
The picture can't be displayed.

The Full DNA Sequence of Dr. Temple 
Grandin and Many Others: How they tell a 
complex tale of multiple pathways

Richard G. Boles, M.D.
Chief Medical & Scientific Officer, NeuroNeeds
Director, Neurabilities NeuroGenomics Program
National Autism Conference 2022, King of Prussia, PA
May 6, 2022

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX



The picture can't be displayed.

• 13-year-old female 
• Presented with developmental regression in the first grade, 
recovered
– Given autism diagnosis, but never typical
– Auditory and visual processing delays dx at age 7 years
• At age 12 years with a respiratory virus:
– Lost all academic skills within one day. 
– Regressed behavior, often “almost catatonic”
– Seizure-like events: always preceded by headache, always with muscle weakness –

more on left, often with ataxia, tachycardia, pallor, urinary incontinence, clammy, 
often nausea.

– EEG never shown seizure activity.
• Functional disease:
– Status migrainosus
– Chronic pain: spine>throat>neck
– Chronic fatigue
– POTS
• Frequent infections, dx CVID – treated with IVIG, high-dose steroids
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Autism Case Report: A Treatable Case
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• Prolonged episodes of headache, confusion, ataxia, and 
other neurological signs and symptoms, including 
asymmetrical weakness, is consistent with and suggestive of 
hemiplegic migraine. 
• Hemiplegic migraine is generally due to mutations in calcium channel 
genes and ion pumps. She has variants that may be disease related in 
three of these genes:
– CACNA1A p.His2225dup
– CACNA1S p.Pro1839Ser
– ATP1A2 p.Arg564Gln
Each of these variants are rare and highly conserved and 
thus likely to affect protein function. 
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Diagnosis: Hemiplegic migraine/ episodic ataxia 
due to calcium channelopathy

Autism Case Report: A Treatable Case
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Follow-Up:
• Interventions:

• Mitochondrial cocktail
• KCl and acetazolamide

• Dramatic return of cognitive functioning:
• 2/2020: Academics tested at kindergarten in reading and 1st grade in 

math. 
• 2/2021: Same test – reading 8th grade and math 7th grade.

• Regressed behavior has resolved, and behavior is now age appropriate.
• Ataxia has resolved; POTS and anxiety improved.
• Chronic pain and fatigue remain and are presently being addressed.

Autism Case Report: A Treatable Case



The picture can't be displayed.

• Carter presented at age 1 year following the 
MMR vaccination, after which he stopped 
developing speech for the next year.
• He was later diagnosed with autism. 
• Biochemical laboratory testing has 

suggested the possibility of a mitochondrial 
disorder.
• DNA sequencing revealed the p.Ile253Val 
TRAP1 variant.
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Autism Genetic Risk Factors
A Treatable Case
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• This gene encodes for a chaperone that 
protects mitochondrial proteins from 
oxidative stress.

• This variant was found in many patients 
with “functional” symptoms such as 
chronic pain, fatigue and GI dysmotility.

• Autism was common in the same families 
among male relatives with p.Ile253Val.

• Granisetron (Kytril) was predicted by 
computer modeling to tightly bind in the 
mutant 253-valine ATP-binding pocket, but 
not the wild-type 253-isoleucine pocket.

Autism Genetic Risk Factors
A Treatable Case
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• Following informed consent, Granisetron
(Kytril) was tried in Carter. The anecdotal 
results were clear and dose-dependent, in 
that on the drug Carter was:
• more talkative, expresses himself better
• more clever
• more focused*
• less aggressive*
• less sensory integration issues*
• getting along better with his older brother
• more tolerate of previously-difficult situations
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Autism Genetic Risk Factors
A Treatable Case



The picture can't be displayed. Disclosure: 
Dr. Boles wears many hats

• Clinician treating patients – a primary interest in autism
– Past: Geneticist/pediatrician 20 years at CHLA/USC
– Present: Director, Neurabilities NeuroGenomics Program

• Chief Medical & Scientific Officer of NeuroNeeds LLC
– Present: A company that produces products for 

neurological disorders

• Medical Director for DNA sequencing companies
– Past: 5 years at Courtagen Life Sciences

• Researcher with prior NIH and foundation funding
– Past: USC faculty for 20 years
– Present: Genetics testing in autism and other conditions
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Off-label & Conflict of Interest

In personalized medicine, treatments 
are individualized. All treatments 
discussed herein relate to case reports, 
are off-label per the FDA, and may not 
translate to other patients.
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Dr. Richard G. Boles is a founder and 
officer of NeuroNeeds®, which makes 
dietary supplement products for 
people with neurological disorders, 
including autism.
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• Genetics determines risk, not outcome!
• Genes are regulated by the 

environment.
• Metaphor – one hand in a card game:

– Genetic testing is the hand one is dealt.
– Environmental factors are the hands of the 

other players.
– Genetic testing is the careful reading of the 

cards in your hand.
– The outcome depends on the cards we are 

dealt, the cards of our opponents, and 
HOW WE PLAY OUR HAND.
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Is Our Destiny Written in Our DNA?

Most common conditions are polygenic/multifactorial.
Autism has the highest genetic component among all common conditions!

Ancient Greek Fates
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De novo

12Krishnan et al, 2016, PMID 27479844
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• A: Autoinflammation and Actin (cytoskeleton)
• u: Ubiquitination 
• T: Transcription (gene expression) and Transitions
• I: Ion channels and Immunity
• S: Synapses and Signaling 
• M: Metabolism and Mitochondria

AuTISM Genetic Risk Factors
Major Components 
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• A: Autoinflammation
• Inflammation is an important part of 

natural immunity. Cytokines are 
important inflammatory 
intermediates. 

• When innate immune cells become 
activated, due to dysregulated 
secretion of pro-inflammatory 
cytokines, damage to host tissues can 
occur. 
• This is termed autoinflammation.

• Many autoinflammatory conditions 
have a primary genetic cause.

AuTISM Genetic Risk Factors
Autoinflammation
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• A: Autoinflammation
• Inflammation is an important part of 

natural immunity. Cytokines are 
important inflammatory 
intermediates. 

• When innate immune cells become 
activated, due to dysregulated 
secretion of pro-inflammatory 
cytokines, damage to host tissues can 
occur. 
• This is termed autoinflammation.

• Genetics is a major component in 
autoinflammation.

• Familial Mediterranean 
fever

• TNF receptor associated 
periodic syndrome (TRAPS)

• Familial cold 
autoinflammatory
syndrome

• Hyperimmunoglobulinemia
D syndrome

• Crohn
• Gout
• Bechet

AuTISM Genetic Risk Factors
Autoinflammation
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• A: Autoinflammation
• MEFV (4/46 patients)

• Pain, rash, fever
• TNFRSF1A (1/46 patients) – PANS, fever

• Pain, rash, fever
• TNFRSF1B (1/46 patients) – PANS, pain

• Pain, rash, fever
• PLCG2 (1/46 patients) – MCAS, 

immunodeficiency
• Rash, immunodeficiency

• Familial Mediterranean 
fever

• TNF receptor associated 
periodic syndrome (TRAPS)

• Familial periodic 
(Hibernian) fever

• Familial cold 
autoinflammatory
syndrome

• Hyperimmunoglobulinemia
D syndrome

• Crohn

70 total patients with neurodevelopmental disorders
46 had immune-related phenotypic manifestations
13 revealed a candidate gene
6 included genes involved in autoinflammation

AuTISM Genetic Risk Factors
Autoinflammation
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• 8-year-old male with have recurrent “viral events”, that can be 
associated with overall neurodevelopmental deterioration 
(“fugue states”) and then subsequent recovery, causing a 
“stepwise” neurodevelopmental curve. 

• Frequent fevers up to 101 F.
• Additional phenotypes: autism, epilepsy, speech apraxia, 

persistent insomnia, OCD, and tics.
• Diagnoses: PANS, CANS, “adjuvant Induced Auto-Inflammatory 

/Autoimmune Syndrome (ASIA), associated with dysregulated 
innate immune responses”

AuTISM Genetic Factors

• A: Autoinflammation - Case Report 
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• Genetic testing revealed p.Arg121Gln in the TNFRSF1A 
gene encoding TNF receptor superfamily member 1A.
– p.Arg121Pro is pathogenic for TNF receptor-associated periodic 

fever syndrome (TRAPS).
– p.Arg121Gln has conflicting designations from benign to 

pathogenic for TRAPS. This variant is consistently reported as mild, 
suggesting this is a low penetrance with variable expressivity (e.g., 
a risk factor).

• Follow-Up:
– “Viral”/”fugue” states have resolved; none in the last year on 

comprehensive mitochondrial cocktail.
– Frequent fevers have resolved.

AuTISM Genetic Factors

• A: Autoinflammation - Case Report 
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A: Actin (cytoskeleton)

AuTISM Genetic Risk Factors
Actin (cytosketeton) 
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A: Actin (cytoskeleton)
- Case Report 

AuTISM Genetic Risk Factors
Actin (cytosketeton) 

• 28-year-old female
• Autism, intellectual disability, OCD, anxiety, 

past insomnia, IgA deficiency.
• Trio whole genome sequencing:

• De novo RMDN2: p.Arg397*
• 410 amino acids (14 deleted)
• The encoded protein is located in

microtubules, specifically it is part of 
the spindle apparatus in cell division. 

• De novo 105 kb deletion in 
pseudoautosomal region including 
ASMT (melatonin synthesis) and 
AKAP17A (alternative splicing regulator).
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A: Actin (cytoskeleton)
- Case Report 

AuTISM Genetic Risk Factors
Actin (cytosketeton) 

• 28-year-old female
• Autism, intellectual disability, OCD, anxiety, 

past insomnia, IgA deficiency.
• Trio whole genome sequencing:

• De novo RMDN2: p.Arg397*
• 410 amino acids (14 deleted)
• The encoded protein is located in

microtubules, specifically it is part of 
the spindle apparatus in cell division. 

• De novo 105 kb deletion in 
pseudoautosomal region including 
ASMT (melatonin synthesis) and 
AKAP17A (alternative splicing regulator).

Placed on melatonin and sleep has improved by 2 hrs/night.
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• A: Autoinflammation and Actin (cytoskeleton)
• U: Ubiquitination 
• T: Transcription (gene expression) and Transitions
• I: Ion channels and Immunity
• S: Synapses and Signaling 
• M: Metabolism and Mitochondria

AuTISM Genetic Risk Factors
Ubiquitination
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• u: Ubiquitination • Proteins degrade over time and need 
to be removed.

• Ubiquitin is a small protein that is 
tagged to other proteins in order to 
mark for degradation.

• The removal of ubiquitin is carried 
out by de-ubiquitinating enzymes.

• Degradation occurs in a proteasome.
• Disorders of ubiquitination are 

primarily neurological.
• Alzheimer, Parkinson, ALS
• Clinical manifestations can 

include autism, intellectual 
disability, and/or epilepsy.

AuTISM Genetic Risk Factors
Ubiquitination
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• u: Ubiquitination • Proteins degrade over time and need 
to be removed.

• Ubiquitin is a small protein that is 
tagged to other proteins in order to 
mark for degradation.

• The removal of ubiquitin is carried 
out by de-ubiquitinating enzymes.

• Degradation occurs in a proteasome.
• Disorders of ubiquitination are 

primarily neurological.
• Alzheimer, Parkinson, ALS
• Clinical manifestations can 

include autism, intellectual 
disability, and/or epilepsy.

Angelman syndrome: UBE3A
MR/autism, absent speech, 
epilepsy, ataxia, bizarre laughing,
hypopigmentation

AuTISM Genetic Risk Factors
Ubiquitination
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• 16-year-old male with severe autism, intellectual disability, 
migraine, GI.

• Genetic testing revealed a de novo 84 kb deletion on 
chromosome 8p23.1 that includes the genes of two 
deubiquitinating enzymes: USP17L2 and USP17L7.
– mtDNA variants associated with migraine were also 

identified on WGS.
• Mother reports significant improvements: better transitions, 

sleeping better, using some new words, trying new foods and 
activities. 
– She ran out and behavior worsened, and improved again 

with restarting.

AuTISM Genetic Risk Factors
Ubiquitination

• u: Ubiquitination - Case Report
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• Phenotype:
– Febrile illness at 18 months - lost all milestones all communications and 

parental bonding over the next 2-3 months. Second regression at 4 years.
– Autism, severe cognitive deficits, absent speech.
– Sleep disorder: every 3 weeks, for 4 days he would remain awake 

between 2 and 5 AM, which was highly disruptive.
• Genotype:

– HERC2 gene variants from both parents; encodes for an E3 ubiquitin 
ligase.

– AANAT gene novel, highly-conserved, missense variant; encodes for the 
serotonin N-acetyltransferase gene that is involved in melatonin 
production.

• Outcome:
– Sleep normalized on low-dose (1 mg) of melatonin qhs. 29

AuTISM Genetic Risk Factors
Ubiquitination

• u: Ubiquitination - Case Report - 2 
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Kitten Ball
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• A: Autoinflammation and Actin (cytoskeleton)
• u: Ubiquitination 
• T: Transcription (gene expression) and Transitions
• I: Ion channels and Immunity
• S: Synapses and Signaling 
• M: Metabolism and Mitochondria

AuTISM Genetic Risk Factors
Transcription & Transitions 
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• T: Transcription
GENE EXPRESSION
• Transcription factors:

• Histone modification
• Chromatin remodeling
• Methylation

• RNA processing:
• Splicing & transport
• Nonsense-mediated decay

• Development:
• Embryonic
• Enteric nervous system
• Endoderm
• Morphogenesis

CELL DIVISION
• Mitotic mechanisms
• Cell cycle transitions

AuTISM Genetic Risk Factors
Transcription
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• 38-year-old female
• Referred originally for cyclic vomiting:

• 40 hospital admissions ages 3-16 yrs, then 
resolved.

• Chronic pain: ocular migraine started at age 26 
yrs.

• Chief complaint at age 38 years: chronic fatigue
• Autism (high-functioning), learning disabilities, 

OCD, developmental coordination disorder, past 
hypotonia

• Unremarkable family history

AuTISM Genetic Risk Factors
Transcription

T: Transcription 
- Case Report
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T: Transcription 
- Case Report

• DNA sequencing: de novo 
variant in the POGZ gene,     
p.Cys652Arg 

• The protein is involved in
mitosis (cell division)
• kinetochore assembly, mitotic sister chromatid 

cohesion, and mitotic chromosome segregation. 
• Knockdown of POGZ in human cells:

• mitotic defects, with accelerated mitosis, abnormal 
chromosome segregation, and nuclear 
fragmentation

• Cause of White-Sutton syndrome with intellectual 
disability often with autism.

• Dysmorphic features and cyclic vomiting (6/16) are 
common.
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• A: Autoinflammation and Actin (cytoskeleton)
• u: Ubiquitination 
• T: Transcription (gene expression) and Transitions
• I: Ion channels and Immunity
• S: Synapses and Signaling 
• M: Metabolism and Mitochondria

AuTISM Genetic Risk Factors
Ion Channels & Immunity
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• I: Ion Channels
• Ion:

• Sodium
• Potassium
• Calcium
• Chloride

• Membrane:
• Plasma
• Endoplasmic reticulum
• Mitochondria
• Endosome

Ion channelopathies are important causes of autism, as 
well as comorbidities in people with autism. 
Ion channels are particularly common causes of 
epilepsy, migraine, and cardiac conduction defects. 

AuTISM Genetic Risk Factors
Ion Channels
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• Autistic spectrum disorder – high functioning
• Disease started at age 12 years with severe back and shoulder pain
• Vertigo
• Chronic fatigue – severe, with 3-6 “crashes” per month
• Family history of functional disease, especially migraine, in sister, 

mother, maternal grandmother, and maternal aunt
• Conversion disorder diagnosis
• Genetic testing:

– Large heteroplasmic mtDNA deletion
– CACNA1S calcium channel variant

• Cyclic vomiting syndrome appeared at at 15 years
• Manifestations improved greatly on therapy, including “mito-

cocktail” and medications (amitriptyline, acetazolamide, duloxetine)
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AuTISM Genetic Risk Factors
Ion Channels

I: Ion Channels - Case Report 
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I: Ion Channels - Case Report 
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AuTISM Genetic Risk Factors
Ion Channels

I: Ion Channels - Case Report - 1 
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• 13-year-old female 
• Presented with developmental regression in the first grade, recovered

– Given autism diagnosis, but never typical
• At age 12 years with a respiratory virus:

• Lost all academic skills within one day. 
• Regressed behavior, often “almost catatonic”
• Seizure-like events

• Functional disease: migraine, chronic pain, chronic fatigue, POTS
• DNA sequencing led to diagnosis: Hemiplegic migraine/ episodic ataxia 

• Disease-related variants in: CACNA1A, CACNA1S, & ATP1A2
• Interventions: mitochondrial cocktail, KCl, and acetazolamide
• Dramatic return to normal in academics and behavior; ataxia has resolved.
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AuTISM Genetic Risk Factors
Ion Channels

I: Ion Channels - Case Report - 2 , in Introduction 
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• I: Immunity • Immune response
• Antigen presentation
• Antigen processing
• Interferon gamma signaling

AuTISM Genetic Risk Factors
Immunity

The immune system, 
including autoimmunity 
and autoinflammation is 
an important factor in 
the pathophysiology of 
autism. 
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• I: Immunity – Case Report 

AuTISM Genetic Risk Factors
Immunity

• 12-year-old male
• Separate episodes of paralysis, dystonia, ataxia, 

muscle spasms, and nausea/vomiting
• ADHD, ID, OCD, ptosis, muscle weakness, EDS
• Dysautonomia (gastroparesis, urinary frequency, 

temperature intolerance, tachycardia)
• Never fully recovered from “encephalitis” at 7y
• Hypoglycemia, lactic acidosis
• Pancytopenia, multiple infections (CVID dx).
• Singleton whole exome sequencing:

• SLC37A4: homozygous frameshift variant 
• G6P transporter ER. Pathogenic for GSD1B.

• PRKDC : homozygous frameshift variant 
• DNA nonhomologous end-joining during DNA double-

strand break repair and for V(D)J recombination 
during immune development. Pathogenic for SCID.
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AuTISM Genetic Risk Factors
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• 12-year-old male
• Separate episodes of paralysis, dystonia, ataxia, 

muscle spasms, and nausea/vomiting
• ADHD, ID, OCD, ptosis, muscle weakness, EDS
• Dysautonomia (GP, urine, temp, tachycard)
• Never fully recovered from “encephalitis” at 7y
• Hypoglycemia, lactic acidosis
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• G6P transporter ER. Pathogenic for GSD1B.

• PRKDC : homozygous frameshift variant 
• DNA nonhomologous end-joining during DNA double-

strand break repair and for V(D)J recombination 
during immune development. Pathogenic for SCID.



The picture can't be displayed.

• A: Autoinflammation and Actin (cytoskeleton)
• u: Ubiquitination 
• T: Transcription (gene expression) and Transitions
• I: Ion channels and Immunity
• S: Synapses and Signaling 
• M: Metabolism and Mitochondria

AuTISM Genetic Risk Factors
Synapses & Signaling
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• S: Synapses
• Neurotransmitter

• Synthesis
• Release
• Catabolism
• Reuptake

• Receptors
• Effectors
• Synaptic

• Production
• Maintenance
• Structure

• Endosomal vesicles
• Dendritic spines

AuTISM Genetic Risk Factors
Synapses
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• S: Synapses – Case Report - 1 
9-year-old boy with:
• Autism
• Developmental delay
• Mild spasticity
• Choreoathetosis
• Strabismus
• Inappropriate 

laughter
• History of one seizure

AuTISM Genetic Risk Factors
Synapses
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• Autism and functional disease with
mitochondrial dysfunction.

• Substantial improvement in functional disease
on mitochondrial cocktail (vitamins, minerals,
cofactors):
– Cyclic vomiting syndrome – resolved
– Complex regional pain syndrome – pain-free, walking,

off narcotics
– Admissions decreased from > 25 to 2 per year

• DNA sequencing revealed a variant of interest in
a gene involved in making acetylcholine, a
neurotransmitter.

• Anecdotal, yet dramatic, improvement with
anticholinesterase inhibitors, especially
expressive speech.

50

AuTISM Genetic Risk Factors
Synapses

S: Synapses 
– Case
Report - 2
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AuTISM Genetic Risk Factors
Synapses

S: Synapses 
– Case
Report - 2
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• S: Signaling • Rho, GTPase, IGF & PI3K
• MAPK, TGF-beta & TLR
• G-protein/cAMP
• Hedgehog pathway

AuTISM Genetic Risk Factors
Signaling

Signaling is extremely 
complex and involved 
in a great number of 
cellular processes, 
especially in 
development. 
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• A: Autoinflammation and Actin (cytoskeleton)
• u: Ubiquitination 
• T: Transcription (gene expression) and Transitions
• I: Ion channels and Immunity
• S: Synapses and Signaling 
• M: Metabolism and Mitochondria

AuTISM Genetic Risk Factors
Metabolism & Mitochondria
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• Presented to my clinic as a teenager
• Autistic spectrum disorder
• Main issue was continuous migraine
• Chronic fatigue syndrome – severe
• Bowel dysmotility/irritable bowel syndrome
• Dysautonomia, including tachycardia and POTS
• Depression and anxiety – severe, disabling
• Biochemical testing revealed signs of a mitochondrial disorder
• Physical manifestations improved on “mito-cocktail”:

– CoQ10, L-carnitine, L-arginine, Mg, plus vitamins B2, C and E
54
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AuTISM Genetic Risk Factors
Metabolism & Mitochondria

M: Metabolism & Mitochondria 
– Case Report - 1
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• Presented to my clinic as a teenager
• Autistic spectrum disorder
• Main issue was continuous migraine headache
• Chronic fatigue syndrome – severe, disabling.
• and POTS
• Depression and anxiety – severe, disabling

• Two predicted mutations were identified                                                      
in the gene that encodes an enzyme that                                           
converts glutamine to glutamate.

• This gene/protein regulates cellular energy metabolism by increasing 
production of glutamate and alpha-ketoglutarate.

• Started on alpha-ketoglutarate supplementation.
• “The supplements seem to have made a remarkable difference! Her 

symptoms are much better controlled and mostly manageable & she has 
been able to resume some of her daily activities & a small amount of 
local travel. This has lifted her spirits greatly. It hasn't "cured" it all but is 
is quite a miracle all the same.” 55
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• Autistic spectrum disorder diagnosed at age 18 months.
• Unexplained vomiting at age 15 months associated with 

worsening symptoms. 
• Mental health issues: 
– OCD and anxiety
– Irritability and aggression

• Functional disease issues:
– constipation, severe and since birth
– easy fatigue
– sleep problems

• Sequencing revealed
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M: Metabolism & Mitochondria – Case Report - 2
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• DNA sequencing revealed potential candidate variant of 
uncertain significance in SLC6A8.
– This gene encodes for a creatine transporter.
– Cerebral creatine deficiency due to pathogenic variants in 

SLC6A8 is a relatively common cause of intellectual disability, 
and autism. 
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• Trial of cyclocreatine
– decreased anxiety
– more expressive language output
– many fewer behavioral manifestations, particularly less 

aggression and self-injury
– much better able to handle change, frustration, and denied 

requests
– greater awareness of his environment
– improvements in visual attention
– more erect posture and decreased hypotonia
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• Stopped developing speech at age 1 year 
following the MMR vaccination, 
• DNA sequencing revealed the p.Ile253Val 
TRAP1 variant.
• This gene encodes for a chaperone that 

protects mitochondrial proteins from 
oxidative stress.
• On granisetron, there was marked 

improvement in cognition and behavior.
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M: Metabolism & Mitochondria 
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• Professor Temple Grandin
• Born in 1947
• Widely recognized animal scientist
• Woman with high-functioning autism
• Highly renowned for her insights on ASD 
• Author of multiple books on autism and 

on animal sciences



The picture can't be displayed. AuTISM Genetic Risk Factors
Synthesis: Dr. Grandin

• Early motor milestones, but with 
poor eye contact, touch sensitivity 
and aversion

• Dx “minimal brain damage” at 2y
• No speech at 2.5y. On intensive tx

was fully verbal by age 4y
• Typical autistic behaviors
• Difficulty in social interactions in 

childhood and adolescence
• Diagnosis of autism in elementary 

school
• FS IQ 120, repeat 137
• Met autism diagnostic criteria as 

child
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Whole Genome 
Sequencing

Variantyx
Framingham,
MA

Dr. Grandin
Variants: 23,795
Filtered: 745
Severity 5/7+: 6

AuTISM Genetic Risk Factors
Variant Analysis: Dr. Grandin
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AuTISM Genetic Risk Factors
Variant Analysis: Dr. Grandin
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AuTISM Genetic Risk Factors
Principal Variants: Dr. Grandin
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AuTISM Genetic Risk Factors
Principal Variants: Dr. Grandin

SHANK2 p.His64Arg
Very rare variant
Common autism gene 

Encodes a structural protein that helps to form the synapse.
Variants have been associated with a decreased # of synapses. 
A fairly common finding in autism, at least in some brain areas.
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AuTISM Genetic Risk Factors
Lesser Variants: Dr. Grandin

Variants of uncertain significance that are good to fair candidate variants for polygenic 
effects contributing to her autistic phenotype:
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AuTISM Genetic Risk Factors
Principal Variants: Dr. Grandin
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• Familial Mediterranean fever (FMF)
• Relatively common, rarely 

diagnosed
• Pain, especially abdominal, chest, 

joints
• High fever
• Rash – many different types
• Common in many ethnicities 

• Genetics
• MEFV gene
• Many common variants

• Act as risk factors
• Highly variable affects
• Many gene carriers are:

• Mildly affected
• Non-affected

• Dr. Grandin:
• Since childhood - intermittent 

symptoms including pain, 
tingling, loss of sensation, and 
partial paralysis.

• Burning hot feet
• Undiagnosable rash



The picture can't be displayed.

69

AuTISM Genetic Risk Factors
Principal Variants: Dr. Grandin

WNT10A 
Ectodermal
dysplasia
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• Behaviorally based phenotype:
– Preferentially affected social communication 

(social functioning)
– Lateral to many other neurodevelopmental 

disorders:
• ADHD (executive functioning)
• Intellectual disability (cognitive functioning)
• Motor dyspraxia (motor functioning)
• Mood disorders (emotional functioning)

AuTISM Genetic Risk Factors
What Really Is Autism?



The picture can't be displayed.XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

• Variants in multiple genes required for neuronal functioning:
– Multiple pathways: 

• Autoinflammation, (actin) cytoskeleton
• ubiquitination
• Transcription (gene expression), transitions
• Ion channels, immunity
• Synapses, signaling
• Metabolism, mitochondria, and more!

– Many, perhaps most, patients have anomalies in more than one 
pathway -> polygenic

– Genetic predisposition and environmental triggers

AuTISM Genetic Risk Factors
What Really Is Autism?
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Variants are de novo or inherited:

• De novo variants: 
– Extremely rare variants (generally, not on databases)
– Usually, a single variant is disease causal
– The presence of a de novo variant is highly suggestive that this variant is the cause of 

the patient’s disease
– Severe, mixed neurodevelopmental phenotypes
– Boys and girls equally
– Low recurrence risks in future siblings (< 1%)
– Often, the family history is negative for neurodevelopmental disorders
– About one-half of autism cases – need trio sequencing to detect

• Inherited variants: 
– Can be common, uncommon, or rare
– Risk factors for disease
– Usually, multiple, bi-parental
– Milder phenotypes
– Far more common in boys
– High recurrence risks in future siblings (as high as 25-50% in boys)
– Often there are other neurodevelopmental disorders in the family
– Parents can be normal, affected, or anywhere in-between

AuTISM Genetic Risk Factors
What Really Is Autism?
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• Genetics determines risk, not outcome!
• Genes are regulated by the 

environment.
• Metaphor – one hand in a card game:

– Genetic testing is the hand one is dealt.
– Environmental factors are the hands of the 

other players.
– Genetic testing is the careful reading of the 

cards in your hand.
– The outcome depends on the cards we are 

dealt, the cards of our opponents, and 
HOW WE PLAY OUR HAND.
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Is Our Destiny Written in Our DNA?

Play your hand to the fullest potential, know the 
cards in your hand; get genetic testing!

Ancient Greek Fates
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AuTISM Genetic Risk Factors
Diagnosis & Treatment

Phenotype: Neurodevelopmental: 72% (33/46)
Autism Spectrum Disorder, ADHD, Neuropsychiatric Disorders, Maladaptive 
Behaviors, Intellectual Disability 

55% had a molecular diagnosis provided in total based off 
clinical correlation.

9% had a molecular diagnosis* provided by lab based off clinical correlation.
52% had a molecular diagnosis* provided by genomicist based off clinical 
correlation.

95% had a treatment recommended**.
9% had a treatment recommended based on lab report data.
89% had treatment recommended per genomicist reading of data.

* Pathogenic or Likely Pathogenic
**Treatments include supplements, medications or dietary
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AuTISM Genetic Risk Factors
Mechanisms of Treatment

• Mitochondria (supplements, diet)
• Reactive oxidative stress (supplements, diet)
• Neurotransmitter (supplements, medications)
• Ion channels (medications, supplements, diet)
• Metabolic transporters (supplements)
• Inflammation (supplements, medications, diet)



Thank You, Richard G. Boles, M.D.

NeurAbilities
Email: Neurogenomics@neurabilities.com
Website: https://neurabilities.com/neurogenomics 
@NeurAbilities (Facebook)
Neurabilities healthcare (Instagram)
NeurAbilities Healthcare (LinkedIn)

Published article on genetic testing in autism
https://www.sciencedirect.com/science/article/pii/
S1071909120300103

Published article on genetic testing in Dr. Grandin
https://www.mdpi.com/2075-4426/11/1/21/pdf

NeuroNeeds®
https://www.neuroneeds.com
For more information on nutritional therapy for 
neurodevelopmental and functional disorders.

For More Information




