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Ischemic stroke

• Disease of aging
• Most strokes in people > 65 years

• Elderly shows higher mortality and poorer quality of life after stroke 
compared to young

• Sexually dimorphic disease (age modifies the influence of sex)

• These factors are often ignored in preclinical research
• Most preclinical studies have used only young, male animals
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• Complex factors underlying worsened stroke 

outcome in the elderly thus remain poorly 

understood, particularly in females



Experimental design

• Female young (3m) and aged (18m) mice

• Permanent middle cerebral artery occlusion (MCAO) to model ischemic 
stroke (STAIR recommendation)

• Brains (penumbral cortex) collected at 3 days after MCAO and analyzed by 
RNA-Seq
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Hypotheses

• Two components underlie aggravated stroke outcome in aged animals:
1) Changes during normal aging making brain more susceptible to ischemic injury

2) Difference in the response between young and aged brain leading to secondary injury 
and impaired regeneration
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Changes with 

physiological aging

Different response to 

ischemic impact
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Aging is accompanied with increased 
neuroinflammation involving primarily glial cells

• Minor changes detected in 
aged control brain
• 52 genes UP, 13 genes DOWN

• Altered processes associated 
with increased inflammation and 
axonal degeneration

• Metanalysis identified 
involvement of pro-inflamatory
astrocytes and microglia
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Aging alters the magnitude of the 
transcriptional response to ischemic stroke
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Neuroprotective genes?

Detrimental genes?



Stroke does not activate neuroprotective 
pathways in young compared to aged mice
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Combination of aging and stroke leads to massive 
activation of type I interferon signaling and aggravated 
inflammatory response
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Combination of aging and stroke leads to massive 
activation of type I interferon signaling and aggravated 
inflammatory response
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Age-dependent activation of type I IFN regulatory modules 
after stroke
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Age-dependent activation of type I IFN regulatory modules 
after stroke
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Temporal and cell-specific analysis of IFN-I signaling in 
young and aged mice after stroke
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Summary

• Brain aging is accompanied by increasing 
inflammation involving primarily glial cells

• Transcriptional response to stroke is highly similar in 
young and aged brain and differs primarily in 
magnitude

• Differential stroke outcome is associated with over-
activation of pro-inflammatory pathways in aged 
mice, rather than activation of neuroprotective 
program in young mice

• Increased activation of IFN-I signaling represents a 
key difference in response to stroke between young 
and aged mice

• Microglia and oligodendrocytes, but not astrocytes 
and endothelial cells massively upregulate IFN-I 
signature following stroke
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Implication for stroke treatment

• Targeting IFN-I signaling

• Targeting cell populations 
responsible for IFN-I signaling
• In progress...
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• Targeting inflammatory response
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