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Abstract

The immune system plays an important role in glaucomatous neurodegeneration.
Retinal microglial reactivation associated with ganglion cell loss could reportedly
contribute to the glaucoma progression. Recently we have described signs of
microglia activation both in contralateral and ocular hypertension (OHT) eyes
involving all retinal layers 15 days after OHT laser induction in mice. However, no
works available have analyzed the microglial activation at earliest time points
after OHT induction (24h) in this experimental model. Thus, we seek to describe
and quantify signs of microglia activation and differences depending on the retinal
layer, 24 h after unilateral laser-induced OHT. Two groups of adult Swiss mice
were used: age-matched control (naive) and lasered. In the lasered animals, OHT
eyes as well as contralateral eyes were analyzed. Retinal whole-mounts were
immunostained with antibodies against Iba-1 and MHC-Il. We quantified the
number of microglial cells in the photoreceptor layer (OS), outer plexiform layer
(OPL), and inner plexiform layer (IPL); the number of microglial vertical processes
connecting the OPL and OS; the area of the retina occupied by Iba-1+ cells (Iba1-
RA) in the nerve fiber layer-ganglion cell layer (NFL-GCL), the total arbor area of
microglial cells in the OPL and IPL and; Iba-1+ cell body area in the OPL, IPL and
NFL-GCL. In contralateral and OHT eyes the morphological features of Iba-1+
cell activation were: migration, enlargement of the cell body, higher degree of
branching and reorientation of the processes, radial disposition of the soma and
processes toward adjacent microglial plexuses, and presence of amoeboid cells
acting as macrophages. These signs were more pronounced in OHT eyes. Most
of Iba-1+ cells did not express MHC-II; rather, only dendritic and rounded cells

expressed it. In comparison with naive eyes, in OHT eyes and contralateral eyes
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no significant differences were found in the microglial cell number; but there was
a significant increase in Iba1-RA. The total arbor area of microglial cells was
significantly decreased in: i) OHT eyes with respect contralateral eyes and naive-
eyes in IPL; ii) OHT eyes with respect to naive eyes in OPL. The number of
microglial vertical processes connecting the OPL and OS were significantly
increased in contralateral eyes compared with naive-eyes and OHT eyes. In OPL,
IPL and NFL-GCL, the cell body area of Iba-1+ cells was significantly greater in
OHT eyes than in naive and contralateral eyes, and greater in contralateral eyes
than in naive eyes. A non-proliferative microglial reactivation was detected both
in contralateral eyes and in OHT eyes in an early time after unilateral laser-
induced OHT (24 hours). This fast microglial activation, which involves the

contralateral eye, could be mediated by the immune system.

Highlights

e 24h after laser-induced OHT, a non-proliferative microglial reactivation
was shown both in OHT eyes and their contralateral untreated eyes.
e This fast microglial activation in both eyes could be mediated by the

immune system.

Keywords: microglia; retina; contralateral; early activation; ocular hypertension;

experimental glaucoma; MHC-II; Iba-1.

Abbreviations:

GCL (ganglion cell layer)
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IOP (intraocular pressure)

IPL (inner plexiform layer)

Iba1-RA (area of the retina occupied by Iba-1+ cells)

MHC-II (major histocompatibility complex class II)

NFL (nerve fiber layer)

OHT (ocular hypertension)

OS (photoreceptor layer)

OPL (outer plexiform layer)

RGC (retinal ganglion cell)
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Glaucoma is a neurodegenerative disease characterized by retinal ganglion cell
(RGC) loss. Classically, intraocular pressure (IOP) has been considered the main
glaucoma risk factor treatable at present (Quigley and Broman, 2006). However,

IOP control does not always delay the progression of the disease.

It has been demonstrated that in glaucomatous neurodegeneration the immune
system plays an important role (Tezel and the Fourth ARVO/Pfizer Ophthalmics
Research Institute Conference, Working Group, 2009). In the central nervous
system, the microglia is the principal immunocompetent cell (Bosco et al., 2011;
Streit et al., 2005). This cell responds to neuronal damage by adopting an
activated phenotype (de Hoz et al., 2013; Gallego et al., 2012; Rojas et al., 2014),
which is characterized by morphological changes (retraction, reorientation and
hyper-ramification of the processes and presence of different morphological
types such as hyper-ramified, rod-like, and amoeboid microglia), migration,
proliferation, and accumulation around the injured areas. In addition, activated
microglia can alter the expression of receptors (CX3CR1, P2Y12 and CD200R1)
and enzymes (metalloproteinases, collagenases and furin) and secrete cytotoxic
substances such as proinflammatory cytokines, proteases, and oxygen-free
radicals. In addition, these activated cells can act as antigen-presenting cells, and
can transform into phagocytes (Karlstetter et al., 2015; Karlstetter et al., 2015;
Kettenmann et al., 2011; Kettenmann et al., 2011; Luo et al., 2010; Luo et al.,
2010; Ramirez et al., 2015; Ransohoff and Perry, 2009). Microglial reactivation
has been associated with RGC loss in human glaucoma (Yuan and Neufeld,
2001) and in experimental models of glaucoma (de Hoz et al., 2013; Gallego et
al., 2012; Rojas et al., 2014), which could contribute to the glaucoma progression

(Madeira et al., 2015). The inhibition of microglial activation by minocycline
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(Bosco et al., 2008) or with a high dose of irradiation (Bosco et al., 2012) can

decrease RGC death.

In our previous studies in a mouse model of unilateral laser-induced ocular
hypertension (OHT), we demonstrated that, 15 days after laser treatment,
microglia showed several quantitative and qualitative signs of activation. These
signs mainly included: i) shortening and widening of microglial processes
(consistent with the significant reduction of the microglia arbor area); the
presence of a high degree of branching (hyper-ramified microglia); microglial
migration across the retinal parenchyma; increased microglial number; presence
of CD68 amoeboid microglia acting as macrophages; presence of rod-like
microglia (only in OHT eyes) which could be related with the synaptic stripping (a
process in which microglia selectively remove synapses from injured neurons)
(Blinzinger and Kreutzberg, 1968; Trapp et al., 2007); and MHC-II up-regulation
in cells of all retinal layers. These microglial activation signs were detected in the
OHT eye but also in the untreated contralateral normotensive eye. The microglial
activation in the contralateral eye 15 days after laser treatment could reflect the
initial events of OHT-induced neurodegeneration, probably mediated by
inflammatory mechanisms (de Hoz et al., 2013; Gallego et al., 2012; Rojas et al.,
2014). However, it is unknown whether microglial activation is an early process
occurring after laser induced IOP elevation through photocoagulation of the
limbal and episcleral veins, not only in OHT eye but also in the normotensive
contralateral eye. If this activation occurs early after the induction of the OHT (24
h), it could be informative to analyze the specific characteristics of retinal

microglial activation in both OHT and contralateral normotensive eyes.
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Few studies examine early retinal microglial activation (2 h to 4 days) after OHT
induction in experimental models (Wang et al., 2000; Naskar et al., 2002; Zhang
et al., 2005; Fu and Sretavan, 2010; Wang et al., 2014; Ha et al., 2015; Trost et
al., 2015), and even more, those who use the mouse for that purpose (Fu and
Sretavan, 2010; Naskar et al., 2002; Wang et al., 2000). Only three studies
(Bodeutsch et al., 1999; Wang et al., 2000; Zhang et al., 2005) analyze microglial
activation at 24 h after retinal injury, and these have been performed in rats. Two
of these studies, use models to induce OHT different from ours, such as the acute
elevation of intraocular pressure (raised to 120 mmHg for 60 min by saline
injection in the anterior chamber) (Zhang et al., 2005) and the episcleral vein
cauterization (Wang et al., 2000). The third uses another mechanism to inflict
retinal damage, the optic-nerve crush (Bodeutsch et al., 1999). Thus, no available
studies using the OHT mouse model of the present study analyze the early (24
h) changes in retinal microglia. Nevertheless, none describes in detail the

microglial activation in the damaged eye and in its contralateral undamaged eye.

Thus, the aim of the present study was to analyze in retinal whole-mounts, at an
early time after laser- induced OHT (24 h), the distinctive signs of microglial
activation in the different retinal layers, both in OHT eyes and in contralateral
eyes, including: microglia cell number, cell arbor area in the plexiform layers, area
occupied by Iba-1+ cells (Iba 1-RA) in the NFL-GCL, number of microglial vertical
processes connecting the OPL and OS, MHC-II- upregulation, and cell body area

of Iba-1+ cells in the OPL,IPL and NFL- GCL, -.

2. Materials and methods
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2.1. Ethics statement

Mice were treated in accordance with Spanish law and the Guidelines for
Humane Endpoints for Animals Used in Biomedical Research. This study was
approved by the Ethics Committee for Animal Research of Murcia University
(Murcia, Spain) and the Animal Health Service of the Murcia Regional Ministry of
Agriculture and Water (approval ID number: A1310110807). In addition, animal
procedures followed institutional guidelines, European Union regulations for the
use of animals in research, and the Association for Research in Vision and
Ophthalmology (ARVO) statement for the use of animals in ophthalmic and vision
research.

2.2. Animals and anesthetics

The experiments were performed on adult male albino Swiss mice (between 40
and 45g) obtained from the breeding colony of the University of Murcia. The
animals were housed in temperature- and light-controlled rooms with a 12 h
light/dark cycle and ad libitum access to food and water. Light intensity within the
cages ranged from 9 to 24 lux. Surgical procedures, including IOP measurement,
were performed under general anesthesia induced with an intraperitoneal (ip)
injection of a mixture of ketamine (75 mg/kg, Ketolar®, Parke-Davies, Barcelona,
Spain) and xylazine (10 mg/kg, Rompun®, Bayer, Barcelona, Spain). During
recovery from anesthesia, the mice were placed in their cages and an ointment
containing tobramycin (Tobrex®; Alcon, Barcelona, Spain) was applied to the
cornea to prevent corneal desiccation and infection. Additional measures were
taken to minimize discomfort and pain after surgery. The animals were killed with
an ip overdose of pentobarbital (Dolethal Vetoquinol®, Especialidades

Veterinarias, Alcobendas, Madrid, Spain).
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2.3. Experimental groups

Two groups of mice were considered for study: an age-matched control (naive,
n=6) and a lasered group (n=6) this last group was processed 24 h after lasering.
2.4. Laser treatment and Intraocular pressure (IOP) measurements

To induce OHT, the left eyes of anesthetized mice were treated in a single
session with a series of diode laser burns (Viridis Ophthalmic Photocoagulator-
532 nm, Quantel Medical, Clermont-Ferrand, France) following previously
described methods (Cuenca et al., 2010; Salinas-Navarro et al., 2009). In brief,
the laser beam was directly delivered without any lenses, aimed at the limbal and
episcleral veins. The spot size, duration, and power were between 50 to 100 uym,
0.5 seconds and 0.3 W, respectively. Each eye received between 55 to 76 burns.
The I0P of the six mice in which OHT was induced was measured under deep
anesthesia in both eyes (treated eye as well as the contralateral intact fellow eye)
with a rebound tonometer (Tono-Lab, Tiolat, OY, Helsinki, Finland) (Naskar et al.,
2002; Quigley and Hohman, 1983) prior to laser induction, and 24 h after laser
treatment for the lasered group and before the animals were killed for the naive.
To avoid fluctuations of the IOP due to the circadian rhythm in albino Swiss mice
(Neufeld, 1999) or due to the increase in the IOP itself (Yuan and Neufeld, 2001),
we tested the IOP consistently around the same time, preferentially at 9 a.m. and
directly after deep anesthesia in all animals (lasered group and naive). Six
consecutive readings were made for each eye and averaged.

2.5. Immunohistochemistry

The mice were deeply anesthetized as mentioned above, perfused transcardially
through the ascending aorta first with saline and then with 4% paraformaldehyde

in 0.1 M phosphate buffer (PB) (pH 7.4). The orientation of each eye was carefully
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maintained with a suture placed on the superior pole immediately after deep
anesthesia and before perfusion fixation. Moreover, upon dissection of the eye,
the insertion of the rectus muscle and the nasal caruncle were used as additional
landmarks (Shimazawa et al., 2005). The eyes were post-fixed for two hours in
the same fixative and kept in sterile 0.1 M PB. The retinas were then dissected,
vitreous humor was removed using atraumatic clamps and Westcott scissors
(vitrectomy), and finally the retinas were processed as retinal whole-mounts
(Levkovitch-Verbin et al., 2006; Trivifio et al., 1992).

For the analysis of the microglial population in the mice retina and the expression
of MHC class Il molecules, retinal whole-mounts were immunostained, as
described elsewhere (Gallego et al., 2012). The following primary antibodies
were used: rabbit anti-Iba-1 (Wako, Osaka, Japan) in a 1:600 dilution and rat anti-
mouse MHC class Il (I-A/I-E) (eBioscience; San Diego, CA, USA) in a 1:100
dilution. The solution used to dilute primary antibodies was made up by 1%
animal serum in which the corresponding secondary antibody was developed
plus 0.1% triton-X in phosphate-buffered saline (PBS). Binding sites of the
primary antibodies were visualized with the corresponding secondary antibodies:
donkey anti-rabbit Alexa Fluor 594 (Invitrogen, Paisley, United Kingdom) in a
1:800 dilution and donkey anti-rat Alexa Fluor 488 (Invitrogen, Paisley, United
Kingdom) in a 1:150 dilution. Secondary antibodies were diluted in PBS.

In all instances, a negative control was performed to demonstrate that the
secondary antibody reacted only with its respective primary antibody. This control
was made by eliminating the primary antibody and replacing it with the solution
used to dilute primary antibodies, which should result in the absence of

immunoreactivity. In addition to identifying the contribution of the endogenous
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fluorescence to the observed label, a tissue sample was incubated in all the
buffers and detergents used in the experiment but without antibodies (Trivifio et
al., 2002).

Retinas were analyzed and photographed with the ApoTome device (Carl Zeiss,
Munich, Germany) and with a digital high-resolution camera (Cool- SNAP
Photometrics, Tucson, AZ, USA) coupled to a fluorescence microscope (Axioplan
2 Imaging Microscope Carl Zeiss, Munich, Germany). The microscope was
equipped with appropriate filters for fluorescence-emission spectra of Alexa fluor
488 (Filter set 10, Zeiss) and Alexa fluor 594 (Filter set 64, Zeiss). The ApoTome
uses the ‘structured illumination’ method that enables conventional microscopy
to create optical sections through the specimen and thereby improve the contrast
and resolution along the optical axis. Each retinal whole-mount was analyzed
using the motorized stage of the microscope to scan the entire preparation along
the x, y and z axes. Cellular components in the same xz plane were considered
to lie in the same focal plane. Z-stacks acquired were analyzed in Axiovision
version 4.2 (Carl Zeiss, Munich, Germany) with Inside4D (3D View) tool in order
to perform cut-view analysis. A cut-view is a software-generated reconstruction
of the xz and yz planes of the z-stack, allowing visualization through the depth of
the acquired z-stack.

Adobe Photoshop CS3 Extended 10.0 (Adobe Systems, Inc., San Jose,
California, USA) was used for figure preparation.

2.6. Quantitative Retinal analysis

To determine the effect of OHT on Iba-1+ cells 24 h after lasering, we quantified:
the number of microglial cells in the outer segment layer (OS), outer plexiform

layer (OPL) and inner plexiform layer (IPL); the area of the retina occupied by

12
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Iba-1+ cells (Iba1-RA) in the NFL-GCL, the arbor area of the Iba-1+ cells in the
OPL and IPL, the number of microglial vertical processes connecting the OPL
and OS, and the cell body area of Iba-1+ cells in the OPL, IPL and NFL-GCL.
The OS, OPL, IPL, and NFL-GCL were identified by the different morphologies
exhibited by the microglia in each retinal layer. In addition, the transition from one
retinal layer to another was recognized by the weak autofluorescence emitted by
the somas of the nuclear layers with the filter for fluorescence-emission spectra
of 488 nm (green). The quantifications were performed in the retinal whole-
mounts of naive (n = 6), contralateral (n = 6), and OHT eyes (n = 6) following
methods previously described by us (Gallego and de Gracia, 2016; Rojas et al.,
2014). In brief, equivalent areas of the retina were selected for each retinal whole-
mount, both in the vertical and in the horizontal meridians (Fig. 1A). These areas
were photographed at 20x, giving an area of 0.1502 mm? per field, and analyzed
along the X-Y axis. The quantification method used depended on the cell number
and cell-distribution characteristics of each retinal layer. In the IPL and OPL, Iba-
1+ cells formed a cellular network (they were distributed throughout the retina in
a mosaic-like fashion) without overlap between them, allowing their individual
identification, thus meeting the criteria for automatic cell counting (Fig. 1B). By
contrast, in the NFL-GCL the distribution of Iba-1+ cells makes it difficult to
distinguish one from another, preventing the use of automatic cell counting. As a
result of this limitation, we quantified the area of the retina occupied by Iba-1+
cells (Iba1-RA) in this retinal layer (Fig. 1C). In the OS, Iba-1+ cells were counted
manually because they did not form a regular plexus (one of the algorithm criteria
for automatic counting being applied) and individual cells could be differentiated

from each other.
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2.6.1. Number of microglial cells in the OS

For this quantification, we used the Interactive measurement, a manual counting
tool included in the AxioVision Release 4.8.2 computer program (Zeiss,
Germany) in association with the ApoTome device coupled to the fluorescence
microscope.

2.6.2. Quantification of microglial cells in the OPL, IPL and the NFL-GCL
For this, we used a new quick and reliable algorithm of segmentation and control
of distances developed in MATLAB for automatic microglial cell quantification,
created by our group (Fig. 1B). This algorithm enabled the quantification of
microglial cell number in the OPL and IPL and evaluated the Iba1-RA. Briefly, the
algorithm we use for iba1+cell counting consists of: first, averaging the Z-stack of
images selected (Fig. 1B1). The result of this operation is referred to as the Z
projection (Fig. 1B2); afterwards, in the Z-projection image, we performed two
different operations in order to preserve only the most intense part of microglial
cells, these usually being the somas, which we will use to identify and quantify
them. In the first operation, the image is normalized to the pixel with the maximum
value in the image, after which the image values are within a range from 0 to 1.
We do this because, by thresholding, the second operation sets all the values
under 0.2 and preserves the rest (Fig. 1B3). Afterwards, we segment the resulting
image (Fig. 1B4) and calculate the center of mass of each of these segments to
identify the presence or absence of cells in all cases (Fig. 1B5). In the event that
2 or more adjacent segments have positive signal from the same cell, the
algorithm count each segment as different events. Therefore, to discard these
false positives, we introduced a condition of minimum distance between 2

different cells (Fig. 1B6 inset). All points that were within that minimum distance
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were considered to belong to the same cell and only one of the points was
counted as a cell. After all of these operations the algorithm gives us the final
results of automatic microglial-cell counting in the OPL and IPL (Fig. 1B6). (de
Gracia et al., 2015; Gallego and de Gracia, 2016).

As mentioned above, the NFL-GCL did not fulfill the criteria for automatic
individual cell counting with MATLAB, and therefore we quantified the area of the
retina occupied by Iba-1+ cells (Iba1-RA) in each photograph selected. For this
images of the NFL-GCL were processed with a threshold tool in MATLABD (Fig.
1C). Thresholding defines a range of gray-scale values found on the pixels of
objects of interest, differentiating them from other parts of the image based on
the image’s gray scale. The threshold tool in MATLAB enabled us to change the
values for the threshold of the NFL to evaluate the retinal area immunolabeled
with Iba-1. Afterwards, when the pixel value information is used, the button “Count
NFL” evaluates the percentage of image immunolabeled in a single selected
image (Gallego and de Gracia, 2016).

2.6.3. Arbor area of the Iba-1+ cells in the OPL and the IPL

Among the areas selected for microglia quantification, along the vertical and
horizontal meridian that crosses the optic nerve, we consistently analyzed 4
equivalent areas in each plexiform layer. For consistent results, the retinal areas
selected were located at specific distances from the optic disc in the different
quadrants of the retina. Thus, in the superior retinas, we selected the retinal area
closest to the optic disc and in the inferior, nasal, and temporal retinas the areas
analyzed were located at two, three or four levels of eccentricity from the optic
disc, respectively. In the 20x microphotographs selected by this method, the arbor

area of Iba-1+ cells in the plexiform layers was quantified with a computer-

15



357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

assisted morphometric analysis method previously described (Rojas et al., 2014).
A polygon was drawn manually by connecting the distal-most tips of the Iba-1+
cell processes using the Interactive Measurement, tool of AxioVision (Zeiss,
Germany), in association with the ApoTome device coupled to the fluorescence
microscope.

2.6.4. Number of microglial vertical processes connecting the OPL and OS
In the four retinal areas selected for arbor area quantification, photographs were
made at 20x in the plane between OPL and OS. The Iba-1+ spots, which
corresponded to the optical transversal sections of the vertical processes of Iba-
1+ microglial cells that connect the OPL and OS, were quantified using the
manual counting tool included in the AxioVision mentioned above.

2.6.5. Cell body area of Iba-1+ cells in the OPL, IPL and NFL-GCL
Microphotographs (20x) were taken in the OPL, IPL and NFL-GCL layers in the
same four retinal areas used for quantification of arbor area. The contour of cell
bodies of Iba-1+ cells were traced manually, and cell body area was determined
using the ‘interactive measurement tool" in AxioVision software (Zeiss,
Germany).

2.7. Statistical analysis

Data for the statistical analysis were introduced and processed in a SPSS 22
(comprehensive statistical software; SPSS Inc©, Armonk, New York, USA). Data
are shown as mean = SD. Statistical analyses were performed with Mann
Whitney U test (Unpaired data) or Wilcoxon W test (paired data) to identify
differences among of the OHT, contralateral and naive eyes as follows: i) IOP
values; ii) Iba-1+ cell number in the OS, OPL and IPL; iii) Iba1-RA in the NFL-

GCL,; iv) arbor area of the Iba-1+ cells in the OPL and IPL v) number of microglial
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vertical processes connecting the OPL and OS and; vi) cell body area of Iba-1+
cells in the OPL, IPL and NFL-GCL. Differences were considered significant when

P <0.05.

3. Results

3.1. Laser-induced ocular hypertension

The IOP values of OHT eyes 24 h after laser induction (35.57 £ 7.4 mmHgQ)
significantly differed from naive values (15.80 £ 2.12 mmHg) (p<0.001 with Mann
Whitney U test) and contralateral values (15.02 £ 0.42) (p<0.05 with Wilcoxon W
test). No significant differences were found between contralateral and naive

values.

3.2. General distribution of Iba-1+ cells throughout retinal extension

At low magnification (5x and 10x), in naive and contralateral eyes Iba-1+ cells
were evenly distributed throughout the retina from the optic disc to the periphery
(Fig. 2A). However, in the OHT group the distribution of Iba-1+ cells was not
homogeneous (Fig. 2B); specifically, in their retinal periphery, there were areas
of Iba-1+ cell scarcity, in which the cells even disappeared (Fig. 2B,C). In all the
OHT eyes analyzed, these areas were large and located mainly in the peripheral
superior zone of the retina (Fig. 2B). In addition, smaller areas of Iba-1+ cell
scarcity were also observed in the periphery of the temporal, inferior and nasal
zones of the retina (Fig. 2B). However, these smaller zones were not found in all

OHT retinas analyzed.

3.3. Morphology and distribution of Iba-1+ cells in the different retinal layers
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In all study groups, the Iba-1+ cells were distributed in different retinal layers:
NFL-GCL, IPL, OPL, and OS. In naive retinas, the general characteristics of the
Iba-1+ cells specific to each layer have been previously described by our group

(Rojas et al., 2014).

3.3.1. Iba-1+ cells in the NFL-GCL

In naive eyes, two morphological types of |Iba-1+ cells have been described
(Rojas et al., 2014), i.e. ramified and perivascular. In comparison with naive (Fig.
3A,B) both cell types in contralateral and in OHT eyes showed : i) a retraction of
the cell processes (Fig. 3C-F), ii) enlargement of the cell body-(Fig. 3C-F, Fig. 14)
and, iii) some cells that arranged radially sending processes to the IPL plexus.
These findings were more pronounced in OHT eyes (Fig. 3E,F; Fig. 4C, Fig. 14).
In OHT eyes (Fig. 2B,C, Fig. 6A-D) the plexus formed by the ramified Iba-1+ cells

were disrupted at the border of the areas of Iba-1+ cell scarcity.

Additional morphological types of Iba-1+ cells were found in the contralateral and
OHT retinas, these including: cells with an amoeboid morphology (Fig. 4B,D,E;
Fig. 6G) and rounded cells (Fig. 5A,C, Fig. 6A,C,E). These cell types were found
more frequently near to the optic disc (Fig. 6E) and in the retinal periphery close
to the areas of Iba-1+ cell scarcity (Fig. 6A,C), but were scant in contralateral
eyes. Rounded Iba-1+ cells were in close relation with ramified Iba-1+ cells, which
seemed to catch the rounded cells with their processes (Fig. 5A,C). In OHT eyes,
some amoeboid Iba-1+ cells had vacuoles inside (Fig. 4D, Fig. 6G) and showed

small vesicles both in the surface of the cell body and in their vicinity (Fig. 4D).

Other morphological Iba-1+ cell types were observed occasionally in some OHT

eyes: i) rod-like cells (cells with elongated bodies and processes that prominently
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project from the basal and apical ends), two or three per retina (Fig. 4F); ii)
ramified cells from the IPL, which could have migrated to the NFL-GCL (Fig. 4G);

and iii) dendritic-like cells (Fig. 4H).

3.3.2. Iba-1+ cells in the IPL

In naive eyes two morphological types of Iba-1+ cells have been described, i.e.

ramified and dendritic-like cells (Rojas et al., 2014).

In contralateral and OHT eyes (Fig. 7B-E) in comparison to naive eyes (Fig. 7A),
ramified Iba-1+ cells exhibited: i) a disappearance of their distribution in a
mosaic—like fashion (without overlapping between neighboring cells) throughout
the retina, which was caused by the approach or separation among microglial
cells in some retinal zones (Fig. 7B,C). In OHT eyes, some cell processes were
so close together that it was difficult to discern a space between them (Fig. 7C);
ii) enlargement of the cell body (Fig. 7B-E, Fig. 14); and iii) an increase in the
secondary and superior order processes (Fig. 7B-D). Ramified Iba-1+ cells
changes were more pronounced in OHT eyes (Fig. 7C-E) than in contralateral
eyes (Fig. 7B). In addition, in OHT eyes, there was a retraction of the cell
processes (Fig. 7C-E) and some ramified cells migrate to the NFL-GCL (Fig. 4G).
In the areas of Iba-1+ cell scarcity, the ramified Iba-1+ cells were not detected,
and ramified Iba-1+ cells near those areas reoriented their processes toward
them (Fig. 7D). Some of these cells became thicker and lost fine processes,

which showed spheroidal swelling (Fig. 7E).

In naive eyes, dendritic-like cells ran parallel to the retinal surface and were
located in the juxtapapillary area and near the collecting tube venule in the

peripheral retina (Rojas et al., 2014). These cells were more frequently detected
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in contralateral and OHT eyes than in naive (Fig. 7 F-H) and could even form

rows of cells parallel to the vascular pathway.

3.3.3. Iba-1+ cells in the OPL

In the OPL of naive, contralateral, and OHT eyes, only ramified Iba-1+ cells have
been described (Rojas et al., 2014). In comparison with naive eyes (Fig. 8A),
ramified Iba-1+ cells in contralateral and OHT eyes exhibited: i) enlargement of
the cell body, which was more evident in OHT eyes than in contralateral eyes
(Fig. 8B-C, Fig. 14); ii) numerous thin and short secondary and superior order
processes (Fig. 8B-C); iii) greater number of processes reaching the OS (Fig. 8E,
Fig. 9A,B). This characteristic was more pronounced in contralateral eyes, in
which Iba-1+ cells of OPL projected several long processes that reached the OS
(Fig. 8E, 9A,B, 10K). In this latter layer, processes from the OPL branched
profusely (Fig. 10J,K) and became located near to Iba-1+ cells of OS (Fig. 8E);
and iv) the network of Iba-1+ cells without overlapping between neighboring cells
throughout the retina observed in naive eyes (Fig. 8A) (mosaic-like fashion
distribution) was disrupted in some areas of the OPL (Fig. 8C) for two reasons.
The first was the presence of smaller cells (Fig. 8C,D), which, after being
analyzed in the cut-view in the yz (sagittal) tool of the microscope, corresponded
to ramified Iba-1+ cells which changed their arrangement of being parallel to
being perpendicular to the retinal surface (radial cells) (Fig. 8D,G,H). Radial cells
were found more frequently in OHT eyes (Fig. 8H). The second reason was the
approach of the processes of ramified cells toward radial cells surrounding them
(Fig. 8C,D). The processes of microglial cells in the OPL were so close together

that there was sometimes only a small cleft between them (Fig. 8F).
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On the other hand, in the OHT eyes the ramified Iba- 1+ cells had disappeared
in the areas of Iba-1+ cell scarcity and the Iba-1+ cells next to this area reoriented
their processes toward it (Fig. 8G). In the areas of Iba-1+ cell scarcity, Iba-1+
cells with apparently amoeboid morphology were sometimes seen (Fig. 8G).
However, after they were analyzed in the cut-view in the yz (sagittal) tool of the
microscope, these cells were found not to be amoeboid cells, but rather had a
radial disposition, had a great retraction of their processes, and were located

between OPL and OS (Fig. 8 G,H).

3.3.4. Iba-1+ cells in the OS

In naive eyes, two morphological types of Iba-1+ cells have been described in
the OS, depending on their morphology and location: i) Type 1- OS cells with
ovoid somas located near or inside the ONL, and numerous processes which
emerged from the same point of the soma, like the roots of a tree. This cell type
was arranged perpendicular to the retinal surface (Fig. 10A,B); and ii) Type 2- OS
cells with ovoid somas located near the retinal pigment epithelium (RPE) and one
thick primary process running parallel to the retinal surface. Sparse, thin, and
short processes sprout from the soma and the primary process (Fig. 10C). Both

Iba-1+ OS cell types are unevenly distributed in the OS (Rojas et al., 2014).

As in naive eyes, both in contralateral eyes and OHT eyes, Iba-1+ cells were not
evenly distributed, grouping in some areas and leaving others empty. Overall, no
Iba-1+ cells were detected in the areas of Iba-1+ cell scarcity in OHT eyes except

some amoeboid Iba-1+ cells that grouped in clusters.

In OHT eyes and contralateral eyes, Type 1-OS and Type 2-OS cells showed

changes in their morphology and arrangement: i) most Type 1-OS Iba-1+ cells
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changed the orientation of their processes from perpendicular to parallel to the
retinal surface (Fig. 10D,E,L). This cell type was the one most frequently
observed in contralateral eyes. A thick process occasionally emerged from the
radial Type 1-OS cells and reached the OPL plexus (Fig. 10F) and; ii) Type 2-
OS cells had numerous thin processes sprouting from the soma and the thick
process giving them a “hairy” appearance as previously described (Rojas et al.,

2014) (Fig. 10G,M).

Additional morphological cell types were found in the OS in OHT and contralateral
eyes: Both were more frequently observed in the former i) amoeboid Iba-1+ cells,
which were the predominant cell type in the OHT eyes (Fig. 10H,L) and; ii)
dystrophic microglia (Fig. 10 I,N). Streit et al. defined dystrophic microglia as
those cells “displaying abnormal morphological features, such as shortened,
gnarled, beaded, or fragmented cytoplasmic processes, as well as loss of fine

ramifications and formation of spheroidal swellings” (Streit et al., 2014).

3.3.5. Iba-1+ cells between IPL-OPL-0OS

Some Iba-1+ cells from IPL or OPL changed their arrangement of being parallel
to the retinal surface to a radial disposition (Fig. 9A, Fig. 9C, Fig. 100) and their
somas were localized in the INL or in the ONL. The processes of these radial Iba-
1+ cells could participate in the microglial plexuses of the IPL and the OPL. This
feature was more frequently observed in OHT eyes. However, in the contralateral
eyes microglial cells of IPL (Fig. 9B), OPL (Fig. 8E, Fig. 9A,B, Fig. 10K), and OS
(Fig. 10F) sent numerous processes to the nearest retinal layers (from IPL to
NFL-GCL and OPL, from OPL to IPL and OS and from OS to OPL), thus forming

part of the neighboring microglial plexuses. The processes and somas of the
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radial cells could contribute, as mentioned above, to the alteration of the pattern

of the microglial mosaic in some areas of the OPL and IPL.

3.3.6. MHC-Il expression

In OHT and contralateral eyes, MHC-Il expression was mostly restricted to the
dendritic-like cells (Fig. 4H,l, Fig. 7G,H,J,K), as in naive eyes (Fig. 7F,l), and to
some of the rounded cells (Fig. 5, Fig. 6A-F). In OHT eyes numerous rounded
MHC-II+ cells were observed in the vicinity of the optic disc (Fig. 6E,F), along
with some of the large retinal vessels and in the areas of Iba-1+ cell scarcity,
mainly in the superior zone (Fig. 6A-D). These cells exhibited an intense MHC-II
immunostaining and yet their Iba-1 expression was variable, finding strong Iba-
1+ immunostaining and Iba-1 negative immunostaining cells. Rounded MHC-I1+
cells, though abundant in NFL-CGL, were also found in the OS but rarely in the
OPL. Overall, rounded MHC-lI+ cells were in close relation with ramified and
amoeboid Iba-1+ cells. This fact was remarkable in the NFL-CGL layer were
many ramified Iba-1+ cells grasped rounded MHC-II+ cells (Fig. 5A-D). Amoeboid
cells, chiefly in the GCL-NFL, approached the rounded MHC-II+ cells. Some of
these amoeboid cells had MHC-II+ vacuoles inside (Fig. 6G, H). In addition, some

of the scarce rod-like Iba-1+ cells observed exhibited MHC-II expression.

In contralateral eyes very scarce rounded cells exhibited a MHC-Il expression

(Fig. 5 A,B).

3.4. Quantitative analysis of Iba-1 retinal microglial cells

3.4.1. Number of Iba-1+ cells in the IPL, OPL, and OS
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No significant differences were found in the microglial cell number of IPL, OPL
and OS between naive, OHT eyes and contralateral eyes (Mann Whitney U test)

(Table 1).

3.4.2. Area of the retina occupied by Iba-1+ cells (Iba1-RA) in NFL-GCL

In the NFL-GCL, the Iba1-RA significantly increased in both contralateral and in
OHT eyes compared to naive (p<0.01 in both instances, Mann Whitney U test).
In OHT eyes the Iba1-RA was significantly higher than in contralateral eyes

(p<0.05, Wilcoxon W test) (Fig. 11).

3.4.3. Quantification of the arbor area of the Iba-1+ cells

In the OPL, the arbor area of the Iba-1+ cells significantly decreased in OHT eyes
with respect to naive eyes (p<0.05, Mann Whitney U test). No significant
differences were found between OHT eyes and contralateral eyes, and in

contralateral eyes with respect to naive eyes (Fig. 12).

In the IPL the arbor area of the Iba-1+ cells significantly decreased in OHT eyes
with respect naive eyes and contralateral eyes (p<0.01, Mann Whitney U test and
p<0.05, Wilcoxon W test, respectively). No significant differences were found in

contralateral eyes with respect to naive eyes (Fig. 12).

3.4.4 Quantification of microglial vertical process

In contralateral untreated eyes, the number of microglial vertical processes
connecting the OPL and OS significantly increased in comparison with naive eyes
and OHT eyes (p<0.01 Mann Whitney U test and p<0.05, Wilcoxon W test,
respectively). No significant differences were found between OHT and naive eyes
(Fig. 13).
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3.4.5. Quantification of cell body area of Iba-1+ cells in OPL, IPL and NFL-

GCL

Iba-1+ cells in the OPL, IPL and NFL-GCL layers of OHT eyes showed
significantly larger cell body areas than the corresponding cells in contralateral

and naive eyes (p<0.001, Mann Whitney U test; Fig. 14).

4. Discussion

Our results demonstrate that at 24 h after unilateral laser-induced OHT the
microglia in all retinal layers showed multiple signs of reactivation such as
migration, enlarged cell body area, shortening and reorientation of the processes,
radial disposition of the soma and processes, and presence of amoeboid cells in
both OHT eyes and their contralateral normotensive eyes (Fig. 15). However, the
number of microglial Iba-1+ cells in the IPL, OPL, and OS showed no significant
differences either in OHT eyes or in contralateral eyes compared with naive eyes.
Thus, at this time after OHT laser induction (24 h) a non-proliferative microglial
reactivation was under way, a fact that could be due to an early reactivation stage.
By contrast, in the same OHT experimental model at 15 days after OHT induction,
a proliferative microglial reactivation was detected in the same retinal layers
analyzed here (Rojas et al., 2014). No available studies in experimental models
of OHT in mice have quantified retinal microglial cell number at early time periods
(24 h) after OHT induction. Only one study has analyzed the number of microglial
cells 2 h after OHT induction by the cauterization of the episcleral vein in rats,
showing a significant increase of Iba-1+ cells through the retinal layers, mainly in

the GCL and OPL (Wang et al., 2000). In addition, Zhang et al. reported an
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increase in OX-42 and ED-1 microglial cells in the rat retina at 24 h after an acute
increase in intraocular pressure (Zhang et al., 2005).

In our study, 24h post OHT laser induction, microglia migrate leaving areas of
varying cell density in all retinal layers. In order to obtain representative results of
the cell number in the retinal layers, we need to count cells in an extremely large
number of retinal zones, which led us to develop an automated program for cell
quantification in the plexiform layers (de Gracia et al., 2015). Unfortunately, this
program cannot differentiate Iba-1+ cell morphologies and therefore cannot be
used to obtain counts of Iba-1+ cells depending on their phenotype. This is a

weakness of the present study.

In the NFL-GCL 24 h after lasering, similarly to that reported 15 days after
unilateral laser-induced OHT (Rojas et al., 2014), we observed a significant
increase in the area of the retina occupied by Iba-1+ cells (Iba1-RA) both in
contralateral and OHT eyes. This increase could be caused by: i) the significant
enlargement of the Iba-1+ cell body area relative to the cell body area in naivé
eyes, ii) a greater number of Iba-1+ cells in this layer due to the entry of other
non-microglial cell lines from the bloodstream; or iii) ramified Iba-1+ cells that
have migrated to this layer from the IPL. Since no increase was found in the Iba-
1+ cell number in the other retinal layers, the increase in Iba1-RA was probably
not caused by microglial proliferation. By contrast, in a rat model of OHT by
cauterization of the scleral veins, in which IOP values were similar to those found
in our model, at 2 h after OHT induction the number of OX-42+ microglial cells
was found to increase marginally in the contralateral retinas and throughout the

retinal layers in the OHT, mostly in the GCL and OPL. (Wang et al., 2000).
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At 24 h after ischemia, in an experimental model of acute OHT (saline injection
in the anterior chamber at 120 mmHg for 60 min) (Zhang et al., 2005), there was
a significant infiltration of round OX-42+, ED1+ (CD-68) and OX-6+ (MHC-II) cells
with loss of the cell processes in the inner retina. In the present work, we also
found Iba-1+ MHC-II+ rounded cells 24 h after lasering, mainly in the NFL-GCL
near the optic disc and in the areas of Iba-1+ cell scarcity. These cells were
located mostly close to the vessels, perhaps indicating that rounded cells could
be coming from the bloodstream because of a possible blood retinal barrier (BRB)
rupture, caused by the OHT. Although some round cells were seen in the
contralateral eye, these were very scarce. In the central nervous system, at 24 h
after ischemia, when the blood-brain barrier is compromised, round blood
monocytes infiltrate the brain tissue (Gliem et al., 2012). In addition, it has been
observed that the BRB is more permeable in the early stages of inflammatory
processes.(Forrester et al., 2010; Xu et al., 2004). The above could explain the
presence of abundant rounded Iba-1+ MHC-II+ cells observed in our study at

such an early time after the OHT induction.

In addition, the Iba-1+ MHC-II+ dendritic like cells, professional antigen-
presenting cells identified on the basis of MHC Il co-localization, were more
frequently observed both in OHT and in contralateral eyes than in naive eyes.
These cells were located near the collecting tube venule and forming rows of cells
parallel to the vessels that emerged from the optic disc (Xu et al., 2007; Forrester
et al., 2010). These locations could suggest a reinforcement in the surveillance
of the BRB zones, which could be weakening after the IOP increase. The findings

related to rounded cells and dendritic-like cells mentioned above, have been
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observed in the same experimental model of OHT used here at 15 days after

OHT induction (Gallego et al., 2012; Rojas et al., 2014).

At 24 h after lasering, in the NFL-GCL, macrophagic amoeboid Iba-1+cells
containing abundant MHC-II+ vesicles were found near rounded MCH-II+ cells,
which could indicate a phagocytosis process. The ramified microglial cells of NFL-
GCL were catching rounded cells with their processes. The rounded MHC-II+
cells could be triggering the transformation of ramified microglial cells into
macrophagic amoeboid forms, which would phagocytose the rounded MHC-I1+
cells. Accordingly, at 15 days after unilateral laser-induced OHT, in the NFL-CGL
and in OS, amoeboid CD68+ Iba-1+ microglia were also seen, mainly in OHT
eyes (Rojas et al., 2014). However, Wang et al. did not find macrophagic
ED1(CD-68)+ cells in OHT and contralateral retinas at 2 h after cauterizing
episcleral veins, suggesting that active phagocytosis were not involved in OHT-

derived changes at this early time (Wang et al., 2000).

Microglial cells were homogeneously distributed throughout the retina in naive
and contralateral eyes. However, at 24 h after lasering a remarkable finding in all
OHT retinas studied was the presence of areas of Iba-1+ cell scarcity. Several
observations lead us to conclude that these areas were not due to tissue loss or
damage. First, they were found only in OHT eyes, not in naive eyes or
contralateral eyes. In all instances, cell scarcity was uniform, it involved all retinal
layers and it localized consistently to the same retinal regions, mainly in the
superior retina. Second, the predominant cell morphology at the boundary of
areas of cell scarcity was a microglial amoeboid shape, with a branching
phenotype increasing towards the central retina. The apparent scarcity may also

reflect the retraction of major processes that made amoeboid cells smaller and
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that created microglia-free spaces in the retina. Third, double immunostaining
with anti-Iba-1 and anti-GFAP showed that in OHT eyes, the astroglial plexus was

preserved in the areas of microglial cell scarcity (Supplementary Figure).

Next to the areas of Iba-1+ cell scarcity were zones of accumulation of rounded
MHC-II+ cells. The major concentration of rounded MHC-II+ cells in the superior
zone, could be related to a retinal area more sensitive to damage. In the
experimental model of OHT used in the present work, at 8 days after OHT
induction, 100% of the retinas analyzed showed areas lacking RCGs back
labeled with OHSt in the superior zone of the retina (Salinas-Navarro et al., 2009).
It has been demonstrated that at 24 h post-laser induction of OHT, there was a
significant reduction in the registered ERG waves, including positive STR, a- and
b-waves (Salinas-Navarro et al., 2009). The idea that areas of Iba-1+ cell scarcity
could represent zones of retinal damage is supported by the finding that those
ramified cells of the IPL and OPL located at the border of the areas of Iba-1+ cell
scarcity reorient their processes toward them. Rapid process extension and
reorientation towards the site of injury appear to be the initial responses of
microglia to injury (Walker et al., 2013). In the present work, we found scarce rod-
like microglia in the NFL-GCL unlike the large number of them found in the OHT
eyes 15 days after laser induction (de Hoz et al., 2013) where most of the RGCs
are lost (Salinas-Navarro et al., 2009). Rod-like microglia are related to axonal
injury (Ziebell et al., 2012). Thus, the scarcity of rod-like microglia in the present
work could indicate that 24 h after OHT induction, widespread axonal damage

would not yet have occurred.

On the other hand, remarkable morphological signs of reactivation observed at

24 h after unilateral laser-induced OHT was the shortening of microglial
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processes, enlargement of the cell body and the transformation of these cells into
a macrophage-like morphology, known as amoeboid microglia, mainly in the OHT
eyes (Fig. 15). This process shortening could be consistent with the significant
reduction of the Iba-1+ cell-arbor area found in OHT eyes with respect to
contralateral and naive eyes in the IPL, and in the OHT eyes with respect to naive
eyes in the OPL. The amoeboid microglia was found in the NFL-GCL and the OS.
This microglial phenotype represents a state of high reactivity where the cells act
as macrophages, engulfing and destroying cell debris (Streit et al., 1999). In the
OHT retinas, many amoeboid microglia showed vacuoles inside, some of which
contained MHC-II+ cells debris. In addition, in the surface and in the proximity of
some amoeboid microglias, we observed small Iba-1+ vesicles, which could
correspond to extracellular vesicles. These vesicles are important mediators of
intercellular communication and can be produced by microglial cells. They are
involved in all immune activities and their effect in neurodegenerative disorders
can be protective or detrimental. (Robbins and Morelli, 2014; Joshi et al., 2015;

Nigro et al., 2016).

Another morphological type of microglial cell observed at 24 h after OHT induction
was the dystrophic microglia. These cells were found mainly in the OS both in
OHT and in contralateral eyes. Although dystrophic microglia are related to
chronic stress that contributes to exhaustion and senescence of the microglia,
acute injury inducing intense inflammation may accelerate the natural
senescence process of microglial cells, and dystrophic microglia may appear
(Streit et al., 2014). In the IPL, some ramified microglial cells located near to the

areas of I|ba-1+ cell scarcity showed beaded fragmenting processes and
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spheroids. These cells could correspond to an early phase of dystrophic microglia

(Nigro et al., 2016; Streit et al., 2014).

In the present study, other remarkable features of the retinal microglia both in
contralateral eyes and in OHT eyes were the shift of some ramified Iba-1+ cells
in the plexiform layers from a parallel to a radial disposition with respect to the
retinal surface (Fig. 15). This shift was more frequently noted in OHT eyes. These
radial cells sent processes toward the neighboring layers, connecting several
retinal layers between them (Fig. 15). Radial microglial has also been found at 15
days after OHT laser induction (Rojas et al., 2014), in a hereditary glaucoma
model DBA/2J (D2) (Bosco et al., 2011), and in retinal degeneration (Karlstetter
et al., 2015). This radial arrangement, similar to that of Mduller's glia, could
contribute to the distribution of signaling between the different microglial
plexuses. In addition, it could play an important role in the transmission of the
information, from the layers where the BRB could be impaired to the rest of the
retinal layers. In the OPL and IPL, some of the ramified microglial cells moved
and reoriented their processes toward radial cells surrounding them, possibly to
communicate. This could explain the alteration in the pattern of the cell mosaic in

the plexiform layers with sectorial microglia accumulation.

At 24 h after lasering, it was notable in the contralateral eye that microglial cells
of IPL, OPL, and OS sent numerous vertical processes to the neighboring retinal
layer (Fig. 15). We detected a significant increase in the number of radial
microglial processes connecting the OPL and OS (the only retinal area in which
their quantification was possible due to retinal structure) in comparison with naive
and OHT eyes. Vertical microglial processes connected several retinal layers,

probably in an attempt of very early communication between the microglial
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plexuses after the OHT induction, and could play a role in the early signaling
microglial reactivation. Notably, at 15 days of OHT laser induction (Rojas et al.,
2014), the vertical microglial processes in contralateral eyes were less frequently

observed than at 24 h after lasering.

One of the most noteworthy observations of this work was the early activation
(24h after lasering) of microglial cells in normotensive contralateral eyes (Fig. 15).
This early microglial activation could be mediated by the immune system. BRB
impairment in the OHT eyes could be a key mechanism for triggering the immune

response that can induce the early microglial activation in the contralateral eye.

5. CONCLUSIONS

In this study, we report for the first time, descriptively and quantitatively, the early
behavior of mouse retinal microglial cells at 24 h after unilateral laser-induced
OHT. Our data support the contention that early after OHT-induction both treated
as well as contralateral untreated eyes showed a non-proliferative microglial
reactivation, more pronounced in OHT eyes. This reactivation was characterized
by (Fig. 15): enlarged cell body area, cell movement, high degree of branching,
shortening and reorientation of the processes, presence of amoeboid microglia
acting as a macrophages, and radial disposition of the soma and processes
toward adjacent microglial plexuses which could be contributing to signaling
communication between the different microglial layers. The presence of rounded
cells could be related to BRB disruption, contributing to microglial reactivation.
The early microglial reactivation, both in OHT and contralateral eye, could support
the implication of the immune system in the context of OHT-related

neurodegeneration.
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Figure captions

Figure 1. Methodology for Iba-1+ cell quantification

(A) Nlustration of retinal whole-mount showing areas of retina selected for
quantitative analysis of Iba-1+ cells toward the horizontal and vertical meridian.
(B) Work flow describing the algorithm for Iba-1+ microglial cell counting. (1) Sets
of images are taken by scanning a layer of the retina every 2 ym in depth (Z
direction). The averaged image of the set of images taken in depth is the Z
projection (2); afterward, image thresholding (3) and segmentation (4) into 50x50-
pixel regions of interest are performed. Examples of correct cell identification and
multiple identification of the same cell in various segments (6 inset) and final
detection of cells (6). (C) Retinal area labeled with Iba-1 in the NFL-GCL. Left
panel shows a microphotograph from the NFL-GCL. Right panel shows the same
image after thresholding. The percentage of retinal area labeled with Iba-1 in this
example is 7.2%. Modified from de Gracia et al. (de Gracia et al., 2015). Used
with permission from Barrow Neurological Institute, Phoenix, Arizona.

Figure 2. Iba-1+ microglia unevenly distributed in OHT retinas at 24 hours

after lasering.

Retinal whole-mounts. Iba-1 immunostaining. In contralateral eyes (A) Iba-1+
cells were distributed in a mosaic of tiled cells that built a network throughout the
retina. In OHT eyes (B, C) this network was not homogeneous. Mainly in the
peripheral superior area of the retina (C), there were areas of Iba-1+ cell scarcity
(arrow in B) in which the microglial cells even disappeared. The dotted line in B

represents the boundary of peripheral areas of cell scarcity. [l: inferior zone; N:
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nasal zone; S: superior zone; T: temporal zone; OD: optic disc; OHT: ocular

hypertension].

Figure 3. Iba-1+ cells in the NFL-GCL at 24 hours after unilateral laser-

induced OHT.

Retinal whole-mounts. Iba-1 immunostaining. In naive eyes (A, B) there were
ramified Iba-1+ cells (open arrowhead in A) and perivascular Iba-1+ cells
(arrowhead in B). Both in contralateral eyes (C, D) and in OHT eyes (E-F) ramified
Iba-1+ cells and perivascular Iba-1+cells showed an enlargement of the cell body
(open arrowhead in C, E and arrowhead in D, F) and retraction of the cell
processes, as shown by the reduction of the area encircled by the solid line
surrounding Iba-1+ cells (A,C,E) [NFL-GCL: nerve fiber layer-ganglion cell layer;

OHT: ocular hypertension; v: retinal vessel].

Figure 4. Additional morphological types of Iba-1+ cells in the NFL-GCL at

24 hours after unilateral laser-induced OHT.

Retinal whole-mounts. Iba-1 immunostaining (A-H). MHC-II immunostaining (H-
). In contralateral eyes (A,B), in addition to ramified Iba-1+ cells scarce amoeboid
Iba-1+ cells (arrowhead in B) were also observed. In OHT eyes, the shortening
of the processes in ramified Iba-1+ cells were notable (C). Amoeboid Iba-1+ cells
(arrowhead in E) were abundant in OHT eyes, mainly close to the areas of Iba-
1+ cell scarcity (asterisk). Some amoeboid Iba-1+ cells had vacuoles inside
(arrow in D) and small vesicles in the surface (arrowhead in D) and in the vicinity
of the cell (open arrowhead in D). Only in OHT eyes three additional
morphological types of Iba-1+ cells were discerned: rod-like cells with elongated

cell bodies and two processes prominently projecting from each pole (arrows in
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F); ramified Iba-1+ cells showing a morphology similar to those observed in the
IPL, suggesting that these cells had migrated to this layer from the IPL
(arrowhead in G); and dendritic Iba-1+ cells which expressed MHC-II (arrow in

H.,l). INFL-GCL: nerve fiber layer-ganglion cell layer; OHT: ocular hypertension].

Figure 5. Relationship between ramified Iba-1+ cells and rounded MHC-lI+

cells in the NFL-GCL at 24 hours after unilateral laser-induced OHT.

Retinal whole-mounts. Iba-1 immunostaining (A,C). MHC-II immunostaining (A-
D). Ramified Iba-1+ cells seem to catch the rounded cells with their processes in
contralateral (arrow in A) and OHT eyes (arrows in C) being scarce in the former.
Rounded cells express MHC-II (arrows in B,D). [NFL-GCL: nerve fiber layer-

ganglion cell layer; OHT: ocular hypertension].

Figure 6. Rounded MHC-II+ cell distribution in the NFL-GCL at 24 hours after

unilateral laser-induced OHT.

Retinal whole-mounts. Iba-1 immunostaining (A,C,E,G). MHC-Il immunostaining
(A-H). Rounded MHC-II+ cells (arrows in A-F) were frequently observed in the
retinal periphery close to the areas of Iba-1+ cell scarcity (A-D) as shown above
the dotted line, and near the optic disk (arrows in E,F). Amoeboid Iba-1+ cells
had MHC-II + vacuoles inside (G,H). (NFL-GCL: nerve fiber layer-ganglion cell

layer; OD: optic disk; OHT: ocular hypertension; S: superior).

Figure 7. Iba-1+ cells in the IPL at 24 hours after unilateral laser-induced

OHT.

Retinal whole-mounts. Iba-1 immunostaining (A-H). MHC-II immunostaining (F-

K). In naive, Iba-1+ cells were ramified and formed a regular mosaic (arrowhead
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in A). In addition, there were few Iba-1+ MHC-II+ cells with a dendritic-like
appearance (F, I). In comparison with naive eyes (A), ramified Iba-1+ cells of
contralateral eyes and OHT eyes (arrowheads in B and C respectively) showed
enlargement of the cell body. In both eyes the distribution throughout the retina
in a mosaic-like fashion observed in naive eyes (A) was disrupted due to
microglia migration to form clusters (encircled cells in B and C), leaving free Iba-
1+ cells spaces around them. This trend was more evident in OHT eyes (C) than
in contralateral eyes (B). In OHT eyes ramified Iba-1+ cells reoriented their
processes (arrowhead in D) toward the areas of Iba-1+ cell scarcity (asterisk in
D). Some of these cells were thicker and presented spheroidal swelling (arrow in
E). The Iba-1+ MHC-II+ dendritic-like cells were most frequently found in
contralateral (G,J) and OHT eyes (H,K) than in naive (F,l). (IPL: inner plexiform

layer; OHT: ocular hypertension).

Figure 8. Iba-1+ cells in the OPL at 24 hours after unilateral laser-induced

OHT.

Retinal whole-mount (A-H). Iba-1 immunostaining (A-H). Cut-view analysis in the
YZ plane (E,H). In comparison with naive eyes (A), the regular mosaic formed by
ramified Iba-1+ cells (arrowhead) was lost in some areas of contralateral (B, D)
and OHT (C) eyes, this being more pronounced in the later, due to the presence
of radial Iba-1+ cells (arrow in C, D) and the approach of the processes of ramified
cells toward them (C, D). Occasionally, the processes of two neighboring cells
were so close together that no space between them was visible (arrow in F). In
OHT (C,F) and contralateral eyes (B,D) ramified Iba-1+ cells (arrowhead) showed
enlargement of the cell body and more secondary and superior order processes

than in naive (A). In contralateral eyes Iba-1+ cells of the OPL projected several
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long processes (arrows in E) that reached the OS, some of them were located
near Iba-1+ cells of the OS (arrowhead in E). In OHT eyes (G), the processes of
ramified Iba-1+ cells (arrowheads) reoriented toward the areas of Iba-1+ cell
scarcity (asterisk in G). Close to these ramified iba-1+cells, Iba-1+ radial cells
(arrow in G, H) were observed. [OHT: ocular hypertension; OPL: outer plexiform

layer, OS photoreceptor outer segment].

Figure 9. Iba-1+ cells between IPL- OPL- OS at 24 hours after unilateral

laser-induced OHT.

Retinal whole-mount. Iba-1 immunostaining (A-C). Cut-view analysis in the YZ
plane (A-C). Iba-1+ cells of IPL, OPL sent numerous processes (arrowhead) to
the neighboring microglial plexuses mainly in contralateral eyes (A-C). Some Iba-
1+ cells from IPL and OPL present a radial disposition (arrow) with their
processes participating in the neighboring microglial plexuses; this was more
evident in OHT eyes (C) than in contralateral eyes (A,B) (OHT: ocular
hypertension; IPL: inner plexiform layer; OPL: outer plexiform layer; OS

photoreceptor outer segment).

Figure 10. Iba-1+ cells in the OS at 24 hours after unilateral laser-induced

OHT.

Retinal whole-mount. Iba-1 immunostaining (A-O). Cut-view analysis in the YZ
plane (B,F,K,0). Type 1 (A,B) and Type 2 (C) Iba-1+ cells in the OS in naive
eyes. In Type 1-OS Iba-1+ cells numerous processes emerged from the same
point of the soma, like the roots of a tree (A,B). As a result, Type 1-OS showed a
radial disposition in the retina, and soma and processes were located on different

Z planes. Therefore we preferred to assess morphological characteristics of Type
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1-OS cells in cut-view analysis in the yz plane (AB). Cut-views showed that type
1-OS Iba-1+ cells extend across the thickness of the OS perpendicularly to the
retinal surface. In comparison with naive eyes (A,B), in contralateral eyes (D,E)
and OHT eyes (arrowhead in L) Type 1-OS Iba-1+ cell changed their orientation
from perpendicular to parallel to the retinal surface. Both in contralateral eyes (G)
and in OHT eyes (M), Type 2-OS Iba-1+ cells (arrow) showed a retraction of their
processes and a hairy appearance with respect to naive eyes (C). The latter
being due to abundant thin and short processes sprouting from the soma and
main processes (G,M). Unlike naive eyes, in contralateral eyes occasionally, a
long cell process from a Type 1-OS Iba-1+ cell reached the OPL plexus (arrow in
F). Type 1-OS Iba-1+ cell was the cell type most frequently observed in
contralateral eyes (D,E). Additional morphological Iba-1+ cells were observed in
contralateral and OHT eyes, amoeboid cells (arrows in H,L) and dystrophic cells
(arrows in I,N). In OHT eyes, amoeboid cells and dystrophic cells were the
predominant cell types. In contralateral eyes numerous processes from |ba-1+
cells of the OPL extended to the OS branching profusely (arrowheads in J,K). In
OHT eyes radial cells from OPL reached the OS (arrows in O). [OHT: ocular

hypertension; OPL: outer plexiform layer; OS photoreceptor outer segment].

Figure 11. Area of the retina occupied by Iba-1+ cells (Iba1-RA) in the NFL-

GCL at 24 hours after unilateral laser-induced OHT.

Each bar represents the mean £ SD of the area of the retina occupied by Iba-1+
cells. **P <0.01 contralateral and OHT retinas vs. naive. *P <0.05 OHT retinas
vs. contralateral retinas. [NFL-GCL: nerve fiber layer-ganglion cell layer; OHT:

ocular hypertension; RA: retinal area].
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Figure 12. Arbor area of Iba-1+ cells in the plexiform layers at 24 hours after

unilateral laser-induced OHT.

Each bar represents the mean + SD of the arbor area of the Iba-1+ cells. Dotted
lines represent comparison among OPL values: *P <0.05 naive vs. OHT retinas.
Solid lines represent comparison among IPL values: *P <0.05 OHT retinas vs.
contralateral and **P <0.01 vs. naive retinas. [OHT: ocular hypertension; IPL:

inner plexiform layer; OPL: outer plexiform layer].

Figure 13. Quantification of microglial vertical process between OPL and

OS at 24 hours after unilateral laser-induced OHT.

Each bar represents the mean £ SD of microglial vertical processes between OPL
and OS. **P <0.01 contralateral vs. naive retinas. *P <0.05 contralateral vs. OHT

retinas. [OHT: ocular hypertension]

Figure 14. Quantification of the cell body area of Iba-1+ cells in the OPL, IPL

and NFL-GCL at 24 hours after unilateral laser-induced OHT.

Each bar represents the mean = SD of the cell body area of Iba-1 + cells. **P
<0.01 for contralateral and OHT retinas vs. naive retinas. **P <0.01 for OHT
retinas vs. contralateral retinas. [NFL-GCL: nerve fiber layer-ganglion cell layer;

OHT: ocular hypertension; IPL: inner plexiform layer; OPL: outer plexiform layer].

Figure 15. Schematic representation of retinal microglial behavior at 24

hours after unilateral laser-induced OHT.

The drawing illustrate the disposition of microglial cells in the different retinal
layers. In naive eyes, the microglia have a “resting” phenotype and locate in the

NFL-GCL, IPL, OPL and OS. In contralateral eyes the microglia acquire an

44



1107

1108

1109

1110

1111

1112

1113

1114

1115

1116

1117

reactivated phenotype and send numerous processes to neighboring retinal
layers in an attempt of early communication between retinal microglial plexuses.
In OHT eyes, the microglial cells show a higher degree of reactivation than
contralateral eyes. Some microglial cells of IPL and OPL acquire a radial
disposition and send processes toward adjacent microglial plexuses. This radial
arrangement of microglial cells can contribute to signaling communication
between the different microglial layers. [NFL: nerve-fiber layer; GCL: ganglion cell
layer; OHT: ocular hypertension; IPL: inner plexiform layer; OPL: outer plexiform

layer; OS photoreceptor outer segment].
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1118 TABLES

1119  Table 1. Iba-1+ cell quantification in the IPL, OPL, and OS.

IPL OPL 0S
NAIVE 15.87 +1,73 19.99+2,31 1.44+0.75
CONTRALATERAL 13.57 £2,17 20.25 +0,40 1.79 £1.08
OHT 11.02 +6,68 16.42 3,86 4.00 £2.966

Data are presented as the mean number of Iba-1+ cells + SD. Measurements were made at
20x, giving up an area of 0.1502 mm? per field analyzed. (IPL: inner plexiform layer; OHT:

ocular hypertension; OPL: outer plexiform layer; OS: photoreceptor outer segment).

1120
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Highlights

e 24h after laser-induced OHT, a non-proliferative microglial reactivation
was shown both in OHT eyes and their contralateral untreated eyes.
e This fast microglial activation in both eyes could be mediated by the

immune system.
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