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ABSTRACT

Purpose of the study. The objective of this study was to evaluate cell cycle indices in tumor cells and conditionally intact
intestinal tissue (resection line) in male and female patients with colorectal cancer (CRC).

Patients and methods. Cell cycle phases were analyzed in 36 male and 36 female patients with CRC involving the rectum, and
with right-sided or left-sided tumor localization. The mean age was 66 years. The degree of tumor differentiation in all cases
corresponded to G2. None of the patients had received neoadjuvant treatment before surgery. In 10 % of tumor homogenates
and resection line samples, cell cycle phases were determined using an ADAMII LS fluorescent cell analyzer (Korea). For cell
cycle analysis, propidium iodide (PI), specially prepared for the ADAMII LS, was used. This reagent mixture contained Pl and
RNaseA, and cells were stained directly without an additional fixation step. The instrument'’s high sensitivity enabled precise
discrimination of cells in the GO/G1 phase (resting cells [GO] and early G1), S phase, and G2/M phase. Statistical analysis was
performed using Statistica 10.0 software.

Results. The proportions of viable and dead cells in the samples were generally comparable. In men, viable cells ranged from
56.6 % to 73.6 %, and dead cells from 26.4 % to 43.4 %. In women, viable cells ranged from 60.8 % to 77.3 %, and dead cells
from 22.7 % to 39.2 %. In men, tumor samples from left-sided CRC contained predominantly S and G2 phase cells, whereas in
right-sided CRC and rectal tumors, the majority of cells were in the G1 phase. In women with left-sided CRC, tumor samples
showed the highest proportion of cells in the G1 phase, while samples from right-sided CRC and rectal tumors contained
predominantly S phase cells.

Conclusion. The identified cell cycle characteristics and tumor cell death patterns in CRC patients, depending on sex and tumor
localization, reflect the proliferative status of the tissue. These findings may provide a basis for personalized recommendations
on the use of antitumor agents targeting cells in specific cell cycle phases.

Keywords: colorectal cancer, cell cycle, mitosis, G1 phase, S phase, tumor

For citation: Kit O. 1., Frantsiyants E. M., Bandovkina V. A., Neskubina I. V., lichenko S. A., Petrova Yu. A., Snezhko A. V., Averkin M. A., Gabrichidze P. N.
Features of the cell cycle in patients with colorectal cancer. South Russian Journal of Cancer. 2025; 6(3): 26-34.
https://doi.org/10.37748/2686-9039-2025-6-3-3, https://elibrary.ru/gtrgs|

For correspondence: Valeriya A. Bandovkina - Dr. Sci. (Biol.), senior researcher, Laboratory for the Study of Malignant Tumor Pathogenesis, National Medical

Research Centre for Oncology, Rostov-on-Don, Russian Federation
Address: 63 14 line str., Rostov-on-Don 344037, Russian Federation
E-mail: valerryana@yandex.ru

ORCID: https://orcid.org/0000-0002-2302-8271

SPIN: 8806-2641, AuthorID: 696989

ResearcherID: AAG-8708-2019

Scopus Author ID: 57194276288

Compliance with ethical standards: the work followed the ethical principles set forth in the Helsinki Declaration of the World Medical Association (World
Medical Association Declaration of Helsinki, 1964, ed. 2013). The study was approved by the Ethics Committee of the National Medical Research Center of
Oncology (Protocol No. 1 dated 01/30/2023). Signed informed consent was received from all patients to take and transfer biological material for scientific
research, government assignments for socially and socially useful purposes

Funding: this work was not funded

Conflict of interest: Kit O. I. has been the member of the editorial board of the South Russian Journal of Cancer since 2019; however, he has no relation to the
decision regarding the publication of this article. The article underwent the standard peer-review process adopted by the journal. The authors declare no other

conflicts of interest

The article was submitted 05.02.2025; approved after reviewing 10.04.2025; accepted for publication 12.08.2025

© Kit 0. I, Frantsiyants E. M., Bandovkina V. A., Neskubina I. V., lichenko S. A., Petrova Yu. A., Snezhko A. V., Averkin M. A., Gabrichidze P. N., 2025

26

South Russian Journal of Cancer. 2025. Vol. 6, No. 3. P. 26-34 (c



l0xHo-Poccuitckuii oHkonornyeckuii xypran. 2025. T. 6, N2 3. C. 26-34
https://doi.org/10.37748/2686-9039-2025-6-3-3
https://elibrary.ru/gtrgsl

3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

OcobEHHOCTM KNETOYHOTO LMKNA Y D0/bHBIX K0JIOPEeKTaJIbHbIM PaKoM

0. W. Kut, E. M. ®panumsny, B. A. bangoekuHa™, U. B. Hecky6uHa, C. A. UnbueHko, 10. A. MeTpoBa, A. B. CHeXKo,
M. A. AsepkuH, 1. H. Fabpuungse

®IbY «HaunoHanbHbI MeLULMHCKUIA UccnefoBaTenbCKuil LIEHTp oHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®egepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
X valerryana@yandex.ru

PE3IOME

Lienb uccnepoeanus. OLieHKa NokasaTtenei KNeTOYHOro LKA B K/IETKaX OMNyXosv U YCIIOBHO MHTAKTHOM KULWIKK (MUHUM
peseKkuun) y 601bHbIX KoNopekTanbHbiM pakoM (KPP) o60ux nosnos.

MauueHTbl U MeToAbl. ViccnegoBaHue has KNETOYHOMO LUUKIa NPOBOAUIMN Y 36 MYXUMH U 36 XeHLWUH 60nbHbIX KPP —
NPSAMON KULIKK, C NPaBOCTOPOHHEN U NIeBOCTOPOHHEW Nlokanu3saumein. CpegHuin BO3pacT naunmeHToB cocTaBui 66 nert.
CTeneHb AnddepeHUMPOBKIM ONYX0nn Y BCex 60/bHbIX cooTBeTcTBOBaNa G2. HUKTo 13 60nbHbIX A0 onepaumy He nosyyan
HeoaAbIOBaHTHOMO NleyeHns. B 10 % romoreHaTtax onyxXxonu U IMHUK pe3ekLnn onpeaensanmn dasbl KNeTo4HOro uuknia Ha
¢dnyopecueHTHOM aHanusaTtope knetok Adamii LS (Kopes). [1na onpefeneHvsi KNeToYHOro LMKa UCNoJIb30Banu Nponu-
awi inogug (Pl), cneumanbHo nofrotoBneHHbl ans ADAMII LS, copgepkalumii Pl v RNase A, KOTopbli ucnonbayeTcs nyteM
NPSMOro OKpaLUMBaHWUA KNeToK 6e3 MPOX0oXAEHUA AONOSIHUTENIbHOro aTana Gukcauun. TOUYHbIA aHanu3 MHTEHCUBHOCTH
peareHTa No3BosisAN NPMGOPY pa3nuyath kKneTku B dasax GO/G1 (nokosiwmecs knetku (GO) u kneTku B paHHei dase G1), S
1 G2/M. CtaTucTu4ecKkuin aHanus pesynibTaTtoB NPOBOAUIN C MOMOLLbIO MakeTa nporpamm Statistica 10.0.

PesynbraTbl uccnepoBaHus. KonnyecTBo XMBbIX U MEPTBbIX KJIETOK B UCCNefyeMblx 06pasLaXx, B 60bLUXHCTBE CNyYaeB,
6bISI0 OQHOTUMHBIM: Y MYXXUYUH XUBbIX KNETOK OT 56,6 10 73,6 %; MepTBbIX KNeToK oT 26,4 A0 43,4 %, Y YKEHLLMH MBbIX
knetok ot 60,8 fo 77,3 %; MepTBbIX KNEToK oT 22,7 10 39,2 %. Y My>KunH B o6pasLax onyxonei neBocTtopoHHero KPP mak-
CMMabHbIX MPOLEHT KNETOK Haxoaunca B dhasax S n G2, a B onyxosifax NPaBOCTOPOHHEN JIoKanu3aLuuy 1 NpsiMoi KMLLKK
B ase G1. Y xeHWuH npu neBoctopoHHeM KPP MakcumanbHbI NPOLIEHT KNeTOK B o6pasLax ornyxonv Npuxoauncs Ha
a3y G1, a o6pasLibl onyxonu npu npaBocTopoHHeM KPP 1 pake npsiMoit KUMKW B S-dase.

3aknioyeHue. BbisiBrIieHHbIe OCOGEHHOCTH KNTETOYHOTO LMKIIa U r’nbenu KneTok onyxonei y 6onbHbix KPP, B 3aBucMmocTm ot
rosia v nokanusaLum onyxosnu, ONUCbIBaroT NPondepaTUBHbIN CTaTyC TKaHW U MOTYT CIY)XXMTb OCHOBOW A1 NEPCOHaNU3npo-
BaHHbIX PEKOMEHAALMI MO NPUMEHEHUIO MPOTUBOOMYXONEBbIX NpenapaToB, AeWCTBYIOLLMX Ha KNETKX B OnpeaenieHHou dase.

KntoyeBble cnioBa: KONMOpeKTanbHbIV paK, KNeToYHbIW LMK, MUTO3, ha3a G1, dhasa S, onyxonb
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CobntofieHne aTUYeCKMX CTaHAAPTOB: B paboTe COGMIOAANUCH 3TUYECKUE NPUHLUNBI, NPeAbABAseMble XeNbCUHKCKOI Aeknapaumeii BcemupHoii
MegauumHckoii accouyuaumv (World Medical Association Declaration of Helsinki, 1964, pea. 2013). UccnegoBaHue ogo6peHo aTUYECKUM KOMUTETOM

OrBY «HaunoHanbHbI MeLULMHCKUIA UCCNeA0BaTENbCKMIA LIEHTP OHKONOrMM» MUHNCTEpCTBa 3ApaBooxpaHenus Poccuiickoit ®epepauum (npotokon

N2 1 01 30.01.2023 r.). MonyyeHo oT BCex NALMEHTOB NofgNuUcaHHOe MHGOPMUPOBAHHOE cornacue Ha B3ATHe U Nepefady 6M0NOrMYeckoro Matepuana ans
NPOBEeAEHMUs HayUYHbIX UCCNEA0BaHMI, FOCYAAPCTBEHHBIX 3afaHNI B 06LLECTBEHHO U COLNAbHO-MONE3HbIX Liensx

(DI/IHBHCI/IPOBGHVIEZ dJVIHaHCVIpOBaHMe NaHHOM paﬁOTbI He NpoBOAUNOCH

KoHdnukT nHtepecos: Kut 0. U. aBnsetcs uneHoM pefakuMoHHOI Konnerun xypHana «l0xHo-Poccuiickuii oHKonornyeckuii xypHan» ¢ 2019 r., Ho He umeeT
HWKAKOr0 OTHOLUEHMSA K PelLIEHNIO OMy6INKOBaTb 3Ty CTaTbio. CTaTba NPOLLNa NPUHATYHO B XypHane npoLeaypy peLeHsnpoBanns. 06 MHbIX KOHGAMKTaX
MHTEPEeCOB aBTOPbI He 3asBAANN
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BACKGROUND

Colorectal cancer (CRC) is the third most com-
mon cancer in men and the second most common
cancer in women worldwide and ranks second in
cancer-related mortality [1]. The intestinal epithelium,
consisting of a layer of epithelial cells grouped into
the crypts of Lieberkiihn, is a rapidly renewing tissue.
The large intestine contains millions of crypts, each
with more than 2,000 cells, which are replaced every
2-7 days. Renewal is carried out by colonic stem
cells located at the base of the crypts [2]. There is
a hypothesis that malignant cells of the large intes-
tine originate from these stem cells. This hypothesis
is supported by the fact that intestinal adenomas
arise from stem cells [3].

The sequence of events occurring in a cell that
leads to its division and duplication is known as the
cell cycle [4]. The cell cycle consists of the G1 phase
(presynthesis), S phase (DNA synthesis), G2 phase
(late synthesis), and M phase (mitosis) [5]. During the
G1 phase, the cell grows and prepares for DNA syn-
thesis. In the S phase, DNA synthesis occurs, lead-
ing to the replication of genetic material [6]. In the
G2 phase, the cell continues to grow and prepares
for mitosis the stage of the cell cycle during which
replicated DNA is distributed into two identical nu-
clei [7]. The cell cycle is strictly regulated by a com-
plex network of proteins and signaling pathways.
A failure in cell cycle control mechanisms can lead
to various diseases, including cancer [8].

It is believed that any disruption of the stages of
the cell cycle whether under the influence of genet-
ic, carcinogenic, or infectious factors can result in
uncontrolled cell proliferation and, ultimately, tumor
formation [9]. Cancer is a disease characterized by
uncontrolled cell growth and proliferation, which is
the result of impaired regulation of normal cell cycle
control mechanisms [10]. The development of cancer
is often the result of mutations or changes in genes
controlling the cell cycle, which disrupt the normal
regulation of cell growth and division [11].

Dysregulation of the cell cycle is a common feature
of cancer cells and plays a crucial role in their uncon-
trolled growth and proliferation. Understanding the
mechanisms underlying cell cycle dysregulation in
cancer cells is essential for the development of target-
ed therapies that can selectively suppress the growth
of cancer cells while preserving normal cells [12].

28

Purpose of the study: to evaluate cell cycle indi-
ces in tumor cells and conditionally intact intestine
(resection line) in patients with colorectal cancer of
both sexes.

PATIENTS AND METHODS

The study included results obtained from 72 pa-
tients with colon cancer T2-3NOMO, comprising 36
women and 36 men, who underwent treatment at
the Department of Abdominal Oncology, National
Medical Research Centre for Oncology, during 2023-
2024. The mean age of the patients was 66 (58—73)
years. Groups were formed with 12 male and 12 fe-
male patients each diagnosed with left-sided CRC
(sigmoid colon cancer), rectal cancer, and right-sided
CRC (ascending colon cancer). The degree of tumor
differentiation in all patients corresponded to G2.
None of the patients received neoadjuvant therapy
prior to surgery. A good performance status (ECOG
0 or 1) was observed in 98.5 % of the patients. All
patients underwent surgical intervention.

During surgery, specimens of tumor tissue (1 cm
from the visible tumor margin towards the center)
and fragments of intestinal tissue at the resection
line (proximal margin) were collected. On ice, 10 %
homogenates were prepared in 0.1 M potassium
phosphate buffer (pH 7.4), which were subsequent-
ly used for cell cycle analysis with the ADAMII LS
fluorescent cell analyzer with image analysis capa-
bility (Korea). Cell viability was determined using
a reagent designed for total cell count and viability
assessment, consisting of a combination of acridine
orange (AO), a cell-permeable DNA stain, and DAPI,
a non-permeable DNA stain.

To determine the cell cycle, propidium iodide (PI),
specially prepared for ADAMII LS and containing PI
and RNaswA, was used for direct staining of cells
without an additional fixation step. The instrument’s
precise reagent intensity analysis enabled the iden-
tification of cells in the GO/G1 phase (resting cells
(G0) and cells in the early G1 phase), S phase, and
G2/M phase.

Statistical analysis

Statistical analysis of the results was performed
using the Statistica 10.0 software package. The
Shapiro-Wilk test was used to assess the normal-
ity of distribution. The significance of statistical
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differences between the studied parameters was
determined using the Mann-Whitney U test. A value
p < 0.05 was considered the threshold for statisti-
cal significance. Data in the tables are presented
as the median and the 25th and 75th percentiles
(Me (C25-C75)).

STUDY RESULTS

It was found that the number of living and dead
cells in the studied samples was, in most cases, sim-
ilar: in men, living cells ranged from 56.6 % to 73.6 %,
and dead cells from 26.4 % to 43.4 %; in women, living
cells ranged from 60.8 % to 77.3 %, and dead cells
from 22.7 % t0 39.2 %. The highest percentage of living
cells was observed in the resection line of the rectum
in men and in the resection line in left-sided CRC in
women (73.6 % and 73.6 %, respectively). The highest
percentage of dead cells was found in men in tumor
samples of left-sided and right-sided CRC (41.1 % and
43.4 %, respectively) and in women in tumor samples
of left-sided cancer and in the resection line of right-
sided CRC (37.7 % and 39.2 %, respectively).

The study revealed differences in the percentage
of cells in different phases of the cycle, depending on
the sex of the patients and tumor location - rectum,
left-sided, and right-sided colon tumors.

In men with rectal cancer, tumor samples were
dominated by cells in the resting/synthetic phase
(G0/G1), exceeding the levels in the S and G2/M
phases by 1.8-fold and 1.9-fold, respectively (Table 1).

In the resection line of rectal cancer, the distri-
bution across cell cycle phases was uniform; the
percentage of cells in each phase showed no sig-
nificant differences from each other. In rectal tumor
samples, the proportion of cells in the GO/G1 phase
was 1.4 times higher compared to intestinal tissue
at the resection line, whereas the S and G2/M phases
had on average, 1.5 times fewer cells.

In women with rectal cancer, tumor samples con-
tained, on average, twice as many cells in the G0/G1
and S phases compared to the G2/M phase. In the
resection line of the rectum, the percentage of cells
in the G2/M phase was, on average, 3.4 times lower
than in the GO/G1 and S phases. At the same time,
in women, tumor samples had 1.4 times more cells
in the mitotic phase, whereas in the resection line
the percentage of cells in the resting phase (G0/G1)
was significantly 1.4 times higher.

KNEeTo4yHoro uuknay 60nbHbIX KOJIopeKTanbHbIM pakoMm

In men with left-sided CRC, the percentage of cells
in the GO/G1 phase in the tumor was, on average, two
times lower than in the S and G2/M phases. In the
resection line for left-sided CRC in men, the lowest
percentage of cells was found in the G2/M phase -
1.8 times lower than in GO/G1 and 3.5 times low-
er than in the S phase. In addition, in resection line
samples of left-sided CRC, the percentage of cells
in the S phase exceeded that in the GO/G1 phase
by 1.9 times. In tumor samples of left-sided CRC in
men, compared to the resection line, the percent-
age of cells in the G2/M phase was twice as high,
but in the GO/G1 and S phases it was, on average,
1.5 times lower.

In women with left-sided CRC, the percentage of
cells in the resting phase (G0/G1) in tumor sam-
ples was, on average, twice as high as in the mitot-
ic phase and the S phase. In the resection line for
left-sided CRC, cells predominated in the GO/G1 and
S phases, with the percentage in the mitotic phase
being, on average, 2.6 times lower. Tumor samples
of left-sided CRC in women differed significantly only
in having a twofold lower percentage of cells in the
S phase compared to the resection line.

In men with right-sided CRC, tumor samples had
a percentage of cells in the G2/M phase that was,
on average, 1.6 times lower than in other phases.
Similarly, in the resection line, the G2/M phase had
2.6 times fewer cells than the GO/G1 phase and
3 times fewer than the S phase. At the same time,
there was a 1.4-fold higher percentage of G2/M-
phase cells in tumor samples compared to the resec-
tion line, while other phases showed no significant
differences between tumor and resection line.

In women with right-sided CRC, tumor samples
showed no statistically significant differences in
the percentage of cells in different phases. How-
ever, in the resection line, the lowest percentage of
cells was in the resting phase, being 4.4 times lower
than in the S phase and 2.2 times lower than in the
mitotic phase. The maximum percentage of cells
in the resection line for right-sided CRC was in the
S phase, which was twice as high as in the G2/M
phase. In tumor samples of right-sided CRC in wom-
en, the percentage of cells in the GO/G1 phase was
2.4 times higher than in the resection line, while in
the S phase it was 1.4 times lower; only the mitotic
phase showed no significant differences between
tumor and resection line samples.
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As a result, in men, tumor samples of right-sided
CRC differed from left-sided tumors by having
a 1.7-fold higher percentage of cells in the resting
phase and a 1.6-fold lower percentage in the G2/M
phase. The resection line in right-sided CRC in men also
contained 1.4 times more cells in the GO/G1 phase.

In women, tumor samples of right-sided CRC,
on the contrary, differed from left-sided tumors by
having a 1.6-fold lower percentage of cells in the
G0/G1 phase, but a 1.4-fold higher percentage in
the G2/M phase and a 1.5-fold higher percentage in
the S phase. Similarly, in resection line samples from
women with right-sided CRC, the percentage of cells
in the resting phase was four times lower, and the
percentage in the G2/M phase was 1.5 times higher.

DISCUSSION

The location of malignant tumors of the colon
and rectum can have a significant impact on clinical
outcomes and response to drug therapy [13]. This is
attributed to the fact that the colon and rectum are
distinct anatomical tissues of the gastrointestinal
tract [14]. Tumors located in the right colon (ascend-
ing colon and cecum) are more often diagnosed at
later stages, exhibit high microsatellite instability,
and tend to metastasize more frequently compared
to tumors of the left colon (descending colon, sig-
moid colon) [15]. This difference can be explained
by their distinct embryological origins (midgut and
hindgut, respectively), different genetic and epigen-

Table 1. Cell cycle in tumor and resection line in patients with colorectal cancer ( % of living cells) (Me (Q25-Q75))

Cell cycle phases

G0/G1 s G2/M
Males
32.56 18.63 16.8
Rectal cancer (28.6;35.9)%%  (13.97;20.14)'4  (14.9;18.8)™4
o 22.63 27.06 22.48
Resection line, rectum (19; 26.06) (18.18; 28.71) (19.45; 26.8)
12.43 27.84 21.37

Left-sided CRC tumor

(9.27;12.75)%34

(20.11; 31.56)"

(18.85; 23.54)%

Resection line, left-sided CRC

18.81
(15.05; 22.15)>

37.35
(35.38; 44.07)'

9.84
(7.79; 11.34)"2

Right-sided CRC tumor (1 6.%124.;3;6.6) (21 _2216;6;2.9) (111 ;;21.?71)1,2,4
Resection line, right-sided CRC (21?;.5273_7) (22,0371; g7.36) (7.03?.142558)1,2
Females

Rectal cancer (23.5255;'3;.42)4 (24.%21';5269.5) 1§ 0.2142;? 4)124
Resection line, rectum (26,3?76;.;%_35) (25.3%??0.44) (6.467;'323)1.2
Left-sided CRC tumor (29,13;13'421,2)2.3 (1 2.917;55]07.2)1'3'4 (12.21;41'2.9)1'3
Resection line, left-sided CRC (23,22;.23.86) (25,23;'?1%.55) (9.91;11.363.9)1'2
Right-sided CRC tumor ( 8.199;'%.5)4 (20.52;33.55)4 (181.;3 ;ggﬂ)
Resection line, right-sided CRC (7.32}%?54)2 (27,23;62192.84)1 @ 6.15;7.138%5)"2

Note: Statistically significant differences compared with: ' — GO/G1 phase; 2 - S phase; - differences between the corresponding samples of
right-sided CRC; * - differences compared with the corresponding resection line (p < 0.05)
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etic profiles, as well as differences in microbiome
composition and the immune environment of the
mucosa [16].

It is known that the duration of the mitotic phase
constitutes only a small fraction of the entire cell
cycle, while the total time of the S, G2, and M phases
is relatively constant. Therefore, the duration of the
cell cycle depends mainly on the GO/G1 phase. The
resting phase GO is thought to predominate in most
highly differentiated cells performing their specific
functions [17]. In our study, colorectal cancer (CRC)
patients’ resection line samples did not demonstrate
a predominance of cells in the resting phase, which
may indicate impaired functional activity of colon
cells in CRC patients.

We hypothesize that the predominance of a par-
ticular cell cycle phase in tumor samples of right-
sided CRC, left-sided CRC, and rectal cancer may
be associated with the aforementioned differences
and may determine the biological aggressiveness
of the neoplasm.

In men, the highest percentage of cells in the
G0/G1 phase was observed in rectal cancer and
right-sided CRC, and the lowest in left-sided tu-
mors. In women, conversely, the highest percentage
of cells in the GO/G1 phase was found in left-sided
CRC and rectal cancer, and the lowest in right-sided
tumors. It is known that the cell cycle is tightly regu-
lated by a number of regulatory proteins and check-
points [18]. The G1 checkpoint is a critical stage in
the cell cycle, regulated by a complex network of
proteins and signaling pathways, including CDKs
and tumor suppressor proteins, ensuring that the
cell possesses the necessary resources such as nu-
trients and growth factors to proceed through the
cycle and that no DNA damage is present that could
be passed on to daughter cells [19]. Blockade of
the p53-dependent G1 checkpoint can persist for
long periods until it is stimulated by external signals
(growth factors) to re-enter the cell cycle [20]. One of
the clear effects of prolonged GO/G1 arrest is cell en-
largement, as total cellular protein and RNA content
continues to increase. Oncogenic signals, in turn,
cause excessive cell growth, which soon becomes
toxic [21].

If oncogenes make tumor cells more vulnerable
to G1 arrest, effective blockade of all G1 cells for
certain periods of time may lead to cancer-specific
overgrowth, DNA damage, and senescence [21].

KNEeTo4yHoro uuknay 60nbHbIX KOJIopeKTanbHbIM pakoMm

Therefore, a high proportion of cells in the resting
phase (G0/G1) in tumor samples may be a cause of
low sensitivity to anticancer therapy.

Several researchers have demonstrated gender
differences in markers of proliferation and neoan-
giogenesis in both tumor samples and resection line
tissues in CRC patients, particularly in rectal cancer.
Furthermore, identification of different molecular-
biological subtypes of CRC may also influence the
predominance of specific cell cycle phases in both
tumor and resection line tissues [22].

In our study, the percentage of GO/G1-phase
cells in resection line samples from men was ap-
proximately the same, regardless of tumor loca-
tion, whereas in women, right-sided CRC resection
lines stood out, with an extremely low proportion of
resting-phase cells. In women with right-sided CRC,
resection line samples were dominated by cells in
the synthetic (S) phase, which may be one of the rea-
sons for the unfavorable course of right-sided CRC. It
is known that progression through the G1 checkpoint
is determined by the balance of G1 activators and in-
hibitors, and this balance shifts toward activators as
cells grow. This ability to “break through” G1 arrest is
thought to underlie the cell-size checkpoint, ensuring
that cells reach an optimal size before entering the S
phase [21, 23-26]. Overall, in CRC patients, cells in
the S phase were either predominant or comparable
in percentage to those in GO/G1, with the only excep-
tions being male rectal tumor samples and female
left-sided CRC tumor samples.

Progression through the S phase is believed to
be modulated mainly by cellular levels of certain
proteins. Excessive expression of cyclin A promotes
cancer progression, while suppression of cyclin
A blocks cell cycle progression and induces arrest
in the S phase [27]. From a therapeutic perspective,
cells in the S phase are generally more radioresistant
than those in other phases [20]. However, pharma-
ceutical companies are developing drugs, such as
DNA topoisomerase | inhibitors, targeting the DNA
synthesis elongation stage to arrest tumor cells in
the S phase and subsequently induce apoptosis [28].
Thus, determining the predominant cell cycle phase
in a tumor may help guide an appropriate personal-
ized anticancer therapy strategy.

In male patients with left-sided CRC, the propor-
tion of cells in the G2/M phase was significantly
higher than in rectal cancer and right-sided CRC.
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In contrast, in women, the proportion of G2/M-phase
cells in right-sided CRC was significantly higher than
in left-sided CRC and rectal cancer. In the resection
line, the situation was somewhat different: the per-
centage of cells in the G2/M phase was significantly
higher in rectal cancer in men and in right-sided CRC
in women compared to other locations.

A high proportion of cells in the G2/M phase may
indicate high proliferative activity of tumors at this
location in men. There is evidence that mutations in
tumor suppressor genes, such as p53, may prevent
cells from halting the cell cycle upon detecting DNA
damage or other abnormalities, allowing damaged
cells to continue dividing and accumulate further mu-
tations [29]. In addition, various enzymes, including
the protein kinases Chk1 and Chk2, are activated in
the G2 phase [30].

It should be noted that all studies were conducted
in patients of both sexes without metastases, and
the obtained results demonstrate sex- and location-

specific differences, highlighting the substantial het-
erogeneity of colorectal cancer. Further studies of the
cell cycle in metastatic CRC patients are warranted.

CONCLUSION

Therefore, in CRC patients, cell cycle character-
istics were found to vary depending on sex and
tumor location. In male patients, tumor samples
from left-sided CRC showed the highest percentage
of cells in the S-G2 phases, whereas in right-sided
CRC and rectal cancer the majority of cells were
in the G1 phase. In female patients, left-sided CRC
tumors had the highest proportion of cells in the
G1 phase, while in right-sided CRC and rectal can-
cer the predominant proportion of cells was in the
S phase. These findings may serve as a basis for
personalized recommendations regarding the use of
anticancer drugs targeting cells in specific phases
of the cell cycle.
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