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Historical Background

In 1951, Falconer reported a spontaneous autoso-
mal recessive mutant mouse, known as reeler, that
exhibited ataxia, tremor, and a “reeling” gait
(Falconer 1951). The responsible gene of this
mutant mouse was subsequently identified and
named reelin more than 40 years later (Bar et al.
1995; D’Arcangelo et al. 1995; Hirotsune et al.
1995). Since then, histological studies on reeler
have clarified several malformations in brain
organization including a disrupted architecture,
abnormal layer formation, and aberrant neuronal
positioning in various brain regions, such as the
olfactory bulb, neocortex, hippocampus, cerebel-
lum, several brainstem nuclei, and spinal cord
(reviewed in Katsuyama and Terashima 2009).
One of the characteristic features of the reeler
brain is the roughly inverted laminar structure
in the neocortex and hippocampus. These

observations led to the hypothesis that the reeler
malformation is caused by a disruption in neuro-
nal migration, resulting in neuronal mis-
positioning (reviewed in Honda et al. 2011). The
missing causative protein in reeler was finally
identified more than 40 years after the first report
of reeler. One of the first clues toward uncovering
the molecular and cellular mechanisms responsi-
ble for the reeler phenotypes was obtained by
immunizing reeler mice with wild-type embry-
onic brain cells (Ogawa et al. 1995). This
approach was successful, and an antiserum recog-
nizing an alloantigen present in Cajal-Retzius
(CR) neurons in the marginal zone (MZ) of nor-
mal embryonic cortex, but not in reeler cortex,
was obtained (the details of this unique approach
are described in Honda et al. 2011). Three mono-
clonal antibodies were then obtained, and one of
these three, named CR-50, was found to have a
neutralizing activity against the antigen that was,
at that time, unidentified. Subsequently, multiple
laboratories contributed to the identification of the
gene responsible for the reeler phenotype (Bar
et al. 1995; D’Arcangelo et al. 1995; Hirotsune
et al. 1995), and the full-length cDNA with an
open reading frame of 10,383 bp was finally
cloned by Tom Curran’s group in 1995 and
named “reelin” (D’Arcangelo et al. 1995). After
the cloning of reelin, interest in this molecule
shifted toward its downstream signaling pathways
and functions. The next clue to understanding the
Reelin pathway was provided by the serendipitous
discovery of two new mutant mice, scrambler and
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yotari, exhibiting reeler-like behaviors and brain
malformations (Sweet et al. 1996; Yoneshima
et al. 1997). Since Reelin was normally expressed
in these mutants, it was initially expected that
these mice might have mutations in the Reelin
receptor gene. However, these mice actually car-
ried mutations in the disabled-1 (dab1) gene
(Sheldon et al. 1997; Howell et al. 1997; Ware
et al. 1997; Kojima et al. 2000), which encodes
an intracellular adaptor protein. Indeed, a
dab1-knockout mouse was independently reported
to exhibit reeler-like phenotypes. Reelin stimulation
induced Dab1 phosphorylation at multiple tyrosine
sites, indicating that Dab1 is a downstream effector
of Reelin signaling (Howell et al. 1999). The dis-
covery of Reelin receptors was also serendipitous.
Unexpectedly, double knockout mice for two mem-
bers of the low-density lipoprotein receptor family,
very low-density lipoprotein receptor (VLDLR) and
low-density lipoprotein receptor-related protein
8/apolipoprotein E receptor 2 (Lrp8/ApoER2),
were found to resemble mice lacking Reelin or
Dab1 in terms of their histological and behavioral
phenotypes (Trommsdorff et al. 1999). The direct
binding of these receptors with Dab1 at the NPxY
motif in their intracellular tail was also revealed.
Subsequently, the direct interaction between Reelin
and ApoER2/VLDLR was confirmed biochemi-
cally, and this interaction was shown to induce
Dab1 phosphorylation (Hiesberger et al. 1999;
D’Arcangelo et al. 1999). Other molecules involved
in the Reelin signaling cascades were mostly found
during investigations of proteins that bind to phos-
phorylated Dab1. To date, phosphatidylinositol
3-kinase (PI3K), Nck2, neural Wiskott-Aldrich syn-
drome protein (N-WASP), Pafah1b1 (alias Lis1),
the Crk family (CrkL, CrkI, and CrkII), SOCS1-3,
SOCS6/7, Dab2IP, SH3 domain-containing kinase-
binding protein 1(CIN85), and Notch are all known
to bind to phosphorylated Dab1 in the Reelin sig-
naling cascade (reviewed inHonda et al. 2011; Bock
and May 2016). As to the function of Reelin during
brain development, the development of new tech-
niques, such as in utero electroporation, RNA inter-
ference, and conditional knockout mice, have
greatly contributed to the investigation of the cellu-
lar and molecular machineries of Reelin signaling
(reviewed in Sekine et al. 2014; D’Arcangelo 2014;

Bock and May 2016). However, the exact function
of Reelin has yet to be elucidated, and major differ-
ences in hypotheses explaining the effect of Reelin
on migrating neurons continue to exist, some of
which are inconsistent with each other (details
below). In addition to neuronal migration, Reelin
signaling has also been found to promote
dendritogenesis, axonal formation, neuronal polari-
zation, and neuronal aggregation during brain devel-
opment (reviewed in D’Arcangelo 2014; Bock and
May 2016; Hirota and Nakajima 2017).

On the other hand, since Reelin expression in
the cortex was found not only in CR neurons
during development, but also in GABAergic inter-
neurons of postnatal rats (Alcántara et al. 1998;
Pesold et al. 1998), the functions of Reelin during
postnatal development and the mature period have
also attracted attention. The effects of Reelin on
synaptic events, such as synaptic formations and
activities in both pre- and post-synapses, have
been discovered (reviewed in Ishii et al. 2016).
Regarding the relationship between Reelin and
human psychiatric diseases, a report published in
the late 1990s showed that the levels of reelin
mRNAs and Reelin proteins were decreased in
postmortem brain tissues from patients with
schizophrenia (Impagnatiello et al. 1998). Since
then, associations between the reelin (RELN) gene
and several neuropsychiatric disorders such as
lissencephaly, autism spectrum disorder, major
depression, and Alzheimer’s disease, in addition
to schizophrenia, have also been reported at the
protein, mRNA, and genetic levels (reviewed in
Tueting et al. 2006; Folsom and Fatemi 2013;
Ishii et al. 2016).

Structural and Biochemical Properties of
Reelin

Reelin is a large gene located on chromosome 5 in
mice and 7q22 in humans, and its open reading
frame is 10,383 bp in mice and 10,380 bp in
humans (Bar et al. 1995; D’Arcangelo et al.
1995; De Silva et al. 1997). The human and
mouse Reelin sequences are 87.2% identical at
the cDNA level and 94.2% identical at the protein
level (D’Arcangelo et al. 1995; De Silva et al.

2 Reelin



1997). The mouse reelin genomic DNA, includ-
ing its promoter and the 3’UTR region, is approx-
imately 450 kbp and contains 65 exons (reviewed
in Ranaivoson et al. 2016). Reelin is a glycopro-
tein, the molecular weight of which is approxi-
mately 387 k. The protein is composed of the
N-terminal region including a signal peptide,
eight internal repeats, and the C-terminal short
basic amino acids-rich region (reviewed in
Ranaivoson et al. 2016) (Fig. 1). The N-terminal
region is weakly homologous with F-spondin.
Each internal repeat, called a Reelin repeat, is
350–390 amino acids and contains an EGF-like
motif bracketed between two related subdomains,
A and B (reviewed in D’Arcangelo 2014;
Ranaivoson et al. 2016). Each Reelin repeat is
similar in structure, assumes a compact
horseshoe-like conformation in which sub-
domains A and B form extensive interfacial con-
tacts, and binds with each other to form a linear
structure (reviewed in Ranaivoson et al. 2016).
The function-blocking CR-50 antibody recognizes
a. a. 230–346, where Reelin forms a homopolymer
through an electrostatic interaction (Utsunomiya-
Tate et al. 2000; Kubo et al. 2002). The cysteine
residue at 2101 located in Reelin repeat 5 is critical
for the covalent homodimerization of Reelin pro-
teins (Yasui et al. 2011). After secretion, the Reelin
protein is cleaved at two positions located within
Reelin repeat 3 and between Reelin repeat 6 and
7. As to the proteases that cleave the protein, tPA
and several matrix metalloproteinases (including

ADAMTS-3, ADAMTS-4 and ADAMTS-5)
have been reported (Hisanaga et al. 2012; Krstic
et al. 2012; Ogino et al. 2017). The central frag-
ment of Reelin cleaved by the proteases is com-
posed of Reelin repeat 3–6 and is capable of
interacting with VLDLR and ApoER2 (Jossin
et al. 2004). The C-terminal region, including
Reelin repeat 7 and 8, is engaged in Reelin secre-
tion and folding and is necessary and sufficient for
layer formation, although full-length Reelin is
much more potent (de Bergeyck et al. 1997;
D’Arcangelo et al. 1997; Nakano et al. 2007;
reviewed in Lussier et al. 2016). This region is
further cleaved, and a sequence consisting of the
last six amino acids is released (Kohno et al. 2015).

A Canonical Pathway of Reelin Signaling

Secreted Reelin binds with the extracellular
domain of two lipoprotein receptors, ApoER2 and
VLDLR (Hiesberger et al. 1999; D’Arcangelo et al.
1999). Although either ApoER2 or VLDLR alone
has the ability to bind Reelin and to transduce the
signal downstream, several features differ between
these receptors, such as their expression patterns
and ligand affinities (Hack et al. 2007; Hirota et al.
2015, 2018). While other proteins such as a3ß1
integrins, cadherin-related neuronal receptor
(CNR), and ephrin/EphB receptors have also been
reported as Reelin-binding receptors, counterargu-
ments against these reports exist (reviewed in
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Reelin, Fig. 1 Structure of Reelin. Reelin is composed of
the N-terminal region including a signal peptide, eight
internal repeats (Reelin repeats), and the C-terminal short
basic amino acids-rich region. Each Reelin repeat is

composed of an EGF-like motif sandwiched between two
related subdomains, A and B. Reelin is cleaved at two sites
in the Reelin repeats

Reelin 3



D’Arcangelo 2014; Bock and May 2016).
The binding of Reelin with ApoER2 or VLDLR
leads to the activation of the Src family kinases Src
and Fyn (Bock and Herz 2003) (Fig. 2). Double
knockout mice for these tyrosine kinases histolog-
ically exhibit reeler-like phenotypes, suggesting
that these tyrosine kinases, in addition to Dab1,
are pivotal for Reelin signaling (Kuo et al. 2005).
The Reelin-induced phosphorylation of Dab1 by
the Src family kinases occurs at 5 tyrosine residues:
Tyr185, 198/200, 220, and 232 (reviewed in
D’Arcangelo 2014; Bock and May 2016). Interest-
ingly, phosphorylated Dab1 causes the activation
of Src and Fyn, leading to a positive feedback for
kinase activity. In contrast, SOCS1-3, which binds
directly with Dab1, causes the degradation of

phosphorylated Dab1 and Fyn through the Cullin5
(Cul5)-Rbx2 ubiquitination cascade (Arnaud et al.
2003; Feng et al. 2007). The temporal regulation of
Reelin signaling is important for the control of
neuronal positioning in the developing brain.

Reelin Function and Signaling during
Development

After Dab1 is phosphorylated by Reelin, the sig-
nal diverges and is transduced through multiple
pathways, such as PI3K, Crk, Nck2, Pafah1b1 and
Notch (reviewed in Honda et al. 2011;
D’Arcangelo 2014; Bock and May 2016; Sekine
et al. 2014) (Fig. 2). The phosphorylation sites of
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Reelin, Fig. 2 Schematic diagram of Reelin signaling
pathways during development. The binding of Reelin
with ApoER2 and VLDLR induces the activation of Src
family kinases (SFKs). Then, Dab1 is phosphorylated by

active SFKs and binds with various molecules such as the
Crk family, Nck2, PI3K, Pafah1b1, SOCS1-3, and Notch.
Individual binding molecules then transduce the signal
downstream and exert various functions
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Dab1 determine which pathway is used: the phos-
phorylation of Dab1 at Tyr 185 and 198/200 is
necessary for the activation of Src family kinases,
Dab1 degradation, and PI3K activation, whereas
the phosphorylation at Tyr 220 and 232 is required
for interactions with the Crk family and Nck2
(reviewed in Honda et al. 2011). Other than
these five tyrosine sites, the phosphorylation of
Tyr300 on Dab1 causes the interaction with
SOCS6 and 7, following the proteasomal degra-
dation of Dab1, though it is unknown whether this
phosphorylation is caused in a Reelin-dependent
manner (Lawrenson et al. 2017). Each signal is
transduced downstream to exert individual func-
tions as follows.

Neuronal Migration
Abnormal layer formation and nuclei in the reeler
brain suggest that Reelin affects migrating neu-
rons (reviewed in Katsuyama and Terashima
2009). Many studies indicate that, in the develop-
ing neocortex, Reelin affects migrating excitatory
neurons during the final step of radial migration
beneath the MZ and during the multipolar-bipolar
transition in the intermediate zone and sub-
ventricular zone (Franco et al. 2011; Jossin and
Cooper 2011; Sekine et al. 2011, 2012; Gil-Sanz
et al. 2013). In the cerebellar cortex, Reelin is
thought to be involved in the migration of
Purkinje cells (reviewed in Katsuyama and
Terashima 2009). However, the exact function of
Reelin on neuronal migration has not yet been
completely clarified.

Several major hypotheses regarding the func-
tion of Reelin in neuronal migration have been
proposed (reviewed in Honda et al. 2011; Franco
and Müller 2011; D’Arcangelo 2014; Sekine et al.
2014). A classical hypothesis is that Reelin acts as
a stop signal for migration or a signal to detach
from the radial glial fiber during the final step of
migration. This hypothesis has existed for decades
based on morphological analyses of the relation-
ship between radial fibers and migrating neurons,
followed by some culture experiments. Indeed,
migrating neurons in reeler invade the most super-
ficial region of the cerebral cortex, which may
support the hypothesis that Reelin in the MZ
might function as a stop signal in wild-type

cortex. In addition, Kubo et al. showed that ectop-
ically overexpressed Reelin causes neuronal
aggregation (described later in this review) with
a central cell-body sparse and Reelin-rich region,
resembling the MZ (Kubo et al. 2010). The exis-
tence of this Reelin-rich, cell-body sparse region
suggests that the cell bodies of migrating neurons
cannot invade and instead stop around the Reelin-
rich region. Of note, however, the ectopic Reelin-
induced neuronal aggregates tend to be round and
are clearly demarcated from their surroundings
with smooth margins, suggesting that the cells
remain movable during aggregate formation. Tak-
ing all these results into account, it is likely that
Reelin is not a simple “stop” signal, acting like a
brake for migration. Rather, it may have multiple
functions during the final step of migration,
including the promotion of cell adhesions
(described later) and the inhibition of cell-body
invasion into Reelin-rich regions.

Several studies have pointed out another role
of Reelin, especially during the middle of migra-
tion (reviewed in Jossin 2011; D’Arcangelo 2014;
Sekine et al. 2014). In fact, Reelin is expressed not
only in the MZ, but also in the deep part of the
intermediate zone, through which migrating neu-
rons pass. The Reelin receptor ApoER2 is indeed
strongly expressed in the intermediate zone
(Hirota et al. 2015), suggesting that Reelin in
this region functions in a different manner from
its role beneath the MZ. Magdaleno et al. created
transgenic mice that expressed Reelin in the VZ of
reeler mice and discovered that the cortical
layering was partially rescued (Magdaleno et al.
2002). Based on these findings, they advocated
that Reelin acts as a permissive signal for neuronal
migration. An ectopic Reelin overexpression
experiment by Kubo et al., in which migrating
neurons responded to the ectopic Reelin and
formed aggregates with an MZ-like structure
(Kubo et al. 2010), also suggests that migrating
neurons in the intermediate zone already have a
full set of machineries enabling the cells to
respond to Reelin.

An important remaining question is why
migrating neurons can pass through the Reelin-
positive intermediate zone of wild-type mice
(reviewed in D’Arcangelo 2014; Sekine et al.
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2014). In a report by Magdaleno et al., neurons
were shown to be capable of moving from the
Reelin-expressing VZ (Magdaleno et al. 2002).
These results seem to be inconsistent with the
findings that migrating neurons stop beneath the
Reelin-rich MZ of wild-type mice and, in a report
by Kubo et al., cannot invade the Reelin-rich
region when Reelin is ectopically expressed dur-
ing the middle of migration (Kubo et al. 2010).
One possible interpretation is that Reelin might
have different functions depending on its concen-
tration, which is low in the intermediate zone and
high in the MZ of wild-type mice. It would be
interesting to examine whether different combina-
tions of co-receptors have different affinities for
Reelin binding.

With respect to the molecular mechanisms
responsible for the regulation of neuronal migra-
tion by Reelin, the activation of adhesion mole-
cules via Rap1 is well described. In the final step
of migration, Rap1 is activated by Reelin and
causes the recruitment of Cadherin-2 (Cdh2; also
known as N-cadherin) to sites of nectin-dependent
adhesion via Afadin and p120 catenin for the
interaction between CR neurons and migrating
neurons in the MZ (Franco et al. 2011; Gil-Sanz
et al. 2013). Furthermore, the Reelin-Dab1-Crk/
CrkL-C3G-Rap1 signaling activates integrin
a5ß1 on the migrating neurons to trigger the
final step of migration, called terminal transloca-
tion, beneath the MZ, which is essential for the
birthdate-dependent inside-out pattern of neuro-
nal alignment (Sekine et al. 2011, 2012). On the
other hand, in the intermediate zone, active Rap1
recruits Cdh2 to the plasma membrane of migrat-
ing neurons to control the multipolar-bipolar tran-
sition and cell polarity of migrating neurons
(Jossin and Cooper 2011). In addition to adhesive
molecules, Reelin regulates cytoskeletal dynamics
during neuronal migration. When the leading pro-
cess of the migrating neuron enters the MZ, Reelin
induces the stabilization of the actin cytoskeleton
of the leading process by the phosphorylation of
cofilin via the Reelin-ApoER2-Dab1-PI3K path-
way, which results in the anchoring of the leading
process into the MZ to start their final migration
process (Chai et al. 2009). On the other hand, the
stimulation of primary cultured cortical neurons

with Reelin promotes microtubule dynamics via
the enhanced activity of microtubule end-binding
proteins (Meseke et al. 2013). Reelin is also
involved in microtubule dynamics via the interac-
tion of Dab1 to Pafah1b1, which is the gene
responsible for lissencephaly caused by neuronal
migration defects similar to those arising from
Reelin (Assadi et al. 2003). Pafah1b1 forms a
complex with Nudel, NudE and Dynein and
enables the complex to travel on microtubules. In
addition, the a1 and a2 subunits of Pafah1b1 bind
with the NPxxLmotif in the intracellular domain of
VLDLR and compete with the interaction between
Dab1 and the receptor (Zhang et al. 2009).

Neuronal Aggregation
As mentioned above, ectopic Reelin over-
expression in the developing neocortex causes
neuronal aggregation even in the intermediate
zone (Kubo et al. 2010), and neurons composing
the ectopic aggregates exhibit processes that are
oriented toward the Reelin-rich central region,
from which the cell bodies are excluded (Kubo
et al. 2010). Of note, the “inside-out” alignment,
in which late-born neurons pass through early-
born neurons, can be recapitulated in these ectopic
aggregates. Cdh2 is involved in the formation of
the Reelin-induced aggregates. Interestingly, the
increase in the Cdh2-dependent adhesion caused
by Reelin occurs in a transient manner, and this
ephemeral regulation is necessary for appropriate
neuronal positioning in the developing neocortex
(Matsunaga et al. 2017 and reviewed in Hirota and
Nakajima 2017).

Dendrite Development and Maturation
Primary cultured hippocampal neurons from
reeler show reduced dendrite elongation and
branching, and these abnormal morphologies
were recovered by the addition of Reelin into the
culture medium, indicating that Reelin promotes
dendrite formation (Niu et al. 2004). The data that
Dab1 knockdown in vivo leads to poor processes
beneath the MZ also suggests that Reelin pro-
motes dendritogenesis (Olson et al. 2006).
Dendritogenesis induced by Reelin is mediated
by PI3K (Fig. 2), followed by transduction
through the Akt-mTOR-p70S6K pathway and/or
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the Crk family for dendrite formation or cdc42
activation for the regulation of growth cone motil-
ity and filopodia formation (Jossin and Goffinet
2007; Leemhuis et al. 2010; Matsuki et al. 2010).
Although Reelin-Dab1 signaling is effective only
during the early stages of dendritogenesis, the
N-terminal fragment, but not the central fragment,
of Reelin promoted dendrite maturation through a
receptor that was thought to differ from ApoER2 /
VLDLR (Chameau et al. 2009).

Neuronal Polarity and Process Orientation
Reelin promotes neuronal polarization. Reeler
exhibits the misorientation of a subpopulation of
neurons, including the preplate neurons, cortical
neurons, hippocampal dentate granule cells, and
cerebellar Purkinje cells (reviewed in Förster
2014). The misorientation of the dentate granule
cells in a reeler hippocampal slice was rescued by
co-culturing with a wild-type hippocampal slice,
supporting the effect of Reelin on neuronal polar-
ization (Zhao et al. 2004). Intracellularly, Reelin
promotes neuronal polarization by inducing the
deployment of Golgi apparatus into the leading
process or the primary apical dendrite, which is
mediated by aPIX/Arhgef6, a cdc42 GEF
(Meseke et al. 2013b). As mentioned above, the
recruitment of Cdh2 to the plasma membrane
under Reelin signaling is also concerned with
neuronal polarity (Jossin and Cooper 2011). In
addition, the introduction of a Notch1 intracellular
domain into reeler migrating neurons relieved the
misorientation of these cells, suggesting the
involvement of Notch1 in Reelin-regulated orien-
tation (Hashimoto-Torii et al. 2008).

Function and Signaling of Reelin in
Mature Brains

Synapse Formation
Extracellular Reelin accumulates around synap-
ses. Reelin regulates the dendritic spine densities
and spine sizes of excitatory neurons (reviewed in
Ishii et al. 2016). Heterozygous reeler mice,
which exhibit a half level of Reelin expression,
have lower synaptic densities of neurons in the
frontal/prefrontal cortex and hippocampus (Liu

et al. 2001; Iafrati et al. 2014). Synaptic density
is reportedly regulated by the Reelin-ApoER2/
VLDLR-Dab1 signaling pathway (Niu et al.
2008), although this abnormal phenotype disap-
pears at 2 months of age (Ventruti et al. 2011). On
the other hand, Reelin administration in adult
mice leads to an altered spine size and/or spine
density (Rogers et al. 2013). Reelin also modu-
lates the post-synaptic subunit composition. The
reduction of Reelin causes a decrease in the sur-
face level of NR2B and changes synaptic NMDA
receptor (NMDAR) maturation (Groc et al. 2007).

Synaptic Function
Reelin stimulates and enhances long-term poten-
tiation (LTP) in the CA1 region of hippocampal
slices (Weeber et al. 2002). In the post-synapse, a
specific variant of ApoER2 that includes exon
19 can bind with NMDAR through its extracellu-
lar domain or via PSD-95 and induces the phos-
phorylation of NMDAR (Weeber et al. 2002;
Beffert et al. 2005) (Fig. 3). This complex medi-
ates Ca2+ influx caused by Reelin through
NMDAR (Beffert et al. 2005; Chen et al. 2005).
The intracellular domain of the specific variant of
ApoER2 is cleaved by Reelin stimulation and is
translocated into the nucleus, which is related to
the Reelin-induced transcriptional activation in
mature neurons (Telese et al. 2015). Dab1
enhances Reelin-induced LTP via the activation
of Erk1/2 signaling in a VLDLR/ApoER2 inde-
pendent manner (Trotter et al. 2013). In addition,
Reelin is also involved in pre-synaptic function.
Reelin reportedly enhances the release of a neu-
rotransmitter that is mediated by the vesicular
SNARE protein VAMP7 through the ApoER2/
VLDLR-PI3K pathway (Hellwig et al. 2011; Bal
et al. 2013). Another study reported that reeler
exhibits an increased number of presynaptic ves-
icles in the hippocampal CA1 region and a
decreased level of SNAP25 protein (Hellwig
et al. 2011). This decrease in SNAP25 was also
observed by the addition of an integrin inhibitor
peptide to the hippocampal slice, but was not
recognized in Dab1-deficient mice or ApoER2/
VLDLR double knockout mice (Hellwig et al.
2011). Furthermore, Reelin was reported to bind
directly with the extracellular domain of integrins
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at synapses (Dong et al. 2003), and Dab1 interacts
with the cytoplasmic tail of integrins (Schmid
et al. 2005). Taken together, these findings indi-
cate that Reelin regulates synaptic functions in
both Reelin-ApoER2/VLDLR/Dab1-dependent
and -independent manners.

Chain Migration
Reelin affects the migration of neuronal precur-
sors in the rostral migratory stream, which is the
stream of cells that exhibit tangential chain migra-
tion from the subventricular zone of the cerebral
cortex to the olfactory bulb (Hack et al. 2002).

Reelin is necessary for the detachment of these
cells from their substrate.

Adult Neurogenesis
The number of neurons generated in the hippo-
campal dentate hilus in mature reeler mice is
reported to be dramatically decreased and the
positioning and dendrite formation of these neu-
rons are abnormal in reeler mice (Won
et al. 2006).
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Summary

Since Reelin was first reported in 1995, the prop-
erties of Reelin, the cellular machinery controlled
by Reelin, and the molecular mechanisms of
Reelin signaling have been elucidated by mani-
fold studies in various fields, which together have
clarified that Reelin regulates not only neuronal
migration, but also other aspects such as
dendritogenesis, orientation, and neuronal aggre-
gation during brain development. In addition, the
observations that Reelin functions in mature brain
and is expressed in peripheral tissues imply the
importance of Reelin throughout life and for phys-
ical maintenance, respectively. The functions of
Reelin are diverse. However, why and how a
single molecule can exert multiple functions in
various contexts remains uncertain. Further stud-
ies are necessary to understand the entire story of
Reelin.
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