Environmental enrichment enhances resilience: Implications
for public health policy?
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The ePGS approach provides a method by which to identify
mechanisms underlying gene x environment interactions
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Models for gene x environment interaction
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Mouse model of “resilience”

Environmental Enrichment

Dampens stress reactivity
Enhances ‘recovery’ post-stress
Decreases anxiety/depression
Reduces inflammation
Enhances metabolic health




Brain-wide structural correlates of susceptibility and
resilience to chronic stress
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Hippocampal neurogenesis confers stress resilience
by inhibiting the ventral dentate gyrus
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Environmental enrichment activates molecular signals that
drive neuronal differentiation and neurogenesis
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Environmental enrichment increases transcriptional
and epigenetic differentiation between mouse

dorsal and ventral dentate gyrus
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% Brain Volume

Enrichment increases hippocampal volume (MRI)
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Enrichment promotes increases hippocampal

neurogenesis
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Enrichment promotes ‘resilience’ to effects of chronic social defeat

Experimental mouse New aggressor
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Enrichment promotes ‘resilience’ to effects of chronic social defeat

Experimental mouse New aggressor
élntruder) (x 10 days)

Aggressor Aggressive Sensory
mouse encounter contract
(5 min) (24 hr)

Chronic Social Defeat

Increases anxiety/depression
Increases inflammation
Impairs metabolic health
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Mouse model of “resilience”

Environmental Enrichment vs Standard housing
(Post-Weaning to Day 70)

\

RNAseq ventral hippocampal dentate gyrus
(Day 90)
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Differentially Expressed Genes (FDR <0.1)
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Calculation of an Environmental Enrichment polygenic

-

.

|dentify DEGs
(EE > STD)

\

J

score for human data sets

/Identify functional |

— SNPs (eQTLs) -

_expression of DEGs

-

.

Weight SNPs by

~

effect on expression

J
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Calculation of an Environmental Enrichment polygenic
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Does an environmental enrichment ePGS confer resilience
among highly stressed humans?
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PHQ-9 Scores
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Enrichment ePGS (vHipp) moderates the effect of stress
on depressive symptoms (PHQ-9)
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Enrichment ePGS (vHipp) moderates the effect of stress
on probability of Mood Disorder
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Does Experience Enhance Cognitive
Flexibility? An Overview of the
Evidence Provided by the
Environmental Enrichment Studies
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Maternal Depressive Symptoms and Risk for Childhood
Depression: Role of Executive Functions
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Executive function serves as a source of resilience to
effects of Early Life Adversity (ELA)
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High-Risk sample:  Penn State Child Maltreatment Cohort
Population sample: Adolescent Brain Cognitive Development (ABCD) cohort
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Classroom-based

Interventions targeting Evelyn Law (ASTAR/NUS)
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Mental Health Symptoms

Model for gene x environment interaction
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Recent feelings of tiredness or low energy

1.8 -

1.7

16 -

15 +

UKB Male = No Stress Exposure
Recent feelings of tiredness or low energy

-25 0.0 25
ePGS EE-DEG Males

P=0.80; B=-0.001

Recent feelings of tiredness or low energy

18 -

-
~
1

-
o
1

15 -

UKB Male = With Stress Exposure
Recent feelings of tiredness or low energy

23 0.0 25 5.0
ePGS EE-DEG Males

P=0.012; B=-0.014; FDR= 0.04*




Recent lack of interest or pleasure in doing things
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Enrichment ePGS (vHipp) moderates the effect of stress
on probability of Mood Disorder
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Expression-Based Polygenic Scores (ePGS)

Gene co-expression network
(RNA sequencing data)
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