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Resolution of Crevicular Fluid Leukocyte
Activity in Patients Treated for Aggressive
Periodontal Disease
Rainer Buchmann,* Andrej Hasilik,† Thomas E. Van Dyke,* and Dieter E. Lange‡

Background: Enhanced neutrophil responses play a criti-
cal role in the activation of the innate immune system and
causation of aggressive periodontitis (AgP). The hypothesis
that comprehensive periodontal treatment expedites resolu-
tion of amplified leukocyte activity and facilitates the recon-
stitution of periodontal health was tested.

Methods: Four different gingival crevicular fluid (GCF)
markers from 14 patients were characterized prior to and at
3, 6, 12, 24, and 36 months after periodontal therapy. GCF
myeloperoxidase (MPO), beta-N-acetyl-hexosaminidase (beta-
NAH), and beta-glucuronidase (beta-G) were determined
spectrophotometrically, and cathepsin D (CD) by liquid scin-
tillation counting using [14C] hemoglobin as substrate. The
primary outcome was long-term stability of periodontal health.

Results: In untreated AgP, GCF markers were significantly
amplified (MPO: 1.9-fold; beta-NAH: 1.3-fold; beta-G: 1.7-
fold; CD: 4.7-fold). Following periodontal therapy, the leuko-
cyte activity was significantly dampened (0.3- to 0.5-fold), and
paralleled with a sustained improvement of periodontal health
(P <0.05). Thereafter and at 3 years, GCF leukocyte responses
remained on a physiologic low level compatible to normal
immune function.

Conclusions: Comprehensive treatment of AP induces a
downregulation of amplified crevicular neutrophil activity. The
release of the innate immune system from exacerbating dam-
age elicits a successful reconstitution of long-term periodon-
tal health with no setbacks seen after 3 years. J Periodontol
2002;73:995-1002.
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It is thought that periodontal inflamma-
tion may affect and worsen systemic dis-
eases/conditions such as cardiovascular

disease, preterm labor, diabetes mellitus,
and other clinical syndromes associated
with aberrant leukocyte responses.1,2 In a
revised classification system for periodon-
tal diseases,3 aggressive periodontitis was
redefined to comprise a complex entity of
microbial alterations and cellular dysfunc-
tions that differentiate the underlying mol-
ecular mechanisms from chronic peri-
odontal disease. Genetic susceptibility,
environmental and internal triggers of
autoreactivity, and changes in the patho-
logical processes as the disease progresses
may account for the severity of the disease.

Excessive neutrophil infiltration is criti-
cal to the induction of inflammation of
healthy tissues and the amplification of pro-
gressing periodontal disease. Several promi-
nent compounds of neutrophil origin have
been identified that amplify the inflamma-
tory response including enzymes, superox-
ide radicals, and reactive oxygen de-
rivates.4,5 Although anti-inflammatory
agents dampen inflammation by inhibiting
key proinflammatory mediators, our knowl-
edge of the endogenous mechanisms that
govern the resolution of host responses in
severe inflammatory conditions is limited.6

Gingival crevicular fluid (GCF) contains
leukocytes, plasma-proteins, and endprod-
ucts of the local cellular and microbial activ-
ity, thus contributing to the individual’s
response to periodontal infection. The
myeloperoxidase-hydrogen peroxide-chlo-
ride system, which is part of the innate host
defense mediated by polymorphonuclear
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leukocytes, possesses potent antimicrobial activity.7

The liberation of the 150-kDa protein myeloperoxidase
(MPO) from the azurophilic granules of neutrophils into
the extracellular space gives rise to highly reactive oxy-
gen species, including O2

− and HOCl. Other mediators
of homeostasis and tissue inflammation include gly-
cosaminoglycan-degrading glycosidases, glycoside sul-
fatases, and acid hydrolases from terminal lysosomes
of neutrophils.8,9 The 60-kDA acid lysosomal hydrolase
beta-N-acetyl-hexosaminidase (beta-NAH) emanates
into GCF during neutrophil phagocytosis. Salivary beta-
NAH-glycosidase activities correlate with the degree of
inflammation after treatment.10 Under secretory con-
ditions, the precursor forms of the newly synthesized
enzyme will be liberated. During phagocytosis and cel-
lular lysis, the lysosomal beta-N-acetyl-hexosaminidase
is present. The 52-kDa lysosomal aspartate-endopep-
tidase cathepsin D emigrates from the primary
azurophilic granules of neutrophils into the extracellu-
lar compartment. Cathepsin D (CD) reacts against
basement membranes and is functional in a wide vari-
ety of tissues during their remodeling or regression and
in apoptosis. It is located in fibroblasts and macrophages
of the subepithelial connective tissue and in desqua-
mating junctional epithelial cells of the gingival crevice.11

As a marker of protein hydrolysis and cellular lysis,
increasing levels represent the endpoint of tissue-medi-
ated destruction.12,13 As an important compound of the
primary azurophilic granules of leukocytes, the 290-
kDa beta-glucuronidase (beta-G) is involved in the
catabolism of proteoglycans cleaving non-reducing ends
of tetrasaccharides and larger polysaccharides.14 Beta-
G causes cell damage by antigen-induced endocytosis
and phagocytosis, formation of immune complexes,
and stimulation of complement and apoptosis.15

Based on the concept of a functional link between
downregulation of leukocyte infiltration and resolution
of disease, the hypothesis was tested that in AgP, com-
prehensive periodontal treatment expedites resolution
of amplified polymorphonuclear leukocyte (PMN)
recruitment and facilitates the reconstitution of peri-
odontal health.

MATERIALS AND METHODS
Study Population
Fourteen subjects with AgP3 and evidence of prior
attachment loss were recruited from the Department
of Periodontology, University of Münster. The patients
enrolled into the study (39.6 ± 8.1 years) were
screened for past history of periodontitis by radi-
ographic evidence of intrabony defects exceeding more
than 50% at the last visit, and probing depths ≥6 mm
in at least 8 sites within each quadrant (Table 1). AgP
subjects displayed generalized severe periodontal tis-
sue destruction, loss of periodontal support inconsis-
tent with age, persistent gingival inflammation, increas-

ing probing depths, and progressing tooth mobility.16

They were recruited from referring dentists since con-
trol of disease was not achievable in the past. Patients
were asked about current and past smoking habits,
and packs per year were calculated. Individuals who
reported smoking more than 10 cigarettes per day
were defined as actual smokers. Patients who had quit
smoking for at least 2 years were classified as former
smokers. Exclusion criteria included pregnancy, peri-
odontal therapy, or antibiotics in the previous 6 months
and any systemic condition that might have affected
the progression or treatment of periodontitis and the
need for premedication for therapy. Subjects fulfilling
the inclusion criteria above were asked to participate
in the study and, if they accepted, to sign informed
consent documents. Patients were requested to report
to the principal investigator any orofacial or medical
infection for which antibiotics were administered.

Biochemical Analysis
GCF sampling. In each patient, GCF was harvested at
8 teeth (2 per quadrant) at mesio- or disto-interproxi-
mal sites with probing depths (PD) between 6 and 8
mm prior to surgery and at the 3-, 6-, 12-, 24-, and 36-
month reexamination visits. Following removal of
supragingival plaque with a sterile Gracey 11/12 curet
tip, sites to be sampled were isolated with cotton rolls
and gently air dried. Then, a paper strip§ was inserted
at the entrance of the periodontal pocket for 30 sec-
onds.17 The GCF volume was determined using an
instrument� that was calibrated with a quadratic regres-
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§ Harco, Tustin, CA.
� Harco Periotron 6000, Siemens, Bensheim, Germany.

Table 1.

Baseline Demographic and Clinical
Characteristics of AgP Subjects

Females Males Total

N subjects 6 8 14

Age at baseline (years) 40.2 ± 7.0 39.3 ± 9.2 39.6 ± 8.1

Number of sites examined 46 62 108

% sites CAL
<4 mm 0 (0)* 1.6 (1) 0.9 (1)
4-6 mm 21.7 (10) 37.1 (23) 30.6 (33)
>6 mm 78.3 (36) 61.3 (38) 68.5 (74)

% sites GI
0 0 (0) 1.6 (1) 0.9 (1)
1 6.5 (3) 4.8 (3) 5.6 (6)
2 32.6 (15) 64.5 (40) 50.9 (55)
3 60.9 (28) 29.0 (18) 42.6 (46)

*N in parentheses.
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sion equation curve using serum, 0.9% saline, and 1:1
aliquots of serum and saline. Prior to each periodontal
examination, the GCF samples were collected, and the
GCF volumes immediately read.� The strips were
placed into empty 1.5 ml Eppendorf vials and stored
at 4°C. Samples visibly contaminated with blood were
discarded. The samples were eluted in 160 µl 0.9%
sterile saline at pH 7.4 for 10 minutes with constant
agitation, and centrifuged at 14,000 g over a 2-minute
period. The supernatant was separated into 30 µl frac-
tions¶ and frozen in liquid nitrogen at −196°C.

Recovery and validation. A paper strip was inserted
into 4 × 10 µl aliquots of each of the diluted enzymes.
The 4 samples per GCF marker were immersed into
160 µl 0.9% sterile saline and vortexed. Strips and liq-
uid were separated by centrifugation (2 minutes,
14,000 g). In the supernatant, the total amount of
enzyme activities liberated from the 16 paper strips
were determined according to the assay procedures
described below and calculated as a percentage of the
known enzyme. The mean percent recoveries from the
paper strips as relative percent to the corresponding
standards were 82.9 ± 18.5% (MPO), 89.1 ± 13.4%
(beta-NAH), 91.6 ± 12.4% (beta-G), and 95.2 ± 17.6%
(CD).18 The validation of the enzyme assays was per-
formed with HL-60 promyelocytes.13

Myeloperoxidase. Ten µl of the diluted GCF sample
was added to 0.1 M citric acid buffer, pH 5.5, con-
taining 0.125% Triton-X-100 solution and 0.1 mM
hydrogen peroxide. The oxidation of H202 was per-
formed using 0.8 mM σ-dianisidin as substrate. After
7 minutes of incubation at 21°C, the samples turned
brown and the oxidative reaction was stopped by adding
glycine/NaOH, pH 10.4. The myeloperoxidase activity
of the GCF eluates was determined spectrophotomet-
rically at a wavelength (wv) of 405 nm (reference wv,
650 nm) on uncoated 96-well microtiter plates using
a microplate reader.# The total MPO activities were cal-
culated in duplicate in µU GCF sample.

Beta-N-acetyl-hexosaminidase. Ten µl of the diluted
GCF sample was eluted in 25 µl 0.9% NaCl, and 0.1
M citric acid buffer, pH 4.6, and 25 µl p-nitrophenyl-
N-acetyl-beta-D-glusoaminide** were added. The
reaction was allowed to proceed at 37°C for 30 min-
utes and then stopped with 225 µl 0.4 M Glycin-NaOH
stopping buffer, pH 10.4. The focused p-nitropheno-
late was assessed at a wv of 405 nm (reference wv,
492 nm). The total beta-NAH activities were calcu-
lated in duplicate in µU GCF sample.

Beta-glucuronidase. Ten µl of the diluted GCF sam-
ple was eluted in 25 µl 0.9% NaCl; and 25 µl 4-nitro-
phenyl-beta-D-glucuronide,†† diluted in 0.2% bovine
serum albumin, 0.04% NaN3, and 0.1 M citric acid
buffer, pH 4.6, was added. After incubation at 37°C
for 24 hours, the reaction was stopped with 225 µl 0.4
M Glycin-NaOH, pH 10.4. The total beta-G activities

were determined spectrophotometrically at a wv of
405 nm (reference wv, 492 nm), computed in dupli-
cate, and expressed in µU GCF sample.

Cathepsin D. The concentration of cathepsin D was
determined by liquid scintillation counting using [14C]
hemoglobin as substrate. The diluted sample (10 µl)
was incubated in a total volume of 200 µl 0.1 M Na-
acetate buffer, pH 3.65, with 10 µg [14C] hemoglobin,
50,000 counts per minute (cpm). After 6 hours of incu-
bation at 37°C, the reaction was stopped by adding 0.5
ml 1% (w/v) casein solution and 0.5 ml 25% (w/v)
trichloroacetic acid. The samples were centrifuged for
5 minutes at 14,000 × g, and the radioactivity in 1 ml
of the supernatant was assessed in a volume of 2 ml
scintillation liquid.‡‡ The radioactivity of the super-
natant was computed in a liquid scintillation counter
as counts per minute, with 1 cpm = 240 pg [14C] hemo-
globin. The total cathepsin D activities per 10 µl hemo-
globin were determined in duplicate, and the average
values were calculated in ng.

Periodontal Examination and Intervention
All patients were monitored at baseline and at 3, 6, 12,
24, and 36 months after periodontal treatment. The
clinical examination and periodontal treatment proto-
cols have been described in a previous investigation.19

The clinical examination included the evaluation of
probing depths (PD), clinical attachment levels (CAL),
the gingival (GI) and plaque indexes (PI), and gingival
crevicular fluid volumes (GCFv). All individuals received
antibiotic therapy with 3 × 500 mg amoxicillin§§ and 3
× 250 mg metronidazole�� for 7 consecutive days dur-
ing scaling and root planing and surgical therapy.

Maintenance
The patients were enrolled in a regularly scheduled peri-
odontal maintenance program. During the first year,
subjects were monitored in a 3- to 6-month recall inter-
val, including repeated oral hygiene instructions and a
full-mouth tooth cleaning with polishing agents¶¶ accord-
ing to their individual needs. At each visit, GCF samples
were harvested from the initially preselected sites. There-
after, the clinical parameters were assessed, and addi-
tional subgingival instrumentation was performed under
local anesthesia at periodontal sites that revealed PD >4
mm and positive bleeding on probing scores. All sub-
jects were regularly screened for caries and examined
radiographically to evaluate the crestal bone height and
detect early periapical lesions. To achieve a complete
rehabilitation of the oral cavity, individuals with needs

¶   Safe Twist, Eppendorf, Hamburg, Germany.
#   Behring ELISA Prozessor II, Behringwerke AG, Marburg, Germany.
** Sigma Aldrich Chemie GmbH, Deisenhofen, Germany.
†† Serva, Heidelberg, Germany.
‡‡ Rotiszint, Roth, Karlsruhe, Germany.
§§ Ratiopharm GmbH, Blaubeuren, Germany.
�� Artesan GmbH, Lüchow, Germany.
¶¶ Oralust, Oral-B Laboratories, Kronberg im Taunus, Germany.
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for further prosthodontic or
implant treatment were referred
to a specialist 6 months after
periodontal therapy.

Experimental Protocol
At the outset, the full range of
periodontal parameters was
assessed as described above.
Prior to each periodontal exam-
ination, we collected the GCF
samples from interproximal sites
with PD between 6 and 8 mm,
and determined the GCF vol-
umes. The reexamination, which
included GCF collection and the
recording of clinical parameters,
was performed for all subjects
at 3, 6, 12, 24, and 36 months after completion of
active periodontal therapy.

Statistical Analysis
Data analysis and statistical tests were performed on
a patient level basis. For the biochemical data and
clinical parameters, medians, means, and standard
deviations were calculated. The GCF parameters were
computed as the total amount collected onto the paper
strips in 30 seconds, and plotted as medians with
the Q1-Q3 quartiles, the minima and the maxima.
Wilcoxon signed rank test with Bonferroni adjustment
to control for experiment wise error rate was applied
to evaluate significant changes of the leukocyte mark-
ers for each reexamination compared to baseline, and
for long-term changes of the clinical parameters from
the outset to the 3-year visit. Statistical significance
was determined at an α = 0.05.

RESULTS
Oxygen-Dependent Activity
Prior to periodontal therapy, GCF contained 1.9-fold
enhanced MPO levels (median = 6.19 versus 3.34
µU/30 seconds after completion of active therapy), sug-
gesting an amplified neutrophil infiltration with an MPO-
dependent generation of hypochlorite-modified pro-
teins. There was a significant treatment-induced
reduction of MPO indicating a relief from enhanced
leukocyte infiltration (P <0.05). During the 3-year
period, MPO activities remained significantly different
(0.3- to 0.5-fold) from baseline. These observations
suggest a persistent downregulation of leukocyte-gen-
erated MPO activity after periodontal therapy compat-
ible with normal immune function (Table 2, Fig. 1A).

Matrix Hexosaminide Degradation Activity
Amplified neutrophil infiltration at baseline was asso-
ciated with beta-NAH levels that were 1.3-fold

increased (median = 0.78 versus 0.59 µU/30 seconds
at 3 months), compared to normal conditions. During
healing and tissue reorganization, a reduction of beta-
NAH from exudate leukocytes occurred at 0.5- to 0.8-
fold of beta-NAH activity compared to the outset.
Notwithstanding, this did not reach significance at any
time point (P <0.05). These results provide support
for the hypothesis that even in the absence of infec-
tion and inflammation after periodontal therapy, a low-
level matrix degradation activity occurs in periodontal
tissues (Table 3, Fig. 1B).

Exoglycosidic Activity
Beta-G levels were significantly elevated (median =
19.74 versus 10.20 µU/30 seconds after completion of
therapy), demonstrating enhanced neutrophil activity
in untreated disease conditions. At the post-treatment
level, a striking downregulation of neutrophil activity
was observed, with beta-G activities inhibited at 0.3-
to 0.5-fold of its initial levels that could be maintained
over the 3-year trial (P <0.05). These findings demon-
strate that upregulated leukocyte infiltration elicits
enhanced non-collagenous matrix degradation and
exacerbates the vulnerability to lytic tissue damages,
but becomes well controlled after periodontal therapy
(Table 4, Fig. 1C).

Endoproteolytic Activity
Prior to therapy, cathepsin D was 4.2-fold enhanced
(2.70 versus 0.64 µU/30 seconds after completion of
active therapy). Periodontal treatment significantly
expedited resolution of CD levels (P <0.05). The post-
treatment medians of CD were reduced to 0.2-fold
compared to baseline, and experienced no changes at
any reexamination visit. These results demonstrate
that the remission of CD is associated with the reso-
lution of periodontal inflammation accompanied by the
reorganization of periodontal tissues (Table 5, Fig. 1D).
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Table 2.

GCF Myeloperoxidase (�U/30 seconds) (oxygen-dependent
activity)

Time N Mean ± SD Median Q1 Q3 Minimum Maximum P*

Baseline 14 6.48 ± 2.56 6.19 3.98 8.52 2.66 10.24 –

3 months 13 3.46 ± 1.40 3.34 2.07 4.73 1.76 5.39 0.002

6 months 13 3.04 ± 1.44 2.80 1.96 3.81 1.43 6.29 0.001

12 months 14 2.69 ± 1.07 2.58 1.76 3.38 1.08 4.96 0.002

24 months 11 2.02 ± 0.67 1.87 1.40 2.80 1.26 3.12 0.003

36 months 13 2.14 ± 0.72 2.02 1.53 2.73 1.12 3.38 0.001

* Wilcoxon signed rank test, compared to baseline; Bonferroni adjustment, α = 0.05/5 = 0.01.
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Clinical Parameters
All parameters as evidenced by GCFv, PD, and CAL
significantly benefited from periodontal therapy, yield-
ing a sustained long-term improvement (P <0.05). Dur-
ing the entire observation period, the PI scores
remained on a low level, reflecting patients’ sustained
motivation for supragingival plaque control (Table 6).
The periodontal parameters followed the routes of neu-
trophil recruitment with no setback after 3 years, sug-
gesting the efficacy of the treatment to resolve the
body’s challenge from enhanced leukocyte activity.

DISCUSSION
We found elevated levels of MPO, beta-NAH, beta-G,
and CD in AgP with evidence of marked tissue infil-

tration of leukocytes attracted toward the site of infec-
tion. Crevicular fluid enzyme activities were signifi-
cantly decreased upon treatment.

It has been suggested that AgP patients present
altered GCF MPO profiles and different MPO isoforms
reflecting the PMN stimulation in proportion to the
neutrophil granule constituency.5,20 We identified 1.9-
fold enhanced PMN-generated, oxygen-dependent
activities promoting excessive periodontal inflamma-
tion. The expedited resolution of periodontal disease
associated with a change in biochemical profile has
been a focus of several studies that acknowledged
the counteractive effect of periodontal therapy on MPO
in a short-term approach.21,22 In accordance with
other clinical diseases in which leukocyte activities

Figure 1.
Box plots for the medians and Q1-Q3 quartiles of leukocyte-generated GCF markers. Lines below and above box plots = minimum-maximum. A.
Resolution of myeloperoxidase. B. Resolution of beta-N-acetyl-hexosaminidase. C. Resolution of beta-glucuronidase. D. Resolution of cathepsin D.

1233_IPC_AAP_553152  8/23/02  1:22 PM  Page 999



Leukocytes and Periodontal Inflammation Volume 73 • Number 9

1000

play a pivotal role in healthy tissue inflammation,4

our findings support the notion that tissue changes
observed at sites of excessive inflammation are due
to an abnormally enhanced neutrophil-generated, oxy-
gen-dependent metabolism.

Lysosomal glycosidases, in par-
ticular hexosaminidase, represent
a distinct subset of tissue-degrad-
ing enzymes that are activated by
proinflammatory stimuli.8 Prior to
therapy, amplified neutrophil infil-
tration was evidenced by 1.3-fold
increased beta-NAH levels, com-
pared to normal conditions. Due
to early recolonization with peri-
odontal pathogens, especially Por-
phyromonas gingivalis, initial
changes of beta-NAH as response
to periodontal therapy experienced
a relapse over time. Since beta-
NAH is considered to be an outer
membrane-associated lipoprotein
of P. gingivalis,23,24 unwanted con-
tributions of microbial-originated
beta-NAH from the periodontal
environment that reinstate and
accelerate the neutrophil-gener-
ated matrix tissue degradation
after therapy and during mainte-
nance may require repeated ther-
apeutic interventions.

Increased beta-G activities in
advanced periodontitis represent
an intrinsic phenomenon, and
appear not to be induced by the
microbial load of the oral infec-
tion.25 Beta-G–initiated matrix
degradation of dermatan, heparan,
and chondroitin sulfate is linked to
systemic and subject-based neu-
trophil responses due to qualita-
tive and quantitative alteration of
PMN function in specific peri-
odontal diseases.26,27 We demon-
strated a significant activation
(1.7-fold) in untreated AgP. The
inhibition of PMN infiltration fol-
lowing treatment and during main-
tenance resulting in a downregu-
lation of the matrix degradative
metabolism agrees with previous
findings on GCF beta-G where 140
patients were reexamined after 6
months of periodontal therapy.28

In our study, the treatment-induced
resolution of inflammation statisti-

cally dampened the functional PMN responses. How-
ever, the beta-G levels in treated AgP displayed a broad
range, suggesting single periodontal sites with ongoing
neutrophil activation.

In patients with clinical evidence of infection, leuko-

Table 3.

GCF Beta-N-Acetyl-Hexosaminidase (µU/30 seconds) (matrix
hexosaminide degradation)

Time N Mean ± SD Median Q1 Q3 Minimum Maximum P*

Baseline 13 0.79 ± 0.36 0.78 0.48 1.11 0.15 1.37 –

3 months 12 0.62 ± 0.26 0.59 0.42 0.78 0.28 1.18 0.110

6 months 13 0.60 ± 0.29 0.60 0.37 0.84 0.20 1.14 0.028

12 months 14 0.45 ± 0.24 0.40 0.26 0.73 0.14 0.86 0.023

24 months 8 0.58 ± 0.13 0.61 0.47 0.69 0.34 0.71 0.484

36 months 11 0.60 ± 0.20 0.54 0.45 0.73 0.34 1.02 0.182

*Wilcoxon signed rank test, compared to baseline; Bonferroni adjustment, α = 0.05/5 = 0.01.

Table 4.

GCF Beta-Glucuronidase (µU/30 seconds) (exoglycosidic
damage)

Time N Mean ± SD Median Q1 Q3 Minimum Maximum P*

Baseline 14 18.99 ± 5.70 19.74 14.66 22.58 9.82 29.44 –

3 months 13 11.47 ± 5.55 10.20 7.19 16.40 3.10 20.21 0.001

6 months 13 10.78 ± 5.41 7.78 6.57 14.64 5.87 22.59 0.003

12 months 14 7.45 ± 3.04 6.91 5.09 9.79 3.99 14.77 0.001

24 months 10 10.18 ± 4.22 9.47 7.47 12.79 4.63 18.64 0.005

36 months 13 9.22 ± 3.32 8.64 6.37 10.72 5.48 16.59 0.001

* Wilcoxon signed rank test, compared to baseline; Bonferroni adjustment, α = 0.05/5 = 0.01.

Table 5.

GCF Cathepsin D (ng/30 seconds) (endoproteolytic
degradation)

Time N Mean ± SD Median Q1 Q3 Minimum Maximum P*

Baseline 14 2.99 ± 1.43 2.70 1.51 4.54 1.18 5.14 –

3 months 12 0.63 ± 0.23 0.64 0.52 0.69 0.31 1.21 0.002

6 months 12 0.62 ± 0.47 0.56 0.17 1.06 0.04 1.47 0002

12 months 14 0.60 ± 0.29 0.45 0.39 0.79 0.31 1.31 0.001

24 months 10 0.73 ± 0.30 0.68 0.53 0.91 0.33 1.33 0.005

36 months 10 0.69 ± 0.28 0.63 0.51 0.86 0.33 1.30 0.005

*Wilcoxon signed rank test, compared to baseline; Bonferroni adjustment, α = 0.05/5 = 0.01.
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cyte activity is associated with amplified lysosomal
activities of cathepsin B and D that recently have been
identified as targets for anti-inflammatory agents.29

CD is linked to PMN exudation, but is more protracted
to the endpoint of inflammation where the neutrophils
prepare for resolution.12 In untreated periodontitis, we
found a marked increment of CD that reached 4.7-fold
difference compared to normal conditions. The release
of CD during acute inflammation simultaneously inac-
tivates endogenous proteinase inhibitors allowing
uncomplexed, functional active CD to further con-
tribute to ongoing tissue damage.30 CD activation per-
sistently declined with resolution of inflammation after
therapy, and during the 3-year course of periodontal
maintenance when tissue destruction is almost con-
trolled. In this view, CD is thought to reflect PMN
responses orchestrating finally at the end of inflam-
mation.

The upregulation of functional PMN responses in AgP
may be due to an absence or diminution in the endoge-
nous downregulatory or anti-inflammatory mediators

generated by this subset of
patients. The potential loss of
these counterregulatory sub-
stances can lead to further
amplification of proinflamma-
tory mediators, since they are
unopposed by endogenous stop
signals for leukocyte recruit-
ment. Given the large number
of leukocytes recruited at
inflammatory periodontal le-
sions, an effective treatment of
periodontal conditions impli-
cates a downregulation of PMN
infiltration that is likely to have
a beneficial impact on the prog-
nosis of a number of systemic
diseases. The effect between a
decrease in PMN responses in
periodontal disease and sytemic
conditions is based on the
hypothesis that P. gingivalis elic-
its leukocyte infiltration, con-
comitant with elevated PGE2
levels and upregulated COX-2
expression in infiltrated leuko-
cytes that mediate vasodilation,
and increase vascular perme-
ability. This has been docu-
mented for murine heart and
lung tissues, supporting a po-
tential role for P. gingivalis in the
evolution of systemic events.31

Our results stress the observa-
tion of a tight regulation of PMN

infiltration during inflammation, wound healing and res-
olution, until homeostasis is achieved.

Within the limitations of the present study, the fol-
lowing conclusions may be drawn: 1) untreated AgP
is associated with elevated levels of MPO, beta-NAH,
beta-G, and CD that may contribute to promoted loss
of periodontal support; 2) periodontal therapy induces
a sustained downregulation of leukocyte activity as
evidenced by the remission of crevicular GCF mark-
ers; and 3) the decreased lysosomal enzyme activi-
ties after treatment of AgP can be maintained for up
to 3 years.
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Table 6.

Clinical Parameters at Baseline, and at 3, 6, 12, 24, and 36
Months After Completion of Active Periodontal Therapy

3 6 12 24 36 Baseline-36 
Parameter Baseline Months Months Months Months Months Months P*

GCFv
N 14 13 13 14 10 13 13
Mean 148.5 101.4 99.9 90.1 90.5 104.3 48.1 0.030
SD 28.2 25.4 35.0 29.7 25.9 37.7 43.0
Median 151.2 94.9 103.4 94.2 88.9 107.1 41.7

PD (mm)
N 14 13 13 14 10 14 14
Mean 6.3 3.5 3.6 3.7 3.6 4.2 2.1 0.010
SD 1.1 0.9 0.9 1.1 0.8 1.0 1.4
Median 6.2 3.4 3.5 3.6 3.4 4.1 2.0

CAL (mm)
N 13 12 13 14 10 14 13
Mean 7.4 5.2 5.5 5.4 4.9 5.8 1.6 0.030
SD 1.4 1.2 1.7 1.7 1.5 1.7 1.3
Median 7.3 5.2 5.6 5.4 4.3 5.8 1.5

GI
N 14 13 13 14 10 14 14
Mean 2.4 0.9 0.8 0.8 0.7 0.8 1.6 0.010
SD 0.4 0.4 0.5 0.5 0.5 0.5 0.7
Median 2.4 1.0 0.8 0.6 0.6 0.8 1.9

PI
N 14 13 13 14 10 14 14
Mean 0.7 0.5 0.5 0.6 0.6 0.5 0.2 0.636
SD 0.6 0.4 0.4 0.6 0.5 0.4 0.7
Median 0.5 0.6 0.4 0.4 0.7 0.4 –0.02

*Wilcoxon signed rank test (baseline to 36 months).
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