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NOD2 Deficiency Results in Increased Susceptibility to
Peptidoglycan-Induced Uveitis in Mice
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Purrosk. The innate immune receptor NOD2 is a genetic cause
of uveitis (Blau syndrome). Intriguingly, in the intestine where
polymorphisms of NOD2 predispose to Crohn’s disease, NOD2
reportedly suppresses inflammation triggered by the bacterial
cell wall component, peptidoglycan (PGN). Whether NOD2
exerts a similar capacity in the regulation of ocular inflamma-
tion to PGN has not been explored.

MEerHODS. NOD2, NOD1, or MyD88 knockout (KO) mice and
their wild-type (WT) controls were administered an intravitreal
injection of PGN (a metabolite of which is the NOD2 agonist,
muramyl dipeptide), or synthetic TLR2/1 and TLR2/6 agonists,
Pam;CSK4 and FSL-1. Ocular inflammation was assessed by
intravital microscopy and histopathology. Cytokine production
in eye tissue homogenates was measured by ELISA.

ResuLts. PGN triggered uveitis in mice. This inflammation was
abolished in the absence of the TLR signaling mediator MyD88.
NOD2 exerted a negative regulatory role because PGN-trig-
gered eye inflimmation was exacerbated in NOD2 KO mice.
Increased intravascular response coincided with enhanced leu-
kocytes within the aqueous and vitreous humors. The en-
hanced susceptibility of NOD2 KO mice to PGN uveitis coin-
cided with increased cytokine production of IL-12p40, 1L-17,
and IL-23 but not IL-12p70, TNF«, or IFNy. NOD1 deficiency
did not result in the same sensitivity to PGN. Ocular inflamma-
tion induced by synthetic TLR2 agonists required MyD88 but
not NOD2 or NOD1.

Concrusions. NOD2 may serve differential roles in the eye to
promote inflammation while also tempering cell responses to
PGN akin to what has been reported in colitis. (Invest Oph-
thalmol Vis Sci. 2011;52:4106-4112) DOI:10.1167/iovs.10-
6263

veitis (or intraocular inflammation) describes a group of
diseases with varying etiologies. Both genetic factors and
infectious agents have been invoked as contributors to uveitis.
Systemic diseases such as sarcoidosis, multiple sclerosis, Be-
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hcet’s disease, or spondyloarthropathies may all present with
anterior uveitis. Likewise, infectious agents such as viral or
bacterial infections are well-recognized causes of uveitis. In
animal models of autoimmune uveitis, an adjuvant that is usu-
ally a bacterial product is generally required to induce substan-
tial disease. Indeed, it may be that there are overlapping mech-
anisms wherein in the setting of a genetically predisposed
individual, an environmental infectious trigger could initiate
disease. Cytokines such as TNFa, IL-6, and IL-1 have been
proven therapeutic targets in systemic autoinflaimmatory or
autoimmune diseases, but have not always yielded success as
targets for the treatment of uveitis. As such, the focus has been
on the initiating events by which inflammatory mediators are
produced. Emerging evidence supports a role for innate im-
mune receptors or pathogen recognition receptors (PRRs) that
recognize conserved microbial structures or pathogen-associ-
ated molecular patterns (PAMPs). Examples of PAMPs include
lipopolysaccharides (LPS), peptidoglycan (PGN), or microbial
nucleic acids. Innate immune receptors have also been impli-
cated as possible modulators of inflammation induced by non-
infectious, endogenous danger signals further emphasizing
their importance not only in microbial defense but also in
inflammatory diseases with no obvious infection.

The Toll-like receptor (TLR) family is a class of PRRs. TLR4,
which recognizes LPS, is strongly implicated in experimental
models of uveitis triggered by LPS. ! Certain TLRs, for example,
TLR2, TLR4, and TLRY, have been linked with inflammatory
diseases that often present with uveitis.” Historically, the TLR
family was recognized for its role in host defense, but a second
class of PRRs discovered approximately 10 years ago—the
nucleotide binding oligomerization domain (NOD)-like recep-
tor (NLR) family— has also since been established as an impor-
tant component of innate immunity. The importance of the
NLR family in regulation of inflammation is further under-
scored by the fact that polymorphisms or mutations within
several NLR family members predispose to chronic, autoinflam-
matory human diseases including Muckle-Wells syndrome, fa-
milial cold autoinflammatory syndrome, vitiligo, allergic dis-
eases such as asthma and atopic eczema, adult sarcoidosis, bare
lymphocyte syndrome (which is clinically similar to severe
combined immunodeficiency), Blau syndrome, and Crohn’s
disease.”> Despite the importance of NLRs, very few studies
have addressed their contribution to ocular disease.

We are particularly interested in the NLR family member
NOD2 (also known as NLRC?2 or caspase activation and recruit-
ment domain 15 [CARDI15]) as it appears to play an important
role in regulating inflammatory responses of the eye. Mutations
in the nucleotide oligomerization domain of NOD2 cause an
inherited form of uveitis (called Blau syndrome) that is accom-
panied by arthritis and dermatitis.* Interestingly, polymor-
phisms in the LRR domain of NOD2 are also associated with
Crohn’s disease,”® an intestinal inflammatory disease that can
be accompanied by uveitis. Despite the link between the gene
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NOD?2 and uveitis, very little is known regarding functions of
NOD?2 in the eye that relate to the development of uveitis.
NOD?2 is considered an important aspect of immune sur-
veillance of intracellular pathogens and detects fragments of
peptidoglycan (PGN) from bacteria.””® NOD?2 is activated by
muramyl dipeptide (MDP), a PGN motif present in all Gram-
negative and Gram-positive bacteria, and activates downstream
signaling events involving the serine/threonine kinase RIP2
(also known as RICK, CARDIAK), MAPK, and NF-kB.'® NOD2
works in concert with NOD1, which detects diaminopimelic
acid-type peptidoglycan”® found predominantly in Gram-neg-
ative bacteria. Our laboratory has previously demonstrated that
NOD2 or NODI1 agonists initiate ocular inflammation in
mice,"'™'? supporting an inflammatory role for these NLRs in
the eye. Intriguingly, NOD2 is thought to play a secondary,
regulatory role in enhancing or diminishing TLR responses in
other systems.'*"'® In the intestine, where NOD2 polymor-
phisms predispose to Crohn’s disease, NOD2 is thought to
exert a negative regulatory role in PGN-triggered inflamma-
tion.?° 722 The potential interplay between NOD2 and TLRs in
regulating inflammation of the eye in vivo has not been inves-
tigated. Here we sought to examine the contribution of TLR
signaling and NOD2 or NOD1 in PGN-triggered uveitis.

METHODS

Reagents

PGN purified from Staphylococcus aureus or the synthetic lipopep-
tides (FSL-1 and Pam;CSK4) and D-y-Glu-mDAP (E-DAP) were pur-
chased from Invitrogen (Carlsbad, CA). All compounds were dissolved
in pyrogen-free, sterile saline. PGN was thoroughly vortexed and son-
icated at 30% amplitude for 5 seconds.

Mice

NOD2 knockout (KO) mice (previously reported) were backcrossed
onto BALB/c background."' NOD1 KO mice were crossed with tyrosi-
nase mutant mice (Jackson Laboratories, Bar Harbor, ME) to reduce
pigment in the eye since this interferes with the intravital microscopic
examination. MyD88 KO mice on BALB/c background were gifted by
Shizuo Akira (Osaka University, Japan). All mice were housed in a
facility approved by the Association of Assessment and Accreditation of
Laboratory Animal Care International. Age- and gender-matched (8 -10-
week-old) congenic controls were purchased from Jackson Laborato-
ries. Procedures were carried out in accordance with National Insti-
tutes of Health and guidelines designated by Oregon Health & Science
University Institutional Animal Care and Use policies and with ARVO
guidelines.

Uveitis Model and Intravital Microscopy

For induction of uveitis, mice were administered an intravitreal (i.v.t.)
injection of the indicated compounds as previously described.'® The
contralateral eye was administered an injection of an equal volume of
saline. The cellular response within the iris was assessed by intravital
microscopy as previously described in detail,'! wherein the leukocytic
response within the vasculature and extravascular tissue of the iris is
directly visualized using an intravital microscope. Digital images were
captured from anesthetized mice (1.7% isofluorane) with a black-and-
white video camera (Kappa Scientific, Gleichen, Germany) for off-line
quantification of leukocyte rolling, adherence, and infiltration.

Histology

Mouse eyes were enucleated and prepared for histologic assessment as
previously described'" Briefly, eyes were fixed in 10% neutral-buffered
formalin overnight and then in 80% ethanol for embedding in paraffin
and subsequent tissue sectioning. Seven-micrometer tissue sections
obtained through the papillary-optic nerve axis at four different depths
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were stained with hematoxylin and eosin. Four sections from different
levels of each eye were examined by an observer who was masked to
the treatments, and the numbers of cells within the anterior and
posterior segments were quantified. Values are mean = SE across the
four representative sections examined. Slides were photographed at
200X using a microscope (DM500B; Leica, Wetzlar, Germany) and a
digital camera (CD500; Leica).

Cytokine Measurements

Protein was extracted from eye tissue as described'? in the presence of
a protease inhibitor cocktail (Roche, Manneheim, Germany). Equal
amounts of protein for each sample were measured for the cytokines
IFNYy, 1L-12p40, 1L-12p70, IL-23 (p19), and IL-17 using commercially
available ELISA kits (R&D Systems, Minneapolis, MN).

Statistics

Data are represented as mean * SE. Mean differences between treat-
ment and genotypes were analyzed using two-way and one-way anal-
ysis of variance with #test post hoc analyses. Differences were consid-
ered statistically significant when P < 0.05.

RESULTS

TLR Signaling Plays an Essential Role in the
Induction of PGN-Induced Uveitis

PGN is a putative trigger of ocular inflammation, but the mech-
anisms by which it could trigger uveitis are not entirely under-
stood. We assessed the initial cellular responses within the
vasculature of the iris tissue by intravital microscopy in re-
sponse to local, intraocular PGN injection. Intravital micros-
copy enables us to assess in real-time the cellular responses
within the microvasculature of the iris in vivo as previously
described,'! thereby quantifying the number of rolling, adher-
ing, and infiltrating leukocytes. We find that local PGN admin-
istration of 5 ug results in a significant increase in early cellular
responsiveness such as leukocyte rolling and adherence as well
as subsequent infiltration into the iris itself within an early time
frame, with maximal intravascular inflammation observed con-
sistently at 6 hours post-treatment (Figs. 1A-C). The contribu-
tion of TLR signaling was assessed with the use of MyD88 KO
mice. The adaptor molecule MyD88 is required by all TLRs
except for TLR3 for the activation of MAPK and NF-«B signal-
ing pathways. We find that deficiency in MyD88 results in
complete resistance to PGN-induced uveitis (Fig. 1), as the
increase in rolling, adhering, and infiltrating leukocytes was
abolished. Since PGN can be degraded to MDP, which signals
through NOD2 independently of MyD88, the observations
with MyD88 knockout mice also indicate that this quantity of
PGN does not activate NOD2 sufficiently for inflammation to
be detectable.

NOD2 Deficiency Results in Increased
Susceptibility to PGN-Induced Uveitis

We next tested whether NOD2 deficiency alters the sensitivity
of the eye to PGN exposure. NOD2 KO mice were injected
with PGN and inflammation was assessed by intravital micros-
copy. We find that NOD2 deficiency results in increased sen-
sitivity to PGN as the number of rolling, adhering, and infiltrat-
ing leukocytes was significantly increased compared to wild-
type (WT) mice treated with PGN (Fig. 2). Consistent with the
intravital data, histopathology revealed a quantitative increase
in the number of leukocytes within the aqueous and vitreous of
both the anterior and posterior segments from NOD2 KO eyes
compared with WT controls (Figs. 3A, 3B). The exacerbated
inflammation in NOD2 KO mice can be visualized in the rep-
resentative photos (Figs. 3C-F), wherein an increased mixed
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FIGURE 1. Tolllike receptor signaling is essential for PGN-induced
uveitis. MyD88 KO mice or WT controls were administered an i.v.t.
injection of 5 ug PGN or saline, and ocular inflammation was assessed
by intravital microscopy 6 hours later. The number of rolling (A),
sticking (B), and infiltrating (C) leukocytes within the iris was quanti-
fied. Values are mean = SE (n = 10-14 mice per group). *P < 0.05
saline vs. PGN within a genotype; P < 0.05 KO vs. WT mice treated
with PGN.

population of mononuclear and polymorphonuclear leuko-
cytes are observed within the anterior chamber, posterior
chamber, ciliary body, and posterior segment.

Differential Functions for NOD2 and NOD1 in
PGN-Triggered Uveitis

We have previously shown that NOD1 is expressed in murine
eye tissue and that it promotes ocular inflaimmation when
triggered by its synthetic agonist, y-D-glutoamyl-meso-diamin-
opimelic acid GE-DAP).?*> As such we tested whether NOD1
might have the same regulatory capacity as NOD2 in PGN-
triggered ocular inflammation. We find that in contrast to
NOD2 KO mice, NOD1 KO mice did not show a significant
alteration in the cellular response to intraocular PGN injection
as assessed by intravital microscopy (Figs. 4A-C). This would
support differential roles for NOD2 and NOD1 in regulation of
ocular inflammation. As would be expected, however, NOD1
KO mice do show abolished ocular inflammation triggered by
its agonist, iE-DAP (Fig. 4D-F), as the number of rolling, adher-
ing, and infiltrating leukocytes was abrogated in mice lacking
NOD1.

NOD2 Deficiency Does Not Alter Uveitis Triggered
by Synthetic TLR2 Agonists

PGN contains MDP as part of its structure, which could be
directly sensed by NOD2 in the context of simultaneous TLR
activation by PGN. To further assess the direct versus indirect
capacity of NOD2 to regulate TLR2 responses in the eye, we
used synthetic lipopeptides to activate TLR2 hetero-dimers in
the absence of any MDP. The diacylated lipopeptide, FSL-1, or
the triacylated lipopeptide, Pam;CSK4, were used to activate
TLR2/6 or TLR2/1 receptor complexes, respectively. As shown
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in Figures 5A-C, NOD2 deficiency does not alter responsive-
ness to the TLR2/1 agonist, Pam;CSK4. Although there was a
trend toward enhanced inflammation in NOD2 KO mice, this
did not achieve statistical significance with the number of mice
(8 to 12 per group). Of course, we cannot exclude the possi-
bility that the absence of NOD2 would show a statistically
significant effect on activation of a TLR2 agonist if we studied
a larger number of animals. However, we have been able to
show statistical significance for the absence of NOD2 using
smaller groups of mice with PGN as an agonist. In contrast,
MyD88 deficiency did significantly impair Pam;CSK4 respon-
siveness (Figs. 5D-F), indicating a TLR-dependent and NOD2-
independent response. NOD2 deficiency does not appear to
modulate uveitis triggered by the diacetylated lipopeptide and
TLR2/6 agonist FSL-1 (Figs. 6A-C). As would be expected,
MyD88 deficiency significantly impairs responsiveness to FSL-1
stimulation (Figs. 6D-F).

NOD2 Deficiency Results in Skewed Cytokine
Responses to PGN

In addition to the effect of NOD2 deficiency on the cellular
responses, we further examined how NOD2 deficiency might
alter local cytokine production in response to PGN. Our find-
ings indicate that NOD2 deficiency did not alter PGN-induced
TNFa production (Fig. 7A) but did exacerbate IL-12p40 pro-
duction (Fig. 7B). The IL-12p40 subunit of IL-12 dimerizes with
the IL-12p35 subunit to activate the IL-12 receptor. Alterna-
tively, the IL-12p40 subunit can dimerize with the p19 subunit
of IL-23 to activate the IL-23 receptor and thereby promote
IL-17 production. Hence we also measured IL-12p70, IL-23p19,
and IL-17 cytokine levels to determine the extent to which
NOD?2 deficiency influences their production after PGN expo-
sure. We find that NOD2 deficiency results in exacerbated

E 35001 [Jsaline ¥
E 30001 I PGN
(7]
© 2500
o2
© O 20004
=>
O« 15004
xE x
£ 10004
]
3 9
< — r
WT NOD2 KO
B 8001
)
[ *
@ 6004
28]
o >
_At‘_JNE 4004
HE
ns
2 2004 *
g
04
WT NOD2 KO
c — 3000+
3
25004
0o xV
S o 20001
2.2
B 15004
=€
€ E 10004
=35 "
ERI |
e
T T
WT NOD2 KO

FIGURE 2. NOD2 deficiency results in increased susceptibility to PGN-
induced uveitis. NOD2 KO or WT controls were administered an i.v.t.
injection of 5 ug PGN or saline, and ocular inflammation was assessed
by intravital microscopy 6 hours later. The number of rolling (A),
sticking (B), and infiltrating (C) leukocytes within the iris was quanti-
fied. Values are mean * SE (n = 10-16 mice per group). *P < 0.05
saline vs. PGN within a genotype; /P < 0.05 KO vs. WT mice treated
with PGN.
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FiGURE 3. NOD?2 deficiency results in exacerbated histopathlogy dur-
ing PGN-triggered uveitis. NOD2 KO or WT controls were adminis-
tered an i.v.t. injection of 5 ug PGN or saline, and ocular inflammation
was assessed histologically at 6 and 24 hours. The number of leuko-
cytes within the anterior and posterior segments were quantified
(A, B); values are mean *= SE (n = 5 mice per group); *P < 0.05 KO
vs. WT mice treated with PGN. (C, D) Representative photos taken at
400X of WT and NOD2 KO mice injected with PGN and collected 6
hours later; (E, F) images of NOD2 KO eyes at 24 hours post-PGN
treatment at 400X and 1000X, respectively.

production of IL-23 and IL-17 (Figs. 7C, 7D) but PGN treatment
did not significantly increase IL-12p70 production in either
genotype (data not shown here). Cytokine production of IFN-y
was undetectable by this assay at this time point. At 24 hours
post-PGN injection, cytokine production had markedly re-
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duced compared with 6 hours with no measurable production
of IL-17 or IL-23, suggesting a resolution in cytokine produc-
tion at this time. TNFa and IL-12p40 induction were statisti-
cally different from saline controls with TNF« levels at 48.84
pg/mL = 4.97 in WT-PGN-treated eyes versus 42.95 pg/mL =
2.8 in NOD2 KO-PGN-treated eyes and IL-12p40 levels at
112.72 = 0.72 in WT-PGN-treated eyes versus 419.93 pg/mL *
66.6 in NOD2 KO-PGN-treated eyes (P = 0.07, n = 6). No
statistical difference was observed in the NOD2 KO mice,
supporting a role for NOD2 in shaping the initiating events to
PGN responses within the eye.

DISCUSSION

The pathogenesis of uveitis is incompletely understood, al-
though innate immune receptors have been implicated in reg-
ulating ocular inflammation. TLRs are expressed in the eye, and
their inflammatory function is an active area of ophthalmology
research. In contrast, very minimal research has focused on
NLR family members or the possible interplay between the two
receptor family types within the eye. In the present study, we
investigated the interplay between TLR signaling and NOD2 or
NOD1 in ocular inflaimmation resulting from an intraocular
PGN injection. Our findings suggest opposing roles for NOD2
and TLR signaling in that MyD8S8 is required for optimal inflam-
mation. In contrast, we have found that the inflimmatory
response to PGN is not reduced in the absence of NOD2
expression but is, in fact increased, indicating that the pres-
ence of NOD2 is critical for proper suppression of PGN-trig-
gered uveitis. The greater susceptibility of NOD2 KO mice to
PGN-triggered uveitis was associated with increased cellular
responses within the iris vasculature, aqueous and vitreous
humors along with increased cytokine production of IL-12p40,
1L-17, and IL-23. The absence of NOD2 did not influence ocular
inflammation in response to synthetic lipopeptides that trigger
TLR2/1 or TLR2/6 heterodimers but that do not contain MDP.
Interestingly, NOD1 deficiency did not result in the same
sensitivity to PGN as NOD2 deficiency did, thereby identifying
differential functions of these two NLR receptors in the eye.
On activation by their synthetic agonists, NOD1 and NOD2
will self-oligomerize, recruit the kinase RIP2, and signal NF-«B
and MAPK pathways and transcription of various inflammatory
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FIGURE 4. Differential functions for NOD2 and NODI1 in PGN-triggered uveitis. NOD1 KO mice or WT
controls were administered an i.v.t. injection of 5 ug PGN or saline, and ocular inflammation was assessed
by intravital microscopy 6 hours later. The number of rolling (A), sticking (B), and infiltrating (C)
leukocytes within the iris was quantified. Values are mean * SE (n = 8-12 mice per group). * P< 0.05
saline vs. PGN within a genotype; ¢P < 0.05 KO vs. WT mice treated with PGN. (D-F) Quantification of
rolling, sticking, and infiltrating leukocytes within the iris in response to 100 ug iE-DAP i.v.t. injection. *
P < 0.05 saline vs. iE-DAP within a genotype; P < 0.05 KO vs. WT mice treated with iE-DAP.
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cytokines and chemokines.'® However, despite the identifica-

tion of the PGN moieties sensed by these two NLRs, their roles
in vivo in response to iE-DAP or MDP are not clear. Recently
our laboratory has described the inflaimmatory effects of the
NLR members, NOD1 and NOD2, in the eye using murine
models of uveitis triggered by their synthetic agonists, iE-DAP
and MDP, respectively.'’"'*?> These studies have demon-
strated the essential role for NOD2 in MDP-triggered uveitis
and cytokine production. However, our studies and others
have commented on the relatively low inflammatory potential
of iE-DAP or MDP in vivo. In contrast, they do exhibit marked
inflammatory activities when examined in combination with
various TLR agonists, which has led to the hypothesis that
NOD?2 and NOD1 may play a secondary role in modulating TLR
inflammatory responsiveness even though they do not them-
selves signal by way of MyD88. Many of the TLR and NLRs
converge to common pathways such as NF-«B activation and
IL-1$ production, which could be envisioned as a protective
response to infection and would be consistent with the syn-
ergy observed between TLR and NOD1 or NOD2 agonists in
certain situations.'®!5:17:18.24-26

In addition to enhancing inflammatory responses, several
NLRs also exert negative regulatory roles.””2° In the intestine
where commensal bacteria-derived PGN is thought to trigger
inflammation, data support a negative regulatory role for
NOD2. NOD2 deficiency renders the intestine more sensitive
to TLR2 activation by PGN, thereby resulting in exacerbated
colitis, and increased NF-«B activation and production of IL-12
and IL-23.2°72* Conversely, transgenic mice that overexpress
NOD2 were protected from colitis.>® These experimental ob-
servations would be consistent with the heightened Thl or
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< 1% FIGURE 5. NOD?2 deficiency does not
21200- " alter uveitis triggered by synthetic
= 4000] TILR2/1 agonist Pam,CSK4. NOD2 KO
£ mice or WT controls were administered
E 500, * an iv.t. injection of 1 ug Pam;CSK4 or
@ saline, and ocular inflammation was as-
g *N i sessed by intravital microscopy 6 hours
= '—|V\'IT ,'\GBZ KO later. The r1.1n~{1ber 9f rolling (A), sticking
(B), and infiltrating (C) leukocytes
1000 * within the iris was quantified. (D-F)
3 - Quantification of rolling, sticking, and in-
2 filtrating leukocytes within the iris in re-
2 6004 sponse to Pam;CSK4 injection in MyD88
E 400 KO vs. WT controls. Values are mean *
% SE (n = 8-12 mice per group). *P <
3 2 v 0.05 saline vs. Pam;CSK4 within a geno-
< ./ [l e type; P < 0.05 KO vs. WT mice treated
wT MyD88 KO with Pam;CSK4.
Th17 type of immune responses observed in patients with
Crohn’s disease.®' Our studies would suggest a similar scenario
for NOD2 in possibly influencing Th1 versus Th17 responses in
the setting of uveitis.

How NOD2 exerts differential functions is not entirely
clear. In the intestine, the suppressive function of NOD2 re-
portedly involves IFN regulatory factor 4 (IRF4),”* which is
known to interact with MyD88 to negatively regulate TLR
signaling.>> We have found that IRF4 protein is expressed in
eye tissue, and its expression is rapidly upregulated by PGN
treatment (data not shown here). However, the IRF4 induction
was not further influenced by NOD2 genotype, which would
not support a mechanism involving IRF4 in the eye. IRF4-
independent suppressive functions of NOD2 in intestinal epi-
thelium have recently been reported,®® suggesting a far more
complicated mechanism. Strain, types of host cells, or the
specific tissue exposed to pathogens may also influence how
NOD?2 regulates inflammation. For example, NOD2 KO mice
are susceptible to infection with Listeria only after oral chal-
lenge but not intravenous administration,'® further supporting
the tissue-specific role for NOD2 within the intestine for host
defense against this pathogen. Our own studies in a murine
model of inflammatory arthritis have demonstrated that NOD2
cooperates with TLR2 activation by PGN to promote joint
inflammation rather than suppress inflammation as we find in
the eye.** Within the eye, collectively our studies would sug-
gest that NOD2 exerts dual and paradoxical effects wherein
direct activation of NOD2 by MDP promotes inflaimmation
while NOD2 suppresses PGN-triggered inflammation. Such dif-
ferential roles for NOD2 have also been reported within osteo-
blasts.>> A recently described role for PGN in priming systemic
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§ . * alter uveitis triggered by synthetic
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£ iv.t. injection of 1 ug FSL-1 or saline,
£ . 5
B 2501 and ocular inflammation was assessed
8 by intravital microscopy 6 hours later.
= r—lV\'IT ;Etz KO The number of rolling (A), sticking
@), and infiltrating (C) leukocytes
10001 within the iris was quantified. (D-F)
% Quantification of rolling, sticking, and
2 750 * infiltrating leukocytes within the iris in
2 response to FSL-1 injection in MyD88
£ KO vs. WT controls. Values are
£ mean * SE (n = 9-10 mice per
§ v group). *P < 0.05 saline vs. FSL-1
= e [ wmm  within a genotype; P < 0.05 KO vs.
WT MyD88 KO WT mice treated with FSL-1.
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FIGURE 7. NOD?2 deficiency results in skewed cytokine responses to
PGN. NOD2 KO or WT controls were administered an i.v.t. injection of
5 ug PGN or saline, and cytokine production in eye tissue homoge-
nates was assessed by ELISA 6 hours later. Values are mean = SE (n =
5-7 mice per group). *P < 0.05 saline vs. PGN within a genotype; P <
0.05 KO vs. WT mice treated with PGN.

innate immune function®® underscores the importance of

NOD1 and NOD2 as homeostatic regulators. This may mean
that in the absence of NOD2, protective host responses are
lacking, and the eye becomes more susceptible to infection.
Interestingly, that we observed differential roles for NOD2 and
NODL1 in regulating ocular inflammation would be consistent
with what we and others have observed in inflammatory ar-
thritis models.>” The difference in function may also reflect
their ability to distinguish PGN motifs. PGN from §. aureus
used here should lack the meso-DAP motif that stimulates
NODL1. Future investigation as to how these 2 NLRs may coun-
terbalance ocular inflammatory responses would be interest-
ing.

Clearly, several questions remain regarding how exactly
PGN is sensed and the role of NOD2 in negatively or positively
promoting inflammation within the eye. The mutations associ-
ated with Blau syndrome are widely regarded as gain of func-
tion mutations, but this anti-inflammatory role for NOD2 in the
eye fits poorly with this conceptualization of the impact of
Blau-associated mutations. Our studies provide the first insight
into a negative regulatory function for NOD2 in the eye’s
responsiveness to PGN, which may pertain to other situations
wherein the eye would be exposed to PGN. We suggest that
NOD?2 serves differential roles in the eye to promote inflam-
matory responses to MDP while tempering inflammatory re-
sponses to PGN.
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