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Abstract

Modern research confirms the role of inflammatory mediators in the pathomechanism of perio-
dontal tissue destruction. the aim of the study was to determine concentrations of MMP-8 and il-1β 
in gingival crevicular fluid (gcF) in patients with advanced chronic and aggressive periodontitis.  
the authors measured the concentrations of the above inflammatory mediators in gingival crevicular flu-
id of deep pockets (Pd ≥ 6 mm) and shallow pockets (Pd 4-5 mm) in 33 patients with advanced chronic 
periodontitis and in 16 patients with aggressive periodontitis. the control group consisted of 16 indi-
viduals with healthy periodontium. in all patients levels of MMP-8 and il-1β in gcF were determined 
with the elisa method. the study showed significantly higher concentrations of MMP-8 and il-1β 
in gcF of both deep and shallow pockets in patients with periodontitis compared to healthy subjects. 
No difference in concentrations of the tested mediators was observed with reference to diagnosis of 
aggressive periodontitis (aP) or chronic periodontitis (cP).
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Introduction
Periodontal disease is a condition caused by an imbal-

ance between oral microbiota and the inflammatory reac-
tion. Antigens trigger an inflammatory response and its 
non-specific component is involved in the periodontal tis-
sue damage [1]. The cells that most commonly participate 
in the non-specific inflammatory reaction are neutrophils 
and macrophages. A macrophage can be described briefly 
as a settled form of a monocyte [2]. Mouse species lack-
ing macrophage-colony stimulating factor are significantly 
more prone to a fatal outcome of the infections [3]. The two 
main functions of macrophages are either to directly digest 
the pathogen (phagocytosis) or to transport the antigen to 
the draining lymph node in order to develop a specific in-
flammatory response in the case of future infection/contact 
(presenting the antigen) [2]. They are also involved in the 
bone remodeling pattern, and the op/op mice (without gran-
ulocyte colony stimulating factor) suffer from osteoclast 
malfunction [3]. Cytokines may be described as mediators 
of the immunological system. The vast majority of cyto-
kines enhance the immunological response. Among them 
the key role is played by interleukin-1 (IL-1). The impor-

tance of IL-1 stems not only from its name (cytokines were 
numbered in the order of their discovery) – its numerous 
features are much more important. Macrophages are not 
the only cells producing IL-1. Others include osteoclasts [4] 
and fibroblasts [5]. IL-1 inducts bone resorption via stim-
ulating the receptor activator of nuclear factor kappa-B li-
gand (RANKL), which is the major activating signal for the 
osteoclasts [6]. It also increases the production of prosta-
glandin E

2
 in the bone tissue ‘inhibits osteoclasts’ apoptosis 

and upregulates the production of the macrophage colony 
stimulating factor [6].

The other cells belonging to the innate response are 
neutrophils. Thanks to the phenomenon of chemotaxis, 
neutrophils appear in the infected tissue and destroy the 
surroundings by means of superoxide anion production [7]. 
They also release several enzymes degrading connective 
tissue, called matrix metalloproteinases (MMP). Among 
those proteases is neutrophil collagenase (MMP-8), which 
breaks down collagen, the most important component of 
the periodontal ligament and bone.

As the junctional epithelium is permeable for neutro-
phils, and their presence in the junctional epithelium is 
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considered to be associated with the onset of the inflamma-
tion of periodontal tissues [8], it seems reasonable to de-
tect the severity of the non-specific inflammatory response 
through detection of the main products of the innate im-
mune response – IL-1 and MMP-8. Also, gingival crevic-
ular fluid (GCF), being the filtrate of the serum, located 
in the exact spot of the contact between bacterial biofilm 
and host tissues, was found to be the most suitable place to 
seek potential disturbances in the inflammatory response. 

The course of the mentioned phases of inflammation 
may differ in patients with advanced chronic periodontitis 
and in patients with aggressive periodontitis. Since the dif-
ferentiation of these two periodontal disease is still based 
solely on periodontal examination, patient’s history and 
radiographs, the aim of the study was to measure the levels 
of IL-1 and MMP-8 in the GCF in patients suffering from 
aggressive periodontitis and chronic periodontitis.

Material and methods
After designing the study and obtaining the approval 

from the Ethical Committee of the Medical University of 
Warsaw, 49 individuals, aged 24-72 years (30 females and 
19 males), were enrolled in the study group. They were 
selected according to the following criteria:
• diagnosis of advanced generalized chronic periodontitis 

(CP), or aggressive periodontitis (AP), according to the in-
dications of the American Academy of Periodontology [9],

• at least one site with pocket depth (PD) 6 mm or higher,
• signing the informed consent.

The exclusion criteria were:
• smoking habit,
• suffering from an illness potentially affecting the immune 

response,
• antibiotic treatment within 3 months prior to the study,
• periodontal treatment within 12 months prior to the study,
• pregnancy.

The selected study group consisted of 16 individuals 
with diagnosed AP (aged 26-46 years) (11 females and  
5 males) and 33 individuals suffering from CP (aged 24-72 
years) (19 females and 14 males).

A control group was created, including individuals 
with healthy periodontium and no general diseases, who 
signed the informed consent. It consisted of 16 persons 
aged 21-32 years (9 females and 7 males).

Patients were subjected to a periodontal examination, 
during which standard clinical parameters were evaluated 
and recorded. No bleeding or plaque scores were evaluat-
ed, in order not to provoke blood exudation from the sam-
pling sites, which would impair GCF collection. After the 
examination, a sample of gingival crevicular fluid (GCF) 
was collected from each individual. GCF was obtained:
•  in the study group, from two sites: a “shallow pocket” – 

a randomly chosen site with PD 4 or 5 mm; and a “deep 

pocket” – the site with the highest ≥ 6 mm PD value in 
the whole dentition,

• in the control group, from the mesiobuccal point of the 
upper right first molar.

After careful removal of supragingival biofilm, the 
sampled pocket was dried for ten seconds with an air sy-
ringe. Then a paper point (Paperstrip, OraFlow Inc, USA) 
was inserted into the pocket and removed after 30 seconds. 
If the bleeding was provoked or the paper point was con-
taminated with saliva, the procedure was interrupted and 
repeated again.

Directly after collection the samples were inserted 
into a device dedicated to measurement of the volume of 
the collected GCF (Periotron 8000, OraFlow Inc., USA).  
The device utilizes the mechanism of an electrolytic ca-
pacitor. After inserting a paper point soaked with the fluid 
between the metal claws and fixing them, the distance be-
tween the claws stays constant. An electrical field generated 
by opposite charges on the surfaces of the claws causes 
polarization of the dipole of the studied fluid, which reduc-
es the potential difference between the claws and changes 
their capacity. The recorded value is presented in Periotron 
units, proportional to the change of the electrolytic capac-
ity. After drawing the calibration curve using known liq-
uid volumes, the result is recalculated with SI units (µl).  
The Periotron device was calibrated using standard volumes 
of human saliva (0.25 μl; 0.5 μl; 0.75 μl; 1.0 μl; 1.25 μl) 
measured with a micropipette.

Directly after Periotron measurements, the paper points 
were inserted into tubes containing phosphate-buffered sa-
line, for IL-1β and MMP-8 200 μl and 500 μl, respectively. 
The samples were frozen immediately to the temperature 
of –20°C and stored until the biochemical testing.

GCF concentrations of IL-1β and MMP-8 were mea-
sured by an enzyme-linked immunosorbent assay (ELISA) 
using commercially available Quantikine kits (R&D Sys-
tems, MN, USA) for quantitative determination of total 
human IL-1β and metalloproteinase. For MMP-8 the test 
sensitivity was 0.06 ng/ml, assay range 0.2-10 ng/ml-β. For 
IL-1 sensitivity was 1 pg/ml, assay range 3.9-250 pg/ml.

Laboratory results were subjected to statistical analysis. 
Statistical evaluation to compare the levels of MMP-8 and 
IL-1β between 2 independent groups and between shallow 
and deep pockets was performed with the Mann-Whitney 
test. Spearman’s correlation and Pearson’s correlation co-
efficients were used to investigate intra-group relationships 
between levels of particular parameters. For the entire study 
the critical level of significance was assumed as p = 0.05.

Results
Figure 1 presents mean concentrations of MMP-8 in 

the examined subgroups. In the shallow pocket group the 
level of MMP-8 was significantly higher (mean 45.0 ng/μl, 
SD 41.2 vs. 14.4 ng/μl, SD 16.5, p < 0.001). Similarly, 
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MMP-8 concentration in the GCF collected from deep 
pockets was also significantly higher than in controls (mean 
46.4 ng/μl, SD 38.6, p < 0.001). The values of MMP-8 con-
centrations in shallow and deep pockets did not differ (p = 
0.798).

Figure 2 illustrates a similar evaluation regarding 
IL-1β concentration. Again, both in shallow and deep 
pockets IL-1β levels in GCF were significantly higher in 
study subgroups than in controls. In shallow sites IL-1β 
concentration reached 92.9 pg/μl (SD = 74.6), in deep 
sites 64.1 pg/μl (SD = 41.5), and in both cases was sig-
nificantly higher than in controls (23.0 pg/μl, SD = 13.5, 
p < 0.001). Statistical comparison of IL-1β levels in shal-
low and deep pockets revealed a significant difference 
(p = 0.002).

Table 1 shows the possible association between MMP-8 
and IL-1β concentrations and the periodontal diagnosis. 
According to the Mann-Whitney test comparison, MMP-8 
and IL-1β concentrations did not differ according to the di-
agnosis.

Table 2 shows the correlation analysis between IL-1β 
and MMP-8 levels, depending on the evaluated subgroup. 
As shown, there is a slight positive correlation between  
IL-1β and MMP-8 concentrations in GCF for shallow 
pockets. Such a phenomenon was observed neither in 
healthy controls nor in deep pockets.

Table 3 shows correlations between the health index 
(PI – plaque index for the entire mouth) and clinical indi-
cators of the state of periodontal tissues (BI – percentage 
bleeding index for the entire oral cavity, PD – maximum 
depth of the periodontal pocket and % PD > 6 mm – per-
centage of pockets deeper than 6 mm). No correlation was 
observed between the examined clinical indicators and 
MMP-8 and IL-1β concentrations in GCF.

Discussion
The non-specific component of the inflammatory re-

sponse is believed to be the major factor influencing perio-
dontal tissue destruction. Infiltration of macrophages and 
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Fig. 1. Mean concentrations of MMP-8 levels in GCF  
in the shallow pockets (PD = 4-5 mm), deep pockets  
(PD ≥ 6 mm ) and healthy controls pockets. The level of 
MMP-8 in the shallow pockets was significantly high-
er (mean 45.0 ng/μl, SD 41.2 vs. 14.4 ng/μl, SD 16.5,  
p < 0.001) than in controls. Similarly, MMP-8 concen-
tration in the GCF collected from deep pockets was also 
significantly higher than in controls (mean 46.4 ng/μl, SD 
38.6, p < 0.001). The values of MMP-8 concentrations in 
shallow and deep pockets did not differ (p = 0.798)

Fig. 2. Mean concentrations of IL-1β levels in GCF  
in the shallow pockets (PD = 4-5 mm), deep pockets  
(PD ≥ 6 mm) and healthy controls pockets. In shallow 
sites IL-1β concentration reached 92.9 pg/μl (SD = 74.6), 
in deep sites 64.1 pg/μl (SD = 41.5), and in both cases 
was significantly higher than in controls (23.0 pg/μl,  
SD = 13.5, p < 0.001). Statistical comparison of IL-1β 
levels in shallow and deep pockets revealed a significant 
difference (p = 0.002)

Table 1. Analysis of the differences in concentrations of MMP-8 and IL-1β in GCF shallow (PD = 4-5 mm) and deep 
(PD ≥ 6 mm) pockets depending on diagnosis. AP – aggressive periodontitis, CP – chronic periodontitis

Pockets Diagnosis n Mean SD Median p-value (M-W test)

MMP-8
Shallow

AP 16 35.8 39.3 21.7 0.130

CP 33 49.4 42.0 41.0

Deep
AP 16 62.6 52.6 62.8 0.088

CP 33 38.5 27.3 30.1

IL-1β
Shallow

AP 16 79.6 56.0 60.8 0.522

CP 33 99.4 82.1 71.9

Deep
AP 16 60.8 35.7 57.9 0.798

CP 33 65.8 44.4 53.4
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neutrophils to the locus of infection should result in in-
creased concentration of the proinflammatory mediators. 
One can expect that inflammatory exudate, such as the 
GCF in the course of periodontitis, will demonstrate an el-
evated level of IL-1β and MMP-8, being the manifestation 
of increased activity of immunocompetent cells. Increased 
concentration of both measured inflammatory mediators 
has been reported in numerous studies [10-22]. The fact 
of increased concentration of both IL-1β and MMP-8 in 
diseased persons vs healthy individuals seems undisputa-
ble. The phenomenon of similar MMP-8 concentration in 
shallow and deep pockets is less common. 

It is even harder to explain a significantly lower con-
centration of IL-1 in deep than in shallow pockets, as one 
might expect the opposite association. Numerous reports 
indicate a coincidence between the pocket depth and the 
IL-1β concentration. Some of those papers mention in gen-
eral the association between IL-1β level and progression 
of periodontal inflammation. Govindarajan and coworkers 
[12] examined 40 individuals divided into equal groups of 
patients suffering from chronic periodontitis and healthy 
controls. No correlation was found between IL-1β con-
centration and pocket depth (p = 0.316). Cytokine level 
in GCF of CP patients correlated only with two unique 
parameters describing the area of epithelial and inflamed 
tissue – PESA and PISA, respectively [12]. Lomba et al. 
stated that in deep pockets the level of IL-1β was signifi-
cantly higher than in shallow ones (the included table 
showed exactly the opposite, but direct contact with the au-
thors revealed that issue to result from an oversight in the 
table headings) [13]. Baser et al. in their publication also 
reported higher levels of IL-1β in GCF from deep pockets. 
Moreover, they also observed a correlation between the 
pocket depth and the GCF IL-1β level [14]. Shimada et al. 
observed a similar association. A higher level of IL-1β was 
observed in the GCF from diseased sites than from healthy 
ones. IL-1β level was also higher in the sites that bled on 
probing [15]. Summarizing the quoted manuscripts and 
comparing them to our own observations, we can attribute 
the phenomenon of lower concentration of IL-1β in deep 
pockets than in shallow pockets only to the specific (not 
intended, however) composition of the study group. 

Similar levels of MMP-8 in fluid collected from shal-
low and deep pockets and higher IL-1β concentration in 
deep pockets could also be explained by measurement 

error caused by insufficient purification of the Periotron 
device jaws at the next measurement. Each time, the first 
measurement was performed in a deep pocket and then in 
a shallow one. If the Periotron jaws were stained with fluid 
remaining from the previous measurement, it could distort 
the measurement of fluid from the shallow pocket. There-
fore it must be assumed that fully reliable measurements 
are those carried out in deep pockets.

Due to the relatively high standard deviation, it is like-
ly that in a larger study population such a phenomenon 
would not occur. Further examination is required to ex-
plain this. It is necessary to perform thorough cleansing 
of the Periotron jaws between measurements on the same 
patient, and to carry out measurements of shallow pockets 
first.

A lack of correlation between clinical indicators calcu-
lated for the entire oral cavity of the patient and MMP-8 
and IL-1β concentrations in the pocket may indicate that 
the levels of the mediators depend on local inflammation. 
High levels of inflammatory mediators, MMP-8 and IL-1β, 
were found in bleeding pockets (inflammation) in patients 
with periodontitis, compared to shallow non-bleeding 
pockets in healthy controls. Even in patients with low BI 
for the whole oral cavity, levels of inflammatory mediators 
in a single pocket can be high in response to bacteria pres-
ent in the pocket. Some of these bacteria (e.g. the orange 
complex) may be present in increased amounts in patients 
with periodontitis in pockets both of a moderate depth (PD 
4-5 mm) and in the deep pockets ≥ 6 mm. This in turn may 
lead to the development of an inflammatory reaction in the 
area surrounding both shallow and deep pockets.

It should also be noted that in the light of the results 
of the study, MMP-8 and IL-1β concentrations in gingival 
crevicular fluid do not seem to have quite as much diag-
nostic significance as it was initially assumed. Assessment 
of inflammatory mediators’ levels in saliva, which con-
tains fluid transferred from all periodontal pockets of the 
patient, may be an easier method as the material is more 
easily available.

Table 2. Correlation analysis for concentrations of IL-1 
and MMP-8 in periodontitis patients and healthy controls

Variable 1 Variable 2 Pearson 
correlation

p value

IL-1β healthy MMP-8 healthy 0.178 0.509

IL-1β shallow MMP-8 shallow 0.309 0.031

IL-1β deep MMP-8 deep 0.167 0.252

Table 3. Analysis of correlations between GCF MMP-8 
and IL-1β concentrations and clinical parameters in shallow  
(PD = 4-5 mm) and deep pockets (PD ≥ 6 mm ). PI – plaque 
index, BI – bleeding index, PD

max
 – maximum pocket depth, 

%PD > 6 mm – percentage of pockets deeper than 6 mm

MMP-8 
shallow 
pocket

MMP-8 
deep 

pocket

IL-1β 
shallow 
pocket

IL-1β  
deep 

pocket

PI 0.43 0.779 0.791 0.961

BI 0.15 0.731 0.668 0.603

PD
max

0.59 0.182 0.848 0.219

%PD > 6 0.8 0.086 0.678 0.776
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Conclusions
MMP-8 and IL-1β concentrations in gingival crevic-

ular fluid may indicate the activity of periodontal disease 
and are increased in patients with periodontitis compared 
to healthy individuals.

Elevated levels of MMP-8 and IL-1β do not differ de-
pending on the clinical diagnosis – aggressive or chronic 
periodontitis. Therefore it seems that these mediators can-
not be used in diagnostic tests for differentiating these two 
disease entities.
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582938 “the role of selected inflammatory mediators in 
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