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• Wu et al., Nature Neurosci, 2016  
Genome-wide, integrative analysis implicates microRNA dysregulation in autism spectrum 
disorder 

• Parikshak et al., Nature, 2016  
Genome-wide changes in lncRNA, splicing, and regional gene expression patterns in autism

http://www.nature.com/neuro/journal/v19/n11/full/nn.4373.html
http://www.nature.com/nature/journal/v540/n7633/abs/nature20612.html


• ASD now includes several conditions that used to be diagnosed separately: autistic 
disorder, pervasive developmental disorder not otherwise specified (PDD-NOS), 
Asperger syndrome, and childhood disintegrative disorder 

• These disorders involve a wide range of cognitive and behavioral abnormalities: social 
deficits and communication difficulties, repetitive behaviors and interests, sensory 
issues, deviance in language development, poor motor skills’ and in some cases, 
cognitive delays. 

• About 1 percent of the world population has autism spectrum disorder. (CDC,2014)  

• Prevalence in the United States is estimated at 1 in 68 births. (CDC, 2014) 

• Prevalence of autism in U.S. children increased by 119.4 percent from 2000 (1 in 150) to 
2010 (1 in 68). (CDC, 2014) Autism is the fastest-growing developmental disability. 
(CDC, 2008) 

• Cost of lifelong care can be reduced by 2/3 with early diagnosis and intervention. (Autism 
Society estimate) 

• ASD is almost 5 times more common among boys (1 in 42) than among girls (1 in 189)

http://www.autism-society.org/ 
http://www.cdc.gov/ncbddd/autism/ 
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up to 3 brain regions (frontal cortex, temporal 
cortex, cerebellar vermis) implicated with ASD 
from 242 post-mortem brain samples

identified and quantified 699 miRNAs (552 
documented in miRBase and 147 unknown)

Flow chart of the overall approach
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PCA and hierarchical sample clustering
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Characteristics of samples used in analyses
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17 down-regulated and 41 up-regulated 
miRNA in ASD cortex compared to control

Concordance between FC and TC fold 
changes

Differential expression analyses
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Hierarchical clustering of 95 cortex samples based on top DE miRNAs (FDR<0.05; abs(log2FC) > 0.3)

FDR<0.05; abs(log2FC) > 0.3



9

qRT-PCR validation of 10 differentially expressed miRNAs (n=5-8)

16 are miRNAs differentially 
expressed (at FDR<5%) in both 
cortex and cerebellum
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Weighted Gene Coexpression Network Analysis (WGCNA)
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Pearson correlation coefficients with 
diagnosis and other potential confounders 
and covariates
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Scaled module eigengene values and network plots
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mRNA targets of top DE miRNAs and hub miRNAs in ASD-related modules

top targets that are expressed in the temporal and frontal cortex: 
- targets with the highest predicted targeting efficacy and shared by two or more miRNA 
- the most conserved target sites, which are more likely to have conserved physiological 

roles 

experimentally validated hsa-miR-21-5p in human neural progenitor cells (hNPCs):
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Enrichment of ASD risk genes among the top targets of ASD-affected miRNAs and miRNA modules

ASD SFARI: set of ASD risk genes from the Simons Foundation Autism Research Initiative (SFARI) AutDB database 
ASD only: ASD SFARI genes not overlapping with ID all genes 
ASD/ID overlap: ASD SFARI genes overlapping with ID all genes 
ID all: genes implicated in monogenic form of intellectual disability 
ID only: ID all genes not overlapping with ASD SFARI genes 
ASD rare variants: ASD risk genes implicated by rare variants 
FMRP targets: fragile X mental retardation protein transcripts 
PSD: genes encoding postsynaptic density 
Embryonic: genes expressed preferentially during embryonic brain development 
Chromatin modifiers: genes encoding chromatin modifiers 
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Enrichment of genes affected by de novo ASD variants

Enrichment of overlap with LD-based 
independent genomic regions associated with ASD

DNV: de novo variants in ASD 
LGD: ‘likely-gene-disrupting’ (including nonsense, splice-site and frame shift) 
prb, prbM, prbF: probants: all, male, female 
sib: siblings 
SCZ: individuals with schizophrenia 
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Relationship b/w miRNA and mRNA (101 matching samples
in ‘unpublished observations’) expression changes
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Enrichment for ASD-affected mRNAs and mRNA modules in the top targets of ASD-affected mRNAs

“The upregulated miRNAs and miRNA modules may 
have a contributory role by repressing ASD risk 
genes and neuronal/synaptic genes downregulated 
in ASD.  

The downregulated miRNAs and miRNA module 
may contribute to the upregulation of immune/
inflammatory genes in ASD, but might also have a 
compensatory role given the enrichment of their 
targets for rare protein-disrupting and common 
genetic variants associated with ASD” 
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Experimental validation of hsa_can_1002-m
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RNA-seq workflow DE for entire transcriptome and qRT-PCR validation

584 genes showed increased and 558 - decreased 
expression in idiopathic ASD cortex
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60 lncRNA in the DGE set: hierarchical clustering and enrichment in brain relative to other tissues

most exhibit primate-specific expression patterns in brain 
20 interact with miRNA-protein complexes 
9 - with FMRP 
thus, predicted to affect protein expression through  
miRNA and FMRP interactions 
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Splicing differential analysis and validation

1127 differential splicing events in 833 genes 
in cortex
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Splicing differential analysis and validation
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Attenuation of cortical patterning in ASD

Number of genes DE b/w FC and TC: 
551 in control samples 
only 51 in ASD samples

Attenuated cortical patterning (ACP) set -  
523 genes that show DE in control, but not ASD
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Attenuation of cortical patterning in ASD

Number of genes DE b/w FC and TC: 
551 in control samples 
only 51 in ASD samples

Attenuated cortical patterning (ACP) set -  
523 genes that show DE in control, but not ASD

TF motif enrichment
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Duplication 15q syndrome recapitulates transcriptomic changes in idiopathic ASD
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Duplication 15q syndrome recapitulates transcriptomic changes in idiopathic ASD
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Co-expression network analysis
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Co-expression network analysis
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Related publications from the same lab
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http://www.nature.com/nature/journal/v474/n7351/full/nature10110.html
http://www.cell.com/abstract/S0092-8674(13)01349-4
http://www.nature.com/nrg/journal/v16/n8/full/nrg3934.html
http://www.nature.com/nm/journal/v22/n4/full/nm.4071.html
http://www.nature.com/neuro/journal/v19/n11/full/nn.4409.html
http://www.sciencedirect.com/science/article/pii/S0002929716302804
http://www.nature.com/articles/ncomms10717
http://www.cell.com/fulltext/S0092-8674(16)31451-9
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http://www.nature.com/nature/journal/v538/n7626/full/nature19847.html

