1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Leukoc Biol. Author manuscript; available in PMC 2020 July 01.

-, HHS Public Access
«

Published in final edited form as:
J Leukoc Biol. 2019 July ; 106(1): 27-34. doi:10.1002/JLB.4MIA1018-409R.

IFN-y-Dependent Nitric Oxide Suppresses Brucella-Induced
Arthritis by Inhibition of Inflammasome Activation

Carolyn A. Lacey™T, Catherine A. Chambers™T, William J. Mitchell”, and Jerod A.
Skyberg*T#

*Department of Veterinary Pathobiology, College of Veterinary Medicine, University of Missouri,
Columbia, Missouri, 165211

TLaboratory for Infectious Disease Research, University of Missouri, Columbia, Missouri, 65211

Abstract

Brucellosis, caused by the intracellular bacterial pathogen Brucella, is a globally important
zoonotic disease for which arthritis is the most common focal complication in humans. Wild-type
mice infected systemically with Brucellatypically do not exhibit arthritis, but mice lacking IFN-y
develop arthritis regardless of the route of Brucellainfection. Here we investigated mechanisms by
which IFN-y suppresses Brucella-induced arthritis. Several cell types, including innate lymphoid
cells, contributed to IFN-y production and suppression of joint swelling. IFN-y deficiency
resulted in elevated joint IL-1 levels, and severe joint inflammation that was entirely
inflammasome dependent, and in particular, reliant on the NLRP3 inflammasome. IFN-y was vital
for induction of the nitric oxide producing enzyme, iNOS, in infected joints, and nitric oxide
directly inhibited IL-1p production and inflammasome activation in Brucella-infected
macrophages /n vitro. During /in vivo infection, iINOS deficiency resulted in an increase in IL-1p
and inflammation in Brucellainfected joints. Collectively, this data indicate that IFN-y prevents
arthritis both by limiting Brucella infection, and by inhibiting excessive inflammasome activation
through the induction of nitric oxide.

Abstract

Summary Sentence: IFN-y suppresses inflammation both by limiting Brucella infection, and by
inhibiting excessive inflammasome activation through the induction of nitric oxide.
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Introduction

Brucellosis, caused by the genus Brucella, is one of the most common zoonotic infections
worldwide infecting over 500,000 individuals each year.1:2 Transmission typically occurs
through consumption of unpasteurized dairy goods or inhalation of aerosols from
contaminated animal products.3# Osteoarticular and/or musculoskeletal inflammation are
the most common focal complications of brucellosis, with an incidence of 40-80% in
infected patients.>8 Active infection of the joints is thought to be required for arthritis
development, as viable brucellae are found within the synovial fluid of infected patients
along with polymorphonuclear and mononuclear leukocytes.5= Brucella induced arthritis is
typically treated with prolonged antibiotic therapy; however, the time to resolution is often
extensive, and disease can relapse.5:10

Wild-type (WT) mice infected with Brucellathrough systemic routes typically do not
develop arthritis, however we reported IFN—y"‘ mice develop arthritis and musculoskeletal
inflammation regardless of the route of Brucellainfection.!! It is currently unknown if IFN-
v prevents arthritis by limiting Brucella dissemination to the joints, and/or if IFN-y acts
locally in the joint to restrict infection and inflammation.12 Many studies, including our
own1112 have demonstrated IFN-y is needed for resistance to brucellosis, however it is not
clear what innate cells contribute to early IFN-y production, particularly at focal sites of
infection such as the joint. In addition to T cells and NK cells, there has been an increase in
reports indicating tissue resident cells, such as innate lymphoid cells (ILCs), can rapidly
produce IFN-y to protect the host against infection.1314

Recently we reported that inflammasomes induce joint inflammation, but also contribute to
control of infection during Brucella-induced arthritis.1®> Inflammasomes are multi-protein
structures that use sensors, such as NLRP3 and AIM2, to detect intracellular, cytosolic
threats.16 Upon sensor activation, canonical inflammasomes recruit pro-caspase-1, and
cleave it into its functional form, caspase-1. Activated caspase-1 proteolyticly activates
IL-1p and IL-18 into their functional/secreted forms, and also induces pyroptosis, a pro-
inflammatory cell death.18 We recently showed that Brucella is also recognized by the non-
canonical, inflammasome, caspase-11, which is activated by cytosolic LPS.1517 Caspase-11
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does not directly cleave IL-1p or IL-18 into their active forms, but like caspase-1, can induce
pyroptosis.1® While inflammasomes can restrict infection, unregulated inflammasome
activation can lead to immunopathology.1519 Here, we investigated cell types that contribute
to the protective effects of IFN-y within the joint, and examined mechanisms by which
inflammasome-dependent pathology is regulated by IFN-y.

Materials and Methods

Bacteria

Mice

Brucella melitensis 16M was grown on brucella agar (Ba) at 37°C (Becton Dickinson).
Colonies were picked from Ba plates and cultured in brucella broth (Becton Dickinson)
overnight at 37°C. Overnight Brucella concentration was estimated by measuring optical
density at 600 nm, and inoculum was diluted to the appropriate concentration in sterile
phosphate-buffered saline (PBS). Actual viable titer was confirmed by dilution of inoculum
onto Ba.

Experiments were conducted using 6- to 12-week-old age- and sex-matched mice on a
C57BL/6J background. Ragl™~, Caspase-1/11~"~, NLRP3™/~, AIM2~/~, Caspase-11~/-, and
NOS2~~ mice were obtained from Jackson Laboratory. IL-1R~/~/IL-18/~ mice were
obtained from the University of North Carolina. Mice were infected in each rear footpad
with 50 pl of PBS containing 1x10° CFU of Brucellafootpad,° or intraperitoneally (i.p.)
with 1x10° CFU of Brucellain 200 pl of PBS.11.15 All studies were conducted in
accordance with University of Missouri Animal Care and Use Committee guidelines. To
neutralize IFN-y during footpad infection, mice were treated i.p. with 0.5 mg anti-IFN-y
(clone XMG1.2, BioXCell) 1 day prior to, and 3 days after infection. Control mice received
Rat 19G (Southern Biotech). To neutralize IFN-y during i.p. infection, mice were treated i.p.
with 0.25 mg anti-IFN-y 1 day prior to infection, and 3 times a week thereafter.}2 Rag1~/~
mice were treated with 0.2 mg of anti-NK1.1 (clone PK136) or anti-CD90.2 (clone 30H12),
on days -1, 2, and 5 in relation to infection,?! to deplete these mice of NK cells, or ILCs
respectively.

Joint processing for bacterial burdens and cytokine measurements

Spleens and joints (following removal of skin) were mechanically ground in PBS.15 Serial
dilutions of homogenates were plated onto Ba and CFUs/tissue calculated. Cytokines were
measured via Luminex (Millipore) or ELISA (Invitrogen) according to manufacturer’s
instructions. Cytokine data was normalized to total protein by BCA (Thermo Scientific).

Macrophage infections

Bone marrow derived macrophages (BMDMs) were generated with M-CSF in complete
media (CM: RPMI 1640 containing HEPES, sodium pyruvate, non-essential amino acids,
and 10% FBS).1% For Western blots, BMDMs were infected in CM with 2% FBS, while all
other infections utilized CM with 10% FBS. BMDMs were infected with B. melitensis at a
multiplicity of infection (MOI) of 100 for 6 hours, washed, incubated in CM with 50 pg/ml
gentamicin for 0.5 hours, washed, and then incubated in CM containing 2.5 pug/ml of
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gentamicin for the remainder of the experiment. To determine bacterial burdens, BMDMSs

were washed, lysed in H,O and plated onto Ba.

Immunoblots

RT-PCR

24 hours after infection, BMDMs were lysed in RIPA buffer (Thermo), and total protein
normalized using BCA. Supernatants and lysates were probed with anti-Caspase-1 p20
(casper-1, Adipogen) and then peroxidase-conjugate Goat Anti-Mouse 1gG (Jackson
Immuno Research). Detection was performed with SuperSignal West Femto Maximum
Sensitivity Substrate (Thermo).

Joints were homogenized in TRI reagent, and RNA was isolated according to manufacturer’s
instructions (Sigma). RNA was further purified on an RNeasy column (Qiagen). cDNA was
generated using the superscript 111 First Strand Synthesis System (Invitrogen) using oligodT
primers. Relative INOS mRNA in relation to GAPDH was quantified by measuring SYBR
green incorporation using the comparative threshold method.22

Assessment of Pathology

Basal joint measurements were made prior to infection. Joint swelling was determined by
collective measurement of tibiotarsal joints following footpad infection, or by collective
measurement of tibiotarsal and radiocarpal joints for i.p. infections, in relation to basal
values. For histology, H&E sections from tibiotarsal joints were scored from 04 as
previously detailed.[20]

Flow cytometry

Statistics

Rear ankle joints were processed with collagenase/DNAse as described!® and cells were
acquired on a CyAn ADP Analyzer (Beckman Coulter) or LSR Fortessa (Becton
Dickinson). FlowJo (Tree Star) software was used for analysis. Immunofluorescence
staining was performed using the following fluorochrome-labeled monoclonal antibodies
from eBioscience or BioLegend: F4/80 (BM8), Ly-6G (1A8), CD11b (M1/70), CD45.2
(104), CD90.2 (30H12), NK1.1 (PK136), TCRy& (UC7-13D5).

Statistical analysis of the difference between 2 mean values was conducted using a two-
tailed Student t test with significance at P < .05, while comparisons of =3 mean values was
done using ANOVA, followed by Tukey’s test with significance at P < .05. Differences in
histology scores were determined by ANOVA on ranks.

Online supplemental material

Supplementary Figure 1 depicts the effects of; IFN-y deficiency on neutrophil recruitment,
NK cell or y& T cell depletion on joint swelling, IFN-y production, and control of infection,
and the effect of ILC depletion on iNOS transcription in infected joints. Confirmation of
depletion of NK cells, 6 T cells, and ILCs is also shown in Supplementary Figure 1. The
effects of IL-18/IL-1R, AIM2, Caspase-11, and the NLRP3 inhibitor, MCC950, on joint
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swelling in IFN-y deficient mice is shown in Supplementary Figure 2. In addition,
Supplementary Figure 2, shows iNOS-dependent NO production by Brucella-infected
macrophages stimulated with IFN-y, NO levels in SNAP treated macrophage cultures, and
the effect of the iINOS inhibitor, AGHS on joint inflammation.

Results and Discussion

ILCs are required for IFN-y production and suppression of joint swelling in Brucella
infected mice

We previously reported Brucella infection in IFN-y-deficient mice results in arthritis
regardless of the route of infection.!1 However, it was unknown if IFN-y prevented arthritis
by solely limiting Brucella dissemination to the joints, and/or if IFN-y acted locally in the
joint to restrict infection and inflammation. To determine if IFN-y plays a local role during
the development of Brucella- induced arthritis, we utilized a footpad model of Brucella
infection.20 Using this model, we found that Brucellainfection in WT mice resulted in a
robust increase in myeloid cells, and in particular neutrophils, within the joint (Figure S1A-
B). However, neutralization of IFN-vy in footpad infected WT mice enhanced neutrophil
recruitment ~10 fold (Figure S1A-B), indicating that local IFN-y within the joint
contributes to suppression of arthritis during Brucella infection.

Previously, we demonstrated lymphocytes were required for resolution of chronic joint
infection and inflammation in mice infected in the footpad with Brucella.?° To investigate
whether lymphocytes contribute to the effect of IFN-y during Brucella-induced arthritis, we
footpad infected WT and Ragl™~ (lymphocyte deficient) mice and treated them with an
IFN-y neutralizing antibody or an isotype control. Joint swelling was measured and bacterial
burdens were assayed at day 7 post-infection (Figure 1A-B). Lymphocytes did contribute to
control of infection as IgG-treated Ragl~'~ mice had increased joint Brucella burdens
compared to 1gG-treated WT animals (Figure 1A). The effect of lymphocytes appears to
require IFN-y, as Rag1 ™~ mice treated with anti-IFN-y have similar bacterial burdens as
WT-anti-IFN-+y treated mice (Figure 1A). While the effect of lymphocytes on control of
infection was IFN-y-dependent, cells other than lymphocytes contribute to the IFN-y
response in the joint, as neutralization of IFN-y from Rag1~'~ mice resulted in increased
joint bacterial burdens and swelling compared to Rag1™~ mice treated with 1gG (Figure 1A—
B), and IFN-y was still detected in Rag1™~ joints treated with 1gG (Figure S1D). Anti-IFN-
 treated Rag1~~ mice also had reduced joint swelling relative to anti-IFN-y treated WT
mice (Figure 1B), indicating that lymphocytes partially contribute to the joint swelling and
inflammation that is observed in the absence of IFN-v.

We next investigated the role of innate sources of IFN-y. While both NK cells and y6 T
cells can rapidly produce IFN-y in response to infection,2324 we found that depletion of NK
cells or y8 T cells from WT mice did not alter joint swelling, IFN-vy levels, or Brucella
burdens (Figure S1E-G, 1,J). Therefore, we investigated the effect of ILCs, which can be
tissue resident innate sources of IFN-y.2% To do this, we treated Rag-1~/~ mice with anti-
NK1.1, to deplete NK cells, or with anti-CD90, to deplete all ILCs including NK cells.?
ILC depletion was confirmed via flow cytometry (Figure S1K). By day 7 post-infection joint
swelling in Rag1™~ mice depleted of ILCs was ~3 times higher than in NK cell-depleted
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Rag1~/~ mice (Figure 1C). In addition, joint IFN-y levels (Figure 1D) and mRNA
expression of the nitric oxide producing enzyme iNOS (Figure S1H) were significantly
reduced by ILC depletion. Surprisingly, despite having increased joint swelling, Rag1™/~,
anti-CD90 treated mice actually had slightly reduced joint and spleen bacterial burdens
compared to Ragl™~, anti-NK1.1 treated animals (Figure 1E). These data suggest that while
IFN-+y protects the host by restricting Brucella infection, IFN-y may also suppress
inflammation by mechanisms that are independent of bacterial clearance. Three major ILC
populations have been described, (ILC1, ILC2, and 1LC3).2> While IFN-y production is a
signature of ILC1 cells, recent studies have shown that ILC3 cells can also protect the host
by producing IFN-vy.26 Future work will determine the relative contribution of ILC subsets
to IFN-y production, and control of infection and arthritis during brucellosis.

IFN-y deficiency results in caspase-1/11-dependent joint inflammation

Brucella-induced IL-1p production requires caspase-1,27 and in an earlier study, we
determined that both caspase-1 and caspase-11 contribute to joint inflammation during
Brucellainfection.!® As we found that IFN-y deficiency resulted in markedly increased joint
IL-1pB, (Figure S1C), we investigated whether IFN-vy restrains caspase-1/11 dependent
inflammation. WT and caspase1/11~/~ mice were footpad infected with Brucella and treated
with anti-IFN-y or an isotype control. At day 7 post infection, we found mice deficient in
either IFN-y or caspases-1 and 11 had increased Brucellaburdens (Figure 2A). However,
caspase-1/117/~ mice neutralized of IFN-y had significantly higher Brucella joint
colonization than caspase-1/11~/~ mice treated with IgG, indicating the protective effect of
IFN-y on bacterial clearance is not entirely inflammasome dependent.

Neutralization of IFN-y from WT mice resulted in markedly enhanced joint swelling by day
3 post-infection and everyday thereafter (Figure 2B). In contrast, IFN-y neutralization in
caspase-1/11~~ mice did not result in enhanced joint swelling (Figure 2B), or inflammation
(Figure 2C-D), despite the fact that joints from anti-IFN-y treated caspase-1/11~/~ mice had
Brucellaloads ~50 fold higher than joints from 1gG-treated caspase-1/11~/~ mice (Figure
2A). The finding that IFN-y neutralization enhances inflammation in WT, but not
caspase-1/117"~ mice, indicates that the increased inflammation caused by IFN-y deficiency
requires inflammasomes. In addition, neutralization of IFN-y from WT, but not
caspase-1/117"~ mice resulted in increased joint IL-1@ levels (Figure 2E), suggesting that
IFN-vy deficiency results in increased inflammasome activation. Enhanced caspase-1-
dependent production of IL-1 and IL-18 in IFN-vy deficient animals likely contributes to
joint inflammation, as IL-18/IL-1R signaling appeared to play a larger role in joint swelling
in IFN-y deficient animals than did caspase-11 (Figure S2A-B).

Brucellais known to activate caspase-1 via the AIM2 and NLRP3 inflammasomes.2”-28 In
order to identify what inflammasome components contribute to arthritis, and if these
phenotypes are altered by IFN-y deficiency, we treated WT and inflammasome deficient
mice with anti-IFN-y or an isotype control during Brucella footpad infection. The AIM2
inflammasome was dispensable for joint swelling (Figure S2C) and control of infection
(data not shown) in the presence or absence of IFN-y. NLRP3 contributed transiently to
joint swelling in the presence of IFN-y, with NLRP3™~ mice displaying a reduction in
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swelling only at day 2 post-infection (Figure 3A). Interestingly, in the absence of IFN-vy,
NLRP3 deficiency significantly reduced joint swelling at every timepoint measured (Figure
3B), without affecting Brucellaburdens in the joint (data not shown). In addition, we found
that treatment of IFN-y deficient animals with the NLRP3-specific inhibitor, MCC950,29
resulted in decreased joint swelling in Brucella-infected mice (Figure S2D). Thus, these data
indicate that the inflammasome-dependent joint pathology that occurs in the absence of IFN-
vy requires NLRP3.

To determine if the effect of inflammasomes/NLRP3 was limited to footpad infection, we
measured arthritis in IFN-y neutralized WT, caspase-1/11~/~ and NLRP3~~ mice infected
i.p. with B. melitensis. NLRP3 and caspasel/11 deficiency resulted in significantly reduced
joint swelling, while no differences in Brucellaburdens in spleens or joints were observed at
day 27 post-infection (Figure 3C-D). Thus, these data indicate that IFN-y prevents
inflammasome/NLRP3 dependent joint pathology regardless of the route of infection.

While humans produce IFN-y during Brucella infection, chronic human brucellosis patients
display an impaired IFN-y response to Brucellarelative to patients at the onset of disease.30
Human brucellosis patients are also more likely to have IFN-y gene polymorphisms
associated with reduced IFN-y production.3! Thus, impaired IFN-y production in these
patients could lead to inflammasome-dependent pathology. Unregulated inflammasome
activation in the absence of IFN-y could also lead to mortality. Indeed, one study in mice
demonstrated T cell or IFN-y deficiency resulted in similarly elevated Brucella burdens
following pulmonary infection; however, IFN-y deficient mice developed neutrophilia and
succumbed to infection while T cell deficient mice do not.32 This, coupled with our own
data, suggests disease severity and mortality in IFN-y deficient mice is due to elevated
bacterial burdens, but also due to overwhelming pathology, possibly caused by an inability
to regulate inflammasome induced inflammation.

IFN-y-Dependent Nitric Oxide Suppresses Brucella-induced inflammasome activation

Enhanced inflammasome-dependent pathology in the absence of IFN-y is likely due in part
to higher bacterial loads in IFN-y deficient animals, which results in increased
inflammasome activation. However, to explain why mice lacking ILCs had enhanced joint
swelling, despite lower levels of Brucellaand IFN-y (Figure 1C-E), we considered IFN-y,
or effectors downstream of IFN-y, may be negatively regulating inflammasome activation.
We found reduced iNOS transcript in ILC deficient mice (Figure S1H), which was of
interest as IFN-+y induced nitric oxide (NO) s-nitrosylates NLRP3 to suppress
inflammasome activation during Mycobacterium tuberculosis infection.1® As NLRP3 played
a major role in joint pathology in Brucella-infected, IFN-y deficient mice (Figure 3B&C),
we investigated the ability of IFN-y-dependent NO to suppress inflammasome activation
and inflammation during Brucella infection.

IFN-y neutralization decreased iINOS mRNA transcript in Brucella-infected joints at day 2
post-infection (Figure 4A) and at later timepoints (data not shown). Addition of recombinant
IFN-vy to Brucella infected macrophages also resulted in NO production that could be
blocked by the addition of the iINOS inhibitor, aminoguanidine hemisulfate salt (AGHS)
(Figure S2E). To determine if INOS was protective against Brucella-induced arthritis, we
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administered AGHS, to the animals’ drinking water, and compared these mice to those that
received untreated water.1® Mice receiving AGHS displayed increased joint inflammation,
IL-1B, and Brucellaburdens relative to animals receiving regular drinking water (Figure
S2F-H). Next, we evaluated the relative ability of iINOS and IFN-y to control infection and
suppress inflammasome-dependent IL-1p production in the joint. To do this, we footpad-
infected, IgG-treated WT and iNOS deficient mice (NOS27/~), and WT mice neutralized of
IFN-y. As early as day 3 post-infection, IgG-treated NOS2~/~ mice displayed increased joint
swelling relative to WT, IgG-treated mice (Figure 4B). iINOS deficiency also resulted in
slightly, but significantly increased joint Brucella burdens relative to WT animals at day 7
post-infection (Figure 4C). iNOS deficiency did not increase joint bacterial levels to the
same degree as IFN-y deficiency. However, joint IL-1p levels were similarly elevated in
NOS2~~ mice and IFN-vy neutralized mice (Figure 4D) despite bacterial loads being ~100-
fold lower in NOS2~/~ animals relative to IFN-y deficient mice. These data indicate NO
limits inflammasome-dependent inflammation and IL-1p production by mechanisms beyond
simply restricting Brucella infection.

Brucella can infect a variety of phagocytic and non-phagocytic cells,33 however within the
joint we have found myeloid cells, and in particular macrophages are the major target of
Brucella (unpublished observation). Therefore, we utilized bone-marrow derived
macrophages to further elucidate the relationship between NO, IFN-y and inflammasome
activation. To determine if NO can directly inhibit inflammasome activation during Brucella
infection, BMDMs were treated with increasing doses of the NO donor, S-nitroso-N-acetyl-
penicillamine (SNAP). NO is potently bactericidal against Brucella.3* Therefore, we treated
macrophages with SNAP only after Brucella infection. Under these conditions, we found
intracellular Brucellaburdens were similar in vehicle and SNAP treated wells when cell
lysates and supernatants were harvested 24 hours post-infection (Figure 4E). Administration
of SNAP resulted in NO production (Figure S2I) and suppressed Brucella-induced IL-1p
release into cell supernatant (Figure 4F). Western blots were then performed to confirm this
effect was due to inhibition of caspase-1 activation. We demonstrated caspase-1 is activated
by B. melitensis infection, as cleaved caspase-1 was found in the cell supernatant of
infected, but not uninfected macrophages (Figure 4G). In addition, administration of SNAP
reduced Brucella-induced caspase-1 activation, as supernatants from Brucella infected cells
treated with SNAP contained reduced active caspase-1 relative to vehicle treated, infected
cells (Figure 4G).

While it has long been known that IFN-+y restricts Brucellainfection, our data here show
IFN-vy also limits inflammation by inducing nitric oxide that in turn suppresses
inflammasome activation and pathology. Human macrophages do not produce NO in
response to IFN-y as robustly as do murine macrophages.3® Thus, enhanced NO production
relative to humans could be one of the factors that contributes to the resistance of wild-type
mice to Brucella-induced arthritis. NO donors are well tolerated in humans.36 In addition,
NO is antimicrobial against Brucel/23” and we show here that NO can inhibit unregulated
inflammasome-dependent pathology. Thus, NO donors and/or NLRP3 inhibitors, in
combination with antibiotics, might be potential complementary therapeutic candidates to
treat brucellosis, particularly in patients with impaired IFN-y production.
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Abbreviations:

AGHS aminoguanidine hemisulfate salt

AIM2 absent in melanoma 2

Ba brucella agar

BCA bicinchoninic acid assay

BMDMs bone marrow derived macrophages

CFU colony forming unit

CM complete media

FBS fetal bovine serum

GAPDH glyceraldehyde 3-phosphate dehydrogenase
ILCs innate lymphoid cells

iNOS inducible nitric oxide synthase

i.p. intraperitoneal

LPS lipopolysaccharide

MOI multiplicity of infection

NLRP3 NACHT, LLR and PYD domains-containing protein 3
NO nitric oxide

PBS phosphate buffered saline

SD standard deviation

SNAP S-nitroso-N-acetyl-penicillamine

WT wild-type
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Figure 1. Innate lymphoid cellsrestrict Brucella-induced joint swelling and contribute to | FN-y

production

WT and Rag1~/~ mice (n=4-5/group) were treated with anti-IFN-y or an isotype control,
then infected in both rear footpads with 1x10° B. melitensis 16M A-B). Mice were
euthanized at day 7 and CFUs were enumerated A) while joint swelling was measured
throughout the experimental time course B). Error bars depict S.D. of the mean. Means at
the same timepoint with the same letter are not statistically different from each other as
determined by ANOVA followed by Tukey’s test. Ragl™~ mice (n=5/group) were treated
with anti-NK1.1 or anti-CD90, then infected in both rear footpads with 1x10° B. melitensis
16M C-E). Joint swelling was measured over time C), and on day 7 mice were euthanized
and joint IFN-y and tissue CFUs were measured D-E). Error bars depict S.D. of the mean.
*P<0.05 as compared to Ragl™", anti-NK1.1 treated mice. Data in C-E) is representative of
2 independent experiments.
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Figure 2. IFN-y deficiency resultsin severe caspase-1/11 dependent inflammation
WT and caspase-1/11~/~ mice were treated with anti-IFN-y or an isotype control, then

infected in both rear footpads with 1x10° B. melitensis 16M A-E). Mice were euthanized at
day 7 and joint CFUs and IL-1p levels were enumerated A,E). Joint swelling was measured
throughout the experimental time course B). At day 7 post-infection, H&E staining on joint
sections was conducted and slides were scored for inflammation C& D). Depicted are
representative images (100X) from each group with amplified boxed regions (400X)
displayed to their right C). Data are representative of 3 independent experiments each with
3-5 mice/group except for D), in which data was combined from 2 experiments with 10-13
mice/group. Error bars depict S.D. of the mean. Means with the same letter at the same
timepoint are not statistically different from each other as determined by ANOVA followed
by Tukey’s test in A,B, and E) or ANOVA on Ranks D).
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Figure 3. IFN-y deficiency resultsin NLRP3 dependent arthritis following focal, or systemic

infection

WT and NLRP3~~ mice (n=4-5/group) were treated with an isotype control or anti-IFN-y,
then infected in their rear footpads with 1x10° B. melitensis 16M. Rear ankle joint swelling
was measured over time A-B). *P<0.05 as compared to WT mice. Error bars depict S.D. of
the mean. Data are representative of 2 independent experiments. WT, caspase-1/11~/~ and
NLRP3~~ mice (n=10-11/group) were treated with anti-IFN-y then infected i.p. with 1x10°
B. melitensis 16M C-D). Joint swelling was measured over the time course of the
experiment C), and on day 27 post-infection bacterial burdens in joint and spleen were
enumerated D). Error bars depict S.D. of the mean. Means with the same letter at the same
timepoint are not statistically different from each other as determined by ANOVA followed

by Tukey’s test.
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Figure 4. IFN-y-Dependent Nitric Oxide Suppreses Brucella-induced inflammasome activation
WT mice (n=3-4/group) were treated with either anti-IFN-y or an isotype control, then

infected in the rear footpads with 1x10° B. melitensis 16M. Mice were euthanized at day 2
post-infection along with naive animals and RNA was isolated from ankle joints and relative
iNOS transcript was measured A). Error bars depict S.D. of the mean. * P<0.05 compared to
IgG-treated mice. In a separate experiment, WT mice received anti-IFN-y while other WT
mice along with NOS2~/~ mice received 1gG. Mice were infected in the rear footpads with
1x10° B. melitensis 16M B-D). Joint swelling was monitored B) and mice were euthanized
at day 7 post-infection and joint CFUs and IL-1p were enumerated C-D). Data are from 4-5
mice/group. Means with the same letter at the same timepoint are not statistically different
from each other as determined by ANOVA followed by Tukey’s test. Error bars depict S.D.
of the mean. WT bone marrow derived macrophages were infected with B. melitensis 16M
at an MOI of 100 for 6 hours E-G). Media containing increasing doses of SNAP was added
after washing of the cells and addition of gentamicin containing media. 24 hours post-
infection intracellular Brucellaburdens were enumerated and IL-1 levels in cell
supernatants were determined E-F). Cell supernatants and cell lysates were also subjected to
Western blot G). Data is representative of 2 independent experiments with 3-5 wells/group.
Means with the same letter are not statistically different from each other as determined by
ANOVA followed by Tukey’s test. Error bars depict S.D. of the mean.
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