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Abstract

Myosin Va is an actin-based, processive molecular motor protein highly enriched in the nervous tissue of vertebrates. It has been 
associated with processes of cellular motility, which include organelle transport and neurite outgrowth. The in vivo expression of 
myosin Va protein in the developing nervous system of mammals has not yet been reported. We describe here the immunolocal-
ization of myosin Va in the developing rat hippocampus. Coronal sections of the embryonic and postnatal rat hippocampus were 
probed with an affinity-purified, polyclonal anti-myosin Va antibody. Myosin Va was localized in the cytoplasm of granule cells in 
the dentate gyrus and of pyramidal cells in Ammon’s horn formation. Myosin Va expression changed during development, being 
higher in differentiating rather than already differentiated granule and pyramidal cells. Some of these cells presented a typical 
migratory profile, while others resembled neurons that were in the process of differentiation. Myosin Va was also transiently 
expressed in fibers present in the fimbria. Myosin Va was not detected in germinative matrices of the hippocampus proper or 
of the dentate gyrus. In conclusion, myosin Va expression in both granule and pyramidal cells showed both position and time 
dependency during hippocampal development, indicating that this motor protein is under developmental regulation.
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Brain development requires the coordination of pro-
cesses that include neuronal proliferation, cell migration 
and differentiation, synaptogenesis, and programmed cell 
death. In the cerebrum of most mammals, neuronal prolifera-
tion and migration occur mainly during the prenatal period, 
followed by synaptogenesis and apoptosis. In contrast, 
granule neurons of the dentate gyrus, olfactory bulb and 
cerebellum originate also during the postnatal period. In the 
adult hippocampus, new neurons are generated throughout 
life, and are added to the granule cell layer of the dentate 
gyrus. This addition of neurons allows the mature neuronal 
network of the dentate gyrus to be optimized according to 
functional demands (1-3), and underscores the importance 
of the hippocampus in health and disease (1,4).

The embryonic formation of the hippocampus has 
proved to be an interesting model of ontogenesis because it 
presents neurogenic patterns that obey temporal gradients 
of neuronal proliferation and differentiation (5,6). There 

are three distinct spatiotemporal gradients (5,7-10). First, 
granule cells of the dentate gyrus located in the superficial 
portions of the granule cell layer are generated before 
those located more deeply, according to an outside-in pat-
tern. This gradient differs from that of the cerebral cortex, 
where newly generated cells have to migrate through the 
cell layers formed earlier, resulting in an inside-out pattern 
(11). Second, the supra-pyramidal limb of the granule cell 
layer is generated before the infra-pyramidal limb. Finally, 
the cells in the temporal regions of the dentate gyrus tend 
to be generated earlier than those at the septal pole (5,7), 
obeying a temporal-septal gradient. Although the cytoarchi-
tecture and development of the hippocampus, including 
the process of neuronal migration guided by glial cells, 
are well described (5,8-10), the participating components 
and molecular mechanisms involved in these processes 
remain mostly unknown.

The development of the hippocampus requires move-
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ment of cells, organelles and vesicles, as it occurs during the 
ontogenesis of all brain regions. Thus, it requires molecular 
motors that can convert chemical energy into force and/or 
movement. Motor proteins include the microtubule-based 
kinesins and dyneins, and the actin-based myosins (12). 
The myosin superfamily is composed of at least eighteen 
structurally distinct classes of myosins, which are widely 
expressed in eukaryotes (13). Among them, myosin Va 
(14) is a two-headed, non-filament forming, processive 
myosin (15-17). Myosin Va is present at low levels in many 
vertebrate tissues, but it is most concentrated in nervous 
tissue (18). It occurs in the nervous tissue of the embryonic 
chick (19), rat (18), mouse (20), and man (21). Most brain 
regions of the adult rat express myosin Va (22). Myosin 
Va is found in neurons and glial cells, and is localized to 
neurite tips, growth cones, and the perinuclear region (14). 
Myosin Va binds to synaptic vesicle-associated proteins 
(23-25), participates in organelle and vesicle movement 
along axons (26,27), is apparently involved in neuronal 
growth cone motility (28), and is involved in the localiza-
tion of the smooth endoplasmic reticulum to the dendritic 
spines of Purkinje cells (29). The expression of myosin V 
during the early phases of development of the chick nervous 
system suggests that myosin Va participates in specific 
cellular tasks (19). The immunolocalization of myosin Va 
in mammalian brain from the embryonic to postnatal stage 
has not yet been described. Since this is a necessary step 
towards understanding the role of myosin Va in the devel-
oping nervous system, we have studied the expression 
of myosin Va by immunohistochemistry during pre- and 
postnatal ontogenesis of the rat hippocampus, using an 
affinity-purified anti-myosin Va antibody.

Material and Methods

Establishment of gestational age
Albino Wistar rats were used and the experiments were 

approved by and conducted according to guidelines of the 
Faculty of Medicine of Ribeirão Preto Committee for Animal 
Care and Use. These guidelines are in accordance with 
those set by the National Institutes of Health, USA. Rats 
were housed in plastic cages and maintained in a room un-
der controlled temperature (20 ± 2°C) and illumination (12-h 
light-dark cycle). Water and laboratory rat chow were given 
ad libitum. Timed pregnancies were obtained by housing 6 
females with a male rat overnight. On the following day, the 
females were checked for vaginal plugs and vaginal smears 
were obtained. The sperm-positive day was designated as 
embryonic day 0 (E0). Once paired, presumed pregnant 
dams were separated from their mates to ensure accurate 
determination of gestational age.

Tissue processing and microwave antigen retrieval
Pregnant and postnatal rats were deeply anesthetized 

with Nembutal (45 mg/kg body weight). Brains of E15 to 

E18 rats were surgically removed from their mothers, and 
immersion-fixed for 4 h in 50 mM sodium phosphate buf-
fer, pH 7.4, containing 2% (w/v) paraformaldehyde, 75 mM 
lysine and 10 mM sodium meta-periodate, prepared just 
before use. Brains of E19 to adult rats were perfusion-fixed 
through the left heart ventricle in the same fixative for 40 to 
60 min, and immersion-fixed for another hour. Tissues were 
then dehydrated through graded alcohols and xylene, and 
embedded in paraffin. Five-micrometer sections were cut 
and mounted on gelatin-chromalumn-coated glass slides. 
Tissue sections were incubated at 56°C for 2 h to insure 
adherence of the tissue to the slides. Deparaffinized sections 
were hydrated and incubated in 50 mM sodium phosphate 
buffer, pH 7.4, containing 0.3% (v/v) H2O2, for 15 min at 
room temperature to block endogenous peroxidase.

Retrieval of antibody immunoreactivity was done by in-
cubating tissue sections in 10 mM sodium citrate buffer, pH 
6.0, for 15 min in a microwave oven (Sharp model RB-4A33, 
with an internal capacity of 34 L and a working frequency of 
2.45 GHz), which was used at the maximum nominal power, 
900 W. To assure that the tissue was entirely covered by 
the fluid, the Coplin jars containing the slides were placed 
inside larger plastic jars filled with the same solution. After 
microwave treatment, slides were allowed to cool. Sections 
were then incubated in 0.1 M Tris-glycine buffer, pH 7.4, for 
30 min. To minimize non-specific adsorption of antibodies, 
tissue sections were incubated for 4 h in 20 mM sodium 
phosphate buffer, pH 7.4, containing 0.45 M sodium chloride, 
0.2% (v/v) Triton X-100, 5% (w/v) non-fat dry milk and 15% 
(v/v) normal goat serum (blocking buffer) (30).

Immunohistochemistry
Hippocampal sections were incubated overnight with 

the affinity-purified, rabbit anti-myosin Va antibody 32a (14) 
or with anti-myosin Va antibody 32a pre-adsorbed against 
myosin Va (control), both diluted 1:100 (v/v) in blocking 
buffer, or with rabbit anti-bovine glial fibrillary acidic protein 
(GFAP; Dako, USA), diluted 1:2000 (v/v) in blocking buffer. 
After incubation, sections were rinsed with 20 mM sodium 
phosphate buffer, pH 7.4, containing 0.45 M sodium chloride 
and 0.2% (v/v) Triton X-100. The detection of anti-myosin 
Va and anti-GFAP antibodies was carried out using a bioti-
nylated swine anti-rabbit IgG (Dako) diluted 1:200 (v/v), fol-
lowed by detection of the biotinylated second antibody using 
the ABC kit (Vectastain Elite Kit, Vector, USA), according 
to the manufacturer protocol. The peroxidase reaction was 
developed using 3,3’-diaminobenzidine tetrahydrochloride 
(Pierce, USA) as the chromogen. The reaction was carried 
out for 12 min and stopped with distilled water. After dehydra-
tion, sections were cleared in xylene and coverslipped with 
Permount (Thomas, USA). Negative controls included the 
use of anti-myosin Va antibody preadsorbed with myosin 
Va protein (30), the substitution of anti-myosin Va and anti-
GFAP (Dako) primary antibodies by non-immune serum, 
and the omission of the primary antibodies. All incubations 
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were carried out at room temperature. Sections were ana-
lyzed using an Olympus BX60 (Japan) light microscope. 
Micrographs were obtained using Ektachrome 64TPro film 
(Kodak, USA), an Olympus PM C35DX camera, and an 
Olympus PM30 exposure control. The film was developed 
using an AT6-2500 automated processor. The slides were 

then digitalized using a ProPalette 8000 scanner (Polaroid, 
Japan). Digital images were processed using the Photo-
shop software version 7.01 (Adobe, USA) so that contrast 
was changed by +15 and brightness from 54 to 47% for 
all images. Micrographs were printed using a Phaser 780 
printer (Tectronics, USA). 

Results

The hippocampal formation comprises: i) the dentate 
gyrus, which appears as a “C”-shaped trilaminar cortical 
structure consisting of the molecular layer, the granular 
layer that contains mainly granule cells, and the hilus, a 
polymorphic cell layer that contains several neuronal types; 
ii) the hippocampus proper, which is subdivided into cornu 
ammonis (CA) CA1, CA2 and CA3 fields; iii) the subicular 
complex, and iv) the entorhinal cortex.

The hippocampus of E17 rat embryos contains two 
well-defined zones, one of differentiating and the other of 
proliferating cells (Figure 1A). Cells in the fimbria, dentate 
notch and differentiating zone of the prospective hip-
pocampus exhibited a strong myosin Va staining (Figure 
1B). In contrast, proliferating cells in the hippocampal neu-
roepithelium did not express myosin Va (Figure 1B). Many 
GFAP-immunoreactive-like fibers were observed, mainly in 
the most lateral portion of the hippocampus, including the 
neuroepithelial region and the dentate notch (Figure 1C).

Myosin Va was strongly expressed in large cells with 
clear nuclei in the differentiating zone of the primitive hip-
pocampus proper (E18) that resembled pyramidal neurons 
(Figure 2). Some of these cells were spindle-shaped, exhib-

Figure 1. Adjacent coronal sections (5 µm) of a rat hippocampus 
on embryonic day 17 (E17) stained with hematoxylin and eosin 
(A); labeled with anti-myosin Va antibody (B); labeled with anti-
glial fibrillary acidic protein (GFAP) antibody (C). Note in Panel B 
that cells in the neuroepithelium (NE) are not expressing myosin 
Va, in contrast to cells present in the differentiating zone (DZ) 
and dentate notch (D), which show a strong staining. Note an in-
tense glial fiber staining in the dentate notch (Panel C). The star 
indicates the same location in all sections. Bar = 50 µm.

Figure 2. A coronal section (5 µm) of a rat hippocampus on em-
bryonic day 18 (E18) showing the expression of myosin Va in the 
primitive hippocampus proper (H). Some myosin Va-stained cells 
show a characteristic migratory profile (inset, arrowhead in box 
1), whereas others exhibit the characteristic cell morphology of 
differentiating pyramidal cells (inset, arrow in box 2). Granule cell 
progenitors present in the secondary dentate matrix (DGS) ex-
press much less myosin Va than cells in the primitive hippocam-
pus proper. NE = neuroepithelium; FI = fimbria. Bar = 50 µm.
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iting a migratory profile (arrowhead, inset 1), while others 
were more triangular-shaped (arrow, inset 2), resembling 
differentiating pyramidal cells. On the other hand, myosin 
Va was barely detectable in the secondary dentate matrix 
of the E18 hippocampus, a region of neuronal proliferation 
(Figure 2).

By E21 the supra-pyramidal blade of the dentate gyrus 
was delineated, as shown by hematoxylin-eosin staining 
(Figure 3A), and this region was myosin Va immunoreactive 
(Figure 3B), but was GFAP-negative (adjacent section in 
Figure 3C). At E21, the cytoplasm of the CA1 pyramidal 
cells was stained for myosin Va (Figures 3B and 4A). Many 
GFAP-positive fibers were observed in the secondary den-
tate matrix, in a layer above the supra-pyramidal blade, and 
as radially oriented fibers passing through Ammon’s horn 
(Figure 3C). At this developmental stage, cells located in 
the proliferative region that underlies the supra-pyramidal 
blade, and in the prospective infra-pyramidal blade were 
myosin Va-negative (Figure 3B).

During the transition from pre- to postnatal (P) hip-
pocampal development, E21 to P2, myosin Va expression 
increased in the CA3 field, such that at P2 CA3 pyramidal 
cells were found near the polymorphic layer (Figure 4B), 
whereas at E21 myosin Va-positive pyramidal cells did not 
occupy the whole CA3 region (Figure 4A). Anti-myosin Va 
antibody stained the cytoplasm of many rounded cells with 
clear nuclei in all CA fields, but staining of pyramidal cell 
processes was especially observed in the CA2 field (Figure 
4B). Fibers in the fimbria at P2 were strongly stained by 
anti-myosin Va (Figure 4B), whereas there was no fimbria 
staining at E21 (Figure 4A). At the P2 stage, myosin Va was 
expressed in the supra-pyramidal blade and in the curving 
dentate gyrus that projects towards the infra-pyramidal 
blade (indicated by arrowheads in Figure 5).

At stage P7, both the supra- and infra-pyramidal blades 

Figure 4. Coronal sections (5 µm) of a rat hippocampus on em-
bryonic day 21 (E21, A) and postnatal day 2 (P2, B) probed with 
anti-myosin Va antibody. Note in Panel A that pyramidal cells lo-
cated in the cornu ammonis (CA1, CA2 and CA3) regions are 
expressing myosin Va. In P2 (Panel B), myosin Va-positive pyra-
midal cells in the CA3 region (arrows) reached the polymorphic 
layer (PO). The cytoplasm and processes of pyramidal cells in 
CA2 were strongly stained by anti-myosin Va (arrowheads). Myo-
sin Va staining of fimbria (FI) fibers was strong at P2, but was not 
detected at E21. GC = granule cells. Bar = 50 µm.

Figure 3. Adjacent coronal sections (5 µm) of a rat hippocampus on prenatal day 21 were stained with hematoxylin-eosin (A), labeled 
with anti-myosin Va antibody (B), or labeled with anti-glial fibrillary acidic protein (GFAP) antibody (C). Note the expression of myosin 
Va in granule cells (GC, indicated by arrowheads) in the supra-pyramidal blade. These cells are located above the proliferative region. 
Note that in the dentate gyrus (DG) and in Ammon’s horn (AH), cells that are myosin Va-positive (Panel B) appear to be GFAP-negative 
(arrowheads indicate GC localization in Panel C). The arrows point to the same blood vessel in A-C. Bar = 50 µm.
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of the dentate gyrus expressed myosin Va, but the later gen-
erated infra-pyramidal blade cells presented more intense 
staining with the anti-myosin Va antibody than the supra-
pyramidal cells (Figure 6A). At P12, cells in the infra- and 
supra-pyramidal blades exhibited a similar staining intensity 
(Figure 6B). This pattern of staining by anti-myosin Va anti-
body was also observed in the adult hippocampus (Figure 
6C). During postnatal ontogenesis of the hippocampus 
proper, the expression of myosin Va by pyramidal cells in 
the CA3 region increased from E21 (Figure 4A) up to P7 
(Figure 7B), and the staining of dendritic processes was 
more conspicuous by P7. After P7, myosin Va expression in 
pyramidal cells changed to the adult pattern, characterized 
by staining of the cytoplasm, of a few dendritic poles and 
dendrites, and unstained nuclei (Figure 7C).

The fimbria of the mature brain is composed of hip-
pocampal afferent and efferent fibers. It only begins to be 
a distinctive region in E16 rat embryos (8). From its ap-
pearance at E16 and up to the adult, the fimbria expressed 
myosin Va (Figures 2, 7D-F). At P2, a massive fiber tract 
immunoreactive to anti-GFAP (Figure 7D) was observed. A 
similar staining pattern for myosin Va was seen in an adja-
cent section (Figure 7A). As the fibers became mature and 
began to be replaced by astrocytes (Figure 7E,F), myosin 
Va immunoreactivity changed to a weak, finely punctate 

staining (Figure 7B,C), as can be seen at P7 and in adult 
sections probed with anti-myosin Va and anti-GFAP.

Discussion

The prenatal pyramidal cells of Ammon’s horn and the 
postnatal granule cells of the dentate gyrus derive from 
two different germinative matrices, the periventricular 
neuroepithelium (7,9,10), and the subgranular zone of the 
dentate gyrus itself (8), respectively. The precursors of the 
subgranular zone neurons migrate from the ventricular 
neuroepithelium (8). The present report shows that myosin 
Va exhibits a gradient of expression that appears to ac-
company the formation of the hippocampal dentate gyrus 
and Ammon’s horn (5,8-10,31).

Myosin Va was not detected in proliferative zones
The germinal matrix of the hippocampus is a medially 

situated, convex neuroepithelial lobule of the lateral ven-
tricle that is divisible into three morphogenic components. 
These components, from dorsal to ventral, are the putative 
ammonic neuroepithelium, the putative primary dentate neu-
roepithelium, and the putative fimbrial glioepithelium. The 
progenitors present in the neuroepithelium proliferate and 
migrate to specific structures to form the different fields of the 

Figure 5. Coronal section (5 µm) of a rat hip-
pocampus on postnatal day 2 (P2) probed with 
anti-myosin Va antibody. Note that the granule 
cells that are myosin Va-positive are located in the 
supra-pyramidal blade (SPB), and start curving 
down to occupy the infra-pyramidal blade (indicat-
ed by arrowheads). GC = granule cell layer; PO = 
polymorphic cell layer; CA3 = cornu ammonis CA3 
region. Bar = 50 µm.

Figure 6. Coronal sections (5 µm) of a rat hip-
pocampus at postnatal days 7 (P7, A) and 12 (P12, 
B), and at adult stage (C) were probed with anti-
myosin Va antibody. Note that the granule cells 
present in the infra-pyramidal blade (IPB) of a P7-
hippocampal section (A) demonstrate a stronger 
staining than those in the supra-pyramidal blade 
(SPB). In the rat hippocampus at P12 (B) and in 
the adult phase (C), note that the intensity of the 
myosin Va expression in the granule cells present 
in the SPB and IPB is about the same, and lower 
than in the IPB at P7. CA1 and CA3 = cornu am-
monis CA1 and CA3 regions, respectively. Bar = 
50 µm.
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hippocampus. In addition to the duplication and separation 
of chromosomes, mitosis is characterized by disassembly, 
partitioning, and reorganization of intracellular membranous 
organelles. Myosin Va was demonstrated to be located at 
the centrosome in several cultured mammalian cells at all 
stages of the cell cycle, suggesting that myosin Va could 
play a role during cell division (32). However, myosin Va was 
not detected in hippocampal proliferative matrices, namely 
the neuroepithelium and the secondary dentate matrix of 
the dentate gyrus at any age studied here. Although the 
resolution of the method used here is not appropriate to 
identify the centrosome and the mitotic spindle, it is clear 
that the hippocampus germinative matrices do not express 
myosin Va in the cytoplasm at levels comparable to other 
developing hippocampal structures.

Differential expression of myosin Va in granule 
cells of the dentate gyrus during hippocampal 
development

The expression of myosin Va in granule cells became 
apparent after they had migrated from the secondary dentate 
matrix to the supra-pyramidal blade of the dentate gyrus, and 
began to differentiate. During the formation of the outside-
in gradient within the dentate gyrus (10), myosin Va was 

expressed primarily in the granule cells that had migrated 
to the external limb of the supra-pyramidal blade of the 
dentate gyrus. Thus, myosin Va could be detected in cells 
that apparently have migrated away from the proliferative 
zone, but not in the proliferative zone itself. The granule 
cells of the supra-pyramidal blade are generated and start 
differentiating before those in the infra-pyramidal blade 
(8-10). At day P2, the expression of myosin Va became 
evident in differentiated cells in the infra-pyramidal blade, 
in accordance with the gradient of cell generation and dif-
ferentiation from the supra- to the infra-pyramidal blade 
(5,8-10). At age P7, the infra-pyramidal blade of the dentate 
gyrus showed stronger staining than the supra-pyramidal 
blade. In the adult, there was no appreciable difference in 
the weak myosin Va staining between the infra- and supra-
pyramidal blades, in agreement with the findings reported 
by Tilelli et al. (22). Taken together, the data presented 
here and the above discussion suggest that myosin Va is 
developmentally regulated during the ontogenesis of the 
hippocampal granule cells.

Myosin Va is expressed in both undifferentiated and 
differentiated pyramidal cells

The CA fields of the hippocampus are anatomically 

Figure 7. Adjacent coronal sections (5 µm) of a rat hippocampus on postnatal days 2 (P2, A and D), 7 (P7, B and E) and in the adult 
phase (C and F) probed with anti-myosin Va (A, B and C) or with anti-GFAP (D, E, and F) antibodies. In P2, note that fibers in both sec-
tions, A and D, respectively, are strongly labeled and have a parallel orientation in the fimbria. Myosin Va-positive pyramidal cells seen 
in A, B, and C are GFAP-negative, as shown in D, E, and F. Note that the fiber staining pattern of fimbria (FI) by anti-GFAP has changed 
from P2 to adult (Panels D-F) such that the predominance of GFAP-positive fibers has been largely and progressively replaced by 
glial cell bodies and their processes in the adult stage (arrows in E and F). The fimbria, stained with anti-myosin Va, presents a finely 
punctate and diffuse staining. Arrows in C point to adult neurons that express myosin Va. GFAP = glial fibrillary acidic protein; CA3 = 
cornu ammonis CA3 region. Bar = 50 µm.
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and neurochemically distinct, and appear to make different 
contributions to the role of the hippocampus in learning and 
memory (33). The development of normal hippocampal 
circuitry and functions also depends on the correct division 
of the hippocampal anlage into its component CA fields. 
In the first step of this process, distinct populations of 
hippocampal cells must be specified to follow a particular 
developmental program, and thereby take on a particular 
CA field identity.

Throughout hippocampal development, pyramidal 
cells are generated between E15 and E19 following a 
subicular-to-dentate morphogenetic gradient (9). Myosin 
Va expression was observed in differentiating pyramidal 
cells as early as E17. These cells were localized to the dif-
ferentiating zone of the future CA region. As the pyramidal 
cells differentiate they start to spread out first forming the 
CA3 region and then forming the CA1 region. The myosin 
Va expression shown here follows the subicular-to-dentate 
morphogenetic gradient (9), where pyramidal cells populate 
first the CA3 region and then continue by populating regions 
CA2 and CA1, respectively. The expression of myosin Va 
in pyramidal cells of the different hippocampal subfields 
varies during differentiation, suggesting that myosin Va is 
under developmental control.

Myosin Va expression in fimbria fibers
The fimbrial glioepithelium is situated between the 

primary dentate neuroepithelium and the tip of the hip-
pocampal rudiment. The fimbrial glioepithelium is clearly 
present by day E15, two days before the fimbria becomes 
a distinct fiber tract. As the fimbria emerges, cells of the 
putative glial matrix migrate into it (8). At E15 we were 
not able to detect myosin Va in the fimbrial glioepithelium. 
However, as soon as the fimbria became a distinct fiber 
tract, expression of myosin Va was evident, suggesting 
that this motor protein might be involved in its formation 
and/or function. As the fimbrial structure becomes more 
mature it continues to express myosin Va. A comparison of 
developing hippocampal sections labeled with anti-myosin 
Va and anti-GFAP antibodies showed that at the beginning 
of hippocampal development, when the fimbria is mainly 
constituted of fibers, both proteins presented basically the 
same staining pattern. As the fibers start to be replaced by 
mature astrocytes, myosin Va expression loses its fiber-like 
pattern, and the staining becomes finely punctate and dif-
fuse. This finding suggests that myosin Va might participate 
in the changes that occur during fimbria development.

Is myosin Va developmentally regulated?
The development and maintenance of neuronal mor-

phology involve a set of cytoskeleton proteins, which include 
tubulin, microtubule-associated proteins, intermediate fila-
ment proteins, and actin. These various filamentous compo-
nents interact to maintain the elaborate three-dimensional 
shape of neurons and to play a dynamic role in axonal 

transport and synaptic plasticity. As such, their expression 
is critical to the structural and functional changes that oc-
cur during neuronal development. In particular, actin is a 
component of the cytoskeleton that is essential for motility 
of the growth cones (34). In contrast, the only form of actin 
detected in migratory neurons is cortical actin, a ring of 
which is seen in the cell soma (35,36). Migratory neurons 
(11) characteristically exhibit a microtubule system that 
forms a “cage” around the nucleus (35), and a basal body 
(37) that projects microtubules into the highly motile leading 
process (36,38,39). Vesicles move along this microtubule 
system. A cessation of vesicle movement accompanies a 
halt of migration (36).

The association of myosin Va with organelle movement 
in axons (26) suggests that myosin Va may have a functional 
role in the transport of materials packed in organelles, and 
in organelle localization itself. Since these processes take 
place in differentiating neurons and glial cells, and myosin 
Va occurs in both cell types (14), it is possible that myosin 
Va can participate in neural cell differentiation. A second 
process that requires force generation is cell migration. 
Neurons navigate through a crowded terrain, and have to 
squeeze between fibers and cells during migration to attain 
their final positions (11). Changes that occur in both cell 
shape and position require force generation. 

The results presented here suggest that the expression 
of myosin Va is developmentally regulated. First, the ab-
sence of the expression of myosin Va in proliferative areas 
suggests that it is not up-regulated during cell division in 
neural embryonic tissue as seen for cells in culture (32). 
Second, myosin Va expression by pyramidal and granule 
cells at specific regions and times that include processes 
of cell differentiation and migration, suggests that myosin 
Va can participate in the dynamic cellular rearrangements 
occurring during morphogenesis. Third, its increased ex-
pression in granule and pyramidal cells clearly undergoing 
differentiation, followed by its decrease after differentiation, 
suggests a role in cell maturation. In conclusion, the ex-
pression of myosin Va was more intense in differentiating 
than in proliferating and in already differentiated granule 
and pyramidal cells, and in developing neural tracts, but 
was not expressed in proliferating cells, suggesting that 
myosin Va is developmentally regulated and can play a 
role in hippocampal ontogenesis.

Acknowledgments

We thank Mr. Hildeberto Caldo and Mr. Marcio Oliveira 
for expert technical assistance, and Mr. Fernando Silva 
de Oliveira for reviewing the manuscript language. We 
acknowledge Ajinomoto Interamericana, São Paulo, Bra-
zil, for a gift of L-lysine. Research supported by FAPESP, 
FAEPA, and CNPq to A.R. Martins, R.E. Larson and J. 
Pereira Leite. L.S. Brinn was the recipient of fellowships 
from CNPq and FAPESP.



Myosin Va expression during hippocampal development 897

www.bjournal.com.br Braz J Med Biol Res 43(9) 2010

References

 1. Kempermann G. Why new neurons? Possible functions for 
adult hippocampal neurogenesis. J Neurosci 2002; 22: 635-
638.

 2. Kempermann G, Gast D, Kronenberg G, Yamaguchi M, 
Gage FH. Early determination and long-term persistence of 
adult-generated new neurons in the hippocampus of mice. 
Development 2003; 130: 391-399.

 3. Jessberger S, Gage FH. Stem-cell-associated structural 
and functional plasticity in the aging hippocampus. Psychol 
Aging 2008; 23: 684-691.

 4. Jacobs BL, van Praag H, Gage FH. Adult brain neurogenesis 
and psychiatry: a novel theory of depression. Mol Psychiatry 
2000; 5: 262-269.

 5. Rickmann M, Amaral DG, Cowan WM. Organization of radial 
glial cells during the development of the rat dentate gyrus. J 
Comp Neurol 1987; 264: 449-479.

 6. Tole S, Christian C, Grove EA. Early specification and 
autonomous development of cortical fields in the mouse 
hippocampus. Development 1997; 124: 4959-4970.

 7. Bayer SA. Development of the hippocampal region in the rat. 
I. Neurogenesis examined with 3H-thymidine autoradiogra-
phy. J Comp Neurol 1980; 190: 87-114.

 8. Altman J, Bayer SA. Mosaic organization of the hippocampal 
neuroepithelium and the multiple germinal sources of den-
tate granule cells. J Comp Neurol 1990; 301: 325-342.

 9. Altman J, Bayer SA. Prolonged sojourn of developing pyra-
midal cells in the intermediate zone of the hippocampus and 
their settling in the stratum pyramidale. J Comp Neurol 1990; 
301: 343-364.

10. Altman J, Bayer SA. Migration and distribution of two popu-
lations of hippocampal granule cell precursors during the 
perinatal and postnatal periods. J Comp Neurol 1990; 301: 
365-381.

11. Rakic P. Neuron-glia relationship during granule cell migra-
tion in developing cerebellar cortex. A Golgi and electronmi-
croscopic study in Macacus rhesus. J Comp Neurol 1971; 
141: 283-312.

12. Wehrle-Haller B, Imhof BA. Actin, microtubules and focal 
adhesion dynamics during cell migration. Int J Biochem Cell 
Biol 2003; 35: 39-50.

13. Berg JS, Powell BC, Cheney RE. A millennial myosin cen-
sus. Mol Biol Cell 2001; 12: 780-794.

14. Espreafico EM, Cheney RE, Matteoli M, Nascimento AA, De 
Camilli PV, Larson RE, et al. Primary structure and cellular 
localization of chicken brain myosin-V (p190), an unconven-
tional myosin with calmodulin light chains. J Cell Biol 1992; 
119: 1541-1557.

15. Larson RE. Myosin-V: a class of unconventional molecular 
motors. Braz J Med Biol Res 1996; 29: 309-318.

16. Sellers JR, Veigel C. Walking with myosin V. Curr Opin Cell 
Biol 2006; 18: 68-73.

17. Trybus KM. Myosin V from head to tail. Cell Mol Life Sci 
2008; 65: 1378-1389.

18. Espindola FS, Espreafico EM, Coelho MV, Martins AR, 
Costa FR, Mooseker MS, et al. Biochemical and immuno-
logical characterization of p190-calmodulin complex from 
vertebrate brain: a novel calmodulin-binding myosin. J Cell 
Biol 1992; 118: 359-368.

19. Azevedo A, Lunardi LO, Larson RE. Immunolocalization of 

myosin Va in the developing nervous system of embryonic 
chicks. Anat Embryol 2004; 208: 395-402.

20. Mercer JA, Seperack PK, Strobel MC, Copeland NG, Jen-
kins NA. Novel myosin heavy chain encoded by murine 
dilute coat colour locus. Nature 1991; 349: 709-713.

21. Engle LJ, Kennett RH. Cloning, analysis, and chromosomal 
localization of myoxin (MYH12), the human homologue to 
the mouse dilute gene. Genomics 1994; 19: 407-416.

22. Tilelli CQ, Martins AR, Larson RE, Garcia-Cairasco N. Im-
munohistochemical localization of myosin Va in the adult rat 
brain. Neuroscience 2003; 121: 573-586.

23. Prekeris R, Terrian DM. Brain myosin V is a synaptic vesicle-
associated motor protein: evidence for a Ca2+-dependent 
interaction with the synaptobrevin-synaptophysin complex. 
J Cell Biol 1997; 137: 1589-1601.

24. Costa MC, Mani F, Santoro W Jr, Espreafico EM, Larson 
RE. Brain myosin-V, a calmodulin-carrying myosin, binds 
to calmodulin-dependent protein kinase II and activates its 
kinase activity. J Biol Chem 1999; 274: 15811-15819.

25. Ohyama A, Komiya Y, Igarashi M. Globular tail of myosin-V 
is bound to vamp/synaptobrevin. Biochem Biophys Res 
Commun 2001; 280: 988-991.

26. Tabb JS, Molyneaux BJ, Cohen DL, Kuznetsov SA, Langford 
GM. Transport of ER vesicles on actin filaments in neurons 
by myosin V. J Cell Sci 1998; 111 (Part 21): 3221-3234.

27. Desnos C, Huet S, Darchen F. ‘Should I stay or should I go?’: 
myosin V function in organelle trafficking. Biol Cell 2007; 99: 
411-423.

28. Wang FS, Wolenski JS, Cheney RE, Mooseker MS, Jay 
DG. Function of myosin-V in filopodial extension of neuronal 
growth cones. Science 1996; 273: 660-663.

29. Dekker-Ohno K, Hayasaka S, Takagishi Y, Oda S, Wakasugi 
N, Mikoshiba K, et al. Endoplasmic reticulum is missing in 
dendritic spines of Purkinje cells of the ataxic mutant rat. 
Brain Res 1996; 714: 226-230.

30. Martins AR, Dias MM, Vasconcelos TM, Caldo H, Costa MC, 
Chimelli L, et al. Microwave-stimulated recovery of myosin-
V immunoreactivity from formalin-fixed, paraffin-embedded 
human CNS. J Neurosci Methods 1999; 92: 25-29.

31. Gould E, Cameron HA. Regulation of neuronal birth, migra-
tion and death in the rat dentate gyrus. Dev Neurosci 1996; 
18: 22-35.

32. Espreafico EM, Coling DE, Tsakraklides V, Krogh K, Wolen-
ski JS, Kalinec G, et al. Localization of myosin-V in the cen-
trosome. Proc Natl Acad Sci U S A 1998; 95: 8636-8641.

33. Woodhams PL, Celio MR, Ulfig N, Witter MP. Morphological 
and functional correlates of borders in the entorhinal cortex 
and hippocampus. Hippocampus 1993; 3 (Spec No.): 303-
311.

34. Bentley D, Toroian-Raymond A. Disoriented pathfinding 
by pioneer neurone growth cones deprived of filopodia by 
cytochalasin treatment. Nature 1986; 323: 712-715.

35. Rivas RJ, Hatten ME. Motility and cytoskeletal organization 
of migrating cerebellar granule neurons. J Neurosci 1995; 
15: 981-989.

36. Hatten ME. New directions in neuronal migration. Science 
2002; 297: 1660-1663.

37. Gregory WA, Edmondson JC, Hatten ME, Mason CA. Cy-
tology and neuron-glial apposition of migrating cerebellar 



898 L.S. Brinn et al.

www.bjournal.com.brBraz J Med Biol Res 43(9) 2010

granule cells in vitro. J Neurosci 1988; 8: 1728-1738.
38. Hatten ME, Mason CA. Mechanisms of glial-guided neuronal 

migration in vitro and in vivo. Experientia 1990; 46: 907-
916.

39. Komuro H, Rakic P. Dynamics of granule cell migration: a 
confocal microscopic study in acute cerebellar slice prepara-
tions. J Neurosci 1995; 15: 1110-1120.


