
Retina

Retinal Microglia Are Activated by Systemic Fungal
Infection

Victoria Maneu,1,2 Agustina Noailles,3 Javier Meǵıas,4 Violeta Gómez-Vicente,3 Núria Carpena,4
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PURPOSE. We determined whether systemic fungal infection could cause activation of retinal
microglia and, therefore, could be potentially harmful for patients with retinal degenerative
diseases.

METHODS. Activation of retinal microglia was measured in a model of sublethal invasive
candidiasis in C57BL/6J mice by confocal immunofluorescence and flow cytometry analysis,
using anti-CD11b, anti-Iba1, anti-MHCII, and anti-CD45 antibodies.

RESULTS. Systemic fungal infection causes activation of retinal microglia, with phenotypic
changes in morphology, surface markers expression, and microglial relocation in retinal
layers.

CONCLUSIONS. As an excessive or prolonged microglial activation may lead to chronic
inflammation with severe pathological side effects, causing or worsening the course of retinal
dystrophies, a systemic infection may represent a risk factor to be considered in patients with
ocular neurodegenerative diseases, such as diabetic retinopathy, glaucoma, age-related
macular degeneration, or retinitis pigmentosa.
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Microglial cells are part of the mononuclear phagocyte
population of the central nervous system (CNS) and the

retina, and have a relevant role in both physiologic and
pathologic conditions. In a healthy retina, microglia are in a
‘‘resting state,’’ in which, while scanning the environment, they
secrete neurotrophic factors that support surrounding neurons’
survival. After injurious stimuli, such as ocular infections,
trauma, or neurodegeneration processes, microglial cells
acquire an activated state, in which they proliferate, migrate
to damaged sites, undergo morphologic transformation into
amoeboidic phagocytes, and secrete molecules that initiate
tissue repair mechanisms.1–4 Hence, at first stages of a
neurodegenerative process, microglia initiate repair mecha-
nisms and are considered to have a neuroprotective role. On
the other hand, excessive or prolonged microglial activation
leads to chronic inflammation, due to the continuous secretion
of neurotoxic agents that cause severe pathologic side effects,
retinal damage, and neuronal apoptosis.2,3,5

To date, several CNS injuries, such as infections, neurode-
generative diseases, chemical injury, or aging, have been
correlated with microglial activation and high levels of
proinflammatory cytokines.3,4,6,7 In Parkinson’s disease, there
is an increased number of activated microglia in the brain,
accompanied by increased expression of proinflammatory
cytokines.8,9 Also in Alzheimer’s disease, activated microglia
have been associated with the amyloid plaques in the brain.10,11

Moreover, microglial activation has been demonstrated in
several other neurodegenerative diseases, such as amyotrophic

lateral sclerosis or Huntington’s disease.3 Retinal neurodegen-
erative diseases are associated with chronic microglial activa-
tion and neuroinflammation as well, as is the case for retinitis
pigmentosa,12 age-related macular degeneration (AMD),13,14 or
glaucoma.15,16 In the degenerating retina, endogenous signals
activate microglial cells leading to local proliferation, migration,
enhanced phagocytosis, and secretion of cytokines, chemo-
kines, and neurotoxins. These immunologic responses and the
loss of limiting control mechanisms may contribute significant-
ly to retinal tissue damage and proapoptotic events in retinal
degenerations.1,2,12

Therefore, it can be assumed that different stimuli that
induce prolonged microglial activation can be potentially
harmful for neuronal tissue. In this sense, systemic infections
can induce microglial activation in the brain and may be
considered as a risk factor in neurodegenerative diseases. It has
been described that microglia are the most abundant defense
population in the brain, showing a 3-fold increase after 7 days
of infection in a model of systemic invasive candidiasis.17 The
study of microglial homeostasis in the retina meets some
technical limitations, such as the heterogeneous distribution of
microglial cells in the retinal tissue and the lack of experimental
tools, which prevent an accurate quantification and molecular
analysis of this specialized neuronal macrophage population.1

The aim of this work was to determine whether systemic fungal
infection might cause activation of retinal microglia to discern
whether it should be considered as a risk factor for patients
affected with ocular neurodegenerative diseases.
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MATERIALS AND METHODS

Mice

Female C57BL/6J mice (8–10 weeks old) purchased from
Harlan Ibérica (Barcelona, Spain) were bred and maintained
under specific pathogen-free conditions at the University of
Valencia animal facilities. The protocol was approved by the
Committee on the Ethics of Animal Experiments of the
University of Valencia (Permit Number, A1264596506468).
All animals were handled in accordance with current
regulations for the use of laboratory animals (National
Institutes of Health [NIH], ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research, and European
Directive 2010/63/UE) to minimize animal suffering and limit
the number used for the experiments.

Yeast Strain and Infection Model

Viable and inactivated Candida albicans ATCC 26555 yeasts
were used. Yeasts were obtained as reported previously.18,19

Briefly, starved yeast cells were inoculated (200 lg, dry weight,
of cells per mL) in a minimal synthetic medium and incubated
for 3 hours at 288C to obtain yeasts. Only yeast cells without
germ tubes were observed at 288C. Viable yeasts were
resuspended in PBS at the desired concentration and used in
infection experiments (see below). For inactivation, yeast cells
were resuspended (20 3 106 cells/mL) in 4% (wt/vol)
paraformaldehyde (fixation buffer; eBioscience, San Diego,
CA, USA) and incubated for 1 hour at room temperature. After
treatment, fungal cells were washed extensively in PBS and
brought to the desired cell density in PBS. For infection assays,
mice were injected (day 1) with a sublethal dose (6 3 105

viable yeasts in 100 lL of PBS) of C. albicans, by intravenous
administration, according to the method described previously
by our group.20,21 Alternatively, mice were injected with three
doses of 10 3 106 inactivated yeasts on days 1, 2, and 3. In both
cases the retinas were analyzed on day 4. Untreated mice were
used as controls.

To assess C. albicans invasion of retinal tissue in infected
animals, retinal cryosections were stained with Calcofluor
White M2R 0.1% (Sigma-Aldrich, Munich, Germany) for 15
minutes, coverslipped, and observed under a fluorescence
microscope. Alternatively, whole retinas were dissociated,
resuspended in 100 lL of PBS, plated in Sabouraud-Dextrose
agar, and cultured for 48 hours at 378C to allow colony
formation.

Immunohistochemistry

For immunohistochemistry assays, enucleated eyes were fixed
using 4% paraformaldehyde in 0.1 M phosphate buffer pH 7.4
(PB), for 1 hour at room temperature. To maintain retinal
orientation, a suture was placed on the superior pole of each
eye before enucleation. Following several washes with PB, the
eyes sequentially were cryoprotected in 15% and 20% (wt/vol)
sucrose for 1 hour, and 30% sucrose overnight. Next day, the
cornea, lens, and vitreous were dissected out, and the eyecups
were embedded in Tissue-Tek (Sakura Finetek, Torrance, CA,
USA), and frozen in liquid N2. Then, 16-lm vertical retinal
cryosections along the nasotemporal axis were mounted on
slides (Superfrost Plus; Menzel GmbH & Co. KG, Braunsch-
weig, Germany), washed, and incubated with blocking solution
(5% normal donkey serum in PB containing 0.5% Triton X-100)
for 1 hour at room temperature. Immunostaining with a
cocktail of mouse anti-MHC class-II RT1B monoclonal antibody,
1:50 (clone OX-6; AbD Serotec, Kidlington, United Kingdom),
and rabbit anti-Iba1 polyclonal antibody, 1:500 (Wako Chem-

icals, Neuss, Germany) was performed overnight at room
temperature in a wet chamber. After incubation with the
primary antibody, retinal sections were washed and incubated
in a mix of secondary antibodies: Alexa Fluor 555-conjugated
donkey anti-mouse IgG (Molecular Probes, Eugene, OR, USA)
and Alexa Fluor 488-conjugated donkey anti-rabbit IgG, both at
a 1:100 dilution, for 1 hour. Finally, the sections were washed
and mounted with Citifluor (Citifluor Ltd., London, UK) for
visualization under a laser scanning confocal microscope (TCS
SP2; Leica Microsystems, Wetzlar, Germany). Immunohisto-
chemical controls were performed by omission of either the
primary or the secondary antibodies. Only retinal sections that
contained the optic nerve were used for cell scoring.

Flow Cytometry Analysis

First, the eyes were enucleated and the retinas were dissected
carefully. Retinas were placed in 1 mL of PBS buffer and were
disaggregated by gently pipetting up and down. The cell
suspension was filtered through a 30-lm filter from BD
Biosciences (San Diego, CA, USA) to avoid cell clumps.
Disaggregated cells were labelled with rat FITC- or APC-
conjugated anti-CD11b antibody at 1:200 dilution (Clone M1/
70; eBioscience). For the detection of microglial activation,
disaggregated retinal cells were triple-stained with a cocktail of
rat APC-conjugated anti-CD11b antibody, PE-conjugated anti-
MHC class II antibody (clone M5/114.15.2; Milteny Biotec,
Bergish Gladbach, Germany) and FITC-conjugated anti-mouse
CD45 (clone 104.2, Milteny Biotec). Labelled cells from each
mouse retina were analyzed separately. Analyses were per-
formed in a FACSCanto cytometer (BD Biosciences) and the
data were analyzed with FACSDiva software (BD Biosciences).
To quantify the area corresponding to retinal microglial cells in
density plots, CD11b-positive cells were represented in
forward scatter (FSC)-FITC and the total area was measured
for each retinal sample.

Statistical Analysis

All experiments were performed in at least three animals.
Student’s t-test was applied using GraphPad software (Graph-
Pad Software, Inc., San Diego, CA, USA). Results are expressed
as mean 6 SD, and P < 0.05, P < 0.01, P < 0.001 values were
considered significant.

RESULTS

In control mice, microglial cells labelled with anti-Iba1
antibody appeared with the usual morphology of resting
microglia in a healthy retina (Figs. 1A, 1C, 1G, 1I). These
quiescent cells had a small, round soma with various branching
processes and showed no reactivity against MHC class II
antibody (Figs. 1B, 1C, 1H, 1I). Regarding cell distribution,
microglial cells were located mainly in the inner plexiform
layer (IPL) and the outer plexiform layer (OPL) in control mice
(Figs. 1A–C, 1G–I).

In the retinas of infected mice, after three days of infection,
ramified cells experienced a transformation through gradations
of ‘‘activated’’ states, exhibiting changes in shape and
distribution: the cellular soma was enlarged, showing coarse
and swollen appearance, processes were shortened and
thickened with little branches (Figs. 1D–F, 1J–L). Some of the
microglial cells showed an amoeboid shape (Figs. 2A–C). In
these retinas, microglial cells were immunoreactive to anti-
MHC class II antibody, which colocalized with Iba1 in most
cells (Figs. 1E, 1F, 1K, 1L). Specifically, we found colocalization
of Iba1 and MHCIIRT1B antibodies in all amoeboid cells,
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FIGURE 1. Confocal immunoflouorescence images of retinal microglial cells from C57BL/6J mice from a control mouse showing typical ramified
morphology (A–C, G–I) and a mouse infected with viable yeasts of C. albicans ATCC26555 by intravenous administration showing activated
microglia with enlarged soma and short, thick processes (D–F, J–L). Retinal sections were stained with anti-Iba1 antibody (A, D, G, J), anti-MHC
class-II RT1B antibody (B, E, H, K), or both (C, F, I, L) showing the coexpression of MHC class-II RT1B and Iba1 in microglial cells of infected retinas.
Arrows indicate microglial cell soma. Arrowheads point to nonspecific immunostaining of vessels with the secondary antibody. IS, inner segments,
GCL, ganglion cell layer. Scale bars: 20 lm (A–F), 10 lm (G–L).
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including amoeboid microglial cells surrounding blood vessels
(Figs. 2A–C).

In infected mice, microglial cells were detected not only in
the plexiform layers of the retina, but also in the nuclear layers,
the outer nuclear layer (ONL), and the inner nuclear layer (INL;
Figs. 1D–F, 1J–1L). Amoeboid microglial cells were observed in

the ONL, between the outer segments (OS) and the RPE, and
surrounding blood vessels (Figs. 2A–C). We also found Iba1þ/
MHCIIRT1Bþ amoeboid microglial cells in the IPL (Figs. 2D–F),
and Iba1þ cells getting out of blood vessels (Figs. 2G–I). Cells
within the blood vessels appeared as Iba1þ/MHCIIRT1B�,
while the ones within the retinal tissue were Iba1þ/

FIGURE 2. Distribution and morphology of microglial cells in the retinas of infected mice. Retinal sections were immunostained with anti-Iba1
antibody (A, D, G, J), anti-MHC class-II RT1B antibody (B, E, H, K), or both (C, F, I, L). Arrowheads (A–C) and arrows (A–C) detail the characteristic
morphology of Iba1 and MHCII double positive microglial cells in infected animals, with amoeboid or ovoid forms that were widely distributed in all
retinal layers. Small arrows (A–C) point to Iba1þcells that surrounded blood vessels. Small arrows (D–F) point to Iba1þcells leaving blood vessels
and getting into the retinal tissue. Arrows (D–F) mark the nonspecific immunostaining of blood vessels with the secondary antibody. The
arrowhead (D–F) points to an Iba1þ/MHCIIþ microglial cell with a typical activated morphology. The arrowhead (G–I) points to an Iba1þ cell
within a blood vessel observed in a transversal section. Small arrows (G–I) point to immunoreactive cells that seem to be perivascular macrophages
as described by Guillemin and Brew.25 Arrows (G–I) mark the nonspecific immunostaining of blood vessels with the secondary antibody. The small

arrow (J–L) details the part of an immunopositive Iba1 microglial cell that was leaving a blood vessel. The arrowhead (J–L) points to the part of the
same microglial Iba1þ cell that still was into the blood vessel. Arrows (J–L) mark the nonspecific immunostaining of blood vessels with the
secondary antibody. Scale bars: 20 lm (A–C), 10 lm (D–L).
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MHCIIRT1Bþ (Figs. 2D–F). Microglial Iba1þ and MHCIIRT1Bþ
processes can be observed around the blood vessels in Figures
2G through 2I and in Figures 2J through 2L.

In flow cytometry analyses, the whole microglial popula-
tion of the retina was identified by its immunoreactivity against
CD11b antibody in control and infected mice (Fig. 3A). Triple
immunostaining showed a significant increase in the expres-
sion of MHCII and CD45 antigens in microglial cells of infected
mice (1.91- and 3.22-fold increase in fluorescence mean
intensity respectively; Figs. 3A, 3B), as well as an increase in
the CD11b fluorescence mean intensity value (3.13-fold) with
respect to the mean value in control mice (Fig. 3B). In infected
mice, a CD11bþ CD45þþ population was observed. Microglia
activated state also was detected by quantifying the area of the
retinal microglial cell population identified in FSC-CD11b-FITC
density plots. In control mice, CD11b-positive cells appeared
as a homogeneous population in FSC-CD11b-FITC dot and

density plots, while retinal microglia of infected mice appeared
as a much more heterogeneous population. The area value of
activated microglia in infected mice was 3.5-fold increased
with respect to control (Fig. 3C).

The percentage of CD11b cells was increased in the retinas
of infected mice. As deduced by the flow cytometry analysis,
the microglial population in control mice constituted 0.10% 6
0.07% of total cells analyzed, whereas in infected mice the
CD11b-positive population raised to 0.61% 6 0.01% (Fig. 3A).
In agreement with the flow cytometry data, the immunohis-
tochemistry also revealed an increase in microglial cell number,
as the number of Iba1þ cells per retinal section was 10.1 6 1.4
in control mice versus 13.9 6 0.9 in infected mice (Fig. 4A). A
quantitative analysis of immunohistochemical sections showed
that the number of Iba1þ cells associated with blood vessels
was 26.7% in infected mice, while in control mice no Iba1þ
cells were associated with vessels (Fig. 4B).

FIGURE 3. Effect of fungal systemic infection on mouse retinal microglia, assessed by flow cytometry. (A) Retinal cells from C57BL/6J control and
infected mice were triple labelled with a cocktail of APC-conjugated anti-CD11b, PE-conjugated anti-MHC class-II, and FITC-conjugated anti-mouse
CD45 antibodies, and analyzed by flow cytometry (106 cells were analyzed in each assay). The CD11b-positive cells were gated (the percentage of
gated cells is indicated). Double plots of CD11bþ cells presenting CD11b/MHCII and CD11b/CD45 double staining are shown in each case. Results
show data from a single experiment representative of eight independent assays. (B) Histograms showing mean fluorescence intensity values of
microglial cells (CD11b-positive population) labeled with anti-CD11b, anti-MHCII, and anti-CD45 antibodies (106 cells were analyzed in each assay)
from control and infected mice. (C) Contour plots representing FSC against CD11b expression of gated cells. Results show data from a single
representative experiment. Histograms show mean values 6 SD of the CD11b-positive population area delimited in FSC-CD11b contour plots. **P <
0.01, ***P < 0.001, Student’s t-test.
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In the ciliary body of control mice, we found Iba1þ/MHCII�
cells with ramified morphology (Figs. 5A, 5B), while in infected
mice some Iba1þ/MHCIIþ cells with a typical activated
amoeboid morphology were found (Figs. 5C, 5D). Also, in
the ciliary body of infected mice, blood-borne monocytes were
found within blood vessels (Figs. 5E, 5F). A significant increase
in the number of Iba1þ cells was observed in the ciliary body
of infected animals (12.9 6 0.1 cells/ciliary body section)
compared to untreated controls (8.8 6 0.8 cells/ciliary body
section, Fig. 4C).

The injection of three doses of 10 3 106 inactivated yeasts
on days 1 to 3 did not elicit a significant increase in the retinal
microglia population. The FITC-CD11b fluorescence mean
value appeared similar to the one in control, uninjected mice
(not shown).

In our conditions, we could not detect C. albicans invasion
of retinal tissue, neither by Calcofluor White M2R staining of
retinal sections nor by incubating retinal tissue of infected
mice in Sabouraud-Dextrose plates for 48 hours.

DISCUSSION

We studied the effect of a systemic fungal infection on retinal
microglia in a mouse model of systemic candidiasis used
previously in our laboratory.20,21 The microglia population was
identified by its immunoreactivity against Iba1 protein, as it is
localized specifically in microglia and not found in neurons,
astrocytes, or oligodendroglia.22,23 The MHC class II antigens
and the leukocyte common antigen CD45 were used to detect
microglial activated states, as their upregulation is well known
to occur in an activated state.24–27 In control mice, microglial
cells appeared with the characteristic morphology, reactivity,
and distribution of microglial cells in a healthy state,2 while
microglia in the retinas of infected mice appeared in a greater
number and with different activated states, from cells with
enlarged soma, shortened and thickened processes to cells
with a real amoeboid shape; thus, in accordance with an
advanced activation stage, in which microglia turn into
phagocytic microglia, morphologically defined by the com-
plete absence of cellular processes.1,2

Hence, our observations indicated that a systemic fungal
infection causes retinal microglia activation and an increase of
microglial cells in the retina. Our result is in agreement with a
recent publication by Zinkernagel et al.,28 who found that
systemic cytomegalovirus infection caused migration move-
ments of the microglial cells in the retina, also showing signs of
morphologic activation.28

The increased microglial cell number in infected mice can
be due to the proliferation of retinal microglia and/or the
arrival of infiltrating macrophages, as proliferation and the
arrival of new blood-derived precursors that transform into

phagocytes have been described in pathological situa-
tions.1,29–38 Zinkernagel et al.28 conclude that the increased
number of retinal microglia cells after a systemic cytomegalo-
virus infection, can be attributable just to proliferation in situ.
Although the increase in the CD11bþ, MHCIIþ, and CD45þ
populations we observed in infected mice also could be
consistent with microglial proliferation, the appearance of a
high-expressing CD45 population in infected mice favors the
arrival of macrophages or infiltrating perivascular microglial
cells.25,39 This is supported further by immunohistochemical
analyses, as some of Iba1-expressing cells appeared associated
with blood vessels and a number of these seemed to be getting
out of the vessels to reach the retinal tissue. In some cases,
Iba1 and MHCII double positive cells were observed around
blood vessels, probably corresponding to perivascular macro-

FIGURE 4. Histograms showing (A) Iba1þcells associated with vessels in infected and control animals, (B) Iba1þcells per mm2 of retina from retinal
sections around the optic nerve head, and (C) total Iba1þ cell number in the ciliary body of control and infected mice. **P < 0.01, Student’s t-test.

FIGURE 5. Confocal immunoflouorescence images of Iba1þ cells in the
ciliary body from a C57BL/6J control mouse (A, B) and a mouse
infected with viable yeasts of C. albicans ATCC26555 (C–F). Sections
were stained with anti-Iba1 and anti-MHCII RT1B antibodies (A, C, E),
or anti-MHCII RT1B antibody (B, D, F). Arrows (C–F) point to MHCIIþ
microglial cells. (E, F) Detail of a ciliary body of an infected mouse.
Arrows point to Iba1þ/MHCIIþ cells within blood vessels. Scale bars:
20 lm.

Retinal Microglia IOVS j June 2014 j Vol. 55 j No. 6 j 3583



phage cells.24,25,39 Moreover, we observed a statistically
significant increased Iba1þ population in the ciliary body of
infected mice, some of them within blood vessels, which
supports the idea of the presence of blood-borne macrophag-
es.31

The fact that inactivated yeasts did not elicit a significant
increase in the retinal microglia population showed that only
viable microorganisms and not inactivated yeasts cause
microglial activation, probably due to a rapid clearance of
inactivated yeasts by phagocytotic cells.

We could not detect C. albicans invasion of retinal tissue,
which supports the idea that the activation of retinal microglial
cells is due to a massive cytokine production that occurs
during systemic infections. This finding is in agreement with
that of Gallego et al.,16 who showed in a mouse model of
glaucoma that, after inducing ocular hypertension with laser in
one eye, the glial cells in the contralateral eye also appeared
activated, maybe by immunologically mediated processes.
However, a possible direct interaction of microglia with
circulating soluble fungal ligands, such as b-glucan and
mannan,40 also may contribute to their activation.

As is well known, toll-like receptors (TLRs), mainly TLR2
and TLR4, are critical for cytokine production in response to
C. albicans, and Dectin-1, the b-glucan receptor, is required
for phagocytosis of fungal cells, and also collaborates with
TLR2 in cytokine production.41,42 Retinal microglia, like
microglia of the CNS and other immune cells, probably
recognize pathogen-associated molecular patterns (PAMPs)
through TLRs and Dectin-1. Several studies have shown that
TLRs and Dectin-1 have an important role in microglial-
mediated neuroinflammation and CNS injury following
infection; b-glucan activates CNS microglia in a Dectin-1-
dependent manner, suggesting that this receptor may have an
important role in antifungal immunity in the CNS.43,44

Moreover, we have demonstrated previously that TLR2 and
Dectin-1 are expressed in mouse retinal microglia, and that
Dectin-1 is involved in the phagocytosis of C. albicans.45

Therefore, the possibility that fungal-derived ligands cause
microglia activation following direct recognition by Pattern
Recognition Receptors should not be ruled out.

Although microglial activation is associated commonly with
neuroprotection, excessive or prolonged activation may lead to
chronic inflammation, with severe pathologic side effects.5,46

In the retina, chronic microglia activation has been related to
various neurodegenerative diseases, likely contributing to
retinal tissue damage and proapoptotic events.1,2 Despite its
relevance, the study of microglial homeostasis in the retina has
the challenge of the lack of experimental tools to analyze its
activation in a simple and rapid way. In this work, we described
the retinal microglial activation induced by systemic infection
using immunohistochemistry and flow cytometry analysis.
Previous reports have shown that microglia in the brain can be
activated by systemic fungal infections,17 as well as by
systemically administered LPS47,48 and systemic viral infec-
tions.28 Our results showed that a systemic infection by C.

albicans greatly activates microglia in the retina, as indicated
by the changes in microglial cell morphology and distribution;
upregulation of MHC class II and CD45, as well as CD11b
antigens; and increase of the microglial population. Further-
more, our results demonstrated that quantifying the area
corresponding to retinal microglial cells in FSC-CD11b-FITC
density plots constitutes a useful tool to detect microglial
activation.

In conclusion, we have demonstrated that a systemic fungal
infection activates the microglia in the retina, indicating that it
may be considered as a risk factor for patients affected with
ocular neurodegenerative diseases, such as diabetic retinopa-
thy, glaucoma, AMD, or retinitis pigmentosa.
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