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Research

1. Neurodevelopmental and neurodegenerative disease 

Focusing on autism spectrum disorders (⾃闭症), 

dementia (痴呆), and repair of the damaged nervous 

system.

2. Genetics, genomics, neurobiology and system biology
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Section 4. Identification of potential miRNA drivers

Section 5. Identification of small molecules normalizing the modules

Summary



Neurodegeneration Dementia

Comparison of a normal aged brain (left) and the brain of a person with Alzheimer's disease (right)

---- Wikipedia



Vulnerable variation of brain areas on tau-induced neurodegeneration
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Neurodegenerative dementias and their related genes

• Frontotemporal 
dementia (FTD)

• Alzheimer’s disease (AD)

• Progressive 
supranuclear palsy (PSP)

• microtubule-associated 
protein tau (MAPT)

• granulin precursor (GRN)

• chromosome 9 open 
reading frame 72 (C9orf72)

额颞叶痴呆

阿尔茨海默病

进⾏性核上性麻痹



Weighted gene co-expression network analysis (WGCNA)

Peter Langfelder et al., BMC Bioinformatics (2008)



Term Definition

Co-expression network

undirected, weighted
Node: gene expression profile

Edge: determined by the pairwise correlation 
between gene expressions.

Module cluster of highly interconnected genes

Module eigengene
the first principal component of a given

module; can be regarded as a representation of the 
module

Hub gene Genes inside a co-expression module tending to 
have high connectivity

Peter Langfelder et al., BMC Bioinformatics (2008)

Weighted gene co-expression network analysis (WGCNA)
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Schematic of the experimental design

TPR50 mice: overexpressing tau!"#$% mutation in the human MAPT gene (4R2N isoform)



All of three F1 crosses share key features of the disease

Accumulation of hyper-phosphorylated tau in the cortex and hippocampus



All of three F1 crosses share key features of the disease

Microgliosis
(⼩胶质细胞增⽣)

Astrogliosis
(星形胶质细胞增⽣)
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Identification of 4 mRNA modules in cortex

Hyper-phosphorylated tau: a 
disease marker of FTD and AD

neurodegeneration-associated synaptic (NAS)
neurodegeneration-associated inflammatory (NAI) 

ME = module eigengene (i.e., PCA1)



Trajectory of the module eigengene



Coexpression-PPI network 
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NAS and NAI are preserved across different public 
datasets

Measures module’s network preservation (network structure similarity)
Peter Langfelder et al., PLoS Computational Biology (2011)



NAS and NAI are preserved across different public 
datasets



Preservation in newly generated human mRNA-seq data



Similar expression patterns at the mRNA and protein level



NAS and NAI are specific to neurodegenerative 
syndromes



Assessment of genetic risk within modules

AD FTD PSP

DNA level

mRNA level

Pathway 2Pathway 1

Pathways converge?
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Identification of two miRNA modules



Enrichment of miM16 module miRNA predicted targets in the mRNA 
modules



miR-203 expression and protein level of its predicted targets in 
human



Overexpression of miR-203 in vitro (cortical mouse neuronal 
cultures)

DIV = days in vitro

control
sc = scrambled



Overexpression of miR-203 in vitro (cortical mouse neuronal 
cultures)

Increased number of apopstosis cells



Overexpression of miR-203 in vitro (cortical mouse neuronal 
cultures)

Luciferase reporter assay Western blot



Overexpression of miR-203 in vivo (WT mouse)
AAV =  adeno-associated virus (system)



Overexpression of miR-203 in vivo (Tg4510 mouse)
overexpressing a mutant form of human tau



Inhibition of miR-203 in vivo (Tg4510 mouse)

TuD = Tough Decoy
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Brief introduction of CMap database

Cmap_old: https://portals.broadinstitute.org/cmap/
Cmap_new: https://clue.io

https://portals.broadinstitute.org/cmap/


Identification of  small molecules predicted to reverse the NAS or NAI 
changes



Scriptaid inhibition of miR-203-induced cell death in vitro

DMSO = dimethylsulfoxide
(control)



SAHA inhibition of miR-203-induced cell death in vitro

SAHA = suberanilohydroxamic acid (i.e., vorinostat, 伏⽴诺他)



Background

Section 1. Experimental design

Section 2. Identification of disease-relevant mRNA modules

Section 3. Reproducibility of modules across mouse and human 

Section 4. Identification of potential miRNA drivers

Section 5. Identification of small molecules normalizing the modules

Summary



l Identifying two neurodegenerative dementia-relevant gene 
coexpression modules that are preserved in mice  and human

lOverexpression of miR-203, a hub of a putative regulatory miRNA 
module, recapitulates mRNA coexpression patterns, establishing this 
miRNA as a regulator of neurodegeneration

l Identifying small molecules that can normalize the disease-
associated modules and validating this experimentally



Thanks for 
attention!


