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Interleukin-17 (IL-17) is a proinflammatory cytokine secreted by the newly described CD4� Th17 subset,
which is distinct from classic Th1 and Th2 lineages. IL-17 contributes to bone destruction in rheumatoid
arthritis but is essential in host defense against pathogens that are susceptible to neutrophils. Periodontal
disease (PD) is a chronic inflammatory condition initiated by anaerobic oral pathogens such as Porphyromonas
gingivalis, and it is characterized by host-mediated alveolar bone destruction due primarily to the immune
response. The role of IL-17 in PD is controversial. Whereas elevated IL-17 levels have been found in humans
with severe PD, we recently reported that female C57BL/6J mice lacking the IL-17 receptor (IL-17RAKO) are
significantly more susceptible to PD bone loss due to defects in the chemokine-neutrophil axis (J. J. Yu, M. J.
Ruddy, G. C. Wong, C. Sfintescu, P. J. Baker, J. B. Smith, R. T. Evans, and S. L. Gaffen, Blood 109:3794–3802,
2007). Since different mouse strains exhibit differences in susceptibility to PD as well as Th1/Th2 cell skewing,
we crossed the IL-17RA gene knockout onto the BALB/c background and observed a similar enhancement in
alveolar bone loss following P. gingivalis infection. Unexpectedly, in both strains IL-17RAKO female mice were
much more susceptible to PD bone loss than males. Moreover, female BALB/c–IL-17RAKO mice were defective
in producing anti-P. gingivalis immunoglobulin G and the chemokines KC/Gro� and MIP-2. In contrast, male
mice produced normal levels of chemokines and anti-P. gingivalis antibodies, but they were defective in
granulocyte colony-stimulating factor upregulation. This study demonstrates a gender-dependent effect of
IL-17 signaling and indicates that gender differences should be taken into account in the preclinical and
clinical safety testing of anti-IL-17 biologic therapies.

Interleukin-17 (IL-17) is a proinflammatory cytokine se-
creted by activated T cells. Soon after its discovery (47), IL-17
was shown to be produced by CD4� effector T cells that were
not obviously Th1 or Th2 (1, 15, 25, 54). IL-17 also was found
to contribute to inflammatory bone pathology in rheumatoid
arthritis (RA) and is now known to be centrally involved in
numerous autoimmune disorders (16, 32, 41). In contrast to
the classic Th1 and Th2 cell populations, IL-17-secreting T
cells arise as a distinct and novel T-helper subset, termed Th17.
Moreover, gamma interferon and IL-4 derived from Th1 and
Th2 cells inhibit Th17 differentiation (12). Mouse Th17 cells
arise in the context of tumor growth factor beta in combination
with IL-6 or IL-21 (10, 31, 37, 43, 59, 67). IL-23 stimulates the
production of IL-17 (2) and is critical for the expansion of
Th17 cells in vivo (61). Th17 cells also produce IL-22, IL-17F,
IL-26, IL-10, and various chemokines (34). The discovery of
Th17 cells has forced a major revision in our understanding of
T-cell-mediated inflammation (56).

The receptor for IL-17, IL-17RA, is the founding member of
a unique family of cytokine receptors (3, 64). Unlike its ligands
IL-17 and IL-17F, IL-17RA is expressed ubiquitously, partic-
ularly on nonimmune cells such as fibroblasts, osteoblasts, and

epithelial cells (18, 41). Signaling through IL-17RA results in
the expression of inflammatory effectors such as IL-6, �-de-
fensins, chemokines, PGE2, RANKL, and various growth
factors (52, 53). In particular, studies of IL-17RA knockout
(IL-17RAKO) mice have identified its essential role in me-
diating neutrophil responses. Indeed, IL-17RAKO mice are
highly susceptible to bacterial, fungal, and parasitic infec-
tions and are linked to severe neutrophil defects (24, 28, 36,
65, 66).

Susceptibility to immune-mediated diseases is influenced by
gender. Women are far more likely than men to succumb to
autoimmune disorders, including rheumatoid arthritis (female
to male ratio, 2:1), multiple sclerosis (2:1), and systemic lupus
erythematosis (9:1) (62). Few studies with experimental mod-
els have attempted to discern gender-associated factors that
contribute to disease (22, 46, 60), and none to date have linked
the IL-23–IL-17 axis with gender and disease susceptibility.

Periodontal disease (PD) is a multifactorial inflammatory
disease that is triggered by the colonization and invasion of
periodontopathic organisms, particularly Porphyromonas gingi-
valis. Although infectious agents are required for disease ini-
tiation and progression, the resulting inflammation and alveo-
lar (jaw) bone destruction requires an immune response. SCID
or CD4KO mice are resistant to periodontal bone loss in ex-
perimental PD, implicating T cells in driving bone destruction
(5, 8). Protection from PD also is associated with competent
neutrophil activity, as patients with chronic granulomatous dis-
ease or leukocyte adhesion deficiency and mice with neutrophil
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defects experience severe PD (7, 9, 27, 42, 66). Accordingly, in
our recent study we were not surprised to find that IL-17RAKO

mice infected with P. gingivalis exhibit increased susceptibility
to PD bone loss, which was due largely to neutrophil recruit-
ment defects (33, 66).

PD susceptibility varies by genetic background (4, 6). Since
Th subset skewing also is genetically influenced, we transferred
the IL-17RA gene knockout from a C57BL/6 background to
the PD-susceptible BALB/CJ background and assessed the con-
tribution of IL-17 signaling. Here, we report that IL-17RAKO

mice of both strains show increased susceptibility to PD bone
loss. However, female IL-17RAKO mice showed more severe
disease. This is the first report of a cytokine receptor knockout
that is differentially affected by gender in the context of PD.

MATERIALS AND METHODS

Mice. Wild-type (WT) BALB/CJ and C57BL/6 (B6) mice (6 to 8 weeks old)
were purchased from Jackson Laboratory (Bar Harbor, ME). IL-17RAKO mice
(B6) were from Amgen (Seattle, WA). IL-17RAKO mice on a BALB/CJ back-
ground were generated by successive backcrossing for seven generations. Ani-
mals were housed in specific-pathogen-free conditions under protocols approved
by the University at Buffalo IACUC.

Bacterial culture. Porphyromonas gingivalis (strain A7A1-28) was stored at
�70°C in brain heart infusion broth (BHI; BD Biosciences, San Jose, CA) with
15% glycerol, 5.0 �g/ml hemin, and 5.0 �g/ml menadione (Sigma, St. Louis,
MO). Bacteria were plated on BHI agar supplemented with 5% defibrinated
sheep blood (Bio Link Incorporated, Liverpool, NY), 5.0 �g/ml hemin, and 5.0
�g/ml menadione and were grown anaerobically in 5% CO2, 5% H2, and 90% N2

at 37°C.
Mouse model of PD. Mice were infected with P. gingivalis as previously de-

scribed (8, 21). Briefly, mice were given fulfatrim (2 mg/ml [wt/vol] sulfameth-
oxazle and 0.4 mg/ml [wt/vol] trimethoprim; Alpharma USPD Inc., Baltimore,
MD) in drinking water for 10 days, followed by 5 days of water without antibi-
otics. Mice were infected with �1011 CFU P. gingivalis in 500 �l 2% carboxy-
methylcellulose (CMC) suspension via oral gavage three times at 2-day intervals.
Sham-treated mice were given 500 �l CMC alone. Mice were sacrificed after 6
weeks, and serum was collected by cardiac puncture. Maxillary jaws were auto-
claved, defleshed, and stained with 1% methylene blue to distinguish enamel
from bone. Horizontal bone loss was assessed morphometrically by measuring
the distance between the alveolar bone crest (ABC) and cementoenamel junc-
tion (CEJ) at 14 buccal sites on the maxillae under a dissecting microscope
(Brook-Anco, Rochester, NY) fitted with an Aquinto imaging measurement
system (a4i America, Rochester, NY). Analyses were performed by two investi-
gators in a blinded fashion, as described previously (66).

ELISA. P. gingivalis-specific enzyme-linked immunosorbent assays (ELISAs)
were performed as described previously (8, 66). Briefly, 96-well Immuno-Maxi-
sorp plates (Nalgene Nunc International, Rochester, NY) were coated with
formalin-fixed P. gingivalis. Sera were added in twofold serial dilutions, and
anti-P. gingivalis immunoglobulin G (IgG) was detected using alkaline phos-
phatase-conjugated goat anti-mouse IgG (Zymed Technologies-Invitrogen,
Carlsbad, CA). The titer was defined as the log2 of the highest dilution with
a signal that was 0.1 optical density units above the level of the background
signal. Cytokine ELISA kits were from R&D Systems (Minneapolis, MN) or
eBioscience (San Diego, CA).

Cell culture. Primary mouse spleen cells were stimulated with IL-17 or
IL-17F (200 ng/ml), lipopolysaccharide (5 �g/ml), IL-1� (10 ng/ml), or tumor
necrosis factor alpha (TNF-�) (2 ng/ml), and supernatants were assayed for
IL-6 by ELISA. Cytokines were from R&D Systems or Peprotech.

Data analysis. Data were analyzed on GraphPad Prism software (GraphPad,
San Diego, CA). Net bone loss is defined as the ABC-CEJ distance of P.
gingivalis-infected sites minus the mean ABC-CEJ distance of sham-treated sites.
The net antibody level is the antibody titer of P. gingivalis-infected mice minus
the mean titer of sham-treated mice. The (n-fold) increase in cytokine produc-
tion is the concentration of cytokines in P. gingivalis-infected mice divided by the
concentration in sham-treated mice, multiplied by 100. Comparisons between
groups were made using a Student’s t test or analysis of variance, as appropriate.
Statistical significance is defined as P � 0.05.

RESULTS

Female IL-17RAKO mice exhibit increased bone loss. Sus-
ceptibility to alveolar bone destruction in murine models of
periodontal disease (PD) depends on environmental and ge-
netic factors (reviewed in reference 21). Inbred strains of mice,
including B6 mice, are resistant to alveolar bone loss, whereas
BALB/CJ mice are susceptible (6). We previously reported
that an IL-17RA deficiency on the B6 background increased
susceptibility to alveolar bone loss induced by P. gingivalis (66).
Intriguingly, however, only female IL-17RAKO mice exhibited
this phenotype (Fig. 1A, left), whereas male IL-17RAKO mice
were resistant, similarly to male and female WT controls. This
finding was surprising, as this model has not been reported to
favor one gender. Additionally, human PD is not known to
affect women disproportionately over men (reviewed in refer-
ence 11; also see Discussion). Indeed, there was no gender
difference in terms of PD in the WT mice (Fig. 1A). Therefore,
we hypothesized that increased susceptibility in female
IL-17RAKO mice was due to the differential regulation of
IL-17RA-regulated gene products by gender.

To determine whether the increased susceptibility to alveo-
lar bone loss was restricted to the B6 background, the IL-17RA
gene deletion was backcrossed onto the BALB/c background
for seven generations. IL-17RAKO mice on the BALB/c back-
ground did not exhibit gross abnormalities and produced litter
sizes that are typical of this strain. There was a noticeable
increase in the prevalence of genitourinary irritation, but this
did not affect procreation or the elimination of bodily waste.
Males needed to be housed separately, as there was an increase
in the aggression characteristics of BALB/c mice (http://www
.informatics.jax.org/external/festing/mouse/docs/BALB.shtml).
With regard to alveolar bone phenotype, the baseline distance
between the CEJ and the ABC was similar between male and
female WT mice (Fig. 1B). BALB/c WT male mice exhibited a
trend toward higher ABC-CEJ distances than females, but the
findings were not statistically different. Mice with IL-17RAKO

on the B6 background did not exhibit altered baseline ABC-
CEJ distances. However, male, but not female, IL-17RAKO

mice on the BALB/c background showed increased ABC-CEJ
distances. The differential effect of the IL-17RA deficiency
between genders illustrates a complex interaction between
IL-17RA signaling, gender, and bone anatomy. These
differences in baseline bone characteristics also highlight the
necessity of normalizing changes seen in infection to the
baseline levels that are characteristic of each gender and
genotype.

When BALB/c WT mice were infected with P. gingivalis,
increased PD bone loss was observed, as measured by the
increased distances between the CEJ and ABC in all infected
mice compared to those of sham-treated mice (Fig. 1A, C),
which has been reported previously (6). There was consider-
ably more bone loss in BALB/c–IL-17RAKO mice than in WT
mice, reproducing findings made with B6 mice (66) (Fig. 1A,
right). To account for the baseline bone distances unique to
each gender and genotype, net bone loss was expressed as the
CEJ-ABC distances of P. gingivalis-infected mice minus the
mean CEJ-ABC distances of sham-treated matched mice. In
both males and females, increased bone loss was observed in
IL-17RAKO mice (Fig. 1A). However, in contrast to the B6-
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IL-17RAKO mice, both male and female BALB/c–IL-17RAKO

mice exhibited significantly increased bone loss. Nonetheless,
female IL-17RAKO mice in both strains were more susceptible
than their male counterparts.

In our prior study, B6-IL-17RAKO mice exhibited most bone
loss in the vicinity of the first molar (sites 1 to 3) on both the
left and right maxillae (66). However, infection in both genders
of BALB/c WT and IL-17RAKO mice resulted in increased
bone loss in the left compared to the right maxillae (Fig. 1C).
Asymmetry in bone loss has been observed by others for this
strain, although the underlying mechanism is not understood
(30). Additionally, increased bone loss was observed in the
vicinity of the first molar, but the loss also was significant at the

second and third molars of BALB/c–IL-17RAKO mice (Fig.
1C, D). Thus, BALB/c mice exhibit qualitatively similar but
quantitatively greater PD bone loss due to an IL-17RA defi-
ciency than do B6 mice.

P. gingivalis-specific antibody response is impaired in female
BALB/c–IL-17RAKO mice. Many studies exploring murine
models of PD have described a requirement for antigen-spe-
cific lymphocytes contributing to alveolar bone loss (58). Other
studies have described the immunomodulatory functions of
gender-specific factors regarding the activity of lymphocytes
(62). To determine the role of IL-17RA in the regulation of
antibody production as well as to assess the extent of antigen-
specific responses, serum samples from sham- and P. gingivalis-

FIG. 1. Female IL-17RAKO mice exhibit enhanced alveolar bone loss in response to P. gingivalis infection. (A) Net bone loss is increased in
female IL-17RAKO mice. WT and IL-17RAKO mice (B6, left; BALB/c, right; n � 6 to 8) were infected with P. gingivalis or were sham treated.
Alveolar bone loss was assessed 6 weeks after infection. Net bone loss was defined as the ABC-CEJ distance of sham-treated mice subtracted from
that of P. gingivalis-infected mice. (Data representing net bone loss from female B6 WT and IL-17RAKO mice were modified from reference 66
with permission of the publisher.) (B) Baseline jaw measurements in BALB/c–IL-17RAKO and B6 mice. Baseline (i.e., uninfected) ABC-CEJ
distances are shown for male (M) and female (F) B6 (left) and BALB/c (right) mice. *, P � 0.05; **, P � 0.01; ***, P � 0.001; n.s., not significant.
(C) Net bone loss is enhanced in female BALB/c–IL-17RAKO mice. Female WT (top) and IL-17RAKO mice (bottom) (n � 8) on the BALB/c
background were infected as described for panel A. Bone loss at 14 buccal sites (R1 to R7, right side; L1 to L7, left side) was evaluated. Standard
deviations are shown, and significance was assessed by an unpaired t test. *, P � 0.05; **, P � 0.01; ***, P � 0.001; n.s., not significant. Pg, P.
gingivalis. (D) Representative jaw phenotypes of female P. gingivalis-infected BALB/c WT and IL-17RAKO mice. Maxillary bones were stained with
methylene blue. Images were acquired with a Nikon SMZ 1000 microscope (magnification, 	3).
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infected mice were evaluated for P. gingivalis-specific IgG.
Both BALB/c WT and BALB/c–IL-17RAKO male and female
mice exhibited a robust anti-P. gingivalis IgG response (Fig.
2A). Interestingly, the sham antibody titers in BALB/c–IL-
17RAKO mice were higher than sham titers in BALB/c WT
mice. This phenotype is consistent with the findings of our
previous study, in which sham titers in B6–IL-17RAKO mice
were higher than sham titers in B6 WT mice, but both WT and
IL-17RAKO mice responded vigorously to P. gingivalis, indicat-
ing successful infection (Fig. 2A) (66). To normalize the base-
line differences between WT and IL-17RAKO mice, the mean
titer of sham-treated mice was subtracted from the titer of P.
gingivalis-infected mice (Fig. 2B). By this analysis, the net in-
duction of P. gingivalis-specific IgG was impaired in female
BALB/c–IL-17RAKO mice compared to that of WT mice (Fig.
2B, right). In contrast, the IL-17RA gene deletion in males did
not significantly affect the levels of P. gingivalis-specific IgG
(Fig. 2B, left). Serum anti-P. gingivalis IgA or IgM was not
detected in any mouse (data not shown). Therefore, serum IgG
responses reflected gender differences in PD bone loss.

Female and male BALB/c–IL-17RAKO mice show impair-
ments in different IL-17RA target genes. Neutrophil-attracting
chemokine gene expression is controlled by IL-17 both in vivo
and in vitro (48, 63), and many studies have demonstrated a
requirement of IL-17RA for neutrophil-mediated host protec-
tion (24, 28, 65). Although both male and female BALB/c–IL-
17RAKO mice exhibited increased bone loss compared to that
of WT mice, we hypothesized that the magnitude of the IL-
17RA defect would be greater in female BALB/c–IL-17RAKO

mice. Indeed, the induction of Gro� (also called KC or
CXCL1) was significantly impaired in P. gingivalis-infected fe-
male BALB/c–IL-17RAKO mice compared to that of female
WT mice. However, no changes in the levels of Gro� were
observed in P. gingivalis-infected IL-17RAKO male mice (Fig.
3A, left). Similarly, MIP-2 (also called CXCL2) was signifi-
cantly impaired in infected female IL-17RAKO mice compared
to the levels in WT mice, whereas MIP-2 levels did not differ
between P. gingivalis-infected IL-17RAKO and WT male mice
(Fig. 3A, right). Baseline levels of MIP-2 were similar across
genders and genotypes and would not account for the differ-
ences seen in MIP-2 upregulation after infection (data not
shown). A similar finding was found between the chemokine

levels of Gro� in males and females in the B6 background (Fig.
3B). This selective defect of neutrophil chemokine regulation
likely contributes to the increased bone loss in female
IL-17RAKO mice due to impaired neutrophil recruitment, as
shown previously (66).

Interestingly, the baseline or uninfected levels of Gro� dif-
fered depending on gender and genotype. IL-17RAKO mice
exhibited increased baseline Gro� levels in both males and
females. Additionally, females had higher Gro� levels than
males in WT and IL-17RAKO backgrounds (Fig. 3F). Surpris-
ingly, the increased baseline levels of Gro� in IL-17RAKO

mice does not translate to increased protection from P. gingi-
valis-induced bone loss, since IL-17RAKO mice are more sus-
ceptible to bone loss than WT mice (Fig. 1). The Gro� defect
observed in P. gingivalis-infected female IL-17RAKO mice
likely is not caused by inherent differences in chemokine levels
but rather by defects in chemokine upregulation after infec-
tion. The additional differences in Gro� from uninfected mice
emphasize the importance of reporting the induction of che-
mokine levels due to P. gingivalis infection measured relative to
baseline levels.

IL-17 plays an important role in neutrophil homeostasis (55)
as well as expanding neutrophil numbers by regulating granu-
locyte colony-stimulating factor (G-CSF) (15). Reduced levels
of G-CSF have been observed in bacterially infected
IL-17RAKO mice (65). Baseline levels of G-CSF were sim-
ilar across both genders and genotypes (data not shown). In P.
gingivalis-infected mice, no defect in G-CSF was observed in
female BALB/c–IL-17RAKO mice (Fig. 3C). In contrast, male
BALB/c–IL-17RAKO mice did not increase G-CSF levels to
the same extent as male WT mice. This selective defect of
G-CSF points to a mechanistic difference in neutrophil regu-
lation in male compared to female mice. Nonetheless, defects
in neutrophil regulation occur in both genders, which we have
previously shown to be critical for controlling PD bone loss
(66).

A major gene target of IL-17 is IL-6 (49, 64). IL-6 levels
from uninfected mice were similar across genotypes and gen-
ders (not shown). In the context of experimental PD, the in-
fected IL-17RAKO mice showed only slightly decreased pro-
duction of IL-6, which was not statistically different from that
for WT mice (Fig. 3D). Since the effect was similar in male and

FIG. 2. Anti-P. gingivalis IgG production is impaired in female BALB/c–IL-17RAKO mice. (A) WT and IL-17RAKO mice exhibit anti-P.
gingivalis antibody responses. Serum anti-P. gingivalis IgG was evaluated in P. gingivalis-infected mice by ELISA, and means 
 standard deviations
are shown. *, P � 0.05. Pg, P. gingivalis. (B) Net antibody titer is impaired in female mice. The titer is defined as the antibody titer of sham-treated
mice subtracted from that of P. gingivalis-infected mice. Standard deviations are shown, and statistical significance was assessed by an unpaired t
test. *, P � 0.05; n.s., not statistically different.
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female mice, the gender-mediated effects of IL-17 on cytokine
production appear to be specific for neutrophil growth factors
and chemokines.

We and others have shown that IL-17 signals synergistically
with TNF-� (40, 49). In this model, we found no gender dif-
ference in TNF-� levels for either strain (Fig. 3E). However,
the induction of TNF-� was more pronounced in BALB/c mice
than in B6 mice, which may partly explain the increased sus-
ceptibility to bone loss in the BALB/c background.

To determine whether there was an inherent signaling dif-
ference between genders in terms of IL-17 responsiveness,

spleen cells from male or female WT B6 mice were stimulated
with IL-17, IL-17F, and TNF-� for 24 h, and IL-6 secretion was
assessed by ELISA. Strikingly, female mice showed reduced
responses to several inflammatory cytokines, including IL-1�,
TNF-�, IL-17, and IL-17F (Fig. 4).

DISCUSSION

The interaction between gender and immunity is intriguing.
Although sex steroids are obvious targets of study, hormones
such as prolactin, growth hormone, and insulin-like growth

FIG. 3. Differential impairment of IL-17-dependent gene expression in male and female BALB/c–IL-17RAKO mice. (A) Female, but not male,
BALB/c–IL-17RAKO mice show the impaired expression of CXC chemokines. Chemokine levels in sera from male and female IL-17RAKO mice
were determined by ELISA and are defined as the chemokine concentrations from P. gingivalis-infected mice as percentages of the levels of
chemokines from sham-treated mice. (B) Female, but not male, B6–IL-17RAKO mice show the impaired expression of CXC chemokines. Sera from
B6–IL-17RAKO mice were analyzed for Gro� as described for panel A. (Gro� data from the female B6 WT and IL-17RAKO mice were modified
from reference 66 with permission of the publisher.) (C) G-CSF expression is impaired in male, but not female, IL-17RAKO mice. G-CSF serum
levels in the indicated mice are shown, normalized as described for panel A. (D) Serum IL-6 production is not altered in IL-17RAKO mice. IL-6
levels in serum from the indicated mice are shown, normalized as for panel A. (E) Serum TNF-� production is enhanced in male and female
IL-17RAKO mice. TNF-� levels in serum from the indicated mice are shown, normalized as for panel A. (F) Baseline levels of Gro� are increased
in IL-17RAKO mice. Serum Gro� levels from uninfected mice are shown. Standard deviations are shown, and significance was assessed by an
unpaired t test. *, P � 0.05; n.s., not statistically different.
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factor 1 are sexually dimorphic and have been implicated in the
increased susceptibility of women to autoimmunity. Studies of
multifactorial diseases that demonstrate differential suscepti-
bilities between genders encounter confounding variables, such
as lifestyle, socioeconomic status, environmental exposures,
and genetic polymorphisms (reviewed in reference 62). Hence,
experimental models with gender differences enable a more
systematic study of the effects of gender on disease.

Several studies have addressed gender dimorphism using
mouse models. For example, male mice with experimental
autoimmune encephalomyelitis (a model of multiple sclerosis)
exhibit a greater activity of Treg cells than females, which
served to dampen the inflammatory response and protect
males disproportionately from disease (46). T cells isolated
from male mice with experimental autoimmune encephalomy-
elitis expressed elevated levels of peroxisome proliferator-ac-
tivated receptor � mRNA, which inhibits the activity of NF-�B
(13). Peroxisome proliferator-activated receptor � expression
is sensitive to androgens, which may partly explain why males
are resistant to certain forms of autoimmune inflammation. A
model of Toxoplasma gondii infection in SCID mice showed
that males were more resistant than females, perhaps impli-
cating sexual dimorphism in innate immunity as well (60). In
contrast, our data indicate that female splenocytes respond
more poorly than male cells to inflammatory stimuli, including
IL-17 (Fig. 4). Although somewhat unexpected, this finding
may indicate that the enhanced sensitivity of IL-17RA-defi-
cient female mice compared to that of males lies not in the
inherent response to IL-17 but the immunoregulatory mecha-
nisms involved in suppressing IL-17-mediated inflammation.
Indeed, a myriad of immune-suppressive mechanisms are in
place to limit Th17 development and IL-17 function, including
IL-27, IL-2, and IL-10 (reviewed in references 17, 20, and 38).
Related to this issue is the possible contribution of Treg cells
to the limiting of inflammation, but to date there are no
studies to our knowledge examining the status of Treg cells
in IL-17RAKO mice.

To date, no study of PD has reported gender-specific effects
related to a cytokine deficiency. This study shows that IL-17RA
deficiency in the BALB/c background increased susceptibility
to bone loss in both males and females, but the magnitude of
bone loss is greater in females (Fig. 1). We previously reported

a link between defective neutrophil recruitment and increased
bone destruction in B6–IL-17RAKO mice (66), but only fe-
males were examined in that study. Similarly to the B6–IL-
17RAKO mice (66), female BALB/c–IL-17RAKO mice are de-
fective in the production of neutrophil chemokines such as
Gro� and MIP-2 (Fig. 3A), both of which are downstream of
IL-17 (15, 51). However, impairment in chemokines could not
be exclusively linked to increased bone destruction, as male
IL-17RAKO mice of either strain exhibited no obvious reduc-
tion in chemokine production (Fig. 3A-B). Interestingly, male
BALB/c–IL-17RAKO mice show a reduced production of G-
CSF (Fig. 3C), providing an explanation in which the defective
expansion of neutrophils in male IL-17RAKO mice contributes
to increased bone loss.

One parameter that could contribute to susceptibility differ-
ences in PD is the baseline level of inflammatory factors. Of
the cytokines and chemokines tested in uninfected mice, only
Gro� showed differences between genders and genotypes (Fig.
3F). Although IL-17RAKO mice exhibited increased baseline
Gro� levels, the induction of Gro� in response to infection was
defective and, thus, fits with our previously described model
that increased neutrophil activity correlates with alveolar bone
protection (66).

The enhanced invasion and colonization of P. gingivalis
could be another reason why female IL-17RAKO mice exhib-
ited more bone loss than males. One limitation of this PD
model is the difficulty in distinguishing between bacteria that
have invaded gingival tissue and alveolar bone and the unin-
vaded bacteria that remain adsorbed to oral mucosa (66).
Since male and female WT mice exhibited similar degrees of P.
gingivalis-induced bone loss, it is unlikely that there is an in-
herent increased infectivity of P. gingivalis in normal female
mice. Still, it is possible that the IL-17RA gene deficiency
differentially increases infectivity in females compared to that
in males.

Human PD is more prevalent in men than women (23).
Some studies have attributed these differences to behavioral
variations in hygiene, alcohol consumption, smoking habits,
and the frequency of dental visits (11), but they have not ruled
out gender-specific biological factors. Consistently with results
for humans, this study reveals no significant difference in the
bone loss between male and female PD-susceptible mice (Fig.
1A, right). Since we observe a gender bias only in the context
of IL-17RA deficiency, our data argue that IL-17 plays a more
profound role in host protection against PD in women than
men. Presumably there are alternative factors that operate in
males, including immunosuppressive cytokines such as IL-10,
but at present these remain unknown.

These experiments support and extend our work that dem-
onstrated a protective role for IL-17RA in PD. However, there
is evidence that IL-17 contributes to established, chronic PD
(57). For example, disease severity correlates with the in-
creased levels of IL-17 and IL-23 in human gingival crevicular
fluid (26, 35). These findings may reflect the possibility that
IL-17, like many proinflammatory cytokines, can switch sides
from host protection to destruction during conditions of
chronic inflammation (45). Importantly, such findings indicate
that the blockade of IL-17 could prove useful in treating active
PD (33). Conversely, this work may provide a cautionary note
with respect to anti-cytokine therapy and its potential side

FIG. 4. Reduced IL-17 responses in female splenocytes. Spleno-
cytes from three WT male (black bars) and three WT female mice
(white bars) were incubated for 24 h with the indicated cytokines, and
IL-6 in the supernatant was assessed in triplicate by ELISA. LPS,
lipopolysaccharide.
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effects on PD. The inhibition of cytokines such as TNF-� and
IL-1� is effective in autoimmune diseases (44), and anti-IL-17
and anti-IL-23 biologics are now in development (29, 33, 39).
Since autoimmune diseases are more prevalent in women,
inhibiting IL-17 may result in a greater susceptibility to PD in
female patients (33). Although PD is not life threatening, it is
a known risk factor for cardiovascular disease, diabetes, and
chronic obstructive pulmonary disease (19, 50). This report
illustrates the need for careful preclinical studies that explore
the interaction between gender and immunity as they pertain
to anti-cytokine therapies.
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