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eYFP

AAV9-c-Fos-tTA-TRE-eYFP (tag fear conditioning memory) 
eYFP • Male and female c57BL/6 mice

• Injections of an adeno-associated virus (AAV) were targeted 
to the dDG such that mice would express the tetracycline 
transactivator (tTA) protein driven by the c-Fos promoter, 
encoding the light sensitive opsin, channelrhodopsin-2 
(ChR2) fused to the fluorescent reporter eYFP under the 
control of the tetracycline response element (TRE)

• Lifetime prevalence of Post-Traumatic Stress Disorder (PTSD) is 7.8% in the U.S.1 

• Currently, unknown why specific subsets of individuals are more vulnerable to 
developing PTSD e.g., women more susceptible1.

• Hallmark symptom of PTSD is fear generalization2-3, where acquired fear responses to 
particular stimuli or contexts are transferred to other stimuli and contexts. May stem 
from memory-updating impairments involving a failure to remap trauma-related 
memory traces in the presence of new info (e.g., safety signals), and the persistent 
recall of these traces in the presence of non-trauma-related contexts / stimuli4-5. 

• Memories are stored as hippocampal engrams6. Here, we assessed these remapping 
deficits at the engram level in wildtype male and female c57BL/6 mice. The stability 
and flexibility of fear-related memory traces in the dentate gyrus (DG) were examined 
using a viral-based neuronal tagging strategy (Tet Tag system)7 combined with 
immunohistochemistry and fluorescent confocal microscopy. 

• Mice were pre-exposed to a safe context (B) and then fear conditioned in context A, 
where the fear memory was tagged. After 24 hours, they were placed in either 
context A or B, followed by the alternate context the next day, to assess fear memory 
and generalization. Mice were then perfused to examine memory overlap for the 
tested context with the tagged fear context. 

• We also examined whether fear generalization or remapping deficits could be 
predicted using a behavioral pre-screening method associated with the acoustic 
startle reflex (ASR) where mice were parsed into susceptible and resilient populations 
based on their response to a startle stimulus delivered acoustically8. In mammals, the 
startle response is an innate reflex marked by swift contractions of facial and skeletal 
muscles triggered by a sudden and intense stimulus9. 

• Fear Memory
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Context A – 
fear context 

Context B – 
safe context 

● red lights
● almond odor
● checkered walls
● perforated 

honeycomb floor 
● no white noise
● Smaller room  

● white lights
● no odor
● metal walls
● electric grid floor 
● white noise 

Context A and B were distinctly different along the 
dimensions of odor, tactile, visual, and auditory cues

Mice received pre-exposure to Context B (Ctx B) to 
promote fear generalization, as mice tend to demonstrate 
higher generalized fear responses in a familiar, 
unconditioned context soon after a fearful experience10

Susceptible (High ASR)
Intermediate (Mid ASR)

Resilient (Low ASR) 1.5mA, 2s 
duration, 4 shocks 

grella_lab

@sgrella.bsky.social

● Males showed higher startle responses – this is contrary to our original hypothesis. However, this has been shown in the literature previously11. 
● Mice will typically show fear generalization in a context they are familiar with10 ; Pre-exposure to the safe context promoted generalization there. 
● There were no sex differences in fear conditioning, fear memory recall, or fear generalization, however, female mice reached peak freezing 

earlier than males during recall in context A, in a manner predictive of the shock received during conditioning.
● There was a positive correlation between freezing in context B and startle reactivity in females. Therefore, ASR may be a viable behavioral 

screen of fear generalization in females. 
● In the context of remapping deficits, mice placed in a safe environment (A/B) exhibited a similar degree of neural overlap as those returned to 

the original fear context (A/A). Given that these mice also displayed fear generalization, our findings support the hypothesis that impairments in 
memory updating—specifically in remapping contextual representations—may underlie fear generalization in PTSD.

● We will add a group that does not receive pre-exposure to the safe context (hypothesizing this group will show less generalization 
and fewer overlaps). We also plan to run a cohort using an outbred strain (e.g., Swiss Webster) assuming more genetic variability will 
lead to more phenotypic variability. Finally, we will try and rescue these deficits via phasic activation of the locus coeruleus. 
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Males (n=22) showed higher startle compared to females (n=21) for each acoustic stimulus. Mice did not freeze during 
pre-exposure to context B

Mice froze post-shock in context A. Mice 
demonstrated increased freezing with each 
successive shock
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High

Peak startle responses (VMax) to 
stimuli were averaged, and mice 
were parsed into 
Low (<700; n=16)
Mid (700-1000; n=14) 
High (>1000; n=15) 

We categorized the Low as 
Resilient and High as Susceptible
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Context B Context A 

Pre-exposure to both a 
safe context and then 
subsequent exposure to a 
fear-related context can 
modulate generalization 
of contextual fear10

FEAR GENERALIZATION 
No sex differences in fear 
generalization, however, female 
mice reached peak freezing 
earlier than males during recall in 
context A, in a manner predictive 
of the shock received during 
conditioning (180-360s interval)

Context A
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ACOUSTIC STARTLE RESPONSE CONTEXT PRE-EXPOSURE FEAR CONDITIONING REMAPPING DEFICITS 
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) Context B

There were no differences in across all cell counts - 
engrams were the same size.
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Y = 0.03096*X + 10.90

r=0.41
R-squared = 0.1721
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Y = 0.03824*X + 17.36

r=0.52
R-squared = 0.2683
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Y = 0.04215*X + 19.21
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R-squared = 0.3135
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R-squared = 0.1827

Positive correlation 
between freezing in 
context B and startle 
reactivity in females.

RESULTS
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demonstrated just as much 
overlap as mice that were 
returned to the fear context (A/A) 
confirming our hypothesis. 

There were no sex differences. 
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