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Autism is a major health problem

1 in 68 individuals 
diagnosed with autism
(as of Mar. 31, 2016)

Strong sex bias:  Boys are 4.5x more likely to be identified with autism than girls



Hundreds of de novo gene mutations are linked to autism risk

EnvironmentUBE3A ADNP

• Our inability to identify environmental threats to the brain early—before they 
cause disease—represents a major biomedical challenge.

NRXN1 SCN2ACHD8

% from Pinto (2014) Am J. Hum Gen; O’Roak (2014) Nat Com.; Stessman LGD Table S15 (2017) Nat Genetics

0.43% 0.32% 0.25% 0.36% 0.10%?

• Unlike de novo gene mutations, which cannot be avoided, chemical 
exposures can often be minimized or eliminated, particularly during critical 
periods of brain development.



Reducing prevalence of an avoidable form of autism

% from Pinto (2014) Am J. Hum Gen; O’Roak (2014) Nat Com.; Stessman LGD Table S15 (2017) Nat Genetics

• Prospective approach:  Identify environmental-use chemicals that target the 
same molecular pathways that are affected by de novo autism-linked 
mutations.

• Using high-throughput screening and transcriptomics approaches

UBE3A ADNPNRXN1 SCN2ACHD8
0.43% 0.32% 0.25% 0.36% 0.10%



1. WNT/β-catenin pathway - (Valproic acid)

2. Synaptic Function – hyper / hypoexcitability (Pyrethroids)

3. Neuroinflammation – (Strobilurin fungicides)

Pathways implicated in autism



WNT/β-catenin pathway

Alan Packer, Simons Foundation

CHD8

Bernier…Eichler et al. (2014) Cell

Cortical overgrowth is a common phenotype in many individuals with autism



WNT/β-catenin pathway

Christensen et al. (2013) JAMA

Identify additional chemicals that act like valproic acid 
(Wnt reporter screens, transcriptomics with Wnt target genes).



Incorporate human genetic diversity into neurotoxicity tests

Human genetic diversity panel - neural progenitor cells

Jason Stein
Assistant Professor, Dept. Genetics

UNC Neuroscience Center



Chemical Modulation of Wnt Signaling
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Pyrethroid exposure linked to increased autism risk

(2014) Environmental Health Perspectives

Class II Pyrethroids increase autism risk following prenatal (3rd trimester) exposure

(2017) Neurotoxicology



De Rubeis et al. (2014) Nature

Pyrethroids target a voltage gated sodium channel linked to ASD

Ben-Shalom…Bender et al (2017) Biol. Psychiatry

Autism-linked 
mutations dampen 

or eliminate 
channel function.

SCN2A / Nav 1.2 (152 kb)
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Image from Zapico, Aging and Disease. 2013

Strobilurin fungicides inhibit mitochondrial complex III

Rotenone
Fenpyroximate

Complex I Complex III

Strobilurin fungicides 
(pyraclostrobin, azoxystrobin, picoxystrobin, fluoxastrobin, others) 



Are these fungicides on our food?Are strobilurin fungicides on foods?



Pearson, Simon et al, Nature Comm. 2016

Are these fungicides on our food?Are strobilurin fungicides on foods?  Yes.



Heather Stapleton, Duke

And Kate Hoffman

Strawberry study

Strawberries
(Grown in California)





Wallboards containing azoxystrobin are marketed for use 
throughout homes





Azoxystrobin3 and metabolites (enol2, acid1) detected in mouse urine 
(n=3 reps).

Pilot experiment (40 mg/kg Azoxystrobin, p.o.), mass spec by Kun Lu (UNC)

Detecting azoxystrobin metabolites in urine



Support

R35 RIVER (NIEHS)

Lei Xing

Justin 
Wolter

Giulia 
Fragola

Travis 
Ptacek

Baris 
Oztemiz

Jeremy 
Simon

Jessica 
Jimenez

Eric 
McCoy

Bonnie Taylor-
Blake

@MarkZylka
Brandon Pearson

Alex Tuttle
Justin Wolter, Jason Stein

Kun Lu
(not shown)

Duke:
Heather Stapleton

Kate Hoffman

Acknowledgments
Helen 
Mao Harper 

Fauni
Amber
Scott

Jesse 
Niehaus


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Chemical Modulation of Wnt Signaling
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

