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IIEPBUHHOI MyXJINHU, & 1 CTPUMYBATH 11 IIOMIUPEHHS.

Haxonuyena 6a3za 1aHuX CBIIYUTH MPO OaraToacleKTHY JIIF0 KOPEHs iIMOupy Ta
HOro CKJIaJIOBUX Y KOHTEKCTI MPOTUNYXJIMHHOI Teparnii. [Ipore ciig 3BepHYyTH yBary
Ha KUTbKa OOMEKEHb: OLIBINICTh JOCTIIKEHb MPOBEICHO in Vitro ado Ha TBapuHAaX;
KIIHIYHI JaHl 100 MyXJUHHOI Teparii oOMexXeHi; 03yBaHHS, 010I0CTYIHICTb,
MeTaboIi3M aKTUBHHX CITOJIYK 1€ HEJOCTaTHhO BUBUEH1. Hampukiian, BUKOpUCTaHHS
HAHOEMYJIbCIH 1IMOMpPHOI oJlii 3HA4YHO MoKpammio edekr. Bzaemonis iMOupy 13
CTaHJAAPTHUMM OHKOJIOTIYHMMHM MpernapaTaMud MoTpeOye A0JaTKOBOIO BUBYEHHS:
CHHEpPri3M YH IMOTEHIIHI NpoTuiiexkHl edekTu. Xoua edeKTH TEeMOHCTPYIOThCS B
PI3HHX THMaX MyXJIWH, KOHKpETHAa €(QEKTUBHICTh MOXE BapilOBaTH 3aJECKHO BIJ
rICTOJIOTI, CTajli, MIKpPOOTOUEHHS MyXJIUHU. OTKe, KOPiHb IMOUPY, NEPCIEKTUBHUIMA
MpUPOAHUH 3aci0 13 OaraTbMa 010XIMIYHUMU MILIEHSMU, alie ioro TpaHcdopmariis B
KJIIHIYHY OHKOJIOT1YHY MPAKTUKY NOTPEOy€e MOAATBIINX JTOCHTIIKEHb

BucunoBku. Kopius iMOupy (Zingiber officinale) MicTUTh aKTUBHI KOMITOHEHTH
(6-gingerol, 6-shogaol Ta iH1111), SIK1 MatOTh TPOTUITYXJIMHHY JI110 Yepe3 OararopiBHEBE
MOJIyJTIOBaHHS 010XIMIYHHUX Ta CUTHAJIBHUX MpoiieciB. OCHOBHI 010XIMIYHI MEXaHI13MHU
BKJIIOYAIOTh:  OJIOKYBaHHS  KIITUHHOTO  IWKIYy  (mpoiideparii),  1HAYKIIIO
anonTo3y/aBTodarii/ayTo3ucy, 3HM)KEHHS 3alalieHHd Ta OKHUCHOTO  CTpecy,
1Hr1I0yBaHHs aHTiOreHe3y, 1HBa3li Ta MeTacTa3yBaHHS. KIlloUOBHMM CHTHaJIbHUMU
mimensamu € NF-kB, PI3K/Akt, MAPK, STAT3, MMPs, muxnian/CDK Ta 1am1. Xoua
€KCIIEpMMEHTAJIBbHI JITaHl 0araToo011sI04l, KIIHIYHA peaizalis MOKU 10 oOMeKeHa:
HEOOX1JH1 JOCHIJDKEHHS Ha JIOASX, ONTuMizailis GOpMyIrOBaHHS (HANPUKIA,
HAHOEMYJIbCIi) Ta BUBUCHHS B3a€MOJIIT 3 ICHYIOUMMU TEPAITisIMU.

Y nepcrnekTuBi KOpiHb IMOMpPY MOKE€ BHUCTYyNaTH SIK JOMOMIXKHHUN a0o
aJ’IOBaHTHUW 3aci0 y OHKOJIOrii, OCOOJMBO 3a YMOBH HAJIEKHOTO HAyKOBOTO
OOTPYHTYBAHHSI Ta CTaHJAPTHU3ALIII.

KEY MECHANISMS OF CARCINOGENESIS
Tishchenko 1.Yu.!, Dubinina N.V.?2, Filimonova N.L.!, Misiurova S.V.!
IKharkiv Institute of Medicine and Biomedical Sciences, Kharkiv, Ukraine
’National University of Pharmacy, Kharkiv, Ukraine
irina2okt@gmail.com

Introduction. The main characteristics of a malignant tumor are uncontrolled
growth, cellular atypia, invasion, and metastasis. Autonomous, or uncontrolled, growth
is the primary characteristic of tumors. However, tumor autonomy does not mean

complete independence from the host organism. Tumor cells require nutrients and
oxygen to grow, proliferate, and invade. If the tumor's blood supply is impaired, areas


mailto:irina2okt@gmail.com

Il International scientific and practical online conference

November 07, 2025, Kharkiv, Ukraine

of necrosis develop, accompanied by tissue breakdown. Furthermore, tumor cells are
constantly exposed to the influence of normal cells, elements of the endocrine
microenvironment, the immune system, and various cytokines. Tumor cells themselves
also constantly produce various metabolites, toxic substances, oncoproteins, growth
factors, and hormones that affect the host organism.

Tumor cell autonomy is based on disruption of intercellular interactions due to
the auto-, para-, and endocrine effects of oncoproteins and cytokines (growth factors,
tumor necrosis factors, interferons). One of the main causes of disruption of
intercellular interactions during tumor growth is genomic and/or epigenomic
rearrangements in the tumor cell, leading to changes in the cell's structure and function.
The nature of disruption of intercellular interactions in a tumor constantly changes
during tumor progression. Tumor autonomy reaches its maximum at the metastatic
stage.

Aim of the study. To analyze modern research in the field of etiology and
pathogenesis of tumor growth, and also to study the main mechanisms of the stage of
transformation of a normal cell into a tumor cell.

Materials and methods. Analysis of modern scientific research and literary
sources in the field of pathophysiology, genetics, oncology.

Results and discussion. Activation of proto-oncogenes and their transformation
into active cellular oncogenes under the influence of various carcinogenic factors is a
key variant of cell genome damage during its malignant transformation. The following
basic mechanisms of activation of proto-oncogenes are described:

1. Activation with the participation of retroviruses and less often
DNA-containing viruses (papovaviruses), integrating their genes into the DNA of the
host cell and modulating the activity of nearby proto-oncogenes of the host.

2. Translocation of sections of chromosomes carrying proto-oncogenes, which
leads to contact of proto-oncogenes with strong modulators of gene expression.

3. Gene amplification. The multiplication of copies of proto-oncogenes will lead
to an increase in the probability of their activation into oncogenes.

4. Point mutations. They can be accompanied by activation of proto-oncogenes.

After the activation of oncogenes, the synthesis of proteins, which are called
oncoproteins, increases or begins. All known oncoproteins participate in the
transmission of mitogenic signals to cells with the only difference that they can act at
various stages of growth signal transmission.

According to their functional activity and similarity to elements of the mitotic
signal chain, all oncoproteins can be divided into: 1) oncoproteins — growth factor
homologues (c-sis; int-r; k-fgt; c-erbB; c-neu); 2) oncoproteins — homologues of
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receptors for growth factors (ras family); 3) oncoproteins associated with the work of
receptors — analogues of G-proteins (src; fps; fes; abl; met); 4) oncoproteins that
transmit growth signals to DNA (fos; jun; myc families).

Oncoproteins are able to stimulate the proliferation of tumor cells, including in
the mitotic cycle. The transition from GO to G1 is controlled by "immediately
responsive" oncogenes - families of fos, jun. C-myc also acts on this transition, but
later, and c-ras — on the transition from G1 to S and requires the additional action of
growth factors or activation of the genes of the first two families. The transition from
G2 to M is controlled by the mitosis-promoting factor (MPF), which is represented by
several proteins that are not oncoproteins. However, one of the FPM proteins,
Ca*"-dependent protein kinase (eds 2), is activated through phosphorylation with the
participation of the oncoprotein c-src.

In addition, during tumor growth, changes occur in the system: the growth factor
is a sensitive tumor cell, an increase in the production of growth factors and the
synthesis of the corresponding receptors are recorded, which leads to the stimulation
of tumor growth by an autocrine mechanism. The production of growth factors by
tumor cells can cause the activation of proto-oncogenes and the proliferation of non-
neoplastic nearby cells via the paracrine pathway.

Cells contain genes that suppress cell division (anti-oncogenes). This is first of
all the gene encoding protein (phosphoprotein) pS3. When the p53 gene is mutated or
the p53 protein is chemically modified, it binds to the cell and stimulates cell growth.
Proteins with a high degree of homology with p53 - p63 and p73 are also found in cells,
which, unlike p53, are expressed only in selected tissues and in certain periods of
development. The second anti-oncogene is the Rb-1 gene, one of its products is the
p105 Rb protein, which forms a complex with the T-antigen of the SV-40 oncogenic
virus and the EIA oncoprotein. Consequently, not only the loss of the anti-oncogene,
but also its suppression lead to cell transformation. Inactivation of p105 Rb occurs
under the action of many DNA-containing viruses: adenoviruses; polyoma and
papilloma viruses, SV-40.

Chemical carcinogens mainly cause point mutations and contribute to the
activation of promoters, which leads to the transformation of proto-oncogenes into
active oncogenes.

Classic carcinogens include N-acetylaminofluorene, nitroquinoline-1-oxide,
polycyclic hydrocarbons such as 3,4-benzapyrene, and vinyl chloride. Dimethyl
sulfate, = P-propiolactone, = methyl = methanesulfonate, nitrogen = mustard,
dialkylnitrosamine, cycasine, ethionite, urethane, and carbon tetrachloride are among
procarcinogens that turn into carcinogens in the body.
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The process of chemical transformation is quite long, the transformation occurs
due to multiple effects on the DNA structure.

Among the physical factors, the impact of which leads to malignant cell
regeneration, the most important are ultraviolet, X-ray and gamma radiation, foreign
bodies, and hyperthermia. The primary cause of transformation under the action of
ultraviolet radiation and ionizing radiation is their mutagenic effect.

The variety of causes leading to the development of tumors is the main obstacle
to the creation of effective methods of treatment of oncological diseases. At the
molecular level, this diversity is observed even among tumors belonging to the same
histological type.

The only change common to the vast majority of malignant neoplasms is the
activation of the telomerase enzyme. Stimulation of uncontrolled division due to the
activation of oncogenes is directly related to the replication factor E2F. The action of
E2F is controlled by the Rb protein. This protein exists in two forms: phosphorylated
and non-phosphorylated. In its unphosphorylated form, it is able to bind to E2F and
block its activity. In turn, Rb is under the control of cyclin-dependent kinases (Cdk).
Inhibitors of these kinases are proteins INK4, Kip 1, WAF1. Oncoprotein from the myc
family interferes with the action of inhibitors of cyclin-dependent kinases and is able
to activate the E2F gene.

Ionizing radiation or chemical carcinogens activate the p53 protein, which, with
the help of WAF1, delays the initiation of replication until repair enzymes complete
the removal of DNA damage. Preventing mutagenesis in general, p53 reduces the risk
of such mutations that contribute to the transformation of a normal cell into a cancerous
one. Absence of functioning p53 is observed in approximately 50% of human cancer
cases. The body's natural defense against tumor cells is their recognition and
destruction by apoptosis. However, it is known that transformed cells acquire
significant resistance to apoptotic death, in particular, due to the high level of
expression of the protein bcl-2, which stops apoptosis, or due to the loss of functional
activity of p53.

The activity of telomerase, apparently, is under the control of nodal components
of the cell division system - cyclin-dependent kinases, proteins Rb, E2F. Some
signaling molecules: myc oncoproteins, estrogens can act directly on the promoter of
the hTERT gene, as well as indirectly through the action on p53 or the TER1 gene.

Probably, there are several levels of regulation of telomerase activity, which can
be implemented in different conditions and tissues. However, the fact that telomerase
activation is a key moment in the transformation of a normal cell into a malignant
tumor cell is indisputable.
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Conclusions. Thus, carcinogenesis is a multi-stage process of accumulation of
genetic defects in the cell, causing its constant mitogenic stimulation, insensitivity to
anti-growth and pro-apoptotic signals, unlimited proliferative potential, angiogenesis,
invasion and metastasis.

CEJIEKTUBHI IHTI'TBITOPHU 3BOPOTHOI'O 3AXOIIJIEHHSA
CEPOTOHIHY TA NIEPEIMEHCTPYAJIbHUM CUHJIPOM
Porosa O.€.
Huinposcbkuii [epxaBauit Mennunuii YHiBepcurert, Hinpo, Ykpaina
rohozao24@gmail.com
Beryn. Ilepeamencrpyansuuii cunapoM (IIMC) — ne moennanHs (i3uyHUX,

[ICUXOJIOTIYHUX Ta COLIAJIBHUX CHMITOMIB Yy JKIHOK PENpPOAYKTUBHOIO BIKY, a
nepeaMeHCcTpyanbHuil aucopruyunuii posnan (IIMIP) — ne BaXKuil TUII CUHIAPOMY,
0 ypaxkae 6Ju3bKko 3-5% >KIHOK, paHillie BiTOMHM K AUCHOPUYHUN pO3Taj Mi3HBOI
moreinoBoi ¢aszu (JPJI®). OOuasa cCUHAPOMHU BUKIUKAIOTH CUMIITOMU MPOTATOM
JIBOX THKHIB JI0 MEHCTpyallii (JroreinoBa ¢asza). CenekTuBH1 iHT101TOpU 3BOPOTHOTO
3axoruieHHs cepoToHiny (CI33C) Bce yacTiiie BUKOPUCTOBYIOTHCS K Tepaltisl MepIioi
miii ans gikyBaHHs [IMC, OCKIIBKM BOHHM BBaXKalOThCS €(EKTUBHUMHU TS
3MEHIIEHHS] CAUMIITOMIB, JIO SIKUX MOKEMO BIJTHECTHU: €MOII1iHI 3Mi1HH (ITOPA3IIUBICTb,
TPUBOXKHICTb, MJIAKCUBICTH, MEpPENaau HACTPOIO), (P13UUHI MposiBU (OUTh y TPpyasx Ta
YKUBOT1, TOJIOBHUM O1J1b, 3Ty TTS )KUBOTA, HAOPSKH), @ TAKOXK 1HIII O3HAKH, IK-OT BTOMA,
HNOPYILIEHHS CHY, MIIBUILIEHUH anleTUT, ab0 BUCUTIAHHS.

Metoro 6aratbox JOCIIKEHB Ha 110 TEMY € OIIHKA Ta BUBUCHHSI €(DEKTUBHOCTI
ta 6e3neku CI33C y 3MeHIIEHHI CUMOTOMIB MEPEIMEHCTPYAIbHOTO CHHIPOMY Y
AKIHOK 3 JIIarHO30M TSKKOTO MEPEIMEHCTPYATIbHOTO CUHIPOMY .

Pe3yabTarn Ta 00roBopeHHsi. ['0OBOpsuM NpoO OCHOBHMI MEXaHI3M [ii, TO
CI33C 3011b11yI0Th MO3AKIITUHHUI PIBEHb HEUPOTPAHCMITEPA CEPOTOHIHY, 3aBASKU
00MEXEHHIO Moro peadbcopOlii MPECUHANITUYHOK KIITUHOK Ta MIJBUIICHHIO TaKUM
YMHOM B CHHANTUYHIM IIIJIMHI PIBHS CEPOTOHIHY, IOCTYMHOTO HJisi 3B’SI3yBaHHS 3
MOCTCUHANTUYHUM perentopoM. [Hmmmu crnoBamu, antunenpecuBHa mis CI33C
noJisirae y OJIOKyBaHH1 3BOPOTHOTO 3aXOIJICHHS (peanTeiika) CepOTOHIHY HEHPOHAMH,
Kl HWOTO BHUIUISIOTH, L0 MPU3BOAUTH J10 30LIBIIEHHS KUIBKOCTI CEPOTOHIHY B
CUHANTUYHINA LIIIMHI. 3 BIUIMBOM Ha CEPOTOHIHOBI PELENTOPHU MOB’SI3YIOTh TaKl
e(eKTH, SIK KOPEKI[iSl 3HM)XEHOrO0 HAaCTpPOIO, 3HM)KEHHS BITaJbHOI TYTW, TPUBOTH,
b 0061, aneTuTy, JIETKUN aHaTeTUIHUN e(EeKT.

HaykoBusimu  Oyno  3MIMCHEHO  €JIEKTPOHHWM  TMOMIYK  BiJMOBITHUX
PaHIOMI30BaHUX KOHTPOJBOBAHUX JIOCTIIHKEHb Yy CIHEMiali30BAHOMY PEECTpi
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