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Important Terms
cFOS+

regulate genes that are 
switched on or repressed 
depending on influences 

from external stimuli. 4-hydroxytamoxifen 
(4-OHT)

4-OHT is a compound that can 
specific activate these ERT2 

receptors (estrogen receptor) and 
initiate the express of the Cre-

dependent tdTomato stain.

Memory Engram
the enduring physical or 
chemical changes that 
occur in brain networks 

upon learning 
representing acquired 
memory information



Optogenetics
Scientists genetically engineer 
neurons to produce light-
sensitive proteins known as 
opsins. Opsins permit the 
transmembrane movement of 
ions (causing an action potential) 
so scientists are able to use light 
to control specific neuron firing.
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Previous Studies
Previously Identified Engram Regions
● Hippocampal subfields
● Amygdala subregions
● Retrosplenial cortex 
● Prefrontal cortex

”Indeed, early limited studies supported [Semon’s engram concept] for contextual fear 
memory. While these findings enhanced our understanding of engram-based memory 
storage, a thorough mapping of a unified engram complex for a specific memory has been 
a challenging endeavor.“



Previous Studies
● Optogenetic stimulation of hippocampal engram activates fear memory recall.

○ [PMC free article] [PubMed] [Google Scholar]

● Wiring and molecular features of prefrontal ensembles representing distinct 
experiences. 
○ [PMC free article] [PubMed] [Google Scholar]

● Distinct neural circuits for the formation and retrieval of episodic memories.
○ [PMC free article] [PubMed] [Google Scholar]

● Memory retrieval by activating engram cells in mouse models of early 
Alzheimer’s disease.
○ PMC free article] [PubMed] [Google Scholar]

● Bidirectional switch of the valence associated with hippocampal contextual 
memory engram.
○ [PMC free article] [PubMed] [Google Scholar]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3331914/
https://pubmed.ncbi.nlm.nih.gov/22441246
https://scholar.google.com/scholar_lookup?journal=Nature&title=Optogenetic+stimulation+of+a+hippocampal+engram+activates+fear+memory+recall&author=X+Liu&volume=484&publication_year=2012&pages=381-385&pmid=22441246&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5708551/
https://pubmed.ncbi.nlm.nih.gov/27238022
https://scholar.google.com/scholar_lookup?journal=Cell&title=Wiring+and+molecular+features+of+prefrontal+ensembles+representing+distinct+experiences&author=L+Ye&volume=165&publication_year=2016&pages=1776-1788&pmid=27238022&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5586038/
https://pubmed.ncbi.nlm.nih.gov/28823555
https://scholar.google.com/scholar_lookup?journal=Cell&title=Distinct+neural+circuits+for+the+formation+and+retrieval+of+episodic+memories&author=DS+Roy&volume=170&publication_year=2017&pages=1000-1012&pmid=28823555&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4847731/
https://pubmed.ncbi.nlm.nih.gov/26982728
https://scholar.google.com/scholar_lookup?journal=Nature&title=Memory+retrieval+by+activating+engram+cells+in+mouse+models+of+early+Alzheimer%E2%80%99s+disease&author=DS+Roy&volume=531&publication_year=2016&pages=508-512&pmid=26982728&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4169316/
https://pubmed.ncbi.nlm.nih.gov/25162525
https://scholar.google.com/scholar_lookup?journal=Nature&title=Bidirectional+switch+of+the+valence+associated+with+a+hippocampal+contextual+memory+engram&author=RL+Redondo&volume=513&publication_year=2014&pages=426-430&pmid=25162525&
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Hypothesis
A specific memory is stored in functionally 
connected engram cell ensembles that are widely 
distributed across multiple brain regions and are 
activated by natural recall cues. This is not an 
original hypothesis but part of Richard Semon and 
Donald Hebb’s theory of synaptic plasticity.

Evidence Supporting Hypothesis:
● Gene expression is altered by 

widespread, behaviorally-defined 
neural circuits. 

● Distributed brain regions 
involved in memory formation 
have been identified. 

● Engram cells have been 
identified in hippocampal 
subfields and the amygdala. 
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Test Groups
Group 1: Home Cage Group
Mice that received 4-hydroxytamoxifen (4-OHT) 
and stayed in their home cage
Group 2: CFC Group 
Mice that received 4-OHT and contextual fear 
training and then went back into their home cage
Group 3: Recall group
Mice that received 4-OHT and contextual fear 
training and then after CFC were tested for fear 
memory recall.
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Methods
● The brains of the mice were processed using the 

SHIELD technique to preserve endogenous tdTomato 
fluorescence and the tissue structure.

● They created a list of engram-containing regions of the 
brain. From this data they were able to form an engram 

index. 
● To verify their engram index, the scientists found the 

overlap between tdTomato and recall-activated cFos+ 
neurons.

● They used optogenetics (control neurons through 
light) to test memory recall.

- Dorsal CA1 and BLA engram cells were used as 

positive controls because they show significant 
memory recall when optogenetically activated. 
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New Engram Regions Discovered
● LDTg - emotional arousal under adverse conditions
● Anterior hypothalamic nucleus (AHN) - expression of conditioned fear 

behaviors
● RE Thalamus - contextual memories, specifically discerning similar 

environments (supports the idea that thalamic ensembles don’t solely play a 
passive relay role)

● Ventrolateral orbital area (VLO) - long-term memory retention
● AM thalamus - context-specific, high valence memories
● Periaqueductal gray (PAG) - freezing behavior
● Paraventricular (PVT) Thalamus - arousal, stress, emotional memory, and 

motivation.
*Note: many of these functions are just possibilities and have not been fully confirmed yet.



Engram Index

The scientists devised an engram index that 
ranks the possible engram cell complexes. 
This index is signified by two parts:
1. Calculation of the average number of 

cFos+ neurons during memory 
encoding as compared to home cage.

2. Calculation of difference between 
activation levels in memory encoding 
and recall.



Engram Index
Brain regions that have an increase in 
activation levels during encoding as compared 
to home cage and don’t have much difference 
between encoding and recall activation levels 
are placed highest on the engram scale. 

To the scientists surprise, they found some 
regions with a higher recall activation than 
compared to memory encoding. They believe 
that this is because of some unknown recall 
enhancing process.
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Summary
The engram index is based on the concept that engrams are 
held by neuronal ensembles that are activated by learning 
and are reactivated to support recall. The rain-wide engram 
mapping experiments revealed that certain brain regions 
exhibit higher recall activation as compared to CFC memory 
encoding. While there have been previous studies on brain 
mapping, this study permits a more complete map that shows 
the different roles that different parts of the brain play in 
memory and provides more support for the hypothesis.



Future Research
Future studies can, using the extensive brain mapping of this 
study, generate a more extensive map of engram cell ensembles 
that includes the identification of their functional connectivity as 
well as the mnemonic functions of individual ensembles.

Although this study provides evidence supporting the concept 
that a memory is stored in a functionally connected engram 
ensembles’ complex distributed broadly across the brain, 
consistent with Semon’s unified engram complex hypothesis, it 
would be interesting to see studies that either contradict, or 
prove a different hypothesis.

As mentioned earlier, the engram index was flawed so future 
research or replication could rectify that.
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