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Down syndrome?

Overview of research in Down Syndrome: 
Guided by the NIH Down Syndrome Research Plan



What is our common goal?
Å Increase quality of life of those with 

Down syndrome
ÅDecrease health effects of extra 

chromosome 21

Why is this a challenge?
ÅNot a change in a single gene
Å Increased dosage of many genes
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Trisomy 21: increased dosage of chromosome 21 genes
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Your needs guide the research priorities 

Your participation combined with new 
research tools help to reach those goals



Models systems are 
critical for 
understanding 
pathophysiology 
and disease 
progression

Research Tools
Mouse chr16

Mouse chr10

Mouse chr17

Human
chr21

https://www.nih.gov/news-events/nih-research-matters/comparing-mouse-human-genomes



Human
chr21

Ts65Dn

Research Tools: Mouse models
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Mouse models
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Research Tools: Mouse models



Research Tools: Induced pluripotent stem cells (IPSC)

Body cell



Pathophysiology

Effect of genetic 
variants

Disease progression

Effect of chr21 
gene dosage

Treatment targets

Drug screening

Treatment effects

Reaching our goals through an iterative process



Down Syndrome Directions 
National Institutes of Health Research Plan on Down Syndrome 

ÅPathophysiology and Disease Progression

ÅDown Syndrome-Related Conditions: 
Screening, Diagnosis, & Functional Measures 

ÅDown Syndrome and Aging 

ÅTreatment and Management 

ÅResearch Infrastructure 

Understanding the consequences of trisomy 21



ÅPathophysiology and Disease Progression

Use model systems to characterize:
Å Synaptic function
Å Vesicular trafficking
Å Mitochondrial function
Å Neuronal spine development
Å APP processing and signaling pathways



Å Detects and stores new information

Å Binds together pieces of information 

Åά¢ŀƭƪǎέ ǘƻ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ōǊŀƛƴ ǘƻ 
store and update knowledge 

ÅIŜƭǇǎ ƳŀƪŜ ŀ άƳŀǇέ ƻŦ ǘƘŜ ǿƻǊƭŘ ƛƴ 
our brain. Memories are best recalled 
when this map is in place

One target - hippocampus and 
surrounding brain cortex

Memory and learning systems impaired in Down syndrome: 
Hippocampal defect

http://www.lumindfoundation.org/
http://www.lumindfoundation.org/


Dierssen, 2012

DS mouse

Inhibitory 
neurons

Excitatory 
neurons

Wild type 
mouse

Memory and learning systems impaired in Down syndrome: 
Hippocampal defect



Understand the genes involved in alteration 
of brain formation: e.g., DYRK1A

Dierssen, 2012



Gardiner, 2008





Alzheimer disease and aging

Birth defects
Survival to term

Cognition and behavior

ÅPathophysiology and Disease Progression

Identify factors that explain variation in outcomes


