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Abstract

Autism spectrum disorders and Williams syndrome exhibit quite opposite features in the social domain, but also
share some common underlying behavioral and cognitive deficits. It is not clear, however, which genes account for the
attested differences (and similarities) in the socio-cognitive domain. In this article, we adopted a comparative molecular
approach and looked for genes that might be differentially (or similarly) regulated in the blood of subjects with these two
conditions. We found a significant overlap between differentially expressed genes compared to neurotypical controls,
with most of them exhibiting a similar trend in both conditions, but with genes being more dysregulated in Williams
syndrome than in autism spectrum disorders. These genes are involved in aspects of brain development and function
(particularly dendritogenesis) and are expressed in brain areas (particularly the cerebellum, the thalamus, and the
striatum) of relevance for the autism spectrum disorder and the Williams syndrome etiopathogenesis.

Lay abstract

Autism spectrum disorders and Williams syndrome are complex cognitive conditions exhibiting quite opposite features
in the social domain: whereas people with autism spectrum disorders are mostly hyposocial, subjects with Williams
syndrome are usually reported as hypersocial. At the same time, autism spectrum disorders and Williams syndrome share
some common underlying behavioral and cognitive deficits. It is not clear, however, which genes account for the attested
differences (and similarities) in the socio-cognitive domain. In this article, we adopted a comparative molecular approach
and looked for genes that might be differentially (or similarly) regulated in the blood of people with these conditions.
We found a significant overlap between genes dysregulated in the blood of patients compared to neurotypical controls,
with most of them being upregulated or, in some cases, downregulated. Still, genes with similar expression trends can
exhibit quantitative differences between conditions, with most of them being more dysregulated in Williams syndrome
than in autism spectrum disorders. Differentially expressed genes are involved in aspects of brain development and
function (particularly dendritogenesis) and are expressed in brain areas (particularly the cerebellum, the thalamus, and
the striatum) of relevance for the autism spectrum disorder and the Williams syndrome etiopathogenesis. Overall, these
genes emerge as promising candidates for the similarities and differences between the autism spectrum disorder and the
Williams syndrome socio-cognitive profiles.
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genes) contribute to the cognitive and behavioral problems
exhibited by affected subjects, with each of them confer-
ring low risk to the disorder (Geschwind & State, 2015;
Gyawali & Patra, 2019). In cases with a known etiology,
like Williams syndrome (WS), which results from the
hemideletion of around 30 genes from chromosome 7
(Pober, 2010), robust gene-to-phenotype correlations are
also difficult to establish. This is particularly true for cog-
nitive and behavioral deficits (see Ghaffari et al., 2018;
Karmiloff-Smith et al., 2012; Korenberg et al., 2000;
Tassabehji, 2003 among others for discussion). The diffi-
culty seems to stem from the fact that in most cases, these
problems result from the dysregulation of several other
genes outside the affected genomic regions (e.g. Lalli
et al., 2016 or Kimura et al., 2019 for WS). Consequently,
for these clinical conditions, it is of particular interest to
examine the expression pattern of genes across the whole
genome. This approach ultimately follows the “omni-
genic” theories of complex diseases, according to which
such diseases result from the altered expression of most of
the genes expressed in the affected tissues, with many of
them located well outside the core pathways leading to dis-
case (Boyle et al., 2017; Peedicayil & Grayson, 2018a,
2018b). Still, even if hundreds of genes are found to be
dysregulated in patients, specific pathways or specific bio-
logical processes are expected to be differentially affected
in different conditions. This allows for the identification of
intermediate, disease-specific phenotypes (e.g. abnormal,
disecase-specific gene expression profiles). This should
help clarify the genetics of these conditions and the clini-
cal symptoms observed in affected subjects, as well as
achieve ecarlier and more precise diagnoses. For instance,
several co-expression modules of genes outside the WS
deletion region are found to be dysregulated in the blood
of subjects with this condition and to be enriched in genes
related to RNA processing and RNA transport (Kimura
etal., 2019). Eventually, traits that appear to be omnigenic
in lesser studies seem to have finite genetic determinants
(Jakobson & Jarosz, 2019). Consequently, more studies of
this sort are needed if we want to achieve robust conclu-
sions about the etiology of complex cognitive disorders.
At the same time, it has been argued that a promising
way of bridging the gap between the genome and the phe-
notype in these conditions is to adopt a comparative
approach, instead of focusing on each disorder separately.
For instance, ASDs and schizophrenia (SZ) exhibit dis-
tinctly contrasting features, from neurodevelopmental
pathways to brain structure and function to cognitive (dis)
abilities, including language (see Crespi & Badcock, 2008;
Murphy & Benitez-Burraco, 2017 among others for dis-
cussion). As far as gene expression is concerned, there is
also some evidence of mirror gene dosage profiles for each
condition (Byars et al., 2014). In some cases, as observed
with the gene SHANK 3, differences can result from differ-
ences in mRNA stability caused by specific mutations,

with some pathogenic alleles giving rise to SZ features and
others causing ASD features (Zhou et al., 2016).
Accordingly, it can be hypothesized that SZ and ASDs
might share the same genetic determinants, but with some
key genes exhibiting opposite patterns of abnormal down-
regulation or upregulation compared to controls. The
development of next-generation sequencing facilities and
the analyses of thousands of cases by large consortia have
exponentially increased the number of available genetic
variants for complex cognitive disorders. These findings
suggest that common biological mechanisms can in fact be
implicated in both SZ and ASDs, despite their distinct clin-
ical profiles and onset times. Such biological mechanisms
mostly converge on aberrant synaptic plasticity and remod-
eling, and ultimately, on altered connectivity between
brain regions (X. Liu et al., 2017). Consequently, dosage-
sensitive gene expression emerges as a key etiological fac-
tor of these complex conditions. This conclusion is
reinforced by the finding that copy number variations
(CNVs) in the human genome impacting the same genes
are a risk factor for different psychiatric disorders, espe-
cially SZ and ASDs (Zarrei et al., 2019). In some cases,
mechanistic insights can be provided. For instance, altered
excitatory/inhibitory balance is implicated in both SZ and
ASDs, seemingly accounting for many of their distinctive
cognitive features, including language deficits (see
Murphy & Benitez-Burraco, 2017 for discussion). More
specifically, CNVs in the gene CYFIPI have been associ-
ated with both conditions, with CYFIPI upregulation
resulting in increased excitatory synapses and decreased
inhibitory synapses, and with CYFIPI knockout giving
rise to synaptic inhibition (Davenport et al., 2019).

In this article, we have adopted a comparative approach
to two prevalent cognitive disorders with the aim of illu-
minating aspects of the problems that subjects with ASDs
and WS experience with social cognition and social
behavior. These problems manifest themselves in mark-
edly opposite ways in various domains. For instance, indi-
viduals with ASDs normally exhibit difficulties with
engaging in social interaction, and are generally uninter-
ested in establishing social links with others (for a general
review, see Newschaffer et al., 2007). In contrast, subjects
with WS are usually friendly and eager to interact
with others (for general reviews, see Bellugi et al., 2000;
Doyle et al., 2004; Jarvinen et al., 2013; Jones et al., 2000;
Martens et al., 2009). Nonetheless, a closer examination
reveals an intricate profile of similarities and differences
between these two conditions (see Figure 1 for a graphical
summary).

A similar picture emerges regarding the brain net-
works thought to be responsible for the behavioral and
cognitive abnormalities observed in both conditions.
Common social deficits of ASDs and WS have been asso-
ciated with the dysfunction of selected networks, particu-
larly the default mode network (Assaf et al., 2010; Lynch
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Figure |. An overview of the socio-cognitive differences between ASDs and WS (based on Asada & Itakura, 2012; Barak & Feng,
2016; Baron-Cohen et al., 1985; Bellugi et al., 1994, 2000; Bhatara et al., 2010; Brock et al., 2007; Charman et al., 1997; Diez-ltza
etal, 2016; Doyle et al., 2004; Dykens, 2003; Fein et al., 1996; Fishman et al., 201 |; Freeman & Dake, 1996; Gastgeb et al., 2006;
Graham et al., 2005; Happé, 1997; Happé & Frith, 1996; Jarvinen et al., 2015; Jarvinen-Pasley et al., 2008; Jawaid et al., 2012; Klein-
Tasman et al., 2009; Klin et al., 1999; Lacroix et al., 2009; 2016; Laws & Bishop, 2004; E. Lough et al.,, 2015; Mervis & Becerra, 2007;
Mervis et al,, 2001; Perovic et al., 2013; Perovic & Wexler, 2007; Philofsky et al., 2007; Reilly et al., 2004; Rhodes et al., 2010; Riby
etal, 201 1; Riby & Hancock, 2008, 2009; Rodgers et al., 2012; Rose et al., 2007; Schultz, 2005; Stojanovik & James, 2006; Sullivan
et al,, 2003; Swensen et al.,, 2007; Tager-Flusberg, 2000, 2003, 2004; Tager-Flusberg et al., 2006; Thakur et al., 2018; Vivanti et al.,

2016).

et al., 2013; Sampaio et al., 2016), the social brain net-
work (Barak & Feng, 2016; Gotts et al., 2012; Kennedy
& Adolphs, 2012), the self-representation network (Haas
et al.,, 2013; Lombardo et al., 2010), reward circuitry
(Dichter, Felder, et al., 2012), and the mirror neuron sys-
tem (MNS; Jarvinen et al., 2013). In turn, differences
between ASDs and WS in the realm of social behavior
and social cognition have been hypothesized to stem
from differences in the development and function of
other brain areas and networks. For instance, the fusiform
gyrus, which is involved in face processing, is twice the
volume in subjects with WS compared to neurotypical
controls (Golarai et al., 2010; Haas et al., 2012; O’Hearn
etal., 2011), whereas in subjects with ASDs, it is hypoac-
tivated during face processing (Nickl-Jockschat et al.,
2015). In other cases, however, we observe different out-
comes of the same abnormal pattern of brain function. An
interesting example of this is the amygdala, which is a
key component of the limbic system supporting emotion
and motivation, among other functions. Although the
amygdala appears to be abnormally hyperactivated in
both ASDs and WS during eye gazing, in subjects with
ASDs, this hyperactivation results in an aversive
response, whereas it results in an appetitive response in
subjects with WS (Barak & Feng, 2016). All in all, it
appears that similar irregularities in brain structure or
function may or may not result in similarly abnormal
behaviors at the phenotypic level. This is why we are
confident that examining abnormal patterns of gene
expression thought to underlie these irregularities will
facilitate the formulation of bridging theories, linking

abnormal socio-cognitive phenotypes to abnormal brain
development and function in these two conditions,
including their similarities and differences.

In accordance with the above discussion, in this article,
we adopted a molecular comparative approach. We relied
on the abnormal transcriptional profiles in the blood of
subjects with ASDs or WS to identify genes that can be
similarly or dissimilarly dysregulated between conditions,
and that can account for some of the similarities and the
differences observed at the cognitive and behavioral lev-
els. Certainly, as far as cognitive conditions are concerned,
the most important changes are expected to occur in the
brain. However, because blood and brain transcriptional
profiles exhibit a notable overlap, ranging from 20%
(Rollins et al., 2010) to 55% (Witt et al., 2013), blood
expression profiles can be employed to infer changes of
relevance for the etiopathogenesis of these conditions (see
Bjerklund et al., 2018 or Shen et al., 2019 for ASDs).
Specifically, systems biology analyses of gene expression
in the blood and the brain of subjects with ASDs point to a
common signature of gene dysregulation in both tissues.
This allows the pathological changes in gene expression
patterns in the brain to be confidently inferred from abnor-
mal patterns of gene expression in the blood (Diaz-Beltran
et al., 2016).

In this article, we determine the genes that are abnor-
mally expressed in the blood of subjects with ASDs or WS
compared to neurotypical controls. We discuss the biologi-
cal roles played by the genes that exhibit similar abnormal
expression patterns in both conditions, as well as the role
of those showing opposite expression trends. We conclude
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with some reflections about our findings and, more gener-
ally, about the utility of our approach for achieving a better
understanding of the etiology of these two conditions.

Materials and methods

Gene expression profiles in the blood of
affected subjects

To determine the genes that are differentially expressed in
the blood of subjects with ASDs or WS, we analyzed the
publicly available Gene Expression Omnibus (GEO) data-
set (accession number: GSE 89594). The GSE 89594 data-
set consisted of 32 subjects with ASDs (mean age
24 .0years, male/female ratio 50:50), 32 subjects with WS
(mean age 21.6years, male/female ratio 50:50), and 30
controls (mean age 23.9years, male/female ratio 50:50;
Kimura et al., 2019). These data were obtained with
Agilent SurePrint G3 Human GE v2 8x60K microarray
(Agilent Technologies) from peripheral blood samples (all
samples had RNA integrity number (RIN) values over 8).
Differentially expressed genes (DEGs) were calculated
based on diagnosis, age, gender, and RIN using the Limma
R package (Smyth, 2005). Genes were considered to be
differentially expressed when the false discovery rate
(FDR) < 0.1 and the [fold change (FC)|> 1.2, this entail-
ing a change in expression of 20%. A total of 20% can be
regarded as a safe threshold for DEGs, if one considers
that 10% of “error” is normal in an experiment (to put this
differently, the FC group between 0.8 and 1.2 can be con-
sidered to be genes that do not change in their expression
status). The threshold used to define DEGs is slightly less
stringent than the threshold used in other similar studies
(usually FDR < 0.05), but it is similar to the threshold used
in our previous work on gene dysregulation in WS (e.g.
Benitez-Burraco, 2000). Using the same threshold in this
article is expected to provide more confident comparisons
between our findings and the findings in these other papers.
The Benjamini—Hochberg procedure was used to control
the FDR in multiple testing (Benjamini and Hochberg,
1995). All the human protein-coding genes were consid-
ered and 17,446 genes were regarded as background. The
list of DEGs in subjects with ASDs compared to controls
encompasses 242 genes (Supplemental file 1; column A).
The list of DEGs in subjects with WS compared to controls
encompasses 882 genes (Supplemental file 1; column B).
A hypergeometric test was used to determine the signifi-
cance of the overlapping DEGs between the two clinical
conditions.

Functional characterization of genes of interest

To provide a detailed characterization of the functions per-
formed by DEGs, we compiled information about their
association with ASDs and/or WS, their involvement in

comorbid conditions, and/or their role in physiological
aspects of relevance (mostly at the brain level) for the eti-
opathogenesis of the socio-cognitive dysfunctions
observed in ASDs and/or WS. To achieve this, we checked
the available literature via PubMed (ncbi.nlm.nih.gov/
pubmed), but also relied on other common gene databases,
particularly GeneCards (https://www.genecards.org/).

Gene ontology analysis

Gene ontology (GO) analyses of the sets of DEGs were
performed via Enrichr (amp.pharm.mssm.edu/Enrichr; E.
Y. Chen et al., 2013; Kuleshov et al., 2016). We considered
biological processes, molecular functions, cellular compo-
nents, or human pathological phenotypes to be enriched if
their p <0.05.

Results

Contrasting gene transcriptional profiles in the
blood of subjects with ASDs and WS

In contrast to what is known about the neurobiological
causes of socio-cognitive dysfunctions in ASDs and WS,
less is known about the genetic factors that might contrib-
ute to the observed similarities and differences in the
socio-cognitive domain, despite the fact that both are con-
ditions with a clear genetic basis. This stems from the indi-
rect link between genes underneath and behavior at the
surface, with many genes affecting a single phenotype
(and vice versa). More specifically, however, it stems from
the pervasive problems that arise when attempting to map
genes to complex phenotypes, which current approaches
based on genome-wide association studies (GWASs) can
only partially alleviate (Goddard et al., 2016; Guo et al.,
2018). As noted in the “Introduction” section, ASDs and
WS are no exception; the causes of ASDs are not entirely
known, and no robust gene-to-phenotype correlations have
been established for the cognitive features of WS. Still, as
also noted, it is interesting that some genetic elements
have been claimed to be shared between both conditions
(Jawaid et al., 2012; Newschaffer et al., 2007). This cir-
cumstance raises the possibility that differences in gene
dosage can account for some of the opposite features
exhibited by affected subjects in the social cognition
domain. An interesting example is the gene OXTR, which
encodes the oxytocin receptor. Subjects with WS exhibit
increased basal levels of oxytocin correlating with social
engagement behaviors (Dai et al., 2012). Higher levels of
oxytocin in WS have been hypothesized to result from the
hypomethylation (and thus, the overexpression) of OXTR
(Haas & Smith, 2015), seemingly as a result of the deletion
of WBSCR22, which encodes a methyltransferase (Doll &
Grzeschik, 2001; Merla et al., 2002). Higher levels of oxy-
tocin have also been attributed to effects of GTF2I, a gene
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Figure 2. Abnormal expression patterns in the blood of subjects with ASDs or WS. (a) Genes found upregulated in both
conditions. (b) Genes found downregulated in both conditions. (c) Genes found upregulated in ASDs but downregulated in WS. (d)
Genes found downregulated in ASDs but upregulated in WS. Histograms show changes in the expression level of genes compared
to neurotypical controls as fold changes (FCs) if |[FC| > 1.2 and with false discovery rate (FDR < 0.1). Values for ASDs are colored
in blue, whereas values for WS are colored in orange. Gene names are ordered according to the FC values for the ASD group.

also deleted in WS, which has proven to affect the reactiv-
ity to oxytocin and ultimately, sociability (Procyshyn
et al.,, 2017). In contrast, OXTR has been found to be
hypermethylated (and thus, less active) in subjects with
ASDs; this hypermethylation correlates to abnormal inter-
connection patterns between brain areas involved in the
ASD pathogenesis, as well as to the severity of symptoms,
including social cognitive deficits (Andari et al., 2010; see
Maud et al., 2018 for review). Such hypermethylation spe-
cifically correlates to a decrease in the extent to which
social information automatically captures attention (Puglia
etal., 2018).

For all these reasons, we conducted a comparative in
vivo analysis aimed at uncovering similar and dissimilar
patterns of abnormal gene expression in the blood of sub-
jects with ASDs and WS. We found a very significant
overlap (p=7.93E—40) between DEGs in the blood of sub-
jects with WS and DEGs in the blood of subjects with
ASDs. Interestingly, despite their opposite profile in many

domains—particularly in their socio-cognitive abilities—
most DEGs exhibit a similar expression profile in the
blood of subjects with ASDs and subjects with WS.
Specifically, they are either upregulated or downregulated
in both conditions. Still, selected genes appear to be more
strongly downregulated or upregulated in WS compared to
ASDs. Figure 2 shows the overlapping genes that are sig-
nificantly upregulated in both conditions (n=18; Figure
2(a)), downregulated in both conditions (n=53; Figure
2(a)), upregulated in ASDs but downregulated in WS
(n=3; Figure 2(c)), and downregulated in ASDs but upreg-
ulated in WS (n=1; Figure 2(d)) compared to controls
(FDR <0.1, |FC|>1.2).

We then investigated whether these DEGs have the
potential to contribute to the etiopathogenesis of the socio-
cognitive deficits of ASDs and WS. Whereas genes found
similarly dysregulated in the blood of subjects with ASDs
and WS can be expected to account for aspects of their
similarities in the social cognition phenotype, the genes
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that exhibit opposite expression patterns might explain
aspects of their differences in the socio-cognitive domain.
Differences between these two conditions could also result
from FC differences in the expression of genes that exhibit
the same abnormal trends in ASDs and WS.

Functional characterization of genes of interest

As shown in Table 1, most of the DEGs (50 out of 75) that
have been associated with ASDs and/or WS are candidates
for comorbid conditions, and/or might be involved in
physiological aspects of relevance, mostly at the brain
level, for the etiopathogenesis of the socio-cognitive dys-
functions observed in ASDs and/or WS. A more detailed
characterization of these genes is provided in Supplemental
file 2.

GO analyses

We also conducted GO analyses of the sets of DEGs to
know more about possible biological functions that might
be found similarly or differentially altered in ASDs and
WS, particularly in connection with their distinctive socio-
cognitive profiles. Because the number of genes showing
opposite expression patterns was too small, GO analyses
were performed only for genes found either upregulated or
downregulated in the blood of subjects with ASDs or WS
compared to controls. We found that these two sets of
genes are significantly related to processes, functions, cel-
lular components, and pathological phenotypes of interest
for the ASD and the WS etiopathogenesis, and some inter-
esting differences between both sets also exist. Specifically,
whereas genes found upregulated in both conditions are
mostly involved in dendritogenesis, genes found down-
regulated in both ASDs and WS contribute preferentially
to myelinization. Likewise, whereas the former are mostly
involved in apoptosis and autophagia, the latter seem to
contribute to cell proliferation (see Figure 3 for a graphical
summary). We now provide a more detailed account of
these findings.

Genes that are found upregulated (Figure 4) in both
conditions compared to controls are significantly enriched
in molecular, cellular, and biological processes important
for neuron function, particularly dendrite extension
(GO:1903861; GO:1903859). Multiple studies have
pointed to alterations in dendrite growth, number, and
morphology as a key aspect of the pathophysiology of
ASDs, with most alterations involving a generalized
reduction in dendrite size and number, as well as an
increase in spine densities with immature morphology (see
Gilbert & Man, 2017; Joensuu et al., 2018; Martinez-
Cerdeno, 2017 for selected reviews). Likewise, the neu-
rons of animal models of selected genes within the WS
region also exhibit an anomalous dendrite morphology.
Accordingly, abnormal spine morphology, as well as

abnormal synaptic function resulting in enhanced long-
term potentiation (LTP) and altered fear responses and
spatial learning, is observed in LimkI-knockout mice, sup-
porting a role for this gene in the regulation of cofilin and
actin cytoskeleton (Meng et al., 2002). Similarly, FZD9
regulates dendritic spine formation in hippocampal neu-
rons via its effect on Wnt5a signaling (Ramirez et al.,
2016). Finally, neurite length is greater in mice lacking one
copy of Gtf2i, another of the genes located within the chro-
mosomal fragment deleted in WS (Deurloo et al., 2019). In
addition, genes upregulated in both ASDs and WS are
preferentially associated with aspects of the immune
response, particularly with major histocompatibility com-
plex (MHC) class II complex function (GO:0032395;
G0:0023026; GO:0042613). MHC genes have been found
to be dysregulated in skin fibroblasts from subjects with
WS (Henrichsen et al., 2011). Regarding ASDs, because of
the important role of the MHC in brain development and
plasticity, changes in MHC expression resulting from
mutations and/or immune dysregulation have been hypoth-
esized to contribute to the altered brain connectivity and
function typically found in subjects with this condition
(see Needleman & McAllister, 2012 for review).
Population-based epidemiological studies have found an
association between ASDs and MHC complex haplotypes
(reviewed by Gesundheit et al., 2013). In addition, genes
upregulated in both ASDs and WS are significantly associ-
ated with processes related to cell survival via autophagia,
as in autophagosome assembly (GO:2000785), and to cell
death via apoptosis, mostly in connection to cysteine-type
endopeptidase activity (GO:0008635, G0O:0097200,
GO:0097153). In neurons, autophagy is involved in axon
guidance, dendritic spine development and pruning, and
synaptic plasticity (Hwang et al., 2019); altered autophagy
has also been associated with neurodegeneration (see J. A.
Lee, 2012 for review) and with ASDs (Hwang et al., 2019).
Apoptosis is also crucially involved in brain development
and wiring, and pathological activation of apoptotic death
pathways resulting in neural cell death has been equally
associated with ASDs (Wei et al., 2014), particularly endo-
plasmic reticulum stress resulting in apoptosis (Dong
etal., 2018). Interestingly, genes upregulated in both ASDs
and WS are preferentially associated with the endoplasmic
reticulum membrane (GO:0071556), as well as the endo-
cytic vesicle membrane (GO:0030669; GO:0045334), the
endosome membrane (GO:0031902), and the endoplas-
mic reticulum to Golgi vesicle membrane (GO:0012507).
In a similar vein, increased apoptosis has been observed
in animal models of WS, particularly after knocking out
several of the genes within the WS fragment, specifically
WSTF (Barnett et al., 2012) and FZD9 (Zhao et al., 2005).
Genes upregulated in both ASDs and WS are also enriched
in proteins involved in signal transduction activities,
particularly receptor activity, mostly linked to G
protein (GO:0001608; GO:0045028) and protein tyrosine



Autism 25(2)

470

(panunuo))

“le 32 Sue ) sade) 01 UOIIURIIE SuneNpPOW YlIM paleldosse Apuedyiudis st auad siy jo wsiydiowAjod .
910T I A ] INPOW L3IMm ps | LEF) Y lod v
(9107 “I& 32 uBUYSIIY| 0] 0T “[B 32 0UId) SSYAAD U3 Ul SSY YM paieldosse uaaq aAey (zgydg 3-9) Ajiwey auad awes aya Jo sioquidl e
(£10T “Ie 39 2Aipn-uewwop) Juswdo|aAap d1uoAiquia SuLINp SIA[SWAYI sUCINau 3yl pue ‘suondafoid uounau Suiping ui [eauswnaasul ‘Aemyaed Suijeudis uliydayydy ays o1 pateey e
/10T “I 39 9AIpN-UBWIWOH) Wa1sAS SNOAJDU 33 Ul $955920.d [e3uswdojaAap snoluea ul 9jod & Aejd yoiym ‘suaquiaw Ajiwey g-uliyds oy 4oidedau & sopo) e 19Hd3
0t ] } o]
(1102 “Ie 3 1yS) Jap.osip dAIssaudap Jolew jo 19suo Ajaes ul pajedijdw) e
(6661 “|& 39 Uakayuap) JapJosip Jejodiq ul pasedidw] e
(6661 “Ie 39 UskayJap) ureiq ays uj passaidxy e hENG
(0107 ‘stJoy g Buejo| ) uoneN3a. $S9.43S Ul PIA|OAUI A||[BIIUSIO]
‘siIol g Bueja] ! ‘uejdeD) » weyles uipuiq auoJadeyd pue Suip|ojun/SuIp|o) JBNJ3|OW Ul PIA[OAU| e
010T W 8 Buepp | ‘gee | ‘ueided g weyiaayD) Buipuiq dey> pue uipjojun/3uipjoy Jejnaa) paAjoAU| salvna
£10T “[e 39 oB\) WN||2qa.492 ay3 Buipn|dul ‘ure.q ays jo suoida. oydads ul paiedo e
0z 3 3 3a. oyy1>ad
(5007 ‘uosAQ g eaowi) yaeap |22 Sunejndaa pue uondiudsueny Suissaadau pue SuineAnde Joy a|qisuodsad Hjuomiau Jo1dey uondiudsuedl 473 Ul PIAJOAU| e
(£10T “Ie 3@ oe)) pinjj [euids04qa.uad puUe aNssi [B4N3U WO s3NIP SUIAJIXOISP Ul PIAJOAUI SWAZUS UE SSPOdUT e ICED)
“|e 39 |Iy3eABYIIA) SOWOPUAS SNOSUEBINI-OIDE-OIP.JEI-0NSU SNOLIEA O PDJUIT e
810 “Ie 39 |iy3ekeip puk 4-01p paur
(8107 “Ie 3@ yaedeynp) Aemyred Suijeudis S|dyIA 243 YSnoays sQSy Ydim palenossy e
(810T “Ie 32 usyD ) Jolaryaq Aj9rewn|n pue ‘A3ojoisAyd [BUOINBU ‘WISAS SNOAISU [B13USD 33 JO JUSWOIPASP dIUcAIqWS Ul o)) sI yaiym ‘Aemyaed Suleusis HdVIA 9Y3 YIM paIeIdossy e 9dWe
(£10T “Ie 32 Je>aay|n}y) sauaned ur A1aA0d3u [euonduny Supueyus Aj@rewn|n
pue suondauuod dndeuds Suiaoadw ‘Aunful ure.q d1reWINE. JO S1D9)49 [BIUSWIIABP JO UoKE.IOlPWE Sulpn|dul AIaulydew dAIUSOD Jo $1908) Ul paredljdwi s 31 ‘Aemyaed HDOY-OYY Y2 YIIM JUSWSAJOAUI YSnody] e
(0Z0T “Ie 30 plezos|) Aemyred HDOY-OUY JO Aem Aq uone.3iw (|93 SAIIIS||0D SMO|S e
10T “[& 30 eaemilng) s921s SNOLIBA YSNoJy3 sIUSWE|l Ul3e.ay 03 ulpulq ‘uoireziued.ioad [e39]23s034d jo sadAy sarenday e 4IDOHYY
610C f 3 } 8 3 4> jo sadk 3 0¥439,
(S10T “Ie 39 >P9033uuey) S9I9GRIP YIIM PIIBIDOSSY o
(5102 “Ie 39 >29023uury) Supjdlye.l 93420N9| 01 pRUIT e £0V
(610T “Ie 39 39.JeS) SuD|dlRII S2ISOA JB|N||9ElIul pue A3ojoyd.iow [e1de) Ul sanLIeNSa.ll J9YIo pue sisayauAs u1910adodA|2 pue wsijoqersw pidi| ul uonRdUNISAP 9SNED YDIYM ‘SSWOIPUAS D130AYIYDI-0INaU 01 padull e
(6102 “Ie 39 3944eS) 5|23 Jo 2dueReq A34aud Y1 pue A3ojoyd.iow [BlIPUOYDOIIW JO SDUBUDIUIBLI DY) JOJ ADY] e Z1IHa1Y
T SM /1 sasvy
(8107 “Ie 3@ YdRIR] ) BSEASIP S JowWIdyz|y ul paedljdw| e
(8107 “Ie 3@ 'ydRUE] ) 324D [[22 9Y3 JO UONEINSDJ Ul dj0] B SAB|d @
(6107 “Ie 39 ‘Buepp ‘Buepp) S[192 W3S dluoAiquid Ul Aouaiodiinid Suluieaurew pue 3ulysi|qeIsd Ul PIAJOAU| e 172dD41
(£10T “Ie 3@ 1Y2n3Q) s||92 7| Dd JO YImo.3IN0 211INdU $IBINPOLY
(£10T “Ie 39 1y2n3Q) sIsaupjoIkd se |[om se 3ul2Ada. d1AD0puD 01 padjul] e 71d1091
“|e 19 ||eay) JopJosip dlued pue A1a1Xue se yans sIapJosip dLIeIYIAsd Jo aduapidul JaySIY dARY 01 UMOYS BUdS BY) Ul SUONEINW JO SIALLIED) e
S10T “I& 32 |[edy) JapJosip djued pue & Y pJosip yaAsd y p Y31y aney ys auas ay ! o)
(£10T “Ie 3@ OBIX) SN3|2NU 2IBIUSP IE||9GD4D dY3 Ul SUOINDU pUE §|[92 d[upling ul passaadxa A|ySiy ‘w.ojosi oyioads-ure.q e seH o
(£10T “Ie 3@ oerx) Suipuiq UOI WNID[ED YIIM PIIBIDOSSY
(£00T “I& 3@ P|SMOGRID) XLIFBW JB|N|[208.3X BY3 03 UOID[3SOIAD UNdE 3Y3 SUpjul| Ul [BIUBWINIISU|  © 3095
(6007 “Ie 3@ sqode|) suiwedop jo wsijoqeiaw aya ui paedijdwi Ajenuslod pue suoinau sujwedop dijeydedusip-osaw ul passaldxy e
(6007 ‘Agxig %8 011g-Z3[eZUOD) 3D1W Ul JUSWAO[RAIP [eUNBU A|Jed Ul ko) e
(600 *Aqxig g 031ug-Z9|BZUOD)) YIMO.S ||90 PUB UOIEBIIUSISYIP S9IBINSDY NYdLld
(6107 “Ie 3@ [2PNN) sASY ©2 Ajiqidadsns uo 193)s aAnda10.4d pasunouo.d e smoys 3|8 |05 ]«19dd VIH
(10T “Ie 3 yo3adduend) sqsy ul paseatoul Apueoyiudis sp9||e 70:€|4d-VIH o
(10T “[e 32 AueieH-|y) SASY YaMm paieidosse Apuedyiusis aa|e £0,aVTH o
(6261 WNASQOIW 8 UOLIBYD) WRISAS SUNWIW] Y3 Ul [BRUSN|U| @ vya-vIH
(£10T “Ie 32 >29qog) JolABYaq Jed) puk A3aIXue Ul Aoy ‘WwaisAs |/ |4dD—NTF781g aya ul suondeuaiu| e
(£10T “Ie 39 22q0g) elepSAwe [eiaie|oseq aya ul passaJdxs ‘opndadoinau N3781q Joj Jordadoy e
(8661 “Ie 32 1f) uononpsue.l A10SUSS pue ‘A1IAIDE SUOWLIOY ‘UOIIEIIUNWILIOD |[93-01-||32 Ul A3 ‘101dadau pajdnod—uieiod o) o1 patejey e 141449
(0102 “Ie 3@ uosy)de() saads ano 01 anbjun 3uaAS uoiedl|dnp € 03 NP ‘suBWINY Ul PIAJOAD A3Udda $139S TpAXO4  ©
(00T “e 30 Aeaydwiny) Buipuiq YNQ Ul PaAjoAU| e 91$aX04
(8661 “[& 39 ZanauD)) Supdlyje.d SUBIqUISW Ul D0 B SAB|d
(8661 “I& 39 ZanauD) s9s5930.d .Ie|n||9o13Ul PSIBIPIW-WINID[ED Ul PIAJOAU| 63INdD
(5102 “Ie 39 urem||p|y) sisoadode ul [eauswiniasu| e £dSYD
L SM /| sasvy

'suonIpuod asay jo sisauagoyredons aya ul 3jod [enualod B dARY JBYI SAA JO SASY YdIm s193lgns ul paren3ausAp punoy sauag aya jo 1si| Adewwng | ajqeL



471

Niego and Benitez-Burraco

(panunuod)

(8107 “Ie 39 8ueAA) sQSY Ul Sw.a|qoJd [BUNSD3IUI0.IISES YIIM PIIRIDOSSY @
(0107 “Ie 3@ uayD ‘7661 “e 32 llyaqesse | ) Aejap [eauswdojaAap pue sso| Sulieay [ednauliosuds SuljieIud UOMIPUOD [BDIUND B ‘DWOIPUAS SINQUBP.IEEAA 10} 91BPIPUBD \/
(610T “I& 3@ elemipng) 3uawdo|aASP [|93 WIS [B4N3U O SIINGLIIUCD) o
(9107 “Ie 39 NS "X) 35942 [BJ4NaU 9Y3 Ul JuSWdO[PASP dIUOAIqWS Bulinp passaadxy e £XVd
(8107 “I& 3 NI "V "AA) suonipuod Jayzo Suowe Asdajids yaim pajedossy e
(8107 “I2 32 NIT "V "AA) X22402 33 Jo JusWdo[aASp Y3 Ul PIAJOAUI BUE YIYM ‘(sdOY) sdonuadoud [e3 [eiped jo juswdojaAap aya 01 $2INQLIIUCD) e
(810€ “I& 12 >eden) aunso|> agm [ednau u [eINID
(8107 “I& 30 0BD) YyImo.3 ||92 paziiejod $103.1p OS[e PUE UOISIAIP |92 [eDLIIDWIWASE Ul 3[0J B SAB|d £Qyvd
(€107 “Ie 3@ 'UN 9Q-zoun.e}y) uoisuedxs a3e|d [eanau 03 Suipes)| Aj@3eWN|N ‘UoneRURIRYIP J03usdo.d [BUOINDU SIIIYUI UOIIBINSDIUMOP BIYM ‘sisauadoanau sa3e|NWns dUaS SIY3 JO UOISSAIAXAIAQ e
(€107 “I& 3@ BUNT 9Q-Zaunuely) sisauadounau Alewrid ulInp UCIEBIUSISYIP [BINDU JIO) [BIIUSSST @ NYNIW
(107 “Ie 32 ewiysoko] ) suoinau [edwedoddiy jo uonenuataylp oindeudsaud sazenday o
(10T “Ie 39 usmnaa uep) sasdeuds 01 |0S0IAD BYI WOy pddIe. SI I $I5983NS JeY) ABM B Ul S9ILIPUSP U SIIBINWNIDY e
(10T “Ie 3@ USMN237 UBA) SUOJNaU [ed140d pue [edwedoddiy jo snapdnu sy 01 paziedo] e
(£10T “Ie 39 y3noT [ *y|) swo.puAs eise|dsAp [ew.9po1dd aefed/di| 3ya|> 01 parejey e
(6661 “I& 3 &pY|| "AA) SisouaSoAiquia Sulunp suondunl |93 uiziuedio pue SuleuSis 01 paieRy e PITIW
(S10T “I& 3 BUOpURSJE|]) A2I|1ISJUI SJBW YIIM PIIEBIDOSSE UD3q Sey auad siy3 jo wsiydiowAd|od e pue aiedau yorewsiw yNQ Ul 9|0 B sAejd e
(S10T “Ie 3 BUOpUBIE,) UOIBUIQWODDJ J130IBW J93je pue uonedljdal YN 3ulnp swouss ay3 jo Aidsul ay3 Sulureluiew Joy s|qisuodssy SHIW
(8007 “|& 39 puB|IED) UIR.q JBI 9Y) JO X2I0D [BIGDJD 3Y3 pue ‘sndwedoddiy ay3 ‘wnelis aya ul passaadxa Ajlenuaisyiq e
(8007 “[& 3@ pue|IeD) AjiLUE) SSBUD| BUIUODIYI/BULIDS PRIBIDOSSE-D|NGNIOIDIW BY3 JO IR o £1SYW
(9107 ‘Sueny 3 997 "y °S) BlUaJydoziyds yam sauaned ul parejdyzawaadAy punoy seusd ays jo sUQ e
(10T ‘350 % Jonegqadnap) AnawwAse ure.q 3y31i—3y9| ur parediidwi pue suiaio.d 10128} Yamo.s 1se|qo.qly Aq paidaje JadjJew uledq passatdxa AjedlnswwAise uy o 1A1437
(5102 “Ie 3@ Dii) A31AndE Jo3ow/Bulpuiq 9|NGNIO.IDIW O3 PaIe[a. OS[e PuE 10dsue.l) PIIBIPAW-I|DISIA Ul PAAJOAUI A|[edidads e
(S00T “Ie 3@ pfi|y) uonouny pue ASojoydow Jejn||ad 1oy [eNnJd ‘Ajiwey ui3oad uisaul| ay3 ul 3uag B SOpoD) e 48741
(661 “Ie 32 eloxpjee[) skemuyaed [eudis sisordode pue [eAIAINS [BUOJINBU 0} d]qisuodsau aq 01 1de pue suonau ul passaudxy e
(8107 “[e 39 USlIg,Q) §||97 Josand2.d/wals pue [euoanau 9|di3NW YIIM JUSWISAJOAUI S31 O3 dnp A[9y)l| ‘4op.osip Jejodiq pue eluaaydoziyds ul pasedidw| e
(£661 “Ie 32 ejodpjee() JuswdojaAaap Burinp Suijeusis pue Ajiow ui AlJejndned ‘suoidelalul Jen||3d Ul 3|0 [ed1311d  sAe|d pue uluiwe| 1oy 101dadau e sapoduy e »gO11
(8661 ‘@J22uso pue 31q)y) unewouyd oiul YN Suiddesm pue Sunsedwod Aq swosospnu aya SulnIdnJls 1oy dqisuodsau ‘Ajiwey sUoisly YZH Y3 JO JoquIaW B SSpodU] e JVZH I 1SIH
(0107 “I& 3 9s93.4 t101dad0u
JUAA B SSPODUS UDIYM UOISaL SAA Y3 UM auad ©) 474 BIA SAA PUR (1107 “[& 30 SueyZ " A ‘010 “|& 30 9593.4) sQSYV jo sisauadoyied aya 03 pa1dauuod usaq sey ydiym ‘Aemyaed Suljeudis JUAA SY3 Ul PSAJOAU| e
(10T “Ie 3@ Bueyz "A) wa1sAs snoAtsu a1 jo JuswdolaAsp aya Sulnp Apueliodw 3sow ‘UONEISIW (|93 PUE ‘UOCHEIUIBYIP [[93 ‘UonedjioJd [[92 Ul paAjoAul si 31 ‘Aemyred JUAA 9Y2 Jo 1ied sy e IDIH
(£10T “Ie 3@ [epuely) eijdued [eseq ay3 Jo siued WIO) A|[EBNIUSAS YDIYM S||92 3DUSUIWS d1uol|Sued [BIpaWl JO UOIIDBIID ILINBU SISNED DIW Ul £V | ADND PIINpay e
(8107 ‘OuIyso A g epay| “|4) S329sul ul Alowaw pue 3uluies]| A101ejj0 01 pajul] Aemyred e ‘(£ 0T “[e 39 J3[ssaY|) Aemyred Sulfeudis J|JDI/3PIXO JLIIU BYI Ul [EIUSWINAISU| o
(9107 “Ie 30 2e|[EAA) 95EISIP BAOWERAOW SB UMOUY| U UOD .IB|NDSBAC.IQD.D 93 YIIM PIIBIDOSSY o £Y1ADND
(6107 “I& 32 BJA]) wsijoqelaw asodn|8 31e|nda. 03 3ySnoyy
sl ‘u30.d JaYI0 Y ‘UILISDQO {UOIIDIIIS UlNSUl PaIE|NWIIS-9s0dn|3 pue ‘Aljiqow [eunsaiuloises ‘uondaduad paemad uaduny ul ajou e sAejd yaiym ‘uipays :sopindad omi spjaik aeya uieroadoadaud e sapodug e TYHO
(£00T “Ie 3@ AOUNOLIOD)) 159D [BINBU PUEB WISAS SNOAISU [B.43USD 3Yd uIpN|dUI $3.N12N.3s Jofew 01 3sid SAAIZ YoIym ‘Aemyred UOIIENUSISYIP WISPOIID Syl 01 PAIBRY e
(£00T “[& 39 AOUNOLIOD)) SIUSWIE|LJOIDIW PUEB S9|NGNIOIDIL USIMIDG SUOIDEIIUI Ul ‘A|qissod ‘puB A|QUUSSSE UOID[XSOIAD Ul PIAJOAU| e 17Z5YD
(810 “Ie 3@ Jauyeyds) suounau ul Suiuonisod suids pue ‘Aususp auids ‘A3ojoyd.ow dn1ipusp pasife 01 spes| ASUSIdSP OX0 e
(8107 “Ie 3 Jauyeyds) @31w 3npe ul sndwedoddiy ay3 jo suoanau Suidojaasp ul A3eydoane saiedwi uoneN3aJUMOp yOX04 e
(5107 “Ie 3@ 8ueyz °[) Suiuies| pue Auowsw Suiroidwi Aq enuswap Jejnasea sapadwi yoiym ‘uiresand Aq parendaudn e
(6107 “Ie 30 ureauno4) santien3a.l [e2180jo.anau pue “JolAeYaq pa.al[e ‘sAejap Yyoaads Aq paziioideleyd J9p.osIp [e3uaWdojoASpO.NaU B 0 PdUIT e
(610T “I& 39 ureaunod) /4sn epipued-qSy aya Aq pa1aders| e
(8107 “Ie 3@ Jauyeyds) Aemyred SulfeuSis ulnsul Ul Os[e INq ‘UCIIEBIIUSISYIP puB Yamo.3 ul paredljdw]| e $0OX04
(£10T “Ie 3@ a1X) J4opJosip Jejodiq ul suag qny 2402 Unoy Y3 Jo duo se paeddw| e
(£10T “Ie 3@ a1x) uoneuasaid pue Suissado.d usSiue pajeipaWw-DH|A | SSB|2 Y3 Ylm pajeidosse ‘asedl| uninbign ulioud e se s1oy e £17X94
1T SM /1 sasvy

(penunuod) °| ajqeL



Autism 25(2)

472

*aseup| u1210.4d pajeAnde-uaoliw 1Yy (SIIPNIS UONEIDOSSE SPIM-aWOUds :[SQYAAD xajdwod Ajignedwodoasy Jolew :HL @1eydsoydouow
auisouen3 211242 g 92 23eydsoydLi- g-suisouens 4| © ‘swsiydiowA|od apnoapnu-a|3uls NS 10108} PUBIGI||IAA UOA (AAA X3240D [BauoJjo.d [BIpaW 1D W ‘DWOIPUAS SWEI||IAA :SAA ‘SJ9PJOSIp wnadads wsnne :sqsy

wnsoj|[ed sndJod aya ul passaJdxy e
Jweyiadns ulIBYpPED Y JO J9qUISW B SIPOdUT e 12sa

(9107 “Ie 3@ Suepp) uondNpsue.l [BUSIS PUB UOISIYPE ||9D Ul SE ||9M SEB SOLUOSOLWISIP JO UOIIBWILIO) SY) Ul PIA|OAUI

L SM /1 sasy

(£10T “Ie 39 J3|ss2.g) 3sEISIp S JawWIidyz|y Yam sauaired ul suljdap aAnIUS0d padnpa. Yam paiedosse gJWN JO (6S51551Z1S4) NS UO o
(107 “Ie 3@ N7 *A) sndwedoddiy aya ur Ajuejnon.ed ‘aseasip s awiayz|y ul 9jod 9AuaAa.d e sAejd (8508 £7S4) ANS Juadelpe-gg /N Uy e

($10T ‘Yyoquiey| 33 [eyIUISOY) SSLISIP S JAWIBYZ|Y Ul $355320.d SAIIUSOD [BLUIOUGE YIIM PIIBIDOSSY  ® 8IWN
(610T “[& 39 sa.1d) S||92 21314PUSP JO IUSWO[DASP SY3 Ul PIAJOAU]| V62310

(610T “Ie 32 43[3317) J4op.Josip dlued Joj SUIS Sl Y @
(0102 “Ie 39 ueJ4qO|0D)) sass930.d Al0rE|NSDI0UNWILI PUB AIOIBWILIE[JUI YIIM PIIBIDOSSE A|[B1IUSIO4 e 17#710D
1 SM /| sasv

(8107 “Ie 3@ Aouuiws) aewep YN 4934 s[j92 3ul
(10T “Ie 32 UBWYOH) Suo.nau A103JB)|0 JO JUSWOIDASP SY3 Ul PIAJOAU] o
(7107 “Ie 3@ UBWIYOH) BNSSI3 UIL.Iq [B39) Ul SIIDUBYUD UIIM PIIBIDOSSE SYNS [EI2AS o
(107 “Ie 39 uewyoH) uoneiauagapo.nau jo sadA1 ureluad ur pajedrdw
(8107 “|& 39 SI9I|OAA) BIIUSWISP JO d{SII PASEaIdUl YIIM PaIBIDOSSE AIIANDE JAAA JoYSIH
(0207 ‘ea12n3)14 % NMm3eq|) X91403 [eulyd pue ‘snuA3 [eaauanisod ‘snuAS [esauadaud ‘sndwedoddiy ‘x21.403 [ensiA sy jo ua13ew a3ym pue Aeud ui Apuaiayip passadxy
(10T “[e 39 wiwn.y)) 3epipues ASY Uy
(510 “Ie 32 wwnuy)) poojq ay3 ul Juodsuesl uiR1o.d pue SISEISOWSY Ul PIAJOAU|
(¥10z “Ie 39 stegny 2Q) uonduny dideuds paJredw) pue uondiidsuesy paJslje 03 SpEs| A[93BWRIN YdIyMm ‘BuilopoLI. UFBWOIYD UO 530948 YSnoay) Aqeqo.d ‘sqSy 40} 4030ey st Y
(0107 “Ie 3@ eueany|) Suljopowa. [e19[5[S0IAD Ul PIAJOAU| o 17IA
(6661 “Ie 39 S|Ng) SONSSII [BINIU Ul UOISIYPE PUB UOIIBAIIDE |[3D Ul PIAJOAU|
(6661 “Ie 3@ s|nd) Yyamou3 pue ‘uoneAnde ‘Anow ‘uawdo|aAsp |25 ul 3jo. & Suiked ‘uononpsue.) [eusis saIeIPaly e 9 INVdSL
(8107 “Ie 3@ sedaep) uonipuod aya yam ajdoad ul SWN|OA JO SSO| 249A3s s203u9pun eyl uoidad e ‘sndwedoddiy aya ul aseasip s Jawidyz|y Jo dJomiau Alorendaiqns aya ul pasedldw| e
(010T “Ie 32 J4249pn|D) Jossaudau [euondiidsue.y & s9poD) e 1Qdzos1
(9107 “Ie 30 3uo] ) 3uswdo|aAsp [ednau uj pasedidw] e ZTYOIEHS
(9661 “Ie 39 UsUIYD) Wa1sAs 1iodsue.d Je[N|[9JBIIUI UB Ul PIA[OAU| 117123
(1102 “Ie 39 uewWzZYy) UOISaYpE |92 puk ‘@duelsisad sisoadode ‘YImous [|92 ‘uonelauadal 01 pdjur] e
(110T “Ie 32 uewzy) Suipuiq Wnid[ed 03 paeRy e O3y
(10T “Ie 39 1yseAeqoy|) Yamo.Sino a31unau pue 1iodsueal ue30.4d se |[9m se ‘A3IAIDE pue Sulpulq 4| D Ul PIAJOAU] 9£9vy
(8107 “Ie 3@ wiydey) eiuaaydoziyss yum sienpiaipur jo sndwedoddiy aya ur punoj gyAd JO UonejAyraw pasea.ou|
(9107 “Ie 39 wiry]) Buissad0.d [BUOIUSIIB USALIP-|EOS Ul PIAJOAUL BJ. D{4W Y2 Ul SUOINAU UIWNG|eAIRY
(5102 “Ie 32 Sueyg) uolsaaAe pau Uod padnpui pue sasuodsa. Jea) 3uliaS3ia ul 49| si suoanau uiwingeAled Jo uoneAndy
(5102 “Ie 3@ 8ueyg) snapanu jeuiwadiqesed aya eiA erep3Awe aya 031 393foud suounau uiwng|eAleq
(£10T “Ie 3@ 1wayseH) seduejeq uoniqiyul/uoneIPXe uo 1oedwi [ernuslod B Yam ‘sgSy Yam ojdoad jo x@140d [eauoya.d ay3 ul punoy suoanauleiul Suissaldxe-giyAd Ul 9sesudaq
(810 “I& 3@ 42qne) Zd¥NLND 93BPIPUBI-QSY Y3 Ul suoneInw yim siuaized Sy Ul punoy s|pA9| uiwngiealed pausl)y
(£10T “Ie 3@ 3un[) SQSY Y3IM PIBIDOSSE SJOJABYS] [BI20S PUB 9ARIUSOD [BWIOUGE B3 Ul [B3USWNISUl 9q ABW g QY 9IBPIPUBD-JSY 243 BIA UOIssa.dxa gTyAd PRonpay
(Z00T “I& 30 J3|jlemyds) B1jdues [eseq ay3 01 Sunndaloud pue sndwedoddiy aya pue x31403 Y3 ‘SNWERYI Y3 WO SUOINBUIAUI JI13I9YgYD Ul passaldx]
(£10T “Ie 32 1IAA) Biuaaydoziyds pue ‘uoissaudap Jolew ‘yapuosip Jejodiq yam pajedossy
(610 “Ie 3@ noyz) uone|fioydsoyd [euone|sue.i-1sod paseig-xas y3noaya Ajuiwaas ‘sqsy jo wsiydiowp [enxas aya ul payedduw)
(£10T “Ie 30 OuleARN]) 9SED[9. J9INWSUEBIIOINAU SE [|9M SE $3|21saA d13deuAs Jo uodsue.l 01 paiejaJ SIIIIARDE JO UOHENSSIUMOP dY3 03 SulINGLIIUOD J03de) [enudlod v
(£10T “Ie 32 [19)]) S3sE4 ] D JO [043U0D YSNOIYI YIMOISINO I1INBU PUE ‘UOISIAIP [[92 ‘AI|IIOW ‘UOISIYPE I.|N[|9D493UI Ul PIAJOAU UI10Jd , @)1|-Of[IpEWLIE,, UE SBPOD)
(5007 “Ie 32 o1ey)) uoissaudap Jolew pue euaaydoziydss yaim asoy se ||om se sauaned Jejodiq ul uoissaadxs paseaddul JuedlIudIS SMOYS ‘|7 ‘Quas padejad v
(0107 “Ie 39 A1SWD.y|) UONDEBIIUI [ID[DHSOIAD Ul PIAJOAU| /WI1ad

ejod pue U03ID[XSOIAD BY3 BUI[OPOWIS. Ul PIA[OAU| @ $81INZ

ISY-1 14aM

AMA

g1vAd

ydld

2 SM /1 sasv

(penunuod) | 3jqeL



Niego and Benitez-Burraco

473

ASD /WS A

Brain development and function
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Figure 3. Graphical summary of GO analyses of genes found upregulated in both ASDs and WS (left) and downregulated in both
conditions (right). lllustrations are from Wikipedia (www.wikipedia.org), and all of them are in the public domain.

phosphatase  signaling (GO:0007185; GO:0005001;
GO0:0019198). Finally, it is worth highlighting that these
genes are significantly related to neuropsychiatric condi-
tions like depression (HP:0000716), obsessive-compulsive
behavior (HP:0000722), and anxiety (HP:0000739), all of
which are comorbid or share core symptoms with ASDs
(Matson & Nebel-Schwalm, 2007; Rosen et al., 2018;
Vannucchi et al., 2014). Anxiety is also prevalent within
subjects with WS, although depression is also occasionally
diagnosed in affected subjects (Royston et al., 2017;
Stinton et al., 2010, 2012).

As shown in Figure 2, most genes upregulated in
ASDs and WS compared to controls exhibit similar FCs
in both conditions. However, some of them are more
strongly upregulated in WS than in ASDs, particularly
GAPDHP33, ASGRI, and RPSI2P23. Interestingly, a
GWA analysis has associated ASGR with animal person-
ality and coping styles, particularly with latency, dura-
tion, and frequency of struggling attempts by piglets
during backtests, with one single-nucleotide polymor-
phism (SNP) showing differential expression in the
hypothalamus (Ponsuksili et al., 2015). Dosage perturba-
tion of this gene has also been shown to negatively impact
neurodevelopment in zebrafish, ultimately resulting in
microcephaly. Thus, it seems that this gene contributes to
the cognitive symptoms of the 17p13.1 microdeletion
syndrome, which include intellectual disability and poor
to absent speech, as well as occasional autistic features
(Carvalho et al., 2014).

Regarding the genes that are downregulated in both ASDs
and WS compared to controls (Figure 5), we found that they
are significantly related not only to muscle cell proliferation
and differentiation (GO:0014842; GO:0051151) but also to
growth hormone homeostasis, particularly growth hormone

secretion (GO:0060124; GO:0030252) and insulin-like
growth factor binding (GO:0031994; GO:0005520). These
genes are also related to aspects of brain development, par-
ticularly myelinization (GO:0031643). Children with ASDs
are known to exhibit an early generalized overgrowth
(Chawarska et al., 2011; Fukumoto et al., 2008; Van Daalen
et al., 2007), with postnatal overgrowth correlating with
greater severity of social deficits and worse verbal skills (D. J.
Campbell et al., 2014; Chawarska et al., 2011). Significantly
higher levels of several growth-related hormones have been
found in children with ASDs (Mills etal.,2007). Dysregulation
of overall systemic growth seems to account for the brain
overgrowth also frequently observed in subjects with ASDs,
which correlates to lower functioning abilities (Sacco et al.,
2015). Higher head circumference and increased brain size
values are usually observed only during early childhood
(Courchesne et al., 2011; Fukumoto et al., 2008, although see
Raznahan et al., 2013). In contrast, children with WS typi-
cally show growth retardation, at least during their first years
of life (Morris et al., 1998; Pankau et al., 1992). Still, growth
hormone deficiency is rarely diagnosed (e.g. Levy-Shraga
et al., 2018). Likewise, subjects with WS have smaller brain
volumes compared to controls (Jackowski et al., 2009;
Jernigan & Bellugi, 1990; Meyer-Lindenberg et al., 2005;
Reiss et al., 2004; Schmitt et al., 2001; Thompson et al.,
2005), mostly due to a reduction of white matter (Nir &
Barak, 2020; Thompson et al., 2005), impacting selected net-
works such as the prefrontal-amygdala pathways (Avery
et al., 2012), which might result in turn from the deletion of
GTF2I (Barak et al., 2019). Also interesting is the fact that the
insulin-like growth factor I, which is primarily involved in the
regulation of the effects of growth hormone, contributes as
well to neural development, myelinization, and protection
(see Puche & Castilla-Cortazar, 2012 for review). Finally, the
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Figure 4. Functional enrichment analysis according to Enrichr of the set of genes that are significantly upregulated in the blood of
subjects with WS or ASDs compared to neurotypical controls. The figure shows the enrichment in biological processes, molecular
function, cellular components, and human pathological phenotypes (from top to bottom). Top-10 functions have been included
only if their p<0.05. The p value was computed using Fisher’s exact test. Enriched categories are ordered according to their
Enrichr combined scores. This is a combination of the p value and the z score calculated by multiplying the two scores (combined
score=In(p value) X z score). The z score is computed using a modification to Fisher’s exact test and assesses the deviation from
the expected rank. The combined score provides a compromise between both methods, and it is claimed to report the best
rankings when compared with the other scoring schemes. See http://amp.pharm.mssm.edu/Enrichr/help#background&q=5 for
details.

genes found downregulated in both ASDs and WS are signifi- ~ (HP:0001057), and patchy hypopigmentation of hair

cantly associated with clinical phenotypes mostly involving
an abnormal body development, like rhabdomyosarcoma
(HP:0002859), supernumerary ribs (HP:0005815), or super-
numerary bones of the axial skeleton (HP:0009144). These
genes are also associated with different skin problems, like
white forelock (HP:0002211), aplasia cutis congenita

(HP:0011365); these are of less interest for the socio-cogni-
tive profile of subjects with ASDs and WS.

As shown in Figure 2, most genes downregulated in both
ASDs and WS compared to controls exhibit similar FCs in
these two conditions. However, some of them are more
strongly downregulated in WS than in ASDs, particularly
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Figure 5. Functional enrichment analysis according to Enrichr of the set of genes that are significantly downregulated in the
blood of subjects with WS or ASDs compared to neurotypical controls. The figure shows the enrichment in biological processes,
molecular function, cellular components, and human pathological phenotypes (from top to bottom). Top-10 functions have been
included only if their p<0.05. The p value was computed using Fisher’s exact test. Enriched categories are ordered according

to their Enrichr combined scores. This is a combination of the p value and the z score calculated by multiplying the two scores
(combined score=In(p value) X z score). The z score is computed using a modification to Fisher’s exact test and assesses the
deviation from the expected rank. The combined score provides a compromise between both methods, and it is claimed to report
the best rankings when compared with the other scoring schemes. See http://amp.pharm.mssm.edu/Enrichr/help#background&q=>5
for details.
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Figure 6. Heat maps of the expression levels of the set of genes that are significantly dysregulated in the blood of subjects with
ASDs or WS compared to controls. (a) Heat map of the genes found upregulated in both conditions. (b) Heat map of the genes
found downregulated in both conditions. The heat maps were generated by Gene Set Enrichment Analysis (GSEA) software
using the samples of the Human tissue compendium (Novartis; A. I. Su et al., 2004). The GSEA is a computational method that
determines whether an a priori defined set of genes shows statistically significant, concordant differences between two biological
states. The heat maps include dendrograms clustering gene expression by gene and samples. Genes are identified by the probe
identifier, gene symbol, description, and gene family. See http://software.broadinstitute.org/gsea/index.jsp for details.

MLT4, ANKUBI, DNAJBS, HRASLS, and TNNC2. In con-
trast, MYOM?2 is more strongly downregulated in ASDs
than in WS. Interestingly, DNAJBS has been associated with
response to social eavesdropping in zebrafish, particularly
to changes in the alertness status (Lopes et al., 2015).

Expression pattern analyses

Finally, we report on the expression profiles of the genes
that have been found to be dysregulated in the blood of
subjects with WS or ASDs. We have focused on the brain,
given our interest in behavioral and cognitive features. A
heat map of the expression levels of these genes in the
samples of the Human tissue compendium (Novartis; A. 1.
Su et al., 2004), as generated by Gene Set Enrichment
Analysis (GSEA) software (http://software.broadinstitute.
org/gsea/index.jsp), is shown in Figure 6. According to the

Human Gene Atlas (A. I. Su et al., 2004), genes found dif-
ferentially upregulated in ASDs and WS are predicted to
be preferentially expressed in the thalamus (p=0.06879;
Enrichr combined score=37.65). In contrast, genes found
differentially downregulated in both conditions are pre-
dicted to be significantly expressed in the cerebellum
(p=0.03330; Enrichr combined score=23.78). We also
checked the expression profile of these two groups of
genes during development via the Human Brain
Transcriptome Database (http://hbatlas.org). We found
that all the genes that are differentially upregulated in sub-
jects with ASDs or WS are expressed in the brain through-
out development. However, whereas some of them are
expressed at similar levels across regions, others exhibit
different expression levels in different brain areas.
Specifically, these genes tend to be more expressed outside
the neocortex, particularly in the thalamus, but also in the


http://software.broadinstitute.org/gsea/index.jsp
http://software.broadinstitute.org/gsea/index.jsp
http://hbatlas.org
http://software.broadinstitute.org/gsea/index.jsp

Niego and Benitez-Burraco

477

striatum and the amygdala (Supplemental file 3). Moreover,
all the genes that are differentially downregulated in sub-
jects with ASDs or WS are expressed in the brain during
development. However, among these genes, those exhibit-
ing different levels of expression in different brain areas
tend to be more expressed not only in the cerebellum but
also in the striatum (Supplemental file 3). Overall, these
findings suggest that abnormal gene upregulation can be
expected to impact primarily the thalamus, whereas down-
regulated genes tend to be more involved in cerebellar
development and function. Both groups are expected to
affect striatal regions.

In subjects with WS, the thalamus shows structural and
functional differences compared to neurotypical controls,
including smaller volumes, reduced gray matter, and
enhanced activity (Bodizs et al., 2012; Meyer-Lindenberg
etal., 2005; Mobbs et al., 2007; Reiss et al., 2000; Schmitt
et al., 2001; Tomaiuolo et al., 2002). Although thalamic
gray matter reduction has been associated with visuospa-
tial impairment (L. E. Campbell et al., 2009; Chiang et al.,
2007), abnormal thalamic development and function can
also be expected to contribute to other cognitive deficits,
particularly language problems. This is because of the role
of the thalamus as a sort of relay center, connecting many
of the brain areas involved in language processing (David
etal., 2011; Murdoch, 2010; Wahl et al., 2008). In subjects
with ASDs, despite previous inconsistent findings, recent
research points to structural abnormalities in the thalamus
as well (Schuetze et al., 2016). It also points to a disruption
of local thalamic connectivity and a dysregulation of
thalamo-cortical networks (Tomasi & Volkow, 2019;
Woodward et al., 2017). Likewise, regarding the striatal
regions, subjects with WS have reduced basal ganglia vol-
umes (Bellugi et al., 1999; L. E. Campbell et al., 2009;
Jernigan et al., 1993; Reiss et al., 2000). Moreover, chil-
dren with Asperger syndrome show reduced volumes of
the caudate, whereas high-functioning children with ASDs
exhibit smaller gray matter volumes in the frontostriatal
regions (McAlonan et al., 2008). In contrast, adults with
ASDs exhibit a relative increase in both caudal putamen
and pallidum, with restricted, repetitive behaviors posi-
tively correlating to the surface area in the bilateral globus
pallidus (Schuetze et al., 2016). The basal ganglia control
different cognitive and emotional functions, including lan-
guage (J. R. Booth et al., 2007; Kotz et al., 2009; Vinias-
Guasch & Wu, 2017). Overall, these findings point to
changes in intrathalamic and transthalamic routes as an
important cause of the perceptual, motoric, interoceptive,
emotional, and cognitive impairments found in ASDs.
Specifically, socio-cognitive similarities between ASDs
and WS may stem from the disruption of striatal and tha-
lamic connections, particularly in the domain of face pro-
cessing and theory of mind (involving the thalamus),
reward behavior (involving the striatum), and attention
switching (involving the striatum and the thalamus; see

Niego & Benitez-Burraco, 2020, for a recent review).
Finally, in subjects with WS, the cerebellum exhibits vol-
ume alterations that can be associated with their distinctive
cognitive, affective, and motor features (Osoério et al.,
2014). This is particularly true of language, given the role
of the cerebellum in language processing and its impair-
ment in language-related pathologies (Marién & Borgatti,
2018; Vias & Dick, 2017). In a similar vein, genetic,
molecular, behavioral, and neuroimaging findings support
the view that, in subjects with ASDs, the cerebellum devel-
ops differently at multiple levels of neural structure and
function. This circumstance contributes to facets of their
distinctive behavioral, cognitive, and affective profile
(Becker & Stoodley, 2013; Hampson & Blatt, 2015).

Discussion

In this article, we have adopted a comparative molecular
approach to gain insight into the causes of the deficits
exhibited by subjects with ASDs or WS, particularly in
the domains of social cognition and social behavior. As
discussed in the “Introduction” section, the ASD pheno-
type often directly contrasts the WS phenotype, although
some overlap exists between both conditions. The same
can be said of some of the genes contributing to these
conditions, since genes within the WS region are also
candidates for ASDs (Sanders et al., 2011), and since
people with WS have some risk of suffering from autistic
behaviors (Klein-Tasman et al., 2018; Tordjman et al.,
2012). However, to date, most studies have focused on
individual genes. For instance, one key gene within the
WS region, namely GTF2I, which is regularly associated
with the social phenotype of WS, has been found to be a
risk factor for ASDs (Malenfant et al.,2012). Interestingly,
whereas hypersocial behavior has been observed in mice
carrying a deletion of G#f2i, no evidence of hyposocial
behavior has been observed in mice with the G#f2i dupli-
cation (Martin et al., 2017). Nonetheless, these mice
exhibit increased maternal separation—induced anxiety
(Mervis et al., 2012). This contradicts simplistic models
of these disorders, according to which socio-cognitive
differences between ASDs and WS might result from
dosage changes in selected genes. At the very least,
whole-genome analyses should be conducted to provide a
more comprehensive view of the genetic mechanistics of
the similarities and, particularly, the differences between
these two conditions.

In our study, we have found that a restricted set of genes
potentially impacting cognition and behavior shares a
common pattern of gene dysregulation in the blood of sub-
jects with ASDs and WS. The fact that most of the abnor-
mally expressed genes are found either upregulated or
dysregulated in both conditions might account for their
similarities in the socio-cognitive domain, particularly if
one considers that most of these genes are involved in
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aspects of (abnormal) brain development and/or (dys)
function. Accordingly, we have found that a significant
number of the DEGs contribute to brain development and
function (particularly dendritogenesis) and are expressed
in brain areas (particularly the cerebellum, the thalamus,
and the striatum) of relevance for the ASD and the WS
etiopathogenesis. Nonetheless, some remarkable pheno-
typical and neurobiological differences also exist between
ASDs and WS. We hypothesize that they might result in
part from the opposite expression pattern exhibited by a
small group of genes. This is due in part to the fact that
some of the genes showing similar expression trends in
ASDs and WS still exhibit quantitative differences between
conditions, with most of them being more dysregulated in
WS than in ASDs. Overall, the genes we highlight in the
article emerge as potentially promising candidates for
explaining the similarities and differences between ASDs
and WS, particularly those regarding social cognition and
social behavior. However, this remains to be demonstrated
experimentally, and not only correlatively.

Accordingly, some caution is in order. First, our study
has limitations. Besides the small size of our samples of
subjects with ASDs or WS, the abnormal patterns of gene
expression uncovered by the microarray analyses need to
be validated via other techniques, for example, reverse
transcription polymerase chain reaction (RT-PCR). Second,
a direct translation of gene dosage changes to differences in
the severity (or even the nature) of abnormal phenotypical
traits or disorder symptoms should be avoided unless
empirical evidence does exist. Actually, in many cases, this
translation is not observed, even for particular genes, as
noted above. When several genes are involved, as in condi-
tions resulting from CNVs, mirror phenotypes are not usu-
ally found either. For instance, Smith—Magenis syndrome
and Potocki—Lupski syndrome are reciprocal contiguous
gene syndromes resulting from the microdeletion and the
microduplication, respectively, of the same chromosomal
region. Although the affected subjects exhibit some mirror
traits, others are shared between conditions, with only a
minor number of genes within the critical genomic region
being dosage sensitive (Neira-Fresneda & Potocki, 2015).
More generally, the mechanisms by which gene dosage
changes result in disorder are frequently opaque (see Rice
& McLysaght, 2017 for discussion). Third, from a transla-
tional medicine point of view, the gene expression changes
we highlight in the article should be regarded as more of a
biomarker of ASDs and WS than a mechanistic account of
specific deficits of ASDs and/or WS via the dysfunction of
specific genes. Incidentally, this is why in our analysis, we
focused on GO analyses, instead of on the functions per-
formed by each of the DEGs. Alterations in the expression
of individual genes can be potentially caused by unknown
coincident events, can be of no developmental/biological
relevance, and/or can be an adaptive response to the
changes affecting other genes which actually contribute to

the disorder. Even in this case, however, caution is in order.
One reason is that we have attested differences in gene
expression levels in adult subjects compared to neurotypi-
cal controls. Nonetheless, ASDs and WS are developmen-
tal conditions; this entails that changes in gene dosage
could differ from one developmental stage to another, and/
or impact differentially at different stages of development.
Accordingly, even if these abnormal gene expression pro-
files could be used as reliable biomarkers of these two con-
ditions (and current evidence supports the view that gene
dysregulation in the blood significantly echoes gene dys-
regulation in the brain; see Diaz-Beltran et al., 2016), they
should be validated in children, for whom an early diagno-
sis (particularly of ASDs) is intended.

In sum, more research is needed before promoting the
genes we highlight in the article to key causal factors in the
emergence of the deficits observed in ASDs and WS. To
achieve this, in addition to validating our findings, as noted
above, other approaches should be adopted. It is particu-
larly necessary to conduct additional in vitro and in vivo
research (including the development of animal models of
selected candidates) aimed to gain direct insights into the
mechanics of these genes, specifically in terms of their
contribution to brain development and function in areas
involved in social cognition.
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