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remodeling in breast cancer.

Pedepar/anoTanis:

1. Inceprauiiiny po6oTy npucBsueHo ineHTrdikauii ocobsmBoCcTell IPOCTOPOBOi opraHizallii Ta KibKicHUX
XapaKTEPUCTUK KOJIareHOBOI MaTpHlli, aCOLIilI0BaHUX 3 arPECUBHICTIO nepebdiry PM3. O6’eKTOM [0CIiIKEHHs OyB
PaK MOJIOYHOI 3aJ103H4, a IIPEJIMETOM — KOJIar€HOBUI KapKac TKaHMHU PM3, 110r0 KiJIbKiCHI [TapamMeTpu Ta iXHi
B32eMO3B’3KH 3 ekcrpeciero MMP1, MMPS, TIMP3 i LOX ta mikpoPHK, 3anyyeHux 1o peryssuii peMojienioBaHHs
KOJIareHOBOi CTpOoMU. YTieplie po3pobieHo Ta aripoboBaHO alAropuTM Bepudikallii mapaMmeTpiB me3opraHisarii
KOJIAr€HOBOI'O MaTpPUKCY y TKaHMHI PM3, sSIKuii NoeIHye ricTOXiMi4He 3a06apBileHHs, LU(PPOBY CETMEHTALLi0
BOJIOKOH i noganpmunii MOp(pOMEeTpUYHMIL aHaMi3. Apobaliito anroputMmy nposeneHo Ha 120 3pa3kax TKaHMHU PM3

ta 30 3pa3kax TKaHMHU PibpoasieHOM. 3arajom IIpoaHasi3oBaHO 6J1M3bKO 1,4 MITH KOJIAr€HOBUX BOJIOKOH, IO



JI03BOJIMJIO KiJIbKICHO OXapaKTepU3yBaTU apXiTEKTOHIKY CTPOMAabHOTO KOMIIOHEHTA AOOPOSIKICHUX i 3710KICHUX
HOBOYTBOPEHb MOJIOUHOI 3aJ1031 Ta MiHIMi3yBaTH Cy0'€KTUBHICTb MOP(OJIOTIiYHOI OLiHKY. BCTaHOBJIEHO, 1110
TkaHuHa PM3 mae crienudiunuil MoppomeTpryHuil npodinb opraHizallii KosareHoBoro MaTpukcy. [IopiBHsHO 3
TKaHUHOIO JOOPOSIKICHUX HOBOYTBOPEHDb MOJIOYHOI 3371031 BOHA XapaKTepU3yBasacs 3MEHIIEHHSIM JOBXUHU
(p<0,001) i mpunu (p<0,001) KosareHOBXX BOJIOKOH Ha TJIi MiABUILIEHHS iXHbOI NTpsmodiHiiiHoCTi (p<0,001) Ta 3MiHK
npocTopoBoi opieHTanii (p<0,05). OTpumaHi faHi CcBigYaTh, 10 MaJlirHisalis CylpoBOIKY€ETbCS He JINIIE KiJIbKiCHOIO
nepebynoBOI0 CTPOMH, a 1 POPMYBAHHSIM BiIMiHHOTO TOIIOJIOTIYHOTO NPOQii0 BOJIOKHUCTOTO MaTPUKCY.
JloBenieHO 3B'5130K MOP(POMETPUYHUX XaPAKTEPUCTUK KOJIAar€HOBOI CTPOMHU 3i CTyNeHeM MOLUPEHOCTI TyXJIMHHOTO
npouecy. 36inpmenHs po3mipy PM3 acoritoBanocs 3i 3MeHIIeHHSIM IoBxuHY (p=0,0006) i mmpunu (p<0,0001)
KOJIAr€HOBUX BOJIOKOH Ta MiBUILEHHSIM ixHbOI WwinbHOCTI (p=0,0027). HasiBHiCTh MeTacTa3iB y perioHapHuX
JiMQaTUYHUX BY3JIaX CYIIPOBOJKYBaJIACs 3MEHIIEHHSM [IOBXXUHU i IIMPUHY BOJIOKOH, 301J/IbIIEHHSIM IXHbOI
IIPSIMOJIHIMHOCTI Ta LIiJIbHOCTI, @ TaKOX MHifBUIEeHHSIM IToKazHuKa TSR (ms1s Beix 3a3HaveHux 3miH p<0,0001).
HafiticHimi KopessiifiHi 38’13KU 3 KJIiHIYHUMU XapaKTepucTukamu PM3 BCTaHOBJIEHO [1J1SI IIMPUHU KOJIAT€HOBUX
BOJIOKOH: i3 Kareropieo T KoedinieHT kopensnii cranoBuB r=-0,751, a 3 kareropieo N — r=-0,711. l[inbHicTb
BOJIOKOH IIPsIMO KopestoBana 3 kateropieto N (r=0,790). Ha ocHOBi OTpUMaHUX pe3ybTaTiB I00YI0BaHO
6araTodakTOpHi perpeciiidi Mozesi. BcTaHOBMIEHO, 1[0 MMPUHA, JOBXWHA Ta I[iJIbHICTh KOJIAT€HOBUX BOJIOKOH €
He3aJIeXXHUMU IPEJUKTOPaMu PO3Mipy IyXJIMHHOTO BOTHUIIA; KoeillieHT neTepmMiHalii BifnosigHoi Mopeni
craHoBUB R?=0,679. lllupuHa i mWiIbHICTh BOJIOKOH Pa3oM i3 MoKasHMKOM TSR Oysu He3anesKHUMU [IPeIUKTOPaMU
METaCTaTUYHOTO YPaXKEHHSI perioHapHUX JiM(paTUYHUX By3JIiB; MOJI€JIb N10SICHIOBAsA 77,2% BapiabeslbHOCTi
nmocimkysaHoi o3Haku (R?=0,772). Lle ninTBepyKye MOKIIMBICTb KiJIbKICHOTO BUKOPHUCTaHHS! apXiTEKTOHIKU
KOJIar€HOBOI CTPOMM [1J151 KOMILJIEKCHOTO OLiiHIOBaHHs arpecuBHoCTi PM3. InenTugikosaHo npodinb ekcnpecii
6i7IKiB peMO/1eJII0BaHHSI CTPOMAIbHOTO MiKpDOOTOYEHHSI Ta BCTAHOBJIEHO MOT0 3B’130K i3 IPOCTOPOBOIO OpraHizallieto
KoJiareHoBoi maTputi. Excripecis MMPI nipsmo kopesoBasa 3 IpsIMOJIiHIMHICTIO KOJIareHOBUX BOJIOKOH (r=0,273),
TOZi sIK ekcriipecis MMP8 6ysia o6epHeHO MOB'sI3aHa 3 iXHbOIO IMPUHOIO, LOBKUHOIO Ta MPSMOJIiHIIHICTIO (r Bif,
-0,267 no -0,303). PiBens TIMP3 06epHEHO KOPEJIIOBAB i3 MHUPUHOIO, TPSIMOJIiHIMHICTIO Ta 1ibHICTIO BOJIOKOH i
IIpsIMO — 3 KYTOM ixHboi opieHTawii (r Big —0,462 no 0,443). [Ins1 LOX BCTaHOBJIEHO IPSIMY KOPEJIALIIO 3 KYTOM
opieHTallii KojareHoBUX BOJIOKOH (r=0,301). [TokazaHo, o Hu3pKoAudepeHuiioBanuit PM3 xapakrepusyBascs
nigBuieHHsIM ekcnipecii MMP1 Ha 59,2%, MMP8 — Ha 96,6% Ta LOX — y 2,05 pasa (p<0,05). 36iibl1eHHS pO3Mipy
ITyXJIMHU Ta HagBHICTh METACTAaTUYHOTO YPaKeHHS perioHapHUX JIIMQPATUYHUX BY3J1iB CYIIPOBO/KYBAJIOCS
nipBumeHHsaM piBHa LOX BinnosinHo Ha 74,2 i 57,8%, Topi sIK y myxjimHax kareropii T2 ekcripecis TIMP3
3HIKyBazacs Ha 65,6% (p<0,05). OTxe, noengHane BuzHauyeHHss MMP1, MMPS8, TIMP3 i LOX i3 mopdomeTpuyHuMHU
IlapaMeTpaMy KOJIAr€HOBUX BOJIOKOH LIiJIiCTHO BiloOpaXkae CTPYKTYPHi Ta MOJIEKYJISIPHI IIPOSIBU PEMOJIEIOBAHHS
IIyXJIMHHOI CTPOMU IIpU NporpecyBaHHi PM3. Yiiepiue BcTaHOBJIEHO acouianiio ekcnpecii MikpoPHK, 3anyyenux 1o
perysduii reHiB peMoeTI0BaHHS [I03aKJIITUHHOTO MAaTPUKCY, 3 KJIiHIKO-TIaTOJIOTIYHUMU XapaKTepucTukamu PM3.
[MigBuineHa excrpecist miR-26b-5p 6ysa now’s13aHa 3 BifJCyTHICTIO METACTaTUYHOI'O YPaKE€HHSI periOHapHUX
nim¢arnyHux By3iiB (NO) Ta soMiHanbHUM B MosiekyisspHuM nigtunom (p<0,05). Bucokuit piBens miR-100-5p
acoLi0BaBCs 3 MEHIINM PO3MipOM IIEPBMHHOI ITyXJIMHU Ta [T0YaTKOBOIO CTa/li€lo MyXJIMHHOTO mpouecy (p<0,05), a
niaBueHa ekcnpecis miR-142-3p — 3 HER2 /neu -no3uTuBHUM MOJIEKYJIsIpHUM niaTunom (p<0,05). Lli pesynbratu
PO3MINPIOIOTH YSIBJIEHHS PO PETYJIATOPHI MEXaHI3MU PEMOEIOBAHHS TyXJIMHHOTO MiKPOOTOYEHHSI Ta

OOI'PYHTOBYIOTH [TOJAJIbIIE AOCTiIKEHHS 3a3HadyeHnX MiKpoPHK sk noTeHuiiHux Mmapkepis nepebiry PM3..

2. The dissertation aimed to identify the spatial organisation features and quantitative characteristics of the
collagen matrix associated with aggressive breast cancer behaviour. The object of the study was breast cancer,
whereas the subject comprised the collagen framework of BC tissue, its quantitative parameters, and their
associations with the expression of MMP1, MMP8, TIMP3, LOX, and microRNAs involved in the regulation of
collagen stromal remodelling.For the first time, an algorithm for verifying collagen matrix disorganisation in BC
tissue was developed and tested by combining histochemical staining, digital fibre segmentation, and subsequent
morphometric analysis. The algorithm was evaluated using 120 BC tissue samples and 30 fibroadenoma tissue
samples. Approximately 1.4 million collagen fibres were analysed, enabling quantitative characterisation of stromal



architecture in benign and malignant breast neoplasms while reducing the subjectivity of morphological
assessment. BC tissue was shown to possess a specific morphometric profile of collagen matrix disorganisation.
Compared with benign breast neoplasms, BC tissue was characterised by reduced collagen fibre length (p<0.001)
and width (p<0.001), together with increased fibre straightness (p<0.001) and altered spatial orientation (p<0.05).
These findings demonstrate that malignant transformation is accompanied not only by quantitative stromal
remodelling but also by the formation of a distinct topological profile of the fibrous matrix. The morphometric
characteristics of the collagen stroma were associated with the extent of tumour progression. Increasing tumour
size was associated with reduced collagen fibre length (p=0.0006) and width (p<0.0001) and with increased fibre
density (p=0.0027). Regional lymph node involvement was accompanied by reduced fibre length and width,
increased straightness and density, and a higher TSR (p<0.0001 for all listed changes). The strongest correlations
with the clinical characteristics of BC were identified for collagen fibre width: the correlation coefficients were
r=-0.751 for the T category and r=-0.711 for the N category. Fibre density was positively correlated with the N
category (r=0.790). Multivariable regression models were constructed from the obtained data. Collagen fibre width,
length, and density were identified as independent predictors of primary tumour size, with the corresponding
model achieving a coefficient of determination of R?=0.679. Fibre width and density together with TSR were
independent predictors of regional lymph node involvement; this model explained 77.2% of the variability in the
outcome (R?=0.772). These findings support the quantitative use of collagen stromal architecture for the integrated
assessment of aggressive BC behaviour. The expression profile of stromal remodelling proteins and its relationship
with the spatial organisation of the collagen matrix were determined. MMP1 expression was positively correlated
with collagen fibre straightness (r=0.273), whereas MMP8 expression was inversely associated with fibre width,
length, and straightness (r ranging from -0.267 to -0.303). TIMP3 expression was inversely correlated with fibre
width, straightness, and density and positively correlated with fibre orientation angle (r ranging from -0.462 to
0.443). LOX expression was positively correlated with collagen fibre orientation angle (r=0.301). Poorly
differentiated tumours were characterised by increases in MMP1 expression of 59.2%, MMP8 expression of 96.6%,
and LOX expression of 2.05-fold (p<0.05). Increasing tumour size and regional lymph node involvement were
accompanied by increases in LOX expression of 74.2% and 57.8%, respectively, whereas TIMP3 expression was
reduced by 65.6% in T2 tumours (p<0.05). Thus, the combined assessment of MMP1, MMP8, TIMP3, and LOX with
collagen fibre morphometry comprehensively reflects the structural and molecular manifestations of tumour
stromal remodelling during BC progression. For the first time, associations were established between the
expression of microRNAs involved in regulating extracellular matrix remodelling genes and the clinicopathological
characteristics of BC. Higher miR-26b-5p expression was associated with the absence of regional lymph node
involvement (NO) and with the luminal B molecular subtype (p<0.05). Higher miR-100-5p expression was
associated with a smaller primary tumour and a lower disease stage (p<0.05), while increased miR-142-3p
expression was associated with the HER2-positive molecular subtype (p<0.05). These findings extend current
understanding of the regulatory mechanisms underlying tumour microenvironment remodelling and support
further investigation of these microRNAs as potential markers of the clinical course of BC.
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2. Galyna V. Ostrovska

KBasigikanis: 1. 6. 1., npodecop, 03.00.02
ImenTudikarop ORCID ID: 0000-0002-3307-9099
JoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0Cc00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

[leByeHka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonognmupcska, Kuis, 01033, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. l'epawmenko 'anHa BosogumupiBHa

2. Ganna V. Gerashchenko

KBasmigikamnis: 1. 6. 1., c.x.c., 03.00.03
InenTudikarop ORCID ID: 0000-0002-4700-5736
HoparkoBa indopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT MOJIEKYJIAPHOI Giosorii i renetrkn HaujonanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJI. AKaziemika 3a6osiotHoro, Kui, 03143, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpainu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Toross Cepriit Bonogumuposuy

2. Serhii V. Hohol

KBasigikamis: . 6. 1., 14.01.07
Imentudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmalist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT EKCIIEPMMEHTAJILHOI [ATOJIOTiT, OHKOJIOTI] i

paziobioorii im. P. €. KaBenpkoro HanionanpHoi akapemii Hayk Ykpainu



Kopg 3a €EIPIIOY: 05416946

Micueanaxo,zm(eﬂnaz ByJI. BacunbkiBceka, Kuis, 03022, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st [10-6aThKOBI:
1. 3aBesieBnd Muxaiino Iletposud

2. Myhaylo P. Zavelevich

KBasigikamis: k. 6. u., c.z., 14.01.07
InenTudikarop ORCID ID: He 3acrocosyerbes
JoparkoBa iHdpopmamnist:

IloBHe Ha¥iMEeHYBaHHS IOPHIHYHOI 0COOH: [HCTUTYT EKCIIEPUMEHTAILHOI IATOJIOTi], OHKOJIOTI] i

pagziobiosorii iMm. P. €. KaBenpkoro HanjionanpHoi akagemii Hayk YKpaiHu
Kopg 3a €IPIIOY: 05416946

Micueanaxo,r.pKeHHa: ByJI. BacunbkiBceka, Kuis, 03022, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi

Biacue IpizBume Im'st Ilo-6aThKOBI Tanycepuy [puna IBanisHa

rOJIOBH pagu

Biacue IpizBume Im's ITo-6aThKOBI Fanycesnd Iputa IBaHiBHa

rOJIOBYIOYOro0 Ha 3acigaHHi

BiamoBiganbHUH 32 MiZITOTOBKY Maxosenpka Jlropmusna IropisHa
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToOJiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpyenko TeTsHa AHaToliiBHA

OisiIBHOCTI




