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Introduction

Summary

The role of CX3CRI in regulating the function of monocytes and micro-
glia was examined in mice in which CX3CR1 had been replaced by green
fluorescent protein (GFP). Induction of experimental autoimmune uveitis
(EAU) in these mice resulted in increased disease severity at day 23
postimmunization with uveitogenic peptide when compared with
CX3CRI1-positive mice and increased apoptosis of neuronal cells in the
inner nuclear layer. Resident microglia within the retina were activated
equally as EAU developed in mice with or without CX3CR1, as deter-
mined by changes in morphology, suggesting that the microglial cell
response did not account for the differences. Although the inflammatory
infiltrate had increased in mice without CX3CR1 at day 23 postimmuniza-
tion, the percentage of natural killer cells in the infiltrate was not changed
in these mice. Similarly, increased disease severity at this stage was not
associated with an overall increased percentage of macrophages in the ret-
inal inflammatory infiltrate or in increased activation of these cells. The
increased recruitment of monocytes to the retina in response to EAU
induction in CX3CR1**/S*? mice compared with CX3CR1°*** mice was
not reflected in increased migration away from vessels, leading to marked
clustering of GFP" cells around veins and venules in these mice. It is pos-
sible that this monocyte/macrophage clustering leads to the increased
severity of disease seen in the mice by focusing and so intensifying the
inflammatory response.

Keywords: autoimmunity; cell trafficking; chemokine receptor; chemokines;
inflammation; monocytes

site and can differentiate into macrophages, often becom-
ing the main effector cells and responsible for many of

Mononuclear phagocytes are generated in the bone mar-
row and under steady-state conditions they recirculate in
the blood for only a few days before a limited number
are recruited into the central nervous system (CNS). Here
they form a network of phagocytic potential antigen-pre-
senting cells, some of which differentiate into long-lived,
highly specialized cells, the microglia, which are the
mononuclear phagocytes of the CNS." In an inflammatory
situation monocytes are recruited to the inflammatory

the damaging effects of inflammation. Trafficking of
mononuclear phagocytes and the differential control and
relationship of monocytes/macrophages and microglia are
still poorly understood and likely to differ depending on
the inflammatory site and stimulus.

Chemokines have wide-ranging roles in the positioning
of specific leucocytes.” Mononuclear phagocytes are hetero-
geneous in terms of their expression of an extensive variety
of different markers including chemokine receptors.”* Two

Abbreviations: BRB, blood-retina barrier; CNS, central nervous system; EAU, experimental autoimmune uveitis; GFP, green
fluorescent protein; IgG2b, immunoglobulin G2b; iNOS, inducible nitric oxide synthase; IRBP, human interphotoreceptor
retinoid binding protein; MFI, mean fluorescence intensity; NK, natural killer; p.i., postimmunization; ROS, rod outer segments;

TUNEL, TdT-mediated biotin~dUTP nick end labelling.

© 2009 Blackwell Publishing Ltd, Immunology, 128, 25-33

25



A. Dagkalis et al.

chemokine receptors in particular have been identified as
important for their trafficking, CCR2 and CX3CR1.” It has
been suggested that CCR2 is more important for trafficking
of monocytes to an inflammatory site, for example in peri-
tonitis,’ autoimmune encephalitis7 and tuberculosis,®
whereas CX3CR1 is more important in immune surveil-
lance and the movement of mononuclear phagocytes in the
steady-state situation.’

However, evidence suggests that the situation is likely
to be more complex than this paradigm suggests. CCR2 is
also involved in monocyte emigration from the bone
marrow”'® and although CCR2-positive monocytes may
be recruited preferentially to an inflammatory site, CCR2-
negative monocytes are also able to traffic to sites of
inflammation.”'"'? In addition, CX3CR1 has been impli-
cated in the recruitment of monocytes in inflammatory
situations; for example, in atherosclerosis,'>'* crescentic
glomerulonephritis'® and in cerebral ischaemia.'® Recent
studies have shown that CX3CRI-positive monocytes
patrol the endothelium in the steady state but provide a
rapidly infiltrating population at the first signs of infec-
tion."” In a model of atherosclerosis, although CX3CR1-
positive monocytes entered atherosclerotic plaques,
CX3CR1 was not essential whereas CCR2-positive mono-
cytes, also expressing substantial levels of CX3CRI,’
required CX3CRI1, in addition to CCR2, to accumulate. !
It is not known whether this is the case in other inflam-
matory situations such as in the CNS.

Apart from recruitment, it has been suggested that
CX3CL1 is important for microglial regulation and com-
munication between microglia and neurons. In the CNS,
neurons are responsible for much of the production of
CX3CL1'® and microglia express CX3CR1." In vitro stud-
ies have shown that CX3CLI reduces the production of
nitric oxide, interleukin-6 and tumour necrosis factor-o
by activated microglia®**' and suppresses neuronal cell
death.”®** However, other reports suggest that CX3CL1
can induce microglia activation,” increase production of
matrix metalloproteinase 9** and is important for micro-
glial survival by inhibiting Fas-mediated apoptosis.>®

Recently it has been shown in vivo, in murine models
of neurotoxicity in the brain and CNS, that CX3CL1 may
protect neurons from the damaging effects of activated
microglia."® Similarly, in a murine model of retinal ageing
and laser-induced choroidal neovascularization, the lack
of CX3CRI in mice caused pronounced accumulation of
activated microglia subretinally leading to retinal degener-
ation and neovascularization.’® However, the stimulus
may be critical because after facial nerve axotomy”’ and
laser-induced injury,?® microglial activation in CX3CR1™/~
mice remains normal.

CX3CR1 may have both a proinflammatory role in
recruiting monocytes to the inflammatory site and an
anti-inflammatory role in damping microglial activation.
The aim was therefore to examine the effect of CX3CR1
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deficiency on both microglial behaviour and monocyte
recruitment as inflammatory disease develops. We have
used a model of human posterior ocular inflammation,
experimental autoimmune uveitis (EAU), in mice in
which monocytes/macrophages are important effector
cells, crossing a disrupted blood-retina barrier (BRB),
infiltrating the retina and causing sight-threatening
damage.”

Materials and methods

Animals and the retinal inflammation model

Eight- to sixteen-week-old C57BL/6, CX3CR1“"™*/S*P and
CX3CR1°"* mice”” were bred and maintained in the
Medical Research Facility (University of Aberdeen, Aber-
deen, UK). CX3CRI had been replaced by the enhanced
green fluorescent protein gene EGFP and was on a full
C57BL/6 background. As there is biallelic expression of
the CX3CRI locus all surface CX3CR1-positive cells in
heterozygous mice express green fluorescent protein
(GFP).*” Procedures were approved according to the
Home Office Regulations for Animal Experimentation
(UK).

The animals were immunized with human interphoto-
receptor retinoid binding protein (IRBP) peptide 1-20
(GPTHLFQPSLVLDMAKVLLD, 10 mg/ml; Sigma-Geno-
sys, Cambridge, UK) emulsified 1 : 1 in complete Freund’s
adjuvant — H37Ra (Difco Laboratories, Detroit, MI) with
an additional 2-5 mg/ml Mpycobacterium tuberculosis —
H37Ra (Difco Laboratories). Fifty microlitres were
injected subcutaneously in each thigh (500 pg peptide per
animal). An additional 100 pl Bordetella pertussis toxin
(Health Protection Agency, Salisbury, UK) was adminis-
tered intraperitoneally at a concentration of 10 pg/ml. In
this model, the first signs of retinal inflammation are
observed between day 10 and day 15 postimmunization
(p-i.). Most mice show peak disease between day 23 and
day 26 which is reduced by day 32 p.i.*°

Histological evaluation of EAU

Eyes from animals were harvested on day 23 and day 28
p-i. Eyes were snap frozen in OCT™ (Tissue Tek, Sakura,
Zoeterwoude, the Netherlands) using isopentane and dry
ice. Cryostat sections (8-pm thick) were prepared and air-
dried for 48 hr. The dried sections were stained with hae-
matoxylin and eosin. Histological evaluation of EAU was
performed using our customized version of the grading
system.”’ This method assigns a score of up to five both
for cellular infiltration, by counting infiltrating cells and
granulomas in different areas of the posterior chamber
and assessing the degree of vasculitis, perivascular cuffing
and choroidal thickening, and for structural abnormali-
ties, by assessing the degree of loss of rod outer segments
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and neuronal layers and the number of retinal folds and
retinal detachment. Two independent ‘blind’ examiners
determined the scores by observing the haematoxylin and
eosin-stained sections under X 20 objective lens. For each
eye, six sections were graded.

Quantification of apoptosis in inner and outer nuclear
layers of retina

Apoptosis was detected by TdT-mediated biotin-dUTP
nick end labelling (TUNEL) staining using a Klenow
FragEL™ DNA fragmentation detection kit according to
the manufacturer’s instructions (Calbiochem; Merck
Biosciences, Nottingham, UK). Cryostat sections, prepared
as above from mice day 23 p.i., were fixed in 4% (volume/
volume) formaldehyde. Stained and unstained cells were
counted throughout the inner and outer nuclear layers.

Immunohistochemistry

Eyes were frozen and 8-um cryostat sections were cut,
fixed and stained as described previously.”® Briefly, sec-
tions were incubated with primary antibody, rat mono-
clonal antibody immunoglobulin G2b (IgG2b) to F4/80
(1:100; Serotec Ltd, Oxford, UK) or mouse mono-
clonal antibody IgG2a to inducible nitric oxide synthase
(iNOS, 1:50; Transduction Laboratories, Affiniti
Research Products, Exeter, UK) or pan-natural killer
(NK) antibody D X 5 (rat monoclonal antibody IgM,
1 :50; Serotec Ltd) for 1 hr at room temperature. Rab-
bit anti-mouse F(ab’), fragments were used to block
non-specific binding of iNOS antibody. Isotype control
antibodies were obtained from Serotec. Samples were
then incubated for 1 hr, first with biotinylated secondary
antibody and second with a streptavidin-biotinylated
alkaline phosphatase complex (both Dako Ltd, Cam-
bridge, UK) before the addition of fast red substrate
solution. Six sections per eye and three or four fields of
view per section (X 20 objective) were examined and
red cells and blue infiltrating cells were counted. Infil-
trating cells were determined by their position and
morphology.

Microglia in CX3CR1°""“*" and CX3CR1°™*

Retinal whole-mounts were prepared from CX3CR1%"/GFP

and CX3CR1°™™* mice at day 10 p.i. Retinas were
removed, washed twice in phosphate-buffered saline for
15 min, spread on clean glass slides and mounted vitreous
side up.”” Mounts were examined using a confocal laser
scanning microscope, LSM 510 (Zeiss, Gottingen,
Germany). The lengths of microglial dendrites were mea-
sured using Zeiss LSM IMaGE ExaMINER (Zeiss). Dendrites
were picked at random and measured from the point of
attachment to the cell body (three or four per cell). The
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values were averaged to give a mean value for dendrite
length of naive and EAU microglial cells.

Mean fluorescence intensity (MFI) of individual cells
was determined using Imace]>* in non-immunized and
day 10 p.i. CX3CR1°"/“** and CX3CR1°""* mice. In
addition, IMAGE EXaMINER was used to determine the MFI
of green fluorescent cell clusters accumulating around
vessels at different days p.i. by taking measurements
180 pwm across retinal veins and venules at three different
lengths. Measuring from the optic disc, MFI values for
microglial cell clusters at 250, 500 and 750 um were mea-
sured, perpendicular to the length of the vessel. Three
vessels on each retina were measured for both naive and
inflamed eyes. Background fluorescence was subtracted by
taking the mean intensity values of regions outside the
whole-mount. Individual cells at specified distances away
from vessels were also counted in each retinal whole-
mount.

Data analysis

Probability values were calculated using an unpaired two-
tailed Student’s t-test. Groups were compared using a
one-way analysis of variance with Tukey multiple com-
parison test. Probability values of P < 0-05 were consid-
ered significant.

Results

Development of EAU in mice lacking CX3CR1

Experimental autoimmune uveitis was induced in both
CX3CR1°FCFP and CX3CRI1°F"" mice and disease was
graded in terms of inflammatory infiltrate and structural
damage at days 23 and 28 p.i. The EAU in the C57BL/6
strain of mice has been shown to peak about day 25 p.i.
and to be reduced by day 32 p.i.’° Mice, either
CX3CR1°FCFP or CX3CR1°F* which had not been
immunized with IRBP peptide, showed no infiltrative or
structural changes (Fig. la). Mice homozygous for the
CX3CR1 deletion showed significantly increased disease
severity in terms of both infiltrate and structural damage
at day 23 p.. compared with heterozygous mice
(P < 0-05) (Fig. la—c). Inflammation had decreased by
day 28 and there was no significant difference in the EAU
in homozygote or heterozygote at this stage (Fig. 1b,c).
When the infiltrate was examined after immunohisto-
chemical staining for the macrophage marker F4/80, the
percentage of macrophages in the infiltrate was not signi-
ficantly changed when CX3CR1°"*/“*" mice were com-
pared with CX3CR1“™™* mice at day 23 p.i. or day
28 p.i. (Fig. 2a). In addition, there was no significant dif-
ference in the percentage of activated macrophages pres-
ent in the infiltrate at either day 23 or 28 when the
genotypes were compared by staining for iNOS (Fig. 2b).
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Figure 1. Effect of lack of CX3CR1 on experimental autoimmune
uveitis (EAU). (a) Haematoxylin-stained cryostat sections from a
CX3CRI™* mouse (left) and a CX3CRI®™S* mouse (middle)
both day 23 postimmunization (p.i.) and a CX3CR1“™*/“** mouse
non-immunized (right) (V, vitreous; GL, ganglion layer; INL, inner
nuclear layer; ONL, outer nuclear layer; ROS, rod outer segments;
arrows indicate examples of infiltration of inflammatory cells; origi-
nal magnification x 25). (b) Disease graded by inflammatory infil-
trate and (c) structural damage score in CX3CRI1™*  and
CX3CR1™/CP mice  at days 23 and 28 p.i. Hatched bars,
CX3CR1°""* mice. Dotted bars, CX3CR1°*"/*F mice. Error bars
indicate SEM; n = 8 mice per group.

The percentage of NK cells present in the infiltrate, as
determined by staining with the pan-NK antibody D X 5,
was low and did not change significantly when
CX3CR1™/S*F and CX3CR1™* mice were compared
either at day 23 or day 28 p.i. (Fig. 2¢).

Examination of apoptosis in the inner and outer
nuclear layers of the retina by TUNEL staining of sections
from mice on day 23 p.i. showed patchy staining but
counts of the apoptosing cells throughout the outer and
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Figure 2. Effect of lack of CX3CR1 on cellular composition of
inflammatory infiltrate in experimental autoimmune uveitis (EAU).
(a) Percentage of cells in the inflammatory infiltrate stained posi-
tively for F4/80. (b) Percentage of cells in the inflammatory infiltrate
stained positively for inducible nitric oxide synthase (iNOS). (c) Per-
centage of cells in the inflammatory infiltrate stained positively for
DX5. Hatched bars, CX3CR1°™* mice. Dotted bars, CX3CR1"™

SFP mice. Error bars indicate SEM; # = 8 mice per group.

inner nuclear layers revealed no difference between
CX3CRIFCFP and CX3CR1°™* mice in the outer
nuclear layer, which comprises photoreceptor cell nuclei.
However, apoptosis in the inner nuclear layer, which
comprises nuclei of other neuronal cell types, was signifi-
cantly (P = 0-02) increased in CX3CR1°FP/SFP mijce com-
pared with CX3CR1°"* mice (Fig. 3a,b). Apoptosing
cells were predominantly neuronal as determined by mor-
phology and there was little inflammatory cell infiltrate in
this region (Fig. 3a).

Changes in resident macrophage/microglial activation
during EAU development

Microglia change morphologically from cells with den-
drites to rounded cells with minor processes as they
become activated.”> We have therefore used dendrite

© 2009 Blackwell Publishing Ltd, Immunology, 128, 25-33
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Figure 3. Effect of lack of CX3CR1 on apoptosis in nuclear layers of
the retina in experimental autoimmune uveitis (EAU). (a) Cryostat
sections from CX3CR1P/GHP assay control (left section), from
CX3CRICFY/S¥P TUNEL stained (middle section), and from
CX3CR1°™™*  TUNEL stained (right section), all day 23 -
postimmunization (p.i.) with apoptosis (brown stain) detected by
TUNEL staining using a Klenow FragEL™ DNA fragmentation
detection kit (GL, ganglion layer; INL, inner nuclear layer; ONL,
outer nuclear layer; original magnification x 50). (b) Percentage of
apoptosing cells in the inner and outer nuclear layer of the retina in
CX3CR1EFP/* (open bars) and CX3CRI1C™/SFP mice (filled bars) day
23 p.i. Error bars indicate SEM; n = 8 mice per group.

length as a measure of microglial activation. Using images
obtained by confocal microscopy of GFP-labelled cells in
retinal whole-mounts, dendrite length was measured on
40 randomly chosen cells throughout the retina in six ret-
inae for each genotype at each time-point. For each cell,
mean dendrite length for all visible dendrites (at least
three dendrites per cell) was calculated. Measurements
showed a clear and highly significant (P < 0-0001)
decrease in CX3CR1°"/S*" and CX3CR1°™"* dendrite
length in immunized compared to non-immunized mice
as early as 10 days p.. (Fig. 4a). These cells could be
assumed to be microglia rather than infiltrating macro-
phages at this stage of the disease because there was no
infiltration at day 10 p.i. when EAU is graded. There was,
however no difference in dendrite length between
CX3CR1°FCFP and CX3CR1°FP" cells at the same time-
point p.i. (Fig. 4a).

The MFI of single microglial cells from CX3CR1°*/CF?
and CX3CR1°"™" non-immunized mice was the same,
showing that the expression of the reporter gene in indi-
vidual cells was similar in CX3CR1“""/“"  and

© 2009 Blackwell Publishing Ltd, Immunology, 128, 25-33
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Figure 4. Activation of microglia during early experimental auto-
immune uveitis (EAU) development to day 10 postimmunization
(p.i.) in CX3CRI°™* and CX3CR1°FP/SP mice. (a) Average length
of microglial dendrites in retinal whole-mounts. All visible dendrites
(three or four) were measured per cell. (b) Mean fluorescence
intensity (MFI) of individual microglia in retinal whole-mounts.
Triangles, CX3CR1™* mice; circles, CX3CR1™/S™ mice. Error

bars indicate SEM; n = 40 cells per group.

CX3CR1°""* as previously reported.”® As dendrites con-
dense and the cells become more compact but with a lar-
ger cell body, their fluorescence intensity increases. The
MFI of individual cells was therefore used as a second
measure of morphological change and was determined for
CX3CRI1FFS*P and CX3CR1°™"* cells in the retina as
EAU developed. The MFI increased significantly
(P < 0-0001) as the disease developed in both genotypes
to day 10 p.i. (Fig. 4b). There was, however, no difference
in the MFI of individual cells when CX3CR1“™/S*" and
CX3CR1™* cells in the retina were compared at the
same time-point p.i. (Fig. 4b).

Effect of CX3CR1 deletion on location of GFP-
positive cells in retinal whole-mounts during EAU
development

As EAU developed, GFP-labelled cells were seen to cluster
around veins and venules in retinal whole-mounts. As a
result of the number of cells clustering, individual cells
could not be determined within the clusters, which made
counting impossible so the degree of clustering was quan-
tified by measuring the MFI across the vessels using con-
focal microscopy. The MFI was measured across each
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vessel at three set distances from the optic nerve, 250, 500
and 750 pm. For CX3CRI1®™™* mice there was little
increase in the clustering of labelled cells around veins
and venules as EAU developed at day 15 and day 23 p.i.
(Fig. 5a,b). This was the same at each distance from the
optic nerve measured. However, in CX3CR1“™"/F mice,
clustering was increased significantly (P < 0-05) both
between day 0 and day 15 p.i., and between day 15 and
day 23 p.. (Fig. 5¢,d). Examination of Z stacks using ani-
mation showed that these cells surrounded and lined the
vessel rather than being located within it.

Individual GFP-expressing cells between 100 and
500 um away from the centre of a vessel were also
counted in retinal whole-mounts at days 0 and 10 p.i.
when these cells could be assumed to be predominantly
microglia rather than infiltrating macrophages and at day
15 and 23 p.i. when they could be infiltrating macrophag-
es. There was no significant increase in the density of
GFP-positive cells when CX3CR1°™/* were compared
with CX3CR1°F"* mice (Fig. 5e). Similarly, there was no
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Figure 5. Effect of lack of CX3CR1 on distribu-
tion of green fluorescent protein (GFP)-positive
cells around inflamed veins and venules. Mean
fluorescence intensity (MFI) measured perpen-
dicular to the length of the vessel at 250, 500
and 750 pm from the optic disc in retinal
whole-mounts from (a) CX3CRI1S™™* mice
and (c) CX3CRIC™SFP mjce. Open bars, no
induction of experimental autoimmune uveitis
(EAU); dotted bars, day 15 postimmunization
(p.i.); hatched bars, day 23 p.i. Example of con-
focal image for CX3CR1°""* and CX3CR1%""
S mice day 23 p.i., (b) and (d), respectively,
with white bar 180 pm indicating a measure-
ment. Individual GFP-expressing cells counted
between 100 and 500 pm away from the centre
of the vessel at days 0, 10, 15 and day 23 p.i.
(e) Hatched bars, CX3CR1°™"* mice. Dotted
bars, CX3CR16FP/GEP mice; n =3 mice per

group. Error bars indicate SEM.

decrease in the number of GFP-labelled cells to indicate
that microglia were moving from these sites to the
affected vessels.

Discussion

Lack of CX3CRI1 increased the severity of EAU but did
not inhibit resolution. The lack of change in the percent-
age of monocytes/macrophages in the infiltrate when
CX3CR1™/CS*F and CX3CR1°™* were compared indi-
cated that increased EAU severity at day 23 was not the
result of a replacement of macrophages in the infiltrate by
neutrophils, as is seen in some situations when monocyte
recruitment is reduced,’® but that the increase in inflam-
matory infiltrate affected all cell types including mono-
cytes. In addition, alteration in the activation of these
macrophages did not account for the increase in disease
severity.

Lack of requirement for CX3CR1 for monocyte passage
across the BRB into the inflamed retina implies the use of

© 2009 Blackwell Publishing Ltd, Immunology, 128, 25-33



alternative chemokine receptors such as CCR2 and CCR5
which have both been implicated in monocyte trafficking
into an inflammatory site.'"' We and others have shown
that ligands for both CCR2 (CCL2) and CCR5 (CCL3,
CCL4 and CCL5) are present in the retina and increase as
EAU develops.””?® CCR5 has been reported to be impor-
tant for T-cell trafficking in EAU* with CCL3 present on
retinal vessels and antibody to CCL3 inhibiting leucocyte
recruitment to the retina and the development of EAU.*

It has been suggested from both in vitro and in vivo
evidence that CX3CL1 may act as a neuroprotectant pre-
venting the activation of microglia and their neurotoxic
effects.’”*  Activation of microglia was markedly
increased as EAU developed, occurring as early as day
10 p.i. although infiltration is only detected to a minor
extent in some mice at day 15 p.i. and leakage from ves-
sels and other retinal abnormalities is not evident until
the peak of the disease on day 23 p.. Early microglial
activation has also been reported in a model of EAU in
rats.*' However, there was no evidence to suggest that the
response to CX3CL1 could prevent or dampen this activa-
tion. In the retina CX3CL1 does not down-regulate the
activation of microglia and this may be site-specific or
stimulus-specific.  Normal microglial activation also
occurred in CX3CRI1-deficient mice after facial nerve
axotomy”” and laser-induced injury.'>*®

Increased activation of microglia in CX3CRI1-deficient
mice cannot therefore account for the increased disease
severity or the increase in apoptosis of neuronal cells in
the inner nuclear layer of these mice. Although in the
past it has been suggested that neuronal expression of
CX3CR1 might be important for neuronal survival®* it
has recently been shown that CX3CRI is not expressed
on neurons.'”*® The key to these increases is therefore
likely to lie with macrophage behaviour. The percentage
of macrophages in the increased infiltrate and their acti-
vation state in the retina were not altered in CX3CR1-
deficient mice. However, the increased infiltration was
not reflected in increased migration away from vessels in
the retina. In retinal whole-mounts, GFP-positive cells
clustered around veins and venules at day 15 p.. and
day 23 p.. in CX3CR1°"/“*" mice but only to a very
minor extent in mice with CX3CR1. These clustering
cells could potentially be resident microglia or infiltrat-
ing monocytes differentiating into macrophages. They
are less likely to be microglia because GFP-positive cells
in the retina away from vessels are not depleted con-
comitant with the increase in GFP-positive cells at the
blood vessels. Although microglia have been reported to
be able to move rapidly and substantially in response to
injury in the brain and CNS*>* this may not be the
case when injury is more subtle and localized.*’ In the
retina microglia movement may be highly regulated®®*’
and there may be little recruitment to sites of BRB
breakdown.

© 2009 Blackwell Publishing Ltd, Immunology, 128, 25-33
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Lack of CX3CRI1 therefore appears to result in the
accumulation of macrophages around vessels once they
have entered the retina. There is substantial constitutive
expression of CX3CL1 in the eye’® and this is thought to
be by several cell types including retinal neurons and
endothelial cells.** We have confirmed that CX3CL1
expression in the retina is not up-regulated in EAU (data
not shown), indicating that CX3CLI does not have a pri-
mary role in monocyte recruitment in EAU. However, it
is possible that without CX3CR1 the macrophages, unable
to respond to constitutive CX3CL1 in the retina, move
away from vessels less efficiently leading to an accumula-
tion of these cells around the inflamed vessels. This would
lead to an inflammatory focus in which cytokines and
chemokines are produced and cells can be stimulated
more efficiently leading to a cascade effect increasing
recruitment of inflammatory cells including macrophages
and enhancing disease in mice lacking CX3CRI. In this
context it is of interest that in brain, adoptively trans-
ferred activated microglia from CX3CRI™'~ mice showed
reduced migration away from the injection site compared
with those from CX3CRI™."" Another possible explana-
tion is that in the absence of CX3CRI1 and constitutive
recruitment of monocytes, the monocyte population in
the blood is changed in terms of chemokine receptor
expression, resulting in altered recruitment in an inflam-
matory situation.

Increased apoptosis in the inner rather than the outer
nuclear layer is consistent with increased accumulation of
macrophages around the vessels of the retinal vasculature.
The inner nuclear layer is supplied from central retinal
vessels leading to capillary networks and post-capillary
venules whereas the outer nuclear layer is supplied by the
choriocapillaris at the back of the eye. Accumulating
macrophages near the inner nuclear layer would be likely
to initiate apoptosis of neuronal cells via Fas ligand or
secretion of tumour necrosis factor-a.

It is possible that the increased severity of EAU and
increased neuronal apoptosis in mice lacking CX3CRI is
the result of ineffective recruitment of other cells express-
ing CX3CR1. T cells are not thought to express CX3CR1
in mice*” but NK cells do.”” Interestingly an increase in
disease has also been shown in experimental autoimmune
encephalomyelitis in mice lacking CX3CR1.* Evidence
suggested that this was the result of deficient recruitment
of NK cells, of which a subset are CX3CRI1 positive.*® It
has been reported that NK cells are able to influence auto-
immunity in a variety of ways both preventing and
enabling disease but this may depend on different sites,
different types of autoimmunity and possibly even differ-
ent stages of the same disease.*’ Deficient recruitment of
NK cells is not likely to play a role in the increase in dis-
ease seen when EAU is induced in CX3CRI-deficient
mice because the percentage of NK cells in the inflamma-
tory infiltrate in these mice was not altered. This is not
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unexpected because mice depleted of NK cells have
diminished EAU.*

We have therefore shown that CX3CR1 does not have
a primary role in the recruitment of monocytes to the
inflammatory site across the BRB and nor does it prevent
microglial activation in the retina during EAU. However,
lack of CX3CRI1 leads to the accumulation of macro-
phages at the sites of leucocyte extravasation and increased
EAU severity and neuronal apoptosis. These findings
contribute to the current debate over the likely value of
targeting CX3CRI1 in atherosclerosis as it has been
suggested that this might be inadvisable if CX3CL1 has
an important role as a neuroprotectant.
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