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Early Life Stress (ELS) sensitizes response to future stress

•  Adapted from McLaughlin et al., 2010
• Sidamon-Eristoff, Cohodes, Gee, Peña. Dev Psychobio (2021) 

• Peña et al., Science (2017) 
• Peña et al., Frontiers Behavioral Neuroscience (2019) 
• Peña et al., Nature Communications (2019) 
• Peña, Neurobiology of Stress (2025)
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Rodent models of early-life stress and resilience
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Developmental milestones across species

• Adapted from Chini & Hanganu-Opatz, Trends in Neuro (2021) 
• Peña, Neurobiology of Stress (2025)
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How does early-life experience prime later stress response?

➡ Cellular level 

➡ Molecular level



Long-lasting molecular changes across brain regions
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GO enrichment: 
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RNA-seq  
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• Peña et al., Science (2017) 
• Peña et al., Nature Communications (2019)



Early-life stress primes the epigenome 
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• Rashford et al. BioRxiv 2024
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Epigenome priming increases stress sensitivity
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ELS elevates the enzyme that catalyzes 
H3K4 monomethylation

• Geiger, Balouek et al. BioRxiv 2024 



Epigenome priming increases stress sensitivity
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Epigenome priming: an opportunity for resilience?

• Can epigenome priming (by stress?) also prime response to enrichment 
and positive experiences?



Upstream regulation by thyroid hormones
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Promoting resilience after stress by restoring thyroid hormones

Std
ELS

ELS
-LT

4
Std

ELS

ELS
-LT

4
0

50

100

150

So
ci

al
 in

te
ra

ct
io

n 
tim

e 
(s

)

AMAB

*

CNSDSControl Adult StressControl

St
d
EL
S

EL
S-
LT
4

St
d
EL
S

EL
S-
LT
4

0

1

2

3

Otx2

Control CNSDSAdult StressControl

TranscriptionBehavior

• Bennett, Chang et al., Hormones and Behavior (2024) 
• And unpublished

Adult Social Defeat Stress

S
us

ce
pt

ib
le

 ←
 →

 R
es

ili
en

t



Gaps: targeting brain development itself to restore resilience

• Can targeting upstream regulators of brain development (e.g., thyroid 
hormones) re-align these trajectories and prevent a plethora of risks?
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