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Regulatory immunity that provides resistance to relapse emerges during resolution of
experimental autoimmune uveitis (EAU). This post-EAU regulatory immunity requires a
melanocortin 5 receptor (MC5r)-dependent suppressor antigen presenting cell (APC), as
shown using a MC5r single knock-out mouse. The MC5r-dependent APC activates an
adenosine 2A receptor (A2Ar)-dependent regulatory Treg cell, as shown using an A2Ar
single knock-out mouse. Unexpectedly, when MC5r-/- post-EAU APC were used to
activate A2Ar-/- post-EAU T cells the combination of cells significantly suppressed EAU,
when transferred to EAU mice. In contrast, transfer of the reciprocal activation scheme did
not suppress EAU. In order to explain this finding, MC5r-/-A2Ar-/- double knock-out (DKO)
mice were bred. Naïve DKO mice had no differences in the APC populations, or
inflammatory T cell subsets, but did have significantly more Treg cells. When we
examined the number of CD4 and CD8 T cell subsets, we found significantly fewer
CD8 T cells in the DKO mice compared to WT and both single knock-out mice. DKO mice
also had significantly reduced EAU severity and accelerated resolution. In order to
determine if the CD8 T cell deficiency contributed to the resistance to EAU in the DKO
mice, we transferred naïve CD8 T cells from WT mice, that were immunized for EAU.
Susceptibility to EAU was restored in DKO mice that received a CD8 T cell transfer. While
the mechanism that contributed to the CD8 T cell deficiency in the DKO mice remains to
be determined, these observations indicate an importance of CD8 T cells in the initiation of
EAU. The involvement of CD4 and CD8 T cells suggests that both class I and class II
antigen presentation can trigger an autoimmune response, suggesting a much wider
range of antigens may trigger autoimmune disease.
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INTRODUCTION

Ocular inflammation, uveitis, can cause permanent damage to
the light-gathering structures of the eye, resulting in permanent
blindness. Uveitis is the third leading cause of blindness in
countries with access to cataract surgery, with an incidence
between 25.6 – 122 cases per 100,000 a year, and a prevalence
of 69 - 623 cases per 100,000 (1–3). Active uveitis patients
experience transient or permanent vision loss occurs with an
estimated 12.5% going on to develop glaucoma (4). Autoimmune
uveitis patients experience relapsing and remitting inflammation,
with 33% of anterior uveitis cases becoming chronic (5). A better
understanding of the immunobiology that contributes to
relapsing and remitting intraocular inflammation has the
potential to develop novel more effective treatments for
autoimmune uveitis.

Experimental autoimmune uveitis (EAU) is the most widely
used mouse model of human autoimmune uveitis (6). In C57BL/
6J mice, resolution of EAU occurs at 75-90 days following
immunization for EAU without further relapse (7–9), and at
this point (post-EAU) regulatory immunity is found in the
spleen (10). This post-EAU regulatory immunity provides
resistance to relapse and suppresses EAU when transferred to
recipient EAU mice (10–13). A critical component of post-EAU
regulatory immunity is expression of the adenosine 2A receptor
(A2Ar) for activation and differentiation of Treg cells, and
expression of the melanocortin 5 receptor (MC5r) on the post-
EAU suppressor antigen presenting cell (APC) (11, 12). While
A2Ar-expressing post-EAU Tregs and MC5r-expressing APC
are not required for resolution of EAU (11, 14), it has been
shown that depletion of all Foxp3+ Treg cells before resolution of
EAU prevents resolution (15). Therefore, the resolution of EAU
and induction of regulatory immunity that provides resistance to
relapse occur independently of one another. As such, a better
understanding of the melanocortin-adenosinergic pathway
is needed.

It is well documented that CD8+ T cells have a role in uveitis
through observations in rodent models of EAU (16–19), and
analysis of aqueous humor from uveitis patients (20, 21). MC5r
transcript expression has been reported in CD8+ T cells from
human PBMCs (22) but protein expression was not confirmed
and the role of MC5r in this cell subset has not been further
examined. A2Ar has been extensively studied in the field of
cancer biology, and has a suppressive role on CD8+ T cells, as
tumor evasion by the immune system is observed with blockade
of A2Ar on CD8+ T cells (23, 24). However, the role of MC5r and
A2Ar have not been examined on CD8+ T cells in the context of
autoimmune uveitis.

In this report, we demonstrate that the melanocortin-
adenosinergic pathway is more nuanced than was previously
understood and involves more cell types than previously
reported. In addition to the involvement in the induction and
act iva t ion of pos t -EAU regula tory immuni ty , the
melanocortin-adenosinergic pathway has an additional role in
the disease phase of EAU that requires CD8+ T cells for the
induction of EAU.
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METHODS

Mice
All mouse procedures described in this study were approved by
the University of Oklahoma Health Sciences Center Institutional
Animal Care and Use Committee (OUHSC IACUC) and all
mouse study methods were carried out in accordance with the
relevant guidelines approved by the OUHSC IACUC. C57BL/6J
mice and adenosine 2A receptor knock-out (A2Ar-/-) mice were
purchased from Jackson Laboratories. Melanocortin 5 receptor
knockout mice (MC5r-/-) mice on a C57BL/6J background were a
generous gift from Roger D. Cone (Oregon Health Sciences,
Portland, Oregon). A2Ar-/- MC5r-/- double knock-out (DKO)
mice were bred in the Dean McGee Eye Institute vivarium, and
the genotype was confirmed by PCR in the DMEI
Genotyping Core.

Experimental Autoimmune Uveoretinitis
EAU was induced in mice according to the previously described
immunization protocol (13). An emulsion of complete Freund’s
adjuvant (CFA) with 5 mg/mL desiccated M. tuberculosis (Difco
Laboratories, Detroit, MI) and 2 mg/ml interphotoreceptor
retinoid binding protein (peptides 1-20) (IRBP) (Genscript,
Piscataway, NJ) was used to immunize mice for EAU. A
volume of 100 µl was injected subcutaneously at two separate
sites in the lower back along with an intraperitoneal injection of
0.3 µg pertussis toxin. Fundus examinations using a slit lamp
microscope occurred every 3-4 days to monitor the severity of
retinal inflammation over the course of EAU. To examine the
retina, the iris was dilated using 1% tropicamide, the cornea was
numbed with 0.5% proparacaine, and the cornea was flattened
with a glass coverslip in order to examine the retina. The severity
of EAU was scored on a 5-point scale, as previously described
(25), using the clinical signs of observable infiltration and
vasculitis in the retina. Both eyes were scored and the higher
score was taken to represent that mouse for that day, and the
average score for the group was calculated.

In Vitro Stimulation
Spleens were collected into 5% FBS in RPMI supplemented with
10 mg/ml Gentamycin (Sigma), 10 mM HEPES, 1 mM Sodium
Pyruvate (BioWhittaker), Nonessential Amino Acids 0.2%
(BioWhittaker) and made into a single cell suspension that was
depleted of red blood cells using RBC lysis buffer (Sigma, St
Louis, MO). The spleen cells were resuspended in serum free
media (SFM) and IRBP was added at 50 mg/mL for 48 hours at
37°C and 5% CO2 to reactivate antigen specific T cells. SFM
consisted of RPMI-1640 with 1% ITS+1 solution (Sigma) and
0.1% BSA (Sigma). Following the reactivation, supernatants were
collected and analyzed and/or cells were collected for adoptive
transfer into recipient mice.

In some experiments antigen presenting cells (APC) and T
cells were cultured from different strains. APC were collected by
incubating splenocytes in SFM at 37°C and 5% CO2 for 90
minutes in tissue culture plates, washed twice, and adherent cells
were scraped off of the plastic in ice cold SFM, and plated at 4 x
November 2021 | Volume 12 | Article 742154
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105 cells per well. CD3 enriched T cells were obtained from post-
EAU spleens using a CD3 enrichment column (R&D Systems),
added to the sorted APC at 8 x 105 cells per well with 50 mg IRBP
peptide, and cultured at 37°C 5% CO2 for 48 hours. After 48
hours, T cells and APC were collected, and washed in PBS.
Following the reactivation, cells were collected for adoptive
transfer into recipient mice.

Adoptive Transfer
Cultured cells described above were collected under sterile
conditions washed with sterile PBS, and resuspended in sterile
PBS. Mice were injected with 1 x 106 activated post-EAU cells in
PBS into the tail vein. Following the adoptive transfer, the mice
were immunized for EAU as described above.

Cytokine Analysis
Cell culture supernatants were assayed using the mouse Th1/
Th2/Th17/Th22/Treg 18-multiplex procartaplex kit, (Invitrogen,
Vienna, Austria) to assay the culture supernatants. The
Multiplex plate was analyzed with Bio-Rad plate reader
(Bioplex system, Hercules, CA). The assay was performed
according to manufacturer’s instructions.
Flow Cytometry
Mouse spleen cells were washed with PBS with 1% BSA (staining
buffer), blocked with mouse IgG in staining buffer, then stained
with conjugated antibodies. Antibodies used were anti-CD11b
(clone M1/70, Biolegend, San Diego, CA), anti-Ly-6C (clone
HK1.4, Biolegend), anti-Ly-6G (clone 1A8, Biolegend), anti-F4/
80 (clone BM8, eBiosciences, San Diego, CA), anti-MHCII (clone
M5/114.15.2, Biolegend), anti-CD4 (clone RM4-5, Biolegend),
anti-PD-1 (clone 29F.1A12, Biolegend), anti-Foxp3 (clone FJK-
16s, eBiosciences), anti-Tbet (clone 4B10, Biolegend), and anti-
RORgt (clone AFKJS-9, Biolegend). Prior to anti-Foxp3, anti-
Tbet, and anti-RORgt staining, the cells were fixed
and permeabilized.

Stained cells were analyzed in the Oklahoma Medical
Research Facility (OMRF) Flow Cytometry Core Facility on a
BD LSRII (BD Biosciences) or the DMEI Ocular Immunobiology
Core on a 4-laser Aurora (Cytek Biosciences, Fremont, CA).
When the Aurora was used, unmixing was done using SpectroFlo
Software (Cytek) and data was analyzed using FlowJo Software
(Tree Star, Inc., Ashland, OR).
Statistics
Statistical significance between maximum EAU scores was
determined using nonparametric Mann-Whitney U test
between groups of mice. Two-way ANOVA was also used to
assess significant changes in the tempo of disease between the
groups of treated EAU mice with post-test Bonferroni
comparison analysis. Statistical significance was determined
when P ≤ 0.05 (two-sided). All statistical tests were conducted
in R v3.5.1 and statistical analysis for mouse experiments were
analyzed with Graphpad Prism software.
Frontiers in Immunology | www.frontiersin.org 3
RESULTS

The Melanocortin-Adenosinergic
Pathway Is More Complicated
Than Previously Observed
The aim of this study is to further understand the role of the
melanocortin-adenosinergic pathway in the induction of
autoimmune uveitis. We have previously reported that the
melanocortin-adenosinergic pathway is necessary for the induction
of post-EAU regulatory immunity that provides resistance to relapse
(11, 14, 26, 27). Our previous work specifically showed that
expression of the melanocortin 5 receptor (MC5r) on the post-
EAU antigen presenting cell (APC) is required for activation of post-
EAU regulatory T cells that express the adenosine 2A receptor
(A2Ar).We therefore reasoned that a post-EAUMC5r-/- APCwould
be unable to activate a post-EAU A2Ar-/- T cell. However, when
transferred to a recipient mouse immunized for EAU we observed a
significant suppression of disease compared to EAU mice that
received no cell transfer (Figure 1A). When the reciprocal
activation scheme was used, we found that post-EAU A2Ar-/-

APC used to activated post-EAU MC5r-/- T cells were unable to
suppress disease in recipient mice (Figure 1B). These unexpected
observations suggested the interplay between APC and T cells
through the melanocortin-adenosinergic pathway is more
complicated than previously understood. We next asked what the
role of this pathway is during the induction of disease using a double
knockout (DKO) mouse with the MC5r-/- A2Ar-/- genotype.
The DKO Mice Have No Difference in
Suppressor APCs, More Tregs, and Are
Resistant to Disease
We first asked if the APC compartment is different in DKO mice
compared to the single knockout (SKO) mice. Spleens from naïve
WT, DKO, MC5r-/-, and A2Ar-/- were collected and stained for
CD11b, F4/80, Ly6G, and Ly6C as we have done before (14). We
observed a similar number of CD11b+F4/80+ macrophages
between each of the four strains of mice (Figure 2A).
However, we did observe significantly more CD11b+ F4/80+

Ly6G+ Ly6Clo macrophages in DKO mice compared to WT,
MC5r-/-, and A2Ar-/- mice (Figure 2B), but did not observe a
significant difference in the abundance of CD11b+ F4/80+ Ly6G+

MHCII+ macrophages between the WT, DKO, MC5r-/-, and
A2Ar-/- mice (Supplementary Figure 1). Because the CD11b+

F4/80+ Ly6G+ Ly6Clo macrophages have previously been
demonstrated to be the suppressor macrophage population at
the resolution of disease that activates post-EAU Tregs (11, 14),
we asked if there were more PD-1+ Foxp3+ Tregs, the Tregs we
previously identified as post-EAU Tregs that suppress disease
(27). Comparison of the Treg compartment between WT, DKO,
MC5r-/-, and A2Ar-/- mice revealed that DKO mice had
significantly more PD-1+Foxp3+ Tregs than the WT, MC5r-/-,
and A2Ar-/- mice (Figure 2C).

We next asked what the effect of the MC5r and A2Ar
deficiency in DKO mice has on EAU. WT, DKO, MC5r-/-, and
A2Ar-/-mice were immunized for EAU and monitored through
November 2021 | Volume 12 | Article 742154
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A

B

C

FIGURE 2 | Comparison of APC and Tregs in naïve DKO with WT, MC5r-/-, and A2Ar-/- mice. Spleens from naïve WT (N=6), DKO (N=6), MC5r-/- (N= 4), and
A2Ar-/- (N = 5) were collected and stained for CD11b, F4/80, Ly6G, Ly6C, CD4, PD-1, and Foxp3. Representative pseudocolor dot plots and the mean ± SEM for
each mouse are shown for CD11b and F4/80 (A), Ly6G and Ly6C (B), and PD-1 and Foxp3 (C). The Ly-6G and Ly6C panels are gated on CD11b+F4/80+ cells,
and PD-1 and Foxp3 panels are gated on CD4+ cells. Each experiment consisted of 1-2 mice, and each experiment was repeated 2-3 times. Significance was
assessed by nonparametric Mann-Whitney U test. Statistical significance (P ≤ 0.05) is designated by *, or not significant (n.s.).
A B

FIGURE 1 | Activation requirements of post-EAU regulatory macrophages and T cells in MC5r-/- and A2Ar-/- mice. APC and T cells from post-EAU MC5r-/- and
A2Ar-/- mice were collected. APC and T cells were cultured in vitro with IRBP and adoptively transferred to recipient mice immunized for EAU. The solid line with
closed circles are EAU control mice that did not receive an adoptive transfer of spleen cells (no cell transfer, n = 18). Post-EAU MC5r-/- APC were used to
activate post-EAU A2Ar-/- T cells and transferred to a recipient mouse and immunized for EAU (A, solid line with inverted triangles, n = 6). Post-EAU A2Ar-/- APC
were used to activate post-EAU MC5r-/- T cells and transferred to a recipient mouse and immunized for EAU (B, solid line with squares, n = 10). Disease was
monitored every 3-4 days from the time of immunization through resolution. Each experiment consisted of 4-5 mice, and each experiment was repeated 2-4
times. Significant suppression of disease was observed compared to EAU mice that received no cell transfer (*P< 0.05), determined by two-way ANOVA with
Bonferroni post-test.
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https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


McDonald et al. EAU Resistance in A2Ar MC5r Mice
the course of disease. As we previously observed, MC5r-/- and
A2Ar-/- mice showed no significant change in EAU tempo and
severity (Figures 3A, B, D). However, we observed a significant
reduction in the severity and course of disease in DKO mice
(Figures 3C, D). These observations reveal an unexpected role of
these receptors on the induction of disease that is in contrast with
what we have observed in relation to the induction of regulatory
immunity that provides resistance to disease.
DKO Mice Have More Tregs and Th1 Cells
During the Disease Phase
Wenext sought to understand themechanism providing resistance
to disease in theDKOmice.Wefirst asked if theAPC compartment
is different in DKO mice compared to the single knockout (SKO)
mice at the onset of disease. Spleens fromnaïveWT,DKO,MC5r-/-,
andA2Ar-/-were collected andstained forCD11b, F4/80,Ly6G, and
Ly6C as we have done before (14). We observed a significant
decrease in the abundance of CD11b+F4/80+ macrophages in
MC5r-/- mice compared to DKO mice (Figures 4A–E). We also
observed a significant decrease in the abundance of CD11b+ F4/80+

Ly6G+ Ly6Clo macrophages in DKO mice compared to MC5r-/-

mice (Figures 4F–J). However, we did not observe a significant
difference in the abundance of CD11b+ F4/80+ Ly6G+ MHCII+

macrophages between the WT, DKO, MC5r-/-, and A2Ar-/- mice
(Supplementary Figure 1).

We next asked what the T cell response was at the onset of
disease. Spleens were collected, restimulated, and assayed for Treg,
Th17, and Th1 profiles. Flow cytometry staining revealed more
Foxp3+PD-1+ Tregs (Figures 4K–O) and Rorgt+ T cells
(Figures 5A–E) in DKO mice compared to A2Ar-/- mice in the
CD4+ compartment. However, the Th17-associated cytokines, IL-
17A, IL-22, and IL-6 were not significantly different between the
four genotypes (Figures 5E–H). The transfer of post-EAU
splenocytes to EAU mice resulted in a significant suppression of
EAU in recipient mice (Supplementary Figure 2), suggesting a
dominant regulatory phenotype in the DKO mice. We observed a
significant increase in the number of Tbet+ T cells in DKO mice
compared to WT, MC5r-/-, and A2Ar-/- mice among CD4+ T cells
Frontiers in Immunology | www.frontiersin.org 5
(Figure 5I). However, DKO mice compared to WT, MC5r-/-, and
A2Ar-/- mice, produced significantly less IFN-g and production of
TNF-a was not significantly different (Figures 5J, K). These
observations demonstrate that T cell polarization is disrupted in
DKO mice, such that the characteristic Treg, Th1, and Th17
transcription factors are expressed, but the characteristic
inflammatory cytokine is not significantly elevated.
DKO Mice Have a Reduced CD8
T Cell Compartment
We next pursued an explanation for the observation that DKO
had a significantly greater abundance of Tbet+ cells but
significantly reduced IFN-g production. Because CD8+ T cells
can also produce IFN-g (28, 29), we asked if there was a reduced
number of CD8+ T cells in the DKO mice. We observed a
significant reduction in CD8+ T cells in the spleen and thymus of
DKO mice compared to WT, MC5r-/-, and A2Ar-/- mice
(Figures 6A–H, J, L). In contrast, the number of CD4+ T cells
between all four genotypes was not significantly different
(Figures 6A–H, I, K). These observations suggest that a defect
in the development of CD8+ T cells occurs in the DKO mice and
could explain why these mice are resistant to EAU.
CD8 T Cells From WT Mice Allow for EAU
Susceptibility in DKO Mice
We next tested if restoring the CD8+ T cell compartment in DKO
mice is sufficient to eliminate resistance to EAU. EAU scores of
mice that received a transfer of WT CD8 T cells before
immunization for EAU were significantly elevated compared to
DKO mice immunized for EAU that did not receive a cell
transfer (Figure 7A). Additionally, the maximum EAU scores
were not significantly different between the DKO EAU mice that
received a CD8 T cell transfer and DKO EAU mice that received
no cell transfer (Figure 7B). These observations demonstrate
that a WT CD8+ T cell compartment is necessary to overcome
the resistance to EAU observed in DKO mice.
A B C D

FIGURE 3 | The course of EAU in WT, MC5r-/-, A2Ar-/-, and DKO mice. WT mice (n = 8), MC5r-/- (n = 7), A2Ar-/- (n = 4), and DKO (n = 11) mice were immunized for
EAU and evaluated from the time of immunization every 3 - 4 days for clinical signs of uveitis. The course of disease MC5r-/- (A, dashed line with triangles), A2Ar-/-

(B, dashed line with squares), and DKO (C, dashed line with inverted triangles) is shown with WT mice (solid line with circles). The severity of disease is indicated by
the maximum score of each mouse over the entire course of disease (D). Each experiment consisted of 1-4 mice, and each experiment was repeated 2-3 times.
Significance was assessed by two-way ANOVA with Bonferroni post-test for EAU scores over the course of disease and nonparametric Mann-Whitney U test for
maximum scores. Statistical significance (P ≤ 0.05) is designated by *.
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DISCUSSION

In this report, we sought to further define the role of MC5r and
A2Ar in the induction of post-EAU regulatory immunity and
determine the role of MC5r and A2Ar during the course of
disease. Our observations reveal a more complicated role for
MC5r expression of APC and A2Ar on Treg cells in the
induction of post-EAU regulatory immunity that remains to be
investigated. This observation drove us to create a DKO mouse
to investigate the role of a deficiency of both MC5r and A2Ar in
the same mouse. We unexpectedly found that DKO mice were
resistant to disease. The DKO mice had a similar APC
compartment, but elevated Tregs, and reduced CD8+ T cells.
We found that a transfer of CD8+ T cells from WT mice was
sufficient to overcome the disease resistance in DKO mice. These
observations demonstrate the complexity of MC5r and A2Ar on
the pathogenesis of EAU and in the induction of regulatory
immunity, and shows the importance of CD8+ T cells in
susceptibility to autoimmune disease. Based on this work we
suggest that CD8+ T cells that are dependent on MC5r and A2Ar
expression suppress Tregs and are necessary to induce
autoimmune uveitis (Supplementary Figure 3).
Frontiers in Immunology | www.frontiersin.org 6
The RORgt T cell transcription factor expression in DKO
mice was elevated in the DKO compared to A2Ar-/- mice.
However, the observation that cytokine production was no
different for IL-17A, IL-22, IL-6, or TNF-a suggests that
while the transcriptional profile was altered, there was no
polarization towards Th17 in the DKO mice. We did observe
a significantly increased number of Tregs in the DKO
compared to MC5r-/- and A2Ar-/- mice, which suggests the
resistance to disease may be due to an increased abundance of
Tregs. This is not unexpected, given previous observations that
Tregs are necessary for resolution of disease (15). We further
observed the Tregs in the DKO mice did suppress EAU when
transferred to WT EAUmice, which showed the DKO Tregs are
functionally suppressive.

The observation that the Th1 transcription factor, Tbet, was
expressed in significantly more CD4+ T cells in DKO mice
compared to WT, MC5r-/-, and A2Ar-/- mice suggested DKO
mice were skewed to a Th1 polarization. However, the significant
reduction of IFN-g production suggested the DKOmice were not
skewed toward a Th1 phenotype. We further explored this
possibility by quantifying the CD8+ T cells in the spleen and
thymus and found DKO mice had significantly less CD8+ T cells
A B C D E

F G H I J

K L M N O

FIGURE 4 | Comparison of APC and Tregs at the onset of EAU in DKO with WT, MC5r-/-, and A2Ar-/- mice. Spleens from EAU onset (day 24) WT (n=6), DKO (n=7),
MC5r-/- (n= 6), and A2Ar-/- (n= 5) were collected and stained for CD11b, F4/80, Ly6G, Ly6C, CD4, PD-1, and Foxp3. Representative pseudocolor dot plots and the
mean ± SEM for each mouse are shown for CD11b and F4/80 (A–E), Ly6G and Ly6C (F–J), and PD-1 and Foxp3 (K–O). The Ly-6G and Ly6C panels are gated on
CD11b+F4/80+ cells, and PD-1 and Foxp3 panels are gated on CD4+ cells. Each experiment consisted of 1-2 mice, and each experiment was repeated 2-3 times.
Significance was assessed by nonparametric Mann-Whitney U test. Statistical significance (*P ≤ 0.05 or **P ≤ 0.01) is designated by * and **.
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in both tissues. In order to determine if the lack of CD8+ T cells
in DKO mice was the cause of disease resistance, CD8+

T cells were transferred from WT mice, and we observed
disease in mice that received the transfer. These observations
demonstrate the resistance to EAU in the DKO mice is
dependent on CD8+ T cells. However, further investigation of
the role of the melanocortin-adenosinergic pathway in CD8+ T
cells is needed to understand the melanocortin-adenosinergic
role in CD8+ T cells during the induction of EAU. A potential
mechanism that could explain the requirement for A2Ar and
MC5r on CD8+ T cells to induce EAU could be that the limited
number CD8+ T cells from these mice are deficient in their
effector functions. Since significantly fewer CD8+ T cells were
observed in the thymus of DKO mice, this suggests there is a
defect in thymic development of the CD8+ cells in the DKOmice.
There may be an insufficient activation signal that allows for
CD8+ T cells to undergo positive selection, a defect with negative
selection in CD8+ T cells, or the deficiency in A2Ar and MC5r
blocks expression of the CD8 co-receptor. This possibility will be
investigated in future studies. However, if this is the mechanism
for the reduction of CD8+ T cells in DKO mice, this would be a
novel mechanism that highlights a nuance between CD4 and
CD8 T cell development.
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Others have demonstrated the importance of minimally
activated CD8+ T cells in uveitis in rats and mice (16–19),
and CD8+ T cells are present in eyes of uveitis patients (20, 21).
While it is clear that effector CD8+ T cells are involved in the
inflammatory immune response, the connection with activation
of these cells with the melanocortin-adenosinergic pathway is
paradoxical. CD8+ regulatory T cells are an essential
component of anterior chamber associated immune deviation
(ACAID) (30, 31), and minimally activated CD8+ T cells in
EAU are suppressive (32). These observations suggest there
may be some overlap between the induction of post-EAU
regulatory immunity and the ACAID response, and provides
some possible insight into the paradoxical observation that a
MC5r and A2Ar deficiency results in reduced susceptibility to
EAU. While additional work is needed to better understand this
observation, it suggests that MC5r and A2Ar have a role in the
development of CD8+ T cells, and this population may have a
role in the induction of post-EAU regulatory immunity. A
future question to address is if the defect is intrinsic to bone-
marrow derived cells, which could be addressed with bone
marrow chimeras.

These observations also illustrate the disconnect between the
induction of post-EAU regulatory immunity that provides
A B C D

E F G H

I J K

FIGURE 5 | T cell response at the onset of EAU in WT, MC5r-/-, A2Ar-/-, and DKO mice. Spleens from WT (n = 4-6), DKO (n = 6-7), MC5r-/- (n = 3-6) and A2Ar-/- (n =
5) were collected, restimulated with IRBP, and assayed for Treg, Th17, and Th1 profiles from at the onset (day 24) of disease. Representative pseudocolor flow cytometry
dot plots are shown for Rorgt and Tbet expression from the spleen (A–D) with the mean ± SEM for all mice. The mean ± SEM is shown for Rorgt (E) IL-17A (F), IL-22
(G), IL-6 (H), Tbet (I), IFN-g (J), and TNF-a (K). Significance was determined by Mann-Whitney U test. Statistical significance (P ≤ 0.05) is designated by *.
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resistance to relapse and resolution of disease with resolution of
EAU. A mechanism of ocular immune privilege is the induction
of systemic regulatory immunity against ocular antigen. We
and others have found this regulatory immunity to emerge at
resolution of uveitis (10, 26, 27, 33). However, we have found
that resolution of uveitis can occur without induction of post-
EAU regulatory immunity (12, 14). Therefore, this report adds
to the body of evidence that resolution of uveitis does not
necessarily provide the regulatory immunity that provides
resistance to relapse. The unfortunate consequence of the
independent induction of this regulatory immunity and
resolution is that patients may experience remission, but are
susceptible to relapse. It is possible that the 33% of uveitis
Frontiers in Immunology | www.frontiersin.org 8
patients that become chronic (5) do so because of the lack of
regulatory immunity that provides resistance to relapse. Our
previous observations that stimulation of the melanocortin-
adenosinergic pathway only induces regulatory T cells in a
subset of patients (14, 26, 34), supports this hypothesis based on
our animal model observations.

While ocular immune privilege may have evolved to protect
the delicate light-gathering tissues of the eye, it is not perfect. It
is thought the selection pressure to maintain vision had a
selective evolutionary advantage in the gathering of food and
detection of predators (35–37). In the context of evolutionary
pressure, elimination of lethal pathogens would have taken
precedence over preservation of vision. Therefore, another
A B C D

E F G H

I J K L

FIGURE 6 | Comparison of CD4 and CD8 T cells in WT, MC5r-/-, A2Ar-/-, and DKO mice. The spleens and thymus of naïve WT (n = 4-5), DKO (n = 6), MC5r-/-

(n = 4) and A2Ar-/- (n = 4-5) mice were harvested and stained for CD8 and CD4. Representative pseudocolor flow cytometry dot plots are shown for CD8 and CD4
expression from the thymus (A–D) and spleen (E–H) with the mean ± SEM for all mice for thymic cells (I, J) and spleen cells (K, L). Each experiment consisted of 1-
2 mice, and each experiment was repeated 2-3 times. Significance was assessed by nonparametric Mann-Whitney U test. Statistical significance (*P ≤ 0.05) is
designated by *.
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explanation for our paradoxical results could be that a
compensatory mechanism for survival exists in the DKO
mice that also provides resistance to EAU. As such, in some
cases the evolutionary pressure for survival comes at the cost of
loss of ocular immune privilege, followed by the loss of vision.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS

All experiments, analysis, and experimental design of this work
was done by DL, FM, and TM. The conceptual design of this
work and the writing of this manuscript was a collaborative effort
between DL and KP. All authors contributed to the article and
approved the submitted version.
Frontiers in Immunology | www.frontiersin.org 9
FUNDING

This work was supported by National Institutes of Health/
National Eye Institute grants EY021725 (P30), EY024951 (DL),
and in part by an unrestricted Research to Prevent Blindness
grant (New York, NY, USA).
ACKNOWLEDGMENTS

We would like to thank the Oklahoma Medical Research
Foundation Core facility. We would like to thank Ryan E. Lee
for contributing the artwork for Supplementary Figure 3.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
742154/full#supplementary-material
REFERENCES

1. Darrell RW, Wagener HP, Kurland LT. Epidemiology of Uveitis. Incidence
and Prevalence in a Small Urban Community. Arch Ophthalmol (1962)
68:502–14. doi: 10.1001/archopht.1962.00960030506014

2. Hwang DK, Chou YJ, Pu CY, Chou P. Epidemiology of Uveitis Among the
Chinese Population in Taiwan: A Population-Based Study. Ophthalmology
(2012) 119(11):2371–6. doi: 10.1016/j.ophtha.2012.05.026

3. Suhler EB, LloydMJ, ChoiD, Rosenbaum JT, AustinDF. Incidence and Prevalence
of Uveitis in Veterans Affairs Medical Centers of the Pacific Northwest. Am J
Ophthalmol (2008) 146(6):890–6 e8. doi: 10.1016/j.ajo.2008.09.014

4. Gritz DC,Wong IG. Incidence and Prevalence of Uveitis in Northern California;
the Northern California Epidemiology of Uveitis Study. Ophthalmology (2004)
111(3):491–500; discussion. doi: 10.1016/j.ophtha.2003.06.014
5. Natkunarajah M, Kaptoge S, Edelsten C. Risks of Relapse in Patients With
Acute Anterior Uveitis. Br J Ophthalmol (2007) 91(3):330–4. doi: 10.1136/
bjo.2005.083725

6. Agarwal RK, Silver PB, Caspi RR. Rodent Models of Experimental
Autoimmune Uveitis. Methods Mol Biol (2012) 900:443–69. doi: 10.1007/
978-1-60761-720-4_22

7. Caspi RR, Roberge FG, Chan CC, Wiggert B, Chader GJ, Rozenszajn LA, et al.
A New Model of Autoimmune Disease. Experimental Autoimmune
Uveoretinitis Induced in Mice With Two Different Retinal Antigens.
J Immunol (1988) 140(5):1490–5.

8. Chen J, Qian H, Horai R, Chan CC, Caspi RR. Mouse Models of Experimental
Autoimmune Uveitis: Comparative Analysis of Adjuvant-Induced vs
Spontaneous Models of Uveitis. Curr Mol Med (2015) 15(6):550–7. doi:
10.2174/1566524015666150731100318
A B

FIGURE 7 | The course of EAU in DKO mice following transfer of WT CD8+ T cells. EAU was induced in DKO mice that received an adoptive transfer of WT CD8+ T
cells two days before immunization (solid line with circles, n = 18) or EAU DKO mice that did not receive a cell transfer (solid line with squares, n = 19). Mice were
immunized for EAU and evaluated from the time of immunization every 3 - 4 days for clinical signs of uveitis (A). The severity of disease is indicated by the maximum
score of each mouse over the entire course of disease (B). Each experiment consisted of 4-7 mice, and each experiment was repeated 3-4 times. Significance was
assessed by two-way ANOVA with Bonferroni post-test for EAU scores over the course of disease and nonparametric Mann-Whitney U test for maximum scores.
Statistical significance (*P ≤ 0.05 or **P ≤ 0.01) is designated by * and **.
November 2021 | Volume 12 | Article 742154

https://www.frontiersin.org/articles/10.3389/fimmu.2021.742154/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.742154/full#supplementary-material
https://doi.org/10.1001/archopht.1962.00960030506014
https://doi.org/10.1016/j.ophtha.2012.05.026
https://doi.org/10.1016/j.ajo.2008.09.014
https://doi.org/10.1016/j.ophtha.2003.06.014
https://doi.org/10.1136/bjo.2005.083725
https://doi.org/10.1136/bjo.2005.083725
https://doi.org/10.1007/978-1-60761-720-4_22
https://doi.org/10.1007/978-1-60761-720-4_22
https://doi.org/10.2174/1566524015666150731100318
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


McDonald et al. EAU Resistance in A2Ar MC5r Mice
9. Caspi RR, Silver PB, Luger D, Tang J, Cortes LM, Pennesi G, et al. Mouse
Models of Experimental Autoimmune Uveitis. Ophthalmic Res (2008) 40(3-
4):169–74. doi: 10.1159/000119871

10. Kitaichi N, Namba K, Taylor AW. Inducible Immune Regulation Following
Autoimmune Disease in the Immune-Privileged Eye. J Leukoc Biol (2005) 77
(4):496–502. doi: 10.1189/jlb.0204114

11. Lee DJ, Taylor AW. Following EAU Recovery There is an Associated MC5r-
Dependent APC Induction of Regulatory Immunity in the Spleen. Invest
Ophthalmol Vis Sci (2011) 52(12):8862–7. doi: 10.1167/iovs.11-8153

12. Lee DJ, Taylor AW. Both MC5r and A2Ar Are Required for Protective
Regulatory Immunity in the Spleen of Post-Experimental Autoimmune
Uveitis in Mice. J Immunol (2013) 191(8):4103–11. doi: 10.4049/
jimmunol.1300182

13. Lee DJ, Taylor AW. Recovery From Experimental Autoimmune Uveitis
Promotes Induction of Antiuveitic Inducible Tregs. J Leukoc Biol (2015) 97
(6):1101–9. doi: 10.1189/jlb.3A1014-466RR

14. Lee DJ, Preble J, Lee S, Foster CS, Taylor AW. MC5r and A2Ar Deficiencies
During Experimental Autoimmune Uveitis Identifies Distinct T Cell
Polarization Programs and a Biphasic Regulatory Response. Sci Rep (2016)
6:37790. doi: 10.1038/srep37790

15. Silver PB, Horai R, Chen J, Jittayasothorn Y, Chan CC, Villasmil R, et al.
Retina-Specific T Regulatory Cells Bring About Resolution and Maintain
Remission of Autoimmune Uveitis. J Immunol (2015) 194(7):3011–9. doi:
10.4049/jimmunol.1402650

16. Boldison J, Khera TK, Copland DA, Stimpson ML, Crawford GL, Dick AD,
et al. A Novel Pathogenic RBP-3 Peptide Reveals Epitope Spreading in
Persistent Experimental Autoimmune Uveoretinitis. Immunology (2015)
146(2):301–11. doi: 10.1111/imm.12503

17. Cortes LM, Mattapallil MJ, Silver PB, Donoso LA, Liou GI, Zhu W, et al.
Repertoire Analysis and New Pathogenic Epitopes of IRBP in C57BL/6 (H-2b)
and B10.RIII (H-2r) Mice. Invest Ophthalmol Vis Sci (2008) 49(5):1946–56.
doi: 10.1167/iovs.07-0868

18. Heuss ND, Lehmann U, Norbury CC, McPherson SW, Gregerson DS. Local
Activation of Dendritic Cells Alters the Pathogenesis of Autoimmune Disease
in the Retina. J Immunol (2012) 188(3):1191–200. doi: 10.4049/
jimmunol.1101621

19. Pepple KL, Wilson L, Van Gelder RN. Comparison of Aqueous and Vitreous
Lymphocyte Populations From Two Rat Models of Experimental Uveitis.
Invest Ophthalmol Vis Sci (2018) 59(6):2504–11. doi: 10.1167/iovs.18-24192

20. Dave N, Chevour P, Mahendradas P, Venkatesh A, Kawali A, Shetty R, et al.
Increased Aqueous Humor CD4+/CD8+ Lymphocyte Ratio in Sarcoid
Uveitis. Ocul Immunol Inflammation (2019) 27(7):1033–40. doi: 10.1080/
09273948.2017.1421232

21. Maruyama K, Inaba T, Sugita S, Ichinohasama R, Nagata K, Kinoshita S, et al.
Comprehensive Analysis of Vitreous Specimens for Uveitis Classification: A
Prospective Multicentre Observational Study. BMJ Open (2017) 7(11):
e014549. doi: 10.1136/bmjopen-2016-014549

22. Andersen GN, Hagglund M, Nagaeva O, Frangsmyr L, Petrovska R,
Mincheva-Nilsson L, et al. Quantitative Measurement of the Levels of
Melanocortin Receptor Subtype 1, 2, 3 and 5 and Pro-Opio-Melanocortin
Peptide Gene Expression in Subsets of Human Peripheral Blood Leucocytes.
Scand J Immunol (2005) 61(3):279–84. doi: 10.1111/j.1365-3083.2005.01565.x

23. Newton HS, Chimote AA, Arnold MJ, Wise-Draper TM, Conforti L. Targeted
Knockdown of the Adenosine A2A Receptor by Lipid NPs Rescues the
Chemotaxis of Head and Neck Cancer Memory T Cells. Mol Ther Methods
Clin Dev (2021) 21:133–43. doi: 10.1016/j.omtm.2021.03.001

24. Kjaergaard J, Hatfield S, Jones G, Ohta A, Sitkovsky M. A2A Adenosine
Receptor Gene Deletion or Synthetic A2A Antagonist Liberate Tumor-
Reactive CD8(+) T Cells From Tumor-Induced Immunosuppression.
J Immunol (2018) 201(2):782–91. doi: 10.4049/jimmunol.1700850
Frontiers in Immunology | www.frontiersin.org 10
25. Namba K, Kitaichi N, Nishida T, Taylor AW. Induction of Regulatory T Cells
by the Immunomodulating Cytokines Alpha-Melanocyte-Stimulating
Hormone and Transforming Growth Factor-Beta2. J Leukoc Biol (2002) 72
(5):946–52. doi: 10.1189/jlb.72.5.946

26. Muhammad F, Wang D, McDonald T, Walsh M, Drenen K, Montieth A, et al.
TIGIT(+) A2Ar-Dependent Anti-Uveitic Treg Cells are a Novel Subset of
Tregs Associated With Resolution of Autoimmune Uveitis. J Autoimmun
(2020) 111:102441. doi: 10.1016/j.jaut.2020.102441

27. Muhammad F, Wang D, Montieth A, Lee S, Preble J, Foster CS, et al. PD-1+
Melanocortin Receptor Dependent-Treg Cells Prevent Autoimmune Disease.
Sci Rep (2019) 9(1):16941. doi: 10.1038/s41598-019-53297-w

28. Alspach E, Lussier DM, Schreiber RD. Interferon Gamma and Its Important
Roles in Promoting and Inhibiting Spontaneous and Therapeutic Cancer
Immunity. Cold Spring Harb Perspect Biol (2019) 11(3):1–20. doi: 10.1101/
cshperspect.a028480

29. Kim TS, Shin EC. The Activation of Bystander CD8(+) T Cells and Their
Roles in Viral Infection. ExpMol Med (2019) 51(12):1–9. doi: 10.1038/s12276-
019-0316-1

30. Jiang L, Yang P, He H, Li B, Lin X, Hou S, et al. Increased Expression of Foxp3
in Splenic CD8+ T Cells From Mice With Anterior Chamber-Associated
Immune Deviation. Mol Vision (2007) 13:968–74.

31. Stein-Streilein J, Taylor AW. An Eye’s View of T Regulatory Cells. J leukocyte
Biol (2007) 81(3):593–8. doi: 10.1189/jlb.0606383

32. Peng Y, Shao H, Ke Y, Zhang P, Han G, Kaplan HJ, et al. Minimally Activated
CD8 Autoreactive T Cells Specific for IRBP Express a High Level of Foxp3 and
are Functionally Suppressive. Invest Ophthalmol Vis Sci (2007) 48(5):2178–84.
doi: 10.1167/iovs.06-1189

33. Uchio E, Kijima M, Ishioka M, Tanaka S, Ohno S. Suppression of Actively
Induced Experimental Autoimmune Uveoretinitis by CD4+ T Cells. Graefe’s
Arch Clin Exp Ophthalmol = Albrecht von Graefes Archiv fur klinische und
experimentelle Ophthalmologie (1997) 235(2):97–102. doi: 10.1007/BF00941737

34. Muhammad FY, Peters K, Wang D, Lee DJ. Exacerbation of Autoimmune
Uveitis by Obesity Occurs Through the Melanocortin 5 Receptor. J Leukoc
Biol (2019) 106(4):879–87. doi: 10.1002/JLB.MA0119-030RR

35. Streilein JW. Ocular Immune Privilege: The Eye Takes a Dim But Practical
View of Immunity and Inflammation. J Leukoc Biol (2003) 74(2):179–85. doi:
10.1189/jlb.1102574

36. Streilein JW. Ocular Immune Privilege: Therapeutic Opportunities From an
Experiment of Nature. Nat Rev Immunol (2003) 3(11):879–89. doi: 10.1038/
nri1224

37. Streilein JW, Ohta K, Mo JS, Taylor AW. Ocular Immune Privilege and the
Impact of Intraocular Inflammation. DNA Cell Biol (2002) 21(5-6):453–9. doi:
10.1089/10445490260099746

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 McDonald, Muhammad, Peters and Lee. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
November 2021 | Volume 12 | Article 742154

https://doi.org/10.1159/000119871
https://doi.org/10.1189/jlb.0204114
https://doi.org/10.1167/iovs.11-8153
https://doi.org/10.4049/jimmunol.1300182
https://doi.org/10.4049/jimmunol.1300182
https://doi.org/10.1189/jlb.3A1014-466RR
https://doi.org/10.1038/srep37790
https://doi.org/10.4049/jimmunol.1402650
https://doi.org/10.1111/imm.12503
https://doi.org/10.1167/iovs.07-0868
https://doi.org/10.4049/jimmunol.1101621
https://doi.org/10.4049/jimmunol.1101621
https://doi.org/10.1167/iovs.18-24192
https://doi.org/10.1080/09273948.2017.1421232
https://doi.org/10.1080/09273948.2017.1421232
https://doi.org/10.1136/bmjopen-2016-014549
https://doi.org/10.1111/j.1365-3083.2005.01565.x
https://doi.org/10.1016/j.omtm.2021.03.001
https://doi.org/10.4049/jimmunol.1700850
https://doi.org/10.1189/jlb.72.5.946
https://doi.org/10.1016/j.jaut.2020.102441
https://doi.org/10.1038/s41598-019-53297-w
https://doi.org/10.1101/cshperspect.a028480
https://doi.org/10.1101/cshperspect.a028480
https://doi.org/10.1038/s12276-019-0316-1
https://doi.org/10.1038/s12276-019-0316-1
https://doi.org/10.1189/jlb.0606383
https://doi.org/10.1167/iovs.06-1189
https://doi.org/10.1007/BF00941737
https://doi.org/10.1002/JLB.MA0119-030RR
https://doi.org/10.1189/jlb.1102574
https://doi.org/10.1038/nri1224
https://doi.org/10.1038/nri1224
https://doi.org/10.1089/10445490260099746
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Combined Deficiency of the Melanocortin 5 Receptor and Adenosine 2A Receptor Unexpectedly Provides Resistance to Autoimmune Disease in a CD8+ T Cell-Dependent Manner
	Introduction
	Methods
	Mice
	Experimental Autoimmune Uveoretinitis
	In Vitro Stimulation
	Adoptive Transfer
	Cytokine Analysis
	Flow Cytometry
	Statistics

	Results
	The Melanocortin-Adenosinergic Pathway Is More Complicated Than Previously Observed
	The DKO Mice Have No Difference in Suppressor APCs, More Tregs, and Are Resistant to Disease
	DKO Mice Have More Tregs and Th1 Cells During the Disease Phase
	DKO Mice Have a Reduced CD8 T Cell Compartment
	CD8 T Cells From WT Mice Allow for EAU Susceptibility in DKO Mice

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


