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Introduction

Autism, clinically known as autism spectrum 
disorder (ASD), is a heritable and heterogeneous 
neurodevelopmental disorder with core symptoms 
that include difficulties with social interaction and 
communication, as well as repetitive behavior(1).  ASD 
is thought to be quite common with a prevalence 
approaching 1% in the worldwide population; additionally, 
due to its broad disease spectrum and sometimes 
ambiguous symptoms, it is likely that many people 
go undiagnosed.  Defining the underlying genetic and 
molecular mechanisms responsible for ASD has been 
elusive, and currently no single gene mutation accounts 
for more than 1% of ASD cases.  In support of this, a 
recent study, which investigated more than 35,000 human 
samples by whole exosome sequencing, identified 102 
high-risk genes of which 53 were strongly associated 
with ASD(2).  These investigators aligned these high-risk 
ASD associated genes into 4 functional groups: 1. Gene 
expression and regulation, 2. Neuronal communication, 
3. Cytoskeleton, and 4. Other.  The cytoskeleton has 
been shown to play a critical role in learning and 
development as well as neuronal development; thus, it is 
not surprising that dysfunction in cytoskeletal genes may 
play a fundamental role in ASD.  Below we summarize 
findings of three distinct ASD high-risk genes and the 
recent studies that highlight how they dysregulate the 
cytoskeleton and contribute to ASD progression.

Cytoskeletal Proteins, high-risk ASD genes

In the recent whole exosome study highlighted above, 
six cytoskeleton genes (GFAP, CORO1A, PYT7, DYS2A, 
MAP1A, and SPASTN) were identified as predominant 
ASD high-risk targets, but surprisingly very few studies 
have been performed to understand the mechanistic role 
for these proteins in ASD.  A recent study characterized 
the C58/J inbred mouse strain as a potential ASD 
mouse model(3).  This mouse line displays low sociability, 
impaired communication, and stereotyped behavior, 
which aligned well with the core features of ASD.  
They found distinct changes in dendritic spine density 
and morphology and using in silico studies identified 
single nucleotide polymorphisms in MAP1A and other 
genes.  As the association between these cytoskeletal 
related genes and their links to ASD have only recently 
been identified, it will be interesting to learn about the 
pathways, processes, and mechanisms they modulate 
to induce ASD.

PAX1 a high-risk ASD target may be a link to ASD-
associated hearing loss

Rho small g-proteins are a family of GTPases that act 
as molecular switches to regulate an array of cellular 
process and is well established as a critical regulator 
of the cytoskeleton.  Recently, the Rho GTPase family 
of proteins has been implicated as key contributors 
to ASD(4), and more than 20 genes (see figure 1) 
encoding Rho GTPase regulators and effectors are 
listed as ASD risk genes by Simons foundation autism 
research initiative. A recent study by Urresti et al. 
generated cortical organoids from skin fibroblasts of 
patients with 16p11.2 copy number variant (CNV), 
which is the most common CNV associated with ASD.  
Transcriptomic and proteomic profiling identified several 
dysregulated cellular processes in this model; including, 
neuronal migration, actin cytoskeleton, and synaptic-
related functioning.  Altered 16p11.2 CNV resulted in 
increased active RhoA in this organoid model, which 
were critical for the migration defects.  Another example, 
PAX1, which is a RhoA family effector protein has 
been identified in patients with ASD and/or intellectual 
disability (5, 6). One study found that gain of function 
mutations in PAX1 influence actin dynamics and neurite 
outgrowth as a potential mechanism.  Another recent 
study investigated the role of PAX1 in hearing loss(7), 
as deafness can be identified in some ASD patients. In 
PAX1 null mice significant hearing loss was observed, 
which they attributed to enhanced apoptosis of hair cells 
as well as decreased hair cell synapse density due to 
decreased cofilin phosphorylation; a result of PAX1-
deficient, downstream kinase signaling. Importantly, 
this may be a crucial molecular link between ASD and 
hearing impairment. 

Figure legend: Overlap of human gene sets of RhoGEFs, RhoGAPs, 
and Rho effectors with autism spectrum disorder (ASD) risk genes in 

Simons foundation autism research initiative (SFARI).
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Cullin 3 modulates downstream cytoskeletal targets in ASD

Several other prominent genetic screens have been performed to 
identify causal or high-risk genes associated with ASD that has 
produced hundreds of additional candidates involved in processes like 
transcription, chromatin remodeling, and synapse regulation(8, 9).  One 
protein of interest Cullin 3 (Cul3) was identified in multiple studies(10, 

11) but interestingly is an E3 ubiquitin ligase and does not specifically 
fall within the aforementioned cellular processes. So how does Cul3 
regulate autism?  A recent study by Morandell et al. determined that 
Cul3 is critical for early neuronal development and plays a critical role 
in neuronal migration(12).  Specifically, it regulates levels of Plastin 3 to 
control the speed of neuronal migration. In their study, Cul3 deficiency 
led to disorganized actin architecture at the cell front, and this effect 
was mimicked by Plastin 3 overexpression. Another group also studying 
Cul3 haploinsufficiency determined using transcriptomic and proteomic 
profiling that the cytoskeletal defects was a key driver in Cul3 functional 
impact in this ASD model(13).  In their model they found reduced actin 
puncta in Cul3 deficient mouse neuronal cells.  Interestingly, they 
observed higher levels in total and active RhoA, and inhibition of RhoA 
was sufficient to reverse the adverse phenotypes. These studies highlight 
the importance of Cul3 in early neuronal development and identify 
multiple downstream targets that converge on the actin cytoskeleton, 
identifying a critical axis that may be disrupted in ASD.

Summary

Autism is clearly a complex disease that requires the dysregulation and 
modulation of a multitude of genes, signaling pathways, and cellular 
processes that lead to impaired social behavior and communication.  
The highlighted studies describe a very narrow focus of recent work 
seeking to define the molecular underpinnings that may contribute to 
ASD progression with a particular focus on the role of the cytoskeleton.  
Clearly the normal function of the cytoskeleton is  disrupted in ASD; 
however, there is still much to learn about the role of the cytoskeleton 
in ASD; for example, whether or not disruption of specific cytoskeletal 
targets alone sufficient to drive ASD and are they suitable targets for 
intervention. 
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Product Assays Cat #

Tubulin polymerization HTS assay using >97% pure tubulin
OD based - Porcine

24 BK004P

Tubulin polymerization assay using >99% pure tubulin
OD based - Porcine

24-30 BK006P

Tubulin polymerization assay using >99% pure tubulin
Fluorescence based

96 BK011P

Microtubule Binding Protein Spin-Down Assay Biochem Kit 50-100 BK029

Microtubule/Tubulin In Vivo Assay Biochem Kit 30-100 BK038

Tubulin Kits
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Product Assays Cat. #
Actin Binding Protein Spin-Down Assay Biochem Kit
Human platelet actin

30-100 BK013

G-Actin/F-actin In Vivo Assay Biochem Kit
Measure the distribution of monomer and polymer actin

30-100 BK037

Actin Biochem Kits

Unlabeled Actins Amount Cat . #
Actin Protein
Rabbit skeletal muscle

4 x 250 µg
2 x 1 mg
5 x 1 mg
10 x 1 mg
20 x 1 mg

AKL99-A
AKL99-B
AKL99-C
AKL99-D
AKL99-E

Actin Protein
Rabbit skeletal muscle

1 x 1 mg
5 x 1 mg

AKL95-B
AKL95-C

Actin Protein
Bovine cardiac muscle

1 x 1 mg
5 x 1 mg

AD99-A
AD99-B

Actin Protein
Smooth muscle, chicken gizzard

1 x 1 mg
5 x 1 mg

AS99-A
AS99-B

Actin Protein
Human platelet, non-muscle

2 x 250 µg
1 x 1 mg
5 x 1 mg

APHL99-A
APHL99-C
APHL99-E

Pre-formed Actin Filaments
Rabbit skeletal muscle

1 x 1 mg
5 x 1 mg

AKF99-A
AKF99-B

Unlabeled Actin Proteins
Purified Tubulins and MAPs

Product Amount Cat #
Tubulin protein (97% pure)
Source :  porcine brain

1 x 4 mg
1 x 40 mg

HTS03-A
HTS03-B

Microtubule associated protein rich fraction
Source : porcine brain

1 x 100 µg
5 x 100 µg

MAPF-A
MAPF-C

Tau protein
Source : bovine brain

1 x 50 µg
3 x 50 µg

TA01-A
TA01-B

Tubulin protein (>99% pure)
Source : porcine brain

1 x 1 mg
5 x 1 mg

T240-A
T240-B
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