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A. Abnormalities in Mitochondrial Function in Autism Spectrum Disorder: Abnormalities in
mitochondrial function appear to affect a significant number of children with ASD but the nature
of these abnormalities is poorly understood. Through critical literature reviews, clinical research
and basic research, my team and | have investigated the nature of mitochondrial abnormalities
in ASD, specifically the connection between other metabolic abnormalities associated with ASD
such as redox metabolism abnormalities and mitochondrial dysfunction. Our recent research
suggests the nature of mitochondrial dysfunction in ASD is distinct from other forms of
mitochondrial disease in its metabolic nature and with respect to molecular signaling pathways
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B. Redox Metabolism in Autism Spectrum Disorder: Abnormalities in redox metabolism
affects a significant number of children with ASD. Through critical literature reviews and clinical
and basic research, my team, along with our colleagues Drs James and Melnyk, have
investigated the nature of redox abnormalities in ASD, specifically with respect to treatment and
their connection to abnormalities in mitochondrial function.
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C. Folate Receptor Alpha Autoantibodies in Autism Spectrum Disorder. There are few
medical treatments for children with autism spectrum disorder (ASD) that addresses either core
symptoms or pathophysiological abnormalities associated with ASD. Our preliminary study in
Molecular Psychiatry demonstrated that about 75% of children with ASD have autoantibodies
that impede the ability of folate to enter the central nervous system. We also showed that
children with ASD and these autoantibodies respond favorably to a special type of folate called
folinic acid which can circumvent the blockage. Unpublished pilot data from a double blind
placebo controlled study that confirms the open label findings of the Molecular Psychiatry
report.
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D. Autism Treatments: The evidence for many medical treatments for children with ASD is
preliminary and not well documented in many cases. | have worked with colleagues and working
groups to lead systematic reviews of the literature with regards to the evidence base for
treatment for ASD so clinicians can have better guidance for prescribing agents to improve core
and associated ASD symptoms. In addition, | have recently completed an open-label trial
examining the metabolic and behavioral effects of tetrahydrobiopterin, a treatment that is
hypothesized to treat both core symptoms of ASD and metabolic abnormalities associated with
ASD (neurotransmitter deficits, redox and nitric oxide abnormalities).
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E. Microbiome: Increasing evidence suggests that the enteric microbiome plays a critical role in
the etiology and symptomatology of ASD, at least in some cases. To better understand this
connection, in June 2014 my staff and | organized and hosted the 1st International
Symposium on the Microbiome in Health and Disease with a Special Focus on Autism
followed by a workshop the next day focusing on approaches to studying and manipulating the
enteric microbiome to improve autism symptoms. From this meeting a special issue of
Microbial Ecology in Health and Disease was published. We have also investigated the
clinical and basic research aspects of enteric microbiome metabolites on mitochondrial function.
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Basic Research Laboratory

Dr Frye’s laboratory aims to define the unique
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However, in our studies we have found that a subset of lymphoblastiod cell lines from children
with ASD have a unique type of mitochondrial dysfunction where the mitochondrial is overactive,
producing almost twice the amount of energy typically produced in a control cell. We find that
when the mitochondria is in this state it is very sensitive to metabolic stresses such that a
metabolic stress that might be mild to a normal cell would be deadly to the ASD cell such that a
small stressor could cause cellular dysfunction and death. We initially reported this discovery in
two papers, one in PLOS ONE and one in Translational Psychiatry.

Since that time we have taken several paths to validate our findings, discover the cause of
these changes in mitochondrial function and investigate potential therapeutic treatments that
could be investigated further in clinical trials. First we have demonstrated that these unique



changes in mitochondrial occur in patients, not just cell line models. We have confirmed our
findings in fresh immune cells derived from over 150 children with ASD, muscle and skin
biopsies from over 50 children with ASD and buccal cells obtained from over 100 children with
ASD. In addition, in collaboration with Harvard Medical School / Massachusetts General
Hospital, we have demonstrated this unique change in mitochondrial function in biopsies
obtained from the gastrointestinal tract of children with ASD. This latter finding is important and
groundbreaking. This explains the reason behind why gastrointestinal disorders in children with
ASD are poorly understood and difficult to treat.

Next we have been investigating the causes of these changes in mitochondrial function. Since
the mitochondria is particularly susceptible to environmental influences we sought to understand
who these changes in mitochondrial function are differentially affected by environmental
influences and whether particular detrimental environmental influences linked to ASD could
induce these unique mitochondrial changes. We have demonstrated that certain common
environmental toxins seem to be able to induce the unique pattern of mitochondrial function in
control cell lines, suggesting that it is possible that some environmental agents may have a role
in producing these unique abnormalities in mitochondrial function seen in children with ASD. To
this end Dr Rose, the post-doctoral fellow in the Autism Program has received the Marion B.
Lyon New Scientist Development Award to investigate other potential environmental agents that
might cause similar changes to mitochondrial function. We are also collaborating with the
University of Texas at San Antonio to analyze baby teeth of environmental exposures and
correlate changes in mitochondrial function with specific exposures on a case-by-case basis in
children with ASD. The previous R01 we submitted was well received but not funded and will be
resubmitting the application in the near future.

Next we have investigated the molecular mechanisms that have resulted in these unique
changes in mitochondrial function in the ASD cell lines. By systematically evaluating several
molecular pathways we have found that PGC 1a appears to be a key regulator in these
changes but that other key downstream pathways do not respond to PGC 1a as expected.
Specifically, the mTOR pathway, a pathway important for neurodevelopment that has been
implicated in ASD, appears to be dysregulated. In collaboration with Dr Laura James’ laboratory
we have found that specific microRNAs may be abnormally regulating mTOR such that mTOR
is tonically inhibited but hyper-reactive to PGC 1a signals resulting in wide variation in
mitochondrial function. We are conducting further experiences to investigate these changes on
systematically manipulated cell lines.

We are investigating how to improve mitochondrial function and protect mitochondrial against
environmental stressors. These preclinical studies are being conducted with a goal of
developing potentially life changing therapies for children with ASD. In our published
experiments we have demonstrated that N-acetyl-cysteine can protect atypically function
mitochondrial from oxidative insults. We have recently completed a contract with Mitosynergy,
LLC (Kaukauna, WI) to examine the therapeutic effect of a special form of copper, Cunermuspir,
that should improve Complex IV function in the electron transport chain of the mitochondria. We
now have contracts with Reata Pharmaceuticals, Inc, (Irving TX) and GW Pharmaceuticals
(Cambridge, UK) to investigate novel compounds for modulating mitochondrial function.



Translational Research Laboratory

The Translational Research Program has been engaged in developing novel treatments and
biomarkers for children with ASD.
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Dr Frye has developed the first medical treatment that targets abnormal physiological processes
underlying ASD. This safe and effective treatment for children with ASD significantly improves
verbal communication within 12 weeks. The treatment is a special form of folate known as folinic
acid (leucovorin calcium) that bypasses blocks in folate metabolism that are associated with
ASD. This discovery arose from careful research and clinical observations combined with the
discovery of biomarkers for folate abnormalities. These observations were used to develop and
conduct a preliminary open-label trial conducted by Dr Frye which showed that children with
ASD and folate pathway abnormalities had significant improvement in verbal communication
within a few months of treatment initiation. Dr Frye’s has now completed a single-site double-
blind placebo controlled trial at Arkansas Children’s Research Institute that objectively confirms
these preliminary observations. The study also demonstrates that the folate receptor alpha
autoantibody, a biomarker of folate metabolism abnormalities, can predict which children with
respond to the treatment. The Number Needed to Treat for children ASD and language
impairment who are positive for the folate autoantibody is less than two which means that one
child will response significantly for each two treated. This demonstrates the extraordinary
effectiveness of the treatment and the biomarker being studied. A multicenter trial is planned to
launch soon to confirm the effectiveness of this treatment in ASD, leading this treatment to
become widely used and potentially improve the lives of millions of children with ASD.
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Industry Supported Clinical Trials

Dr Frye has been involved in some of the most cutting edge industry sponsored clinical trials in
autism research. We were a site for one of the largest international studies on autism which
investigated the effect of memantine on core autism symptoms. We were one of a few select
sites to study a highly novel therapy, Trichuris suis ova, for core autism symptoms. Currently we
a site of a novel treatments for core autism symptoms that targets abnormalities in protein
digestion that has been linked to autism and we are one of a few select sites involved in a
pioneering study examining metabolites signatures specific to autism in order to develop a test
for early diagnosis and screening for autism. In the near future we will be involved in a highly
novel clinical trial which transplants a health microbiome into the guts on children with autism in
order to improve gastrointestinal and core autism symptoms.




