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1. Biominepamnizanis peHOMeH, XxapaKTepHUN IJ1s1 )KUBUX OPTaHi3MiB, 110 nossirae y GopMyBaHHI 6ioMiHepasbHUX
yTBOpeHb. LleHTpasibHa HEPBOBA CUCTEMA JIIOAChKOTO OPraHi3aMy He BUKJIIOUEHHs, 6ioMiHepasi3allisi B Hill MoXe
3yCTpiuaTUCh SIK B HOPMI (BiKOBi 3MiHM) Ta i Ipy pi3HOMaHITHUX NaToOJIOriIX. Hanpukian, BOHa € TUIIOBOIO AJ1s1
MEHIHTiOM (ITyXJIMH MO3KOBUX 000JIOHOK), SIKi 3aliMalOTh MeplIe Miclie 3a IOMNPEHICTIO cepel] He3OSIKICHUX
IyXJIVH LeHTpaJibHOI HepBoBOi cucTeMu. JlaHa nucepTaliliHa po6oTa PUCBsIYeHa aKTyaslbHill Ha CbOTOAHINIHIN
IleHb ITpo6JIEMi, a caMe YJOCKOHAJIEHHIO MOXJIMBOCTEH JIiarHOCTUYHOTO Ta JIiKyBaJIbHOTO MIpoLecy IJ1s NallieHTiB 3
MeHiHrioMmaMu. JI71s1 BUpilleHHs JaHOI MPO6JIeMU MU CKOPUCTAJIACh HACTYITHUMU METOLAMU JOCiIPKEHHSI:
rictosoriyHui (3a6apBIeHHS] FeMaTOKCUIIIHOM-€03MHOM), IiCTOXIMIYHMH (326apBIIeHHS ali3apPUHOBUM Y€PBOHUM S,
3abapsieHHs 3a ¢oH Koccom, meTonom BaH I'izoHa Ta PAS-peakiieto), iMyHoricToxiMiuHui (MaHesb
octeobnactnyHux aHTUTL1 OPN, SPARC, RANKL ta OPG, mapkep anonrosy Casp-3), ¢pisuko-ximiyHmn
(ckanyBasipHa €JIEKTPOHHA MiKPOCKOIIisl, IPOCBiYyBaIbHA €JIEKTPOHHA MIKPOCKOIIisT) Ta CTaTUCTUYHUI

(mapameTpuyHi Ta HerapaMmeTpuyHi KpuTepii). JInsaitHoM aucepTaniiiHoi poboTu nepenbdadeHo GopMyBaHHS 4



IOCJIiIPKYBaHUX TPYIL: MeHiHrioMu 3 o3HaKamu 6iomiHepasnisauii (30 3pa3kiB), MeHiHrioMu 6€3 03HaK
6iominepasizauii (30 3pa3kiB), TBepa MO3KOBa 000JI0HKA 3 O3HAKaMu 6ioMiHepastizauii (30 3pa3kiB) Ta TBepAa
MO3KOBa 000JI0HKa 6€3 o3Hak biominepasnizauii (30 3paskis). [TyxMHM MO3KOBUX 000JI0HOK (MEHIHriOMM) if, Yyac
MaKpOCKOIIYHOTO JOCiKEHHS YaCTO ONUCYBAJIMCH K KYJISCTi a00 HAIIBKYJIACTI, PifiKO 6JISIKONONiOHI
yTBOPEHHSI, PO3Mip sIKUX BapitoBaBcs Bif 0,5 cm 10 3,0 cM. [1151 HUX OyB XapaKTepHuUil cipuii KoJip, riaaaka abo
3j1eTKa OyrpucTa 0BepxHsl, IOMipHa abo MifBuIleHa IIiyIbHICTh, crienudiyHuil XpycT Ipyu po3pizani. MeHiHriomu
IIif1 9ac riCTOJIOriYHOro AOCIIIKEHHS HalvyacTille Kiaacu@ikyBaluch sSIK MEHIHIOTe lialbHI, ICAMMOMATO3HUN Y1
(i6pO3HMI TiCTOJIOrIYHI MiATUIM Ta XapaKTePU3yBAJINCh HASIBHICTIO KJIITUH €HIOTEIiaJIbHOrO (PEHOTHUITY (32 TUIIOM
MO3KOBHMX 000JI0HOK). HacTyImHNM KpOKOM [J1s1 IeTeKIii CIIOJIyK KaJbliiio 6yJI0 ricToxiMiuHe JoCimKeHHs.
3abapBiieHHs a/li3apMHOBUM YepBOHUM S ileHTU(iKyBaso CIOJyKU Kabllio (Bci popMu) Ta 3ajiza (Moxe
BKa3yBaTHU Ha HACJiIKU LiepebpaibHIUX KPOBOBUJIMBIB, 1J14 HNiATBEPIKEHHSI PEKOMEHI0BaHa peakuis [lepica).
3abapsienHs 3a poH Koccom 3By31I10 KOJIO IO CHOJYK KanbLilo ¢pocdary. Meton Bau l'izona, PAS-peakuis ta
iMyHOricTOXiMiYHe OCJIiI>KEHHS BKa3yI0Th, 1110 ICAMMOMHI TiJIbLIsI MiCTSITh [JIIKOIIPOTEIHU Ta 6ifIKU, KpiM
6ioMiHEpasIbHOrO KOMIIOHEHTA, TOOTO € OPraHiYHO-MiHEPaJIbHUM KOMIIO3UTOM. JJOCTOBipHO BUlMi piBeHb Casp-3
Ta OCOGJIMBOCTI €KCIIPECii 0CTE06IACTUYHNX MAPKePiB (HK4nii piBeHb ekcrpecii OPG i Builuil piBeHb HAsIBHOCTI
RANKL y rpymi 3 6ioMiHepasiizali€lo, BiicyTHiICTb KoMBaHb ekcrpecii SPARC) MOXyTb CBiIdUTH [IPO IepeBakaHHs
[IaCHBHOT'O M€XaHi3My B YTBOPEHHi ICAMMOMHUX Tijlelp (32 AUCTPOPIUHUM TUIIOM). 32 pe3ysIbTaTaMU CKaHyBaJIbHO]
€JIEKTPOHHOI MiKPOCKOIIi 3 EHEPrOJKCIIEPCIHOI0 PEHTIE€HIBCHKOIO CIIEKTPOCKOIIIEIO Ta ITPOCBiYyBaJIbHOI
€JIEKTPOHHOI MIiKPOCKOIIii 3 €JIEKTPOHHOIO IUPPaKLi€lo 6yI0 BCTAHOBJIEHO, 11J0 OCHOBHUM 6iOMiHEpajioM B
[ICaMMOMHMUX Ti/IbLSIX MEeHIHriOM € KasnbLill rinpokcuanatut Cal0(PO4)6(OH)2. TBepaa Mo3KoBa 000JIOHKE Lie OfHA
3 MO3KOBUX 000JIOHOK, 1110 IpefcTaBieHa Gibpo3HOI0 TKAHMHOIO, MiCTUTh Hi6po6acTU Ta MO3aKIIiITUHHUIN KOJIareH.
licToxiMiuHi METOIM HAOYHO BU3HAYMIM APiOHI KanbuudikaTy, a PAS-peakiiis, Ha BifMiHy Bifi MEHIHTiOM, B
GioMiHepasIbHUX YTBOPEHHSX HeraTuBHa). Ha OCHOBI OTpMMAaHUX pe3yJbTaTiB iMyHOTICTOXIMIYHOTO JOCIiIKEHHS
TKaHMHU TBEPA0i MO3KOBOi 060JIOHKH 3a JIOTIOMOTro10 NnaHesi octeobsactuyHux anTuTin (OPN, SPARC, RANKE
po0.001) a Takoxx Mapkepy anontosy Casp-3 (pn0.05) Mo>XKHa 3pO6MTHU BUCHOBOK ITPO NE€PEBaKaHHSI aKTUBHOTO
MEXaHi3My yTBOPEHHS KaJbLiii-PpochopHUX 6ioMiHepasliB B AaHiil TKaHUHI. 3a pe3yibTaTaM/ CKaHYBaJIbHOI
€JIEKTPOHHOI MiKPOCKOIIii 3 eHEProJKUCIIEPCITHOI0 PEHTIE€HIBCHKOIO CIIEKTPOCKOIII€I0 Ta TPOCBiYyBaIbHOI
€JIEKTPOHHOI MiKPOCKOIIii 3 eJIEKTPOHHOI0 JUdpaKiiielo 6yJ10 BCTAHOBJIEHO, 110 OCHOBHUM 6iOMiHEpasioM B TKaHUHI
TBEp10i MO3KOBOi 060JIOHKHM € KasblLii rinpokcuanatut Cal0(PO4)6(OH)2. OTpumaHi pe3ysibTaTu AO3BOJISIOTh
PO3pi3HUTU KanmbIM(iKaTh B MEHIHTIOMaX i B TBEPIiil MO3KOBi1 060JIOHIIi: BOHM MAIOTh MOAIOHUI XiMiYHUH CKJIa]
(3a cniBBigHOmEHHsM Ca /P BiANOBinaAOTh 3pisIoMy TifpoKCHaIaTUTy), IPOTe Pi3Hi 3a CTPYKTYpoOIo Ta MOPQOJIOTi€lo.
Onuparounch Ha pe3ysbTaTyd HAlIOro AUCEPTALiHOTO NOCiIKEHHS, MU IIPOIIOHYEMO ONITUMI3yBaTU
IiarHOCTUYHUI MTPOLIEC MIJISIXOM BIIPOBAIKEHHSI PO3POOJIEHOrO AiarHOCTUYHOTO AJITOPUTMY IJ1s1 U epeHLiiHO]
IiaTHOCTMKY HOBOYTBOPEHb TBEPI0i MO3KOBOI 0O0JIOHKM 32 HAasIBHUX O3HAaK Kasbluudikauii TkaHuHu. Kpim Toro,
IIpoBeJieHe JeTajibHe TaToMopdosioriyHe Ta MaTepiasio3Hasue (pi3nko-xiMiuHe) TociikeHHs 6ioMiHepaIbHUX
IETIO3UTIB MOXKE OYTH KOPUCHUM [J1s1 CTBOPEHHSI 6ioMaTepiasliB 32 TUIIOM TBEPHOi MO3KOBOI 0O0JIOHKM Ta MOXE
[IOKPAIIXTH JiKyBaJIbHUI IIPOLIEC XBOPUX 3 edeKTaMu MO3KOBUX 0O0JIOHOK IIiCJIsl TPAaBMATUYHUX YIIKOIKEHb Ta
HENPOXipypriyHux ornepartin.

2. Biomineralization is a phenomenon characteristic of living organisms, consisting of forming biominerals. The
central nervous system of the human body is no exception; biomineralization can occur in both normal conditions
(age changes) and in various pathologies. For example, it is typical for meningiomas (tumours of the brain
membranes), which are the most common non-malignant tumours of the central nervous system. This dissertation
work is devoted to a relevant problem, namely, improving the possibilities of the diagnostic and treatment process
for patients with meningiomas. To solve this problem, we used the following research methods: histological
(hematoxylin-eosin staining), histochemical (alizarin red S staining, von Koss staining, Van Gieson method and PAS
reaction), immunohistochemical (panel of osteoblastic antibodies OPN, SPARC, RANKL and OPG, apoptosis marker
Casp-3), electron microscopic (scanning electron microscopy, transmission electron microscopy) and statistical
(parametric and non-parametric criteria). The design of the dissertation provides for the formation of 4 research



groups: meningiomas with signs of biomineralization (30 samples), meningiomas without signs of biomineralization
(30 samples), dura mater with signs of biomineralization (30 samples), dura mater without signs of
biomineralization (30 samples). Tumours of the meninges (meningiomas) during macroscopic examination were
often described as spherical or hemispherical, rarely plaque-like formations, the size of which varied from 0.5 cm
to 3.0 cm. They were characterized by a grey colour, a smooth or slightly bumpy surface, moderate or increased
density, and specific crunch when cut. During the histological examination, meningiomas were often classified as
meningothelial, psammomatous or fibrous histological subtypes. They were characterized by the presence of cells
of the endothelial phenotype (by the type of meninges). The next step for the detection of calcium compounds was
a histochemical study. Alizarin red S staining identified calcium (all forms) and iron compounds (may indicate
effects of cerebral haemorrhage; Perl's reaction is recommended for confirmation). Von Koss's staining narrowed
the circle to calcium phosphate compounds. Van Gieson's method, PAS-reaction and immunohistochemical study
indicate that psammoma bodies contain glycoproteins and proteins in addition to the biomineral component,
which is an organic-mineral composite. A significantly higher level of Casp-3 and specific features of the
expression of osteoblastic markers (a lower level of OPG expression and a higher level of RANKL in the group with
biomineralization, no fluctuations in SPARC expression) may indicate the predominance of a passive mechanism
(by dystrophic type) in the pathogenesis of psammoma bodies. Based on the results of scanning electron
microscopy with energy dispersive X-ray spectroscopy and transmission electron microscopy with electron
diffraction, it was established that calcium hydroxyapatite Cal0(PO4)6(OH)2 is the main biomineral in psammoma
bodies of meningiomas. The dura mater is one of the meninges, represented by fibrous tissue and contains
fibroblasts and extracellular collagen. Histochemical methods identified small calcifications, and the PAS reaction,
unlike meningiomas, is negative in biomineral formations). Based on the results of the immunohistochemical
examination of the dura mater tissue using a panel of osteoblastic antibodies (OPN, SPARC, RANKE po0.001) and the
apoptosis marker Casp-3 (po0.05), it is possible to conclude that the active mechanism of formation of calcium-
phosphorus biominerals predominates in this tissue. According to the results of scanning electron microscopy
with energy dispersive X-ray spectroscopy and transmission electron microscopy with electron diffraction, it was
established that calcium hydroxyapatite Cal0(PO4)6(OH)2.is the main biomineral in the tissue of the dura mater.
The obtained results make it possible to distinguish calcifications in meningiomas and the dura mater: they have a
similar chemical composition (according to the Ca/P ratio, they correspond to mature hydroxyapatite), but differ
in structure and morphology. Based on our dissertation research results, we propose optimising the diagnostic
process by implementing the developed diagnostic algorithm for the differential diagnosis of neoplasms of the
dura mater based on the existing signs of tissue calcification. In addition, the detailed pathomorphological and
material science (physico-chemical) study of biomineral deposits can help create biomaterials based on the type of
dura mater. It can improve the treatment process of patients with defects of the meninges after traumatic injuries
and neurosurgical operations.
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Micuesnaxo;pxeuna: ByJI. XapKiBCbKa, 6ya. 116, Cymu, Cymcbkuii p-H., 40007, YkpaiHa
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. T'mpsaBenko Harasnis IBaHiBHA

2. Nataliia Hyriavenko

KBasigikanis: k. men. u., noi,, 14.03.02

Imentudikarop ORCID ID: 0000-0002-9805-014X

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI OPUAHUYHOI 0COOHM: CyMChKUIi IePKAaBHUIA YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micue3HaxoaKeHHS: By/1. XapkischbKa, 6y, 116, Cymu, Cymcbkuit p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxaBHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

KopeHnbkos Oekciit BotoguMuposny

Kopenbkos Osekciit BononuMuposnud

Boiiko AHTOH OJsieKcaHnapoBUY

VkpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



