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Abstract

Periodontitis is a chronic inflammatory disease induced by a biofilm that forms on the tooth surface. Increased periodontal disease is
associated with aging. We investigated the effect of aging on challenge by oral pathogens, examining the host response, colonization,
and osteoclast numbers in aged versus young mice. We also compared the results with mice with lineage-specific deletion of the
transcription factor FOXO|, which reduces dendritic cell (DC) function. Periodontitis was induced by oral inoculation of Porphyromonas
gingivalis and Fusobacterium nucleatum in young (4 to 5 mo) and aged (14 to 15 mo) mice. Aged mice as well as mice with reduced DC
function had decreased numbers of DCs in lymph nodes, indicative of a diminished host response. In vitro studies suggest that reduced
DC numbers in lymph nodes of aged mice may involve the effect of advanced glycation end products on DC migration. Surprisingly, aged
mice but not mice with genetically altered DC function had greater production of antibody to P. gingivalis, greater IL-12 expression, and
more plasma cells in lymph nodes following oral inoculation as compared with young mice. The greater adaptive immune response in
aged versus young mice was linked to enhanced levels of P. gingivalis and reduced bacterial diversity. Thus, reduced bacterial diversity
in aged mice may contribute to increased P. gingivalis colonization following inoculation and increased periodontal disease susceptibility,

reflected by higher TNF levels and osteoclast numbers in the periodontium of aged versus young mice.
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Introduction

Periodontitis is the most common osteolytic disease in humans
and the most common cause of tooth loss in adults, with an
estimated prevalence of 25% to 47% (Dye 2012). It is a chronic
inflammatory condition initiated and maintained by a dysbiotic
dental biofilm. The microbial challenge induces a host response
that ultimately results in the destruction of connective tissue
attachment and alveolar bone (Graves et al. 2011). Tissue
destruction is caused by the immune response of the host.
Variations in the host response may increase or decrease the
susceptibility of different individuals to destructive periodon-
tal disease (Garlet 2010; Benakanakere et al. 2015).

Dendritic cells (DCs) are professional antigen-presenting
cells that initiate primary and secondary T-cell responses
(Wilensky et al. 2014). DCs play an essential role in resistance
to infection by their ability to present bacterial antigen to lym-
phocytes, initiating the adaptive immune response (Cutler and
Teng 2007; Hovav 2014). The interactions between DCs and
other cells of the innate and adaptive immune responses are
thought to be important in the pathogenesis of periodontal dis-
ease (Arizon et al. 2012). DC function is regulated by tran-
scription factors, including FOXO1. We recently showed that
the deletion of FOXO1 reduces DC function and impairs the

ability of DCs to activate the adaptive immune response (Dong
et al. 2015). Previous results demonstrated that FOXO1 medi-
ates lipopolysaccharide-induced cytokine expression in DCs
(Brown et al. 2011). FOXO1 is needed for DC migration and
homing to lymph nodes by regulating CCR7 and ICAM-1
expression (Dong et al. 2015). Evidence also shows that aging
is associated with a number of factors, including increased
periodontal disease, decreased FOXO1, and increased forma-
tion of advanced glycation end products (AGEs; Salih and

'State Key Laboratory of Oral Disease, West China Hospital of
Stomatology, Sichuan University, Chengdu, China

Department of Periodontics, School of Dental Medicine, University of
Pennsylvania, Philadelphia, PA, USA

3Department of Periodontology, Peking University School and Hospital
of Stomatology, Beijing, China

*Department of Oral and Maxillofacial Surgery, Peking University School
and Hospital of Stomatology, Beijing, China

*Shanxi Province People’s Hospital, Taiyuan, China

®Department of Diagnosis and Surgery, School of Dentistry at
Araraquara—UNESP, Araraquara, Brazil

Corresponding Author:
D.T. Graves, 240 South 40th Street, Philadelphia, PA 19104-6030, USA.
Email: dtgraves@dental.upenn.edu


http://crossmark.crossref.org/dialog/?doi=10.1177%2F0022034515625962&domain=pdf&date_stamp=2016-01-13

Effect of Aging

461

Brunet 2008). AGEs accumulate during the physiologic pro-
cess of aging and have been implicated in numerous age-
related pathologic processes (Gkogkolou and B6hm 2012).

Aging is a complex multifactorial process that increases
susceptibility to chronic inflammatory diseases and microbial
infections, such as periodontitis (Hajishengallis 2010). Older
individuals have higher levels of some Gram-negative bacilli,
such as Pseudomonas aeruginosa, Klebsiella pneumonia, and
Enterobacter, as compared with young individuals (Bodineau
et al. 2009). However, relatively little is known on how aging
affects oral bacterial communities.

We investigated factors that may contribute to aged-associ-
ated periodontal disease susceptibility. Aged mice and mice
with DC FOXO1 deletion had reduced numbers of DCs in
lymph nodes, consistent with reduced DC function. However,
aged mice compared with young mice had greater activation of
the adaptive immune response challenged by oral infection,
which was not observed in mice with DC FOXO1 deletion.
The greater adaptive immune response in aged mice was linked
to greater colonization of the tooth surface by Porphyromonas
gingivalis. Reduced bacterial diversity in aged versus young
mice may be responsible for the increased P. gingivalis coloni-
zation following inoculation and may increase periodontal dis-
ease susceptibility, reflected by increased tumor necrosis factor
(TNF) levels in the periodontium and greater osteoclast numbers.

Materials and Methods

Inoculation of Mice

FOXO1"" mice were bred with CD11¢.Cre recombinase mice
to generate mice with lineage-specific FOXO1 deletion in
experimental (CD11c.Cre”.FOXO1"") versus wild-type con-
trol mice littermates (CD11c.Cre”.FOXO1""). All mice were
housed in the same colonies under specific pathogen—free con-
ditions. Both P. gingivalis and Fusobacterium nucleatum were
grown in broth, in an anaerobic chamber with 85% N _, 5% Hz,
and 10% CO,. All animals were given 10° colony-forming
units of P, gingivalis and 10° colony-forming units of . nuclea-
tum suspended in 100 pL of 2% carboxymethyl cellulose in
sterile phosphate-buffered saline (Sigma-Aldrich, St. Louis,
MO, USA) into the oral cavity as described (Xiao et al. 2015).
Bacteria were administered orally 3 times per week for 2 wk.
Mice were euthanized by an overdose of intraperitoneal injec-
tion of ketamine and xylazine, followed by decapitation 6 wk
after the last oral inoculation. Young (~4 to 5 mo) and aged
mice (~14 to 15 mo) were used. All procedures were approved
by the Institutional Animal Care and Use Committee of the
University of Pennsylvania.

Microscopic Computerized Tomography
Analysis and TRAP Analysis

Maxillae were dissected after euthanasia and scanned with
the pCT-40 (Scano Medical AG, Bassersdorf, Switzerland).
Histomorphometric analysis was performed with Image ProPlus
software (version 7.0; Media Cybernetics, Silver Spring, MD,

USA). Bone loss was measured by the residual bone area
between the first and second molars. Histologic sections were
prepared after decalcification in 10% ethylenediaminetetraace-
tic acid at pH 7.4 for 6 wk. Paraffin-embedded sections were
examined for the presence of osteoclasts, which were identi-
fied as multinucleated tartrate-resistant acid phosphatase
(TRAP)—positive cells in the vicinity of bone tissue. The region
of interest was the coronal 0.35 mm of alveolar bone following
the approach that we described previously (Liu et al. 2006).

Immunofluorescence and Immunohistochemistry

TNF expression was measured by immunofluorescence. Primary
antibody (Abcam, Cambridge, MA, USA) was detected by a spe-
cific biotinylated secondary antibody, followed by fluorescein-
conjugated avidin (Vector Laboratories, Burlingame, CA,
USA). Coverslips were mounted with Fluoroshield with DAPI
(Sigma-Aldrich) to allow visualization of the cell nuclei. To
enhance antigen detection, antigen retrieval was performed
with sodium citrate buffer at pH 6.0 (Sigma-Aldrich), followed
by the use of a tyramide signal amplification system (PerkinElmer,
Waltham, MA, USA).

Cervical lymph nodes were collected and fixed immedi-
ately after euthanasia. DCs in lymph nodes were identified by
immunohistochemistry via a specific antibody to CD205
(NLDC145; Serotec, Oxford, UK). DCs in lymphoid follicles
and paracortical area were assessed with the 20x objective of
microscope. The number of plasma cells and IL-12 expression
in lymph nodes were measured as described before (Xiao et al.
2015). Briefly, plasma cells were detected by a specific anti-
body to CD138 (BD Biosciences, San Jose, CA, USA). IL-12
production in the germinal centers of lymph nodes was quanti-
fied by immunofluorescence measuring mean fluorescence
intensity (R&D Systems, Minneapolis, MN, USA). Primary
antibodies were followed by a species-specific biotinylated
secondary antibody and then by fluorescein-conjugated avidin
(Vectastain ABC Kit; Vector Laboratories). Coverslips were
mounted with Fluoroshield (Sigma-Aldrich). Images were
captured with a fluorescence microscope and Nikon NIS-
Elements software (version 3.2; Nikon, Melville, NY, USA)
and analyzed by trained examiners blinded to the experimental
groups.

DC Migration

DC migration was carried out in primary bone marrow—derived
DCs or the DC2.4 cell line as described (Dong et al. 2015).
Briefly, cells were harvested and incubated with 1 pg/mL of lipo-
polysaccharide for 24 h following incubation with bovine serum
albumin or carboxymethyl-lysine-albumin, an AGE that binds to
the receptor for AGE or unmodified albumin (200 pg/mL) for
48 h as described in (Zhang et al. 2015). Chemotaxis was mea-
sured in polycarbonate-filter Transwell chambers (5-pum pore
size; Corning) with or without CCL21 or CCL19 (Peprotech)
for 3h at 37 °C. DCs that migrated to the bottom chamber were
counted by fluorescence microscopy after staining of cell
nuclei with DAPI.
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Figure |. Aging and dendritic cell (DC) FOXO| deletion reduce the number of DCs in lymph
nodes and reduce DC migration. DCs in the lymph nodes were identified by immunohistochemistry
with a specific antibody to CD205. DC migration was examined in DC2.4 cells or bone marrow—
derived DCs after treatment with bovine serum albumin (BSA) or advanced glycation end products
(AGEs) and stimulated with CCL19 or CCL2| added to the bottom chamber in a Transwell assay.
(A) Images of CD205-positive immunostaining in cervical lymph nodes. (B) Quantification of
CD205-positive immunostaining in lymph nodes. (C) Migrated DC2.4 DCs stimulated with CCL19.
(D) Migrated bone marrow—derived DCs stimulated with CCL21. Values are expressed as the mean
+ SE, n = 4 to 6. "Significant difference (P < 0.05) between young mice and corresponding aged mice
or between DCs migrated from treatment with CCLI9 or CCL21 and vehicle. *Significant difference
(P < 0.05) between wild-type mice and age-matched DC FOXO| deletion mice. #Significant
difference (P < 0.05) between DCs migrated from treatment with AGE and control BSA. This was
done by 2 or 3 independent experiments.

(Caporaso et al. 2011). The trimmed
reads were clustered into operational
taxonomic units at 97% identity level
over an alignment and assigned to the
respective genus-level taxa. Alpha
diversity and rarefaction plots were
computed with Faith’s phylogenetic
diversity (PD_whole_tree) and Shannon
index biodiversity. Rarefaction curves
for phylogenetic diversity plateaued
after 1,000 reads per sample, approxi-
mating at a saturation phase. The rela-
tive abundances of each taxon were then
computed for each mock community
samples at each taxonomic level.

Quantitative Real-time
Polymerase Chain Reaction

The number of total bacteria and P. gin-
givalis colonization on the tooth surface
was determined by quantitative real-
time polymerase chain reaction of the
16S rRNA gene (total bacteria) and the
ISPgl gene (P. gingivalis) in the ABI
7500 Fast System (Applied Biosystems,
Foster City, CA, USA). The broth cul-
ture was quantified by colony-forming
unit to construct a standard curve
(McIntosh and Hajishengallis 2012).
The primers sets used to enumerate
total bacterial load and P. gingivalis
copy number were as follows:

16S rRNA (universal; total bacte-
rial load): 5TCCTACGGGAG
GCAGCAGT-3', 5'-GGACTAC
CAGGGTATCTAATCCTGT
T-3

ISPgl (P. gingivalis): 5'-CGCA
GACGACAGAGAAGACA-3/,
5'-ACGGACAACCTGTTTTT
GATAATCCT-3'

Bacterial Analysis

All the molar crowns were cut along the edge of alveolar bone
crest, and bacteria were separated from the surface of tooth by
bead beating (Polysciences, Philadelphia, PA, USA) in cell lysis
buffer from the DNeasy kit (Qiagen, Valencia, CA, USA; Kumar et
al. 2011). After a 60-s vortex, DNA present in the buffer was
isolated with the DNeasy kit and quantitated with a spectropho-
tometer (Tecan, Mannedorf, Switzerland). Amplification of the
V4 region of 16S ribosomal DNA (16S rDNA; IDT, Coralville,
IA, USA) was performed in 50-uL reactions and then purified
with both Agencourt XP DNA purification beads (Beckman
Coulter, Beverly, MA, USA) and QiaAmp DNA Mini Spin
Columns (Qiagen). The sequencing was performed with paired-
end MiSeq runs, and data were analyzed by Qiime software

Enzyme-linked Immunosorbent Assay

Serum was obtained by cardiac puncture at the time of eutha-
nasia. Antibody (IgG1) against P. gingivalis was measured by
ELISA as we previously described (Chae et al. 2002).

Results

Aging and DC FOXO| Deletion Reduce
the Number of DCs in Lymph Nodes

The number of DCs in cervical lymph nodes was ~50% less in
aged mice compared with young mice (P < 0.05). Young and
aged mice with DC FOXO1 deletion had a significantly lower
number of DCs compared with the matched control group (P <



Effect of Aging

463

0.05), indicating a reduced host response in aged and DC
FOXOI-deleted mice (Fig. 1A, B). To investigate a potential
mechanism, we examined the impact of an AGE on DC migra-
tion since AGEs accumulate in aged individuals and have been
linked to cellular deficits caused by aging (Gkogkolou and
Bohm 2012). Chemokine stimulation induced a 2.7- to 6.4-fold
increase in DC migration in freshly isolated DCs or in a DC
cell line. Migration was reduced by up to 60% to 75% by incu-
bation with AGE compared with unmodified albumin (P <
0.05; Fig. 1C, D).

Aging Enhances Activation of the
Adaptive Inmune Response

To investigate the impact of reduced DC function, we exam-
ined activation of the adaptive immune response following
inoculation of bacteria. P. gingivalis—specific IgG1 in aged
mice was 2 to 3 times higher than matched young mice (P <
0.05; Fig. 2A). In contrast, DC FOXO1 deletion had the oppo-
site effect, reducing anti—P. gingivalis IgG1 in aged mice (P <
0.05). Similarly, the number of CD138+ plasma cells in the
draining lymph nodes was 2.0-fold higher in aged mice in
comparison with young mice (Fig. 2B), and the increase was
reversed by FOXO1 deletion in DC. IL-12 production in the
germinal centers of lymph nodes increased ~30% in aged mice,
which was blocked by FOXO1 deletion in DCs (Fig. 2C). The
results indicate that aging results in an increased adaptive
immune response, whereas DC FOXO1 deletion does not. This
suggests that factors other than age-associated DC function
play a major role in the response of aged mice to oral inocula-
tion of bacteria.

Aging Increases Colonization of P. gingivalis
and Reduces Bacterial Diversity

Aging increased P. gingivalis levels in the dental biofilm by
~4.7-fold. However, deletion of FOXOT1 in DCs in aged mice
reduced the amount of P. gingivalis associated with teeth (P <
0.05; Fig. 3A). Aged mice had 9 times more bacteria in their
dental biofilm than young mice (P < 0.05). FOXO1 ablation in
DCs also increased the amount of bacteria, although to a
smaller extent than aging (Fig. 3B).

Phylogenetic and Shannon index were calculated to eluci-
date differences in bacterial diversity associated with aging.
Aged mice had less diversity in comparison with young mice
(P <0.05; Fig. 3C, D). To further analyze changes in the dental
biofilm, bacteria were examined at the taxonomic levels of fam-
ily or genus (Fig. 3E). Among these bacteria, Ruminococcaceae
and Lactobacillus have been reported to be commensal bacte-
rial in the periodontium or gastrointestinal tract (Szkaradkiewicz
et al. 2011; Biddle et al. 2013). Bacillus, Staphylococcus,
Prevotella, Pseudomonas, Acinetobacter, Fusobacterium, and
Porphyromonas have been reported to have pathogenic poten-
tial in the periodontium and gut (Szkaradkiewicz et al.
2011; Hajishengallis 2014; Rolny et al. 2014; Souto et al.
2014). The proportion of the bacterial community composed of
Ruminococcaceae and Lactobacillus in aged mice was reduced
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Figure 2. Aging enhances activation of the adaptive immune response.
Serum antibody (IgG 1) to Porphyromonas gingivalis was measured by
ELISA. Paraffin sections of neck lymph nodes from young or aged
dendritic cell (DC) FOXO I-deleted mice or control littermates mice
were stained with CD|38-specific antibody for plasma cells or IL-12

by immunofluorescence. Matched control antibody was negative

for immunofluorescent staining. (A) Serum anti—P. gingivalis 1gG |
antibody measured by ELISA. (B) Quantification of CD |38-positive
immunostaining in lymph nodes. (C) Quantification of IL-12-positive
immunostaining in lymph nodes. Values are expressed as the mean +
SE, n = 4 to 6. *Significant difference (P < 0.05) between young mice
and corresponding aged mice. *Significant difference (P < 0.05) between
wild-type mice and age-matched DC FOXO|-deleted mice. n =5 or 6
mice per group.

in comparison to young mice, while the proportion of bacteria
with pathogenic characteristics such as Staphylococcus
increased in aged mice. Thus, the aged mice exhibited less
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Figure 3. Aging increases colonization of Porphyromonas gingivalis and
reduces bacterial diversity. Bacteria were separated from the surface

of tooth crown, and the number of P. gingivalis and total bacteria were
determined with quantitative real-time polymerase chain reaction (PCR).
DNA collected from bacteria on tooth surfaces was sequenced with
the MiSeq Sequencing System. (A) P. gingivalis on the tooth surface

was determined by quantitative real-time PCR of the ISPg/ gene. CFU,
colony-forming units. (B) Total oral bacteria loading on the tooth
surface was determined by quantitative real-time PCR of the 16S rRNA
gene. (C) Alpha diversity and rarefaction plots were computed with
Faith’s phylogenetic diversity (PD_whole_tree). (D) Alpha diversity

and rarefaction plots were computed with Shannon index biodiversity.
(E) Bar charts represent the relative abundance of the main microbial
phyla related to the periodontal diseases in mice subjected to different
treatment. Phylogenetic orders are represented by different colors:
Green indicates commensal bacteria, including Ruminococcaceae and
Lactobacillus; yellow and red indicate pathogenic bacteria, including
Bacillus, Staphylococcus, Prevotella, Pseudomonas, Acinetobacter,
Fusobacterium, and Porphyromonas. Values are expressed as the mean +
SE,n=4to 6. *Signiﬁcant difference (P < 0.05) between young mice and
corresponding aged mice. *Significant difference (P < 0.05) between wild-
type mice and age-matched DC FOXOI| deletion mice.

diversity, reflected by an increased proportion of bacteria with
higher pathogenic potential.

Aging Increases Susceptibility to
Periodontal Disease

The amount of periodontal bone present in young mice was 51%
greater than aged mice (P < 0.05). DC FOXO1 deletion further
reduced the amount of bone by ~40% in aged mice (P < 0.05;
Fig. 4A, B) and caused greater bone loss in young mice (P <

teeth were scanned by micro—computed tomography. (A) Micro-CT

of maxilla. (B) Remaining bone area/total area between the first and
second molars. Values are expressed as the mean + SE, n = 5 or 6 mice
per group. ‘Significant difference (P < 0.05) between young mice and
corresponding aged mice. *Significant difference (P < 0.05) between wild-
type mice and age-matched dendritic cell FOXOI deletion mice.

0.05). The number of osteoclasts, which reflects recent bone
loss, followed a similar pattern. Aged mice had ~60% more
osteoclasts per millimeter compared with the corresponding
young mice (P < 0.05). Reduced DC function increased osteo-
clasts by ~65% in aged mice (P <0.05; Fig. 5A, B) and in young
mice (P < 0.05). The effect on gingival inflammation was
assessed by measuring TNF expression. The number of cells that
expressed TNF increased ~2-fold in aged mice versus young
mice. DC-specific deletion of FOXO1 further increased TNF in
aged mice by ~30% increase (P < 0.05; Fig. 5C, D).

Discussion

We assessed the effect of aging on the host response in the
gingiva and draining lymph nodes by comparing aged and
young mice after oral infection. Aged mice and DC FOXO1-
deleted mice both had decreased numbers of DCs in cervical
lymph nodes. Surprisingly, aging increased the adaptive
immune response to oral infection, reflected by increased anti-
body to P. gingivalis, increased IL-12, and greater numbers of
plasma cells in lymph nodes. In contrast, DC FOXO1 deletion
reduced these parameters in aged mice, suggesting that the
changes in the host response in aged mice was not strictly tied
to age-related changes in DCs. This was investigated further by
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The latter was demonstrated by greater
levels of TNF in the periodontium of
aged mice following oral inoculation
and increased numbers of osteoclasts
with reduced levels of bone.

Aged mice had reduced DCs in cer-
vical lymph nodes following challenge
with P gingivalis/F. nucleatum. To
investigate a potential mechanism, we
examined DCs in vitro and found that
an AGE that binds to RAGE (Nedié
et al. 2013) and is increased with aging
(Nedic¢ et al. 2013) significantly reduces
DC migration. Thus, a potential mecha-
nism for reduced DC numbers in lymph
nodes may involve the effect of AGE on
DC migration. Aging increased the
number of osteoclasts in mice chal-
lenged with P. gingivalis/F. nucleatum
compared with young mice. These mice
also exhibited overall higher levels of
bacteria. The reduced numbers of DCs
in draining lymph nodes were observed
with DC-specific deletion of FOXO1. It
is possible that long-term reduction of
DCs in lymph nodes of aged mice and
mice with FOXO1 deletion results in
greater accumulation of bacteria. This
speculation is supported by findings
that depletion of DCs increases bacte-
rial levels in the kidneys and lungs
(Schindler et al. 2012).

Several aspects of the adaptive
immune response were greater in aged
mice than in young mice despite the
reduced number of DCs found in lymph
nodes. The changes followed closely an
increase in P. gingivalis in aged mice.
Aging was linked to an increase in anti-
body production to P. gingivalis, which
coincided with a higher number of
plasma cells in cervical lymph nodes of
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Figure 5. Aging increases susceptibility to periodontal disease. Serial paraffin sections that
included maxillary first and second molars and alveolar bone were prepared. Osteoclast number
was analyzed by tartrate-resistant acid phosphatase (TRAP) staining, and TNF expressed in the
gingival epithelium was determined by immunofluorescence. (A) Histomorphometric analysis of
osteoclast number analyzed by TRAP staining (blue arrow indicates the osteoclast). (B) Number
of osteoclasts per bone length was measured in alveolar bone adjacent to the second molar.
(€) Images of TNF-positive staining in gingival epithelium between the first and second

molars. The upper part of the white line indicates epithelium, and the lower part indicates
connective tissue. (D) The percentage TNF-positive cells was measured in gingival epithelium by
immunofluorescence. Values are expressed as the mean + SE, n = 5 or 6 per group. *Signiﬁcant
difference (P < 0.05) between young mice and corresponding aged mice. “Significant difference
(P < 0.05) between wild-type mice and age-matched dendritic cell FOXO| deletion mice.

aged versus young mice and higher levels of IL-12 production in
the germinal centers of lymph nodes. These changes are not sim-
ply related to age-reduced DC function, since FOXOT1 deletion
partially rescued the impact of aging on each.

The increase in antibody levels in aged mice is likely to
reflect greater exposure of aged mice to bacterial stimulus
since the amount of P. gingivalis recovered on the tooth surface
of aged mice was higher than young mice. The difference in P,
gingivalis colonization may reflect altered bacteria-bacteria

interactions in aged and young mice. It is noteworthy that the
aged mice had reduced bacterial diversity that may increase
subsequent colonization of inoculated P. gingivalis. The
reduced microbial diversity that we found in aged mice was
linked to a reduced proportion of commensal bacteria and an
increased proportion of bacteria known to have pathogenic
characteristics. Similar changes have been noted in the gut dur-
ing aging (Power et al. 2014), and an increase in anaerobes has
been reported with aging in the oral cavity (Shoemark and
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Allen 2015). Human studies report that individuals with peri-
odontitis have higher microbial diversity than healthy controls
(Griffen et al. 2012). This finding does not necessarily disagree
with our results, since we are comparing young and old ani-
mals while Griffen and coworkers (2012) compared similarly
aged individuals with and without periodontitis.

In conclusion, we found that aging reduced numbers of DCs
in regional lymph nodes similar to mice with impaired DC
function. However, aged mice had a greater adaptive immune
response to inoculated P gingivalis, which is likely due to
greater accumulation of P. gingivalis following inoculation.
High levels of P. gingivalis were not strictly due to an impaired
adaptive immunity, since it was not observed in mice with
FOXOL1 deletion in DCs but may be linked to altered bacteria-
bacteria interactions in aged mice, which had reduced bacterial
diversity. Ultimately the changes in the aged mice led to
increased osteoclast numbers when challenged by inoculation
of oral pathogens, indicative of enhanced susceptibility to
periodontitis.
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