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PE3IOME

AkTyanbHicTb. Pak rpygHoi 3anosu, acouiioBaHuii i3 BariTHicTio (PABC), giarHocTy-
€TbCA Nif Yac BariTHocTi abo NPOTSroM NepLIoro poky Micrsi Nonoris.

Meta po6oTu — npoaHanisyBatu peunavB paky rpyaHoi 3ano3u nig yac BariTHOCTI,
30KpeMa FicTonoriyHi hopmMu, peLenTopHui ctTaTyc Ta GioximMidHi Mapkepwu.

Matepiann Ta Metoau. byno pocnigxeHo 83 nauieHTKW, SKUX posnoginunu
Ha agi rpynu: rpyna 1 (n = 35) — 3 peunaMBoM 3axBoproBaHHS; rpyna 2 (n = 48) —
6e3 peumausy.

PesynbraTu. Havinowwupeiwoto rictonoriyHowo ¢opmMoto OyB  iHBa3MBHWUIA MPOTO-
koBu pak (65,3%), 3MilaHWn iHBa3MBHWIA NpOTOKOBO-YacToukoBun pak (11,2%)
Ta iHBa3VBHWIM YacToukoBuA pak (7,8%). MonekynapHi nigtunu  BkMOYanu:
Luminal A (51,7%), Luminal B (7,8%), HER2-nosutneHui (5,4%) Ta notpiiHo-Hera-
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ABSTRACT

Background. Pregnancy-associated breast cancer (PABC) is diagnosed during
pregnancy or within the first postpartum year.

Purpose — this study examines breast cancer relapse during pregnancy, analyzing
histological forms, receptor status, and biochemical markers.

Materials and Methods. A total of 83 patients were divided into two groups: Group 1
(n = 35) with relapse and Group 2 (n = 48) without recurrence.

Results. Invasive ductal carcinoma was the most common histological type (65.3%),
followed by mixed invasive ductal-lobular carcinoma (11.2%) and invasive lobular
carcinoma (7.8%). Molecular subtypes included Luminal A (51.7%), Luminal B (7.8%),
HER2-positive (5.4%), and Triple-negative (35.1%). BRCA1 mutations were signifi-
cantly associated with relapse (67%).

Fluorescence spectroscopy revealed metabolic alterations, oxidative stress, and
Na+/K+-ATPase activity changes in recurrent tumors. Fluorescence spectra at
337 and 285 nm were most indicative of relapse.

Conclusions. These findings highlight fluorescence-based diagnostics as a potential
tool for early relapse detection and underscore the need for molecular profiling
in PABC management.

IA, Kharchenko KV, Sargsyan K.

Markers of the prognosis of breast cancer relapse during pregnancy. Ukrainian journal of radiology and oncology.
2025;33(2):171-188. DOI: https://doi.org/10.46879/ukroj.2.2025.171-188

38’430k pOo60TH 3 HAOYKOBMMMW NPOrPaAMAMM,

MAGHOMMU | TEMAMU

Cratta € dparmMeHToMm

rpaHToOBOro

Relationship with academic programs,
plans and themes
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JOCnigHOro MpoekTy YKpaiHCcbKoi acouiauii 6iobaHkiB
«MonekynsapHoO-reHeTUYHI Ta iIMYHOMOrYHI  MexaHi3aMu
POpMYBaHHA MNYXMMHHUX MPOLECIB XIHOYMX penpoayk-
TUBHUX OpraHiB», MpUKNagHa, TepMiH BUKOHaHHS: 2023—
2026 pp., kepiBHUK — Npe3ndeHT YKpaiHCbKOi accouiauii
6iobaHkiB, kaHanaaT meanyHnx Hayk C.M. Mpamartok.

JocnigxeHHs BWKOHyBanoca B pamKkax niueH3oBa-
HOi AianbHOCTI 6iobGaHKy BigNOBIAHO OO 3akOHOAABCTBA
YkpaiHn (niueHsis  MiHicTepcTBa OXOpPOHM  300pOB’A
YkpaiHn Ha pJignbHicTb 3 6io6aHKyBaHHA MYMOBUHHOI
KPOBI Ta iHWMX KIMITUH | TKAHWH FIOANHN).

project of the Ukrainian Association of Biobanks titled
«Molecular-Genetic and Immunological Mechanisms of
Tumor Development in Female Reproductive Organsy,
(applied research, project duration: 2023—-2026, principal
investigator — President of the Ukrainian Association of
Biobanks, Candidate of Medical Sciences, S.M. Gramatiuk.

The study was conducted within the licensed activi-
ties of the biobank in accordance with the legislation
of Ukraine (license issued by the Ministry of Health
of Ukraine for cord blood banking and processing of
other human cells and tissues).
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DocnigxeHHst € cninbHUM npoektom biobaHky paua
(ABcTpist), YkpaiHcbkoi acouiauii 6io6aHkis, kadenpu me-
OWYHOT reHeTUKN EpeBaHCbKOro AepXKaBHOrO MeauyHOro
yHiBEpcuTEeTY Ta Big4iNeHHsA riHeKonoriYyHoi eHgockonii
locniTanto CeaTtoro OnekcaHapa, M. Kenbue (MonbLua).

BionoriyHi maTepianu (3amopoxeHi TkaHuHW, napadi-
HoBi Ornoku, cupoBaTka Ta nnasma KpoBi) 36epiranucs
B YKpaiHcbkin acoujauii 6iobaHkiB. KoxeH 6GionorivHuii
3pasok OyB OTpvMaHWiA BIAMOBIAHO [0 nignMcaHol
iHpopmoBaHoi  3roan. [ocnimkeHHss 6yno cxBaneHe
KOMiTETOM 3 eTukM YkpaiHcbkoi acouiauii 6iobaHkiB
(npotokon Ne 1206-17/23).

BCTYN

Pak rpyaHoi 3ano3n (PI3), wo giarHocTtyetbcs abo
peumguBye Mig 4Yac BariTHOCTI Y/ MPOTArOM MepLIoro
POKy Micrisi MomnoriB, KnacugikyeTbCcsl sIK pak rpygHoi
3anosu, acouinoBanuii i3 BariTHicTio (PABC). Lisa dopma
3axBOpPHOBaAHHSA 3yCTpivyaeTbcsl NpnbnuaHo B ogHiei 3 3000
BariTHUX XIHOK i € OpPYrok 3a 4acToToK cepef 3MnosKic-
HMX HOBOYTBOPEHb, L0 YCKNaAHWTbL nepebir BariTHOCTI.

CepepHin Bik nauieHTok i3 PABC BapitoeTbCsi B Mexax
28-40 pokiB. BogHouac nuwe 6,5% Bunagkis PI3,
He NOB’sI3aHOrO 3 BariTHICTIO, PEECTPYIOTLCS Y XKiHOK BiKOM
00 40 pokiB. 3 ornagy Ha TeHAeHLUito A0 BiaTEPMiHyBaHHSA
HaPOMKEHHsT AUTUMHU — noHag 65% >KiHOK CcTalTb
mMatepsmu nicns 35 pokiB — Ta 36iNbLUEHHA NOLNMPEHOCTI
PI'3, nporHo3yeTbcs 3pocTaHHsa Yactotn PABC.

disionoriyHi 3miHK Mig Yac BariTHOCTI, 30Kpema rop-
MOHarnbHa nepebynoBa Ta MopdonorivHi TpaHcdopmadii
rPyOHMX 3ano3, 3HavyHO YCKNa[HKKTb CBOEYacHy Aiar-
HOCTUKY i OWHaMiyHe CMOCTEPEXEHHS LbOro OHKOMO-
riYHOro mpouecy.

3rigHo 3 pocnigkeHHam Boere | Ta cniBaBT.,
y pasi HacTaHHA BariTHOCTI BNPOAOBX [BOX pPOKIB
nicna BCTaAHOBMEHHs AiarHo3y PI3 BiAHOCHUI puU3MK
neTanbHOrO Hacmnigky Yy Takux >KIHOK MiABULLYETLCS
y 1,58 pa3sy nopiBHAHO 3 TUMU, XTO He 3aBariTHIB [6].

OpHak, ockinekn PABC € pigkicHUM 3axBOpHOBaHHSIM
i3 YNCNEHHUMMU 3MIHHUMW, He iCHye paHAOMI30BaHUX
KOHTPOMbOBaHMX AOCAIAXKEHb LbOro ctaHy. binbwictb
OOCTYMHMX AaHWX LWOAO AiarHOCTMKM Ta MOHITOPUHIY
OTpUMaHi 3 KNiHIYHMX BUNAAKiB, PETPOCNEKTUBHUX KO-
FOPTHUX AOCHIMKeHb abo CUTyaUiNnHNX OOCNIAKEHD.

dnyopecueHUis € YyHiBepcanbHUM iHCTPYMEHTOM
AN BUBYEHHST OIOXIMIYHMX, LMTOMOrYHNX Ta ¢pOoTOXiMiY-
HMX MOMNEeKynapHMX B3aemMogin. BoHa mae H13Ky nepesar
Hag iHWUMK MeTogamu, 30Kpema BUCOKY YYTIUBICTb,
wBMaKicTe Ta 6e3neyHictb. OcTaHHIM Yacom Len meTtop
aKTMBHO 3aCTOCOBYETbCA ANs AiarHOCTUKM OHKOMOTiYy-
HMX 3axBOpHOBaHb. BCTaHOBNEHO, WO AesiKi pevyoBUHM,
30KpeMa NoXigHi NOPMipUHIB, HAKOMUYYKTLCA B NYXSIUH-
Hill TKAHWHI 3HAYHO BinbLue, HiXX Y HOPMarbHUX TKAHUHAX.
[MyXAWHHI TKAHWHU MatoTb 3HWXKEHUI NO3aKMiITUHHUA pH
yepes nigBuvLLEHe YTBOPEHHSA MOIOYHOI KMUCMOTH, WO €
HacnigKOM MOCUIIEHOTO CMOXUBAHHA KMCHIO MYXMMHOM.

Hawe pocnigkeHHs 6asyeTbCa Ha aHanisi crnekT-
piB oKCMAoOBaHUX (priaBiHOBUX MOSEKYN, SIKi € OCHOBHUMM
KOMMOHEHTaMM TNaHuora €eneKTPOHHOro TPaHCrMopTY.
Finokcia xapakTepHa Agna GiNbLIOCTi NyXnWH i BNNMBae
Ha KNiTMHHE Ta TKaHUHHE AWXaHHSA, WO nigTBepoXXy-
€TbCH 3MiHaMu y CniBBIOHOLEHHI KOPEPMEHTIB HIKOTUH-
amigageHiHamnykneotuay (NAD) Ta conasiHageHiHONHYK-

This research is a joint project of the Graz Biobank
(Austria), the Ukrainian Association of Biobanks, the
Department of Medical Genetics of Yerevan State
Medical University (Armenia), and the Department of
Gynecological Endoscopy of St. Alexander Hospital
in Kielce (Poland).

Biological materials (frozen tissues, paraffin blocks,
serum, and plasma samples) were stored at the Ukrainian
Association of Biobanks. Each biological sample was
obtained with signed informed consent. The study was
approved by the Ethics Committee of the Ukrainian
Association of Biobanks (protocol No. 1206-17/23).

INTRODUCTION

Breast cancer diagnosed or recurring during preg-
nancy or within the first year postpartum is classified as
pregnancy-associated breast cancer (PABC). This malig-
nancy occurs in approximately 1 in 3,000 pregnant
women and is the second most common neoplasm
complicating pregnancy [1, 2].

The median age of patients with PABC ranges
from 28 to 40 years. An important note is that 6.5%
of breast cancer cases unrelated to pregnancy are
diagnosed in women younger than 40. Since the pattern
of delayed childbearing has been rising along with the
increased incidence of breast cancer (more than 65%
of women deliver after the age of 35), the prevalence
of PABC is increasing [3, 4].

Physiological modifications associated with preg-
nancy, including hormonal alterations and structural
changes of the mammary glands, create considerable
obstacles for the early diagnosis and clinical monitoring
of this neoplastic disease [5, 6].

For example, based on the study by Boere | et al.,
pregnant women within two years of breast cancer
diagnosis have a 1.58 times higher risk of mortality
than women with a history of breast cancer who were
not pregnant [6].

However, as PABC is a relatively rare event surroun-
ded by many variables, there are no randomized
controlled trials of PABC. Most data on our diagnostic
and monitoring methods come from case reports, retro-
spective cohort descriptions, or situational studies.

Fluorescence is a powerful, general-purpose tool
in the studies of biochemical, cytological, and photo-
chemical molecular interactions. Fluorescence posse-
sses considerable advantages over alternative analy-
tical methods, such as extreme sensitivity for detection,
rapid detection rates, and a favorable safety profile.
This method has been progressively applied in oncolo-
gical diagnostics over the years. Some studies have
shown that some compounds like porphyrin derivatives
tend to accumulate in tumor tissues with much higher
levels than normal tissues [11]. Moreover, this pheno-
menon is linked to the acidic extracellular microen-
vironment generated by the production of lactic acid
in higher rates due to increased oxygen consumption
in malignant cells [7].

We study the fluorescence spectra of oxidized flavin
molecules that participate in the electron transport chain.
The well-known feature of hypoxia in the context of solid
tumors, leads to a different cellular and tissue respiration,
which can be detected by analysed the relative goutient
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neotngy (FAD). Lle moxHa nigTBepauT BUMIpIOBaHHSAM
iHTEHCUBHOCTI Ta/abo Yacy XuTTs cprnyopecLeHLii.

MatonoriyHi 3MiHK y KMiTUHHOMY MeTaboniami ouji-
HIOIOTbCA 32 [J0MOMOrol  (OryopecLeHTHOrO CuUrHany
aMiHOKMCIOT, Takux sk L-TpunTtodhaH. Yepes akTuBHUMN
MeTaboniam y NyXNMHHUX KNiTUHaX i aHOMarnbHO BUCOKY
LWBMAKICTb iX nponidhepadii cnocTepiraeTbCcsa NiaBuLLEHE
nornuHaHHA L-TpuntodpaHy 3 MIKpOOTOYEHHS. 3 iHLIOro
Goky, TpuntodaH YyTNMBWUIA [0 KUCIMOTHOCTI cepeno-
BULLA, TOMY 3i 3HUXEHHAM pH TkaHWH noro nyopecueHT-
HUIA MaKCMMYM 3MiLLlYETHLCS B JOBrOXBUITbOBY AiMNsHKY.

Knitnin PI3  moxyTb iHOyKyBaTUM aytodariyHy
3arnbenb, a TakoX arnonTo3 3a paxyHOK NigBULLEHHS
BHYTPILUHBOKMITUHHOrO piBHA Ca?* 4Jepes iHribyBaHHSA
Na+/K+-AT®asn. HewlopaBHi OocnigakeHHs nokasanu,
Wo ui cnonyks BMOGIPKOBO BUKNUKaKOTb 3arvbenb nes-
HUX TUNIB NIOACBKUX NYXJMHHUX KNiTWH, ane He BMMu-
BalOTb Ha MULAYi MNyXMWHHI KMITUHW Ta HOpManbHi
NIOACHKI KMITUHN.

Na+/K+-AT®aza € d¢apmakonoriyHum peLenTopom
ans cepuesux rnikosmaie. OCTaHHI AOCNIAKEHHSA CBig-
yaTb, Lo, OKpiM OYHKLIT ioHHOro Hacoca, Na+/K+-ATdasza
Gepe ydvacTb y (pOpMyBaHHi CUrHanmbHUX KOMIJIEKCIB,
SKi nepedalTb CUrHanu B Pi3Hi  BHYTPILUHBOKMITUHHI
KOMMNapTMEHTUN, a TakoX Yy perynsauii WinbHUX MiKkni-
TUHHUX KOHTAKTIB eniTenianbHUX KNiTUH. Takum 4YuMHOM,
o-3 isocpopma Na+/K+-ATdasn moxe OyTu BaknvBo
MiLLEHHIO AnS NPOTUNYXNMHHOT Tepanii.

Y uin ctarTi MU po3rnNs4aEeMo AaHi Woao peunauvsy
PI'3 nig 4ac BariTHOCTI, BKNtO4Yar4un 3axBOPHOBAHICTb,
METOAM AiarHOCTUKM Ta Mapkepw MPOrHO3yBaHHSA peLy-
ausy. Kpim TOro, aHanisyloTbCsi HasiBHi BigOMOCTi npo
pos3noBctogxeHHst P8 nig yac BariTHOCTI, WO € Baxnu-
BVMM MUTaHHAM A8 BUXKMBAHHSI MOMOAUX MALEHTOK.

MeTta poboTu — oOUiHKa 3Ha4YeHHs aBTochnyopec-
ueHuii nopdipuHis y 3paskax PI'3 Ta BU3Ha4YeHHA Mak-
CMMarnbHOI LUBMOKOCTI OKMCHEHHS1 SIK MPOrHOCTUYHOMO
KpuTepilo peumamBy 3axBOpOBaHHS Mig vac BariTHOCTI.

MATEPIAAU TA METOAU AOCAIAXEHHS

Y pocnigxkeHHi B3anu yyactb 35 XiHOK, fKi cknanu
OCHOBHYy rpyny (rpyna 1). Y Hux PI'3 6yB giarHoctoBaHui
3a M'ATb POKIB 4O peLuamBy, Lo HacTaB nif vyac BariTHOCTI.
CepepHilt TepMiH BariTHOCTi HA MOMEHT [iarHOCTUKUN pe-
unamBy ctaHoBmB 18,4 TvxHI. 82% nauieHTOK NPOAOBXM-
v BariTHICTb i3 cepeaHiM TepMiHOM nonorie y 34,6 TUXHi.

Yci 35 nmauieHToK rpynn 1 oTpumyBanu KOMMIEKCHe
nNiKyBaHHS MicNsi MEepBUHHOrO BCTAHOBMEHHS AiarHo3y
PI3 po HactaHHA BariTHOCTI, BKIMOYaK4M XipypriyHe
BTPYyYaHHs, Ximio- Ta/abo NnpomeHeBy Teparnito.

KoHTponbHa rpyna (rpyna 2) cknaganacs 3 48 XiHok,
sKi Mmanu B aHamHesi PI'3, ane ixHs BariTHiCTb nponLina
6e3 peuuavBy 3axBopoBaHHsA. Bik nauieHTok Bapito-
BaBcs Big 21 #o 40 pokis.

CepegHii  Bik nauieHTok y rpyni 1
29,2 + 4,8 poky, y rpyni 2 — 30,1 £ 5,3 poky.

PeungnBom BBaxanu nokanizoBaHe HOBOYTBOPEHHSA
y Til camin rpyaHin 3anosi, y nicnsonepauiiHomy py6uj,
perioHapHe ypaXeHHsi (B CyCifgHix niMdaTuyHmnx By3nax)
abo BigmaneHi metactasu. BusBneHnHs paky B npoTu-
NEXHin rpygHin 3anosi 6e3 iHWMX O03HaK XBOPOOM

CTaHOBMB

of key metabolite cofactors, e.g. NAD and FAD. Fluo-
rescence intensity and/or fluorescence lifetime are
measured to quantitively assess these metabolic
changes [7-9]. Pathological changes in cellular meta-
bolism are assessed by the fluorescent signal of amino
acids such as L-tryptophan. Due to the intensive meta-
bolism in tumor cells and the abnormal rate of their
proliferation, higher absorption of L-tryptophan from
the microenvironment is required. On the other hand,
tryptophan is sensitive to the environment's acidity;
therefore, its fluorescence maximum shifts to the long
wavelength region as tissue pH decreases [10, 11].

Ley-Ngardigal S (2022), reported that Na+/K+-ATPase
inhibition leads to an increase in intracellular Ca?* levels
in breast cancer cells, which in turn induces apoptosis
and also autophagic cell death. These compounds have
been shown recently in studies, including those carried
out in our lab, to selectively kill a small number of human
cancer cells while sparing murine tumor cells and normal
human cells [8-10].

Na+/K+-ATPase is recognized as a pharmacological
receptor for cardiac glycosides. However, accumulating
evidence reveals that Na+/K+-ATPase plays a far broader
role than functioning simply as an ion pump, and is now
considered to be involved in the assembly of signalling
transduction complexes involved in signalling transduc-
tion events as well as the modulation of epithelial
tight junctions [11, 12]. Well, in this regard, the -3 isoform
of Na+/K+-ATPase has emerged as a novel promising
target for anticancer therapy [13—15].

In this article, we will look at the data on breast
cancer recurrence during pregnancy, including morbidity,
diagnosis, and markers of relapse diagnosis. Additionally,
we are considering some available information on the
reproduction of breast cancer during pregnancy, which
is a significant issue for survival for young patients
with breast cancer.

Objective — to determine the value of auto-fluo-
rescence of porphyrins in breast cancer samples and
the maximum oxidation rate for predicting breast cancer
recurrence during pregnancy.

MATERIALS AND METHODS

The thirty-five female patients participated in the
study — the leading group (Group 1) with breast cancer
diagnosed for five years, followed by relapse during
pregnancy. Biological samples were collected between
2017 and 2023 in collaboration with the Ukrainian Asso-
ciation of Biobanks and oncology clinics in Kharkiv, Graz,
and Kyiv (including the Department of Minimally Invasive
Surgery at the Kyiv City Clinical Oncology Center
until 2022) — the leading group (Group 1) with breast
cancer diagnosed for five years, followed by relapse
during pregnancy. Among the relapse during pregnancy
patients, the mean term at diagnosis was 18.4 weeks of
gestation. 82% of the patients continued their pregnancy
with a mean word at delivery of 34.6 weeks of gestation.

All 35 patients in Group 1 received comprehensive
treatment following the initial diagnosis of breast cancer
prior to pregnancy, including surgery, chemotherapy,
and/or radiotherapy.

The second group consisted of 48 women — a com-
parison group (Group 2) whose breast cancer was
also in the history and their pregnancy proceeded
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He po3rnsiganocs sk peunamB, i Taki NauieHTkn He Bynu
BKITHOMEHi 40 AOCHiOXKEHHS.

Lle pocnimxeHHs € cninbHUM npoekTom biobaHky
lpaua (ABcTpis), YkpaiHcbkoi acouiauii 6iobaHkis,
Kadeapu MegnyHoi reHeTUKN €peBaHCLKOro AepKaBHOro
MeOMYHOro YHiBepcuTeTy Ta BigQiNEeHHSA riHekonoriyHol
eHgockonii lNocnitanto Cesatoro OnekcaHgpa, Kenbue.
Matepianu (3amopoxeHi TkaHWHW, napadiHoBi Grokm),
a TakoX cupoBaTka Ta nna3ma Kposi 36epiranucs B
YkpaiHcbkilt acouiauii 6iobaHkie. KoxeH GionoriyHuii 3pa-
30k ByB OTpMMaHMWI BigNOBIAHO A0 NignucaHoi iHdopmo-
BaHOi 3rogn. [locnigxeHHs Oyno cxearneHe KOMITETOM
3 eTUKKM YKpaiHcbkoi acoujiauii 6iobaHkis (1206-17/23).

BionoriuHi 3pa3ku Gynu 3ibpaHi B nepiog 3 2017
no 2023 pik y napTHepcTBi 3 YKpaiHCbKOK acouiauieto
GiobaHkiB, OHKOMOriYHUMK KniHikamn B Xapkosi, lpaui

Ta Kuesi (BkmwouvawuM BigdineHHs MarnoiHBas3uBHOI
xipyprii  KomyHanbHOro HekomepuinHOro nignpuem-
ctBa «KWIBCbKMIA  MICbKMA  KMiHIYHWUA  OHKOMOriYHMI

ueHTp», Ao 2022 poky).

OaHi npo BIiKk, pacy, couianbHUA Ta Megu4yHUn
aHamHe3 nauieHTOK, TUM XipypriYHOro BTPyYaHHs, Ximio-
Tepanito, NPOMEeHeBYy Teparnito, KriHiYHy Ta naTonoriyHy
OLiHKY, DOpMYmOBaHHA Ta MyXMWMHHI Mapkepu 6ynu
JocTynHi ana Bcix ydyacHuupb. MNaHens ER, PR i HER2
BMKOPWUCTOBYBanacsa Ans Knacudikauii MonekynspHoro
niaTvny nyxnuHW, 3oKpema ONs BUSIBNIEHHSI MOTPINHO-
HeraTMBHOIrO paky rpyaHoi 3ano3u. byno nposeaeHo
GaraToacnekTHWIN aHanis, BkroYar4un deHotnn BRCA+/-
ceped nNauieHTOK, eKCnpecilo anbaerigaerigporeHasu,
dopmMyBaHHA Mamocdep Ta MeTOAMKY  MarHiTHO-
aKTMBOBAHOIO COPTYBaHHA KNiTUH Anst meTabonivyHoro
posnoginy nonynauii AyXfWHHKUX KMITUH Ha «HU3bKO-
€HepreTMyHi» Ta «BMCOKOEHEpPreTudHi» cybnonynsuii.
Y [esikux HeoOHO3Ha4YHMX BUMagKax 3acTOCOBYBanv
dnyopecueHTHy ribpuamsadito in situ (FISH). Ouinky
nimdoBackynsapHOi iHBasii npoBoAunu 3a [AO0MNOMOro
3abapBneHHss rematokcuniHom Ta eo3nHom  (H&E)
y BioncinHMX Ta ricTonoriYyHMx 3paskax.

TunoBi naTonorivHi npowecu BiaoGpaxarTbCsl y 3MiHi
€HepreTMYHMX XapakTepUCTUK KNITUHHUX MembpaH i xa-
pakTepU3yTbCA 3MiHAMW Y CUHTETUYHUX Ta OKUCHO-
BiJHOBHUX MpoLecax y NaHury TpaHCnopTy eNEKTPOHIB.
Mu npunycTunu, Wwo ui 3mMiHW BigOyBalOTLCS BXE Ha paH-
HiX CTafisix 3axBOpKOBaHHA, a iXHin 3CyB Yy CniBBIigHO-
LUEHHi MiTOXoHApianbHUX KOepMeHTIB MOXe crnyrysatiu
paHHiM KpUTEpiEM — MPOrHOCTUYHUM MapKepoM peunamney.

Mwu gocnigunu cnekTpanbHi XapakTepucTUKX nicns-
onepauinHNX TKaHWH LUNSIXOM BUMIPIOBaAHHSA CMNEKTpiB
nornuHaHHsA Ta cnyopecueHuii GioncinHoro martepiany
y naujieHToK i3 peunagmeom PI'3 nig vac BariTHocTi Ta 6e3
peumamBy. Ons aHanisy cnekTpanbHUX XapakTepUCTMK
TKaHWH BUKOPUCTOBYBanu OOBXMHU XBUMb: 500-580 HMm,
330-360 Hm Ta 220-266 HM.

MiToxoHapii epuTPOLMTIB i NYXMMHHOT TKaHUHU Gynu
BUAOINEHI ANA BU3HAYEHHS 3aranbHOi  EeH3UMaTU4YHOI
aktuBHocTi Na+/K+-ATdasun ta Mg++-ATda3sun. [Hkybauis
depmMeHTy BM3Hayana 3aranbHy akTuMBHICTL ATda3u
npu 37°C, pH 7,5 y posuuHi (kiHueBuin o6’em 0,5 mn),
wo Mmictute AT®P. AkTtuBHicTb Na+/K+-ATdasm Ta
Mg++-ATda3n Bupaxanacs y MKMOMSX HeopraHi4HOro
docdarty (Pi), WO BMBINbHABCSA Ha roauMHy Ha Minirpam
6inka (Mkmonb Pi/mr 6inka/rog).

without relapse of the disease. The age of patients ranged
from 21 to 40 years.

The average age of patients in Group 1 was
29.2 + 4.8 years, while in Group 2 it was 30.1 + 5.3 years.

We considered relapse a localized formation in the
same breast, in the postoperative surgical suture,
regional (in the adjacent lymph nodes), or in a remote
area. Cancer detected in the opposite breast without
any cancer anywhere else was not a relapse — it is new
cancer that requires treatment, and such kind of women
was not included in this study.

This study is a collaborative project involving the
Biobank Graz (Austria), the Ukrainian Association of
Biobanks, the Department of Medical Genetics, Yerevan
State Medical University, and the Department of Gyneco-
logical Endoscopy, St. Alexander Hospital, Kielce.

Biological materials, including frozen tissues, paraffin-
embedded blocks, as well as serum and plasma samples,
were stored at the Ukrainian Association of Biobanks.
Each biological specimen was collected in full compliance
with a signed informed consent form. The study was
approved by the Ethics Committee of the Ukrainian
Association of Biobanks (Approval No. 1206-17/23).

The data on age, race, social and medical patient’s
history, type of operation, chemotherapy, radiotherapy,
clinical and pathological evaluation, formulation, and
tumor markers were available to all patients.

Using the expression panel of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2), Triple-negative
molecular subtype breast cancer was classified. Using
exome-based mutation detection, comprehensive
analyses of BRCA-positive and BRCA-negative popula-
tions, aldehyde dehydrogenase and mammosphere
formation were conducted, and magnetic-activated cell
sorting (MACS) segregated breast cancer cell populations
into identifiable metabolically distinct subpopulations
described as «low-energy» and «high-energy» cells.
In ambiguous cases of HER2, the executive was used
to verify with fluorescence in situ hybridization (FISH).

Lymphovascular invasion was assessed by study
pathologists via hematoxylin and eosin (H&E) staining of
intact biopsy and pathological specimens. Increased
synthesis and oxidation-reduction processes in the
electron transport chain reflect the bioenergetic pheno-
types of cell membranes, which are presented in close
relation to the large group of pathological processes in
breast cancer cells. These metabolic changes are thought
to occur early in the disease, and alterations in mito-
chondrial functional dynamics may provide an early,
clinically relevant biomarker for predicting relapse.

We studied the spectral characteristics of post-
operative tissues by measuring the absorption spectra
and fluorescence of the biopsy material from patients
with breast cancer relapse during pregnancy and without
recurrence. To study the fabric’s spectral characteristics,
we have used the following wavelengths: 500-580 nm,
330-360 nm, and 220-266 nm.

Erythrocyte mitochondria and tumor tissue were
isolated to quantify the total enzymatic activity of
Na+/K+-ATPase and Mg?-ATPase. Enzyme incubation
was conducted to assess ATPase activity under con-
trolled conditions at 37°C and pH 7.5 in a reaction solution
with a final volume of 0.5 mL, containing ATP as the
substrate. The enzymatic activities of Na+/K+-ATPase
and Mg*-ATPase were quantified and expressed as
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YTPUMOAHHSA MITOXOHAPIW B epUTpoLUTax

Eputpountn m’'atb pasis npomuBanu y docdarHo-
conboBomy Oydepi (PBS), wo mictus 145 mM NaCl,
5 MM dochaty HaTtpito (NaPi) Ta 1 MM eTuneHngiamiH-
TeTtpaouToBoi kucnotn (EDTA) npu pH 7,4. Jlenkountn
ePeKkTMBHO BuMaananu wnaxom dinsrpaudii  vepes
membpaHy Ha ocHoBi Lentono3u (Durapore® Membrane
Filter, 0,22 mkm, Merck).

3aranbHi  MiTOXOHApPIT epuTpouuTiB  BUAINANK 3a
[OMoOMOrol  AUdEPEHLIMHOTO  LUEHTpUdYryBaHHSa npu
3716 x g npotarom 30 xBunuH npu 4°C, nicnsa 4oro 3ginc-
HIOBanNM [OOAaTKOBE OYULLEHHS Ha rpagieHTti Percoll®
(pH 8,5-9,5, Sigma-Aldrich). LlinicHicTb MiTOXoHApIN
OLiHIOBanNM LUMSIXOM BW3HAYEHHSI BUBINbHEHHS LUTO-
XpOMY C i3 BMKOPUCTaAHHAM KOMepLiiHoro Habopy
(Cytochrome C Oxidase Assay Kit, ab239711, Abcam).

depmMeHTaTMBHY aKTUBHICTb LIMTOXPOM-C-OKCUAa3un
KINbKICHO BM3HAYanu 3a [OMOMOroK 3py4YHOro MEeToay
y 96-nyHkoBomy nnaHweTi. OCHOBOW MeTody BUMIpHO-
BaHHSI OKWUCHEHHSI BiQHOBMEHOMO LUTOXPOMY C; aKTUB-
HiCTb (DEPMEHTY BM3HA4anu KONOpMMETPUYHO 3a 3MEH-
LEHHAM NornuHaHHA npy 550 Hm [7].

OLiHKAO eHepreTM4HOro CTATyCy KAITUH

30 AOMOMOTOI0 BUSHAYEHHS

cniBBiaAHoweHHs ADP/ATP

Habip ans BusHauveHHsi cnieeigHoweHHs ADP/ATP
(6iontomiHecueHTHUIA) (ab65313, Abcam) 3abesnedvye
TOYHUA Ta NPOCTUA METOA KifbKICHOrO BU3HAYEHHS
BHYTPILWHBbOKNITUHHMX piBHIB ADP Ta ATP, wo aae 3mory
OLHIOBATM anonTo3, Hekpo3 i nponidepauito KIiTUH.
MeTog rpyHTYyeTbcsl Ha OiontOMIHECLEHTHIN peakuii,
y sk noundepasa Katanisye neperBopeHHs AT®
Ta noundepunHy Ha CBITNO, ke IKCyeTbCs NOMIHO-
metpoM (Berthold Centro LB 960 Microplate Luminometer).
KoHueHTpauis ADP BM3Hayanacb HEMNpsiMUM  LLFISIXOM
yepe3 1oro ¢epmMeHTaTUBHE nNepeTBopeHHs B ATP
3 noganbluMM FIOMIHECLEHTHUM BUMIPIOBaAHHSAM Y Tin
camin peakuinHin cuctemi.

[ns kinbkicHOro aHanizy craTmyHy KoHueHTpauito ATP
(HM AT®/Ol1) BM3Hayanu 3a cCrpoLLeHow ¢OopMYynow
Lo/ad, ae Lo — ceitnosui curHan, ad — KoedilieHT nepe-
paxyHky. CuHTeTu4Hy akTuBHicTb ATP (HM AT®/xs/OlM)
obuucnioBanu 3a copmynoto Alad, ge A — 3miHa nomi-
HecueHUiT 3 yacoM. KoediuieHT o Bignosigae dakTtopy
nepepaxyHky nomiHecLeHLUii B ATP, oTpymaHomy 3 kanio-
pyBanbHoi kpusoi ATP (RLU/HM ATP) [8].

BusHa4yeHHs akTuBHocTi Na+/K+-ATPasu

KoHueHTpauito Ginka BM3Ha4Yanu 3a moamdikoBaHUM
metogom Jloypi Ta cnigaBT. (1951). ONTUYHY WiNbHICTbL
Ginka BumiptoBanu B aianasoHi 1-100 mkr npyu 700 HM
y 1,1 Mn mikpoaHanisi npu KiMHaTHI TemnepaTypi nicns
5-XBUNMHHOI iHKyGaUii. Ak eTanoHHMI Ginok BuKopUC-
TOByBanu CUpOBAaTKOBWUIA anbbymiH Benukoi poratol
xynobu (BSA) [12].

I130ASLLIA MEMBPAH NYXAMHHOT TKAHUHU

AAfl QHAAI3y akTUBHOCTI ATPasu

Mna3vaTtnyHi MeMbpaHu, i3onboBaHi 3 KMiTUH paky
rpyoHoi  3amnosu, rotyBanu 3a MeToaukamu, onuca-
HuMm Kumar Ma; 2020 [9], Tta Slattery Ka; 2021 [12].

micromoles of inorganic phosphate (Pi) released per hour
per milligram of protein (umol Pi-mg protein='-h-"), follow-
ing the methodology adapted from Liang N (2023) [11].

Mitochondrial-erythrocytes retention

Erythrocytes were washed five times with phos-
phate-buffered saline (PBS) containing 145 mM NaCl,
5 mM sodium phosphate (NaPi), and 1 mM ethylene-
diaminetetraacetic acid (EDTA) at pH 7.4. White blood
cells were effectively removed by filtration through
a cellulose-based membrane (Durapore® Membrane
Filter, 0.22 ym, Merck).

Total erythrocyte mitochondria were isolated using
differential centrifugation at 3,716 x g for 30 minutes at
4°C, followed by further purification on a Percoll® gradient
(pH 8.5-9.5, Sigma-Aldrich). Mitochondrial integrity was
evaluated by assessing cytochrome c release, utilizing
a commercially available assay kit (Cytochrome C Oxidase
Assay Kit, ab239711, Abcam). The enzymatic activity
of cytochrome C oxidase was quantified using a rapid and
straightforward 96-well plate format. The assay measured
the oxidation of reduced cytochrome c, with enzymatic
activity determined colorimetrically by monitoring the
decrease in absorbance at 550 nm [7].

Assessment of Cellular Energy Status
Using the ADP/ATP
Ratio Assay

The ADP/ATP Ratio Assay Kit (Bioluminescent)
(ab65313, Abcam) provides a robust and straightforward
methodology for quantifying intracellular ADP and ATP
levels, enabling the assessment of apoptosis, necrosis,
and cell proliferation. This assay is based on a biolumi-
nescent reaction in which luciferase catalyzes the conver-
sion of ATP and luciferin into light, which is subsequently
detected using a luminometer (Berthold Centro LB 960
Microplate Luminometer). The ADP concentration is
indirectly determined by its enzymatic conversion
into ATP, followed by luminescent detection within the
same reaction system.

For quantitative analysis, the static ATP concentration
(nM ATP/OD) was determined using the simplified calcu-
lation Lo/ad, where Lo represents luminescence output
and ad is the conversion coefficient. The ATP synthetic
activity (nM ATP/min/OD) was calculated as Alad,
where A represents the luminescence change over time.
The coefficient a corresponds to the luminescence-to-ATP
conversion factor, derived from an ATP standard curve
(RLU/nM ATP) [8].

Activity Determination of Na+ K+ - ATPase

Protein concentration was determined using a modi-
fied version of the Lowry et al. (1951) method. The protein
absorbance was measured within a range of 1-100 pg
at 700 nm in a 1.1 mL microassay at room temperature,
following a 5-minute incubation period. Bovine serum
albumin (BSA) was utilized as the standard reference
protein [12].

Membrane Isolation

from Tumor Tissue for ATPase Activity Assay
Plasma membranes isolated from breast cancer cells
were performed note using the methods detailed by
Kumar Ma; 2020 [9], and using Slattery Ka; 2021 [12].
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3 50 r NyxXnUHHOI TKaHWHW B cepeaHbOMY OTpUMyBanu
30-40 Mr oumLleHMX opaKLii NnaamMaTU4YHMX MeMopaH.

Kpok 1: lomoeeHizauisa. [Ons romoreHisauii TkaHuH
BUKOPUCTOBYBanNu YynbTpaniHinHWiA romoreHizatop Dis-
pergierer Mischer AD300L-H Digitalanzeige. 0,2 r nyxnuH-
HOi TkaHuHu popasanu o 0,5 mn Tris-6ydepa (5 MM,
pH 7,4), po3unHy caxaposu (0,25 M) tTa EGTA (0,2 mM).
lomoreHisauito nposoaunu npu 7000 o6/xB npoTAroMm
1,5 xBununHu npu Temnepatypi 4°C, nicns 4Yoro romoreHar
ueHTpudyrysanu npu 8 714 x g npotarom 10 XBUIUH,
a HagocaoBy pPiAvHY BUaAnNsnu.

Kpok 2: [lidcomoska ma ueHmMpugyaysaHHs
epadieHmie. Ocap pecycrneHaoByBanu y Till camin 6ydep-
Hi cucTeMmi, nicnsa Yoro rotyBanu rpagieHT 1:1 Ha OCHOBI
Tris-6ydpepa (5 MM, pH 7,4), po3uuHy caxaposu (1,4 M)
Ta EGTA (0,2 mM).

CTATUCTUYHUIA AHAAI3

CTaTUCTMYHI TecTn npoBoaunuUcst 3a [OMNOMOrOH
nporpamHoro 3abesneyeHHsi Statistica 8.0 Ta Microsoft
Excel (CLWA). BukopuctoByBanu ABoGiuHWMIA t-kpuTepiii
CrtblogeHTa. BigMiHHOCTI BBaXkanucs CTaTUCTUYHO 3Hauy-
WM npu p-3HadeHHi < 0,01. Pesynstatv HaBefeHi sik
CcepefHe 3HaYeHHs + cTaHgapTHa noxubka cepenHboro
(S.E.M.). ObpobKy OaHux 3gidcHIOBanM 3a LOMNOMOrOH
nporpam GraphPad Prism 10.0 T1a IBM SPSS
Statistics 29.0. HopmanbHicTb po3anoginy nepesipsanu
3a pgonomoroto TecTty LWanipo—Yinka. [Ona nopiBHAHHSA
OBOX He3anexHuX rpyn BUKOpPUCTOBYBanu t-kputepii
CTblogeHTa npu HopmarnsHOMY po3nogini, abo kputepin
MaHHa—-YiTHi npy HeHopManbHOMY Po3noAini.

KinbkicHi gaHi HaBegeHO $K cepedHe 3HaYeHHs +
ctaHgapTHe BigxuneHHs (SD), fKWo He BKasaHO iHLe.
CTaTUCTMYHO  3HAYyLUMWM  BBaXanucsi  pesynsratu
npu p < 0,05.

[na BpaxyBaHHA MHOXMHHWUX MOPIBHSAHbL (30Kpema
B aHanisi akTMBHOCTI MiTOXOHApianbHUX epMeHTIB)
3actocoByBanacsa nonpaska bBoHdeppoHi. Yci Tectu
Oynu ABOCTOPOHHIMU.

PE3YABTATU TA iX OBrOBOPEHHS

Ha nepwowmy etani gocnimkeHHs ©yno npoaHani-
30BaHO TriCTOMOriYHY opMy paky, PO3Mip MyXnuHM,
peuenTopHuii ctatyc Ta myTauito BRCA1 y nauieHTok
OBOX rpyn.

3a pesynsratamy OOCMIAKEHHS BCTAHOBMEHO, LIO
nepeBakalovor FiCTONOriYHOW OPMOK  MEPBUHHOMO
PIr3 6yB iHBa3uBHWUI MPOTOKOBWI paK, SIKMA BUSIBNEHO
y 65,3% >iHok. [ipyroto 3a yactoToto copmoto ByB 3Mmi-
LIAHWI iIHBA3MBHUI NPOTOKOBO-4YacToukoBmi pak (11,2%),
hani — iHBa3MBHUIA 4YacTodkoBui pak (7,8%). Hewipo-
€HOOKPVHHUI pak AiarHocTyBanu y 5,1% Bunagkis, Togi
sk xBopoba [Mepxeta rpygHoi 3ano3n Gyna BusiBreHa
y 4,2% BunagkiB. IHwi pigkicHi rictonoriyHi  copmu,
30KpemMa MeaynsipHun, TyOynapHWiA, naningpHui i myuu-
HO3HMI pak, cTaHoBunu 6,5% Bunagkis. Y Hawomy
JOCnifXeHHi AOMiHyBanuM MyxnuHWM po3mipom Big 2
0o 5 cm, wo cnoctepiranocs y 62,9% Bunagkis (tabn. 1).

IMyHoricToxiMiYHa xapakTepucTuka NyxnuH nokasana
nepeBaxaHHs nigTuny Luminal A B 060x rpynax, 3 BULLOO
YacToTolo y nauieHTtok gpyroi rpynu (50,0% npotu 34,3).
Y rpyni 1 Takox BiAMiYeHO OinbLUWIA BiACOTOK TpWMi He-
ratmHoro nigtvny (22,9% npotn 16,7) ta HER2+
(20,0% npotn 13,3), Wo Bkasdye Ha MOTEHUINHO arpe-

From 50 g of tumor tissue, on average 30—40 mg purified
plasma membrane fractions were obtained.

Step 1: Homogenization. The Ultra Labor Homogenizer
Dispergierer Mischer AD300L-H Digitalanzeige was used
to homogenize the tissues, and 0.2 g of tumor tissue
was added into 0.5 mL of Tris buffer (5 mM, pH 7.4),
sucrose solution (0.25 M) and EGTA (0.2 mM). Homoge-
nization was performed at 7,000 rpm for 1.5 minutes
at 4°C, and the homogenate was centrifuged at 8,714 x g
for 10 minutes, the supernatant was discarded.

Step 2: Prepare and centrifuge gradients. The pellet
was resuspended in the same buffer system, and
a 1:1 gradient was made of Tris buffer (5 mM, pH 7.4),
sucrose solution (1.4 M) and EGTA (0.2 mM).

Statistical Analysis

Statistical analyses were performed using Statis-
tica 8.0 and Microsoft Excel (USA). An unpaired two-
tailed Student’s t-test was applied to compare differences
between experimental groups, with statistical significance
defined as p < 0.01. The results are expressed as the
mean value accompanied by the standard error of the
mean (S.E.M.). Data were analyzed using GraphPad
Prism 10.0 and IBM SPSS Statistics 29.0. Normality of
distribution was assessed using the Shapiro-Wilk test.
For comparisons between two independent groups,
the unpaired Student’s t-test was applied for normally
distributed data, while the Mann—Whitney U-test was
used for nonparametric distributions.

Quantitative data are presented as mean + standard
deviation (SD), unless otherwise indicated. Statistical
significance was set at p < 0.05.

To account for multiple comparisons (e.g., in mito-
chondrial enzyme activity data), the Bonferroni correction
was applied where appropriate. All tests were two-tailed.

RESULTS AND DISCUSSION

In the preliminary study, the histological form of
cancer, tumor size, receptor status, and BRCA1 mutation
were analyzed in patients from two groups.

As a result of the research, it was established that
the predominant histological form of primary breast
cancer was invasive ductal carcinoma, which was
detected in 65.3% of women. The second most frequent
occurrence was mixed invasive ductal-lobular carci-
noma at 11.2%, followed by invasive lobular carcinoma
at 7.8%. Neuroendocrine carcinoma was diagnosed
in 5.1% of cases, while Paget's disease of the breast
was found in 4.2% of cases. Other rare histological forms,
including medullary, tubular, papillary, and mucinous
carcinomas, accounted for 6.5% of cases. In our study,
tumors ranging in size from 2 to 5 cm were predominant,
occurring in 62.9% of cases (Table 1.).

The immunohistochemical characterization of tumors
revealed a predominance of the Luminal A subtype in
both groups, with a higher frequency among patients
without pregnancy (50.0% vs. 34.3). Group 1 also de-
monstrated a higher proportion of triple-negative subtype
(22.9% vs. 16.7) and HER2+ subtype (20.0% vs. 13.3),
suggesting a potentially more aggressive disease course
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CUBHILWLMIA Nepebir 3axBOpIOBAHHSA Yy MaUEHTOK, Y SIKUX
peumamB HacTaB nig Yac BariTHocTi. Yactka Luminal B
nigTuny 6yna cniBMipHot y ABOX rpynnax (Taén. 2).

in patients who experienced recurrence during preg-
nancy. The proportion of the Luminal B subtype was
comparable between the two groups (Table 2.).

Ta6nuusa 1. licTonorivyHi popMu Ta iMyHOFICTOXiIMIYHMI aHani3 ekcnpecii MonekynspHUX MapKepis
y KNiTUHax enitenito rpyaHoi 3anosu
Table 1. Histological form and Immunohistochemical analysis of expression in mammary epitheliocytes

) o . Mpyna 1 Mpyna 2 Bcboro
rICTOJ'IOIFNHI d)_opMM NEepPBUHHOTO paky rpyAHOT 3arnosu Group 1 Group 2 Total
Histological form of primary breast cancer
N =35 N =48 %
IHBa3MBHa npoTokoBa kapuuHoma / Invasive ductal carcinoma 37,3 28,0 65,3
3MmilaHa iHBa3nBHa NPOTOKOBO-4aCTOMKOBA KapuuHoma 6,4 4,8 11,2
Mixed invasive ductal-lobular carcinoma
IHBa3nBHa YacTo4koBa kapLmHoMma / Invasive lobular carcinoma 3,6 4,2 7,8
HenpoeHpgokpuHHa kapuuHoma / Neuroendocrine carcinoma 2,3 2,8 51
XBopoba lNMepxeTa rpyaHoi 3anosu / Paget's disease of the breast 1,9 2,3 4,2
IHWI pigkicHi rictonorivHi dopmu (MegynspHa, TyGynspHa, naninsgpHa, MyLyHO3Ha KapLuHoMa) 2,8 3,7 6,5
Other rare histological forms (medullary, tubular, papillary, mucinous)

Tabnuus 2. ImyHoricToximiyHa xapaktepuctuka nigtvnis PI'3 y nauieHTok A4BOX rpyn
Table 2. Immunohistochemical characteristics of breast cancer subtypes in two patient groups

Migmin PF3 (IHC) Ipyna r1] é;‘-)roup 1, prnaf(/yi;)roup 2
Breast cancer subtype (IHC) 35 30
Luminal A/ (ER+/PR+/HER2-/Ki-67<14%) 12 (34,3) 15 (50,0)
Luminal B / (ER+/PR+/-/HER2+/-/Ki-67>14%) 8(22,9) 6 (20,0)
HER2+ / (ER-/PR-/HER2+) 7(19,9) 4(13,3)
Triple-negative / (ER-/PR-/HER2-) 8(22,9) 5(16,7)
Ycboro / Total 35 (100) 30 (100)

lMpumimka:
CTaTUCTUYHMI aHani3 3a y2-KpUTEPIEM He BUSIBUB CTATUCTMYHO 3HaYyLLMX BigMIHHOCTEW Yy po3nogini migTunis Mix rpynamu
(p = 0,625). Takox, 3rigHO 3 To4HMM KpuTepiem Piwepa, yactota nigTuny Luminal A He Bigpi3HANacb CTaTUCTUYHO 3HauyLle
Mmix rpynamu (p = 0,219). MyTauis BRCA1 He BxoguTb A0 knacudikauii MOnekynsapHux nigtvnie i po3rnagaerbcs oKpemo Bif
iMyHOrICTOXiMIYHOrO NpOdinto.

Note:
Statistical analysis using the y2-est revealed no statistically significant differences in the distribution of subtypes between the
groups (p = 0.625). Additionally, according to Fisher’s exact test, the frequency of the Luminal A subtype did not differ significantly
between the groups (p = 0.219). BRCA1 mutation is not part of molecular subtype classification and is analyzed separately from

the immunohistochemical profile.

[MyXnWHHI  KNITUHXW 3 NO3UTUBHOIO PELEnTOPHOKD
ekcripecielo B rpyni peuuavBy Oynyv 3HAYHO MeEHL
YUCIIEHHVMW, HDK MNYXAWHHI  KNiTUHA 3 HeraTtuBHOK
peuenTopHoto ekcnpecieto (p < 0,05), wo craHoBuno
64,9% BiO 3aranbHOi KiNbKOCTI AocnigXeHb. 3Ha4YeHHs
«p» Oyno CTaTUCTUYHO 3HAYyLMM MpPWU  MOPIBHSHHI
BMNazKiB rpynu 1 3 KOHTPONBHOK rPYMoLo.

3okpema, 67% nauieHToK i3 rpynu 1 manu MyTadito
BRCA1. Hocii mytauii BRCA1 6ynu Ha cTaTUCTU4HO
3HavyLLlOMYy piBHI MonoawuMu (cepegHin Bik 21,9 poky
npotn 30,5 poky, p < 0,001) i manu BuwWy 4YacToTy
ER-no3nTtunBHMx nyxnuH (38,1% npotn 12,7, p < 0,001).

AHanis guMHamikm 3MiH peuenTopHOro cTaTycy paky
rpygHoi 3ano3au y BiKOBMX rpynax He BUSBUB CTaTUCTUYHO
3Hauywmx BigmiHHocTen (p = 0,14). OgHak cnocTepira-
naca TeHgeHuUia go 36inbweHHs vactotn ER-nosutmB-
Horo PI'3 3 Bikom. Y rpyni xiHok BikoMm go 35 pokis
yactka ER-no3vtmBHMX nyxnuH crtaHoBuna 56,7%,
Togi siK y rpyni ctapwe 37 pokiB — 75,6%.

He Oyno BMABNEHO 3HAYyLWMX BiOMIHHOCTENW MiX
rpynamu 3a ctagieto paky, TUnom XipypriyHoro BTpy4aHHs,
npoBefeHHAM NPOMEHEBOI Tepanii Ta ximioTepanii.

Ha ppyromy etani gocnimkeHHs ©yno npoBeaeHo
dnyopecueHTHUIA aHani3 xipyprivHoro Ta 6GionciiHoro

Receptor-positive tumor cells in the relapse of breast
cancer were significantly fewer than receptor-negative
cases (p < 0.05), accounting for 64.9% of the total number
of studies. The P value was significant when comparing
Group 1 cases to their controls.

Note: Statistical analysis using the y? test revealed
no significant differences in the distribution of molecular
subtypes between the groups (p = 0.625). Additionally,
according to Fisher's exact test, the frequency of the
Luminal A subtype did not differ significantly between
the groups (p = 0.219). BRCA1 mutation is not part of
molecular subtype classification and is analyzed sepa-
rately from the immunohistochemical profile.

A significant proportion (67%) of breast cancer
patients in Group 1 were identified as BRCA1 mutation
carriers. These individuals were notably younger, with
a mean age of 21.9 years compared to 30.5 years in non-
carriers (p < 0.001). Additionally, tumors in BRCA1-posi-
tive patients exhibited a higher prevalence of estrogen
receptor (ER) positivity (38.1% versus 12.7%, p < 0.001).

An age-stratified analysis of receptor status dynamics in
breast cancer patients did not reveal statistically significant
differences (p=0.14). However, anincreasing trendin recep-
tor-positive breast cancer cases with advancing age was
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matepiany nauieHTok o6ox rpyn. 3pasku TkaHWH Bigbupa-
nmcsa 3 LeHTparnbHOT YaCTUHM MYXIMHHOTO ocepeaky Ansi
3abe3neyeHHs1 0QHOPIAHOCTI CNEKTPanbLHOro aHaniay.
Hawi pesynbtatv nokasanu, WO Hawbinbw iHdop-
MaTUBHUMK pryOPECLEHTHUMM CMNEKTpamMyn AN BUSIB-
NEHHS1 paHHIX MapKepiB peunauBy NyXMUHW € CNekTpu
npw 337 i 285 HM. Lli goBxunHM XBUNb BigNOBIgalOTh Big-
HOBNeHoMy HikoTuHamigageHiHavHykneotuagy (NADH),
KkonareHasi Ta enacTuHy. [oBxuHa xBuni 285 HM
BijoOpaxae CTaH apoMaTU4HUX aMiHOKWUCIOT, TaKuMX siK
TpunTodaH, TMPO3MH i goeHinanaHiH, a TakoX acouino-
BaHuX 6inkiB. JoxunHa xBuni 337 HM 36iraeTbcs 3 Mikom
nornnHadHs NADH i okcngoBaHux dnaBiHOBMX More-
kyn (FAD), ski BigirpaloTb KNOYOBY pofb Y naHutory
TpaHCNopTy enekTpoHiB. dnyopecueHuUis B AianasoHi
430-530 HM nokasana XxapakTepHy CMyry B LinsHui
450-510 HM, wo cBiguuTb Npo npurHiveHHss NADH i FAD.
ABTOCbriyopecueHTHa  Bi3yanisauia TkaHuH PI3
npu 460 HM nopiBHIOBanacst Mixx rpynamu 3 peLumameomM
Ta 6e3 peumauBy nig 4Yac BariTHocTi. Ha pucyHky 1
300paxeHo 3pasky TKaHWHW TpyaHoi 3ano3w, 3abaps-
neHi reMaToKCUMiHOM-e03MHOM (MiBOpYyY), Ta BiAMNOBIOHI
He3abapBneHi 3pasku B aBTO(NYOPECLEHTHOMY PEXUMI
(npaBopyu). Mik iHTeHcmBHOCTI npy 390 HM ByB GinbLu
BMPaXEHNM Yy Tpyni peuvamBy, LU0 BKa3ye Ha BUCOKY
KOHLEHTpaUi0 Cnomny4HOi TKaHWHK, BKIOYAK4KM KonareH
Ta enactuH. Lle cBiguute npo acouiauito dnyopec-
LeHTHMX nikie npu 385 i 390 HM i3 KOMMNOHEHTaMm
CNoMny4YHOT TKaHWHK, MeTaboniamom AT® Ta rnoKo3u.

Group 2 (n=48)

breast cancer was in the history
and pregnancy proceeded without
relapse of the disease

[ =4

pax MonouHol 3anoaw Gya 8
aKamHesl, pariThicTs npoxeaMna
Gea peynaney 3aXBOMHOBBHHA

observed. In patients under 35 years old, receptor-positive
tumors constituted 56.7% of cases, whereas in individuals
older than 37 years, the proportion increased to 75.6%.

No statistically significant differences were observed
between case and control groups regarding tumor stage
distribution, surgical intervention, radiation therapy,
or chemotherapy administration.

In the second phase of the study, fluorescence analy-
sis was conducted on both surgical and biopsy specimens
from patients in both groups. To ensure consistency in
spectral measurements, tissue samples were systema-
tically collected from the central region of the tumor site.

Our findings indicate that the most informative fluo-
rescence spectra for identifying early tumor relapse mar-
kers were observed at 337 and 285 nm. These wave-
lengths correspond to the reduced nicotinamide adenine
dinucleotide (NADH), collagenase, and elastin. The 285 nm
wavelength reflects the state of aromatic amino acids
such as tryptophan, tyrosine, and phenylalanine, along
with associated proteins. The 337 nm wavelength aligns
with the peak absorption of NADH and the oxidized flavin
molecules (FAD), which play a crucial role in the electron
transport chain. Fluorescence in the 430-530 nm range
showed a characteristic band near 450-510 nm, indi-
cating NADH and FAD suppression.

Auto-fluorescence imaging of breast cancer tissues
at 460 nm was compared between groups with and
without relapse during pregnancy. Figure 1 demonstrates
hematoxylin-eosin (HE) stained breast tissue samples
(left) and auto-fluorescence images of the correspon-
ding unstained samples (right). The intensity peak at
390 nm was prominent in the relapse group, which
contained high levels of connective tissue, including
collagen and elastin. This suggests that fluorescence
peaks at 385 and 390 nm are associated with connective
tissue components, ATP, and glucose metabolism.

590-600 nm

Group 1 (n=35
with breast cancer diagnosed for
five years, foliowed by relapse
during pregnancy

1in=
paK Mono4HOl 3anoan
[arHOCTOBAHWA 5 poKia TomMy,
peuMaHe nig Yac BariTHocTi

Puc. 1. dnyopecueHTHi CnekTpu TKaHWH y rpynax peumauBy Ta KOHTPOnio,
LLIO 4EMOHCTPYIOTb CNeKTpanbHUii po3noAin cepea KoropT nauieHTok
Fig. 1. Fluorescence spectra of tissues in relapse and control groups,
showing spectral distribution across patient cohorts
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Ha ocHoBi cnyopecueHTHMX 300pakeHb pakoBi
[insiHKM Gynu KinbKiCHO OLiHEHI 3a AOMOMOrOK CMEKTPO-
MeTpa, WO niagTBepanno HasBHICTb dnyopecLeHTHOT
cmyru B gianasoHi 450-510 HM, NOB’A3aHOI 3 aKTUBHICTIO
NADH i FAD. Ui wwpoki cnektpaneHi gianasoHu Gynu
3yMOBIEHI eHAOreHHMMK dornyopodopamu, BKKYaYm
BinbHU NADH, 6inkoBo-3B’a3aHnin NADH, BinbHuin FAD,
nopcdipuHn, TpuntTodaH, KonareH Ta enacTuH.

MopanbLue NopiBHSAHHA NPOBOAUIIOCH MiXK MYXITUHHO
TKAHWHOK Ta MPUIErNOK YMOBHO iHTaKTHOK AiNsiHKOK
TiEl X rpyaHoi 3anosn, Ha BigCTaHi He MeHLWe 2 cM Big
MeXi MyXMWHW rPyaHOI 3ano3u BUSIBMEHI 3Ha4YHi meTabo-
nivHi 3MiHK. Y nauieHTok rpynu 1 (3 peunamneom) Big3sHa-
Yyanocsi CTaTUCTUYHO 3HaYylle 3HWKEHHSI aKTUBHOCTI
O-pgemetunasm (9,71 £ 0,84 HMonb N-HiITpodeHony/xs/mMr
6inka), piBHiB NADP-H uwntoxpom C-peayktasu
(278,7 + 17,2 Hmonb umToxpomy C/xB/Mr Ginka), wBeua-
KOCTi eHforeHHoro AmxaHHs (3,42 + 0,38 Hmonb O,)
Ta okmcHeHHs NADP-H (6,24 + 0,42 imonb O,). OgHouacHo
Oyno BUABMNEHO MiABULLEHHS PIBHA NEPEKUCHOMO OKUC-
HeHHa ninigis (2,16 + 0,14 Hmomb O,). Ll BioxiMiYHi
3MiHM CynpoBOAXyBanucs 2,1-pa3oBUM 3HUKEHHSIM KOH-
ueHTpauin yutoxpomis P450 (1,83 + 0,12 Hmonb/mr Binka)
iby (1,65 % 0,14 Hmonb/mr 6inka), Lo BKka3ye Ha akTMBaLito
MIKpOCOMAIbHUX LUMSIXIB OKUCHEHHSI HA paHHiX cTagisx
NYyXNIMHHOTO MPOLIECY Ta 3HWKEHHS [OETOKCUKaLiHUX
MeXaHi3MiB y Mi3HIX CTagisix KapLuMHOreHesy.

AHani3 TakoX nokasaB 3HaYHi 3MiHW B aKTUBHOCTI
AT®asun. Y rpyni peungmsy aktusHicTe Na+/K+-ATdasu
Oyna 3HWXKeHa Ha CTaTUCTMYHO 3HadyLloMy piBHi (0,0095
+ 0,001 mkmonb Pi/Mr Ginka/rog), Togi sIK akTUBHICTb
Mg2+-ATda3n Gyna 3Ha4YHO HMKYOK MOPIBHAHO 3 KOHT-
pornbHoto rpynoto (0,0068 + 0,001 mkmonb Pi/mr Ginka/rog,
p = 0,006). Llen gucbanaHc cBigunTb Npo MOPYLUEHHS
iOHHOrO TpaHCMopTy Ta MeTaboniyHy Aucperynsuito
y NyXMuHax, LWo peLnamByoTh.

OTpumaHi pe3ynsTati NigTBEPOXKYOTb €PEKTUBHICTD
nyopecLeHTHOI crnekTpockonii Ang AMdepeHLiloBaHHSA
MeTaboniyHux 3MiH, acouirioBaHux i3 peumamsom PI3
nig Yac BariTHoCTi. BuseneHi amiHu y drnyopecueHTHUX
Mapkepax MOXyTb CryryBaTtu MOTEHUIMHUMKU nNpeauk-
TOpaMu PaHHLOrO BUSIBMEHHS  peuuauBy  NyXIUHK,
crnpusitodn GinbLU TOYHIA NPOrHOCTUYHIN OUiHLi Ta nepco-
HanisoBaHWM cTpaTerisiM MikyBaHHS.

3actocyBaHHs  (priyOpOMETPUYHMX  BUMIpIOBaHb
Y KOXHIW KNITUHHIV cycneHsii sk y rpyni 2, Tak i B nauieH-
TOK 3 AiarHOCTOBaHWM i peunamBylouMM nig yac BariT-
HocTi PI'3, 0o3Bonuno KinbkiCHO ouiHnTK piBeHb NAD+,
NADH, NADP+, NADPH, a TakoX BHYTPiLUHbOKMITWUH-
HuA pH. PucyHok 2 imocTpye ekcnepuvMeHTanbHi
pesynsTaTi, OTpUMaHi y MauUieHToK siK ANnst HopMarnbHUX,
Tak i AN NyXNMHHUX AINSHOK rpygHoi 3anosu.

Lli rictorpamn BigoGpaxatoTb cepegHe cniBBigHO-
weHHa NAD+/NADH ta NADP+/NADPH y rpynax 1 Ta 2
NPOTArOM KNITUHHOIO UMKMY. Y KNiTUHax nauieHToK 3
roynu 1 piBeHb pepokc-cniseigHoweHHs (NAD+/NADH
i NADP+/NADPH) 6yB y 5 Ta 10 pasiB BULLUMM Y NyXINH-
HWUX KIiTUHAX NOPIBHAHO 3 KIiTUHAMM NALIEHTOK 3 rpynu 2.

CniseigHoweHHs NAD+/NADH Bka3ye Ha pegokc-
GanaHc KniTUHKW, KU BNNUBae Ha 6arato KNiTUHHKX WS-
xiB. JoctynHictb NAD+ Takox Moayntoe akTUBHICTb He-
ricToHoBUX BinkiB (BKMNOYar4M NyxXnMHHWUIA cynpecop p53)
i BNAMBAE Ha YMCNEHHi KNiTWMHHI Bignosigi. OTpuMmaHi
pesynbtati cBigyatb, WO nigBuweHHa piBHa NAD+
cnpusie aueTunioBaHHI0 p53 Ta NOCUMNEHHIO anonToa3y.

Based on fluorescence images, cancerous regions
were quantified using a spectrometer, confirming the
presence of a 450-510 nm fluorescence band due to
NADH and FAD activity. These broad spectral ranges
were influenced by endogenous fluorophores, including
free NADH, protein-bound NADH, free FAD, porphyrins,
tryptophan, collagen, and elastin.

Further a comparison was made between cancerous
breast tissue and adjacent non-tumorous areas of the
same breast specimen, at least 2 cm away from the tumor
margin revealed distinct metabolic alterations. In Group 1
patients (relapse cases), a significant reduction was noted
in O-demethylase activity (9.71 + 0.84 nmol p-nitrophenol/
min/mg protein), NADP-H cytochrome C reductase
levels (278.7 + 17.2 nmol cytochrome C/min/mg protein),
endogenous respiration rate (3.42 + 0.38 nmol O,), and
oxidation rates of NADP-H (6.24 + 0.42 nmol O,). Concur-
rently, an increase in lipid peroxide oxidation was detected
(2.16 = 0.14 nmol O,). These biochemical changes were
accompanied by a 2.1-fold decrease in cytochromes P450
(1.83 £0.12 nmol/mg protein) and b5 (1.65 + 0.14 nmol/mg
protein) concentrations, suggesting that tumor progre-
ssion is associated with the activation of microsomal oxi-
dation pathways in early tumor development and a decline
in detoxification mechanisms in advanced carcinogenesis.

The analysis also revealed significant alterations in
ATPase activity. In the relapse group, Na+/K+-ATPase
activity was significantly reduced (0.0095 + 0.001 ymoles
Pi/mg protein/h), while Mg?*-ATPase activity was notably
lower compared to controls (0.0068 + 0.001 ymoles Pi/mg
protein/h, p =0.006). This imbalance suggests impaired ion
transport and metabolic dysregulation in recurrent tumors.

These findings underscore the utility of fluorescence
spectroscopy in distinguishing metabolic shifts associa-
ted with breast cancer recurrence during pregnancy.
The observed alterations in fluorescence markers can
serve as potential predictive indicators for early tumor
relapse detection, contributing to more precise prognostic
assessments and personalized treatment strategies.

By applying the fluorometric measurements in each
cell suspension, both in Group 2 and breast cancer was
diagnosed and relapsed during pregnancy; we managed
to quantify the amount of NAD+, NADH, NADP+, NADPH,
as well as the intracellular pH. The figure shows experi-
mental results obtained from the patients for both the
normal and the cancerous region of the breast (Figure 2).

The histograms presented illustrate the average
NAD+/NADH and NADP+/NADPH ratios across the cell
cycle in both patient groups. In Group 1, the redox ratios
were observed to be fivefold and tenfold higher, respec-
tively, in cancer cells compared to those in Group 2.

The NAD+/NADH ratio serves as a key indicator of
cellular redox balance, influencing multiple metabolic
pathways. Additionally, NAD+ availability modulates the
activity of non-histone proteins, including the tumor su-
ppressor p53, thereby impacting various cellular responses.
Our findings suggest that an elevated NAD+/NADH ratio,
with an increase in NAD+ levels, promotes p53 acetylation
and enhances apoptotic processes in cancer cells.

A comparative analysis was performed between the
redox ratios in breast tissue cells and erythrocyte mito-
chondria from both patient groups. Concomitantly, a signi-
ficantincrease in Na+/K+-ATPase activity, along with a sta-
tistically significant (p < 0.05) decrease in Mg?-ATPase
activity, was detected in erythrocyte membranes (Fig. 2).
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Status of NADP/NADFPH picture 2-B
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Puc. 2. Ctan NAD/NADH (puc. 2-A) Ta NADP/NADPH (puc. 2-B):

CTaTUCTUYHY 3HaYYLLiCTb BU3HA4YEHO 3a AOMNOMOroto t-TecTy Ans He3anexHux Bubipok (ABOCTOPOHHIN), ***p < 0,001
Fig. 2. Status of NAD/NADH (picture 2-A) and NADP/NADPH picture 2-B:

statistical significance was determined using a two-tailed independent samples t-test; ***p < 0.001

Mw nopiBHANM pe3ynbTat OOCHIOKEHHS pPenoKc-

CMiBBiOHOWEHb Yy KNITMHAX TKaHWHKU rpyaHoi 3ano3n  study group exhibit significant

Ta MITOXOHAPIAX epuTpoumTiB 060X rpyn.

OpHo4yacHo Oyrno BUSIBMEHO NiABULLEHHS] akTUBHOCTI

Our data further indicate that patients in the primary

alterations in the activity

of lipid-dependent and membrane-bound ATPases, af-

Na+/K+-AT®a3n npu 3HayHOMy (p < 0,05) 3HWXKEHHI ak-
TMBHOCTIi Mg?*-AT®asun B MembpaHax epuTpoLUTIB KPOBI.

3rigHO 3 HawWMW JaHUMKM, Yy NaLiEHTOK OCHOBHOI
rpynu CnocTepiranucsa 3HayHi 3MiHM B aKTMBHOCTI ninig-
3anexHnx Ta MembpaHo3B’a3aHnx ATdPa3s sk y 4epBOHUX
KPOB’SIHMX KIiTUHAX, TaK i B MYXIMHHUX TKaHUHax (puc. 3).

IMinn akTreHocTi AT@al y memGpanax epUTPOUMTIB | NYXNHHHKX KNITHH
Changes in ATPase Activity in Erythrocyte and Tumor Cell Membranes.

0.010

0.008 |

0.006

0.004 |

Activity (umol Pifmg protein/hour)
AKTHBHICTE (MEMONL PifMr Ginkalrog)

0.002 |

0.000

MNa+/K+-ATd®asa (epuTpoUnTH)
MNa+/K+-ATPase (erythrocytes)

fecting both red blood cells and tumor tissues (Fig. 3).

- Mpyna 1 (=35 Growp 1 (ne=38)

My 2 (redB) Gioup 2 (Fred8)

Mg2+-ATda3a (epuTpounTH) Na+/K+-ATdaza (MyxnuHHi KNITAHW)
Mg2+-ATPase (erythrocytes) Ma+/K+-ATPase (tumor cells)

Puc. 3. 3miHn aktnBHOCTi AT®a3 y MembpaHax epuTpoLmMTiB i MyXAUHHKX KMNITUH, 3 ypaxyBaHHAM:
— CcepepfHix 3HayYeHb + CTaHAapTHOro BiaxuneHHs (SD),
— BiANOBIAHOI CTATUCTUYHOI 3HAYYLLOCTI:
—p =0,006 ansa Na+K+-AT®asn y nyxnumHHNUX KniTuHax (**),
—p < 0,05 gns Mg#-ATdasn y eputpoumTtax (*),
—N.S. — BiACYTHICTb CTAaTUCTMYHO 3HauyWwmx 3miH ansa Na+/K+-ATdaau y eputpountax.
Fig. 3. Changes in ATPase Activity in Erythrocyte and Tumor Cell Membranes. This figure reflects:
— mean values * standard deviation (SD),
— corresponding statistical significance:
—p = 0.006 for Na+/K+-ATPase in tumor cells (**),
— p < 0.05 for Mg?*-ATPase in erythrocytes (*),
—n.s. — no statistically significant changes for Na+/K+-ATPase in erythrocytes.
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Y MembpaHax epuTPOUUTIB  KpPOBi  aKTUBHICTb
Na+/K+-ATda3n 3HaxoguTbCs B MeXax HOpMW, Togi siK
akTuBHiCTb Mg?*-ATda3nm 3Ha4YHO 3HWMKEHa MOPIBHAHO
3 KOHTPONbHUMM 3HAYEHHSIMU.

3HayHi 3MiHM akTuBHOCTI ATda3 TakoX crnocTepira-
nMca y membpaHax NyxnuMHHUX KNiTWH, Wo niaTBepa-
XKYETbCA CTAaTUCTUYHO 3Hauywum (p<0,001) 3HMKEHHSM
aktnBHocTi Na+/K+-ATdasun y nauieHToK OCHOBHOI rpynu
NOPIBHSAHO 3 KOHTPOMbHOO rpynoto (puc. 3).

CepenHsa epMeHTaTMBHA aKTMBHICTb Y NaLiEHTOK
rpynu 1 ctaHosuna 0,0095 + 0,001 mkmonb Pi/mr Ginka/rog,
Wwo 6yno BMLUMM, HiX y NauieHTok rpynu 2, B sikux PI3
OyB B aHaMHe3i, ane BariTHiCTb npowwna 6e3 peunansy
(0,0068 + 0,001 mkmonb Pi/mr 6inka/rog, p = 0,006).

Ha HacTynHoMmy eTani QOCRiMKEeHHS MW MOPIBHAMMW
LWBKUAOKICTE OKUCHEHHSI Yy MITOXOHAPISAX epuTpouuTiB
y nauieHTok o6ox rpyn.

Mu  Bumipsnm aktmeHicTe NADH: untoxpom b,
penykTasn y MITOXOHAPISIX €epuUTpoUMTIB Yy MauieHToK
i3 peumamBom i 6e3 peumamsy PI'3 nig vac BariTHOCTI
ONsi OLUiHKM porni LUboro oepMEHTY Y PO3BUTKY peunamney.
Ha paHun MoMeHT y niTepaTtypi BiOCYTHI BanigoBaHi
METOOM BU3HAYEeHHs aKTUBHOCTI LMTOXPOM b, peayktasu
Y NYXMUHHUX KNiTUHaX (Tabn. 3).

In the blood group of blood erythrocyte membranes,
the Na / K-ATPase activity is within normal limits, and the
Mg-ATPase action is significantly lowered compared
with control values.

Significant changes in the activity of ATPases are also
observed in the tumor cell membranes, which is confirmed
by a significant (p <0.001) decrease in Na / K-ATPase
activity in the leading group compared with the compa-
rison group in Figure 3.

The mean enzyme activity for group 1 patients was
0.0095 + 0.001 ymoles Pi.mg protein.h-1 was higher than in
patients in group 2 whose breast cancer was also in the
history and their pregnancy proceeded without relapse of the
disease 0.0068+0.001 pmoles Pi.mg protein.h-1 (P=0.006).

At the next stage of our study, we compared the
oxidation rate in mitochondrial-erythrocytes retention
in both groups of patients.

We measured the activity of NADH: cytochrome b,
reductase in erythrocyte mitochondria from patients
with and without breast cancer recurrence during preg-
nancy to assess the role of this enzyme in the develop-
ment of relapse. No validated assay for measuring
cytochrome b5 reductase activity in tumor cells is current-
ly reported in the literature (Table 3).

Ta6nuua 3. CTaH MakcMManbHOIT LUBUAKOCTI OKUCHEHHS
Tables 3. Maximal Oxidation Rate Status

I'pyna 2/ Group 2 | 'pyna 1/ Group 1 | p-

MokasHuk / Parameter By n=48 2 = =35 - P ::;\e/\;ﬁjrém
O-pgemeTnnasHa akTMBHICTb (HMONb N-HiTpodpeHony / xB-Mr Ginka) 971+084 32440235 <0.001
O-demethylase activity (nmol p-nitrophenol / min-mg protein) oo e ’
NADP-N-untoxpom C-pegyktasa (HMonb uutoxpomy C / xB-Mr binka)
NADP-N-cytochrome C reductase (nmol cytochrome C / min-mg protein) 278,7£17.2 1463+9,7 < 0,001
NAD-H-untoxpom C-peaykrasa (HmMorb Lutoxpomy C / xB-Mr Ginka)
NAD-H-cytochrome C reductase (nmol cytochrome C / min-mg protein) 1395,6 35,4 356,2+12,4 < 0,001
EHAoreHHa WBnaKiCTb AuxaHHs (Hmonb O,) 342 +0.38 084 +0.09 <0.001
Endogenous respiration rate (nmol O,) e e ’
WsuakicTb okmcHeHHss NADF-N (Hmorb O,)
NADEF-N oxidation rate (nmol O,) 6,24 £042 1:43£0,12 < 0,001
OxucrenHss NADP-N 3 EDTA (Hmonb O,)
NADPN oxidation rate with EDTA (nmol O,) 520£0,37 1,37£0,14 < 0,001
LBnaKicTb OKMCHEHHS MinigHUX nepokeudis (HMonb O,) 216+ 0.14 081+0.06 <0.001
Lipid peroxide oxidation rate (nmol O,) T T ’
Bmict untoxpomy P450 (Hmorb / Mr Ginka)
Cytochrome P450 content (nmol / mg protein) 1,83£0,12 0,360 £ 0,05 < 0,001
BmicT umtoxpomy b, (HMonb / Mr Ginka) 165+ 0.14 0335+ 0.04 <0.001
Cytochrome b, content (nmol / mg protein) B ’ - ’

lMpumimka:

CTraTUcTUYHa 3HauYyLLICTb Pi3HMLb MiXX rpynaMu oLiHeHa 3a 4OMOMOro t-TecTy ANst He3anexHuUx BUBIpoK. Yci p-3Ha4YeHHs MeHLUi
3a 0,001, wo cBig4MTb NPO BUCOKMI pPiBEHb 3HAYYLLOCTI BiAMIHHOCTEN MK rpynamm 3a KOXXHUM MOKa3HUKOM.

Note:

Statistical significance of differences between groups was assessed using the independent samples t-test. All p-values are less
than 0.001, indicating a high level of statistical significance for all measured parameters.

Byno npoBeaeHo KOMMMEKCHe JOCHIMKEHHS dOYHKLiO-
HanbHOI aKTUBHOCTI MITOXOHAPIA B epuTpoumuTax y ABOX
KOropT nauieHTOK: XIHOK 3 aHamHe3oM PI3, y skux
nig 4ac BariTHOCTI BigOyBcA peunavMB 3axBOPHOBaHHSA
(rpyna 1, n = 35), Ta nauieHToK i3 NOAIGHNM OHKOMOTiIYHNM
aHaMHe30M, BariTHICTb skMX mana nepebir 6e3 o3Hak
peunamsy (rpyna 2, n = 48). OTpumaHi gaHi BusBUIK
3HayHe Ta cUcTeMaTU4He MOPYLUEHHSI MITOXOHAPIanbHOI
yHKUIT Y MauieHToK i3 peunamBoM: YCi AOCHioKyBaHi
MOKa3HMKN MPOAEMOHCTPYBANM CTaTUCTUYHO 3HaudyLle
3HWKeHHs (p < 0,001).

A comprehensive evaluation of mitochondrial
function was conducted in erythrocytes from two patient
cohorts: women with a history of breast cancer who
experienced relapse during pregnancy (Group 1, n = 35),
and those with a similar oncological history but
whose pregnancies were free of disease recurrence
(Group 2, n = 48). The data reveal significant and
consistent mitochondrial impairment in the relapse
group, with all measured parameters demonstrating
a statistically meaningful reduction (p < 0.03).
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OfoHuM 3  HamBMpasHiWMX MOpYyLEeHb BUsIBUNACh
akTuBHicTb O-gemeTunasm — Kn4oBoro eHaumy dasu |
meTaboniamy kceHobGioTuKiB. Y nauieHTok rpynu 1 akTue-
HIiCTb UbOro depmeHTy crtaHoBuna 3,24 + 0,35 HMonb
p-HiTpOdheHony/xB-Mr Ginka, WO Maixe BTPUYI HUXYe
3a BiANOBIAHI 3HadeHHA y rpyni 2 (9,71 £ 0,84 Hmonb),
Le CBig4MTb NMPO iCTOTHE NPUrHIYEHHsST AETOKCUKaLiMHOro
noteHuiany. AHanoriyHa TeHAeHUis cnocTepiranach
i B aKTMBHOCTI CUCTEM LMTOXpompeaykTas. 3okpema,
akTuBHicTb NADP-N-untoxpom C-pefykrasu y nauieHToK
i3 peunanBoM 3HMXyBanace o 146,3 + 9,7 HMonb UUTO-
xpomy C/xB-Mmr Ginka, Toai sk y nauieHTok 6e3 peumausy
BOHa cTaHoBuna 278,7 + 17,2 HMmonb, WO Bignosigae
3MeHLUEeHH0 Ha 47,5%. Lle Ginbl BUpaXeHe 3HUXKEHHS
cnocTtepiranocs B aktuHocTi NAD-H-uutoxpom C-peayk-
Tasn—31395,6 + 35,4 no 356,2 + 12,4 HMOnb, WO CTaHO-
BUTb NpUBNun3Ho 74,5% 3HWXEHHS, BKa3ylouM Ha 3HayHe
nopyLLeHHs poboTH AnxanbHOro NaHLura MiToXoHapin.

Takox crnocTepiranocsi CyTTeBe 3MEHLUEHHS MOKas-
HUKIB OuxanbHOI aKTUBHOCTI. EHOOreHHe cnoXxmBaHHSA
KucHio y rpyni 1 ctaHosuno nuwe 0,84 + 0,09 Hmonb O,,
y Tor yac sk y rpyni 2 — 3,42 + 0,38 HMOnb, WO CBiAYUTb
npo 3HMWxKeHHs Ha 75%. LBnakictb okncHeHHa NADF-N
TakoX Oyna 3Ha4YHO HWXKYOK Y MaUEHTOK i3 peunamBoM
(1,43 £ 0,12 Hmonb O, npotu 6,24 + 0,42), npu LsoMy
aHanoriyHe 3HWKEHHS1 crnocTtepiranocs y MPWUCYTHOCTI
EDTA (1,37 + 0,14 Hmonb npotu 5,20 + 0,37). Taki 3miHK
cBigYaTb NPO MPUrHiYEHHA NPOLECIB OKUCHOro docdo-
pUNiOBaHHA Ta reHepauii eHeprii B MITOXOHAPIAX
y NaLieHTOoK i3 peunanBoM.

[Moka3HMKN OKCMOATUBHOMO CTPEcy TaKoX NiaTBepa-
XKyBanuM  HasABHICTb  MITOXOHApIanbHOI  OUCHYHKLIT.
LLIBnakicTb OKMCHEHHS ninigHMX nepokcuais byna sHavyHo
Hwk4oto y rpyni 1 (0,81 + 0,06 HMonb O,), NOpiBHAHO
3 rpynoto 2 (2,16 * 0,14 HMmoOMb), WO CBiAYUTL MpPO
3HWXKEHWUIA aHTUOKCUAAHTHUI NoTeHLian abo nopyLleHHs!
meTaboniamy ninigis. Kpim Toro, BMIiCT KMHOYOBUX KOMMO-
HEHTIB LIMTOXPOMHOI CUCTEMW Takox OyB pi3KO 3HMXe-
HWA:  KOHUeHTpauia uuTtoxpomy P450 3meHwwmnaca
31,83 + 0,12 po 0,36 + 0,05 Hmonb/Mr 6inka, a BMicCT
umtoxpomy b, —3 1,65 + 0,14 go 0,335 + 0,04 HMonb/mr
Ginka, wWo BignoBsigae 3HWkeHHo B6inbL HiX Ha 75%.

OTXe, npeacTaBneHi pesynbTaTh YiTKO BKasyloTb
Ha rmMubokKi NOpYLUEHHS OYHKLIOHANbHOrO CTaHy MiTo-
XOHAPIN Y XiHOK i3 peunamsom PI'3 nig vac BariTHOCTI.
CuctematnyHe 3HWXKEHHSI aKTUBHOCTI KIOYOBUX dhep-
MEHTIB, AMXanbHWX MOKA3HWKIB Ta PiBHIB LMTOXPOMIB
[03BONsiE 3pobUTU NPUNYLLEHHS NPO HasiBHICTbL GioeHep-
reTM4HOi HeJoCTaTHOCTI Ta nopylleHb MeTaboniyHol
perynsii, siki TICHO NoB’sAA3aHi 3 PO3BUTKOM peLunauBy.
Lli gaHi Takox cBigyaTb MPO MOTEHLUiAHY AOUiNbHICTb
BUKOPUCTaHHS MITOXOHApianbHUX GioMapkepis eputpo-
UMTIB SIK OOCTYMHOIO HEiHBA3MBHOMO iHCTPYMEHTY AONs
OLiHKM pU3MKY peLmamBy Yy ropMOHO3anexHux dopmMax
oHKonaTonorii B nepioa recradii.

O6GroBopeHHs

OTpumaHi pe3ynbTaTtu  Y3ro4XylTbCA 3 paHiwe
onybnikoBaHUMW aHUMW, LLIO CBiAYaTb NPO NepeBaXaHHs
iHBA3MBHOI NPOTOKOBOI KapUMHOMW SIK OCHOBHOMO FiCTO-
noriyHoro NiATMNY NpU acoLiioBaHOMY 3 BariTHICTIO paky
rpyaHoi 3anosun (PABC), ska ctaHosuna 65,3% Bunagkis
y HawoMmy gocnigxeHHi. Lle Bignosigae cnoctepexeHHsM
Boere Ta cniBaBT. (2022) i Fazeli Ta cnieaBT. (2023),
SIKi TaKOX BKa3yloTb Ha iHBa3WBHY NPOTOKOBY KapLMHOMY
K HanyacTiwmn mopdonoriyHmi BapiaHT npu PABC [1, 2].

One of the most striking differences emerged in
O-demethylase activity, a key marker of phase | meta-
bolic function. Group 1 exhibited enzyme activity levels
(3.24 £ 0.35 nmol p-nitrophenol/min-mg protein) nearly
three times lower than those in Group 2 (9.71 + 0.84 nmol),
highlighting a profound suppression of detoxification
capacity. Similar trends were observed in cytochrome
reductase systems. The NADP-N-cytochrome C reduc-
tase activity in relapse cases dropped to 146.3 + 9.7 nmol
cytochrome C/min-mgproteincomparedto278.7+17.2nmol
in the non-relapse group, a 47.5% decrease. Even more
pronounced was the reduction in NAD-H-cytochrome C
reductase activity, falling from 1395.6 + 35.4 nmol
to just 356.2 * 12.4 nmol-an approximate 74.5%
decline, indicating a marked disruption in the mitochond-
rial electron transport chain.

This enzymatic deficit was mirrored by severely
diminished respiration rates. The endogenous oxygen
consumption in Group 1 was measured at only
0.84 + 0.09 nmol O,, compared to 3.42 + 0.38 nmol
in Group 2, representing a 75% reduction. Moreover,
the oxidation rate of NADF-N declined sharply in relapse
patients (1.43 = 0.12 nmol O, vs. 6.24 + 0.42), with
a similar pattern seen in the presence of EDTA
(1.37 £ 0.14 nmol vs. 5.20 £ 0.37). These findings
collectively signal a significant suppression of oxida-
tive phosphorylation and mitochondrial energy gene-
ration in the relapse group.

Oxidative stress indicators further supported the
picture of mitochondrial compromise. The rate of lipid
peroxide oxidation was considerably lower in Group 1
(0.81 £ 0.06 nmol O,) compared to Group 2
(2.16 = 0.14 nmol), which may suggest impaired redox
buffering or altered lipid metabolism. In addition, the
contents of key cytochrome systems were drastically
reduced in the relapse group. Cytochrome P450 levels
dropped from 1.83 + 0.12 to 0.36 + 0.05 nmol/mg protein,
and cytochrome b, decreased from 1.65 + 0.14
to 0.335 * 0.04 nmol/mg protein-both reductions
exceeding 75%.

Overall, this data paints a clear picture of extensive
mitochondrial dysfunction in women who experienced
breast cancer relapse during pregnancy. The consistent
decline across multiple mitochondrial enzymes,
respiratory metrics, and redox indicators suggests
that bioenergetic failure and compromised metabolic
regulation are closely associated with recurrence.
These findings support the hypothesis that mitochond-
rial biomarkers in erythrocytes may serve as accessible,
non-invasive tools for assessing relapse risk in hormone-
sensitive cancers during gestation.

Discussion

Our findings are consistent with previously
reported data, demonstrating that invasive ductal
carcinoma is the predominant histological subtype
in pregnancy-associated breast cancer (PABC), com-
prising 65.3% of cases in our study. This aligns with
the observations of Boere et al. (2022) and Fazeli
et al. (2023), who identified invasive ductal carcinoma
as the most frequently occurring subtype in PABC
cases [1, 2].
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Kpim TOro, BUSBNEHHA 3MilLaHOro iHBA3WBHOrO
npoTokoBo-yacToukoBoro paky (11,2%) Ta iHBa3nBHOro
YacTo4KoBOro paky (7,8%) y A[ocnimxyBaHiin KoropTi
[oAaTKoBO  MiOKPECnoe  FiCTOMNOrYHY  reTeporeHHIcTb
PABC. OTpumaHi pesynsrat nigTBepAXyl0Tb HAsABHICTb
cnektpa MOPQONOriYHUX BapiaHTiB LbOro 3axBoOpto-
BaHHS, IO 3yMOBME HeoOXiaHICTb iHAMBIQyanizoBaHMX
nigxodis Ao AiarHOCTUKM Ta NikyBaHHSA [1, 2, 16].

Bucoka 4actota wmyTtauii BRCA1 (67%) cepen
nauieHTok i3 peungnsom PI'3 nig yac BariTHOCTI Koperntoe
3 nonepeaHiMy CrnoCTEPEXEHHAMW LIOAO MiABULLEHOTO
pY3uKy paHHbOI MaHidecTauii XxBopobu Ta CXUMBbHOCTI
[0 arpecrBHOro TpWYi HeraTMBHOrO (peHoTUNny Yy HOCIiB
uiei mytauii (Litton Ta cnisaBT., 2009) [16]. Hawi paHi
TakoX nigTBEpaXyloTb rinotesy npo ydactb BRCA1
y opMyBaHHiI reHOMHOT HecTabinbHOCTI Ta PEe3UCTEHT-
HocTi oo Tepanii B ymoax PABC [17].

MonekynsapHa xapaktepuctuka PABC y gaHiv koropTi
3acsiguuna nepesaxaHHs nigtuny Luminal A (51,7%),
3a skum crigysaB Tpuyi HeratmeHun PI'3 (TNBC) (35,1%).
Lli paHi kopeniotloTb 3 pesynbratamu  AOCRIAKEHHS
Lipsyc-Sharf Ta cniaBT. (2025), aki 3acBiguunu cnpusT-
NMBIWNA NPOrHO3 MNpU JIOMIHANbHUX MyXfMHAX MopiB-
HSIHO 3 arpecuBHUM nepebiroM i BULLMMKM 4YacToTamu
peunamsy npu TNBC [20].

Baxn1Bo CKNagoBo HALLIOMO AOCIIKEHHS € BUSIB-
NeHHst MeTaboniyHMX 3MiH Y peumamMBHMX NyXNUHaX
i3 BUKOpPUCTaHHAM  briyopecuUeHTHOI  CNeKTPOCKOomii.
Byno 3adikcoBaHO CyTTEBI CnekTparnbHi 3CyBM Ha OOB-
XunHax xBunb 337 i 285 HM, SAKi BKa3yloTb Ha MOPYLUEHHA
o6miHy NADH Ta dnasiHageHiHanHykneotuay (FAD).
OTpumaHi pesynsratv y3rogxyloTbcs 3 AaHumu Vinnyk
Ta cnieaBT. (2023), sKki Nokasanu, WO NyXMWHHI KNiITUHK
nigoatTecs MeTaboniyHii nepebynoBi 3 akTuBaLieto
aHaepoOHOro rMikonidy Ta CUrHanmbHUX LWUNSAXiB, onoce-
peaKoBaHMX OKCMOaTUBHUM CTpecoMm [25].

[ogaTtkoBO  BMSIBMEHO  MOPYLUEHHS  aKTUBHOCTI
Na+/K+-ATda3n $K NOTEHUINHOro YMHHMKA nporpecii
PABC. 3miHn y TpaHcnopTi ioHIB BignosigaloTb AaHUM
pocnigxkeHb Garcia Ta cniBaBT. (2018) Ta Araste
Ta cnigaBT. (2020), Aki BCTAHOBUNN 3B’SI30K MK aKTWB-
HICTIO LLbOro hePMEHTY, BUXXMBAHICTIO NYXITUHHUX KNiTUH,
MeTacTaTU4HMM MOTeHUianoM i MexaHiamamu nikap-
CbKOT pe3ncTeHTHocTi [18, 19].

IHTerpauiss cnyopecueHTHOro MeTtaboniyHoro npo-
dintoBaHHA y giarHocTuky PI3 BigkpmBae nepcnekTveu
ONsi paHHBLOro BUSIBNEHHS peunavBy. BusHayeHHst cneuu-
divHNX MeTaboniyHMx 3cyBiB MoOxe OyTn [04aTKOBUM
IHCTPYMEHTOM [0 TpaauuiHMX FiCTONaToNoryHMX Ta
MOMEKYNSIPHUX METOZIB, LU0 NiABULLYE TOYHICTb NPOrHO3Y
B8 PABC [26-30].

Monpn obmexeHy BMGIpKY, Le OOCMiMKEHHS Mae
KNiHiYHY LiHHICTb 3 ornsay Ha pigkicHicte PABC i nosso-
nse igeHTMdikyBaTU  TeHAeHUuii, ki noTpebytoTb
noganbLUoi Baniaadji.

BTim, cnifg 3a3HaunTy, 1O 0OMEXEHHSAM OOCHIIKEHHS
€ AI0ro peTpOCneKTUBHUIA XapakTep Ta BiAHOCHO HeBenuvka
KiNbKiCTb  cnoctepexeHb. [loganblli  MyNbTULEHTPOBI
nocnigxkeHHs 3 6inblioto BUbipkolo MatoTb Ha MeTi nig-
TBEPOXKEHHSI OTPUMAHMX [aHUX, @ TaKOX BUBYEHHS Ki-
HiYHOT AOUINBHOCTI BUKOPUCTaHHSA hriyopecLeHTHMX MeTa-
GonivyHNX MapkepiB ANs NpPOrHo3yBaHHsS peumausy PI3.
Kpim Toro, nornnéneHe BuedeHHst poni BRCA1 y npo-
rpecyBaHHi PABC moxe cnpusiTu onTumisauii nepcoHa-
ni3oBaHWX TepaneBTUYHUX CTPaTerin AN TakMx NauieHTOK.

Additionally, the detection of mixed invasive
ductal-lobular carcinoma (11.2%) and invasive lobular
carcinoma (7.8%) in our cohort further underscores
the heterogeneity of PABC. These findings support
existing evidence that PABC encompasses a diverse
range of histological subtypes, necessitating tailored
diagnostic and therapeutic approaches [1, 2, 16].

The high prevalence of BRCA1 mutations (67%)
in patients with recurrent breast cancer during pregnancy
correlates with previous findings that BRCA1 carriers
have a higher risk of early-onset breast cancer and
an increased likelihood of aggressive triple-negative
subtypes (Litton et al., 2009) [16]. Our results also
support the hypothesis that BRCA1 mutations contri-
bute to genomic instability and therapy resistance
in PABC cases [17].

Molecular characterization of pregnancy-associated
breast cancer (PABC) revealed that Luminal A was the
predominant subtype (51.7%), followed by triple-negative
breast cancer (TNBC) (35.1%). These findings are con-
sistent with the study by Lipsyc-Sharf et al. (2025), which
highlights the more favorable prognosis of Iluminal
tumors compared to the aggressive nature and higher
recurrence rates associated with TNBC [20].

A key aspect of our study is the identification of
metabolic alterations in recurrent tumors using fluo-
rescence spectroscopy. Significant spectral shifts were
observed at 337 nm and 285 nm, indicative of pertur-
bations in NADH and flavin adenine dinucleotide (FAD)
metabolism. These findings align with those of Vinnyk
et al. (2023), who demonstrated that tumor cells undergo
metabolic reprogramming, favoring anaerobic glycolysis
and oxidative stress-induced signaling [25].

Furthermore, our data suggest a dysregulation of
Na+/K+-ATPase activity as a potential contributor
to PABC progression. The observed alterations in ion
transport mechanisms are in agreement with studies
by Garcia et al. (2018) and Araste et al. (2020), which
indicate that Na+/K+-ATPase activity is intricately
linked to cancer cell survival, metastatic potential,
and drug resistance mechanisms [18, 19].

The integration of fluorescence-based metabolic
profiling in breast cancer diagnostics presents a pro-
mising strategy for early relapse detection. By identifying
specific metabolic shifts associated with tumor recur-
rence, fluorescence imaging could serve as a valuable
adjunct to traditional histopathological and molecular
analyses. These findings reinforce the need to incorporate
metabolic profiling into standard diagnostic algorithms
to enhance prognostic accuracy in PABC cases [26—30].

Despite the small sample size, this study holds clinical
value due to the rarity of PABC and allows for the iden-
tification of trends that warrant further validation.

Despite these promising insights, our study is
inherently limited by its relatively small sample size
and retrospective nature. Future research should aim
to validate these findings through larger, multicenter
studies and explore the clinical applicability of fluo-
rescence-based metabolic markers for breast cancer
recurrence prediction. Additionally, further investigation
into the impact of BRCA1 mutations on PABC progression
could help refine personalized therapeutic strategies
for affected patients.
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BUCHOBKMU

Y pesynsrati npoBegeHoro gocnigkeHHs 6yno BcTta-
HOBIEHO, WO HambinbW iHPOPMATUBHUMUK KpUTEPISMU
ONsi  PaHHbOrO BUSABMEHHA peunamBy paky rpyaHoi
3anosun nig Yac BariTHOCTI € aBTOMyopecLeHLis nop-
MIpYHIB 'y TKaHUHaxX MyXAVHU NPU OOBXWHAX XBUIMb
337 i 285 Hm. BunpomiHtoBaHHsA npy 337 HM Bignosigae
akTmBHOCTI BigHoBneHoro NADH, konareHasu Ta enac-
TUHY, TOAI K 285 HM — CTaHy apoMaTUYHUX aMiHOKMCIIOT,
Takux SK TpunTodaH.

Kpim TOro, makcumanbHa LWBUAOKICTb OKUCHEHHS,
30KkpemMa akTuBHICTb Mg-AT®asn y NyXAWMHHIA TKaHWHI
Ta eputpoumTax, Byna 3HWKEHa Ha CTaTUCTUYHO 3Ha-
YyLWOMY PiBHI Y MauieHTok 3 peumausom. Lle nossonse
po3rnsAaTtM  NMOKa3HUKM - OKUCHO-BIAHOBHOMO  MeTabo-
ni3My K MPOrHOCTUYHI MapKepu peLmaunBy.

OTpumaHi pesynsratu cBigyaTb, WO MeToqd nyo-
pecueHTHOro aHanizy moxe 6yt AONOMIKHUM iHCTPY-
MEHTOM [0 CTaHAapTHWUX AiarHOCTUYHUX  MEeToAiB
(mamorpadii, Y3[] Ta rictonorii) AnNA OUIHKN PU3NKY
peunamsy y nauieHTok i3 PABC.

Takum YnHOM, iHTerpauis aBToryopecueHTHOro aHa-
nigy 3 ouiHkoo meTabonivyHoi akTuBHOCTI ATda3 moxe
NiABALMTU €PEKTUBHICTb PaHHLOrO BUSIBMIEHHST peunan-
BY Ta iHAMBIAyanisyBaT nofanblly TaKTUKY MiKyBaHHS.
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CONCLUSIONS

As a result of the study, it was established that the
most informative criteria for early detection of breast
cancer relapse during pregnancy are the autofluo-
rescence properties of porphyrins in tumor tissues
at wavelengths of 337 and 285 nm. The emission at
337 nm reflects the activity of reduced NADH, colla-
genase, and elastin, while 285 nm corresponds to the
state of aromatic amino acids such as tryptophan.

In addition, the maximum oxidation rate, particularly
the activity of Mg-ATPase in tumor tissue and erythro-
cytes, was significantly reduced in patients with relapse.
This supports the use of redox metabolism indicators
as predictive markers of recurrence.

The findings suggest that fluorescence analysis can
serve as a supplementary tool to standard diagnostic
methods such as mammography, ultrasound, and histo-
logy for assessing recurrence risk in PABC patients.

Thus, integrating autofluorescence evaluation with
ATPase activity profiing may enhance the effective-
ness of early relapse detection and help individualize
treatment strategies.
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HepcneK‘ruBM MOAQABbLUUX AOCAIAXEHD

Mopanbli gocnimkeHHss OyayTb CNpsIMOBaHi Ha PO3LUMPEHHS
BMOIpKM NauieHTOK i3 BariTHICTIO-acoLUiioBaHUM pakoM TpyaHoOT
3ano3v And  NiATBEPOXEHHS BUSABMEHVX dOryOpeCLeHTHUX
Ta MertaboniyHMx MapkepiB peunausy. [MnaHyeTbcA MynbTU-
LleHTpOoBUI 36ip AaHMX i3 3any4yeHHAM GiobaHKiB, OHKOMOriYHMX
LEHTPIB Ta reHeTM4HNX nabopatopin. Okpema yBara npuainaTu-
METbCS BYBYEHHIO B3aEMO3B’A3Ky MyTauin BRCA1, 3miH y cuctemi
NAD/NADH, aktuBHocTi AT®a3 Ta OKC1AaTUBHOIO CTPECy.
OcobnuBoi yBarm HabyBa€e BUMBYEHHS MeXaHi3MiB MpUpPOAHOT
CTIKOCTi [O paKy B OCi0 i3 BUCOKMM pU3NKOM, 30KpeMa cepen
HociiB repmiHanbHux MmyTauin BRCA1/2, saxi 3anuwatotbes
BiNlbHUMW Bif, OHKOMaTonorii HaBiTb y cTapwomy Biui. [ligxig
BKItOYa€ PyHKUIOHaNbHe BUBYEHHS KITITMHHMX Ta NO3aKNiTUHHUX
MeXaHi3MiB CTIilIKOCTi 3 BUKOPUCTaAHHSAM iHAYKOBaHMX MNIOpU-
NOTEHTHMX cTOBOYpOBMX KNiTWH (iPSC), HopManbHWX OpraHoifiB
TKaHWHW TPyOHOI 3ano3n, a Takox Al-mMogeni Aons BUSIBNEHHS
CUrHaTyp pPe3UCTEHTHOCTI.

Pesynbratv umx gocnigkeHb MOXYTb 3akrnacTv OCHOBY AnNS
TpaHcdopMalii cTpaTerin NpodinakTMKM paky y pisHWX nony-
NAUISX BUCOKOTO puU3NKy Ta po3pobKu MepcoHanisaoBaHWX
nigxopniB A0 PaHHLOrO NMPOrHO3yBaHHS peuuanBy.

KoHdAikT iHTepecis

ABTOpPY 3asBNSAIOTb NPO BiACYTHICTb KOHMMIKTY iHTepeciB.

IHdbopmalis Npo dpiHAHCYBAHHSA

®diHaHcyBaHHA BUaaTkamu [epxxaBHoro 6romxety YkpaiHu.
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Prospects for further research

Further studies will focus on expanding the cohort of patients
with pregnancy-associated breast cancer to validate the
identified fluorescent and metabolic relapse markers.
A multicenter data collection is planned, involving biobanks,
oncology centers, and genetic laboratories. Special attention
will be paid to investigating the relationship between BRCA1
mutations, alterations in the NAD/NADH system, ATPase
activity, and oxidative stress.

Particular emphasis will be placed on studying the mechanisms
of natural cancer resistance in high-risk individuals, especially
among carriers of germline BRCA1/2 mutations who remain
cancer-free even at older ages. The approach includes func-
tional assessment of both cellular and extracellular resistance
mechanisms using induced pluripotent stem cells (iPSCs),
normal breast tissue organoids, as well as Al-based models
for identifying resistance signatures.

The results of these studies may form the basis for trans-
forming cancer prevention strategies in various high-risk popu-
lations and for developing personalized approaches to early
relapse prediction.
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