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According to WHO, breast cancer is one of the most common forms of cancer in women. In 2020, 2.3 million
women were diagnosed with breast cancer and 685,000 deaths from the disease were reported worldwide.
This research aims to study the dynamics of the concentration of MMPS8, osteopontin, and Ca2+ jons, as well
as the pH level in patients with breast cancer during chemotherapy and specific dental treatment. Materials
and methods. The study involved 60 patients, both men and women. All respondents were divided into
groups by their oncological diseases: group 1 consisted of 20 patients with stage Il and lll breast cancer after
chemotherapy, without prior dental treatment, group 2 comprised 20 patients with breast cancer after chemo-
therapy, with previous dental treatment, the control group included 20 people without cancer and dental pa-
thology. Results and discussion. Dental diseases in patients of both groups were manifested by significant
changes in bone metabolism, which was accompanied with sharp rise of MMP8 concentration in oral fluid
during reducing osteopontin concentration. It is worth noting that the above pathobiochemical changes oc-
curred against the background of a fall in the Ca2+ ion content and a pH shift towards the acidic side. The
increase in Ca2+ is associated with a decrease in MMPS8 level and the elevation in pH and osteoponine. In
turn, the pH has medium power feedback with MMP8 and a direct relationship of medium force with osteo-
ponin. MMP8 and osteopontin are associated with strong feedback, that is, an increase in the level of one of
them can be displayed about reducing osteopontin. Conclusion. This study has established a statistically
significant increase in MMP 8 against the background of the reducing concentration of osteoponitis. Patho-
biochemical changes in bone tissue were found against the background of significant loss of Ca2+ ions and
pH. Dental treatment for this category of patients has led to the improvement in the concentration of these
markers. The data obtained justifies the necessity of their use as diagnostic markers and laboratory screen-
ing of the effectiveness of dental treatment in patients of this category.

Key words: breast cancer, dental pathology, laboratory screening, bone tissue metabolism, biological markers

According to WHO, breast cancer is one of the cerous diseases is especially important in dental
most common forms of cancer in women. In 2020, practice because it enables to assess not only the
2.3 million women were diagnosed with breast can- intensity of dental health loss in presence of the
cer and 685,000 deaths from the disease were re- underlying disease but also its psychosocial and fi-
ported worldwide. At the end of 2020, there were nancial consequences. A dynamic assessment of
7.8 million women who had been diagnosed with quality of life opens the way for estimating the ade-
breast cancer over the past five years that means quacy of the ongoing dental treatment and, along
that this type is the most common cancer in the with traditional methods, is a full-fledged indicator of
world. The number of disability-adjusted life years its effectiveness [6, 7].

(DALYs) of globally cancer-diagnosed women ex- Concerning the above, there is a need to intro-
ceeds that of any other type of women-specific duce new informative and minimally invasive meth-
cancer. Breast cancer occurs throughout the world ods of assessing a patient’s dental status. Recently,
in women of any age after puberty, but the inci- methods of laboratory screening of the oral cavity
dence increases with ageing [1, 2]. have been extensively introduced into clinical prac-

At present, modern medicine is facing an urgent tice. Using various laboratory techniques of oral
task that is not only developing effective targeted fluid composition analysis enables to determine the
ways to treat this pathology, but also ensuring a activity of substances involved in the metabolism in
sufficient quality of life for patients with breast can- dental diseases [7-9]. In this regard, the use of bio-
cer, especially during chemotherapy. One of the logical markers, which are employed for a more ac-
main criteria for the quality of life today is a healthy curate determination of the treatment effectiveness,
dental system [3]. Today, dental health is consid- deserves special attention. The assessment of the
ered a condition that allows an individual to eat a content of biomarkers has clinical significance for
variety of food without any restrictions, to communi- risk identification, detection of the disease and its
cate effectively, to feel confident and satisfied with progression, as well as for the evaluation of the
the facial appearance. At the present stage of so- therapy effectiveness. This is especially promising
cial development, the provision of dental care to the when is based on a personalized approach to a
population is aimed at achieving and maintaining a particular patient [10].
functioning, painless, aesthetic and socially accept- In recent years, numerous studies have made
able condition of the oral cavity throughout the life. biomarkers more accessible. They complement the
In this respect, the state of the oral cavity in pa- clinical and radiological picture of the disease by al-
tients with cancerous diseases is of great medical lowing doctors to make the right decisions. Patients
and social relevance [4, 5]. The use of dental crite- can also use biomarkers to learn about their health
ria for estimating quality of life in patients with can- and the need for dental care [8, 9].
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The last decade reports have stated the high
level of microorganisms as one of the main factors
contributing to the development of diseases associ-
ated with the bone tissue destruction and their
pathological procession. It is believed that patho-
logical changes in the periodontium occur with an
increase in microbial attack caused by the accumu-
lation of microorganisms (biofilm formation) [11,
12]. The slackening of specific and nonspecific
mechanisms of local and general protection is
mostly associated with increased activity of micro-
bial assemblies that results in the development of a
clinically pronounced inflammatory reaction. This
cascade pathogenesis is especially relevant for pa-
tients with cancerous diseases, which are directly
related to severe immunosuppression and a de-
crease in the components of the cellular and hu-
moral immune response [12, 13].

A special role in the development and mainte-
nance of chronic inflammation is played by matrix
metalloproteinases (MMPs), catabolism enzymes of
most extracellular matrix proteins at various stages
of the inflammatory process, as well as osteopontin,
the state of electrolyte balance, and pH level [14,
15].

This research aims to study the dynamics of the
concentration of MMPS8, osteopontin, and Ca2"
ions, as well as the pH level in patients with breast
cancer receiving chemotherapy and specific dental
treatment.

Materials and methods

The study involved 60 patients, both men and
women. All respondents were divided into groups
by their cancerous diseases: group 1 consisted of
20 patients with stage Il and Il breast cancer after
chemotherapy, without prior dental treatment, group
2 comprised 20 patients with breast cancer after
chemotherapy, with previous dental treatment, the
control group included 20 people without cancer
and dental pathology. Permission for enrolment and
informed consent were obtained from all the re-
spondents. For statistical data collection, patients
were examined at the Department of Therapeutic,
Orthopedic and Pediatric Dentistry, Zaporizhzhia
State Medical University, and the documentation of
patients from the ONCOLIFE Medical Center was
used. Clinical and instrumental research methods
used to detect and confirm dental diseases in-
cluded the following: an examination of the oral
cavity, probing, palpation and percussion of teeth,
and use of caries markers. Hygienic status was as-
sessed with such hygiene indices as OHI-S (Green-
Vermillion), Gl gingivitis (Silness-Loe) and PMA
(papillary marginal index). Detected caries-affected
teeth were classified, according to T.V. Vinogra-
dova, by the severity of the process. Teeth affected
by pulpitis and periodontitis were classified accord-
ing to the MMCI classification by the course of the
inflammatory process. Detected lesions of the mu-
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cous membrane were classified by the WHO classi-
fication. Dental treatment included: treatment of
acute and chronic caries, endodontic treatment of
acute/chronic pulpitis and acute/chronic periodonti-
tis, as well as treatment of oral mucosa inflamma-
tion, mucositis. To prevent dental complications,
patients with cancer diseases underwent profes-
sional hygiene and complete rehabilitation of the
oral cavity before chemotherapy that included the
removal of damaged mobile teeth and roots.

Enzyme-linked immunosorbent assay was used
to determine the content of bone destruction mark-
ers in the oral fluid: matrix metalloproteinase 8
(MMP-8, ELISA Kit "Hycult biotechnology b.v.",
HK501-01) and osteopontin (N eBioscience
(Bender MedSystems) ELISA); potentiometric
method using electrolyte analyzer Elite plus deter-
mined the content of Ca2 + ions and pH level [16].

The research results were processed by modern
statistical methods of analysis using PC with the
software package Statistica 13, license number
JPZ8041382130ARCN10-J. The data were checked
for the normality of distribution, as most of them are
distributed not entirely normally; the form of median
data representation and the quartile interval (Me
(Q25; Q75)) were chosen. Comparisons in three in-
dependent groups were performed according to the
Kruskal-Wallis test, and in two independent groups
— according to the Mann-Whitney test, a non-
parametric Wilcoxon test was used to determine the
effect of preventive treatment. The Chi-square crite-
rion was used to compare qualitative data. Differ-
ences were considered statistically significant at a
significance level of p <0.05.

Results and Discussion

A clinical examination of patients with breast
cancer revealed the presence of acute (10%) and
chronic caries (50%), chronic periodontitis (30%),
and partial adentia (10%). The control group pa-
tients had a similar distribution of dental pathology.

Dental diseases in patients of both groups were
accompanied with significant changes in bone me-
tabolism, followed by a sharp increase in MMP8 in
the oral fluid against the background of reduced os-
teopontin concentrations. It should be noted that
the above mentioned pathobiochemical changes
occurred in presence of the decrease in Ca2 + ions
and pH shift to the acidic side (Table 1). In patients
of the group receiving dental treatment, the
changes in bone metabolism were less pro-
nounced. Thus, the increase in MMP8 concentra-
tion was less intense compared with the patients in
group 1 and was 91% versus 96% in group 1 com-
pared with the control group. The increase in MMP8
occurred against the background of a decrease in
osteopontin concentration, and its decline in pa-
tients of group 1 was more intense and amounted
to 88% versus 53% in group 2 patients (Table 1).
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The concentration of MMP8 and osteopontin in oral fluid in patients with breast cancer with chemo&i%ep]/
Indicator Group 1, Group 2, Control, p-value according to the
n=20 n=20 n=20 Kruskal-Wallis test
ca”, 0.80 [0.70; 0.90] * 1.40 [1.28; 1.60] 0.001
mmol/l 1.11[0.90; 1.25]
pH 6.70[6.10; 7.10) % 7.60 [7.10; 8.00] 0.016
7.35[6.80; 7.70)
MMP8, ng/ml 8.10 [7.70; 9.50] % 0.34[0.27; 0.50] <0.001
4.15 [3.00; 5.20]
Osteopontin, ng/ml 0.20 [0.20; 0.30] * 1.65[1.40; 1.90] <0.001
0.78 [0.40; 0.80]
*
Note: - a statistically significant difference between groups without treatment and with treatment

Table 2

Values of Spearman correlation coefficients between markers of bone metabolism in patients with breast cancer

Indicators ca® pH MMP8, ng/ml Osteopontin, ng/ml
ca”* 1.00 0.35 -0.64 0.58
pH 0.35 1.00 -0.52 0.39
MMP8, ng/ml -0.64 -0.52 1.00 -0.80
Osteopontin, ng/ml 0.58 0.39 -0.80 1.00

The analysis of the obtained data demonstrated
the intensification of bone destruction processes
and general metabolic disorders in patients with
breast cancer that, in our opinion, is mainly due to
adverse effects of chemotherapeutic drugs on bone
tissue and general immunosuppression in this
category of patients.

Moreover, we found a significant correlation be-
tween the studied indicators (Table 2).

Table 2 demonstrates that the increase in Ca2 +
is associated with a decrease in MMP8 as well as
with an increase in pH and osteopontin. In turn, pH
has a medium-strength feedback relationship with
MMP8 and a direct medium-strength relationship
with osteopontin. MMP8 and osteopontin have
strong feedback, meaning that an elevation in one
of them may indicate a decrease in osteopontin [11,
12, 15].

Determined correlations are due to the general
biological functions of matrix metalloproteinase-8
and osteopontin in bone metabolism. Thus, against
the background of inflammatory processes and de-
struction of periodontal tissue, there is an increased
production of proteolytic enzymes, including MMP8,
in the focus of inflammation, which results from the
response of epithelial cells and the immune system
to the microbial invasion. This leads to the destruc-
tion of the intracellular matrix that consequently re-
sults in periodontal pockets, pathological mobility
and displacement of teeth, resorption of interalveo-
lar septa, and osteoporosis. Bacterial collagenases
act differently: they cleave collagen in different ar-
eas, forming many short peptide fragments [9, 13,
14]. Microorganisms interact with gingival epithelial
cells through TL-receptors (toll-like receptors). In
response, cells secrete interleukin (IL) 1, tumour
necrosis factor (TNFa), MMP, and antimicrobial

peptides. Cytokines (IL-1, -8, -12, TNFa) stimulate
the migration of other types of immune cells to the
site of inflammation. Activated macrophages pro-
duce iL12 and interferon y. In the chronic course of
the process, the morphological picture in the focus
of inflammation resembles that of delayed-type hy-
persensitivity. The presence of iL12 accelerates
chemotaxis and subsequently activates macro-
phages and type 1 T-helpers [13, 16]. During exac-
erbation of chronic periodontitis, B-cells, plasma
cells, and type 2 T-helpers predominate in the in-
flammation foci. Stimulation of these cells by bacte-
rial products (e.g., lipopolysaccharides) causes the
secretion of the cytokines IL1 and TNFa, which can
indirectly induce the differentiation of osteoclast
precursors and subsequently their activation. The
differentiation of osteoblasts depends on the syn-
thesis of the so-called osteoprotegerin ligand
(RANKL) by these cells. In contrast, activated T-
cells, through their RANKL synthesis, can directly
accelerate osteoblast differentiation. RANKL is pre-
dominantly synthesized in Th-1 cells. Thus, Th-1
type T-cells are mainly involved in the action of T-
cells on bone resorption in periodontitis [17]. Ac-
cordingly, the suppression of humoral and espe-
cially cellular immunity in patients with breast can-
cer leads to an even more pronounced disintegra-
tion of these molecular units, which was recorded in
patients of group 1.

Thus, we have registered a decrease in osteo-
pontin during the destruction of bone tissue cells
and an increase in MMP8 in the oral fluid that
points out the degradation of osteosynthesis proc-
esses. It is known that osteopontin is an extracellu-
lar structural protein and an organic component of
bone tissue. It is located on the g arm of chromo-
some 4, made up of a total of 300 amino acid resi-
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AVHAMIKA BMICTY MMP8 TA OCTEMOHTUHY B POTOBIV PIOVHI MALIIEHTIB I3 3AXBOPIOBAHHSIMM POTOBOI
MOPOXHWHW HA TNI OHKOMATONOTT

@irtoH A.M.

KntouoBi cnoBa: pak MOMOYHOI 3ano3un, cTomarosioriyHa naTonoris, nabopaTopHWIn CKPUHIHT, MeTaborniam KiCTKOBOI TKaHWHK, BionoriyHi
Mapkepu

3a gaHnmn BcecBiTHBOI opraHisaLii OXOPOHW 300pPOB'S pak MOJSIOYHOI 3ar03M € OHIE 3 HaMNOLUMPEHi-
Wrx OOPM OHKOMOrYHUX 3axBOproBaHb Y XiHOK. ¥ 2020 poui pak MONoYHol 3ano3n AdiarHoctoBaHun y 2,3
MifnbHOHa XiHOK, ToAi SIK Y CBIiTi 3apeecTpoBaHo 685 000 BuNaakis cMepTi Big LIbOro 3aXBOPHOBAHHS.

MeTa poboTtu. BuBueHHs anHamikm koHueHTpauii MMP8, octeonoHTuHy, Ca2+ioHiB, a Takox pH y nauien-
TiB 3 pakoM MOSIOYHOI 3an03n Ha Thi XiMioTepanil Ta NpoBeAEeHOro MikyBaHHs 3y6iB.

Martepianu i MeToan. B gocnigkeHHi B3snu yyacTb 60 XBOpKMX, YOMOBIKIB Ta XiHOK. Bci pecnoHaeHTn 6ynu
nogineHi Ha rpynu 3a OHKOMOMYHUMKU 3aXBOPIOBAHHAMM: Mneplly rpyny cknanu 20 XBOpuX XIHOK Ha pak
MonoyHoi 3anos3u Il Tta lll ctagii 3 ximioTepanieto, 6e3 nonepegHbO MPOBEAEHOr0 CTOMATOSOMYHOMO
NiKyBaHHs, apyry - 20 XBOPUX XiHOK Ha pak MOMOYHOI 3arno3n 3 xXiMioTeparnieto, 3 nonepegHbO NPOBEAEHNM
CTOMaTOMOrYHUM NiKyBaHHAM, KOHTPOrbHY rpyny — 20 ocib, fki He cTpaxdalTb Ha OHKOMOriYHe 3axBOpHo-
BaHHS Ta MaloTb CTOMATOSOrYHY NaTOMOTit0.

Pesynbtatn. CTOMaTonNorivyHi 3axXBOpHOBaHHA NaLieHTiB 060X rpyn CynpoBOO4KYBanuchb 3HaYHUMN 3MiHaMu
MeTaboniamy KiCTKOBOI TKaHWHM, LLO CYNpPOBOLXKYBANUCh PU3bKUM NPUPOCTOM Y poToBin piguHn MMP8 Ha

Tom 22, Bunyck 2 (78) 55



AKTyaAbHi Ipo6AeMH Cy4acHOI MeAHLHHH

TNi 3MEeHLEeHHS KOHueHTpau,iT OCTEOMOHTUHY. BapTo 3as3HauMTu, WO BuULe3asHa4yeHi naTobioxiMiyHi 3MiHM
I'IpOTIKaJ'IM Ha Tni nagiHHA BMICTy ioHiB Ca2+ Ta 3cyBoMm pH y kucny CTOPOHY. I'IpMplCT MMP8 Bl,q6yBch;| Ha
TNi 3MEHLLEHHS KOHLLeHTpaLlII OCTEOMNOHTUHY. 36inblueHHs 3HaveHHs Ca’’ NoB’A3aHO 3i 3MEHLLEeHHAM plBHFl
MMP8 Ta nigeuweHHaM piBHs pH Ta ocTeonoHTuHa. B cBoto 4epry pH mae 3BOpOTHMI 3B'A30K cepeaHbOl
cvunn 3 MMP8 Ta npamMun 3B'A30K cepeaHbol Cunmn 3 OocTeonoHTUHoM. MMP8 3 0CTEONOHTUHOM NOB’A3aHi
CUMNbHMM 3BOPOTHUM 3B’SI3KOM, TOOTO 36iNnbLUEHHS PiBHA OAHOrO 3 HUX MOXe BigYMTU MPO 3MEHLLEHHSA OC-
TEOMOHTUHY.

BucHoBkW. [ocniaeHHsa BCTaHOBUMNKW CTATUCTUYHO 3Ha4YHe 36inbieHHss MMIT 8 Ha Tni 3MeHLUEeHHS KOH-
LeHTpaLii ocTeonoHTUHy. NaTobioximMiuHi 3MiHM KICTKOBOT TKaHWHW Byny BCTAHOBIEHI Ha TNi 3HA4YHOI BTpaTU
ioHiB Ca2+ Ta 3miweHHa pH. NpoBeaeHe ctomaTonoridHe nikyBaHHA B Uil KaTeropii nauieHTiB NpM3Beno 4o
HopMarni3auil KoHUeHTpauil umMx Mapkepis. [aHi, oTpMaHi Hamu, BUNpaBaoBYe AOLUIMbHICTb IX BUKOPUCTaHHS
SIK MapKepiB AiarHOCTUKK, @ TakoX NnabopaToOpHOro CKPUHIHTY eEKTUBHOCTI NMiKyBaHHsi 3aXBOPHOBaHb 3y6iB y
nauieHTiB L€l kaTeropii.
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