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SI Materials and Methods
Antibodies and Reagents. The antibodies used in this study were
directly coupled to FITC, PE, APC, Paciﬁc blue, or PerCP-Cy5.5.
The following monoclonal antibodies were used: anti-CD8α
(53-6.7; BD Biosciences); anti-CD103 (2E7; BioLegend); antiCD11c (HL3; BD Biosciences); anti-Langerin (929F3.01; Dendritics); anti-Langerin (L31; eBiosciences); anti-Foxp3 (150D;
BioLegend); anti-RANK (R12-31;BioLegend); anti-TCRγ/δ
(GL3; BioLegend); anti-NK1.1(PK136; BD Biosciences); antiCD4 (GK1.5; BioLegend); anti-CD3 (17A2; BioLegend); antiRANKL (IK22/5; BioLegend); anti-MHC class II (AF6-120.1;
BioLegend); anti-CD19 (6D5; BioLegend); and anti-Ep-CAM
(G8.8; BioLegend).
Inﬂammation-Induced Bone Loss Model. Mice were treated with

0.4% trimethoprim and sulfamethoxazole solution (Resprim;
Teva) in the drinking water for 10 d, followed by 3 d without
antibiotics. The mice were then infected via oral gavage, three
times at 2-d intervals, with 4 × 109 cfu of P. gingivalis 381 in 400
μL of 2% (wt/vol) CMC solution (Sigma). Uninfected mice were
treated with the CMC vehicle alone. Six weeks later, the mice
were euthanized and the hemimaxillae were harvested and
scanned using μCT (Scanco Medical). 3D alveolar bone loss was
quantiﬁed. Brieﬂy, the sagittal plan of the specimens was set
parallel to the X-ray beam axis. The specimens were scanned at
a resolution of 12 μm in all three spatial dimensions. The scans
were Gaussian-ﬁltered and segmented using a multilevel global
thresholding procedure for the segmentation of enamel, dentin,
and bone. Residual alveolar bone volume was determined separately for either root (bucco-mesial and bucco-distal) using
a direct 3D approach. The apical basis of the measured volume
was set mesio-distally parallel to the cemento-enamel junction
(CEJ) and bucco-palatinally parallel to the occlusal plane. The
results represented the residual bone above the reference plane
in millimeters cubed.
FITC Painting. FITC (Sigma) was dissolved as a 20% (wt/vol) so-

lution in DMSO (Sigma-Aldrich) and then diluted to 2% (vol/vol)
FITC solution prepared in acetone and dibutyl phthalate (DBP)
(1:1). Mice were anesthetized with ketamine/xylazine, and gingival painting was conducted using a microbrush (GC) saturated
with 4% FITC/DBP. While retracting the buccal mucosa and the
tongue, the maxillary molars were painted and consequently airdried. Two to 3 d after FITC painting, the cervical draining LNs
were harvested for further analysis.
Antigen Presentation Assays. The draining LNs were collected from
P. gingivalis-infected mice and treated with collagenase type II (1
mg/mL; Worthington Biochemicals) and DNase I (1 mg/mL;
Roche) solution in PBS plus 2% FCS for 20 min at 37 °C in
a shaker bath. A total of 20 μL of 0.5 M EDTA per 2 mL of
sample was added to the digested LNs and incubated for an
additional 10 min. The cells were then washed and ﬁltered.
CD11c+ cells were obtained from the digested LNs by positive
isolation using MACS Microbeads according to the instructions
of the manufacturer (Miltenyi Biotec). The enriched CD11c+
cells were stained with antibodies against CD8α, CD103, CD11c,
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and Ep-CAM and then subjected to sorting by ﬂow cytometry
(FACSAria; BD Biosciences). To obtain P. gingivalis-speciﬁc T
cells for the assay, B6 mice were infected i.p with 2 × 107 cfu of
P. gingivalis 381 in PBS. Four weeks later, the spleen and LNs
were collected and CD8+ and CD4+ T cells were puriﬁed by
negative selection using the EasySep mouse CD8+ or CD4+ Tcell enrichment kits, according to the instructions of the manufacturer (Stem Cell Technologies). The puriﬁed T cells were
cocultured (5 × 104/well) with the different DC populations (1 ×
104/well) in 96-well U-bottom plates (Nunc). The cultures were
then incubated for 72 h, and the supernatants were collected and
stored at −80 °C for measurement of IFN-γ secretion.
Isolation of Lymphocytes and DCs. The gingival or ear tissues were
excised and pooled from two to three mice to isolate lymphocytes
or DCs. For Langerin staining, gingival tissue was pooled from 14
mice and CD11c+ cells were enriched by magnetic separation as
described above. The gingival tissue was minced and treated with
a Collagenase type II (2 mg/mL; Worthington Biochemicals) and
DNase I (1 mg/mL; Roche) solution in PBS plus 2% FCS for
20 min at 37 °C in a shaker bath. A total of 20 μL of 0.5 M EDTA
per 2 mL sample was added to the digested tissue and incubated
for an additional 10 min. Ear skin was treated similarly, with
the exception of using 1 mg/mL collagenase and the addition of
Dispase I (3 mg/mL; Sigma) to the enzymatic treatment. The
single-cell suspension was stained with antibodies against CD3,
CD19, CD4, CD8α, and RANKL to identify the various lymphocytes residing in the tissue. Intracellular staining was used to
identify Foxp3 using the Foxp3 ﬁx/perm buffer set solution (BioLegend) according to the instructions of the manufacturer. For
DC isolation, the cells were washed, ﬁltered, and stained with
antibodies against CD11c, CD103, Ep-CAM, and MHC class II.
Langerin staining (anti-Langerin 929F3.01 antibody was used for
all staining except for Fig. 2B) was performed by intracellular
staining using Cytoﬁx/Cytoperm solution (BD Biosciences) according to the instructions of the manufacturer. The stained
lymphocyte and DC samples were run in LSR II (BD Biosciences) or C6 (Accuri Cytometers) ﬂow cytometers and further analyzed using FlowJo software (Tree Star).
Serum Analysis. Six weeks after immunization, blood was drawn
from the mice and the sera were stored at −80 °C. Ninety-six-well
plates (Nunc) were coated overnight at 4 °C with 1 μg of P.
gingivalis lysate/well in 0.1 M bicarbonate buffer (pH 9). The
plates were washed twice with PBS-0.02% Tween 20 and blocked
with PBS 10% FCS (2 h at room temperature). Subsequently,
mouse serum samples diluted serially in PBS were added to the
wells for 3-h incubation at RT. This was followed by four washes
in PBS-0.02% Tween 20 and the addition of anti-mouse peroxidases-conjugated IgG, IgG1, and IgG2c antibodies (Jackson
ImmunoResearch). After incubation for 2 h at room temperature, the plates were washed ﬁve times and 100 μL/well of tetramethyl benzidine (TMB) solution (Southern Biotech) was
added for 5 min, followed by the addition of 100 μL of TMB stop
solution (Southern Biotech). Absorption was read at 450 nm
using an iMARK microplate reader (Bio-Rad).
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Fig. S1. Percentages of T cells subsets in the inﬂamed tissue. Langerin-DTR mice were injected i.p. with DT 7 and 5 d before oral infection. Antibiotic-pretreated mice were infected via oral gavage, three times at 2-d intervals, with 4 × 109 cfu of P. gingivalis 381 (Pg). Three weeks after the last inoculation, gingival
tissues were collected and enzymatically digested to obtain single-cell suspension. The cells were then stained with antibodies against CD3, CD4, and CD8 for
ﬂow cytometric analysis. Data presented are the percentages of each T-cell subset from the total CD3+ T cells and represent the mean of ﬁve mice per group ±
SEM. One representative out of three independent experiments is depicted. *P < 0.001 compared with infected mice with no DT treatment.

Fig. S2. Excision of murine gingiva. Mice were euthanized , and the hemimaxillae were precisely removed using dental loupe as shown in the images. (A)
Hemimaxilla. (B–D) Separation of the gingiva from the hemimaxilla. AB, alveolar bone; CT, connective tissue; G, gingiva; m1-ﬁrst molar; m2, second molar; m3,
third molar.

Fig. S3. Validation of T-cell activation by DCs. CD11c+ cells were enriched (Miltenyi) from LNs of naïve B6 mice or 3 d following a single oral infection with P.
gingivalis. CD8+ T cells were puriﬁed by negative selection (EasySep) from spleens of naïve B6 mice or 3 wk after i.p. inoculation with P. gingivalis. The noted
CD11c+ cells and CD8+ T cells were cocultured in various combinations for 72 h and the levels of IFN-γ in the supernatants were measured by ELISA. **P < 0.0001
compared with IFN-γ levels in cultures without P. gingivalis-speciﬁc T cells.
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Fig. S4. DC subsets in the LNs and their antigen-presenting capabilities after a third inoculation of P. gingivalis. B6 mice were infected orally with P. gingivalis
three times (n = 15). Three days after infection, LNs were collected, pooled, and enriched for CD11c+ cells. The cells were stained with antibodies against CD11c,
CD8α, CD103, and Ep-CAM, for further separation by ﬂow cytometry. (A) Flow cytometric plots demonstrating migratory DC subsets in the draining LNs. (B) DC
subsets were incubated with P. gingivalis-speciﬁc CD8+ or CD4+ T cells for 72 h. Secretion of IFN-γ to the supernatant, as an indication for T-cell activation by the
DCs, was measured by ELISA. Data represent the means ± SE for each group. nt, not tested because of low numbers of cells migrating from the tissue at this
time of infection.

Fig. S5. IgA levels in the saliva. Langerin-DTR mice were injected i.p. with DT 7 and 5 d before oral infection. Antibiotic-pretreated mice were infected via oral
gavage, three times at 2-d intervals, with 4 × 109 cfu of P. gingivalis 381 (Pg). Six weeks after the last inoculation, the mice were anesthetized and injected s.c.
with pilocarpine and saliva was collected from individual mice. The level of IgA in the saliva was measured by ELISA as described in Materials and Methods, with
the exception of using anti-mouse peroxidases-conjugated IgA antibody (Jackson ImmunoResearch). Data represent the means of eight mice per group ± SEM.

Fig. S6. Neutrophil inﬁltration into the gingiva. Langerin-DTR mice were injected i.p. with DT 7 and 5 d before oral infection. Antibiotic-pretreated mice were
infected via oral gavage once with 4 × 109 cfu of P. gingivalis 381 (Pg). Forty-eight hours after the infection, gingival tissues were collected from individual
mice, processed, and stained with anti-Ly6G and CD11b antibodies. Representative ﬂow cytometric images are shown. Numbers indicate the percentages of
cells stained positively to Ly6G and CD11b and represent the means of four mice per groups ± SEM.

Arizon et al. www.pnas.org/cgi/content/short/1116770109

3 of 4

Fig. S7. Quantiﬁcation of P. gingivalis in the maxilla. LCs were depleted from Langerin-DTR mice, and mice were infected orally with P. gingivalis. Twenty-four
hours or 1 wk later, the maxillae were collected from individual mice and genomic DNA was extracted. Quantiﬁcation of P. gingivalis genomic DNA was
performed by real-time PCR using primers speciﬁc to the 16S gene (16S forward: 5′-tgggtttaaagggtgcgtag-3′; 16S reverse: 5′-caatcggagttcctcgtgat-3′). The
house-keeping murine 18S gene was used for normalization (18S forward: 5′-cggctaccacatccaaggaa-3′; 18S reverse: 5′-gggcctcgaaagagtcctgtat-3′). Values are
depicted as relative P. gingivalis 16S/mouse 18S DNA percentages and represent the mean of ﬁve mice per group ± SEM.

Fig. S8. Expression of RANK by oral DCs. B6 mice were infected orally with P. gingivalis (n = 3). Two days after infection, gingival and buccal tissues were
collected, processed, and stained with antibodies against CD11c RANK, or isotype control. Flow cytometric plots are presented demonstrating expression of
RANK on CD11c+ cells puriﬁed from the buccal or gingiva.
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