https://qazaqgjournal.kz/ ISSN: 2959-1279

UDC616-006:577.21:57.086.83

APOPTOSIS AS A WEAPON, NECROSIS AS A THREAT: A
BIOPHYSICAL PERSPECTIVE ON ONCOLOGY

Taibagarova Inzhu
Student, International Faculty, Paediatrician, Asfendiyarov Kazakh National
Medical University, Almaty, Kazakhstan

Scientific supervisor: Abdrassilova Venera Onalbayevna

Cellular death is the founder of the biological process that ensures homeostasis
and functioning of all tissues of the body. Under the usual situation, the cells go
through the renewal process every time: they die, creating new ones or are deleted if
the functionality is violated. There are many types of cell death, and among them the
key omes are apoptosis and necrosis, which at their time have biophysical and
molecular features. Violation of such processes leads to oncological diseases, where
apoptosis contributes to the growth and strengthening of the tumor's immunity, and
necrosis forms an inflammatory environment in tumor tissues and cancer progresses.
This article examines the biophysical mechanisms of apoptosis and necrosis, the role
in oncogenesis, modern research methods and the clinical significance of the
diagnosis and treatment of tumors.
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Oncology is one of the most severe, but widespread and relevant areas of
medicine, as malignant tumors lead to a large number of deaths around the world.
Cellular death occupies a fundamental place in understanding how cancers are
formed and progress. Apoptosis-programmed cell death at the genetic level necessary
to remove dangerous cells or cells with impaired functionality. If this process fails,
the cells carrying mutations continue to divide and increase the growth of tumor
development. Necrosis - occurs with hypoxia, ischemia, toxic poisoning, that is, with
extreme cell damage. Unlike apoptosis, necrosis has two outcomes: in the first it
destroys the tumor, and in the second it creates inflammation and angiogenesis that
appear as a result of necrotic decay, thereby establishing a favorable environment for
cancer progression. Thus, the study of the biophysics of cell death allows us to
understand the pathogenesis of cancer and develop new approaches to its treatment.
The protective mechanism of our organism, that is, apoptosis, allows you to eliminate
defective cells, which are disturbed during the formation of tumors. The main
biophysical mechanism of apoptosis is associated with a violation of the membrane
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permeability function in mitochondria. In cases where signal cascades are activated
or damaged in the membrane, MPTPs (mitochondrial permeability transition time)
are formed, thanks to which cytochrome is released into the cytoplasm and further
triggers the caspase cascade and leads to cell death. Proteins of the Bcl-2 family
block mitochondrial apoptosis in oncology, in most tumors, Bcl-2 hyperexpression
leading to the avoidance of death is seen. For example, follicular-type lymphoma
contains a diagnostic marker Bcl-2. Ionic ducts also play an important role in which
Ca*+ activates endonucleases that lead to DNA degradation. For example, it is in
calcium ion channels that mutations are often observed, which give advantages to
tumor cells. And at the final stage, the cell is divided into apoptotic bodies, the
phagocytic of which macrophages without further inflammatory reactions. This gives
an advantage to the body as it protects against further damage. At the moment, drugs
such as paclitaxel are widespread, doxorubicin acts by inducing mitochondrial
apoptosis in tumor cells. Uncontrolled cell death, in other words, necrosis in
oncology is typical in fast growing tumor diseases where problems with blood supply
are observed. With hypoxia and ischemia, the cell lacks oxygen and nutrient medium,
which leads to an energy crisis. As a result, the cell has a disruption of the ion pumps
and the loss of osmotic balance, leading to swelling of the organelles and eventually
rupture of the membrane. Also, a large number of active forms of oxygen harm lipids
and DNA. In tumors, stimulation of mutation, increased malignancy and death of cell
parts is caused by increased oxidative stress. For example, in kidney cancer, massive
areas of necrosis are associated with low patient survival. Modern science offers a
whole set of methods for studying cell death. One of the popular tools is Annexin V
(fluorescent marker) which binds to phosphatidylserin exponenting on the surface of
apoptotic cells, while propidium iodide penetrates into necrotic cells. Such studies
help to distinguish between the processes of apoptosis and necrosis. Confocal
microscopy 1s used for a detailed study of morphological changes, which makes it
possible to rebuild the nucleus, cytoskeleton in real time. Another advanced approach
is AFM (atomic force microscopy), which evaluates the mechanical properties of
tumor cell membranes: in the process of apoptosis, cells become stiffer, while during
necrosis, they lose elasticity. Treatment of tumors is often based on stimulation of
apoptosis. Various types of chemotherapy drugs, such as cisplatin or etoposide, as
well as targeted drugs, including Bcl-2 family inhibitors (e.g. venetoclax), trigger
chains of reactions that lead to programmed cell death, which ensures effective
destruction of cancer cells. The main problem remains the resistance of tumors to
treatment. Often, malignant cells develop resistance to therapy due to mutations in
the p53 gene or increased expression of anti-apoptotic proteins. As a result, tumors
become less susceptible to standard methods of treatment, which pushes the search
for new approaches. Unlike apoptosis, the necrogenic process in the tumor is most
often seen as a negative factor predicting an unfavorable outcome of the disease.
Thus, in breast cancer and sarcomas, large areas of necrotic tissues reliably correlate
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with the worst prognosis for patients and a more aggressive course of the disease.
One of the promising areas of research is the management of various pathways of cell
death. For example, redirecting necrotic processes to apoptosis can help reduce
inflammatory activity and improve prognosis. Also, the activation of alternative
mechanisms of cell death, such as necroptosis or pyroptosis, can be a promising
strategy to overcome drug resistance, especially in situations where traditional
apoptotic pathways are blocked. In conclusion, the role of apoptosis and necrosis in
oncology is different. Apoptosis can be considered as the "correct" mechanism of cell
death. Thus, during the study on colorectal cancer (n=104), a high apoptotic index
(Al > 4.1%) was associated with a significantly better five-year survival rate at stage
C (68% vs. 33%) (PubMed ID: 9525002). This confirms that the mechanism of
apoptosis can be a favorable prognostic marker and increase the effectiveness of
treatment. But apoptosis entails not only a positive result and in some aggressive
tumors, a high apoptosis rate shows only a high cellular exchange, where
proliferation occurs. In addition, many types of cancers develop immunity to
apoptosis due to p53 mutation, Bcl-2 or caspase failure. On the other hand, necrosis is
more often a negative prognostic marker. According to the I-1I stage cancer study,
necrosis was observed in 45.1% of patients and showed the worst results of five-year
overall survival (PFS = 62.7%). At the same time, this almost doubled the risk of
death (HR = 1.9) (PubMed ID: 38727689). Necrotic zones create a microenvironment
with hypoxia, inflammation and tumor progression.
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AIIOIITO3 KAK OPY’KHE, HEKPO3 KAK YI'PO3A:
BUO®PU3INYECKHUU B3I'JIAA HA OHKOJIOI' 11O

Tauoazapoea Huircy

Hayunbiii pykoBoautesb: Abapacuiona B.O.

Knemounas cmepms  a6nsemcsi  OCHOBHLIM — OUOJIO2UYECKUM — NPOYECCOM,
obecneuusaOwumM 20Meocmas U QYHKYUOHUPOBAHUe 8ceX MKaHeu opzaHuzma. B
HOPMAJIbHBIX VCII08UAX KIemKU NpOXo0am npoyecc OOHOBIEHUs: OHU Nno2ubaiom,
cosoasas Hogvle, unu yoansromcs npu Hapywienuu ux @yuxyuu. Cywecmeyem
MHONCECMBO MUNO8 KIEMOYHOU CMepmu, cpeou KOMOPbIX KII0Ye8bIMU ABIAI0OMCA
anonmo3 u Hekpos, obnadarowue ceouMU OUODUSUYECKUMU U MOJEK)IAPHbIMU
ocobennocmamu.  Hapywenue smux npoyeccos npusooum K  paseumuio
OHKONO2UYECKUX 3a00e8anuil: anonmo3 cnocoocmeyem pocmy U YKPenieHuio
UMMYHUmMema OnyxXoau, moz20a Kax HeKpo3 gopmupyem 60Cnaiumensuylo cpeoy 8
MKAaHAX onyxoau u ycKopsiem npozpeccuposanue paxa.
B cmamve paccmampusaromes buoguzuieckue MexaHusmvl anonmo3sa u HeKpo3d, ux
POJIb 8 OHKO2eHe3e, COBPEMEHHble MemOoObl UCCIe008AHUsL, A MAKNHCe KIUHUYECKOE
3HaueHue 0/ OUASHOCMUKY U JIeYeHUsI ONYXOell.

KiawuyeBble cjioBa: armonro3, HEKpo3, KIETOYHas CMEpTh, Onoduznueckue
0COOCHHOCTH, OHKOJIOTHSI, JUATrHOCTHKA, JICUCHHE.

AITIOIITO3 - KAPY, HEKPO3 — KAVIII: OHKOJIOT'UAT A
BUOPU3UKAJIBIK KO3KAPAC

Tanbazaposa Inscy
FrolibiMu sketexii: A6apacunosa B.O.

Kacywanvix enim — opeanusmoezi 0apivlk mMiHOepOiy 20MeoCmAa3blH JHCIHE
KbI3MemiH KamMmamacwl3 ememin He2izel Ouonocusnvly npoyecc. Kanvinmol
AHCAROAUOA HCACYULANAP HCAHAPY NPOYeCiHen omedi: 0aap OJlin, HCayaiapvl my3ineoi
Hemece Kbvlzmemi OY3blI2aH Hca20auoa Hcouvliadvl. Xacywa 6niMiHiy KenmezeH
mypepi bap, onapoviy iwinoe Helizeinepi — anonmo3s Oen HeKpo3, dPKALCHICLIHLIH
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O3IHOIK OUODUBUKATBIK JHCIHE MONEKYIaNblK epeKkuenikmepi oap. byn npoyecmepoin
OY3bLIYbL OHKOJNOSUSILIK AYPYAApObly OAMYbIHA dKeledi: anonmo3 iCikmiy ecyiHe
JHCOHE OHBIY UMMYHUMEMIH Kyulelimyae bIKnal emce, HeKpo3 icik minoepinoe KaObiHy
OpmMacwlH KabINMacmolpuin, Kamepiii npoyecmi yoemeoi.
Maxkanaoa anonmos b6en HeKpo30blH OUOPUIUKATLIK MEXAHUIMOEPI, OHKO2eHe30e2]
peoii, 3amanayu 3epmmey a0icmepi dcane icikmepoi OUACHOCMUKANAY MeH emoeyoezi
KIUHUKANBIK MAHbL3bL KAPACMBIPLLIAODL.

Kiar ce3gepi: amonrto3, HEKpo3, JKacyllalblK ©JiM, OHO(HU3UKaJIBIK
EpEKUIETIKTEP, OHKOJIOTUSl, JUATHOCTHKA, EMJIEY.
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