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Abstract
Background, aims: Neutrophil cells constitute the first defense barrier against the oral
bacterial challenge in the periodontium. Reduction of neutrophils could impair this
response against periopathogenic bacteria such as Porphyromonas gingivalis. Our
previous work implicates the apoptosis of neutrophils in the pathogenesis of
periodontitis. We now demonstrate that granulocyte monocyte-colony stimulating
factor (GM-CSF) present in the gingival crevicular fluid (GCF) and secreted during
the immune response reduces the apoptosis of neutrophils.

Method: In this study, the presence of GM-CSF and tumor necrosis factor-alpha
(TNF-a) in GCF was determined in samples obtained from adult patients with perio-
dontitis and from control subjects with clinically healthy gingiva. GCF was collected
for 30 s using Periopapers strips, and cytokines were quantified by ELISA. We used
ex vivo culture of gingival tissue biopsies for 2 and 4 days in the presence of GM-CSF.
Apoptosis was determined using the terminal TdT-mediated dUTP-biotin nick end
labeling (TUNEL) technique, and expression of Bax by immunohistochemistry.

Results: The presence of GM-CSF and TNF-a was detected in the majority of sites
from periodontal patients (83.3% and 63.3%, respectively), presenting a total amount
of 27.65 and 42.38 pg, respectively. GM-CSF reduces the neutrophil apoptosis
determined by double staining with TUNEL and myeloperoxidase and by a reduction
of Bax expression.

Conclusions: These findings suggest a novel mechanism by which neutrophils
specifically accumulate in adult patients with periodontitis.
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Adult periodontitis is a chronic inflam-
matory disease characterized by a con-
stant interaction between pathogenic
bacteria and the host defense mechan-
isms, which eventually leads to period-
ontal tissue destruction and tooth loss
(Seymour 1991, Page et al. 1997,
Reynolds & Meikle 1997). In addition
to the direct pathological effects of
bacteria on periodontal tissues, it has
become evident that most of the tissue
damage is caused by indirect mechan-
isms. Bacterial products act upon the
cellular constituents of the gingival
tissues activating cellular processes that
induce the destruction of the connective
tissue and bone (Nagase 1997, Have-
mose-Poulsen et al. 1998, American

Academy of Periodontology 1999, Ro-
manelli et al. 1999). Immunohistochem-
ical studies have shown that the majority
of mononuclear cells migrate towards
the perivascular connective tissue to
form an inflammatory infiltrate, mainly
composed of neutrophils, T and B
lymphocytes and macrophages (Miyasa-
ki 1991, Seymour et al. 1993, Tonetti et
al. 1995). The homeostasis of these cell
populations, considered as the balance
between production and death, main-
tains a cell number within physiologi-
cally appropriate ranges and appropriate
for a correct immune response. While
the antigenic challenge is responsible for
cell growth and clonal expansion, apop-
tosis is the most common form of

physiologic cell death (Savill et al.
1989, Grigg et al. 1991, Gerschenson
& Rotello 1992, Cohen 1993). Several
authors have demonstrated the presence
of apoptotic cells in gingival biopsies
from periodontitis patients, showing that
apoptotic cells constitute less than 10%
of the total cell population (Koulouri et
al. 1999, Sawa et al. 1999). Using
double staining with a combination of
terminal TdT-mediated dUTP-biotin
nick end labeling (TUNEL) and differ-
ent markers for cell populations, we
have shown the presence of neutrophils
undergoing apoptosis, thus demonstrat-
ing that this cell population is also
regulated by this process (Gamonal et
al. 2001). Neutrophils are the most
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abundant immune cells in the gingival
inflammatory infiltrate in patients with
periodontitis, and their role in its
pathogenesis has been clearly demon-
strated (Tonetti et al. 1994, Daniel &
Van Dyke 1996). Circulating neutro-
phils have a short half-life and the onset
of the apoptotic process is associated
with the loss of several important
functions, such as adhesion and phago-
cytosis (Dransfield et al. 1995), which
eventually leads to their clearance from
the lesion by macrophage ingestion, thus
promoting the resolution of the inflam-
mation (Simon 1999). This constitutive
tendency to undergo apoptosis prevents
neutrophils from lingering at the infec-
tion site and limits their proinflamma-
tory potential (Haslett, 1992). However,
cytokines such as tumor necrosis factor-
alpha (TNF-a), granulocyte monocyte-
colony stimulating factor (GM-CSF)
(Colotta et al. 1992, Cox et al. 1992,
Lee et al. 1993, Dibbert et al. 1999) may
delay neutrophil apoptosis by increasing
their mitochondrial stability, reducing
caspase 3 activity and downregulating
the gene expression of Bax, a proapop-
totic member of the Bcl-2 family
(Tsujimoto & Shimizu, 2000). Recent
studies have shown that bacterial pro-
ducts isolated from different strains of
Porphyromonas gingivalis may also
delay neutrophil apoptosis in a dose-
dependent fashion (Preshaw et al. 1999).

The objective of this investigation
was to identify and measure the pre-
sence of TNF-a and GM-CSF in gingi-
val crevicular fluid (GCF) and to
correlate it with the presence of apopto-
tic neutrophils in the gingival tissue of
adult periodontitis patients when com-
pared with healthy donors. Furthermore,
as a secondary objective we have used
ex vivo cultures of human gingival
tissue biopsies to study the role of
GM-CSF as a potential protective factor
that prevents neutrophil apoptosis.

Material and Methods

Patient population

The study group consisted of 15 adult
patients (six men and nine women; 35–
66 years old; mean age 46.0278.45
years) with moderate to advanced per-
iodontitis selected from the Graduate
Periodontal Clinic at the Faculty of
Odontology of the University Complu-
tense, Madrid, Spain. Patients were
included in this study if they had at
least 14 natural teeth excluding third

molars, and including at least 10 poster-
ior teeth; had 5–6 teeth with probing
depth (PD)X5mm and with attachment
loss X3mm and showed extensive
radiographic bone loss; and had re-
ceived no treatment at the time of
examination. Subjects were excluded if
they suffered from systemic illness or if
they had received antibiotics or non-
steroid anti-inflammatory therapy in the
6-month period prior to the study. Eight
periodontally healthy subjects were
recruited for the control group (three
men and five women; 35–48 years old;
mean age 40.5674.48 years). Subjects
in the control group were healthy, had
no prior history of periodontal disease,
and exhibited PD o3mm and no
attachment loss, clinical inflammation,
sulcular bleeding or radiographic bone
loss. Prior to the study, all subjects
received a supragingival prophylaxis to
remove gross calculus and allow prob-
ing depth measurement. The protocol
was clearly explained to all patients and
Institutional Review Board-approved
informed consents were signed. Within
2 weeks of the detection of disease, all
patients were rendered appropriate per-
iodontal treatment.

Clinical measurements

Clinical parameters were evaluated by a
single calibrated investigator in all teeth
(excluding third molars) and they in-
cluded PD, relative attachment loss and
dichotomous measurements of supra-
gingival plaque accumulation (PI) and
bleeding on probing to the base of the
crevice (BOP). Six sites were examined
for each tooth: mesiobuccal, buccal,
distobuccal, distolingual, lingual and
mesiolingual positions. The Florida
Disk Probe was used for relative
attachment level recordings and the
Florida Probing Depth for PD recording
(Florida Probe Corporation, Gainesville,
FL, USA).

Collection of GCF

After isolating the tooth with a cotton
roll, supragingival plaque was removed
with curettes (Hu Friedy, Gracey, USA),
avoiding touching the marginal gingiva.
The crevicular site was then gently
dried with an air syringe and the GCF
was collected with Periopapers filter
paper strips (ProFlow, Amityville, NY,
USA). The strips were placed into the
sulcus/pocket until mild resistance was
sensed and left in place for 30 s. Those

strips contaminated by saliva or blood
were excluded from the sampled group
and new sites were selected. Sites were
selected randomly with a PD 45mm
and 43mm of attachment loss, in
periodontitis patients. A calibrated Peri-
otron-6000s (ProFlow, Amityville, NY,
USA) was used for volume determina-
tion of the strips. Then, the Periopapers

strips were immediately placed inside a
sterile vial and stored at � 701C until
further analysis. From the 15 patients
with periodontitis, the GCF samples
were obtained from two sites with PD
45mm (30 samples). GCF samples
were also obtained from two sites in
the eight healthy subjects (16 samples)
at the mesiobuccal gingival sulci (teeth
16 and 26).

Analysis of GCF

Once the GCF was collected, its volume
on the Periopapers strips was measured
using a calibrated Periotron-6000s. A
standard curve correlating digital read-
out to volume was constructed for each
calibration with standard human serum.
The readings from the Periotron-6000s

were converted to an actual volume (ml)
by reference to this curve. After GCF
volume measurements, strips were
placed in Eppendorf vials with 50ml of
phosphate-buffered saline with 0.05%
Tween-20 (PBS-T). GCF was extracted
by centrifugation at 10,000� g for
5min at 41C (Biofuge 17RS, Heraeus,
Sepatech, Germany) and the procedure
was repeated 3 times (Gamonal et al.
2000).

Quantification of cytokines

Aliquots of each GFC sample were
assayed by an enzyme-linked immuno-
sorbent assay (ELISA) to determine the
levels of TNF-a and GM-CSF using a
commercial kit and according to the
manufacturer’s recommendations (En-
dogen Inc., Cambridge, MA, USA).
Briefly, 96-well microplates were
coated with 100ml of GCF in duplicate
and incubated for 2 h at room tempera-
ture (RT). Plates were washed 4 times
and incubated with 200 ml HRP-conju-
gated streptavidin (Endogen) for 2 h at
RT. After extensive washing, 200ml of
substrate solution was added (Endogen).
The reaction was stopped after 30min
by the addition of 50 ml stop solution
and color was measured at 450 nm using
an automated microplate spectrophot-
ometer (Labsystems Multiskan, Bichro-
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matic, Finland). The amount of each
cytokine was determined in picograms
(pg) using a standard curve (7.8–
1000 pg) obtained with a standard
recombinant cytokine (Endogen Inc.,
Cambridge, MA, USA). Cytokine va-
lues lower than the detection limit in our
assay (below 7.8 pg) were considered
undetectable. Cytokine concentration
(pg/ml) was calculated from the volume
of GCF estimated from the Periotron-
6000s reading, according to the follow-
ing formula: cytokine concentration
(pg/ml)5 total cytokine (pg)/volume
(ml).

Ex vivo culture of gingival tissues

A gingival biopsy sample was taken
from each patient with periodontitis
(n5 15). The base incisions were made
1–2mm subgingivally; therefore, the
specimens consisted of gingival margin,
sulcular epithelium and gingival con-
nective tissue. As controls, one biopsy
was collected from the control group.
Tissues were cut and thoroughly washed
in a phosphate buffer (PBS pH 7.2)
containing ampicillin and streptomycin
in an Eppendorf tube. The sample was
then transferred to a 24-well/plate con-
taining RPMI medium 1640 supplemen-
ted with 10% fetal calf serum (complete
medium). Biopsies were cultured for 2
and 4 days in complete culture medium
in the presence of 100mg/ml of recom-
binant GM-CSF (RyD Systems, Abing-
don, UK). After the specific time in
culture, the biopsies were paraffin-
embedded and analyzed by immunohis-
tochemistry.

Immunohistochemistry

A standard three-stage immunoperoxi-
dase avidin–biotin–peroxidase complex
technique (ABC) was used to detect Bax
(Pharmingen, San Diego, CA, USA) and
myeloperoxidase (Dako, Glostrup, Den-
mark). Briefly, nonspecific tissue bind-
ing was blocked by incubation with 1%
horse serum for 30min. Specimens
were then incubated for 60min with
40 ml of diluted primary antibody. All
rinsing steps were performed with Tris-
buffered saline (TBS pH 7.2–7.6).
Biotinylated horse anti-mouse IgG sec-
ondary antibodies were incubated at
1:200 dilutions for 30min (Dako,
Glostrup, Denmark). Endogenous per-
oxidase activity was quenched by ex-
posure for 30min to 0.3% H2O2 in
methanol. Sections were then incubated

for 45min with preformed avidin bio-
tin–horseradish peroxidase macromole-
cular complexes (Dako). A black color
was developed by exposure for 6–8min
to 0.5mg/ml of the chromogen 30,30 -
diaminobenzidine tetrahydrochloride
(DAB) (Dako). Sections were counter-
stained with hematoxylin-eosin, dehy-
drated and permanently mounted.
Positive and negative controls were
processed with each series.

DNA nick end labeling of tissue sections

The presence of death-associated DNA
fragmentation was assessed in situ by
TUNEL using a commercial kit (Boeh-
ringer Mannheim, Mannheim, Germany)
according to the manufacturer’s recom-
mendations and as previously described
in detailed (Gamonal et al. 2001). Three
experimental, positive and negative con-
trol slides were prepared for each
biopsy. Positive control slides consisted
of paraffin-embedded tissue sections of
rat mammary gland provided by the
manufacturer. For negative controls,
TdT was omitted during incubation.

Data analysis

The clinical parameters and the total
amount and concentration of each
cytokine at healthy and diseased sites
were calculated as subject mean7
standard deviation. Sites of patients
were used as the experimental unit of
observations and statistical data were
analyzed considering subjects as the
experimental unit. Clinical measure-
ments and the total amount and con-
centration of each cytokine were
compared between healthy and diseased
sites using unpaired Student’s t-test.
The significance of differences within
each group was assessed using the
ANOVA test. The significance
(a5 0.05) of differences was assessed
using the Tukey test. The correlation of
cytokine levels with the presence of
apoptotic cells and Bax proteins was
calculated using Pearson’s correlation.
All the slides were coded by the same
person (A.S.) and analyzed by another
person (J.G.), making the measurements
double blind. A second examiner (A.A.)
verified the results. Analysis of immu-
nochemistry biopsies was measured
considering a range between 0 and 4,
to establish the degree of positive cells
present in the inflammatory infiltrate:
05 no detectable positive cells; 15 less
than 10%; 25 approximately 25%;

35 approximately 50%, 45more than
50%. The number of TUNEL-positive
cells was determined by counting 100
cells, evaluated for each single determi-
nation and reported as the mean of
analysis from three sections cut and
mounted on treated slices for each
patient (Gamonal et al. 2001).

Results

The clinical characteristics of the popu-
lation included in this study are grouped
in Table 1. Fifteen periodontitis patients
and eight healthy subjects were studied,
with ages ranging from 35 to 66 years
(mean age 46.0278.45 years for the
periodontitis group; mean age
40.5674.48 years for the control
group).

No statistically significant differences
in age or gender existed between the
two groups. Significantly lower amounts
of GCF were obtained from control
subjects as compared with periodontitis
patients (p5 0.0001).

Most sites analyzed in periodontitis
patients had detectable levels of TNF-a
(83.3%, 25/30) and GM-CSF (63.3%,
19/30), whereas only 37.5% (6/16) and
43.7% (7/16) had detectable TNF-a and
GM-CSF, respectively, in healthy sites.
The total amount and concentration of
the different cytokines are shown in
Table 2 and no statistically significant
differences were found when using
subjects as the experimental unit. The
total amount of TNF-a was higher in
periodontitis sites than in control (42.38
versus 13.21 pg; po0.05), although
with a similar cytokine concentration
(36.5 versus 39.8; p40.05). In contrast,
GM-CSF was always present, although
its concentration was lower in sites with
periodontitis than in healthy sites (23.6
versus 92.5 pg/ml; po0.05).

Neutrophil destruction mediated by
apoptosis was detected ‘‘in situ’’ by
double staining using TUNEL and
myeloperoxidase labeling (Fig. 1).

Culture of small gingival biopsies
(less than 2mm) in RPMI medium
containing 10% fetal calf serum with
100mg/ml of recombinant GM-CSF
and subsequent immunohistochemistry
allowed the sequential analysis of the
neutrophil apoptosis process during 4
days. General microscopic changes ob-
served in the hematoxylin and eosin
stained sections are shown in Fig. 2.
There is an increasing level of sponta-
neous apoptosis, measured as TUNEL-

618 Gamonal et al.



positive cells, detected in tissue sections
after 2 and 4 days in culture with
RPMI complete media, indicating that
most of the infiltrating inflammatory
cells in human gingiva may undergo
apoptosis (Fig. 3). The incubation of

gingival biopsies with 10 mg/ml of
recombinant GM-CSF, however, always
delayed the presence of apoptotic cells
as measured by immunohistochemistry
(Fig. 3, panel C versus panel D and
Table 3).

The presence of apoptotic cells in
tissue-cultured biopsies was confirmed
by studying Bax protein localization, by
means of immunohistochemistry using
an anti-Bax monoclonal antibody. As
shown in Fig. 4, fresh biopsies derived
from normal human gingival did not
express Bax or its expression was
reduced. In contrast, by days 2 and 4,
the expression of the proapoptotic
protein was detectable in all investi-
gated biopsies. The incubation with
GM-CSF correlated with a lower num-
ber of apoptotic cells in all tissue
sections from periodontitis patients
(r5 0.34, p40.05) (Table 3).

Discussion

Apoptosis, or programmed cell death,
plays a critical role in the regulation of
inflammation and the host immune
response (Cohen 1991). The apoptotic
process includes a series of coordinated
morphological and biochemical events
in the affected cell, resulting in its death
and removal by scavenger phagocytes
(Cohen 1991). Apoptosis of neutrophils
in vitro can be modulated by survival
(Colotta et al. 1992; Lee et al. 1993) and
death factors (Liles et al. 1996, Murray
et al. 1997). It has been detected by
expression of members of the Bcl-2
family, such as Bax in tissue sections
(Iwai et al. 1994, Weinmann et al.
1999). However, its possible role in
the pathogenesis of periodontitis has not
been investigated. With this purpose, we
have shown the expression of Bax- and
DNA fragmentation-positive neutrophil
cells in tissue sections from patients
with periodontitis. Furthermore, we
have tried to correlate the presence of
these cells with the presence of TNF-a
and GM-CSF in GCF. This study shows
how these soluble factors may play a
role in delaying apoptosis of the infil-
trating inflammatory cells in period-
ontitis. The role of TNF-a to induce,
delay or be ineffective on neutrophil
apoptosis has been controversial (Akgul
et al. 2001). While TNF-a rapidly
accelerates apoptosis in some neutro-
phils, it also generates an antiapoptotic
signal in the remaining neutrophils
(Murray et al. 2001). Considering
periodontitis as a long-term disease,
the finding of high levels of TNF-a in
the GCF of periodontitis subjects sug-
gests a protective role in neutrophil
apoptosis. The levels of total TNF-a
(pg) are strongly reduced when the

Table 1. Clinical characteristics of periodontitis and control groups (mean7SD)

Periodontitis group
(n5 15)

Control groups
(n5 8)

age (years) 46.0278.45 40.5674.48
% males 60.0 62.5
mean probing depth (mm) 3.6270.42 0.8470.2
mean relative attachment level (mm) 10.6470.38 0.3070.1
mean probing depth at sample sites 5.7670.54 0.870.2
% sites with plaque 79.5079.8 30.6077.2
% sites with bleeding on probing 48.5079.8 0
GCF volume (ml)

mean volume 1.1970.27n 0.2770.14n

range 0.73–1.60 0.10–0.67

nGCF volume periodontitis versus control groups, p5 0.0001.

Table 2. TNF-a and GM-CSF in GCF from periodontitis and control patients (mean7SD)

TNF-a GM-CSF

periodontitis control periodontitis control

total amount (pg) 41.2717.8n 13.073.0n 27.4714.4 26.677.1
range 10.3–135.4 9.0–18.1 8.7–95.9 8.7–56.9
concentration (pg/ml) 35.3718.4 36.6711.7 21.7714.7# 84.1735.8#

range 8.9–113.9 19.2–56.0 6.0–102.1 26.0–167.3
number of subjects 15 8 15 8

nTotal amount TNF-a periodontitis versus control, po0.05.
#Concentration GM-CSF periodontitis versus control, po0.05.

Fig. 1. TUNEL detection and immunohistochemical in tissue-frozen sections of biopsies from
periodontitis patients. Double-staining TUNEL/myeloperoxidase-positive cells (filled arrow) of
a gingival biopsy from periodontitis patients stained using a DAB chromogen and fast blue.
Cells TUNEL-negative are shown with an empty arrow (original magnification � 100).
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concentration is measured (total quan-
tity per volume, pg/ml) due to the
presence of a larger volume of GCF in
periodontitis patients as compared with

healthy subjects (Table 1). From our
data we conclude that neutrophil-de-
layed apoptosis may be associated with
the production of TNF-a and GM-CSF,

since intracellular Bax levels were
markedly reduced in the presence of
these soluble factors.

Apoptosis is being recognized as
playing a major role in the inflammatory
process. Aberrant apoptosis regulation is
considered to contribute to autoimmune
disorders such as systemic lupus erythe-
matosus (Georgescu et al. 1997), rheu-
matoid arthritis (Zhang et al. 2001),
viral diseases including AIDS (Ikuta et
al. 1997) and bacterial infection (Zy-
chlinsky & Sansonetti 1997). Therefore,
abnormalities in the regulation of cell
homeostasis may contribute to a number
of different pathogenic processes. Cer-
tain cytokines increase the lifespan of
the neutrophil by inhibiting their apop-
totic cell death in vitro (Brach et al.
1992), and this prolonged neutrophil
survival has been associated with an
enhanced inflammatory response (Dib-
bert et al. 1999). Direct evidence for
apoptosis delay in periodontal tissue
has not been shown in any previous
investigation. To demonstrate this event,
we used cultures of human gingival
biopsies obtained from periodontitis
subjects. These cultures may mimic the
in vivo microenvironment but without
the capacity of new neutrophil recruit-

Fig. 2. Microscopy changes in ex vivo cultures of human gingival biopsy stained with hematoxylin and eosin. Ex vivo cultures of small
gingival biopsies, less than 2mm, in RPMI/FCS medium with 100mg/ml of recombinant GM-CSF were stained with hematoxylin and eosin
after 0 (A, D), 2 (B, E) and 4 days (C, F) from control (A, B, C) and periodontitis patients (D, E, F) (original magnification � 40).

Fig. 3. GM-CSF-induced protection of spontaneous apoptosis on ex vivo sections of
periodontitis biopsies. Ex vivo cultures of gingival biopsies maintained for 2 (A and B) and 4
(C and D) days in RPMI/FCS medium in the presence (A and C) or absence (B and D) of
100 mg/ml recombinant GM-CSF were analyzed for apoptosis using TUNEL assay (original
magnification � 40).

Table 3. Bax-positive and TUNEL-positive cells in periodontal patients

Bax-positive TUNEL-positive (mean7SD)

Tissue sections Day 0 Day 2 Day 4 Day 0 Day 2 Day 4

GM-CSF (1) GM-CSF (� ) GM-CSF (1) GM-CSF (� )

Disease 0 o10% 425% 5.672.7 9.672.2 10.872.1 16.775.0 21.977.2n

nTUNEL-positive cells in the absence versus presence of GM-CSF, po0.05.
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ment. Thus, this ex vivo system allowed
us to study the onset of the apoptotic
process in the tissue and the possible
role played by GM-CSF (Simon et al.
1997). Sequential immunohistochemis-
try analysis from these biopsies allowed
us to identify cellular DNA fragmenta-
tion on tissue sections and therefore to
study the apoptosis at a single cell level.
Our findings show that ex vivo biopsies
could be maintained in culture for a few
days. During this time, an increase in
cellular death was evidenced by an
increase in the number of Bax-positive
cells. However, when the sample was
embedded in complete medium contain-
ing GM-CSF, the total number of
TUNEL-positive cells was reduced,
therefore showing its delaying effect
on the apoptotic process. Owing to the
impossibility of administrating systemic
GM-CSF, the use of short ex vivo
cultures might constitute a useful tool
to analyze the effect of certain regula-
tory factors on the gingival tissues.

Our results demonstrate that cytokines
GM-CSF and TNF-a are present in the
GCF of patients with periodontitis and in
control subjects. GM-CSF was detected
in 63.3% of the GCF samples from
periodontal patients whereas only 43.7%
had detectable GM-CSF in healthy sites,
and little variation was observed with
respect to the total amount. Our data
show that TNF-a was present in the GCF
of periodontitis (total amount 42.3 pg).
Therefore, the delay of neutrophil apop-
tosis could be related, at least partially,
to the presence of factors such as GM-
CSF (Dibbert et al. 1999) and TNF-a
(Colotta et al. 1992). The role of TNF-a
expression in periodontitis has already
been reported (Rossomando et al. 1990).
The levels of TNF-a are significantly
higher in inflamed periodontal tissues
than in healthy tissues (Stashenko et al.
1991). TNF-a induces the local upregu-

lation of polymorphonuclear function by
enhancing (priming) the oxidative and
secretory response to stimuli found at
infection sites (Steinbeck & Roth 1989).
Furthermore, this study suggests that its
presence together with GM-CSF in GCF
may be involved in the homeostatic
control of the neutrophil and may thus
delay its death and increase its inflam-
matory potential in periodontitis (Haslett
1992). GM-CSF can be produced by a
number of different cell types, including
T lymphocytes, macrophages, endothe-
lial cells, fibroblasts and stromal cells
(Quesniaux & Jones 1998). Its produc-
tion often requires a prior stimulation of
the producer cells by antigens such as
lipopolysaccharides (LPS), IL-1 and
TNF-a in macrophages, fibroblasts and
endothelial cells (Rasko & Gough,
1994). It has been recognized that GM-
CSF prolongs the survival of neutrophil
by significantly delaying the constitutive
apoptosis, resulting in their enhanced
survival and increased phagocytic func-
tion (Coxon et al. 1999). This effect has
been attributed to the upregulation of
Bcl-xL levels induced by GM-CSF
(Ochiai et al. 1997, Iwai et al. 1994).

Since Bcl-XL opposes the activity of
Bax, an increased Bcl-XL/Bax ratio may
contribute to delaying eosinophil apop-
tosis in allergic and other eosinophilic
diseases (Dibbert et al. 1998). The
mammalian Bcl-2 family of apoptosis-
associated proteins consists of members
that inhibit apoptosis (Bcl-2, Bcl-xL,
etc.) and others that induce apoptosis
(Bax, Bak, etc.), and the balance
between these proapoptotic and antia-
poptotic members determines the fate of
cells in many systems (Kroemer 1997).
Bax is a member of the Bcl-2 family
and functions as a death agonist within
apoptotic pathways (Knudson et al.
1995, Marzo et al. 1998). It has been
shown that Bcl-2 antagonizes the proa-

poptotic activity of Bax by forming
heterodimers with it (Oltvai et al. 1993).
Since Bax (Weinmann et al. 1999), but
not Bcl-2 (Iwai et al. 1994) was reported
to be expressed in neutrophil, it is likely
that neutrophils contain functional Bax
homodimers, which are, at least par-
tially, responsible for the short lifespan
of these cells. The proapoptotic activity
of Bax might be mediated by the release
of cytochrome c from mitochondria
(Marzo et al. 1998), with subsequent
activation of the caspase cascade (Green
& Reed 1998). Clearly, high levels of
Bax may contribute to, but may not be
the only mechanism responsible for the
short lifespan of neutrophils. Our re-
search group has previously demon-
strated elevated Bcl-2 expression in
periodontitis subjects, which together
with the low expression of Bax may
suggest that Bcl-2 protects against the
apoptosis induced by Bax (Gamonal et
al. 2001). GM-CSF, IL-3, G-CSF and
IFN-g markedly downregulated the ex-
pression of Bax in normal neutrophils.
This downregulation has been associated
with a cytokine-mediated prevention of
neutrophil apoptosis (Dibbert et al. 1999).

Since the majority of apoptotic cells
in our tissue sections were neutrophils
(Gamonal et al. 2001) and their relative
number was low, we can speculate that
the protective mechanism mediated
through GM-CSF described above op-
erates in the pathogenesis of period-
ontitis. The localized accumulation of
functional neutrophils at sites of inflam-
mation is pivotal in the host defense
against infection and the orderly
elimination of neutrophils is equally
important in the resolution of the
inflammatory response.

In summary, our data show a positive
correlation between the delay in the
apoptotic process of neutrophils in
periodontal tissues with an increase in

Fig. 4. Bax expression levels in the presence of GM-CSF from ex vivo sections of periodontitis biopsies. Ex vivo cultures of gingival biopsies
maintained for 0 (A), 2 (B) and 4 (C) days in RPMI/FCS medium in the presence of 100 mg/ml recombinant GM-CSF were analyzed for Bax
expression (original magnification � 40).
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the levels of TNF-a, GM-CSF in GCF
and a low expression of Bax, thus
suggesting a possible role of these
soluble mediators in the pathogenesis
of periodontitis.
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Zusammenfassung

Verzögerte Apoptose neutrophiler Granulozyten
bei chronischer Parodontitis
Hintergrund: Neutrophile Granulozyten stel-
len die erste Verteidigungslinie gegen die orale
bakterielle Exposition des Parodonts dar. Eine
Reduktion der Zahl der neutrophilen Granulo-
zyten könnte die Reaktion auf parodontalpatho-
gene Bakterien wie Porphyromonas gingivalis
(Pg) schwächen. Eine vorangegangene Arbeit
hatte die Bedeutung der Apoptose neutrophiler
Granulozyten für die Parodontitispathogenese
gezeigt.
Zielsetzung: Nachweis, dass der Granulozyten-
Monozytenkolonie-stimulierende Faktor (GM-
CSF), der sich in der Sulkusflüssigkeit (SF)
findet und während der Immunantwort gebildet
wird, die Apoptose der neutrophilen Granulo-
zyten reduziert.
Methode: Die Anwesenheit von GM-CSF und
TNFa in der SF wurde in Proben von
erwachsenen Patienten mit Parodontitis und
von Kontrollprobanden mit klinisch gesunder
Gingiva bestimmt. SF wurde 30 s lang mit
Periopaper

s

-Streifen gesammelt und die Zyto-
kine mittels ELISA quantifiziert. Ex-vivo-Kul-
turen von Biopsien gingivalen Gewebes wurden
für 2 und 4 Tage mit GM-CSF inkubiert. Die
Apoptose wurde mittels der "terminal TdT-
mediated dUTP-Biotin nick end labeling"
(TUNEL) Technik und durch die Expression
von Bax immunhistochemisch bestimmt.
Ergebnisse: GM-CSF und TNFa wurden in der
Mehrzahl der Stellen von Parodontitispatienten
nachgewiesen (83,3% bzw. 63,3%), mit einer
Gesamtmenge von 27,65 pg bzw. 42,38 pg.
GM-CSF reduzierte die Apoptose der neutro-
philen Granulozyten.
Schlussfolgerung: Diese Ergebnisse legen ei-
nen neuen Mechanismus nahe, der zur spezi-
fischen Ansammlung von neutrophilen
Granulozyten bei erwachsenen Patienten mit
Parodontitis führt.

Résumé

Apoptôse des neutrophiles retardée chez les
patients avec parodontite chronique
Les neutrophiles constituent la première ligne
de défense de l’organisme contre les bactéries
dans le parodonte. La réduction des neutro-

philes pourrait diminuer cette réponse contre les
bactéries parodontales pathogènes tels que le
Porphyromonas gingivalis (P.g.). L’apoptôse
des neutrophiles dans la pathogenèse de la
parodontite a été étudié. Le facteur stimulant la
colonie-monocyte-granulocyte (GM-CSF) pré-
sent dans le fluide créviculaire gingival (GCF)
et secrété durant la réponse immunitaire réduit
l’apoptôse des neutrophiles. Dans cette étude la
présence de GM-CSF et TNFalpha dans le GCF
a été déterminée dans des échantillons obtenus
d’adultes avec parodontite et de contrôles avec
gencive cliniquement saine. Le GCF a été
prélevé durant 30s à l’aide de bandelettes
Periopapers et les cytokines ont été quantifiées
par ELISA. La culture ex vivo a été utilisée pour
l’analyse de biopsies des tissus gingivaux
durant deux et quatre jours en présence de
GM-CSF. L’apoptôse a été déterminée par la
technique du TUNEL et l’expression de Bax par
immunohistochimie. La présence de GM-CSF
et TNFalpha a été détectée dans la majorité des
sites des patients avec parodontite (respective-
ment 83,3 et 63,3%), présentant une quantité
totale de respectivement, 27,7 et 42,4 pg. GM-
CSF réduit l’apoptôse des neutrophiles déter-
minée par double coloration avec TUNEL et
myéloperoxidase et par une réduction de
l’expression Bax. Ces découvertes suggèrent
un mécanisme nouveau par lequel les neutro-
philes s’accumulent spécifiquement chez les
adultes avec parodontite.
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