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Abstract

Synaptic plasticity is a process by which patterns of synaptic activity lead to changes in synaptic strength and eventually
contributes to learning and memory. Both learning and memory are closely related concepts where learning is the acquiring
skills or knowledge, while memory is to express such a skill which was learned. Neurobiology studies done so far contributed
a lot to track down the learning and memory process within animals and humans and figured out relating various organs,
tissues and proteins to the spatial learning. Hippocampus was the organ which is very much related to the learning process
and reelin protein was pinned down to the above subject. In vitro and in vivo studies all states the basic role of the protein
in enhancing the learning and memory. Tau protein stabilization, enhancement of long term potentiation and spinal density
are also the unique functions of these miracle proteins. Further studies need to be carried out in using this protein as

therapeutic lead in treating cognitive deficits.
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Introduction

Neurobiology deals with understanding all the aspects
of cognitive behaviours like memory and learning. Spatial
learning or cognitive learning is a process where animals
encode useful information about their surroundings so
they can navigate through space and recall their locations
(S&nchez-Sanchez et al., 2018). This mode of learning
is very much dependent on the structural and functional
integrity of the hippocampus even though temporal cortex
(Gao et al., 2017) and forebrain structures also do play a
vital role (Dlugosz et al., 2018). It is said that spatial
learning actually involves encoding of the locational cues
which leads to forming a cognitive map of an individual’s
environment. Hence it can be concluded that all the
animal’s use allocentric spatial cues so that they can keep
a track of their relative position with respect to distal
stimuli (Holtzman et al., 2011). Spatial learning is also
called as a process where an organism gains a mental

figure of its environment and this is seen in both
vertebrates and invertebrates (Wasser and Herz 2017).
Studies on such a learning modes were initially started
by biologists like Thorndike, Skinner and Pavlov who
worked mainly on simple stimulus-response (SR) based
connections wherein an animal could learn ways on how
to relate to an external stimulus as seen in Pavlovian
conditioning or would respond to a behaviour with its
outcome (operant conditioning) (Sanchez-Sanchez et
al., 2018).

Spatial learning and memory

But such a simple processes of learning in an open
space would not be sufficient enough to train an animal
about its locations and movements (Orcinha et al., 2016).
The organism usually forms a pictorial representation of
its surroundings consisting of a stimuli between the
environment and the animal which is called a cognitive
map. Among the human individuals, studies done so far
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reported that males and females significantly differ in
their use of spatial information where males learn the
task quickly (Herring et al., 2012) utilizing both the
landmark and geometrical cues in navigation but females
depend on using landmark cues.

If cognitive or spatial learning deals with such
interactive mapping, then where would such mapping start
and get stored (Dlugosz et al., 2018). To gain information
about the said, we need to learn the organs, structures,
pathways and proteins involved in the entire process.

Hippocampus and learning

“Hippocampus” meaning sea horse in Latin and the
name was coined as it resembles structurally to the sea
horse. Hippocampus came to limelight when a intractable
epilepsy patient couldn’t perform or understand new
memories after he was excised with the hippocampus
(Holtzman et al., 2011). This patient from Boston was
able to learn new motor skills but failed in learning new
facts or recognizing new people. Literally he could
remember everything before the surgery which could state
that hippocampus is very much needed [Hinrich et al.,
2016) to lay down new memories only and not the older
memories which are “consolidated” way back.

Hippocampus is said to communicate with several
regions of cortex by means of highly interconnected brain
regions which are located within the medial temporal lobe
and all these together constitute hippocampal system (Fig.
1) (Amaral, 1993). Such a system consists of dentate
gyrus, cornu ammonis (CA), together with the subiculum
where the dentate gyrus is thought to be an input area
receiving the entorhinal cortex feedback signal. On the
other hand, cornu ammonis (CA) consists of pyramidal
cells further divided into four additional regions (CA1-
CA4) (Mota et al., 2014).

In humans parahippocampal gyrus consists of several
subregions and its dorsal part is called the subiculum.
The entorhinal cortex not only supplies the hippocampus
with an input signal, but also produces a CA1 feedback
signal via the subiculum through two pathways. One of
the pathways projections the signal to both dentate gyrus
and CA3, while the second pathway directs the signal to
CALl and the subiculum from which it is sent to the
entorhinal cortex (Fig. 1).

Significance of hippocampus in synaptic plasticity

The entorhinal cortex inturn is linked to the perirhinal
and parahippocampal cortices and as such, through the
entorhinal, perirhinal and parahippocampal cortices, is said
to interact with extensive cortical regions. Hippocampus
is very unigue structurally and functionally by rendering
a high degree of plasticity which is very much needed
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Fig. 1: Image showing the coronal slice with hippocampus and
its structures like cornu ammonis, dentate gyrus and
the subiculum. Image retrieved from Wible, (2013).

for learning and memory. It is also the centre for
Neurogenesis as such undergoes continuous changes
throughout the lifespan (Epp et al., 2013). In the brain
region, the hippocampus, particularly the CA1 layer, is
found to contain high NMDA receptor load. Such
receptors are glutamate receptors that aid in the production
of long-term potential (LTP), which is essential for
learning and memory.

Animal studies done on rats clearly figure out that
hippocampus could be the structure mostly associated to
learning. Hippocampus dissected (bilaterally) rat was not
able to find a disc placed below the surface of the water
but a normal rat could find it out quickly and learn to
swim directly towards the platform. Might be
hippocampus could be the place where this memory is
placed or initiated. Two monkeys that were trained to
perform a location to scene association task also clearly
showed the possible role of hippocampus. When the
medial temporal lobe was excised, these animals could
not learn new associations between the visual “scenes”
and target locations.

Even studies done by many biologists confirmed of
the same findings about the hippocampus and its medial
lobe (Cuchillo-Ibanez et al., 2016). When hippocampal
cells were used to respond to the different visual scenes
about 61% of the isolated hippocampal cells started
responding to the different scenes and among the 28%
of the cells which are selectively responding, 18% of
them were hippocampal cells (Pujadas et al., 2014).
Although studies done so far reported that along with
hippocampus, cells from prefrontal cortex, frontal motor-
related areas and striatum could also show same
learning-related activities during similar associative
learning tasks (Cuchillo-Ibanez et al., 2013).
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Estimation of spatial memory

Synaptic plasticity is a biological process which occurs
at synapses where specific patterns of changes could
lead to learning and memory (Liu et al., 2013).
In cognitive field of psychology and neuroscience, spatial
memory is termed as a form of memory which records
information of its environment and spatial orientation. For
instance, a person navigating around a well known city,
or a rat learning the location of its food at the end of
a maze, could summarize their learnings into a cognitive
map.

There are a vast mode of tasks used in measuring
the spatial memory in adults, children and animal models
like the Corsi block tapping task; used in determining the
visual-spatial memory span and the an individual’s visual-
spatial learning abilities (Mata-Balaguer et al., 2018),
Visual pattern span; where the participants are given with
a series of patterns that have half their cells coloured
and the other half blank and allow them to decode
impacting their visual spatial memory, Pathway span;
designed to measure the spatial memory abilities in
children where the participants are asked to visualize a
blank matrix (Brosda et al., 2011) with a little picture to
make the child learn the exact location the visualization
was done, Dynamic mazes; to measure the spatial ability
among children, Radial arm mazes; to test the spatial
memory among the rats, Morris water navigation task;
to test the spatial learning and memory in rats.

The hippocampus is said to provide animals with a
spatial map of their surroundings and stores the
information in a non-egocentric space. It is also used to
provide long-term spatial memory of external cues in
space and plays a vital role in processing the information
about spatial locations. Reports state that if this region
specific for plasticity is blocked then it would adversely
affect goal-directed navigation and found to lose the
memory of precise locations (Hinrich et al., 2016).

Even studies done on Amnesic patients with damaged
hippocampal areas reports that they lost their ability to
learn and remember spatial layouts and navigation (Karch
et al., 2014). When lesions were introduced into the
monkeys and rats hippocampal regions they lost their
ability to learn object-place associations and gained spatial
deficits. But some of the studies states that spatial
impairment is found mostly from the loss of
dorsal and ventral hippocampus. These findings also
reported that lesions within the dorsal hippocampus lead
to loss of retrieval and processing of the short-term
memory and also in transferring the signal longer delay
periods.
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On infusing amphetamine (stimulant of Central
nervous system, CNS) into the dorsal hippocampal area
resulted in memory enhancement especially for those
spatial locations already learned. The hippocampus
consists of two separate memory circuits where one is
entorhinal-CAL system, used in recollecting the place
recognition memory and the other the
hippocampus trisynaptic loop (entohinal-dentate-CA3-
CAL1) which is used in recalling the memory. This spatial
learning needs NMDA and AMPA receptors responsible
for consolidation and retrieval of spatial memories
respectively. Though not the entire region is used in spatial
learning, studies need to be more focused on the exact
location of the region functionally.

NMDA receptors are very much needed within the
CA3 of the hippocampus which aids in reorganizing the
spatial information; and NMDA receptors within the CAl
are needed to retrieve the memory after a delay (Nelson
etal., 2017). Any blockage within these NMDA receptors
resulted in loss of long-term potentiation which could
impair the spatial learning. The CA3 of the hippocampal
region also plays a vital role in encoding and retrieving
the spatial memories.

Reelin protein and spatial learning

Reelin (RELN) is a large glycoprotein which is
secretory in nature and aids in regulating the neuronal
migration and positioning through cell-cell interactions
(Alfimovaetal., 2018). Reelin is also thought to modulate
synaptic plasticity by increasing the activation of long-
term potential which helps to promote the growth of the
dendritic spine by controlling the movement of neuroblasts
at sites of neurogenesis. In contrast to the heart, it is also
seen in the liver, thyroid gland, adrenal gland, fallopian
tube, breast (Bock and May, 2016).

Long-term potentiation (LTP)

It is a long-term strengthening of synapses based on
recent events that result in a long-term improvement in
signal transmission between two neurons or
synapse. Long-term anxiety, on the other hand, is exactly
the opposite of LTP and results in a long-term decrease
in synaptic capacity. It actually relies upon synaptic
plasticity changing their strength. And stated earlier the
memories are thought to be encoded by changing the
synaptic strength, as such LTP is usually considered to
be the mechanism which stores data on
learning and memory. Since its (LTP) discovery in
rabbit hippocampus it was used as a research tool by
many in tracing out its basic biology to draw a link
between LTP and behavioural learning while some others
tried to figure out its significance in improving the learning
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and memory (Vecchia et al., 2019).
Role of RELN in synaptic plasticity

Reelin is produced by GABAergic interneurons in
the adult brain and gets itself associated physically to the
postsynaptic density and dendritic spines seen in the
hippocampus and cortex. Reelin also activates a large
number of neuronal signal transduction pathways which
could modulate synaptic plasticity (Xu et al., 2019). Such
interneurons which seems to over express reelin are seen
widely distributed in the adult mammalian brain cells. On
disrupting the reelin expression or its receptors,
Apolipoprotein E Receptor 2 (ApoER2) and Very-Low-
Density Lipoprotein Receptor (VLDLR) the spatial
learning defects and long-term potentiation seems to be
impaired within the hippocampal regions, along with
dendritic spine morphology variations (Dlugosz et al.,
2019).

Weeber et al., (2002) stated that on treating wild-
type hippocampal cell lines with reelin for about 5 days,
the dendritic spine density and AMPA receptor insertion
got increased. He also stated that application of reelin
could enhance LTP from wild-type mice in acute
hippocampal slices.

Calial cells

Reelin is usually expressed by interneurons with
GABA-ergic activity mainly as neurotransmission. ApokE
receptors and their ligand, apoE is related to memory
and neurodegenerative disorders like Alzheimer disease.
Weeber et al., (2002) also noted that the VLDL receptor
or apoER2 mice deficiency showed a mild long-term
potentialation deficiency (LTP) and reelin infusion within
the hippocampal slices of the mouse enhanced the LTP
in CALl region (Meseke et al., 2018). Such studies clearly
indicate Reelin’s role in controlling adult brain synaptic
plasticity and also suggests of the possible role of both
the receptors in synaptic transmission of the hippocampus
(Carvajal et al., 2016).

RELN and tau protein stabilization

From all the previous findings four findings were
confirmed where the first one is ApoE was associated
with neurodegenerative disorders like Alzheimer’s,
secondly the reelin was directly linked to the ApoE
receptor, thirdly ApoE receptor was associated with the
intracellular signaling machinery and lastly this association
could enhance phosphorylation of tau proteins (Dairaghi
et al., 2018). From the evidences and estimation Kinetics
a molecular mechanism was drawn to depict the possible
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Fig. 2: Schematic sketch of a signal transduction cascade showing the regulation of phosphorylation of tau by the apolipoprotein
E (ApoE) and reelin protein (Reln). Article retrieved from Ohkubo et al., (2003).
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Fig. 3: Image revealing ApoER2 and VLDLR'’s fate following Reelin stimulation. Diagram retrieved from Weeber EJ, 2002.

role of the proteins.

When the ligands arrive and bind to ApoE receptors,
a signaling cascade is initiated to reduce the level of tau
protein phosphorylation by suppressing the activity of
kinase (Fig. 2). ApoE and Reln proteins are bound to
ApoE and Dabl transmembrane receptors in a normal
setting (Ding et al., 2016). Activating an event chain to
inhibit GSK-3p kinase activity (a kinase protein used to
phosphorylate tau proteins at multiple sites) (Arioka et
al., 2018). This Dabl inturn suppresses the conversion
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of p35 to p25, which inhibits the development of CDK-5.
On suppression of these GSK-3p, CDK-5 individually or
in combined form, tau phosphorylation is inhibited (Hass
et al., 2017) protecting the neurons from the accumulation
of neurofibrillary tangles (NFTs) (Fig. 2).

RELN and LTP

Another possible molecular mechanism (Fig.3) also
depicts the role of reelin in the reduction of LTP and
synaptic plasticity. VLDLR present in the plasma
membrane on binding to Reelin results in Dabl

phosphorylation which is rapidly internalized
by clathrin-mediated endocytosis [Wasser,
C. R, 2017]. Following which the reelin is
uncoupled from the receptor and sorted out
to lysosomes, recycling VLDLR back to its
position on the membrane (step 1-5). This
significantly reduces the concentration of
extracellular Reelin protein shutting down
the signal. Although Reelin’s binding to
ApoER?2 results in Dabl phosphorylation
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Fig. 4: Molecular model showing the actions of Reelin protein in regulating the
LTP induction. Diagram retrieved from Weeber EJ, 2002.

degradation (Hirai et al., 2017; Dlugosz et
al., 2019).

ApoER?2 is also said to be internalized
at a slower rate in the same way (step 2),
but ApoER2 is not recycled back and
degrades with Reelin in the lysosome (step
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6). Such a stimulation from reelin induces a cleavage of
ApoER2 mediated by secretase generating a soluble
intracellular fragment (ICD) and a soluble extracellular
fragment (step 7, step 8). With the aid of furin cleavage
(step 9), this fragments intrune prevents the Reelin signal
by sequestrating most of the free Reelin from the
surrounding area (step 10).

This activates tyrosine kinase activity as reelin binds
to apoER2 and the VLDL receptor and causes Dab
phosphorylation (Fig. 4). Even in the case of non-receptor
tyrosine kinases, NMDA receptor activation may be
induced to increase the Ca2 influx (Meseke et al., 2018)
and LTP (Schroeder et al., 2018). At that time ApoE
usually competes for Reelin binding suppressing the
phosphorylation of Dabl (Ferrer-Ferrer and Dityatev
2018). ApoER?2 then binds the JIP family members to its
cytoplasmic tail and interacts indirectly with the molecular
motor Kinesins associated with microtubules. This activity
can result in an increase in the LTP.

From all the earlier reported studies, it was clearly
understood that RELN promotes and maintains the
synaptic synaptic plasticity by regulating the traffic of
NMDA and AMPA receptor subunits (Lane-Donovan
and Herz, 2017). And also the in vitro and in vivo studies
both claimed that mDabl mutants and Reeler mice
showed a significant reduction in spine density stating
the role of Reelin in synaptic development and plasticity
(\Ventruti et al., 2011; Wasser and Herz, 2017).

Conclusion

Remarkably, these RELN proteins are used to
enhance learning and memory along with maintaining the
synaptic plasticity. Indeed, Reelin is also known to stabilize
the physiology of synaptic plasticity and as well as change
the migrational plan in adult neurons. Hippocampus was
also found to be the major organ playing a vital role in
spatial learning and finding abundant or loads of
extracellular Reelin within its stratum lacunosum also
supports our before said statement. Most of the
neurodegenerative disorders and ailments leads to
irreversible damage in terms of cognitive and spatial
memory.

Hence using Reelin protein as a therapeutic protein
could be of a solution to protect the synaptical function
and survival. Though data states its role in the desired
function, yet tracing and tracking down the domains of
the protein would be very much essential for a pin point
regulated Reelin signalling. Moreover novel assays need
to be developed to examine whether these Reelin-based
therapies could aid in promoting receptor clustering,
synapse stabilization and neuronal protection. And more

extensive work need to be done to fully understand the
function of each fragment of Reelin, thereby we can
conclude in getting a better potential therapeutic lead for
treating neuronal dysfunction and other cognitive deficits.
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