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Cancer is the second leading cause of death in Ukraine, second only to cardiovascular disease. Unlike benign
tumours, malignant tumours are highly aggressive, manifested by rapid growth, destruction of surrounding tissues
and spread to distant areas. One of the main reasons for these differences is the different nature of tumour growth:
expansive for benign and invasive for malignant ones. It is well known that benign neoplasia can malignantly trans-
form into malignant ones. This process is considered to be one-sided. But what would the course of cancer be like
if this transformation were reversed? This study aims to find an answer to this question. We propose to model the
transformation of a malignant process into a benign one by forming an artificial fibrin capsule around a cancerous
tumour. We assume that in this way, it is possible to turn the infiltrative growth of carcinoma into an expansive one
for some time. The capsule formed around the cancerous tumour will mechanically prevent metastatic cells from
entering the blood and lymphatic circulation. The RGD sequence, which is part of the molecular structure of fibrin
and its precursor fibrinogen, will ensure the binding of integrins a581 and aV83 of cancer cells and thus block the
formation of contacts with fibronectin molecules, which significantly reduces the invasiveness of the tumour and the
number of its metastases. In addition, the capsule can partially inhibit the contact inhibition of carcinoma cells by
increasing the intratumoral pressure to the new threshold. Limiting the tumour's size will reduce the progression rate
of local cancer symptoms, as the last one is directly proportional to the growth rate of the tumour. Thus, this makes
it possible to consider modelling a fibrin capsule around a tumour as a promising method of inhibiting the growth

and metastasis of malignant tumours.
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Connection of the publication with planned re-
search works.

The study was conducted within the framework
of the research work: “Features of pathogenesis, di-
agnostics and treatment of diseases of the cardiovas-
cular, digestive, endocrine and respiratory systems in
the clinic and experiment”, state registration number
0120U002142.

Introduction.

For many years, oncology has been one of the three
diseases that top the list of the most common causes
of death. Cancer is the second leading cause of death
in Ukraine, second only to cardiovascular disease, and
together with it, it determines the level of health of the
nation.

Carcinoma cells can grow and destroy nearby struc-
tures and spread to distant areas. In contrast, benign
tumours are localised and unable to metastasise. These
differences are among the main ones that allow us to
differentiate between malignant and benign neoplasia,
and they are mainly based on the growth pattern of the
tumours. Benign neoplasms have a capsule and grow
expansively, not by expanding into the surrounding
healthy tissue, but by pushing it apart. The connective
tissue fibrous capsule is probably formed from an ex-
tracellular matrix. In contrast, the growth of malignant
tumours is invasive (infiltrative): they do not have a cap-
sule and grow into the surrounding tissue [1, 2, 3, 4].

Benign tumours can malign over time and transform
into malignant tumours, but the reverse transformation
of cancerous tumours into benign ones is unknown and,
as is commonly believed, impossible [1, 3, 4]. However,
it is hypothetically possible to simulate this transforma-
tion by forming an artificial capsule around the cancer-
ous tumour. In this way, it is possible to turn the infil-

trative growth of a carcinoma into an expansive one for
some time.

The aim of the study.

To find confirmation or refutation of our hypothesis
about the possibility of artificially induced transforma-
tion of cancer cells, reversing the malignancy process.
In this article, we describe the possible mechanisms of
the positive effects of modelling a fibrin capsule around
a tumour and weigh up the possible negative conse-
quences.

Main part.

Effect on metastasis.

The capsule formed around the tumour will me-
chanically limit the tumour, give it clear boundaries and
serve as an obstacle, a barrier, to separate individual
cells from the whole tumour and their release into the
bloodstream or lymphatic system. In this way, all pos-
sible metastasis pathways, haematogenous, lymphog-
enous, and tissue, can be blocked.

An unfavourable outcome may be due to the pro-
cess of angiogenesis typical for cancer and the growth
of newly formed vessels inside the tumour. Then meta-
static cells can spread through the bloodstream, by-
passing the formed barrier [1, 2, 5, 6, 7]. Given this, it
is necessary to create a capsule from a material that
can cause obliteration of blood vessels by compressing
them from the outside and stopping blood flow. Fibrin
fibres are quite strong and reliable and can serve as a
substrate. It is confirmed, firstly, by the stable stopping
of bleeding by a fibrin thrombus. Secondly, in the case
of diphtheria inflammation, a film is formed that is dif-
ficult to remove with the formation of bleeding ulcers.
The mechanical properties of fibrin are unique because
it is a viscoelastic polymer. It means that it has reversible
elastic and irreversible viscous properties: it can deform
or increase its stiffness depending on certain conditions.
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In addition, fibrin clots have an extraordinary ability to
stretch and compress, meaning they can be significantly
deformed without breaking. These features of fibrin
mesh can change to a certain extent under the influence
of various environmental factors [8, 9]. It makes fibrin
an ideal material for capsule construction.

When fibrin is not degraded within 5-7 days, it
serves as a matrix for fibroblast proliferation. These
aberrant lesions consist of non-functional scar tissue.
However, studies have shown that they contain various
cellular components associated with dynamic regenera-
tive structures. Histologically, these lesions consist of
abnormal fibrous bands that include organised vascular,
nervous, and smooth muscle tissue [10]. Connective tis-
sue transformation of the capsule will only increase its
density and reliability.

In addition to the mechanical inhibition of metas-
tasis, a biochemical mechanism can also be assumed.
Once in the interstitium, tumour cells attach to type |
and type Il collagen by means of “fibronectin bridges”.
Integrins of cancer cells distinguish in the structure of
fibronectin the characteristic sequence RGD (Arg-Gly-
Asp) located in module 10 of type lll, which serves as
a place of cell attachment through a5B1 and aVp3 in-
tegrins on their surface [10, 11, 12]. This mechanism is
used in modern chemotherapy, offering the introduc-
tion of short synthetic polymers containing a similar se-
quence, hoping to obtain binding of cancer cell integrins
by these polymers and blocking the interaction of the
last ones with fibronectin, which significantly reduces
the invasiveness of the tumour and the number of its
metastases [12]. The RGD sequence is also found in the
fibrinogen molecule and, thus, in the fibrin molecule
formed from it [10, 11]. It allows us to consider the fibrin
capsule not only as a mechanical barrier to metastatic
cells but also as a biochemical barrier.

Deceleration of the tumour growth rate.

A process of contact inhibition characterises normal
cells: they divide until a monolayer is formed, at which
point their reproduction stops. Instead, cancer cells di-
vide all the time, forming a multilayered structure [1, 2,
3,4].

So far, the nature of the contact inhibition phenom-
enon has not been fully explored. We are inclined to be-
lieve that it is closely related to adhesion and intercellu-
lar signalling mechanisms. Cytoskeletal proteins play an
essential role, and their structure transformation, under
the influence of external pressure from neighbouring
cells, causes inhibition of proliferation [13, 14, 15].

It is known that during carcinogenesis, the develop-
ment of a cell from a differentiated cell to an embryonic
cell, which has a different structure of cytoskeletal ele-
ments, is reversed [2, 3, 4, 16, 17]. In the study, mouse
embryonic stem cells (mESC) demonstrated unusual cy-
tomechanical properties: low cell stiffness and a weak-
ened response to substrate stiffness. High-resolution
microscopy of mESC actin revealed that the actin cortex
consists of a sparse and isotropic network [18]. Such
features of the cytoskeleton structure are mainly associ-
ated with the Arp2/3 complex, a seven-subunit protein
complex that generates the branching of the actin net-
work. The ARP2 and ARP3 subunits resemble the struc-
ture of monomeric actin and serve as sites of origin for
new actin filaments. The complex binds to an existing
(“mother”) filament and initiates the growth of a new

(“daughter”) filament at a precise 70-degree angle. In
this way, the Arp2/3 complex cross-links actin filaments
into a network that generates a pushing force [19, 20].
In other words, the branched actin increases the poros-
ity of the cytoskeleton, and it becomes like a sponge,
acquiring its characteristic flexible properties: high com-
pression capacity with subsequent return to its original
state without changing its structure. This structure of
the cytoskeleton provides partial blocking of contact
inhibition: to stop cell division, it is necessary to apply
much greater pressure to the cell walls, which could
cause a transformation of the structure of the cytoskel-
etal elements. It is necessary for active cell proliferation
during embryogenesis but plays a negative role in carci-
nogenesis. Comparing the normal regulation of Arp2/3
in non-transformed cells with the reactivation of the
Arp2/3 complex observed in patients affected by vari-
ous types of cancer, it can be concluded that its exces-
sive activity promotes cancer progression and directly
affects patient survival [20].

It follows from the above that to partially inhibit the
process of contact inhibition in the culture of carcino-
ma-altered cells, it is necessary to increase the pressure
inside the tumour to the values of its new threshold. By
forming a dense capsule around the tumour, we will in-
crease intratumor pressure, as the formed barrier will
limit the tumour volume and will not change its size,
and the number of cells will constantly increase. It will
cause the pressure of one cell on the surface of another
to be much stronger than usual and, as a result, partially
disengage the contact inhibition mechanisms that were
blocked due to malignancy. It is unlikely to stop the pro-
liferation of malignant cells, as mutations at the genetic
level cause it, but it may reduce the rate of their division
(fig. 1).

Reducing local symptoms of cancer.

Local symptoms include those manifestations of
tumour growth caused by its direct impact on organs
and systems, depending on its location. Thus, the ob-
struction syndrome is caused by the narrowing of the
lumen of a hollow organ by a tumour, and the destruc-
tion syndrome occurs as a result of ulceration, tumour
disintegration or trauma caused by solid organ content
or other mechanical factors.

One of the most severe local manifestations of can-
cer growth is pain, which in cancer occurs as a result of
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Figure 1 — Deceleration of contact braking mechanisms
due to increased intratumoral pressure after capsule formation
around the tumour.
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irritation of nerve endings by a tumour that compresses
the surrounding tissue. Initially, it is mild and intermit-
tent, then gradually increases in intensity in parallel
with the growth of the tumour and becomes perma-
nent. Notably, the intensity of local cancer symptoms is
greater the larger the tumour size.

Once a capsule is formed around the tumour, the
last one will not change in size or increase slightly over a
more extended period. As a result, pain and other local
manifestations that directly depend on the volume of
the tumour will not progress but will seem to “stop” at
the maximum intensity determined by the size of the
capsule.

Fibrin as a reliable substrate for constructing an
artificial capsule around a malignant tumour.

The substrate for constructing such a capsule can
be any material that has both viscoelastic properties
and is reliably strong. We propose to consider fibrin for
capsule formation. Firstly, it has unique properties: it can
be deformed, or its stiffness can increase depending on
the surrounding conditions [8, 9]. Secondly, fibrin, due
to the presence of the RGD sequence in its structure,
will serve not only as a mechanical barrier but also as
a biochemical one by binding integrins of cancer cells
and blocking the interaction of the last ones with
fibronectin, which significantly reduces the invasiveness
of the tumour and the number of its metastases [10,
11, 12]. Thirdly, the process of fibrin formation is physi-
ological and occurs during bleeding or inflammatory re-
actions, so the formation of an artificial capsule using
fibrin or its precursor fibrinogen as a material should be
well accepted by the body, as these molecules are anti-
gen-recognised by the immune system as physiological.
And the fourth reason is that the process of resolving
fibrin layers, which occurs through transformation into
connective tissue, will further increase the strength of
the resulting capsule and bring it as close as possible to
that formed around benign tumours [10].

R. Lunevicius and colleagues also described the posi-
tive effect of the fibrin capsule on metastasis. Their stud-
ies confirmed that the incidence of initial recurrence in
the residual liver, which indicates a poor prognosis of
colorectal liver metastases, was significantly lower in
the group of encapsulated metastases compared to the
group of unencapsulated metastases [21].

The significant effectiveness of fibrin capsule forma-
tion around liver metastases as a functional barrier to
local invasion was also described by M. V. Gulubova and
T. I. Vlaykova. The results of the study show that the for-
mation of a fibrous capsule is directly proportional to
more prolonged survival after surgery compared to pa-
tients with non-encapsulated metastases [22].

Side effects of fibrin capsule formation are possible.

When fibrin is used as a substrate for building a cap-
sule, there is a risk that instead of inhibiting the meta-
static process, it may accelerate it. Studies by Joseph S
Palumbo and colleagues show that fibrin plays an im-
portant role in spontaneous metastasis by promoting
stable adhesion and/or survival of metastatic emboli
after the intravascularisation of tumour cells [23]. The
cancer cell enters the bloodstream and combines with
other cells to form a metastatic embolus, which be-
comes much more stable if braided with a fibrin mesh.
Thus, fibrin greatly facilitates the process of dissemina-
tion. Fibrin also plays an important role in the final stage

of metastasis, namely extravasation, as it facilitates the
penetration of metastatic emboli into tissues by attach-
ing to microdamages in the blood vessel walls [24].

Suppose the fibrin synthesis is performed outside
the vascular bed, directly in the tissue around the tu-
mour. In that case, the formed capsule will trap malig-
nant cells as part of a single tumour and prevent their
separation. It is because the mesh wraps around the tu-
mour completely, creating a stable frame through which
individual cells or their clusters do not pass. In this way,
it is possible to block the process of metastasis in its first
phase — the release of cancer cells outside the tumour
and their penetration into the bloodstream or lymphatic
system — intravasation [2, 3, 4, 6, 7].

Another important side effect that can occur during
the formation of a fibrin network is generalised hyper-
activation of blood coagulation processes with the de-
velopment of disseminated intravascular coagulation
syndrome (DIC). Multiple thrombus formation in the
microcirculatory and, to a lesser extent, macrocircula-
tory channels and impaired blood flow result in the de-
velopment of a multiorgan dysfunction syndrome. Sub-
sequently, excessive use of platelets in blood clotting
processes will lead to platelet deficiency, leading to the
development of haemorrhagic diathesis [25].

The only way to prevent undesirable reactions that
may occur during the modelling of a fibrin capsule
around a cancerous tumour is to use a method of its
formation that will ensure targeted delivery of latent
fibrinogen to the tumour site and its local activation
with the formation of insoluble fibrin fibres directly in
the paratumour space. It will significantly increase the
extravasal concentration of fibrinogen without changing
its intravasal level and will limit fibrin hypersynthesis to
the paratumour area.

Considering the high probability of side effects dur-
ing the formation of a fibrin capsule, it is essential to
constantly monitor the concentration of fibrinogen in
the blood plasma, as an increase in its level can lead to
an acceleration of metastatic processes and hypercoag-
ulability with the development of DIC [23, 24, 25].

Mechanism of fibrin capsule formation.

The choice of the method of fibrin capsule formation
is a critical and responsible task since it is necessary to
simultaneously ensure the concentration of the process
of fibrin fibre hyperpolymerisation directly around the
tumour and prevent hypercoagulation in the body. To
this aim, it is necessary to ensure targeted fibrinogen
transport to the carcinoma site and its local activation.

We propose to use trastuzumab, a monoclonal an-
tibody to human epidermal growth factor receptor 2
(HER2), as a targeted transporter of fibrinogen mole-
cules to cancer cells [26].

HER2 is a transmembrane glycoprotein consisting of
extracellular, transmembrane and intracellular domains
with intrinsic tyrosine kinase activity. Its primary role
is to promote excessive, uncontrolled cell growth and
tumour formation. HER2, unlike other receptors in
this family, has no known ligand and is permanently
activated. Its homo- or heterodimerisation (with
other family members) leads to autophosphorylation
of tyrosine residues in the cytoplasmic domain of the
receptor. It initiates various signalling pathways, mainly
the PI3K/AKT and the Ras/MAPK pathways, leading
to cell proliferation, differentiation, angiogenesis and
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Figure 2 — Impact of HER2 (as an activator of PI3K/AKT and Ras/

MAPK pathways) and hepsin (as a stimulator of TGFB signalling via
fibronectin proteolysis) on carcinogenesis and tumour progression.
invasion (fig. 2). Amplification of the HER-2/neu gene
and overexpression of HER2 protein is observed in sev-
eral tumours, especially in breast, ovarian and gastric
cancers. The combination of overexpression of HER2 re-
ceptors in tumours and low expression in normal tissues
provides a potential therapeutic window, and the pres-
ence of an extracellular domain makes HER2 a cellular
marker suitable for receptor-mediated targeted deliv-
ery to tumours [27, 28, 29]. Trastuzumab binds to the
extracellular domain of this receptor and inhibits HER2
homodimerisation, thereby preventing further HER2-
mediated signal transduction [26, 29, 30].

It is important to mention that fibrin biosynthesis
proceeds in two stages: enzymatic and non-enzymatic.
The structure of fibrinogen can be described by the
formula (AaBBy),. At the first stage, to form the fibrin
monomer, thrombin cleaves fibrinopeptides A and B
(FpA and FpB) from the Aa and BB chains, respective-
ly. FpA is cleaved at the Aa peptide bond Argl6-Glyl7,
while FpB is cleaved at the BB bond Arg14-Gly15. As a
result, chains a and B have new N-terminal sequences,
called keys “A” and “B”, which are nonenzymatically con-
nected by a key-lock type to sites “a” and “b”, which are
always open and located in y- and B-nodes, respectively,
near the C-termini of the chains of the same name. As a
result, monomeric fibrin self-assembles, forming initial-
ly oligomers that lengthen to double-chain protofibrils,
which in turn form a three-dimensional gel-like network
[8].

At the enzymatic stage of fibrin synthesis, hepsin will
play the role of a serine protease in our proposed mech-
anism. It belongs to the family of type Il transmembrane
serine proteases (TTSPs) anchored to the cytoplasmic
membrane, whose enzymatic activity is limited to the
pericellular space [31]. Hepsin is one of the proteins
most commonly overexpressed in prostate and breast
cancer. Its overexpression is believed to promote cancer
progression and metastasis through several oncogenic
pathways, including the most important one of TGFj
signalling via fibronectin proteolysis. TGFB is synthe-
sised intracellularly and is particularly active in cancer

cells. In the form of “masked” Latend, TGFp is trans-
ported to the extracellular area and binds to fibronectin
filaments, which are in turn cleaved by hepsin to release
TGFB, which, interacting with the appropriate receptors,
activates the SMAD2/3 pathway (fig. 2). TGFB inhibits
the growth and division of normal human cells but en-
hances the growth and migration of highly transformed
cancer cells [32, 33, 34].

Fibrinogen transported by trastuzumab will accumu-
late on the surface of plasma membranes of carcinoma
cells and, as a result, its concentration in the pericellular
matrix will increase significantly. It will lead to the fact
that the proteinase properties of hepsin by the type of
reverse competition will be directed primarily at cleav-
ing fibrinopeptides A and B (FpA and FpB) from the Aa
and B chains, providing the first enzymatic stage of fi-
brin formation, while the process of fibronectin splitting
with the release of TGFB will be slower [8].

What are the advantages of this proposed mecha-
nism of fibrin capsule formation around the tumour
(fig. 3)?

Firstly, using trastuzumab as a fibrinogen transporter
to the carcinoma will ensure targeted delivery, minimis-
ing the risk of thrombosis and adverse hypermetastasis.
This drug has been proven and is already used in tar-
geted cancer therapy [26, 29, 30].

Secondly, it will combine the barrier properties of
the fibrin capsule with the highly proven therapeutic
properties of trastuzumab, namely: 1) binding to the
HER2 receptor and blocking further signal transduction,
2) promoting antibody-dependent cellular cytotoxicity,
which causes cancer cell death, 3) depolymerisation of
microtubules by DM1, which prevents the assembly of
a functional mitotic spindle and leads to cell cycle arrest
in metaphase due to the inability of kinetochores to at-
tach to spindle fibres [35, 36].

Thirdly, hepsin as serine fibrin-activating proteinase
will also help reduce the risk of side effects such as sys-
temic hypercoagulation and metastasis, explained by its
exclusive pericellular action [31].

Fourthly, the pro-oncogenic effect of TGFB will be
reduced, as the enzymatic centres of hepsin will be oc-
cupied by fibrinogen molecules and thus inhibit the re-
lease of active TGFB from its latent form [32].

How to attach fibrinogen to trastuzumab molecule?

We propose to attach the fibrinogen molecule to
trastuzumab through the formation of a peptide bond
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Figure 3 — Mechanisms that undergo in the tumour under the

influence of Trastuzumab emtansine connected to fibrinogen.
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Conclusions.

The formation of a capsule
around the tumour can be
considered a promising
method of inhibiting the
growth and metastasis of
malignant neoplasia, which
allows the «transformation»
of its infiltrative growth into
an expansive one, which is
typical for benign neoplasms
and significantly reduces the
rate of development of local

Trastuzumab emtansine
connected to fibrinogen by a
peptide bond

Figure 4 — Mechanism of peptide bound formation between the amino group of trastuzumab and
the carboxyl group of Proline of the fibrinogen a-chain.

similar to the attachment of the MCC-DM1 molecule
to the Trastuzumab-emtansine structure [37, 38]. The
peptide bound is formed between the free amino group
of trastuzumab and the carboxyl group of the fibrino-
gen molecule. The priority is to minimise interference
with the structure of the fibrinogen molecule so as not
to disturb its conformation, since the main role in the
non-enzymatic stage of fibrin synthesis is played by the
structural features of fibrinogen, namely the «a» and

cancer symptoms. The proposed

method cannot be used as an
independent therapy method
but rather as an additional one that must be combined
with conventional treatment.

Prospects for further research.

Further experimental confirmation or refutation of
the described assumptions. Due to the imperfect system
of control over the process of fibrin capsule formation,
there is a high risk of negative consequences. It prompts
us to search for new materials that would serve as a
substrate with greater safety.
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NEPCNEKTUBA ®IEPUHOBOI KANCY/U B TA/IbMYBAHHI POCTY
W METACTA3YBAHHA 3/10AKICHUX NYX/INH

JIbBiBCbKUiA HaLiOHaNbHUI MeAUYHNIT yHiBepcuTeT imeHi JaHuna MaauybKoro (m. /beiB, YKpaiHa)
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Pak nocioae Opyze micye y cmpykmypi nemansbHOCMi HaceneHHA YKpaiHu, nocmynar4yucs sauwe cepyeso-
CYyOUHHUM 3aX80PHOBAHHAM. 3/108KICHI MyX/AUHU HA 8iOMIHY 8i0 006PpOAKICHUX 8UABAAOMb 3HAYHY A2PECU8HICMb, U0
poAsAAEMbCA 6AUCKABUYHUM POCMOM, PYUHYBAHHAM OMOYYIOYUX MKAHUH i MOWUPEHHAM Ha 8i00aneHi OinAHKU.
OO0HOK 3 0CHOBHUX MPUYUH Yux 8iOMmiHHocmel € pi3Hull xapakmep pocmy MyXaAuH: eKCraHcugHuli 0159 006POAKICHUX,
iHea3usHuli 0514 3n10aKicHUX. Jobpe 8i00MO MPo MoxuBYy Masi2Hi3ayito 006pOoAKICHUX HeonAasill 3 iXHiIM ModanewWum
rnepemeopeHHAM Yy 37108KicHi. Lieli npoyec npuliHAmMo ssaxcamu 00HOCMOPOHHIM. Ane akum 6ys bu nepebie paky,
AKWO maka mpaHcgopmayia byna 6 36opomHoro? Mema 0aH020 00CiOXeHHA MoAs2a€ 8 NOWYKY 8i0nosidi Ha ye
numaHHA. Mu npornoHyemo 3mooenrsamu rnepexio 3/08KiCHo20 npouecy 8 006pOoAKICHUU WAAXOM hopMy8aHHSA
HABKO/10 PAKOBOI NyXAUHU WmMYyYHOI ¢pibpuHosoi Karcynu. lpunyckaemo, w,o 8 makuli cnocibé moxcHa Ha desakul
yac nepemsopumu iHgpinempamueHull picm KaHyep-nyxauHu 8 eKcrnaHcusHull. Chopmo8aHa HABKOMO PAKOBO20
HOB0YyMB0OpPY KArcyna MexaHiYHO nepewKodxamume 8uxo0y MemacmamuyHUX KAimuH y Kpogo- U nimgpoHocHe
pycna. lNocnidosHicme RGD, wjo 8xo0ums 00 MosnekynsapHoi 6ydosu ibpuHy ma (io2o nonepedHUKa ibpuHoeHy,
3a6e3nevyysamume 38°A3y8aHHA iHMezpuHie a561 ma aVB3 oHKoKaimuH i, y makuli cnocib, b6aokysamume
YMBOPEHHA KOHMAKMI8 3 MOAEKYAAMU hibpOHEKMUHY, W0 iCMOMHO 3MeHWYE iHB8A3UBHICMb NyXAUHU U KinbKicmeb
i memacmasie. Kpim yboeo, Kancyna 30amHa 00 YaCMKO8020 PO320s1bMOBYBAHHA KOHMAKMHO20 20/16My8aHHA
KaHUep-3MiHEeHUX KAIMUH Waaxom 36inbweHHAa 8HymMpiuHb0MyXaAUHHO20 MUCKY 00 3Ha4YeHb (1020 HO8020 Mopozy.
ObMexeHHA po3mipy nyxAuHU 3MeHWUMb WeUOKiCMb npo2pecy8aHHA Micyesoi cCUMMTMOMAMUKU PaKy, OCKiAbKU
OCMAHHA NPAMO MpPonopyiliHo 3anexums 8i0 memnie pocmy Hosoymeopy. Omce, ye 0ae 3Mmoay po3s2nadamu
MOOesn8aHHA (ibpUHOBOI KAMCYsaU HABKOAO MyX/AUHU AK repcriekmusHuli memod 2anbmyeaHHs pocmy U
mMemacmasy8aHHA 3/10AKICHUX MyX/AUH.

Kntouoei cnosa: Kancyna, gibpuH, 3A0AKICHI HEonAa3ii, Memacmasy8aHHA, KOHMAKMHe 2a/16My8aHHA.
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3B’A30K ny6niKauii 3 n1aHOBMMWU HAayKOBO-A0CIA-
HUMK poboTamu.

LocnigeHHA nposegeHe B mexax HAP: «Oco-
6/MBOCTI naToreHesy, AiarHOCTUKM Ta NiKyBaHHA 3a-
XBOPHOBAaHb CepLEBO-CYANHHOI, TPABHOI, eHAOKPUHHOI
Ta AUXANbHOI CUCTEM B KAiHiLi Ta eKcnepumeHTi», No
neprpeectpauii 0120U002142.

Bcryn.

Ynpogosx 6araTbox POKiB OHKO/OFA BXOAWUTb A0
TPiMKM 3aXBOPIOBAHb, LLLO OYOJIOIOTb CMUCOK HAaMYacTi-
WMX NPUYMH cMepTi. PaK 3alimae apyre micue y CTpyk-
Typi NeTanbHOCTI HaceneHHA YKpaiHW, MOCTynaruymMcb
TiIbKM CepLeBO-CyAUHHMM 3aXBOPIOBAHHAM, i pa3om 3
HMMW BM3HAYaE pPiBEHb 340POB’A HaLLil.

KaHuep-3MiHEHHI KAITMHU MOXYTb NpopocTaty W
pyrMHYBaTU NpwAerni CTPyKTypu, MNOLWMPHOBATUCb Ha
BigganeHi AinaHkM. HatomicTb A06pOoAKiCHI NyxanHU €
JIOKanNi3oBaHMMU 1 He 303aTHUMKM [0 MeTacTa3yBaHHA.
Lli BigMiHHOCTI € O4AHMMM 3 OCHOBHMUX, LLLO AaOTb 3MOry
AndepeHLitoBaTU 310AKICHI 1 [o06posKicHI Heonnasii,
i monAratoTb, rONOBHUM YMHOM, B 0COBIMBOCTI poCTy
nyxanH. JobposKicHi HOBOYTBOPEHHA MatOTb Karncyny i
POCTYTb €KCMAaHCMBHO, HE MPOPOCTAOYN B HABKONMULLIHI
3[10pOBi TKAHWHK, @ Po3CcyBatoun ix. CNONYYHOTKAHUHHA
BOJIOKHWCTA Kancyna, MMoBipHO, GOPMYETbCA 3 eKCTpa-
LLeNONAPHOro MaTpuKcy. HaTomicTb picT 3n0AKiCHUX
NyX/IMH iHBA3UBHUI (IHOINBTPATUBHMIA): HE MatoTb Kan-
Cy/1 Ta NPOPOCTAOTb Y HABKOMMLLHI TKaHUHK [1, 2, 3, 4].

[06posKiCHI MyX/IMHM 3 YaCOM MOXKYTb MaslirHisyea-
TUCA 1 NepeTBOPOBATMCA Ha 310AKICHI, ane 3BOPOTHIN
nepexig, pakoBUX MNyXJNH y A0OPOAKiCHI HEBIAOMUM i, AK
NPUAHATO CTBEPANKYBATH, He Moxausuii [1, 3, 4]. MpoTe
33 A0onomoroto GopmyBaHHA HABKOJIO PAKOBOT MyX/MHMU
WITYYHOI Kancynu, rinoTeTUYHO, MOMKHA iMITyBaTU L0
TpaHcdopmauito. Y Takuii cnocib MoXKHa Ha AeAKUI Yac
nepeTBOPUTU iHOINBTPATUBHUI PICT KaHUEP-NYX/IMHA B
€KCMaHCUBHUN.

MeTta gocnigKeHHs.

Mowyk niaTBepAKeHHA YM CNPOCTYBAHHA BUCYHYTOI
HaMW rinoTe3nM NPO MMOBIPHICTb LWTYYHO 3YMOBNEHOI
TpaHchopMaLLii OHKOKAITUH, 3BOPOTHOI A0 Npouecy ma-
Nirdisauii. Y gaHint ctatri MM oNMCYyEMO MOXKNUBI Mexa-
Hi3MM MO3UTUBHOIO BNANBY MoAentoBaHHA GibpUHOBOI
Kancy/aM HaBKOJIO MYyX/IMHWU Ta 3BAaXKYEMO MOMX/AUBI He-
raTUBHI HacnigKu.

OcCHOBHa YacTuHa.

Bnaus Ha metactasyBaHHA.

ChopmoBaHa HaBKOMO MyXAUHU Kancyna MexaHiuHo
obmerKyBaTMMe HOBOYTBIP, HAA4aCTb MOMY YiTKUX MeX i
cAyryBaTMme NepenoHoto, NEBHUM Hap’epom, Ha WAAXY
BigLWEeNNeHHA OKPEMUX KAITUH Bif, LiNICHOI NyX/IMHM Ta
IXHbOrO BMXOAY B KPOBOHOCHE 4M simdpaTnyHe pycno.
Tak MOKHa 3a6/10KyBaTK BCi MOXK/AMBI LWASXM MeTacTa-
3yBaHHA: reMaToreHHuM, NiMmporeHHUM i TKAHUHHWIA.

HeraTMBHUIA pe3ynbTaT MoOXKe O6yTM 3yMOBAEHUNA
XapaKTEPHUM ANA paKy NPOLLECOM aHrioreHesy Ta npo-
POCTaHHAM HOBOYTBOPEHUX CYyAUH yCepeauHy MyXJINHMU.
Topi meTacTaTMYHi KAITMHU 3MOXYTb MOLWMPHOBATMCA
KPOBOHOCHMM pyc/iom, obmuHatoum chopmoBaHW
6ap’ep [1, 2, 5, 6, 7]. BpaxoBytouu Le, NOTPiOHO cTBOPU-
TW Kancyny 3 TaKoro matepiany, AKMN MOXKe 3yMOBUTK
obniTepau,ito CyanH, CTUCKAOUM iX 330BHi, | 3yNUHUTK pyX
KpoBi. TaKMM cybCTpaTOM MOKYTb Cyrysatu ¢GibpuHoBI
BOJIOKHA, L0 € Z0BOI MiLHMMM 1 HaginHumu. MNigTeep-
OXKEHHAM LbOro €, No-nepLue, CTiKa 3ynMHKa KpoBoTeYi

¢ibpuHOoBUM TPOMBOM, NO-Apyre, y pasi AndTepuyHoro
3ananeHHA GOPMYETLCA NAIBKA, AKA BA*KKO 3HIMAETHLCA 3
YTBOPEHHAM KPOBOTOYMBUX BUPaA30K. MexaHiuHi Bnac-
TMBOCTI GiIBPUHY € YHIKaNbHUMM, OCKiNbKKU BiH € B'A3KO-
npyxHUM nonimepom. Lle o3Hauae, wo BiH BONOAi€ oa-
HOYACHO AK | 3BOPOTHUMMU MPYKHUMWU BNACTUBOCTAMM,
TaK i HEO6OPOTHMMM B A3KMMU: NiAAAETbCA AedopmalLtii
YK NiABMLLYE CBOO }KOPCTKICTb Y 3a/1€XKHOCTI Bif, MEBHUX
ymoB. OKpim uboro, ¢pibpuHOBI 3ryCTKM MatoTb HaA3BU-
YalHy 34aTHICTb 4O PO3TArY i CTUCKAHHA, OTXKe, BOHU
MOYTb 3HaYHO AedopmyBaTuca 6e3 pospmsy. BkasaHi
ocobamnBocTi GpibPMHOBOI CITKM MOXKYTb NEBHOK MipOto
3MiHIOBATKCA Nig BNIMBOM Pi3HOMaHITHUX GpaKTopiB Ha-
BKO/IMLWWHbOTO cepenosulla [8, 9]. Lle pobutb ¢ibpuH
ineanbHMM matepiasiom ans nobyaoBu Kancynu.

Konun pibpunH He po3KNadaeTbca yNpoaoBK 5-7 AHiB.,
BiH cnyrye matpuueto ana nponidepauii pibpobnacTis.
Lli abepaHTHi BOrHULLLA CKNAAaoTbCsA i3 HedyYHKLiOHaNb-
Hoi pybueBoi TKaHWMHW. OAHAK AOCNIAMKEHHA NOKa3anu,
LLLO BOHW MICTSITb Pi3Hi KAITUHHI KOMNOHEHTK, NOB’A3aHi
3 AMHaMIYHUMUK pereHepyryYnmm CTpykTypamu. licto-
JIOTIYHO TaKi BOTHMLLA CKNAAAOTbCA 3 aHOMANbHUX bi-
6PO3HMX CMYT, LLO BK/OYAIOTb OPraHi3oBaHy CYAUHHY,
HepBOBY Ta rnaaKom’a30By TKaHWHKM [10]. Cnony4yHoT-
KaHMHHa TpaHcdopMaLia Kancynu auvwe nigBuwmnTh ii
LWiNbHICTb | HAAIMHICTD.

OKpiM MexaHi4HOro ra/sibMyBaHHA MeTacTasyBaHHA
MOXHa MPUMNYCTUTM TaKOX i Moro BioximiuHMin mexa-
Hi3m. MoTpanuBWK B iHTEPCTULIN, MNYXJAUHHI KAITUHM
npukpinaoTbea fo KonareHy | i lll Tunis 3a gonomo-
roto “GibpoOHEKTUHOBUX MICTKIB”. IHTErPUHN OHKOKAITUH
PO3pi3HAITL Y CTPYKTYPi GiOPOHEKTUHY XapaKTepHyY ANs
HbOro nocnifoBHictb RGD (Arg-Gly-Asp), po3TalioBaHy
B 10 mogyni lll TNy, AKa cayrye micuem npueAHaHHA
KNiTMH Yyepe3 a5B1 i aVB3 iHTErpMHK Ha iXHIN NoBEpPXHi
[10, 11, 12]. Lie# mexaHi3m BUKOPUCTOBYHOTb Y CyYacHii
XimioTepanii, NPONOHYOUYM BBEAEHHA KOPOTKMUX CUHTE-
TUYHUX MONIMEpIB, WO MICTATb Y CBOEMY CKNaAi aHa-
NOTiYHYy MNOCNI4OBHICTb, CMNOAIBAIOYMCL, AK pe3ynbrar,
OTPUMATK 3B’AI3YBAHHA UMMM MONIMEPAMU iHTErpUHIB
PaKoBMX KNITUH i 6/10KyBaHHA B3aEMOAIT OCTaHHix 3 bi-
H6POHEKTUHOM, LLO iICTOTHO 3MEHLUYE iHBA3MBHICTb NyX-
JIMHW 1 KinbkicTb il meTacTtasis [12]. MocnigosHicTb RGD
MiCTUTbCA TAaKOXK Yy MONeKyi GpibpuHoreHy, a, oTKe, My
monekyni GibpuHy, KU 3 Hboro yTBoptoeTbea [10, 11].
Lle no3Bonse po3rnanatv GibpuHOBY Kancyny He fvlie B
pPONi MexaHiYHOI NnepenoHn ANA MeTAaCTaTUYHUX KNITUH,
a i Ak 6ioximiuHni bap’ep.

CnoBiNbHEHHSA TeMNiB POCTY NYX/IMHW.

[Ona HOpPMaNbHUX KANITUH XapaKTepHUM npoLec
KOHTAKTHOrO ra/ibMyBaHHA: BOHW AiNATbCA AOTWU, MOKU
He YTBOPUTbCA MOHOLIAP, HA LbOMY iXHE PO3MHOKEH-
HA NPUNUHAETLCA. HaTOMICTb PaKOBi KAITUHKU AinATbCA
yBecb yac, popmytoumn baratowaposy CTpyKTypy [1, 2,
3,4].

Joci npypopa peHoMeHy KOHTAaKTHOFO raibMyBaH-
HA OCTAaTOYHO He 3’AcoBaHa. CXxMAAemMoca 40 AYMKM NPo
A0ro TiCHWI 3B’A30K i3 MexaHi3amamu aaresii Ta MiXKKAi-
TUHHOI cUrHanisau,ii. Baxknmey poab npu LboOMy BUAINA-
€TbcA Binkam umMTOCKeneTy, TpaHchopMaLlia CTPYKTypH
AKUX Nif, BNJMBOM TUCKY KNITUH-CYCiAiB 330BHI 3yMOB-
JIIOE NpUTHiYeHHs nponidepauii [13, 14, 15].

fIK BilOMO, Y Npoueci KaHueporeHesy BigbyBaeTbCA
3BOPOTHI PO3BUTOK KNiTMHM Big audepeHLuinoBaHoi oo
embpioHanbHOI, AKa mae BigMiHHY OyaoBYy enemeHTiB
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bez chopmosanoi kancyru
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PucyHoK 1 — Po3ranbmoByBaHHA MeXaHi3MiB KOHTaKTHOTO
ranbmyBaHHA BHACNiA0K MigBULLEHHA BHYTPiLWHbOTYMOPHOIO
TUCKY Nicna GopmMyBaHHA Kancyiu HABKONO NYXJNHMU.
umTockenety [2, 3, 4, 16, 17]. MNpu gocniasKeHHi mu-
Wwayi embpioHanbHi cToB6YpOBi KniTMHM (MECK) npo-
OEMOHCTPYBaIM  He3BMYAMHI LMTOMEXaHIYHi BRacTu-
BOCTI: HM3bKY *KOPCTKICTb KNITUH i ocnabneHy peakuito
Ha »KopCTKicTb cybcTpaty. MMig Yac mikpockonii akTUHY
MECK 3 BMCOKOI pO3AiNbHOIK 34aTHICTIO MOMITUAM, WO
KOpa aKTMHY CKNaAa€eTbCs 3 PO3pigKeHoi i isoTponHoi
mepeki [18]. Taki ocobansocTi 6ya0BM LIUTOCKENETY ro-
JIOBHUM YMHOM MOB’A3aHi 3 Komniekcom Arp2/3 — ue
6inKOBMI KOMMJIEKC i3 cemu cyboaAnHULb, AKUIA TeHEepYE
po3ranyKeHHa akTMHoBOI Mepexi. CyboamHuui ARP2
i ARP3 HaragyloTb CTPYKTYPY MOHOMEPHOIO aKTUHY
M CNyryloTb MIiCUAMM 3apOAKEHHA HOBUX AKTUHOBMX
HUTOK. KomnneKkc 3B’A3yeTbCA 3 iCHYOUYO («MaTepuH-
CbKOI») HWUTKOI 1 iHiLitOE PiCT HOBOI («A04ipHbOI»)
YiTKO nig kKyTom 70 rpagycis. Y Takuit cnocib, Komnaekc
Arp2/3 nepexpecHo 3B’A3yE HUTKU aKTUHY B MeEPEXY,
AKa CTBOPIOE cuay wWwToBxaHHA [19, 20]. lHwumK cno-
BaMW, PO3ranyeHWi akTUH 36inbluye NOPUCTICTb LK-
TOCKeneTy " BiH cTae NogibHMM Ha rybKy, HabyBatoum
XapaKTEPHUX ANA Hel FHyYKUX BMACTMBOCTEN: BUCOKOI
30QTHOCTI A0 CTUCKAHHA 3 NOAANbLUIMM MOBEPHEHHAM
[0 MOYaTKOBOTO CTaHy 6e3 3MiHM CBOEI CTPYKTYpU. Taka
bynoBa uuToCcKeneTy 3abesneuye yacTkoBe 610KyBaHHA
KOHTAKTHOrO ra/ibMyBaHHA: ANA MPUNUHEHHA noAiny
KNITUHWM NOTPIBHO NPMKAACTU Ha i CTIHKM TUCK 3HAYHO
6inbLIOT CUAN, AKKIA 3MiT B 3yMmOBUTK TpaHCchOpMaLLito
CTPYKTYPU enemeHTiB umTocKenety. Lle HeobxigHo ana
AKTMBHOTO PO3MHOKEHHS KNITUH Nig Yac embpioreHesy,
npoTe Bigirpae HeraTMBHY POJib Y MPOLECI KaHLUepore-
He3y. opiBHIOIOYM HOpManbHy perynaauito Arp2/3 vy
HeTpaHCHOPMOBAHUX KNITUHAX i3 PEaKTMBALLIED KOMM-
nekcy Arp2/3, Wo cnocTepiraeTbCs B NaLieHTIB, ypaxe-
HUX PISHUMM BUAAMM PaKy, MOXHa 3p06UTN BUCHOBOK,
Lo MOro HagMipHa AifaNbHICTb CNPUAE NPOrpecyBaHHIO
paKy 11 6e3nocepeaHbO BM/IMBAE HA BUXMBAHICTb Nali-

eHTiB [20].

I3 BMLLE 3a3HAYEHOr0 BMM/IMBAE, WO A4 YaCTKOBOTO
pO3rasibMOBYBaHHA NPOLECY KOHTAKTHOrO ra/ibMyBaHHA
B KY/NIbTYPi KaHLEep-3MiHEHUX KAITUH NOTPi6HO 36inbwn-
T TUCK ycepeauHi NyXAMHU A0 3HayeHb MOro HOBOFO
nopory. PopmytouM HaBKOMO MyXJIMHW LLiNbHY Kancy-
Ny, MM AOCATHEMO MifABULLEHHA BHYTPILUHbOTYMOPHOIO
TUCKY, OCKiNIbKN 06’€M Nyx1nMHU byae obMeReHUn yTBO-
peHum b6ap’epom i He 3miHIOBaTMMeE CBOIX pPO3MipiB, a
KiNbKIiCTb KNiTMH yBecb 4ac 36inbwyBaTtMmetbes. Lle

npusseae A0 TOro, WO TUCK OAHIEI KNITUHW HA NoBepx-
HIO iHWOT Byae 3HAYHO CU/bHILLUIA, HiXK 3a3BUYaN i, AK
pe3ynbTaT, BiAbyaeTbCA 4YacTKOBE pPO3rasibMOBYBaHHSA
MEXaHi3MiB KOHTAKTHOIO rasibMyBaHHs, AKi 6ynu 3ab10-
KOBaHi BHACNiAOK ManirHisauii. Le, wenawe 3a Bce, He
3YMUHUTb PO3MHOEHHA 3/I0AKICHUX KANITUH, OCKIi/IbKK
BOHO 3yMOBJIEHE MYTaLiAMWN Ha TEHETUYHOMY PiBHi, ane
MOXe 3MEHLUNTU WBUAKICTL ix noginy (puc. 1).
3MeHLUEHHA MiCLLeBOi CUMNTOMATUKU PaKy.

o micueBoi CMMNTOMATUKM HanexaTb Ti NPOABKU
NyXJIMHHOTO POCTY, WO CNpUYMUHEHi Ti besnocepeaHim
BM/IMBOM Ha OpraHM M CUCTEMW B 3a/IeXKHOCTI Big il
NoKanisauji. Tak cuHgpom 06TypaLlji 3yMOBAEHUI 3BY-
YKEHHAM NPOCBITY NOPOXHUCTOrO OpraHy NyxAMHOLO, a
CMHAPOM AECTPYKLIT BAHMKAE BHACNIAOK BMPA3KOyTBO-
peHHA, po3nagy HOBOYTBOPEHHA Y/ TPAaBMM, AKA 3yMOB-
NleHa TBeEPAMM BMICTOM OPraHa Yu iHWMMU MeXaHiuHU-
MK baKkTopamu.

OOHUM 3 HaMbIiNbW BaXKKMX MicLEBMX NpPoOsBIB pa-
KOBOTO poCTy € 6inb, AKMIA NPU OHKOMOFIYHMX 3aXBO-
PHOBAHHAX BMHUKAE BHACNIAOK NOAPa3HEHHA HEPBOBMUX
3aKiHYeHb NYX/IMHOO, LLO CTUCKAE HABKOJIMLLHI TKaHW-
HU. CnoyYaTKy BiH JIerKoi iIHTEHCMBHOCTI, NepioanyYHIA,
3roJOM NOCTyNoBO, MapanesibHO 3 POCTOM MyX/IUHW, NO-
CUNIIOETLCA | CTAE NOCTIMHMM. BaXKNMBO 3ayBaXKUTH, WO
iHTEHCMBHICTb NPOABIB MiCLLEBMX CUMNTOMIB PaKy € TUM
6inblua, YMm BiNbLI PO3MIPU NYXAUHMN.

Micna dopmyBaHHA KamncynuM HaBKOMO MNYX/AWHW,
OCTaHHA He 3MiHIOBAaTUMETbCA B po3mipax abo HesHa-
YHO 36iNbWYBAaTUMETHLCA NPOTATOM AOBLUOFO Y4acOBOrO
NPOMIXKKyY. AK pe3ynbTaT, 6inb Ta iHWI MicueBi Nposswy,
AKi 6e3nocepeaHbo 3asexaTb Big 06’emy NyxJnHKU, He
OyayTb NPOrpecyBaTy, a HiIbW «3yNUHATLCA» Ha T MaK-
CMMaNbHilA iHTEHCUMBHOCTI, fIka 3yMOBJ/IEHA PO3MipOM
Kancynu.

®i6puH AK HagiNHKUI cybeTpaT Ana nobyaosu WITyY-
HOI Kancy/au HaBKO/O 3/10AKiCHOT NYX/IMHMU.

Cybctpatom ana nobygoBu Takoi Kamncyinm MoKe
6yt 6yab-AKMI maTepian, WO BONOAIE OAHOYACHO
B'A3KO-NPYKHMMW BNACTUBOCTAMM Ta € HALINHO Mil-
HUM. MW NpPONOHYEMO PO3MIAHYTU ANA OpPMyBaAHHA
Kancynun ¢ibpuH. MNo-neplue, BiH BONOAIE YHIKaAbHUMMU
BNACTMBOCTAMM: MOXe nigdasatuca gedopmauii um
NiABULLLYBATW CBOO YKOPCTKICTb Y 3a/1€KHOCTI Bij, HABKO-
AnwHix ymos [8, 9]. Mo-apyre, ¢ibpuH Yepes npucyT-
HiCTb y MOro CTPYKTypi nocnigosHocTi RGD cayrysaTnume
He Nunwe mexaHiyHMm 6ap’epom, ane i BGioximiuHMM
3aBAAKM 3B’A3YBAHHIO IHTETPUHIB PAKOBMX KNITUH i 6/10-
KYBaHHIO B3aemogii ocTaHHiX 3 }ibpOHEeKTUHOM, Lo
iCTOTHO 3MEeHLYE iHBA3MBHICTb MYXJMHU M KiNbKiCTb il
meTacTasis [10, 11, 12]. Mo-TpeTe, NpoLec yTBOPEHHSA
bibpuHy € dizionoriyHMm i BUHWKAE Npu KpoBOTEYi un
3ananbHin peakuii, Tomy GOpMyBaHHA LITYYHOI Kamncy-
I 3 BUKOPUCTAHHAM Yy AKOCTI maTepiany ¢ibpuHy um
noro nonepeaHuka ¢ibpuHoreHy mano 6 6ytn pobpe
CNPUAHATE OPraHi3MOM, OCKI/IbKM Li MONIEKYIN € aHTK-
reH-po3nisHaHUMM iIMYHHOI CUCTEMOIO AK i3ioNoriyHi.
| yeTBepTa NpUUYMHA: NpoLec po3pileHHA ¢ibprMHOBUX
HallapyBaHb, AKUI BiAOYBaETLCA WAAXOM TpaHchOpMa-
LT B CNONYYHY TKaHWHY, 40AATKOBO NiABULLNTDL MILLHICTb
YTBOPEHOI Kancyan W MakCcMManbHO Habausutb i a0
TaKoi, AKa GOPMYETbCA HAaBKOMO A0BPOAKICHUX HOBOYT-
BopeHb [10].

Mo3nTnBHUIA edeKT dibpMHOBOI Kancyan Ha meTa-
CTa3yBaHHA TakoX onucanu R Lunevicius Ta cnisasTopu.
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IXHi gocnimxeHHA niATBEPAMAM, LWLO YacToTa MOYaTKo-
BUX PELMAMBIB Y 3a/IULIKOBIM NeYiHLUi, AKa € NOKa3HU-
KOM NMOraHoOro NpPorHo3y KOJI0PeKTa/lbHUX MeTacTasiB y
neyviHui, 6yna 3HaYHO HUMKYOIO B FPyMi iIHKANCy1bOBaHMX
MEeTacTasiB MOPIBHAHO 3 TFPYMOK HeiHKancy1boBaHMUX
[21].

TaKoX 3HA4YHY epeKTUBHICTb YyTBOPEHHS ¢ibpuHO-
BOI Kancy/M HaBKOMIO MeTacTasiB y MeyiHui AK dyHKLi-
OHanbHOro 6ap’epy Ana MmicueBoi iHBasii onucaan M
V Gulubova i T | Vlaykova. Pe3ynbtat gocnigseHHs
MOKa3ytoTb, WO yTBOpeHHA ¢ibpo3Hoi Kancyan npamo
nponopujinHe AOBLIN BUXMBAHOCTI Micasa onepaduii no-
PiBHAHO 3 NALLIEHTAMM, ANA AKUX XaPaKTEPHUIM HeiHKan-
Cy/bOBaHWUI TMN MeTacTasis [22].

Moxknuei nobiuHi epektn popmysaHHA PibpuHo-
BOI Kancynu.

Mpwn BUKOpUCTaHHI ¢ibpuHY AK cybcTpaTty Ansa no-
6y[0BM Kancynu iCHYE 3arpo3a 3amicTb ra/ibMyBaHHA
METACTaTUYHOTO MPOLLEeCy, HAaBNAKKU, MPUCKOPUTU NOTO.
JocniprkeHHs Joseph S Palumbo Ta Moro Koner nokasy-
10Tb, WO GiBPUH BiZirpae BaxaAnBY posib y CMOHTaHHOMY
MeTacTasyBaHHi, cnpusaioun ctabinbHi aaresii Ta/abo
BMXXMBAHHIO MeTacTaTM4yHUX emboniB nicna iHTpaBa-
3aUil NYXAMHHUX KAITUH [23]. OHKOKANITUHA BUXOAUTD Y
KPOBOHOCHE pyc/io, 06’eAHYETbCA 3 iHWKUMK, dopMy-
HOUM MeTacTaTUUYHY embony, KA CTAa€ 3HAYHO CTabinb-
HiWoo, AKWO obnneteHa ¢ibpuHOBOIO CiTKO. TakMm
YMHOM IBPUH 3HAYHO NOJErWYE NPOLLEC ANUCEMIHALLT.
TakoxK $ibpuH Bifirpae Ba*KAMBY PoJib i Ha KiHLEBOMY
eTani meTacTa3yBaHHA, a CaMe eKCTpaBa3aLlii, OCKiNbKK
CrpUAE NPOHUKHEHHIO METACTaTUYHOT eMb0/In B TKaHU-
HUW LWAAXOM NPUKPINAEHHA A0 MiKPOYLIKOAMXEHb CTIHOK
KPOBOHOCHWX CyauH [24].

AKWO cuHTE3 ¢GibpUHY 3yMOBUTM MO3a CYAUHHUM
pycnom, 6esnocepefHbO B TKaHWHI HAaBKOIO HOBOYT-
BOpY, ToAi chopmoBaHa Kamncyna 3aTpumyBaTUMeE 3/10-
AKICHI KNITUHW Y CKNagi EAMHOI NYXNMHU 1 nonepeaska-
TUMe iX BiLOKpeMIeHHA. 3yMOB/IEHO Le TUM, WO CiTKa
0obnniTae NyxJMHY MNOBHICTIO 3 YTBOPEHHAM CTiKOTrO
KapKacy, Yepes AKUIA He NPoXoAATb OKPEMI KAITUHU UK
iX CKynueHHs. Y Takui cnocib BaacTbca 3abnokysaTu
npoL.ec MeTacTasyBaHHA LWe Ha Moro nepwin ¢pasi — Bu-
XOAi OHKOKAITUH 32 MeXi NYX/IMHU 1 NPOHUKHEHHSA X Y
KPOBOHOCHE YK NimdaTnuyHe pycno — iHTpasasauii [2, 3,
4,6,7].

[HWKUM BaXkAMBMM MOBGIYHUM edeKToM, WO MOoKe
BUHWUKHYTU Npu popmyBaHHi GibpMHOBOI CiTKK, € reHe-
pani3oBaHa rinepakTUBaLLiA NPOLECiB Koarynauii Kposi
3 PO3BUTKOM CMHAPOMY AMUCEMIHOBAHOIO BHYTPILLIHbO-
cyauHHOro 3roptaHHa (AB3). Y pe3ynbTaTi MHOXKUHHOTO
YTBOPEHHA TPOMBIB Y MiKPOLIMKYNATOPHOMY i, MEHLLOO
MipOI0, Y MaKpOLMPKYNATOPHOMY pycaax i NOpyLUeHH:A
IXHbOrO KPOBOTOKY PO3BMBAETLCA CUHAPOM Moniop-
raHHoi gucdyHKuUji. 3rogom HagmipHe BMKOPUCTAHHA
TpombouuTiB y NpoLecax 3ropTaHHA KPoBi Npu3sene Ao
iX 4ediumTy, WO 3yMOBUTb PO3BUTOK reMopariyHoro gia-
Tesy [25].

€EonvHMm cnocobom 3anobirtn HebaxkaHUM peakui-
AM, AKI MOXYTb BUHUKHYTU Nig, Yac mogentoBaHHs oi-
OpPMHOBOI Kamncy/iM HaBKOAO PaKOBOI MyXIMHM, € TaKa
MeToaMKa i GopmyBaHHA, WO 3abe3neuntb TapreTHy
[OCTaBKY laTeHTHOro GibpMHOreHy 10 OHKOBOTHMLLA Ta
Moro micuesy aKTMBaLiO 3 YTBOPEHHAM HEPO3YMHHUX
BOJIOKOH ¢ibpuHy 6e3nocepeHbO B NapaTyMOpPHOMY
npocrtopi. Le [03B0ANTb 3HAYHO NiABULLMTM eKCTpa-

Ba3a/lbHy KOHUEHTpaLito GpibpuHOreHy, He 3MiHOUM
il iHTpaBa3a/sibHNI MOKa3HWK, i 3yMOBUTb OBMEXKeHHA
rinepcuHTesy GibpUHY NMLe B MeXKax napanyxTMHHOro
cepefoBulLLa.

3BaXKalouM Ha BUCOKY WMMOBIPHICTb PO3BUTKY MO-
6iuHnx edekTiB Nnpn bopmyBaHHI GibpMHOBOI Kancynun,
0cobNMBO BAX/IMBUM € MPOBEAEHHA MOCTIMHOIO MO-
HITOPUHIY KOHUEHTpaLii ¢pibpnHOreHy B nnasmi Kposi,
OCKIi/IbKM MNiABULLEHHA MOTO PiBHA MOXKe NPU3BECTU A0
NPUCKOPEHHA MeTacTaTUYHUX MPOLLECiB i rinepkoaryna-
Lii KpoBi 3 po3BuTKOM [AB3-cnHapomy [23, 24, 25].

MexaHizm ¢opmyBaHHA Hi6pUHOBOI Kancynu.

Bubip cnocoby dopmyBaHHA GibpUHOBOT Kancyau €
HaA3BMYAMHO BaXK/IMBUM i BiaNOBIAANbHUM 3aBAAHHAM,
OCKi/IbKM HeobxigHO ogHOoYacHO 3abe3neynTn KOHUEH-
TPYyBaHHA NpoLecy rinepnosiimepusad,ii BoJIOKoH ¢pibpu-
Hy 6e3nocepeHbO HAaBKOMAO MYyX/IMHU 1 HE AONYCTUTU
rinepkoarynauito B opraHiami. 3 uieto meToto NoTpibHO
3ab6e3neunTn TapreTHe TpPaHCNOPTyBaHHA GibpuHOreHy
[0 KaHLep-BOrHULLA | MOro MicLeBe aKTUBYBAHHA.

MU NPONOHYEMO BMKOPMUCTATU TpacTysymab — mo-
HOK/IOHa/IbHE aHTUTINO A0 peuenTopiB enigepmasibHo-
ro ¢paktopa pocty ntoanHun 2 (HER2) — y poni uinbosoro
TpaHcnopTepa monekyn ¢ibpuvHOreHy A0 OHKOKANITUH
[26].

HER2 € TpaHcmembpaHHMM [iKonpoTeiHOM, WO
CKNAZAETbCA 3 MO3AKNITUHHOrO, TpPaHCMeMbpaHHOro
Ta BHYTPILWHbOKNITUHHOIO AOMEHIB 3 BHYTPILUHbOK aK-
TMBHICTIO TUPO3MHKiHa3M. Moro ronosHa ponb nonsrae y
CMPUAHHI HAAMIPHOMY, HEKOHTPOJIbOBAaHOMY POCTY K/i-
TUH i yTBOpeHHIo NyxaunH. HER2 Ha BigmiHy Big iHWNx pe-
LenTopiB AaHOro CiMmeicTBa HE MA€E BiAOMOrO /liraHaa i
nocTiiiHo nepebyBae B aKTMBOBaHOMY CTaHi. Moro romo-
abo retepoaMmepusauia (3 IHWUMKW YeHamK cimen-
CTBa) NpM3BOAUTb A0 ayTodochHOpUAtOBaHHA 3aNULLKIB
TUPO3UHY B LMTOMIA3MaTUYHOMY AOMEHI peuenTopa
M iHiLitO€ PI3HOMAHITHI CUrHANbHI WAAXM, FONOBHUM
ynHom PI3K/AKT-wnax i Ras/MAPK-wnax, wo npusso-
OWUTb 00 KANiTMHHOI nponidepauii, andepeHLiloBaHHSA,
aHrioreHesy i iHBasii (puc. 2). Amnaidikauia HER-2/neu
reHa  HagmipHa ekcnpecia 6inka HER2 cnocrtepiraerbca
B pAAi NyX/1MH, 0CO6MBO NPU pPaKy MOSIOYHOI 3a/103M,
AEYHUMKIB | WAyHKa. NoegHaHHA HaAMipHOI ekcnpecii
peuentopie HER2 y nyxinMHax i HU3bKOi B HOPManbHUX
TKaHMHax 3abe3neyye NoTeHLjiiHe TepaneBTUYHE BiKHO,
a HafABHICTb MNO3aKAITMHHOTO AOoMeHy pobutb HER2 Kni-
TUHHUM MapKepoMm, NPUAATHUM AN1A ONocepesKOoBaHOi
peuenTopom aapecHoi AOCTaBKU B NyXauHU [27, 28,
29]. Tpacty3aymab 3B’A3YeTbCA 3 NO3AKNITUHHUM AOMe-
HOM LLbOro peL.enTopa Ta NPUTHiYye roMmoanmepu3aLLito
HER2, TMm camum 3anobiratoum nogasnbluini onocepea-
KoBaHi HER2 nepepgaui curHany [26, 29, 30].

BaxknuBo 3ragat, wo biocuHTes ¢ibpuHy npoxo-
ONTb y ABi cTagii: depmeHTaTUBHY W HedbepmeHTaTMB-
Hy. CTpYKTYpY PibpmHOreHy moxHa onncatv ¢opmynoro
(AaBBv)Z. Ha nepwomy eTtani 4na yTBoOpeHHA MOHOMepY
dibpuHy TpoMbiH Bigwenatoe Big naHutoris Aa i BB ¢i-
6puHonentuam A i B (FpA i FpB) BignosigHo. FpA Bia-
LLenETbCA No nenTuagHomy 38’a3ky Aa Argl6-Glyl7,
Toai Ak FpB — no 38’A3Kky BB Argl4-Glyl5. BHacnigok
LbOro naHutorm a i B matoTb Hosi N-KiHLEBi nocnifos-
HOCTI, Ha3BaHi KAoYamm «A» i «B», WO HebepmeHTa-
TUBHO 3’€HYIOTbCA MO TUMY «KAOY-3aMOK» 3 AiNAHKA-
MK «a» i «b», AKi 3aBXKAW BIgKPUTI 1 3HaxoaaTbCA Y V- i
B-By3nuKax BignosigHo No6aun3y C-KiHLiB O4AHOMMEHHMX

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2023 — Bun. 4 (171) / Bulletin of problems in biology and medicine — 2023 - Issue 4 (171) 37



ornaaun NITEPATYPU / LITERATURE REVIEWS

fibronectin

"'T_:Hepsr‘n
y ‘éaarenr-rsfﬁ

<
HER2
\J 16FB \l

‘h?'GFB-receptor

PucyHok 2 — Bnaus HER2 (ak aktusatopa PI3K/AKT i Ras/MAPK

WwnAXiB) i rencuHy (aK ctumynatopa nepegavi curHanis TGFB uepes
npoTteoni3 ¢i6GPOHEKTUHY) Ha KaHLieporeHes i OHKONPOrpecyBaHHA.
NaHutorie. Y pesynbTaTti Yoro MoHoOMepHUI ¢ibpuH ca-
MO36MpPaAETHLCA, YTBOPIOKOUYM CMOYATKY ONiromepu, AKi
NMOLOBKYIOTbCA A0 ABOMAHLIOTOBUX NpoTodibpun, AKi
Y CBOIO Yepry yTBOPHOOTb TPUBUMIPHY renenogibHy me-
peXy 3a TMMNom ciTku [8].

Ha ¢epmeHTaTMBHOMY eTani cuHTe3y ¢ibpuHy ponb
CEPMHOBOI NPOTeasn B 3aNpONOHOBAHOMY HaMK Mexa-
Hi3mi BigirpaBaTme rencuH. BiH HanexuTb 4o cimen-
CTBa TpaHcMmembpaHHUX cepuHoBUX npoTteas (TTSP)
Tmny Il, 3aKpinaeHnx Ha UMTONIa3mMaTUYHIi membpaHi,
bepmeHTaTMBHA aKTUBHICTb AKMX obmekeHa nepuue-
NtonAapHUM npoctopom [31]. lfencuH € ogHUM i3 6inkis,
AKi HalYacTile HAA/IMLLIKOBO eKCNPECYHTbCA NPU OHKO-
npoLecax NpPoctatM M MONOYHOI 3an03M. BBarkaeTbcs,
Lo Moro HagMipHa ekcnpecia cnpuae NporpecyBaHHIo
Ta MeTacTa3yBaHHIO PaKy [AEKiNbKOMA OHKOTeHHUMMU
LWAAXaMK, 30KPEMA OAMH i3 HalBaXKNUBILLMX € Nepesa-
ya curHanis TGFP yepes npoTeoni3 ¢pibpoHEKTUHY. CUH-
Te3 TGFB npoxoanTb BHYTPILWHBOKAITUHHO 11 0c06/11MBO
aKTUBHO B OHKOKANITWMHax. Y dopmi «3amacKoBaHOro»
Latend-TGF[B TpaHCNOPTYETbCS B MO3aKNITUHHE cepeao-
BULLE i 3B’A3YETHCA 3 HUTKAMM PiBPOHEKTUHY, AKi Y CBOIO
Yyepry po3LLLEntoTLCA Nif A€ FeNcUHy 3 BM BiZlbHEH-
Ham TGFp, wo, B3aemoaitouu 3 BignoBigHMMM peLenTo-
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PucyHok 3 — MexaHi3mu, AKi NpoXoAATb B OHKOBOTHULL Nig,
Bnansom Tpactysymab-emraH3uHy, 3’egHaHoro 3 pibpuHoreHom.

pamu, aktmeye SMAD2/3-wnsx (puc. 2). TGFB npurHivye
picT i noAin HOPMaNbHUX KAITUH NOANHW, ane NOCUNIOE
picT i mirpauito BUCOKOTPAHCPOPMOBAHMUX PAKOBUX KAi-
THH [32, 33, 34].

®ibpuHOreH, TPAHCNOPTOBAHMI 3a [AOMNOMOrOH0
TpacTy3ymaby, HaKoNMYyBaTUMETHLCA Ha NOBEPXHI Naas-
MATUYHUX MeMbpaH KaHUEep-3MiHEHUX KNITUH i, AK pe-
3yNbTaT, MOro KOHLUEHTPALIA y nepuLentoNapHoOMy ma-
TPUKCi 3Ha4yHO 3pocTaTume. Lle npussese oo Toro, Lo
NpoTeiHa3Hi BNACTMBOCTI FencuHy 3a TUMOM 3BOPOTHOI
KOHKypeHL|ii 6yayTb HanpasaeHi Hacamnepes, Ha BigLue-
naeHHna ¢ibpuHonentuais A i B (FpA i FpB) Big naHutoris
Aa i BB, 3abe3neuytoum nepwnini epmeHTaTUBHUI eTan
yTBOpeHHA ¢ibpMHY, BOAHOYAC NPOLLEC PO3LEnNeHHA
bibpPOHEKTMHY 3 BUBINbHEHHAM TGFB BiabyBaTMmeTbCA
nosinbHiwe [8].

AIKi nepeBarn Mae AaHuWIA, 3aNPOMNOHOBAHUIA HamM,
MeXaHi3m yTBOpeHHA ¢ibpnUHOBOI KancyiuM HaBKOJO
nyxavuu (puc. 3)?

Mo-neplie, BUKOPUCTAHHA TPacTy3ymaby fK TpaH-
cnoptepa ¢ibpuHOreHy 0 KaHLep-BorHuwa 3abesne-
UMTb LIiNbOBY AOCTaBKY, WO A03BO/IUTb MiHIMI3yBaTh
pu3nK Tpomb03iB i NMobiYHOro rinepmeTacTasyBaHHS.
Lleii npenapat € lOKa30BMM i BXKe BUKOPUCTOBYHOTbCA Y
TapreTHil Tepanii paky [26, 29, 30].

Mo-apyre, 3abe3neuynTb NoegHaHHA bap’epHUX BNac-
TMBoCTEN GiBPUHOBOT Kancyan 3 BUCOKMMW AOKA30BU-
MW TepaneBTUYHUMW BNACTMBOCTAMM TPacTy3ymaby, a
came: 1) 38’a3yBaHHsA 3 HER2 peuentopom i 6/10KyBaHHSA
noAanblwoi nepeaadi curHany, 2) cnpuaHHA aHTUTINO-
3aNEXHIM KNITUHHIA UUTOTOKCMYHOCTI, WO 3YMOB/IOE
CMepTb OHKOKNITWH, 3) Aenonimepusauia MiKpoTpy-
6040k 3a gonomoroto DM1, wo 3anobirae 36upaHHIo
dYHKUiOHANbHOrO MITOTUYHOIO BepeTeHa W MpPU3BO-
OMTb 0 3YNUHKK KAITUHHOTO LMKy B meTadasi yepes
HEMOX/IMBICTb NPUKPINJEHHA KiIHETOXOpPIB A0 BOJIOKOH
BepeTeHa [35, 36].

MNo-TpeTe, rencuH AK CepUHOBA NPOTeiHa3a akTUBaLii
biBpUHY TaKOXK CNPUATUME 3MEHLLIEHHIO PU3UKY PO3BU-
TKY TaKMX NobiyHnX edekTiB, AK CUCTEMHOI rinepkoary-
NAUiT Ta MeTacTasyBaHHA, WO MNOACHIOETLCA il BUKIOY-
HOO NepuLentonapHoto gieto [31].

Mo-yeTBEpPTE, 3MEHLWWUTLCA MPOOHKOreHUn edekT
TGFp, OCKiNbKM pepMeHTaTUBHI LieHTpH rencuHy 6yayto
3aliHATI Mmonekynamm ¢GibpuHoreHy 1, TaKUM YMHOM,
ranbmMyBaTMMETbCA NPOLEC BUBIIbHEHHA aKTUBHOI TGFB
3 il nateHTHOi dopmu [32].

AK npuegHaTv ¢ibpmMHOreH A0 MOMEKYN TPACTy3y-
maby?

MPONOHYEMO 3AINCHUTU NPUELHAHHA MONEKYAU
bibpuHoreHy fo TpacTysymaby yepes yTBOpPeHHA nen-
TUAHOTO 3B’A3KY AHANOM4YHO [0 NPUEAHAHHA Mose-
Kyam MCC-DM1 y cTpykTypy TpacTysymab-emTaH3uHY
[37, 38]. MenTnaHMit 38°A30K YTBOPUTLCA MiXK Bi/IbHOO
amiHOrpynoto Tpactysymaby i1 KapboKCUAbHOO FPynoto
monekynn ¢ibpuHoreHy. MpioputeTHUM € MiHIManbHe
BTPYYaHHA B CTPYKTYpY MONeKyan GpibpuHoreny, wob He
nopywuTH ii KoHdopmaLl,ito, aKe ro0BHY POab Ha He-
dbepmeHTaTMBHOMY eTani cuHTe3y $ibpuHy BigirpatoTb
CTPYKTYpHi ocobaunBocTi ¢ibpuHOreHy, a came AinAaHKM
«a» i «b», Wo mictatbes B y- i B-By3nMKax BignosigHo
no6amsy C-KiHUiB ogHOMMEHHUX NaHutoris. [8] 3 orna-
Oy Ha ue BapTO BMKOPUCTOBYBATW o-naHutor GpibpuHo-
reHy, C-KiHLeBO amiHOKMCNO0TOW AKoro € MponiH [39]
(puc. 4).
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BucHoBKM.

dopmyBaHHA Kancynn Ha-
BKOJIO MYX/IMHU MOXHA PO3rnf-
4aTV AK NepcnekTUBHUN meTosn
raJibMyBaHHA POCTy 1 meTacTa-
3yBaHHA 3/10MKiCHOI Heonasii,
AKUIA [03BOJIAE «MEPETBOPUTUY
il iHQINbTPATUBHMIA pICT y eKc-
NaHCUMBHUM, WO XapaKTepHui
ANA BOBPOAKICHNX HOBOYTBOPIS, a-chain with Proline at
i 3HAaYHO 3MEHWNTUN TeMN PO3- | sho Cterminal end
BUTKY MiCLLeBOI CMMNTOMATUKU @
paKy. 3anponoHOBaHUII METOZ, @%\{\o
HEe MOMKHa 3acTOCOBYBaTW fAK N
camocTiliHMIi cnoci6 Tepanii, a Iy
pagwe AK A04ATKOBWUMN, AKMI

rrastuzumab

4

- Mcc-omi Trastuzumab
Meytansing o

s/ emtansine

noBuHeH 0608'A3K0BO noeaHy- | Frbrimogen |
BaTMCA 3 TPAAMLIMHUM NiKyBaH- Trastuzumab Trastuzumab efnmnsme
HAM. emtansine with one connected fo fibrinogen by a
MepcnekTMBM noAaNbLUNX free NH2-group peptide bond
BOCNiAXeHb.
Mopanblie nposeAeHHA
eKCNnepuvMeHTabHOro  MiaTBep- PuUcyHOK 4 — MexaHi3m yTBOPEHHA NeNTUAHOro 38’A3Ky MiXK amiHOrpynoto TpacTysymaby

[DKEHHS UM CTIPOCTYBaHHA ONK 1 Kap6oKkcunbHoto rpynoto MponiHy a-naHutora ¢pibpuHoreHy.

CaHUX NpUNyLLeHb. Yepes Heao- Hacniakis. Lle cnoHyKae Hac 40 NOLWYKY HOBMX MaTepi-
CKOHa/ly CUCTEMY KOHTPOJIIO 33 NPOLLecom GpopMyBaHHA  aAiB, AKi 6 nocnyxuam cybctpatom i3 binbworo 6esney-
$ibPMHOBOI Kancyn iCHye BUCOKUA PU3MK HETAaTUBHUX  HiCTIO.
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MEPCNEKTUBA ®IEPUHOBOI KAMCY/IN B TA/IbMYBAHHI POCTY I METACTA3YBAHHA 3/1I0IKICHUX NYX/IUH

Kypuk M. I., PomeHKo I. C.

Pe3stome. MpoTArom oCTaHHIX AEKiNbKOX POKIB paK HE3MIHHO 3ailiMaE Apyre MicLe B CTPYKTypi NIeTasibHOCTI Ha-
ceneHHA YKpaiHW, NoCcTynatymnchb e cepLeBo-CYyANHHUM 3aXBOPIOBAHHAM, i Pa3oM 3 HMMM BU3HAYaE PiBEHb
30,0p0B’A Hau,i.

3/10AKiCHI NYX/IMHK Ha BiAMIHY Big, 4OBPOAKICHUX BONOAIOTb 3HAaYHOIO arpecUBHICTIO, L0 NPOABAAETLCA BANCKa-
BUYHMM POCTOM, PYMHYBAHHAM OTOUYIOUMX TKAHWUH i MOLWMPEHHAM Ha BigAaneHi AinaHku. OA4HOK 3 OCHOBHUX MpK-
YWMH LMX BIAMIHHOCTEN € XapaKTep POCTy NYX/INMH: eKCNAaHCUBHUI AR A0OPOAKICHUX, iIHBAa3UBHUI ANA 3N0AKICHUX.

[Jobpe Bigomo, Wwo fo6posakKicHi Heonnasii 3 Yacom MOXKYTb NepeTBOPIOBATUCA Ha 3/10AKiCHI. Llei npouec npu-
MHATO BBa*KaTW OAHOCTOPOHHIM. Ane sikum 6yB 61 nepebir paKy, AKLLO Taka TpaHcdhopmauia byna 6 3BOPOTHO?
MowyK BiANOBIAl HA Lie NUTaHHA GOPMYE METY AaHOTO AOCAIAXKEHHS.

MU NpONOHYEMO 3MOLENIOBATU Nepexis, 310AKICHOro npouecy B L06POAKICHUI Wnsaxom GOpMyBaHHA HABKO/IO
pPaKoBOI NYXIMHW LWTY4YHOI Gi6PUHOBOT Kancynun. Y Takuit cnocié MoXHa Ha AeAKUI Yac NepeTBopuTH iHdinbTpaTus-
HUI PiCT KaHUEP-NYX/IMHU B EKCMAHCUBHUN.

CdopmoBaHa HaBKO/I0 PAaKOBOro HOBOYTBOPY Kamncy/sla MeXaHiYHO NepeLlKOAYKAE BUXOAY METAaCTaTUYHUX KNITUH
Y KpoBo- 1 nimdoHocHe pycno. MocnifosHicTb RGD, Wwo BXxoanTb A0 CTPYKTYpW Monekyaun ¢ibpuHy Ta ioro nonepe-
AHWKa dibpuHoreHy, 3abe3neuye 38°A3yBaHHA iHTerpunHie a5B1 1a aVPB3 OHKOKNITUH | BNOKYE YTBOPEHHA KOHTAKTIB 3
MosieKynamm GibpOHEKTUHY, WO iICTOTHO 3MEHLLYE iIHBA3MBHICTb NMYX/IMHU 1 KiNbKiCTb il meTacTasis.

YTBOpEHa Kancyna 34aTHa [0 YaCTKOBOrO PO3ra/ibMOBYBaHHA KOHTAKTHOIO ra/ibMyBaHHA KaHLEpP-3MiHEHWX K-
TUH WAAXOM 36iNbWEHHA BHYTPILWHBOTYMOPHOIO TUCKY 10 3HA4Y€EHb Oro HOBOTO MOPOTY, L0 3yMOBUTb CMOBI/IbHEH-
HA TEMMIB POCTY NYyX/INHMU.

ObMmeKeHHA po3MipiB HOBOYTBOPY 3MEHLLINTb LBUAKICTb NPOrpecyBaHHA MiCLLEeBOI CUMNTOMATUKM PaKy, OCKi/b-
KM OCTaHHA NPAMO NPOMNOPLIMHO 3aNeXUTb Big, TEMMIB POCTY NYyX/UHMU.

OTmxe, popmyBaHHA GiBPUHOBOI KamncynM HaBKONO 3/105KiCHOT Heoniasii MOXKHa PO3rNAAaTN AK NepcneKkTmB-
HWI MeToZ, ralbMyBaHHA POCTY 1 MEeTaCcTa3yBaHHA KaHLEP-MYXIMHU WAAXOM «NepeTBOpeHHAY ii iHdinbTpaTMBHOro
POCTY Ha eKCMaHCUBHUN, AKNIA XapaKTepHUI AN 0BPOSAKICHMX Heonnasii.

KnrouoBsi cnoBa: Kancyna, ¢ibpuH, 310sKicHI Heonnasii, meTacTasyBaHHsA, KOHTaKTHE rajibMyBaHHS.

PERSPECTIVE OF FIBRIN CAPSULE IN INHIBITION OF GROWTH AND METASTASIS OF MALIGNANT TUMORS

Kuryk M. I., Fomenko I. S.

Abstract. Over the past few years, cancer has consistently taken second place in the structure of the mortality
of the population of Ukraine, second only to cardiovascular diseases, and together with them determines the level
of health of the nation.
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Unlike benign tumors, malignant tumors have significant aggressiveness, manifested by rapid growth, destruction
of surrounding tissues, and spread to distant areas. One of the main reasons for these differences is the nature of
tumor growth: expansive for benign, invasive for malignant.

It is well known that benign neoplasias can turn into malignant ones over time. This process is considered one-
sided. But what would be the course of cancer if such a transformation were reversed? The search for an answer to
this question formed the purpose of this study.

We propose to simulate the transition of a malignant process into a benign one by forming an artificial fibrin
capsule around a cancerous tumor. In this way;, it is possible to turn the infiltrative growth of a cancer tumor into an
expansive one for a while.

Such a capsule, formed around a cancerous neoplasm, mechanically prevents the exit of metastatic cells into the
blood and lymphatic channels. The RGD sequence, included in the structure of the fibrin molecule and its precursor
fibrinogen, ensures the binding of a5B1 and aVp3 integrins of tumor cells and blocks the formation of contacts with
fibronectin molecules, which significantly reduces the invasiveness of the tumor and the number of its metastases.

The formed capsule is capable of partially disinhibiting the contact inhibition of cancer-altered cells by increasing
the intratumoral pressure to its new threshold values, which will slow down the rate of tumor growth.

Limiting the size of the neoplasm will reduce the progression rate of local cancer symptoms, as the latter is
directly proportional to the tumor growth rate.

Therefore, forming a fibrin capsule around malignant neoplasia can be considered a promising method of
inhibiting the growth and metastasis of a cancer tumor by «transforming» its infiltrative growth into an expansive
one, characteristic of benign neoplasias.

Key words: capsule, fibrin, malignant neoplasia, metastasis, contact inhibition.
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