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T cell compartment of the CD4-IRFSKO mice (Fig. 1B). This
result is consistent with previous studies showing that, whereas
IRFS is not constitutively expressed in naive T cells, expression is
rapidly induced in WT CD4" T cells following TCR activation (5).
To further characterize the phenotype of the CD4-IRF8KO T cells,
we examined whether the loss of IRFS affected their proliferative
capacity. Naive CD4" T cells from WT or CD4-IRF8KO mice
were stimulated with anti-CD3/CD28 Abs for 4 d under non-
polarizing condition. Analysis of thymidine incorporation indi-
cated a significant increase in the proliferative response of T cells
from CD4-IRF8KO mice as compared with cells from WT mice
(Fig. 1C). We further found that a higher proportion of IRF8-
deficient CD4™ T cells produced IL-2 than their WT counter-
parts (Fig. 1D), providing suggestive evidence that IRF8 may
function in vivo to restrain T lymphocyte proliferation in response
to Ag stimulation. Consistent with the observed effects of IRF8
on the proliferation of CD4" T cells, we also found that CD4-
IRF8KO T cells exhibited an enhanced activation phenotype, as
indicated by increased proportion of cells expressing CD44 and
CD25, the high-affinity IL-2R (Fig. 1E). The increased prolifer-
ation and activation phenotype exhibited by the CD4-IRFSKO
T cells compared with the WT T cells were accompanied by an
increase in the percentage of the activated CD4" T cells under-
going apoptosis (Fig. 1F) and a corresponding elevation in the
expression of proapoptotic genes (Fig. 1G). Consistent with find-
ings of a recent study showing increased production of IL-17 in
activated CD4" T cells derived from LCK-IRF8KO mice (6), we
observed a marked increase in cells expressing high intracellular
levels of IL-17 in cultures of CD4-IRFS8KO cells (Fig. 1H). We
also stimulated CD4" T cells from WT or CD4-IRF8KO mice with
anti-CD3/CD28 Abs for 4 d under the Th17-polarizing conditions.
The cells were then analyzed by an intracellular cytokine-staining
assay. Interestingly, the increased proportion of IL-17* cells was
accompanied by a reduction in the frequency of Thl7 cells
expressing ROR-vyt at high levels and an increased proportion of
the IL-17—expressing CD4* T cells that were ROR-yt'™ (Fig. 11).
Taken together, these findings suggest that functions of IRF8 in
T cells may include the regulation of proliferation and protection
of T cells from activation-induced cell death.

CD4-IRF8KO mice develop more severe EAU

To investigate the impact of deleting IRF8 in CD4" T cells on
development of uveitis, we induced EAU in WT (1rf8ﬂ/ﬂ) and
CD4-IRF8KO mice by active immunization with IRBP, a 140-kDa
retinal glycoprotein produced by photoreceptor cells (18). Initial
signs of uveitis in the C57BL/6J EAU model are generally ob-
served by day 12 postimmunization (p.i.) with full-blown uveitis
occurring between days 16 and 22 p.i. with a disease incidence of
100% (18). Disease progression was monitored by fundoscopy
and confirmed histologically by assessing the extent of lym-
phocyte infiltration of the neuroretina and ocular pathology.
Fundoscopic images obtained on days 14 and 21 p.i. showed the
development of ocular inflammation in the WT mouse eyes
characterized by blurred optic disc margins and enlarged juxta-
papillary areas, retinal vasculitis with moderate cuffing, vitreitis,
choroiditis, and yellow-whitish retinal and choroidal infiltrates
(Fig. 2A). In contrast, the fundus images reveal more severe dis-
ease in the eyes of CD4-IRF8KO mice with significantly higher
clinical scores compared with the eyes of WT mice (Fig. 2A).
Histological analysis of retinas from eyes harvested 21 d p.i.
underscored the severity of EAU in the eyes of CD4-IRF8KO
mice. Compared with EAU in the immunized WT mice, the dis-
ease in the CD4-IRF8KO mice was characterized by the infiltra-
tion of massive numbers of inflammatory cells into the retina,

resulting in substantial destruction of retinal cells, development of
more retinal folding, serous retinal detachment, vasculitis, retini-
tis, choroiditis, and vitritis. These pathological features are hall-
marks of severe acute uveitis (18, 23, 24), further reflected by the
clinical scores shown in Fig. 2B.

IRF8 deficiency in CD4™" T cells promotes the expansion of
Thl7 cells during EAU

Previous studies of the LCK-IRF8KO mouse strain suggested that
T cell-specific Irf8 disruption promotes colitis by increasing Th17
expansion. By comparison, no significant differences in the de-
velopment or severity of EAE were observed between WT and
LCK-IRF8KO mice (6, 17). To investigate the mechanistic basis
for the development of a more severe uveitis in CD4-IRF8KO
compared with WT mice, we analyzed the immune phenotype
and cytokine expression profile of CD4* T cells in the LN of both
mouse strains. We isolated LN cells of unimmunized mice or
IRBP-immunized WT or CD4-IRF8KO mice, stimulated the cells
with IRBP for 4 d in medium containing CFSE, and performed
intracellular cytokine-staining analysis. Consistent with previous
studies, development of EAU in the WT mice was associated with
increase in Th1 and Th17 cells (13). In keeping with results of the
colitis study (6), our data revealed a significant increase in Th17
cells in the LN of CD4-IRF8KO mice as compared with IRF8"f
mice during EAU (Fig. 3). This result suggests that enhanced
severity of EAU in mice with IRF8-deficient CD4* T cells derived,
in part, from the expansion of Th17 cells. T regulatory (Treg) cells
have recently been shown to bring about resolution of autoim-
mune uveitis (25). We therefore examined whether severe EAU in
the CD4-IRF8KO mice could have resulted from perturbation
of the levels of Treg cells. Compared with EAU in the WT mice,
the percentage of Foxp3* Treg cells was significantly reduced in
the LN of CD4-IRF8KO compared with WT mice. However, the
difference in the levels of the Foxp3™* T cells between the WT and
CD4-IRF8KO mice is relatively small, and thus, the extent to
which the modest reduction in Treg cells contributes to disease
exacerbation in mice with IRF8-deficient CD4* T cells is not clear
(Fig. 3).

Loss of Irf8 in retinal microglial cells and neurons confers
protection from uveitis

In previous reports, we showed that retinal cells express IRF8
during EAU and that IRF8 expression is localized to the photo-
receptors and microglial cells in the ganglion cell layer of the ret-
ina (12, 13, 26). In view of recent reports that microglial cells of
the brain express IRF8 and that activation of microglia by IRF8
exacerbates neuroinflammation (9, 10, 17), we sought to deter-
mine whether the loss of IRF8 in the retina would confer pro-
tection from EAU similar to EAE (17). In the EAE model, mice
with global deletion of Irf8 or loss of IRF8 in monocyte and
macrophage are resistant to EAE (6). In this study, it was most
expedient to address the role of IRF8 in mechanisms that regulate
ocular inflammation in the retina by use of a Cre-lox strategy to
generate mice that lack IRFS in the retina. We generated mice with
a targeted deletion of Irf8 in the retina using two mouse strains
with overlapping patterns of Cre recombinase expression in the
retina (27, 28). The Pax6/aCre mouse strain specifically expresses
the Cre-recombinase in photoreceptors, retinal neurons, microglia
cells, and all retinal cell types with the exception of amacrine cells
(27), whereas the Rx-Cre mouse that expresses Cre recombinase
under direction of the medaka fish promoter element mediates
inactivation of gene expression in the developing retina (28).
PCR analysis of tail DNA of mice from the cross between Pax6/
aCre-Cre or Pax6-Cre and Irf8™' mouse strains on the C57BL/6
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FIGURE 1. Generation and characterization of IRF8 conditional KO mice. Irf8"" mice were crossed with CD4-Cre mice to generate mice with deletion
of IRF8 in CD4" T cells (CD4-IRF8KO). The CD4-IRF8KO mice were identified by PCR analysis of mouse tail genomic DNA (A). Naive CD4" T cells
from LN and spleens of WT or F8 generation CD4-IRF8KO mice (after eight cycles of brother—sister mating) were stimulated with anti-CD3/CD28 Abs
and analyzed by Western blotting (B) and thymidine incorporation assays (C). Data shown in (C) are mean = SEM from five replicate cultures. *p < 0.05.
The immunophenotype of the stimulated T cells was characterized by FACS and intracellular cytokine-staining assays. Numbers in quadrants indicate
percentages of IL-2—expressing CD4™ T cells (D) or percentages of activated CD4™ T cells (E). Histogram presented in (D) and (E) represents percentages of
IL-2-expressing cells or CD44™E"CD25" cells, respectively (mean and SEM, n = 3). CD4" T cells from the WT or CD4-IRF8KO mice were stimulated with
anti-CD3/CD28 Abs for 48 h and analyzed for apoptosis using the annexin V assay (F) and RT-PCR (G). Numbers in quadrants and histogram in (F) indicate
percentages of CD4™ T cells undergoing apoptosis or necrosis (mean and SEM, n = 3). (H and I) Naive CD4" T cells from WT or CD4-IRF8KO mice were
stimulated with anti-CD3/CD28 Abs for 4 d under Th17-polarizing condition. The cells were then analyzed by FACS for intracellular cytokine staining.
Numbers in quadrants and histograms indicate percentages of CD4" T cells expressing IL-17 and/or ROR-vyt (mean and SEM, n = 3). Results are rep-
resentative of at least three independent experiments. *p < 0.05, **p < 0.01 (Student two-tailed ¢ test).

background confirmed the generation of Rx-IRF8KO (Fig. 4A) confirmatory evidence that expression of IRF8 by retinal cells,
and aCre-IRF8KO (Fig. 4B) mice with targeted deletion of IRF8 including retinal microglial cells, may promote neuroinflammation
in retinal cells. To directly examine the effects of loss of IRFS8 in and contribute to the immunopathogenic mechanisms that underlie
retinal cells, we induced EAU in WT (1rf8ﬂ/ﬂ), aCre-IRF8KO, the development of uveitis.

and RX-IRF8KO mice by active immunization with IRBP in CFA
and monitored the disease by fundoscopy or histology. We first
established that IRF8 transcripts were indeed absent in retinal . ; .
cells by isolating RNA from retinal cells of WT, RX-/rfSKO, or specific disruption of Irf8

oCre-IrfSKO mice, and then analyzing for expression of IRF8 Production of IL-12 family cytokines such as IL-12 and IL-23 by
mRNA by RT-PCR. We show that, although IRF8 transcripts were APCs has been implicated in pathogenic mechanisms that mediate
detected in the retina of WT mice, they were not detectable in EAU and EAE (29, 30), whereas IL-27 and IL-35 are thought
retinal cells of RX-Cre-IRF8KO or aCre-IRF8KO mice (Fig. 4C). to contribute to the suppression of both diseases (13-16). We
Fundus images and histological analyses of the day 21 retina show therefore examined whether mitigation of EAU in aCre-IRFSKO
a significant reduction in EAU pathology in the aCre-IRF8KO mice and RX-IRF8KO mice derived in part from perturbations in the
(Fig. 4D). Compared with EAU in the immunized WT mice, we levels of pro- and/or anti-inflammatory cytkines in the retina

Upregulation of anti-inflammatory cytokines in the retina
correlates with amelioration of EAU in mice with retina-

detected fewer numbers of inflammatory cells in the vitreous, less during EAU. We obtained cells from the retina of unimmunized
retinal infolding, as well as reduction in other key features of severe C57BL/6J mice or inflamed eyes of IRBP-immunized WT or
uveitis—vasculitis, retinitis, choroiditis, and vitritis. Similar reduc- aCre-IRF8KO mice. RNA isolated from the cells was analyzed by
tions in pathological features of EAU are also observed in day 21 quantitative PCR to assess the transcript levels of cytokines that

retina of Rx-IRF8KO mice immunized with IRBP (Fig. 4E). The regulate inflammation. In line with published data, we detected
reduced disease observed in both [rf8-deficient mouse strains, as elevated levels of IFN-y and IL-17 transcripts in the retina of WT
reflected by significantly lower clinical scores, provided strong mice with EAU (Fig. 5A). In contrast, the levels of these proin-
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FIGURE 2. IRF8KO mice develop more severe EAU. EAU was induced in WT or CD4-IRF8KO mice by immunization with IRBP in CFA, and disease
progression was analyzed by fundoscopy or histology. (A) Fundus images of eyes harvested 14 or 21 d postimmunization were taken using an otoen-
doscopic imaging system. Assessment of the severity of the inflammatory disease (EAU scores) was based on changes at the optic nerve disc and retinal
vessels or tissues. Black arrow indicates inflammation with blurred optic disc margins and enlarged juxtapapillary areas; blue arrows indicate retinal
vasculitis with moderate cuffing; white arrow shows yellow-whitish retinal and choroidal infiltrates. (B) For histological analysis, eyes were harvested 21 d
postimmunization. Histologic sections through the retina were stained with H&E, and EAU scores were determined, as described (18). White arrowheads
indicate the presence of inflammatory cells in vitreous (V); blue asterisks indicate retinal folds. Results represent at least three independent experiments.
*p < 0.01, #**p < 0.001 (Student two-tailed ¢ test).

flammatory cytokines were significantly lower in the retinas of
Cre-IRF8KO compared with those of WT mice during EAU
(Fig. 5A). We also detected a significant increase in IL-10 tran-
scripts in the retina of aCre-IRF8KO mice (Fig. 5A). This sug-
gested that the marked reduction of EAU in I7f8 null mouse strains
derived in part from enhanced production of the immunosup-
pressive cytokine, IL-10, and reductions in expression of the in-
flammatory Thl and Th17 cytokines in the target tissue. IL-12
family cytokines have profound influences on Ag presentation

and lymphocyte lineage commitment (31, 32). In the EAE model,
IRF8 produced by activated microglia exacerbated neuroin-
flammation (17) by upregulating the production of IL-12 and IL-
23 while downregulating IL-27, resulting in the induction of
a cytokine milieu that favored the expansion of pathogenic Th17
cells. We therefore examined whether loss of IRF8 expression in
the retina modulates expression of IL-12 family cytokines in the
retina during EAU. We found that expression of transcripts for
EDbi3, a cytokine subunit shared by IL-27 (IL-27p28/Ebi3) and IL-
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FIGURE 3. Thl7 cells are expanded in CD4-IRF8KO mice during EAU. (A) The immunophenotype of freshly isolated LN cells of unimmunized mice or
IRBP-immunized WT or CD4-IRF8KO mice was characterized by FACS and intracellular cytokine-staining assays. Numbers in quadrants indicate per-
centages of IL-17—-, ROR-yz—, and/or IFN-y—expressing CD4" or CD8" T cells. (B) LN cells of unimmunized mice or IRBP-immunized WT or CD4-
IRF8KO mice were labeled with CFSE and stimulated with IRBP for 4 d before analysis by FACS for intracellular cytokine staining. The cells were gated
on CD3/CD4 cells, and numbers in quadrants indicate percentages of CD4" T cells expressing IL-17, IFN-vy, or Foxp3. Statistical analysis of the percentage
of cytokine-expressing T cells was based on analysis of six mice per group. Results represent at least three independent experiments. *p < 0.05, **p <
0.01, ***p < 0.001, ****p < 0.0001 (Student two-tailed ¢ test).
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FIGURE 4. Loss of If8 in neuroretinal cells confers protection from uveitis. (A and B) PCR genotype analysis of tail DNA isolated from WT Irf8” or
heterozygous Irf8f/ " mice (A and B), RX-Cre-Irf8KO (A) or aCre-IrfSKO (B) mice. (C) RNA was isolated from retinal cells of WT, RX-Cre-Irf8KO, aCre-
Irf8KO mice and analyzed for IRF8 expression by RT-PCR. The white lines in (A) and (C) indicate where parts of the image were joined. (D and E) EAU
was induced in WT, aCre-Irf8KO (D), or RX-Cre-/rfSKO mice (E) by active immunization with IRBP in CFA. Progression and severity of EAU were
monitored by funduscopy or histology. Top panels, Fundus images were taken using an otoendoscopic imaging system, and the development of papillitis
(black arrows), retinal vasculitis (blue arrows), and inflammatory infiltrates (white arrows) is indicated. Clinical scoring was based on changes at the optic
nerve disc, retinal vessels, and surrounding tissues, as described in Materials and Methods. Bottom panels, Eyes were enucleated on day 21 post-
immunization, fixed in formalin, and embedded in paraffin, and sections were stained with H&E. Histologic sections through the retina were stained with
H&E, and EAU scores were determined as described (18). Infiltrated inflammatory cells in the vitreous (V) are denoted by black arrows; blue asterisks
indicate retinal folds. Results are representative of at least three independent experiments. ****p < 0.0001 (Student two-tailed ¢ test). Ch, choroid; GCL,

ganglion cell layer; INL, inner nuclear layer; ONL, outer nuclear layer; OpN, optic nerve; RPE, retinal pigment epithelial layer.

35 (IL-12p35/Ebi3), was >3-fold higher in the retinas of aCre-
IRF8KO compared with WT mice (Fig. 5B). In contrast, we did
not observe any differences between WT and CD4-IRF8KO mice
for expression of IL-12p40, a cytokine subunit shared by IL-12
(IL-12p35/IL-12p40) and IL-23 (IL-23p19/IL-12p40). Taken to-
gether, these results suggest that mitigation of ocular pathology in
aCre-IRFSKO mice during EAU may derive in part from in-
creased expression of IL-27 and IL-35.

Loss of Irf8 in the retina prevents the decline of retinal function
during uveitis

Electroretinography measures electrical potential change of the
retina in response to light stimulation arising predominantly from
changes in the neural activity of photoreceptors and second-order
neurons in the retina and is a well-established tool for uncovering
gross physiologic changes in the intact retina. Thus, it is routinely
used to analyze layer-by-layer changes of retinal function in
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patients and animals. Changes in the ERG occurring during EAU
are indicative of alterations in visual function (33). We analyzed
scotopic (dark adaptation) and photopic (light adaptation) ERG
responses in EAU mice at day 21 postimmunization. We observed
similar ERG responses after dark or light adaptation in unimmu-
nized WT and o-CRE-IRF8KO mice (Fig. 6A). EAU develop-
ment was associated with a marked reduction in photopic b-wave
amplitudes (Fig. 6B). Importantly, the lowest amplitudes were ob-
served in the retinas of WT mice with EAU. The light-adapted
b-wave amplitudes of the retinas of /rf8-deficient mice with EAU
were higher than that of the retinas of WT mice with disease, but
lower than the amplitudes for retinas of unimmunized WT mice
(Fig. 6B). These functional changes reflect corresponding patho-
logical lesions documented for these mouse strains by histological
findings and fundus changes and confirm results of previous studies
showing that rod and cone functions, as measured by ERG, are
perturbed during the ocular inflammation associated with EAU (33).
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FIGURE 6. Visual function is altered in IRF8KO mice during EAU. (A and B) Visual function of WT or aCre-I1f8KO mice was analyzed by ERG. (A)
ERG response after dark or light adaptation was analyzed in unimmunized mice (three mice or six eyes; n = 6). (B) ERG response after light adaptation was
analyzed in IRBP/CFA-immunized mice with EAU. Data are presented as the mean * SEM of five mice from two individual experiments. Gold asterisks:
ERG comparison between unimmunized and immunized wild-type mice (10 eyes at each time point, n = 10). Blue asterisks: ERG comparison between
unimmunized wild-type mice and immunized a-CRE-IRF8KO mice (10 eyes at each time point, n = 10). Black asterisks: ERG comparison between IRBP/
CFA-immunized wild-type mice and IRBP/CFA-immunized a-CRE-IRF8KO mice (10 eyes at each time point, n = 10). *p < 0.05, **p < 0.01, **¥p <

0.001, ****p < (0.0001 (Student two-tailed ¢ test).

Discussion

IRFS is known primarily as a transcription factor that plays crit-
ical roles in regulating myeloid and B cell lineage commit-
ment and maturation (4, 8—10). However, its functional role in
T lymphocytes other than CD8" T cells is not well understood. In
this study, we generated mice with a targeted deletion of /7f8 in the
CD4" T cell compartment (CD4-IRF8KO) and used them to in-
vestigate the contribution of IRFS to the regulation of CD4™ T cell
effector functions with particular emphasis on their role in regu-
lating immunopathogenic mechanisms that mediate the CNS au-
toimmune diserase, uveitis (34, 35). CD4-IRFSKO CD4" T cells
proliferated more than T cells from WT mice. The increased
proliferation was accompanied by elevated levels of CD4™ T cells
undergoing apopotosis and upregulated expression of proapoptotic
genes. This suggests that a major function of IRF8 in CD4" T cells
may be to restrain proliferation and protect CD4* T cells from
activation-induced cell death. It is, however, of note that IRFS8 is
also absent from CD8* T cells because of Cre recombinase-
mediated deletion of Irf8 at the double-positive (CD4*CD8")
stage of T cell development in the thymus. We and others have
shown that CD4-Cre mice do indeed mediate targeted gene de-
letion in both CD4* and CD8" T cells (36-38). However, in this
study, we have focused on effects of Irf8 deletion in CD4* T cells
because EAU is predominantly mediated by CD4" T cells and, in
particular, Th17 and Th1 cells.

We further show that the effect of IRF8 on host immunity is
contextual, depending on cell type and the target organ system
responding to IRF8 signaling. CD4-IRF8KO mice developed more
severe disease characterized by the development of hallmark
features of severe uveitis and enhanced expansion of uveitogenic
Th17 cells. These results are consistent with a previous report of
exacerbated colitis in LCK-IRF8KO mice lacking IRF8 in T cells
during the later stages of T cell development (6). However, in
contrast to the mouse colitis model in which severe colitis in the
LCK-IRF8KO mice resulted from increased effects of Th17 cells
without perturbations of Thl cells, exacerbation of ocular in-
flammation in the CD4-IRFSKO mice was also associated with

significant inhibition of Thl cells. It is therefore noteworthy that
the marked decrease of Thl cells in CD4-IRFSKO mice with
exacerbated uveitis is consistent with the notion that Thl cells
may have a protective role in uveitis (13, 39). In contrast to the
pathogenic roles played by Th17 cells in human and mouse uveitis
(13, 39), Treg cells are immunosuppressive and have recently been
shown to be effective in ameliorating EAU (25). We show in this
work that the enhanced EAU pathology seen in CD4-IRF8KO also
correlated with a small, but significant reduction in the levels of
Foxp3* Treg cells. However, it is doubtful that the modest re-
duction in Treg cells played a major role in the disease exacer-
bation observed in the IRF8-deficient mice. It is also not clear how
loss of IRF8 results in disparate effects on Th17 and Thl cells as
well as Treg cells, three important CD4"™ T subsets that play
critical roles in the development or regulation of autoimmune
diseases. Clues to the possible involvement of IRF8 in the regu-
lation of Th cell effector functions or lineage specification can be
informed by recent reports showing that TCR signaling activates
pioneering transcription factors such as BATF and IRF4 to recruit
inflammation-associated transcription factor to target gene struc-
tures during Th cell differentiation (40, 41). In the context of the
Th17 differentiation program, proinflammatory environmental
cues, such as hypoxia, have recently been shown to stabilize the
Th17 lineage while simultaneously destabilizing the Treg lineage
by promoting the interactions of hypoxia-inducible factor 1o with
ROR-vyt and Foxp3, respectively (41, 42). In contrast, interactions
of IRF8 with ROR-yt have the specific effect of silencing Th17
developmental pathways (6). Data presented in this work indi-
cate that IRF8 may antagonize T cell activation and prolifer-
ation, raising the possibility that competition between IRF8 and
hypoxia-inducible factor 1a for binding to lineage-specific master
transcription factors may result in diametrically opposed effects
on Th cell development and effector functions. However, because
IRF8 activities are dependent on its interactions with other tran-
scription factors (1), its exact role in host immunity is difficult to
discern, as it is highly dependent on these partners and their ability
to recruit IRF8 to active chromatin loci.

/T0Z ‘8T JegquenoN uo 1s9nb Aq /B1o’ jounwuw i [mmmy/:dny wouj pspeojumoq


http://www.jimmunol.org/

Another surprising observation in this study is that IRF8 ex-
pression by T cells may have different effects depending on the
organ-specific autoimmune disease. For example, EAU and EAE
are two well-characterized models of the human CNS autoimmune
diseases, uveitis and multiple sclerosis, respectively, and both
diseases share essential immunopathological mechanisms in terms
of critical roles of Th1l7 cells in their etiology (35, 43). It is
therefore surprising that loss of IRF8 in CD4™ T cells exacerbates
EAU, but does not have a significant role in EAE (17). A possible
explanation for the different outcomes may relate to the different
strategies used to delete IRF8 in T cells. In this study, we deleted
Irf8 in T cells using the CD4-Cre mice with highly restricted
expression of the Cre recombinase in the CD4 compartment (21,
22), whereas, in the EAE model, the Lck-Cre mice was used to
delete Irf8 in T cells. It is of note that the Lck-Cre mouse strain
does not faithfully recapitulate the expression pattern of the cor-
responding endogenous Lck gene, which can result in off-target
expression of the Cre recombinase (21, 22, 44). Nonetheless, if the
difference derives from use of CD4-Cre versus the Lck-Cre mice,
it is difficult to reconcile the fact that colitis was exacerbated,
whereas development or severity of EAE was not affected despite
the use of Lck-IRF8KO mice in both studies (6).

Data presented in this work showing that the loss of IRFS in
retinal cells prevents the decline in retinal function during uveitis
extend our previous observation that the expression of IRF8 by
retinal cells is upregulated during ocular inflammation (12). Recent
reports have identified critical roles of IRF8 in the functional
maturation of brain microglia (8-10), suggesting potential func-
tional relevance of IRF8 expression by retinal microglial cells and
neurons. In this study, we generated mice with loss of IRF8 in
retinal cells to examine whether expression of this putative im-
munosuppressive transcription factor by endogenous retinal cells,
including photoreceptors, retinal neurons, and microglia cells, can
influence the development or severity of uveitis or contribute to
mechanisms of ocular immune privilege. Similar to the EAE
model, loss of IRF8 in retinal microglial cells and neurons confers
protection against neuroinflammation. In EAU, the protective ef-
fect was associated with induction of a cytokine milieu charac-
terized by upregulation of the immunosuppressive cytokines
1L-27, IL-35, and IL-10, as well as complement factor H. Inter-
estingly, the loss of IRF8 in the retina had no effects on vision.
However, during ocular inflammation, rod and cone functions are
compromised, leading to diminished sensitivity to light stimuli
and vision loss associated with chronic uveitis (33). Surprisingly,
our evaluation of visual function in the aCre-IRFSKO mice by
electroretinography revealed that the loss of IRF8 partially res-
cued the loss of visual function and suggests that the increase in
IRF8 expression by microglial cells during ocular inflammation
may lead to aberrent activation of microglial cells and compro-
mise visual function.

Uveitis comprises a heterogeneous group of potentially sight-
threatening inflammatory diseases that includes sympathetic
ophthalmia, birdshot retinochoroidopathy, Behcet’s disease, Vogt-
Koyanagi—Harada disease, and ocular sarcoidosis and may ac-
count for >10% of severe visual handicaps in the United States
(45, 46). Conventional treatments of uveitis such as corticosteroids
can cause serious systemic side effects, and there is considerable
impetus for seeking alternative therapies such as biologics that can
be used to target proinflammatory pathways that mediate auto-
immune diseases. Data presented in this study suggest that
blockade of the IRF8 signaling pathway may be used to down-
regulate Th17 cells, a pathogenic T cell subset that mediates
uveitis. In contrast, IRF8 activation in microglial cells and APCs
has recently been shown to activate TGF-3 signaling and induce

CONTEXTUAL ROLE OF IRF8 IN NEUROINFLAMMATION

expansion of pathogenic T cells that mediate neuroinflammation
(17). We show in this work that the loss of IRF8 in retinal
microglia confers protection from severe uveitis. These observa-
tions thus highlight the multiple roles played by IRF8 in host
immunity and raise a cautionary note in the context of therapeutic
targeting of IRFS.
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