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Abstract
Background: Children with autism spectrum disorder (ASD) display impressive 
clinical heterogeneity, also involving treatment response. Genetic variants can con-
tribute to explain this large interindividual phenotypic variability.
Methods: Array-CGH (a-CGH) and whole genome sequencing (WGS) were per-
formed on a multiplex family with two small children diagnosed with ASD at 17 
and 18 months of age. Both brothers received the same naturalistic intervention for 
one year according to the Early Start Denver Model (ESDM), applied by the same 
therapists, yielding dramatically different treatment outcomes.
Results: The older sibling came out of the autism spectrum, while the younger sibling 
displayed very little, in any, improvement. This boy was subsequently treated apply-
ing a structured Early Intensive Behavioral Intervention paired with Augmentative 
Alternative Communication, which yielded a partial response within another year. 
The ESDM nonresponsive child carries a novel maternally inherited 65 Kb deletion 
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1 |  INTRODUCTION

Children with autism spectrum disorder (ASD) display im-
pressive interindividual differences in clinical symptoms, 
developmental trajectories, and treatment response (Persico, 
Cucinotta, Ricciardello, & Turriziani, 2020). Evidence-based 
early interventions targeting children between 18 months and 
4 years of age, can be broadly distinguished into two classes: 
naturalistic developmental behavioral approaches, such as 
the Early Start Denver Model (ESDM), and highly structured 
approaches based on the principles of Applied Behaviour 
Analysis, namely Early Intensive Behavioral Interventions 
(EIBI) (Reichow, Hume, Barton, & Boyd, 2018). Marked vari-
ation in individual response to early intervention is observed 
in clinical practice, as well as differential efficacy of natural-
istic versus structured approaches in single patients (Vivanti, 
Prior, Williams, & Dissanayake,  2014). Early intervention 
strategies are currently prescribed on the basis of local service 
availability and clinical experience, rather than on each child's 
characteristics and underlying neurobiology. Not surprisingly, 
their outcome is good or excellent only in 19.7% of the chil-
dren, fair or poor in 31.1% and 47.7% of cases, respectively 
(Steinhausen, Mohr Jensen, & Lauritsen,  2016). Objective 
biomarkers could help clinicians prescribe targeted treatments, 
fostering earlier and more effective interventions, while pro-
moting an efficient use of available clinical resources.

Genetics strongly contributes to ASD, with the majority 
of cases displaying highly heterogeneous gene x gene inter-
actions (Fernandez & Scherer, 2017). Genetic variants modu-
late different features of the disorder and could influence also 
responsiveness to behavioral treatment. In this study we pres-
ent the differential treatment outcome of two brothers with 
ASD from a single multiplex family, both initially treated 
applying exactly the same naturalistic ESDM approach. The 
presence of a maternally inherited 65  Kb deletion of chr. 
13q32.2 involving the dendritic and synaptic gene FARP1 
[OMIM n. 602654] was detected in the ESDM “non-respond-
ing” affected sibling, who later responded at least partially to 
a highly structured EIBI. Instead his older brother, who does 
not carry the deletion, during ESDM treatment acquired ex-
pressive language and came out of the autism spectrum. The 

absence of other genetic abnormalities able to explain this 
dramatic difference in treatment outcome, supports the role 
of FARP1 as a neural plasticity and “naturalistic treatment 
response” gene in this family.

2 |  CLINICAL REPORT

The probands are two brothers born in 2010 and 2012, re-
spectively, from nonconsanguineous parents with a posi-
tive family history for ASD, schizophrenia, and Klinefelter 
syndrome. Both brothers were born by Caesarean section at 
36 weeks. The first-born's (FB) birth weight was 2,970 g, per-
inatal history was uneventful, and psychomotor development 
was typical until 12 months of life, when parents observed the 
presence of autistic socio-communicative deficits. The sec-
ond-born's (SB) birth weight was 1,940 g (his C-section was 
programmed due to fetal growth delay). At birth, Apgar score 
was 9 at 1 min and he presented with hypoglycemia and two 
congenital ventricular septal defects, which resolved sponta-
neously in subsequent months. Pyloromyotomy for congeni-
tal hypertrophic pyloric stenosis was performed at 2 months 
of age. His psychomotor development was characterized by 
autonomous walking at 20  months preceded by slow and 
asymmetrical crawling, while babbling began at 26 months. 
For the two brothers, a diagnosis of ASD was established at 
the age of 17 and 18 months, respectively. Hearing and visual 
sensory deficits, motor impairment, traumatic brain injury, 
other genetic disorders associated with ASD (e.g., Fragile 
X syndrome), seizures, and prenatal drug exposure were ex-
cluded for both brothers. EEG and MRI were negative.

The diagnostic assessment, performed at the “G. Martino” 
University Hospital between the years 2012 and 2017, is de-
scribed in the Supplementary Methods. At baseline (T0), 
superimposable scores were recorded for FB and SB using 
the Autism Diagnostic Observation Schedule-2 (ADOS-
2) and the Griffiths Mental Development Scales (GMDS) 
(Figures S1 and S2). Both brothers were reassessed after 6 
(T1) and 12 months (T2) of ESDM treatment, as well as fol-
lowing long post-treatment time intervals, i.e. at 7 and 5 years 
old for FB and SB, respectively (T3).

at chr. 13q32.2 spanning FARP1. Farp1 is a synaptic scaffolding protein, which plays 
a significant role in neural plasticity.
Conclusion: These results represent a paradigmatic example of the heuristic potential 
of genetic markers in predicting treatment response and possibly in supporting the 
targeted prescription of specific early intervention approaches.
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Early Start Denver Model treatment, a comprehensive 
and naturalistic behavioral intervention for infants with ASD 
(Rogers & Dawson, 2010), was performed for 12 months at 
the Interdepartmental Program "Autism 0-90", during 90-
min daily sessions for 4  days/week. The same three expe-
rienced therapists, periodically supervised by Dr. Costanza 
Colombi (Univ. of Michigan), were involved at two-years dis-
tance in the treatment of both children, which was carried out 
in the same environment. Therapists, clinicians and parents 
were not aware of the genetic results at the time of behavioral 
intervention.

Despite appearing more severely autistic than SB at in-
take, during ESDM treatment FB displayed prominent im-
provements in autism core symptoms (Figure 1a) and in all 
areas of neurodevelopment (Figure 1b). He no longer met the 
criteria for an ASD diagnosis at T2 according to two expert 
clinicians. His autism scores and developmental quotients 
improved at T2 and even further at T3, when FB was 7 years 

old (Figure 1c,d). Conversely, SB did not display any mea-
surable benefit on autism core symptoms and developmental 
quotients from 12  months of the same ESDM intervention 
(Figure 1a–d) and still fully satisfied DSM-5 diagnostic cri-
teria for ASD at the end of treatment. SB was subsequently 
treated for 12  months with a highly structured EIBI (1-hr 
daily sessions for 4  days/week), paired with Augmentative 
Alternative Communication using the Picture Exchange 
Communication System (PECS), during two weekly 1-hr 
sessions. This approach soon yielded a partial, though still 
modest, clinical response, independently observed by two 
child neuropsychiatrists, parents, teachers and therapists, es-
pecially in terms of expressive language development (onset 
of circumstantial use of single words followed by progressive 
growth of single-word vocabulary) and cognition (stabiliza-
tion of the GMDS developmental quotient between T2 and 
T3 in Figure 1d), more than in core autism symptoms (see 
ADOS scores in Figure 1c).

F I G U R E  1  (a) ADOS-2 scores before and after ESDM treatment for FB (left panels) and SB (right panels).  Threshold score for 
autism  Threshold score for autism spectrum. (b) Pre- and Post-treatment GMDS quotients for FB (top panel) and SB (bottom panel). 
Normal reference quotient: 100 ± 20. (c) Total ADOS-2 scores at T0, T1 and T2 of ESDM treatment, and (T3) post-treatment at the age of 7 and 5 
y.o. for FB and SB, respectively. (d) GMDS Developmental Quotient at T0, T1 and T2 of ESDM treatment, and (T3) post-treatment at the age of 7 
and 5 y.o. for FB and SB, respectively. Normal reference quotient: 100 ± 20. ADOS-2, Autism Diagnostic Observation Schedule-2; ESDM, Early 
Start Denver Model; GMDS, Griffiths Mental Development Scales
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3 |  GENETIC RESULTS

DNA samples were prepared according to standard pro-
cedures after the parents gave written informed consent. 
Array-CGH (Agilent 180K) and WGS (Illumina HiSeq) 
were performed as described in the Supplementary 
Methods. Array-CGH was negative in FB. Instead, SB car-
ries a rare maternally inherited 65  Kb deletion located in 
chr. 13q32.2 (98,865,449–98,930,894/hg19), involving the 
dendritic and synaptic gene FARP1 (OMIM ID: 602654). 
Specifically, the centromeric breakpoint is just upstream 
of the highly conserved exon 2 and the deletion also spans 
exon 3 of the short isoform of FARP1 (Figure 2, panels A 

and B). This deletion is a novel rare variant present nei-
ther in the DGV, nor in the Decipher database (https://decip 
her.sanger.ac.uk/), which lists 31 deletions or duplication 
(N  =  17 and 14, respectively) encompassing FARP1, but 
all much larger (1.43–95.66 Mb) than the deletion carried 
by SB. WGS confirmed the same rare 13q32.2 deletion pre-
viously identified by a-CGH (WGS hg19 coordinates—chr 
13:98,862,822–98,939,679). No other clinically relevant 
genetic variant was detected.

Collectively, the only genetic variant identified by both 
a-CGH and WGS seemingly able to explain the lack of re-
sponse to ESDM treatment recorded in SB is the 13q32.2 de-
letion, partly spanning the coding sequence of FARP1.

F I G U R E  2  (a) Array-CGH profile of SB at chr.13q32.2, highlighting the 65.4 kb deletion (98,865,449–98,930,894/hg19). (b) The region 
spanning exons 1–6 of FARP1 (top) and the deleted region encompassing exon 2, shared by all isoforms, and exon 3 of the short isoform (bottom)

https://decipher.sanger.ac.uk/
https://decipher.sanger.ac.uk/
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4 |  DISCUSSION

This study describes a multiplex family with two children, 
both diagnosed with ASD at 1½ years of age and both treated 
with the same early naturalistic intervention based on the 
ESDM. Treatment resulted in two opposite outcomes: FB, a 
full “responder”, was no longer autistic at the end of ESDM 
treatment, whereas SB was a “non-responder”, who subse-
quently showed a more satisfactory, though still modest, clin-
ical response to a structured EIBI intervention. Both children 
underwent the exact same intervention applied by the same 
therapists. Hence this dramatic difference in treatment out-
come must have a strong neurobiological basis.

The only genetic variant seemingly able to explain the 
observed differences in ESDM treatment response between 
the two siblings, as detected both by a-CGH and WGS, is 
the 13q32.2 deletion, partly spanning the coding sequence of 
FARP1. FARP1 (FERM, Rho/ArhGEF and Pleckstrin domain 
protein1) encodes for a postsynaptic multi-domain protein 
that interacts with cell surface proteins, regulating synapse 
function and morphology, and with the intracellular GTPase 
Rac1 to promote actin assembly, dendritic growth and syn-
aptogenesis (Figure S3). The cell-type specific functions of 
Farp1 are profoundly affected by its subcellular distribution 
and cell surface binding partners. These include:

1. SynCAM1, promoting an increase in excitatory synapses 
and their stabilization, while modulating the composi-
tion of presynaptic active zones, ultimately fostering 
long-term plasticity (Biederer et  al.,  2002; Cheadle & 
Biederer, 2014; Fogel et al., 2007; Robbins et al., 2010). 
Loss of SynCAM1 is associated with impaired social 
behavior in mouse (Fujita et al., 2008), and two missense 
mutations in this gene have been found associated with 
ASD (Zhiling et  al.,  2008);

2. Plexins-A4 and –A6, involved in axon guidance and ex-
tension, as well as in dendritic growth in spinal motor 
neurons (Cheadle & Biederer,  2012; Zhuang, Su, & 
Sockanathan, 2009).

3. The Neuropilin1/PlexinA1 receptor complex, responsi-
ble for recruiting Farp1 to dendrites in CA1 hippocampal 
neurons, where it acts downstream of soluble Sema3A to 
promote dendritic complexity and spine number, both in 
activity-dependent and –independent manner (Cheadle & 
Biederer, 2014).

Most available data support Farp1 involvement in neu-
ronal plasticity and learning. By regulating dendritic and 
synaptic architecture, Farp1 may thus play a pivotal role in 
promoting the neuroplastic events underlying clinical re-
sponse to treatment.

Additional differences between the two siblings lend 
further support to the clinical relevance of this deletion: (a) 

SB was diagnosed with two congenital ventricular septal de-
fects, which resolved spontaneously. Atrioventricular (AV) 
cushion development is stimulated by SEMA6D-triggered 
Rho activation through PlexinA1 and Farp1 in mouse (Peng 
et  al.,  2016); (b) although there is no direct evidence link-
ing FARP1 to congenital pyloric stenosis, which required SB 
to undergo pyloromyotomy at 2 months of life, this gene is 
indeed expressed in the intestine and stomach wall (Koyano 
et al., 1997); (c) additional neurodevelopmental components 
are present only in SB and not in FB’s history, including 
delayed acquisition of autonomous walking and profoundly 
delayed expressive language onset with major phonological 
distorsions. Collectively, these broader phenotypic differ-
ences between the two siblings lend further support to FARP1 
hemizygosity as possibly relevant both to hampered brain 
neuroplasticity and to peripheral organs, such as the heart.

This report, while limited to a single family, is unique in 
many ways because all variables potentially able to introduce 
a methodological bias in treatment studies were controlled. 
The present results are a paradigmatic example of how ge-
netic variants may aid clinicians in prescribing the therapeu-
tic approach most likely to succeed in the single patient. More 
broadly, gene networks and functional pathways predisposing 
to optimal naturalistic versus structured treatment response 
may be ultimately more useful than single rare genetic vari-
ants, each likely carried by a very small number of affected 
children (Parikshak, Gandal, & Geschwind,  2015). Genes 
like FARP1 may represent plausible candidates to influence 
neuroplastic responses to naturalistic environmental stimula-
tion and, consequently, preferential intervention strategy in 
ASD or even transdiagnostically. Although WGS has not de-
tected any other genetic variant likely to explain the different 
phenotypes in these two brothers, we cannot exclude that epi-
genetic variants may have played a role, since monozygotic 
twins discordant for an ASD diagnosis have been shown to 
differ in DNA methylation patterns, including at loci relevant 
to neurodevelopment (Wong et  al.,  2014). Future research 
will have to identify and follow-up more children with de-
letions or mutations involving FARP1, to examine their de-
velopmental trajectories and behavioral treatment response. 
More broadly, it will be critical to establish whether specific 
genetic markers and/or gene networks are endowed with 
sufficient robustness to be applicable in the clinics to small 
children diagnosed with ASD and to high-risk infant siblings 
(D’Abate et al., 2019).
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