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A Conversation
• I am a neurobiologist who does research on 

autism to understand brain patterns that 
emerge across many ASD cases

• You have personal, real-life, direct 
experiences with autism

• We can learn from each other!
• How does my work interface with your 

experience, and how can it be shaped by 
your input?

• To facilitate this conversation…
– http://bit.ly/augieltw



Discuss!

What drew you to a talk about neurobiology 
research on autism?



A Conversation

I. Basic and translational research in 
autism spectrum disorders

II. Sensorimotor function and autism 
spectrum disorders

III. Researching on the cerebellum in autism 
spectrum disorders
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As a neurobiologist, I’m interested in…
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Research
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Research

How does the 
brain work?

How is brain 
function 

disrupted?

How does this 
knowledge help 

patients?

Three classes of question in the 
neurobiology of disease



Neurobiology Research Questions for 
Autism Spectrum Disorders

• What factors lead to the presentation of 
autism-like symptoms?

• When during development do these 
factors have the most significant impact?

• How do these factors affect the functions 
of the brain at one or many levels?



Heterogeneous causes of autism

• stress

• infection

• premature birth

• environmental agents 

such as valproic acid, 

ethyl mercury, etc.

autism-related 
single-gene 
disorders, 

8.50%

all other ASDs, 
91.50%

(500 known 
genes)

Genetic factors

(50x for identical twins)

Environmental factors

(2-35x)



Neurobiology Research Questions for 
Autism Spectrum Disorders

• What factors lead to the presentation of 
autism-like symptoms?

• When during development do these 
factors have the most impact?

• How do these factors affect the typical 
function of the brain?
– Behavioral, systems, neurons, molecules…
– Knowing how the brain typically works………



Neurobiology Research Questions for 
Autism Spectrum Disorders

• What may make a good early-life 
“biomarker” for detecting autism?

• Have we identified routes to treating 
autism?

• Are there time points for treatment that are 
particularly effective?



Discuss!

How has basic or translational scientific 
research interfaced with your experience 
with autism spectrum disorders?



Why study sensorimotor function?
1. Pervasive in cases of autism

(DSM-V)



Sensory Perception in ASDs

(Tzichinsky et al., 2018, Mol Autism)

* Sensory sensitivity differences may 
account for sleep disturbances 



Motor Function in ASD
• Originally 

documented by 
Kanner and Asperger

• Affects >80% of 
patients

• Early and persistent 
dyspraxia

• Increased incidence 
in patients with 
known ASD-related 
mutations

(Travers, 2018)

(YouTube, Spectrum)

(Teitelbaum et al.)



Discuss!

• What experience do you have with the 
sensory, motor, or sensorimotor features of 
autism?



Why study sensorimotor function?
1. Pervasive in cases of autism
2. Potential as early biomarker for ASD diagnosis

(Hensch and Bilimoria, Cerebrum, 2012)



Sensorimotor disruption is highly 
predictive of ASD diagnosis

significant difference between ASD 
diagnosis group and neurotypical controls

(Estes et al., J. Neurodev. Disord., 2015)



Why study sensorimotor function?
1. Pervasive in cases of autism
2. Potential as early biomarker for ASD diagnosis
3. Window into how information is processed in 

the autistic brain
• A few patterns prevail when you look at 

sensorimotor function…



Local rather than global

(Wang et al., Neuron, 2015)



Responses are highly variable

(Dinstein et al., Neuron, 2012)



Atypical control by inhibition

(Robertson and Baron-Cohen, Nat Rev Neurosci, 2017)

** There may be a role for time here…



Movements are not accurately timed

…leading to errors when pursuing targets and
a high degree of variability

(Schmitt et al., 2016)



Disrupted sensorimotor integration 
underlying complex behaviors

(Wang et al., J Neurophysiol, 2015)
1. Magnitude

2. Timing

3. Use of sensory feedback to make adjustments



Why study sensorimotor function?
1. Pervasive in cases of autism
2. Potential as early biomarker for ASD diagnosis
3. Window into how information is processed in the 

autistic brain
– Local, noisy processing over global processing and…
– Disruption of brain areas that use integration and timing to shape 

and guide behavior
– Opportunities for therapies using this information (e.g. ESDM)

4. Opens up questions for translational + basic neuroscience:
– Do these features illustrate broad disruptions in the 

circuitry of the brain that apply to many features of autism?
– Do these disruptions precede and lead to “core” features 

of autism?



Why study sensorimotor function?
1. Pervasive in cases of autism
2. Potential as early biomarker for ASD diagnosis
3. Window into how information is processed in the 

autistic brain
– Local, noisy signals over global processing and…
– Disruption of brain areas that use integration and timing to shape 

and guide behavior
– Opportunities for therapies using this information (e.g. ESDM)

4. Opens up questions for translational + basic neuroscience:
– Do these features illustrate broad disruptions in the 

circuitry of the brain that apply to many features of autism?
– Do these disruptions precede and lead to “core” features 

of autism?



Is sensorimotor function “primary” in autism?



Why study sensorimotor function?

(Hensch and Bilimoria, Cerebrum, 2012)

requires integration
of perception (sensory)
and action (motor)
for complex behavior

Does proper sensorimotor development precede 

higher cognitive/emotion development?



Does sensorimotor disruption drive other 
autism behaviors?

(Piven et al., Mol Psychiatry, 2018)

(Amaral et al., TINS, 2008)



Outstanding questions

• How can we use our understanding of 
sensorimotor function to design effective 
therapies?

• Does sensorimotor disruption drive or 
parallel other autism-related behaviors?

• If it does, how does it work and what brain 
areas are involved?



Discuss!

• What questions do you still have about 
sensorimotor function in autism?

• How does this information fit into your 
experience and/or work with autism?
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Cerebellum: 
A key sensorimotor brain area

(Wang, Kloth & Badura, Neuron, 2014)



What does cerebellar function have to do with 

autism?

The cerebellum integrates sensory information to:

• controls timing

• produce a response of the appropriate size

• learn the appropriate action through quick 
adjustments

• potentially applicable to motor as well as 
nonmotor function in autism..



What does cerebellar function have to do with 

autism?

(D’Mello and Stoodley, 2014, Front Neurosci)



50x

36x

10x

1.0x

0.9x

Further evidence of cerebellar involvement in ASD

(Wang, Kloth & Badura, Neuron, 2014)

(Menashe et al., PLoS Comput Biol,2013)

(D’Mello and Stoodley, Front Neurosci, 2015)
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(Giovannucci et al., Nat Neurosci, 2017)

Cerebellar function disrupted 
in ASD mouse models

(Kloth et al., eLife, 2015)



Cerebellar function disrupted in ASD 
mouse models

(Tsai et al., Nature, 2012)

(Tsai et al., Nature, 2012)



A causal role for the cerebellum?

• Stoodley et al., Nat Neurosci
2017

• When right CrusI connection 
weakened, social and repetitive 
phenotypes worsened

• When right CrusI connection 
restored in ASD mouse model, 
phenotypes rescued

• Demonstrated that this finding 
has direct human relevance…



A causal role for the cerebellum?

(Stoodley et al., Nat Neurosci, 2017)



What’s next?
• What exactly is the cerebellum doing in autism 

patients (and, for that matter, neurotypical
individuals)?

• How does this work become relevant to patients?
• What types of sensorimotor environments would 

be best suited to cerebellum in ASD patients?
• Can eyeblink conditioning or another cerebellar 

task become a biomarker?
• Can we intervene at the cellular and molecular 

level and at what timepoint?



Final Words
• Continued basic and translational research on the 

brain is critical for understanding how autism arises.
• This research may uncover explanations and 

mechanisms for individual features of autism, or a 
larger overall mechanism that accounts for all autism 
features.

• Sensorimotor features may be one route to figuring 
this out.

• In the end, this information is intended to help 
individuals who work each day with autism patients, 
and needs to be tailored and delivered as such.



Thank you!
Dr. Sam Wang and members of the 
Wang Lab

Dr. Ben Philpot and members of the 
Philpot Lab

My students: Sara Connolly, Amy Li, 
Adriana Cherskov, Ricky Jones, Ruey Hu, 
Katie Rentschler, Allison Stitt, Kayla 
Kopczynski, Megan Hutzenbuhler, Jade 
Vipond, Karisa Hagena, Heidi Bien

Augustana University Biology 
Department

Collaborators – Johns Hopkins, UCLA, 
Penn, UChicago

Interested in discussing further?

alexander.kloth@augie.edu




