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KAlo40Bi cAoOBaQ: PE3IOME

BTOPUHHO-HAOPSIKOBUI pak rpyaHoi 3a-  AKTyanbHicTb. OfHielo i3 3Ha4YHUX 0COGNMBOCTEN BTOPUHHO-HAOPSIKOBOIrO paky
noau, TpaHckpunuinHuii cdaktop NF-kB,  rpyaHoi 3anosu (BHPI'3), HaibinbLl 3nosikicHoi dhopmMmn HOBOYTBOPEHb, € BUPAXEHICTb
LIMTOKIHWN. XPOHIYHOTO 3amnareHHsl, sike Mae 3Ha4YeHHs [AONns naTtoreHesy Ta MporpecyBaHHs
3axBOpIOBaHHA. HWHI  HakonuueHi [okasn  B3aEMOBIOHOLLEHb  KaHLeporeHesy
Ta 3ananeHHs. Baromy pornb Sk Mpu 3ananeHHi, Tak i Npy KaHueporeHesi BigirpatoTb
TpaHckpunuiiinid  daktop (NF-kB) Ta nposananbHi umtokiHW. Perynsuis NF-kB
CUrHarbHUX LWINAXiB NopyLueHa npy 6araTbox 3MosiKiCHUX 3aXBOPIOBAHHSIX, Y TOMY YMCH
binuti OnekcaHdp Mukonatioguy " NpY 3axXBOPHOBaHHSIX Ha pak rpyaHoi 3ano3un. OTxe, OOCHIMKEHHS BMICTY npo3anarb-
[epxaBHa ycTaHoBa «IHCTUTYT MeanyHoi  HMX UMTOKiHIB Ta NF-kB € akTyanbHUM i Moxe AaTtv UiHHY iHdopmauito npo nepebir
papgionorii Ta oHkonoriiim. C.M. Fpurop’eBa  NyxnuHHOro npouecy. Ane 3ycTpidaeTbca Hebarato HaykoBMX Npaupb, SKi NPUCBAYEHI
HauioHanbHoi akagemii MeguuyHMx Hayk — LMTOKIHOBOMY mpodpinto y chiesigHoLleHHi 3 NF-kB npu nyxnuHax rpyaHoi 3anosu.

AAfl KOpEeCnOoHAEHLI:

YkpaiHu», BiOAineHHs OHKOXipyprii; Meta po6otn — BuByeHHsi BMicTy NF-kB-p105 Ta nposananbHux uuToKiHiB (IL-6,
Byn. [puropia Ckosopoau, 6ya. 82, IL-8, TNFa)y cuposartui kposi xBopux Ha BHPI'3.

M. XapkiB, YkpaiHa, 61024; Martepianu 1a metoamn. ObcTexeHo 87 xBopux (42 — Ha BHPI3, 45 — Ha PI3)
e-mail: abely@ukr.net 0o nikyBaHHsi. 42 xsopi Ha BHPI'3 y ctagii T4bN0-3MO 6ynu Bikom Big 34 fo 71 poky

(mepiana 53,1). MpoTokoBuii pak koHcTaToBaHo Y 30 nauieHTok (71,43%), 4YacToukoBUI —
y 12 (28,57%). MyxnuHa Ginbwe 5 cm BuseneHa y 20 oci6 (47,6%), meHwe 5 cm —

© binut O.M., Mimpsiesa H.A., y 22 (52,4%). Mpyny nopiBHSHHA cknanu 45 XBOpUX Ha MICLEBO-NOLUMPEHNUIA pak
KpacHocenbcbkuti M.B., rpygHoi 3ano3u 6e3 Habpsiky B crtagii T3-4N1-3MO, Bikom Big 30 go 67 pokis
lpebiHuk J1.B., 2024 (mepiana 52,3). MNyxnuHa noHag 5 cm 6yna y 12 (26,7%), meHwe 5 cm —y 33 (73,3%)

nauieHTok. MpoTokoBuin pak AiarHoctoBaHo Yy 33 xBopux (73,3%), 4acToukoBu —
y 12 (26,7%). Y rpyny koHTponio ysiiwnu 10 nauieHTok 3 ibpoageHomMamu.
Bmict umtokiHie (IL-1B, IL-2, IL-6, IL-8, TNFa) y cupoBaTui KpoBi XBOPMX BU3HaYanu
3a [onomorol iMyHodepmeHTHoro aHanisy (IPA) 3 BUKOPUCTAHHSM CTaHOApTHUX
Habopie peaktuBiB 3AO «Bektop-Bect». Bmict cyboamHuui NF-kB1 (p105 — p50)
BM3Ha4anu metogom IOA 3 BukopuctaHHsM peaktusie «Human NFkB — p105 (Nuclear
factor NF-kappa-B p 105 subunit) ELISA Kit». BumiptoBaHHs npoBoamnu 3a 4ONOMOro
HaniBaBTOMaTWU4HOrO iIMyHOhEepMeHTHOro aHanizatopa «lmmunochem-2100» (CLUA).

Pesynbrati Ta ix o6roBopeHHA. BusHaueHo, wo npu BHPI3 piBHi npo3ananbHux
umTokiHiB IL-6, IL-8, TNFa 36inbwytoTbest y 1,4 pasu, NOPIBHAHO 3 MOKa3HWKaMM
npu PI3, Hanbinbwum 6yB piBeHb IL-8. Cymaphuin piseHb NF-kB y xBopux Ha
BHPI'3 36inbwysascs B 14,7, a npu PI3 B 2,4 pasu, nopiBHsiHO i3 ocobamu 3 ¢ibpo-
ageHomamu. PiBeHb NF-kB y rpynax xsopux Ha BHPI3 3 IL-6, TNFa 6yB BuLle,
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AAS ULUTYBAHHS:

Hi>X y rpynax 3 PI3 'y 3,1 pasu Tta 1,7 pasu BignosigHo. BusiBneHo, WO HanBULLMIA piBEHb
NF-kB 6yB y rpyni 3 uutokiHom IL-8, i npu BHPI'3 iioro piseHb 6yB Bulle y 5,7 pasum,
Hi>xx npu PIr3. Y xsopux Ha BHPI'3 BcTaHoBneHo kopensauii Mk NF-kB Ta umTtokiHamu:
NF-kB ta IL-8 (r = 0,80; p < 0,05); NF-kB 1a IL-6 (r = 0,60; p < 0,05); NF-kB Ta
TNFa (r = 0,60; p < 0,05). OTxe, ocobnusicTio BHPI'3 € 36inbLieHHss Bmicty NF-kB
Ta IL-6, i TNFa, Ta 3Ha4He nigBueHHs piBHS NF-kB Ta IL-8, nopiBHAHO 5K 3 noKasHu-
kamu npu PI3, Tak i 3 noka3Hukamm ocib 3 ibpoageHomamu.

BucHoBku. BuasneHo aktuBauiio TpaHckpunuiiHoro daktopa NF-kB-p105 Tta Bipo-
rigHe nigBWLWEHHS piBHIB npo3ananbHuX uuTokiHiB (IL-6, IL-8, TNFa) B cupoBartui
KpoBi xBopux Ha BHPI'3, nopiBHsiHO 3 ocobamu i3 ¢ibpoageHomamu, WO CBiguUTbL
Npo BUCOKUWA KaHLEPOreHHU MoTeHUian MNyxfAuMHW Ta HasBHICTb 3ananbHOro KOMMo-
HeHTa. lNoka3aHo, wo HamBuwmn piseHb NF-kB-p105 BusiBNAeTbCA y rpyni XBOpuUX
Ha BHPI'3 3 HanBuwwmm piBHeM uuTOKiHIB IL-8. BcTaHoBMNEHO, Wwo y xBopux Ha BHPI'3
piBeHb TpaHcKpunuiiHoro caktopa Ta npo3ananbHux uuTokiHiB IL-6, IL-8, TNFa
y cupoBaTui KpOBi BiporiaHO BULLUE, HiX y xBopux Ha PI3, wo niaTBepgXye BUCOKY
arpecuBHICTb Li€i POpMY 3aXBOPIOBaHHS.

Binuin O.M., Mitpsieea H.A., KpacHocenbcbkuii M.B., Mpebitunk J1.B. OcobnmBocTi ekcnpecii TpaHcKpunuinHoro chaktopa
NF-kB y XBOpuX Ha BTOPMHHO-HAOPSKOBWIA pak rpyaHOI 3aro3n 3 pisHMMK Npo3ananbHUMU LUTOKIHaMW. YkpaiHCcbKull
padiornoeidHutima oHkonoaidHut xypHarn. 2024.T.32.Ne2. C. 134—-142.DOI: https://doi.org/10.46879/ukroj.2.2024.134-142
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ABSTRACT

Background. One of the most prominent features of secondary edematous breast
cancer (SEBC), which is the most malignant form of this type of cancer, is severity
of chronic inflammation that is important for pathogenesis and progression of the
disease. As of now, there is evidence of association of carcinogenesis and
inflammation. The transcription factor (NF-kB) and pro-inflammatory cytokines play
a pivotal role in both inflammation and carcinogenesis. The regulation of NF-kB signal
pathways is impaired in a lot of malignant diseases, including breast cancer (BC).
Thus, the study of the content of pro-inflammatory cytokines and NF-kB is of high
priority, as it can provide valuable information about the course of the tumor process.
However, there are few research papers that deal with association of cytokine profile
and NF-kB in breast tumors.

Purpose — is to study the content of NF-kB-p105 and pro-inflammatory cytokines
(IL-6, IL-8, TNFa) in the blood serum of patients with secondary edematous
breast cancer.

Materials and Methods. 87 patients (42 with SEBC, 45 with BC) were examined prior
to treatment. The age of 42 patients with T4bN0-3MO SEBC ranged from 34 to 71 years
(median 53.1). The ductal cancer was found in 30 patients (71.43%), the lobular cancer —
in 12 patients (28.57%). The tumor of more than 5 cm was detected in 20 individuals
(47.6%), the tumor of less than 5 cm — in 22 individuals (52.4%). The comparison
group consisted of 45 patients with BC, with their age ranging from 30 to 67 years
(median 52.3). They had T3-4N1-3MO0 non-edematous locally advanced BC. The tumor
of more than 5 cm was detected in 12 patients (26.7%), the tumor of less than 5 cm —
in 33 patients (73.3%). The ductal cancer was diagnosed in 33 patients (73.3%),
the lobular cancer — in 12 patients (26.7%). The control group consisted of 10 patients
with fibroadenomas. The content of cytokines (IL-1B, IL-2, IL-6, IL-8, TNFa.) in the blood
serum of patients was measured using the ELISA assay and CJSC «Vektor-Best»
standard assay kits. The content of NF-kB1 subunit (p105 — p50) was measured using
the ELISA assay and the Human NFkB — p105 (Nuclear factor NF-kappa-B p 105 subunit)
ELISA Kit. The measurement was performed using the Immunochem-2100 American
semi-automatic immunoassay analyzer.

Results. It was found that in SEBC, the levels of pro-inflammatory cytokines IL-6, IL-8,
TNFa were increased by 1.4 times, compared to the parameters in BC, and the level
of IL-8 was the highest. The total level of NF-kB increased by 14,7 times in patients
with SEBC and by 2,4 times in patients with BC, compared to individuals with fibro-
adenomas. The level of NF-kB in SEBC in groups with IL-6, TNFa was higher than
in groups with BC by 3.1 and 1,7 times, respectively. It was found that the highest level
of NF-kB was in the group with cytokine IL-8. In SEBC, it was higher by 5.7 times than
in BC. In patients with SEBC, correlations between NF-kB and cytokines were
established: NF-kB and IL-8 (r = 0.80; p < 0.05); NF-kB and IL-6 (r = 0.60; p < 0.05);
NF-kB and TNFa (r = 0.60; p < 0.05). Thus, one feature of SEBC is the increase in the
content of NF-kB, IL-6, and TNFa, and also a significant increase in the level of
NF-kB and IL-8, compared to the parameters in patients with BC as well as in
patients with fibroadenomas.

Conclusions. It was found that there was activation of the transcription factor
NF-kB-p105 and a significant increase in the levels of pro-inflammatory cytokines
(IL-6, IL-8, TNFa) in the blood serum of patients with SEBC, compared to patients
with fibroadenomas, which indicates high carcinogenic potential of the tumor and

OpuwuriHanbHi 4oCnigpKeHHSs

135 Original research


mailto:abely@ukr.net
https://doi.org/10.46879/ukroj.2.2024.134-142

YKpaiHCbKWI PafionorivyHMin Ta OHKOMNOTiYHWI XXypHan. 2024. T. 32. Ne 2. C. 134-142
Ukrainian journal of radiology and oncology. 2024;32(2):134—142

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

the presence of the inflammatory component. It was demonstrated that the highest
level of NF-kB-p105 was detected in the group of patients with SEBC with the highest
level of cytokines IL-8. It was also found that in patients with SEBC, the level of the
transcription factor and pro-inflammatory cytokines IL-6, IL-8, TNFa in the blood
serum was significantly higher than in patients with BC, thereby confirming severe
aggressiveness of this form of the disease.
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3B’30K pO060TH 3 HOYKOBUMMU NPOrPAMAMM,
NAGHAMM | TEMAMU

CtatTa € hparMeHTOM NIIAaHOBOiI HayKOBO-AOCHIAHOI
pobotn [epxaBHOi yCTaHOBU «IHCTUTYT MeAMYHOI
pagionorii Ta oHkornorii im. C.T1. Mpurop’eBa HauioHanbHoT
akagemii MegmyHux Hayk YkpaiHu» «Po3pobutn npor-
paMmy KOMMIEKCHOTO MiKyBaHHA XBOPWUX Ha BTOPWHHO-

HabpsaKOBUW pak rpyAHOi 3amno3n 3 ypaxyBaHHAM
MEXaHi3miB naTtoreHesy 3ananbHOro i HabpsKoBOro
KOMMOHEHTIB  arpecuBHOCTI  MyXMMHHOTO  MPOLECY»,

Homep pAepxaBHoi peectpadii: 0118U001712, wwndp
Temn: HAMH 03.18, npvknagHa, TepMiH BWKOHaHHS:
01.2018-12.2020 pp., KepiBHWUK — ampekTop [epxaBHOi
yCTaHOBU «IHCTUTYT MeguyHoi pagionorii Ta OHKOMorii
im. C.IN. Ipurop’eBa HauioHanbHOi akagemii MeguyHuX
HayK YkpaiHu», [OOKTOp MeAWYHUX Hayk, npodecop
M.B. KpacHocenbcbkui.

BCTYN

BTopuHHO-HabpskoBui pak rpyaHoi 3anosm (BHPIT3)
€ OfHiel 3 HanbinbL 3MosAKICHUX (HOPM HOBOYTBOPEHD,
AKi MalTb HECNPUATIIMBUIA MPOrHO3 — 5-piyHa BWDKU-
BaHiCTb y cepegHboMmy He nepesuwye 12-50% [1].
OgpHieto i3 3Ha4yHMX ocobnusocTten BHPI'3 € BupaxeHictb
XPOHIYHOrO 3ananeHHs, fKke Mae 3Ha4YeHHs AN narto-
reHesy Ta NporpecyBaHHsi 3aXBOPIOBaHHS [2]. HWHI Hako-
nMyeHi [O0Ka3n B3aEMOBIAHOLWEHb KaHUeporeHesy Ta
3ananeHHsa [3]. Benuke 3HauyeHHs K MNpu 3ananexHi,
Tak i Npu KaHUueporeHesi, MaloTb TPaHCKPUMLiINHWUIA
daktop (NF-kB) Ta wuutokiHu. NF-kB npeancraense
coboto retepogumepHuin komnnekc 6inkis poguHun Rel.
laeHTudikoBaHo 5 6inkiB poamHn NF-kB, ska Bmiwye
saransHui JHK-38’a3ytounn gomen: (NF-kB1 (p50/p105),
NF-kB2 (p52/p100, Rela (p65), RelB i cRel. NF-kB
€ Of4HUM HambinbLw yHiBEpCanbHUM KNITUHHUM peryns-
TOPOM, SKWA Bigirpae BaxnMBy pPoOfb Y KMITUHHIN
nponidepalii, anonTosi, aHrioreHesi, 3ananeHHi, OCKiNnbkn
BiH perynoe eKCrnpecito reHis, Ak 3any4yeHi 4o Lmx npo-
ueciB [4]. Perynauia NF-kB curHanbHux wnsxie nopy-
WweHa npu 6GaraTbOX 3MOSKICHUX  3aXBOPIOBAHHSX,
y TOMY 4ucni N Npu 3axBOPIOBaHHAX Ha pak rpygHoi
3ano3n. Axtueauia NF-kB npussogntb no akrtusisadii
aHTMaNoOMNTUYHUX TeHiB, TUM camum 3abe3nedvye mexa-
Hi3M BWXMBaHHA KNITUH AN NPOTUCTOSHHA  disiono-
riYHOMY CTpecy, SKUWA BUKMNMKAE 3ananbHy peakLito.
MoegHaHHA OHKOMOriYHMX Ta 3ananbHUX MPOLECiB, Lo
CcynpoBoaXyloTbca  akTueidauieto  NF-kB, 3ymosnioe
BaXNMBICTb BMBYEHHS LbOro haktopa npu arpecuBHIn
dopmi BHPI'3, naTtoreHes Akoro noe’a3aHWin 3 KaHUepo-
reHesoM Ta pPO3BUTKOM 3ananbHuX npouecis. PisHoma-
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The paper is a fragment of the planned research
project of State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the National
Academy of Medical Sciences of Ukraine» «To develop
a program of complex treatment of patients with secon-
dary edematous breast cancer, taking into account the
mechanisms of the pathogenesis of the inflammatory and
edematous components of the aggressiveness of the
tumor process», state registration number: 0118U001712,
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for performance 01.2018-12.2020; led by Director
of State Organization «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy
of Medical Sciences of Ukraine», Doctor of Medical
Sciences, Professor M.V. Krasnoselskyi.

INTRODUCTION

Secondary edematous breast cancer (SEBC) is
one of the most malignant forms of neoplasms that
have unfavorable prognosis — 5-year survival does not
exceed 12-50% on average [1]. One of the most
prominent features of SEBC is severity of chronic
inflammation that is important for pathogenesis and
progression of the disease [2]. As of now, there is
evidence of association of carcinogenesis and inflamma-
tion [3]. The transcription factor (NF-kB) and cytokines
play a pivotal role in both inflammation and carcino-
genesis. NF-kB is a heterodimeric complex of Rel family
proteins. There are 5 proteins of NF-kB family that
contains a DNA-binding domain: NF-kB1 (p50/p105),
NF-kB2 (p52/p100), Rela (p65), RelB, and cRel. NF-kB
is one of the most universal cellular regulators, which
plays an important role in cell proliferation, apoptosis,
angiogenesis, and inflammation, since it regulates
expression of genes involved in this process [4]. The regu-
lation of NF-kB signal pathways is impaired in a lot
of malignant diseases, including breast cancer (BC).
The activation of NF-kB leads to activization of antipathic
genes, thereby maintaining the cell survival mechanism
to resist physiological stress that triggers inflammatory
reaction. The combination of oncological and inflamma-
tory processes, accompanied by activization of NF-kB,
is what makes studying this factor in aggressive form
of SEBC important, as pathogenesis of SEBC is asso-
ciated with carcinogenesis and development of
inflammatory processes. The variety of biological effects
of cytokines and their key role as mediators prove
their participation in inflammation and malignant neo-
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HiTHICTb GionoriyHnMx edekTiB UMTOKIHIB, X Kro4voBa
pornb SIKk MediaTopiB 3yMOBMHOE y4acTb MpuU 3ananeHHi
Ta 3MosiKicHMX HoBOYTBOpeHHsiXx [5]. [lepexpecHa
B32aEMOAISA MDK IMYHHUMW | 3MOAKICHUMKW KNITUHaMW,
O CTUMYIIHOE PICT NYXIUHW, ONOCEePEaKOBYETLCS LIMTOKI-
HaMu, €Ki aKTUBYKOTb OHKOreHHi daktopu NF-kB [6].
B imyHHux knituHax NF-kB cnpusitoTe npogykuii npo-
3ananbHUX UMTOKiHIB, Takmx sik IL-1, TNF-a, IL-6, IL-8,
wo onocepeakoByoTb aktuBauito NF-KB y pakoBux
KnitnHax [7]. B 3anexHocTi Big Aii Ha 3ananbHWiA nNpo-
Luec UMTOKIHM MOoJinaTbCa Ha 2 rpynu — nposananbHi
Ta npotm3ananbHi. TpaHckpunuinHum daktop NF-kB
iHOYKY€E npo3anarnbHi LUUTOKIHW, SKi peryniolTb iMyHHY
BignoBiab. 3B’s130K KOHUEHTpaLil LUMTOKIHIB 3 OCHOBHUMM
BMACTUBOCTAMW  3MOSKICHOT TKaAHWHW Hadae MOXu-
BiICTb BMKOPUCTaHHSI [AaHWX MOKa3HWKIB B SIKOCTi Map-
KepiB MyXNWHHOI Mporpecii Ta NporHo3dy paky rpygHol
3ano3un [8]. OTxe, gocnigXeHHs BMICTY npo3ananbHuX
uutokiHiB Ta NF-kB moxe gatu uiHHy iHdopmaLio npo
nepebir nyxnuHHoro npouecy. Haxanb, y [OCTynHii
nitepatypi 3ycTpivaeTbcs HebaraTo npaupb, siki npuces-
YeHi JOCniAXEeHHI0 LIMTOKIHOBOrO npodinto y cniBsigHO-
weHHi 3 NF-kB npu nyxnuHax rpygHoi 3anosu, 3okpema,
npu BHPI3, Big siknx 3anexuTtb sk nepebir 3ananbHOro
npoLecy, Tak i PO3BMTOK MYXIMHHOIO NPOLIECY.

Meta po6Gotu — BuBYeHHs BMicTy NF-kB-p105
Ta nposananbHux uutokiHiB (IL-6, IL-8, TNFa) y cupo-
BaTLi KpoBi Yy xBopux Ha BHPI'3.

MATEPIAAU TA METOAU AOCAIAXXEHHA

O6cTexeHo 87 xBopux (42 —Ha BHPI'3, 45 — Ha PI'3).
Bci xBopi nikyBanuca B [epxaBHii yCTaHOBI «IHCTUTYT
MeaunyHoi pagionorii Ta oHkonorii im. C.M. Mpurop’esa
HauioHanbHOT akagemii MeguuHuxX Hayk  YKpaiHu».
Yci nauieHTkm Gynu obcTexeHi 4o NiKyBaHHS.

42 xsopi Ha BHPI'3 y ctagii T4bN0-3MO 6ynu Bikom
34-71 p. (vmepiaHa 53,1 p.). Y 26 xiHOK Bia3HayeHa
MeHonay3a. lMpoTtokoBuin pak koHcTatoBaHo y 30 naui-
€HTOoK (71,43%), yactoukoBun — y 12 (28,57%). Myx-
nuHa Ginbwe 5 cm BusaBneHa y 20 ocib (47,6%), MeHwe
5cm -y 22 (52,4%).

lpyny nopiBHAHHA cknanu 45 XxBOpuX Ha MicueBo-
MOLUMPEHUI pak rpygHoi 3anosu 6e3 Habpsaky B cTagii
T3-4N1-3MO, Bikom 30-67 p. (megiaHa 52,3 p.), 19 na-
uieHTok Oynn y wmeHonaysi. [lyxnuHa noHag 5 cwm
Bu3HaveHa y 12 (26,7%), meHwe 5 cm — y 33 (73,3%)
naujieHToK. MNpoToKoBUIA pak AiarHOCTOBaHO y 33 XBOPWX
(73,3%), yactoukoBun —y 12 (26,7%).

Y rpyny koHTponto ysinwnu 10 nauieHTok 3 ibpo-
afeHoMamu, siki NPOXOaUNN NiKyBaHHA B HALUIN KNiHiL,.

BmicTt umTokiHiB (IL-1B, IL-2, IL-6, IL-8, TNFa) y cupo-
BaTLi KPOBi XBOPWMX BM3HA4Yanu 3a OOMOMOrOK TBEPAO-
asHoro iMyHo(EepMEHTHOIO aHanidy 3 BUKOPUCTaHHAM
cTaHpapTHux Habopis peaktusiB 3A0 «Bektop-bect».
BumiptoBaHHs npoBogunu  3a  OONOMOroOK  Hanis-
aBTOMaTU4YHOrO iIMyHOOE€PMEHTHOTO aHanisatopa
«Immunochem-2100» (CLLA).

Y BCiX XBOPWX OCHOBHOIi Ta rpynu NopiBHAHHSA BU3Ha-
Yanu BmicT cyboamHuui NF-kB1 (p105 — p50) y cupo-
BaTLi KpOBi MeTOAOM iMYyHO(PEepMEHTHOro aHanisy 3
BMKOPUCT@HHAM  CTaHgapTHOro  Habopy  peakTuBiB
«Human NFkB - p105 (Nuclear factor NF-kappa-B
p 105 subunit) ELISA Kit» («Elabscience Biotechno-
logy Inc. USA»). BumiptoBaHHA npoBogunu 3a A0ONOMOo-

plasms [5]. The cross-coupling between immune and
malignant cells, which stimulates tumor growth, is
mediated by cytokines that activate NF-kB oncogenic
factors [6]. In immune cells, NF-kB contribute to produc-
tion of pro-inflammatory cytokines, such as IL-1, TNF-q,
IL-6, IL-8, which mediate the activation of NF-kB in cancer
cells [7]. Depending on the effect on the inflammatory
process, cytokines are divided into 2 groups: pro-
inflammatory and anti-inflammatory. The transcription
factor NF-kB induces pro-inflammatory cytokines that
regulate immune response. The connection of cytokine
concentration with the main properties of a malignant
tissue allows these parameters to be used as markers
of the tumor progression and prognosis for BC [8].
Thus, the study of the content of pro-inflammatory
cytokines and NF-kB can provide valuable information
about the course of the tumor process. However, there are
few research papers that deal with association of cytokine
profile and NF-kB in breast tumors, including the ones
in SEBC, which effect both course of the inflammatory
process and development of the tumor process.

Objective — is to study the content of NF-kB-p105
and pro-inflammatory cytokines (IL-6, IL-8, TNFa) in the
blood serum of patients with SEBC.

MATERIALS AND METHODS

87 patients (42 with SEBC, 45 with BC) were
examined. All of them underwent treatment at State
Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical
Sciences of Ukraine». All the patients were examined
prior to treatment.

The age of 42 patients with T4bN0-3MO0 SEBC ranged
from 34 to 71 years (median 53.1). Menopause was
found in 26 women. The ductal cancer was found in
30 patients (71.43%), the lobular cancer — in 12 pati-
ents (28.57%). The tumor of more than 5 cm was detec-
ted in 20 individuals (47.6%), the tumor of less than
5 cm —in 22 individuals (52.4%).

The comparison group consisted of 45 patients
with BC, with their age ranging from 30 to 67 years
(median 52.3). They had T3-4N1-3MO non-edematous
locally advanced BC. 19 women were in menopause.
The tumor of more than 5 cm was detected in 12 pati-
ents (26.7%), the tumor of less than 5 cm — in 33 pati-
ents (73.3%). The ductal cancer was diagnosed in 33 pa-
tients (73.3%), the lobular cancer — in 12 patients (26.7%).

The control group consisted of 10 patients with fibro-
adenomas who underwent treatment at our institution.

The content of cytokines (IL-1B, IL-2, IL-6, IL-8, TNFa.)
in the blood serum of patients was measured using
the ELISA assay and CJSC «Vektor-Best» standard
assay kits. The measurement was performed using the
Immunochem-2100 American semi-automatic immuno-
assay analyzer.

The content of NF-kB1 subunit (p105 — p50) was
measured in all patients of the main group and the com-
parison group using the ELISA assay and the Human
NFkB — p105 (Nuclear factor NF-kappa-B p 105 subu-
nit) ELISA Kit («Elabscience Biotechnology Inc. USA»).
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rol HaniBaBTOMAaTU4HOrO iIMYHOEPMEHTHOrO aHanisa-
Topa «Immunochem-2100» (CLUA).

Bio nauieHTOK oOTpuMMaHo iHpopMOBaHy 3rogy Ha
ydyacTb Yy [JOCRiMKeHHi, sike npoBeAeHO BiAMNOBIAHO
[I0 OCHOBHMX GioeTUuHMX HopM ['enbciHebKoi aeknapallii
BcecBiTHbOI MepguyHOi acouiauii «ETWYHI  npuHUMNK
MEAMYHUX [OCHiKEeHb 3a Yy4yacTi IHAWMHWU Y SIKOCTI
o6’ekta gocnigxeHHsy (1964-2013 pp). MNpoTokonu go-
cnigkeHHss cxBaneHi KomiteTom 3 nuTaHb 6ioeTuku
Ta peoHtonorii Y «IHCTUTYT MeguuHoi pagionorii
Ta oHkonorii im. C.I. Npurop’eea HAMH Ykpainny.

CTaTUCTUYHUIA aHani3 gaHuX BUKOHyBanu 3a AOono-
MOroK nakeTa CTaTUCTUYHMX nporpam «Statistica» npwm
BMKOPUCTaHHI HenapamMeTpuyHWX METOAIB ANs Manunx
BMOipoKk, AaHi npeactaeneHo y surmsai Me [LQ; UQ],
Me — megiaHa, [LQ; UQ] — BepxHin Ta HWXHIN KBapTUIi.
Pesynbratv nopiBHIOBanM MiX rpynamy 3a LOMOMOIo
KpuTepito MaHHa—YiTHi. Po3bixxHoCTi BBaxanu cratuc-
TUYHO 3Hauywummn npu p < 0,05. KoedpiuieHT paHrosoi
Kopensuii Bu3Hadanu 3a metogom CnipmeHa.

PE3YAbTATU TA iX OBFOBOPEHHS

Y 42 xBopux Ha BHPI3, y 45 xBopux Ha PI'3 Ta
y 10 nauieHTOK 3 hibpoageHoMamMu 00 nikyBaHHS Oyro
Bu3HavyeHo piBeHb NF-kB-p105 Ta npo3ananbHux
LUMTOKIHIB y cnpoBaTLi kpoBi. [laHi HaBegeHi y Tabnuui 1.

The measurement was performed using the Immuno-
chem-2100 American semi-automatic immunoassay
analyzer.

The patients gave an informed consent for participa-
tion in the study that was performed in accordance
with the main bioethical norms of the World Medical
Association Declaration of Helsinki «Ethical principles
of medical research involving human subjects» (1964—
2013). The research protocols were approved by the
Bioethics and Deontology Committee of State Orga-
nization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical
Sciences of Ukraine».

The statistical analysis of the data was performed
using «Statistica» software package and nonparametric
methods for small samples. The data are presented
as Me [LQ; UQ]; Me is a median, [LQ; UQ] are upper
and lower quartiles. The results were compared between
groups using the Mann-Whitney U test. Differences
were considered statistically significant at p < 0.05.

The rank correlation coefficient was assessed
using the Spearman’s method.

RESULTS AND DISCUSSION

The level of NF-kB-p105 and pro-inflammatory
cytokines was measured in the blood serum of 42 pati-
ents with SEBC, 45 patients with BC, and 10 patients
with fibroadenomas prior to treatment. The data are
given in Table 1.

Ta6nuusa 1. PiseHb NF-kB — p105 y cupoBatui kpoBsi xBopux Ha BHPI'3, PI'3 3anexHo Big BMICTY Npo3ananbHUX LUTOKIHIB
Table 1. The level of NF-kB-p105 in the blood serum of patients with SEBC, BC
depending on the content of the pro-inflammatory cytokines

[pyna koHTponto OcHoBHa rpyna ['pyna nopiBHAHHSA
Control group Main group Comparison group
[MokasHuKm
Parameters PibpoageHoma (n=10) BHPI'3 PIr3
Fibroadenoma (n=10) n SEBC n BC
Me (2LQ, UQ) Me (L2Q, UQ) Me (2LQ, UQ)
IL-6, nr/mn 1,82 19,80*2 13,20*
IL-6, pg/mL (0,02—4,30) 14 (14,70-24,30) 15 (11,90-14,60)
NF-kB, Hr/mn 1,50 7,90*2 2,51
NF-kB, ng/mL (0,05-5,30) (0,80-16,80) (0,04-6,39)
IL-8, nr/mn 4,70 148,60** 58,20
IL-8, pg/mL (2,40-5,80) 14 (84,80-211,4) 15 (36,20-82,7)
NF-kB, Hr/mn _ 17,50* 3,09
NF-kB, ng/mL (16,80-17,50) (0,04-8,39)
TNFa, nr/mn 2,80 15,60*2 9,10*
TNFa, pg/mL (1,60-3,20) 14 (10,20-18,20) 15 (7,10-12,3)
NF-kB, Hr/mn _ 8,30*2 3,58
NF-kB, ng/mL (0,80-17,50) (0,04-11,8)
lMpumimku:

*3HavyLiCTb BiAMIHHOCTEN MK MOKa3HWKaMmn KOHTPOsbHOI Ta rpynamu BHPI3, PI3 (kputepin ManHa—YiTHi, p < 0,05).

A3HavyLicTb BigMiHHOCTEN M nokasHukamu rpyn BHPI3 ta PI'3 (kputepii MaHHa—YiTHi).

Notes:

*Significance of differences between the parameters of the control group and SEBC, BC groups (Mann—-Whitney U test, p < 0.05).
ASignificance of differences between the parameters of SEBC and BC groups (Mann—Whitney U test).

B oOcHOBHI rpyni xBopux Ta B rpyni MNOPIBHAHHSA
y cupoBaTtLi KpoBi 3HangeHa kinbkictb NF-kB, IL-6, IL-8,
TNFa, siKi MOXIMBO BUMIPATH.

AHani3 piBHIB nposananbHUX LMTOKIHIB y cupoBartLi
KpoBi y xBopux Ha BHPI'3 nokasaB 36inblUeHHs piBHiB
IL-6, IL-8, TNFa y 10,9 pa3u, y 31,6, y 5,6 BignosigHo,

The measurable amount of NF-kB, IL-6, IL-8, TNFa
was found in the blood serum of patients of the main
group and the comparison group.

The analysis of levels of pro-inflammatory cytokines
in patients with SEBC showed an increase in IL-6, IL-8,
TNFa levels by 10.9, 31.6, and 5.6 times, respectively,
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NopiBHAHHO 3 MokasHuMkamu ocib 3 cibpoageHoMamu.
Mpn PI3 Takox cnocrepiraeTbCa NigBULLEHHS PIBHSI MPO-
3ananbHux umTokiHiB IL-6, IL-8, TNFa y 7,2 pa3u, y 12,4,
y 3,2 pasu BignoBigHO, Y 3iCTaBneHHi i3 rpynokw nopis-
HSIHHS, ane MiABULLEHHS PIBHIB LUMTOKIHIB Ginblie npu
BHPI'3, Hix npu PI3. BusHadeHo, wo npu BHPI3
piBeHb IL-6, IL-8, TNFo 36inbwyetbcs y 1,4 pasu,
2,5 pas3n, 2,3 pasu, BignoBigHO, MNOPIBHAHO 3 MOKa3HU-
kamu npu PIr3. Hanbinbwum 6yB piBeHb LMTOKIHY IL-8.

[ns ouiHkn B3aemo3s’sa3ky NF-kB 3 BMiCTOM UMTOKIHIB
y cupoBartui kposi xBopi Ha BHPI'3 ta PI'3 6ynu posno-
JineHi no rpynam 3anexHo Bif pi3HUX LIUTOKIHIB. B KOXHI
3 Hux BM3Ha4vanu piseHb NF-kB. Ak BuaHo 3 Tabnuui,
cymapHuin piseHb NF-kB (B ycix rpynax) 36inbLuyBaBcs
B 11,7 pasu npu BHPI'3, a npu PI3 y 2,4 pa3n, nopis-
HAHO i3 ocobamu 3 pibpoageHomamu. PiBeHb NF-kB
y xBopux Ha BHPI'3 y rpynax 3 IL-6, TNFa 6yB BuLie,
Hi>X y rpynax npu PI3y 3,2 pasu ta 1,7 pasu BignosigHo.
BusasneHo, wo Haneuwuin piseHb NF-kB y rpyni 3 uuto-
kiHom IL-8 npu BHPI'3 6yB BuLle y 5,7 pasu, Hix npu PI3.

Y xBopux Ha BHPI3 BcTaHoBneHo kopensuii Mix
NF-kB Ta untokiHamu:

NF-kB 1a IL-8 (r = 0,80; p < 0,05)

NF-kB 1a IL-6 (r = 0,60; p < 0,05)

NF-kB ta TNFa (r = 0,60; p < 0,05)

Otxe, ocobnusicTio BHPI'3 € 36inblieHHss BMiCTy
NF-kB Tta IL-6, i TNFoa, Ta 3Ha4yHe nigBULLEHHS PiBHS
NF-kB Ta IL-8, nopiBHAHO Sk 3 nokasHukamu npu PI3,
Tak i 3 nokasHMkamum ocib 3 ibpoageHoMmamu.

Bigomo wo IL-8 — Hanbinbl akTUBHWUIA iHOYKTOp 3a-
naneHHs, piBeHb SKOro 3Ha4yHo niasuweHnn npu BHPI'3,
HanexuTb 0o CXC-xemokuHiB [9]. He meHWw Baxnuvea
BnacTtusicTb IL-8 y kaHueporeHesi [10]. Llei nposananb-
HWUI LIMTOKIH NOCUINIOE aHrioreHes, Biirpae BaXxxnmBy porb
y BWXMBAHOCTI eHAoTenianbHUX KNiTUH Ta ix nponidepa-
uii, iHribye anonTo3, MOCUMNIOE EKCMPECio aHTManonTUY-
HUX reHiB, 6epe yyacTb y hOpMyBaHHi pPe3NCTEHTHOCTI
00 ximionpomeHeBoi Tepanii, MeTacTasyBaHHS.

MynbTUdYHKUIOHaNbHUIA iHTEprenkiH-6 € HanbinbLu
BMBYEHMM MPONYXAMHHUM LUuTokiHOM [11]. 3a paHumun
niTepaTypu NiaBULLIEHHS PiBHS IL-6 3a yMOB 3nosikicHOro
npouecy CBiAYUTbL NPO HECnpuUATNUBUIA nepebir 3axBo-
ptoBaHHs [12]. BogHouyac Bigomo, wo IL-6 HanexuTb
0O HTEepnenkiHiB, SKi MOCUNIOITL 3anarneHHsl, LWo €
CNpUATNIMBUM (DOHOM B OHKOreHesi.

MposananbHuit  umtokiH  TNFa, piBeHb  sikoro
NiaBULLEHMIA, € NPOMOTOPOM 3ananeHHs1 Ta aHrioreHesy,
Lo cTuMyntoe nyxnuHy [13].

KputnyHoto B acouiioBaHOMy i3 3ananeHHsIM KaH-
ueporeHesi € dyHkuia NF-kB. Bigomo wo TpaHckpun-
uinHnn cpaktop NF-kB moxe BigirpaBaTn cyTTeBy pornb
npu XpoHiyHoMmy 3ananenHi [14]. NF-kB moxe 6yTtn
3anyvyeHuit 0o 3B’A3Ky 3 3anarneHHsM Ta KaHueporeHe-
30M, BCTaHOBNeHi 3B'a3knm Mixk NF-kB Ta nposananb-
HUMK LmTOoKiHamm [15]. OTxe, iMyHODepMeHTHUI aHani3
Bmicty NF-kB Ta nposananbHWX UUTOKIHIB Yy cupoBartLi
KpoBi y xBopux Ha BHPI'3 nokasas, Lo cnocTepiraetbca
3Ha4yHe MNiOBULLEHHSA Ta B3aEMO3B’A30K LMX aKTopis,
wo 3ymosnioe arpecuHicte BHPI'3, natoreHe3 skoro
NOB’A3aHMIN 3 KaHLIEpPOreHe3oM i pPO3BMTKOM 3anarnbHUX
npoueciB Ta € O03HaKOK HecnpusiTnueoro nepebiry
3axBoploBaHHA. Lle yarogxyeTbcs i3 gaHumm nitepa-
Typu WoAO pe3ynbTaTiB Mpo 3AaTHICTb K NMYyXIUHHUX
KNITWH, TakK i KNITKH, SIKi OXONMEeHi 3ananbHMM NpoLecom,

compared to the parameters of individuals with fibro-
adenomas. In BC, there was also an increase in the
levels of pro-inflammatory cytokines IL-6, IL-8, TNFa
by 7.2, 12.4, and 3.2 times, respectively, compared to the
comparison group, but the increase in the level of cyto-
kines was higher in SEBC than in BC. It was found that
the levels of IL-6, IL-8, TNFa increased by 1.4, 2.5, and
2.3 times, respectively, in SEBC, compared to the para-
meters in BC. The level of cytokine IL-8 was the highest.

To assess association of NF-kB and the content of
cytokines in the blood serum, patients with SEBC and BC
were divided into groups according to different cytokines.
The level of NF-kB was measured in each of the groups.
As can be seen from Table 1, the total level of NF-kB
(in all groups) increased by 11.7 times in SEBC and by
2.4 times in BC, compared to patients with fibroade-
nomas. The level of NF-kB in patients with SEBC
in groups with IL-6, TNFa was higher than in groups with
BC by 3.2 and 1.7 times, respectively. It was found that
the highest level of NF-kB was in the group with cytokine
IL-8. In SEBC, it was higher by 5.7 times than in BC.

In patients with SEBC, correlations between NF-kB
and cytokines were established:

NF-kB and IL-8 (r = 0.80; p < 0.05)

NF-kB and IL-6 (r = 0.60; p < 0.05)

NF-kB and TNFa (r = 0.60; p < 0.05)

Thus, one feature of SEBC is the increase in the con-
tent of NF-kB, IL-6, and TNFa, and also a significant in-
crease in the level of NF-kB and IL-8, compared to the pa-
rameters in BC as well as in patients with fibroadenomas.

It is known that IL-8 is a CXC chemokine receptor
and the most active inductor of inflammation, the level
of which significantly increases in SEBC [9]. The role
of IL-8 in carcinogenesis is no less important [10].
This anti-inflammatory cytokine contributes to angio-
genesis, plays an important role in the survival of endo-
thelial cells and their proliferation, inhibits apoptosis,
enhances expression of anti-apoptotic genes, partici-
pates in development of resistance to chemoradiation
therapy, metastasis.

The multifunctional interleukin-6 is the most studied
pro-tumor cytokine [11]. According to the literature data,
an increase in the level of IL-6 in a malignant process
indicates an unfavorable course of the disease [12].
At the same time, it is known that IL-6 is an interleukin
that enhances inflammation, which is a favorable fac-
tor for oncogenesis.

The increased level of anti-inflammatory cytokine
TNFa is a promoter of inflammation and angiogenesis,
which stimulates the tumor [13].

The function of NF-kB in inflammation-associated
carcinogenesis is critical. It is known that the transcrip-
tion factor NF-kB may play a pivotal role in chronic
inflammation [14]. NF-kB may be involved in the asso-
ciation with inflammation and carcinogenesis, as well as
with pro-inflammatory cytokines [15]. Thus, the ELISA
assay of the content of NF-kB and pro-inflammatory
cytokines in the blood serum of patients with SEBC
showed a significant increase and interconnection of
these factors, which contributed to the aggressiveness
of SEBC, the pathogenesis of which was associated
with carcinogenesis and development of inflammatory
processes, and it was also a sign of an unfavorable
course of the disease. It correlates with literature data on
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npogyktyBatu NF-kB Ta uuTOKiHKM, AKi
nporHo3 nepebiry 3axBoptoBaHHS [16].

3 ornagy Ha BUKMAZEHE MOXHa 3poOUTM BUCHOBKMU,
wo npu BHPI3 pouinbHo BM3Havatu piBHi NF-kB
Ta npo3ananbHUX UWUTOKIHIB ANsi XapaKTepuCTUKX arpe-
CMBHOCTI NyXNMHHOMO NpoLEecy Ta BMOOPY TaKTUKM MiKy-
BaHHS1, HanpaBfeHoOro Ha MpUrHiYeHHs npo3ananbHUX
NaHLUoriB OHKOreHe3sy.

noripyoTb

BUCHOBKHU

BusBneHa akTuBauis TpaHCKpunuinHoro dakropa
NF-kB-p105 Ta BiporigHe nigBuLLEHHS PiBHIB Npo3anarnb-
HUX LmMTOKiHIB (IL-6, IL-8, TNFa) B cupoBaTLi KpoBi XBOpUX
Ha BHPI'3, nopiBHsiHO 3 ocobamu i3 cibpoageHomamu,
CBiAYNTb MPO BUCOKWUMA KaHLEpPOreHHWW noTeHuian nyx-
NVHU Ta HAasABHICTb 3ananbHOro KOMMOHEHTA.

[MokasaHo, wo Hameuwmin piseHb NF-kB-p105 BusB-
nseTbea y rpyni xsopux Ha BHPI3 3 HavBuUwwmMM piBHEM
UMTOKiHIB IL-8.

BcraHoBneHo, wo y xsopux Ha BHPI'3 piBeHb TpaH-
CKpunuinHoro daktopa Ta npo3ananbHUX LMTOKIHIB
IL-6, IL-8, TNFao B cupoBaTLi KpOBi BipOrigHO BULLE, HiX
y xBopux Ha PI3, wo nigTBepaXye BUCOKY arpecus-
HICTb L€l (hOpMM 3aXBOPHOBAHHS.
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the ability of both tumor cells and cells with the inflamma-
tory process to produce NF-kB and cytokines that worsen
the prognosis for the course of the disease [16].

In view of the above-mentioned information, one may
conclude that it is relevant to measure levels of NF-kB
and pro-inflammatory cytokines to characterize agg-
ressiveness of the tumor process and select the proper
treatment aimed at suppressing pro-inflammatory
chains of oncogenesis.

CONCLUSIONS

It was found that there was activation of the tran-
scription factor NF-kB-p105 and a significant increase in
the levels of pro-inflammatory cytokines (IL-6, IL-8, TNFa)
in the blood serum of patients with SEBC, compared
to patients with fibroadenomas, which indicates high
carcinogenic potential of the tumor and the presence
of the inflammatory component.

It was demonstrated that the highest level of
NF-kB-p105 was detected in the group of patients
with SEBC with the highest level of cytokines IL-8.

It was also found that in patients with SEBC, the level
of the transcription factor and pro-inflammatory cyto-
kines IL-6, IL-8, TNFa in the blood serum was signifi-
cantly higher than in patients with BC, thereby confirming
severe aggressiveness of this form of the disease.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

[MepcnekTvBM nopanblvX AOCHIMKEHb BKHOYAOTb BUBYEHHS
MONEKYNSAPHNX MeXaHi3MiB, Ski 3abe3nevyloTb 3B'SI30K MiX
aktneauieto NF-kB Ta nigBulieHHAM piBHIB nposananbHuX
LUMTOKIHIB Yy Maui€HTOK 3 BTOPUHHO-HabPSAKOBMM paKkoM rpyaHoOi
3ano3n. OcCKinbku BCTaHOBMEHO, WO Ui akTopy ChNpusioTb
arpecyBHOCTI MyXJIMHHOMO Npouecy, nodanblui [OCHiMKEHHS
MOXYTb ByTW cnpsiIMOBaHi Ha Po3pO6Ky TepaneBTUYHNX CTpaTerin
ansa npurHiveHHs aktmBHocTi NF-kB Ta BignoBigHWX UMTOKIHIB
ONs MOKPALLEeHHSA NPOrHo3y Ta e(PeKTUBHOCTI MiKyBaHHS.

Takox BapTO 30CepeauTUCs Ha MOLWyKy HOBMX Giomapkepis
ONS paHHbOi AiarHOCTVKM Ta NpOrHo3yBaHHA nepebiry 3a-
XBOPIOBaHHS, WO MOXe cnpusaTtv 6Ginblw TO4HOMY BubOpyY
iHOUBIAyanbHUX TepaneBTUYHUX NigxodiB. |HWWMA Baxnveun
HanpsMok — pocnigpkeHHs poni NF-kB Ta nposananbHux
LUMUTOKIHIB Yy (DOPMYBaHHI PE3NCTEHTHOCTI A0 XiMiONpOMEHEBOI
Tepanii, o MOXe BiOKPUTW HOBi MOXIMBOCTI ANS MiABULLEHHS
YYTNUBOCTI MYXITUH [0 MiKyBaHHS.

KoHAIKT iHTEpeciB

ABTOpU 3asBNAOTL NPO BiACYTHICTb KOHMMIKTY iHTEPECiB.

IHdbopmalis Npo dpiHAHCYBAHHSA

®diHaHcyBaHHs BUaaTkamu [epxkaBHoro 6romxety YkpaiHu.

BIAOMOCTI NMPO ABTOPIB

Binuin OnekcaHgp MukonahoBuY — kaHAMAAT MeOUYHUX
HayK, AOueHT kadbedpu OHkonorii, paaionorii Ta pagiauinHoi
MeanumHu XapkKiBCbKOro HauioHanbHOro yHiBEpcuTeTy
im. B.H. KapasiHa MiHicTepcTBa ocCBiTM i Hayku YkpaiHu;
CTapLuniAi HaykoBWUIA cniBpOBITHKK, Nikap-OHKOXipypr BiadineHHs
OHKornorivHoi xipyprii JepxaBHoi ycTaHOBM «IHCTUTYT Megwu-
Hoi pagionorii Ta oHkonorii im. C.IN. Mpurop’eBa HauioHanbHoi
akageMii MegunyHUX Hayk YkpaiHw»; Byn. Ipuropis Ckosopoaw,
6ya. 82, m. Xapkis, YkpaiHa, 61024;

e-mail: abely@ukr.net

mo6.: +38 (067) 280-73-89

BHecok aemopa: o6cmexXeHHs ma Jliky8aHHsI X80puX,
HarucaHHs mekcmy cmammi.

MitpsieBa Hatanisa AHppiiBHa — fokTop GionoriyHux Hayk,
cTaplmiAi HaykoBuiA cniBpobiTHWK, 3aBigyBauyka nabopaTopil
pagiauinHoi oHkonorii [epxaBHOi ycTaHOBU «IHCTUTYT mMeany-
Hoi pagionorii Ta oHkonorii im. C.IN. Mpurop’eBa HauioHanbHoi
akagemii MegunyHUX Hayk YkpaiHw»; Byn. puropis Ckosopoaw,
6ya. 82, m. Xapkis, YkpaiHa, 61024;

e-mail: radoncol_lab@ukr.net

Mo6.: +38 (066) 558-43-92

BHecok aemopa: aHania ompumaHux pe3yrnbmamis,
KopezysaHHs1 mekcmy cmammi.

13. Cruceriu D, Baldasici O, Balacescu O, Berindan-Neagoe |. The dual
role of tumor necrosis factor-alpha (TNF-a) in breast cancer:
molecular insights and therapeutic approaches. Cellular oncology.
2020;43(1):1-18. DOI: https://doi.org/10.1007/s13402-019-00489-1

14. Doostmohammadi A, Jooya H, Ghorbanian K, Gohari S,
Dadashpour M. Potentials and future perspectives of multi-target
drugs in cancer treatment: the next generation anti-cancer
agents. Cell communication and signaling. 2024;22(1):228. DOI:
https://doi.org/10.1186/s12964-024-01607-9

15. Zinatizadeh MR, Schock B, Chalbatani GM, Zarandi PK, Jalali SA,
Miri SR. The Nuclear Factor Kappa B (NF-kB) signaling in cancer
development and immune diseases. Genes & diseases.
2020;8(3):287-97. DOI: https://doi.org/10.1016/j.gendis.2020.06.005

16. Zhao H, Wu L, Yan G et al. Inflammation and tumor progression:
signaling  pathways and targeted intervention. Signal
transduction —and  targeted therapy. 2021;6(1):263. DOI:
https://doi.org/10.1038/s41392-021-00658-5

Prospects for further research

The prospects for further research include the study of mole-
cular mechanisms that ensure the connection between NF-kB
activation and increased levels of pro-inflammatory cytokines
in patients with secondary edema breast cancer. Since it has
been established that these factors contribute to the aggressive-
ness of the tumor process, further research may be aimed at
developing therapeutic strategies focused on inhibiting the
activity of NF-kB and the corresponding cytokines to improve
prognosis and treatment efficacy.

It is also worth focusing on the search for new biomarkers
for early diagnosis and disease course prediction, which may
contribute to a more accurate selection of individualized
therapeutic approaches. Another important direction is the study
of the role of NF-kB and pro-inflammatory cytokines in the
formation of resistance to chemoradiotherapy, which may open
new opportunities for enhancing tumor sensitivity to treatment.
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