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ABSTRACT Rheumatoid arthritis (RA) is an inflammatory disease that has been linked
to several risk factors, including periodontitis. Identification of new anti-inflammatory
compounds to treat arthritis is needed. We had previously demonstrated the beneficial
effect of Kava-241, a kavain-derived compound, in the management of Porphyromonas
gingivalis-induced periodontitis. The present study evaluated systemic and articular ef-
fects of Kava-241 in an infective arthritis murine model triggered by P. gingivalis bacte-
rial inoculation and primed with a collagen antibody cocktail (CIA) to induce joint in-
flammation and tissular destruction. Clinical inflammation score and radiological analyses
of the paws were performed continuously, while histological assessment was obtained
at sacrifice. Mice exposed to P. gingivalis and a CIA cocktail and treated concomitantly
with Kava-241 exhibited a reduced clinical inflammatory score and a decreased number
of inflammatory cells and osteoclasts within joint. Kava-241 treatment also decreased
significantly tumor necrosis factor alpha (TNF-«) in serum from mice injected with a Toll-
like receptor 2 or 4 (TLR-2/4) ligand, P. gingivalis-lipopolysaccharide (LPS). Finally, bone
marrow-derived macrophages infected with P. gingivalis and exposed to Kava-241 dis-
played reduced TLR-2/4, reduced mitogen-activated protein kinase (MAPK)-related signal
elements, and reduced LPS-induced TNF-a factor (LITAF), all explaining the observed re-
duction of TNF-« secretion. Taken together, these results emphasized the novel proper-
ties of Kava-241 in the management of inflammatory conditions, especially TNF-a-
related diseases such as infective RA.
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heumatoid arthritis (RA) is a systemic autoimmune disease that causes chronic

inflammatory responses of the capsule around the joints and the development of
fibrous tissue in the synovium. The development of the pathology leads to the
destruction of articular cartilage, which is a consequence of sustained secretion of
cytokines and cellular activation, especially of synovial macrophages (1). RA manifests
by signs of inflammation, with the affected joints being swollen, painful, warm, and stiff.
Clinically, RA is diagnosed based on the nine criteria listed according to the 2010
American College of Rheumatology (ACR) and the European League Against Rheuma-
tism (EULAR) classification (2). However, risk factors and the cellular and molecular
mechanisms involved remain under investigation, with specific emphasis on the role of
infectious pathogens. Interestingly, a role for periodontitis (PD) in aggravation of RA has
been proposed, the two diseases sharing some common features (3).

PD is a chronic inflammatory disease of bacterial origin affecting tooth-supporting
tissues. Progressive destruction of alveolar bone leads ultimately to tooth loss, with
consequences on masticatory function, quality of life, and general health (4).
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Several studies described the association between PD and systemic chronic diseases
such as cardiovascular diseases, diabetes, and RA (5-8). Recently, in a nationwide,
population-based study in Taiwan, the risk of RA was higher in PD-affected patients
(hazard ratio, 1.89; confidence interval [Cl], 1.56 to 2.29) (5). Interestingly, some inter-
ventional trials concluded that nonsurgical treatment of PD led to improvements of
markers of activity in RA patients, emphasizing the plausibility of the association
between the two diseases (6).

In this context, special attention has been placed on the role of infectious agents,
given that antibiotics had a beneficial effect in the management of certain cases of RA
(7) and strategies to alter microbiome or induced immune activation are suggested for
the treatment of RA (8). More specifically, Porphyromonas gingivalis, a purported
periodontal pathogen, was proposed to play a key role in RA. P. gingivalis, a Gram-
negative anaerobic bacterium, is frequently found in PD lesions and is associated with
a dysbiotic flora (9). This bacterium is able to spread at a distance, and its DNA has been
detected in synovial fluid from RA patients (10). Nevertheless, it is the only prokaryote
expressing a peptidyl arginine deiminase (PAD) and able to induce protein citrullination
(11). In patients with RA, a correlation between the presence of P. gingivalis and
anti-citrullinated protein antibodies has already been observed (12). Its detrimental
effect was also confirmed in vivo in several mouse models, in which P. gingivalis
infection exacerbated collagen antibody (AB)-induced arthritis through different mech-
anisms, including modification of the gut microbiota and the associated autoimmune
response (13, 14), neutrophil activation (15), or induction of bone destruction (16).

Control of inflammation is a key element of RA treatment, and several drugs
targeting cytokines such as tumor necrosis factor alpha (TNF-«) or interleukin-6 (IL-6)
are currently being used. However, side effects such as parenteral delivery and immune
suppression and the high cost of this treatment warrant alternatives (17). Kavain, a
compound extracted from the Piper methysticum plant, has been credited for its
antiarthritic and anti-inflammatory properties (18, 19). Due to its potential toxicity,
optimized compounds have been developed with interesting results regarding preven-
tion or management of inflammation (20). Recently, we demonstrated that Kava-241, a
synthetic kava analog, reduced TNF-« secretion in Escherichia coli lipopolysaccharide
(LPS)-stimulated RAW cells but also prevented alveolar bone loss and inflammation
associated with P. gingivalis-induced PD in a collagen antibody-primed mouse model
(21).

Therefore, the aim of this study was to evaluate the potential anti-inflammatory
effect of Kava-241 on arthritis development and joint inflammation in a P. gingivalis-
stimulated collagen antibody-induced arthritis (CAIA) mouse model and determine its
effect on molecular pathways upstream of TNF-« secretion.

RESULTS

P. gingivalis injection triggered AB-induced arthritis. Following AB and P. gingi-
valis injections, the clinical arthritis score of mice was evaluated daily during 17 days.
AB injections alone did not induce inflammatory clinical signs of the paws during the
whole follow-up (Fig. 1). Interestingly, clinical signs of inflammation were detected in
the AB + P. gingivalis group from day 11, reaching a plateau from days 14 to 17. These
data show that P. gingivalis is an effective trigger exacerbating arthritis in AB-primed
mice.

Kava-241 reduced joint swelling. To evaluate the potential therapeutic effect of
Kava-241 on infective arthritis, AB + P. gingivalis-injected mice were treated concom-
itantly with the compound delivered intraperitoneally (40 mg/kg of body weight). This
therapeutic intervention reduced the intensity of the clinical inflammation and delayed
its detection (Fig. 1 and 2A), highlighting the anti-inflammatory properties of Kava-241.
Radiographic findings were consistent with early-phase arthritis, represented by exten-
sive soft tissue edema and joint space widening (Fig. 2B). This extensive tissue edema
displayed classic radiographic images consistent with sausage-like fingers. The radio-
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FIG 1 Clinical score of arthritis. Scores were evaluated daily in all 4 groups (AB injected; AB + P. gingivalis [P.g] injected;

AB + Kava-241; AB + P. gingivalis + Kava-241) from day 1 to sacrifice (day 17).

graphic images exhibited joint space widening typical of joint effusion and/or synovial
hypertrophy.

Kava-241 reduced inflammatory cells recruitment and osteoclast activation.
Histological analysis was performed at the joint site to evaluate signs of inflammation,
cartilage and bone destruction, and bone repair (Fig. 3 and 4). The AB + P. gingivalis-
injected group was associated with the highest index score, reflecting intense infiltrate
inflammatory cells, predominantly neutrophils, macrophages, and lymphocytes. Fur-
thermore, signs of edema and synovial hyperplasia were clearly observed. The P.
gingivalis-only-injected group displayed very mild inflammatory infiltrate and no
edema or hyperplasia, while the AB-injected group had virtually no inflammation (P <
0.05). Regarding bone and cartilage destruction, the AB + P. gingivalis group exhibited
a higher index score (high osteoclastic activity and cartilage destruction) than did the
P. gingivalis-only-injected group (P < 0.05) (Fig. 4). No bone or cartilage destruction was
observed in the AB-injected group. Interestingly, Kava-241 treatment reduced by about
30% the inflammatory infiltrate, by 60% the cartilage destruction, and by 35% the bone
destruction induced by AB + P. gingivalis injection. Consistent with these results,
Kava-241 treatment promoted bone repair (P < 0.05) (Fig. 3 and 4).

Kava-241 reduced systemic inflammation. To evaluate the effect of Kava-241 on
systemic inflammation, mice were injected with P. gingivalis-LPS, and TNF-« secretion
was measured in Kava-241-treated and untreated mice (Fig. 5). After 3 h, TNF-«
concentration was significantly reduced (56%, P < 0.05) in the Kava-241-treated group.
Similar results were observed at 6 h, demonstrating the ability of this compound to
prevent systemic inflammation.

Kava-241 reduced TNF-a through decrease of TLR-4, TLR-2, MAPKs, and LITAF.
To determine the molecular effects of Kava-241 on TNF-a secretion and upstream
signal elements, Toll-like receptor 4 (TLR-4), TLR-2, mitogen-activated protein kinases
(MAPKs), and LPS-induced TNF-« factor (LITAF) were evaluated in P. gingivalis-infected
bone marrow macrophages (BMMs). As expected, P. gingivalis increased the TNF-«
secretion (Fig. 6)-related cascade including TLR-2 and phosphorylated forms of MAPKs
expression, including extracellular signal-regulated kinase (ERK), Jun N-terminal protein
kinase (JNK), and AKT (Fig. 7). Kava-241 treatment of P. gingivalis-infected BMMs
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FIG 2 Clinical examination of articular inflammation at forepaws and joints. (A) Paw inflammation. Paws (dorsal/palm) were
examined daily in all groups (AB injected; AB + P. gingivalis injected; AB + Kava-241; AB + P. gingivalis + Kava-241). Pictures
were taken on the day of sacrifice. Note the swollen paws in the AB + P. gingivalis group and the significant reduction of
swelling in the AB + P. gingivalis + Kava-241 group. (B) X-ray evaluation of infective arthritis. Radiographic findings were
consistent with early-phase arthritis represented by extensive soft tissue edema and joint space widening. Radiographic
images in the AB + P. gingivalis group show sausage-like fingers with joint space widening typical of joint effusion and/or
synovial hypertrophy. Note the disappearance of the sausage-like fingers and lack of widening of joint space in the AB + P.
gingivalis + Kava-241 group.

reduced TNF-« secretion in a dose-dependent manner (40% decrease for 20 pg/ml,
70% for 100 pwg/ml, 90% for 200 wg/ml) (Fig. 6A). Treatment with Kava-241 modulated
significantly TLR-2/4-associated signal pathway elements at multiple levels of the
cascade. Kava-241 reduced TLR-4, TLR-2, and phosphorylated MAPK expression in P.
gingivalis-infected BMMs (Fig. 7). Interestingly, Kava-241 decreased significantly all the
tested phosphorylated proteins, emphasizing its potential to inhibit kinases activation.

Interestingly, LITAF expression was reduced by Kava-241 treatment in P. gingivalis-
infected BMMs, possibly resulting in reduced TNF-a expression, hence explaining the
reduced articular and systemic inflammation.

DISCUSSION

In this study, we demonstrated the potential therapeutic properties of Kava-241, a
kava-derived compound, in the context of infective arthritis and systemic inflammation
management. Here, we showed that Kava-241 significantly reduced TNF-« secretion
through modulation of the TLR-4/TLR-2-associated cascade and decreased significantly
phosphorylation of MAPKs such as ERK1/2, JNK, AKT, and p38.

Periodontal pathogens, especially P. gingivalis, have been associated with arthritis
exacerbation through increase of the inflammatory and autoimmune responses. In
mouse models, this detrimental effect of periodontal pathogens on arthritis has been
described as more-severe symptoms of arthritis in animals primed by collagen anti-
bodies and infected by one or several periodontal pathogens (16). The methods used
to infect animals with periodontal pathogens and to induce infective arthritis seem to
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FIG 3 Histological analysis of arthritis. Levels of inflammation, cartilage destruction, and bone destruction and
repair were evaluated on histological sections of phalangeal joint in each group (AB injected; AB + P. gingivalis
injected; AB + Kava-241; AB + P. gingivalis + Kava-241) (7 mice/group); *, P < 0.05. Note that Kava-241 treatment
reduced by about 30% the inflammatory infiltrate, by 60% the cartilage destruction, and by 35% the bone
destruction induced by AB + P. gingivalis injection. Furthermore, Kava-241 treatment promoted bone repair (P <
0.05).

influence the time needed to be able to observe clinical signs (15, 16, 22). In this study,
we decided to evaluate the effect of an acute infection with P. gingivalis through
repeated intraperitoneal injections of P. gingivalis strain 381. Such a procedure ampli-
fied significantly the arthritic effect of AB injection, inducing significant swelling of the

S ok :
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FIG 4 (A) Histological views. H&E staining for inflammation. (B) TRAP staining (arrows show TRAP-stained multinuclear cells). Histological
sections performed at the joint site are representative of each group (AB injected; AB + P. gingivalis injected; AB + Kava-241; AB + P.
gingivalis + Kava-241) (7 mice/group). Note the absence of inflammation and TRAP-stained multinuclear cells in AB-treated animals or P.
gingivalis-only-treated animals. Note that the AB + P. gingivalis-injected group was associated with an intense infiltrate of inflammatory
cells, predominantly neutrophils, macrophages, and lymphocytes. Furthermore, signs of edema and synovial hyperplasia were clearly
observed. The P. gingivalis-only-injected group displayed very mild inflammatory infiltrate and no edema or hyperplasia, while the
AB-injected group had virtually no inflammation (P < 0.05). Regarding bone and cartilage destruction, the AB + P. gingivalis group
exhibited a higher osteoclastic activity and cartilage destruction than did the P. gingivalis-only-injected group (P < 0.05). No bone or
cartilage destruction was observed in the AB-injected group (magnification, X100).
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FIG 5 TNF-a concentration in P. gingivalis-LPS-stimulated mice. P. gingivalis-LPS (50 nug/100 wl) was injected
intraperitoneally. Thirty minutes later, mice were treated with DMSO (control; 25 wl/600 ul) or Kava-241 (40
mg/kg/600 wl). Sera were taken at 3 and 6 h, and the TNF-a concentration was evaluated with ELISA. Results are

presented as means * standard deviations (SD). *, P < 0.05.

paws, with a peak reaching a plateau after 13 days and histological modifications at
joint sites confirming the contributive pathogenic role of P. gingivalis in RA. P. gingivalis
has been detected in synovial fluid (23) and in synovial tissue (24). P. gingivalis is an
invasive bacterium, and its presence within joint contributes to increased inflammatory
cell infiltration and tissular destruction through exacerbation of the autoimmune
response (16). The observed destruction was corroborated with radiographic findings;
however, it should be stated that these signs could not be considered specific and can
be seen in different types of arthritis during the early phase. In animals subjected to
bacterial injections, these findings may represent septic arthritis (which may be con-
firmed by culture of synovial fluid or the identification of live bacteria and polymor-
phonuclear leukocytes in the joint space). Alternatively, these findings may correspond
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FIG 6 TNF-a secretion in BMMs after P. gingivalis infection and Kava-241 treatment. *, P < 0.05. Dose
response of Kava-241 treatment shows significant reduction of TNF-« secretion in BMMs after P. gingivalis
infection.
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FIG 7 Modulation of MAPK-related proteins in P. gingivalis-infected BMMs by Kava-241. (A) Western blots of TLR4/2, MAPKs and LITAF. Significant reduction
of all the proteins tested after Kava-241 treatment in P. gingivalis-infected cells can be observed. Percentages represent the ratios of protein versus actin in each

sample. (B) Protein expression in P. gingivalis-infected and P. gingivalis + Kava-241-treated cells.

to reactive or immune-mediated arthritis as determined by a longer follow-up of the
disease course and response to immune-modulation therapy.

It should be emphasized that arthritis in CIA mouse models is strain dependent. The
rationale for using strain 381 in this study was based on the facts that it was recovered
in clinical samples from patients suffering from both diseases (25) and that previous
studies have demonstrated that strain 381 expresses common outer membrane pro-
teins (26); in addition, our laboratory has significant experience using this strain. This
may not be the only viable approach, as it was demonstrated that P. gingivalis strain
W83, a strain lacking fimbriae, displayed arthritogenic properties even before immuni-
zation while strain 2561, a strain having several types of fimbriae on its membrane, did
not. This strain-specific effect could be explained by differences in cell adhesion
properties stemming from environmental factors or in induction of protein citrullina-
tion (27).

Several underlying mechanisms contributing to the association between PD and RA
have been identified, highlighting a role for bacterial recognition and activation of
inflammatory pathways leading to cytokine secretion. P. gingivalis is able to directly
activate several cell types, including macrophages, fibroblasts, or chondrocytes, con-
tributing to the sustained inflammation and cartilage destruction (21, 28, 29). For
instance, modulation of TLR-2 and -4 mediates the inflammatory response to P.
gingivalis expression (30), leading to an increase of TNF-¢, IL-1, IL-6, or IL-17 at the RA
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lesion site (31). An increase of cytokine levels, especially TNF-«, is correlated to
activation of matrix metalloproteinases (MMPs), which play a critical role in cartilage
destruction in RA (32). Nevertheless, P. gingivalis-associated PD induces a chronic
systemic inflammation that is considered a contributing factor of RA (33). Systemic
TNF-« increase, which could be induced by acute or chronic infectious and inflamma-
tory diseases such as PD, has been proposed as one of the mechanisms explaining the
PD-RA association (3). For instance, it has been observed in RA patients that PD was
associated with high levels of TNF-« (34); therefore, its reduction during RA manage-
ment is aimed.

Kavain has been demonstrated to be an effective anti-inflammatory property as
evidenced by reduction of TNF-« (35, 36), a cytokine implicated in both PD and RA and
targeted in RA management (37). Recently, we demonstrated the promising anti-
inflammatory effect of Kava-241 that was associated with significant reduction of the
inflammation, inflammatory cell recruitment, and alveolar bone loss induced by P.
gingivalis at the periodontal level (21). Here, we demonstrate that Kava-241 strongly
decreased the development of infective arthritis while reducing paw swelling, joint
inflammation, and bone and cartilage destruction and promoted bone repair. Interest-
ingly, at the systemic level, Kava-241 was able to reduce the secretion of TNF-« induced
by P. gingivalis-LPS, illustrating its promising systemic anti-inflammatory properties.

To investigate the anti-inflammatory effect of Kava-241, we focused on the pathway
associated with TNF-a secretion as alluded to by the parent molecule kavain in
LPS-stimulated macrophages (35). Macrophages are key cells in the inflammatory
process associated with RA (38). Here, treatment with Kava-241 reduced significantly
TNF-a secretion induced by P. gingivalis infection. Interestingly, this effect was associ-
ated with reduced expression of TLRs and to a decrease of phosphorylated ERK, JNK,
MAPK, AKT, and p38. These data confirm those described for the flavokawain A, the
predominant kava chalcone for which reduction of cytokine secretion was associated
with the modulation of the same pathway (39). TLR-2 and TLR-4 are highly expressed
in RA synovial tissue-lining macrophages. They play a central role in Gram-negative
infections and have a key role in the recognition of pathogen-associated molecular
patterns (PAMPs) such as LPS but also of endogenous molecules released during
necrosis or cellular stress (40). The inhibition of TLR-2/4 and targeting of their down-
stream pathways are currently being considered as an innovative therapeutic strategy
for RA (41). The evidence of decreased TLR-2 and TLR-4 expression caused by Kava-241
could be considered a novelty, as this specific effect was not described previously.

The cytokine secretion induced by bacterial by-products such as LPS in macro-
phages is regulated mainly by MAPKs such as JNK, p38, and ERK (42). Here, Kava-241
reduced significantly phosphorylated protein levels induced by the infection (Fig. 8).
Phosphorylation is associated with kinase activation. Therefore, its inhibition leads to
blockade of the kinase cascade contributing to NF-«B activation and TNF-« secretion.
The regulation of JNK phosphorylation is of importance, as JNK is upregulated in RA
and is a potential mechanism of excessive extracellular matrix degradation and its
deficiency protected mice in an animal model of arthritis (43).

p38 is expressed in the inflamed joints of patients with RA, and its activation is
observed in animal models of the disease, in macrophages and fibroblasts of the
synovial lining layer, and at sites of bone erosion. It contributes to the overexpression
of proinflammatory cytokines, chemokines, MMPs, and enzymes such as COX-2 in the
inflamed synovium. Phosphorylated p38 is also detected in the vascular endothelial
cells of the blood vessels infiltrating the synovium, where it regulates the expression of
genes encoding cell adhesion molecules (44). It has been considered a potential target in
the treatment of RA; however, several clinical trials were ineffective due to the high
complexity of its regulation. Here, Kava-241 reduced significantly the phosphorylation of
p38, emphasizing its potential use as a therapeutic compound in the treatment of RA.

ERK is a well-described mitogen-activated protein kinase (MAPK) expressed in
synovial tissues and synovial fibroblasts during RA (45) and is implicated in the
TNF-a-mediated IL-8 secretion (46). Due to its upstream regulation role on NF-«B and
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FIG 8 Schematic representation of Kava-241-induced effects on MAPKs and LITAF involved in TNF-« secretion. Red arrows
represent the effects induced by P. gingivalis infection at the protein level. Green arrows represent the effects associated
with Kava-241 treatment in BMMs infected by P. gingivalis at the protein level. P. gingivalis infection increased significantly
TNF-a secretion after activation of TLRs and p-MAPKs. Conversely, Kava-241 counteracted these effects by blocking TNF-«
secretion.

TNF-a release, decrease of phosphorylated ERK is a recurrent target for new pharma-
ceutical drugs or compounds (47).

Interestingly, the Kava-241 anti-inflammatory effect was associated with a reduced
expression of LITAF and phosphorylated ERK. LITAF is a key regulator of TNF-«
expression induced by LPS, and the LITAF pathway is activated after TLR-2/4-mediated
signal-inducing phosphorylation of LITAF by kinases such as p38 (35). Phosphorylated
LITAF binds to STAT6 before translocation to the nucleus, where it activates proinflam-
matory gene expression, including TNF-« (48), and has already been identified as a
potential therapeutic target in inflammatory diseases (49). LITAF was found to be
associated with arthritis development in a similar mouse model involving AB and LPS,
and its genetic ablation was associated with improvement of the LPS arthritis (50). The
present data highlight the similarity of signal transduction changes between native
kavain and Kava-241. Indeed, we previously reported that native kavain reduced
cytokine secretion through the modulation of the ERK2-LITAF pathway (35). Therefore,
the reduction of LITAF by Kava-241 unveils some novel anti-inflammatory properties of
this compound and may open potential therapeutic targets, since LITAF was already
associated with several inflammatory diseases (48, 50-52) and targeted by some drugs,
such as minocycline (49).

Nevertheless, the activation of the phosphatidylinositol 3-kinase (PI3K)/AKT pathway
is also of importance in the development of RA, contributing to the expression of a
variety of proinflammatory, proliferative, and antiapoptotic molecules leading to sus-
tained inflammation but also synovial hyperplasia (53). Here, P. gingivalis infection
increased the AKT level. This effect was totally counteracted by Kava-241 treatment.
Targeting AKT has already been proposed to inhibit the inflammatory response in RA,
emphasizing the interesting properties of Kava-241 (54).

Control of inflammation is one of the main goals of RA treatments, and drugs
targeting TNF-« are under development, as current treatment may be related to severe
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side effects. Kava-241 may be a good candidate to treat inflammatory diseases, as it
displays a reduced cytotoxicity and strong anti-inflammatory properties. Therefore,
future studies should focus on optimization of the mode of delivery to determine
precisely its pharmacokinetic properties in vivo to allow its evaluation at the human
clinical level.

MATERIALS AND METHODS

Bacterial culture. P. gingivalis strain 381 (ATCC, Manassas, VA, USA) was cultured in Schaedler
anaerobe broth (Oxoid Ltd., Basingstoke, Hampshire, England), supplemented with hemin (5 ug/mi;
Sigma-Aldrich, St. Louis, MO), menadione (1 pg/ml; Sigma-Aldrich, St. Louis, MO), and sodium bicarbon-
ate (420 pg/ml; Sigma-Aldrich, St. Louis, MO) in an anaerobic chamber with 85% N,, 10% H,, and 5% CO,
at 37°C.

Mice. Twenty-eight 6-week-old, pathogen-free DBA1/BO male mice (Taconic Farm, Rensselaer, NY)
were used in this study. Mice were fed sterile food and distilled water ad libitum. All procedures were
approved by the local ethical committee. Mice were randomly assigned to one of the following
experimental groups: (i) an AB-injected group, (i) an AB + P. gingivalis-injected group, (i) an AB-injected
and Kava-241-treated group, and (iv) an AB + P. gingivalis-injected and Kava-241-treated group.

Induction of arthritis and scoring. Arthritis was induced by two consecutive injections of Arthri-
toMab (AB) antibody cocktail (CIA-MAB-2C; MD Bioproducts, Oakdale, MN, USA). A 7-mg dose was
injected at baseline, and a second injection (of 4 mg) was done at day 5. For P. gingivalis-injected groups,
3 intraperitoneal injections of 5 X 108 bacteria/100 ul were performed at days 2, 8, and 11. Mice were
sacrificed after 17 days.

Forepaws were evaluated to score arthritis using a visual qualitative assessment scoring as follows:
0, no paw swelling; 1, mild swelling; 2, moderate swelling; 3, severe swelling (50). Inflammation was also
evaluated with X-ray examination.

Injection of Kava-241 compound. Kava-241 is a compound derived from kavain and has been
synthesized as described previously (21). In Kava-241-treated groups, 7 intraperitoneal injections (40
mg/kg) were performed. The first injection was performed 3 days before the first AB injection and at days
1,3,7,8,9 and 10.

P. gingivalis-LPS injection. A 50-.g/100 ul dose of ultrapure P. gingivalis-LPS (Invivogen, CA, USA)
was injected intraperitoneally. After 30 min, 600 ul of Kava-241 (40 mg/kg) in phosphate-buffered saline
(PBS) was injected. As a control, the same volume of dimethyl sulfoxide (DMSO) as that used to dissolve
Kava-241 powder was used. Serum was collected at 0, 3, and 6 h.

Tissue preparation. After 17 days of experimentation, mice were euthanized by CO, inhalation.
Phalangeal joint and intact surrounding tissues were fixed with 4% freshly prepared paraformaldehyde
(Sigma-Aldrich, St. Louis, MO) in PBS (pH 7.2) for 24 h at 4°C. Following fixation, specimens were
consecutively washed with 5%, 10%, and 15% glycerol (American Bioanalytical, Natick, MA) in PBS, each
for 15 min at 4°C, and decalcified in an EDTA tetrasodium salt dihydrate solution (Sigma-Aldrich, St. Louis,
MO) for 14 days at 4°C. Samples were then immersed in 30% sucrose (Sigma-Aldrich, St. Louis, MO) in PBS
until embedding. The tissue block was embedded with a Histoprep compound (Fisher Scientific, Hanover
Park, IL) for cryostat sectioning. Serial mesiodistal sections (5 wm) parallel to the long axis of the
phalangeal joint were made and stained with hematoxylin (HE; Fisher Scientific, Hanover Park, IL) and
eosin (Acros Organics, Morris Plains, NJ).

TRAP staining. Osteoclasts were detected by TRAP staining. Five-micrometer-thick histological slides
were exposed to the TRAP solution, containing N,N-dimethylformamide (EM Science), 3.7 mM fast red
violet LB di-azonium salt (Sigma), 6.4 mM tartaric acid (Sigma), and 0.4% MgCl, in 0.2 M sodium acetate
buffer (pH 5.0) for 10 min at 37°C. The slides were then washed for 30 min before being counterstained
with HE for 5 s. Osteoclasts were identified as being positively stained for TRAP and possessing a ruffled
border with an underlying lacuna in contact with bone.

Histological scoring. Samples were scored for inflammation, bone destruction, bone formation/
repair, and cartilage destruction. To score inflammation, a scale of 0 to 4 was used, with 0 corresponding
to no signs of inflammation, 1 to mild infiltration of inflammatory cells, 2 to mild inflammation with small
hyperplasia in the synovial lining layer, 3 to synovial edema, hyperplasia, and more pronounced
inflammation, and 4 to severe synovial hyperplasia and cellular infiltration. Bone destruction was scored
using a scale of 0 to 4, with 0 corresponding to no signs of bone destruction, 1 to osteoclast activation,
2 to presence of some osteoclasts lacunas, 3 to presence of many osteoclasts lacunas and signs of bone
resorption, and 4 to severe bone resorption and erosion. Bone formation/repair was evaluated as follows:
0 for intact bone with some activated mature chrondrocytes in the nonarticular surface, 1 when alkaline
phosphatase activity was detected in the phalangeal area, 2 for osteoblast activity in the trabecular
epiphyseal area, 3 for strong osteoblast activity in all trabecular bone, 3.5 for osteoblast activity in cortical
bone, and 4 for strong osteoblast activity in cortical bone. Finally, cartilage destruction was evaluated on
a scale of 0 to 4 according to the intensity of cartilage staining.

Mouse macrophage isolation and infection. Bone marrow macrophages (BMMs) were harvested as
previously described (55) and cultured during 7 days in RPMI medium supplemented with L929 and
10,000 U/liter penicillin, 100 mg/liter streptomycin, and 10% fetal bovine serum in a humidified
atmosphere (5% CO,) at 37°C. According to the experimental design, cells were infected by P. gingivalis
(multiplicity of infection [MOI], 20) and/or treated with 50 to 200 ug ml~—' of synthesized Kava-241.

Western blotting. Cells were harvested and washed twice with PBS. Proteins from the whole cells
were purified from each experimental sample. The Bio-Rad protein assay system (Bio-Rad) was used to
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determine the protein concentration of cell lysates. Cell lysates (20 ug total proteins per lane) were
applied to SDS polyacrylamide gels, and proteins were detected by Western blotting. The following
antibodies (all from Cell Signaling) were directed against p-AKT (Ser473) (number 9271), p-p44/42 MAPK
(Erk1/2) (Thr202/Tyr204) (number 9101), p-p38 MAPK (Thr180/Tyr182) (number 9211), p-SAPK/JNK
(Thr183/Tyr185) (81E11) (number 4668), B-actin (D6A8) rabbit monoclonal antibody (MAb) number 8457,
anti-rabbit 1gG, horseradish peroxidase (HRP)-linked antibody (number 7074). Anti-TLR-4 antibody
(ab13556) was obtained from Abcam, MA, USA. Anti-LITAF (sc-66945), PI3-kinase (sc-423), and TLR2
(sc-21759) were obtained from Santa Cruz, TX, USA. Anti-AKT (number 44609), MAPK, p38 (AHO 1202),
and JNK (number 44690) antibodies were purchased from Fisher Scientific, USA. Signals on immunoblots
were quantified using ImageJ according to the manufacturer’s instructions.

TNF-« ELISA. The supernatants from infected cells and mouse serum were subjected to an enzyme-
linked immunosorbent assay (ELISA) for the determination of TNF-ac concentration with an Invitrogen kit
(KMC3011; Thermo Fisher, Dublin, OH, USA). ELISA immunoreactivity was quantified using a microplate reader
(Bio-Rad, Hercules, CA, USA).

Statistical analysis. All experiments were performed at least in triplicate (biological and technical
replicates). Data were analyzed for statistical significance with XLStat (Addinsoft, New York, NY, USA). P
values were calculated with the Mann-Whitney t test or analysis of variance (ANOVA) one-way t test for
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multiple comparisons.
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