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ABSTRACT
Macrophage/microglial cells in the mouse retina during embryonic and postnatal devel-

opment were studied by immunocytochemistry with Iba1, F4/80, anti-CD45, and anti-CD68
antibodies and by tomato lectin histochemistry. These cells were already present in the retina
of embryos aged 11.5 days (E11.5) in association with cell death. At E12.5 some macrophage/
microglial cells also appeared in peripheral regions of the retina with no apparent relation-
ship with cell death. Immediately before birth microglial cells were present in the neuroblas-
tic, inner plexiform (IPL), and ganglion cell (GCL) layers, and their distribution suggested
that they entered the retina from the ciliary margin and the vitreous. The density of retinal
microglial cells strongly decreased at birth, increased during the first postnatal week as a
consequence of the entry of microglial precursors into the retina from the vitreous, and
subsequently decreased owing to the cessation of microglial entry and the increase in retina
size. The mature topographical distribution pattern of microglia emerged during postnatal
development of the retina, apparently by radial migration of microglial cells from the vitreal
surface in a vitreal-to-scleral direction. Whereas microglial cells were only seen in the GCL
and IPL at birth, they progressively appeared in more scleral layers at increasing postnatal
ages. Thus, microglial cells were present within all layers of the retina except the outer
nuclear layer at the beginning of the second postnatal week. Once microglial cells reached
their definitive location, they progressively ramified. J. Comp. Neurol. 506:224–239, 2008.
© 2007 Wiley-Liss, Inc.
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Microglial cells are involved in surveillance and clean-
ing of the central nervous system (CNS), in immune reac-
tions in the nervous parenchyma, and probably also in the
emergence of the mature organization of the CNS
(Kreutzberg, 1996; Aloisi, 2001; Mallat et al., 2005). These
cells adopt different morphological and immunopheno-
typical features in different situations. Immature micro-
glial cells are frequent during embryonic and postnatal
development. Most of them are ameboid cells (so-called
ameboid microglia) and others show a primitive ramifica-
tion. Mature microglial cells are fully ramified and were
previously thought to be quiescent cells but recent studies
have revealed them to be highly motile cells that contin-
ually survey their microenvironment by extension and
retraction of processes (Nimmerjahn et al., 2005). Injury
of CNS regions gives rise to the activation of ramified
microglial cells, which acquire morphological and immu-
nophenotypical features similar to macrophages (Streit et
al., 1999). In addition, macrophages arising from mono-

cytes of the blood circulation also invade the nervous pa-
renchyma in many CNS injuries. Hence, it is frequently
difficult to distinguish between activated microglial cells
and peripheral macrophages (Stoll and Jander, 1999;
Cuadros et al., 2000) and they are often designated as
macrophage/microglial cells. The same term is also used to
refer to cells of macrophage lineage that appear during
early CNS development (Cuadros et al., 1993; Herbomel et
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al., 2001) and whose final fate is not evident: they might
become microglia as development advances or might dis-
appear and be substituted by true microglial precursors.
In this study the term macrophage/microglial cells is used
to refer to macrophage-lineage cells whose final fate is not
clearly established, while the term microglial cells is re-
served for cells whose fate can be unequivocally traced
during development until they become microglial cells.

Microglia originate from cells of mesodermal lineage
that colonize the CNS (Cuadros and Navascués, 1998),
including the retina, to achieve a mature distribution pat-
tern that is specific to each CNS region (Lawson et al.,
1990; Mittelbronn et al., 2001). The distribution of micro-
glial cells in the adult retina has been described in fish
(Dowding et al., 1991; Salvador-Silva et al., 2000), am-
phibians (Goodbrand and Gaze, 1991), birds (Navascués et
al., 1994; Won et al., 2000; Cuadros et al., 2006), and
mammals, including rabbits (Ashwell, 1989; Schnitzer,
1989; Humphrey and Moore, 1996), mice (Zhang et al.,
2005b), rats (Ashwell et al., 1989; Harada et al., 2002;
Zhang et al., 2005a), monkeys (Vrabec, 1970; Boycott and
Hopkins, 1981), and humans (Penfold et al., 1991, 2001;
Provis et al., 1995; Yang et al., 2000; Gupta et al., 2003).
It has been observed in these species that microglial cells
in the adult normal retina appear in the ganglion cell
layer (GCL) and all fibrous layers, whereas they are scarce
in the inner nuclear layer (INL) and absent in the outer
nuclear layer (ONL). Many studies have demonstrated
that these cells respond to different injuries in the retina
(Humphrey and Moore, 1996; Roque et al., 1996; Chen et
al., 2002; Harada et al., 2002; Zhang et al., 2005a,b),
modifying this normal distribution pattern.

Emergence of the microglial distribution pattern during
development has been far less investigated than its final
outcome in the adult retina and has been extensively
studied at our laboratory in the quail (Navascués et al.,
1994, 1995; Marı́n-Teva et al., 1998, 1999a,c; Sánchez-
López et al., 2004). These studies revealed that microglial
cells colonize the quail retina by two different forms of
migration, tangential and radial. Microglial cells spread
on the vitreal surface of the retina by tangential migration
along the developing nerve fiber layer (NFL). Subse-
quently, microglial cells reach other retinal layers by ra-
dial migration. There are few data on microglial develop-
ment in the retina of other species. Detailed reports have
been published on the presence and distribution of micro-
glia in the developing retina of rats (Ashwell et al., 1989)
and rabbits (Ashwell, 1989; Schnitzer, 1989), while only
some development stages have been studied in mice
(Hume et al., 1983; Hughes et al., 2003) and humans
(Diaz-Araya et al., 1995a,b). It has also been reported that
the distribution of microglial cells differs between pig-
mented and albino mouse retinas (Ng and Streilein, 2001).

In the present study different microglial markers were
used to characterize the sequence of changes in the distri-

bution of microglial cells at each embryonic and postnatal
developmental stage, comparing these changes between
two different strains of mice (C57BL/6, pigmented, and
BALB/c, albino).

MATERIALS AND METHODS

Animals and histology

One hundred fifty embryos and postnatal mice of differ-
ent ages were used in this study. Two different strains of
mice were provided by the Animal Experimentation Ser-
vice of the University of Granada: C57BL/6 pigmented
and BALB/c albino mice. The age of embryos was deter-
mined by checking the presence of a vaginal plug in preg-
nant females; the morning of the day of plug detection was
considered day 0.5 of gestation on the assumption that
gestation had commenced the previous night. Embryos
aged from 11.5 days of gestation (E11.5) to E18.5 were
obtained from pregnant females subjected to deep halo-
thane anesthesia (Fluothane, AstraZeneca Farmaceútica,
Pontevedra, Spain). Ages of postnatal animals studied
ranged from day of birth (P0) to adulthood (P45–60). Em-
bryos and early postnatal animals were killed by decapi-
tation. Older animals were killed by cervical dislocation or
anesthetic overdose. In all cases experimental procedures
followed guidelines issued by the Research Ethics Com-
mittee of our university.

The fixatives used in this study were 4% paraformalde-
hyde in phosphate-buffered saline (PBS, pH 7.4),
periodate-lysine-paraformaldehyde (PLP, Yamato et al.,
1984), and Bouin’s fluid. The entire head of embryos or
enucleated eyes from postnatal animals were fixed in
paraformaldehyde or PLP for 1–6 hours. Fixed material
was cryoprotected in PBS (pH 7.4) containing 30% su-
crose, soaked in OCT compound (Sakura Finitek Europe,
Zoeterwoude, The Netherlands), and frozen in liquid ni-
trogen. Blocks were stored at �40°C until use. Twenty-
�m-thick transverse sections of retinas were obtained in a
cryostat (Leica, Wetzlar, Germany) and collected on Su-
perfrost slides (Menzel-Glasser, Braunschweig, Ger-
many). Additional embryo heads and postnatal eyes were
fixed in Bouin’s fluid for 15–24 hours and embedded in
paraffin wax. Paraffin blocks were cut in a rotatory mic-
rotome (Leica) at 10-�m thickness.

Immunocytochemistry

The antibodies used in this study and their sources and
dilutions are summarized in Table 1. The Iba1 antibody
was raised against the C-terminal end (sequence PTGP-
PAKKAISELP) of the iba1 protein, a calcium-binding pro-
tein of macrophages and microglial cells present in ro-
dents (Ito et al., 1998); this antibody recognizes a band of
about 17 kDa on Western blot. F4/80 antibody binds to a
surface glycoprotein of mouse macrophages and microglia

TABLE 1. Antibodies Used

Antibody Source Type, Host Dilution

Iba1 Wako Pure Chemicals, Osaka, Japan #019-19741 Polyclonal, rabbit 1:100-1:200
F4/80 Serotec, Oxford, UK, #MCA 497 Monoclonal, rat 1:30
CD45 Serotec #MCA 1388 Monoclonal, rat 1:40
CD68 Serotec #MCA 1957 Monoclonal, rat 1:40
Ki 67 Abcam, Cambridge, UK, #ab15580 Polyclonal, rabbit 1:100
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that have a mass of around 160 kDa in immunoprecipita-
tion and Western blot experiments (Hume and Gordon,
1983; our unpubl. results); the immunogen was peritoneal
activated macrophages from C57/BL mice. Anti-CD45 and
anti-CD68 antibodies recognize mouse homologs of CD45
and CD68 molecules, respectively. CD45 is a tyrosine
phosphatase protein present in the membrane of cells of
monocyte/macrophage lineage (Penninger et al., 2001) and
the antibody used, whose immunogen was purified B cells
from mouse lymph nodes, recognizes a single band of
�170 kDa in Western blot of mouse brain extracts
(Cuadros et al., 2006). CD68 (macrosialin) is a membrane
glycoprotein present in lysosomes of macrophage-lineage
cells (Da Silva and Gordon, 1999); the antibody used in
this study, raised against concavalin A acceptor protein
from P815 cell line (manufacturer’s technical informa-
tion), recognizes bands of 87–115 kDa corresponding to
different degrees of protein glycosylation related to cell
activation and phagocytosis (Da Silva and Gordon, 1999).
Finally, the immunogen for the Ki67 antibody was a pep-
tide within residues 1200–1300 (sequence EDLAG-
FKELFQTP) of human Ki67 protein (manufacturer’s tech-
nical information); it recognizes on Western blot a protein
of 345–395 kDa present in the nucleus of proliferating
cells (Schlüter et al., 1993; manufacturer’s technical infor-
mation) and is therefore used as a marker of cell prolifer-
ation. As negative control, primary antibodies were omit-
ted in some sections, resulting in the abolition of
immunostaining. In addition, immunolabeled cells
showed the expected distribution and shape in immuno-
stained sections. Thus, cells strongly labeled with Iba1,
F4/80, anti-CD45, and anti-CD68 were observed within
blood vessels, vitreous, and periocular tissues, showing
the morphological features of monocytes/macrophages.
Ki67 immunopositive cells appeared in proliferative re-
gions of the retina and periocular tissues.

After permeabilization in 0.1% Triton X-100 (Sigma, St.
Louis, MO) in PBS (pH 7.4), sections were incubated with
normal goat serum (Sigma) diluted 1:30 in PBS–1% bo-
vine serum albumin (PBS-BSA) for 45–60 minutes. Then
they were incubated with the primary antibody for 30–48
hours at 4°C, washed in PBS, and incubated with the
corresponding secondary antibody diluted 1:1,000 in PBS-
BSA for 2–3 hours at room temperature. The secondary
antibodies used were Cy3-conjugated goat antirabbit IgG
(Amersham Biosciences, UK) for Iba1 and Ki67, and Alexa
Fluor 488-conjugated goat antirat IgG (Molecular Probes,
Eugene, OR) for the other primary antibodies. Sections
were stained with Hoechst 33342 (Sigma) to label cell
nuclei, washed, and mounted with Fluoromount G (South-
ern Biotech, Birmingham, AL).

Some sections were double-labeled with Iba1 and an-
other antibody (F4/80, anti-CD45, or anti-CD68), by incu-
bating with mixtures of the two primary and two second-
ary antibodies at the same concentrations and similar
times as for single immunolabelings.

The extravidin-biotin peroxidase technique was used in
some sections for visualizing the label. Endogen peroxi-
dase activity was eliminated from these sections by incu-
bating them with 0.3% hydrogen peroxide before their
incubation with the primary antibody. After treatment
with the corresponding biotinylated secondary antibody
(either biotin-conjugated antirabbit IgG or biotin-
conjugated antirat IgG, both from Sigma), sections were
incubated with extravidin-peroxidase complex (Sigma) for

1 hour at room temperature. The presence of peroxidase
was revealed by incubation with a diaminobenzidine so-
lution, either with or without nickel enhancement. Fi-
nally, sections were counterstained with either hematox-
ylin or methyl green and coverslipped with DePeX (DHB,
Poole, UK).

Lectin histochemistry and TUNEL staining

Some cryostat and paraffin sections were treated with
tomato lectin (TL) histochemistry, which labels microglial
cells within the CNS of rodents (Acarin et al., 1994).
Cryostat sections were permeabilized with 0.2% Triton
X-100 in 0.05 M Tris-buffered saline (TBS, pH 7.2) for 10
minutes, while paraffin sections were dewaxed in xylol.
They were then incubated with biotin-conjugated TL
(Sigma) diluted 1:10 in TBS with 0.1% Triton X-100 for 2
hours at 37°C. Sections were then washed in TBS without
Triton and incubated in avidin complex conjugated with
peroxidase, fluorescein isothiocyanate, or tetramethylrho-
damine isothiocyanate (all three from Sigma) for 1 hour at
room temperature. Peroxidase-labeled sections were de-
veloped with diaminobenzidine, counterstained with he-
matoxylin, dehydrated, and mounted in DePeX.
Fluorescence-labeled sections were mounted with Fluoro-
mount G (Southern Biotech) after nuclear staining with
Hoechst 33342 (Sigma).

Some sections were double-labeled with TL and either
Iba1 or Ki67 antibodies. In these preparations, Iba1 or
Ki67 immunolabeling was performed first followed by TL
histochemistry as described above.

To investigate the possible incidence of cell death in
microglial cells, some sections were double-labeled using
TL and the terminal deoxynucleotidyl transferase (TDT)
dUTP nick-end labeling (TUNEL) technique. In these
cases the TL histochemistry (see above) was performed
before extensive washing in PBS and sections were sub-
sequently incubated in a solution containing 2% of TDT
(Promega, Madison, WI) in TDT buffer (Promega, pH 6.8)
and 0.03% of tetramethylrhodamine-dUTP (Roche Diag-
nostics, Mannheim, Germany) for 1 hour at 37°C. After
incubation, sections were washed with PBS, stained with
nuclear dye Hoechst 33342 (Sigma), and mounted using
Fluoromount G (Southern Biotech).

Microscopy and cell counting

Fluorescence- and peroxidase-labeled sections were ob-
served under an AxioPhot microscope (Zeiss, Oberkochen,
Germany), and micrographs were obtained with an Axio-
Cam digital camera (Zeiss). Confocal microscope pictures
were obtained using a Leitz DMRB microscope equipped
with a Leica TCS-SP5 scanning laser confocal imaging
system (Leica). In confocal microscopy studies stacks of
horizontal (xy) optical sections of selected fields in retinal
sections were collected at 0.5–1-�m intervals through the
z-dimension. Leica confocal software was used to super-
impose optical sections from each microscopic field onto
projection images of microglial cells contained in the field.
The images obtained using normal or confocal microscopy
were stored in TIFF format and prepared digitally in
Adobe Photoshop (Adobe Systems, San Jose, CA) by ad-
justing contrast and brightness.

Drawings of some retinas from peroxidase-labeled sec-
tions were made using a camera lucida attachment. Loca-
tion of microglial cells within the retina were marked on
these drawings. In order to obtain complete images of
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some peroxidase-labeled cells, pictures taken at different
levels of focus were combined by using ImageJ software
(NIH, Bethesda, MD) supplied with the “Extended
depth of field” plug-in created at the Swiss Federal
Institute de Technology Lausanne (EPFL, Lausanne,
Switzerland).

Microglial cells were counted in retinas from embryonic
(E17.5 and E18.5) and postnatal (P0–P28) mice. Cell bod-
ies displaying Iba1 immunoreactivity were counted in 20-
�m-thick cryostat transverse retinal sections comprising
both central and peripheral areas of the retina. Cells were
only counted in every second section to avoid any double
counting. At least four retinas from at least three animals
were counted at each stage, and six different sections were
counted in each retina. ImageJ (NIH) was used to mea-
sure the retinal surface in sections in order to estimate the
density of Iba1-positive cells (number of labeled cells per
�m2) at each developmental age.

RESULTS

Differences in microglial labeling among the
markers

We used different microglial markers in an attempt to
label all microglial cells in our preparations. The Iba1
antibody appeared to be the most reliable marker of mi-
croglia during development and adulthood (Fig. 1A).
Therefore, our study mainly relied on observations made
from material immunostained with this antibody. No ap-
parent differences in Iba1 labeling were observed between
paraformaldehyde- and PLP-fixed retinas, whereas no la-
beling was detected after Bouin fixation.

The present findings for F4/80 antibody did not repro-
duce previously published studies, in which all microglial
cells were apparently marked by this antibody throughout
the brain and retina (Hume et al., 1983; Lawson et al.,
1990) In our study, F4/80 labeling was similar to Iba1

Fig. 1. Labeling of macrophage/microglial cells in developing
mouse retinas by immunocytochemistry with different antibodies
(A,B, D–F) and tomato lectin (TL) histochemistry (C). A,B: Double
immunocytochemical labeling of a P7 retina section with antibodies
Iba1 (magenta) and F4/80 (green). Numerous microglial cells are
immunolabeled with Iba1 antibody, whereas only some of them (ar-
row) show F4/80 labeling. C: Histochemical labeling with TL of a
microglia cell (arrowhead) in an E17.5 retina; arrows indicate labeled
blood vessels in the vitreous. D: Very few microglial cells are labeled
with antiCD45 antibody in an E18.5 retina, although Iba1 antibody

revealed the presence of more microglial cells (not shown, but see Fig.
4A for Iba1 immunostaining of a retina of similar age). E: A microglial
cell is strongly labeled with antiCD68 antibody and appears to be in
the act of traversing the inner limiting membrane (arrowheads) in a
P0 retina. F: Confocal microscope image of a microglial cell double-
immunolabeled with Iba1 (magenta) and antiCD68 (green) antibodies
in a P21 retina. AntiCD68 labeling is reduced to a few spots (arrows)
reminiscent of lysosomes within the cell body. GCL, ganglion cell
layer; INL, inner nuclear layer; ONL, outer nuclear layer; V, vitreous;
NbL, neuroblastic layer. Scale bars � 20 �m in A–E; 35 �m in F.
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labeling during the initial embryonic stages considered
here (see Fig. 2) but then decreased. The decrease in F4/80
immunolabeling was seen in retinas fixed with any of the
fixatives (Bouin’s fluid, paraformaldehyde, or PLP). In late
embryonic and postnatal retinas, F4/80 antibody recog-
nized ameboid microglia but did not mark ramified cells,
which were strongly labeled with Iba1 (compare Fig.
1A,B). A recent report (Hughes et al., 2003) described
extensive labeling of retinal microglia with this antibody
after fixation by perfusion. Although we have no definitive
explanation for this discrepancy, it may be attributable to
our use of fixation by immersion.

TL staining (Fig. 1C) gave comparable results to those
obtained with Iba1 in embryonic and P0–10 retinas. The
TL labeling of microglial cells decreased after P10, when
blood vessels, also labeled by TL, invaded the retina. This
made it difficult to determine whether specific labeling
profiles corresponded to microglial cells. Therefore, TL
proved to be a useful marker of microglial cells until P10
but gave inconclusive results at later ages.

Anti-CD45 antibody strongly labeled the macrophage/
microglial cells present in the retina of E11.5–12.5 em-
bryos but gave a weak labeling thereafter (Fig. 1D), de-
spite the fact that strongly labeled cells continued to be
seen in mesenchymal tissues surrounding the eye. PLP
fixation improved the intensity of CD45 immunostaining.

Microglial labeling with anti-CD68 antibody frequently
showed a dotted staining, as expected for a marker that
recognizes a lysosomal component. This antibody strongly
marked cells within the retina of E11.5–12.5 embryos and
cells close to the vitreal border until the end of the first
postnatal week (Fig. 1E). As development advanced, ex-
pression of the antigen recognized by this antibody ap-
peared to be downregulated in cells localized at some
distance from the vitreal border, and CD68 labeling was
usually reduced to a few spots within the body of retinal
microglial cells (Fig. 1F). This finding contrasted with the
presence of strong immunolabeled cells outside the retina.
PLP fixation improved the intensity of anti-CD68 immu-
nostaining, as also found with anti-CD45.

Distribution of macrophage/microglial cells
during embryonic development

Cells labeled with macrophage/microglial markers were
already present in E11.5 retinas, mainly in their central
regions (Fig. 2A), and they increased in number at E12.5
(Fig. 2B,C). Labeled cells were also present within the
vitreous, both outside and inside blood vessels. Many la-
beled cells within the retina were macrophage-like cells,
showing a rounded shape and frequently apoptotic bodies
in their cytoplasm (Fig. 2D). At E12.5, macrophage-like
cells were also seen at the peripheral retina (Fig. 2E).
Rounded labeled cells containing cell debris were no
longer present in the retina from E13.5 on, although la-
beled cells with ameboid profile or incipient ramification
increased in number and became distributed throughout
the retina between E13.5 and E15.5 (Figs. 2F–H, 3A).

From E16.5 on the GCL became segregated from the
neuroblastic layer (NbL), and the IPL anlage appeared.
Iba1-labeled cells were present in the IPL shortly after its
emergence (Fig. 3B). Labeled cells were also present in the
GCL and NbL (Figs. 3B, 4A). Iba1-labeled cells in the IPL
and NbL of retinas at late embryonic development were
poorly ramified cells, with a cell body and some broad
processes emerging in different directions. Hence, their

morphological features were very different from those of
labeled cells in E11.5–12.5 retinas. In late embryonic ret-
inas some Iba1-labeled cells were localized near or across
the vitreal border of the retina (Fig. 3C), suggesting that
they passed from the vitreous, where numerous labeled
cells were seen, to the retinal parenchyma.

At the end of embryonic development, therefore, micro-
glial cells were located in the NFL, GCL, IPL, and NbL
(Fig. 4A).

Distribution of microglial cells during
postnatal development

Many fewer microglial cells were present in P0 retinas
than in retinas at the end of embryonic development (com-
pare Fig. 4B with 4A). This was confirmed by determining
the density of microglial (Iba1-positive) cells in the retina
at different developmental stages. Microglial cell density
in the mouse retina was reduced by around half between
E18.5 and P0, although it increased again during the first
postnatal week (Fig. 5A).

In order to determine whether the decrease in micro-
glial cell density observed at birth was due to the death of
microglial cells, we double-stained some sections from
E18.5 embryos and P0 animals with TL, a microglial
marker, and TUNEL, which labels degenerating cells. Al-
though some TL-positive processes were apparently di-
rected toward TUNEL-positive cell fragments, no micro-
glial cell with TUNEL-positive nucleus was detected (Fig.
5B,C), suggesting that cell death does not decisively con-
tribute to the perinatal decrease in the density of retinal
microglia.

Numerous labeled cells were present at P0 in the NFL,
GCL, and IPL, whereas very few labeled cells were ob-
served in the NbL (Figs. 4B, 6A,B). This made it easier to
monitor the migration of microglia from vitreal to scleral
layers during subsequent development of the retina. Some
microglial cells were located close to the vitreal border and
others were seen across this border (Fig. 6C), suggesting
that they were entering the retina from the vitreous.
Many microglial cells at P0 were poorly ramified, with
thick processes emerging from the cell body (Fig. 6A,B).

A clear change in the distribution of microglial cells was
observed at P3 (Fig. 7A), with many Iba1-positive cells in
the vitreal half of the NbL where almost none had been
observed at P0. Labeled cells continued to be seen close to
the vitreal border, as described at P0. Because microglial
cell density increased during the first postnatal week,
some sections of P0–7 retinas were double-labeled with
TL and Ki67 (cell proliferation marker) to determine
whether extensive proliferation of microglial cells occurs
at this developmental time. In addition to labeling prolif-
erating cells in the NbL of the retina, Ki67 also labeled
endothelial cells and cells located outside the retina; how-
ever, no Ki67 labeling of microglial cell nuclei was found,
indicating that retinal microglial cells were not prolifer-
ating (Fig. 5D,E).

At P7 the OPL became detectable within the NbL in cen-
tral regions of the retina, allowing us to distinguish outer
and inner nuclear layers. In regions with a well-defined
ONL, microglial cells did not enter this layer but were local-
ized throughout the other retinal layers (Fig. 7B). In con-
trast, microglial cells were observed in areas corresponding
to the future ONL in retinal regions where the OPL had not
differentiated (Fig. 7C). Far fewer labeled cells apparently
penetrating the retina from the vitreous were observed at P7
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Fig. 2. F4/80 immunolabeling visualized with peroxidase in sec-
tions of E11.5–14.5 mouse retinas. A: Macrophage-like cells (arrows)
in the central region of an E11.5 retina. B: F4/80 immunopositive cells
in an E12.5 retina; the boxed area is shown at higher magnification in
C. C: Region of the optic disk (boxed area in B) of an E12.5 retina,
showing numerous F4/80-immunopositive macrophage/microglial
cells (arrows). D: Rounded F4/80-immunopositive cells containing
pyknotic bodies (some marked by arrows) in an E12.5 retina. E: F4/

80-immunopositive cells (arrows) in the peripheral area of an E12.5
retina. F: F4/80-immunopositive cells (arrows) in central and periph-
eral areas of an E13.5 retina. G: Two immunolabeled cells (arrows) with
ramified morphology located near the optic disk of an E13.5 retina.
H: General view of an E14.5 eye showing F4/80-immunolabeled cells
(some marked by arrows) throughout the retina. HA, hyaloid artery; L,
lens primordium; PE, pigment epithelium; V, vitreous. Scale bars � 100
�m in A,B,F,H; 30 �m in C,D,G; 20 �m in E.
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than at P0 or P3, and virtually no microglial cells were seen
across the vitreal border of the retina after P7. Microglial cell
ramification progressively increased during the first postna-
tal week (Fig. 7A–C).

At the beginning of the second postnatal week the OPL
could be distinguished in almost the entire retina. Micro-
glial cells continued to be seen in the NFL, GCL, IPL, and
INL. In general, microglial cells were frequently ramified
in plexiform layers, whereas they were more compact in
the INL and GCL. Thus, many microglial cells in the INL
were radially oriented compact cells with processes reach-
ing the IPL, where they ramified.

At the end of the second postnatal week all retinal
layers were clearly demarcated throughout the retina and
their general organization was similar to that seen in
adult retinas. After the emergence of all retinal layers,
microglial cells continued to be excluded from the ONL. In
contrast, microglial cells were frequent in the contiguous

OPL (Fig. 7D), where they had a ramified morphology,
with most of their thin processes contained within the
narrow limits of this layer. Microglial cells continued to be
observed in the NFL, GCL, IPL, and INL, as described.

No modifications of the distribution pattern described
at the end of the second postnatal week were observed
during the following 2 weeks (P21 and P28 retinas).
Usually, microglial cells in the plexiform layers of these
retinas had an elaborated ramification pattern (Fig.
7E), with thin processes that sometimes entered the
INL (Fig. 7F).

Microglial cells had a similar distribution in the adult
retina to that described in retinas from P14 on. Thus,
Iba1-positive microglial cells were located in the NFL,
GCL, IPL, INL, and OPL (Fig. 8A). Most microglial cells
showed an extensive ramification (Fig. 8B). As reported
during postnatal development, no microglial cell bodies
were observed within the ONL.

Fig. 3. Macrophage/microglial cells in mouse retinas at late em-
bryonic development. A: Tomato lectin histochemical staining (green)
of an E15.5 retina showing labeled microglial cells (arrows). Cell
nuclei (blue) are stained with Hoechst. Hyaloid blood vessels within
the vitreous (V) are also labeled. B: Iba1-immunopositive cells (red) in
an E17.5 retina. Cell nuclei (blue) are stained with Hoechst. C–C�: A

double-labeled cell with iba1 antibody (C, red) and tomato lectin (C�,
green) (C�: merged, yellow-orange indicates double-stained struc-
tures) apparently traversing the border between retina (R) and vitre-
ous (V) of an E18.5 eye. NbL, neuroblastic layer; IPL, inner plexiform
layer; GCL, ganglion cell layer. Scale bars � 50 �m in A,B; 20 �m in
C–C�.
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Fig. 4. Iba1-immunostained transverse sections of E17.5 (A) and
P0 (B) mouse retinas showing the distribution of Iba1-positive
macrophage/microglial cells in late embryonic and newborn retinas.
Both sections were made with a temporal-to-nasal orientation at

approximately the same level of the retina. Numerous labeled cells
are seen in the E17.5 retina (A), whereas only a few are present at P0
(B). V, vitreous. Scale bar � 200 �m.
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Fig. 5. Changes in microglial cell density during retinal develop-
ment. A: Densities of Iba1-positive cells in the retina of mice at
different embryonic and postnatal ages. Data are presented as
means � SEM of values obtained in at least four retinas at each age.
Asterisks depict statistically significant differences between data
from different stages (Student’s t-test, *P � 0.01; **P � 0.05). B,C: TL
(green) and TUNEL (red) double-labeled sections from E18.5 (B) and

P0 (C) retinas. TL-labeled microglial cells do not show TUNEL-
positive nucleus; arrowheads point out some TUNEL-positive bodies.
D,E: Ki67 (red) labeled sections from P3 retina (D) and sclera (E).
TL-positive microglial cells (green) do not show Ki67 staining in the
retina (D), whereas some nuclei are Ki67-positive in the sclera, used
as positive control. Cell nuclei are stained in E with Hoechst 33342.
Scale bars � 30 �m.

The Journal of Comparative Neurology. DOI 10.1002/cne

232 A.M. SANTOS ET AL.



In summary, the mature pattern of microglial cell dis-
tribution in the mouse retina (as seen at adulthood) ap-
peared to be attained during development at the same
time as the mature layer organization of the retina, i.e.,
immediately after the emergence of the OPL during the
second postnatal week. However, microglial cell density
peaked at P7 and was significantly lower at P14 and P21
(Fig. 5). This may be explained by an increasing “dilution”
of microglial cells within the retina due to progressive
retinal growth combined with a stabilization of their num-
ber after entry of microglial precursors at the vitreal bor-
der ceased. The distribution of microglial cell bodies in the
retina during postnatal development and adulthood is
summarized in Figure 9. It can be seen that microglial
cells appear only in the NFL/GCL region of the retina at
P0, whereas they are present in the IPL and NbL at P3
and in the INL at P7. This distribution pattern suggests a
radial migration from vitreal to deeper layers of the ret-
ina. It is noteworthy that some microglial cell bodies are
present in the INL not only during developmental stages
but also in the adult retina.

Differences in microglial distribution in the
retina of pigmented and albino mouse

retinas

The embryonic and postnatal development of retinal
microglia described above was studied in pigmented mice.
However, no evident differences could be observed be-
tween the distribution of microglia in the retina of pig-
mented (C57BL/6) and albino (BALB/c) mice, either dur-
ing development or at adulthood (Fig. 10). Therefore, the
changes in microglial distribution pattern during retina
development reported above apply to both strains of mice.

DISCUSSION

The use of different microglial markers allows us to
claim that most or even all retinal microglial cells were
considered in our study, offering a complete view of the
distribution of these cells in the developing and adult
mouse retina.

Entry of macrophage/microglial cells into
the retina

Macrophage/microglial cells are already present within
the mouse retina at E11.5, the earliest stage studied here.
Their morphological features and distribution are similar
to those previously described during early embryonic de-
velopment of rat (Ashwell et al., 1989) and avian (Cuadros
et al., 1991) retinas. These cells seem to proceed from the
vitreous and enter the neuroepithelium by traversing the
vitreal surface of the retina, since numerous labeled cells
are seen within the vitreous near the retinal region, which
contains macrophage/microglial cells.

Fig. 6. Iba1-positive cells (red) in P0 mouse retinas. Retinal layers
are distinguished in A and B by staining of cell nuclei with Hoechst
(blue). A: Labeled cells within the developing ganglion cell layer
(GCL) with processes reaching the immature inner plexiform layer
(IPL). B: Immunolabeled cell with its soma located in the neuroblastic
layer (NbL), from which a process emerges and reaches the IPL.
C: Iba1-positive cell apparently traversing the border between the
retina (R) and vitreous (V). Scale bars � 30 �m.
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The amount of microglial cells within the retina in-
creases from E12.5 until the end of embryonic develop-
ment. During this period, labeled cells are observed close
to the vitreal surface, apparently entering the retina. Mi-
croglial cells can also be seen in peripheral areas of mouse
retina near the ciliary margin from E12.5 on. These ob-
servations suggest that microglial cells enter the embry-
onic retina via two routes: by crossing the vitreal surface
of the retina and by migration from nonneural ciliary
regions after crossing the peripheral margin of the retina.
Entry of microglial cells across the ciliary margin has also
been described in human and quail retinas (Diaz-Araya et
al., 1995a; Provis et al., 1996; Marı́n-Teva et al., 1999b).
Microglial cell entry by either route would contribute to
increasing the number of microglial cells observed during
embryonic development.

The density of microglial cells decreases at birth, raising
questions about the fate of some of the microglial cells
observed at the end of embryonic development. It can be
suggested that the decrease in density may be a conse-
quence of the increase in size of the early postnatal retina.
Nevertheless, there are evident differences in the distri-
bution of labeled cells between embryonic and postnatal
retinas (see Fig. 4). Thus, far fewer microglial cells are
present in the NbL of the newborn mouse retina than

before birth. Therefore, microglial density appears to de-
crease not only because of the growth of retinal tissue but
also as a consequence of the disappearance of some labeled
cells. A similar decrease in microglial density at perinatal
ages has also been described in rats (Ashwell et al., 1989)
and rabbits (Ashwell, 1989). One plausible explanation for
this disappearance could be the death of microglial cells,
but TUNEL results ruled out this possibility. In this con-
text, one study reported the presence of rare degenerating
microglial cells in some regions of the developing rat brain
and the apparent absence of any dying microglia in others
(Dalmau et al., 2003), supporting the low frequency of cell
death in the developing CNS of rodents. Egress of micro-
glial cells from the retina may be involved in the decrease
of microglial cell density at P0.

An important finding of our study was the increase in
density of microglial cells in mouse retina during the first
postnatal week, peaking at the end of this week and de-
creasing thereafter. Similar results were described in rat
retina (Ashwell et al., 1989). Since no extensive prolifera-
tion of microglial cells was observed during the first post-
natal week, the increase in microglial cell density between
P0 and P7 would be related to the entry of new microglial
cells into the retina. An indication of the migration of
abundant microglial cells into the retina is the observation

Fig. 7. Distribution of microglial cells in mouse retinas of dif-
ferent postnatal ages labeled with Iba1 immunostaining (A,D–F) or
tomato lectin histochemistry (B,C). The label is visualized with
peroxidase. A: Central part of a P3 retina showing Iba1-positive
cells in neuroblastic layer (NbL) and ganglion cell layer (GCL). A
labeled cell (arrow) is located in the region to be occupied by the
future outer plexiform layer (OPL). IPL, inner plexiform layer.
B: Central part of a P7 retina. A thin OPL containing microglial
cells is discernible between the inner nuclear layer (INL) and outer
nuclear layer (ONL). Abundant labeled cells are present in the
INL, whereas no microglial cells are observed in the ONL, although
labeling of some extracellular material can be seen in this layer.
C: Peripheral region of the same P7 retina shown in B. The neu-

roblastic layer (NbL) contains labeled microglial cells, one of which
(arrow) is seen in the region to be occupied by the still-undefined
ONL. D: P14 retina. Iba1-labeled microglial cells show a well-
ramified shape with most of their processes oriented horizontally.
A microglial cell (arrow) is located in the border between the IPL
and INL, whereas another (arrowhead) is contained in the OPL.
E: P21 retina. Iba-1 labeled ramified microglial cells in a horizontal
section at the level of the border between the IPL and INL. F: P28
retina. Iba1-immunolabeled microglial cell showing its soma and
two of its processes in the border between the IPL and INL,
whereas another process (arrow) traverses the inner nuclear layer
and reaches the OPL, where it ramifies. Scale bars � 100 �m in A;
50 �m in B,C; 30 �m in D–F.
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at P0–7 of numerous labeled cells apparently crossing the
vitreal border. By contrast, only a few labeled cells are
seen entering the retina from the vitreous at stages older
than P7, and the entry of a small number of microglial
cells would not compensate for the marked growth of
retinal tissue at these stages, explaining the decrease in
microglial density.

It was previously proposed that microglial cells enter
the retina from blood vessels before formation of the
blood–retinal barrier (Thanos et al., 1996) and are related
to cell death (Hume et al., 1983). However, no correlation
was found between microglial entry and vascularization of
the developing mouse retina in the present investigation.
In fact, microglial cells were observed within the retina
before its invasion by blood vessels (see Dorrell and Fried-
lander, 2006, for a review on mouse retina vasculariza-
tion), ruling out direct entry of these cells via the blood. In
support of the present findings, a previous study of the
avascular retina of quail showed that microglial precur-
sors colonized the retinal parenchyma despite the absence
of blood vessels (Navascués et al., 1995). Our observations
suggest that many microglial precursors in the mouse
retina enter from the vitreous, which might be colonized
by these precursors from the numerous blood vessels of
the transient hyaloid vasculature that regresses at around
the end of the second postnatal week (Ito and Yoshioka,
1999).

With respect to the possible relationship of cell death
with microglial entry into the retina, dying cells are not
frequent in mouse retinas between E15 and P1 (Pequignot
et al., 2003), ages at which new microglial cells were
observed within the retina. The entry of microglial cells in
absence of cell death suggests that the two processes are
independent. At perinatal stages, when numerous cells

die in the mouse retina (Young, 1984), some microglial
cells close to the vitreal border were in topographical
relationship with dead cell fragments (not shown), but
many others appeared to ignore dying cells in relatively
close proximity.

Distribution pattern of retinal microglial
cells during development and adulthood

Two different types of macrophage/microglial cells were
found in the developing mouse retina. The first are
macrophage-like cells present in the retina at E11.5 and
E12.5, which appear to be related to cell death in the
retinal region where optic axons exit to the optic nerve.
The presence of cell death-related macrophage-like cells in
the retina was previously described during the early de-
velopment of mice (Rodrı́guez-Gallardo et al., 2005), other
mammals (Knabe and Kuhn, 1999), and birds (Cuadros et
al., 1991; Frade and Barde, 1998). From E12.5 on, other
labeled cells that appear in the neural retina have a dif-
ferent morphology and no evident relationship with dead
cell debris. It is therefore possible that two different waves
of macrophage/microglial cells with distinct functional
roles successively enter the retina during development,
the first at E11.5–12.5 and the second from E12.5 on. This
phenomenon is clearly seen in the quail retina, which
contains macrophage-like cells between E3 and E5; these
cells disappear at E6 before the retina is recolonized by
cells that become microglia at E7 (Navascués et al., 1995).
The distinction between two waves of invasion of the ret-
ina by macrophage-like cells and microglial precursors is
more difficult to establish in mouse than in quail retina,
since they appear to overlap in space and time, likely due
to the smaller size of the mouse retina and its different
development timetable. At any rate, the E13.5 retina con-

Fig. 8. Distribution of Iba1-immunolabeled microglia in adult
(P60) retinas. A: Microglial cells are present in the nerve fiber layer/
ganglion cell layer (NFL/GCL), inner plexiform layer (IPL), and outer
plexiform layer (OPL) but not in the inner nuclear layer (INL) or outer

nuclear layer (ONL). Hoechst staining of all nuclei reveals the retinal
layers. ES, external segments of photoreceptor cells. B: Ramified
microglial cell with its soma and horizontal processes in the OPL. A
vertical process is seen in the INL. Scale bars � 50 �m in A; 20 �m in B.
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tains labeled cells that are probably microglial precursors,
because their fate can be traced during development until
the appearance of mature microglia.

Our results show that microglial cells are mainly
restricted to vitreal layers immediately after birth but
progressively appear at more scleral layers during the
following days. Hence, it can be proposed that microglial
cells move from vitreal toward scleral layers in a
vitreal-to-scleral radial migration similar to that de-
scribed in the developing quail retina (Navascués et al.,

1995; Sánchez-López et al., 2004). In this migration
microglial cells, first located at the NFL/GCL after their
entry into the retina, successively colonize the IPL, INL,
and OPL but do not enter the ONL. Microglial cells
would progressively leave the NFL/GCL during their
radial migration, explaining their lower numbers in
these layers after P14, although some persist in the
NFL/GCL until adulthood.

In adult mouse retina microglial cells are localized in
the NFL, GCL, IPL, OPL, and occasionally in the INL, but

Fig. 9. Camera lucida drawings of Iba1-immunostained histologi-
cal sections of mouse retinas at different ages from P0 to adulthood
(indicated in each drawing) showing the location of microglial cell
bodies (dots). Nuclear layers are shaded in gray. NFL/GCL, nerve

fiber layer and ganglion cell layer; IPL, inner plexiform layer; INL,
inner nuclear layer; OPL outer plexiform layer; ONL, outer nuclear
layer; ES, external segments of photoreceptors; NbL, neuroblastic
layer. Scale bar � 100 �m.
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no microglial cells are seen in the ONL, although some
microglial processes can occasionally be observed in this
layer. This distribution pattern is similar to previous re-
ports on various species (Schnitzer, 1989; Navascués et
al., 1994; Harada et al., 2002; Hughes et al., 2003). Al-
though the presence of microglial cells in the OPL of some
species has been debated (see Schnitzer, 1989), our results
clearly demonstrate their presence in the OPL of the
mouse retina, as reported in birds (Navascués et al., 1994;
Sánchez-López et al., 2004) and rabbits (Schnitzer, 1989).
We highlight the presence of some microglial cell bodies in
the INL of the adult mouse retina, contrasting with de-
scriptions in quail retina, in which microglial cells are

seen in the INL during development but not at adulthood
(Navascués et al., 1994; Marı́n-Teva et al., 1999c).

Our results cannot confirm the existence of microglial
cell tangential migration from the center toward the pe-
riphery in mouse retina beyond any reasonable doubt. The
morphological features of microglial cells around the optic
disc suggest that they move from the center to the periph-
ery of the retina. Nevertheless, no microglial invasion
front demarcating microglia-containing areas from
microglia-free areas was seen at any stage of retinal de-
velopment. Therefore, irrefutable evidence was not ob-
tained of central-to-peripheral tangential migration of mi-
croglial cells, which has been demonstrated in birds

Fig. 10. Distribution of microglial cells in transverse sections of
pigmented (C57BL/6 strain, A,C) and albino (BALB/c strain, B,D)
retinas. A,B: Microglial cells stained with tomato lectin histochemis-
try revealed by immunoperoxidase in P3 retinas. C,D: Confocal im-
ages showing the distribution of microglial cells in adult (P60) retinas
as revealed by Iba1 immunostaining (red); nuclear Hoechst stain

(blue) reveals the localization of retinal layers. Microglial distribution
is similar in both strains during development (A,B) and at adulthood
(C,D). NFL/GCL, nerve fiber layer and ganglion cell layer; IPL, inner
plexiform layer; INL, inner nuclear layer; OPL outer plexiform layer;
ONL, outer nuclear layer; NbL, neuroblastic layer. Scale bars � 75
�m in A,B; 50 �m in C,D.
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(Navascués et al., 1995; Marı́n-Teva et al., 1999c). Differ-
ences in microglial migration pattern between mamma-
lian and avian retinas would not be surprising, given the
marked differences in the vascularization pattern of the
retina and vitreous between the two animal groups. Thus,
in the avian eye, blood vessels are not present in the retina
and the vitreous but are collected in a vascular organ, the
pecten, which appears early in development and projects
into the vitreous in the central region of the eye; microglial
precursors migrate tangentially from this central region.
By contrast, during development of the mouse eye hyaloid
vessels are present in the vitreous close to the surface of
the entire retina. The present study revealed that many
macrophage-lineage cells localized among hyaloid vessels
in the vitreous cross the vitreal border during the first
postnatal week to become microglia in the retina. This
entry of microglial precursors from the vitreous appears to
take place at any point on the retinal surface; therefore, no
migration from a specific region would be necessary for
microglial precursors to colonize the entire retina.

Our study reveals no differences in the distribution
pattern of microglial cells between pigmented (C57Bl/6)
and albino (Balb/c) mouse retinas either during develop-
ment or adulthood. Other authors reported that the num-
ber of macrophage/microglial cells appearing in the
subretinal space differed between pigmented and nonpig-
mented strains of mice during the first postnatal week (Ng
and Streilein, 2001). We cannot rule out that careful quan-
titative studies might reveal some differences in the num-
ber of microglial cells in the retina between albino and
pigmented mice. Therefore, although the two strains of
mouse can be indistinctly used for studies on the general
distribution of microglial cells in the retina, further re-
search is required to establish whether there are any
differences in the number of microglial cells in the retinas
of these strains.

The proposition that the topographical distribution of
cell death contributes to shaping the distribution of mi-
croglia (Hume al., 1983; Wong and Hughes, 1987) is not
corroborated by the present observations, since no rela-
tionship could be established between the distribution of
cell death (Pequignot et al., 2003) and that of microglial
cells in mouse retina. Thus, these cells appear within the
INL before extensive cell death occurs in this layer. Like-
wise, other authors reported that microglial cells migrated
toward regions showing cell degeneration in pathological
retinas (Thanos, 1992; Thanos et al., 1996; Gupta et al.,
2003). Again, no relationship was found between the dis-
tribution of microglia and the development of blood ves-
sels within the retina. Moreover, microglial cells are
present in the avascular retina of birds (Navascués et al.,
1995) and in regions of the rabbit retina that lack blood
vessels (Schnitzer, 1989). In developing human retinas,
establishment of microglial topography has been de-
scribed as occurring in two phases, one that is indepen-
dent from vascularization and a second associated with
the development of retinal vessels (Diaz-Araya et al.,
1995a). An alternative view has been suggested by a re-
cent report that development of the retinal vasculature is
dependent on the presence of microglial cells, since normal
retinal vessels do not develop when the microglial cell
population is depleted (Checchin et al., 2006).

The migration and distribution of microglial cells in the
retina may be influenced by other factors. Thus, microglial
cells in the developing quail retina migrate by adhering to

Müller cell processes (Marı́n-Teva et al., 1998; Sánchez-
López et al., 2004), and the extracellular molecule tenas-
cin appears to regulate microglial cell ramification
(Sánchez-López et al., 2004). However, similar mecha-
nisms have yet to be elucidated in the mouse retina.
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