
 

Researchers discover a novel instructive role
for the entorhinal cortex
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Experience-dependent changes in CA1 representations. a, Left: the experimental
setup in which a mouse learns the location of a water reward. Middle: a
representative time-averaged two-photon image showing GCaMP6f expression
in dorsal CA1 pyramidal neurons in a single animal. Scale bar, 100 μm. Right:
Δf/f traces from a CA1 place cell (black), and velocity (gray) and licking
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(orange) signals for five consecutive laps. b, Task phases. Left: day 0 is the final
habituation day (blank belt with variable reward location). Right: day 1, exposure
to a new environment (cue-enriched belt with fixed reward location, that is,
environment A). c, Licking behavior of an individual animal. The ticks represent
licks; the arrows mark the lap start (left) or lap start and reward location (right).
d, Mean lick rates for days 0 and 1 (n = 18 animals). e, Running behavior of an
individual animal. f, Mean running for days 0 and 1 (n = 18 animals). g, Peak-
normalized mean Δf/f across space for all CA1 place cells (day 0: n = 719, day
1: n = 1,278). Place cells sorted by peak location. Data from animals with the
same field of view imaged in both sessions (n = 14 animals). h, Fraction of CA1
place cells (PCs) versus place field (PF) peak location (bin = 18 cm, chi-squared
test, df = 9, P = 3.47 × 10−36). i, Fraction of spatially modulated place cells
(paired two-sided t-test, P = 3.12 × 10−5). j, Mean place cell spatial information
per animal (paired two-tailed t-test, P = 0.003). k, Population vector correlations
(corr.). Left: reliability of CA1 place cell activity (paired two-tailed t-test, P =
3.22 × 10−6). Right: population vector correlations for CA1 cells with place
fields on days 0 and 1 (two-tailed t-test, P = 3.65 × 10−15 and 3.82 × 10−11).
For h–k, n = 14 animals each; in i–k, open circles show individual animals, and
filled circles are means. l, CA1 place cell density on day 1 as a function of the
peak-normalized velocity (n = 18 animals) and fitted by a linear equation (blue
line, R represents Pearson’s correlation coefficient, two-tailed t-test, P = 4.16 ×
10−16). Each dot represents data from an 18-cm-wide spatial bin. Black dashed
lines and arrows mark the reward location. Data are shown as mean ± s.e.m.
Credit: Nature (2022). DOI: 10.1038/s41586-022-05378-6

A longstanding question in neuroscience is how mammalian brains
(including ours) adapt to external environments, information, and
experiences. In a paradigm-shifting study published in Nature,
researchers at the Jan and Dan Duncan Neurological Research Institute
(Duncan NRI) at Texas Children's Hospital and Baylor College of
Medicine have discovered the mechanistic steps underlying a new type
of synaptic plasticity called behavioral timescale synaptic plasticity
(BTSP).
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The study, published in Nature and led by Dr. Jeffrey Magee, professor
at Baylor, who is also a Howard Hughes Medical Institute and Duncan
NRI investigator, reveals how the entorhinal cortex (EC) sends
instructive signals to the hippocampus—the brain region critical for
spatial navigation, memory encoding, and consolidation—and directs it
to specifically reorganize the location and activity of a specific subset of
its neurons to achieve altered behavior in response to its changing
environment and spatial cues.

Neurons communicate with one another by transmitting electrical signals
or chemicals through junctions called synapses. Synaptic plasticity refers
to the adaptive ability of these neuronal connections to become stronger
or weaker over time, as a direct response to changes in their external
environment. This adaptive ability of our neurons to respond quickly and
accurately to external cues is critical for our survival and growth and
forms the neurochemical foundation for learning and memory.

An animal's brain activity and behavior adapt quickly
in response to spatial changes

To identify the mechanism that underlies the mammalian brain's
capacity for adaptive learning, a postdoctoral fellow in the Magee lab
and lead author of the study, Dr. Christine Grienberger, measured the
activity of a specific group of place cells, which are specialized
hippocampal neurons that build and update "maps" of external
environments. She attached a powerful microscope to the brains of these
mice and measured the activity of these cells as the mice were running
on a linear track treadmill.

In the initial phase, the mice were acclimated to this experimental setup
and the position of the reward (sugar water) was altered at each lap. "In
this phase, the mice ran continuously at the same speed while licking the
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track continuously. This meant the place cells in these mice formed a
uniform tiling pattern," said Dr. Grienberger, who is currently an
assistant professor at Brandeis University.

In the next phase, she fixed the reward at a specific location on the track
along with a few visual cues to orient the mice and measured the activity
of the same group of neurons. "I saw that changing the reward location
altered the behavior of these animals. The mice now slowed down
briefly before the reward site to taste the sugar water. And more
interestingly, this change in behavior was accompanied by increased
density and activity of place cells around the reward site. This indicated
that changes in spatial cues can lead to adaptive reorganization and
activity of hippocampal neurons," Dr. Grienberger added.

This experimental paradigm allowed the researchers to explore how
changes in spatial cues shape mammalian brains to elicit adaptive new
behaviors.

For more than 70 years, Hebbian theory, which is colloquially
summarized as "neurons that fire together, wire together," singularly
dominated the neuroscientists' view of how synapses become stronger or
weaker over time. While this well-studied theory is the basis of several
advancements in the field of neuroscience, it has some limitations. In
2017, researchers in the Magee lab discovered a new and powerful type
of synaptic plasticity—behavioral timescale synaptic plasticity
(BTSP)—that overcomes these limitations and offers a model that best
mimics the timescale of how we learn or remember related events in real
life.

Using the new experimental paradigm, Dr. Grienberger observed that in
the second phase, place cell neurons that were previously silent acquired
large place fields abruptly in a single lap after the reward location was
fixed. This finding is consistent with a non-Hebbian form of synaptic
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plasticity and learning. Additional experiments confirmed that the
observed adaptive changes in the hippocampal place cells and in the
behavior of these mice were indeed due to BTSP.

The entorhinal cortex instructs the hippocampal place
cells on how to respond to spatial changes

Based on their previous studies, the Magee team knew BTSP involves an
instructive/supervisory signal that does not necessarily lie within or
adjacent to the target neurons (in this case, the hippocampal place cells)
that are being activated. To identify the origin of this instructive signal,
they studied the axonal projections from a nearby brain region called the
entorhinal cortex (EC), which innervates the hippocampus and acts as a
gateway between the hippocampus and neocortical regions that control
higher executive/decision-making processes.

"We found that when we specifically inhibited a subset of EC axons that
innervate the CA1 hippocampal neurons we were recording from, it
prevented the development of CA1 reward over-representations in the
brain," Dr. Magee said.

Based on several lines of investigations, they concluded that the 
entorhinal cortex provides a relatively invariant target instructive signal
which directs the hippocampus to reorganize the location and activity of
place cells, which in turn affects the animal's behavior.

"The discovery that one part of the brain (entorhinal complex) can direct
another brain region (hippocampus) to alter the location and activity of
its neurons (place cells) is an extraordinary finding in neuroscience," Dr.
Magee added. "It completely changes our view of how learning-
dependent changes in the brain occur and reveals new realms of
possibilities that will transform and guide how we approach neurological
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and neurodegenerative disorders in the future."

  More information: Christine Grienberger et al, Entorhinal cortex
directs learning-related changes in CA1 representations, Nature (2022). 
DOI: 10.1038/s41586-022-05378-6
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