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Introduction: During periodontitis, an innate immune response to bacterial challenge is
primarily mediated by neutrophils. We compared neutrophilic content and the level of
neutrophil-derived antimicrobial peptides in gingival crevicular fluid (GCF) in two
clinical forms of severe periodontitis.
Methods: GCF was collected from 14 patients with aggressive periodontitis, 17 patients
with chronic periodontitis, and nine healthy subjects. Samples were analyzed for
periodontopathogen load using real-time polymerase chain reactions. The amounts of
myeloperoxidase and a-defensins (HNP1–3) were determined by enzyme-linked
immunosorbent assay, and the level of cathelicidin (hCAP18/LL-37) was assayed by
Western blot.
Results: Myeloperoxidase concentration was not correlated with levels of LL-37 and
HNP1–3 in samples from patients, compared to controls. The amount of HNP1–3 was
twofold and fourfold higher in patients with aggressive and chronic periodontitis,
respectively. Those with chronic disease had significantly elevated amounts of mature
LL-37. The increased concentration of both peptides in chronic periodontitis correlated
with the load of Porphyromonas gingivalis, Tannerella forsythia, and Treponema
denticola.
Conclusion: The lack of a correlation between LL-37, HNP1–3, and myeloperoxidase
content suggests that neutrophils are not the sole source of these bactericidal peptides in
the GCF of patients with periodontitis; and that other cells contribute to their local
production. The bacterial proteases of P. gingivalis, T. forsythia, and T. denticola might
degrade hCAP18/LL-37, because the 11-kDa cathelicidin-derived fragment was present
in GCF collected from pockets infected with these bacteria. Collectively, it appears that a
local deficiency in LL-37 can be considered as a supporting factor in the pathogenesis of
severe cases of periodontitis.
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The initiation and progression of periodon-
tal disease is related to the colonization of
the gingival crevice by specific microor-
ganisms and their subsequent subgingival
proliferation. These organisms include
Aggregatibacter (Actinobacillus) actino-
mycetemcomitans and members of the
so-called ‘red complex’of periodontopatho-
genic bacteria (Porphyromonas gingivalis,
Tannerella forsythia, and Treponema
denticola) (6, 18, 22). An effective host
response to this bacterial challenge is
primarily mediated by neutrophils and is
characterized by an influx of neutrophils
into the gingival crevice (16).
It is recognized that an extremely

diverse group of antimicrobial peptides
participate in the innate immune response
of all multicellular organisms (5). In
humans, the best characterized of these
are a-defensins, b-defensins, and the cath-
elicidin hCAP18/LL-37. Neutrophils are
the most abundant source of a-defensins
1–4 (human neutrophil peptides HNP1–4)
and hCAP18/LL-37. In neutrophils,
HNP1–4 are stored in azurophilic (pri-
mary) granules in a fully processed, bio-
logically active form. These peptides are
also produced by B and T lymphocytes (3,
14, 41). The sole human cathelicidin
(hCAP18/LL-37) is encoded by the CAMP
gene, and encompasses two distinct do-
mains. The N-terminal, ‘cathelin-like’
domain is structurally conserved among
vertebrates (53), which is in stark contrast
to the highly diverse antimicrobial peptide
constituting the C-terminal domain. The
gene for human cathelicidin is highly
expressed in the myeloid-lineage of bone
marrow cells and also in many types of
epithelial cells. In neutrophils, hCAP18/
LL-37 is stored in specific (secondary)
granules as a biologically inactive precur-
sor. During phagocytosis, or in otherwise
stimulated neutrophils, bactericidal peptide
LL-37 is released from hCAP18/LL-37 by
limited proteolysis, which is exerted by
protease 3 (46).
In humans, cathelicidin seems to play a

key role in protecting the human peri-
odontium against dental plaque bacteria.
Patients with morbus Kostmann syndrome
who are treated with granulocyte colony-
stimulating factor have normal neutrophil
counts and are cured of recurrent infec-
tions, although they still suffer from severe
periodontitis (9). In 2002, Pütsep et al.
(35) showed that neutrophils from these
patients were deficient in hCAP18/LL-37
and seemingly carried reduced amounts of
the a-defensins (HNP1–3) while otherwise
remaining fully functional. To further
elucidate the role of LL-37 and HNP1–3

in periodontal disease, we have quantified
the levels of these bactericidal peptides in
gingival crevicular fluid (GCF) from
severe periodontitis patients who have no
known congenital deficiency or dysfunc-
tion of their neutrophils. We have then
correlated the levels of antimicrobial pep-
tides with neutrophil abundance and the
presence of specific periodontopathogenic
bacteria.

Material and methods

Subjects

Patients attending the Clinic of Periodon-
tology at the University Hospital of Jena
were recruited for this study. The sub-
jects included 14 patients with aggressive
periodontitis (mean age 32.8 years) and
17 patients with chronic periodontitis
(mean age 59.1 years) (Table 1). The
patients were diagnosed according to
the classifications recommended by the
American Academy of Periodontology in
1999 (3). Chronic periodontitis, a disease
that is more prevalent in adults, is
characterized by a steady amount of
destruction with the presence of local
factors and a general slow to moderate
progression of periodontal disease (27).
In contrast, aggressive periodontitis is
characterized by rapid attachment loss
and bone destruction, where the amounts
of microbial deposits are inconsistent
with the severity of periodontal tissue
destruction (4). Inclusion criteria for the
diagnosis of generalized chronic peri-
odontitis were attachment loss ‡5 mm at
more than 30% of sites and a patient age
of ‡35 years. For diagnosis of aggressive
periodontitis patients had to fulfill the
following criteria: radiographic bone loss
‡50% for at least two different teeth, age
£35 years at the onset of the disease
(anamnesis), and clinically healthy (no
systemic diseases, e.g. diabetes mellitus).
Nine periodontally healthy subjects

(mean age 30.9 years) were included as
a control group. Subjects were free of
systemic diseases, and had at least 20
teeth in occlusion. Less than 35% of the
patients were active smokers. Patients
who had received systematic periodontal
treatment in the preceding year, who had
taken antibiotics within the previous
3 months, or who were pregnant or
nursing were excluded from this study.
Clinical examinations included a plaque
record index (33), a bleeding-on-probing
index, and measurements of probing
depths and of attachment loss at six sites
per tooth. The study protocol was
approved by the Ethics Committee of
the University of Jena, Germany. All
participants gave their informed written
consent.

Sampling of crevicular fluid and blood

collection

Crevicular washes were obtained using a
previously described method (20, 45).
Briefly, samples were collected in the
morning, 2–3 h after breakfast. The sites
to be sampled were isolated with cotton
rolls and gently air-dried. A gel-loading
capillary tip was carefully inserted into the
crevice at a level of approximately 1 mm
below the gingival margin. In each case,
seven sequential washes with 10 ll phos-
phate-buffered saline were performed
using a micropipette. The crevicular fluid
was obtained as a pooled sample from the
deepest site in each quadrant, transferred
into a microcentrifuge tube, immediately
frozen, and kept at )20�C until analyzed.
From all subjects included in this study,

samples of the peripheral blood were
collected by venepuncture onto heparin
as the anticoagulant. From selected sub-
jects peripheral mononuclear cells (PMNs)
were isolated using dextran sedimentation
followed by hypotonic lysis of erythro-
cytes.

Table 1. Clinical data (mean and standard deviation) of the subjects

Aggressive
periodontitis

Chronic
periodontitis

Periodontally
healthy subjects

n 14 17 9
Age (years) 32.8 ± 6.8 59.1 ± 8.14 30.9 ± 7.2
% Male 43 53 44
Pocket depth
(mm) of tested sites

6.10 ± 1.55 6.10 ± 1.46 1.51 ± 0.19

Attachment level
(mm) of tested sites

6.89 ± 0.97 6.55 ± 1.42 1.55 ± 0.22

Full mouth probing
depth (mm)

4.40 ± 1.22 3.92 ± 0.67 1.45 ± 0.21

Full mouth attachment
level (mm)

4.60 ± 1.37 4.14 ± 0.73 1.57 ± 0.30

Bleeding on probing (%) 84.09 ± 19.18 83.96 ± 18.35 14.00 ± 13.05
Plaque record index (%) 45.0 ± 32.0 85.0 ± 39.0 30.0 ± 25.0
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Microflora

DNA was extracted from 5 ll crevicular
fluid using the High Pure PCR Template
Preparation Kit (Roche, Mannheim, Ger-
many) according to the manufacturer’s
recommendations. Real-time polymerase
chain reaction (PCR) was carried out using
a RotorGene 2000 (Corbett Research,
Sydney, Australia). Primers specific for
16S ribosomal DNA from P. gingivalis,
Prevotella intermedia, T. forsythia, and
T. denticola were designed as described
by Ashimoto et al. (4), whereas those for
A. actinomycetemcomitans were designed
as described by Tran and Rudney (48).
PCR amplification was carried out in a
reaction volume of 20 ll, consisting of 2 ll
template DNA solution and 18 ll reaction
mixture, containing 2 ll 10 · PCR buffer,
2.75 mm MgCl2, 0.2 mm nucleotides,
0.5 lm of each primer, 10)4 SybrGreen
and 1 U Taq polymerase (Fermentas Life
Sciences, St. Leon-Rot, Germany). Positive
and negative controls were included in each
set of analyzed samples. Each analysis was
performed in duplicate. The positive con-
trol consisted of 2 ll genomic DNA from
reference strains, equivalent to a range of
bacteria from 102 to 107. The negative
control constituted of 2 ll of sterile water
added to 18 ll of reaction mixture. The
cycling conditions comprised an initial
denaturation step at 95�C for 5 min, fol-
lowed by 45 cycles at 95�C for 15 s, 65�C
(apart from A. actinomycetemcomitans and
P. intermedia which used 62�C) for 20 s,
followed by a touch-down for five cycles at
72�C for 20 s. The sensitivity and speci-
ficity of the method were checked using
well-characterized bacterial strains and
subgingival plaque samples in which the
pathogen presence was quantified using the
commercially available certified micro-
Ident� kit (HAIN LIFESCIENCE GmbH,
Nehren, Germany). The specificity of the
amplification was always assayed using
melting curves. For quantification, the
results from unknown plaque samples were
projected using a standard threshold curve
from counted and pure cultures of the target
bacterium. Bacterial loads were quantified
using log-stages.

Enzyme-linked immunosorbent assay

Isolated PMN and GCF samples were
subjected to three cycles of thawing and
freezing to lyze cells and release intracel-
lular granule content. Myeloperoxidase
(MPO) and a-defensin were detected in
GCF and saliva samples using Human
MPO and Human HNP 1–3 (Neutrophil

Defensins) enzyme-linked immunosorbent
assay (ELISA) kits, respectively, according
to the manufacturer’s protocol. Both kits
were obtained from HyCult Biotechnology
(Uden, the Netherlands). Samples were
diluted 10-fold and 100-fold in phosphate-
buffered saline for MPO determination,
and 10,000-fold in a plasma dilution buffer
provided in the assay kit for defensin
determination.

Western blot

GCF samples were diluted four times with
sample buffer (0.125 m Tris–HCl, 20%
glycerol, 4% sodium dodecyl sulfate), and
resolved by sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis [16%
peptide gel (49.5% T/6% C)] using the
Tris–Tricine discontinuous buffer system
(38). LL-37 was synthesized on an Applied
Biosystems model 433A synthesizer (Ap-
plied Biosystems, Forester City, CA), and
purified by preparative reverse-phase high-
performance liquid chromatography (42,

43); it was kindly supplied to us as a gift
by Dr Jan Pohl (Department of Microbi-
ology and Immunology, Emory University
School of Medicine, Atlanta, GA). The
concentration of the peptide was deter-
mined by quantitative amino acid analysis,
and peptide was used at a concentration of
4 lg/ml (6 ng/well) as a standard. Elec-
trophoresed gels were electroblotted (Mini
Trans-Blot System; Bio-Rad) on to polyv-
inylidene difluoride membranes (Amer-
sham-Pharmacia Co., Piscataway, NJ).
Non-specific binding sites on the mem-
branes were blocked overnight in 5%
skimmed milk (Difco, Detroit, MI) and
immunoblotted. The blots were probed
with a monoclonal mouse antibody against
LL-37 (clone 1.1C12; 46) and goat anti-
mouse immunoglobulin G horseradish-
peroxidase-conjugated antibodies (Sigma,
St Louis, MO). Immunoreactive peptides
were detected with ECL Plus (Amersham-
Pharmacia Co.) according to manufac-
turer’s protocol before membranes were
exposed to X-ray films (Kodak). The
intensity of LL-37-immunoreactive bands
in each sample was assessed semi-quanti-
tatively by the densitometric analysis of
immunoblots using serial dilutions of
synthetic LL-37 as a reference.

Data analysis

Data were expressed as means and stan-
dard deviation (SD). Full mouth probing
depths, an attachment level, bleeding on
probing, and the plaque record index were
recorded to characterize participants in-

cluded in this study. Furthermore, the
means (± SD) of pocket depth and the
attachment level were calculated for those
sites from which GCF and microbiological
samples were collected. All data were
entered into the SPSS 13.0 program and
were analyzed using the Mann–Whitney
U-test and the Spearman test. The level of
significance was set at P < 0.05 with 95%
confidence intervals.

Results

Clinical data and microflora

Demographic and clinical data are pre-
sented in Table 1. Not unexpectedly,
patients with periodontal disease demon-
strated significantly higher mouth mean
probing depths compared to healthy con-
trol subjects. However, there were no
statistically significant differences in
mouth mean probing depths, nor in prob-
ing depths at the tested sites, between
chronic and aggressive periodontitis.
None of the five investigated periodon-

topathogens, P. gingivalis, T. forsythia,
T. denticola, A. actinomycetemcomitans,
and P. intermedia, was detected in samples
from the control group. In stark contrast,
patients suffering from periodontitis carried
at least two pathogens with P. gingivalis
and T. forsythia at the highest prevalence in
chronic and aggressive forms of the dis-
ease, respectively. Interestingly, the only
significant difference between the two
patient groups was the level of P. gingiva-
lis, which was much higher in chronic than
in aggressive periodontitis (Table 2).

MPO as an equivalent for neutrophil

numbers

The method used for GCF collection did
not allow for direct counting of neutrophils
in GCF samples. Instead, we have deter-
mined the concentration of MPO, a protein
that is abundant in neutrophils and of
which they are the only source; this fact
allows a direct correlation of MPO with
neutrophil numbers (7). To lyze neutroph-
ils and release the intracellular MPO, the
GCF samples were subjected to three
cycles of freezing and thawing. The
median concentration of MPO was found
to be 5.56 ng/ll (range 1.80–9.00 ng/ll),
6.90 ng/ll (range 0.54–11.93 ng/ll) and
4.57 ng/ll (range 0.90–10.08 ng/ll) in
samples collected from aggressive peri-
odontitis, chronic periodontitis, and peri-
odontally healthy controls, respectively
(Fig. 1). Differences in MPO concentra-
tion between the groups were not signif-
icant and did not correlate with clinical
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parameters, with the exception of patients
with aggressive periodontitis, in whom the
amount of MPO was negatively associated
with the bleeding on probing index
(r = ) 0.575; P = 0.03, data not shown).

a-Defensins

HNP1–3 were detected in all GCF sam-
ples, however at different levels. The
highest concentration was found in GCF
from patients with chronic periodontitis
(73.92 lg/ll, range 0.40–116.17 lg/ll),
with only moderate concentrations in
samples from patients with aggressive
periodontitis (median 17.64 lg/ll, range
0.36–112.52 lg/ll), and low concentra-
tions (1.20 lg/ll, range 0.01–29.18 lg/ll)
in healthy controls.
Further and more detailed statistical

analysis of these data revealed that in
periodontally healthy subjects, the levels
of MPO and HNP1–3 were correlated with
each other (r = 0.731; P = 0.025), indicat-
ing that only in this group were GCF

neutrophils the main source of bactericidal
peptides. Conversely, the concentration of
a-defensins in GCF was found to be
closely associated with the load of the
periodontopathogens P. gingivalis, T. den-
ticola, and T. forsythia, but not with the
A. actinomycetemcomitans or P. interme-
dia load (Table 3).

Cathelicidin LL-37

The presence of intact cathelicidin, the
cathelicidin-derived bactericidal peptide
LL-37, and fragments containing LL-37

in GCF samples was determined by
Western blot using the monoclonal anti-
body anti-LL37. As shown in Fig. 2,
GCF samples differed considerably with
respect to both the band pattern and the
intensity of the individual immunoreactive
bands. Despite significantly higher levels
of unprocessed cathelicidin among GCF
samples collected from patients with
aggressive periodontitis compared to
healthy controls, two out of 14 patients
(14%) lacked any trace of a protein or
peptides immunoreactive with antibody
against LL-37. As indicated by
high MPO concentrations (approximately
6 ng/ll), these samples contained abun-
dant neutrophils as well as being rich in
HNP1–3 (data not shown). Furthermore, in
five out of 14 patients (36%) suffering
from aggressive periodontitis, the mature
LL-37 peptide was absent. In chronic
periodontitis, the levels of both hCAP18/
LL-37 and mature LL-37 were signifi-
cantly higher compared to levels in healthy
controls, despite the fact that three of the
17 patients (18%) lacked the mature
bactericidal peptide.
In healthy subjects, the unprocessed

18-kDa form of cathelicidin was present
at moderate concentrations and substantial
amounts of free LL-37 peptide were
detected in only 22% of samples. In this
group, there was a significant correlation
between the concentrations of immunore-
active LL-37 with both MPO (r = 0.731;
P = 0.025) and HNP1–3 (r = 0.696;
P = 0.037) concentrations. So in the
healthy periodontium, neutrophils were
the main source of cathelicidin.
Unlike in healthy controls, GCF sam-

ples from patients with periodontitis often
contained a clear immunoreactive band
around 11 kDa. This band apparently
represented an alternatively processed
form of hCAP18. Interestingly, in patients
with aggressive periodontitis, the intensity
of this 11-kDa fragment was always asso-
ciated with a high level of the LL-37
peptide (r = 0.789; P = 0.001). In chronic
periodontitis, an association between the
11-kDa fragment and the LL-37 peptide
was not as clear and among the six

Table 2. Prevalence and high load (‡106/sample) of the periodontopathogens Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, and
Prevotella intermedia in gingival crevicular fluid obtained from periodontitis patients as well as
healthy controls

Species

Positive ‡106

Aggressive
periodontitis

Chronic
periodontitis

Periodontally
healthy
subjects

A. actinomycetemcomitans 6 (43%) 2 (14%) 6 (35%) 0 (0%) 0 (0%) 0 (0%)
P. gingivalis 5 (36%) 2 (14%) 13 (76%) 10 (59%) 0 (0%) 0 (0%)
T. denticola 6 (43%) 2 (14%) 13 (76%) 4 (24%) 0 (0%) 0 (0%)
T. forsythia 10 (71%) 3 (21%) 16 (94%) 6 (35%) 0 (0%) 0 (0%)
P. intermedia 5 (36%) 1 (7%) 9 (53%) 7 (41%) 0 (0%) 0 (0%)

Fig. 1. Level of myeloperoxidase in gingival crevicular fluid obtained from periodontitis patients
and healthy controls. The results present median, and 25th and 75th percentiles.

Table 3. Correlation coefficients (Spearman test) between periodontopathogenic species and
myeloperoxidase (MPO) as well as antimicrobial peptides

MPO HNP1–3
Unprocessed
cathelicidin

11-kDa
fragment

Mature
LL-37

A. actinomycetemcomitans 0.156 0.129 0.011 0.075 0.126
P. gingivalis 0.061 0.575** 0.518** 0.360* 0.405*
T. forsythia 0.212 0.676** 0.344* 0.514** 0.484**
T. denticola 0.013 0.538** 0.338* 0.492** 0.525**
P. intermedia 0.263 0.260 ) 0.178 0.289 0.324*

*P < 0.05; **P < 0.01.
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samples that were rich in the 11-kDa
fragment, three showed low levels of LL-
37. Analysis of the relationship between
LL-37 immunoreactive band patterns and
specific bacteria in periodontal plaque
revealed that the 11-kDa band was corre-
lated with the presence of P. gingivalis,
T. forsythia, and T. denticola (Table 3).
Additionally, the load of P. intermedia
was found to correlate with levels of
mature LL-37 in GCF samples (Table 3).

Discussion

Neutrophils with their content of antimi-
crobial peptides are indispensable for
the elimination of localized bacterial

infections. Here we have shown that
GCF from periodontally healthy subjects
contained very low levels of HNP1–3
(Fig. 3), which correlated well
(P = 0.033) with MPO concentrations.
This correlation indicates that in the
healthy periodontium, infiltrating neu-
trophils are the main source of a-defen-
sins. In contrast, HNP1–3 concentrations
in GCF collected from periodontitis pa-
tients were much higher; patients with the
chronic form of the disease had signifi-
cantly more a-defensins in their GCF than
those with aggressive periodontitis. In both
cases, there was no association between
neutrophil content and a-defensin levels
in the patient’s GCF. The differences in

HNP1–3 concentration between the groups
were statistically significant (Fig. 3),
which is interesting considering the lack
of variation in neutrophil numbers found
in the GCF of the three studied groups.
This suggests that sources other than
neutrophils are responsible for a-defensin
production in inflamed periodontal/gingi-
val tissues. Indeed, it has been shown that
HNP1–3 are also expressed in lympho-
cytes and monocytes (1), which are abun-
dant in periodontitis sites (15). The
difference in the HNP1–3 content in GCF
may be related to the composition of
bacterial flora in dental plaque from both
disease forms. In the samples analyzed, we
found abundant P. gingivalis in chronic
periodontitis but its presence was low in
aggressive periodontitis. The opposite was
found for the prevalence of A. actinomy-
cetemcomitans, which is in accordance
with previous reports on bacterial etiology
of periodontitis (8, 37). These two bacte-
rial species may exert divergent effects on
the local production of a-defensins, and in
line with this, we found that the concen-
tration of HNP1–3 in GCF correlated with
the P. gingivalis load, but not with that of
A. actinomycetemcomitans (Table 3).
The high concentration of a-defensins in

severe periodontitis and the low abundance
in healthy subjects challenges the results of
an HNP1–3 analysis in GCF using a mass
spectroscopy approach (29). That study
demonstrated that a-defensins were more
abundant, and in higher proportion, in
GCF samples collected from the healthy
sites, rather than diseased sites. This
discrepancy is most likely because two
different analytical techniques were used
in the studies. While mass spectroscopy
only allows for the relative quantification
of intact defensins, the ELISA method
employed here might detect various forms
of HNP1–3, including proteolytically gen-
erated fragments of a-defensins. There-
fore, and most interestingly, the
discrepancies may indicate that in GCF
from periodontitis patients, most a-defen-
sins are partially degraded. This assump-
tion correlates with the finding that GCF
contains many tissue- and bacteria-derived
proteinases (17), including the gingipains
of P. gingivalis (30, 50), for which defen-
sins are excellent substrates (Puklo et al.,
2007 manuscript in preparation). There-
fore, it is likely that a-defensins are not
fully active within the periodontal pocket.
In addition to proteolytic degradation, the
bactericidal activity of the a-defensins can
be abrogated by the dermatan sulfate-
containing fragments of proteoglycans that
are released locally by bacterial proteases

A

B

Fig. 2. Levels of the hCAP18, 11-kDa fragment, as well as LL-37 in gingival crevicular fluid (GCF)
obtained from periodontitis patients and healthy controls. (A) Representative Western blot patterns of
LL-37 immunoreactive proteins/peptides in GCF samples collected from patients with chronic and
aggressive periodontitis as well as from healthy controls. Arrows point to immunoreactive bands
against anti-LL-37 antibody, representing intact hCAP18/LL-37, 11-kDa fragment of hCAP18/LL-
37, and the LL-37 peptide. Each blot was developed independently. Therefore, the intensity of
immunoreactive bands on different panels cannot be used directly to compare the amount of
hCAP18/LL-37-derived fragments in analysed samples. (B) The relative concentrations of hCAP18/
LL-37, 11-kDa fragment of hCAP18/LL-37, and the LL-37 peptide in GCFs inferred from the
densitometric analysis of Western blots using serial dilutions of synthetic LL-37 as a reference
included on each blot. The results present median, including 25th and 75th percentiles and extreme
values (circles), as well as P-values of statistical significance determined by Mann–Whitney test.
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(40). On the other hand, the high local
levels of a-defensins in periodontal tissues
might have a destructive effect. HNP1–3,
at concentrations of 5–8 lg/ml, promotes
the proliferation of periodontal epithelial
cells, and at very high concentrations (of
50 lg/ml) induces cell-death of human
oral fibroblasts (32). In addition, HNP1–3
may hinder neutrophil chemotaxis (19)
and, together with lower expression of
CD38, may contribute to the attenuation of
the physiological functions of neutrophils
observed in patients suffering from aggres-
sive periodontitis (13, 49).
As for HNP1–3, the presence of

hCAP18/LL-37 correlated with neutrophil
content only in periodontally healthy con-
trols, suggesting that neutrophils are the
main source of LL-37 in the non-inflamed
periodontium. Significantly, substantial
amounts of the full-length, precursor pro-
tein were present in all healthy subjects,
and detectable amounts of mature LL-37
were found only in five out of nine
subjects (56%). This suggests that the
majority of hCAP18/LL-37 in healthy
tissues originated from lyzed PMNs and
that the majority of neutrophils traversing
the healthy periodontium/gingiva into the
gingival crevice are not activated. In
aggressive periodontitis, the inflammatory
response does not account for the severity
of tissue destruction (26). The lack of a
significant increase in the level of mature
LL-37 in GCF from this group of patients,
despite the presence of a relatively higher
amount of full-length hCAP18/LL-37,

supports the clinical observations. Surpris-
ingly, two out of 14 aggressive periodon-
titis patients lacked any trace of
immunoreactive LL-37, even though nor-
mal levels of unprocessed hCAP18/LL-37
were simultaneously detected in the
peripheral blood of these subjects (data
not shown). These findings suggest that
both the LL-37 portion of full-length
cathelicidin and the released bactericidal
peptide can be degraded in the GCF of this
subset of patients. This hypothesis is
supported by the susceptibility of LL-37
to digestion by proteases of several com-
mon bacteria, including Pseudomonas
aeruginosa, Staphylococcus aureus, and
Streptococcus pyogenes, all of which
cleave LL-37 (39, 44). On the other hand,
A. actinomycetemcomitans, the major
pathogen in the aggressive form of peri-
odontitis, has very low proteolytic activity
and leukotoxin is the key virulence factor.
Leukotoxin triggers a rapid release of
PMN granule components (25). It can be
speculated that a unique composition of
host-derived proteases in aggressive peri-
odontitis is responsible for the cathelicidin
degradation, which is in keeping with the
observation that in normal human epider-
mis, hCAP18/LL-37 or mature LL-37 are
subject to proteolytic processing by tissue
kallikreins (51).
Upon neutrophil stimulation, hCAP18/

LL-37 is proteolytically processed by
protease 3 into LL-37 and the cathelin
protein (16 kDa) (46). The hCAP18/LL-37
gene, however, is expressed in various

types of epithelial cells (12), including
gingival epithelial cells, in which its
expression is stimulated by different peri-
odontal pathogens (23, 34). This stimu-
lated local production of hCAP18/LL-37,
together with the enhanced influx of
neutrophils, may explain the positive cor-
relation between the concentration of
immunoreactive LL-37 protein in the
inflamed gingiva and the depth of peri-
odontal pockets as a measure of the
severity of periodontal disease (23). It is,
however, unclear which protease causes
the release of bactericidal LL-37 from the
precursor in addition to protease 3. In this
context, it is interesting to note that in GCF
from patients with periodontitis, we have
found aberrantly processed hCAP18/LL-
37 as an 11-kDa fragment that still bears
the LL-37 peptide at its C terminus. This
fragment is different from that of the 14-
kDa fragment generated by neutrophil
elastase or cathepsin G (46), and is most
likely to be generated by bacterial prote-
ase(s), especially as its occurrence is
correlated with the presence of the highly
proteolytic organisms P. gingivalis, T. for-
sythia, and T. denticola.
Despite in vitro findings that HNPs and

LL-37 are totally ineffective (2, 21, 36),
or possess only marginal bactericidal
activity against A. actinomycetemcomitans
and P. gingivalis (24, 34, 47), clinical
observations strongly argue for the impor-
tance of at least LL-37 in the protection
of gingival/periodontal tissues against
bacterial challenge. Specifically, the con-
genital deficiency of hCAP18/LL-37 in
morbus Kostmann syndrome (35) and the
absence of mature LL-37 in Papillon–
Lefèvre syndrome (10) are the primary
reasons for early development of severe
aggressive periodontitis in these patients.
In keeping with this, our data here
suggest that cathelicidin LL-37 is an
important, but still insufficient, part of
the innate host defense in severe peri-
odontitis. Combining these findings, it is
plausible to conclude that cathelicidin is a
key effector molecule of the innate
immunity in the human periodontium/
gingival tissues although its protective
role may be unrelated to bactericidal
activity. Conversely, in the hypoxic envi-
ronment of the inflamed gingiva (11),
which suppresses oxygen-dependant bac-
tericidal activity of phagocytes (28),
cathelicidin may synergize with HNPs to
efficiently kill periodontopathogens, as
they do in the case against Escherichia
coli and S. aureus (31). This intriguing
possibility is the subject of research in
our laboratories.

Fig. 3. Level of a-defensins (HNP1–3) in gingival crevicular fluid obtained from periodontitis
patients and healthy controls. The results present median, including 25th and 75th percentiles and
extreme values (circles), as well as P-values of statistical significance determined by Mann–Whitney
test.
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