.021
https://doi.org/10.1016/j.neuron.2011.05.021
https://doi.org/10.1002/jnr.23872
https://doi.org/10.1186/s12993-015-0084-6
https://doi.org/10.1038/ncomms5074
https://doi.org/10.1038/ncomms5074
https://doi.org/10.1186/1471-2202-9-43
https://doi.org/10.1038/mp.2014.183
https://doi.org/10.1007/s00787-018-1251-8
https://doi.org/10.1016/j.gene.2015.04.033
https://doi.org/10.1038/ncomms11184
https://doi.org/10.1016/j.ajhg.2014.02.001
https://doi.org/10.1016/j.pnpbp.2017.06.011
https://doi.org/10.1016/j.pnpbp.2017.06.011
https://doi.org/10.1017/S0033291704002892
https://doi.org/10.1016/j.dcn.2013.02.003
https://doi.org/10.1016/j.dcn.2013.02.003
https://doi.org/10.1038/mp.2012.29
https://doi.org/10.1176/appi.ajp.2010.10020223
https://doi.org/10.1176/appi.ajp.2010.10020223
https://doi.org/10.1016/j.biocel.2015.05.024
https://doi.org/10.1016/j.biocel.2015.05.024
https://doi.org/10.1016/j.brainres.2009.02.072
https://doi.org/10.1016/j.cell.2015.06.034
https://doi.org/10.1016/j.biopsych.2017.11.026
https://doi.org/10.1016/j.biopsych.2016.06.026
https://doi.org/10.1515/bmc-2014-0032
https://doi.org/10.1515/bmc-2014-0032
https://doi.org/10.1371/journal.pgen.1006425
https://doi.org/10.1186/s13229-015-0024-1

NeuroMolecular Medicine (2019) 21:60-67

67

Naaijen, J., Bralten, J., Poelmans, G., Glennon, J. C., Franke, B., &
Buitelaar, J. K. (2017). Glutamatergic and GABAergic gene sets
in attention-deficit/hyperactivity disorder: Association to overlap-
ping traits in ADHD and autism. Translational Psychiatry, 7(1),
€999-e999. https://doi.org/10.1038/tp.2016.273.

Noroozi, R., Taheri, M., Movafagh, A., Mirfakhraie, R., Solgi, G.,
Sayad, A., et al. (2016). Glutamate receptor, metabotropic 7
(GRM?7) gene variations and susceptibility to autism: A case—
control study. Autism Research, 9(11), 1161-1168. https://doi.
org/10.1002/aur.1640.

Nugent, B. M., Wright, C. L., Shetty, A. C., Hodes, G. E., Lenz, K.
M., Mahurkar, A, et al. (2015). Brain feminization requires active
repression of masculinization via DNA methylation. Nature Neu-
roscience, 18(5), 690-697. https://doi.org/10.1038/nn.3988.

O’Sullivan, M., Wit, J., De, & Savas, J. (2012). Postsynaptic FLRT
proteins are endogenous ligands for the black widow spider venom
receptor Latrophilin and regulate excitatory synapse develop-
ment. Neuron, 73(5), 903-910. https://doi.org/10.1016/j.neuro
n.2012.01.018.Postsynaptic.

O’Sullivan, M. L., Martini, F., von Daake, S., Comoletti, D., & Ghosh,
A. (2014). LPHN3, a presynaptic adhesion-GPCR implicated in
ADHD, regulates the strength of neocortical layer 2/3 synaptic
input to layer 5. Neural development, 9(7), 1-11. https://doi.
org/10.1186/1749-8104-9-7.

Orsini, C. A., Setlow, B., DelJesus, M., Galaviz, S., Loesch, K., Ioerger,
T., & Wallis, D. (2016). Behavioral and transcriptomic profiling of
mice null for Lphn3, a gene implicated in ADHD and addiction.
Molecular genetics & genomic medicine, 4(3), 322-343. https://
doi.org/10.1002/mgg3.207.

Park, M. T. M., Raznahan, A., Shaw, P., Gogtay, N., Lerch, J. P., &
Chakravarty, M. M. (2018). Neuroanatomical phenotypes in men-
tal illness: identifying convergent and divergent cortical pheno-
types across autism, ADHD and schizophrenia. Journal of Psy-
chiatry & Neuroscience: JPN, 43(2), 170094.

Pettersson, E., Anckarsiter, H., Gillberg, C., & Lichtenstein, P. (2013).
Different neurodevelopmental symptoms have a common genetic
etiology. Journal of Child Psychology and Psychiatry, 54(12),
1356-1365. https://doi.org/10.1111/jcpp.12113.

Poelmans, G., Pauls, D. L., Buitelaar, J. K., & Franke, B. (2011). Inte-
grated genome-wide association study findings: identification of
a neurodevelopmental network for attention deficit hyperactivity
disorder. The American Journal of Psychiatry, 168(4), 365-377.
https://doi.org/10.1176/appi.ajp.2010.10070948.

Reuter, I., Knaup, S., Romanos, M., Lesch, K.-P., Drepper, C., &
Lillesaar, C. (2016). Developmental exposure to acetaminophen
does not induce hyperactivity in zebrafish larvae. Journal of Neu-
ral Transmission (Vienna, Austria: 1996). https://doi.org/10.1007/
s00702-016-1556-z.

Ribasés, M., Ramos-Quiroga, J. A., Sdnchez-Mora, C., Bosch, R.,
Richarte, V., Palomar, G., et al. (2011). Contribution of LPHN3
to the genetic susceptibility to ADHD in adulthood: A replication
study. Genes, Brain and Behavior, 10(2), 149—157. https://doi.
org/10.1111/5.1601-183X.2010.00649.x.

Rommelse, N. N. J., Geurts, H. M., Franke, B., Buitelaar, J. K., &
Hartman, C. A. (2011). A review on cognitive and brain endo-
phenotypes that may be common in autism spectrum disorder
and attention-deficit/hyperactivity disorder and facilitate the
search for pleiotropic genes. Neuroscience and Biobehavio-
ral Reviews, 35(6), 1363—1396. https://doi.org/10.1016/j.neubi
orev.2011.02.015.

Ronald, A., & Hoekstra, R. A. (2011). Autism spectrum disorders and
autistic traits: A decade of new twin studies. American Journal
of Medical Genetics Part B: Neuropsychiatric Genetics, 156(3),
255-274. https://doi.org/10.1002/ajmg.b.31159.

Ruigrok, A. N. V., Salimi-Khorshidi, G., Lai, M.-C., Baron-Cohen,
S., Lombardo, M. V., Tait, R. J., & Suckling, J. (2014). A

meta-analysis of sex differences in human brain structure. Neu-
roscience & Biobehavioral Reviews, 39, 34-50. https://doi.
org/10.1016/j.neubiorev.2013.12.004.

Schuch, J. B., Muller, D., Endres, R. G., Bosa, C. A., Longo, D,
Schuler-Faccini, L., et al. (2014). The role of p3 integrin gene
variants in Autism Spectrum Disorders—diagnosis and symp-
tomatology. Gene, 553(1), 24-30. https://doi.org/10.1016/j.
gene.2014.09.058.

Sokolova, E., Oerlemans, A. M., Rommelse, N. N., Groot, P., Hartman,
C. A, Glennon, J. C., et al. (2017). A causal and mediation analy-
sis of the comorbidity between Attention Deficit Hyperactivity
Disorder (ADHD) and Autism Spectrum Disorder (ASD). Journal
of Autism and Developmental Disorders, 47(6), 1595-1604. https
://doi.org/10.1007/s10803-017-3083-7.

Tau, G. Z., & Peterson, B. S. (2010). Normal development of brain
circuits. Neuropsychopharmacology, 35(1), 147-168. https://doi.
org/10.1038/npp.2009.115.

Taylor, M. J., Lichtenstein, P., Larsson, H., Anckarsiter, H., Greven,
C. U., & Ronald, A. (2016). Is There a female protective effect
against attention-deficit/hyperactivity disorder? Evidence from
two representative twin samples. Journal of the American Acad-
emy of Child & Adolescent Psychiatry, 55(6), 504-512.e2. https
://doi.org/10.1016/j.jaac.2016.04.004.

Thapar, A., Martin, J., Mick, E., Arias Vasquez, A., Langley, K.,
Scherer, S. W, et al. (2015). Psychiatric gene discoveries shape
evidence on ADHD’s biology. Molecular Psychiatry. https://doi.
org/10.1038/mp.2015.163.

Tick, B., Bolton, P., Happé, F., Rutter, M., & Rijsdijk, F. (2016). Herit-
ability of autism spectrum disorders: a meta-analysis of twin stud-
ies. Journal of Child Psychology and Psychiatry, 57(5), 585-595.
https://doi.org/10.1111/jcpp.12499.

Uzunova, G., Hollander, E., & Shepherd, J. (2014). The role of iono-
tropic glutamate receptors in childhood neurodevelopmental disor-
ders: Autism spectrum disorders and fragile x syndrome. Current
Neuropharmacology, 12(1), 71-98. https://doi.org/10.2174/15701
59X113116660046.

van der Voet, M., Harich, B., Franke, B., & Schenck, a (2015).
ADHD-associated dopamine transporter, latrophilin and neurofi-
bromin share a dopamine-related locomotor signature in Dros-
ophila. Molecular Psychiatry, 10, 1-9. https://doi.org/10.1038/
mp.2015.55.

Wallis, D., Hill, D. S., Mendez, 1. A., Abbott, L. C., Finnell, R. H.,
Wellman, P. J., & Setlow, B. (2012). Initial characterization of
mice null for Lphn3, a gene implicated in ADHD and addiction.
Brain Research, 1463, 85-92. https://doi.org/10.1016/j.brain
res.2012.04.053.

Ward, L. D., & Kellis, M. (2012). HaploReg: a resource for exploring
chromatin states, conservation, and regulatory motif alterations
within sets of genetically linked variants. Nucleic Acids Research,
40(D1), D930-D934. https://doi.org/10.1093/nar/gkr917.

Xing, Y., Nakamura, Y., & Rainey, W. E. (2009). G protein-coupled
receptor expression in the adult and fetal adrenal glands. Molecu-
lar and Cellular Endocrinology, 300(1-2), 43-50. https://doi.
org/10.1016/j.mce.2008.10.036.

Zablotsky, B., Bramlett, M. D., & Blumberg, S. J. (2017). The co-
occurrence of autism spectrum disorder in children with ADHD.
Journal of Attention Disorders. https://doi.org/10.1177/10870
54717713638.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1038/tp.2016.273
https://doi.org/10.1002/aur.1640
https://doi.org/10.1002/aur.1640
https://doi.org/10.1038/nn.3988
https://doi.org/10.1016/j.neuron.2012.01.018.Postsynaptic
https://doi.org/10.1016/j.neuron.2012.01.018.Postsynaptic
https://doi.org/10.1186/1749-8104-9-7
https://doi.org/10.1186/1749-8104-9-7
https://doi.org/10.1002/mgg3.207
https://doi.org/10.1002/mgg3.207
https://doi.org/10.1111/jcpp.12113
https://doi.org/10.1176/appi.ajp.2010.10070948
https://doi.org/10.1007/s00702-016-1556-z
https://doi.org/10.1007/s00702-016-1556-z
https://doi.org/10.1111/j.1601-183X.2010.00649.x
https://doi.org/10.1111/j.1601-183X.2010.00649.x
https://doi.org/10.1016/j.neubiorev.2011.02.015
https://doi.org/10.1016/j.neubiorev.2011.02.015
https://doi.org/10.1002/ajmg.b.31159
https://doi.org/10.1016/j.neubiorev.2013.12.004
https://doi.org/10.1016/j.neubiorev.2013.12.004
https://doi.org/10.1016/j.gene.2014.09.058
https://doi.org/10.1016/j.gene.2014.09.058
https://doi.org/10.1007/s10803-017-3083-7
https://doi.org/10.1007/s10803-017-3083-7
https://doi.org/10.1038/npp.2009.115
https://doi.org/10.1038/npp.2009.115
https://doi.org/10.1016/j.jaac.2016.04.004
https://doi.org/10.1016/j.jaac.2016.04.004
https://doi.org/10.1038/mp.2015.163
https://doi.org/10.1038/mp.2015.163
https://doi.org/10.1111/jcpp.12499
https://doi.org/10.2174/1570159X113116660046
https://doi.org/10.2174/1570159X113116660046
https://doi.org/10.1038/mp.2015.55
https://doi.org/10.1038/mp.2015.55
https://doi.org/10.1016/j.brainres.2012.04.053
https://doi.org/10.1016/j.brainres.2012.04.053
https://doi.org/10.1093/nar/gkr917
https://doi.org/10.1016/j.mce.2008.10.036
https://doi.org/10.1016/j.mce.2008.10.036
https://doi.org/10.1177/1087054717713638
https://doi.org/10.1177/1087054717713638

	ADGRL3 rs6551665 as a Common Vulnerability Factor Underlying Attention-DeficitHyperactivity Disorder and Autism Spectrum Disorder
	Abstract
	Introduction
	Methods
	Subjects
	ASD Sample
	ADHD Sample
	Control Subjects

	Genotyping
	Statistical Analyses
	In Silico Functionality Prediction

	Results
	Discussion
	Acknowledgements 
	References


