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1. INTRODUCTION

(Technical abstract from application): This proposal addresses two topics of great 
importance to the ASD community: mechanisms of heterogeneous clinical 
expression of ASD and mechanisms underlying conditions co-occurring with 
ASD, including seizures, attention, and anxiety disorders. Autism affects ~1% of the 
population (4:1 male pre-dominance) and is heterogeneous with regard to 
etiological/risk factors, pathogenesis, and clinical presentations. Heritability studies have 
shown that genetic factors are important in ASD, but dissecting out the relationships 
among genes, imaging biomarkers, and behavioral phenotypes of ASD is confounded 
by both genetic heterogeneity and the paucity of neurobiological models. These 
problems can be circumvented by studying genetically defined ASD subgroups such as 
47,XYY syndrome (XYY). XYY occurs in ~0.1% of the male population but has been 
reported in up to 1% of males with ASD. Approximately 33% of males with XYY satisfy 
diagnostic criteria for ASD (XYY+ASD). The behavioral and neuroimaging biomarkers of 
XYY+ASD identified in our preliminary studies overlap with those described in ASD-I 
and, similarly, comorbidities (seizures, attention, and anxiety disorders) exhibited in 
XYY+ASD are representative of those described in ASD-I. In this proposed study, we 
will examine the behavioral, neurophysiological and neuroimaging markers of ASD, and 
specifically compare the variance (heterogeneity) of these measures in XYY+ASD 
versus ASD-I. Having established the level at which XYY+ASD confers 
imaging/phenotypic heterogeneity reduction, the mechanism underlying these 
measures will be probed via neurochemical magnetic resonance spectroscopy of key 
neurotransmitters and myelin mapping. Clinically meaningful associations between such 
measures and behavioral ASD phenotypes will be identified.  

A multimodal MRI, MRS and MEG (magnetoencephalography) design is employed in 
cohorts of boys with XYY, who are symptomatic for ASD and control cohorts of 
idiopathic ASD (ASD-I) and typical development (TD). 

2. KEYWORDS

Autism spectrum disorder, ASD 
47,XYY syndrome (XYY) 
Neuroimaging 
MRI 
MEG 
Comorbid behaviors 
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3. ACCOMPLISHMENTS 
 

UWhat were the major goals of the project? 
 
Major Task 1: Regulatory review and approval processes for studies involving 
human subjects at 2 sites (CHOP and Nemours/DuPont). 

 
Major Task 2: Recruitment 

 
Major Task 3: Data Acquisition 

 
Major Task 4: Data Analysis 
 
 
UWhat was accomplished under these goals? 
 
Major Task 1: Regulatory review and approval processes for studies involving 
human subjects at 2 sites (CHOP and Nemours/DuPont Hospital for Children). 
 
All study protocols have been submitted reviewed and approved by both local IRB’s 
(CHOP / Nemours/DuPont Hospital for Children) as well as central DoD ethics 
review. Furthermore, since the co-PI Dr. Judith Ross moved to Nemours/DuPont 
Hospital for Children prior to commencement of this grant funding, approval was 
obtained by Nemours/DuPont Hospital for Children and all materials were reviewed 
by DoD. Where appropriate continuing renewal submissions have been submitted 
and approved in a timely fashion. 
 
Major Task 2: Recruitment 
 
Recruitment for year 2 totaled 46 enrolled (out of a target of 60). 11 were eliminated 
for not meeting inclusion criteria upon clinical assessment, namely XYY subjects not 
meeting clinical ASD criteria. While these are, by inclusion criteria, not consistent 
with the goals of the written grant proposal, we found them to be a highly relevant 
control group and have indeed included them in the protocol (under separate 
funding). Several more are in various stages of recruitment, scheduling, 
neuropsychological evaluation or imaging, under the goals of the no-cost extension.  
 

Group N 

TD 16 

XYY+ASD 13 

ASD-I 6 

XYY not meeting inclusion criteria 
(Enrolled but not evaluable) 

11 
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 Major Task 3: Data Acquisition 

 
MRI, MRS and MEG examinations have been conducted in the 46 subjects above 
with confirmed diagnoses (16TD, 13XYY+ASD, 6 ASD-I). QA continues to suggest 
that imaging protocols have been tolerated and that data quality is good in the 
majority of cases. Additional steps are being investigated to further improve 
evaluable data yield, via the removal of artifacts such as excessive head motion 
during MEG or DTI acquisitions and frequency drift during MR spectroscopy 
experiments. 
 
Major Task 4: Data Analysis 
 
Data analysis is ongoing, priority having been given to standard approaches for 
MEG (source localization in BESA followed by consensus “peak” picking), MRS 
(alignment of “on” and “off” spectra, then subtraction and Gaussian modeling of the 
GABA and Cr resonances in GANNET) and DTI/HARDI. As mentioned above, about 
50% of the data tolerated this strategy robustly. The remaining data are undergoing 
“scrubbing” to eliminate motion-related artifacts and reduce noise, to accommodate 
comparable analysis – these data are likely evaluable, but are not reported herein. 
 
As suggested during the DoD scientific review process we have included, where 
possible, data acquired from additional subjects (notably an XYY-ASD cohort – see 
major task 2) acquired under other projects. While full statistical analysis is 
premature, where appropriate some preliminary statistics are presented. 
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Preliminary Analysis and Trend Observation of Dependent Variables acquired 
under Major Task 3 and Analyzed in Major Task 4: 

  

Fig. 1c Age dependence of M50 
latency in XY-ASD (red), XY+ASD 
(blue), XYY+ASD (green) and 
XYY-ASD (purple) shows 
maturational trajectory towards 
shortening (as has been previously 
reported in both TD and ASD-I). 
Note that, similar to fig1b, genetic 
effects on latency (XYY 
prolongation) are more 
pronounced in the left hemisphere. 

Fig. 1b M100 Latency Prolongation in XYY. Linear 
mixed models (Main effects of hemisphere, XYY and 
ASD status with age and NVIQ as covariates), Found 
significant (P<0.01) delays (24ms Full model, 39msLeft 
hemisphere) in XYY. While failing to reach significance 
a 12ms delay in right M100 was observed in ASD).  
 
M100 
Effects 

Full 
Model 

Left 
Hemisphere 

Right 
Hemisphere 

XYY +24ms +39ms +10ms 

ASD +12ms +1ms +12ms 

 

Fig. 1a MEG recorded auditory evoked 
field source waveforms from right 
hemisphere Heschl’s gyrus in a 
representative 17-year old with typical 
development (blue) vs. an XYY 
participant on the autism spectrum 
(XYY+ASD), who exhibits a profound 
delay in the M100 peak (arrows). 
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Fig. 3b Interrogating a HARDI-
defined mask in the left acoustic 
radiation shows an anticipated 
maturational trend towards 
increasing fractional anisotropy 
(FA) in each group except 
(XY+ASD) – it is premature to 
assess Group differences in the 
slope of this trajectory. 
Analogous data (not shown) 
show maturational trajectories 
for the right hemisphere 
acoustic radiations and for 
mean diffusivity. 

Fig. 3a High Angular Resolution Diffusion Imaging (HARDI) allows depiction of the 
thalamocortical projections of the white matter auditory pathway – the acoustic radiations (red) 
without the confounds of fiber crossing and complex white matter architecture that limit typical 
DTI. These masked regions can then be interrogated to reveal parameters (e.g. fractional 
anisotropy, FA, and mean diffusivity, MD, associated with local white matter microstructure. 

Fig. 2.  Gamma band (30Hz-60Hz) phase locking value measured from the right auditory evoked 
response shows the expected maturational trajectory of increasing gamma synchrony with age. 
Similar relationships are visible in Left auditory phase locking (not shown) 
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Fig. 3a Edited magnetic resonance spectra are acquired 
using the modified (macromolecular-suppressed) 
MEGAPRESS sequence from a voxel in left superior 
temporal gyrus and aligned to improve editing subtraction 
using the GANNET software package. A GABA resonance 
can be identified in the subtracted spectrum at 3.01 ppm 
(arrow). 

Fig. 3c The GABA/Cr ratio (obtained from 
ROI’s in both left (upper) and right (lower) 
STG shows a consistently diminished level 
of GABA in XYY+ASD versus TD (as has 
been reported in ASD-I). 

Fig. 3b The GABA resonance in the raw subtracted spectrum (blue) is fit with a single Gaussian 
resonance (red) using GANNET (right, upper). The integral of this fit is then normalized to the 
intrinsic Cr resonance at 3ppm in the unsubtracted spectra (right, lower). 
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Table 2. Co-morbidities associated with XYY+ASD 
 

 
 
Table 2. XYY is associated with significant occurrence of co-morbid 
behaviors/diagnoses. Although stratified analyses is premature, a later goal of 
this study is to identify neural features relating to such behaviors 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UWhat opportunities for training and professional development has the project 
provided?   

 
Nothing to report 
 
UHow were the results disseminated to communities of interest? 
 
Initial analysis were presented at the recent International Meeting for Autism 
Research (Structural and Functional Characteristics of XYY - Relationship to ASD, 
L. Bloy et al, IMFAR, 2017). 
 
Additionally two papers are currently being prepared for submission. The first, titled 
“Auditory Evoked Response Delays in Children with 47,XYY syndrome” presents the 
M50 and M100 findings. The second, a case report titled “NLGN4Y copy number 
variations and neurocognitive/autism phenotypes: Behavioral Phenotype In Male 
With XYY and absent NLGN4Y Expression” discusses the behvioral and 
neuroimaging phenotype of an individual with 47,XYY who is missing the NLGN4Y 
gene. 
 
UWhat do you plan to do during the next reporting period to accomplish the 
goals? 
 
Continue / complete recruitment, acquisition and analysis. Perform statistical 
analyses and prepare manuscripts. 
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4. IMPACT 
 
What was the impact on the development of the principal discipline(s) of the 
project?  -  Nothing to report yet 
 
What was the impact on other disciplines? -  Nothing to report yet 
 
What was the impact on technology transfer? -  Nothing to report yet 
 
What was the impact on society beyond science and technology? -  Nothing to 
report yet 
 
 
5. CHANGES/PROBLEMS 
 
Changes in approach and reasons for change - none 
 
Actual or anticipated problems or delays and actions or plans to resolve them 
 
Although there have been no significant problems encountered and no study design 
changes made, at present we are currently behind our enrollment targets. For this 
reason, in June we requested and were granted a 12 month No-Cost Extension 
extending the project completion date to 8/14/2018. Given this extra time and our 
current recruitment rates we are confident that we will reach our enrollment target by the 
end of the project. 
 
Changes that had a significant impact on expenditures – none 
 
Significant changes in use or care of human subjects, vertebrate animals, 
biohazards, and/or select agents – none 
 
 
6. PRODUCTS 
 
Publications, conference papers, and presentations – none yet 
 
Website(s) or other Internet site(s) – none 
 
Technologies or techniques – none 
 
Inventions, patent applications, and/or licenses – none 
 
Other Products – none 
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7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 
 

What individuals have worked on the project? 
 
No change: Roberts, Miller, Bloy, Ross 
 

Has there been a change in the active other support of the PD/PI(s) or 
senior/key personnel since the last reporting period? 
 
See appended current “Other Support” documentation from Drs. Roberts and Ross. 
 
 
What other organizations were involved as partners?  
 
Nemours / Dupont Hospital for Children 
 
 

8. SPECIAL REPORTING REQUIREMENTS: None 
 

9. APPENDICES: None 
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