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For decades the conventional gene mutation cancer theory has been postulating that cancer is a genetic disease
considered as a result of deterministic sequential accumulation of mutations in the handful of «driver» cancer ge-
nes occurring in a continuous linear pattern of cancer progression. However, in contrast to this postulate, recent
whole genome and exome sequencing studies of primary tumor bulk and metastases or separate regions withing
the same sample have revealed a large number of stochastic gene mutations for each individual with the same
cancer type and significant intratumoral genetic heterogeneity with «branched evolutionary tumor growthy or
«punctuated clonal evolution without observable intermediate branching» or «no dominant clones in the cancer
tissue». Meanwhile, the stochastic karyotypic variation and intratumor heterogeneity are recognized to be the
driving force of tumor evolution and major factors in determining relapse with acquired drug resistance. The ka-
ryotype evolution/chromosome instability and the resulting magnitude of intratumor heterogeneity significantly
correlate with tumorigenic potential of cells, tumor disease progression from precancerous lesions to malignant
tumors and metastases, correlate with patient survival, treatment sensitivity, and the risk of acquired resistance.
Here, we discuss importance of the evolutionary karyotypic theory in understanding the cancer biology and me-
chanisms of tumor drug resistance.

Keywords: tumor evolution, karyotype, chromosome instability, intratumor heterogeneity, cancer gene, drug

resistance.

Introduction. Evidence of tumors has been recorded
from molluscs to mammals [1]. There is no correlation
between body size, longevity and cancer across species
(Peto’s paradox), with cancer rates varing twofold, whe-
reas the difference of mammals size reaching a million-
fold variation. However, cancer occurs at astonishingly
high rates and can be responsible for 20—46 % of total
deaths in animals [2]. Cancer is the leading cause of death
in economically developed countries and the second
leading cause of death in developing countries [3].
Thus, it is justified the increasing financing of tumor
biology investigations with especial emphasis on treat-
ment. Nevertheless, as it is stated, «since former US Pre-
sident Richard Nixon declared the «War on Cancer» al-
most 40 years ago, little progress has been made on re-
ducing the lifetime risk of cancer and increasing sur-
vival rates for patients with late-stage diagnoses» [2].
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There is an opinion that «public health initiatives, the in-
troduction of national screening programmes, refine-
ments in operative strategy, reductions in operative mor-
tality and advances in the detection of early cancers, ra-
ther than an increase in the efficacy of current antican-
cer agents, has resulted in the improved survival rates
seen in certain solid tumour subtypes» [4]. Indeed, mul-
tiple diverse clinic trials have failed to demonstrate ef-
fective curable chemotherapy [5—22]. What is the reason
for failure?

Evolutionary karyotypic cancer theory. Nowa-
days, almost all treatment strategies are based on the con-
ventional cancer gene mutation theory, which was pos-
tulating for decades that cancer is a genetic disease being
considered as a result of deterministic sequential accu-
mulation of mutations in the handful of «driver» cancer
genes occurring in a continuous linear pattern of cancer
progression [23-28]. However, the recent whole geno-
me and exome sequencing studies of tumor bulk revea-
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led a large number of stochastic gene mutations for
each individual with the same cancer type [29—-34]. For
example, 2576 somatic mutations were identified across
1507 coding genes from 441 tumors comprising breast,
lung, ovarian, and prostate cancer types and subtypes
[35]. The Network of Cancer Genes (NCG 3.0, http://
bio.ifom-ieo-campus.it/ncg) have collected informa-
tion on 1494 cancer genes found mutated in 16 diffe-
rent cancer types [33]. The census of cancer genes (http://
www.sanger.ac.uk/genetics/CGP/Census/) includes 487
mutated genes (data on March 2012) manually curated
from the scientific literature, which are proved to induce
or accelerate cancer development being appropriately
changed (point mutations, deletions, translocations or
amplifications) (criteria for inclusion in the census of
cancer genes are considered in [36]). Meanwhile, the
whole exome sequencing of multiple spatially separa-
ted samples obtained from the same tumor and metasta-
ses followed by phylogenetic reconstruction of tumor
progression has revealed significant intratumoral gene-
tic heterogeneity with «no dominant clones in the can-
cer tissue» [37] or «punctuated clonal evolution ... wi-
thout observable intermediate branching» [38] or «bran-
ched evolutionary tumor growth» with 63 to 69 % of all
somatic mutations not detectable across every tumor re-
gion and some genes undergoing multiple distinct and
spatially separated inactivating mutations within a sing-
le tumor [39]. Studies on chronic lymphocytic leuke-
mia have demonstrated that tumor progression can oc-
cur in «either a linear or branching manner, with multip-
le genetic subclones evolving either in succession or in
parallel» [40, 41]. Evaluation of the clonal relation-
ships among pancreatic cancer metastases and primary
tumor has led to conclusion that the genetic heteroge-
neity of metastases reflects heterogeneity already exi-
sting within the primary carcinoma, and that the prima-
ry carcinoma is a mixture of numerous subclones [42].
Multiregional exome sequencing of prostate cancer has
shown the presence of somatically independent tumors
within the same prostate [43]. Altogether, these data se-
riously contradict to the deterministic sequential accu-
mulation of mutations in the handful of «driver» cancer
genes occurring in a continuous linear pattern of cancer
progression.

Due to inability to find type- and stage-specific re-
current aberrations in solid tumors the multiple diverse
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numerical and structural chromosome changes in each tu-
mor sample were disregarded and judged as a by-pro-
duct of transformation by the conventional cancer gene
mutation theory [23-28]. However, random aneuploi-
dy/chromosome instability (CIN) and the resulting ge-
nomic heterogeneity significantly correlate with tumori-
genic potential of cells [44—49], tumor disease progres-
sion from precancerous lesions to malignant tumors and
then to metastases, patient survival [50-67], intrinsic
and acquired (multi)drug resistance [68—84], and radio-
resistance [85-87]. Interestingly, there is a paradoxical
relationship between extreme CIN and improved survi-
val outcome in cancer [62, 88]. Tumors with extreme CIN
display the highest chromosomal structural complexity
and chromosomal numerical instability and are associa-
ted with improved prognosis relative to tumors with in-
termediate CIN [88]. It has been shown that missegre-
gation of one or a few chromosomes per division (low
CIN) promotes tumorigenesis, whereas missegregation
of a larger number of chromosomes per division (high
CIN) drives cell death and tumor suppression [89].
When CIN exceeds a certain threshold (in case of extre-
me CIN), it has a negative impact on cellular fitness
[62]. Destabilizing aneuploidy generates nonneoplastic
and nonviable cells [90]. Thus, CIN can both promote
and constrain tumorigenesis [91-93].

According to the conventional cancer gene muta-
tion theory tumors are addicted to a single activated on-
cogenic protein or pathway to maintain their malignant
properties. Despite a recognized significantly high le-
vel of genomic and (epi)genetic heterogeneity within
individual tumors, as well as between primary tumors,
metastatic cells, and relapses [37-41, 52, 82, 83, 94—
109], it is believed that acute inactivation of such onco-
genic protein or pathway will result in a tumor regres-
sion (oncogene addiction concept) [110-117]. However,
multiple diverse clinic trials have failed to demonstrate
it [5-22].

Duesberg et al. have formulated questions, which
the conventional cancer gene mutation theory has not
explained: why a single transgene induces diverse can-
cers with different karyotypes, phenotypes, and comp-
lex transcriptomes; why the same transgenes produce
conditionally reversible hyperplasias and dysplasias
early and irreversible cancers late in conditional trans-
genic mice models [76, 80]; why cancer is caused by non-
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mutagenic carcinogens; why cancer develops years to
decades after initiation by carcinogens (long latent pe-
riods) and follows pre-neoplastic aneuploidy; why can-
cer is chromosomally and phenotypically unstable, ge-
nerates much more complex phenotypes than conven-
tional mutation, generates nonselective phenotypes such
as metastasis and immortality [23-25]. The conventio-
nal genetic theory does not also explain the karyotypic
changes that coincide with resistance, the high rates at
which cancer cells acquire and enhance resistance com-
pared to the rates of conventional mutation, the wide
ranges of resistance such as multidrug resistance, and the
frequent occurrence of intrinsic drug resistance [73].
These discrepancies have been explained by the evolu-
tionary karyotypic theory of cancer [26-28, 73, 76, 80,
90, 118-122].

Now it is well documented that prior to the key sta-
ges of tumor progression (immortalization, transforma-
tion, metastases, and acquisition of drug resistance) a
complex dynamic interplay between various stochastic
non-clonal and clonal chromosome alterations is obser-
ved, and genomic instability and the resulting degree of
both clonal and non-clonal heterogeneity are the inter-
connected driving forces of tumor evolution [73, 80, 76,
119-131]. The magnitude of intratumor heterogeneity
correlates with clinical variables such as tumor progres-
sion, survival, treatment sensitivity, and the risk of ac-
quired resistance. Moreover, genomic heterogeneity dri-
ves phenotypic heterogeneity observed among tumor
cells and the evolution of karyotype is accompanied by
changes in phenotype [76, 80, 101, 118, 120, 132-
135]. Genomic instability is associated with profound
changes in the transcriptome and proteome. Genome-
wide analysis of DNA copy number alterations and
mRNA expression shows a significant correlation in tu-
mor samples [133, 136—142]. There is also moderate but
still significant correlation between the change in glo-
bal genes copy number and the corresponding proteins
level [143, 144].

The evolutionary karyotypic theory of cancer has be-
en developed and conceptualized mainly by P. Dues-
berg’s [23-25, 76, 80, 118-120] and H. Heng’s groups
[26-28, 121, 122, 145, 146]. Studing karyotypic evo-
lution in both individual cells and cell populations du-
ring various stages of cellular immortalization process
using an in vitro cell culture model Heng’s group has re-

vealed that karyotypic evolution (macro-evolution) ser-
ves as the driving force for immortalization. There are
two phases of karyotypic evolution. One is the discon-
tinuous phase characterized by heterogeneous karyoty-
pes within the same and between different passages of
culture; the other phase is the stepwise continuous pha-
se within which the majority of cells share similar karyo-
types for hundreds of passages. These two phases repre-
sent punctuated (or macro-evolution) and Darwinian
(or micro) evolution, respectively. Relationship between
these two phases and genome system stability, measu-
red by the level of stochastic genome alterations, has
shown that the punctuated phase is characterized by ge-
nome system instablility (high frequencies of non-clo-
nal chromosome aberrations (NCCAs), whereas the
Darwinian stepwise phase demonstrates relative genome
system stability (dominant clonal chromosome aberra-
tions (CCAs) and low frequencies of NCCAs). Extre-
mely high genome-level heterogeneity in the punctua-
ted phase provides the genetic underpinning of the high
degree of heterogeneity universally detected in cancers.
By repeating the same experiments, or analyzing the pa-
rallel clones derived from the same initial cell popula-
tion, it has been documented that the immortalized cells
display unique distinctive karyotypes, demonstrating
the stochastic nature of karyotypic evolution during cel-
lular immortalization. Follow-up experiments have evi-
denced that karyotypic evolution can be detected in most
of the major transition steps of cancer (immortaliza-
tion, transformation, metastasis, and drug resistance),
and all factors, genetic/non-genetic, internal/external,
functioning as a stress to a given system, can contribute
to cancer evolution (either through micro- or macro-
evolution). Further, it has been demonstrated that ka-
ryotypic heterogeneity is linked to tumorigenicity. Using
six well-characterized in vitro tumor progression mo-
dels representing various types of cancer including hu-
man breast and prostate cancers as well as mouse ova-
rian cancer it has been shown that all sublines display-
ing high tumorigenicity, regardless of which molecular
mechanisms were detected, are characterized by high le-
vels of genome heterogeneity (the high frequencies of
NCCAS). In contrast, all sublines with low tumorige-
nicity displayed distinctly lower frequencies of NCCAs.
Heng et al. describe the evolutionary mechanism of can-
cer as three components/steps: stresses, the diverse cau-
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ses of cancer, induce genome system instability; this in-
stability produces genetic and epigenetic heterogeneity,
which is essential for evolution; somatic cell evolution is
based on a series of genome system replacements, which
breaks the multiple system constraints (such as the tu mor
suppressor function of genome integrity, tissue architec-
ture, and immune system safeguards).

Meanwhile, by analyzing the karyotypes of clonal
tumorigenic cell lines, derived from human cells trans-
fected with the same set of artificially activated oncoge-
nes, Duesberg’s group has found that different tumori-
genic cell lines have individual clonal phenotypes and
basically stable karyotypes, although individually va-
riable over many generations in vitro; that the pheno-
types and karyotypes of different tumors induced by
these lines in different mice, as well as drug-resistant
sublines, derived from these lines, are karyotypic and
phenotypic variants of the parental prototypes [76]. Sto-
chastic, simultaneous multichromosomal rearrange-
ments of cancer karyotypes generate metastases [120].
Duesberg’s group proposed a two-step-mechanism of
normal cell transformation to cancer cell [76].

First, carcinogens (mutagenic and nonmutagenic) as
well as activated oncogenes trigger random aneuploidy.
Aneuploidy destabilizes the karyotype by unbalancing
teams of proteins involved in segregation, synthesis,
and repair of chromosomes in proportion to the degree of
aneuploidy.

Second, aneuploidy initiates and maintains karyo-
typic evolutions automatically due to the inherent insta-
bility of aneuploidy. Most of the newly evolving karyo-
types are functionally inferior to those of normal cells or
lethal. Occasionally, however, rare cancer-causing ka-
ryotypes evolve stochastically. These cancer-causing ka-
ryotypes are then stabilized against the inherent insta-
bility of aneuploidy by selection for transforming func-
tion within narrow clonal limits of variation. The resul-
ting stability within instability of cancer karyotypes ex-
plains the flexibility and heterogeneity of cancer geno-
me, which is the basis for the further spontaneous tumor
evolution, such as metastasis and drug resistance [76].

Altogether, these findings support the concept that
cancer initiation-progression and acquisition of drug
resistance represent typical evolutionary processes and
karyotypic evolution is the key event in cancer [26,
118-123, 146-153].
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Cancer drug resistance: evolution of karyotype.
Multiple mechanisms were proposed to contribute to
general drug resistance: changes in transporter pro-
teins, modulation of drug metabolism, enhanced repair
of DNA damage, epigenetic mechanisms, tumor micro-
environment, the selection of inherently drug refracto-
ry cancer stem cell populations or cancer-initiating cells
[154-156]. The primary mechanism of acquired resis-
tance during drug or antibody targeted therapy (e. g., in-
hibition of mutated EGFR, KIT, BRAF, ABL fusion,
ALK fusion) proposed by the conventional cancer gene
mutation theory of cancer is alterations within the gene
that encodes the drug target (e. g., diverse second-site
mutations, alternative splicing, gene amplification, and
loss of gene rearrangement). Nevertheless, instead of
exibiting alterations within the gene that encode the tar-
geted protein the great proportion of tumor samples
shows reactivation of the primary signaling pathways
through constantly growing list of alternative signaling
molecules [154, 157-167]. Moreover, multiple mecha-
nisms of resistance may exist within a single tumor samp-
le at the time of disease progression. According to the
evolutionary karyotypic cancer theory karyotypic evo-
lution/CIN is a dominant mechanism in endurement of
cells with (multi)drug resistance [73]. Karyotypic evo-
lution/CIN creates genomic, (epi)genetic, and phenoty-
pic heterogeneity, causes global transcriptome and pro-
teome changes, and rewiring of metabolic and signa-
ling networks, altogether, giving rise to diverse drug-re-
sistant variants. CIN is responsible for pre-treatment
existance or acquisition during treatment of multiple
mechanisms contributing to (multi)drug resistance. It is
well documented that CIN significantly correlates with
inherent and acquired (multi)drug resistance [68—84]
and (multi)drug/chemoresistance acquisition is accom-
panied by new evolved chromosome imbalances [74,
76, 80, 81, 168—180]. In support, RNA and protein ex-
pression profiles after drug-resistance acquisition dif-
fer from parental drug-sensitive cells in expression of tens
to thousands genes [174, 179, 181-189]. Acquisition of
(multi)drug resistance in budding yeast Saccharomy-
ces cerevisiae [190], human fungal pathogen Candida al-
bicans [191], protozoan parasite Leishmania [192,
193], and Cryptococcus neoformans [194, 195] is also
induced by aneuploidy. To the point, aneuploidy in
yeast has been shown to provide significant growth ad-
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vantages under severe genetic or environmental pertur-
bations [196]. Even in Escherichia coli multidrug resis-
tance is accompanied by significant changes in meta-
bolism [197]; multiple mutations and substantial chan-
ges in gene expression are required to develop high le-
vel of resistance for most antibiotics in bacteria [198,
199].

Cytotoxic and targeted drugs used in clinic for stan-
dard cancer treatment, for example, such as nocodazole
(microtubule-depolymerizing agents), paclitaxel and ta-
xol (microtubule-stabilizing agents), platinum com-
pounds cisplatin and carboplatin (alkylating agents),
etoposide and doxorubicin (topoisomerase I and II inhi-
bitors), bleomycin (causes breaks in DNA), actinomy-
cin D (interferes with transcription and replication), 5-
fluorouracil (thymidylate synthase inhibitor), imatinib
and nilotinib (BCR-ABL inhibitors), rapamycin (mTOR
inhibitor), and tamoxifen (estrogen receptor inhibitor)
induce CIN/aneuploidy in rodent and human cells [74,
118, 168, 169, 200-206]. Drug-mediated stress can fos-
ter tumor evolution by both selecting genetic variations
and generating novel variations through induction of
genome reorganization [122]. Increase in chromosomal
aberrations during and after chemotherapy was docu-
mented to associate with increased tumor aggressive-
ness [169, 185,207, 208] and a higher risk of secondary
tumor development [209-214]. Moreover, diverse cyto-
toxic drugs (e. g., bleomycin, cyclophosphamide, mito-
mycin C, and procarbazine) cause induction of germ
line mutations [200, 209, 215] and transgenerational
genome instability in mice [215, 216]. Targeted the-
rapy (e. g., tyrosine kinase inhibitors) may also affect
centrosomes and chromosome stability in disease-un-
related cells or tissues [54, 202-204]. Both cytotoxic
and targeted therapies result in the multiple adverse
long-term and delayed neurocognitive [217-219] and
physical side effects [212, 220-231]. Similarly, an-
tibody therapy has adverse side effects [228, 232-234].
To the point, cancer unrelated drugs are also far beyond
safe. One must be concerned by a striking fact that 279
(52.1 %) out of 530 marketed pharmaceuticals ever tes-
ted for carcinogenicity have a positive response in at least
one carcinogenicity assay in animals [235].

Thus, based on results of thousands of clinical trials
there is no any known chemotherapy (including alrea-
dy clinically tested second generation therapy or syn-

thetic lethal therapy) to which resistance of advanced-
stage tumors would not develop and which would be
lack of adverse side effects (fully not investigated and
traceable yet but often long-term and delayed) [212,
217-235]. Furthermore, the future of truly effective can-
cer treatment is endangered by the output of cancer se-
quencing projects, which revealed hundreds of poten-
tial «druggable» targets [30—33]. Statistics says that the-
re are more than 700 new drugs in the clinic, 300 to 500
drugs in development, and more than 10 000 clinical
trials with 1200 drugs entering phase III studies [236].
All this medicine is still based on the conventional can-
cer gene mutation theory of cancer.

Perspectives. Human tumors display significant in-
ter- and intratumor heterogeneity in various features in-
cluding gene expression, gene mutations, epigenetic sta-
tus, genome alterations, as well as histology, metastatic
and proliferative potential. Both cancer sequencing and
karyotype evolution/CIN studies strongly support the
view that cancer evolution is not the sequential order of
genetic alterations (specific cancer genes and common
chromosome alterations) but, instead, can be described
as «multiple cycles of punctuated and stepwise evolu-
tion where stochastic genome-level alterations [not ge-
ne mutations]| are the key» [28, 122]. Todorovic-Ra-
kovic states, «High-throughput oncogene mutation pro-
filing now reveal all the complexity of cancer and provi-
de the final explanation of the oncogenic pathways, ba-
sed on stochastic (onco)genomic variation rather than on
(onco)genic concepts» [237]. Consequently, the indivi-
dual genes or pathways in tumors are clinically insignifi-
cant due to the unpredictable nature of pathway replace-
ment as a result of genome evolution during cancer pro-
gression and upon treatment [28, 122]. Chemotherapy
fails to prolong patient’s lives in many cancers with he-
terogeneous and unstable genomes despite effective ini-
tial tumor response [122].

More and more researchers invoke the scentific com-
munity to pay attention to tumor evolution, intratumor
heterogeneity and changes of intratumor heterogeneity
during medical intervention [28, 95, 122, 237-241].
Karyotypic evolution and genomic heterogeneity ge-
nerate the phenotypic plasticity driving neoplastic pro-
gression [28, 119, 122, 239]. There is urgent need to
shift from the generally accepted view of cancer as a
disease of genes into that of a genome-based disease,
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and from analyzing tumors just as a bulk tissue to as a
population of individual tumor cells [28, 122, 237,
238]. These important issues begin to be addressed
[37—-41, 43, 242].
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EBouttontiiiHa KapioTUIIOBa TEOPisl paKy versus 3arajibHOBU3HAHOT

reHHOI Teopii paky
Pesrome

32i0H0 i3 3a2aNbHOGU3HAHOIO 2€HHOIO MEOPICIO PAKY, NPOMALOM OC-
MAHHIX 0eCAMUNIMb PAK B8ANCATIU 2EHHUM 3AXBOPIOBAHHAM, SIKE GUHU-
Kae 6 pe3yibmami 0emepMiHICIMU4H020 NOCAI008HO20 HAKONUYEHHS MY~

mayiil y He8eauKill 2pyni paKosux 2eHis, uwjo 8i00yeacmvcsi 3a JHIUHOL

npoepecii nyxaunu. OOHAK Ha NPOMUBAZY YbOMY NOCMYIAMY Y HEOABHIX
PoOOMAx i3 CeKBEHYBANHHS 2EHOMY MA €K30MY NePEUHHUX NYXTUH [ IXHIX
Memacmasis, a MaKotc OKpemux OLIAHOK 0OHI€E | mi€i He NYXAuHU 8UAB-
JIeHO 6eNuYesHy KilbKiCimb CIMOXACIUYHUX 2eHHUX MYMAayill y KOHCHIl
NYXAUHI 0OOHAKOB8020 MUNY MA 3HAYHY 6HYMPIUHbONYXIUHHY 2EHEMUYHY
2emepo2eHtiCy 3 «PO32AJIYIHCEHOI0 eBONIOYIEI0 POCHY NYXAUHUY ADO
«nepepusuacmol0 KIOHANLHOIO €GONIOYIEI0 6e3 NPOMIJICHUX PO32dTy-
JHCeHbY, Ab0 «BIOCYMHICIb OOMIHAHMHUX KAOHIE Y NYXAUHHIT MKAHUHIY.
CmoxacmuyHi Kapiomunosi 3MiHu | 6HyMPIUHbONYXIUHHY 2emepOo2eH-
HICMb 8U3HAHO NPOBIOHOIO CUNOI0 6 eBONOYIl NYXIUHU | OemepMIiHaAH-
Moo po36UMKy mepaneemuynoi pesucmenmuocmi i peyuougy. Eeonio-
Yist Kapiomuny/xpomMocomMHol HecmabinbHOCmi | pe3yrbmyoduil pieeHsb
6HYMPIUHbONYXIUHHOT 2€Mepo2eHHOCi CYMMEBEO KOPEeNoiomb 3 NyX-
JIUHOYMBOPHOBATIbHUM NOMEHYIANOM KIIMUH, NPOZPECIEr0 NYXAUHU 8i0
006pOSIKICHOT 00 56HO 310AKICHOI MaA Memacmasyeants, a MaKolic 3
BUIICUBAHHAM NAYIEHMIB, YYMAUGICMIO 00 XIMIomepanii i pusuKom 6u-
nuxHenns pesucmenmuocmi. O62080pIOEMbCSL BANCIUBICING €BONIOYIl-
HOI Kapiomunogoi meopii paxy y po3yminui 06ion102ii paky i Mexanizmie
Habymms cmitikocmi 00 Ximiomepanii.

Kniouosi crosa: esontoyis nyxaunu, kapiomun, XpoMoOCOMHA He-
CMaobinbHicMb, BHYMPIUHbONYXTUHHA 2eMePO2eHHICb, PAKOBULL 2€H,
XIMIOpe3ucmeHmuicmos

A. A. Cmenanenxo, B. M. Kascan

3BOII}0L[I/IOHH3.}I KapuoOTHUIIMYCCKas TCOPUs paKa versus

00IIenpU3HaHHOM T'eHHOI TeOpHH paka

Pestome

Coenacno obuenpusHanHol 2eHHOU Meopuu paKd, 8 meyeHue nocieo-
HUX Oecsimuiemuil paxK CHumany 2eHHbIM 3a001e6aHUEM, O3HUKAIO-
WM 8 pezyibmame 0eMePMUHUCIMUYECKO20 NOCIe008AMENbHO0 HA-
KONAeHUs. Mymayuil 8 HeboIbULOl 2pynne paKkoewix 2eH08, NPOUCXO0O0-
wezo npu aunelinol npozpeccuu onyxoau. OOHAKo 8 NPOMUEONON0NHC-
HOCMb 2MOMY HOCMYAAMY 6 HeOAGHUX Pabomax no cekeeHupOBanuIo
2eHOMA U IK30MA NEPEUUHBIX ONYXOell U UX Memdacmasos, a makdice
0MOENbHBIX YUACMKOE OOHOU U MOTL Jice ONYXONU BbIAGLEHO 02POMHOE
KOUYECMBO CIMOXACMUYECKUX 2eHHbIX MYMAYUll 8 Kaxdcoot onyxoau
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00HO20 MUNA U 3HAYUMELLHYIO BHYMPUONYXONEEYIO 2EHEMUUECKYIO 2e-
MEPOCEHHOCMb C «PA3GEMBICHHOU IBONIOYUEL POCA ONYXOIUY» UIU
«NPepPLIBUCIOLL KILOHALHOU 260I0YUel Oe3 NPOCIeNHCUBACMBIX NPOME-
JHCYMOUHBIX PA3GEMBICHUILY, UTU OMCYMCMEUue OOMUHAHMHBIX KO-
HO8 6 onyxonesotl mkanuy. Cmoxacmuueckue KapuoOmMunuyeckue usme-
HEHUs, U 6HYMPUONYX01e8asl 2eMmepO2eHHOCb NPUSHAHBL 6e0Viyell CU-
JI0U 8 80TIOYUU ONYXOIU U OeMEPMUHAHMOU PA3EUMUS MePanesmu-
YecKoll pe3ucmeHmHoCmu U peyuousa pakd. Jeonoyus Kapuomuna/
XPOMOCOMHOU HECMAOUNLHOCIU U Pe3YTbMUPYIOWUll yPO8eHb GHYM-
PUONYXONIEBOTL 2eMEPO2EHHOCU CYUECMEEHHO KOPPENUPYIon ¢ Ony-
X0Ne0OPazyIOWUM NOMEHYUATOM KIEeMOK, npozpeccuell 3a601e8anus
0M NPeonyxoneeo2o d0OPOKAYECMBEHHO20 K GHO 3N0KAUECTNEEHHOMY
U Memacmasupo8anuio, d MakKice ¢ BbIACUBAEMOCIbIO NAYUCHINOG,
YYECIMBUMENLHOCTBIO K XUMUOMEPANUL U PUCKOM NpUoOpemenus pe-
sucmenmuocmu. O6cysHcOaemcst 8aiCHOCHb IGOTOYUOHHOU KAPUOMU-
nuYecKol meopuil @ NOHUMAHUL OUOLO2UL PAKA U MEXAHUZMOE NPUOD-
pemenusi CImouKocmu K XuMuomepanui.

Kniouegvie crnosa: 36010yus Onyxou, Kapuomun, XpomMocomMuas,
HeCmabuibHOCMb, BHYMPUONYX0IE8dsL 2eMePOSEHHOCIb, PAKOGbLIL 2€H,
XUMUOPEZUCHEHMHOCMb.
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