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Disclosures

I have performed consulting work for Sanofi, AmGen, and lllumina

= Founding Member and Treasurer of the Society of PAs in Genetics and Genomics
(SPAGG)

= Founding Member and Planning Committee Member of the Clinical Genetics
Advanced Practice Provider (CGAPP) Conference

= Serve on the Workforce Development and Optimization Committee and Membership
Committee for the American College of Medical Genetics and Genomics (ACMG)
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Greenwood Genetic Center

Mission

= Established in 1974, the Greenwood
Genetic Center (GGC) is a nonprofit
institute, organized to provide clinical
genetic services and laboratory testing, to
develop educational programs and
materials, and to conduct research in the
field of medical genetics.
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PAs at the GGC
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Educational Objectives

At the conclusion of this session, the participants should be able to:

* Discuss the history, definition, diagnosis, epidemiology, and etiology of autism
spectrum disorder

* Recognize patients with autism spectrum disorder who may benefit from a genetics
evaluation

* Examine the genetic etiology of selected genetic disorders associated with autism
spectrum disorder
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Who Gets Referred to Genetics

Individuals with a(n):

* Concern for a genetic disorder

* Family history of a genetic disorder

* Known genetic disorder

* Abnormal blood work or imaging suggestive of a genetic disorder
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Potential Referrals Outline
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Abnormal/asymmetric growth patterns

= History
= Abnormal newborn screen
= Autism spectrum disorder = Definition
= Developmental delay = Diagnosis

Dermatological findings

= Epidemiology

= Distinctive features

= Etiology

= Hereditary cancer
Multiple congenital anomalies ® Treatment

Other/Unexplained issues

(saul & Moeschler 2013; htps://mediineplus gov/genetics/)

7

“auto,” meaning ‘self’ — Autism added to ICD-9 diagnoses

1C DISTURANCES OF APFECTIVE CONTACT
= 1980
— DSM-III -> infantile autism as part of
Pervasive Developmental Disorders

= First proposed by Swiss psychiatrist §

Eugen Bleuler in 1911

= 1987
— DSM-III-R -> “childhood autism” was
replaced by “autistic disorder”

= Used by Leo Kanner in 1938 to
describe 11 patients
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History Definition Changes
= Derived from the Greek word 7 PATHOLOGY = 1975

- DSM-I-
DSM-
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Definition Changes — 1994-2013 Definition Changes in 2013
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DSM-IV-TR

Autistic Spectrum Conditions
= Autistic Disorder

High functianing = Asperger Syndrome
autism, Asperger's

= Pervasive Developmental Disorder,
Not Otherwise Specified (PDD-NOS)

= Rett Syndrome

Extreme ability Above
insomeareas | average 1.Q.

Average Mild |2aming Moderate learning | Severe lesrning . . . .
La. | disability | disebilty | disability = Childhood Disintegrative Disorder

CDD

DSM-5

= Autism Spectrum Disorder

— 3 social/emotional reciprocity
and communication deficits

— 2/4 restricted and repetitive
behaviors, interests, or activities

— Not better explained by
intellectual disability or global
developmental delay

= Social Communication
Disorder
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Autism Spectrum Disorder (ASD) & 4 g
Comorbidities

Rosen et al. 202

Epidemiology
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autism

prevalence has

increased

417 % 5555

CDC Prevalence
per ADDM*

Surveilance Year

- ADDM (Autism and Development Disabilites Monitoring Network)
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Epidemiology

= 1in 36 children have autism

= About 4 in 100 boys and 1 in 100 girls have
autism autism affects
3N estimate

1in36

children in the U.S.

= Boys are nearly 4 times more likely to be
diagnosed with autism than girls

= Autism prevalence is lower among white
children than other racial and ethnic groups:
* White - 2.4%
* Black —2.9%
* Hispanic - 3.2%
* Asian or Pacific Islander — 3.3%

Maenner et al. 2023

Etiology
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Epigenetics

Copy Number Variation

Environment
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Etiology

= Traditionally, autism is divided into syndromic and nonsyndromic by clinical
distinction

* Syndromic
* In conjunction with additional phenotypes and/or distinctive features
+ Different clinical entities with different developmental trajectories
* Nonsyndromic
* le. classic autism, idiopathic autism
+ Most cases etiology unknown

= Propose: overlapping genes and pathways

Figure 2, Causes of ‘syndormic and “non-syndromic’ sutism

Ivanov et al. 201

Literature Review
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Contants lstssvalabi at ScienceDirect

Pediatric Neurology

iournal homepage: wv el seviar. com/locate/ony,

Topical Review

Syndromic Autism Revisited: Review of the Literature and Lessons
Learned

i@

Catherine A. Ziats, MD ", Wesley G. Patterson, MS, PA-C, Michael Friez, PhD
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Genetic Testing and Etiologies Etiology — Chromosomes

High-resolution chromosome
analysis

* Previously, the gold standard

* Resolution >5 Mb

* Identify ~5% autism cases; higher if
distinctive (dysmorphic) or have
intellectual disability
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e ge Dhsorder T with Other Fhenotype Geael) Pathway( | Relerences
Chromosomal Aneuploidies et i
feature neurologic or ASD
psvchiatric
e disorder —
. . - . . . Down 040% D, ADED Tstinctive facies, speech delay, | DYAKLA Tewmogenests |
= Syndromes with increased X or Y dosage have the highest association with autism, described syndrome Iypotonia, hype'.hvswid.um, 4 g
in up to 50% of patients {Trisonmy 21) reciuet Mibclons fandn
o . ) . disorders ;
= Although similar observations have long been noted and contribute to the evidence Turmer rare D, ADED distinctive facies, skeletal wnknovm ‘unknown T
i . . . syndrome anorualies, congenital heart
implicating the X chromosome in neurobehavioral phenotypes, the role of the Y chromosome in (monosomy defects, ovarian dysgenesis, short
the etiology of autism is still not well understood 0 slatun
T Riefelr | 1050% D, ADED, Tefertlty, speech delay, leaming | wmlmown | wmonn T
[ ] symdrome schizophrenia | problems
i ; % i I ; [ E X7 2050% D, ADED ;nai:xucepha.ly,lel Stabure, speech | MLGNAT Syapie ™
i il -
i & XY B550% D, ADED, tics, | distinctive facies, skeletal NLGNAT Symape T
14/ epilepsy ‘enomalies, congenital heart
I I T AT T e, oo, dnbete, Bl
| R UL L L 1 tatre,
L X % XY | 7%emoe | D Tange of phenotypes including | wknown | ummonn L
‘ H Hn mosaicism | study infertility, short stature, skeletal
“Abbreviations: intellectual disability (ID); atteation-deficit Byperactivity dizorder (ADFD)
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Significant increase in diagnostic Consensus statement: chromosomal microarray is a S S— e S —
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difficult B e SIS - soull NSNS NN - — -
_ . e e . [ T
* Increased variants of uncertain N NS S -~ N -
significance N = =
e




5/8/2024

Deletion/Duplication Syndromes
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Dup15q11-13
*~0.5% of all ASD risk
*~69% with ASD

~ Higher with maternal inheritance
— Comorbid with ID, ADHD, epilepsy

Del15q11.2
* Angelman syndrome
* Prader-Willi syndrome

Takumi & Tamada 2018

o D0%cmmny
. Greenwood d
_+ Genetic Center

Monogenic Syndromes

>100 monogenic (single-gene) syndromes repeatedly associated in ASD

>900 genes associated with ASD

Prabhu etal. 2016 Romagnoli and Marino 2021

Diaz de Leén-Guerrero etal. 2011
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Testing — Single Gene or Panel

Examples:
* PTEN Hamartoma Tumor Syndrome

« Significant macrocephaly
* ~4.7% of macrocephalic autism cases

Sanger sequencing
* Gold standard
* Rarely used today

TN

d
* Rett syndrome
Next-generation sequencing * MECP2
+ Consider overlapping phenotype:
* CDKLS, FOXG1, MEF2C, SLC9A, TCF4, UBE3A, etc.

* Single gene versus panel

Testing — All Genes
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= Whole exome sequencing
* Analyzes the coding regions (1-2% of the
genome) of the ~20,000 genes, simultaneously /
* Increased variants of uncertain significance |

* Incidental findings

= Whole genome sequencing
* Same, except analyzes whole genome (coding
and non-coding)
* Some platforms include mitochondrial and
trinucleotide repeats
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New Testing Approach

Meta-Analysis > Genet Med. 2019 Nov;21(11):2413-2421. doi: 10.1038/541436-019-0554-6.
Epub 2019 Jun 11

Meta-analysis and multidisciplinary consensus
statement: exome sequencing is a first-tier clinical
diagnostic test for individuals with
neurodevelopmental disorders

Siddharth Srivastava * 7, Jamie A Love-Nichols * ", Kira A Dies ', David H Ledbetter 2
Christa L Martin 2, Wendy K Chung ® 4, Helen V Firth 3 9, Thomas Frazier 7, Robin L Hansen 8
Lisa Prock ' @, Han Brunner 1 1 12, Ny Hoang ™ ' 15 Stephen W Scherer 14 15 16 17

Mustafa Sahin &, David T Miller 1; NDD Exome Scoping Review Work Group

Affiliations + expand
PMID: 31182824 PMCID: PMC6831729 DOI: 10.1038/541436-019-0554-6
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New Testing Approach

Further
evaluation
festing

presentation

disgoss at xplain only part of an individa's Faciors such s st

counseling may b considerations in application of s algorthin n clicel use 01 technology hat supersedes £S such s gencrme sequencing, CHA
etvomosomal mictoarray, CNY copy number wariant.

Diagnostic yield of ES = 36%

Srivasrava et al. zuli
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Importance of Genetic Testing

= Autism spectrum disorder is highly prevalent in some genetic
conditions:
—Fragile X syndrome

—Tuberous sclerosis complex
—Rett syndrome

Avele requency of vrants
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Importance of Genetic Testing

= Fragile X syndrome

—Most common inherited cause of
intellectual disability in males

—Autosomal dominant

— Affects 1:4,000 males; 1:8,000 females
—1-2% of all ASD? (depends on source)
—ASD is present in ~15-70% (controversial)
— Physical/dysmorphology exam: long and

narrow face, prominent forehead, large
ears, prominent jaw

Image from Google Images

& T )
= Greenwood
" Genetic Center

Importance of Genetic Testing

= Fragile X syndrome

— Due to a trinucleotide repeat expansion (CGG) in the
FMR1 gene

Normal Promutation Foll Mtotion

« FMR1 gene codes for FMRP, a protein that helps regulate multiple et
proteins and plays a role in the development of synapses |
+ 200 repeats leads to methylation and silencing of gene RN
expression
— Family Implications (premutations):
—~~

+ Fragile X-associated tremor/ataxia syndrome (FXTAS)

* Fragile X-associated primary ovarian insufficiency (FXPOI)
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Importance of Genetic Testing

= Tuberous sclerosis complex
— Affects 1:5,800 births
— Autosomal dominant
—De novoin 2/3
—ASD is present in ~16-61%
— Physical/dysmorphology exam (skin):
hypomelanotic macules, confetti skin

lesions, facial angiofibromas, shagreen
patches, ungual fibromas

50%

& Greenwood
" Genetic Center

Importance of Genetic Testing

) r—
= Tuberous sclerosis complex

Growth factor

— Caused by pathogenic variants in the TSCI and Sl ool
2 toplasm N
TSC2 genes Cytopl: ‘1‘15}(“'39 )

—TSC1 gene encodes hamartin, a protein that
interacts with tuberin (TSC2) to form a protein
complex that inhibits signal transduction to the
downstream effectors of the mammalian target of
rapamycin
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g
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—Treatment: mTOR inhibitors (rapamycin) for facial Y
angiofibromas (topical), symptomatic cardiac —4
rhabdomyomas, and lymphangioleiomyomatosis

Lysosome

Nature Reviews | Neuroloay
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Importance of Genetic Testing

= Rett syndrome
—Autosomal dominant
— Affects 1:10,000 live births
—De novo in 99%
—ASD is present in ~60%

—Marked by regression; acquired microcephaly

— Physical/dysmorphology exam (movements):
repetitive, stereotypic hand movements replace
purposeful hand use; fits of screaming and
inconsolable crying; bruxism; gait ataxia; tremors
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Importance of Genetic Testing

= Rett syndrome
— Caused by pathogenic variants in the MECP2 gene

— MECP2, which binds methylated CpGs, is a
chromatin-associated protein that can both
activate and repress transcription

— Treatment: trofinetide — improves neuronal and
synaptic functioning and morphology

Satainberg, et al. 2015}
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Importance of Genetic Testing

Identification of treatable somatic
comorbidities
* CHD8and Gl problems

Somatic pleiotropy of ASD-related genetic variants.

Vision
impairment Epilepsy
Craniofacial

features Aumia

Additional phenotypes Abmormat
+ PTEN and tumor screening gty
* ADNPand heart defects

Feeding
problems

Obesity Heart

delocs
Informed choice of pharmacotherapy o
* side effect profile sooomalies

* 17q12 del and nephrotoxicity

Gastroinestinal
probler

gl
abnomaites

Focusing on the right behavioral interventions
« SHANK3: receptive > expressive language ability

Vorstman et al. 2017
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Conclusion

Prevalence of autism spectrum disorder is increasing
* Heightened awareness

* Changing definition; broadened diagnostic criteria

* Possible environmental influences

Autism is a multifactorial disorder with many interacting genetic factors
* No single genetic etiology accounts for more than 1-2% of autism
* Common variants may modify autism-related phenotypes
« Consider genome-first approach

Studying autism-associated syndromes may reveal common molecular features leading to the
identification of shared pathway(s) which could guide the development of specific treatments and
better screening methods for autism
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Take Home Points

= Autism spectrum disorder is becoming more prevalent

= Allindividuals with unexplained autism spectrum disorder should undergo a
genetics evaluation

= Early diagnosis is key as more interventions and potential treatments are
becoming available in the era of precision medicine
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Questions?
Contact: wpatterson@ggc.org @

SPAGG website:
https: .wildapricot.or;

Questions?
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