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Introduction. The main distinguishing hallmarks of cancer are self-
sustaining growth signals, insensitivity to growth inhibition signals, tissue
invasion and metastasis, unlimited ability to replicate, and prevention of cell
death [1]. In the fight against cancer, two main principles of small molecule
therapy have been developed: standard therapy and targeted therapy. Standard
chemotherapeutic agents are cytotoxic because they kill cancer cells, while
targeted chemotherapeutic agents are often cytostatic because they bind to
tumor cells and block cell proliferation. Targeted cancer treatment requires
reliable information about human genes and proteins; therefore, it became the
cornerstone of precision medicine for almost three decades.

Transmembrane receptor tyrosine kinases (RTKSs) control various signaling
pathways that play a pivotal role in the regulation of cell proliferation, motility,
survival, and cell death [2]. Mutations that disrupt the functions of the
intracellular kinase domain of the epidermal growth factor receptor (EGFR) are
often associated with the onset and progression of cancer (Fig. 1). Target-
specific small molecules and neutralizing antibodies have been designed to
inhibit proliferative phosphorylation in signaling pathways triggered by RTKs
in cancer cells. Targeting the ATP binding site in RTK is an important issue in
medicinal chemistry for the treatment of EGFR-associated cancer [3]. Tyrosine
kinase inhibitors (TKIs) with reversible and irreversible mechanisms of action
have been developed to inhibit the catalytic site, improving patient survival
compared to platinum-based chemotherapy, the previous standard of care [4].
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However, resistance mutations leading to cancer progression have been
described that include not only mutations in EGFR, but also those located
outside the receptor gene and affecting HER2/HER3 amplification, mesen-
chymal epithelial transition factor (MET) amplification, the phosphoinositide 3-
kinase (PI3K) pathway, mitogen-activated RAS protein kinase pathway
(MAPK), and modification of cell cycle genes. Thus, the bottleneck of
inhibitory chemotherapy targeting EGFR is the acquisition of multiple muta-
tions in the same tumor, leading to drug resistance and unexpected side effects
that reduce the effectiveness of TKIs.

In recent years, promising approaches have been developed aimed at
targeted protein degradation rather than inhibition of the catalytic site [5]. The
popular method of proteolysis-targeted chimeras (PROTAC) is based on the use
of heterobifunctional degraders containing two linked moieties, one of which
binds to the protein of interest, and the other binds to the E3 ligase [6]. The E3
ligase-degrader-protein complex results in polyubiquitination of the target
protein and its subsequent degradation by the ubiquitin-proteasome system,
after which the proteolysis-targeting chimera is recycled to target another copy
of the protein of interest.

We have developed an alternative method for targeted degradation of
EGFR by polyfunctionalized heterocyclic compounds, namely 4-allyl-5-[2-(4'-
alkoxyphenyl)quinolin-4-yl]-4H-1,2 4-triazole-3-thiols, which bind to the
receptor and lead to cell detachment from the extracellular matrix [7]. In this
review, we highlight the processes that occur when compounds bind to EGFR
and ultimately lead to cancer cell death. We suggest that targeted protein
degradation holds great promise for improving the treatment of EGFR-asso-
ciated cancer by overcoming the shortcomings of current TKI-based therapies.

Targeting EGFR in cancer. Post-translational modifications and protein-
protein interactions directly modulate EGFR signaling and trafficking. A clue to
understanding the inhibition of the tyrosine kinase activity of EGFR by TKIs is
the finding that the driving force that activates the ATP-binding site is the action
of hydrogen peroxide (H,O,) that is generated during cognate ligand EGF
binding to the receptor [8]. The binding of EGF to EGFR promotes the trans-
formation of O, to H,O, through the membrane-located NADPH oxidase Nox2;
then, this reactive oxygen species reacts with Cys797, leading to the transition
of the thiolate anion (Cys-S) to sulfenic acid (Cys-SOH), which is required for
the activation of the ATP-binding site in the receptor [9].

Ligand-independent auto-phosphorylation of EGFR has been also descry-
bed in cells treated with small molecules. In particular, the action of 4-nitro-
benzoxadiazole derivatives rely on the generation of H,O, by cytoplasmic
superoxide dismutase in cancer cells [10]. Overall, this finding suggests that the
highly reactive hydrogen peroxide produced by various metabolic reactions may
unpredictably increase phosphorylation flux in EGFR-driven pathways and thus
reduce the therapeutic efficacy of TKIs [11]. Below, we describe the properties
of new generation of small molecules that overcome the disadvantages of H,O,
producing molecules when binding to the tyrosine kinase domain of EGFR.
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Fig. 1. Structure of monomeric and dimeric forms of EGFR and functions of the EGF
ligand-bound receptor in cells.
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Fig. 2. Targeted protein degradation in cancer cells with polyfunctionalized heterocyclic
compounds. A — furfuryl derivatives of 4-allyl-5-[2-(4'-alkoxyphenyl)quinolin-4-yl]-
4H-1,2,4-triazole-3-thiol; B — compound VM26 shows dose-dependent degradation of
EGFR and other proteins and reduced phosphorylation mediated by EGFR in MDA
MB68 cancer cells; C — the cytotoxicity of compounds (IC50) in MDA MB468 cancer
cells grown with fetal bovine serum for 72 hours.
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Fig. 4. Sequestration of Bim in MDA MB468 cancer cells by allosteric degraders of
EGFR. A — Two step protein degradation in starved cells vs nonstarved cells
considering 100% of each protein in nonstarved cells. Relative levels of proteins were
estimated as their ratio. B — Impact of EGF and glutamine on protein expression and
phosphorylation in untreated ells and treated with 25 uM VM26 for 6 h in serum-
deprived medium.
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Structure of EGFR bound to VM3 (orange), VM25 (pink), and VM26 (green) and
Gefitinib (yellow). B — Compound VM26 binds to a hydrophobic allosteric site in
EGFR, inducing degradation of the receptor in endosomes. Depletion of EGFR,
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promoted death.



Endocytotic degradation of EGFR. Protein degradation in mammals
depends on the initiation type of autophagy categorized as macro-autophagy,
chaperone-mediated, and micro-autophagy [12]. Endocytosis of EGFR is a
micro-autophagy process, which orchestrates cellular signaling networks, and
can direct the fate of the receptor in cells. Ligand-bound EGFR undergoes
endocytosis followed by recycling and/or degradation of the receptor by proteo-
lytic enzymes in lysosomes fused to endosomes [13]. Low doses of EGF acti-
vate clathrin-dependent endocytosis, which promotes sustained EGFR signaling
and is the main mechanism of EGFR endocytosis in tumors in vivo [14]. High
doses of ligand additionally induce clathrin-independent endocytosis, which is
the main lysosomal degradation pathway for reducing EGFR signaling [15].
Apparently, this process affects the fate of the receptor through ubiquitination at
saturated concentrations [16].

We have synthesized furfuryl derivatives of 4-allyl-5-[2-(4'-alkoxyphenyl)
quinolin-4-yl]-4H-1,2,4-triazole-3-thiol by combining various scaffolds in one
molecule [7]. Alkyl ether substituents of different lengths were attached to the
benzene ring to obtain new VM compounds that provide a differential increase
in the sensitivity of the target protein to the action of proteases (Fig. 2A). The
triple negative breast cancer cell line MDA MB468, in which the EGFR protein
is overexpressed compared to a low-expressing ErbB2 counterpart, was used in
our study. Experiments showed a significant suppression of EGFR tyrosine
phosphorylation associated with a decrease in its expression due to protein
degradation (Fig. 2B). The ability of the active compounds to simultaneously
suppress tyrosine phosphorylation and to reduce EGFR levels and other
functionally unrelated proteins suggested that the small molecules induce
protein degradation by first targeting EGFR in cancer cells. Active VM com-
pounds VM25 and VM26 demonstrated relatively high cytotoxicity comparable
to gefitinib (Fig. 2C), a well-known first-generation anti-EGFR drug [17].

We assessed protein levels in serum-deprived cells in which EGFR
expression was reduced by siRNA silencing [7]. Decreased levels of EGFR and
Hsp90a were observed when cells were exposed to VM compounds compared
to cells transfected with scrambled siRNA. We also evaluated the autophagy
biomarkers LC30/LC3p, considering that the accumulation of LC3f correlates
with an increase in the number of autophagosomes, which degrade nutrient-
starved proteins in cells [18]. Immunofluorescence microscopy was used to
study autophagy biomarkers in the cells incubated with a lower concentration of
compounds for a shorter time [7]. The LC3p protein emitted a strong fluorescent
signal upon exposure to VM26 relative to the vehicle, indicating the compound
resulted in a rapid response of the autophagy mechanism.

Chaperone HSP90a promotes autophagic degradation of EGFR. Heat
shock proteins (HSPs) play a crucial role in the process of protein folding
during proliferation, invasion, metastasis, and death of cancer cells. Among
these proteins, HSP90a, a highly conserved molecular chaperone, has over 700
protein substrates known as client proteins [19]. HSP90o is involved in a
variety of cellular processes beyond protein folding, which include DNA repair,
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immune response development, and neurodegenerative diseases. Other co-
chaperones interact with HSP90o and regulate ATPase-associated conforma-
tional changes in the HSP90a dimer that occur during processing of client
proteins (Fig. 3A). Therefore, this chaperone plays a key role in correcting the
misfolding of client proteins and protecting them from ubiquitination and
degradation by the 26S proteasome [20].

EGFR is a client protein for Hsp90o that in cooperation with Hsp70
controls and edits the proper folding and maturation of nascent polypeptides via
a super-chaperone complex in normal and cancer cells [21]. The chaperone
Hsp70 initially recognizes a misfolded client protein and then translocates the
bound protein to Hsp90a, which promotes the maturation of the client protein
[22]. The auCP4 loop in EGFR moderately conserved in client protein kinases is
likely to be recognized by Hsp90c [23]. The chaperone Hsp90a is highly
expressed in cancer cells, and diminution of the Hsp90 machinery activity leads
to the degradation of misfolded client proteins by cellular proteasome.

We studied the effect of VM compounds on the interaction of EGFR with
Hsp90o by immunoprecipitation. The analysis showed that the 90-kDa Hsp90a
diffuse band could be immunoprecipitated with EGFR from cell extracts treated
with the three compounds, with the lowest chaperone yield in samples
corresponding to VM26 treatment (Fig. 3Ba). No band corresponding to Hsp70
was detected in immunoprecipitated extracts, whereas a 70-kDa protein was
detected in input samples and at lower levels in cells exposed to compounds
VM25 and especially VM26 (Fig. 3Bb). This means that the final chaperone-
target protein complex does not contain Hsp70, which dissociated after
providing for EGFR translocation to Hsp90a.. A lower amount of Hsp90a in
samples precipitated with anti-EGFR antibody indicates simultaneous
degradation of the chaperone in the EGFR- Hsp90a complex due to binding of
the VM compound. Obviously, a decrease in EGFR folding should promote
greater degradation of the receptor protein, which may lead to a decrease in the
phosphorylation flux in downstream signaling pathways.

Detachment of cancer cells from the extracellular matrix. The
cytoskeleton consists of actin polymers and microtubules formed by tubulin
polymers, which in concert with other proteins allow integrins to attach to the
extracellular matrix [24]. EGFR phosphorylation status in downstream signaling
pathways determines the functional state of integrins, which are transmembrane
receptors that mediate cell adhesion to the extracellular matrix. Crucially, EGFR
governs the normal functioning of the cytoskeleton through the MAPK/ERK
pathway by phosphorylation of the proapoptotic Bim, a sensor protein important
for interaction with microtubules [25]. Interruption of this signaling pathway by
blocking Bim phosphorylation leads to the sequestration of the cytoskeleton and
the detachment of healthy cells. Nutrient starvation impairs the EGFR signaling
cascade, leading to the detachment of cells and ultimately to a programmed
death pathway known as anoikis. Compared with healthy cells, cancer cells
possess a higher tolerance to anoikis, and this seems to be involved in the
metastatic progression of inflammatory tumors.
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We observed that incubation of cancer cells with VM compounds reduced
levels of B-actin and a-tubulin, cytoskeletal proteins commonly used as loading
controls in Western blotting [7]. In addition, the compounds caused detachment
of cancer cells from the extracellular matrix, especially under conditions of cell
starvation for EGF or glutamine. Only traces of EGFR were detected in attached
cells, and the receptor protein was absent in detached cells after exposure to the
compounds in serum-supplemented medium.

To determine whether the destabilization of the cytoskeletal machinery is
related to the status of the Bim sensor protein, protein expression was assessed
by immunofluorescence imaging and Western blotting. Kinetic analyzes showed
a transient and significant increase in BimEL after one hour of exposure to
VM26 in a serum-deprived medium, followed by a decrease in this protein level
after three hours of exposure. Notably, a high level of BimEL expression was
associated with a decrease in the amount of EGFR after one hour. The amount
of lysosomal protease LAMP-2 and cytoskeletal protein -actin decreased later
compared to EGFR. This two-speed decrease in the abundance of functionally
unrelated proteins (Fig. 4A) seems to reflect two processes: early and rapid
degradation of EGFR by endocytosis, followed by slower disintegration of the
cytoskeleton due to Bim sequestration.

To elucidate which major nutritional factors are involved in Bim induced
sequestration, protein profiles were compared in serum-deprived cultures after
addition of EGF or glutamine or both for 6 hours. Glutamine and its mixture
with EGF and, to a lesser extent, EGF increased Bimg; expression compared to
vehicle or EGF alone (Fig. 4B). Moreover, a significant increase in the rate of
phosphorylation was detected in Ser69 Bimg;, which is likely due to increased
phosphorylation at Tyr1068 in EGFR. Replenishment of the medium with a
fresh portion of glutamine improved the functional state of Bim in the absence
of VM compounds.

Serum-deprived cells treated with VM26 in the presence of EGF,
glutamine, or both had elevated expression levels of EGFR, LAMP-2, B-actin,
and cleaved caspase 3 compared to low protein expression in the presence of
compound alone (Fig. 4B). BimEL expression essentially increased after
exposure to VM26, and no noticeable modulation was detected after the
addition of EGF, glutamine, or both in the starved culture. Notably, VM26
strongly suppressed Ser69 phosphorylation in BimEL, apparently associated
with reduced phosphorylation in EGFR, regardless of the addition of EGF,
glutamine, or both to the growth medium.

Targeted degradation of the receptor protein is of particular interest in
prostate cancer. The traditional treatment for this cancer, which eventually
develops into a castration-resistant form with a poor prognosis for patients, is
androgen deprivation. Standard methods of radiation therapy, chemotherapy,
hormonal therapy, and surgery are not considered fully effective in the
treatment of advanced and metastatic forms of cancer. We evaluated VM
compounds in the DU-145 prostate cancer cell line, characterized by an unusual
decrease in EGFR levels in response to EGF action in an autocrine loop,
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presumably associated with endocytosis [26]. Depletion of EGFR by VM26 for
three hours resulted in a decrease in BimEL expression and Ser69
phosphorylation in attached cells, which was associated with a larger number of
cells detached from the extracellular matrix [7]. After a 24-hour incubation,
VM26 resulted in the disappearance of EGFR and B-actin in attached cells,
regardless of the addition of EGF or glutamine to the starvation medium.

These results confirmed that VM compound-induced EGFR depletion
drastically destabilizes the cytoskeleton, leading to detachment of cancer cells
from the extracellular matrix and, ultimately, death resembling apoptotic
anoikis. Depletion of HSP90«, which depends on the amount of chaperon-
bound EGFR, can additionally contribute to cell detachment by reducing the
ability of the Hsp90/Hsp70 system to properly fold a huge number of nutrient-
prone proteins. Thus, both misfolded client proteins and nutrient-prone proteins
can become targets for proteases in the endolysosomes and cytoplasm of cells
treated with polyfunctional heterocyclic compounds.

Why does glutamine increase the anticancer capacity of EGFR degra-
ders? Our data demonstrate the ability of allosteric degraders of EGFR to
influence metabolic and energy balance in glutamine-deprived cancer cells.
How does glutamine deficiency enhance VM26 ability to kill cancer cells?

Cancer cells grow rapidly and require more energy for protein synthesis
than normal cells. Glutamine is converted to a-ketoglutarate, which merges with
the tricarboxylic acid cycle to form large amounts of ATP. Moreover, EGFR
requires ATP to activate the catalytic ATP-binding site and more than thirty
amino acids, including seven tyrosine residues, even if the receptor undergoes
endocytosis [27]. The addition of glutamine to the culture medium is necessary
due to the instability of this amino acid at 37°C. The ATPase activity of the
chaperone Hsp90a provides energy-dependent correction of many misfolded
client proteins, protecting them from ubiquitination and 26S proteasome-
promoted degradation [20]. As Hsp90a levels decrease with EGFR depletion,
misfolded glutamine-prone proteins become available for degradation by
proteases. Therefore, the dependence of EGFR activation and related processes
on the content of glutamine in cells can be formulated as «no glutamine, no
EGFR signalingy.

New philosophy of cancer chemotherapy. Chemotherapeutic interruption
of the flow of MAPK/ERK phosphorylation by allosteric TKIs is a promising
tool for reducing the metastatic spread of cancer cells [28]. Small molecular
glues and heterobifunctional molecules have also been developed as targeted
protein degraders to treat cancer and other diseases. PROTAC targeted protein
degradation is particularly attractive for modulating proteins that are difficult to
target with TKIs [29]. Other types of molecular glues based on the ability of
thalidomide to act as a degrader constitute another important class of drug-like
agents for the treatment of diseases [30]. Scientific progress in recent years and
clinical trials of PROTAC degraders and thalidomide analogs in clinical phases
I and II suggest that targeted protein degradation will become a key therapeutic
option in the fight against cancer in the coming decades.
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We have developed an alternative targeted protein degradation approach
based on 4-allyl-5-[2-(4'-alkoxyphenyl)quinolin-4-yl]-4H-1,2.4-triazole-3-thiol
derivatives, which bind EGFR [7]. These small degraders are completely
different from the PROTAC and thalidomide degraders and are likely to be
advantageous in terms of their action on cancer cells. The polyfunctional
heterocyclic compounds target and degrade EGFR, resulting in a cascade of
death-promoting events that resemble cancer cell cytotoxic killers rather than
cancer cell proliferation cytostatic blockers. We believe that such an action
opens a very attractive and effective prospect of cancer treatment.

New compounds first bind to a hydrophobic allosteric pocket located in the
immediate vicinity of the ATP binding site (Fig. SA). Molecular dynamics
simulation has revealed that the short chain CH;CH, in new compounds is not
bulky enough to fill the hydrophobic allosteric pocket, while the longer chain
CH;(CHy), almost completely occupies this site. An important role in the
binding of compounds to EGFR seems to be played by their reorientation from
Arg803 to Arg841, which is consistent with the participation of Arg841 in the
dynamic changes preceding the sulfenylation of Cys797 [7, 31]. This probably
leads to the interaction of longer alkyl ether chains of the compounds with
Met766 in the olCP4 loop located near the ATP binding site. This rearrangement
may accelerate and/or enhance the endocytic degradation of EGFR (Fig. 5B).
Induced depletion of EGFR and probably its associated Hsp90c chaperone
leads to sequestration of Bim, which provokes disintegration of the cytoske-
leton. Therefore, two different authentic pathways of protein degradation
metabolism, endocytic and cytoplasmic degradations, promote cell detachment.
This course of logically connected events reflects the functional interplay that
precedes the death of cancer cells.

The impact on the degradation of EGFR by new generation of small
molecules is a fundamentally different rational way to reduce the activity of
tyrosine kinase. Targeting EGFR degradation has an advantage over EGFR
inhibition because it promotes a more specific interruption of Bim
phosphorylation leading to the death of cancer cells. Unlike cytostatic TKIs
against EGFR, allosteric degraders of EGFR affect cell survival rather than
growth and induce cancer cell death like cytotoxic molecules. This unexpected
biological scenario is reminiscent of the return of «immortal» cancer cells to
programmed cell death, anoikis. This means that allosteric inhibitors of EGFR
are not «cancer cell killers», but rather molecules that restore the lost ability of
cancer cells to die like normal cells after a certain number of generations.
Notably, reduction in tumor size by allosteric inhibitors of EGFR has been
confirmed in vivo in a mouse model of sarcoma [32].

The proposed mechanism of targeted protein degradation indicates that
allosteric degraders of EGFR are attractive and promising agents for
chemotherapy of human metastatic tumors. Shutting down phosphorylation
pathways by potent TKIs in proliferating cancer cells creates selective con-
ditions for the emergence of different mutants through alternative mechanisms,
such as H,O, release, in the branched EGFR interactome in the tumor
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microenvironment. Conversely, protein degradation due to EGFR depletion
results in cancer cell death, leaving fewer cells to proliferate, making it less
likely to create conditions for new mutations to occur. Thus, this study opens
the door to research aimed at attenuating metastatic progression and reducing
drug resistance in malignant tumors associated with aberrant EGFR behavior in
cancer cells.
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Development of Targeted EGFR Degradation
for Cancer Treatment

Chemotherapeutic interruption of signaling pathways at receptor tyrosine kinases
is an important strategy for attenuating cancer progression. We have synthesized a new
generation of polyfunctionalized heterocyclic compounds that bind to an allosteric site
in the tyrosine kinase domain of the epidermal growth factor receptor (EGFR). The
bound compounds induce degradation of the receptor by endocytosis in cancer cells.
The Hsp90a chaperone binds to EGFR and is significantly lost during endocytosis,
thereby contributing to the reduction of client proteins. Induced EGFR depletion leads
to inactivation of downstream signaling due to sequestration of the Bim sensor protein
for cytoskeletal proteins, provoking cell detachment from the extracellular matrix and
ultimately cancer cell death. The role of glutamine in maintaining the phosphorylation
status of EGFR-mediated signaling pathways can be postulated as «no glutamine, no
EGFR signaling». Targeted degradation of EGFR is attractive for aiming to attenuate
metastatic progression and to override the drug resistance of malignant tumors.
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Luingljtinh pmddwt btuyyunwljuyhtt EGFR-h
puypuydw dUpwynid

Bhpnghuljhtiwquyhti puluihyibph wqnubpwiuyght ninhbph wpgqbuhwlnudp
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uyhtnwlnigutiph puypwjdwiip: EGFR-h puyjpuwynidp hwbighgunud E wqnuipwuh wuw-
wlnhjugiwi’ ghunfuwuph hwdwp Bim ukbunpughtt uwhnwlmgh ubytunpu-
ghuyh www&wnny, hugp hwughgunid E pohoutiph puwdwidw wpuwpeouyhtt dwwn-
nhghg t pungljtnh pohoitph dwhwi: Fnunwdhuh npp EGFR-m] dhgtunprunnpyws
wqpuipwbuwghtt miphutph $nudnphjugdwtt jupquyhdwlh ywhywidwi gqnpsnid
Jupkih E uupugpl] npybtu «ny gununwdhi, ny wqpuiowi EGFR-h hwdwp»: EGFR-h
byuwnwluyhtt phgpunughwt qpuyhy b dbnnwunwnhl wnwepupwgp pnywugubkint b
supnpul] ninnigpubpmd gnnpuypuyhtt phdwnpnpuljuinipiniup £upkint hwdwp:
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Pa3pa0oTka Hanpasiaennoi aerpagannu EGFR
AJ1s1 JIeYeHMs paKa

XUMHOTEPANIEBTHYECKOE NPEPHIBAaHUE CHUTHAIBHBIX ITyTeH Ha perentopax THPO-
3WHKHWHA3 SBISETCA BAXKHOW CTpaTeTHed UIs OCiIabiieHHs MPOTPECCHPOBAHUS DPaKa.
CI/IHTe3l/Ip0BaHO HOBOC€ ITOKOJICHHUEC l'[OJ'Il/I(byHKIJ,l/IOHaHbH])lX TFETCPOLUKIIMYCCKUX COCAU-
HeHHﬁ, KOTOPBbIEC CBA3BIBAIOTCA C aAJUIOCTCPUYCCKUM caiToM B TUPO3MHKUHAZHOM
JIoMeHe perientopa snuaepManbaoro dakropa pocta (EGFR). Cesa3anuble coenuHeHUs
BEI3BIBAIOT ACTPAJANHNIO PELENTOPa IMyTEM SHAOIMTO3a B paKoOBBIX KieTkax. [llamepon
Hsp90a., ces3wiBasice ¢ EGFR, 3nauntensHO TepsieTcsi BO BpeMsi SHIOLMTO3a, TEM Ca-
MBIM CIIOCOOCTBYSI Aerpananuu OenkoB-kiaueHToB. MuayrnmpoBanHoe ucromenrne EGFR
MPUBOAUT K MHAKTUBAIMH NIEPEAayll CUTHAIOB H3-32 CEKBECTPAIMH CCHCOPHOTO OeKa
Bim st muTockeneTa, IpoBOIUPYS OTIEIICHHE KICTOK OT BHEKJICTOYHOTO MAaTPUKCa U
B uWTOre THOENh pPAaKOBBEIX KJIETOK. Poip TilyTaMHHa B TOANCPKAaHWU CTaTyca
¢docopunmpoBaHus  CHTHaNBHBIX  myTed, omocpemoBanHbEIX EGFR, wmoxHO
MOCTYTUPOBATh KaK «HET TJIyTaMHHA, HET mepenaun curHamoB uepe3 EGFR».
Hampasnennas nerpagammsi EGFR  mMoxker ObITh TpuMeHEHa I OCIaOJICHHS
METACTaTHYECKOTO MPOTPECCHPOBAHMSA M IIOJABJICHUS JIEKAPCTBEHHOH YCTONYMBOCTH
3JI0KaYECTBEHHBIX OITyXOJIEH.
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