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 Microglial cells are the resident macrophages of the cen-
tral nervous system (CNS) although they are neither a true
glial cell nor a macrophage. They are derived from bone mar-
row precursor cells that enter the CNS early in development
and generally lie “dormant” in adult tissue unless activated in
response to various pathological changes including infectious
diseases, trauma, inflammation, ischemia, and
neurodegeneration [1]. Activated microglia become scaven-
ger cells, phagocytosing cellular debris and killing invading
microorganisms. The rapidity of their activation may be in
part due to their responsiveness to subtle changes in the mi-
croenvironment such as imbalances in ion homeostasis [2] and
signaling molecules such as ATP [3,4], acetylcholine and no-
radrenaline [5], all of which precede structural changes in sur-
rounding cells. Thus, in their “resting” state, microglia seem
to monitor their surroundings and remain poised to react
quickly to physiological insult.

In the retina, microglia become activated in various forms
of retinal injury or disease including light damage [6,7], glau-
coma [8,9], laser photocoagulation [10], intraocular surgery
[11], and the inherited degeneration of the RCS rat [12,13],
human retinitis pigmentosa, and age related macular degen-
eration [14,15]. It is generally presumed that activation of

microglia benefits surviving cells by removing debris that may
be toxic. However, recent evidence suggests that activated
microglia may be detrimental to CNS neuron survival. Indeed,
it has been shown that inhibiting microglia activation slows
photoreceptor degeneration in the RCS rat [16] and media taken
from microglial cell cultures kills photoreceptors [17]. Mi-
croglia are known to secrete molecules such as pro-inflam-
matory cytokines, proteases, tumor necrosis factor, and nitric
oxide, all of which can kill neurons [18-20]. For this reason,
microglia inhibiting factors are being explored in the treat-
ment of various diseases in the CNS including multiple scle-
rosis, stroke, Alzheimer’s, and Parkinson’s diseases.

The lectin Griffonia simplicifolia labels both microglia
and macrophages in the retina of several different species [21],
but it does not label cells in human retinal tissue. The lectin
Ricinus communis agglutinin I has been used to label micro-
glia and macrophages in human retinal samples [15]. The an-
tibody to CD11b labels a cell surface antigen expressed by
granulocytes, monocytes, and macrophages. In some species
this antibody also labels microglia within the neural retina [22-
24], but this is not the case in our preparations of feline retina.

Retinal detachment, or the separation of the neural retina
from the retinal pigment epithelium (RPE), can occur as a re-
sult of varied conditions including trauma, inflammatory eye
disease, or the presence of retinal holes or tears. In all cases,
detachment initiates a cascade of events beginning in photo-
receptors with outer segment degeneration [25-27] and fol-
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lowed quickly by overall photoreceptor cell deconstruction
and the apoptotic death of some photoreceptors [28]. These
events lead to extensive structural remodeling of bipolar, hori-
zontal [29], and ganglion cells [30]. In addition, Müller cells
hypertrophy within the area of detachment [31], and all non-
neuronal cell types, including microglia, are stimulated to di-
vide [32,33]. This response begins within a day of detach-
ment, peaks between days 3 and 4, but continues at reduced
levels for as long as the retina remains detached. Photorecep-
tor apoptosis peaks between days 3 and 4 and continues at
low levels in detached regions [34]. Interestingly, no other
retinal cell type appears to undergo cell death in response to
detachment, at least in the feline retina. It is generally assumed
that a major cause of photoreceptor cell deconstruction and
death is a result of distancing the retina from its source of
oxygen and nutrients in the choriocapillaris. However, given
the evidence in other model systems of CNS degeneration in-
dicating that microglia may accentuate neuronal cell death we
have begun to determine what role microglia may play in the
retina’s response to detachment and reattachment. As a first
step, we have compared the microglial response in the retinas
of four different species: the rod dominated cat, rabbit, and
human and the cone dominated California ground squirrel. In
all cases, microglia become activated and migrate into the
photoreceptor layer, but not all species are equally reactive.
Activated microglia remain only in localized regions of poor
photoreceptor recovery in reattached retinas. In areas that ap-
pear to have recovered more completely, microglia occur in
similar locations as in the non-detached retina. These data
suggest a significant role for microglia in modulating the
retina’s response to detachment and reattachment.

METHODS
Tissue preparation:  Retinal detachments were created in cats,
rabbits, and California ground squirrels. Since it is difficult to
create large stable detachments in cats, the lens and vitreous
were first removed. A solution of sodium hyaluronate (Healon;
Pharmacia, Piscataway, NJ) was then infused via a glass pi-
pette (with an inner diameter of approximately 100 µm) be-
tween the neural retina and RPE [35]. The Healon is neces-
sary to prevent spontaneous reattachment of the retina. All
surgery was done via an entry site at the level of the pars plana.
Approximately half the retina was detached in each eye, con-
sisting primarily of superior retina, leaving attached regions
as internal controls. For the rabbits and ground squirrels it
was not necessary to remove the lens and vitreous since these
retinas detached more easily and remained detached for the
duration of the experiment. Following 1, 3, 7, or 28 days of
detachment, the animals were euthanized (sodium pentobar-
bital, 120 mg/ml, IV) and the tissue placed in fixative (4%
paraformaldehyde in 0.1 M sodium cacodylate buffer, pH 7.4;
Electron Microscopy Sciences, Fort Washington, PA).

Small 1-2 mm human retinectomy samples were obtained
at the time of reattachment surgery and immediately placed in
fixative. One human eye with an exudative retinal detachment
secondary to malignant melanoma was also analyzed. This
situation is different from the experimental detachments in

animals and the human retinectomy samples where there is a
break in the retina either from the pipette (animals) or some
underlying pathology (human) allowing for the flow of fluid
under the retina thereby creating a “rhegmatogenous” detach-
ment. Following enucleation of the melanoma eye the entire
globe was placed in fixative.

Four animals were analyzed at each time point. Multiple
regions were sampled from the detached nasal, temporal, and
superior retina and from the attached naso-temporal and infe-
rior areas of retina within each eye. Six retinectomy samples
were used. Only one exudative detachment was obtained but
multiple regions from both the detached and attached regions
were examined. All experimental procedures conformed to the
ARVO statement for the Use of Animals in Ophthalmic and
Vision Research and the guidelines of the Animal Resource
Center of the University of California Santa Barbara (Santa
Barbara, CA). All human surgery was conducted at Moorfields
Eye Hospital (London, UK) by Consultant vitreoretinal sur-
geons or senior Fellows, and adhered to the tenets of the Dec-
laration of Helsinki for research involving human subjects and
human tissue. All patients provided informed consent for the
use of retinal tissue excised during surgery.

Retinal reattachments were performed in four cats. Fol-
lowing a 3-day detachment where the detachments were made
using a balanced salt solution (BSS; Alcon, Ft. Worth, TX)
rather than Healon, a fluid-gas exchange was performed, which
caused the fluid from under the retina to flow through the hole
thereby allowing the retina to become reapposed to the RPE.
The eye was then flushed with 20% sulfur hexafluoride (SF-
6; Alcon, Ft. Worth, TX) in filtered room air to act as a retinal
tamponade. The animals were euthanized using sodium pen-
tobarbital (120 mg/ml, IV) 28 days after the reattachment pro-
cedure and the eyes immediately placed in fixative and stored
until used. Similar retinal regions to those sampled in the de-
tached retina (listed above) were sampled in the reattached
retinas.

Immunocytochemistry:  For the experimental animals and
the eye with the exudative detachment, retinal pieces approxi-
mately 3 mm square were excised from the globe following at
least 24 h of fixation, rinsed in phosphate buffered saline (PBS),
embedded in low-melt agarose (5%; Sigma, St. Louis, MO)
and sectioned at 100 µm using a Vibratome (Technical Prod-
ucts International, Polysciences, Warrington, PA). The 1-2 mm
human retinectomy samples were embedded in agarose in their
entirety and sectioned at 100 µm. Sections were incubated in
normal donkey serum (1:20) in PBS, 0.5% BSA, 0.1% Triton
X-100, and 0.1% azide (PBTA) overnight at 4 °C on a rotator.
The following day the primary antibodies or lectins were added
and incubated overnight at 4 °C on a rotator in PBTA. The
isolectin B4, Griffonia simplicifolia (1:50; Vector Labs,
Burlingame, CA) was used as a label for microglia and mac-
rophages in cat, rabbit and squirrel retinas. The lectin Ricinus
Communis agglutinin I (1:1000; Vector Labs) was used for
the human samples since the isolectin B4 does not label hu-
man retinal tissue. Both lectins were purchased from the com-
pany as a biotinylated product whereas CD11b was purchased
as a mouse monoclonal antibody (1:50; Serotec, Raleigh, NC).
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The mouse monoclonal antibody to rod opsin (1:50; kind gift
of Dr. Robert Molday, University of British Columbia,
Vancouver, Canada) and the rabbit polyclonal antibody to
GFAP (1:400; Dako, Carpinteria, CA) were used on the same
sections to follow the response of rod photoreceptors and
Müller cells, respectively. Following rinsing of the primary
antibodies in PBTA, for most experiments, the secondary an-
tibodies (streptavidin CY2, donkey anti-mouse CY3, and don-
key anti-rabbit CY5; Jackson ImmunoResearch, West Grove,
PA) were added together, each at 1:200 in PBTA, overnight at
4 °C on a rotator. Donkey anti-rabbit CY3 and donkey anti-
mouse CY5 were used for Figure 1. On the final day, the sec-
tions were rinsed in PBTA, mounted on glass slides using 5%
n-propyl gallate in glycerol and viewed on a BioRad 1024
laser scanning confocal microscope (Hercules, CA).

RESULTS
Feline:  In the normal feline retina, cells labeled with the lec-
tin Griffonia simplicifolia (but not the anti-CD11b), were found
exclusively in the inner retina and most often in the inner plexi-
form layer (Figure 2A). These cells had a small cell body and
a stellate appearance with distinctive wavy processes consis-
tent with the morphology of microglia. At one day of detach-
ment, as photoreceptor outer segments began to degenerate
and opsin became redistributed to the rod cell bodies, labeled
microglia were observed in the outer nuclear layer (Figure
2B). At 3 days of detachment numerous microglia were ob-
served, with varying morphologies, throughout the retina (Fig-
ure 2C). Some were elongated and extended the entire width
of the outer nuclear layer with both thick and thin processes
while others were more rounded. Labeled cells were also seen
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Figure 1. Lectin labeling of detached and attached feline retina.  A: A laser scanning confocal image is shown of a cell in the subretinal space
from 3 day detached feline retina labeled with the lectin Griffonia simplicifolia (green) and antibodies to M cone opsin (red). The cone outer
segment (OS) is truncated and the opsin is redistributed to the inner segment (IS). Cone opsin material is present within the cell (small dots).
B: A laser scanning confocal image is shown of a cell in the subretinal space from 3 day detached feline retina labeled with the lectin Griffonia
simplicifolia (green) and antibodies to both rod opsin (blue) and M cone opsin (red). The cell (green) appears in association with the degener-
ate rods but contains both rod and cone opsin labeled material (small dots). C: A laser scanning confocal image is shown of attached feline
retina from an eye with a 28 day detachment, labeled with the lectin Griffonia simplicifolia (green) and antibodies to rod opsin (red) and glial
fibrillary acidic protein (GFAP; blue). No significant activation of microglia is apparent as microglia continue to reside in the inner plexiform
layer (IPL; arrows). The outer segments (OS), outer nuclear layer (ONL), inner nuclear layer (INL), ganglion cell layer (GCL), and blood
vessels (BV) are also identified. The scale bars represent 5 µm in A,B and 20 µm in C.
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interspersed among photoreceptor outer segments. At 28 days
of detachment the labeled microglia continued to be present
in high numbers with cells distributed throughout the retina
and extending into the subretinal space where they associated
with subretinal glial scars (Figure 2D). At this time point many
of these cells had long, fine processes that course through the
retina although some of these cells had a rounded morphol-
ogy. Lectin labeled cells in the subretinal space were found
adjacent to both cones (Figure 1A) and rods (Figure 1B). In
addition, these cells appeared to phagocytose cone and rod

outer segment debris and often contained phagosomes with
an origin from both (Figure 1B). No activation of microglia
was observed in the attached retina from the eye with the de-
tachment at any time point (Figure 1C; day 28).

Double labeling experiments with the Griffonia
simplicifolia lectin and the antibody to CD11b identified two
populations of cells in the feline retina. Figure 3 shows two
images separated from one double-labeled section using the
lectin and anti-CD11b on a 3 day detached retina. The lectin
labeled many cells (and blood vessels) within the retina and
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Figure 2. Localization of microglia
in the normal and detached feline
retina.  Laser scanning confocal
images of feline retina are shown
labeled with the lectin Griffonia
simplicifolia (green) and antibodies
to rod opsin (red) and glial fibril-
lary acidic protein (GFAP; blue). A:
In normal retina, the lectin labels
microglia in the inner plexiform
layer (IPL; arrows) and blood ves-
sels in the retina and choroid. Anti-
rod opsin labels rod outer segments
(OS). Anti-GFAP labels Müller cell
endfeet and astrocyte processes. B:
One day after retinal detachment,
lectin labeled cells are observed in
the outer nuclear layer (ONL) as rod
OS begin to degenerate and Müller
cells upregulate GFAP expression.
C: Three days after retinal detach-
ment lectin-labeled cells with var-
ied morphologies are distributed
throughout the inner and outer retina
and in the OS layer. Anti-rod opsin
is present in the degenerating OS
and in the plasma membrane of
some rod photoreceptors. In the
ONL and anti-GFAP, labeling ex-
tends throughout the retina. D:
Twenty-eight days after retinal de-
tachment, numerous lectin-labeled
cells are present throughout the
retina and in a subretinal glial scar
labeled with anti-GFAP. Anti-rod
opsin labeling illustrates the exten-
sive OS degeneration and redistri-
bution of the protein to the entire
photoreceptor plasma membrane at
this time. The inner nuclear layer
(INL) and ganglion cell layer (GCL)
are also identified. The scale bars
represent 20 µm.
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cells in the subretinal space (Figure 3B). The CD11b antibody
labeled only the surface of cells in the subretinal space and no
cells within the retina (Figure 3A, arrows). Thus, in terms of
these two markers, we observed two populations of cells re-
sponding to detachment.

In retinas that were reattached for 28 days following a 3-
day detachment, the microglia response, for the most part, ap-
peared diminished; that is, rarely were labeled cells observed
in the outer retina (Figure 4A). Also at this time, most photo-
receptors appeared structurally normal; photoreceptor outer
segments had regenerated and opsin was once again restricted
to the outer segment (Figure 4A). However, small, focal re-
gions of poor photoreceptor recovery ded occur, and in these
areas outer segments showed incomplete regeneration, opsin
was still elevated in the plasma membrane of the cell bodies,
and microglia were still prevalent in the outer retina (Figure
4B). The transition between these regions was always quite
abrupt and similarly the transition to areas rich in microglial
cells also occurred abruptly (Figure 4C). In addition, as was
reported previously [36], some rods extended neurites deep
into the inner retina in these focal regions (Figure 4B and in-
set) and microglial cells often appeared in direct association
with these neurites. No specific association of microglial cells
with Müller cells was observed.

Human:  In normal human retinal tissue, the lectin Rici-
nus communis labeled cells that were restricted to the inner
retina, predominantly the inner plexiform layer (Figure 5A,
arrow). These cells had the same morphology and location as
the Griffonia simplicifolia labeled cells in the feline retina.
Following detachment, the labeled cells become dispersed
throughout the retina (Figure 5B). These detachments are
termed “complex” detachments, that is, the retinas underwent
multiple reattachment surgeries before the tissue was excised

from the eye, so the exact duration of detachment is not known.
In all cases, however, these can be considered longstanding
detachments of a month or more; anti-opsin labeling was el-
evated in the ONL and anti-GFAP labeling was increased in
the Müller cells. Labeling with the lectin also occurred in
epiretinal membranes (cells that have grown on the vitreal
surface of the retina; Figure 5B, brackets).

In the human eye with a malignant melanoma that in-
duced an “exudative” detachment, labeled cells occurred in
all retinal layers but were restricted to the detached zone (Fig-
ure 5D). The exact duration of the detachment was unknown
but most likely was long standing based on the extent of the
outer segment degeneration and rod opsin redistribution
throughout the entire rod plasma membrane. Attached retinal
regions from this same eye showed normal appearing photo-
receptors and a normal distribution of lectin-labeled micro-
glia (Figure 5C) demonstrating once again the localized na-
ture of the activation.

Rabbit:  The rabbit retina initially responded similarly to
the feline and human retina. By one day of detachment (Fig-
ure 6B), Griffonia Simplicifolia labeling showed an increase
in the number of microglia in the outer retina compared to
normal (Figure 6A). At one week of detachment, however,
few lectin labeled cells were observed (Figure 6C), a trend
that continueed at the 28-day time point (data not shown). Anti-
rod opsin labeling indicateed that there was significant photo-
receptor degeneration; anti-GFAP labeling indicated a robust
glial response.

California ground squirrel:  The photoreceptors in the
California ground squirrel retina degenerated even more
quickly than those in the rabbit retina in response to detach-
ment [37]. In this species, labeled cells were rare at any de-
tachment time point (Figure 6D, arrow, day 7). The few la-
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Figure 3. Localization of Griffonia
simplicifolia and CD11b in the fe-
line retina. Laser scanning confocal
images are shown of a 3-day de-
tached feline retina labeled with
anti-CD11b (A) and the lectin
Griffonia simplicifolia (B). A single
section was originally double la-
beled but the two channels are sepa-
rated here to more easily visualize
the labeling patterns. A: Anti-
CD11b labeling is present only in
the presumptive macrophages in the
subretinal space (arrows). B: The
same section shown in A demon-
strating that the lectin labels cells
throughout the retina, in the
subretinal space (arrows), and blood
vessels. The outer nuclear layer
(ONL) and ganglion cell layer
(GCL) are also identified. The scale
bar represents 20 µm.
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beled cells that were observed had the same morphology of
labeled cells in the other species. Occasionally labeled cells
were also observed in the subretinal space (Figure 6E, arrows,
day 7). There was no increase in anti-GFAP labeling in Müller
cells at this time even though there was considerable photore-
ceptor degeneration, as illustrated by the truncated outer seg-
ments and redistribution of the opsin protein throughout the
rod cell plasma membrane.

DISCUSSION
 Following retinal detachment, microglia become activated in
all species examined and migrate towards the outer retina. This
is in accordance with results in other forms of retinal degen-
eration where lectin labeled cells, present in the inner retina
are stimulated to migrate towards degenerating photorecep-
tors (see references in Introduction). In addition to their mi-
gration, however, there almost certainly was an increase in
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Figure 4. Localization of microglia
in the reattached feline retina.  La-
ser scanning confocal images are
shown of feline retina, detached for
3 days and reattached for 28 days,
labeled with the lectin Griffonia
Simplicifolia (green) and antibodies
to rod opsin (red) and glial fibril-
lary acidic protein (GFAP; blue). A:
A typical region of reattached retina
demonstrates that few lectin labeled
cells are present in the outer nuclear
layer (ONL) at this time. Anti-rod
opsin labeling is present in the now
organized outer segments (OS) and
anti-GFAP labeling extends into the
inner nuclear layer (INL). B: In fo-
cal “patchy” regions with poor pho-
toreceptor recovery, as illustrated by
the continued anti-opsin labeling of
the ONL and disorganized OS,
many lectin labeled cells are present
throughout the retina. Lectin-la-
beled processes are often observed
in close association with rod axons
that extend into the inner retina fol-
lowing reattachment (arrow). C: A
reattached retina is shown illustrat-
ing the abrupt transition from reti-
nal areas with few lectin labeled
cells in the ONL (left half of image)
to regions with many lectin-labeled
cells in the ONL (right half of im-
age). The lectin-labeled cells present
in the ONL occur predominantly in
regions of poor photoreceptor re-
covery as illustrated by the in-
creased anti-opsin labeling. The lec-
tin also labeled blood vessels in the
retina and choroid. The ganglion cell
layer (GCL) is also identified. Scale
bars represent 20 µm in A,B,C and
10 µm in the inset to B.
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the number of microglia following retinal detachment; the
immunocytochemistry showed large numbers of labeled cells
in the longer term detachments, particularly in the human and
feline retina. Indeed, cell proliferation studies have shown that
these cells are stimulated to divide following detachment
[32,33]. Both migration and proliferation are indicative of
microglia undergoing a transition from a “resting” to an “acti-
vated” state.

Based on their morphology, location in normal retina, re-
sponse to injury and the observation that only cells in the
subretinal space label with anti-CD11b, we conclude that the
lectin labeled cells in the retina were microglial cells and the

majority of those in the subretinal space were most likely
macrophages that entered the eye in response to the detach-
ment. We cannot, however, rule out the possibility that the
cells in the subretinal space represent a mixture of macroph-
ages and microglia that migrated into the subretinal space and
began to express the CD11b antigen. Indeed it has been shown
in rats following optic nerve transection that as microglia be-
come reactive they can transform into cells that express mac-
rophage/monocyte markers [38]. In the feline retina both cell
types were present as long as the retina remained detached
although the CD11b-positive cells appeared to remain associ-
ated with photoreceptor outer segments in the subretinal space
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Figure 5. Localization of microglia in
normal and detached human retina.
Laser scanning confocal images are
shown of human retina labeled with
the lectin Ricinus communis (green)
and antibodies to rod opsin (red) and
glial fibrillary acidic protein (GFAP;
blue). A: In normal retina the lectin
labels cells in the inner plexiform
layer; anti-rod opsin is present in the
rod outer segments (OS) and anti-
GFAP is present in Müller cells and
astrocytes. B: In longstanding detach-
ments (exact duration unknown but at
least 1 month), lectin-labeled cells
(arrows) are dispersed throughout the
retina and within an epiretinal mem-
brane (brackets). Anti-opsin labeling
is elevated in the outer nuclear layer
(ONL) and rod axons are observed
extending into the inner retina. Anti-
GFAP labeling of Müller cells is el-
evated. C: An attached retina from an
eye with an exudative detachment as
a result of a malignant melanoma is
shown illustrating the normal distri-
bution of lectin, anti-opsin, and anti-
GFAP labeling. The large lectin-la-
beled structure in the ganglion cell
layer (GCL) is a blood vessel. D: A
detached retina is shown from the
same eye as shown in C illustrating
the numerous lectin-labeled cells dis-
persed throughout the retina (arrows),
elevated anti-opsin labeling in the
ONL, and anti-GFAP labeling of
Müller cells. The inner nuclear layer
(INL) is also identified. Scale bars
represent 20 µm.
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Figure 6. Localization of microglia in normal and detached rabbit and ground squirrel retina.  Laser scanning confocal images of rabbit
(A,B,C) and California ground squirrel (D,E) retina are shown labeled with the lectin Griffonia simplicifolia (green) and antibodies to rod
opsin (red) and glial fibrillary acidic protein (GFAP; blue). A: In normal rabbit retina the lectin labels cells in the inner plexiform layer (IPL),
anti-rod opsin labels outer segments, and anti-GFAP labels astrocytes and Müller cells in the inner retina. B: At one day of detachment, lectin-
labeled cells are observed in the outer nuclear layer (ONL) as the outer segments (OS) begin to degenerate. C: At 7 days of detachment, few
lectin-labeled cells are observed, rod photoreceptors are highly degenerate and are labeled with anti-opsin throughout their plasma membrane,
and anti-GFAP is elevated in Müller cells. D,E: Two examples of ground squirrel retina detached for 7 days. Few lectin-labeled cells (arrows)
are observed in either the retina or the subretinal space. Anti-opsin labeling illustrates the highly degenerate morphology of the photoreceptors,
labeling the truncated OS and the entire plasma membranes of the cells. No increase in anti-GFAP is observed in Müller cells. The large lectin-
labeled structures in the inner retina are blood vessels. The inner nuclear layer (INL) and ganglion cell layer (GCL) are also identified. The
scale bars represent 20 µm.
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and the lectin-positive cells (microglia) were confined to the
retina and Müller cell scars. Following one month of reattach-
ment the number in both populations was greatly reduced,
appearing about the same as in the control retina. These ob-
servations suggest that many of the cells died and those mi-
croglia that remained, returned to their original location in the
inner retina. A similar phenomenon is observed following optic
nerve transection in rats; microglia are initially activated in
the region of ganglion cell death, undergo a change in mor-
phology and increase in numbers, but following a 6-month
recovery period, return to their original number and normal
morphology [38].

Microglial activation occurred to differing degrees in dif-
ferent species. In the cat and rabbit retina the response began
quickly, within a day of detachment. This activation can also
represent the beginning of a long term response since increased
numbers of activated cells were still observed in the outer retina
of feline retinas reattached for a month and in longstanding
complex human detachments. The short term nature of the
microglial response in the rabbit and the minimal response in
the ground squirrel may be related to the fact that photorecep-
tor degeneration was extremely rapid and complete in these
species. It is not known if microglia play a role in the death of
photoreceptors in the other species, where it occurs more
slowly, but this would not seem to be the case in the ground
squirrel where we observed essentially no activation. There is
also evidence that photoreceptor death following injury may
be due to interactions between microglia and Müller cells.
Harada et al. [7] demonstrated that microglia modulate the
production of a variety of trophic factors from Müller cells
including some that may promote photoreceptor survival and
some that may promote cell death. It is interesting in this con-
text that ground squirrels mounted neither a robust microglial
nor a Müller cell response and photoreceptor degeneration was
rapid. In the cat and human retina, where there was continued
microglial cell reactivity there was also continued robust
Müller cell reactivity which may lead to an increased produc-
tion of photoreceptor survival factors by these cells.

The microglial cell response was highly localized to the
injured retinal regions. Rarely were these cells observed in
the outer nuclear layer of reattached regions that showed good
recovery from the detachment, even though these areas were
adjacent to regions with incomplete photoreceptor recovery
and extensive microglial activation. In addition, microglia did
not become reactive in non-detached regions from eyes with
detachments nor did they appear within the attached portions
of the human eye with an exudative detachment. While an-
other study demonstrated that vitreal manipulation during sur-
gery (with or without a detachment) induced an activation of
microglia within the nerve fiber layer of the rabbit retina two
days later [11] we found no evidence for this in the attached
retina from the eyes with detachments. The data from this study
suggests that photoreceptor degeneration was the primary
stimulus for activating microglia in responsive species; in re-
gions with less photoreceptor degeneration, there was less
microglia activation.

In all four species studied, events consistent with micro-

glial cell activation occurred in response to detachment, albeit
to different degrees. Questions remain, however, about the
functional roles of these cells. As elsewhere in the CNS they
are almost certainly involved in scavenging cellular debris, in
this case, from dead photoreceptors [15]. Based on evidence
from other studies, they may also be involved in either caus-
ing or preventing photoreceptor cell death, depending on the
factors they release and their effects on Müller cells [7]. In-
deed, our data also suggests a correlation between the amount
of microglial cell activation and Müller cell reactivity. Func-
tional links between these events may be revealed through the
use of agents that inhibit the microglial cell response after
detachment [16]. Given the prevalence of this response, it
seems significant to determine more precisely its role in the
retina’s response to injury.
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