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Abstract. – OBJECTIVE: Periodontitis is a 
chronic inflammatory disease caused by micro-
bial dental plaque which leads to the destruction 
and loss of supporting tissues of the tooth. Mi-
crobial plaque alone, however, is not enough to 
cause the disease. The body’s response plays 
an important role, in which an imbalance be-
tween the pro-inflammatory and anti-inflamma-
tory effects of cytokines leads to an inflamma-
tory reaction.

PATIENTS AND METHODS: We detected 
changes in mRNA expression and protein levels 
of MIP-1α, and metalloproteinases (MMP-2, MMP-
9) contributing to cascades in the initiation and 
progression of inflammatory bone resorption 
and destruction of periodontal soft tissues in pa-
tients with aggressive (AP) or chronic (CP) forms 
of periodontitis in comparison with healthy indi-
viduals (control). 

RESULTS: MIP-1α mRNA levels were highest 
in AP (280 ± 23% higher than the control) also 
in comparison with CP. The difference in protein 
level was less pronounced. MMP-2 mRNA ex-
pression values were similar (300 ± 12% higher 
in comparison with control), but protein levels 
were lower, also when compared to CP. Only in 
CP MMP-9 mRNA levels were significantly high-
er than the control (30 ± 8%), while protein levels 
were again higher in AP. Both AP and CP showed 
a positive correlation between the level of MIP-
1a and MMP-2 (0.879, and 0.954 respectively). 
However, a strong positive correlation was only 
found between the levels of MMP-2 and MMP-9 
in CP (0.812).

CONCLUSIONS: MIP-1α, MMP-2 and MMP-9 
mRNA expression, along with the concentration 
of proteins in saliva in patients with periodontal 
disease, is higher than in healthy individuals and 
correlates with the severity of the disease.

Key Words:
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loproteinase, Periodontitis.

Introduction

Periodontitis is defined as an inflammatory 
disease of supporting apparatus caused by specif-
ic microorganisms. The result of this inflamma-
tory process is the destruction of the periodontal 
ligament and alveolar bone, followed by the for-
mation of periodontal pockets, recesses or com-
binations thereof. Periodontitis is distinguished 
from gingivitis by the destruction of the connec-
tive epithelium. The loss of attachment associated 
with periodontitis can be continuous or in times of 
disease exacerbation1. A microbial dental plaque 
is needed to form periodontitis, but the micro-
bial plaque itself is not sufficient to induce the 
disease2. Periodontitis is not a classic infectious 
disease. It is the result of an imbalance between 
risk factors and the consequent response of the 
organism3. Recently, antimicrobial photodynam-
ic therapy has been shown to be effective in the 
treatment of periodontitis4-6.

Cytokines are a large group of small proteins 
with an important role in cell signalling, affect-
ing other cells and occasionally the cell producing 
them. A comprehensive network of cytokines bal-
ances the pro-inflammatory and anti-inflammato-
ry effects, and their imbalance can lead to an in-
flammatory reaction7,8. MIP-1α, a chemoattractant 
cytokine, is associated with leukocyte activation 
in response to damaged or inflamed tissue. Due to 
different chemokine-binding receptors, gingival 
tissue fibroblasts express higher levels of chemo-
kines (MIP-1α/CCR3) and cytokines (IL-6) when 
exposed to bacterial lipopolysaccharide, viral pro-
tein or pro-inflammatory cytokine (IL-1β), com-
pared to periodontal ligament fibroblasts9. MIP-
1α expression attracts circulating monocytes that 
express CCR5 and CCR2 receptors10. It tends to 
attract cytotoxic T and B cells to inflamed tissue, 
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thereby increasing the expression of MIP-1α by 
gingival epithelial cells to promote an acute in-
flammatory response, and recruitment of B cells 
in the later stages of periodontal disease9,11. In 
addition to chemotaxis, biological functions of 
MIP-1α include wound healing, stem cell inhi-
bition, and maintenance of the effector immune 
response12. The role of MIP-1α in osteoclast acti-
vation in aggressive periodontitis is well known. 
It is typified by the resorption of alveolar bone via 
the CCR1 receptor, which is predominantly ex-
pressed by osteoclasts. The result is higher levels 
of MIP-1α as one of the diagnostic criteria for ag-
gressive periodontitis9.

In the inflammatory-altered periodontium, 
matrix metalloproteinases (MMPs) participate in 
various cascades and regulate the availability of 
many inflammatory signalling molecules. MMPs 
are a group of Zn-dependent proteases which play 
a role in the initiation and progression of inflam-
matory bone resorption and destruction of peri-
odontal soft tissues in the process of periodonti-
tis. Depending on the stimulus and local action, 
MMPs may increase or decrease the availability of 
signalling molecules by several mechanisms that 
may result in the loss of periodontal tissues13,14. 
There is a positive correlation between the sever-
ity of periodontal disease and the concentrations 
of MMPs in sulcular fluid15. Increased expression 
of MMP-9 has been shown to promote osteoclast 
formation and accelerate alveolar bone resorption 
by osteoclasts 16-18. MMP-2 (collagenase type IV) 
destroys type IV collagen, which subsequently 
leads to loss of attachment 19. 

The aim was to detect the changes in protein 
and mRNA expression levels of selected MIP-1α, 
MMP-2, MMP-9 encoding inflammatory and ma-
trix metalloproteinase proteins.

Patients and Methods

Patients and Sampling
The Ethics Committee of Louis Pasteur Uni-

versity Hospital approved the study under number 
2018/EK/2010. After signing informed consent, 
82 participants were included in this part of the 
study. Exclusion criteria were as follows: antibi-
otics use at the time of saliva collection, presence 
of other conditions such as immunodeficiency 
diseases, cancer, autoimmune diseases, immuno-
suppression after transplantation, malnutrition, or 
chronic kidney disease. Collection of saliva took 
place in the 1st Dental Clinic of the University 

Hospital and at the Dental and Maxillofacial Sur-
gery Clinic - Academy Košice. Samples were col-
lected in the morning between 7:00-9:00 and from 
January 2019 until June 2020. After periodontal 
examination, we asked the individuals to come for 
saliva sampling the next day after fasting, without 
smoking, drinking fluids and brushing their teeth. 
This time lag was important in preventing blood 
contamination of samples present during the peri-
odontal examination.

For 10 minutes, the patients sat upright and 
spat freely-forming saliva into a container. The 
samples were kept on ice upon collection and im-
mediately transferred to the laboratory located in 
the same building, where they were stored at -80 
°C prior to analysis.

Patients were divided into 3 groups according 
to clinical examination. The control group (Con-
trol) consisted of 43 healthy people. Their gingi-
vae were without inflammatory changes, deposits 
of dental plaque, calculus, evidence of periodontal 
pockets or resorption of alveolar bone visible on 
X-ray. The second group consisted of 23 patients 
with chronic periodontitis (CP). In these patients, 
periodontal pockets were found in the oral cavity 
with a depth of up to 6 mm (values of 3 and 4 
measured according to the CPITN) and alveolar 
bone resorption observed upon X-ray. Gingival 
bleeding upon stimulus, microbial plaque and 
calculus deposits were observed. The third group 
consisted of 16, predominantly young patients 
with aggressive periodontitis (AP), in which deep 
periodontal pockets were observed (over 6 mm). 
X-ray images showed horizontal resorption of the 
alveolar bone, and in some areas vertical or cup 
shaped. The gingivae were pale pink with possi-
ble point-like bleeding upon stimulus. Extensive 
damage to the periodontal tissues did not respond 
to relatively good dental hygiene, with a history of 
repeated inflammatory changes of the periodon-
tium. Groups with periodontitis, either chronic or 
aggressive, represented a generalized form20,21.

RNA Isolation and Analysis
RNA samples were isolated from patient sali-

va with RNeasy Micro Kit (Qiagen, Hilden, Ger-
many), and changes in the expression of mRNA 
for MIP-1α, MMP2, MMP9 were detected. RNA 
samples were transcribed by reverse PCR into 
cDNA using First strand synthesis reverse H 
Minus M-MLV kit (Thermo Fisher Scientific, 
Waltham, MA, USA), followed by amplification 
using the SensiFast SYBR NO-ROX kit (Bioline, 
London, UK) 35 cycles (95°C/5 min, 95°C/15 
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sec, 58-62°C/20 sec, and 72°C/25 sec) protocol 
using the corresponding specific primer sequenc-
es. Rotor-Gene Q-PCR Thermocycler (Qiagen, 
Hilden, Germany) was used for RT-PCR analysis. 
Due to the biological variability of the biologi-
cal material samples, the analysed samples were 
measured in triplicate for each gene of interest. 
Changes in mRNA expression for the genes of 
interest were evaluated by comparative quanti-
fication, and Ct values using the Q Rotor Gene 
Software.

Protein Determination
Isolation of proteins from saliva samples was 

performed using the NORGEN RNA/Protein pu-
rification plus kit (Norgen Biotek, Thorold, ON, 
Canada) according to the manufacturer’s manu-
al. The commercial Human MIP1-α SimpleStep 
ELISA® kit (Abcam, Cambridge, MA, USA) a 
MMP-2 Human ELISA Kit (Abcam) was used 
for enzyme-linked immunosorbent assays. All re-
agents were incubated at room temperature for 1 
hour before use. For MMP-2, the antibody was 
added only after incubation and washing, and for 
MIP1-α, the antibody was added after incubation 
(1 hour; 2.5 hours). Absorbance was detected at 
450 nm on a standard microplate reader. To eval-
uate the results, a calibration curve was generated 
using the protein standard.

Statistical Analysis
Data were analysed using SPSS Statistics ver-

sion 26 (IBM, Armonk, NY, USA). Differences 
between groups were then assessed by a nonpara-

metric Kruskal Wallis H-test and a Mann-Whitney 
U tests to determine pairs that differed. Statistical-
ly significant results were considered at p<0.05. 
Spearman’s correlation analysis was used to find 
interdependencies.

Results

Levels of mRNA for MIP-1α showed maximal 
values in the group of patients with AP, where ex-
pression was 280 ± 23% higher than the control 
(p<0.001). In the group of patients with CP, the lev-
el was higher by 49.6 ± 12% compared to the con-
trol, although not statistically significant. However, 
confirmation of the MIP-1α parameter as a specific 
marker was demonstrated by its significantly dif-
ferent mRNA expression between the two groups 
of patients. In the group with AP, the detected lev-
el was 230 ± 9% higher in comparison with CP 
(p<0.01) (Figure 1). The observed increased val-
ues showed a similar tendency at the protein level. 
In the group of patients with AP, MIP-1α protein 
levels were 89 ± 16% (p<0.001) higher than in 
the control group. CP showed a slight increase in 
protein level by 8.1 ± 2% compared to the control 
group. The difference between the two groups of 
periodontitis was less pronounced at the protein 
level than with mRNA by only 81 ± 6% (Figure 2). 
The correlation between mRNA and MIP-1α pro-
tein levels revealed a moderate interdependence in 
the AP group (rs = 0.500, p≤0.05). A negative weak 
dependence was demonstrated in the CP group (rs 
= -0.185, p≤0.05).

Figure 1. mRNA levels of individual genes detected (MIP1-α, MMP-2, MMP-9) in patients with chronic (CP) and aggressive peri-
odontitis (AP) in comparison with control (*) and between groups (b). Statistical significance at **p<0.01, ***p<0.001, bp<0.01.
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MMP-2 gene mRNA levels were similar to 
MIP-1α with a maximum value in AP (Figure 
1). The level was 300 ± 12% (p<0.001) higher 
in comparison with the control. When compar-
ing mRNA levels between AP and CP, a differ-
ence of up to 100 ± 18% was detected (p<0.001). 
Surprisingly, changes at the mRNA level did not 
show the same extent at the protein level. A max-
imum value was detected in CP with a level 80 ± 
10% (p<0.01) higher than the control (Figure 1). 
A comparison between groups with periodontitis 
showed a significantly lower level (by 60 ± 8% 
(p<0.001) in AP compared with CP. Monitoring 
the correlation between mRNA and MMP-2 pro-
tein levels revealed a moderate negative interde-
pendence in the group of patients with AP (rs = 
-0.447, p≤0.05). A non-significant negative weak 
dependence was demonstrated in the group of pa-
tients with CP (rs = -0.303, p = 0.08).

mRNA levels were significantly higher only in 
the CP group, with a 30 ± 8% (p<0.01) increase 
when compared to control (Figure 1). At the pro-
tein level for MMP-9, the difference between the 
AP and CP forms manifested up to a 50 ± 13% 
(p<0.01) increase in the AP group (Figure 2). The 
largest difference was recorded in AP in com-
parison with control with a value of 74.8 ± 11% 
(p<0.01). A high positive correlation was detect-
ed in both groups between the level of MIP-1a 
and MMP-2 (rs = 0.879, p≤0.01 and rs = 0.954, 
p≤0.01 in the AP). A strong positive correlation 
was revealed only between the levels of MMP-2 
and MMP-9 (rs = 0.812, p≤0.01) in CP.

Discussion

The dento-gingival interface is a unique place 
in which the calcified structure comes into contact 
with the external environment and where it is ex-
posed to bacterial colonization. The predominant 
anaerobic, gram-negative bacteria induce activa-
tion of the immune response in the host and ag-
gregation of polymorphonuclear cells and macro-
phages. Bacterial lipopolysaccharides in gingival 
connective tissue induce the activation of various 
inflammatory cells and stimulate the expression 
of pro-inflammatory and chemotactic cytokines22. 

Increased MIP-1α production in macrophages 
at periodontal and bone resorption sites has been 
detected in several studies8. Elevated levels of this 
protein may reveal the hidden presence of subclini-
cal inflammation on clinically healthy patients with 
periodontitis23. During non-surgical periodontal 
treatment, salivary MIP-1α levels decrease24. De-
tection of this marker, associated with periodontal 
bone remodelling, shows high sensitivity (95%) 
and specificity (97%) in saliva25. At the mRNA 
level, a significant increase was detected in our 
study compared to control (p<0.05). This was also 
reflected in an increase at the protein level com-
pared to control (p<0.001). When comparing the 
aggressive and chronic forms of periodontitis, a 
difference was detected in mRNA levels (p<0.05), 
which was also reflected at the protein level, where 
the difference was less pronounced. The results of 
our measurements are consistent with the results of 
several publications, such as Thunell et al26, Fine et 

Figure 2. MIP1-α, MMP-2, MMP-9 protein concentrations in patients with chronic (CP) and aggressive periodontitis (AP) 
in comparison with control (*) and between groups (b,c). Statistical significance at *p<0.05, ***p<0.001, bp <0.01, cp<0.001.
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al27 and De Queiroz et al28. Morandini et al29 found 
that the mean MIP-1α level was 18-fold higher 
in patients with periodontitis than in the control 
groups (p<0.0001). MIP-1α also showed a signif-
icant correlation with periodontitis (AUC = 0.94; 
p<0.0002). CART analysis revealed that, of the 
markers monitored, only MIP-1α was a significant 
discriminator of periodontitis. The threshold val-
ue for periodontitis was 1.12 pg/ml, which corre-
sponded to a sensitivity of 94.9% and a specificity 
of 92.7%. MIP-1α/CCL3 concentrations in saliva 
also showed a strong positive correlation with clin-
ical parameters of periodontal disease. In addition 
to correlating with disease severity, salivary MIP-
1α/CCL3 levels have been shown to reflect re-
sponse to treatment 30. Monitoring MIP-1α/CCL3 
levels in biological fluids provides a great oppor-
tunity to diagnose various inflammatory diseases 
and conditions in their early stages. In addition, 
inhibitors of MIP-1α/CCL3 and its receptors may 
be potential therapeutic targets in the treatment of 
these diseases.

Matrix metalloproteinases (MMPs) play an 
important role in physiological and pathological 
processes, including degradation and regenera-
tion of connective tissue due to the inflammatory 
response31. The main source of MMP-2 found in 
saliva is polymorphonuclear leukocytes32. MMP-
2 acts by activating cell proliferation but also by 
inhibiting apoptosis. MMP-2 also affects fibro-
blast growth factor-1 (FGF), leading to the re-
lease of the active domain of its receptor 6, giving 
MMP-2 the potential to modulate the mitogenic 
and angiogenic activities of fibroblast growth fac-
tor. Elevated levels of MMP-2 have been detected 
in the gingival crevicular fluid (GCF) of patients 
with periodontitis33. Our results at the mRNA 
level indicate a maximum level of MMP-2 in the 
aggressive form of periodontitis (p<0.001), which 
resulted in a slight decrease in the level of MMP-
2 protein compared to the control (p<0.01). When 
comparing the aggressive and chronic forms of 
periodontitis at the protein level, we detected 
a significantly higher level in the chronic form 
(p<0.001). The results correlated with the results 
of Bostanci et al34 who demonstrated significantly 
higher levels of MMP-2 in the GCF of periodontal 
patients compared to healthy individuals. Further 
study35 has shown that IL-1β can promote the de-
velopment of chronic periodontitis by increasing 
MMP-2 expression. Song et al36 described in-
creased MMP-2 expression levels in patients with 
untreated periodontitis compared to patients with 
treatment.

MMP-9 is one of the most abundant MMPs 
in saliva, sulcular fluid or gingival tissue in peri-
odontal diseases. Rai et al37, in their comparison 
of sulcular fluid in healthy individuals and in pa-
tients with periodontitis, observed higher levels 
of MMP-9 in the group with periodontitis. In our 
study, we observed significant changes in MMP-9 
expression in both chronic and acute periodontitis. 
Higher expression was also noted in patients with 
acute periodontitis compared to control (p<0.01). 
At the protein level for MMP-9, there was a sig-
nificant increase in the AP group in comparison 
with CP and control (p<0.01). Maeso et al38 also 
observed higher levels of MMP-9 in the sulcular 
fluid of patients with periodontitis compared to 
the healthy group, but these were not statistically 
significant. Lin et al39, however, describe upreg-
ulation of MMP-8 and MMP-9 expression in in-
flamed gingival tissue compared to healthy tissue.

Conclusions

The expression and concentration of the detect-
ed inflammatory proteins was higher in patients 
with periodontitis than in healthy individuals. The 
highest expression of MIP-1α and MMP-2 was in 
patients with aggressive periodontitis. At the pro-
tein level, differences between the chronic and ag-
gressive forms were not significant for MIP-1α, but 
the MMP-2 values were lowerin the chronic form. 
In contrast, MMP-9 expression was highest in pa-
tients with the chronic form, though protein levels 
were lower compared to the aggressive form. The 
levels of MMP-2 and MMP-9 showed strong posi-
tive correlation in chronic periodontitis. 

The limitation of the study is the low number 
of patients sampled due to the epidemiological 
situation with COVID-19 at the time of sampling 
which still persists. 

Funding
The work was supported by the VEGA 1/0559/18 and 
1/0540/20. 

Authors’ Contributions
MR, PU, JV contributed to the study conception and design. 
Material preparation, data collection and analysis were 
performed JK, IŠ, ZK, KK. The first draft of the manu-
script was written by JV, PU and all authors commented on 
previous versions of the manuscript. All authors read and 
approved the final manuscript.



J. Kluknavská, M. Rabajdová, P. Urban, I. Špaková, Z. Klepcová, K. Kalinová, J. Vašková

1830

ORCID ID
Miroslava Rabajdová: 0000-0001-9562-5756
Peter Urban: 0000-0003-2749-7953
Janka Vašková: 0000-0003-0465-7950

Conflict of Interest
The authors declare that they have no conflicts of interest. 

References

    1)	Newman M, Takei H, Klokkevold P, Carranza F. 
Newman and Carranza’s clinical periodontology. 
Elsevier, 2018.

    2)	Patini R,  Staderini E,  Lajolo C,  Lopetuso L,  Mo-
hammed H, Rimondini L, Rocchetti V, Franceschi 
F,  Cordaro M,  Gallenzi P. Relationship between 
oral microbiota and periodontal disease: a system-
atic review. Eur Rev Med Pharmacol Sci 2018; 22: 
5775-5788. 

    3)	Hajishengallis G. Immunomicrobial pathogenesis 
of periodontitis: keystones, pathobionts, and host 
response. Trends Immunol 2014; 35: 3-11.

    4)	Chiniforush N, Pourhajibagher M, Parker S, Ben-
edicenti S, Bahador A, Sălăgean T, Bordea IR. 
The effect of antimicrobial photodynamic therapy 
using chlorophyllin–phycocyanin mixture on  En-
terococcus faecalis: the influence of different light 
sources. Appl Sci 2020; 10: 4290.

    5)	Dalvi S, Benedicenti S, Sălăgean T, Bordea IR, 
Hanna R. Effectiveness of antimicrobial photo-
dynamic therapy in the treatment of periodontitis: 
a systematic review and meta-analysis of in vivo 
human randomized controlled clinical trials. Phar-
maceutics 2021; 13: 836.

    6)	Pawelczyk-Madalińska M, Benedicenti S, 
Sălăgean T, Bordea IR, Hanna R. Impact of ad-
junctive diode laser application to non-surgical 
periodontal therapy on clinical, microbiological 
and immunological outcomes in management 
of chronic periodontitis: a systematic review of 
human randomized controlled clinical trials. J In-
flamm Res 2021; 14: 2515-2545.

    7)	Commins SP, Borish L, Steinke JW. Immunologic 
messenger molecules: cytokines, interferons, and 
chemokine. J Allergy Clin Immunol 2010; 125: 53-
72.

    8)	Marques-Rocha JL, Samblas M, Milagro FI, Bres-
san J, Martínez JA, Marti A. NoncodingRNAs, 
cytokines, and inflammation-related diseases. 
FASEB J 2015; 29: 3595-3611.

    9)	Bhavsar I, Miller CS, Al-Sabbaght M. Macrophage 
Inflammatory Protein-1alpha (MIP-1Alpha)/CCL3: 
as a  biomarker. General Methods in Biomarker 
Research and their Applications  2015; pp. 223-
249.

  10)	Subramanyam MBD, Cheppali SR, Anumla D, 
Sighinam B, Prasuna E, Reddy RN. Estimation 
of macrophage inflammatory protein-1α (MIP-1 
α) levels in serum and gingival crevicular fluid in 
periodontal health, disease, and after treatment 

– A  clinico-biochemical study. J Dr NTR Univ 
Health Sci 2019; 8: 107-113.

  11)	Gemmell E, Carter CL, Seymour GJ. Chemokines 
in human periodontal disease tissues. Clin Exp 
Immunol 2001; 125: 134-141.

  12)	Nisha KJ, Suresh A, Anilkumar A, Padmanabhan 
S. MIP-1α and MCP-1 as salivary biomarkers in 
periodontal disease. Saudi Dent J 2018; 30: 292-
298. 

  13)	Franco C, Hernández-Ríos P, Sorsa T, Biguetti C, 
Hernández M. Matrix metalloproteinases as reg-
ulators of periodontal inflammation. Int J Mol Sci 
2017; 18: 440.

  14)	de Morais EF, Pinheiro JC, Leite RB, Santos PPA, 
Barboza CAG, Freitas RA. Matrix metalloprotein-
ase-8 levels in periodontal disease patients: a sys-
tematic review. J Periodontal Res 2018; 53: 156-
163.

  15)	Reddy NR, Roopa D, Babu DSM, Kumar PM, Raju 
CM, Kumar NS. Estimation of matrix metallopro-
teinase-3 levels in gingival crevicular fluid in peri-
odontal disease, health and after scaling and root 
planing. J Indian Soc Periodontol 2012; 16: 549-
552. 

  16)	Guo J, Zeng X, Mioa J, Liu C, Wei F, Liu D, Zheng 
Z, Ting K, Wang C, Liu Y. MiRNA-218 regulates 
osteoclast differentiation and inflammation re-
sponse in periodontitis rats through Mmp-9. Cell 
Microbiol 2018; 21: e12979.

  17)	He J, Qin M, Chen Y, Hu Z, Xie F, Ye L, Hui T. 
Epigenetic regulation of matrix metalloproteinases 
in inflammatory diseases: a narrative review. Cell 
Biosci 2020; 10: 86.

  18)	Checchi V, Maravic T, Bellini P, Generali L, Conso-
lo U, Breschi L, Mazzoni A. The role of metalopro-
teinases in periodontal disease. Int J Environ Res 
Public Health 2020; 17: 4923. 

  19)	Moura MF, Navarro TP, Silva TA, Cota LOM, 
Soares Dutra Oliveira AM, Costa FO. Periodonti-
tis and endothelial dysfunction: periodontal clinical 
parameters and levels of salivary markers inter-
leukin-1β, tumor necrosis factor-α, matrix metallo-
proteinase-2, tissue inhibitor of metalloproteinas-
es-2 complex, and nitric oxide. J Periodontol 2017; 
88: 778-787.

  20)	Kluknavská J, Bolerázska B, Timková S, Vašková 
J. Activities of selected antioxidants in saliva and 
plasma in patients with periodontal diseases – ini-
tial results. Med Science 2020; 24: 2411-2417.

  21)	Kluknavská J, Krajčíková K, Bolerázska B, 
Mašlanková J, Ohlasová J, Timková S, Drotárová 
Z, Vašková J. Possible prognostic biomarkers of 
periodontitis in saliva. Eur Rev Med Pharmacol Sci 
2021; 25: 3154-3161.

  22)	Ryu OH, Choi SJ, Linares AMG, Song IS, Kim YJ, 
Jang KT, Hart TC. Gingival epithelial cell expres-
sion of macrophage inflammatory protein-1alpha 
induced by interleukin-1beta and lipopolysaccha-
ride. J Periodontol 2007; 78: 1627-1634.

  23)	Miranda TS, Figueiredo NF, Figueiredo LC, Silva 
HDPD, Rocha FRG, Duarte PM. Cytokine profiles 
of healthy and diseased sites in individuals with 
periodontitis. Arch Oral Biol 2020; 20: 104957.

  24)	Grande MA, Belstrom D, Damgaard C, Holm-
strup P, Könönen, Gursoy M, Gursoy UK. Salivary 



Inflammatory proteins in periodontitis

1831

concentrations of macrophage activation-related 
chemokines are influenced by non-surgical peri-
odontal treatment: a 12-week follow-up study. J 
Oral Microbiol 2020; 12: 1694383.

  25)	Al-Sabbagh M, Alladah A, Lin Y, Kryscio RJ, 
Thomas MV, Ebersole JL, Miller CS. Bone re-
modeling-associated salivary biomarker MIP-1α 
distinguishes periodontal disease from health. J 
Periodontal Res 2012; 47: 389-395.

  26)	Thunell DH, Tymkiw KD, Johnson GK, Joly S, Bur-
nell KK, Cavanaugh JE, Brogden KA, Guthmiller 
JM. A multiplex immunoassay demonstrates re-
ductions in gingival crevicular fluid cytokines fol-
lowing initial periodontal therapy. J Periodontal 
Res 2010; 45: 148-152.

  27)	Fine DH, Markowitz K, Furgang D, Fairlie K, Fer-
randiz J, Nasri C, McKiernan M, Donnelly R, Gun-
solley J. Macrophage inflammatory protein-1alpha: 
a salivary biomarker of bone loss in a longitudinal 
cohort study of children at risk for aggressive peri-
odontal disease? J Periodontol 2009; 80: 106-113.

  28)	de Queiroz AC, Taba M Jr, O’Connell PA, da 
Nóbrega PB, Costa PP, Kawata VK, Trevisan GL, 
Novaes AB Jr, de Souza SL, Palioto DB, Grisi MF. 
Inflammation markers in healthy and periodontitis 
patients: a preliminary data screening. Braz Dent 
J 2008; 19: 3-8. 

  29)	Morandini AC, Sipert CR, Gasparoto TH, Greghi 
SL, Passanezi E, Rezende ML, Sant’ana AP, Cam-
panelli AP, Garlet GP, Santos CF. Differential pro-
duction of macrophage inflammatory protein-1al-
pha, stromal-derived factor-1, and IL-6 by human 
cultured periodontal ligament and gingival fibro-
blasts challenged with lipopolysaccharide from P. 
gingivalis. J Periodontol 2010; 81: 310-317.

  30)	Sexton WM, Lin Y, Kryscio RJ, Dawson DR 3rd, 
Ebersole JL, Miller CS. Salivary biomarkers of 
periodontal disease in response to treatment. J 
Clin Periodontol 2011; 38: 434-441. 

  31)	Silbereisen A, Alassiri S, Bao K, Grossmann J, 
Nanni P, Fernandez C, Tervahartiala T, Nascimen-

to GG, Belibasakis GN, Heikkinen AM, Lopez R, 
Sorsa T, Bostanci N. Label-Free Quantitative Pro-
teomics versus Antibody-Based Assays to Mea-
sure Neutrophil-Derived Enzymes in Saliva. Pro-
teomics Clin Appl 2020; 14: e1900050. 

  32)	Fingleton B. Matrix metalloproteinases as regula-
tors of inflammatory processes. Biophys Acta Mol 
Cell Res 2017; 1864: 2036-2042. 

  33)	Ejeil AL, Igondjo-Tchen S, Ghomrasseni S, Pel-
lat B, Godeau G, Gogly B. Expression of matrix 
metalloproteinases (MMPs) and tissue inhibitors 
of metalloproteinases (TIMPs) in healthy and dis-
eased human gingiva. J Periodontol 2003; 74: 
188-195. 

  34)	Bostanci N, Mitsakakis K, Afacan B, Bao K, Jo-
hannsen B, Baumgartner D, Müller L, Kotolová H, 
Emingil G, Karpíšek M. Validation and veriication 
of predictive salivary biomarkers for oral health. 
Sci Rep 2021; 11: 6406. 

  35)	Wang F, Guan M, Wei L, Yan H. IL18 promotes 
the secretion of matrix metalloproteinases in hu-
man periodontal ligament fibroblasts by activating 
NFκB signaling. Mol Med Rep 2019; 19: 703-710. 

  36)	Song AM, Hou C, Chen JF, Sun J, Tian T, Li S. [Ef-
fect of hypoxia on the expression of matrix metal-
loproteinase and tissue inhibitors of matrix metal-
loproteinase mRNA in human periodontal ligament 
fibroblasts in vitro]. Zhonghua Kou Qiang Yi Xue 
Za Zhi 2012; 47: 599-604. 

  37)	Rai B, Kaur J, Jain R, Anand SC. Levels of gingi-
val crevicular metalloproteinases-8 and -9 in peri-
odontitis. Saudi Dent J 2010; 22: 129-131.

  38)	Maeso G, Bravo M, Bascones A. Levels of metal-
loproteinase-2 and -9 and tissue inhibitor of matrix 
metalloproteinase–1 in gingival crevicular fluid of 
patients with periodontitis, gingivitis, and healthy 
gingiva. Quintessence Int 2007; 38: 247-252. 

  39)	Lin L, Yu W, Zhang W, Li S, Hu S, Jiang B, Gu Y, 
Lu E. Expression profile of lipoxygenases in gingi-
val tissues of human periodontitis. Oral Dis 2021; 
27: 567-576.


