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Abstract
Background—Uveitis, or inflammatory eye disease, is a common extra-articular manifestation
of many systemic autoinflammatory diseases involving the joints. Anakinra (recombinant
interleukin (IL)-1 receptor antagonist (Ra)) is an effective therapy in several arthritic diseases; yet,
few studies have investigated the extent to which IL-1 signalling or IL-1Ra influences the onset
and/or severity of uveitis.

Objective—To seek possible links between arthritis and uveitis pathogenesis related to IL-1
signalling.

Methods—The eyes of IL-1Ra-deficient BALB/c mice were monitored histologically and by
intravital videomicroscopy to determine if uveitis developed along with the expected spontaneous
arthritis in ankles and knees. Expression levels of IL-1R and its negative regulators (IL-1Ra,
IL-1RII, IL-1RAcP and single Ig IL-1R-related molecule) in eye and joint tissues were compared.
Differences in uveitis induced by intraocular injection of lipopolysaccharide (LPS) in mice lacking
IL-1R or IL-1Ra were assessed.

Results—Deficiency in IL-1Ra predisposes to spontaneous arthritis, which is exacerbated by
previous systemic LPS exposure. The eye, however, does not develop inflammatory disease
despite the progressive arthritis or LPS exposure. Organ-specific expression patterns for IL-1Ra
and negative regulators of IL-1 activity were observed that appear to predict predisposition to
inflammation in each location in IL-1Ra knockout mice. The eye is extremely sensitive to locally
administered LPS, and IL-1Ra deficiency markedly exacerbates the resulting uveitis.

Conclusion—This study demonstrates that IL-1Ra plays an important role in suppressing local
responses in eyes injected with LPS and that there is discordance between murine eyes and joints
in the extent to which IL-1Ra protects against spontaneous inflammation.
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INTRODUCTION
A recent clinical trial strongly implicates interleukin (IL)-1β in the pathogenesis of Behçet’s
disease, with findings that anti-IL-1 therapy improves symptoms in patients with Behçet’s
disease, with uveitis in particular being improved.12 Uveitis, or intraocular inflammation, is
a leading cause of blindness worldwide and is comparable to diabetes or macular
degeneration in terms of years of vision loss.3 Anterior uveitis, wherein the iris is
consistently affected, is the most commonly diagnosed type of uveitis and is a common
extra-articular manifestation of many systemic inflammatory diseases marked by arthritis
such as Behçet’s disease or ankylosing spondylitis.45 The underlying mechanisms that
predispose to ocular inflammation during these systemic diseases are not known, but
inflammatory pathways or cytokines, such as IL-1β, have been hypothesised to be common
pathogenic factors in eye and joint disease.

The importance of IL-1 has been documented in infection, tissue injury and an increasing
number of systemic autoinflammatory diseases. Recent advances in our understanding of
IL-1 production by inflammasomes have led to enhanced interest in IL-1 signalling and
therapeutic agents targeting IL-1. Excessive IL-1 signalling as a consequence of
inflammasome hyperactivity occurs in a defined set of autoinflammatory conditions6-8

commonly characterised by inflammation involving multiple organs, typically skin, joints
and eyes. Anakinra (soluble IL-1R antagonist, IL-1 receptor antagonist (Ra)) is effective in
ameliorating the symptoms in this group of disorders. In addition to these relatively rare
diseases, polymorphisms in the IL-1 gene cluster (IL1A, IL1B, IL1RN) or IL-1RII affect
susceptibility to more common inflammatory diseases wherein uveitis and arthritis coexist,
such as ankylosing spondylitis and its associated spondyloarthropathies, sarcoidosis and
Behçet’s disease.9-16 Very little is known, however, about the pathophysiological effects of
IL-1 activities in the eye, and the extent to which IL-1Ra regulates ocular inflammation is
poorly understood.

Numerous studies support a pathogenic role for IL-1 in experimental arthritis models.1017

Conversely, BALB/c mice lacking IL-1Ra, which is encoded by the gene, IL-1RN,
spontaneously develop arthritis and a psoriasis-like skin disorder.18-21 The consequences of
dysregulated IL-1 signalling on the eye, however, have yet to be examined in IL-1Ra
knockout (KO) mice. Here, we describe the contribution of IL-1 signalling in murine
arthritis in comparison with uveitis.

METHODS
Mice

Female IL1R KO and IL1RN KO (IL-1Ra KO) mice on the BALB/c background have been
described.1822 All animal experiments complied with the ethics and animal experiment
regulations of the Association of Assessment and Accreditation of Laboratory Animal Care
International and our Institutional Animal Care and Use Committee. All animals had access
to water and food ad libitum.

Administration of lipopolysaccharide (LPS) or IL-1β
Systemic LPS treatments consisted of an intraperitoneal injection of 25 μg LPS or saline.
For local intraocular LPS injections, anaesthetised (1.7% isoflurane in oxygen) mice
received 2 μl intravitreal injections with 250 ng LPS in one eye and saline in the
contralateral eye.23 Mouse recombinant IL-1β (R&D Systems, Minneapolis, Minnesota,
USA) was injected intravitreally at the indicated doses.
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Intravital microscopy
Intraocular inflammation of the iris vasculature and tissue was observed in mice
anaesthetised with 1.7% isoflurane in oxygen as previously described.23 Ten-second videos
of three independent regions of the iris vasculature/tissue were recorded. Iris vessel and
tissue measurements as well as the numbers of rolling, adherent and infiltrating cells were
determined off-line.2324

Histopathology
At the indicated times, mice were killed, and the eyes, ankles and knees were dissected,
fixed in 10% neutral-buffered formalin, and prepared for paraffin embedding and sectioning
as previously reported.2526 Tissue sections (7 μm thick) were stained with H&E, and the
severity of inflammatory changes was quantified by a masked observer.

Near infrared (NIR) fluorescence imaging of joint inflammation
NIR imaging was performed as previously described26 with the NIR fluorescent probe
ProSense 680 (ViseEn Medical, Woburn, Massachusetts, USA), which is a protease
substrate that forms NIR fluorescent deposits when cleaved in inflamed tissues. ProSense (2
nmol/150 μl) was injected intravenously 24 h before the mice were killed. Images were
analysed with LI-COR software for regions of interest in the knee or ankle, and the mean
differences in fluorescence intensity were normalised to naïve, wild-type (WT) controls.

Immunoblotting
Dissected ankles, knees and eyes were homogenised in lysis buffer containing protease
inhibitors.2527 Protein concentrations were quantified by BCA assay (BioRad, Hercules,
California, USA). The following primary antibodies were used: polyclonal anti-IL-1R and
anti-(IL-1RII) (R&D Systems), anti-(single Ig IL-1R-related molecule (SIGIRR)) (ProSci,
Woburn, Massachusetts, USA) anti-(IL-1RAcP) (Abcam, Cambridge, Massachusetts, USA)
and monoclonal anti-(β-actin) (AC-15; Sigma Chemical, St Louis, Missouri, USA). The
secondary antibodies were tagged with an NIR fluorophore (goat anti-rabbit IgG with IRDye
680 and goat anti-mouse IgG with IRDye 800CW; LI-COR, Lincoln, Nebraska, USA) and
were detected with a LI-COR Odyssey scanner and software.

ELISA
IL-1β, IL-1α and IL-1Ra concentrations in plasma and tissue homogenates prepared as
above were measured by DuoSet ELISA (R&D Systems) according to the manufacturer’s
instructions. Results are represented as the ratio of pg/ml IL-1Ra to μg/ml total protein.

Statistical analysis
Results are expressed as mean±SEM. Statistical evaluation of differences between
experimental groups was by analysis of variance and Student t test. Statistical significance
was accepted at p<0.05.

RESULTS
Absence of IL-1Ra predisposes to spontaneous arthritis but not uveitis

Given the reported propensity of BALB/c mice lacking expression of IL-1Ra (ie, IL-1Ra
KO mice) to exhibit increased circulating concentrations of IL-6 and acute-phase proteins
coinciding with spontaneous onset of ankle joint inflammation,182028 we ascertained if the
absence of IL-1Ra predisposes to eye inflammation. IL-1Ra KO mice were examined for the
onset of arthritis and uveitis as a function of age. Arthritis was assessed with a NIR
fluorescence imaging method which indicates protease activation in the joint, which is an
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early event in the arthritic inflammatory cascade that closely predicts the extent of arthritis
observed by histology.2629

Naïve IL-1Ra KO mice develop inflammation in the ankle joints that is detectable by NIR
imaging by 12 weeks of age (figure 1A). The progressive increase in NIR signal intensity
over the next month coincides with increased histopathology in the ankle joints at 20 weeks,
which is consistent with previous reports.28 Synovial and periarticular infiltration of
inflammatory cells coincides with cartilage damage and destruction (arrows), which is
prominent at 20 weeks of age (figure 1A, far right histology panel).

We observed that knee joints are somewhat susceptible to inflammation as a consequence of
IL-1Ra deficiency (figure 1B), but only at later ages (20 weeks). The ProSense NIR
fluorescence intensity increases up to about twofold in naïve knees compared with ~20-fold
in naïve ankles (figure 1B). Histologically, very little cellular inflammation is observed in
naïve knees from IL-1Ra KO mice compared with WT controls even at 20 weeks (data not
shown), albeit some proliferation of the synovial membrane is observed in IL-1Ra KO mice
previously challenged with low-dose LPS at 20 weeks (figure 1B, arrow). These findings
indicate that IL-1Ra deficiency renders the ankles more susceptible than the knee joints to
disease.

Using intravital videomicroscopy, we are able to visualise ongoing cellular trafficking in the
iris and quantify it on the basis of leucocyte trafficking steps: rolling and adhering along the
endothelium of the iris vasculature and subsequent infiltration into the tissue.23 We
examined the eyes of 12–20-week-old IL-1Ra KO mice for the presence of uveitis that
might coincide with the progressive arthritis. As shown in figure 2, no significant ocular
inflammatory response was observed in IL-1Ra KO mice. The numbers of intravascular
rolling or adhering cells and the numbers of infiltrating extravascular cells were similar for
the IL-1Ra KO mice and the WT controls (figure 2A–C). These data indicate that
spontaneous joint inflammation did not predict the presence of eye disease. Histological
examination further supported the lack of any ocular inflammation as a consequence of
IL-1Ra deficiency (figure 2D, E).

TLR4 is required for the spontaneous onset of murine arthritis in the absence of IL-1Ra, and
exposure to a small dose of endotoxin (LPS) has long-lasting effects on arthritis
severity,283031 suggesting a gene–environment interaction in the pathogenesis. The data in
figure 1 show that a low-dose exposure to LPS at 7 weeks of age significantly exacerbates
the inflammation present several weeks later in the ankle and to a lesser extent in the knee.
However, no comparable effect was observed in the eyes (figure 2). Intravital microscopy
showed no differences in the numbers of rolling, adhering or sticking cells due to
intraperitoneal LPS injection (figure 2A–C). Histological examination corroborated the
intravital data at 12 and 16 weeks (data not shown) and at 20 weeks (shown in figure 2D,E);
there was no significant cellular presence in the aqueous humour of the anterior segment or
the vitreous of the posterior segment. These IL-1Ra KO eyes appeared phenotypically
normal.

Investigation of the eye’s responsiveness to IL-1β
The absence of uveitis in the context of possible excessive IL-1 signalling due to the lack of
IL-1Ra was somewhat surprising. However, the immunosuppressive environment in the eye
may diminish the intraocular response to IL-1β. We tested the sensitivity of the eye to
locally administered IL-1β. WT mice given intraocular injections of relatively low doses of
recombinant IL-1β showed a rapid cellular response, as indicated by the significant increase
in the numbers of rolling and adherent cells in the iris microvasculature and of infiltrating
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cells in the iris tissue (figure 3A). These findings indicate that the iris is responsive to
exogenous IL-1β in vivo.

The inflammatory actions of IL-1 depend on its interaction with its receptor, IL-1R, and this
can be negatively controlled by several endogenous inhibitors such as IL-1Ra, membrane-
bound IL-1R type II (IL-1RII), SIGIRR and the soluble form of IL-1 receptor accessory
protein (IL-1RAcP).10 These molecules act to avert excessive inflammatory responses by
interfering with IL-1R activation. We asked whether expression of any of these negative
regulators differed in eyes compared with ankles and knees (figure 3B). Expression of IL-1R
and IL-1RII appeared to be constitutively expressed to a comparable extent across all
organs, albeit IL-1R expression appears slightly less within eyes. Baseline expression of
IL-1RAcP and SIGIRR was greater in the eyes than the knee or ankle. Interestingly, the
opposite difference was observed for that of IL-1Ra (figure 3C), for which baseline
concentrations were the greatest in the ankle joint compared with the knee joint or eyes and
directly correlate with disease susceptibility in each tissue.

IL-1R signalling does not play a critical role in acute inflammatory uveitis induced by
locally administered LPS

In contrast with systemic LPS, the mouse eye is extremely responsive to locally
administered LPS. Intraocular injection of a low dose of LPS triggers an acute inflammatory
uveitis, which has been well described and is historically referred to as endotoxin-induced
uveitis (EIU).32 Consistent with previous reports,27 mouse eyes with EIU have elevated
concentrations of the IL-1R ligand, IL-1β, and we further demonstrate elevated
concentrations of a second IL-1R agonist, IL-1α (figure 4A). Using IL-1R KO mice, we
tested whether a lack of IL-1 signalling impairs EIU. Based on intravital microscopy of
leucocytes (figure 4B) and quantification of the number of cells present in the aqueous
humour and vitreous body (figure 4C, D), we concluded that deficiency in IL-1R had no
significant impact on the onset or severity of inflammation in the iris tissue. No other
pathological differences were noted. This observation indicates that IL-1 signalling is not an
essential mediator of ocular responses to locally administered LPS.

Expression of IL-1R and IL-1 negative regulators during EIU
We examined the expression of IL-1R and potential IL-1 negative regulators in the eyes of
mice challenged with intraocular LPS. Expression of IL-1R, IL-1RII, IL-1AcP and SIGIRR
remained at baseline concentrations during EIU (figure 5A). We found that concentrations
of IL-1Ra significantly increased over twofold (figure 5B).

IL-1Ra deficiency renders mice more susceptible to locally administered LPS
IL-1Ra is considered to be an important immunosuppressive factor in the eye and may block
the action of IL-1β secreted during EIU. Consistent with this postulate, our previous report27

and the data in figure 3C show that the concentration of IL-1Ra in the eye at baseline is
about fivefold greater than in plasma and, as noted above, is increased during EIU (figure
5B). To investigate the role of IL-1Ra further, we compared EIU in IL-1Ra KO and WT
mice.

Intravital videomicroscopy of iris revealed interesting differences in IL-1Ra KO and WT
mice injected with saline or LPS. At the 5 h time point, saline injection activated a stronger
cell trafficking response in the IL-RA KO eyes than in the WT eyes (figure 6A). The
number of rolling leucocytes was comparable to that seen in LPS-injected eyes of WT mice,
and the numbers of adhering cells were also significantly elevated. The saline response was
not sustained and no longer evident at 24 h. At 5 h after LPS injection, the IL-1Ra KO and
WT irises had similar numbers of rolling and adhering leucocytes, but the IL-1Ra KO mice
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had more infiltrating cells. The number of rolling cells was sustained for 24 h in only the
IL-1Ra KO mice. In both genotypes, concentrations of adhering and infiltrating cells were
approaching baseline values at this time.

Marked quantitative differences in the ocular inflammatory response were observed
histologically (figure 6B, C) in that the cellular influx into both the aqueous and vitreous
humour was exacerbated in IL-1Ra KO mice, resulting in ~10-fold increase in the mean
number of infiltrating cells per section in IL-1Ra KO mice compared with WT mice at 24 h
after LPS injection (figure 6B). In the IL-1Ra KO mice, a massive cellular infiltrate was
observed in the aqueous humour, most notably in the anterior chamber around the iris (I)
and ciliary body (CB), and a cellular infiltrate was present in the trabecular meshwork (TM)
and cornea (C) as well (depicted in figure 6C). Typically the posterior segment of the eye is
minimally affected by locally administered LPS; yet in the absence of IL-1Ra, a massive
cellular infiltrate is observed in the vitreous body and there is some cellular infiltrate in the
retinal ganglion cell layer (GCL) and inner plexiform layer. Examination 72 h after LPS
injection in IL-1Ra KO mice showed no significant difference in leucocyte rolling,
adherence or infiltration in the iris (not shown) compared with saline-injected or WT
controls. Histological examination at 72 h after LPS injection demonstrated abundant cells
in the posterior segment (32.9±9.2) of IL-1Ra KO mice, whereas WT mice had few cells
remaining (4.3±1.0). Moreover, we noted sustained tissue damage to the stroma of the
cornea and vacuolisation of the iris in the IL-1Ra KO mice at this point in time. These
findings support the notion of a critical immunosuppressive role for IL-1Ra in the eye.

DISCUSSION
Uveitis is a common extra-articular manifestation of several multisystem inflammatory
diseases involving the joints. IL-1 is one of the best studied cytokines in arthritis, yet, in
comparison, its potential to influence uveitis is poorly understood. Given the propensity of
mice lacking IL-1Ra to exhibit features of systemic inflammation and spontaneous onset of
arthritis, we tested the hypothesis that lack of IL-1Ra predisposes to uveitis. We found that
the eye is less prone than joints to adverse effects from the loss of the IL-1Ra, and this
observation is not altered by systemic LPS exposure. Interestingly, while deletion of IL-1R
had no impact on EIU, IL-1Ra deficiency had a profound effect on the severity of EIU. This
is consistent with the hypothesis that IL-1Ra has a critical regulatory role in preventing
excessive IL-1 signalling in ocular inflammatory responses.

One contributing factor to the development of spontaneous arthritis in IL-1Ra KO mice is
TLR4 activation by microbial flora.28 We verified previous reports28 that augmentation of
TLR4 activation in IL-1Ra KO mice by a low dose of LPS at 7 weeks of age leads to
exacerbated arthritis several weeks later. The eyes, however, remained unaffected despite
the exacerbated arthritis. These observations are similar to the characteristics of patients
with deficiency of the interleukin-1 receptor antagonist (DIRA), which is an autosomal
recessive disease caused by an IL-1RN deletion mutation,3334 which manifests as
inflammation of the skin and joints. We are not aware of any reported eye involvement in
these patients. The extent to which systemic inflammatory diseases affect the eye varies, and
discordant mechanisms of disease in the eye versus joints have presented therapeutic
challenges. For example, the tumour necrosis factor α (TNFα) inhibitor, etanercept, is used
effectively for treating the arthritic symptoms in patients with ankylosing spondylitis, but it
does not always improve uveitis in the same patients35 and will sometimes worsen uveitis.36

Although the presence of uveitis in several autoinflammatory diseases manifesting as
arthritis suggests activation of common pathogenic mediators, such as IL-1β, in the eye and
joint, our data would indicate that organ-specific responses must be considered.
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The immunosuppressive milieu of the aqueous humour is thought to influence
uveitogenesis37 by contributing to the immune privileged state of the eye.38 Resistance to
the actions of IL-1β may be an underlying protective mechanism in the eye, and there are
several possible mechanisms for regulating IL-1β actions. We demonstrated that IL-1R is
expressed in eyes at concentrations comparable to susceptible joints and that it is functional
because uveitis can be induced with exogenous IL-1β. Furthermore, the concentrations of
IL-1β and IL-1α were increased in eyes with EIU. Given the presence of the receptor and
the increased agonist concentrations, the finding that IL-1R deficiency did not significantly
affect the severity of uveitis was somewhat surprising, but not completely unexpected. This
observation is consistent with previous reports of EIU in rabbits,39 but is not in complete
agreement with a report demonstrating that IL-1Ra overexpression in mouse eyes infected
with a lentiviral expression vector suppresses EIU.40 Methods for the latter report differed
substantially from ours; those authors used four times the amount of LPS and performed
multiple LPS injections, suggesting their observation may be dependent on the high doses of
LPS. Other cytokines, such TNFα and IL-8, may have somewhat redundant roles to IL-1 in
EIU4142 and reduce potential dependency on IL-1. Another aspect of IL-1 regulation is the
production of negative regulators. We did not detect remarkably different expression of
IL-1RII among the tissues. Of note, however, is that expression of the receptor variants,
soluble IL-1RAcP and SIGIRR, which impede the activities of IL-1, was greater in the eye
than in the knee or ankles and may contribute to the anti-inflammatory milieu controlling
IL-1-mediated responses in the eye. Future investigation into how the actions of IL-1β may
be inhibited by IL-1RAcP, SIGIRR or additional IL-1 family members such as IL-3743 will
be important to our understanding of uveitis.

The final regulator we considered is the competitive inhibitor, IL-1Ra.44 Our data suggest
that IL-1Ra successfully blocks the activity of IL-1 present in eyes during acute EIU, as
mice deficient in IL-1Ra were extremely sensitive to local administration of LPS. We also
noticed that IL-1Ra KO mice have an enhanced leucocyte trafficking response to
intravitreally administered saline, which may reflect lack of inhibition of IL-1β released
because of the injection injury. Collectively, these results underscore the importance of
IL-1Ra in modulating ocular inflammation. Interestingly, differences in normal IL-1Ra
concentrations among eyes, knees and ankles are inversely related to spontaneous disease
predisposition in the IL-1Ra KO mice. Ankles, which had the highest basal concentrations
of IL-1Ra, were the most inflamed in the IL-1Ra KO mice, whereas eyes, which had the
lowest basal concentration, did not develop spontaneous inflammation. Perhaps ankles
depend on IL-1Ra because they make more IL-1β, whereas eyes have less IL-1Ra because
they make relatively low amounts of IL-1β and also have more IL-1RAcP and SIGIRR as
discussed above. One caveat is that direct comparison of negative regulators and IL-1Ra
concentrations among the organs is somewhat limited by variations in tissue composition
and by the fact that we did not directly compare IL-1Ra concentrations in aqueous humour
and synovial fluid because both fluids are extremely scant in the mouse. Nonetheless, the
functional studies clearly support protective roles for IL-1Ra in arthritis and uveitis. Our
results indicate that the actions of IL-1 appear to have a non-essential role in EIU because
deficiency in IL-1R did not reduce inflammation. We would like to emphasise that the
converse, however, is not true. The importance of proper regulation of IL-1 signalling is
clearly evidenced by the severely exacerbated EIU that occurs in IL-1Ra KO mice when the
effects of IL-1 are amplified. The latter would presumably relate to diseases such as
Behçet’s wherein dysregulation of IL-1 is implicated. The efficacy of anti-IL-1 therapy of
uveitis in patients with arthritis should be informative regarding pathogenesis of particular
diseases. Interestingly, a preliminary trial suggests marked benefit of anti-IL-1 therapy in
treatment of uveitis in patients with Behçet’s disease.12
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Despite a strong link between uveitis and several arthritic diseases, few studies have
attempted to explain the common coexistence of inflammation in the two organ systems.
Here we sought to elucidate how dysregulation of the actions of a single cytokine (ie, IL-1β)
affects experimental models of uveitis and arthritis. Our findings underscore the complexity
of the determinants that influence the eye’s susceptibility to uveitis and show differences not
only between the eye and joints but between the knee and the ankle. Collectively, the data
indicate the importance of proper regulation of the actions of IL-1 in the eye, as worsened
uveitis ensues in the absence of IL-1Ra.
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Figure 1.
Interleukin 1 receptor antagonist (IL-1Ra) deficiency predisposes to more severe arthritis in
the ankle than in the knee. The severity of inflammation in the ankle (A) or knee (B) was
assessed in wild-type (WT) and IL-1Ra knockout (KO) mice with and without an
intraperitoneal injection of 25 μg lipopolysaccharide (LPS) at 7 weeks of age. Left panels
show quantification of the NIR fluorescence intensity from a ProSense inflammation
marker. *p<0.05 for comparison between IL-1Ra KO and WT responses; ψp<0.05 for
comparison between LPS-treated and naïve response within a genotype (n=8–10 mice/
treatment/genotype/time). Middle panels show representative NIR fluorescence images of
legs from the side to emphasise ankles or from the front to emphasise knees. The right
panels show histological images of ankle or knee joints of mice at 20 weeks of age stained
with H&E. Original magnification: ×200. Arrows indicate areas of signs of joint pathology
in the ankle (ie, cell infi ltration, cartilage damage and destruction that is worsened by
previous LPS exposure) or the knee (ie, minor proliferation of synovial membrane).
Synovial and periarticular infiltration of inflammatory cells coincides with bone erosion
(arrows).
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Figure 2.
Interleukin 1 receptor antagonist (IL-1Ra) deficiency does not predispose to spontaneous
uveitis. The onset and severity of uveitis was monitored over time in wild-type (WT) and
IL-1Ra knockout (KO) mice with and without an intraperitoneal injection of 25 μg LPS at 7
weeks as in figure 1. The leucocyte trafficking response in the iris was assessed by intravital
microscopy, and the numbers of rolling (A), adherent (B) and infiltrating (C) cells were
quantified (n=14–17 mice/treatment/genotype/time). Results shown are combined from two
independent experiments. (D) shows representative histological images of the naïve eyes of
IL-1Ra KO mice at 20 weeks of age, and (E) displays the corresponding numbers of cells
present in the aqueous humour (A) and vitreous body (P). CB, ciliary body; C, cornea; I,
iris; ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer. Original
magnifi cation: ×200.
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Figure 3.
Investigation of the eye’s responsiveness to interleukin (IL)-1β. (A) Wild-type (WT) mice
were administered an intraocular injection of the indicated concentrations of recombinant
IL-1β or saline, and the cellular inflammatory responses in the iris were assessed by
intravital microscopy. The numbers of rolling, adhering and infiltrating cells were quantified
(*p<0.05 for comparison between saline and IL-1β injections; n=8–10 mice/treatment/time).
(B) Immunoblotting of tissue homogenates from naïve, WT mice comparing expression
levels of IL-1R and the indicated negative regulators of IL-1 across the three tissues. Shown
are immunoblots of three mice; a total of nine mice were examined. (C) The concentrations
of IL-1 receptor antagonist (IL-1Ra) in naïve mice were measured by ELISA. *p<0.05 for
comparison with plasma concentrations. P, plasma; E, eye; K, knee; A, ankle. IL-1RAcP,
IL-1 receptor accessory protein; SIGIRR, single Ig IL-1R-related molecule.
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Figure 4.
Interleukin 1 receptor (IL-1R) deficiency does not alter the severity of endotoxin-induced
uveitis (EIU). (A) IL-1β and IL-1α concentrations in eye homogenates of wild-type (WT)
mice were analysed by ELISA to compare responses to intraocular injection of 250 ng LPS
vs saline 5 h after injection. WT and IL-1R knockout (KO) mice were administered an
intraocular injection of 250 ng LPS or saline, and the severity of uveitis was assessed by
intravital microscopy as a function of time (B) or histologically (C, D) at 24 h after LPS
injection. (D) depicts images of the anterior and posterior eye segments of IL-1R KO mice.
Arrows indicate leucocytes in the aqueous humour of the anterior chamber or the vitreous
body of the posterior chamber. CB, ciliary body; C, cornea; I, iris; ONL, outer nuclear layer;
INL, inner nuclear layer; GCL, ganglion cell layer. *p<0.05 for comparison between LPS
and saline (n=14–17 mice/treatment/genotype). No significant difference among genotypes
was observed. Results are combined data from two independent experiments.

Planck et al. Page 14

Ann Rheum Dis. Author manuscript; available in PMC 2012 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Expression of interleukin 1 receptor (IL-1R) and its negative regulators during endotoxin-
induced uveitis. (A) depicts the protein expression of IL-1R and the indicated negative
regulators of IL-1 signalling in eye tissue in response to intraocular injection of 250 ng LPS
versus saline at 5 h after injection. Shown are three individual wild-type (WT) mice (a total
of nine individual mice were examined). (B) IL-1Ra concentrations in eye homogenates of
WT mice were analysed by ELISA to compare responses to intraocular injection of 250 ng
LPS vs saline at 5 h after injection. *p<0.05 for comparison between LPS and saline (n=8
mice/treatment).
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Figure 6.
Interleukin 1 receptor antagonist (IL-1Ra) deficiency renders mice more susceptible to
locally administered lipopolysaccharide (LPS). Wild-type (WT) or IL-1Ra knockout (KO)
mice were administered an intraocular injection of 250 ng LPS or saline, and the cellular
inflammatory response in the iris was assessed by intravital microscopy. The numbers of
rolling versus adherent versus infiltrating cells were quantified as a function of time (A;
*p<0.05 for comparison between LPS responses vs saline within a genotype; ψp<0.05 for
comparison between LPS response in WT vs IL-1Ra KO). The extent to which IL-1Ra
regulates uveitis was assessed histologically at 24 h after injection, and the numbers of
infiltrating leucocytes in the anterior or posterior eye segments after LPS injection was
quantifi ed (B; ψp<0.05 for comparison between LPS response in WT vs IL-1Ra KO; both
WT and IL-1Ra KO mice showed significant responses over saline-injection controls). (C)
shows representative histological images of WT versus IL-1Ra KO eyes at 24 h after LPS
injection. C, cornea; I, iris; TM, trabecular meshwork; ONL, outer nuclear layer; INL, inner
nuclear layer; GCL, ganglion cell layer. n=10–16 mice/genotype/treatment/time. Results are
combined data from two independently performed experiments.
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