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Pathway Enrichment AnalysisBackground
•Prenatal stress (PS) is linked to 

increased risk for neuropsychiatric 
disorders in offspring, including 
autism spectrum disorder (ASD)1 
•Many with ASD show enlargement 

and hyperconnectivity of the dorsal 
striatum2 
•Medium spiny neurons (MSNs) are 

the principal neurons of the 
striatum, with Drd1 & Drd2 subtypes
•Drd2 antagonism can ameliorate 

some ASD-like behaviors in mouse 
models4

•Pharmacological manipulation of 
MSNs during interval timing results 
in delayed response times and 
altered time-related neural activity5

Striatal Cell Types

Hypothesis: PS will lead to:
1. Changes in striatal gene expression, especially in the domain of synapse 

function. 
2. Striatal-dependent behavioral deficits, including in procedural learning and 

interval timing.
3. Altered physiological activity of MSNs during interval timing. 

Methods
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Offspring Outcomes:
Single-cell RNA sequencing (scRNAseq): Dorsal striatum

Behavior: Open field, Rotarod, and interval timing

Recording: Multielectrode array recordings from the 
dorsomedial striatum during interval timing

Stress: E12 - Birth Standard Rearing & 
Weaning

8 – 17-week-old 
offspring

Prenatal stress (PS): 45-min sessions of restraint & bright 
light, 3x daily, from embryonic day 12 through birth in CD-1 
mice. 

1 Results: scRNAseq

Cell Clustering
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2 Results: Behavior

Open Field

Rotarod

Interval Timing

3 Results: Recording

Conclusions
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DAVID PANTHER
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Prenatal stress led to:

• Transcriptional changes that were consistent across distinct 
striatal cell types
• Synaptic- related pathways were enriched among 

upregulated DEGs
• Translation- related pathways were enriched among 

downregulated DEGs
• Significant overrepresentation of ASD-associated genes 

among DEGs in Drd1 and Drd2 MSNs

• Enhanced procedural learning on Rotarod and earlier switch 
times in the interval timing task

• Changes in striatal MSN physiology (more ramping neurons 
and faster ramping) that may contribute to earlier switch 
times
• May reflect possible ↑ in glutamatergic input from cortex
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n = 4 CTL males; 4 PS males

Example Neurons Peri-Event Time Histograms

Multielectrode arrays were 
implanted in the 
dorsomedial striatum of 
mice previously trained on 
the interval timing task (n = 
4 CTL; 4 PS). Recordings 
were taken during interval 
timing behavior. MSNs were 
identified and characterized 
in further analyses (n = 80 
CTL neurons; 76 PS 
neurons).

ß Some MSNs display timing-related ramping 
activity over the first 6 seconds of the trial.

Percent Ramping MSNs Ramping Slope

CTL
PS

***Chi-Squared Test: 
p = 4.28E-05

In PS, a higher percentage of MSNs display timing-related ramping activity. 
MSNs also display greater changes in firing rates in PS – i.e. faster ramping.  

Total Distance Traveled Time in Center Zone

Training Learning Coefficient

Task Diagram Mean Switch Time

Trial 
start

Short trial:
6 seconds

OR Long trial:
18 seconds

“Switch”Reward after 
6 seconds

Reward after 
18 seconds

1

Avg(trials 9 & 10) - Avg(trials 1 & 2) = Learning Coefficient

ASD-associated genes from the 
SFARI Gene database were highly 
overrepresented among genes 
that were differentially expressed 
after PS in Drd1 and Drd2 MSNs. 

Pathway enrichment analysis was 
run on the overlapping genes 
using both DAVID and PANTHER, 
revealing synaptic-related 
pathways.

IPA comparison analysis was performed on the cell types with significant pathway 
enrichment analysis results, showing consistent changes across cell types.

***Fisher’s Exact Test: 
p = 8.59E-23

***Fisher’s Exact Test: 
p = 3.30E-11

Previously described by Bruce et al.5,6

Drd1 MSNs Drd2 MSNs

Overlap with SFARI Genes


