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AbSTRACT
Interleukin-17 (IL-17), the prototype cytokine pro-
duced by the Th17 subset of T-helper cells, plays a 
role in inflammatory responses, autoimmunity, 
and antimicrobial responses in a variety of infec-
tious and inflammatory diseases. In view of the 
inflammatory nature and severity of aggressive 
periodontitis, we hypothesized that IL-17 might be 
detected in sera from patients with aggressive 
periodontitis. We used ELISA to measure IL-17 
serum concentrations from 67 periodontally healthy 
(NP) individuals and from 53 patients with local-
ized (LAgP) and 49 patients with generalized 
(GAgP) aggressive periodontitis. IL-17 was barely 
detectable in sera from periodontally healthy indi-
viduals (1.9 ± 2.0 pg/mL), but was present at sig-
nificantly higher concentrations in sera from those 
with LAgP (7.6 ± 2.2 pg/mL) and GAgP (17.1 ± 
2.3 pg/mL). Multivariate analyses demonstrated 
associations of IL-17 concentrations with periodon-
tal attachment loss, but not with current smoking. 
Therefore, Th17 responses may be characteristic 
of AgP, and IL-17 may play a role in the pathogen-
esis of aggressive periodontitis.

KEY WORDS: aggressive periodontitis, IL-17, 
cytokine.

InTRODuCTIOn

Interleukin-17 (IL-17) is a pro-inflammatory cytokine and the prototype cyto-
kine for a subset of T-helper (Th17) cells. IL-17 stimulates a variety of cell 

types to produce inflammatory mediators such as IL-1, IL-6, TNF-α, metallo-
proteinases, and chemokines (Beklen et al., 2007). Cytokines of the Th17 
lineage are thought to contribute to the pathology noted in a variety of inflam-
matory and autoimmune diseases, such as rheumatoid arthritis, multiple sclero-
sis, inflammatory bowel disease, Crohn’s disease, ulcerative colitis, asthma, and 
allergic diseases. Additionally, Th17 inflammatory responses are thought to pro-
vide protection against a variety of microbial infections (Tesmer et al., 2008).

The role of Th17 cells and their specific cytokines in periodontal disease is 
just beginning to be investigated, and their specific role in disease pathogen-
esis and host protection is not known (Gaffen and Hajishengallis, 2008). There 
are ample examples of a role for Th17 cytokines in protection against bacterial 
infections and, specifically, against periodontal infections. For example, it was 
reported that IL-17 is protective against Porphyromonas gingivalis-induced 
bone loss via mobilization of neutrophils in a murine model (Yu et al., 2007). 
However, clinical studies reported increased IL-17 levels associated with 
chronic periodontitis (Takahashi et al., 2005; Vernal et al., 2005; Ohyama 
et al., 2009). In addition, peripheral blood mononuclear cells from patients 
with gingivitis and periodontitis stimulated with outer membrane protein of 
P. gingivalis express IL-17 (Oda et al., 2003). IL-17 mRNA was shown to be 
expressed in gingival tissue, with higher levels in diseased tissues (Honda et al., 
2008; Cardoso et al., 2009). In vitro, IL-17 stimulates HGF to produce IL-6, 
IL-8, and MMPs (Beklen et al., 2007; Mahanonda et al., 2008). Moreover, 
significant numbers of CD4+ T-cell clones isolated from gingival tissues of 
periodontitis patients have been found to express IL-17 (Ito et al., 2005). 
Murine models of periodontitis and other chronic diseases have demonstrated 
both protective aspects of Th17-induced immune responses due to neutrophil 
mobilization and destructive aspects due to lesion chronicity. Thus, clinical 
studies are useful to gain insight into the role of the Th17 lineage in periodon-
tal disease pathology. Additionally, results from several studies, including 
recent data from our laboratories, indicate that autoimmune responses can be 
detected in sera, tissues, and gingival crevicular fluids from patients with 
chronic and aggressive periodontitis (Schenkein et al., 2003; Rajapakse and 
Dolby, 2004; De-Gennaro et al., 2006; Koutouzis et al., 2009).

Aggressive periodontitis (AgP), a disease typified by onset in teenagers and 
young adults, affects approximately 0.5% of the US population (Löe and Brown, 
1991). It is most common in the African-American population in the US, with a 
disease prevalence of approximately 2%, but is also found in other racial and 
ethnic groups. It is the most severe form of post-pubertal periodontitis and can 
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lead to significant oral inflammation and premature tooth loss in 
the most severe of cases. AgP may provide an interesting model for 
examination of the role of Th17 in periodontal disease. There is 
abundant literature implicating aberrant PMN function as a key 
pathogenic mechanism in this form of periodontitis (Schenkein 
and Van Dyke, 1994). Although Th17 pathways are most com-
monly associated with protection against bacterial-induced inflam-
mation via recruitment of phagocytes, pathways involving Th17 
leading to enhanced periodontal inflammation and to increased 
bone resorption have also been proposed (Ruddy et al., 2004; 
Takahashi et al., 2005; Herman et al., 2008; Yu and Gaffen, 2008).

We hypothesized that, as seen in other inflammatory condi-
tions such as Crohn’s disease and inflammatory bowel disease, 
IL-17 may play a role in periodontal disease pathogenesis, and 
that we could detect IL-17 in sera from patients affected with AgP.

MATERIALS & METHODS

Clinical Methods

This study was approved by the office of Research Subjects 
Protection for the Conduct of Human Research of Virginia 
Commonwealth University. Participants in this study were ascer-
tained, and provided informed consent, between 1983 and 2005 
through the Virginia Commonwealth University School of 
Dentistry clinics. The participants were randomly selected from 
those in our database who met the criteria described below and for 
whom we had stored serum samples. All participants were sys-
temically healthy as determined by history, and data on smoking 
history and racial category were determined by self-report. The 
periodontal examination included determination of pocket depth 
(PD), attachment loss (ALOSS), plaque index (PI) (Silness and 
Löe, 1964), gingival index (GI) (Löe and Silness, 1963), and 
bleeding upon probing (BI) (Mühlemann and Son, 1971). 
Measurements of PD and ALOSS were recorded to the nearest 
1 mm, with measures between 1-mm probe markings rounded 
down to the nearest mm. Measurements were performed at 4 sites 
per tooth (mesiobuccal, mid-buccal, distobuccal, and mid-lingual). 
At the time of the examination, a blood sample was taken and 
processed for serum, which was then stored at -70°C until utilized.

The diagnostic groupings were defined as follows: 
Periodontally healthy individuals (NP) had no evidence of 
ALOSS other than facial recession and had no periodontal pock-
ets greater than 3 mm. Generalized Aggressive Periodontitis 
(GAgP) patients had a history of disease onset prior to age 35 and 
presented with at least 8 teeth with 5 mm or more attachment loss 
at interproximal sites; at least 3 of the affected teeth were not first 
molars and incisors. Persons with Localized Aggressive 
Periodontitis (LAgP) had a history of disease onset prior to age 
30, with at least 5-mm interproximal attachment loss limited to 
first molars and incisors and no more than 2 additional teeth.

Laboratory Methods

IL-17 serum concentrations were assessed by ELISA with the 
use of commercial kits (Quantikine Human IL-17 Immunoassay, 
cat # D1700, R&D Systems, Minneapolis, MN, USA) following 
the manufacturer’s instructions.

Statistical Analyses

Differences between and among the study groups (periodontal 
diagnostic categories) were assessed by ANOVA followed by 
Tukey’s HSD post hoc test. We used multivariable ANCOVA to 
adjust for periodontal diagnostic categories and demographic 
variables.

RESuLTS

Serum IL-17 concentrations were measured in 67 periodontally 
healthy individuals (NP), 53 patients with localized aggressive 
periodontitis (LAgP), and 49 patients with generalized aggres-
sive periodontitis (GAgP). Demographic and clinical variables 
for the 3 groups and analyses of intergroup differences are 
shown in Table 1. GAgP patients were significantly older than 
those in the other two groups, with greater mean pocket depth, 
attachment loss, bleeding upon probing, gingival index, and 
plaque index. Significantly more patients were Black in the 
LAgP group than in the other two groups (98%), but there were 
no differences between the groups with respect to sex. These 

Table 1. Demographic and Clinical Variables

NPa (n = 67) LAgPb (n = 53) GAgPc (n = 49) P-value (ANOVA)

Age (± SEM) 22.9 ± 0.9 20.4 ± 1.0 31.2 ± 1.1 < 0.0001
Race (% Black) 84.0 98.0 52.0 < 0.0001
Sex (% F) 56.7 66.0 68.8 NS
PDd (± SEM) 2.0 ± 0.1 2.8 ± 0.1 3.7 ± 0.1 < 0.0001
ALOSSe (± SEM) 0.1 ± 0.1 0.9 ± 0.1 2.8 ± 0.1 < 0.0001
GIf (± SEM) 0.7 ± 0.1 1.1 ± 0.1 1.5 ± 0.1 < 0.0001
BIg (± SEM) 0.2 ± 0.0 0.4 ± 0.0 0.5 ± 0.0 < 0.0001
PIh (± SEM) 0.6 ± 0.05 0.9 ± 0.1 1.3 ± 0.1 < 0.0001

a NP: periodontally healthy individuals.
b LAgP: localized aggressive periodontitis.
c GAgP: generalized aggressive periodontitis.
d PD: pocket depth.
e ALOSS: attachment loss.
f GI: gingival index.
g BI: bleeding index.
h PI: plaque index.
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data are consistent with the disease definitions and previously 
described characteristics of these conditions.

We measured serum IL-17 concentrations for the three 
groups (Fig. 1). These values were all significantly different 
from each other. The highest concentrations were found in the 
GAgP group (17.1 ± 2.3 pg/mL), while the serum levels in the 
LAgP and NP groups were 7.6 ± 2.2 pg/mL and 1.9 ± 2.0 pg/mL, 
respectively. We plotted IL-17 concentrations as a function of 
attachment loss for the LAgP, GAgP, and NP participants (Fig. 2). 
It is noteworthy that a subset of the AgP patients demonstrated 
increased IL-17 concentrations compared with levels in NP 
individuals for both forms of disease.

Univariate analyses of IL-17 concentrations as a function of 
demographic and clinical variables were then carried out. It was 
found that pocket depth (p = 0.0051, r2 = 0.046), attachment loss 
(p = 0.0076, r2 = 0.0042), and age (p = 0.0075, r2 = 0.042) were 
all significantly, but weakly, associated with IL-17 concentra-
tions, while GI, BI, PI, and sex were not. An analysis invoking 
a regression model that adjusted for the significant variables 
attachment loss, pocket depth, and age revealed that the diag-
nostic category remained strongly associated with IL-17 con-
centrations (p = 0.0006) (Table 2).

To explore the possible associations of IL-17 concentrations 
with smoking, we identified a subset of 94 individuals for whom 
data on smoking habits at the time of diagnosis and blood sam-
pling were available. We first noted that, for this subset, the 
overall relationship between diagnostic category and IL-17 
serum concentrations was similar to that noted for the entire 
study cohort (NP = 2.0 ± 3.7 pg/mL, LAgP = 7.4 ± 4.6 pg/mL, 
GAgP = 17.1 ± 2.1 pg/mL, p = 0.0045 by ANOVA). In an 
adjusted analysis including current smoking as a covariate, 
periodontal diagnosis (p = 0.0091) and attachment loss (p = 
0.0271), but not smoking (p = 0.39), were significantly associ-
ated with serum IL-17 concentrations (Table 2).

DISCuSSIOn

This is the first study reporting elevated levels of IL-17 in the 
systemic circulation of patients with periodontitis. IL-17 was 
present in sera from a significant proportion of systemically 
healthy patients with AgP, while there were very low levels 
found in periodontally healthy control individuals. Although the 
source of IL-17 in AgP sera is not known, it is possible that at 
least some of the cytokine is produced locally in the periodontal 
tissues. This is likely, in view of previously published data dem-
onstrating elevated levels of IL-17 (Johnson et al., 2004; 
Takahashi et al., 2005; Lester et al., 2007), IL-17 mRNA 
(Takahashi et al., 2005; Honda et al., 2008; Cardoso et al., 
2009), IL-23 (Lester et al., 2007; Cardoso et al., 2009; Ohyama 
et al., 2009), as well as associated cytokines TGF-b, IL-1b, and 
IL-6 mRNA (Cardoso et al., 2009) that are simultaneously pres-
ent in tissues from chronic periodontitis patients. However, the 
presence of such cytokines has not been demonstrated in tissues 
from patients with AgP. Furthermore, IL-17 has been detected 
in gingival crevicular fluid from periodontitis patients, with 
higher levels observed in chronic periodontitis lesions (Vernal 
et al., 2005) compared with healthy sites. These findings are 
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Figure 1. Mean IL-17 concentrations (± 2 standard errors of the mean) 
in sera from periodontally healthy individuals (NP, n = 67) and in 
patients with localized aggressive periodontitis (LAgP, n = 53) and 
generalized aggressive periodontitis (GAgP, n = 49). The clinical 
groups are significantly different by ANOVA (p < 0.0001) and 
different from each other by Tukey’s HSD (p < 0.05).

consistent with the hypothesis that locally produced IL-17 finds 
its way into the systemic circulation in AgP.

An alternative hypothesis explaining elevated systemic levels 
of IL-17 in AgP is that there may be an altered systemic response 
to oral bacterial antigens in such patients. However, studies have 
indicated that stimulation of peripheral blood leukocytes from 
individuals with GAgP failed to produce higher IL-17 levels com-
pared with matched control individuals (Borch et al., 2009), sug-
gesting a lack of heterogeneity in responsiveness as a function of 
periodontal status. An additional possibility is that, despite medi-
cal histories to the contrary, some AgP patients have subclinical 
systemic inflammatory conditions associated with periodontal 
infection that contribute to serum IL-17 levels.

The observation of increased serum IL-17 in AgP is similar 
to increases previously demonstrated in Crohn’s disease and 
ulcerative colitis, in which it has been observed that there is 
increased expression of IL-17 in the intestinal mucosa and 
increased serum IL-17 concentrations (Fujino et al., 2003). 
Additionally, these authors observed that serum levels of IL-17 
are incrementally higher during bouts of disease activity in 
Crohn’s disease, suggesting that IL-17 could be a serum marker 
of disease activity. Interestingly, it has also been observed that 
increased expression of IL-17 and RANKL mRNA are found in 
chronic periodontitis lesions from progressive periodontal 
lesions compared with quiescent lesions (Dutzan et al., 2009), 
leading to speculation that Th17 cytokines associated with bone 
resorption may be markers of, and mediators of, periodontal 
disease activity. It is noteworthy as well that Th17 has been 
shown to be a key Th cell subset associated with osteoclast gen-
eration (Sato et al., 2006).

It is reasonable to speculate that Th17 cells and IL-17 may 
play a role in the pathology of AgP. Th17 cells are thought to 
play a role in rheumatic and non-rheumatic inflammatory dis-
eases and in some allergic and immune-mediated conditions. In 
these conditions, Th17 cells are inducible by inflammatory 
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mediators such at IL-1β, IL-6, and IL-23 from dendritic cells, 
macrophages, or osteoblasts, either locally or outside the local 
lesion in draining lymph nodes. Secretion of Th17 cytokines 
such as IL-17 and IL-22 subsequently induces production of 
inflammatory cytokines, chemokines, and matrix metallopro-
teinases that contribute to pathology typical of the affected tis-
sues (reviewed in Tesmer et al., 2008). The role of Th17 
cytokines in the pathology noted in AgP is not known, but the 
intense inflammatory reaction to the oral microflora and rapid 
destruction of the periodontium in patients with these conditions 
may be a result of such responses.

It is likewise possible that the observation of IL-17 in serum 
from AgP is an indicator and mediator of the protective responses 
mounted in the periodontium against bacterial pathogens. In 
many Gram-negative infections, Th17 cells play an important 
role in protective antibacterial host responses (Yu et al., 2007; 
Tesmer et al., 2008; Yu and Gaffen, 2008). Studies in animal 
models have shown that IL-17 is a key cytokine involved in 
recruitment of PMNs to sites of bacterial colonization, and that 
blockage of IL-17 receptor signaling leads to an exacerbation of 
periodontal destruction. A significant proportion of patients with 
AgP are known to have aberrant PMN function, exhibiting 
defective in vitro PMN chemotactic responses and enhanced 

oxidative metabolic responses. One explanation for the elevated 
production of IL-17 noted in AgP is that it may represent a com-
pensatory increase in cytokine production in response to these 
functional defects.

We are also intrigued by the association of Th17 with auto-
immunity in conditions such as rheumatoid arthritis, systemic 
sclerosis, systemic lupus erythematosus, and multiple sclerosis 
(Tesmer et al., 2008). We have previously observed that GAgP 
patients demonstrate elevated levels of anti-phospholipid anti-
bodies such as anti-phosphorylcholine and β2-glycoprotein-
dependent anti-cardiolipin (aCL), and that GAgP patients with 
elevated aCL also demonstrate elevated systemic markers of 
vascular inflammation (Schenkein et al., 2003, 2007). The 
sources of such antibodies are unknown; they may be genuine 
autoantibodies, or they may be produced via molecular mimicry 
following exposure to cross-reactive periodontal bacterial 
pathogens (Chen et al., 2007, 2009). The involvement of such 
antibodies in the pathogenesis of AgP is also not known. 
However, their presence in these patients, combined with evi-
dence that aggressive periodontitis is familial and likely to have 
a significant component of genetic risk, suggests the hypothesis 
that high levels of IL-17 in serum from AgP patients are indica-
tive of autoimmune responses.
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Figure 2. Plot of serum IL-17 concentrations as a function of attachment loss (ALOSS) in localized aggressive periodontitis (LAgP) (left panel) and 
generalized aggressive periodontitis (GAgP) (right panel). Closed circles denote periodontally healthy control individuals (n = 67), while open 
circles denote LAgP (n = 53) patients (left panel) and GAgP (n = 49) patients (right panel).

Table 2. Multivariate Regression Analyses of Associations of Study Variables with Serum IL-17 Levels in the Entire Study Population and in the 
Subpopulation with Available Data on Current Smoking

Model without Smoking Model Including Smoking

 F Ratio P-value F Ratio P-value

Diagnosis 7.76 0.0006 5.09 0.0091
Smoker -- -- 0.94 0.3946
Age 2.56 0.1116 0.02 0.8985
Pocket depth 0.85 0.3587 1.30 0.2575
Attachment loss 2.99 0.0858 5.14 0.0271
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Of special concern with respect to AgP and other forms of 
periodontitis is the growing body of data indicating that they are 
strongly associated with, and may be a risk factor for, serious 
systemic conditions such as atherosclerosis, diabetes, adverse 
pregnancy outcomes (premature birth, fetal growth restriction, 
and pre-eclampsia), and others. It is possible that high levels of 
serum IL-17, derived initially from gingival tissues, may medi-
ate inflammatory responses in tissues distant from the oral cav-
ity in this relatively young cohort of patients.
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