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Abstract: Matrix metalloproteinases (MMPs) form an enzyme family capable of
degrading almost all extracellular matrix (ECM) and basement membrane (BM) compo-
nents. They play an important role in normal tissue remodelling and growth, as well as
in many destructive pathological conditions such as inflammation, tumour growth and
metastasis. The role of MMPs in the breakdown of pulp tissue of teeth with pulpitis has
not yet been directly elucidated.

The purpose of this study was to evaluate the tissue levels of collagenases
(MMP-1, -8, -13) and their distributions in the clinically healthy and chronically infla-
med human dental pulps of 30 patients, aged 15-70 years. Twenty pulps were collected
from subjects diagnosed with chronic pulpitis, and 10 control pulps were obtained from
10 subjects following molar extraction for orthodontic reasons. The levels of collagena-
ses were determined with an enzyme-linked immunosorbent assay (ELISA). Results
reveal that levels of collagenases were significantly higher in chronically inflamed vs.
clinically normal pulps.

Overall, these results show that MMPs play an important role in ECM destruction

during the inflammatory processes of pulpitis, as well as reflecting the special characte-
ristics of them. This investigation opens a new opportunity for one contemporary
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method for the diagnosis of pulp inflammations and monitoring of the inflammatory
processes.
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Introduction

MMPs comprise a family of at least 28 secreted or transmembrane
enzymes collectively capable of processing and degrading various extracellular
matrix (ECM) proteins and basement membrane (BM) components. Of these, at
least 22 MMPs have so far been found to be expressed in human tissues. MMPs
share a high protein sequence homology and have defined domain structures
and thus, according to their structural properties, MMPs are classified into
interstitial collagenases, gelatinases, membrane-type MMPs, stromelysins, mat-
rilysins and other MMPs [7, 34].

Previous studies have indicated that matrix metalloproteinases (MMPs)
may exist in the dentin-pulp complex [3, 9] and that some specific MMPs may
participate in the regulation of dentin matrix mineralization [13]. In addition,
some MMPs have been detected in dentinal caries lesions and chronic pulp
tissue [30].

Collagenase-1 (MMP-1), collagenase-2 (MMP-8) and collagenase-3
(MMP-13) comprise the collagenase subfamily capable of initiating degradation
of native fibrillar collagen types I, II, I1I, V and IX.

The story of MMPs began when Gross and Lapiére (1962) [12] detected
collagenolytic activity in tissues of tadpoles, and called the respective enzyme
collagenases. In oral tissues, this first characterized collagenase, MMP-1 (colla-
genase-1, interstitial collagenase, fibroblast collagenase), is detected in gingival
fibroblasts capable of disrupting ECM collagen [36].

MMP-1 is the most often associated collagenase with normal tissue
remodelling. MMP-1 is expressed by fibroblasts, endothelial cells, macropha-
ges, hepatocytes, chondrocytes, osteoblasts, odontoclasts, tumour cells and mig-
rating epidermal keratinocytes and its expression can be induced in certain
inflammatory diseases and cancers [10]. It is constitutively expressed at low
levels under normal physiological conditions; however, its expression may
increase markedly in pathological conditions.

MMP-8 (neutrophil collagenase, collagenase-2) represents the second
collagenase, and was originally thought to be synthesized and stored exclusively
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in intracellular granules of human polymorphonuclear neutrophils (PMNs) in
bone marrow [19]. MMP-8 has been purified from these granules, from which
the PMNs secrete the enzyme, and it has been described as neutrophil type or
polymorphonuclear type (PMN) MMP-8 [15]. Mesenchymal type MMP-8, dif-
fering from neutrophil MMP-8 in protein size, is expressed by human chon-
drocytes [5], rheumatoid synovial fibroblasts and endothelial cells [14]. It is also
produced in keratinocytes, including oral squamous cell, carcinoma cells [21] and
plasma cells [33]. Furthermore, MMP-8 has been found in human gingiva [32],
saliva [16] (dental plaque [26] and demineralised dentinal caries lesions [30].

In pulpitis, the MMP-8 was expressed in various inflammatory cells,
such as PMNs, macrophages, plasma cells and in endothelial cells. In pulpitis,
MMP-8 was considered to originate from both PMN and non-PMN lineage
cells. The main MMP-8 positivity was accumulated around the pulp abscess
suggesting that it also contributes to the abscess formation [35].

MMP-13 (collagenase-3) was originally cloned from a human breast
tumour [8]. It has the widest substrate selection among the interstitial collagena-
ses and it is able to cleave various BM components. MMP-13 cleaves type 11
collagen more efficiently than types I and III, and among interstitial collage-
nases, it is most effective in cleaving gelatin [6]. The physiological expression
of MMP-13 seems to be limited only to developing bone [17], wound healing
and teeth [22]. It is widely expressed in pathological conditions including rheu-
matoid arthritis, osteoarthritis, periodontitis, chronic ulcerations, hypertrophic chon-
drocytes, osteoblasts as well as plasma cells and many carcinoma and mela-
noma cells [24]. MMP-13 is predicted to have an important role in tumour
invasion and metastasis due to its wide substrate-specificity together with cata-
lytic efficiency and its up regulated expression in cancer cells [29].

MMPs may have dual-roles; they can act in both healthy and disease
conditions. Thus, the possible roles of MMPs in mature odontoblasts could be
classified in the following subcategories: 1) Functions of MMPs in intact and
healthy teeth in processes of physiological secondary dentine formation and
mineralization, 2) MMPs participating in matrix degradation during dental injury,
3) Roles of MMPs in tertiary dentinogenesis, and 4) Roles of MMPs in pulpal
inflammation [23].

The dual roles of MMPs were the main initiative moment, which gave
us the idea of investigating pulp inflamation more elaborately, which set MMPs
as the problem of this examination, and object of the investigation, i.e. their
concentration in healthy and inflamated pulp tissue.
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With all respect to the numerous contemporary aknowledgements aimed at
underlining the MMP’s role, upon which on this study is based, we have started
from this genaral hipothesis:

MMPs are the proteolitic enzymes which have a crucial role during the
degradation of structural macromolecules from the intersticial connective tissues
in the extracellular matrix and basal membrane, affecting in that way against tissue
destructive changes during inflamatory processes in pulp tissue.

The latest findings from different autors, as well as lack of personal
data about the designate problem and subject of investigation, was a challenge
to us to set up the folowing working hypothesis:

1. Degradation of the collagen of the organic matrix from the pulp
tissue during chronic inflamation is an enzyme process. The hypothesis was that
collagenses (MMP-1, -8, and -13) are invovlved in these destructive processes.
Verification of the set hypothesis in the investigation method was carried out
through following indicators:

— determantion of the concentration of MMP-1, -8 and -13 in inflamed
pulp tissue with enzyme method.

2. Expression and activity of MMP in healthy tissue is quite low, but
increases significantly during the inflammatory pathological process which
leada to unwanted tissue dectruction. The hypothesis was that conccentration of
the MMP-1, -8 and -13 increases with the spreading of the infection and after
that pulp tissue is affectedresulting in chronic pulpitis in the patients. Verifi-
cation of the set hypothesis in the examination method was performed through
the following indicators:

— determination of the concentration of MMP-1, -8 and -13 in the
healnthy pulp tissue of impacted third molars.

— comparison of the values of the concentration of MMP-1, -8 and -13
between healthy and pathologicali changed tissue.

Matherials and Methods

This study included 30 patients, both male and female, aged 15-70,
investigated in the Dentistry Faculty (Endodontic and Oral Surgery Clinics ) in
Skopje. Laboratory analyses were done in the Faculty of Natural Sciences and
Mathematics (Institute of Biology) in Skopje, with the approval of the Ethical
Committee of the University St. Cyril and Methodius Faculty of Dentistry, and
with the permission of the patients.
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Examination materials were collected on the basis of clinical diagnosis
after completely realized anamneses and clinical investigation with X-ray analysis.

Chronically inflamed pulps were obtained from 20 patients during
endodontic treatment. Ten normal pulps that were obtained by extirpation of the
pulp of impacted third molars after surgery were used as control specimens.
Examination material was frozen at -80°C as soon as possible and stored until
the analysis, but not longer than 6 months.

For quantitative analysis of MMP-1, -8, -13 activities in all of the
examined samples (chronic periapical tissues and healthy pulp tissue) Chemicon
Collagenase Activity Assay Kit (ECM710) was used.

Each sample was macerated in Phosphate-Buffered Saline — PBS (1.5
ml). Homogenized samples were centrifuged with Eppendorf-Centrifuge at
10,000 g for 10 min. The supernatant was detected in new test tubes and used
for following analysis. In a homogenized mixture with the Bradford micro
method using a series of 5 standards of bovine-serum albumin, and then measu-
ring the absorbance on 450 nm with a spectrophotometer, the concentration of
total proteins was determined. With interpolation from the standard curve,
concentration of the proteins in samples was measured. A micro-plate reader
(Anthos ht III) was used to measure the absorbance at 450 nm. Values of the
absorbance of each standard were corrected according to protein concentration.
By adding 100 puL of Stop Solution to each well, the bright yellow converted to
a bright blue coloured product and the enzyme reaction was stopped.

The MMP concentration of each sample was normalized vis-a-vis con-
centration of proteins in each sample. A standard curve was designed with soft-
ware programme Curve Expert 1.3. With interpolation of the values, MMP-1,
-8, -13 the concentration was calculated.

Statistical analysis for comparison of values to define the significance
between specimens of the examined material used Kruskall-Wallis 1-way ANOVA
and Mann-Whitney U-test descriptive and analytical statistical methods. A p-value
less than 0.05 were considered significant.

Results

According to their age patients were divided in to five groups. Table 1
shows the distribution of the examined groups according to gender and age. Of
the total 30 patients, most were from 30 to 39 years old. Analysis of the data for
the examined groups according to age made with the Chi-Square test shows that
there is no significant differences between them (X2 = 8,460; df = 8; p = 0,390).
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Table 1
Distribution of gender and age in examination and control group
Examination Control group
group
Age Gender
Pulpitis Dens
chronica impacta
Number / 1
male % / 100
<
20 years Number 2 1
female % 66.7 333
Number 5 2
male % 71.4 28.6
20-29 years Number 4 1
female %, 80 20
Number 2 1
male % 66.7 333
30-39 years Number 3 3
female % 50 50
Number 1 1
male % 50 50
40—49 years Number 7 /
female % 100 /
Number / /
male % / /
> 50 years Number
1 /
female

Table 2 shows the distribution of the teeth in the examined groups
according to representation in the jaw. In the patients with chronic pulpitis and
also from the control group most of the teeth were in the maxilla. Analysis with
Chi-Square test shows that there is no significant difference between the exami-
ned groups and representation in the jaw (X’ = 3,112; df = 4; p = 0,539).

Table 3 shows minimal and maximal values of absorbance Abs, and
also values of Mediana, standard deviation and median arithmetical values.
Minimal values of absorbance in the patients with Pulpitis chornica were 0.125,
and maximal 0.81. In the control group values of absorbance were lower, from
0.011 to 0.187.
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Table 2
Distribution of the teeth in examination and control group according
to representation in the jaw
Examination | Control
group group |
Ja Tota
W Pulpitis Dens
chronica impacta
) no. 15 6 21
maxilla ™7 714 286 70
. no. 5 4 7
mandible ™, 714 57.1 233
Table 3
Absorbance Abs (450 nm) in the examination samples
Clinical . . _
diagnosis Number (n) min max | median X c
Fillpdt s 20 0.125 | 0.81 | 0519 | 0.499 | +0.189
chronica
DS 10 0.011 | 0.187 [ 0.069 | 0.076 | +0.056
1mpacta

Table 4 shows the concentration of collagenases in specimens of exami-
nation materials from patients with chronic pulpitis and from the control group.

Obtained results from the analysis of the mean values of the concentra-
tions of collagenases in both groups showed a high statistical connection
(ANOVA F = 67475; df = 4; p = 0000; p < 0.01). Because the value of F was
smaller according to international standards for bio-medical sciences, zero
hypotheses were declined. A high statistical significance was also obtained with
the Kruskal-Wallis test (X° = 59.363; df = 4; p = 0.000; p < 0.01) and the
Mediana test (X° = 37.400; df = 4; p = 0.000; p < 0.01).

Table 4
Concentration of collagenases (ng/mL) in examination samples

Clinical . . _
diagnosis Number (n) | min max | median X c
Lrlipis 20 0.1 | 1.28 035 | 047 | +0.38
chronica

DK 10 0.00 | 0.02 0.01 | 0.01 | £0.009
1mpacta
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Obtained results for the concentration of collagenases according to cli-
nical diagnosis in the specimens of the examination material are shown in Table
5. In most of the patients with a diagnosis of Pulpitis chronica (17 specimens;
56.6%) concentration was within borders from 0.1-0,99 ng/mL and only in 3
specimens (10%) was concentration within a border from 1-2.99 ng/mL. In the
control group the concentration of collagenases was smaller than 0.09 ng/mL,
and here the smallest values of concentration of MMP were registered.

Table 5

Concentration of collagenases (ng/mL) in examination samples

Clinical diagnosis
Collagenases Pulpitis Dens impacta Total
(ng/mL) chronica
Number (%) Number (%) Number (%)
<0.09 / 10 (100) 10 (33.3)
0.1-0.9 17 (100) / 17 (56.6)
1-2.99 3 (100) / 3(10)
3-4.99 / / /
>5 / / /
Discussion

After analysis and worked data, our results were compared with results
from other authors. In this way we were able to interpret the problem set up in
this study.

Through the investigations in this research we made an effort to give an
answer to the questions that relate to the activity and role of collagenases in
patients with pulpitis chronica.

With respect to the complexity of the aims and conventional methods
that are present in everyday dental practice, we thought that our results might
provide an answer concerning the etiology and pathogenesis of pulpitis chronica
and also enzyme reactions in which MMPs have a crucial role.

Human dentine-pulp complex cells express several matrix metallopro-
teases (MMPs), including MMP-1, -8 and -13. [18, 27, 31]

With this study we confirm that degradation of the collagen of the organic
matrix from pulp tissue during chronic inflammation is an enzyme process and
that collagenses (MMP-1, -8, and -13) are invovlved in these destructive process.
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The hypothesis was that the cocnentration of MMP-1, -8 and -13
increases with the spread of the infection and after that pulp tissue was affected,
reflectedin chronic pulpitis in the patients. Confirmation was achieved with the
detection of high levels of collagenases concentration in inflamed pulp tissue.
The confirmation of the hypothesis was set up due to higher values of collage-
nases concentrations form 0.1-0.99 ng/mL in 17 specimens, and from 1-2.99
ng/mL in 3 specimens from the patients with a diagnosis of Pulpitis chro-nica.

The hypothesis concerning the increasing of collagenases cocnentration
with the spread of the infection was accepted. The confirmation was set up due
to the low values of collagenases concentration less than 0.09 ng/mL in the
patients from the control group formed from impacted third molars, which
means that the expression and activity of collagenases in physiological healthy
tissue was very low, and increased in inflamed pulp tissue.

These results pprove the set hypothesis and suggest that MMPs play an
important role in pulp tissue destruction of chronic inflamed pulp.

In the study by Palosaari H. [23] the expression level of MMP-8 was
quite low in the pulp tissue compared to MMP-13, which leads to the possible
conclusion that MMP-13 is the main collagenase in pulp tissue together with
MMP-1.

This is supported by the recent study utilizing cDNA microarray, in
which MMP-13 expression was extremely high in the pulp tissue compared to
all the other MMPs studied [28].

Since pulp tissue inflammation is an essential defensive reaction in the
protection of the dentine-pulp complex, it is possible that MMPs may have a
role during pulpal inflammation by mediating the breakdown of the pulpal
connective tissue, enabling migration of odontoblast-like cells [11].

According to Bergenholtz G. [2], MMP-8 in pulpal inflammatory lesions is
mainly of PMN origin. PMNs are cells forming pulp abscesses, and thus activa-
ted MMP-8 may well participate in the tissue destruction of pulp necrosis and
abscesses. PMNs are migrant and recruiting cells able to penetrate dentinal tubules.

The down regulation of MMP-8 may be a factor leading to reparative
dentine formation because it is regarded as essential for modulating tissues
during normal dentine formation. It is evident that MMPs expressed by odonto-
blasts may have a role in dentine and reparative dentine formation and the
growth factors can act as MMP regulators, as well as regulate collagen synthe-
sis. In the study by Wahlgren J [35].

In the study by Andonovska B et al. [1] concentration of collagenases
(MMP-1, -8, -13) in chronically inflamed pulp tissue was within very low
margins, which means that the inflammation process is still localized only in the
pulp tissue and had not affected periapical connective tissue.
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In the study of Shin et al. [25] concentrations of MMP-1 in all expe-
rimental groups were significantly higher than in the control (p < 0.05). The
acute pulpitis and control groups were significantly different in terms of their
MMP-2 levels (p < 0.05). The concentration of MMP-3 in acute pulpitis was
significantly higher than in the control and chronic pulpitis groups (p < 0.05).
Immunohistochemically, MMP-1 and MMP-3 were localized in the infiltrating
neutrophils, macrophages, and extracellular matrix of the acute pulpitis group.

Conclusions

On the basis of our findings we came to these conclusions about the
role and relevance of the collagenases (MMP-1, -8, -13) in the inflammation of
pulp tissue:

1. Degradation and synthesis of the components of ECM in healthy
tissue are in constant balance. Expression and activity of the MMPs in healthy
tissue are very low. The measured concentration of collagenases in not inflamed
tissue of impacted third molars varies from 0.00 ng/mL to 0.02 ng/mL.

2. Collagenases were involved in the degradation of collagen from the
organic matrix of dental pulp tissue during chronic inflammations.

3. The concentrations of collagenases in chronic inflammation tissue in
patients with chronic pulpitis were within borders from 0.1 ng/mL to 1.28 ng/mL,
which means that the inflammation process was still localization only in pulp
tissue and had not affected periapical connective tissue.

4. Values of the concentration of collagenase grow proportionally with
the clinical picture of the infection and spread of the infection.

5. This investigation opens a new opportunity to one contemporary
method for diagnosis of pulp inflammations and monitoring of the inflamema-
tory processes.

6. The first step in future studies should be to confirm the location and
activity of different MMPs and TIMPs in healthy and diseased dentine-pulp
complex tissue. Also, in vivo studies aiming to selectively regulate MMP-
TIMP—expression and activity in the dentine-pulp complex may open a pathway
for improved means to master pulpal diseases in clinical work.

REFERENCES

1. Andonovska B, Dimova C, Panov S. Matrix metalloproteinases in chronic
periapical lesion and inflamed dental pulps. Balk J Stom. 2008; 65(12): 882-886.

2. Bergenholtz G. Evidence for bacterial causation of adverse pulpal responses
in resin-based dental restorations. Crit Rev Oral Biol Med. 2000; 11: 467—480.

Contributions, Sec. Biol. Med. Sci., XXXIII/2 (2012), 191-204



Concentration of collagenases (MMP-1, -8, -13)... 201

3. Betti F & Katchburian E. Proteolytic activity of developing dentin of rat
tooth germs revealed by the gelatin-film substrate technique. Arch Oral Biol. 1982; 27:
891-6.

4. Brinckerhoff CE, Rutter JL and Benbow U. Interstitial collagenases as mar-
kers of tumor progression; Clin. Cancer Res. 2000; 6: 4823—4830.

5. Cole AA, Chubinskaya S, Schumacher B, Huch K, Szabo G, Yao J, Mikecz
K, Hasty KA & Kuettner KE. Chondrocyte matrix metalloproteinase-8. Human articular
chondrocytes express neutrophil collagenase. J Biol Chem. 1996; 271: 1023—6.

6. Ding Y, Haapasalo M, Kerosuo E, Lounatmaa K, Kotiranta A, Sorsa T.
Release and activation of human neutrophil matrix metallo- and serine proteinases during
phagocytosis of Fusobacterium nucleatum, Porphyromonas gingivalis and Treponema
denticola. J Clin Periodontal. 1997; 24, 237-48.

7. Egeblad M & Werb Z. New functions for the matrix metalloproteinases in
cancer progression. Nat Rev Cancer. 2002; 2: 161-74.

8. Freije JM, Diez-Itza I, Balbin M, Sanchez LM, Blasco R, Tolivia J &
Lopez-Otin C. Molecular cloning and expression of collagenase-3, a novel human
matrix metalloproteinase produced by breast carcinomas. J Biol Chem. 1994; 269:
16766-73.

9. Fukae M, Kaneko I, Tanabe T & Shimizu M. Metalloproteinases in the
mineralized compartments of porcine dentin as detected by substrate-gel electropho-
resis. Arch Oral Biol. 1991; 36: 567-73.

10. Giambernardi TA, Grant GM, Taylor GP, Hay RJ, Maher VM, McCor-
mick JJ, Klebe RJ. Overview of matrix metalloproteinases expression in cultured human
cells. Matrix Biol. 1998; 16, 483-96.

11. Giannelli G, Falk-Marzillier J, Schiraldi O, Stetler-Stevenson WG & Qua-
ranta V. Induction of cell migration by matrix metalloprotease-2 cleavage of laminin-5.
Science. 1997; 277: 225-8.

12. Gross J, Lapiere CM. Collagenolytic activity in amphibian tissues: a tissue
culture assay. Proc. Natl. Acad. Sci., USA. 1962; 48: 1014-1022.

13. Hall R, Septier D, Embery G & Goldberg M. Stromelysin-1 (MMP-3) in
forming enamel and predentin in rat incisor-coordinated distribution with proteoglycans
suggests a functional role. Histochem J. 1999; 31: 761-70.

14. Hanemaaijer R, Sorsa T, Konttinen YT, Ding Y, Sutinen M, Visser H, van
Hinsbergh VW, Helaakoski T, Kainulainen T, Ronka H, Tschesche H & Salo T. Matrix
metalloproteinase-8 is expressed in rheumatoid synovial fibroblasts and endothelial
cells. Regulation by tumor necrosis factor- alpha and doxycycline. J Biol Chem. 1997;
272:31504-9.

15. Hasty KA, Hibbs MS, Kang AH & Mainardi CL. Secreted forms of human
neutrophil collagenase. J Biol Chem. 1986; 261: 5645-50.

16. Ingman T, Sorsa T, Lindy O, Koski H & Konttinen YT. Multiple forms of
gelatinases/type IV collagenases in saliva and gingival crevicular fluid of periodontitis
patients. J Clin Periodontol. 1994; 21: 26-31.

17. Kiili M, Cox SW, Chen HY, Wahlgren J, Maisi P, Eley BM. Collagenase-
2 (MMP-8) and collagenase-3 (MMP-13) in adult periodontitis: molecular forms and

Tpunosu, Onn. 6uon. Men. nayku, XXXIII/2 (2012), 191-204



202 Evrosimovska B, et al.

levels in gingival crevicular fluid and immunolocalisation in gingival tissue. J Clin
Periodontol. 2002; 29: 224-232.

18. Llano E, Pendas AM, Knéuper V, Sorsa T, Salo T, Salido E, et al. Identi-
fication and structural and functional characterization of human enamelysin (MMP-20).
Biochemistry. 1977; 36: 15101-15108.

19. Mainardi CL, Pourmotabbed TF & Hasty KA. Inflammatory phagocytes
and connective tissue degrading metalloproteinases. Am J Med Sci. 1991; 302: 171-5.

20. Martin-De Las Heras S, Valenzuela A, Overall CM. The matrix metallo-
proteinase gelatinase A in human dentine. Arch Oral Biol. 2000; 45: 757-765.

21. Moilanen M, Pirila E, Grenman R, Sorsa T & Salo T. Expression and
regulation of collagenase-2 (MMP-8) in head and neck squamous cell carcinomas. J
Pathol. 2002; 197: 72-81.

22. Moilanen M, Sorsa T, Stenman M, Nyberg P, Lindy O, Vesterinen J, Paju
A, Konttinen YT, Stenman U-H, Salo T. Tumour-associated trypsinogen-2 (trypsino-
gen-2) activates procollagenases (MMP-1, -8, -13) and stromelysin-1(MMP-3) and
degrades type I collagen. Biochemistry. 2003; 42, 5414-20.

23. Palosaari H. (2003) Matrix metalloproteinases (MMPs) and their specific
tissue inhibitors (TIMPs) in mature human odontoblasts and pulp tissue. The regulation
of expressions of fibrillar collagens, MMPs and TIMPs by growth factors, transforming
growth factor-B1 (TGF-81) and bone morphogenetic protein-2 (BMP-2). Academic
Dissertation, Institute of Dentistry, University of Oulu.

24. Romanelli R, Mancini S, Laschinger C, Overall CM, Sodek J, McCulloch
CA. Activation of neutrophil collagenase in periodontitis. Infect Immun. 1999; 67,
2319-2326.

25. Shin S-J, Lee J-1, Baek S-H, Lim S-S. Tissue Levels of Matrix Metallopro-
teinases in Pulps and Periapical Lesions. Journal of Endodontics. 2002; 28, 4: 313-315.

26. Sorsa T, Ding YL, Ingman T, Salo T, Westerlund U, Haapasalo M, Tsche-
sche H & Konttinen YT. Cellular source, activation and inhibition of dental plaque
collagenase. J Clin Periodontol. 1995; 22: 709-17.

27. Sulkala M, Larmas M, Sorsa T, Salo T, Tjdderhane L. The localization of
matrix metalloproteinase-20 (MMP-20, enamelysin) in mature human teeth. J Dent Res.
2002; 81: 603-607.

28. Sulkala M, Wahlgren J, Larmas M, Sorsa T, Teronen O, Salo T & Tjé-
derhane L. The effects of MMP inhibitors on human salivary MMP activity and caries
progression in rats. J Dent Res. 2001; 80: 1545—49.

29. Tervahartiala T, Pirild E, Ceponis A, Maisi P, Salo T, Tuter G, Kallio P,
Tornwall J, Srinivas R, Konttinen YT, Sorsa T. The in vivo expression of the
collagenolytic matrix metalloproteinases (MMP-2, -8, -13, -14) and matrilysin (MMP-
7) in adult and localized juvenile periodontitis. J Dent Res. 2000; 79: 1969-77.

30. Tjaderhane L, Larjava H, Sorsa T, Uitto VJ, Larmas M & Salo T. The
activation and function of host matrix metalloproteinases in dentin matrix breakdown in
caries lesions. J Dent Res. 1998a; 77: 1622-9.

31. Tjaderhane L, Salo T, Larjava H, Larmas M, Overall CM. A novel organ
culture method to study the function of the human odontoblasts in vitro: gelatinase

Contributions, Sec. Biol. Med. Sci., XXXIII/2 (2012), 191-204



Concentration of collagenases (MMP-1, -8, -13)... 203

expression by odontoblasts is differentially regulated by TGF-81. J Dent Res. 1998b;
77: 1486—1496.

32. Tonetti MS, Freiburghaus K, Lang NP & Bickel M. Detection of inter-
leukin-8 and matrix metalloproteinases transcripts in healthy and diseased gingival
biopsies by RNA/PCR. J Periodontal Res. 1993; 28: 511-3.

33. Wahlgren J, Maisi P, Sorsa T, Sutinen M, Tervahartiala T, Pirila E, Tero-
nen O, Hietanen J, Tjaderhane L & Salo T. Expression and induction of collagenases
(MMP-8 and -13) in plasma cells associated with bone-destructive lesions. J Pathol.
2001; 194: 217-24.

34. Wahlgren J, Salo T, Teronen O, Luoto H, Sorsa T, Tjaderhane L. Matrix
metalloproteinase-8 (MMP-8) in pulpal and periapical inflammation and periapical root-
canal exudates. Int Endod J. 2002; 35(11): 897-904.

35. Wahlgren J. (2003) Matrix metalloproteinases in pulpitis, chronic apical
periodontitis and odontogenic jaw cysts. Academic dissertation, Helsinki.

36. Wilhelm SM, Javed T & Miller RL. Human gingival fibroblast collage-
nase: purification and properties of precursor and active forms. Coll Relat Res. 1984; 4:
129-52.

Pesume

KOHIEHTPALIMJA HA KOJIATEHA3UTE (MMII-1, -8, -13)
KAJ MTAIIUEHTH CO XPOHUYHO BOCITAJIEHO TKHUBO
HA 3ABHATA IIYJIIA

EBpocumoBcka B.l, Jdumosa I_[.z, KoBaueBcka I/I.z, Manos C.*

'y Vhusepsuitieiticku ciiiomatiionowky KIUHUYKY YeHiiap
,» Ceettu [anitienejmon *, Knunuxa 3a opanna xupypzuja, Cilomaitionowxu
Gaxyniueiu, Yuusepsuiveiu ,, Ce. Kupun u Meitioouj *, Croltije, P. MakedoHnuja
? Yuusepsuitieiui ,, l'oye [enues”, LLitiun, @axynitieitl 3a MeOUYUHCKU HAYKU,
Citiomaitionowku ¢axyaitieiti, P. Maxedonuja
 Vuusepsuitieiti ,, Ce. Kupun u Meitioowj “, ITpupoono-maitiemaitiuuru
Gaxynitieit, Uncitiuiiyiti 3a buonozuja, Croiije, P. Makedonuja

Martpuk metanonporenHasure (MMII) dopmupaar eHsumMcka pamuimja cro-
coOHa 3a Jerpamandja Ha PEeYHCH CUTE KOMIOHEHTH Ha eKCTpalelyTapHHOT MaTPHKC
(EIM) u Gazannara mem6pana (BM). Tue urpaat MolIHe 3HAYHUTENHA YJIOra BO HOP-
MAaJHOTO TKMBHO PEMOJIEPUPALE U PACTOT, KAKO U BO MHOT'Y JIECTPYKTUBHH (DU3UOJIOIIKK
€OCT0j0H, KaKo Ha IPHUMEpP, BOCHAIEHUETO, PAaCTOT Ha TYMOpPUTE M IOjaBaTa Ha MeTa-
crazy. Ynorara Ha MMII Bo yHHINTYBamheTO Ha TKUBOTO Ha 3a0HaTa Iyima co ILyJ-
IIUTHUC CE YIITE HE € JOBOJIHO pa3jacHeTa.
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IlenTa Ha OBaa CTyAHMja € J1a ce ONpe/esaT TKUBHUTE HUBOA Ha KOJIarcHa3UTe
(MMII-1, -8, -13) u HuBHATA AUCTPUOYILHMjA Kaj KIMHUYKH 3[IPaBOTO U XPOHUYHO BOC-
MaJICHOTO MyJnuHO TKUBO Kaj 30 manuenTn Ha Bo3pact of 15 mo 70 roauuu. J[Baecer
3a0HM mynu Oea coOpaHu OJ1 MAIMEHTH CO AWjarHOCTHLIUPAH XpOHUYeH myanutic u 10
KOHTpOJIHU Tynnu Oea 3emeHu onx 10 marnmeHTH Kaj Kou Oellie CIpOBECHA OPaHO-
XHUpPYpLIKAa WHTEPBEHIMja MOPaand OPTOAOHTCKH NpuuuHu. HuBoara Ha KomareHasute
Oea merepmuHupanu co ensumcka Meroga (EJIMCA). Pesynrarurte motBpamja jaeka
HHBOAra Ha KOJIareHa3sWTe Oea MHOTY IOBHCOKHM Kaj IMAlMCHTUTE CO XPOHHYHO BOCIIA-
JICHOTO TKHBO Ha ITyJIIIaTa BO OJHOC HAa HOPMAITHOTO, 3[[PaBO TKUBO.

OBue pesynraTtd mokaxysaar neka MMII umaar 3HauMTenqHA ynora BO Je-
crpykuujara Ha EIIM 3a Bpeme Ha BOCHAJIMTEIHUOT MPOLEC Kaj MAIMEHTUTE CO ITYJIITH-
THC, HO H TH pe(IeKTUpaaT HUBHHUTE CIICIMjaTHH KapakTepucTHKU. OBHE MCIHTYBaba
OTBOpaaT HOBH MOXXHOCTH KOH OHHE CEKOjIHEBHH IWMjarHOCTHUYKH METOIH 3a JHjar-
HOCTUIIMpake Ha BOCTAJICHUjaTa Ha MyJNIHMHOTO TKUBO KaKO M MOHHUTOPHHI Ha BOCIIA-
JIMTEITHATE TIPOLIECH.

K.]'Iy‘-ll-[l/l 360p0Bl/I: MAaTpPUKC METAJIOINIPOTEUHA3H, KOJIar€Ha3u, ITyJIIMMHO TKHUBO, ITYJIIIUTHUC.
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