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This review focuses on Cdc45-Mcm2-7-GINS (CMG) helicase which is a key component of the cellular
replication machinery and a new promising target for cancer therapy. In normal cells, only a small propor-
tion of helicases becomes activated through the step-wise acquisition of all necessary subunits during genome
replication and a large quantity of reserve dormant helicases exist to replace inhibited helicases, making the
normal cells insensitive to helicase inhibition. The collective evidence in the field shows that in contrast to
normal cells, cancer cells have a significantly reduced pool of dormant helicases and might be vulnerable
to CMG helicase inhibitors. Functional studies confirm that targeted inhibition of CMG helicase could be
a strong and specific anticancer approach that ensures efficiency against a broad spectrum of cancers and
limited adverse effects on normal cells. We anticipate that therapeutics that inhibit CMG helicase can be used
not only as a stand-alone therapy but also as effective chemosensitizers in combination with other drugs, thus

increasing their clinical application.
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C ancer is the second leading cause of death
having profound impact on humanity and
the economy. There is a need to combat can-
cer with novel therapeutics that effectively eradicate
cancer cells, while spare normal healthy cells. This
review focuses on the CMG helicase as a new promi-
sing target for such treatment. The replicative CMG
helicase is a key component of the cellular replica-
tion machinery. Active CMG helicase is comprised
of 11 protein subunits, assembly of which occurs in
a controlled stepwise manner. During replication
of the genome, only a small proportion of available
helicases become activated through the acquisition
of all necessary subunits. Incomplete helicases re-
main dormant. Collective evidence suggests that
normal cells possess a reserve of dormant helicases
that can be activated to replace stalled helicases,
thereby ensuring continuation of DNA replication.
Contrary to normal cells, cancer cells’ reserves of
dormant helicases are dramatically reduced. Be-
cause of this, cancerous cells might be particularly
sensitive to agents that affect helicase activity. We
speculate that targeting CMG helicase represents

a strong and specific anticancer approach that will
have efficacy against a broad spectrum of tumors
with limited or no adverse effect on normal cells.

Cancer: the Present State

Cancer is the second leading cause of death
worldwide. In 2018, it was estimated that over 9.6
million people succumbed to this debilitating disease
[1, 2]. The worldwide cancer incidence rates for 2018
are alarmingly high. Approximately 17 million new
cases were documented for 2018 year alone [2]. In
2018, the Eastern Asian region reported the highest
number of new cancer cases and cancer mortality
rates, which were 5.6 million new cases, and 3.4 mil-
lion deaths. Central and Eastern Europe and North
America had incidence rates of 1.2 million and 2.4
million new cases, respectively, and mortality rates
of 700,000 for both [3]. These raising cancer inci-
dence and mortality rates have a considerable bur-
den on economies and healthcare sectors. Indeed,
the sum of the global economic burdens of cancer in
2010 was estimated to be over $1 trillion [4].
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With cancer having far-reaching impacts on
humanity and economy, the further advancement of
cancer treatment is imperative. As of today, the con-
ventional forms of cancer therapy include surgery,
radiation, and chemotherapy, with immunotherapy
quickly gaining a stand of a prominent treatment
option [8-10]. Despite a significant improvement of
available cancer treatment options, there is still a
need for novel cancer therapies that eliminate can-
cerous cells, without interfering with non-cancerous
cells. The purpose of this review is to consider the
replicative CMG helicase as a target of a novel can-
cer therapy that exploits natural vulnerability of can-
cer cells.

CMG Helicase: Overview

DNA replication in the context of the cell cy-
cle. DNA replication is a crucial step of the process
of cell division. Initiation of DNA replication marks
an irreversible commitment to the cell cycle, ulti-
mate goal of which is to produce two daughter cells
with complete and identical sets of chromosomes.
DNA replication is initiated at numerous origins of
replication spread throughout the cellular genome.
Each origin is marked by a multi-protein complex,
the origin recognition complex (ORC). Importantly,
each origin becomes active only once per cell cycle
to prevent re-replication of parts of the genome [11].

Progression to M phase with subsequent divi-
sion of the cell occur only when DNA replication is
accomplished. If replication of the entire genome
cannot be achieved, the affected cell will not divide,
but succumb to apoptosis. Indeed, targeting DNA
replication is a staple of most cancer chemotherapies
[12].

Components of CMG helicase and their func-
tions. Helicases are the enzymes that utilize the
energy of ATP hydrolysis to separate double-
stranded DNA into single-stranded DNA. Helicases
play pivotal roles in several key molecular processes
related to the maintenance and metabolism of DNA,
including DNA replication, DNA repair, DNA re-
combination, as well as telomere maintenance [13].
One particular class of helicases, the CMG helicase,
is the focus of this review. The CMG helicases have
an essential role in DNA replication being the only
replicative helicases in all eukaryotes [13].

MCMs. The core of the CMG helicase is repre-
sented by a ring-like structures formed by six MCM
proteins, specifically, MCM2, MCM3, MCM4,
MCM5, MCM6, and MCM7 [13]. Originally iden-
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tified as proteins essential to maintaining extra-
chromosomal DNA in Saccharomyces cerevisiae,
MCMs is a highly conserved family of proteins that
is necessary for initiation and elongation of DNA
replication in eukaryotes [14].

This protein family is a subtype of the AAA+
ATP-ase family [15]. ATP-hydrolysis and unwinding
of DNA by the MCM ring relays on a cooperation
between adjacent subunits. The AAA+ ATPase do-
main of each MCM associates with an arginine fin-
ger of the neighboring MCM subunit [16]. The hy-
drolysis of ATP induces conformational changes of
internal loops protruded into the cavity of the MCM
ring that plays a role in helicase translocation along
DNA [17]. Importantly, the MCM ring alone cannot
act as an active helicase, as it requires the binding of
additional subunits, Cdc45 and GINS [18,19].

Cdc45. The MCM ring becomes an active
helicase through association with Cdc45 and GINS,
forming the CMG complex [18, 19]. The binding of
Cdc45 acts as a tight regulatory point for the CMA
activation and initiation of DNA replication. This as-
sociation is facilitated by cyclin-dependent kinases
and Dbf4-dependent kinase [20], and mediated by a
chaperon-like function of Treslin [21].

Cdc45 is thought to act as a rate limiting fac-
tor in the formation of active CMG helicases, as
the levels of this protein are low in comparison to
other subunits [22]. Indeed, the over-expression of
Cdc45 correlates with an increase in the number of
activated replication foci and greater proliferation,
reinforcing the idea that binding of Cdc45 is a rate
limiting step in cell proliferation [22, 23].

GINS. The GINS complex is the second com-
ponent required to bind to the MCM ring to form
the active CMG replicative helicase. In eukaryotes,
the GINS complex consists of Sld5, Psf1, Psf2, and
Psf3 subunits [24]. Crystallization studies showed
that the GINS complex forms a trapezoidal tetramer
structure with a narrow cavity in the center [25-27].

Chromatin-association of the GINS complex
is controlled by cyclin-dependent kinases [24] and
executed by loading proteins SId3 and Dpbll [28].
As GINS does not have its own enzymatic activity,
its role in the CMG helicase and the replisome as
a whole is still unclear. Proposed functions for the
GINS complex varies. GINS may be an integrative
structural component of the replisome that stabilizes
helicase or links helicase to other components of the
replisome, such as DNA polymerase [24]. As GINS
is known for its affinity toward single stranded DNA
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[29], it also was speculated that it may represent the
“cutting blade” of the helicase that physically sepa-
rates the DNA double helix [30].

CMG Complex. After the joining of the MCM
ring with Cdc45 and GINS, the active CMG heli-
case is formed. It is thought that the CMG complex
is conserved not only among eukaryotes but also
among archaea due to identification of MCM, GINS,
and Cdc45 homologs [31].

The mechanism of DNA unwinding by the
CMG helicase is still debatable. According to a
“lagging-strand DNA extrusion model”, the MCM
ring of the helicase encircles only the leading strand
of DNA, while the lagging strand is being extruded
during the progression of the helicase [32]. In sup-
port of this model, it was shown that the central
channel of the MCM ring is obstructed by an inter-
nal protrusion from the MCMS5 subunit, reducing its
diameter to a size that cannot accommodate double
stranded DNA [33].

An “internal unwinding model” claims that
during progression of the CMG helicase, the double
stranded DNA enters the helicase and the unwinding
occurs internally in the central cavity [34]. At least
partially, this model is supported by Cryo electronic
microscopy images that show double stranded DNA
within the central channel of CMG helicase [35].
According to this model, the lagging chain could be
excluded through a side opening between MCM?2
and MCMBG6 subunits, or disgorged back through the
central channel [34]. Recent elaborations of this
model showed that the frontal N-terminal side of
the CMG helicase can be subdivided into two struc-
tural and functional sub-units: the zinc finger ring
that allows double-stranded DNA in and the oligo-
saccharide/oligonucleotide-binding ring that diverts
lagging single-stranded DNA sideway through a di-
version tunnel formed by hairpin-loops of MCM3,
4,6, and 7 [36].

Assembly of CMG helicase. Chromatin loading
and assembly of CMG helicases are central for the
initiation of DNA replication. It is a complex pro-
cess that involves three main steps (Fig. 1). First, the
heterohexameric origin-recognition complex ORC
binds to DNA to mark future sites of replication ini-
tiation [11]. Throughout the G1 phase of the cell cy-
cle, the ORC complexes engage with two accessory
proteins Cdc6 and Cdtl, both of which are required
for recruitment of the MCM ring to the chroma-
tin [37]. Loading of the MCM ring into chromatin
is an energy-dependent process that requires ATP

hydrolysis. Indeed, proteins comprising the ORC
complex contain classical AAA+ domains, and two
of them, Orc2 and Orc5, are shown to bind ATP [38].
Similar to these ORC subunits, Cdc6 also contains
an AAA+ domain [39]. It is suggested that ATP hy-
drolysis by ORC, Cdc6, and the MCM ring itself is
involved in the loading of helicase to chromatin [40Q].

Loading of helicase to replication origins re-
quires opening and closing of the MCM ring for
DNA to enter the central channel of the complex.
Structural and functional studies support the model
in which the junction between MCM2 and MCM5
subunits represents a closing/opening gate of the
MCM ring [41,42]. It is proposed that binding of
Cdtl opens the Mcm2/5 gate, while Cdc6-mediated
ATP hydrolysis dislodges Cdtl from MCM, resulting
in its closure [43]. Once loaded, MCM2-7 forms
“head-to-head” double-hexameric pairs encircling
double stranded DNA [44] (Fig. 1).

To prevent re-replication of DNA, MCM
loading onto chromatin is limited only to G1 phase.
This rigid control of loading is called “licensing”.
It functions — at least partially — through cyclin-
depended kinases, phosphorylation by which leads
to destruction of the MCM-loading protein Cdc6,
whereby ensuring that the loading happens only
once per cell cycle [42].

By the end of G1, the number of MCM rings
bound to DNA reaches its maximum level, which
exceeds the amount required for a complete genome
replication by several folds [23]. These loaded MCM
rings do not contain Cdc45 and GINS subunits
necessary to establish active helicases, and thus, are
considered dormant. In fact, the majority of licensed
MCM rings remain dormant and unused, and are uti-
lized only as backups if nearby active helicase are
disabled. This ensures continuation of DNA replica-
tion and acts as a safeguard against under-replication
of DNA [45, 46].

At the G1/S traverse and during the S phase,
CDC7 and CDK kinases phosphorylate a small per-
centage of dormant MCM s to facilitate their associa-
tion with GINS and Cdc45 and formation of active
CMG helicases [47, 48]. By the end of the S phase,
the remainder of DNA-bound dormant MCM heli-
cases is most likely removed by progressing repli-
cation forks. Upon the termination of replication,
active CMG helicase complexes are unloaded from
DNA at converging replication forks [49]. This could
be regulated by a Cdc48-dependent poly-ubiquityla-
tion of MCM?7, which was revealed in recent studies
of Xenopus extracts and budding yeast [50, 51].
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Fig. 1. Step-wise assembly of active CMG complex

Targeting CMG helicase

Evidence for helicase backup. It is estimated
that somatic cells load 4 to 10 MCM hexamers per
each replicon [24,53,54]. Assuming that only two of
MCM rings are actively utilized during DNA repli-
cation, the rest of the loaded MCM rings represents
a several fold excess of dormant helicases [24,53,54].

Several functional studies that utilized tissue
culture cells or the cell-free system of Xenopus lae-
vis egg extracts confirmed the presence of a backup
of dormant helicases that can be activated to com-
pensate for loss of helicase activity in stalled replica-
tive forks. In one such study, the amounts of chro-
matin-loaded MCMs were artificially manipulated
in Xenopus egg extracts to establish either “maxi-
mally licensed” or “minimally licensed” chromatin.
“Maximally licensed” extracts had 10-20 MCMs
loaded within each replicon (which is normal for
embryonic cells that this system represents). “Mini-
mally licensed” extracts were loaded in the presence
of geminin, a Cdtl inhibitor, making the amount of
MCMs bound to DNA limited to the minimum re-
quired to maintain a normal replication. No signifi-
cant differences in the kinetics of DNA replication
were observed between minimally and maximally li-
censed extracts [52]. It was concluded that DNA rep-
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lication can be accomplished by utilization of a small
portion of available MCMs [52]. To evaluate a role of
the large quantities of unused MCMs, this cell-free
model was subjected to replicative stress with low
concentrations of different DNA polymerase inhibi-
tors. It was shown that Xenopus egg extracts with
maximally loaded MCMs were able to completely
rescue DNA replication, whereas extracts with
minimally licensed MCMs failed to continue DNA
synthesis [52]. This suggests that excess of MCMs
provides a reserve of helicases that can be utilized to
rescue stalled DNA replication.

Similar conclusions were reached in a different
study with human cultured cells. By using siRNA
against the MCM5 subunit of the helicase, the au-
thors manipulated with the levels of loaded MCM
complexes. It was shown that cells with reduced
levels of MCMS5 displayed a normal progression
through DNA replication. Importantly, when treated
with low levels of replication inhibitors, cells with
reduced levels of MCMS5 failed to maintain normal
replication rates. It was concluded that excess of
loaded MCMs represents dormant helicases that can
be activated under conditions of replicative stress to
continue DNA replication and insure entirety of ge-
nome replication [53].
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Another study utilized a similar experimental
approach, but targeted different subunits of the heli-
case, MCM2 and MCM3 [54]. The authors showed
that even a very significant (up to 90%) reduction in
the MCMs levels did not prevent cells from a suc-
cessful DNA replication and proliferation. However,
the cells with reduced MCM levels could not cope
with DNA stress induced by replicative inhibitors,
such as aphidocolin and hydroxyurea [54].

The role of MCM reserve was also evaluated by
utilizing mouse fibroblasts with genetically altered
MCM3 that renders instability to the whole MCM
rings and, whereby, reducing the levels of chroma-
tin-loaded helicases. Consistently with the model of
the MCM dormant reserve, it was shown that when
the levels of MCM on chromatin are reduced, cells
had more stalled replicative forks and did not com-
plete DNA replication prior to mitosis [55].

Reduction in Helicase Activity as a
Therapeutic Approach toward Cancer

Reduction of MCMs/CMG levels reduces via-
bility of cancer cells, but not normal cells. Research
performed in different laboratories points that com-
pared to normal cells, cancer cells possess a reduced
reserve of dormant helicases. Without this reserve,
cancer cells that subjected to further reduction in the
levels of loaded helicases could not complete DNA
replication, become arrested in S phase, and undergo
apoptosis [56-59]. One such study showed that over-
expression of a non-degradable Geminin, an inhibi-
tor of Cdtl, the protein involved in MCM loading,
reduced loading of MCMs, and induced a prolonged
S phase arrest and apoptosis in osteosarcoma, lung,
and breast cancer cell lines. In contrast, IMR90 pri-
mary fibroblasts displayed a Gl arrest and no apop-
tosis under the same conditions. Therefore, normal
cells are able to tolerate a reduction in relicensing of
helicases, while cancer cells are vulnerable to such
perturbation and undergo apoptosis [56].

Another study utilized siRNA knockdown of
Cdc6 and ORC2, proteins intimately involved in
chromatin loading of MCM rings. It was shown that
reduction in the levels of loaded MCMs, caused by
depletion of Cdc6 or ORC2, induced the S phase
arrest with subsequent recovery in normal human
epithelial and fibroblasts cells, while led to aberrant
DNA replication and cell death in colorectal, lung,
breast, and cervical cancer cells [57]. Consistent re-
sults were obtained by a different group that utilized
siRNA against ORC1. They showed that the ORC1

deficiency — that must lead to a reduction in heli-
case loading — induced death of osteosarcoma can-
cer cells, while it was tolerable by normal fibroblasts
[58].

A decrease in DNA replication and viability of
lung and bladder cancer cells were also observed af-
ter siRNA-mediated reduction in the MCM7 levels.
Once again, non-cancer cell lines were not affected
[59]. Cumulatively, these results highlight the weak-
ness of helicase function in cancer cells: artificial
reduction in helicase loading, which is tolerable by
normal cells, leads to a dramatic decrease in survival
of cancer cells. This natural phenomenon could be
exploited as a novel chemotherapeutic approach in
treating cancer (Fig. 2).

Reduction of CMG helicase activity as a che-
mosensitization approach. A number of reports de-
scribed above showed that a subliminal reduction
in MCM loading becomes lethal to cancerous cells
when it is combined with an exposure to low doses
of replicative inhibitors [53, 54, 57-59]. These high-
lighted an additional potential therapeutic applica-
tion of helicase inhibitors: aside from being used as
a stand-alone therapy, they also could be chemosen-
sitizing agents that are combined with other drugs
to enhance their tolerance and clinical effect. The
main limitation of these studies is that they utilized
replicative drugs that are not used in clinic, namely,
aphidocolin, a DNA polymerase inhibitor, and hy-
droxyurea, an inhibitor of ribonucleotide reductase.

By studying compounds approved for cancer
therapy, two other reports provided a direct support
to the concept of helicase inhibitors as chemosen-
sitizing agents. In one report, the levels of MCM4
and MCMY7 in pancreatic and colorectal cancer
cells were reduced by siRNA treatment. After that,
the cells were treated with low concentrations of
chemotherapeutic drugs, gemcitabine or 5-fluoro-
uracil [60]. The authors reported that a 30% reduc-
tion in MCM levels did not affect the cancer cells.
However, it increased cytotoxicity of gemcitabine
and 5-fluorouracil in comparison to exposure to the
drugs alone [60]. Similar results were obtained by
a different group that reported a chemisensitiza-
tion of osteosarcoma cells to camptothecin after a
subliminal reduction in the MCMS5 levels [53]. Im-
portantly, it was shown that an equivalent siRNA
treatment of normal keratinocytes HaCat calls did
not induce chemosensitization toward gentamicine
[60]. It was proposed that — as cancer cells already
possess a reduced reserve of dormant helicases — any

57



ISSN 2409-4943. Ukr. Biochem. J., 2020, Vol. 92, N 6

Cancer Cell

Active Helicases

Normal Cm

Targeting

Active Helicases

. 09T
Cell Death ~

Recovery

Fig. 2. The lack of dormant helicase reserves predisposes sensitivity of cancer cells to CMG helicase inhibitors

further reduction in helicase loading might severely
compromise the capacity of cancer cells to sustain
challenged DNA replication. Normal cells — having a
much more abundant helicase reserve — can afford its
partial depletion and still support DNA replication
with remaining helicases.

Small molecules that target MCMs/CMG. As
the MCMs are key players in the DNA replication
and cellular reproduction, targeting them in cancer
treatments became a topic of research interest. The
molecules scrutinized for such purposes include
Genistein, Trichostatin A, Widdrol, Metformin,
BETI, Breviscapine, which downregulate expression
of the MCM proteins, as well as Heliquinomycin and
Ciprofloxacin, which might directly affect the heli-
case activity.

Genistein and Trichostatin A, either alone or in
conjunction, were shown to lower the levels of ex-
pression of all MCM gene family members [61, 62].
As a result, treating cells with these inhibitors halts
the replication process. It was proposed that Gen-
istein and Trichostatin A affect expression of MCM
subunits indirectly by downregulating signaling
pathways, such as JNC [62], CDK2, CDC7, and
CDT1 [61]. Trichostatin A is a histone deacetylase
(HDAC) inhibitor that is able to halt the cell cycle,
induce apoptosis, and cease metastasis [61]. While
Trichostatin A was found to successfully alter ex-
pression of MCMs along with other 30 genes re-
sponsible for cell cycle control, it has been shown
to be highly toxic [61]. Genistein, on the other hand,
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is a naturally occurring nontoxic isoflavone. It also
shows promise as an inhibitor of cancer cell prolife-
ration, but at a relatively high dose of 50 uM in vitro
[61].

Widdrol is a sesquiterpene extracted from the
Juniperus chinensis (Chinese Juniper) plant and
commonly used in folk remedies to treat inflamma-
tion. Widdrol inhibits proliferation of cancer cells by
affecting multiple signaling pathways, most notable
decreasing the expression of CDK2 and its partner
cyclin E, while increasing the expression of its in-
hibitor p21 [63]. Downstream of these events, Wid-
drol leads to a downregulation of expression of the
MCM proteins [63].

Metformin is a biguanide that is approved for
the management of type 2 diabetes. Aside from
controlling the blood glucose levels, Metformin dis-
played anti-proliferative effects on cancer cells [64].
It was shown that Metformin targets the AMPK and
NF-KB pathways with consecutive downregulation
of expression of dozens genes involved in mitosis
and DNA replication, including expression of the
MCM proteins [64].

Bromodomain and Extra-Terminal inhibitors
(BETi) act on bromodomain and extra-terminal of
BET proteins, decreasing proliferation and inducing
apoptosis of cancer cells [65]. Among many other
targets, BETi were shown to downregulate MCM5
expression by affecting corresponding transcription-
regulating BET proteins [65].
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Breviscapine, also known as scutellarin, is a
naturally occurring flavone often extracted from the
Chinese daisy Erigeron breviscapus. It is used me-
dicinally against cardiovascular disease. In cancer
research, it was shown to have a cytotoxic and pro-
apoptotic effect on prostate cancer cells as well as an
inhibitory effect on expression of MCM7 [66].

Heliquinomycin is a Streptomyces derived anti-
biotic that was shown to inhibit cellular proliferation,
DNA unwinding, and ATP-ase activity of human
MCM 4/6/7 complex [67]. Based on administered
dosage, it also inhibited DNA polymerase, DNA pri-
mase, and — to a lesser degree — other studied heli-
cases, indicating that Heliquinomycin may affect a
variety of DNA-associated enzymes. As MCM4/6/7
complex represents an artificial helicase composed
of only MCM4, MCM6, and MCM7 subunits, it
would be important to test this compound with a
fully-assembled CMG helicase. In support of the
helicase reserve model, Heliquinomycin displayed
much higher inhibitory activity toward A549 and
SBCS5 lung cancer cells and SW780 bladder cancer
cells, as compared to normal HLF-1 cells [59].

Ciprofloxacin is a fluoroquinolone and, like
heliqguinomycin, has an antibiotic activity. In in vit-
ro studies, ciprofloxacin was shown to have simi-
lar inhibitory effects on MCM2-7 and MCM4/6/7
complexes as well as viral SV40 helicase [68]. A
separate study revealed that Ciprofloxacin directly
intercalates with DNA [69], implicating that its in-
hibition may be due to a disturbance of the DNA
structure, but not a direct effect on the helicase. Con-
sistent with this mechanism, other DNA-associated
enzymes, specifically topoisomerases, are known
to be inhibited by fluoroquinolones [70]. Because
during DNA replication topoisomerases progress
in front of helicases and replicative machinery, it is
topoisomerase activity that must be the most affected
by the present of Ciprofloxacin. Indeed, all cases of
Ciprofloxacin-induced cytotoxicity toward cancer
cells are attributed to the inhibition of type 2 DNA
topoisomerases [71].

Conflict of interest. Authors have completed the
Unified Conflicts of Interest form at http:/ukrbio-
chemjournal.org/wp-content/uploads/2018/12/
coi_disclosure.pdf and declare no conflict of
interest.

PEIIJIIKATUBHA CMG-TEJIIKA3A:
ITEAJTBHA MIIIEHB JJISI
TAPIETHOI TEPAIIIi PAKY

W. Henderson, K. Nyman, M. Stoney,
S. |. Borysov™*

College of Arts and Sciences, Saint Leo
University, St. Leo, Florida, USA;
Me-mail: Sergiy.Borysov@saintleo.edu

Ornsim - mpucsiueHo  Cdc45-Mcem?2-7-GINS
(CMQG) remikasi, sKka € BaXXJIUBOIO CKJIaJ0BOIO
PETUTIKATUBHOTO ~ MEXaHi3My 1  pO3TIAJAETHC
SK HOBa TEPCIEKTHBHA MIIIEHb [JIs TapreTHOl
Tepanii paky. Y HOpMalbHUX KIITHHAX I Yac
peruTiKallii TeHOMY TOCTYTIOBO, IIJISIXOM 3aJTyYeHHS
HeoOXiAHOT KIJIBKOCTI CyOOMWHHUIb, aKTHBYETHCS
JUIIe HEeBeJIMKa dYacTHHa Tejika3, pemira CKia-
JAIOTh 3HAYHWHM IIyJ CIUITYUX TeliKa3 Ta Mo-
KyTh OyTH aKTHBOBaHI y pa3i HEOOXiTHOCTI s
3aMilIeHHs TelliKa3 i3 MPUTHIYEHOI aKTHUBHICTIO,
3aBASKH YOMY HOpMajbHa KIIITHHA Ma€ CTIHKICTh
Jo iHT10iTOpPIB Temikas. Bigomo, mo Ha BiAMIHY Bif
HOpMaJbHUX KIIITHH PAaKOBi KJIITHHU MalOTh 3HA4-
HO MEHIIHH IyJI CIUISTYHX TeJliKa3 1 uepes 1e MarTh
OyTu BpaziuBimumu 1o iHriditopie CMG-remikas.
OYHKIIOHANBHI  JIOCTIJKEHHS I ATBEPIKYIOTh,
mo TapretHe mpurHidveHHss CMG-renika3um Moxke
CTaTu CcHenu(iYHUM TEPANEeBTHYHUM ITiIXOIA0M Yy
MTOJI0JIAaHHI IIMHPOKOTO CIIEKTPa OHKOJIOTIYHUX 3a-
XBOPIOBaHb Ta y MiHiMi3amii moOivHUX e]eKxTis.
[lepenbauaeThes, MO TpenapaTd CIPSIMOBAHOI
nii Ha CMG-renikazy MOXYTbh BHKOPHCTOBYBa-
THCS HE TUTBKM JIJII CaMOCTIMHOI Teparii, a # AK
XiMIOCEHCHOLTI3aTOpH B TOEJIHAHHI 3 1HIIMMHU
JKaM¥ JIJIs T IBUIICHHS 1X KJIIHIYHOTO e(peKTy.

KnaogyoBi cnoBa: pakoBi KIITHHH,
pertikatuBHa CMG-remikaza, CIUISIYl TeliKasu,
IHT101TOPY TeNiKa3H.
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