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The utility of gingival crevicular fluid matrix
metalloproteinase-8 provides site-specific
diagnostic value for periodontal grading
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Abstract

Introduction: Matrix metalloproteinase-8 (MMP-8), and its active form aMMP-8, was identified
as a potential biomarker of periodontal tissue destruction. It is present at different concentrations in
various oral fluids.

Material and methods: Gingival crevicular fluid (GCF) samples were collected from periodontal
pockets > 6 mm of 24 untreated patients using paper points and clinical parameters were recorded.
12 subjects were diagnosed with periodontitis stage Ill grade B, and 12 others with periodontitis stage 111
grade C. After thorough preparations, samples were collected following manufacturers’ instructions and
analyzed using a commercially available test system for aMMP-8 evaluation (aMMP-8 Test) and Peri-
otron 8000 together with Quantikine kits for assessment of total MMP-8 concentration (controls). Mi-
crobiological evaluation of the same pockets was carried out using real-time polymerase chain reaction.

Results: Concentrations of both total MMP-8 and aMMP-8 in GCF were higher in the case of
periodontitis grade C, compared to periodontitis grade B, but reached statistical significance only in
the case of total MMP-8 (77.17 ng/ml and 18.73 ng/ml respectively; p = 0.0104). Positive correlations
were found between total MMP-8 and aMMP-8 levels and the prevalence of Fusobacterium nucleatum,
mean probing pocket depth of all pockets, % of pockets > 6 mm, as well as probing pocket depth of

pocket from which GCF samples were collected.

Conclusions: GCF concentration levels of both total MMP-8 and aMMP-8 correlated with severity
of periodontal destruction, whereas total MMP-8 appeared to be a preferable method for differentiation
of periodontal grading. However, the aMMP-8 Test was easier and more convenient to handle.
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Introduction

Matrix metalloproteinase-8 (MMP-8), also named col-
lagenase-2 or neutrophil collagenase, is an endoprotease
which governs degradation of both periodontal soft and
hard tissues that are mostly built of type I collagen. This
process might take place during physiological remodeling,
as well as under irreversible pathologic breakdown. MMP-
8 is released from neutrophils through degranulation. Poly-
morphonuclear leukocytes provoked in vitro secretion of
MMP-8 from intracellular granules within a few seconds
after a stimulus [1]. This reaction may be stipulated by
periodontal microbiota, microbial virulence factors and
a plethora of proinflammatory mediators (e.g. interleukin
1B, tumor necrosis factor o) [2]. Constant interplay be-
tween MMP-8 activity and its natural regulators, such as
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tissue inhibitors of MMP (TIMPs) and a2-macroglobulin,
plays a role in regulation of periodontal tissue homeostasis.

According to a recent systematic review, an elevated
concentration of latent or total MMP-8, and particularly its
active/activated form (aMMP-8, Mr 65 kDa), was associ-
ated with progressive periodontal and peri-implant inflam-
matory diseases, and also with more advanced stages of
periodontitis compared with healthy and intact periodon-
tium [3, 4]. The MMP-8 activation in oral fluids reflected
conversion of gingivitis to periodontitis, and peri-mucositis
to peri-implantitis at site and patient levels of aMMP-8
[3-6]. Upregulation in oral fluids preceded progression of
periodontitis/peri-implantitis and contributed to a detect-
able increase in attachment loss [5-7]. Moreover, concen-
tration of MMP-8 declined after effective periodontal ther-
apy [8]. Therefore MMP-8 seems to be a reliable marker
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that may facilitate risk assessment of periodontitis occur-
rence and dynamics of its course. The level of MMP-8 can
be assessed in different oral fluids, such as saliva, mouth
rinse, gingival crevicular fluid (GCF) and peri-implantitis
sulcular fluid (PISF). As saliva or mouth rinse assay can
be beneficial for screening objectives, an analysis of bio-
chemical components of GCF reflects the degree of colla-
gen catabolism and conditions within periodontal tissues
[9]. It was estimated that 90% to 95% of collagenolytic
activity in GCF originate from MMP-8 [10]. The standard
gold laboratory-based test for total MMP-8 immunoac-
tivities in GCF is enzyme-linked immunosorbent assay
(ELISA). However, several other technologies, which in-
volved ready-made diagnostic kits and chair-side analysis
of raised aMMP-8, not only in GCF and PISF, but also
in saliva and mouth rinse, were proposed [11, 12]. Some
authors recommended analyzing associations of periodon-
tal microbiota in oral fluids with concentration of MMP-§
with a view to enhancing diagnostic precision [13, 14].

Keeping that in mind, one aim of this study was to deter-
mine whether total MMP-8 GCF levels and aMMP-8 GCF
concentrations measured by two different methods may dis-
tinguish subjects with two different periodontal diagnoses.
Another aim was to detect associations between evaluated
concentrations of collagenase-2 and clinical parameters,
as well as prevalence of selected periodontal microbiota.

Material and methods

This study received a positive approval by the institu-
tional review board (KB/171/2009) and was carried out at
the Department of Periodontology and Oral Mucosa Diseas-
es of Medical University of Warsaw. All clinical procedures
were performed in accordance with the Helsinki Declaration
of 1975, as revised in Tokyo in 2004. Written and signed
informed consent forms were obtained from every patient.

The following inclusion criteria were adopted: 1) diag-
nosed periodontitis stage III grade B or grade C, 2) pres-
ence of at least one periodontal pocket > 6 mm deep, 3) no
coexisting systemic conditions that may affect the course
of periodontal disease, 4) no chronic intake of drugs that
can modify the course of periodontal disease (antibiotics,
steroids, anti-inflammatory drugs, immunosuppressants,
antiepileptic drugs and calcium channel blockers), 5) no
pregnant/lactating women, 6) no smoking, 7) no profes-
sional teeth cleaning within 3 months before the examina-
tion, 8) no topical use of products based on chlorhexidine
within 3 months preceding the examination.

The study consisted of a clinical and laboratory part.
Periodontal examination was performed by a calibrated ex-
aminer who used a graded periodontal probe (UNC probe
15 mm, Hu-Friedy, Chicago, USA) and evaluated: 1) the
number of teeth present in the oral cavity, 2) full-mouth
plaque index (FMPI) according to O’Leary et al. [15] on
four tooth surfaces as the number of surfaces with plaque
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divided by the number of all examined surfaces; 3) full
mouth bleeding on probing index (FMBOP) according to
Ainamo and Bay [16] at six points for each tooth (i.e. dis-
tobuccal, buccal, mesiobuccal, distolingual, lingual, me-
siolingual) by dividing the number of bleeding points by
the number of all probed points; 4) probing pocket depth
(PPD) at six points of each tooth as the distance from the
gingival margin to the bottom of the pocket; 5) clinical
attachment level (CAL) at six points of each tooth as the
distance from the cemento-enamel junction (CEJ) to the
bottom of the pocket. On account of clinical examination
and evaluation of panoramic and periapical X-rays, diag-
nosis of periodontitis was made [2]. Periodontitis stage 11
was recognized when: 1) interdental CAL > 5 mm, 2) ra-
diographic bone loss extended to the mid-third of the tooth
root and beyond, 3) tooth loss due to periodontitis was
<4 teeth, 4) PPD > 6 mm, 5) vertical bone loss > 3 mm.
Periodontitis grades were assessed indirectly on dental ra-
diograms as percentage of root length divided by the age
of the subject (% bone loss/age). Periodontitis grade B was
identified when this value varied from 0.25 to 1.0, whereas
periodontitis grade C was identified when it was > 1.0.

In order to collect a sample of GCF the deepest pocket
> 6 mm was selected for each patient. Sample collection
was carried out on the day following periodontal examina-
tion. All patients were asked to refrain from eating, drink-
ing, and tooth brushing on the day prior to sample collec-
tion. Gingival plaque was removed from the tooth with
a swab, then the examined area was dried and isolated from
the excess saliva. Next, with sterile tweezers one paper
point (Paperstrip, OraFlow Inc., USA) was inserted into the
pocket for 30 seconds and subsequently placed into a de-
vice assigned to evaluate the volume of the collected GCF
(Periotron 8000, OraFlow Inc., USA). In the case of the pa-
per point being contaminated with blood or saliva, the pro-
cedure was rerun. Periotron was calibrated using standard
volumes of human saliva (0.25 pl, 0.75 pl, 1.0 pl, 1.25 pl)
measured with a micropipette. Paper points were put into
tubes containing 500 pl of phosphate-buffered saline, fro-
zen to the temperature —20°C and stored until biochemical
analysis. GCF concentrations of MMP-8 were assessed by
an enzyme-linked immunosorbent assay (ELISA) using
commercially available Quantikine kits (R&D Systems,
MN, USA) for quantitative analysis of total MMP-8 (test
sensitivity 0.06 ng/ml, assay range 0.2-10 ng/ml).

A commercially available test system (aMMP-8 Test,
Advanced Dental Diagnostics, Malden, Netherlands) was
used following the manufacturer’s instructions. In brief,
paper strips were placed in designated periodontal pockets
for 30 seconds, and then placed into labeled tubes, which
were sent to the laboratory. In the designated laboratory
the Sandwich ELISA method was used to measure the
concentration of aMMP-8 in the sample (test sensitivity
94.4%, test specificity 100%). Antibodies used in the test
identified specifically activated forms of MMP-8.
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Table 1. Clinical characteristics of groups (mean with 95% confidence interval and standard deviation).

Variable Periodontitis grade B Periodontitis grade C p (Student #-test)
(n=12) (n=12)

Number of teeth 25.12 [22.84-27.40] £1.10 24.66 [21.27-28.05] £1.53 0.4069

Mean probing pockets 2.75[2.21-3.28] +0.24 3.23 [2.42-4.04] £0.36 0.0009%*

depth (PPD) (mm)

% of pockets with PPD 6.91 [3.66-10.17] +1.47 14.41 [5.09-23.74] +4.23 <0.0001*

> 6 mm (%)

Full mouth plaque score 50.25 [37.22-63.27] £5.91 47.58 [31.08-64.08] £7.49 0.3429

(FMPI) (%)

Full mouth bleeding on 51.58 [39.71-63.44] £5.39 51.83 [32.81-70.85] +8.64 0.9330

probing (FMBOP) (%)

MMP-8 (ng/ml) 28.73 [17.92-39.54] +4.91 77.17 [43.07-111.26] £15.49 < 0.0001*

aMMP-8 (ng/ml) 24.00 [14.88-33.12] £15.80 49.09 [12.52-85.66] +54.44 0.1395

*Statistically significant difference at p < 0.05

Subsequently, microbiological analysis of the same
periodontal pocket was performed using a commercially
available PET diagnostic kit (MIP Pharma, Icking, Ger-
many) in accordance with the instructions provided by the
manufacturer. Briefly, the paper point was inserted into
the pocket for 20 seconds, then packed into a designated
test tube and sent to the manufacturer’s laboratory. The
total number of bacteria and the accurate number of nine
periopathogens in the sample (Prevotella intermedia, Pep-
tostreptococcus micros, Fusobacterium nucleatum, Eubac-
terium nodatum, Porphyromonas gingivalis, Treponema
denticola, Tannerella forsythia, Aggregatibacter actinomy-
cetemcomitans, Capnocytophaga gingivalis) were assessed
with real-time polymerase chain reaction (real-time PCR).

Statistical analysis was performed with Statistica
v. 13 (TIBCO Software Inc., Palo Alto, USA). Data were
presented as mean + standard deviation (SD) and 95%
confidence intervals. The unequal variance Student s-test
was used for comparisons of two independent groups for
continuous variables. The normality of the data distribution
was verified by the Shapiro-Wilk test and the equality of
variances was assessed used the Levene test. For all study
parameters the data distribution did not differ significant-
ly from the normal distribution, and the variances of the
compared variants were homogeneous. Relationships be-
tween concentrations of MMP-8 and evaluated clinical and
microbiological parameters were assessed using Spearman
rank correlation (R). The distributions and prevalence of
selected periodontal microbes between study groups were
analyzed by chi-squared test. P values of less than 0.05
(p < 0.05) were regarded as statistically significant.

Results

The study included 24 patients: 12 individuals (7 fe-
males and 5 males with an average age of 48.4 years) with
periodontitis grade B and 12 subjects (7 females and 5 males
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with an average age of 40.3 years) with periodontitis
grade C. The groups’ characteristics are depicted in Table 1.
Individuals with periodontitis grade C had significantly
more deep periodontal pockets. Concentrations of both
total MMP-8 and aMMP-8 in GCF were higher in the case
of periodontitis grade C compared to periodontitis grade B.
However, a statistically significant difference was observed
only for total MMP-8 (77.17 ng/ml and 28.73 ng/ml, re-
spectively, p = 0.0104) evaluated with ELISA technique.

No significant differences between grade B and grade C
were observed in terms of distribution and the number of
evaluated periopathogens with the exception of T. forsythia
(Table 2). T. forsythia was more often found in patients
diagnosed with grade C periodontitis (p = 0.0372).

Positive correlations were found between MMP-8 and
aMMP-8 concentration and the prevalence of F. nuclea-
tum in the sample, mean PPD of all pockets, % of pockets
deeper than 6 mm, as well as PPD of pocket from which
the GCF sample was collected (Table 3). Moreover, a sta-
tistically significant correlation between aMMP-8 level
and presence of dental plaque on the surface of the evalu-
ated tooth was found in the test group.

Discussion

Case definition of periodontitis is currently based on
a combination of periodontitis staging and grading [17].
As staging depends on the severity and extent of peri-
odontitis, grading outlines the periodontitis progression
rate and relative risk of future tooth loss. Periopathogens
in the subgingival biofilm are considered a primary eti-
ological factor of periodontitis, but the occurrence and
progression of the disease are determined by the genetically
programmed immune response of the host [18]. Among
a number of bioactive agents that have been suggested as
potential biomarkers of periodontitis, the value of MMP-8
was highlighted [3]. In this context, we hypothesized that
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Table 2. Microbiological characteristics of groups (number and percentage of individuals with detected microbiota)

Periopathogen Periodontitis  Under detection 10° 10* > 10° P (* test)
grade limit (< 10%)

Porphyromonas gingivalis C 8 (67) 2(17) 2(17) 0(0) 0.3826
B 9(75) 2(17) 0(0) 1(8)

Treponema denticola C 4(33) 5(42) 3(25) 0(0) 0.0655
B 9(75) 2(17) 0(0) 1(8)

Tannerella forsythia C 6 (50) 2 (17) 4 (33) 0(0) 0.0372*
B 11(92) 0(0) 0(0) 1(8)

Prevotella intermedia C 10 (83) 1(8) 1(8) 0(0) 0.6694
B 8 (67) 1(8) 2(17) 1(8)

Peptostreptococcus micros C 7 (58) 4 (33) 1(8) 0(0) 0.8213
B 9(75) 2(17) 1(8) 0(0)

Fusobacterium nucleatum C 4 (33) 5(42) 3(25) 0(0) 0.4180
B 8 (67) 3(25) 1(8) 0(0)

Eubacterium nodatum C 11 (92) 1(8) 0(0) 0(0) 1
B 11(92) 1(8) 0(0) 0(0)

Capnocytophaga gingivalis C 5 (42) 5(42) 2(17) 0(0) 0.6108
B 7(58) 2(17) 3(25) 0(0)

Aggregatibacter C 11(92) 0(0) 1(8) 0(0) 0.7908

actinomycetemcomitans B 12 (100) 0(0) 0(0) 0(0)

*Statistically significant difference at p < 0.05

MMP-8 and aMMP-8 would be associated with dynamic
periodontal disease progression rate, periodontal parame-
ters and periodontal microbiota. In order to guarantee that
outcomes are not influenced by general health, medication
or habits, only generally healthy and non-smoking patients
were included in the study. By and large, both total MMP-8
and active MMP-8 levels in GCF were higher in subjects
with clinical diagnosis of periodontitis grade C. However,
only in the case of total MMP-8 concentration was the ob-
served relationship statistically significant. Moreover, the
levels of measured metalloproteinase correlated positively
with mean probing pocket depth of all pockets and % of
pockets deeper than 6 mm, which reflected the status of
general periodontal condition. Lack of statistically signifi-
cant differences in FMPI and FMBOP between grade B and
grade C patients points to the fact that evaluated biomarkers
may represent valid indicators in terms of differential diag-
nosis. On the other hand, the levels of both total and active
MMP-8 showed a positive correlation with the prevalence
of F. nucleatum, as well as with PPD of the periodontal
pocket from which GCF was collected, thus pinpointing
active and ongoing inflammatory processes within the
specified area. All things considered, the diagnostic process
with the commercially available aMMP-8 Test was easier
and more convenient to handle; hence it did not require
organizational structure (Periotron) or additional steps
(calibration of Periotron, freezing of GCF samples).
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In the present study MMP-8 concentration was evalu-
ated in GCF, which provided site-specific and exact data
regarding the measured periodontal pocket. Due to the lim-
ited availability of GCF, longer time is required to collect
the sample. Moreover, the paper point might easily get
contaminated with blood, saliva or supragingival plaque
[19]. By the same token, collection of saliva or mouth rinse
is simpler and less time-consuming; thus many researchers
suggested using them as specimens. Saliva analysis may
be useful for screening purposes, but is unable to give
site-specific information [20]. The majority of studies sug-
gested high sensitivity of saliva for discerning changes in
MMP-8 levels in patients with periodontal disease relative
to healthy controls [11, 22, 23]. For example, the study
by Johnson et al. [23] demonstrated 4.1 times higher con-
centration of MMP-8 in saliva in periodontally diseased
patients compared with periodontally healthy subjects.
Two recent meta-analyses concluded that salivary MMP-8
levels were significantly higher in periodontitis patients
compared with healthy controls [12, 24]. On the other
hand, the assessment of MMP-8 concentration in GCF
was claimed to be the most useful and effective for the
diagnosis of periodontitis in systematically healthy sub-
jects, irrespective of smoking condition [25]. All in all, for
the purpose of periodontal disease progression assessment,
GCF aMMP-8 displayed good sensitivity and excellent
specificity [25-29].
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Table 3. Correlations between the number of measured
concentrations of MMP-8§ in gingival crevicular fluid and
evaluated clinical and microbiological parameters (n = 24)
— Spearman rank correlation test

MMP-8 aMMP-8
(ng/ul) ADD (ng/ml)
Total number of periopathogens —-0.108 -0.0269
p=0.615 p=0.899
Porphyromonas gingivalis -0.1721 0.0464
p=0.613 p=0.892
Treponema denticola -0.1636 -0.0291
p=0.560 p=0915
Tannerella forsythia 0.2956 0.3291
p=0351 p=0272
Prevotella intermedia —-0.1994 -0.0695
p=0.581 p=0.849
Peptostreptococcus micros -0.1171 0.0244
p=0.644 p=0.923
Fusobacterium nucleatum 0.8487 0.8954
p = 0.000* p = 0.000*
Eubacterium nodatum —-0.7636 —-0.3947
p=0236 p=0511
Capnocytophaga gingivalis -0.1143 -0.2043
p=0.641 p=0.388
Aggregatibacter - -
actinomycetemcomitans
Full mouth plaque score (FMPI) 0.1607 -0.3259
(%) p=0.453 p=0.112
Full mouth bleeding on probing 0.1003 0.2681
(FMBOP) (%) p=0.641 p=0.195
Mean probing pockets depth 0.5112 0.5729
(PPD) p=0011%  p=0003*
% of pockets with PPD > 6 mm 0.4871 0.4331
(%) p=0.016* p=0.031*
Presence of plaque on evaluated 0.1341 0.4527
tooth p=0.523 p=0.023*
Presence of bleeding from -0.1691 0.1838
evaluated pocket p=0419 p=0.379
PPD of evaluated pocket 0.5138 0.5892
p =0.009* p =0.002*

*Statistically significant difference at p < 0.05

In a number of previous reports MMP-8 concentra-
tions were investigated with ELISA or immunofluoromet-
ric assay (IFMA) techniques. Whereas ELISA senses all
forms of MMP-8 (latent/total), IFMA recognizes activat-
ed neutrophil and fibroblast-type isoforms of aMMP-8 in
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a selective manner [14]. A recent systematic review stated
that ELISA appeared to be the most suitable method [3].
Nevertheless, IFMA technique presented better results than
ELISA and allowed periodontitis subjects to be selected
from controls more strongly by salivary MMP-8 detec-
tion [19, 20, 30]. The MMP-8/TIMP-1 ratio separated
periodontitis and control groups even in smoker subjects.
The observed differences might be due to divergences and
sensitivities of antibodies used in ELISA and IFMA [20].
In a study of Leppilahti et al. [30] MMP-8 level differen-
tiated the study group with a strong inflammatory burden
and was associated with higher MMP-8/TIMP-1 levels and
elastase activity. Outcomes of IFMA were similar to Den-
toELISA but not to commercial Amersham ELISA, which
utilize different antibodies. Moreover, positive correlations
were reported between aMMP-8 GCF and PPD measured
by IFMA, as well as between aMMP-8 and CAL evaluat-
ed by IFMA and DentoELISA in patients diagnosed with
chronic periodontitis [31]. Salminen e al. [19] reported
that high salivary MMP-8 level as measured by IFMA was
associated with deepened periodontal pockets, bleeding on
probing, and alveolar bone loss. On the other hand, to-
tal MMP-8 concentrations evaluated with the Amersham
ELISA test showed no correlations with periodontal pa-
rameters [13, 14, 22]. Our presented data differ to some
extent from the results of the abovementioned studies,
since we noted positive correlations between total metal-
loproteinase levels and mean probing pocket depth, as well
as % of pockets > 6 mm, but not with bleeding indices.
There is a pressing need for utilization of noninvasive
screening and readily accessible diagnostic tools in clini-
cal settings, such as point-of-care (PoC) chair side analysis
to measure MMP-8/aMMP-8 levels in oral fluids to obtain
prompt results. Such tests, which use lateral flow immu-
noassays with the detection limit of 20 ng/ml, are already
commercially available. The appearance of two lines on
labeled strips indicates a positive result (> 20 ng aMMP-8
per ml) in the PerioSafe mouth-rinse test and the Im-
plantSafe strip test, which in turn signals elevated risk for
formerly existing or developing periodontitis or peri-im-
plantitis [2, 32, 33]. Both tests can be used for quantitative
analysis with a designated reader (ORALyzer). Through
evaluation of aMMP-8 in saliva PerioMarker was positive
in 87% of chronic periodontitis subjects and in 40% of
controls, which corresponded to sensitivity of 87% and
specificity of 60% [34]. PoC tests were effective in detect-
ing subclinical periodontitis/pre-periodontitis in adoles-
cents, thus reducing the risk of their undertreatment [35].
Very recently aMMP-8 measurements by an aMMP-8 PoC
mouth rinse test with a cut-off of 20 ng/ml were used to
evaluate periodontal grading. Consequently, it allowed pa-
tients with slow rate of periodontitis progression (grade A)
to be distinguished from subjects with a moderate rate
of progression (grade B, aMMP-8 level > 20 ng/ml)
and with a rapid rate of progression (grade C, aMMP-8§
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level > 30 ng/ml) [4]. In another study by Sorsa et al.
[14] the DentoAnalyzer-PoC-test and IFMA could com-
parably detect GCF MMP-8. Using Western Immunoblot
it was confirmed that they had the potential to identify
activated 55 kDa MMP-8 in periodontitis affected sites.
The Amersham ELISA results for total MMP-8 were not
in line with the findings. Lateral flow chromatography
evaluating neutrophil collagenase-2 (MMP-8) was also
tested. PerioMarker was 96% sensitive for poor oral hy-
giene, 95% sensitive for at least two sites with periodontal
pockets, and 82.6% sensitive for at least two sites with
bleeding on probing [36].

Some studies pinpointed plausible associations of
various periodontal microbiota with levels of MMP-8 in
oral fluids. The presence of T. denticola and T. forsythia
was associated with significantly higher concentration
of MMP-8 in GCF [37]. Subsequently, T. denticola was
shown to produce serine protease (dentilisin) that convert-
ed pro-MMP-8 to a-MMP [38, 39]. Gingipain produced
by P. gingivalis has a similar property [40]. In our study
the prevalence of T. forsythia was more frequent in peri-
odontitis grade C as compared to periodontitis grade B, but
its occurrence did not correlate with MMP concentrations.
aMMP-8 levels evaluated with the previously described
PerioMarker test were connected with the prevalence of
P. gingivalis, T. forsythia, P. intermedia, Parvimonas mi-
cra, Campylobacter rectus and E. nodatum (p < 0.05) [41].
Salminen et al. [40] proposed that combined measurement
of biomarkers and various pathogens might enhance diag-
nostic accuracy. The calculated cumulative risk score from
three salivary biomarkers (MMP-8, IL-18, P. gingivalis)
was more precise in the diagnosis of periodontitis than any
marker alone. A recent systematic review stated that the
combination of MMP-8 and IL-6 showed the best diag-
nostic performance [42]. What is more, a combination of
MMP-8, MIP-1a, IL-1f and IL-6 could be useful for dis-
tinction between gingivitis and periodontitis as well as for
periodontitis compared with gingival health. However, the
sophistication and economic burden of such an approach
increases significantly. In our study correlations between
metalloproteinase levels in GCF and abovementioned mi-
crobiota were not found. However, higher concentrations
of total and active MMP-8 were linked to F. nucleatum
presence. F. nucleatum is a Gram-negative, nonmotile,
anaerobic species, that is part of the “orange complex”
[43]. The prevalence of this pathogen increases with the
severity of periodontal diseases and the progression of in-
flammation. Moreover, its presence supports colonization
of periodontal pockets by P. gingivalis and other microbi-
ota with greater pathogenic potential [44]. F. nucleatum
possesses several virulence factors, such as adhesins, outer
membrane proteins (Fap2 RadD), endotoxins (LPS), se-
cretion of serine proteases and production of ammonium
and butyrate [45]. In gingival epithelial cells, it led to nu-
clear factor kB (NF-kB) activation, leading to enhanced
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expression of proinflammatory cytokine IL-8 and IL-1f3
secretion [46].

There are some limitations to our study that have to be
addressed. First, samples were collected only from 24 sub-
jects; thus the study population is relatively small, which
limits the expectable statistical power and possibility to
draw consistent conclusions. It also implies a chance of
type 2 error for some comparisons and represents the big-
gest shortcoming of this study. Some potential associations
might have been overlooked due to reduced power of sta-
tistical analysis. Moreover, the cross-sectional examina-
tion does not allow sound causative conclusions. The size
of the group was determined by financial limitations as
the study was self-supported by the authors. Second, the
optimal procedure in assessing periodontal grade is obser-
vation of patients over several years, but in the present
study it was made based on clinical and radiological ex-
amination. Patients were divided into grade B and grade C.
However, patients with grade A (slow rate of progression)
were not included. It would be interesting to see if there
were differences between grade A vs. B and A vs. C for
total MMP-8 and aMMP-8 tests. Third, the evaluation of
selected microbiota was limited by utilization of a com-
mercially available PCR-based test. The analysis of micro-
biological findings with regards to clinical and periodontal
parameters would be of great value, but a following sub-
group analysis in the present research would be too small.
Evaluation of bacterial species in blood samples should be
part of future investigations. It seems rational to carry on
with longitudinal studies on a larger number of patients,
for example, in a multicenter study. Different periodontal
diagnosis and the importance of behavioral factors should
also be taken into account. For example, smoking has been
established as a modifying risk factor for periodontitis and
stratifying results of MMP-8 use as a biomarker in smok-
ers vs. non-smoker patients will provide very interesting
findings. Other confounding factors, such as obesity and
gender, need to be addressed in detail. Also, comparing
the two tests used in this study to other available aMMP-8/
MMP-8 tests might be another potential idea for future
projects. There are currently available many different
MMP-8 tests and they differ in methods and antibodies,
which can have an impact on the results and interpretations
of the value of MMP-8 in periodontal diagnostics. Future
studies should also evaluate the relationship between
MMP-8 and other markers. It would all be beneficial in
personal therapeutic intervention and preventive strategies
for the occurrence of periodontal diseases.

Both total and active MMP-8 concentrations reflected
periodontal destruction in this report and correlated with
the prevalence of F. nucleatum. All in all, the aMMP-8§
Test was easier and more convenient to handle. Based on
the outcomes of our study, we can conclude that MMP-8
evaluation in GCF might prove useful for diagnosis of
periodontal diseases. However, due to the relatively small
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sample size these findings should be analyzed with cau-
tion. It can be speculated that in future molecular analysis
of different inflammatory mediators in a qualitative and
quantitative manner will become easier, more convenient
and cost-effective. Noninvasive point-of-care testing of
aMMP-8, which could support dentists in their responsi-
bility of overseeing patients’ oral health, might represent
the greatest potential.

The authors declare no conflict of interest.
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