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Background/aims: Parenchymal central nervous system
microglia are repopulated by bone marrow derived monocytes more slowly than any other reticuloendothelial cells. The
contribution of bone marrow derived monocytes to the
uninflammed retina has not been studied. The present study
sought to determine repopulation of retinal microglia in
uniflammed retina by bone marrow derived monocytes in
bone marrow chimeric rats.
Methods: Chimeric (YRX) Lewis rats were constructed by
transplanting 56107 male bone marrow cells into lethally
irradiated female recipient rats. The chimeras were sacrificed
8, 10, 12, 30, and 52 weeks after bone marrow transplant,
and retina, brain, lung, and spleen samples were collected.
DNA was extracted and quantified. Y positive infiltrating cells
in the collected samples were detected by polymerase chain
reaction amplification of a Y chromosome specific 104 bp
fragment.
Results: There was a rapid repopulation of haematopoietic
tissues in the spleen (at 8 weeks), confirming the establishment of chimerism, and to a lesser extent, of lung (at
30 weeks). This repopulation was absent in the brain
parenchyma and retina until 52 weeks after transplantation.
Conclusions: These data indicate that resident microglia in
the retina, much like those in the brain, are stable in number
in the retinal compartment (up to 1 year), and repopulation
by bone marrow derived cells may be delayed for a year.

M

icroglia are resident monocytes in the retina and
central nervous system (CNS), functionally similar to
macrophages. In retinal tissue, microglia can be
distinguished from macrophages primarily by morphological
features and perivascular distribution. These cells have long
been known to have a reactive role in response to local tissue
injury or degeneration. Growing evidence suggests an active
proinmflammatory role for microglia as well. Resident
microglia play an active proinflammatory part in the CNS
in several experimental and clinical diseases, including
experimental autoimmune encephalomyelitis, cerebrovascular disease, Alzheimer’s disease, HIV encephalopathy, and
multiple sclerosis.1–4 Although there is no direct evidence that
retinal microglia are potent antigen presenting cells in vivo,
retinal microglia express phenotypic markers of antigen
presenting cells in vitro.5 In experimental autoimmune
uveitis (EAU) microglia migrate to the photoreceptor cell
layer and generate TNFa and peroxynitrite early in the course
of disease, before macrophage infiltration.6
Monocyte precursor cells are thought to move to the CNS
and the retina during embryonic life and the early postnatal
period. There, these precursor cells transform into mature
resting microglia of normal CNS and retinal tissue.7 8 As a
consequence of inflammation or other tissue damage, bone
marrow derived monocytes commonly invade the CNS or
retina. In healthy CNS and retina, renewal of microglial

populations may be accomplished by in situ proliferation of
resident microglia. Alternatively, bone marrow derived
macrophages may slowly migrate to healthy CNS or retinal
tissue and transform into resident microglia. The mechanism
of microglial renewal is not clearly understood in the CNS.
Some CNS monocytes, primarily meningeal microglia and
perivascular dendritic cells, may be slowly replaced by bone
marrow derived monocytes.9 10 In contrast, parenychymal
CNS microglia have been thought to be renewed predominantly by in situ proliferation of resident microglia. However,
one recent study of CNS parenchymal microglia found that
these cells may also be repopulated by bloodborne monocytes
after peripheral nerve axotomy.11 The authors conclude that
parenchymal microglia are wanderers between the peripheral
immune system and the CNS. The mechanism of microglial
renewal in the retina is not well described.
To test the hypothesis that retinal microglia are predominantly derived from resident microglia and not from bone
marrow derived monocytes, we used a chimeric model of
male Lewis rat bone marrow transplanted to lethally
irradiated female Lewis rats. Immunohistochemistry or in
situ hybridisation of Y chromosome gene product from serial
sections may not be sufficiently sensitive to detect small
numbers of bone marrow derived cells in this chimeric
model. Therefore we assayed retinas, brain, lung and spleen
by polymerase chain reaction (PCR) for a Y chromosome gene
product at various time intervals after transplantation to
determine if any bone marrow derived cells had established
residence in these organs. Since monocytes would be the
principal—if not only—infiltrating bone marrow derived cells
in the uninflamed retina and CNS, the presence of Y
chromosome gene product indicates infiltration of bone
marrow derived monocytes into the retina. In a previous
experiment,6 we found that Y chromosome gene product
could not be detected in the retinas of bone marrow chimeric
Lewis rats. Here, we expand these data in animals surviving
for 1 year after bone marrow transplant.

MATERIALS AND METHODS
Lewis rats weighing 150—175 g (Charles River Laboratory,
Wilmington, MA, USA) were used in all studies. Ten chimeric
(YRX) rats were constructed according to a previously
described protocol.6 Briefly, bone marrow removed from the
tibia, femur, and humerus of the male donor rats was passed
through a density gradient medium (Ficoll-Paque Plus;
Amersham Pharmacia Biotech, Piscataway, NJ, USA) to
remove red blood cells and cell debris. The cells were washed
with RPMI 1640 (Gibco BRL, Rockville, MD, USA) supplemented with 10% fetal bovine serum. Female rats were
irradiated with 1000 rads by a caesium-135 gamma irradiator
(Gamma Cell-40; Atomic Energy of Canada, Ltd, Ottawa,
Ontario, Canada) and then given intracardiac injections of
56107 bone marrow cells in 1.0 ml Hanks’ balanced salt
solution.
Abbreviations: CNS, central nervous system; EAU, experimental
autoimmune uveitis
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Detection of gene product by PCR is denoted with a plus or minus for each animal. Thus, ‘‘+/2’’ denotes detection of Sry in the first animal, but not the second.
There was a rapid repopulation of the spleen (at 8 weeks) and, to a lesser extent, lung (at 30 weeks) in YRX bone marrow transplantation. This repopulation was
absent in the brain parenchyma and retina until 52 weeks after transplantation.

Two rats were killed at each time point: 8, 10, 12, 30, and
52 weeks after bone marrow transplantation. The animals
were perfused with normal saline to remove any intravascular circulating cells. The retinas from each animal were
used independently, yielding two retinal samples from each
animal. Retinal DNA was extracted (Easy-DNA kit;
Invitrogen, Carlsbad, CA, USA), and the pellet was dissolved
in 50 ml TRIS EDTA and quantified by 260 nm absorption.
Exactly 1 mg DNA was used for polymerase chain reaction
(PCR). Similarly, DNA samples from the spleen, lungs, and
brain were obtained and quantified.
As previously decribed,6 PCR amplification for 35 cycles of
a 104 bp segment of the murine Sry gene (the sex determining region of the Y chromosome) encoded by genomic DNA
isolated from harvested organs was performed using the
following pair of primers: 59-CATCGAAGGGTTAAAGTGCCA39 (59 primer) and 59-ATAGTGTGTAGGTTGTTGTCC-39 (39
primer). A previously published experiment established the
sensitivity of this method for detecting the presence of 104 bp
fragments of male DNA: this PCR protocol detected 1 ng of
male DNA in 1 mg of female DNA (0.1%) and could detect
0.01% male cells (1:10 000) in the mixture of male and
female cells.6

RESULTS
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Confirming the establishment of chimerism, PCR showed the
presence of Y chromosome murine Sry gene product in
spleens harvested from chimeric (YRX) Lewis rats 8 weeks
after bone marrow transplantation, as well as at every time
point thereafter (table 1). Sry was not detected in the lungs of
chimeric rats 8, 10, or 12 weeks after establishment of
chimerism; but Sry was detected in the lungs of chimeric rats
at 30 weeks and 52 weeks. Sry could not be detected in
retinas and brains of chimeric rats 8, 10, 12, or 30 weeks after
bone marrow transplantation. However, the retina of one eye
from each animal did show the presence of Sry at 52 weeks,
as did the brain (fig 1)

Figure 1 PCR amplification for 35 cycles of a 104 bp segment of the
murine Sry gene (the sex determining region of the Y chromosome) from
DNA extracted from organs of a bone marrow chimeric (YRX) Lewis rat
52 weeks after bone marrow transplant. The 104 bp product is detected
in the lung, spleen, brain, and left retina.
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DISCUSSION
The origin of microglia in the CNS has been a focus of debate.
However, the current prevailing view is that macrophage-like
cells, presumably derived from mesodermal cells belonging to
haematopoietic lineage, invade the brain parenchyma during
embryonic development.12–14 Similarly, retinal microglia are
the only bone marrow derived cells in the healthy retina
when there is no infiltration or extravasation of bloodborne
cells. Bone marrow chimeric (YRX) animals make it possible
to use PCR for Y chromosome gene product to detect bone
marrow derived cells in the retina with great sensitivity. This
study shows that in the absence of inflammation, the retina
and brain in bone marrow chimeric rats remains free of bone
marrow derived cells for up to one year. This fact could be
exploited to better characterise infiltrating cells in inflammatory reactions such as EAU.
PCR is a highly sensitive technique with some limitations.
We have demonstrated that PCR allows for detection of Y
chromosome gene product of a single XY cell in 10 000 XX
cells.6 Assuming that 2% of retinal cells are microglia, we
should be able to detect Y chromosome gene product when as
few as 0.5% of the microglia in the retina carry Y
chromosomes. Not all positive amplification for Y gene
product represents microglia; the presence of passenger
leucocytes cannot be absolutely excluded despite saline
perfusion of the animals before harvest of organs. Retinal
stem cells or other mesenchymal cells are known migrate into
the retina during embryonic development and may migrate
into the adult uninflamed retina, although to the best of our
knowledge adult migration has not been shown. Also, we
cannot conclude that absolutely no bloodborne cells are
present in retina and brain before 52 weeks; we may miss
fewer than one bloodborne cell in 10 000 cells. Nevertheless,
we conclude that for at least 30 weeks after the establishment of chimerism, less than 0.5% of microglia are newly
derived from the bone marrow. Interestingly, the retina of
only one eye from each animal showed the presence of Sry at
52 weeks (fig 1) Since unilateral detection of Sry was seen in
two animals and confirmed for both animals on two repeat
runs of PCR, we do not think this represents a false positive.
Alternatively, this may reflect numbers of infiltrating bloodborne cells in the retina at the threshold of yielding positive
PCR.
Bone marrow chimera models are particularly useful for
distinguishing resident microglia from newly infiltrating
macrophages in retinal inflammation since there are no
generally accepted helpful immunohistochemical markers to
make this distinction. PCR technology and in situ hybridisation may make it possible to quantify and localise infiltrating
cells; however this study sought to describe the relative rate
of migration of bloodborne cells into the uninflammed retina,
and therefore only the most sensitive technique was used—
that is, PCR. Confirmatory in situ hybridisation was likely to
yield a false negative result because of the probable low
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Table 1 Detection of Sry (Y chromosome) gene product by PCR in solid organs harvested from two bone marrow chimeric
(YRX) Lewis rats for each of five time points after bone marrow transplant
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number of bloodborne cells present in any given tissue
section.
Finally, this study confirms the similarity in stability of
microglial populations in the brain and retina. In previous
studies using bone marrow chimeric rats to characterise CNS
microglial turnover, parenchymal microglia were found to be
stable 1 year after bone marrow transplantation. In these
studies, meningeal monocytes, and to a lesser extent
perivascular CNS microglia, were replaced by bone marrow
derived cells more quickly.9 This was quantified in a study by
Kennedy and Abkowitz15: 1 month after transplantation, 89%
of the donor cells were detected in the spleen; after 1 year,
61% were detected in lung and 30% in perivascular and
leptomeningeal sites, but not in the parenchyma of the brain.
The retinal microglia were not studied. Since there are fewer
parenchymal microglia in the retina than in the brain, it was
unclear how quickly the predominantly perivascular retinal
microglia would be replaced by bone marrow derived
monocytes. This study shows that retinal microglia do not
turn over quickly and suggests that, like CNS microglia,
retinal microglia remain inactivated behind the blood-retina
barrier for long periods of time and are uniquely adapted, in
contradistinction to other tissue resident macrophages. This
study also confirms that as in the CNS, bone marrow derived
cells do not typically cross the blood-retina barrier in the
healthy retina.
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