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PeueHsnpyemblit HayYHO-NPaKTUYECKUI XYPHAn

[0)xHo-PoccUICKMA OHKOIOTMYECKUI XKYPHaN
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The content of steroid hormones in the mitochondria of unchanged and tumor tissue

" National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
2 Rostov State Medical University, Rostov-on-Don, Russian Federation

B4 valerryana@yandex.ru

ABSTRACT

Mitochondria regulate a wide range of processes, including stress responses, metabolism, immunity, differentiation, redox homeostasis, and
steroidogenesis, and also serve as the principal intracellular source of reactive oxygen species (ROS). Mitochondrial dysfunction has been linked
to the development of various pathological conditions, including the growth of both benign and malignant tumors.

Purpose of the study. Determination of the level of steroid hormones in the mitochondria of various tissues of the uterine body.

Materials and methods. The study included 65 patients with benign and malignant diseases of the uterus: 25 patients with endometrioid adeno-
carcinoma of the uterus (EAC) of low differentiation (G3) stage II-IlI; 15 patients with leiomyosarcoma of the uterus stage I-Ill; and 25 patients
with uterine myoma. Mitochondria from native samples of uterine tumors were isolated by differential centrifugation in a high-speed refrigerated
centrifuge Avanti J-E, Becman Coulter. For the comparison group, mitochondria were isolated from intact uterine tissue. The levels of estradiol
(E2), testosterone (T), progesterone (P4), and cortisol were determined using standard ELISA kits (Monobind, USA) in mitochondria isolated
from the indicated tissues. A statistical analysis of the results was conducted using the Statistica 10.0 software package.

Results. Irrespective of the nature of the tumor process (benign or malignant), a decrease in the P4 level by 2.7 to 9.1 times, but an increase
in the content of cortisol by 1.3 to 3.7 times and T by 2.1 to 3.7 times were detected in the mitochondria of uterine tumors. Conversely, the
concentration of E2 in the mitochondria of uterine fibroids exhibited an increase of 2.2 times compared to the indicators in the mitochondria
of the intact uterus. No significant differences were observed in the mitochondria of EAC, while a decrease of 1.4 times was noted in the mi-
tochondria of uterine sarcoma.

Conclusion. There is a change in the content of steroid hormones in In the mitochondria of uterine tumors, consisting in an increase in the
concentrations of cortisol and testosterone and progesterone deficiency regardless of the type of pathology, but a relative or absolute defi-
ciency of estrogens only in the mitochondria of malignant tumors. Changes in the steroid background of tumor mitochondria, compared with
the mitochondria of the intact uterus, probably have a significant effect on both the energy balance of cells and the production of ROS, as well

as on proliferative processes.
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For citation: Frantsiyants E. M., Bandovkina V. A., Moiseenko T. I., Menshenina A. P, Petrova Yu. A., Neskubina I. V., Trepitaki L. K., Surikova E. I., Rogozin M. A.,

Cheryarina N. D., Ozerkova E. A., Zhenilo 0. E., Maximova N. A., Bykadorova O. V., Vereskunova A. A., Adamyan A. 0. The content of steroid hormones in the mitochondria

of unchanged and tumor tissue of the uterine body. South Russian Journal of Cancer. 2025; 6(4): 6-15.
https://doi.org/10.37748/2686-9039-2025-6-4-1 EDN: MCNNID

For correspondence: Valerija A. Bandovkina - Dr. Sci. (Biology), Leading Researcher at Laboratory of Malignant Tumor Pathogenesis Study, 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, eLibrary SPIN: 8806-2641, AuthorID: 696989, Scopus Author ID: 57194276288

Compliance with ethical standards: the study followed the ethical principles set forth by the World Medical Association Declaration of Helsinki, 1964, ed. 2013. Written
informed consent was obtained from all patients for the collection and transfer of biological material for scientific research and state-funded projects conducted for
public and socially beneficial purposes. The protocol of the Ethics Committee of the National Medical Research Center for Oncology, Ministry of Health of the Russian

Federation (Protocol No. 22), was approved on September 5, 2023.
Funding: this work was not funded.

Conflict of interest: the authors declare that there are no obvious and potential conflicts of interest associated with the publication of this article.

The article was submitted 11.04.2025; approved after reviewing 28.10.2025; accepted for publication 28.11.2025.

© Frantsiyants E. M., Bandovkina V. A., Moiseenko T. I., Menshenina A. P, Petrova Yu. A., Neskubina I. V., Trepitaki L. K., Surikova E. I., Rogozin M. A., Cheryarina N. D.,

Ozerkova E. A., Zhenilo O. E., Maksimova N. A., Bykadorova 0. V., Vereskunova A. A., Adamyan A. 0., 2025


https://elibrary.ru/MCNNID

l0xHO-Poccuiicknii oHkonoruyeckuii xypran. 2025. T. 6, N2 4. C. 6-15
https://doi.org/10.37748/2686-9039-2025-6-4-1
https://elibrary.ru/MCNNID

3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA
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MMWTOXOHAPUM PErynnMpytoT MHOXECTBO MPOLECCOB, BKtOYas CTpecc, MeTabonnsm, UMMyHuTeT, AnddepeHLnpoBKy, OKUCAUTENbHO-
BOCCTaHOBWTEbHbIN 6aNaHC U CUHTE3 CTEPOMAOB, @ TaKXKe ABMIAIOTCA OCHOBHbIM BHYTPUKIETOUHBIM UCTOYHUKOM aKTUBHbIX POPM KKC-
nopoga (A®K). HapyleHue MUTOXoHAPUanbHOM GYHKLMM CBSA3aHO C Pa3BUTUEM PasfiMyHbIX NaTONOMMYECKUX COCTOSIHWIA, BKOYas pocT
[l06pOKaYeCTBEHHbIX 1 3/I0KA4ECTBEHHbIX OMyXOnei.

Llenb uccneposanmns. OnpefeneHne ypoBHS CTEPONAHbIX FOPMOHOB B MUTOXOHAPUAX Pas/iniHbIX TKaHen Tena MaTku.

Martepuanbl u MeToabl. B uccnepnoBaHue Bk/OUEHbI 65 60/bHbIX C 06POKAYECTBEHHBIMU U 3/10KAYECTBEHHbIMU 3a60/1€BaHUAMU MaTKK:
25 60/IbHbIX C 3HAOMETPUOMAHONM ageHoKapuuHoMoi MaTku (JAK) Huskow cteneHn auddepeHumnposku (G3) lI-I1l ctaguu; 15 60MbHbIX
¢ neiiommocapkomMoit MaTkm I=Ill ctaanm 1 25 60MbHbIX C MUOMOW MaTKKU. MUTOXOHAPWM U3 HAaTUBHbIX 06PasLIOB Onyxonei MaTKu BblAensnm
MeToAoM AnddepeHLManbHOro LeHTPUGYrupoBaHus Ha BbICOKOCKOPOCTHOW pedpuxepaTopHoit LeHTpudyre Avanti J-E, Becman Cjulter.
[nA rpynnbl cpaBHEHWUS MUTOXOHAPWM BbIAENSNN U3 UHTAKHOW TKaHU MaTKKU. B MUTOXOHAPUSX, BblAENEeHHbIX U3 YKadaHHbIX TKaHeil, C nc-
nosib3oBaHneM ctaHaapTHbix MDA Habopos Monobind (CLUA) onpeaensnu ypoeHu acTpaguona (E2), TectocTepoHa (T), nporectepoHa (P4)
1 kopTusona. CTaTMCTUYeCcKmnii aHanns pesynbTaToB NMPOBOAMM C MOMOLLbIO NakeTa nporpamm Statistica 10.0.

Pe3ynbratbl. He3aBUCUMO OT XapaKTepa OnyxoneBoro npouecca (406pOKaYeCTBEHHOMO UM 3/10KAYECTBEHHOTO), B MUTOXOHAPUSIX OMyXOnei
MaTKM BbISIBNEHO CHUXeHWe YpoBHsA P4 B 2,7-9,1 pasa, HO NoBbILeHWe coaepXxaHusa koptusona B 1,3-3,7 pasaun T B 2,1-3,7 pasa. KoHLeH-
Tpauus E2 B MUTOXOHAPMSIX MMOMbI MaTKU 6blna MoBbILLeHa B 2,2 pasa Mo CPaBHEHUIO C NOKasaTeNnsiMu B MUTOXOHAPUSIX MHTAKTHOM MaTKu,
He MMena 3Ha4YMMbIX OTINYMIA B MUTOXOHAPUAX SAK, 1 cHuxanack B 1,4 pasa B MUTOXOHAPUAX CapKOMbl MaTKU.

3akntoyeHne. B MUTOXOHAPUAX ONyxosen MaTKu NPOUCXOANUT U3MEHEHWE COAePXKaHWUsA CTEPOUHbIX FTOPMOHOB, 3aK/toYaloLLLeecs B MOBbILLe-
HWUW KOHLIeHTpaLMii KOPTU30J1a U TECTOCTEPOHA W NPOrecTepoOHOBOM fiehuLuTe BHE 3aBUCMMOCTM OT TUMa NaTosioruu, HO OTHOCUTENIbHOM UK
a6CoMITHOM AeduLUTe SCTPOreHOB TONIbKO B MUTOXOHAPUAX 3/10Ka4yeCTBEHHbIX onyxonei. IameHeHne cTeponaHoro hoHa MUTOXOHAPWIA
ornyxonei, N0 CpaBHEHWUIO C MUTOXOHAPUAMMN UHTAKTHON MaTKW, BEPOATHO OKasblBaeT CyLeCTBEHHOEe B/IMSIHUE KakK Ha 9HepreTu4eckui
6anaHc KNeToK 1 BbIpaBoTKy akTUBHbIX Gopm Kucnopoga (ADK), Tak n Ha nponudepaTBHbIE NPOLLECCHI.
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BACKGROUND

Mitochondrial intracellular and extracellular com-
munication networks regulate a vast array of process-
es, including stress response, metabolism, immunity,
differentiation, redox balance, and steroid biosynthe-
sis, and are responsible for the generation of reactive
oxygen species (ROS) [1]. In addition, mitochondria
play a key role in maintaining chromatin integrity and
in the execution of acrosomal reactions [2]. Mitochon-
dria contain their own circular DNA (mtDNA), which,
due to the absence of DNA-binding proteins such as
histones, is approximately 100 times more suscep-
tible to ROS-induced damage and mutations than
nuclear DNA (nDNA), which is protected by histones.
Moreover, mtDNA repair processes are less efficient
than those of nDNA, and the mutation rate of mtDNA
is 10-17 times higher [3]. Disruption of mitochondrial
activity is closely associated with a number of patho-
logical conditions, including neurological and meta-
bolic disorders, as well as tumor development [1].

Uterine tumors are among the most common pa-
thologies of the female reproductive system. In ma-
lignant transformation, one of the earliest metabolic
alterations is the reprogramming of cellular energy
metabolism [4]. Mitochondria play a direct role in
this metabolic reprogramming, supporting tumor cell
survival and proliferation. Mitochondrial dysfunction
manifests through disturbances in Ca?* homeostasis,
elevated ROS levels, and alterations in the steroid
balance that contribute to genetic instability [5].

Mitochondria in uterine tissues contain all the
essential enzymes involved in steroid hormone bio-
synthesis. Within mitochondria, the cytochrome P450
side-chain cleavage enzyme plays a key role in the
degradation of the aliphatic tail of the cholesterol
molecule, initiating the steroidogenic pathway that
produces pregnenolone [1].

Steroid hormones such as estrogens, progester-
one, androgens, and glucocorticoids influence mito-
chondrial function through their receptors localized
within mitochondria. These hormones regulate the
expression of genes involved in energy metabolism,
apoptosis, and redox homeostasis [6, 7].

Benign and malignant uterine tumors exhibit
distinct metabolic characteristics that affect their

progression and response to therapy. Steroid hor-
mones modulate mitochondrial activity, including
ATP production and intracellular ROS generation,
which regulate cell maintenance, viability, and overall
physiological integrity [8]. It has been shown that
tissues of affected endometrium display increased
oxidative damage and mtDNA deletions, which cor-
relate with altered levels of sex hormones and their
receptors [9].

There is evidence that mitochondria in uterine
fibroids exhibit enhanced activity, as indicated by
increased mitochondrial mass and membrane poten-
tial, associated with high sensitivity to progesterone.
Through the mitochondrial receptor RP4-M, proges-
terone enhances oxidative phosphorylation [10]. In
contrast, malignant tumors often shift toward gly-
colysis (the Warburg effect), resulting in reduced
mitochondrial activity and altered steroid hormone
regulation [11, 12].

Purpose of the study: to determine the levels of
steroid hormones in mitochondria isolated from uter-
ine tissue unaffected by tumor processes (intact mi-
tochondria) and in various uterine tumor formations.

MATERIALS AND METHODS

The study included 65 patients with benign and
malignant uterine diseases who underwent surgery
at the Gynecology Department of the National Med-
ical Research Center for Oncology in 2023-2024:
25 patients with low-grade (G3) endometrioid ad-
enocarcinoma of the uterus (EAC) stage II-1ll; 15
patients with uterine leiomyosarcoma stage I-1ll;
and 25 patients with uterine myoma. All patients
had morphologically verified diagnoses confirmed by
postoperative histological examination. The age of
the patients in all groups ranged from 52 to 84 years.

The study was conducted on native intact and
pathological tissues obtained during hysterectomy
from 65 patients. For EAC and uterine leiomyosar-
coma, tumor tissues were used, while for uterine
myoma, samples were taken from the myomatous
node and a fragment of visually and morphologically
unchanged uterine tissue (intact uterine tissue).

Mitochondria were isolated from all tissues ob-
tained during surgery using differential centrifugation
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on a high-speed refrigerated centrifuge Avanti J-E,
Beckman Coulter, USA, according to the methods
of M. V. Egorova, S. A. Afanasyev (2011) [13] and
A.P. Gureeva et al. (2015) [14]. To disrupt intercellu-
lar connections, cell walls, and plasma membranes,
tissues were mechanically processed by mincing
with scissors and homogenizing in a glass homog-
enizer with a Teflon pestle (Potter—Elvehjem homog-
enizer). For each gram of tissue, 10 ml of isolation
medium was added (0.22 M mannitol, 0.3 M sucrose,
1 mM EDTA, 2 mM TRIS-HCI, 10 mM HEPES, pH 7.4).

The tissues were homogenized and centrifuged
for the first time for 10 min at 3000 g, at a tempera-
ture of 0-2 °C. The second and third centrifugations
were performed at 20,000 g for 20 min at 0-2 °C.
Between centrifugations, the mitochondrial pellet was
resuspended in the isolation medium. Mitochondria
were further purified from lysosomes, peroxisomes,
melanosomes, etc., by centrifugation in a 23 % Percoll
gradient. The suspension of subcellular structures
was layered on the Percoll gradient and centrifuged
for 15 min at 21,000 g, resulting in separation into
three phases; the lower mitochondrial layer was col-
lected and resuspended in the isolation medium. The
subsequent washing of mitochondria was performed
by centrifugation for 10 min at 15,000 g at 0-2 °C.

Mitochondrial samples (protein concentration
4-6 g/L) were stored at =80 °C in the isolation me-
dium until analysis. Before ELISA analysis, mitochon-
drial samples were subjected to freeze—thaw cycles
to disrupt mitochondrial membranes and release
intramitochondrial contents. The purity of mitochon-
drial fractions isolated by the described method was
confirmed by electron microscopy, which revealed
no nuclear or cytoplasmic components, and by flow
cytometry analysis.

In mitochondria isolated from the above tissues,
the levels of estradiol (E2), testosterone (T), pro-
gesterone (P4), and cortisol were determined using
standard ELISA kits (Monobind, USA) and an immu-
noassay analyzer Infinite F50 (Austria).

Statistical Analysis

Statistical analysis of the results was performed
using the Statistica 10.0 software package. The data
were tested for normality using the Shapiro—Wilk

B MUTOXOHAPUAX Heu3MeHeHHON 1 OHyXOHEBOVI TKaHu TeNla MaTKu

test (for small samples). Comparison of quantitative
data between groups was carried out using Student’s
t-test and the Mann-Whitney test. Data in the tables
are presented as M + m, where M is the arithme-
tic mean and m is the standard error of the mean.
A value of p < 0.05 was considered statistically sig-
nificant. The results were processed in accordance
with general recommendations for medical research.

STUDY RESULTS

The content of steroid hormones in mitochondria
of intact uterine tissue and in various tumor pro-
cesses is presented in Table 1. It was found that the
level of E2 in mitochondria of uterine myoma was
2.2 times higher, while in mitochondria of uterine
leiomyosarcoma it was 1.4 times lower (p < 0.05)
compared with the indicators in mitochondria of in-
tact uterine tissue. No significant differences were
found in E2 content in mitochondria of EAC (G3).

The content of P4 was found to be reduced to
varying degrees in mitochondria of uterine tumors
compared with mitochondria of intact uterine tis-
sue: in myoma by 4.9-fold, in low-grade EAC by
9.1-fold, and in sarcoma by 2.7-fold. At the same
time, mitochondria of uterine tumors were oversat-
urated with T. Its level was higher than in mitochon-
dria of intact uterus: in myoma by 2.1-fold, in EAC
by 3.7-fold, and in sarcoma by 2.1-fold. The cortisol
content in mitochondria of uterine myoma, EAC, and
sarcoma was higher than in mitochondria of intact
uterine tissue by 2.6-, 3.7-, and 1.3-fold (p < 0.05),
respectively.

When comparing the levels of steroid hormones in
mitochondrial samples from malignant and benign
uterine tumors, significant differences were found
in E2 levels — they were lower in EAC and leiomyo-
sarcoma compared with uterine myoma by 2-fold
and 3.1-fold, respectively. The concentration of P4
in mitochondria of uterine myoma was 1.8-fold lower
than in mitochondria of leiomyosarcoma, but 1.8-fold
higher than in mitochondria of EAC. The content of T
in mitochondria of uterine myoma was 1.7-fold lower
than in EAC and showed no significant differences
compared with leiomyosarcoma. The level of corti-
sol in mitochondria of uterine myoma was 1.5-fold
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lower compared with EAC mitochondria but 2-fold
higher compared with leiomyosarcoma mitochon-
drial samples.

Considering the metabolic precursors and prod-
ucts involved in the synthesis of steroid hormones,
the ratios P4/T, P4/cortisol, E2/T, and E2/P4 were
calculated (Table 2).

A significant decrease in the P4/cortisol ratio was
found in mitochondria of uterine myoma by 12-fold,
in EAC (G3) by 32.7-fold, and in sarcoma by 3.5-fold,
indicating a predominance of glucocorticoid synthe-
sis. The P4/T ratio also showed a marked decrease
compared with that in mitochondria of intact uterus:
in mitochondria of uterine myoma by 10.6-fold, in
EAC (G3) by 33-fold, and in sarcoma by 5.5-fold.

The E2/T ratio in mitochondria of uterine myoma
did not differ significantly from that in mitochondria
of intact uterus, whereas in EAC (G3) and sarcoma

it decreased by 3.3-fold and 2.9-fold, respectively,
indicating a shift in sex steroid balance toward hy-
perandrogenism. In contrast, the E2/P4 ratio was
increased in all mitochondrial samples: by 10.8-foldin
myoma, 10.1-fold in EAC (G3), and 2-fold in sarcoma.
Compared with mitochondria of uterine myo-
ma, in EAC mitochondria the following ratios were
decreased: P4/T by 3.2-fold, E2/T by 3.4-fold, and
P4/ cortisol by 2.7-fold. In mitochondria of leiomyo-
sarcoma, compared with uterine myoma, the ratios
P4/T and P4/cortisol were increased 1.9-fold and
3.5-fold, respectively, while E2/P4 and E2/T ratios
were decreased 5.8-fold and 3.1-fold, respectively.

DISCUSSION

Mitochondria are multifunctional centers regulat-
ing the synthetic and energetic components of ho-

Table 1. Levels of steroid hormones in mitochondria of uterine body tissue

Mitochondrial samples E2, nmol/g protein

P4, nmol/g protein

T, nmol/g protein  Cortisol, nmol/g protein

Intact uterine tissue (n = 25) 0,10 £ 0,007 0,59 + 0,05 0,18 £ 0,01 3,2+0,23
. _ 0,22 + 0,02 0,12+ 0,009 0,38 £ 0,03 8,2+0,71
Uterine myoma (n = 25) p' = 0,0000 p' = 0,0000 p' = 0,0000 p' = 0,0000
011 + 0,007 0,065 + 0,005 0,66 + 0,04 11,9+ 0,91
EAC (G3) (n = 25) £ 6.0000 p' = 0,0000 p' = 0,0000 p' = 0,0000
p==0, p? = 0,0000 p? = 0,0000 p?=0,0023
0,07 £ 0,007 0,22 £ 0,02 037 +0.037 416 +0,35
Uterine leiomyosarcoma (n = 15) p' =0,0000 p' =0,0000 7 = 0.0000 p' =0,0230
p? = 0,0000 p? = 0,0000 p=0 p? = 0,0001

Note: p' - statistically significant compared with the value in intact tissue; p? — statistically significant compared with the value in myoma.

Table 2. Ratios of steroid hormone levels in mitochondria of uterine body tissues (arbitrary units)

Tissue samples E2, nmol/g protein

P4, nmol/g protein

T, nmol/g protein

Cortisol, nmol/g protein

Intact tissue (n = 25) 3,3+0,09 0,17 £ 0,005 0,56 + 0,005 0,18 £ 0,003
. _ 0,32 £ 0,008 1,84 £ 0,05 0,015 £ 0,0004
Uterine myoma (n = 25) P! = 0,0000 p' = 0,0000 0,58 + 0,006 p' = 0,0000
0,10 + 0,003 172 +003 0,17 £ 0,004 0,0055 + 0,00007
EAC (G3) (n = 25) p' = 0,0000 " 0.0000 p' =0,0000 p' = 0,0000
p?=0,0000 p =5 p? = 0,0000 p?=0,0000
0,6 +0,008 0,32 + 0,005 0,19 + 0,005 0,052 + 0,002
Uterine leiomyosarcoma (n = 15) p'=0,0000 p'=0,0000 p'=0,0000 p'=0,0000
p?=0,0000 p? = 0,0000 p? = 0,0000 p?=0,0000

Note: p' - statistically significant compared with the value in intact tissue; p? — statistically significant compared with the value in myoma.
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meostasis, as in addition to energy production they
serve as sites for the synthesis of various hormones,
neurotransmitters, and biogenic amines [1, 15]. It is
known that mitochondria can dynamically and re-
versibly adapt to energetic, environmental, and other
endogenous or exogenous stress factors. The basis
of this adaptation lies in temporary molecular and
functional changes rather than necessarily dysfunc-
tional processes. Mitochondria act as systemic sig-
naling hubs, transmitting information both within and
between cells [16]. Alterations in mitochondrial func-
tion are believed to be involved in the pathogenesis of
many diseases, such as cancer, cardiovascular, and
neurodegenerative disorders, and understanding mi-
tochondrial mechanisms and implementing adaptive
strategies may offer an integrated approach to treat-
ing chronic diseases and restoring health [17]. Since
the enzyme P450scc, responsible for the initiation of
steroid hormone synthesis, is localized on the matrix
side of the inner mitochondrial membrane, mitochon-
dria occupy a central role in steroidogenesis [18].

This study examined changes in the content
of steroid hormones in endometrial mitochondria
depending on the underlying uterine pathology -
whether it was benign tumor growth (uterine myo-
ma) or malignant (low-differentiated endometrioid
adenocarcinoma, EAC G3, or uterine leiomyosarco-
ma). It was found that mitochondria of all uterine
tumors demonstrated unidirectional changes in the
levels of progesterone, testosterone, and cortisol
compared with mitochondria from intact uterus,
while E2 levels varied depending on the tumor type.
These alterations in mitochondrial steroid profiles
may be related to the diverse functions of the stud-
ied hormones. Regardless of benign or malignant
nature, all tumor mitochondria showed decreased
progesterone levels but elevated testosterone and
cortisol levels, differing only in magnitude. The most
pronounced changes were observed in mitochon-
dria from EAC (G3), showing minimal progesterone
concentrations and maximal testosterone and cor-
tisol levels compared with mitochondria from intact
uterus.

It is known that mitochondrial steroid hormones,
including glucocorticoids, androgens, and estrogens,
exert both physiological and pathological effects,

B MUTOXOHAPUAX Heu3MeHeHHON 1 OHyXOHEBOVI TKaHu TeNla MaTKu

contributing to aging and the development of various
diseases [19].

Glucocorticoid hormones penetrate mitochon-
dria and directly interact with mtDNA, which may
enhance oxidative stress and release of cytosolic
mtDNA [20]. Elevated cortisol concentrations in
mitochondria of uterine tumors may promote the
accumulation of reactive oxygen species (ROS).
Mitochondria are both the main target of ROS-in-
duced epithelial cell damage and the primary ROS
producer during oxidative phosphorylation [21].
Studies have shown that significantly higher lev-
els of MDA and 8-OHdG (a modified nucleoside
reflecting DNA damage) are found in endometrioid
lesions compared with normal endometrium. mtD-
NA mutations are associated with elevated MDA
and 8-OHdG levels, whereas E2 or an ERB-selective
agonist stimulates increased activity and expres-
sion of MnSOD [22].

P4 is believed to protect epithelial cells from
oxidative damage and mitochondrial dysfunction
through the c-MYC/SIRT1/PGC-1a signaling path-
way [23]. It has been reported that P4, the second
major endogenous female steroid hormone after
estradiol, inhibits chronic inflammation and oxidative
stress in mouse models [24]. Moreover, P4 possess-
es well-documented anti-inflammatory and antioxi-
dant properties across various conditions [25] and
has been shown to protect different cell types from
oxidative damage [26].

The progesterone deficiency identified in this
study in mitochondria of uterine tumors may there-
fore indicate reduced cellular protection against ox-
idative injury in all investigated formations.

Testosterone affects mitochondrial function in
multiple ways, including altering the structure of
these organelles. Androgens stimulate mitochon-
drial biogenesis via the AR/PGC-1a/TFAM pathway,
increasing mitochondrial content through induction,
transcription, and replication of mtDNA, which en-
codes 13 essential components of the respirato-
ry chain [27]. However, mtDNA mutations or copy
number alterations are known risk factors for mi-
tochondrial dysfunction, leading to excessive ROS
production and ATP deficiency, frequently observed
in hereditary metabolic diseases [28]. Evidence also
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suggests the presence of androgen receptors in mi-
tochondria, whose overexpression, particularly in
prostate cancer cell lines, reduces the activity of re-
spiratory chain complexes |, I, and 111 [29]. However,
sex-specific differences exist in testosterone’s im-
pact on mitochondria: in men, testosterone promotes
energy expenditure and prevents metabolic disor-
ders such as obesity and type 2 diabetes, whereas
in women, elevated androgen levels increase the risk
of type 2 diabetes and are commonly observed in
patients with polycystic ovary syndrome [30].

It can be assumed that on one hand, mitochondri-
al hyperandrogenization in uterine tumors contrib-
utes to mitochondrial biogenesis and maintenance
of cellular energy balance, while on the other hand,
it may promote excessive ROS production and mito-
chondrial dysfunction.

The study revealed diverse changes in estradiol
levels in tumor mitochondria depending on the patho-
logical process. E2 concentration in mitochondria of
uterine myoma was increased compared with intact
uterine mitochondria, showed no significant differ-
ence in EAC (G3), and was decreased in sarcoma
mitochondria. Normally, estrogens protect mitochon-
dria from oxidative stress, enhance their biogenesis,
and improve energy metabolism, whereas a decline
in E2 levels — for example, during menopause — leads
to mitochondrial dysfunction, which may contribute
to various pathological conditions, including neuro-
degenerative disorders and tumor growth [31, 32].

Each mitochondrion contains about 1,200 differ-
ent protein types, of which 13 are encoded by mi-
tochondrial DNA and the rest by nuclear DNA [33].
Cross-talk between nuclear and mitochondrial ge-
nomes is essential for mitochondrial biogenesis and
is regulated by a network of transcription factors that
include estrogen-related receptors [34].

Estrogen and androgen receptors share localiza-
tion and activity within both mitochondria and the nu-
cleus, suggesting a synergistic relationship between

estrogens and androgens in regulating mitochondrial
function [35].

The calculated E2/T ratio showed a significant de-
crease compared with intact uterus only in malignant
processes, whereas mitochondria of uterine myoma
exhibited no significant differences.

There is evidence of altered levels of mitochondrial
estrogen receptors in endometrial mitochondria under
various gynecological pathologies, including adeno-
myosis. It is suggested that mitochondrial estrogen
receptor B (MtERB) continues the estrogen-induced
signaling pathway within mitochondria, influencing
mtDNA transcription, interacting with mitochondrial
respiratory complex V, and enhancing activity of com-
plex IV, thereby promoting ATP generation [10]. More-
over, estrogen deficiency has been shown to reduce
the expression of genes involved in mitochondrial
respiratory chain, oxidative phosphorylation, and glu-
cose and lipid metabolism in ovariectomized rats [36].

CONCLUSION

The conducted study revealed significant alter-
ations in the content of steroid hormones in mi-
tochondria of uterine tumors. The obtained data
demonstrate a general trend across all examined
neoplasms — a decrease in progesterone levels ac-
companied by increased concentrations of testos-
terone and cortisol compared with intact tissue. The
key difference between benign and malignant growth
appears to be associated with the balance between
estradiol and testosterone. It can be assumed that
the identified hormone concentration profiles create
distinct metabolic environments within mitochon-
dria. The preservation of estradiol-testosterone bal-
ance in myoma may favor oxidative phosphorylation,
whereas the pronounced shift toward androgens
in malignant tumors potentially promotes oxida-
tive stress and may be associated with a metabolic
switch to glycolysis
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ABSTRACT

Purpose of the study. To evaluate the antiproliferative properties of the novel alkaloid (P1) against CRC cell lines HT-29, Caco-2, and HCT116.
Materials and methods. CRC cell lines (HCT116, HT-29, Caco-2) were used in the experiments. The alkaloid (P1) was isolated from Petasites
hybridus (L.) G. Gaertn., B. Mey. & Scherb and identified using high-performance liquid chromatography (HPLC) and nuclear magnetic resonance
spectroscopy (NMR). Cells were incubated with various concentrations of the alkaloid, and cell viability was assessed. Berberine, a well-known
anticancer alkaloid, served as the reference compound.

Results. The alkaloid (P1) demonstrated pronounced antiproliferative activity across all tested colorectal cancer cell lines = HCT116, HT-29,
and Caco-2. The highest sensitivity was observed in HCT116 cells, with an IC,; value of 15.73 ymol/L after 72-hour incubation, indicating
a substantial inhibitory effect on tumor cell proliferation. Comparative analysis showed that (P1) exhibited greater cytostatic efficacy than
berberine in Caco-2 (IC,,*" = 54.489 # 8.3 ymol/L vs IC,**® = 193.154 + 13.1 pmol/L) and HT-29 cultures (IC,,®" = 55.375 £ 7.1 ymol/L vs
IC,,e® = 90.22 + 8.2 ymol/L).

Conclusion. The findings indicate that the alkaloid (P1) possesses significant antiproliferative potential against colorectal cancer cell lines,
underscoring its promise as a prospective anticancer agent. Notably, its superior efficacy compared with berberine highlights the relevance of
further investigation. These results support continued development of (P1) as a basis for novel therapeutic agents. Future work should include
detailed preclinical and clinical studies to elucidate its mechanism of action, evaluate safety and in vivo efficacy, and optimize pharmacological
properties for potential clinical application.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

AnTMnponudepaTuBHbIE CBOICTBA HOBOTO PaCTUTE/ILHOTO aKaNoNAa B OTHOLIEHUN KIETOYHBIX
KYNbTYp KOJIOPEKTaNbHOTO paka

C. B. Tumodeesa'™, C. 0. dununnosa’, T. B. Yembapora', H. B. MHeHHas', U. B. Mexesoea', E. |0. 3nathuk’, U. A. HoBukoea',
U. H. MupoHenko', A. C. lonyapoBa’, E. A. lxenkosa', 0. H. bypos?, 0. U. Kut!

" HaumoHanbHblii MeMLIMHCKUIA CCNefoBaTeNbCKMii LEHTp OHKonorn MuHucTepcTBa 3apaBooxpaHeHus Poccuiickoii ®epepauum, r. PoctoB-Ha-[loHy,
Poccuiickas ®epepaums
2 l0xHblii eaepanbHblil yHuBepeuTeT, . PocToB-Ha-[loHy, Poccuiickas ®epepaums

M timofeeva.sophia@gmail.com

PE3IOME

Lienb uccnegoBanus. OueHnTb aHTUNponudepaTMBHble CBOMCTBA HOBOro ankanouga (P1) B OTHOLWWEHUM KNETOYHbIX KynbTyp KPP HT-29,
Caco-2 n HCT116.

Martepuanbi n MeTofbl. B aKCneprMeHTe UCMoNb30Banuch KneTouHble KynbTypbl KPP (HCT116, HT-29, Caco-2). Ankanoug (P1) 6bin BblaeneH
u3 Petasites hybridus (L.) G. Gaertn., B. Mey. & Scherb u ngeHT1bULMpoBaH ¢ NOMOLLbIO MeTOA0B BAYKX 1 AflepHOro MarHUTHOIO pe3oHaHca.
KneTku nHKy61poBanu ¢ passMyHbiMW KOHLEHTPaLUAMM ankanonaa v NpoBOAUIN aHaN3 XNU3HECTIOCOGHOCTU KNeToK. KOHTPONbHbIM
coefIMHeHWEM SIBNISICS U3BECTHbIN ankanouns 6ep6epuH.

Pesynbratbl. B xoae akcnepumenTa ankanoug (P1) npoaeMoHCTpUpoBan BbipaXeHHoe aHTunpodenudepaTMBHoe fecTBUE Ha BCE UC-
cnepyemMble KIIeTOYHble TMHUM KonopekTanbHoro paka — HCT116, HT-29 n Caco-2. Han6onee Bbicokasi YyBCTBUTENBbHOCTb 6bina BbisiBNEHA
y kneTok nnHum HCT116, rae sHadenue IC, cocTasnsio 15,73 MKMOsb/N Npu 72-4acoBOM MHKY6aLIMK, 4TO CBMAETENbCTBYET O 3HaUNTESbHO
CNOCcOGHOCTH ankanonaa NoAaBnATb NponndepaLuio STUX OMyXoeBbIX KNETOK. KpoMe Toro, Npu cpaBHEHWUM akTUBHOCTM ankanouga (P1)
C KOHTPOJIbHBIM CO€AMHEHUEM — U3BECTHBIM NMPOTUBOOTYXO/NEBbIM anKanonioM 6ep6epuHoM — 6bIs10 ycTaHOBIEHO, YTo (P1) MposiBnsieT 6onee
BbICOKYIO LMTOCTaTUuecKyto addekTUBHOCTb B KynbTypax Caco-2 (IC, ™' = 54,489 £ 8,3 Mkmonb/n npotue IC, " = 193,154 £ 13,1 MKMOnb/n)
1 HT-29 (IC,*' = 55,375+7,1 MkMmonb/n npoTue IC, "™ = 90,22 + 8,2 MKMO/b/N).

3aksioueHmne. PesynbTaTbl NPOBEEHHOrO UCCNIeA0BaHNUS AEMOHCTPUPYIOT, UTo ankanoug (P1) o6nafaeT BbipakeHHbIMU aHTUNponudepa-
TUBHbIMU CBONCTBAMW B OTHOLLEHWUWN KNIETOYHbIX IMHUIA KOMOPEKTaNbHOro paka, YTo CBUAETENbCTBYET O €ro 3Ha4YMTeNIbHOM NOTeHuMane
B KayecTBe MPOTMBOOMYX0N1eBOro areHTta. 0Co6eHHO BaXHO OTMETUTL ero BbICOKY 3(hHeKTUBHOCTb B CPaBHEHWUMN C U3BECTHbLIM ankasno-
nAoM 6ep6epuMHOM, YTO NofYepPKUBaEeT NepPCNeKTUBHOCTb AanbHENLWNX UCCNeA0BaHNUI aHHOrO COeANHEHNS. ITU AaHHble OTKpbIBalOT
HOBble BO3MOXHOCTU ANsi pa3paboTKn MHHOBALIMOHHbIX IeKapCTBEHHbIX NMpenapaToB Ha OCHOBE NPUPOAHbIX COeAVHEHUI. B aanbHeiwem
HeobXoMMbI yriy6neHHble JOKIMHUYECKUE U KNMHWUYECKUe UCCNeA0BaHWS, HanpaBieHHble Ha U3y4YeHne MexaHM3MOoB AeiCTBUA ankanonja
(P1), ero 6e3onacHocTv U 3dHEKTUBHOCTM in Vivo, @ TaKKe ONTUMU3ALMIO ero hapMakoiorMyeckux CBONCTB ANsi BO3MOXHOIO NMPUMEHEHNs
B K/IMHWYECKOW NPaKTUKe.

KniouyeBble cnosa: K0ﬂ0peKTaﬂbeIVl pak, paCTVITeI'IbeIVI ankanouvpg, 6ep66pVIH, LuuTocTaTUYeCcKme CBOWMCTBA, KNTETOYHbIe KynbTypbl

[ns uutupoBanus: Tumodeesa C. B., ®ununnosa C. 10., Yembaposa T. B., THeHHas H. B., Mexesosa W. B., 3natHuk E. 10., HoBukosa W. A., MupoHeHko W. H.,
loHuaposa A. C., IxeHkosa E. A., bypos 0. H., Kut 0. . AHTunponudepaTtmBHble CBOACTBA HOBOFO PacTUTENbHOIO ankanouia B OTHOLIEHUN KNETOYHbIX KyNbTyp
KonopeKTanbHoro paka. 0xHo-Poccuiickuii oHKonoruyeckui xypHan. 2025; 6(4): 16-25.
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BACKGROUND

Cytostatic agents used in oncology represent
an important class of drugs that play a key role in
the treatment of various types of cancer, including
colorectal cancer (CRC) [1]. According to the World
Health Organization (WHO), the incidence of CRC
continues to rise, underscoring the need to develop
new cytostatic compounds with high antiprolifera-
tive activity and low toxicity [2].

In recent years, plant alkaloids have attracted in-
creasing interest due to the established cytostatic
properties demonstrated by many representatives
of this group. One of the most extensively studied
alkaloids, berberine, has shown the ability to inhibit
cancer cell proliferation and induce apoptosis [3].
Berberine acts on key protein targets within signal-
ing pathways that regulate cell growth, including
phosphatidylinositol-3-kinase (PI3K), protein ki-
nase B (Akt), and the mechanistic target of rapamy-
cin (mTOR) in the PI3K/Akt pathway, as well as Raf
kinase, mitogen-activated protein kinase (MEK), and
extracellular signal-regulated kinase (ERK) in the
MAPK pathway. These mechanisms allow berberine
to be considered a promising antitumor agent [4].

However, despite encouraging results, berberine
has several limitations, including low bioavailability
and potential adverse effects, which may restrict its
clinical applicability [5, 6]. In this context, the search
for novel plant-derived alkaloids has become partic-
ularly relevant.

The compound (P1) investigated in our study be-
longs to the class of indole alkaloids and is struc-

Me
"'I//

Chemical Formula: C,H, N,

Molecular Weight: 298,4740

Fig. 1. Structural formula of compound (P1) isolated from
Petasites hybridus (L.) G.Gaertn., B.Mey. & Scherb.
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turally related to alkaloids isolated from plants of
the genus Corynanthe sp., known for their analgesic
and anti-inflammatory properties [7] (Fig. 1)

According to preliminary data, this compound
demonstrates notable cytostatic effects against
pancreatic cancer cell lines and non-small cell lung
adenocarcinoma [8]. Comparing the activity of the
novel alkaloid (P1) with berberine on CRC cultures
will allow assessment of its efficacy and potential
as a therapeutic candidate.

Purpose of the study: to evaluate the antiprolif-
erative properties of the novel alkaloid (P1) against
CRC cell lines HT-29, Caco-2, and HCT116.

MATERIALS AND METHODS

Dried and powdered rhizomes of P. hybridus (L.)
were placed in a Soxhlet extractor; 250 mL of tetra-
chloroethylene (C,Cl,) was added to the extraction
flask. Extraction was carried out under heating in
the Soxhlet apparatus with a reflux condenser for
24 hours. After extraction, tetrachloroethylene was
distilled off from the resulting 250 mL mixture, leav-
ing 5 mL of extract in the distillation flask. The con-
centrated solution was applied to a chromatograph-
ic column packed with silica gel (Si0,'xH,0). The
eluents used sequentially were C,Cl,, CH,CL, and
a CH,Cl,/ EtOH mixture at a ratio of 10:1.

The structure of the isolated alkaloid (P1) was
confirmed by nuclear magnetic resonance spec-
troscopy ("H and 3C NMR) [3]. After purification,
the alkaloid was dissolved in dimethyl sulfoxide
(DMS0) (Biolot, Russian Federation) to prepare
a stock solution at a concentration of 8.8 mmol/L.
A stock solution of berberine (25 mmol/L) was sim-
ilarly prepared in DMSO from dry berberine chloride
(Sigma-Aldrich, USA).

The experiment utilized CRC cell lines HT-29,
Caco-2, and HCT116 obtained from the Cell Cul-
ture Collection of the Institute of Cytology, Russian
Academy of Sciences (St. Petersburg, Russian Fed-
eration), as well as peripheral blood mononuclear
cells (PBMCs) collected from healthy donors. Can-
cer cell lines were seeded at 5,000 cells per well
in 96-well plates using complete culture medium
(CCM) DMEM (Servicebio, China) supplemented
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with 10 % fetal bovine serum (Gibco, USA), 1 % glu-
tamine (Biolot, Russia), 1 % non-essential amino ac-
ids (Biolot, Russia), and 1 % penicillin-streptomycin
(Biolot, Russia). After cell adhesion, the medium
was replaced with CCM containing the tested al-
kaloids in serial twofold dilutions: 125 pmol/L
to 10.12 pmol/L for berberine, and 44 pmol/L to
0.34 pmol/L for the novel alkaloid (P1). Cells were
incubated for 24 and 72 hours at 37 °C in an atmo-
sphere of 5.0 % CO,. Multiple dilutions of berberine
were tested in preliminary experiments, allowing
us to determine the optimal concentrations for this
study [9, 10].

PBMCs from healthy donors were obtained from
venous blood collected in EDTA tubes (MiniMed,
Russian Federation). On the day of collection, the
blood was diluted 1:1 with RPMI 1640 medium
(Servicebio, China) and layered onto Ficoll (Biolot,
Russia), followed by centrifugation for 30 minutes
at 730 g. The PBMC ring at the phase interface was
carefully collected and transferred into a separate
tube. The isolated PBMCs were washed once with
RPMI 1640, counted, and seeded at 5,000 cells per
well in 96-well plates in RPMI 1640 supplemented
with 10 % fetal bovine serum. The alkaloid (P1)
was added in serial twofold dilutions (44 pmol/L
to 0.34 ymol/L), and the cells were incubated for
72 hours at 37 °C in an atmosphere of 5.0 % CO,,.

After incubation, both adherent cancer cell lines
and PBMCs were stained using a mixture of nucle-
ar dyes Hoechst 33342 (1 mg/mL) (ThermoFisher,
USA) and ethidium bromide (10 mg/mL) (Service-
bio, China) for direct counting of live and dead cells.
Visualization was performed using a LionheartFX
imager (BioTek, USA), and nuclear quantification
was carried out using Gen5 software (BioTek, USA).
Cell viability was calculated as the percentage of
live cells in treated wells relative to untreated con-
trols. Each experimental condition was plated in 8
replicates, and each experiment was repeated three
times. Results are expressed as mean + SD.

Statistical significance between mean viability
values was assessed using the Student’s t-test with
Bonferroni correction. Dose-response curves and
half-maximal inhibitory concentration (IC, ) values
were calculated using the online tool IC, Calcula-

tor (“Quest Graph™ IC,, Calculator.” AAT Bioquest,
Inc., 13 Feb. 2025, https://www.aatbio.com/tools/
IC50-calculator).

STUDY RESULTS

The study demonstrated that the alkaloid
(P1) exhibits a selective antiproliferative effect
against the tested malignant cell lines. Incuba-
tion with 44 pmol/L of (P1) for 72 hours resulted
in a > 30-fold increase in the number of dead cells
relative to untreated controls in the HCT116 cul-
ture, a 7.55-fold increase in Caco-2, and a 6.37-fold
increase in HT-29, which was significantly higher
than in PBMCs from healthy donors at the same
concentration (2.5-fold) (Fig. 2A). A decrease in
the concentration of the tested compound (P1)
was accompanied by a reduction in the magnitude
of differences between malignant and normal cell
cultures. Thus, incubation with 22 pmol/L (P1) re-
sulted in significantly higher levels of cell death
in two cultures — HCT116 (7.59-fold) and Caco-2
(3.41-fold) — compared to PBMCs (2.03-fold),
whereas no significant difference was observed
in HT-29 (2.22-fold). Finally, at 11 ymol/L, a signif-
icant difference remained only between PBMCs
(1.09-fold) and Caco-2 (1.72-fold).

The cytostatic activity of alkaloid (P1) against
CRC cultures varied within a relatively narrow
range. After 24 hours of exposure, the half-max-
imal inhibitory concentration (IC,) was lowest
for HCT116 cells (IC,, = 51.98 + 4.8 pmol/L) and
highest for HT-29 (IC,, = 55.375 + 7.1 pmol/L).
After 72 hours, HCT116 again showed the low-
est IC,, value (15.73 * 3.2 pmol/L), whereas
the highest value was observed in Caco-2 cells
(IC,, = 32.505 * 9.2 umol/L), with HT-29 showing
a similar response (IC,, = 29.075 + 7.4 pmol/L).
Across all cell lines, the dose-response curves
demonstrated a hormetic effect — an increase in cell
viability at low concentrations of alkaloid P1. At 24
hours, hormesis was observed in HCT116 and HT-29
cultures (Figs. 2C, 2D), whereas in Caco-2 cells the
effect was more pronounced at 72 hours (Fig. 2B).

The sensitivity of the CRC cell lines to the an-
tiproliferative effects of berberine varied across
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Fig. 2. Antiproliferative and cytostatic effects of alkaloid (P1). A — comparison of the antiproliferative activity of berberine and
alkaloid (P1) against CRC cell cultures and PBMCs from healthy donors, 72 h exposure; B — dose-response curves for Caco-2;

C - dose-response curves for HCT116; D — dose-response curves for HT-29.

* — the difference between CRC and PBMC values at the corresponding (P1) concentration is statistically significant, p < 0.05.

PBMC - peripheral blood mononuclear cells.
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a broader range than in the assays with (P1).
At 24-hour exposure, the IC, for berberine was low-
estin HCT116 (IC_, = 7.43 + 2.4 ymol/L) and highest
in Caco-2 (IC,, = 193.154 + 13.1 pmol/L), with inter-
mediate values in HT-29 (IC_, = 90.22 + 8.2 ymol/L).
At 72 hours, the lowest IC,; remained in HCT116
(IC,, = 4.94 £ 1.2 umol/L), while the highest IC,,
was observed in HT-29 (IC,, = 26.269 + 4.5 ymol/L),
with  values in Caco-2 being similar
(IC,, =23 £3.1 umol/L).

A direct comparison of the antiproliferative prop-
erties of the two alkaloids showed that at 24 h expo-
sure, (P1) exhibited stronger cytostatic activity than
berberine in Caco-2
(IC,,P" = 54.489 + 8.3 pmol/L vs
IC,*e® =193.154 + 13.1 pmol/L) (Fig. 2B)
and HT-29 (IC_*" = 55.375 + 7.1 pmol/L vs
IC,,®=® = 90.22 + 8.2 pmol/L) (Fig. 2D).

In HCT116, the opposite pattern was observed: ber-
berine demonstrated markedly higher potency, with
an IC, nearly one order of magnitude lower

(IC,,®V = 51.98 + 4.8 pmol/L vs

IC,,®=® = 7.43 £+ 2.4 pmol/L).

With prolonged exposure (72 h), IC_ values for both
alkaloids converged in Caco-2 and HT-29: Caco-2:
IC,,®Y =32.505+9.2 pmol/L vs

IC,,®e® =23 + 3.1 ymol/L.

HT-29:1C,®Y =29.075 £ 7.4 ymol/L vs

IC,,®=® = 26.269 + 4.5 pmol/L.

In HCT116, the higher sensitivity to berberine re-
mained evident

(IC,,®" =15.73 £ 3.2 pmol/L vs

IC,,®® = 4.94 + 1.2 ymol/L).

DISCUSSION

The findings of this study indicate that the al-
kaloid (P1), isolated from Petasites hybridus (L.)
G. Gaertn., B. Mey. & Scherb., induces dose-depen-
dent cell death in several colorectal adenocarcino-
ma cell lines. Its cytostatic effect is influenced not
only by concentration but also by exposure time,
with the strongest effect occurring after 72 hours of
incubation.

Among the tested lines, HCT116 demonstrated
higher sensitivity to both (P1) and berberine com-

pared with Caco-2 and HT-29. This highlights the
importance of selecting appropriate cell lines for as-
sessing the activity of novel anticancer agents, giv-
en the notable inter-line variability in drug response.

The CRC lines studied have distinct molecular
and metabolic features that likely underlie their
differing sensitivities to (P1) and berberine. For
example, HCT116 is more sensitive than HT-29
to FOLFOX chemotherapy and hypoxia, possi-
bly due to the absence of p53 loss in HCT116,
whereas HT-29 carries a p53 deficiency and dis-
plays microsatellite instability [11]. Caco-2 cells
lack activating mutations in KRAS, NRAS, BRAF,
and PIK3CA and are resistant to cetuximab [12].
Their capacity for enterocyte-like differentiation is
strongest among the three lines and often used in
drug absorption studies rather than tumor model-
ing [13, 14].

HCT116 is highly aggressive, poorly differentiat-
ed, and enriched in cancer stem cell-like subpopula-
tions [15]. It exhibits MDR1 overexpression and as-
sociated chemoresistance linked to NOX and Nrf2
gene activity [16]. Molecularly: HCT116 harbors
KRAS codon 13 mutations; HT-29 expresses KRAS,
APC, and BRAF V600E [12, 17].

Thus, differences in response to (P1) and berber-
ine may reflect variations in KRAS, TP53, and MLH
gene status, which regulate RAS/RAF/MAPK and
PI3K/Akt/mTOR signaling, cell cycle progression,
apoptosis, and DNA repair [18, 19].

Berberine, widely recognized for its antitumor
activity, also demonstrated substantial cytostatic
effects against CRC cells. Its mechanism of action
includes inhibition of enzymes involved in glucose
and lipid metabolism, as well as modulation of sig-
naling pathways such as the AMPK pathway [20].
Studies have shown that berberine can induce
apoptosis through caspase activation and suppres-
sion of protein kinases [21].

We compared our findings on berberine with
results reported by other international research
groups, as the cytostatic activity values (IC,) ob-
tained in our study varied within a broad range. In
several studies, depending on the exposure time,
IC,, values for berberine in HT-29 cells ranged from
34.6 to 52.37 + 3.45 puM [22, 23], while in HCT116
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cells they ranged from 31 to 55.27 pM [24-26]. At
these concentrations, berberine reduced the expres-
sion of aquaporins 1, 3, and 5 and increased PTEN
expression in HT-29, SW-480, and HCT116 cultures.
Upregulation of PTEN contributed to suppression of
the PI3K, AKT, and mTOR signaling pathways, lead-
ing to enhanced apoptosis in CRC cells and reduced
migratory capacity — findings consistent with those
reported by other researchers [23].

An important aspect relevant to our study is the
previously documented sensitivity of HCT116 cells to
several plant-derived compounds. For example, their in
vitro growth is inhibited by flavopiridol — a compound
developed from a natural molecule through substitu-
tion of a flavonoid moiety with a nitrogen-containing
heterocyclic alkaloid. Flavopiridol has been shown to
inhibit CDK9 kinase and exhibit antitumor activity in
lymphoproliferative disorders. In recent years, HCT116
cells have also demonstrated sensitivity to a number of
additional plant-derived and synthetic compounds [26-
28]. In the study by Parry R. A. et al.,, various fractions
obtained from extracts of Alcea rosea were tested, and
HCT116 cells exhibited greater sensitivity to these frac-
tions in an MTT assay compared with HT-29 cells [29].

Our findings support the hypothesis that the nov-
el plant alkaloid (P1) exerts markedly greater effica-
cy against CRC cells compared with berberine.

CONCLUSION

The novel alkaloid (P1), isolated from Petasites
hybridus (L.) G.Gaertn., B.Mey. & Scherb, demon-
strates clear dose-dependent cytostatic activity
against colorectal cancer (CRC) cell cultures, while
exerting minimal effects on peripheral blood mono-
nuclear cells (PBMCs). Among the tested cell lines,
HCT116 exhibited the highest sensitivity to P1. The
results of this study indicate that the new plant-
derived alkaloid (P1) is markedly more effective
and possesses strong antiproliferative potential
against CRC cells.

Thus, the findings highlight the relevance of P1
as a promising candidate for the development of
new therapeutic strategies against colorectal can-
cer. However, further research is required to draw
definitive conclusions, including comprehensive
evaluation of its toxicity, pharmacokinetics, and
mechanism of action.
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ABSTRACT

Soft tissue sarcomas (STS) are often resistant to treatment. The search for new antitumor compounds against STS remains an urgent task.
Purpose of the study. To assess the sensitivity of primary STS cultures of various histological subtypes to albendazole sulfoxide (ricobendazole)
and doxorubicin, the primary metabolite of albendazole.

Materials and methods. STS tumor samples were used. The enzymatic dissociation method was used using 300 units/ml collagenase | (Thermo
Fisher Scientific, USA). Ricasol® (NITA-PHARM, Russia) and Doxorubicin-LENS® (VEROPHARM, Russia) were used as test substances. Sensitivity
to ricobendazole and doxorubicin was tested using the MTT test. The cultures were seeded in a 96-well plate at 7,000 cells in DMEM medium
with 10 % FSC added. After 24 h, the medium was replaced with PPS with ricobendazole in a series of two-fold dilutions from 35.5 pmol/I to
0.0347 pmol/I or doxorubicin from 10 pmol/I to 0.009 pmol/I. After 72 hours of incubation, the MTT test was performed. The cells were seeded
in a 24-well plate and cultured in PPS with 2 umol/I ricabendazole for 72 h. Hoechst 33342 dye (Life Technologies, USA) was added to the culture
at a concentration of 1 ug/ml, and photographs were taken using a LionHeart FX digital automatic microscope (BioTek Instruments Inc., USA).
Results. Four primary sarcoma cultures were obtained: SAR-1, SAR-2, SAR-3, and SAR-4. SAR-1 and SAR-4. Cultures demonstrated the most
rapid growth, with doubling times of 38 and 27 hours, respectively. The slowest proliferation was observed in the SAR-2 culture (doubling time
156 hours), while SAR-3 showed a doubling time of 45 hours. According to the MTT assay, the IC, values for ricobendazole were 4.54 + 1.2 ymol/L
for SAR-1,3.31 £+ 0.7 pmol/L for SAR-3, and 1.51 + 0.2 pmol/L for SAR-4, whereas the slowly dividing SAR-2 culture proved to be insensitive to
ricobendazole. The cytostatic activity of doxorubicin was higher than that of ricobendazole. The SAR-2 culture was the least sensitive (IC,, could
not be determined), and SAR-4 (IC,, SAR-4 = 0.16 + 0.017 pmol/l) was the most sensitive to the action of doxorubicin. The IC,, value of SAR-1
=0.64 +0.02 pmol/l and IC,, SAR-3 = 1.8 + 0.1 pmol/I. The effect of ricobendazole caused pronounced disturbances in the nuclei of SAR-1 and
SAR-4 cultures, in SAR-2 and SAR-3 they were less pronounced.

Conclusion. Ricobenzale had a cytostatic effect on primary STS cultures characterized by rapid cell growth, but the activity was lower than that
of doxorubicin. Changes in the morphology of cells and nuclei indicated probable disturbances in the functioning of the spindle and cytoskeleton
occurring under the action of this compound. Of particular interest for further research is the combination of ricobendazole with taxanes and
other tubulin inhibitors
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3.1.6. OHKonorus, nyyesas Tepanus
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PE3IOME

CapkoMbl MArkux TkaHei (CMT) YacTo pe3nUCTEHTHbI K eYeHnt0. MoUCK HOBbIX MPOTUBOOMNYXOEBLIX COEANHEHUI B OTHOLWEHUM CMT ocTa-
eTcs aKTyasIbHOW 3afayei.

Lienb nccnepoBaHus. M3yunTb YyBCTBUTENIBHOCTb K OCHOBHOMY METabonuTy anb6eHfasona cynbhokcuaa (puko6eHaason) u JoKCopyGULIMHY
nepBuYHbIX KynbTyp CMT pasnnyHbix rMCTONOrMYECKUX NOATUMNOB.

Martepuanbl u MeToAbl. MepBuYHbIe KyNbTypbl 6b1M NoNyYeHbl M3 06pasLoB CMT, nonyyeHHbIX OT paHee He JleYeHbIX NaLMeHToB B Xofe
XUPYPrUYeckoro yaaneHusi onyxonu. B kauecTee nccnefyemMbix BeLWECTB Ucnonb3osany Pukazon® (HUTA-®APM, Poccus) u [lokcopy6uLmH-
JNI3HC® (BEPO®APM, Poccusi). YyBCTBUTENBHOCTb K PUKOGEHAA30/y U AOKCOPYBULIMHY NPOBEPANN C UCNONb3oBaHWeM MTT-TecTa nocne
KYNIbTUBMPOBaHUS C pPUKOGEHA,a30/10M B CEpUM ABYKPATHbIX pa3BefeHuii oT 35,5 Mkmonb/n ao 0,0347 MKMoNb/N Unu OKCOPYGULIMHOM OT
10 mkmonb/n fo 0,009 MkMonb/n B TeyeHne 72 4. inA nsydyeHns Mopdonornyecknx M3MeHeHU KNeTOYHbIX SAEp KNeTKN KynbTUBUpOBanu
C 2 MKMonb/N pukabeHpasona B TeueHue 72 Y, nocne Yero NpoBoawnmn okpawmsanue 1 mxkr/mn Hoechst 33342 (Life Technologies, CLUA),
n doTorpacdmpoBanu B UMbpoBOM aBTOMATUYECKOM MUKpockKore LionHeart FX (BioTek Instruments Inc., CLLUA).

Pesynbratbl. [onyyeHbl 4 nepBUYHbIE KyNbTypbl capkoM. KynbTypbl SAR-1 1 SAR-4 xapakTepu3oBanucb Hanbosnee 6bICTpbIM POCTOM (Bpe-
Msi yABOEeHUs 38 1 27 4 COOTBETCTBEHHO). Hanbonee Mea/iIeHHbIM POCTOM XapaKTepusoBanach KynbTypa SAR-2 (Bpems yaBoeHust 156 u),
B KynbType SAR-3 Bpemsi yaBoeHUs cocTaBuno 45 4. Mo gaHHbIM MTT-TecTa ansa pukobeHgasona ana SAR-1 IC,,—4,54 £ 1,2 MKMONb/N, ANs
SAR-3-3,31 + 0,7 MkMonb/n n ana SAR-4-1,51 £ 0,2 MKMONb/N COOTBETCTBEHHO, MeANIEHHO Aensuiasacsa SAR-2 okasanacb HeYyBCTBUTENbHON
K puko6eHaasony. Liutoctatnyeckan akTMBHOCTb AOKCOPY6ULIMHA Bblia Bbllle, YeM Yy pukobeHaasona. Kynbtypa SAR-2 6bina HaumeHee
uyecTBUTENbHON (IC,; ONpeaenmTb He yaanocs), a SAR-4 (IC,; SAR-4 = 0,16 + 0,01 MkMosb/N1) Hanbosee HyBCTBUTENbHOI K A@ACTBMIO AOKCOPY-
6uumHa. 3Havenue IC ) SAR-1 = 0,64+0,02 mkmonb/n n IC, SAR-3 = 1,8 £ 0,1 MKMonb/n1. BosfieiicTBMe pukobeHaasona Bbi3Basio BbipaXKeHHble
HapyLueHns B sapax B KynbTypax SAR-1 n SAR-4, B SAR-2 1 SAR-3 OHM 6bInN MEHee BbIpaXKeHbl.

3aknioyeHue. PukobeHaa3on okasan LMTocTaTuyeckoe AeiicTBINe Ha NepBuUYHble KynbTypbl CMT, xapakTepuaytoLumecs 6bICTPbIM KNETOUHbIM
POCTOM, HO aKTUBHOCTb 6bl1a HUXE, YeM Y AoKCOpy6ULIMHA. M3MeHeHUs B MOPhONOrnm KINETOK U siaep CBUAETENIbCTBOBANN O BEPOSTHbIX
HapyLUeHusIX B paboTe BepeTeHa AeNIeHNUs U LIUTOCKesNeTa, MPOUCXOASLLMX NOA AeNCTBUEM [aHHOTO coeAnHeHUs. OCOBeHHbIN nHTepec Ans
fanbHenLlero uccnefoBaHna NpeacTaBnsieT KOMGUHUPOBaHWe pukobeHaasona ¢ TakcaHaMu U APYrMMn MHIMGUTOPaMm TyGYIMHOB.
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BACKGROUND

Soft tissue sarcomas (STS) are rare malignant tu-
mors of mesenchymal origin, accounting for approx-
imately 1 % of all human malignancies. In Russia,
about 3,000-3,500 new STS cases are diagnosed
annually, with a prevalence of 22.1 cases per 100,000
population [1]. STS are characterized by aggressive
behavior, rapid recurrence, early dissemination, and
high resistance to treatment. Doxorubicin remains
the standard first-line chemotherapeutic drug for ad-
vanced and unresectable STS; however, the response
rate is only around 15 %.

Thus, the search for new compounds with antitu-
mor activity against STS remains an important task.
One promising direction is the exploration of thera-
peutic approaches already tested in other oncolog-
ic diseases. Nitrogen-containing heterocyclic com-
pounds - benzimidazole derivatives — are considered
a promising basis for anticancer agents [2, 3]. In
addition to synthesizing new compounds, repur-
posing approved benzimidazole-based agents is of
great interest, since their safety profile and pharma-
cological properties are already known, potentially
accelerating their introduction as anticancer agents.
Some benzimidazole-based anthelmintic drugs used
in veterinary medicine exhibit antitumor activity in
animals; among them, albendazole and mebendazole
are also approved for treating parasitic infections in
humans [4]. These compounds were later shown to
have cytostatic activity and selectivity toward human
cancer cells. Albendazole, for example, suppresses
tumor cell growth in vitro and in vivo through induc-
tion of oxidative stress and inhibition of B-tubulin
polymerization, leading to impaired glucose uptake,
metabolic starvation, cell-cycle arrest, and apoptosis
in malignant cell cultures, while its inhibitory effect
on normal cells is less pronounced [5]. Currently, sev-
eral clinical trials of albendazole and mebendazole
in various cancers are ongoing, although the number
of enrolled patients remains limited [4]. Researchers
note relatively good tolerability, with only occasional
symptoms of myelosuppression. In isolated cases
of patients receiving mebendazole, a clinical effect
manifested as disease stabilization has been ob-
served [5].
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Several studies have evaluated the antitumor
properties of benzimidazole derivatives in sarcoma
cell cultures. Michaelis M. et al. demonstrated high
sensitivity of Ewing sarcoma cell lines to flubenda-
zole, with relatively low sensitivity observed in os-
teosarcoma and rhabdomyosarcoma cultures; other
sarcoma histotypes were not investigated [6]. There
is also evidence of successful use of albendazole to
enhance the antitumor effect of doxorubicin when
incorporated into composite nanoparticles against
osteosarcoma cell lines [7].

Purpose of the study: to assess the sensitivi-
ty of primary STS cultures of various histological
subtypes to albendazole sulfoxide (ricobendazole)
and doxorubicin, the primary metabolite of alben-
dazole.

MATERIALS AND METHODS

Primary cultures of sarcomas of various histo-
logical subtypes, obtained intraoperatively in the
Department of Bone, Skin, Soft Tissue, and Breast
Tumors of the National Medical Research Center for
Oncology (Ministry of Health of the Russian Federa-
tion) in 2023-2024, served as the material for this
study. The histological diagnosis was confirmed in
the Department of Pathology of the same institution.
The study included treatment-naive patients with
soft tissue sarcomas. Exclusion criteria comprised
prior chemoradiotherapy for soft tissue sarcomas
as well as the presence of blood-borne infectious
diseases.

Tumor samples were transferred from the oper-
ating room in Hank'’s Balanced Salt Solution (HBSS,
Gibco, USA) supplemented with 1 % penicillin—strep-
tomycin (Biolot, Russia) at +4-8 °C and delivered to
the Laboratory of Cell Technologies within 20 minutes
after surgical excision. The tissue was minced with
a scalpel into fragments of 1-2 mm? and placed into
a culture tube containing DMEM medium (Gibco,
USA) with 1 % gentamicin (Biolot, Russia) and colla-
genase type | (300 U/mL; Thermo Fisher Scientific,
USA). The material was incubated for 2 hours at 37 °C
on a shaker.

The resulting cell suspension was passed through
a sterile nylon filter (70 um; Becton Dickinson, USA)
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and washed twice with DMEM (Gibco, USA). Cell
counting and viability assessment were performed
in a Goryaev chamber using 0.4 % trypan blue solu-
tion (Biolot, Russia). Primary sarcoma cultures were
maintained in complete growth medium based on
DMEM (Gibco, USA) supplemented with 10 % FBS
(HyClone, USA), 1 % insulin—transferrin—selenium
(Biolot, Russia), T % NEAA (Gibco, USA), and 1 %
gentamicin (Biolot, Russia). At each passage, cells
were counted and the doubling time was calculated
using the formula DT =t x In(2) / In(n./n,), where DT
is doubling time, t is the time interval between two
measurements, and n, and n, are cell numbers at the
first and second time points, respectively.

Before conducting the main experiments, the pres-
ence of malignant cells in the cultures was confirmed
in the Pathology Department of the NMRC for on-
cology, using standard cytological examination with
azure—eosin staining according to the Romanowsky-
Giemsa method.

Assessment of the Cytostatic Properties

of Ricobendazole and Doxorubicin

As stock solutions of the test compounds, we
used the anthelmintic drug Rikazol® (NITA-PHARM,
Russia) (ricobendazole, albendazole-sulphoxide,
100 mg/mL) and the antitumor drug Doxorubicin-
LENS® (VEROPHARM, Russia) (50 mg/25 mL).
The sensitivity of primary sarcoma cultures to
ricobendazole and doxorubicin was assessed by
constructing dose-response curves using indirect
quantification of viable cells via the MTT assay
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide). Cells were seeded into 96-well plates at
7,000 cells per well in complete growth medium.
After 24 hours, the culture medium was replaced
with medium containing ricobendazole in a series
of two-fold dilutions ranging from 35.5 pmol/L to
0.0347 pmol/L, or doxorubicin in a two-fold dilution
series from 10 pmol/L to 0.009 pmol/L. The con-
centration range for ricobendazole was selected to
include previously reported IC50 values for the struc-
turally related compound flubendazole obtained for
a broad panel of malignant cell lines in the study by
Michaelis M. et al. (2015) [6]. Plates were incubated
for 72 hours, after which the MTT assay was per-

formed according to the standard protocol [8]. Cell
viability was determined as the optical density mea-
sured at 570 nm in treated wells relative to control
wells, expressed as a percentage. Each experimental
condition was assessed in 10 technical replicates,
and the experiment was repeated in three biolog-
ical replicates. Viability values are presented as
mean = SD. Data processing and graph construction
were performed in Microsoft Excel. The half-maximal
inhibitory concentration (IC50) was determined using
the drc package in the R programming language [9].
For curve fitting, a three-parameter logistic model
with a fixed lower limit (c = 0) was applied, without
imposing constraints on the estimated parameters.

d
(T+exp (b(log (x)-log (e))))

where b - is the slope, d — is the upper limit, and
e — is the half-maximal effective dose. In cases
where hormesis was observed, data points lying
above the upper asymptote were excluded from
model fitting. IC,, values are presented as the
mean = 95 % confidence interval.

Analysis of Morphological Features

of Cells and Nuclei

Cells of the investigated cultures were seeded
into 24-well plates and cultured in complete medium
supplemented with 2 yumol/L ricobendazole under
standard conditions for 72 hours. A single concen-
tration of ricobendazole was chosen to allow direct
comparison of culture sensitivity to the compound.
Hoechst 33342 dye (Life Technologies, USA) was
then added to the cultures at a final concentration
of 1 yg/mL, followed by a 20-minute incubation un-
der standard conditions. Subsequently, the cultures
were imaged using a LionHeart FX automated digital
microscope (BioTek Instruments Inc., USA).

STUDY RESULTS

Four primary soft tissue sarcoma cultures of
different histological subtypes were obtained and
demonstrated varying doubling times (Table 1).
At the time of the experiment, cultures SAR-1 and
SAR-4 exhibited the most rapid growth (doubling
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times of 38 and 27 hours, respectively). The slow-
est growth rate was observed in SAR-2 (doubling
time 156 hours), while SAR-3 had a doubling time
of 45 hours. Consequently, the number of passages
completed prior to the experiment differed between
cultures, with the faster-growing cultures reaching
later passages by the start of testing (Table 1).

The assessment of ricobendazole’s impact on
the viability of primary soft tissue sarcoma cultures
demonstrated that the slow-growing pleomorphic
rhabdomyosarcoma culture SAR-2 was insensitive
to the compound. In contrast, the remaining three
cultures showed a pronounced decrease in viability
in response to increasing concentrations of rico-
bendazole (Fig. TA). Among them, the undifferenti-
ated pleomorphic sarcoma culture SAR-4 exhibited
the lowest half-maximal inhibitory concentration

(IC,, SAR-4 = 1.51 £ 0.2 pmol/L) and a clear horme-
sis effect — an increase in cell viability relative to
the untreated control under low concentrations
of the toxicant. The IC,, values for the other two
cultures were IC,; SAR-1 = 4.54 + 1.2 ymol/L and
IC,, SAR-3 =3.31 0.7 pmol/L.

The cytostatic activity of doxorubicin in the stud-
ied cultures was higher than that of ricobendazole;
however, the overall response patterns were simi-
lar for both compounds. The SAR-2 culture was
the least sensitive (IC,; could not be determined
within the tested concentration range), where-
as SAR-4 was the most sensitive to doxorubicin
(IC,, SAR-4 =0.16 + 0.01 pmol/L). The half-maxi-
mal inhibitory concentrations for the remaining two
cultures were IC,; SAR-1 = 0.64 + 0.02 pmol/L and
IC,, SAR-3 =1.8 £ 0.1 umol/L (Fig. 1B).

Table 1. Characteristics of primary soft-tissue sarcoma cultures

Passage at thetime  Doubling time at the

. . . . .
N Culture ID Histological diagnosis Treatment of experiment time of experiment, h
; T Surgical
1 SAR-1 Epithelioid sarcoma treatment only Passage 5 38
g . Surgical
2 SAR-2 Pleomorphic rhabdomyosarcoma treatment only Passage 3 156
X ; ; Surgical
3 SAR-3 Spindle cell/synovial sarcoma treatment only Passage 5 45
Undifferentiated pleomorphic
: sarcoma with infiltrative growth and Surgical
4 SAR-4 areas of high-grade extraosseous treatment only Passage 7 27
osteosarcoma
& 8®
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Fig. 1. Cytostatic activity of ricobendazole and doxorubicin against primary sarcoma cultures. A — dose-response curve for

ricobendazole; B — dose-response curve for doxorubicin.
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A pairwise comparison of the two compounds
indicates that in SAR-1 and SAR-4 cultures, the cyto-
static activity of ricobendazole was, on average, an
order of magnitude lower than that of doxorubicin.
In the SAR-3 culture, the difference was less pro-
nounced: the IC,; for doxorubicin was only approxi-
mately twofold lower than the corresponding value
for ricobendazole.

Without exposure to the tested compound, cells
of SAR-1 and SAR-2 cultures exhibited an elongated,
spindle-shaped morphology (Fig. 2A, C), whereas the
SAR-3 and SAR-4 cultures consisted predominantly
of cells with an epithelioid appearance (Fig. 2D, G).
Cultivation in the presence of 2 pmol/L ricobendazole
induced changes in monolayer confluence, cell mor-
phology and the appearance of cytopathic features
of varying severity. In the SAR-1 culture, a marked
reduction in confluence was observed, along with
a decrease in the number of cytoplasmic processes
and general compaction of cells (Fig. 2B). A charac-
teristic feature of treated samples was the noticeable
increase in the number of rounded cells in metaphase
(visible metaphase plate) (Fig. 2B, black arrows). In
the SAR-2 culture, ricobendazole exposure induced
changes in cell shape — similar to SAR-1, the cells
became more compact — however, overall monolayer
confluence did not undergo substantial alterations,
and no pronounced cytopathic features were ob-
served (Fig. 2B). In the SAR-3 culture, in contrast to
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the other cultures, a sharp shift in the growth pattern
was documented: instead of forming a two-dimen-
sional monolayer, the cells began forming distinct
three-dimensional spheroid-like colonies attached
to the well bottom (Fig. 2F). Finally, in the SAR-4 cul-
ture, in addition to reduced monolayer confluence, all
cells demonstrated increased cytoplasmic granularity,
a higher number of cells in metaphase (Fig. 2H, black
arrows), and an increased proportion of multinucle-
ated cells (Fig. 2H, white arrows).

Ricobendazole exposure induced pronounced
nuclear abnormalities in the SAR-1 and SAR-4 cul-
tures. In both cultures, apoptotic features were ob-
served, including hyperchromatic fragmented nuclei
(Fig. 3B, H, red arrows).

Alongside these changes, multinucleated cells
with polymorphic nuclei and micronuclei were ob-
served in these cultures. Unlike the fragmented
nuclei characteristic of late-stage apoptosis, these
structures were stained with an intensity typical of
normal nuclei, displayed normal chromatin architec-
ture, and had a smooth, rounded shape (Fig. 3B, H,
blue arrows). In the SAR-2 and SAR-3 cultures, such
features were not detected (Fig. 3D, F).

DISCUSSION

The half-maximal inhibitory concentration values
obtained in our study for three of the four primary

Fig. 2. Effect of ricobendazole at 2 pmol/L on primary sarcoma cultures. Exposure time: 72 h. Objective magnification x5. A = SAR-1
culture, control; B — SAR-1 culture, ricobendazole; C — SAR-2 culture, control; D — SAR-2 culture, ricobendazole; E — SAR-3 culture,
control; F — SAR-3 culture, ricobendazole; G — SAR-4 culture, control; H — SAR-4 culture, ricobendazole.

Annotations: black arrows - cells in metaphase; white arrows — multinucleated cells. Scale bar: 400 pm.
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sarcoma cultures ranged from 1.5 to 4.5 pmol/L.
According to available data, the maximal blood
concentration of albendazole sulphoxide after oral
administration of albendazole at a dose of 400 mg
(6—8 mg/kg) is 0.16-1.58 mg/L, which corresponds
to 0.6—6 pymol/L [10]. Thus, an antitumor effect of ric-
obendazole in humans may theoretically be achiev-
able at doses considered safe and commonly used
for helminthiasis treatment [4].

Based on our findings, it may be hypothesized
that sensitivity to ricobendazole, as well as to doxo-
rubicin, is likely more dependent on the proliferation
index than on the histotype of soft tissue sarcoma
cultures.The observed alterations in cell and nuclear
morphology suggest that the target of ricobendazole
in primary sarcoma cultures may be the microtu-
bules of the mitotic spindle and cytoskeleton. The
action of the compound likely leads to mitotic arrest
at metaphase and to unequal segregation of chromo-
somes, giving rise to micronuclei or mitotic catastro-
phe and subsequent cell death. Disturbances of the
cytoskeleton may also be reflected in the altered cell
shape seen across cultures and the shift in growth
behavior in the spindle-cell/synovial sarcoma SAR-3
culture — from a two-dimensional monolayer to three-
dimensional spheroid-like structures. B-Tubulin has
been indicated as a target for benzimidazole deriv-
atives in the literature [5]. The hypothesis that rico-

bendazole exerts its effect through the cell division
machinery is consistent with the observation that
the slowly proliferating SAR-2 pleomorphic rhabdo-
myosarcoma culture was insensitive to the cytostatic
action of this compound. However, additional studies
are required to verify this hypothesis, as the weak im-
pact on slowly dividing cells is a common feature of
all cytostatic agents, regardless of their mechanism
of action. For example, doxorubicin, to which SAR-2
was likewise insensitive, inhibits DNA synthesis in
proliferating cells without targeting the cell division
apparatus.

Tubulin inhibitors such as paclitaxel and vincris-
tine have been well-established anticancer agents
since the 1960s. Paclitaxel stabilizes microtubules
by shifting the equilibrium toward polymer formation
and thereby lowering the critical tubulin concentra-
tion, disrupting normal microtubule dynamics essen-
tial for spindle function and intracellular transport.
Vincristine, in contrast, is a microtubule-destabilizing
agent that binds specifically to microtubule plus-
ends, preventing polymerization and impairing mi-
totic spindle assembly and function [11]. Although
highly effective, these tubulin inhibitors lack suffi-
cient selectivity for tumor cells, which has stimu-
lated the search for novel agents targeting tubulin
isotypes overexpressed in malignant tumors [12, 13].
The B3-tubulin (TUBB3) isotype is most strongly as-

Fig. 3. Effect of ricobendazole at 2 pmol/L on nuclear morphology in primary sarcoma cultures. Exposure: 72 h. Hoechst 33342
staining. Objective magnification x10. A — SAR-1 culture, control; B — SAR-1 culture, ricobendazole; C = SAR-2 culture, control;
D — SAR-2 culture, ricobendazole; E — SAR-3 culture, control; F — SAR-3 culture, ricobendazole; G — SAR-4 culture, control; H — SAR-4

culture, ricobendazole.

Annotations: red arrows — nuclei with apoptotic features; blue arrows — micronuclei. Scale bar: 200 pm.
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sociated with tumor progression, metastasis, and
chemoresistance [14]. Notably, B3-tubulin overex-
pression correlates with resistance to eribulin in leio-
myosarcoma cells [15]. Its critical role in sarcoma
oncogenesis is further underscored by the sensitivity
of these tumors to the B3-tubulin inhibitor plocabu-
lin [16]. Current evidence suggests that the pro-onco-
genic properties of B3-tubulin are driven by multiple
mechanisms. B3-Tubulin-associated activation of
the transcription factors Snail and ZEB1 may trigger
epithelial-mesenchymal transition [17]. Resistance
to taxanes may be linked to the increased dynam-
ic instability of B3-tubulin-containing microtubules,
conferring reduced susceptibility to microtubule-
stabilizing agents [18]. In addition, B3-tubulin may
protect cells from endoplasmic reticulum stress

and reactive oxygen species-induced stress, there-
by promoting survival during chemotherapy expo-
sure [14, 19]. Possible therapeutic applications of
ricobendazole in sarcomas via its potential interac-
tion with B3-tubulin remain an important subject for
future investigation.

CONCLUSION

Ricobendazole exerted a pronounced cytostat-
ic effect on primary soft tissue sarcoma cultures
characterized by rapid proliferation; however, its ac-
tivity was lower than that of doxorubicin. Particularly
promising is the potential for combining ricobenda-
zole with taxanes and other tubulin-targeting agents
in future studies.

References

Shakhzadova AQ, Starinsky VV, Lisichnikova IV. Cancer care to the population of Russia in 2022. Siberian Journal of On-
cology. 2023;22(5):5-13. (In Russ.). https://doi.org/10.21294/1814-4861-2023-22-5-5-13

2. Komarova EF, Morkovnik AS, Zhukovskaya ON, Verenikina EV, Shevchenko NA, Khodakova DV, et al. A benzimidazole deriv-
ative as an effective antitumor agent in terms of syngeneic lung tumors and melanoma treatment. South Russian Journal
of Cancer. 2022;3(1):15-21. https://doi.org/10.37748/2686-9039-2022-3-1-2

3. Kit Ol, Komarova EF, Verenikina EV, Maksimov AYu, Morkovnik AS, Zhukovskaya ON, et al. Evaluation of antitumor activity
of benzimidazole derivative on models of experimental tumors. Yakut Medical Journal 2022;1(77):23-26. (In Russ.).
https://doi.org/10.25789/ym;j.2022.77.06

4. ChaiJY, Jung BK, Hong SJ. Albendazole and Mebendazole as Anti-Parasitic and Anti-Cancer Agents: an Update. Korean
J Parasitol. 2021 Jun;59(3):189-225. https://doi.org/10.3347/kjp.2021.59.3.189

5. Son DS, Lee ES, Adunyah SE. The Antitumor Potentials of Benzimidazole Anthelmintics as Repurposing Drugs. Immune
Netw. 2020 Aug 4;20(4):e29. https://doi.org/10.4110/in.2020.20.e29

6. Michaelis M, Agha B, Rothweiler F, Léschmann N, Voges Y, Mittelbronn M, et al. Identification of flubendazole as potential
anti-neuroblastoma compound in a large cell line screen. Sci Rep. 2015 Feb 3;5:8202. https://doi.org/10.1038/srep08202

7. Zhao TT, Zhou TJ, Zhang C, Liu YX, Wang WJ, Li C, et al. Hypoxia inhibitor combined with chemotherapeutic agents for an-
titumor and antimetastatic efficacy against osteosarcoma. MolPharm.2023; May1;20(5):2612-2623.
https://doi.org/10.1021/acs.molpharmaceut.3c00068

8. van Meerloo J, Kaspers GJ, Cloos J. Cell sensitivity assays: the MTT assay. Methods Mol Biol. 2011;731:237-245.
https://doi.org/10.1007/978-1-61779-080-5_20

9. Ritz C, Baty F, Streibig JC, Gerhard D. Dose-Response Analysis Using R. PLoS One. 2015 Dec 30;10(12):e0146021
https://doi.org/10.1371/journal.pone.0146021

10. Dayan AD. Albendazole, mebendazole and praziquantel. Review of non-clinical toxicity and pharmacokinetics. Acta Trop.
2003 May;86(2-3):141-159. https://doi.org/10.1016/s0001-706x(03)00031-7

11. Legéatové A, Pelantova M, Résel D, Brabek J, Skarkova A. The emerging role of microtubules in invasion plasticity. Front
Oncol. 2023 Feb 13;13:1118171. https://doi.org/10.3389/fonc.2023.1118171

12.

Galmarini CM, Martin M, Bouchet BP, Guillen-Navarro MJ, Martinez-Diez M, Martinez-Leal JF, Akhmanova A, Aviles P. Plo-
cabulin, a novel tubulin-binding agent, inhibits angiogenesis by modulation of microtubule dynamics in endothelial cells.
BMC Cancer. 2018 Feb 7;18(1):164. https://doi.org/10.1186/s12885-018-4086-2

33



South Russian Journal of Cancer 2025. Vol. 6, No. 4. P. 26-35

Filippova S. Yu., Ausheva T. V., Mezhevova I. V.=, Chembarova T. V., Gnennaya N. V., Novikova I. A., Maksimov A. Yu., Alihanova S. S., Eremin K. S., Vatulina A. S.,
Snezhko A. V., Konovalchik M. A. Cytostatic effect of ricobendazole on primary cultures of soft tissue sarcomas in vitro

13. Janke C, Magiera MM. The tubulin code and its role in controlling microtubule properties and functions. Nat Rev Mol Cell
Biol. 2020 Jun;21(6):307-326. https://doi.org/10.1038/s41580-020-0214-3

14. Kanakkanthara A, Miller JH. BllI-tubulin overexpressionin cancer: Causes, consequences, and potential therapies. Biochim
Biophys Acta Rev Cancer. 2021 Dec;1876(2):188607. https://doi.org/10.1016/j.bbcan.2021.188607

15. Yahiro K, Matsumoto Y, Fukushi JI, Kawaguchi KI, Endo M, Setsu N, et al. Class Ill B-Tubulin Overexpression Induces Che-
moresistance to Eribulin in a Leiomyosarcoma Cell Line. Anal Cell Pathol (Amst). 2018 Jun 21;2018:8987568.
https://doi.org/10.1155/2018/8987568

16. WangY, Wozniak A, Cornillie J, Avilés P, Debiec-Rychter M, Sciot R, Schéffski P. Plocabulin, a Novel Tubulin Inhibitor, Has Po-
tent Antitumour Activity in Patient-Derived Xenograft Models of Soft Tissue Sarcoma. Int J Mol Sci. 2022 Jul 5;23(13):7454.
https://doi.org/10.3390/ijms23137454

17. Sobierajska K, Wieczorek K, Ciszewski WM, Sacewicz-Hofman |, Wawro ME, Wiktorska M, et al. B-1ll tubulin modulates the
behavior of Snail overexpressed during the epithelial-to-mesenchymal transition in colon cancer cells. Biochim Biophys
Acta. 2016 Sep;1863(9):222-2233. https://doi.org/10.1016/j.bbamcr.2016.05.008

18. Kamath K, Wilson L, Cabral F, Jordan MA. Betalll-tubulin induces paclitaxel resistance in association with reduced effects
on microtubule dynamic instability. J Biol Chem. 2005 Apr 1;280(13):12902-12997.
https://doi.org/10.1074/jbc.m414477200

19. Parker AL, Turner N, McCarroll JA, Kavallaris M. BllI-Tubulin alters glucose metabolism and stress response signaling
to promote cell survival and proliferation in glucose-starved non-small cell lung cancer cells. Carcinogenesis. 2016
Aug;37(8):787-798. https://doi.org/10.1093/carcin/bgw058

Information about authors:

Svetlana Yu. Filippova - Researcher, Laboratory of Cell Technologies, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-4558-5896, eLibrary SPIN: 9586-2785, AuthorID: 878784, Scopus Author ID: 57189618843, WoS ResearcherlD:
AAH-4408-2020

Tatiana V. Ausheva - Cand. Sci. (Med.), MD, oncologist at the Department of Tumors of Bones, Skin, Soft Tissues and Breast, National Medical
Research Centre for Oncology, Rostov-on-Don, Russian Federation

ORCID: https://orcid.org/0000-0002-7073-9463, eLibrary SPIN: 5069-4010, AuthorID: 264138, Scopus Author ID: 57221315287, WoS ResearcherID:
AAQ-9943-2020

Irina V. Mezhevova = - Junior Researcher, Laboratory of Cell Technologies, National Medical Research Centre for Oncology, Rostov-on-Don,
Russian Federation

ORCID: https://orcid.org/0000-0002-7902-7278, eLibrary SPIN: 3367-1741, AuthorID: 1011695, Scopus Author ID: 57296602900, WoS ResearcherlD:
AAI-1860-2019

Tatiana V. Chembarova - Junior Researcher, Laboratory of Cell Technologies, National Medical Research Centre for Oncology, Rostov-on-Don,
Russian Federation

ORCID: https://orcid.org/0000-0002-4555-8556, eLibrary SPIN: 5426-1873, AuthorID: 1051985, Scopus Author ID: 57221303597, WoS ResearcherlD:
AAR-3198-2021

Nadezhda V. Gnennaya - Junior Researcher, Laboratory of Cell Technologies, National Medical Research Centre for Oncology, Rostov-on-Don,
Russian Federation

ORCID: https://orcid.org/0000-0002-3691-3317, eLibrary SPIN: 9244-2318, AuthorID: 900758, Scopus Author ID: 57214806863, WoS ResearcherlD:
AG0-3908-2022

Inna A. Novikova - Dr. Sci. (Med.), Associate Professor, Deputy General Director for Science, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation

ORCID: https://orcid.org/0000-0002-6496-9641, eLibrary SPIN: 4810-2424, AuthorID: 726229, Scopus Author ID: 57202252773, WoS ResearcherlD:
E-7710-2018

Aleksey Yu. Maksimov - Dr. Sci. (Med.), Professor, Deputy CEO for Advanced Scientific Research, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-9471-3903, eLibrary SPIN: 7322-5589, AuthorID: 710705, Scopus Author ID: 56579049500

Sarizhat S. Alihanova - PhD student, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0009-0006-6454-2564, WoS ResearcherID: MIT-6736-2025

34



l0xHo-Poccumitckuii onkonornyeckuii xypHan 2025. T. 6, N2 4. C. 26-35

dununnosa C. 0., Aywesa T. B., Mexesosa W. B.¥, Yem6apoBsa T. B., lHeHHas H. B., HoBukoBa W. A., MakcumoB A. 0., AnuxaHosa C. C., Epemun K. C., BatynuHa A. C.,
CHexKko A. B., KoHoBanbunk M. A. LiuTocTatnyeckoe AeiicTBiUe pUKOGeH3aA01a Ha NepBUYHbIE KYNIbTYPbl CAPKOM MAKUX TKaHeii in vitro

Konstantin S. Eremin — MD, pathologist, Department of Pathology, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0001-9331-3353, eLibrary SPIN: 9865-0123, AuthorID: 1150930, WoS ResearcherID: AIE-7050-2022

Anastasia S. Vatulina - MD, clinical laboratory diagnostics physician, laboratory geneticist, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-0685-9628, WoS ResearcherID: MIT-2080-2025

Aleksandr V. Snezhko - Dr. Sci. (Medicine), Associate Professor of the Department of Oncology, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-3998-8004, eLibrary SPIN: 2913-3744, AuthorID: 439135

Mariya A. Konovalchik - Cand. Sci. (Biology), Senior Researcher of Tumor Immunophenotyping Laboratory, National Medical Research Centre for
Oncology, Rostov-on-Don, Russian Federation

ORCID: https://orcid.org/0000-0002-9962-7318, eLibrary SPIN: 9724-0766, AuthorID: 881434, Scopus Author ID: 57198801957, WoS ResearcherlD:
JDM-5543-2023

Contribution of the authors:

Filippova S. Yu. - idea of the experiment, writing of the article, scientific and graphic editing of the text;
Ausheva T. V. - idea of the experiment, performing surgical intervention, obtaining tumor samples;
Mezhevova I. V. - processing of tumor material, obtaining primary cultures of sarcomas, editing the article;
Chembarova T. V. - collection of material;

Gnennay N. V. - collection of material;

Novikova I. A. - scientific text editing;

Maksimov A. Yu. - experiment idea, scientific guidance, text editing;

Alihanova S. S. - assisting with surgeries, delivering tumor samples to the laboratory;

Eremin K. S. - conducting histological studies;

Vatulina A. S. - conducting cytological studies;

Snezhko A. V. - text editing;

Konovalchik M.A. - data processing.

All authors made equivalent contributions to the preparation of the article and approved the final version for publication.

35



South Russian Journal of Cancer. 2025. Vol. 6, No. 4. P. 36-45 (:
https://doi.org/10.37748/2686-9039-2025-6-4-4

https://elibrary.ru/FVFBDU
Oncology, radiotherapy
EXPERIENCE EXCHANGE

©

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTWUYECKHI XKypHan
Vol. 6
No. 4, 2025

CHEK2 p.lle157Thr (c.470T>C) mutation in non-small cell lung cancer:
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ABSTRACT

Purpose of the study. To determine the frequency and co-occurrence with major somatic drivers of the germline CHEK2 p.lle157Thr mutation
in patients with non-small cell lung cancer (NSCLC) in the Republic of Tatarstan.

Patients and methods. Targeted next-generation sequencing (NGS) of key oncogenes was performed on tumor tissue from 151 patients. A bib-
liographic search was carried out manually in Google Scholar and PubMed using the terms “CHEK2 1157T,” “p.lle157Thr,” “c.470T>C,” “NSCLC,’
“germline,” “NGS,” among others; search formulations were refined with the aid of artificial intelligence, followed by mandatory manual verification.
Statistical analysis was performed in SPSS v18.0. Proportions were compared using Fisher’s exact test with a significance threshold of p < 0.05.
Results. The p.lle157Thr variant was identified in 12 patients (7.9 %); all cases (100 %) were histologically confirmed adenocarcinomas.
A positive family history of malignant tumors was recorded in 2 patients (16.7 %), and multiple primary malignancies in 2 patients (16.7 %).
Concomitant driver mutations were detected in 8 patients (66.7 %): EGFR in 5 (62.5 %), while 3 patients (37.5 %) harbored mutations in KRAS
(12.5 %), NRAS, and BRAF, respectively. In 4 patients (33.3 %), p.lle157Thr was the sole molecular event. In a comparison of carriers versus
non-carriers of CHEK2 p.lle157Thr, no statistically significant differences were observed in stage distribution or in the frequency of co-occurring
driver alterations (Fisher's exact test, p > 0.05).

Conclusion. The germline CHEK2 p.lle157Thr (c.470T>C) variant was identified in a subset of patients with lung adenocarcinoma and in several
cases was accompanied by somatic driver mutations. The obtained data refine the frequency of this variant in the studied population and describe
the molecular characteristics of tumors in carriers, providing a basis for further evaluation of the potential clinical relevance of CHEK2 in NSCLC.

Keywords: CHEK?2, p.lle157Thr, ¢.470T>C, I157T, lung cancer, non-small cell lung cancer, NGS, next-generation sequencing, germline
mutations, hereditary mutations
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3.1.6. OHKonorus, nyyeBas Tepanus

OBMEH OMNbITOM

Mytauua CHEK2 p.lle157Thr (c.470T>C) npu HeMenKoKNETOYHOM paKe Nerkoro: PerMoHanbHbli ONbIT
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PE3IOME

Llenb uccnepoBanusa. Onpefenntb 4YacToTy U COYeTaHNe C OCHOBHbIMU COMaTMYeCKUMM ApaiBepaMn repMuHanbHom mytaumm CHEK2
p.lle157Thr y nauMeHToB C HEMENKOKNETOYHbIM pakoMm fierkoro (HMPJT) B Pecny6nvke TatapcTaH.

MaumnenTbl n MeToAbl. MNaHenbHoe NGS-cekBeHMpPOBaHME KJTHOYEBbIX OHKOreHOB BbIMOMIHEHO B ONyX0/neBOM MaTepuane 151 nauueHTa.
Bubnuorpaduueckuit nomck nposoauncs BpyyHyto B Google Scholar, PubMed no couetanuam «CHEK2 1157T», «p.lle157Thr», «c.470T>C»,
«NSCLC», «germline», <NGS» u p.; OpMynMpOBKY YTOYHSINCH C MOMOLLbIO UCKYCCTBEHHOIO MHTENIEKTa NPU 06A3aTeNIbHON PYYHOI BEpU-
dukaumn. CTatucTnyeckyro o6paboTky BbinonHsnu B SPSS v18.0; AN cpaBHEHNUs Aonei MPUMEHSN TOYHbIR KpuTepuii duiiepa, ypoBeHb
3HaynmMocTu p < 0,05.

Pesynbtatbl. BapuaHT p.lle157Thr BbiseneH y 12 (7,9 %) naumeHToB: y 100 % NoATBEpXXAeHa rMCTONOrMYECKU afeHoKapLuHoma. CeMenHbIn
aHaMHes3 3/10KayecTBEHHbIX Onyxorne 3adukcupoBaH y 2 (16,7 %) NaLMeHTOB, MHOXXECTBEHHbIE NepBUYHbIE HOBOOGpa3oBaHua —y 2 (16,7 %).
ConyTcTBytoLME ApaiiBepHble MyTauum o6HapyXeHbl y 8 (66,7 %): EGFR -y 5 (62,5 %),y 3 (37,5 %) 6blna o6HapyxeHa ogHa U3 MyTauuit KRAS
(12,5 %), NRAS v BRAF cooTBeTCTBEHHO. Y 4 (33,3 %) p.lle157Thr 66110 €AMHCTBEHHBIM MOJIEKYNIAPHBIM COBbITUEM. MpY CPaBHEHWUU HOCUTENEN
1 HeHocuTenen CHEK?2 p.lle157Thr no ctapusim 3a60oneBaHusi U YacToTe COMYTCTBYHOLMUX APAiBEPOB CTAaTUCTUYECKM 3HAYUMBbIX Pa3NiMumii
He BbIsIBNEHO (TOYHbIN KpuTepuii duwepa, p > 0,05).

3aknioueHune. lepMmuHanbHbii BapuaHtT CHEK2 p.lle157Thr (c.470T>C) BbiSiBNeH y 4acT1 NaLMeHTOB C afeHOKapLMHOMOI Nerkoro u B psae
Cny4yaeB coyeTasicsl C COMaTUYECKUMU ApaiBEPHbIMU MyTaLUmMsiMU. [onyyeHHble fJaHHble YyTOUHSAIOT ero YacToTy B UCCNelyeMOoit MonynsiLmm
1 OMUCbIBAIOT MONIEKYNIAPHbIE OCOGEHHOCTMN OMYXOJei Y HOCUTENEN, YTO MOXeT 6bITb MCMONb30BaHO B JanbHENLINX UCCIeA0BaHUAX KNK-
HMYyeckoro 3HayeHnss CHEK2 npu HMPJ1.

KnioueBble cnoBa: CHEK?2, p.lle157Thr, ¢.470T>C, |157T, pak nerkoro, HeMenkokneTouHbli pak nerkoro, NGS, cekBeHUPOBaHWe HOBOIO
NOKONEHUS, repMUHanbHble MyTaLum, HacneACTBEeHHble MyTaLun

[ins uutupoBanus: Curan A. M., Topaues M. I, MocTiokoB b. ®., CattapoBa H. 3., 3uHuenko C. B. Mytauus CHEK2 p.lle157Thr (c.470T>C) npu HeMeNKoKNeToYHoM
pake N1erkoro: pernoHanbHblii onbiT. KXHO-Poccuitckuii oHkonoruyeckuii xypHan. 2025; 6(4): 36-45. https://doi.org/10.37748/2686-9039-2025-6-4-4 EDN: FVFBDU
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BACKGROUND

Lung cancer is one of the most aggressive ma-
lignant neoplasms and remains among the leading
causes of cancer morbidity (2nd place — 2.1 million
new cases) and mortality (1st place — 1.8 million
deaths annually) worldwide [1]. The etiology of the
disease represents a complex interplay between
exogenous factors and genetic alterations, including
both hereditary predisposition and sporadic somatic
mutations [2]. Smoking is considered the predomi-
nant exogenous driver, accounting for 80-90 % of
cases among men and 60-70 % among women [3].

Despite advances in diagnostic and therapeutic
strategies, the prognosis of lung cancer remains
poor, underscoring the need for novel treatment ap-
proaches based on a deeper understanding of the
molecular mechanisms of carcinogenesis. In this
context, precision medicine, grounded in the identifi-
cation of tumor-specific genetic characteristics, has
emerged as a pivotal direction in modern oncology,
transforming therapeutic paradigms and improving
the likelihood of long-term remission.

A major breakthrough in the molecular character-
ization of non-small cell lung cancer (NSCLC) was
the discovery of the role of EGFR (epidermal growth
factor receptor) mutations in the early 2000s, which
not only revealed the pathogenetic heterogeneity of
the disease but also laid the foundation for the devel-
opment of targeted therapies [4]. The introduction of
high-throughput next-generation sequencing (NGS)
technologies into clinical practice enabled the de-
tection of rare and previously unrecognized genetic
variants associated with oncogenesis. This led to
the identification of a wide spectrum of driver muta-
tions, including alterations in ALK, ROS1, KRAS, BRAF,
MET, RET, and other genes, each defining a unique
biological tumor subtype requiring an individualized
therapeutic approach [5].

Although most molecular alterations in NSCLC
are somatic and associated with exposure to ex-
ogenous carcinogens, recent evidence highlights
the contribution of hereditary mutations. In a large
cohort study by Sorscher S. et al., including 7,788
unrelated patients with lung cancer who underwent
uniform NGS testing (panel of up to 159 genes,
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mean sequencing depth = x350), pathogenic or
likely pathogenic variants were identified in 14.9 %
of patients (1,161/7,788). The most frequent muta-
tions included BRCA2 (2.8 %), CHEK2 (2.1 %), ATM
(1.9 %), TP53 (1.3 %), BRCA1 (1.2 %), EGFR (1.0 %),
APC (0.9 %), and PALB2 (0.5 %). Notably, 61.3 % of
all detected variants were found in genes involved
in DNA damage repair, and 95 % were classified as
clinically significant [6]. In the present review, we
focus on germline variants in the CHEK2 (Checkpoint
Kinase 2) gene, which plays a key role in maintain-
ing genomic stability and regulating the cell cycle,
with specific emphasis on the CHEK2 p.lle157Thr
(c.470T>C) missense variant.

The involvement of CHEK2, a gene encoding the
serine/threonine kinase CHK2, a central component
of the DNA double-strand break response pathway,
was first demonstrated by Bell D. W. et al. in 1999.
In their study, a germline 1100delC mutation was
identified in a family with Li—Fraumeni syndrome.
Loss of CHK2 kinase activity was shown to impair
phosphorylation of key proteins (p53, BRCA1, CD-
C25C), compromising checkpoint activation and DNA
repair, and thereby predisposing to early-onset and
multiple malignancies. These findings established
CHEK?2 as a tumor suppressor gene [7].

In 2002, two independent studies extended this
concept to a broader population context. Meijers-
Heijboer H. et al. demonstrated that 1100delC
confers an approximately twofold increased risk
of breast cancer in women and nearly a tenfold in-
crease in men in non-BRCA families [8]. Vahteris-
to P. et al. reported that the same allele accounts
for a considerable proportion of familial clusters of
breast cancer and is associated with loss of CHK2
expression in tumor tissue [9].

In 2004, both the allelic and nosological spectra
were expanded: Kilpivaara O. et al. were the first to as-
sociate the missense variant I157T, which retains par-
tial kinase activity, with a moderate increase in breast
cancer risk, demonstrating that not only truncating
mutations but also functionally defective amino acid
substitutions are involved in tumorigenesis [10].

Cybulski C. et al. simultaneously investigated
three Polish founder alleles of CHEK2 — the truncat-
ing 1100delC and 1IVS2+1G>A variants, as well as
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the missense p.lle157Thr — and showed that their
carriage increases the risk not only of breast can-
cer but also of malignancies of the colon, prostate,
thyroid, and kidney, thereby firmly establishing the
gene as a multi-organ, moderate-penetrance cancer
susceptibility factor [11].

The best-studied CHEK2 mutations remain p.lle-
157Thr and 1100delC, both associated with an
increased risk of several malignancies, including
breast cancer [12], colorectal cancer [13], and pros-
tate cancer [11]. However, the limited evidence on the
role of CHEK2 in lung cancer pathogenesis leaves
a substantial gap in understanding the molecular
basis of the disease and restricts the potential for
applying personalized therapeutic approaches in af-
fected carriers of this genetic alteration.

CHEK?2 exhibits pronounced geographic hetero-
geneity. In Northern Europe, the truncating founder
mutation c.1100delCpredominates, with population
carrier frequencies approaching approximately 1 %
in the United Kingdom and the Netherlands, grad-
ually decreasing toward Southern Europe, where it
is detected only sporadically. In Eastern (and partly
Central) Europe, the distribution shifts toward the
missense variant p.I1157T (c.470T>C), with heterozy-
gous carriers comprising around 5 % of the general
population in Poland, Latvia, Hungary, and Russia,
and 2-3 % in the Czech Republic, Slovakia, and Ger-
many, making it the most common regional CHEK2
variant. In Asian populations, European founder
mutations are virtually absent: in a cohort of 8,085
Chinese women, the total frequency of pathogenic
CHEK2variants did not exceed 0.3 %, with half rep-
resented by a novel nonsense allele p.Y139X. Inde-
pendent datasets demonstrated an association be-
tween the recurrent missense variant p.H371Y and
breast cancer susceptibility [14]. Taking into account
this regional distribution, the present study focused
on the p.lle157Thr (c.470T>C) variant as the most
prevalent and clinically relevant CHEK2 alteration in
Eastern Europe.

A neighboring region ethnographically related to
the Republic of Tatarstan — the Republic of Bashkor-
tostan — demonstrates a similar Eastern European
pattern: in a cohort of 977 breast cancer patients
and 1,069 controls, the p.lle157Thr (c.470T>C) mis-
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sense variant was the most frequent (~5 % in both
cohorts), whereas c¢.1100delC and the splice muta-
tion c.444+1G>A were detected in only 0.4 % of cas-
es, and a large deletion del5395 occurred in 1.23 %
of patients and only 0.09 % of healthy controls [15].

Thus, the rationale for selecting CHEK? for investi-
gation is determined by its pivotal role in the DNA dam-
age response system and the high prevalence of the
p.lle157Thr variant in the Eastern European population.

Purpose of the study: to determine the frequency
and co-occurrence with major somatic drivers of the
germline CHEK2 p.lle157Thr mutation in patients
with NSCLC in the Republic of Tatarstan.

PATIENTS AND METHODS

The present study included patients with NSCLC
treated at the Republican Clinical Oncology Dispen-
sary of the Ministry of Health of the Republic of Ta-
tarstan named after Prof. M. Z. Sigal. In total, tumor
tissue samples from 151 patients were analyzed. The
median age was 67 years, and the mean age was
64 years. There were 70 men (46.3 %) and 81 women
(53.7 %). The ethnic composition of the cohort was
homogeneous (Russians and Tatars), reflecting the
demographic structure of the region. The smoking
history of the patients demonstrated a typical distri-
bution for an NSCLC cohort and included both cur-
rent/former smokers and never-smokers.

Tumor samples were analyzed using next-genera-
tion sequencing (NGS) on the NextSeq 2000 platform
(Ilumina) with the KAPA HyperPETE LC Fusion Panel
and KAPA HyperChoice panels (Roche Diagnostics).

The genomic analysis included:

A DNA panel comprising 43 genes associated with
DNA repair, cell cycle regulation, and oncogenesis:

- ATM, ATR, BARD1, BRCA1, BRCA2, BRIP1, CDH]1,
CDK12, CHEK1, CHEK2, EPCAM, FANCL, MLH1,
MSH2, NBN, NF1, PALB2, PMS2, RAD51B, RAD51C,
RAD51D, RAD54, STK11, TP53, KRAS, NRAS, BRAF,
EGFR, ERBB2, PIK3CA, MET (ex14), KIT, POLE, KEAP1,
PDGFRA, ESR1, EPCAM, IDH1/2.

- An RNA panel aimed at detecting transcriptional
alterations and fusion transcripts in 17 key onco-
genes: ALK, AXL, BRAF, EGFR, FGFR1-3, MET, NRG1,
NTRK1-3, PDGFRA, PDGFRB, PPARG, RET, ROS1.
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Annotation and interpretation of identified vari-
ants were performed using the ClinVar, gnomAD, and
dbSNP databases, which allowed differentiation be-
tween somatic and germline alterations. The CHEK2
p.lle157Thr (c.470T>C, rs17879961) variant was iden-
tified as a known germline variant registered in these
databases and classified as pathogenic according
to ACMG (2015) criteria. Detection of this variant in
tumor tissue reflects the presence of an inherited
mutation rather than a purely somatic event, which is
supported by its annotation in population and clinical
variant databases.

The literature search was performed manually in
Google Scholar and PubMed using combinations
of the following keywords: “CHEK2", “p.lle157Thr",
“c.470T>C", “NSCLC", “germline”, “NGS", etc. At the
stage of content analysis, interpretation of the arti-
cles, and stylistic optimization of the wording, the
artificial intelligence system ChatGPT 03 was used,
with mandatory manual verification and editing of
each fragment.

Statistical analysis

Statistical processing was carried out using SPSS
software (version 18.0). Fisher's exact test was ap-
plied for comparison of categorical variables. Dif-
ferences were considered statistically significant at
p < 0.05. Statistical analysis was limited to internal
comparison of clinical and molecular characteristics
between carriers and non-carriers of the CHEK2 p.lle-
157Thr (c.470T>C) variant.

STUDY RESULTS

A germline CHEK2 mutation was identified in 12
patients (prevalence 7.95 %), and in all cases, the
detected variant was c.470T>C (p.lle157Thr, 1157T).
Histologically, all patients had lung adenocarcinoma
of varying degrees of differentiation. The sex dis-
tribution was equal (6 men and 6 women), and the
mean age was 65 years. Five individuals (41.7 %)
were active or former smokers, whereas 7 patients
(58.3 %) reported no history of smoking.

One female patient had been diagnosed in 2006
with right breast cancer (stage Ill, T3N1M1), for
which she underwent radical mastectomy, chemo-
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therapy, and external-beam radiation therapy. In
2024, a second primary tumor was identified a right
upper lobe lung adenocarcinoma localized in a re-
gion of prior radiation changes. Tumor profiling re-
vealed EGFR exon 19 deletion, a BRCA1 mutation,
and the germline CHEK2 p.lle157Thr (c.470T>C)
variant.

Another female patient had been diagnosed in
2009 with papillary thyroid carcinoma (stage Il,
pT2NOMO) and underwent a thyroidectomy followed
by radiation therapy. In 2016, she was diagnosed
with left upper lobe lung adenocarcinoma (stage
lIA, pTTN1MO), treated with extended lobectomy.
In 2024, disease progression was documented, with
metastases to the contralateral lung and submandib-
ular salivary gland, along with the diagnosis of a third
primary tumor — renal cancer. Molecular analysis of
the lung tumor identified an EGFR exon 19 deletion
and the germline CHEK2 p.lle157Thr (c.470T>C)
variant.

These two clinical observations demon-
strate a phenotypic association between
CHEK2 p.lle157Thr carrier status and the develop-
ment of multiple primary tumors of distinct local-
ization, including malignancies of the thoracic and
genitourinary systems, consistent with previously
reported associations in CHEK2-positive individuals.

Analysis of disease stages revealed a distribution
typical for NSCLC: early (stage 1) and metastatic dis-
ease (stage IV) predominated, while intermediate
stages (II-111) were less common (Fig. 1). The clinical
course corresponded to patterns widely observed
in NSCLC cohorts, with most patients presenting
with localized or locally advanced disease, and the
remainder with metastatic spread.

Additional somatic driver mutations were detected
in 8 patients (66.7 %) (Fig. 2). The most frequent
alterations involved EGFR, followed by less common
changes in KRAS, NRAS, and BRAF. In two patients,
EGFR-positive tumors co-occurred with TP53 or
BRCAT1 variants; a potential germline origin of the
latter cannot be excluded because only tumor tissue
was sequenced. In four patients (33.3 %), the CHEK2
p.lle157Thr variant was detected in isolation, without
accompanying somatic driver mutations.

The immunohistochemical profile of tumors was
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consistent with lung adenocarcinoma: TTF-1 and
CK7 positive, p40 negative, with Ki-67 ranging from
15 % to 60 %.

Comparison of disease stage distribution and
frequency of somatic driver mutations between
carriers and non-carriers of the CHEK2 p.lle157Thr
(c.470T>C) variant revealed no statistically signifi-
cant differences (Fisher’s exact test, p > 0.05).

DISCUSSION

The present study is one of the first in the Republic
of Tatarstan aimed at identifying the germline CHEK2
p.lle157Thr (c.470T>C) mutation and its co-occur-
rence with somatic driver alterations in patients with
NSCLC. The analysis was performed using next-gen-
eration sequencing (NGS).

In the study by Kazakov A. M. et al., which includ-
ed 90 patients with stage I-1IIA NSCLC, the authors
conducted targeted sequencing of tumor tissue with
parallel analysis of paired “normal” lung material,
enabling a systematic description of the somatic
mutational landscape of two histological subtypes
(63 adenocarcinomas and 27 squamous cell car-
cinomas). The 78-gene panel encompassed both
point mutations (e.g., EGFR, KRAS, BRAF) and gene
rearrangements (e.g., ALK, ROS1, RET). Adenocar-

Distribution by stages

1st stage 33,3%
2st stage 8,3 %
[l 3ststage 25 %
B 4 stage 333%
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cinomas were dominated by TP53, KRAS, and EGFR
alterations, with a range of rare but clinically mean-
ingful events (including BRAF) that were consistent
with global estimates. For CHEK2, rare somatic
variants were reported predominantly in adenocar-
cinomas (mainly in exon 2), while germline status
was not assessed and the p.lle157Thr (1157T) allele
was not detected. Thus, although the study provides
relevant context for the somatic landscape of local-
ized NSCLC and supports the value of expanded
panels, our work fundamentally differs by focusing
on the germline CHEK2 p.lle157Thr variant and its
prevalence and molecular associations in an Eastern
European clinical cohort [16].

Research addressing the CHEK2 p.lle157Thr
(c.470T>C) variant as a hereditary risk factor
for lung cancer is represented in the works of
Brennan P. et al. [17], Cybulski C. et al. [18], and
Wang Y. et al. [19], which demonstrated that 1157T is
associated with a reduced risk of squamous cell carci-
noma of the lung, while no significant protective effect
has been confirmed for adenocarcinoma. All three stud-
ies were conducted in European populations, where
the 1157T allele shows a minor allele frequency of ap-
proximately 4-5 %. The reported CHEK2 1157T carrier
rate among lung cancer patients ranged from 1 % to
3 %, and approximately 5 % in the general population.

Co-occurring CHEK?2 p.lle157Thr driver mutations

KRAS 83 %
NRAS 83 %
BRAF 83 %
CHEK?2 p.lle157Thr only 333 %
EFGR 41,7 %

Fig. 1. Percentage distribution of patients with the CHEK2
p.lle157Thr mutation by stage of lung cancer

Fig. 2. Percentage distribution of patients with the CHEK2
p.lle157Thr mutation according to the coexistence of lung
cancer with driver mutations.
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In our study, the p.lle157Thr (c.470T>C) mutation
was detected in 12 out of 151 patients, correspond-
ing to a carrier frequency of 7.9 % (95 % Cl: 4.6—
13.4 %). All carriers were heterozygous, with an allele
frequency of 3.98 % (95 % Cl: 2.3-6.8 %).

All 12 carriers of the CHEK2 p.lle157Thr (c.470T>C)
variant were diagnosed with lung adenocarcinoma;
squamous cell carcinoma and small cell carcinoma
were not observed in the carrier subset. Historically,
CHEK2 p.lle157Thr has been associated with a pro-
tective effect primarily for squamous cell lung cancer,
without a significant influence on adenocarcinoma
risk. The higher proportion of carriers in the present
study may reflect population-specific and histological
characteristics, as well as the limited sample size.

Current evidence on the role of CHEK2 p.lle157Thr
(c.470T>C) in lung cancer remains based on a small
number of studies, predominantly from 2007-2014.
Large European NGS investigations focusing specif-
ically on this variant and its somatic co-alterations
have not yet been conducted.

In our cohort, 66.7 % of CHEK2 p.lle157Thr carri-
ers exhibited additional oncogenic events, most com-
monly EGFR alterations, and less frequently KRAS,
BRAF, and NRAS mutations. This pattern reflects the
expected mutation profile of lung adenocarcinoma,
summarized in the review by Kharagezov D. A. et al,,
which discusses common point mutations (EGFR,
KRAS) and rare but clinically relevant events (BRAF),
whereas germline CHEK2 variants were not consid-
ered [20]. The observed co-occurrence of germline
CHEK2 with common and rare drivers should be
interpreted as hypothesis-generating. Validation
requires larger multicenter cohorts, paired tumor-
normal testing, and functional assays.

NGS remains essential for identifying such com-
plex interactions. Accumulating data on the relation-
ships between germline predisposition variants and
somatic tumor profiles may help refine the biological
role of CHEK2 and potentially support its incorpora-
tion as a prognostic or stratification marker in NSCLC
precision oncology.

To date, only a limited number of large NGS data-
sets include both germline variants and somatic
profiles in NSCLC with reported CHEK?2 alterations.
In a study by Zhang S. S. et al., 70 patients (1.15 %)
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carried pathogenic germline CHEK2 variants, and
among them, 33 % (n = 23) were p.lle157Thr car-
riers. Co-occurring somatic drivers included KRAS
G12C/G12D (~40 %), EGFR ex19del/L858R (~25 %),
and isolated cases of ALK, ROS1, RET, MET exon
14 skipping, and BRAF V600E [21]. However, the so-
matic spectrum was not stratified by specific CHEK2
alleles, including p.lle157Thr (c.470T>C), limiting
conclusions.

Mezquita L. et al. identified 547 patients (0.62 %)
with any pathogenic CHEK2 variant, with somatic
driver frequencies of EGFR 34 %, KRAS 21 %, and
ALK/ROS1/MET/BRAF ~15 % combined; however,
specific CHEK? alleles were not detailed [22].

In a Chinese study by Zhou N. et al., germline
CHEK2 mutations were identified in 89 individu-
als (1.8 %), but p.lle157Thr (c.470T>C) was not
observed, consistent with its low prevalence in
Asian populations. Nonsense and truncating al-
leles (p.Y139%, K373fs) predominated. Among so-
matic drivers, EGFR alterations dominated (~55 %),
KRAS occurred in <10 %, and ALK/ROS1/MET exon
14 events were rare [23].

Thus, CHEK2 1157T is rare in Asian cohorts and
more frequent in North American datasets, although
the multiethnic composition of these cohorts com-
plicates population-specific interpretation. Without
robust ancestry stratification, precise prevalence
estimates for Eastern Europe remain uncertain. Im-
portantly, no large NGS study has yet systematically
examined the association between germline CHEK2
variants and somatic NSCLC drivers in Europe,
particularly with focused attention on p.lle157Thr
(c.470T>C).

Therefore, the present regional NGS-based inves-
tigation from an Eastern European population pro-
vides the first data generated using contemporary
molecular diagnostics on the prevalence of CHEK2
p.lle157Thr (c.470T>C) and its co-mutation patterns
in NSCLC.

At present, germline CHEK2 mutations are known
to increase the risk of breast, colorectal, and pros-
tate cancer, which is reflected in NCCN" guide-
lines [24, 25]. Enhanced surveillance protocols are

' National Comprehensive Cancer Network (NCCN) [Internet]. Available
at: https://www.nccn.org - Editorial note.
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recommended for carriers. However, in NSCLC, the
role of CHEK2 remains poorly defined. CHEK2 is not
included among hereditary risk genes in the NCCN
NSCLC guidelines or in the low-dose CT lung cancer
screening guideline [26, 27]. Only two germline con-
texts are clearly addressed: exclusion of germline
EGFR p.T790M when detected in tumor tissue, and
Li-Fraumeni syndrome (germline TP53), discussed
in specific recommendations. Other driver loci (ALK,
ROS1, MET, BRCA2, RB1, etc.) are considered exclu-
sively therapeutic somatic targets, without guidance
for family screening [27].

This creates a dual gap: carriers of CHEK2 vari-
ants do not receive lung cancer screening recom-
mendations even in the presence of family history,
while families with hereditary NSCLC patterns do
not routinely undergo CHEK? testing despite its rele-
vance in other cancers. This imbalance underscores
the need for further research into the contribution
of CHEK2 - particularly p.lle157Thr (c.470T>C) - to
NSCLC carcinogenesis.

CONCLUSION

Analysis of this regional cohort of patients with
non-small cell lung cancer demonstrates that the
germline CHEK2 p.lle157Thr (c.470T>C) variant oc-
curs more frequently than suggested by internation-
al datasets and forms a distinct molecular context
within these tumors. All identified carriers had lung
adenocarcinoma, and most exhibited co-occurrence
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of the germline variant with somatic driver alter-
ations typical for this subtype — predominantly
EGFR mutations, and less frequently KRAS, BRAF,
and NRAS. This indicates that, even in the presence
of well-established “classical” somatic patterns, the
disease profile may be influenced by the underlying
hereditary background. The findings obtained using
modern NGS approaches represent the first system-
atic data on the frequency and molecular environ-
ment of p.lle157Thr in Eastern Europe and highlight
an evident gap in the literature.

Comparative analysis of the clinical and molec-
ular features of carriers and non-carriers of CHEK2
p.lle157Thr did not reveal statistically significant
differences; however, the observed combinations
underscore the need for deeper investigation into
the interplay between germline and somatic events
in lung carcinogenesis. Particular attention is war-
ranted for patients with multiple primary malignan-
cies, consistent with the known multi-organ cancer
susceptibility associated with pathogenic CHEK2
variants and emphasizing the limited representation
of such patients in current NSCLC guidelines.

The practical value of the obtained data lies in their
potential to inform regional approaches to genetic
counseling and refine the interpretation of NGS pro-
files. With further data accumulation, it may become
possible to determine whether germline CHEK2 vari-
ants — especially p.lle157Thr —serve as prognostic
markers, risk-stratification factors, or indirect indi-
cators of the likelihood of specific somatic drivers.
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ABSTRACT

Inherited mutations in the BRCA1/BRCAZ2 genes significantly increase the risk of breast and ovarian cancer in women of reproductive age, posing
a clinical and socioeconomic challenge due to loss of fertility during cancer treatment and preventive interventions. The expansion of genetic
testing programs is shifting the focus to proactive management of reproductive potential, requiring the integration of oncology, reproductive
medicine, and medical genetics. The novelty of this review lies in its comprehensive synthesis of data on the impact of treatment and prevention
of BRCA-associated cancer on fertility and a critical assessment of the effectiveness of fertility preservation strategies.

Purpose of the study. To summarize and analyze current advances, clinical guidelines, and unresolved issues related to preserving reproductive
function in women carrying BRCA1/BRCA2 mutations.

Materials and methods. A systematic search of PubMed/MEDLINE, Embase, the Cochrane Library, and Web of Science was performed, along
with an analysis of international guidelines (ESHRE (European Society of Human Reproduction and Embryology), ASCO (American Society of
Clinical Oncology), ASRM (American Society for Reproductive Medicine), NCCN (National Comprehensive Cancer Network), ESMO (European
Society for Medical Oncology)). Keywords: “BRCA1,” “BRCA2,” “fertility preservation,” “oocyte cryopreservation,” “embryo cryopreservation,’
“ovarian tissue cryopreservation,” “PGT-M,” “PARP inhibitors,” and “chemotherapy gonadotoxicity.”, in the period of 2005-2025. Studies with
incomplete data, duplicates, reviews of low methodological quality, and case series with fewer than 10 observations were excluded. Priority
was given to meta-analyses, RCTs, large cohorts, and consensus reports.

Results. The included studies included cancer patients before and after treatment, BRCA carriers with and without prophylactic strategies,
and IVF/ICSI cohorts with cryopreservation. Alkylating agents and taxanes have been shown to increase the risk of premature ovarian failure,
while GnRH agonists partially reduce the risk of ovarian toxicity. The efficacy of oocyte and embryo cryopreservation in BRCA-positive women
is comparable to the population-based efficacy with optimized stimulation (GnRH antagonists, letrozole-containing protocols). Ovarian tissue
cryopreservation is applicable in urgently needed patients but requires oncoprotective assessment. PGT-M ensures the selection of mutation-free
embryos. Multidisciplinary pathways improve the timelines of referrals and the completion rate of fertility preservation programs

Conclusion. Early identification of BRCA-positive women and the integration of a gynecologic oncologist, reproductive specialist, and geneticist
enable personalized strategy selection: gamete/embryo cryopreservation, ovarian tissue, pharmacoprotection, and PGT-M. Standardized stimula-
tion protocols and therapy timing, long-term safety and fertility data, and economic access models are needed. Improvements in biotechnology
and patient pathways improve reproductive outcomes and quality of life.

Keywords: BRCA1, BRCAZ2, fertility, breast cancer, ovarian cancer, cryopreservation, oncoreproductology, preimplantation genetic diagnosis,
multidisciplinary approach, hereditary cancer, ovarian reserve, reproductive counseling
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3.1.6. OHkonorus, nyyesas Tepanus

0b30P

Coxpanexue deptunbHocTh y XeHuuH ¢ BRCA1/2-accounnpoBaHHbIMi 0NyX0aSMN: COBPEMEHHbIE
NoAX0/Abl, MEXAYHAPOAHbIE PEKOMEHAAUMM U MYNBTUAMCLMIIMHADHAA TaKTUKA

C. U. Muxaiinos™, E. I. Hosukoea', [l. LLl. lxxa6paunoea’, U. M. OHodpuiiuyk’, 3. K. Capubeksn', A. C. 3onoTyxuHa’',
M. A. Peekoga', . A. LLlatanoe’, K. B. Makcumog', H. B. A6énuyoea’, . C. Xyraeea', U. C. [lyapse’, B. B. Edanos',
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PE3IOME

HacnepcteeHHble MyTaumm B reHax BRCA1/BRCA2 cyL,eCTBEHHO MOBbILIAIOT PUCK Pa3BUTUA paKa MOJIOYHOWN Xenesbl U AUYHUKOB Y XKEHLLUH
pPenpoayKTUBHOro Bo3pacTta, GOpMUPYst KNIMHUYECKMIA U COLManbHO-9KOHOMUYECKMIA BbI3OB W3-3a NoTepy HepTUIbHOCTH Ha hOHe NPOTMBO-
OMyX0NIEBOrO JIeYeHNs U NPOPUNAKTUHECKUX BMeLLaTeNIbCTB.

Llenb uccneposanusa. 0606LWUTb M NpoaHanM3MpoBaTh COBPEMEHHbIe JOCTUXKEHUS, KNMHUYeCK1e PeKOMEeHAaLMUN U HepeLLeHHbIe BOMpPOChI
N0 COXpaHeHUIO PeNpoAYKTUBHOM BYHKLUK Y XEHLUH-HOCUTeNei myTaumin BRCA1/BRCA2.

Matepuanbl n MeToabl. BbinonHeH cuctemMaTnsmMpoBaHHbIii nouck B PubMed/MEDLINE, Embase, Cochrane Library n Web of Science, a Tak-
e aHann3 MexayHapoAHbiX pyKoBOACTB EBponeiickoro o6liecTea penpofykuumn Yenoseka n amépuonoruu (ESHRE), AMepukaHckoro
o6LiecTBa KIMHUYECKOI OHKonorum (ASCO), AMepuKaHCKoro obLecTsa penpoayKTUBHOM MeanumnHbl (ASRM), HaunoHanbHoi KoMnnekc-
HoM oHkonoruueckoit cetu (NCCN), EBponerickoro oéuiectsa MeguumHcKon oHkonorum (ESMO). KntoueBble cnosa: «BRCAT», <BRCA2»,
«fertility preservation», «oocyte cryopreservation», «embryo cryopreservation», «ovarian tissue cryopreservation», <PGT-M», «<PARP inhibitors»,
«chemotherapy gonadotoxicity». Mepuoa;: 2005-2025 rr. Mckntouanvcb paboTbl C HEMOTHbIMU AaHHBIMU, 0630Pbl HU3KOTO METOA0/IOMMYECKOro
KayecTBa, cepuu cnyyaeB <10 HabnoAeHWIA; NPUOPUTET OTAaBaNCcA MeTaaHanudam, RCT, KpyrnHbIM KOropTam 1 KOHCeHcycaM.

PesynbraTbl. BKloUeHHbIe UccnefoBaHMA 0XBaTbIBaIM OHKOMOTMYECKMX MaLMeHTOK O Hayasia nevyeHns 1 nocsne Hero, HocuTenbHuy BRCA
C NpoduIaKTUYECKNMM CTpaTernsiMm n 6e3 Hux, a Takxke koroptbl IKO/MKCU ¢ kprokoHcepBaLuei. MokasaHo, YTo afKUIMpYLOLLME areHTbl
M TaKcaHbl MOBbILLAIOT PUCK NPeXAeBPEMEHHO HefJOCTaTOYHOCTU SMYHUKOB, TOrAa Kak aroHUCTbl MTHPI 4aCcTUYHO CHUXKAIOT pUCK oBapwasb-
HOW TOKCUYHOCTU. APDEKTUBHOCTb KPMOKOHCEPBALIMM OOLMTOB 1 3M6PHOHOB Y BRCA conocTaBrMa ¢ MONyNsiLMOHHOM NpW ONTUMU3aLmum
cTUMynALuMmM (aHTaroHucTbl MHPT, neTpo3on-coaepxallue NpoToKosbl). KpMoKoHcepBaLus oBapuanbHoOii TKaHu NpUMeHUMa Y CPOYHbIX Na-
LIMEHTOK, HO TpebyeT OHKo6e3onacHom oLeHkU. PGT-M o6ecrneunBaeTt 0T60p aMOEPUOHOB 6€3 MyTaumu. MynbTUAUCLMMANHAPHbIE MapLUPYThbI
NoBbILIAOT CBOEBPEMEHHOCTb HanpaB/IeHUs U [0S0 3aBepLUeHHbIX NMPorpamMmm coxpaHeHus GepTUIbHOCTU.

3aknouenne. PaHHAS naeHTudMKaums HocutenbHuy BRCA 1 HTerpaumus oHKOrMHEKOJI0ra, PEenpoAyKTonora u reHeTuka obecneymsatoT
nepcoHannM3npoBaHHbIi BbIGOP CTpaTernn: KpMOKOHCepBaLMs raMeT/aMEPMOHOB, OBapuasbHas TKaHb, papmakonpoTtekums, PGT-M. Heo6-
XOAUMbI CTaHAaPTU30BaHHble NPOTOKOMbI CTUMYAALMM U TaliMUHIa OTHOCUTE/IbHO Tepanuu, 4ONTOCPOYHbIe AaHHble 0 6e30MacHOCTU 1 ae-
TOPOXAEHUSX, @ TAaKXKE IKOHOMUYECKME Mofenn AocTyrna. CoBepLUeHCTBOBaHWE 6UMOTEXHOMOMMIA U MapLUPyTU3aLMsA NaLMeHTOB ynyyLatoT
PenpoAyKTUBHbIE UCXOAbl U KAYECTBO XUSHW.

KntoueBble cnoBa: BRCA1, BRCA2, pepTUnbHOCTb, pak MOJIOYHOM Xenesbl, pak SMYHUKOB, KPUMOKOHCEPBALIMS, OHKOPENPOAYKTONorus,
npevMMniaHTaLMoOHHas reHeTuYecKas AMarHocTuka, MynbTUANCLUMIIMHAPHbIA NOAXOA, HAaCNeACTBEHHbIN pak, OBapuasbHblil pe3eps,
PenpoayKTMBHOE KOHCYNbTUPOBaHWe

[ns untuposanus: Muxaitnos C. U., Hosukosa E. I, Oxxa6paunosa [. LLl., OHodpuituyk U. M., CapubeksH 3. K., 3onotyxuna A. C., PeBkoBa M. A,, LLlatanos . A,,
Makcumos K. B., A6nuuosa H. B., Xyraesa ®. C., fiyaase W. C., EpaHos B. B., 3amanauHoB H. [1., lucuuyuna 3. A. 3ukupsxoaxaes A. [l. CoxpaHeHue hepTunbHOCTH
Yy XeHwuH ¢ BRCAT/2-accoummpoBaHHbIMM ONYXONSMU: COBPEMEHHbIE MOAXOAbI, MEXAYHAPOAHbIE PEKOMEHAALMM U MyNbTUANCLMUNNNHAPHASA TaKTUKA.
I0xHo-Poccuitckuit oHkonoruyeckuii xypHan. 2025; 6(4): 46-58. https://doi.org/10.37748/2686-9039-2025-6-4-5 EDN: GXIPDC

[ina koppecnonaeHummn: Muxaiinos CtaHucnas MiropeBuy — Bpay-OHKOMOT, aCNUPAHT OTAENEHNS OHKONOMMW U PEKOHCTPYKTUBHO-NNACTUYECKON XMPYPruM MOMOYHON
Xenesbl U Koxu MOoCKOBCKOro Hay4YHO-MCCei0BaTeNbCKOr0 OHKONOrMYeckoro MHCTUTyTa uM. M. A. TepueHa — dunnan OIbY «HaumoHanbHbIit MeAULMHCKII
uccnefoBaTenbCKuii LeHTp paguonorun» MuHuctepcTBa 3apaBooxpaHenns Poccuiickoit ®epepaumm, r. MockBa, Poccuiickas degepauus

Agppec: 125284, Poccuiickas ®epepaums, r. MockBa, 2-1 BoTkuHckuii npoesg, a. 3

E-mail: dr-mih-s@yandex.ru

ORCID: https://orcid.org/0000-0003-4022-6963, eLibrary SPIN: 3645-1607, AuthorID: 1244439

(buHaHcupoBaHue: GpUHaHCUpOBaHMe AaHHOI paboTbl He NPOBOANIOCH.

KOHCIJJWIKT WHTEPECOB: BCE aBTOPbl 3aABNAKT 06 OTCYTCTBMM AABHbIX N NOTEHLMANbHbIX KOHd)}'IMKTOB WHTEPECOB, CBA3AHHbIX C I'Iy6I1VIKaLWIEl7I HBCTOFIIJ.[EVI CTatbu.

CraTbsi noctynuna B peaakumio 23.08.2025; ofobpeHa nocne peuenauposanus 10.11.2025; npuHsTa k ny6aukaumm 28.11.2025.

47


https://elibrary.ru/GXIPDC

South Russian Journal of Cancer 2025. Vol. 6, No. 4. P. 46-58

Mikhailov S. 1., Novikova E. G., Dzhabrailova D. Sh., Onofriychuk I. M., Saribekian E. K., Zolotukhina A. S., Revkova M. A., Shatalov P. A., Maksimov K. V.,
Ablitsova N. V., Khugaeva F. S., Duadze I. S., Efanov V. V., Zamaldinov N. D., Lisitsyna E. A. Zikiryakhodzhaev A. D. Fertility preservation in women with
BRCA1/2-associated tumors: modern approaches, international recommendations, and multidisciplinary tactics

BACKGROUND

BRCA mutations are hereditary variants in the
BRCA1 (Breast Cancer Susceptibility Gene 1) and
BRCAZ2 (Breast Cancer Susceptibility Gene 2) genes,
which play a fundamental role in maintaining ge-
nomic stability through highly efficient homologous
recombination-mediated DNA double-strand break
repair mechanisms [1]. Dysfunction of these genes
due to pathogenic variants leads to a significant de-
cline in DNA repair capacity, which, in turn, markedly
increases the lifetime risk of developing malignant
neoplasms, most notably breast cancer (BC) and
ovarian cancer (OC). According to current data, car-
riers of pathogenic BRCA1 variants have an estimat-
ed lifetime BC risk of 65-80 % and OC risk of up to
40-60 % [2], while for BRCA2 mutation carriers these
estimates are 45-60 % and 10-20 %, respectively.
Importantly, hereditary predisposition associated
with BRCA1/2 mutations occurs in both women and
men; however, the clinical impact is significantly
greater in women due to their substantially higher
baseline risk for associated cancers [3].

Identification of a pathogenic BRCA1/2 mutation
warrants referral for specialized genetic counseling,
which encompasses several key objectives. Primarily,
counseling aims to provide the patient and her at-risk
relatives with information on mutation-associated
cancer risks, the molecular characteristics of the de-
fect, as well as contemporary strategies for individu-
alized surveillance, prevention, and early detection of
malignancies. Additionally, when hereditary cancer
predisposition is confirmed, counseling supports
personalized therapeutic planning, including the dis-
cussion of risk-reducing surgical options. An essen-
tial component of counseling is evaluation of repro-
ductive considerations and discussion of the risk of
transmitting the mutation to future offspring, which
requires collaboration with reproductive specialists
and assessment of fertility preservation options [4].

The issue of fertility preservation is particularly
relevant for young women of reproductive age who,
due to their BRCA mutation status and early cancer di-
agnosis, may require intensive surgical treatment and/
or aggressive systemic therapy. Systemic antineo-
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plastic treatment, as well as risk-reducing salpingo-
oophorectomy, is associated with a high risk of ovar-
ian reserve depletion and premature menopause,
thereby significantly limiting reproductive potential [5].
Hence, timely and comprehensive discussion of fer-
tility preservation options must begin at the time of
diagnosis, prior to initiation of anticancer treatment.
With the increasing number of identified BRCA mu-
tation carriers, advancements in molecular genetic
testing, and expanding opportunities in assisted repro-
ductive technologies (ART), fertility preservation has
gained substantial clinical and social significance [6].
Addressing this issue requires a multidisciplinary ap-
proach that integrates medical, ethical, legal, and psy-
chological aspects, along with further research aimed
at improving management strategies and quality of
life for young BRCA-positive patients who are facing
treatment with potential gonadotoxic effects [7].

International guidelines on fertility preservation

in patients with BRCA1/2 mutations

The issue of fertility preservation in women with
BRCA1/2 mutations is reflected in multiple internation-
al guidelines, including those of the European Society
of Human Reproduction and Embryology (ESHRE), the
American Society of Clinical Oncology (ASCO)? the
American Society for Reproductive Medicine (ASRM)3,
as well as leading oncological and genetic profession-
al societies such as the European Society for Medi-
cal Oncology (ESMO0)4 the National Comprehensive
Cancer Network (NCCN)3, the International Federation
of Gynecology and Obstetrics (FIGO)®, the European
Society of Human Genetics (ESHG)’, and the American
College of Medical Genetics and Genomics (ACMG)®.

' European Society of Human Reproduction and Embryology (ESHRE)
[Internet]. Available at: https://www.eshre.eu - Editorial note.

2 American Society of Clinical Oncology (ASCO) [Internet]. Available at:
https://www.asco.org - Editorial note.

3 American Society for Reproductive Medicine (ASRM) [Internet].
Available at: https://www.asrm.org - Editorial note.

4 European Society for Medical Oncology (ESMO) [Internet]. Available
at: https://www.esmo.org - Editorial note.

5 National Comprehensive Cancer Network (NCCN) [Internet]. Available
at: https://www.nccn.org - Editorial note.

¢ International Federation on Gynecology and Obstetrics (FIGO)
[Internet]. Available at: https://www.figo.org - Editorial note.

7 European Society of Human Genetics (ESHG) [Internet]. Available at:
https://www.eshg.org/home - Editorial note.

¢ American College of Medical Genetics and Genomics (ACMG)
[Internet]. Available at: https://www.acmg.net - Editorial note.
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The modern multidisciplinary approach requires not
only individualized reproductive preservation strat-
egies, but also careful consideration of the specific
genetic risks within this patient population [8].

According to the updated ESHRE and ASCO
guidelines, all women of reproductive age with
confirmed BRCA1/2 mutations, or those at high
risk of carrying such mutations due to a burdened
family history, must receive timely counseling on
the possibilities and limitations of fertility preser-
vation strategies. ASCO emphasizes that fertility
preservation counseling should be offered to all
patients before the initiation of potentially gonad-
otoxic therapy, regardless of the woman'’s ultimate
decision regarding the use of preserved gametes
or tissues in the future [9].

ESHRE highlights the importance of genetic coun-
seling prior to in vitro fertilization (IVF) procedures
and oocyte/embryo cryopreservation, as well as dis-
cussing the option of preimplantation genetic testing
for monogenic disorders (PGT-M) in order to prevent
transmission of the mutation to offspring. Both soci-
eties also recommend considering oocyte or embryo
cryopreservation as the standard and most effective
method, whereas ovarian tissue cryopreservation
may be proposed only in exceptional cases with man-
datory evaluation of the patient’s oncological status
and the potential risk of reimplanting tissue carrying
a pathogenic mutation. ASRM also underscores the
limitations of using autotransplanted ovarian tis-
sue specifically in BRCA1/2 mutation carriers due
to a theoretically increased risk of malignancy or
micro-metastatic disease [10].

Several consensus documents (NCCN, ESMO) em-
phasize the necessity of integrating fertility preserva-
tion counseling into the decision-making process for
oncological treatment planning, as well as ensuring
multidisciplinary collaboration between oncologists
and reproductive specialists.

Fertility preservation protocols should be con-
sidered for all reproductive-age patients prior to
the initiation of chemotherapy or radiotherapy that
may have a gonadotoxic effect, and also before pro-
phylactic bilateral oophorectomy or adnexectomy

recommended for BRCA mutation carriers as a pre-
ventive measure after the completion of childbear-
ing. It is critically important not to miss the window
of opportunity between diagnosis and the start of
treatment.

Women carrying BRCA1/2 mutations differ not
only in their baseline strategies of cancer treatment
and prevention, but also in fertility preservation
approaches. This patient group frequently demon-
strates a reduced ovarian reserve already at the time
of diagnosis, which necessitates early counseling
and rapid decision-making regarding fertility pres-
ervation.

Methods for preserving reproductive potential

in BRCA-associated diseases

Modern oncofertility offers a number of effective
strategies for fertility preservation in women with
BRCA mutations, which is particularly relevant given
the unfavorable prognosis for natural reproductive
function when aggressive treatment is required. The
choice of method is individualized based on the on-
cological diagnosis, the time available before start-
ing primary treatment, patient age, ovarian reserve,
and reproductive plans [11].

Oocyte cryopreservation is a modern and widely
accepted method of fertility preservation for wom-
en of reproductive age. The procedure involves
controlled ovarian stimulation with gonadotropins,
followed by transvaginal ultrasound-guided retriev-
al of mature oocytes and vitrification (ultra-rapid
freezing), which ensures maximum preservation of
the structural and functional potential of oocytes
during long-term storage. This method is preferable
for patients without a permanent partner or those
not ready for fertilization at the time of diagnosis.
Oocyte cryopreservation is considered effective and
safe, and it is not associated with an increased risk
of malignant transformation in BRCA mutation car-
riers [12].

In a study by Cobo A. et al., a comparative anal-
ysis of oocyte cryopreservation by vitrification was
conducted in two groups: 5289 healthy women and
1073 women with cancer. Significant differences
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were found between the cohorts. The post-thaw
oocyte survival rate in healthy women was 91.4 %,
whereas in cancer patients it was substantially
lower at 81.2 %. Clinical pregnancy rates also dif-
fered: 65.9 % among healthy women versus 42.8 %
among oncologic patients. The authors showed
that in women aged up to 35 years inclusive, re-
productive outcomes were significantly higher in
the healthy cohort; however, after age 35 no sta-
tistically significant differences were observed,
suggesting the dominant influence of age in the
older group [13].

Regarding patients carrying BRCA1/2 mutations,
a meta-analysis by Corrado G. et al. included six
studies assessing mutation impact on fertility pres-
ervation outcomes. A total of 1848 patients were
analyzed, 265 of whom carried BRCA mutations.
Results were inconsistent: several studies report-
ed reduced ovarian reserve and poorer response to
stimulation, reflected by fewer retrieved oocytes and
embryos, while others found no significant differenc-
es between carriers and non-carriers [14].

Another study by Corrado G. et al. compared in vi-
tro maturation (IVM) outcomes between 57 patients
with BRCA-mutation carriers and 277 controls. No
significant differences in oocyte maturation were
found. The mean maturation rate was 68.4 % in
BRCA-positive patients versus 71.2 % in the con-
trol group (p = 0.287). Oocyte morphology quality
was also comparable (82.1 % vs 84.5 %, p = 0.412).
Subgroup analysis revealed no impact of mutation
type (BRCA1 vs BRCA2) or age. Time to reach meta-
phase Il was similar in both groups (24-26 hours),
suggesting that BRCA mutations may not impair in
vitro maturation, which is encouraging for fertility
preservation programs [14].

Embryo cryopreservation is the method of choice
for patients with a stable partner and/or defined re-
productive plans. Embryos created via IVF are cryo-
preserved and stored until pregnancy is desired. This
approach demonstrates the highest efficiency among
assisted reproductive technologies but may require
additional time, which is not always feasible in urgent
cancer treatment settings [15, 16].
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Ovarian tissue cryopreservation is an innovative
and rapidly developing method, suitable for patients
requiring immediate treatment or those for whom
controlled stimulation is contraindicated. The tech-
nique involves laparoscopic retrieval of cortical ovar-
ian tissue followed by cryostorage and potential au-
totransplantation after treatment. This may restore
both fertility and endocrine function. However, in
BRCA mutation carriers, the risk of reintroducing
malignant cells remains a concern. Therefore, in-
ternational guidelines consider ovarian tissue cryo-
preservation a limited option that requires careful
individualized risk assessment and multidisciplinary
counseling [17].

Use of gonadotropin-releasing hormone agonists
(GnRHa) during chemotherapy is aimed at tempo-
rary suppression of ovarian function, reducing cy-
totoxic damage to follicles. GnRHa induce transient
suppression of the hypothalamic-pituitary-gonadal
axis, placing ovaries in a pharmacological “resting”
state. Multiple meta-analyses confirm reduced risk
of premature ovarian insufficiency and higher rates
of spontaneous post-treatment pregnancy. Never-
theless, this method does not replace established
cryopreservation protocols and is considered an ad-
junctive gonadoprotective strategy [18, 19].

Another option is the use of donor oocytes, which
is considered a reserve strategy for women who have
lost ovarian reserve due to treatment or who initially
have a low likelihood of successful IVF with their own
oocytes. Donor oocyte use enables the possibility of
gestation and childbirth even in cases of complete
loss of endogenous fertility, although it is associated
with psychological, ethical, and legal considerations
that must be discussed with prospective parents. In
addition, the use of donor gametes fully eliminates
the risk of transmitting a BRCA mutation to the off-
spring.

The development and creation of artificial or
bioengineered ovaries represent one of the most
promising areas of research. An artificial ovary is de-
fined as a three-dimensional biocompatible scaffold
populated with the patient’s own follicular cells and
immature oocytes, or with donor-derived material.
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Such constructs theoretically address the risk of ma-
lignant cell reintroduction and may allow restoration
of both endocrine function and fertility. In the future,
novel molecular targets for the pharmacological pro-
tection of the female reproductive system are being
explored, and new agents are being developed that
can selectively block apoptotic signaling pathways
or exert cytoprotective effects directly on ovarian
follicles [20].

It should be emphasized that timely referral of
the patient to a reproductive specialist and the se-
lection of an individualized fertility preservation
strategy are essential components of the modern
multidisciplinary approach to the management of
women with BRCA mutations, helping to safeguard
their reproductive autonomy and improve long-term
quality of life.

Genetic screening for BRCA mutations to

prevent transmission to offspring

The BRCAT and BRCA2 genes are highly penetrant
tumor suppressors. Mutations in these genes are
inherited in an autosomal dominant pattern. This
means that each pregnancy of a woman carrying
a pathogenic mutation in BRCA1 or BRCA2 is associ-
ated with a 50 % risk of transmitting this mutation to
the child, regardless of the child’s sex. The mutations
are transmitted equally through both the maternal
and paternal lineage; the hereditary predisposition
is determined by a homologous defective allele,
and even a single altered gene copy substantially
increases the risk of developing BRCA-associated
malignancies [21].

Currently, a key tool for reducing the risk of trans-
mitting a pathogenic BRCA mutation to offspring
is preimplantation genetic testing for monogenic
disorders (PGT-M). This method is used within IVF
programs. At the blastocyst stage, biopsy of several
trophectoderm cells is performed, followed by DNA
analysis, which allows precise identification of the
presence or absence of BRCA1/2 mutations in each
embryo [22]. Based on these results, only embryos
that have not inherited the mutation are selected for
uterine transfer [23].

Another approach is analysis of BRCA mutations
using umbilical cord blood. Cord blood is considered
a potential source of DNA, especially in the neonatal
period. It contains a sufficient number of nucleat-
ed cells to isolate genetic material for screening of
known hereditary mutations, including BRCA1 and
BRCAZ2. This approach can be applied, for example,
to determine mutation carriage in a newborn as
part of family genetic evaluation or by neonatology
indications. In addition, cord blood testing has the
advantage of non-invasive collection immediately
after birth, ensuring both high safety and diagnostic
value [24, 25].

Reproductive counseling for patients carrying
BRCA mutations should include a discussion of
the risk of transmitting the pathogenic allele to off-
spring, and information about modern possibilities
of preimplantation genetic testing as an ethically
and clinically meaningful method of interrupting
autosomal-dominant transmission of cancer pre-
disposition [26]. This provides families with the right
to make an informed decision regarding the planning
of healthy offspring.

Reproductive loss associated with BRCA-

related therapy

Comprehensive treatment of malignant diseases
in patients with BRCA mutations has a pronounced
negative effect on reproductive function, primarily
reflected in the state of the ovarian reserve and hor-
monal activity. Major components of contemporary
anticancer therapy — chemotherapy, radiotherapy,
and surgery — individually and collectively signifi-
cantly increase the risk of premature ovarian insuf-
ficiency.

Chemotherapy is one of the leading causes of
ovarian reserve depletion. Agents used in the treat-
ment of breast and ovarian cancer have marked go-
nadotoxic effects. Toxicity is driven by direct dam-
age to proliferating granulosa cells and induction of
apoptosis in growing follicles [27]. The development
of treatment-related amenorrhea (TRA) in oncology
patients is determined by several interrelated fac-
tors, among which the most significant are patient
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age, baseline ovarian reserve, and the presence of
pathogenic BRCA variants.

Chemotherapeutic regimens containing cyclo-
phosphamide, doxorubicin, and taxanes demon-
strate high gonadotoxicity, inducing TRA in 83.6 %
of cases, accompanied by a characteristic decline
in anti-Miillerian hormone (AMH) levels, which in
many patients shows partial recovery within three
years after therapy completion. Age-stratified anal-
ysis of TRA risk reveals a clear correlation: patients
over 35 years have a threefold higher probability of
developing TRA. Recovery of reproductive function
after TRA is generally favorable: menstrual cycles
resume in about 70 % of patients within one year
and in 90 % within two years after treatment. BRCA
mutation carriers demonstrate additional features of
reproductive aging, including earlier menopause by
1-3 years compared to the general population [28].

The baseline AMH level in BRCA carriers is of
particular interest for ovarian reserve assessment.
Numerous studies have attempted to determine
whether women with germline pathogenic BRCA1/2
variants and diagnosed breast cancer have lower
baseline AMH and/or a reduced response to con-
trolled ovarian stimulation compared to non-carriers.
However, available data show significant heteroge-
neity, contributing to difficulties in forming uniform
clinical recommendations [29].

A major dilemma in contemporary oncology is
the potential conflict between preserving fertility in
young women and the urgency of initiating treat-
ment. Fertility preservation procedures require time
for planning and implementation and may delay che-
motherapy, which could theoretically worsen onco-
logical outcomes.

A retrospective study by Greer A. et al. involving
272 patients with stage 0-1ll breast cancer demon-
strated that fertility preservation in 123 patients
caused a mean treatment initiation delay of 10 days
compared with controls (149 patients). Despite this
delay, oncological outcomes were comparable: pro-
gression-free survival at three years was 85.4 % vs.
79.4 % (p = 0.411) and overall survival was 95.5 %
vs. 93.5 % (p = 0.854) [30].
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In modern reproductive practice, Random-Start
ovarian stimulation is used, enabling initiation at any
point in the menstrual cycle, which is particularly rel-
evant for cancer patients requiring urgent treatment.
In women with hormone-receptor—positive breast
cancer, stimulation is combined with aromatase
inhibitors to avoid supraphysiologic estradiol lev-
els that may adversely affect disease progression.
Thus, aromatase inhibitors are started concurrently
with gonadotropins and continued for seven days
after oocyte retrieval until estradiol falls below 50
pg/mL. The “double trigger” technique (combined
hCG + GnRH agonist) is frequently used to optimize
final oocyte maturation, especially in patients at risk
for poor ovarian response due to BRCA-associated
reduced reserve [31].

Hormone therapy usually does not directly dam-
age the ovaries or suppress ovarian reserve. How-
ever, the standard treatment duration of 5-10 years
significantly reduces reproductive potential due to
age-related decline in fertility, limiting the likelihood
of future pregnancy after therapy completion [32].

Radiation therapy, particularly irradiation of the
pelvic or abdominal region, also adversely affects
reproductive function. The ovaries are highly sen-
sitive to ionizing radiation, and even relatively low
doses may lead to irreversible follicular reserve dam-
age. Ovarian dysfunction manifests as decreased
estrogen levels, elevated FSH, and clinical signs of
iatrogenic menopause. The nature and severity of
damage depend on radiation dose and the volume
of irradiated tissue [33, 34].

Surgical treatment of BRCA-associated malig-
nancies often involves radical procedures such as
bilateral oophorectomy (removal of the ovaries)
or salpingo-oophorectomy (removal of the ovaries
and fallopian tubes). Even when performed prophy-
lactically, such procedures result in the immediate
loss of ovarian function with the development of
iatrogenic menopause, secondary amenorrhea, and
inability to conceive naturally. Additionally, prophy-
lactic mastectomy deserves particular attention.
Although this intervention does not directly lead
to loss of reproductive capacity, the breast plays
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an important biological role in human reproduc-
tion. It is not only a symbol of femininity but also
a key organ for breastfeeding, which directly af-
fects mother—infant bonding, nutrition, and neo-
natal immune protection [35]. The loss of breast
tissue is also frequently associated with significant
psycho-emotional distress related to body-image
alteration and perception of feminine identity, which
may negatively influence future decisions regarding
motherhood. The question of the feasibility and tim-
ing of preventive surgical interventions in women
with identified pathogenic BRCA1/BRCA2 muta-
tions, who have not yet completed their reproduc-
tive plans and have no clinical signs of malignancy,
remains the subject of active scientific discussion
and requires an individualized approach. Prophylac-
tic mastectomy in carriers of pathogenic BRCA1/
BRCA2 variants reduces the lifetime risk of breast
cancer by approximately 90-95 %. Prophylactic
bilateral salpingo-oophorectomy reduces the risk
of ovarian and fallopian tube cancer by more than
80-90 % [36].

International clinical guidelines, based on consen-
sus statements of leading oncological and genetic
societies (NCCN, ESMO, SGO, ASCO, etc.), confirm
that prophylactic bilateral mastectomy and/or bilat-
eral salpingo-oophorectomy significantly reduce the
risk of breast and ovarian cancer in BRCA mutation
carriers. However, the optimal timing of such proce-
dures, particularly for young women, remains a mat-
ter of debate. Early preventive surgery undoubtedly
minimizes cumulative cancer risk but is associated
with pronounced consequences for quality of life,
fertility potential, psycho-emotional well-being, and
hormonal balance. Several guidelines (NCCN, ESMO)
indicate the possibility of delaying preventive surgery
until childbearing is completed—typically until 35-40
years of age for BRCA1 carriers and 40-45 years for
BRCA2 carriers, provided that stringent oncological
surveillance is maintained [37].

Thus, all major components of the comprehensive
treatment of malignant neoplasms in patients with
BRCA mutations are associated, to varying degrees,
with a risk of significant impairment of reproductive

function. This necessitates early discussion, even be-
fore the initiation of specific anticancer treatment, of
fertility preservation and individualized reproductive
planning for each patient in this category.

CONCLUSION

The issue of fertility preservation in women
with pathogenic BRCA1 and BRCA2 mutations
is one of the most critical challenges at the in-
tersection of oncology, reproductive medicine,
and medical genetics. These patients belong to
a population with an extremely high oncological
risk, and modern treatment modalities — includ-
ing surgical interventions, chemotherapy, and
radiotherapy — are associated with the threat of
ovarian reserve depletion and the development of
premature menopause, which effectively leads to
infertility, disrupts hormonal balance, and reduces
long-term quality of life.

Comprehensive assessment of reproductive risks,
thorough genetic counseling, and targeted patient
education on available fertility preservation options
constitute essential components of a multidis-
ciplinary management approach. Current clinical
guidelines emphasize the critical importance of early
referral to reproductive specialists: timely optimiza-
tion of diagnostic and therapeutic planning enables
the implementation of effective oocyte or embryo
cryopreservation strategies, providing the possibil-
ity of having a biologically related child even after
completion of anticancer therapy. Furthermore, the
active integration of preimplantation genetic test-
ing for monogenic disorders (PGT-M) significantly
reduces the risk of transmitting pathogenic BRCA
mutations to offspring, which is ethically and clinical-
ly important for families with a burdened hereditary
cancer history. A key direction for further develop-
ment includes the improvement of biotechnological
and pharmacological approaches to ovarian protec-
tion, including the creation of artificial ovaries and
pharmacologic prevention of gonadotoxic effects
associated with systemic therapy. The efficacy and
long-term safety of these innovative strategies are
currently the focus of intense scientific investigation,
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highlighting the need for continued fundamental and
clinical research.

Another essential task is the optimization of
decision-making regarding risk-reducing surgeries
(mastectomy, salpingo-oophorectomy) in BRCA mu-
tation carriers who have not yet developed cancer.
Current data support the possibility of delaying rad-
ical preventive interventions until after completion
of reproductive plans, combined with dynamic spe-
cialized surveillance, which allows preservation of
reproductive potential without a clinically significant
increase in oncological risk, provided that individual-
ized screening protocols are strictly followed.

Thus, the practical implementation of a mul-
tidisciplinary and personalized approach to the
management of women with BRCA1/2 mutations,
aimed not only at the prevention and timely treat-
ment of malignant tumors but also at the preser-
vation and restoration of reproductive health, must
become a priority in modern clinical practice. Only
such a comprehensive strategy — integrating medical,
genetic, psychological, and ethical-legal aspects -
can substantially improve quality of life and ensure
informed reproductive decision-making for patients,
supporting their right to motherhood and the well-be-
ing of future generations.
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ABSTRACT

The development of antitumor strategies aimed at restoring systemic and local immune regulation is considered one of the most promising
directions. Technologies based on dendritic cell vaccines (DCVs), characterized by minimal toxicity and alignment with fundamental immuno-
logical mechanisms of antitumor resistance, are of particular interest.

Purpose of the study. Is to evaluate the effectiveness of immunotherapeutic approaches for gynecologic malignancies using DCVs and to
outline promising directions for further development.

Materials and methods. A literature search was conducted in the bibliographic registers MEDLINE, ClinicalTrial.gov., eLIBRARY and CyberLeninka,
using the search systems PubMed, Google Scholar. The vast majority of the identified sources are indexed in Scopus and Web of Science. The
review includes more than 60 publications in Russian and English, over 50 % of which were published within the past five years.

Results. The analysis summarizes data on the clinical outcomes of DCV-based therapy in advanced cervical cancer, endometrial cancer, and
ovarian cancer. Reported beneficial effects include temporary disease stabilization, improved overall survival and quality of life in advanced
malignancies, enhanced efficacy of subsequent chemotherapy, and occasional cases of partial or complete remission. The review also addresses
potential reasons for the limited efficacy of DCVs, as well as possible combinations of this technology with other immunotherapeutic modalities
and traditional anticancer treatments. The currently modest therapeutic effectiveness of DCVs in gynecologic cancers may be attributed both
to the insufficient maturity of the technology and to inherent mechanisms of tumor immune evasion.

Conclusion. The therapeutic potential of DCVs has not yet been fully realized. Advances in immunotherapy, molecular biology, nanotechnology,
and strategies for activating systemic and local antitumor resistance mechanisms provide a foundation for defining future research priorities
aimed at improving the efficacy of DCVs as an important component of multimodal treatment for gynecologic malignancies.
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Wcnonb3oBaHue MeTo08 NMMyHOTEpanun ¢ npUMEHEHNEM AEHAPUTHOKNETOYHbIX
BAKLIWH B OHKOTMHEKOJI0TUK

I. B. XXykoBa™, E. M. ®paHuusHu, U. B. Kannunesa, T. 1. Mouceenko, A. . MenbweHuHa, A. 0. Winxnsaposa, B. A. baHR0BKMHa,
E. U. Cypukoga, E. B. llanawHas, 10. A. Metpoea, M. C. KayecoBa

HauuoHanbHbIA MegNLUHCKNIA ucenesoBaTeNnbCKuii LIEHTP oHKonorum MunucTepcTBa 3apaBooxpaHenuns Poccuitckoit depepauuu, r. PocToB-Ha-[loHy,
Poccuiickas ®epepaums

M galya_57@mail.ru

PE3IOME

Paspa6oTka MeTof0B NPOTUBOOMYXO/IEBOrO NIEYEHWS], HanpaBieHHbIX Ha BOCCTAHOBNIEHWE CUCTEMHOW M NTOKanbHOW MMMYHHOI perynsiumm,
paccmaTtpuBaeTcs B KayecTBe HauGosiee nepcnekTUBHON CTpaTermn B COBPEMEHHON OHKONOrK. bonbluoit MHTepec NpeACTaBNSOT TEXHO-
NOTUMN € UCNONb30BaAHUEM AEHAPUTHOKIIETOUHbIX BakUMH (AKB), oTnnyatoLmecs oTcyTCTBUEM TOKCUYHOCTU M COOTBETCTBYOWME dyHAa-
MeHTanbHbIM UMMYHHbIM MeXaH13MaM MPOTUBOOMYXOSIEBO PE3UCTEHTHOCTU.

Lienb uccnepoBanus. N3yuntb apdekTMBHOCTb METOAOB MMMYHOTEpPanNuM OHKOTMHEKONIOTMYECKMX 3a6oNieBaHuUii ¢ ucnonb3osaHmem KB
1 NepcrnekTUBHbIe HanpaBeHNUs UX pPa3BUTUA

Marepuanbi u MeToabl. [poBefieH NoWCK NMTepaTypbl B 6ubnuorpaduyeckux peectpax MEDLINE, ClinicalTrial.gov., eLIBRARY v KuéepJlieHuH-
Ka, C UCNonb30BaHUeM NoMckoBbIx cucteM PubMed, Google Scholar. NMopaenstoLyee 601bLUMHCTBO MCTOYHUKOB BK/IHOUYEHbI B 6a3bl JaHHbIX
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INTRODUCTION

The ability of malignant cell systems to suppress
immune surveillance, together with their unrestrict-
ed proliferative activity, distinct metabolism that
ensures preferential access to the host's energy
and biosynthetic resources, and the loss of contact
inhibition, represents one of the most significant
pathogenetic characteristics of malignant tumors [1].
Despite the widespread introduction and ongoing
refinement of radiation therapy, systemic anticancer
treatments, and the expanding panel of plant-derived
cytotoxic agents (including taxanes and others) [2],
the search for therapeutic approaches aimed at re-
storing systemic and local immune regulation of cel-
lular life cycles and tissue development is increasing-
ly regarded as one of the most promising strategies
in fundamental and clinical oncology. In this context,
the development of novel and effective methods of
tumor immunotherapy continues to generate consid-
erable interest and high expectations.

Purpose of the study is to evaluate the effective-
ness of immunotherapeutic approaches for gyneco-
logic malignancies using dendritic cell vaccines and to
outline promising directions for further development.

General background on dendritic cell vaccines

It is well established that various immune sys-
tem cell types are capable, in one way or another, of
directly damaging malignantly transformed cells.
Such reactions have been described for natural
killer cells [3], B-lymphocytes [4], neutrophils [5],
monocytes [6], and tissue basophils [7]. Activation
of these cells can be achieved not only through cy-
tokines but also through systemic regulatory influ-
ences on the central components of the integrated
neuroendocrine-immune system [8], mediated by
factors of various origins, including phytoimmuno-
modulators [2, 9], weak electromagnetic radiation,
and biologically active fluids [10]. Approaches aimed
at mobilizing these processes are classified as non-
specific immunotherapy and hold significant theoret-
ical and practical value.

At present, multiple directions in tumor immuno-
therapy are being developed, focusing on direct or
indirect stimulation of the effector arm of the im-
mune system, whose activity is suppressed under
conditions of malignant growth. Historically, the first
variant of tumor immunotherapy involved bacterial
vaccines [11], initiated over a century ago with Wil-
liam Coley’s vaccine, which was successfully applied
to soft-tissue sarcomas. A widely used contemporary
immunotherapeutic approach is antibody-dependent
cytotoxicity, implemented through monoclonal anti-
body therapy capable of enhancing antitumor cyto-
toxic responses via Fc-receptor interactions of not
only T-lymphocytes but also other immune system
elements [12]. Additional strategies include cytotoxic
lymphocytes activated in vitro through various meth-
ods [13], as well as tumor-infiltrating lymphocytes
extracted from a patient’'s tumor tissue, expanded
ex vivo, and reinfused into the same patient (TIL
therapy) [14].

More recent immunotherapy modalities demon-
strating high clinical efficacy in recent years include
the use of genetically modified T-cells engineered to
express CAR-T or TCR-T receptors, which enhance
their ability to selectively destroy tumor cells [15].
CAR-T therapy is primarily applied in hematologic
malignancies and targets surface antigens, where-
as TCR-T approaches can be effective in selected
solid tumors by recognizing intracellular antigens.
For several cancers, favorable outcomes have been
achieved through the inclusion of immune check-
point inhibitors (ICls) in multimodal treatment reg-
imens [16].

However, the priority goal of tumor immunothera-
py should be the ability to orchestrate robust tumor-
specific immune responses - i.e., the activation of
tumor antigen (TA) recognition and presentation,
generation of highly active tumor-specific cytotoxic
T-cells, and massive destruction of transformed cells
through apoptosis, enabling rapid and economical
clearance of cellular debris without the toxic sequel-
ae characteristic of necrosis [17]. In this context,

61



South Russian Journal of Cancer 2025. Vol. 6, No. 4. P. 59-74

Zhukova G. V.%, Frantsiyants E. M., Kaplieva I. V., Moiseenko T. I, Menshenina A. P, Shikhlyarova A. I., Bandovkina V. A., Surikova E. I., Shalashnaya E. V., Petrova Yu. A.,
Kachesova P. S. Application of dendritic cell vaccine immunotherapy in gynecologic malignancies

methods employing dendritic cell vaccines (DCVs)
attract particular attention, since dendritic cells
(DCs) are the most effective antigen-presenting
components of the immune system. DCs originate
from bone marrow hematopoietic progenitors, form
reticular cellular networks widely distributed through-
out the organism, and play a key role in immune sur-
veillance [18]. These professional antigen-presenting
cells require minimal amounts of antigen to stimu-
late cytotoxic lymphocyte proliferation and can in-
duce lymphoproliferative responses using antigen
quantities approximately 100-fold lower than those
required for macrophages or B-lymphocytes. Impor-
tantly, DCs can migrate into lymph nodes and initiate
the formation of tumor-specific cytotoxic T-cells [19].

Mobilization of DCs occurs under the influence of
tumor antigens, which are internalized by phagocyto-
sis; DCs then migrate to the lymph nodes, where the
antigens are processed into peptides and presented
in complex with major histocompatibility complex
(HLA) molecules to T-cells.

In addition to their pathogenetic mechanism of
action, personalized DCVs are characterized by low
toxicity and relative technical simplicity of produc-
tion [18, 19]. DCV preparation generally includes: (1)
isolation of precursor cells from blood (monocytes)
or bone marrow (CD34+ hematopoietic stem cells);
(2) stimulation of their maturation and differentiation
into activated DCs using cytokine cocktails and au-
tologous tumor antigens ex vivo; and (3) reinfusion
of mature DCs into the patient. After administration,
activated DCs migrate to lymph nodes and present
tumor antigens to CD4+ and CD8+ T-cells, initiating
an adaptive immune response. A less common ap-
proach involves in vivo expansion of circulating DCs
via hematopoietic growth factors such as FIt3L and
granulocyte colony-stimulating factor (G-CSF).

The use of precursor populations rather than
endogenous mature DCs is explained by the het-
erogeneity and immunosuppressive phenotype of
endogenous DCs in the tumor microenvironment, as
well as the relative ease of obtaining enough mono-
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cytes and bone-marrow progenitors [20]. A major
challenge is the selection of tumor antigens and mat-
uration cocktails to generate highly immunogenic
DCs optimally targeted toward malignant cells. Ma-
ture DCs differ significantly from immature forms in
their molecular profiles, morphology, and functional
activity [21]. To enhance immunogenicity, a variety
of adjuvants are used, including bacterial and viral
components, gangliosides, recombinant proteins,
immunogenic peptides, anti-idiotype monoclonal
antibodies, mucins (notably MUC1), genetically or
chemically modified tumor cells, tumor lysates, and
others [18-20]. Adjuvant selection depends on tumor
type and localization. Common elements across DCV
protocols include the route and schedule of admin-
istration (intradermal or subcutaneous, at least 3—-4
injections at 1-2-week intervals) and typical dosing
(10%-107 DCs per injection).

Despite the clear objective of achieving complete
tumor regression through DC-based activation of
antitumor immunity, this goal has not yet been real-
ized. Complete responses have been most frequently
observed in melanoma, one of the most aggressive
and highly immunogenic tumors [19, 22], usually ac-
counting for no more than 3-7 % of cases in specific
cohorts. More favorable long-term outcomes — com-
plete remission in one-third of melanoma patients -
were reported with DCV administration after primary
tumor resection and removal of macrometastases,
with follow-up exceeding six years [23]. Studies of
DCV efficacy in cutaneous melanoma have also been
conducted by domestic researchers [24, 25]. Com-
plete tumor regression in other malignancies has
been documented far less frequently [26].

To date, despite their excellent safety profile and
minimal toxicity, current DCV formulations have not
demonstrated sufficiently strong or consistent anti-
tumor activity [19, 27]. Limited efficacy is attributed
primarily to the low immunogenicity of tumor anti-
gens used for DC stimulation, immunosuppressive
influences of the tumor microenvironment, and neg-
ative selection of cytotoxic T-cells in the thymus.
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To mitigate these obstacles and improve therapeutic
outcomes, DCVs are increasingly combined with oth-
er immunotherapeutic modalities. Promising combi-
nations include DCVs with ICls, TIL therapy, and TCR/
CAR-T-based cellular therapies [18].

Dendritic cell vaccines in the immunotherapy

of gynecologic malignancies

The question of whether tumor immunotherapy
can be effectively applied to gynecologic cancers
carries considerable scientific and practical signif-
icance. Persistently high incidence and mortality
rates, which have shown little reduction over more
than a decade, together with the limited therapeutic
effectiveness for women with malignant tumors of
the reproductive system, remain among the most
urgent challenges in modern oncology. Although cer-
vical cancer (CC) is the only gynecologic malignancy
with a well-established etiologic factor — oncogenic
human papillomavirus (HPV) subtypes — and despite
the existence of effective screening programs and
primary/secondary prevention strategies, the inci-
dence of CC continues to rise both in Russia and
worldwide. A trend toward a younger age at diag-
nosis has been observed, and first-year mortality
exceeds one-tenth of newly diagnosed cases [28, 29].
This situation is further complicated by insufficiently
optimized protocols for preoperative radiotherapy,
which represents one of the main treatment modal-
ities for patients with advanced CC [30].

Endometrial cancer (EC) is the most prevalent
gynecologic malignancy in developed countries. In
Russia, EC accounted for 8 % of all newly diagnosed
cancers among women in 2023, exceeding the inci-
dence of cervical cancer and ovarian cancer (OC)
by 1.8-fold or more [28]. The incidence of EC contin-
ues to increase due to population aging and obesity-
related factors. The greatest therapeutic challeng-
es arise in advanced-stage disease. Significant
molecular-genetic and histological heterogeneity in
EC results in substantial variations in clinical out-
comes and prognosis, prompting the development

of an additional molecular classification system as
an essential prerequisite for creating algorithms for
personalized treatment — an approach that remains
insufficiently established to date [31].

Mortality associated with OC is the highest among
gynecologic cancers [28, 32]. Platinum resistance -
developing in 75-90 % of patients after repeated
chemotherapy courses - rapid progression of me-
tastases in the omentum and pelvic organs due
to exfoliation of tumor cells into serous fluid, and
the predominance of high-grade serous carcinoma,
the most aggressive OC subtype, severely limit the
chances of achieving even temporary disease con-
trol and account for the high lethality in this patient
population.

Evidence of the immunogenicity of malignant
tumors of the female reproductive system [33, 34]
provides an additional rationale for pursuing effec-
tive immunotherapeutic approaches for gynecolog-
ic cancers, including those based on dendritic cell
vaccines (DCVs).

Cervical cancer

At the present stage, dendritic cell vaccines
(DCVs) are used only as an adjunct modality in the
treatment of malignant tumors localized in the uter-
us, and their clinical application remains limited. In
cervical cancer (CC), considerably more is known
about the integration of passive immunotherapy
approaches — particularly immune checkpoint in-
hibition [35] and TIL therapy [36] — into multimod-
al treatment regimens. These methods may exert
a meaningful therapeutic effect in selected dissem-
inated forms of CC.

In Russia, experimental and clinical studies involv-
ing DCVs for the treatment of CC were conducted at
the National Medical Research Center of Oncology
(Rostov-on-Don). A DCV was developed based on
monocytes derived from the peripheral blood of CC
patients, using GM-CSF, IL-4, and TNF-a for matu-
ration, and loaded with HelLa cell lysate to generate
mature activated DCs [37]. This vaccine was subse-
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quently evaluated as part of a combined treatment
strategy for CC patients with different extents of
disease [38].

In five patients with CC stage T4aN1M1 (bladder
and distal ureter invasion), bilateral nephrostomies,
multiple distant metastases, severe endogenous in-
toxication, grade Ill anemia, and cachexia, DCV was
administered with palliative intent as the only avail-
able treatment option. Disease stabilization for 6-12
months was achieved, with a mean overall survival of
14.8 months. Among eleven patients with progres-
sive CC following standard therapy, DCV combined
with palliative polychemotherapy (PCT) resulted in
stabilization in approximately half of the cases. Pro-
gression-free survival and mean overall survival in
this group reached 15.8 and 32 months, respectively.
In three patients with CC T2bN1MO0 whose tumors
remained unresectable after standard chemoradia-
tion, DCV administered alongside second-line PCT
induced complete tumor regression. However, the
authors noted that in 18 % of cases the DCV-based
treatment produced no meaningful effect and failed
to halt disease progression [39].

In incurable and progressive CC, DCV use resulted
in significant improvements in quality of life com-
pared with chemoradiation alone, largely owing to
marked analgesic and anti-inflammatory effects.
Pain relief typically occurred after 2-3 DCV admin-
istrations. Immunologic and biochemical indicators
in DCV-treated patients demonstrated improved
systemic homeostasis after at least six DCV cycles,
including restoration of previously reduced NK-cell
and CD8+ T-cell levels, increased Tm/ThO ratios
(“memory” / “naive” T-cells) among CD4+ and CD8+
subsets, and normalization of albumin functionality,
medium molecular weight molecules, and blood re-
dox parameters [39].

Earlier reports by Santin A. D. and colleagues from
the University of Arkansas for Medical Sciences
similarly described improved therapeutic outcomes
and patient status following DCV administration in
CC [40, 41]. Their work examined DCVs produced
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from monocytes stimulated with GM—-CSF and load-
ed with HPV E6 and E7 oncoproteins — antigens fre-
quently expressed in HPV-associated tumors. These
oncoproteins were considered suitable targets for
therapeutic vaccination against HPV-infected cancer
cells. In a study of 18 patients with advanced CC,
clinical benefit was observed in four cases: disease
stabilization for one year in two patients, and com-
plete tumor regression following PCT administered
after vaccination in another two [40].

In a phase Il study evaluating DCV in 14 patients
with advanced or recurrent CC, stabilization was doc-
umented in five patients for up to eight months after
four DCV administrations, accompanied by immuno-
logic evidence of activated cytotoxic T-cell respons-
es. The same report described a case of widespread
chemoresistant CC with multiple pulmonary mac-
rometastases, where repeated DCV administration
produced prolonged stabilization exceeding one year
and partial regression of a major lung metastasis.
In another setting, DCV combined with low-dose re-
combinant IL-2 produced temporary disease control
in two of four heavily pretreated CC patients with
metastatic or recurrent disease, increasing survival
from 5 to 13 months after treatment initiation.

In many of these studies, clinical responses cor-
related with delayed-type hypersensitivity reactions,
activation of CD8+ cytotoxic T-cells, and other effec-
tor components of the antitumor immune response.
The authors concluded that the limited efficacy of
DCVs in advanced refractory CC is likely related to
immunosuppressive effects of prior chemotherapy
and radiotherapy, creating significant barriers to DCV
effectiveness. They emphasized the need for trials in
earlier stages of CC and earlier treatment windows.

A later trial investigated DCV in patients with CC
stage |b and lla after radical surgery, using escalating
doses of DCV generated through stimulation with
recombinant HPV16/18 E7 antigens and keyhole
limpet hemocyanin (KLH) as an immunologic mark-
er. After five DCV doses administered at three-week
intervals, all participants demonstrated CD4+ T-cell
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and B-cell responses. The authors concluded that
DCV was safe, immunogenic, and potentially ben-
eficial for CC patients with limited tumor burden or
high risk of recurrence [41]. This conclusion was
partly supported by subsequent studies conducted
at Shanghai University Hospital and Suzhou Univer-
sity Hospital [42]. In patients with squamous cell or
adenocarcinoma of the cervix (mostly stage lla or
IIb), postoperative adjuvant treatment consisted of
either cisplatin-based chemotherapy alone or che-
motherapy combined with DCV. In the DCV group,
the vaccine formulation included co-cultured DCs
and T-killers rather than isolated antigens. The com-
bined therapy yielded significantly improved immune
parameters, a two-fold reduction in cumulative three-
year recurrence rate, and an increase in three-year
survival from 56.4 % to 80 %.

Isolated reports of successful treatment of dissem-
inated CC with distant metastases following DCV -
similar to the case reported by Santin A. D. et al. [40] -
have also been documented by other researchers.
One study from the Chennai Cancer Institute (India)
described a complete clinical response after vacci-
nation with DCs loaded with autologous tumor lysate
followed by cisplatin chemotherapy, with no signs of
recurrence for more than six years [43]. The reasons
for such selective responsiveness to DCV-containing
treatment regimens in advanced CC remain unclear.

Recent studies on DCVs for CC have focused on
strategies to enhance their therapeutic efficacy, in-
cluding identification of highly immunogenic CC an-
tigens or methods to improve their presentation [44],
development of nanoscale technologies to improve
immune effector targeting within tumor tissue, and
optimization of the CC tumor microenvironment [45].
At present, these investigations remain predominant-
ly experimental.

Endometrial cancer

The use of dendritic cell vaccines (DCVSs) in pa-
tients with endometrial cancer (EC) is currently even
less common than in cervical cancer. Much more

frequently, passive immunotherapy with immune
checkpoint inhibitors (ICIs) is considered a prom-
ising treatment option for EC [35, 46], owing to the
relatively high effectiveness of ICls in this setting.
It has been shown that EC with microsatellite insta-
bility (MSl-positive subtype) is highly sensitive to
ICls, with objective response rates to pembrolizumab
exceeding 50 %. Even in MSI-negative EC, the use
of pembrolizumab is considered appropriate when
combined with the multikinase inhibitor lenvatinib.
The focus of active immunotherapy using DCVs
on restoring fundamental defense mechanisms of
immune surveillance, the high efficacy of tumor
antigen (TA)-dependent cytotoxic T-cell responses
(where preserved), and the favorable safety profile of
DCVs have naturally attracted considerable interest
among researchers developing antitumor strategies
for EC. This interest has also been driven in part by
the limited treatment options for uterine sarcomas
and recurrent carcinomas of the uterus, particular-
ly serous endometrial carcinoma [47, 48]. By 2014,
fewer than ten studies on DCVs in EC had been pub-
lished, each including only 1-6 patients [47]. The
most systematic work in this area was conducted
by Santin A. D. and colleagues at the University of
Arkansas for Medical Sciences. In one study, the
authors reported outcomes in a 65-year-old patient
with progressive, chemoresistant serous endometrial
carcinoma and hepatic metastases that increased
significantly in size over the three weeks preceding
treatment initiation [49]. After three DCV administra-
tions at 3—4-week intervals, immunologic monitoring
revealed signs of T-cell cytotoxic responses, while
computed tomography demonstrated stabilization of
liver metastases. The authors attributed this relative-
ly modest effect to the inability of activated T-cells to
adequately penetrate a bulky tumor mass.
Subsequently, the same group published data on
the immunogenic effects of autologous DCs stim-
ulated with tumor lysate, showing that DCVs were
capable of inducing tumor-specific T-cell responses
against autologous uterine cancer in three EC pa-
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tients, although clinical efficacy was not evaluated
in that study [50].

In work by Coosemans A. and colleagues from
the Leuven Cancer Institute (Belgium), which used
the Wilms’ tumor gene 1 (WT1) product — a known
immunogenic antigen in EC — as a TA, emphasis
was likewise placed on the feasibility and safety of
DCV use in EC rather than on clearly demonstrated
clinical benefit [51, 52]. In a 46-year-old patient with
terminal-stage serous EC, four weekly DCV injec-
tions were well tolerated, accompanied by a 2.5-fold
increase in WT1-specific T-cells and a reduction in
CA-125 levels. In a comprehensive review published
in 2014 [47], the authors concluded that DCV-based
immunotherapy in EC remained in its infancy due to
insufficient knowledge of local and systemic immune
features in this disease. At the same time, recogniz-
ing the evident negative impact of immunosuppres-
sive elements within the tumor microenvironment on
DCV efficacy, they proposed that the most promising
immunotherapeutic strategy for EC might involve
combining DCVs with ICls.

It must be acknowledged that the deficit of knowl-
edge regarding local and systemic immune process-
es in EC has not yet been overcome. This situation
is further complicated by considerable molecular-
genetic and histological heterogeneity, which under-
lies substantial variability in prognosis and hampers
the development of personalized treatment algo-
rithms [31, 33]. Analysis of the available literature
suggests minimal progress in DCV-based immuno-
therapy for EC. International treatment guidelines for
EC do not currently mention active immunotherapy
as a therapeutic option [53]. At the same time, isolat-
ed reports have emerged describing combinations of
chemotherapy (CT) and DCVs in EC. For example, in-
vestigators at the Radboud University Medical Center
in Nijmegen (Netherlands) conducted an exploratory
study evaluating carboplatin/paclitaxel combined
with DCVs loaded with MUC1 and survivin in patients
with metastatic EC [54]. Given the severity of dis-
ease, the primary positive endpoint was the ability to
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complete the full treatment schedule without severe
complications. This endpoint was achieved in five of
seven patients. Antigen-specific immune responses
were documented in only two cases.

These findings indicate that DCVs may be a prom-
ising component of multimodal therapy in EC and
support the need for further development of effective
algorithms for their use.

Ovarian cancer

In ovarian cancer (OC), the gynecologic malig-
nancy with the highest mortality and a pronounced
tendency toward chemoresistance - the search for
new strategies to inhibit tumor growth and induce
regression is of particular urgency. As in CC and
EC, ICls are the most widely used immunothera-
peutic agents in OC [35, 55]. Tumor sensitivity to
PD-1/PD-L1 pathway inhibition is tightly linked to
the presence of microsatellite instability; however,
MSI-positive advanced OC accounts for less than
10 % of cases, a considerably lower proportion than
in CC and EC [35]. This highlights the pressing need
to explore additional immunotherapeutic approaches
for OC.

A positive correlation between intratumoral den-
sities of mature DCs and CD8+ cytotoxic T-lympho-
cytes and survival in advanced OC [34, 56] further
strengthens interest in DCV-based strategies in this
disease. Indeed, more DCV-related studies have been
conducted in OC than in CC or EC.

As in most solid tumors, a complete characteri-
zation of the OC-associated TA repertoire is not yet
available, but several antigens with significant immu-
nogenic potential have been identified. These include
cdr2, HER-2/neu, mesothelin, cancer—testis antigens
such as NY-ESO-1, melanoma-associated antigens
of the MAGE family expressed in OC, the surface
protein Sp17, mucins (MUC16 and MUC1), the cancer
antigen CA-125, and universal tumor antigens such
as survivin [56]. In a randomized open-label phase
I/11 trial conducted at the Ovarian Cancer Research
Center, University of Pennsylvania (USA), DCs loaded
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with Her2/neu, hTERT, and PADRE peptides were
administered to 11 patients with advanced OC who
were in remission following standard therapy. DCVs
were delivered either alone or in combination with
low-dose intravenous cyclophosphamide; all patients
also received pneumococcal vaccination [57]. The
DCVs containing immunogenic peptides produced
heterogeneous outcomes: two patients experienced
relapse during the vaccination course; nine com-
pleted all four DCV injections. Among these nine,
three developed recurrences at 6, 17, and 26 months,
whereas six remained disease-free for at least three
years after treatment. Overall three-year survival
reached 90 %, which was interpreted as a favorable
result. Slight improvements in survival were observed
in the cyclophosphamide group compared with con-
trols. However, immunologic analyses revealed only
weak peptide-specific immune responses and a sub-
stantial immunosuppressive effect of pneumococcal
vaccination, underscoring the need to optimize the
combinatorial treatment strategy.

In a study by the Dendritic Cell Vaccine Working
Group of the Japanese Society of Innovative Cell
Therapy (J-SICT), 56 patients with advanced OC,
previously treated with standard therapy, received
DCs loaded with synthetic peptides [58]. The inves-
tigators confirmed DCV safety and immunogenicity
but reported only modest clinical benefit. Similar-
ly modest results were obtained in another study
using WT1 peptide-loaded DCVs [59], where only
one of three patients with chemoresistant recurrent
OC experienced disease stabilization and improved
quality of life.

More pronounced clinical effects were observed
with autologous tumor lysate—based DCVs and com-
binations of DCVs with other antitumor modalities.
Chemical modification of tumor lysates has been
explored as a means of increasing TA immunoge-
nicity and, consequently, overall DCV effectiveness.
A notable example is a single-center phase | trial
in 22 patients with recurrent OC, in which DCVs
were generated from DCs stimulated with lysates

of autologous tumor cells oxidized by hypochlor-
ous acid (HOCI) [60]. The resulting DCVs were ad-
ministered intranodally over extended periods, until
disease progression or exhaustion of the immune
response, in three regimens: DCV alone, DCV plus
bevacizumab, or DCV plus bevacizumab and low-
dose cyclophosphamide. Half of the patients mount-
ed T-cell responses to autologous tumor antigens
(as indicated by increased IFN-y production); these
patients experienced the most pronounced clinical
benefits. Two patients achieved partial responses,
and 13 experienced disease stabilization, with a me-
dian duration of 14 months. Two-year survival was
100 % in patients with detectable immune responses
to DCVs, compared with only 25 % in those without
such responses. The best outcomes were obtained
with the combination of DCVs, bevacizumab, and
cyclophosphamide.

These examples illustrate the principal results
of DCV-based therapy in OC. Unfortunately, the ob-
served benefits are not clearly superior to those
achieved with other immunotherapeutic approaches
in advanced OC - including cytokine therapy [56, 61],
ICIs [35, 55, 58], TIL therapy, and TCR/CAR-T-based
cellular therapies [56]. Nonetheless, the pathogenetic
alignment of DCVs with fundamental mechanisms
of antitumor resistance, together with isolated re-
ports of robust tumor-specific immune responses
and complete remission of advanced OC under DCV-
based regimens [62], indicate that the therapeutic
potential of DCVs in OC remains largely unrealized.

Critical analyses of accumulated clinical
data [63, 64] suggest that objective response rates
to DCVs in OC and other tumor types do not ex-
ceed 15 %. Phase lll trials of DCVs are lacking, and
most information on clinical activity derives from
phase I/1l studies employing short-term endpoints.
Moreover, antitumor vaccine trials frequently enroll
patients with stage IV disease and prior failure of
standard therapy, i.e., the most challenging patient
population, which substantially limits assessment
of DCV potential. Objective comparisons are also
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complicated by marked variation in DCV strategies —
including DC subtype, manufacturing processes, anti-
gen source, route of administration, and concomitant
treatments — hindering robust cross-trial evaluation.
Further difficulties arise from the absence of reliable
predictive biomarkers for assessing true therapeutic
effectiveness of DCVs. Some authors also point to
experimental evidence suggesting functional supe-
riority of DCs derived from bone-marrow progenitors
over those generated from peripheral blood mono-
cytes, which are far more commonly used in clinical
trials [65].

Recent comprehensive reviews on DCV use in OC
have focused on analyzing the existing experimental
and clinical data and exploring strategies to enhance
DCV efficacy. Particular attention has been devoted
to the immunogenicity of TAs used for DC activa-
tion, methods to obtain TA sets that best represent
the mutanome (i.e., the specific pattern of somatic
mutations defining the antigenic landscape of an
individual tumor), and selection of rational combi-
nations of DCVs with other immunotherapies, with
emphasis on pairing DCVs with ICls to alleviate the
immunosuppressive tumor microenvironment and,
where appropriate, integrating CT and targeted ther-
apy [64, 65].

Prospects for the Use of Dendritic Cell

Vaccines in the Treatment of Gynecologic

Malignancies

The main strategies for improving DCV effective-
ness in gynecologic cancers largely parallel those
pursued for tumors of other localizations. As re-
peatedly noted, key issues include the generation of
personalized, highly immunogenic TA sets; in-depth
comparative evaluation of DCVs based on peripheral
blood monocytes versus bone-marrow progenitors;
selection of optimal adjuvants to enhance TA and
DC properties; methods to overcome the immuno-
suppressive tumor microenvironment that attenu-
ates tumor-specific cytotoxic T-cell activity; rational
design of combination regimens incorporating DCVs
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with other immunotherapies, targeted agents, and
chemoradiotherapy; identification of biomarkers
predictive of DCV efficacy; optimization of the im-
mune microenvironment; and criteria for appropriate
patient selection and timing of DCV administration
within multimodal treatment algorithms to maximize
therapeutic benefit [15, 19, 64].

In recent years, several next-generation DCV plat-
forms have been developed, including biomaterial-
based DC vaccines that employ implantable bio-
compatible scaffolds for localized antigen delivery
and DC activation; immunogenic cell death—in-
ducing DC vaccines loaded with fragments of
tumor cells undergoing immune-mediated death;
mRNA-pulsed DC vaccines encoding tumor anti-
gens; DC small extracellular vesicle (sEV)-based
vaccines; tumor sEV-based DC vaccines derived
from cancer stem cell exosomes; and other DCV
formats [18, 20]. In addressing the challenge of
combining DCVs with other modalities to coun-
teract tumor heterogeneity, suboptimal activity of
ex vivo—matured DCs, the immunosuppressive tu-
mor microenvironment, cytokine therapy-related
toxicities, and additional obstacles, it is logical to
consider the rapidly evolving field of nanotechnol-
ogy [66]. Nanoparticulate liposomal RNA vaccines
encoding highly immunogenic neoantigens and
adjuvants may enable precise targeting of effec-
tor immune cells, the tumor microenvironment,
and distinct tumor subregions characterized by
marked molecular-genetic and proliferative hetero-
geneity. Such approaches also offer the possibility
of modulating DCs in vivo under near-physiologic
conditions, thus supporting the initiation of tumor-
specific immune responses through controlled,
sustained release of active components.

In our view, another promising avenue involves
combining DCVs with strategies that activate non-
specific immune mechanisms via neuroendocrine-
immune regulatory centers or through interactions
between tumor-specific processes and innate lym-
phoid cell systems [10, 67].
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CONCLUSION

Active tumor immunotherapy based on dendritic
cell vaccines remains a field whose therapeutic po-
tential has not yet been fully realized. The absence of
systemic toxicity and the pathogenetic congruence
of this technology with fundamental mechanisms
of antitumor resistance support its consideration as
a promising and safe approach to cancer treatment.
The high prevalence of gynecologic malignancies,
their substantial incidence and mortality, rapid as-
ymptomatic progression and metastasis, high rates
of recurrence and drug resistance, and the inherent
immunogenicity of tumors of the female reproduc-
tive system all underscore the need to develop novel

treatment modalities incorporating immunothera-
peutic strategies.

The currently modest efficacy of DCVs in gyne-
cologic cancers reflects both the limited maturity
of the technology and the objective difficulties as-
sociated with overcoming tumor immune evasion.
Critical analysis of DCV use in cervical, endometrial,
and ovarian cancers, together with current advances
in immunotherapy, molecular-genetic technologies,
nanotechnology, and strategies for activating sys-
temic and local antitumor resistance mechanisms,
provides a foundation for future research aimed at
enhancing the effectiveness of DCVs as an important
component of multimodal treatment for gynecologic
malignancies.

References

1. Hanahan D. Hallmarks of Cancer: New Dimensions. Cancer Discov. 2022;12(1):31-46.

https://doi.org/10.1158/2159-8290.CD-21-1059

2. Kit Ol, Zhukova GV, Tolkachev ON, Sidelnikov NI, Fadeev NB, Lukbanova EA, Shikhlyarova Al. Antitumor factors of natural
origin and some approaches to the development of effective regimens of phytotherapy in oncology. Problems in Oncology.
2022;68(5):527-538. (In Russ.). https://doi.org/10.37469/0507-3758-2022-68-5-527-538

3. WuSY, FuT, Jiang YZ, Shao ZM. Natural killer cells in cancer biology and therapy. Mol Cancer. 2020;19(1):120.

https://doi.org/10.1186/s12943-020-01238-x

4. TaoH,Lul,XiaY, Dai F, Wang Y, Bao Y, et al. Antitumor effector B cells directly kill tumor cells via the Fas/FasL pathway
and are regulated by IL-10. Eur J Immunol. 2015;45(4):999-10009. https://doi.org/10.1002/eji.201444625

5. YaoJ,JiL, Wang G, Ding J. Effect of neutrophils on tumor immunity and immunotherapy resistance with underlying mech-
anisms. Cancer Commun (Lond). 2025;45(1):15-42. https://doi.org/10.1002/cac2.12613

6. Kovaleva OV, Podlesnaya PA, Gratchev AN. Macrophage cytotoxic activity and its role in the tumor pathogenesis. Almanac
of Clinical Medicine. 2022;50(1):13-20. (In Russ.). https://doi.org/10.18786/2072-0505-2022-50-008

7. Aponte-Lopez A, Mufioz-Cruz S. Mast Cells in the Tumor Microenvironment. Adv Exp Med Biol. 2020;1273:159-173.

https://doi.org/10.1007/978-3-030-49270-0_9

8. Akmayev IG. Neuroimmunoendocrinology, its developmental consideration. Progress in Physiological Science.

2003;34(4):4-15. (In Russ.).

9. Bocharova OA, Karpova RV, Bocharov EV, Vershinskaya AA, Baryshnikova MA, Kazeev 1V, et al. Phytoadaptogens in the tu-

mours biotherapy and geriatrics (part 1). Russian Journal of Biotherapy. 2020;19(2):13-21. (In Russ.).

https://doi.org/10.17650/1726-9784-2019-19-2-13-21

10. Garkavi LH. Zhukova GV, Shikhliarova Al, Evstratova OF, Barteneva TA, Gudzkova TN, et al. Antitumor action and other reg-

ulatory effects of low-intensity electromagnetic and chemical factors in an experiment. Biophysics. 2014;59(6):944-953.

https://doi.org/10.1134/s0006350914060037

11. Zhou M, Tang Y, Xu W, Hao X, Li Y, Huang S, Xiang D, Wu J. Bacteria-based immunotherapy for cancer: a systematic review
of preclinical studies. Front Immunol. 2023;14:1140463. https://doi.org/10.3389/fimmu.2023.1140463

69



South Russian Journal of Cancer 2025. Vol. 6, No. 4. P. 59-74
Zhukova G. V.%, Frantsiyants E. M., Kaplieva I. V., Moiseenko T. I, Menshenina A. P, Shikhlyarova A. I., Bandovkina V. A., Surikova E. I., Shalashnaya E. V., Petrova Yu. A.,
Kachesova P. S. Application of dendritic cell vaccine immunotherapy in gynecologic malignancies

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

70

Grinko EK, Donetskova AD. The main approaches for monoclonal antibodies in cancer immunotherapy. Immunologiya.
2024;45(3):355-366. (In Russ.). https://doi.org/10.33029/1816-2134-2024-45-3-355-366

ZhuY,Meng M, Hou Z, Wang W, Li L, Guan A, et al. Impact of cytotoxic T lymphocytes immunotherapy on prognosis of col-
orectal cancer patients. Front Oncol. 2023;13:1122669. https://doi.org/10.3389/fonc.2023.1122669

HongH, HeY,LiY,ShenY,QuY. Clinical trial landscape for TIL therapy: emerging insights and future directions in oncology.
J Transl Med. 2024;22(1):1008. https://doi.org/10.1186/s12967-024-05826-z

Hiltensperger M, Krackhardt AM. Current and future concepts for the generation and application of genetically engineered
CAR-T and TCR-T cells. Front Immunol. 2023;14:1121030. https://doi.org/10.3389/fimmu.2023.1121030

Sidorova SS, Yukalchuk DYu, Ponomarenko DM, Sidorov SP, Kazakova Il, Tyumentseva ES. Combination of Targeted and
Immunotherapy in the First Line of Metastatic Clear Cell Kidney Cancer. Effective Pharmacotherapy. 2022;18(35):16-21.
(In Russ.). https://doi.org/10.33978/2307-3586-2022-18-35-16-21

Janeway CA, Travers JP, Walport M, Shlomchik MJ. Immunobiology, 5th edition. The Immune System in Health and Dis-
ease. New York: Garland Science; 2001.

Sareen G, Mohan M, Mannan A, Dua K, Singh TG. A new era of cancer immunotherapy: vaccines and miRNAs. Cancer Im-
munol Immunother. 2025;74(5):163. https://doi.org/10.1007/s00262-025-04011-5

Filin IYu, Kitaeva KV, Rizvanov AA, Solovyeva VV. Current state and prospects of using dendritic cell vaccination for cancer
immunotherapy. Uchenye Zapiski Kazanskogo Universiteta. Seriya Estestvennye Nauki. 2022;164(3):347-366. (In Russ.).
https://doi.org/10.26907/2542-064X.2022.3.347-366

Salah A, Wang H, Li Y, Ji M, Ou WB, Qi N, Wu V. Insights Into Dendritic Cells in Cancer Immunotherapy: From Bench to Clin-
ical Applications. Front Cell Dev Biol. 2021;9:686544. https://doi.org/10.3389/fcell.2021.686544

Kim MK, Kim J. Properties of immature and mature dendritic cells: phenotype, morphology, phagocytosis, and migration.
RSC Adv. 2019;9(20):11230-11238. https://doi.org/10.1039/c9ra00818g

Sorino C, lezzi S, Ciuffreda L, Falcone I. Immunotherapy in melanoma: advances, pitfalls, and future perspectives. Front
Mol Biosci. 2024;11:1403021. https://doi.org/10.3389/fmolb.2024.1403021

Wilgenhof S, Corthals J, Van Nuffel AM, Benteyn D, Heirman C, Bonehill A, et al. Long-term clinical outcome of melanoma
patients treated with messenger RNA-electroporated dendritic cell therapy following complete resection of metastases.
Cancer Immunol Immunother. 2015;64(3):381-388. https://doi.org/10.1007/s00262-014-1642-8

Baldueva IA, Novik AV, Moiseenko VM, Nehaeva TL, Danilova AB, Danilov AQ, et al. The results of second-phase clinical trial
of autologous dendritic cells vaccine with immunologic adjuvant in cutaneous melanoma patients. Problems in Oncology.
2012;58(2):212-221. (In Russ.).

Fadeyev FA, Zamyatin AV, Sedneva-Lugovets DV, Mikerov |A, Gubaeva OV. Generation of dendritic cells for cancer therapy.
Journal of Ural Medical Academic Science. 2020;17(4):347-353. (In Russ.).
https://doi.org/10.22138/2500-0918-2020-17-4-347-353

Kugler A, Stuhler G, Walden P, Zdller G, Zobywalski A, Brossart P, et al. Regression of human metastatic renal cell carcino-
ma after vaccination with tumor cell-dendritic cell hybrids. Nat Med. 2000 Mar;6(3):332-6. doi: 10.1038/73193. Retraction
in: Nat Med. 2003;9(9):1221. https://doi.org/10.1038/nm0903-1221a

Lee KW, Yam JWP, Mao X. Dendritic Cell Vaccines: A Shift from Conventional Approach to New Generations. Cells. 2023;
12(17):2147. https://doi.org/10.3390/cells12172147

Malignant neoplasms in Russia in 2020 (morbidity and mortality). Edited by Kaprin AD, Starinsky VV, Shakhzadova AO.
Moscow: P. Hertsen Moscow Oncology Research Institute — Branch of the National Medical Radiology Research Centre of
the Ministry of Health of the Russian Federation, 2024, 276 p. (In Russ.).

Availble at: https://oncology-association.ru/wp-content/uploads/2024/08/zis-2023-elektronnaya-versiya.pdf

Kremer WW, Dick S, Heideman DAM, Steenbergen RDM, Bleeker MCG, Verhoeve HR, et al. Clinical Regression of High-Grade
Cervical Intraepithelial Neoplasia Is Associated with Absence of FAM19A4/miR124-2 DNA Methylation (CONCERVE Study).
J Clin Oncol. 2022;40(26):3037-3046. https://doi.org/10.1200/JC0.21.02433



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

l0xHo-Poccuitckuii oHkonornyeckuii xypHan 2025. T. 6, N 4. C. 59-74
Xykosa I B.=, OpaHumsHy E. M., Kannuesa W. B., MouceeHko T. U., MeHbLleHnHa A. M., Wuxnsposa A. U., bangoskuHa B. A., Cypukosa E. W., WanawHas E. B.,
MetpoBa 0. A., Kayecosa I1. C. Ucnonb3oBaHne MeTO[0B MMMYHOTEPANUM C NPUMEHEHNEM LEHAPUTHOKNETOUHbIX BaKLWUH B OHKOTMHEKONOrMK

Stolbovoy AV, Islim N, Loiko IE, Zvereva DP, Sobina SS. Issues in the treatment of cervix uteri. Clinical Analysis in General
Medicine. 2024;5(7):59-68. (In Russ.). https://doi.org/10.47407/kr2024.5.7.00448

Anca-Stanciu MB, Manu A, Olinca MV, Coroleuca C, Comandasu DE, Coroleuca CA, et al. Comprehensive Review of En-
dometrial Cancer: New Molecular and FIGO Classification and Recent Treatment Changes. J Clin Med. 2025;14(4):1385.
https://doi.org/10.3390/jcm14041385

Motohara T., Yoshida G.J., Katabuchi H. The hallmarks of ovarian cancer stem cells and niches: Exploring their harmonious
interplayintherapyresistance. Semin CancerBiol. 2021 Dec;77:182-193. https://doi.org/10.1016/j.semcancer.2021.03.038
Longoria TC, Eskander RN. Immunotherapy in endometrial cancer — an evolving therapeutic paradigm. Gynecol Oncol Res
Pract. 2015;2:11. https://doi.org/10.1186/s40661-015-0020-3

Truxova |, Kasikova L, Hensler M, Skapa P, Laco J, Pecen L, et al. Mature dendritic cells correlate with favorable immune
infiltrate and improved prognosis in ovarian carcinoma patients. J Immunother Cancer. 2018 Dec 4;6(1):139.
https://doi.org/10.1186/s40425-018-0446-3

Rumyantsev AA, Anokhin AY. The role of immunotherapy in the management of metastatic/recurrent female reproductive
system neoplasms. Medical Council. 2021;(9):76—-86. (In Russ.). https://doi.org/10.21518/2079-701X-2021-9-76-86
Zhang W, Liu Y-M, Li D, Liu S, Cai X-J, Tang J-Y, et al. Research progress on tumor-infiltrating lymphocyte therapy for cervi-
cal cancer. 2025; Front. Immunol. 16:1524842. https://doi.org/10.3389/fimmu.2025.1524842

Vodolazhskiy DI, Menshenina AP, Dvadnenko KV, Novikova IA, Zlatnik EYu, Bakhtin AV, et al. Experience of dendritic cell
vaccine design for cervical cancer treatment. Fundamental Research. 2015;1-4:716-720. (In Russ.).

Menshenina AP, Zlatnik EYu, Sagakyants AB, Moiseenko Tl, Ushakova ND, Frantsiyants EM, et al. New opportunities of
immunocorrection in complex treatment of cervical cancer patients. Russian Journal of Immunology (RJI). 2021;24(1):115-
122. (In Russ.). https://doi.org/10.46235/1028-7221-373-noo

Menshenina AP. New approaches to the treatment of patients with advanced cervical cancer. Dissertation. Rostov-on-Don,
2022. (In Russ.).

Santin AD, Bellone S, Palmieri M, Ravaggi A, Romani C, Tassi R, et al. 618 Hpv16/18 E7-Pulsed Dendritic Cell Vaccination in
Patients With Recurrent Cervical Cancer Refractory to Standard Salvage Therapy. Gynecol Oncol. 2006; 100(3):469-478.
https://doi.org/10.1016/j.ygyno.2005.09.040.

Santin AD, Bellone S, Palmieri M, Zanolini A, Ravaggi A, Siegel ER, et al. Human papillomavirus type 16 and 18 E7-pulsed
dendritic cell vaccination of stage IB or lIA cervical cancer patients: a phase | escalating-dose trial. J Virol. 2008;82(4):1968—
1979. https://doi.org/10.1128/JV1.02343-07

Chen B, LiuL, Xu H. Effectiveness of immune therapy combined with chemotherapy on the immune function and recurrence
rate of cervical cancer. Exp Ther Med. 2015;9:1063-1067. https://doi.org/10.3892/etm.2015.2217

Ramanathan P, Ganeshrajah S, Raghanvan RK, Singh SS, Thangarajan R. Development and clinical evaluation of dendrit-
ic cell vaccines for HPV related cervical cancer — a feasibility study. Asian Pac J Cancer Prev. 2014;15(14):5909-5916.
https://doi.org/10.7314/apjcp.2014.15.14.5909

Dhandapani H, Jayakumar H, Seetharaman A, Singh SS, Ganeshrajah S, Jagadish N, et al. Dendritic cells matured with
recombinant human sperm associated antigen 9 (rhSPAG9) induce CD4+, CD8+ T cells and activate NK cells: a potential
candidate molecule for immunotherapy in cervical cancer. Cancer Cell Int. 2021 Sep 7;21(1):473.
https://doi.org/10.1186/s12935-021-01951-7

Zhou X, Lian H, Li H, Fan M, Xu W, Jin Y. Nanotechnology in cervical cancer immunotherapy: Therapeutic vaccines and
adoptive cell therapy. Front Pharmacol. 2022;13:1065793. https://doi.org/10.3389/fphar.2022.1065793

Di Dio C, Bogani G, Di Donato V, Cuccu I, Muzii L, Musacchio L, et al. The role of immunotherapy in advanced and recurrent
MMR deficient and proficient endometrial carcinoma. Gynecol. Oncol. 2023;169:27-33.
https://doi.org/10.1016/j.ygyno.2022.11.031

Coosemans A, Tuyaerts S, Vanderstraeten A, Vergote I, Amant F, Van Gool SW. Dendritic cell immunotherapy in uterine
cancer. Hum Vaccin Immunother. 2014;10(7):1822-1827. https://doi.org/10.4161/hv.28716

71



South Russian Journal of Cancer 2025. Vol. 6, No. 4. P. 59-74
Zhukova G. V.%, Frantsiyants E. M., Kaplieva I. V., Moiseenko T. I, Menshenina A. P, Shikhlyarova A. I., Bandovkina V. A., Surikova E. I., Shalashnaya E. V., Petrova Yu. A.,
Kachesova P. S. Application of dendritic cell vaccine immunotherapy in gynecologic malignancies

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

72

Agarwal A, Yadav S, Dusane R, Menon S, Rekhi B, Deodhar KK. Endometrial serous carcinoma: A retrospective review of
histological features & their clinicopathological association with disease-free survival & overall survival. Indian J Med Res.
2022;156(1):83-93. https://doi.org/10.4103/ijmr.lJMR_697_20

Santin AD, Hermonat PL, Ravaggi A, Bellone S, Cowan C, Coke C, Pecorelli S, et al. Development and therapeutic effect of
adoptively transferred T cells primed by tumor lysate-pulsed autologous dendritic cells in a patient with metastatic endo-
metrial cancer. Gynecol Obstet Invest. 2000; 49(3):194-203. https://doi.org/10.1159/000010246

Santin AD, Bellone S, Ravaggi A, Roman JJ, Pecorelli S, Parham GP, Cannon MJ. Induction of tumour-specific CD8(+) cyto-
toxic T lymphocytes by tumour lysate-pulsed autologous dendritic cells in patients with uterine serous papillary cancer. Br
J Cancer. 2002;86(1):151-157. https://doi.org/10.1038/sj.bjc.6600026

Coosemans A, Wolfl M, Berneman ZN, Van Tendeloo V, Vergote |, Amant F, Van Gool SW. Immuno-logical response af-
ter therapeutic vaccination with WT1 mRNA-loaded dendritic cells in end-stage endometrial carcinoma. Anticancer Res.
2010;30:3709-3714.

Coosemans A, Vanderstraeten A, Tuyaerts S, Verschuere T, Moerman P, Berneman ZN, et al., VAN Gool SW. Wilms’ Tumor
Gene 1 (WT1)-loaded dendritic cell immunotherapy in patients with uterine tumors: a phase I/ clinical trial. Anticancer
Res. 2013; 33:5495-5500.

Rodolakis A, Scambia G, Planchamp F, Acien M, Di Spiezio Sardo A, Farrugia M, et al. ESGO/ESHRE/ESGE Guidelines for
the fertility-sparing treatment of patients with endometrial carcinoma. Hum Reprod Open. 2023 Feb 6;2023(1):hoac057.
https://doi.org/10.1093/hropen/hoac057.

Koeneman BJ, Schreibelt G, Gorris MAJ, Hins-de Bree S, Westdorp H, Ottevanger PB, de Vries IJM. Dendritic cell vaccina-
tion combined with carboplatin/paclitaxel for metastatic endometrial cancer patients: results of a phase I/Il trial. Front
Immunol. 2024;15:1368103. https://doi.org/10.3389/fimmu.2024.1368103

Gluzman MI, Tyukavina NV, Rudenko DS, Orlova RV. Ovarian cancerimmunotherapy: non-standard solution — non-standard
respons. Clinical Case in Oncology. 2023;1(1):49-55. (In Russ.). http://dx.doi.org/10.62546/3034-1477-2023-1-1-49-55
Shubina 1Zh, Gritsay AN, Mamedova LT, Sokolov NYu, Kuznetsov SA, Kiselevskiy MV, et al. Imunotherapy opportunities in
ovarian cancer. Tumors of female reproductive system. 2013;3-4:110-113. (In Russ.).
https://doi.org/10.17650/1994-4098-2013-0-3-4-110-113

Chu CS, Boyer J, Schullery DS, Gimotty PA, Gamerman V, Bender J, et al. Phase I/l randomized trial of dendritic cell vaccina-
tion with or without cyclophosphamide for consolidation therapy of advanced ovarian cancer in first or second remission.
Cancer Immunol. Immunother. 2012;61(5):629-641. https://doi.org/10.1186/1757-2215-7-48

Kobayashi M, Chiba A, Izawa H, Yanagida E, Okamoto M, Shimodaira S, et al. DC-vaccine study group at the Japan Society
of Innovative Cell Therapy (J-SICT). The feasibility and clinical effects of dendritic cell-based immunotherapy targeting
synthesized pep-tides for recurrent ovarian cancer. J Ovarian Res. 2014;7:48. https://doi.org/10.1186/1757-2215-7-48
Zhang W, Lu X, Cui P, Piao C, Xiao M, Liu X, et al. Phase I/Il clinical trial of a Wilms' tumor 1-targeted dendritic cell vaccina-
tion-based immunotherapy in patients with advanced cancer. Cancer Immunol Immunother. 2019;68(1):121-130.
https://doi.org/10.1007/s00262-018-2257-2

Chiang CL, Kandalaft LE, Tanyi J, Hagemann AR, Motz GT, Svoronos N, et al. A dendritic cell vaccine pulsed with autologous
hypochlorous acid- oxidized ovarian cancer lysate primes effective broad antitumor immunity: from bench to bedside. Clin
Cancer Res. 2013 Sep 1;19(17):4801-4815. https://doi.org/10.1158/1078-0432.ccr-13-1185

Vlad AM, Budiu RA, Lenzner DE, Wang Y, Thaller JA, Colonello K, et al. A phase Il trial of intraperitoneal interleukin-2 in
patients with platinum-resistant or platinum-refractory ovarian cancer. Cancer Immunol Immunother. 2010 Feb;59(2):293-
301. https://doi.org/10.1007/s00262-009-0750-3

Sasada A, Abe M, Abe H. A case of advanced ovarian cancer effectively treated with a combination of multi-peptide den-
dritic cell immunotherapy, surgery, and chemotherapy. Personalized Medicine Universe. 2017;6:28-30.
https://doi.org/10.1016/j.pmu.2017.04.003

Guo Q, Yang Q, Li J, Liu G, Nikoulin I, Jia S. Advanced clinical trials of dendritic cell vaccines in ovarian cancer. J Investig
Med. 2020;68(7):1223-1227. https://doi.org/10.1136/jim-2020-001355



l0xHo-Poccuitckuii oHkonornyeckuii xypHan 2025. T. 6, N2 4. C. 59-74
Xykosa I B.=, OpaHumsHy E. M., Kannuesa W. B., MouceeHko T. U., MeHbLleHnHa A. M., Wuxnsposa A. U., bangoskuHa B. A., Cypukosa E. W., WanawHas E. B.,
MetpoBa 0. A., Kayecosa I1. C. Ucnonb3oBaHne MeTO[0B MMMYHOTEPANUM C NPUMEHEHNEM LEHAPUTHOKNETOUHbIX BaKLWUH B OHKOTMHEKONOrMK

64. Caro AA,Deschoemaeker S, Allonsius L, Coosemans A, Laoui D. Dendritic Cell Vaccines: A Promising Approach in the Fight
against Ovarian Cancer. Cancers (Basel). 2022;14(16):4037. https://doi.org/10.3390/cancers14164037

65. Zhang X, He T, Li Y, Chen L, Liu H, Wu Y, Guo H. Dendritic Cell Vaccines in Ovarian Cancer. Front Immunol. 2021 Jan
25;11:613773. https://doi.org/10.3389/FIMMU.2020.613773/BIBTEX/

66. Dang BN, Kwon TK, Lee S, Jeong JH, Yook S. Nanoparticle-based immunoengineering strategies for enhancing cancer im-
munotherapy. J Control Release. 2024;365:773-800. https://doi.org/10.1016/j.jconrel.2023.12.007

67. Mehrani Y, Morovati S, Keivan F, Sarmadi S, Shojaei S, Forouzanpour D, et al. Dendritic Cell-Based Cancer Vaccines: The
Impact of Modulating Innate Lymphoid Cells on Anti-Tumor Effi-cacy. Cells. 2025;14(11):812.
https://doi.org/10.3390/cells14110812

Information about authors:

Galina V. Zhukova =2 - Dr. Sc. (Biology), Senior Researcher at Laboratory of Malignant Tumor Pathogenesis Study, National Medical Research Centre
for Oncology, Rostov-on-Don, Russian Federation

ORCID: https://orcid.org/0000-0001-8832-8219, eLibrary SPIN: 1887-7415, AuthorID: 564827, Scopus Author ID: 7005456284, WoS ResearcherlD:
Y-4243-2016

Elena M. Frantsiyants - Dr. Sci. (Biology), Professor, Deputy General Director for Science, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation

ORCID: http://orcid.org/0000-0003-3618-6890, eLibrary SPIN: 9427-9928, AuthorlD: 462868, Scopus Author ID: 55890047700, WoS ResearcherlD:
Y-1491-2018

Irina V. Kaplieva - Dr. Sci. (Medicine), Associate Professor, Head of the Laboratory of Study of Malignant Tumor Pathogenesis, National Medical
Research Centre for Oncology, Rostov-on-Don, Russian Federation

ORCID: http://orcid.org/0000-0002-3972-2452, eLibrary SPIN: 5047-1541, AuthorID: 734116, Scopus AuthorID: 23994000800, WoS ResearcherlD:
AAE-3540-2019

Tatiana |. Moiseenko - Dr. Sci. (Medicine), Professor, Chief Researcher, Department of Oncogynecology, National Medical Research Centre for
Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-9683-2164, eLibrary SPIN: 6341-0549, AuthorID: 705829, Scopus Author ID: 57194270696

Anna P. Menshenina - Dr. Sci. (Medicine), ociate Professor, Leading Researcher at the Department of Oncogynecology, National Medical Research
Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-7968-5078, eLibrary SPIN: 6845-4794, AuthorID: 715810, Scopus Author ID: 57191983118

Alla 1. Shikhlyarova - Dr. Sci. (Biology), Professor, Senior Researcher, Laboratory of Study of Malignant Tumor Pathogenesis, National Medical
Research Centre for Oncology, Rostov-on-Don, Russian Federation

ORCID: https://orcid.org/0000-0003-2943-7655, eLibrary SPIN: 6271-0717, AuthorID: 482103, Scopus AuthorlID: 6507723229, WoS ResearcherlD:
Y-6275-2018

Valerija A. Bandovkina - Dr. Sci. (Biology), Leading Researcher at Laboratory of Malignant Tumor Pathogenesis Study, National Medical Research
Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-2302-8271, eLibrary SPIN: 8806-2641, AuthorID: 696989, Scopus Author ID: 57194276288

Ekaterina I. Surikova - Cand. Sci. (Biology), Senior Researcher at Laboratory of Malignant Tumor Pathogenesis Study, National Medical Research
Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-4318-7587, eLibrary SPIN: 2401-4115, AuthorID: 301537, Scopus Author ID: 6507092816

Elena V. Shalashnaya - Cand. Sci. (Biology), Senior Researcher, Laboratory of Study of Malignant Tumor Pathogenesis, National Medical Research
Centre for Oncology, Rostov-on-Don, Russian Federation

ORCID: http://orcid.org/0000-0001-7742-4918, eLibrary SPIN: 2752-0907, AuthorID: 476958, Scopus AuthorID: 55144159900, WoS ResearcherlD:
AAE-4085-2022

Yulia A. Petrova - Cand. Sci. (Biology), Senior Researcher at Laboratory of Malignant Tumor Pathogenesis Study, National Medical Research Centre
for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-2674-9832, eLibrary SPIN: 2168-8737, AuthorID: 558241, Scopus Author ID: 37026863400

Polina S. Kachesova - Cand. Sci. (Biology), research associate, Laboratory of Study of Malignant Tumor Pathogenesis, National Medical Research
Centre for Oncology, Rostov-on-Don, Russian Federation

ORCID: https://orcid.org/0000-0001-6928-5014, eLibrary SPIN: 5784-0475, Author ID: 571595, Scopus AuthorlD: 55144158500, WoS ResearcherID:
AAF-3998-2019

73



South Russian Journal of Cancer 2025. Vol. 6, No. 4. P. 59-74
Zhukova G. V.%, Frantsiyants E. M., Kaplieva I. V., Moiseenko T. I, Menshenina A. P, Shikhlyarova A. I., Bandovkina V. A., Surikova E. I., Shalashnaya E. V., Petrova Yu. A.,
Kachesova P. S. Application of dendritic cell vaccine immunotherapy in gynecologic malignancies

Contribution of the authors:

Zhukova G. V. - literature search and analysis, text writing;

Frantsiyants E. M. - concept development, scientific editing;

Kaplieva I. V.- concept development, scientific editing;

Moiseenko T. I. - participation in the search of dendritic cell vaccines effects in patients with cervical cancer, literature analysis, scientific editing;
Menshenina A. P.- search of dendritic cell vaccines effects in patients with cervical cancer, scientific editing;
Shikhlyarova A. |. - participation in literature search and analysis, scientific editing;

Bandovkina V. A. - participation in literature search and analysis;

Surikova E. I. - participation in literature search and analysis;

Shalashnaya E. V. - participation in literature search and analysis;

Petrova Yu. A. - participation in literature search and analysis;

Kachesova P. S. - participation in literature search and analysis.

All authors made equivalent contributions to the preparation of the article and approved the final version for publication.

74



South Russian Journal of Cancer. 2025. Vol. 6, No. 4. P. 75-83
https://doi.org/10.37748/2686-9039-2025-6-4-7
https://elibrary.ru/IBBPCJ

Oncology, radiotherapy

CLINICAL CASE REPORTS

©

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTHYECKUi KypHan
Vol. 6
No. 4, 2025
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ABSTRACT

Epithelioid sarcoma (ES) is an extremely rare disease that, according to morphological data, can be divided into proximal and distal types. The
proximal type of ES (PES) of the vulva arises from the superficial and deep layers of the external genital organs, manifests as single or multiple
soft tissue tumor nodules with areas of necrosis and hemorrhage, is characterized by aggressive behavior, and has an unfavorable prognosis due
to its high tendency for local recurrence and hematogenous metastasis. Differential diagnosis is performed with various benign and malignant
neoplasms, cysts or abscesses of the Bartholin gland, and inguinal and femoral hernias. The final diagnosis and histological type of the tumor
are established based on morphological, immunohistochemical, and molecular genetic studies. PES is characterized by solid tumor growth
composed of large and pleomorphic epithelioid cells with large vesicular nuclei and distinct eosinophilic nucleoli. Immunohistochemically, loss
of SMARCB1 (INI1, BAF47) expression is observed, along with positive expression of EMA, vimentin, and cytokeratins; a positive reaction for
CD34 staining is often noted in the absence of expression of other endothelial markers such as CD31 and FLI-1. The clinical presentation and
disease characteristics may suggest PES and justify the expansion of the immunohistochemical marker panel. Timely and accurate detection
of this tumour plays a key role in improving treatment outcomes, enhancing patients’ quality of life, and reducing mortality. However, due to its
rarity, PES of the vulva presents objective diagnostic difficulties in both clinical and morphological aspects. Surgical intervention remains the
main method of treatment for this pathology, and to date, there are no clearly established recommendations regarding the optimal management
strategy for patients with PES of the vulva. This paper presents a clinical case of a 65-year-old patient whose atypical clinical presentation of
recurrent vulvar tumor served as the basis for expanding the panel of immunohistochemical markers, which allowed for the diagnosis of PES

of the vulva.
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PE3IOME

AnuTenmonaHas capkoma (3C) ABnseTcs KpaiiHe pefKuM 3a6oseBaHUEM, B COOTBETCTBUM C MOP(ONOrUYECKUMU AaHHBIMU MOXET BbiTb
pasfeneHa Ha NPOKCUMalbHbIV M AUCTaNbHbIV TUM. MpokcuManbHbii Tvn 3C (MIC) BYNbBbI BO3HUKAET U3 MOBEPXHOCTHbIX U FTyGOKKUX CI0EB
Hapy>XHbIX MOJSIOBbIX OPraHOB, NPOSIBNSETCS OANHOYHBIMU U MHOXECTBEHHbBIMW OMYX0J1EBbIMU Y3N1aMU MAFKWUX TKaHeW C yHacTKaMu HeKpo-
3a U KPOBOW3MIMSIHWSA, OT/INYAETCA arPeCCUBHbIM Te4EHUEM M UMeeT He61aronpUATHLINA NPOrHO3, 06YCIOBIIEHHbI BbICOKOW CKJIOHHOCTbIO
K PasBUTMIO MECTHbIX PELIMAMBOB U reMaToreHHbIx MeTacTasoB. [nddepeHLnanbHblii AUarH03 NPOBOAUTCS C PasIMyHbIMU JO6POKaYECTBEH-
HbIMU 1 3/10Ka4€CTBEHHbIMWU HOBOOGPA30BaHWSIMU, KUCTON UM abCLLECCOM 6apTONMHOBOIA XKeresbl, NaxoBbIMU U 6eAPEHHBIMU IPbKaMu.
OKOHYaTenNbHbI ANarHo3 v rmcToNOrMYecKuin TUN onyxonun ycTaHaBNMBaeTCA Ha OCHOBaHUM MOPHONOrMYeCKOro, UMMYHOTMCTOXMMUYECKOrO
1 MONeKyNAPHO-TeHeTUYECKOro nccneaosaxmii. [na NM3C xapakTepeH CONMAHbBINA POCT ONYXON U3 KPYMHbIX U N1€OMOPOHbIX 3NUTeNnona-
HbIX KNETOK C KPYMHbIMU BE3UKYNIAPHBIMU SAPAMU 1 NIEFKO PasinyMMbIMU 903UHODUIIbHBIMU SIAPLILLKAMU, MTPU UMMYHOTUCTOXMMUYECKOM
uccneaoBaHuy oTMedaetcs noteps akcnpeccun SMARCB1 (INI1, BAF47), a Takke No3uTuBHas akcripeccusi EMA, BUMEHTMHA U KepaTuHOB,
HepeaKo HabnofaeTCcs NoNOXMUTENbHAsA peakLus Ha okpalunBaHue CD34 npu oTCyTCTBUM 3KCNPECCUM APYrUX MapKepoB dHAOTENNS, TaKuUX
kak CD31 u FLI-1. KnuHnyeckas KapTMHa U 0CO6eHHOCTU TeYeHWsi 3a601eBaHuUs NO3BONSIOT 3anoAo3puTb MAC 1 paclumMpuTb NaHenb UMMy-
HOMMCTOXMMUYECKNX MapkepoB. CBOeBPEMEHHOE 1 TOYHOE BbisiBNIeHMe AaHHOI OMyXONN UrpaeT K/OYEBYHO POSb B y/y4LleHUW pe3ynbTaToB
NlevyeHus, MoBbILIEHNN Ka4ecTBa XWN3HMU MaLMEHTOB N CHUXXEHWUN YPOBHSA CMepTHOCTW. OfiHaKo 13-3a cBoeit peakocTu npu M3C ByNbBbl UMEOT
MECTO 06bEKTUBHbIE MAarHOCTUYECKMUE TPYAHOCTU B KIIMHUYECKMX U MOPdONornyeckux acnektax. Xmpypriuyeckoe BMeLLaTeIbCTBO OCTa-
eTCA rNaBHbIM METOA0M JIeYeHUs 3TOMN NaTONOrUK, U A0 HACTOALLLEr0 BPEMEHMN HET YeTKO YCTaHOBJ/IEHHbIX PpeKOMEeHAALIMIA MO ONTUMasbHOM
TaKTUKMU NedeHuns 6onbHbIx ¢ MIC ByNbBbI. B AaHHO paboTe NpeAcTaBneH KIIMHUYECKHUiA Crlydaii neyeHust 65-neTHein naumneHTKM, y KoTopoin
HeTUNUYHaa KNIMHUYEeCKas KapTuHa Npu peumanse onyxonn By/ibBbl SBUNACh OCHOBaHUEM AN1A paclUMpeHnst MPUMEHSAEMbIX AN UMMYHOTM -
CTOXMMUWYECKOro UCCNef0BaHNA MapKepoB, MO3BOMBLLENO AuarHocTuposaTb M3C BynbBbI.

KniouyeBble cnoBa: By/1bBa, CapKoMa, MPOoKCHMMasibHasa anuTeinonaHaa capkoma, MMMYHOrMCTOXMMUYECKOE UccneaoBaHune, Xupypruye-
CKoOe neyeHune
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BACKGROUND

Vulvar sarcomas are rare malignant mesenchy-
mal tumors characterized by rapid growth, necrotic
changes, and a high potential for hematogenous
metastasis. According to various authors, sarco-
mas account for no more than 1-3 % of malignant
vulvar neoplasms [1, 2]. Epithelioid sarcoma (ES) is
one of the rarest types of vulvar sarcomas and is
characterized by aggressive clinical behavior. Ac-
cording to morphological data, ES can be divided
into proximal and distal types. This article describes
a rare clinical case of proximal epithelioid sarcoma
(PES) of the vulva, the clinical course and treatment
approaches of which remain insufficiently studied
due to the small number of reported cases and the
short follow-up period [3, 4].

Description of the clinical case

A clinical case of PES of the vulva in patient
S., born in 1959, who underwent treatment at the
N. N. Blokhin National Medical Research Center
of Oncology. The analysis included data from the
medical history, physical examination, laboratory
and instrumental studies, morphological and immu-
nohistochemical findings, and long-term treatment
outcomes.

The patient presented to the outpatient depart-
ment of the N. N. Blokhin National Medical Research
Center of Oncology in May 2019 with complaints
of a mass in the vulvar region. According to the
anamnesis, in March 2019 the patient noticed an
induration in the area of the left labium majus. At

a local medical institution, a fine-needle biopsy was
performed, and the cytological picture was interpret-
ed as adenocarcinoma with areas of squamous cell
carcinoma. Upon review of the cytological slides at
the N. N. Blokhin National Medical Research Center
of Oncology, the observed changes were interpreted
as melanoma. The patient reported no family his-
tory of cancer, menopause since age 52, and two
pregnancies in the anamnesis: one full-term delivery
and one medical abortion. On physical examination,
a painless, mobile, firm-elastic tumor measuring up
to 2 cm in diameter was detected, localized in the
middle third of the left labium majus.

According to the decision of the oncological coun-
cil, the patient was hospitalized in the Department
of Oncogynecology of the N. N. Blokhin National
Medical Research Center of Oncology for surgical
treatment. In June 2019, surgical intervention was
performed — wide local excision of the vulvar tumor
in the form of a left-sided hemivulvectomy and senti-
nel lymph node biopsy using a radioisotope method.

Macroscopically, the tumor appeared as a mass
measuring 2.5 x 2 x 1.5 cm, consisting of confluent
nodules of pinkish-gray and yellowish-gray color, soft
to firm-elastic in consistency, with whitish fibrous
strands. Microscopically, the tumor consisted of sol-
id proliferations of large polymorphic epithelioid cells
(Fig. 1), consistent with the structure of melanoma.

Simultaneously with the removal of the vulvar tu-
mor, bilateral excision of the sentinel lymph nodes
was performed. To exclude metastatic involvement
of the latter, immunohistochemical (IHC) analysis
with Melan A, HMBA45, and tyrosinase was carried

Fig. 1. Pleomorphic epithelioid tumor
cells with eosinophilic cytoplasm and
enlarged vesicular nuclei with prominent
nucleoli (H&E, x40)
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out. No expression of the above-mentioned markers
was detected.

Thus, the diagnosis of vulvar melanoma without
metastatic involvement of the sentinel lymph nodes
was established. Considering the localized nature
of the tumor, it was decided to carry out close dy-
namic follow-up, including quarterly examinations,

Fig. 2. Recurrent vulvar tumor

ultrasound/MRI/CT of the pelvic organs, abdominal
cavity, and chest with intravenous contrast enhance-
ment, or whole-body PET-CT.

In August 2020, the patient noticed the appear-
ance of a nodular mass in the projection of the
postoperative scar of the perineal soft tissues. The
oncologist at her place of residence referred her for
consultation to the N. N. Blokhin National Medical
Research Center of Oncology; however, due to the
development of coronavirus pneumonia, the patient
sought medical attention only in November 2020.

During gynecological examination, deformation
of the external genital organs was observed due to
the presence of a mass within the soft tissues of the
left side of the vulva, of firm consistency, with limited
mobility, measuring up to 12 cm in diameter. The skin
over the mass was unchanged, and it appeared that
the tumor was not associated with the surgical scar
(Fig. 2). Examination with vaginal specula was not
possible due to compression of the vaginal introitus
by the tumor. On palpation, no infiltration of the rec-
tovaginal septum was detected; the rectal mucosa
in the projection of the tumor appeared unchanged,
and no enlargement or change in the consistency of
the inguinal lymph nodes was noted.

According to ultrasound examination of the per-
ineal soft tissues, a lesion with clear, smooth bor-
ders and blood flow was visualized within the left
labium majus, measuring 11 x 6 cm. MRI of the
pelvic organs with contrast enhancement revealed
a multinodular lesion of heterogeneous structure

Fig. 3. MRI of the pelvic organs with intravenous contrast enhancement in three projections (A, B, C): a multinodular lesion of
heterogeneous structure was detected in the left labium majus (indicated by arrows), measuring up to 55 x 78 x 99 mm, adjacent to
the left puborectal muscle and the distal part of the urethra without signs of its invasion.
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with well-defined contours, overall dimensions up to
55 x 78 x 99 mm, showing restricted diffusion and
active heterogeneous contrast accumulation. The
lesion was adjacent to the left puborectal muscle
with suspected invasion, to the distal portion of the
urethra without signs of invasion, and displaced and
deformed the lower third of the vagina without clear
evidence of invasion. The pelvic and inguinal lymph
nodes were not altered (Fig. 3).

A core biopsy of the vulvar tumor was performed.
Histological examination revealed an epithelioid cell
tumor, which did not contradict the diagnosis of re-
current epithelioid cell melanoma. However, taking
into account the nature of the disease course and
the clinical presentation of a mesenchymal tumor
without epidermal involvement, additional immuno-
histochemical (IHC) analysis was performed on the
material from the primary tumor using the following
markers: S100, HMB45, synaptophysin, chromogr-
anin A, SOX10, CK18, panCK, MelanA, CK7, CD34,
BerEP4, Ki67, vimentin, CK20, CD31, desmin, EMA,
and FVIIL.

Tumor cells showed diffuse and strong expression
of vimentin, CD34, and EMA; weak focal expression
of CD31, chromogranin A, CK18, panCK, and Melan A.
No expression of S100, HMB45, synaptophysin,
S0X10, CK7, BerEP4, CK20, FVIII, or desmin was de-

tected in tumor cells. The proliferation index (Ki67)
was 24 %. IHC staining with the INIT marker was
not performed at the N. N. Blokhin National Medical
Research Center of Oncology laboratory at that time
due to technical reasons. However, the co-expres-
sion of vimentin, CD34, and EMA, combined with the
absence of diagnostically significant expression of
markers characteristic of other malignant neoplasms
with similar histological structure, allowed the pre-
sented morphoimmunophenotype of tumor cells to
be interpreted as most consistent with PES.

Comprehensive examination of the patient, in-
cluding PET-CT, revealed no evidence of regional or
distant metastases. Discussion at the oncological
multidisciplinary council concluded that, given the
local spread of the recurrent tumor, its histological
type, and locally aggressive behavior, surgical treat-
ment with a wider margin from the visible tumor
boundary was indicated. In December 2020, exci-
sion of the recurrent tumor was performed within
visually healthy tissues, with a planned margin of at
least 2 cm (Fig. 4). The procedure was completed
by excision of the labia on the contralateral side to
correct the pronounced postoperative deformation
of the vulvar region.

The surgical specimen consisted of a fragment
of the vulva with adjacent soft tissues measuring

Fig. 4. Gross specimen: A — excised recurrent vulvar tumor; B — tumor on section.
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14 x 14.5 x 8.0 cm in total. Within the soft tissues,
a subepidermally located tumor nodule measuring
10.5 x 6 x 6.5 cm was identified, with rounded and
relatively well-defined borders, composed of conflu-
ent lobules of grayish-brown tissue with yellowish
streaks and firm-elastic consistency. Microscopically,
the tumor was composed of confluent nodules of
large epithelioid cells separated by fibrous septa
with marked lymphocytic infiltration. Foci of necrosis
were observed both in the center and at the periphery
of the lobular structures. Mitotic activity reached
20 f.m./10 HPF. The tumor invaded the reticular der-
mis but showed no invasion of the epidermis and no
signs of angiolymphatic or perineural invasion. The
morphological pattern was consistent with recurrent
PES. No tumor growth was detected at any of the
lateral resection margins of the vulva or at the deep
margin in the subcutaneous tissue.

Considering the results of the pathological ex-
amination of the surgical specimen, the clinical
course of the disease, and the absence of evidence
of metastatic lesions based on PET-CT findings, the
oncological multidisciplinary board decided to con-
tinue patient follow-up under the supervision of an
oncologist at her place of residence. In December
2023, ultrasound examination revealed a cystic le-
sion up to 0.5 cm in diameter within the soft tissues
in the projection of the left gluteal region. Cytolog-
ical examination of the aspirate showed no tumor
elements. PET-CT with 18F-FDG detected no foci of
metabolically active tumor tissue. At present, the
patient remains under observation with no signs of
recurrence or disease progression.

DISCUSSION

According to the World Health Organization (WHO,
2020) histological classification of tumors, vulvar sar-
comas comprise a heterogeneous group of malignant
neoplasms differing in clinical course, histological,
and immunohistochemical profiles. These include
alveolar soft part sarcoma, rhabdomyosarcoma,
epithelioid sarcoma, leiomyosarcoma, liposarcoma,
dermatofibrosarcoma protuberans, and others [5, 6].

ES is an extremely rare malignant soft tissue tu-
mor with aggressive behavior, which can be divided
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into proximal and distal types. The proximal type of
ES (PES) more commonly occurs in the trunk and
pubic area, whereas the distal type typically arises
in the upper and lower extremities [7]. PES of the
vulva may originate from both superficial and deep
tissues, presenting as single or multiple nodules with
foci of necrosis and hemorrhage. PES of the vulva
is considered a more aggressive form [8]; however,
the clinical course of vulvar ES remains poorly un-
derstood due to the small number of reported cases
and short follow-up periods.

This tumor shares numerous clinical and morpho-
logical features with various benign and malignant
lesions, including granuloma annulare, melanoma,
and epithelioid vascular neoplasms, and may be
clinically misdiagnosed as a benign lesion such as
a Bartholin gland cyst or abscess, inguinal or femoral
hernia, or other benign and malignant soft tissue
tumors [9, 10]. In particular, in the present case, the
primary tumor was initially interpreted as melanoma,
and the clinical presentation did not contradict that
diagnosis.

The final diagnosis relies exclusively on patho-
morphological examination. PES is characterized by
solid growth of large and sometimes pleomorphic
epithelioid (carcinoma-like) cells with large vesicu-
lar nuclei and distinct eosinophilic nucleoli. Patchy
areas of necrosis are often present, but unlike the
distal subtype, PES does not form the characteristic
pseudogranulomatous pattern. In the distal type,
cells show less nuclear atypia, although they may
appear more pleomorphic in recurrent or metastatic
lesions [11, 12]. Cells with rhabdoid features can
occur in both forms but are more frequently seen in
the proximal subtype. Immunohistochemical (IHC)
analysis serves as a critical tool in the differential
diagnosis of ES, with diffuse loss of SMARCB1 (INI1,
BAF47) expression and positive co-expression of
vimentin, EMA, and cytokeratins being the key diag-
nostic markers [13]. In a study by Guillou L. et al,,
more than half of ES cases showed positive staining
for CD34 [14], whereas other endothelial markers,
such as CD31 and FLI-1, are usually negative [15, 16).

The choice of IHC markers for diagnosis may be
of crucial importance. When planning IHC testing,
it is essential to consider the clinical presentation
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and features of the disease course, which can help
expand the marker panel used. In the present clinical
case, the atypical appearance of the recurrent lesion,
its localization, and the timing of its development af-
ter initial treatment prompted the use of an expanded
panel of IHC markers, which ultimately allowed for
the correct diagnosis.

Cytogenetic studies have revealed chromosomal
abnormalities involving the long arm of chromosome
22 in patients with PES, demonstrating inactivation
of the tumor suppressor gene SMARCB1/INI1 locat-
ed at 22q[17, 18].

Chokoeva A. et al. reported that among vulvar
sarcomas, ES showed the most aggressive course,
while liposarcomas had the most favorable progno-
sis [19]. According to several studies, unfavorable
prognostic factors for ES include primary tumor
size greater than 2 cm, deep location, presence of
necrosis, high-grade histology, vascular and lympho-
vascular invasion, early metastasis, and non-radical
surgical excision [7, 20, 21]. In a study by Lee N. et al.
(2006), an elevated serum CA-125 level was iden-
tified as a potentially useful tumor marker for the
diagnosis and clinical monitoring of ES [22].

The poor prognosis of patients with vulvar PES is
associated with a high tendency for local recurrence,
lymph node, and/or distant metastasis. Unlike most
other malignant mesenchymal tumors, vulvar ES can
also spread via lymphatic and implantation routes to
noncontiguous areas of skin, underlying soft tissues,
fascia, and bone, which necessitates wider surgical
excision [23, 24].

According to a clinical study by Ulutin H. et al.,
wide excision in the form of vulvectomy prevented
local recurrence even without adjuvant therapy. The
authors demonstrated that vulvectomy with a wide
margin from the visible tumor border provides excel-

lent local control of vulvar ES [25]. However, many
authors prefer wide local excision over radical vul-
vectomy. In a study by Curtin J. et al., only one of
seven patients developed local recurrence after sur-
gery alone. Thus, wide excision with a margin of at
least 2 cm from the visible tumor border should be
performed, as the width of negative resection mar-
gins is a major factor influencing local recurrence
risk [26, 27]. In the presented clinical case, timely
diagnosis of vulvar PES might have allowed for
a wider surgical margin during the initial operation,
potentially preventing disease recurrence.

Dash B. et al. demonstrated that wide excision
remains the preferred treatment for localized PES,
while radiotherapy and chemotherapy may be used in
unresectable or metastatic forms; however, their role
in the adjuvant setting has not been established [28].

Thus, PES represents a pathology associated with
objective diagnostic difficulties in both clinical and
pathomorphological aspects, which leads to a high
rate of diagnostic errors and delays in establishing
the correct diagnosis.

CONCLUSION

PES of the vulva is characterized by an aggres-
sive clinical course, necessitating a comprehensive
approach to the diagnosis and treatment of this dis-
ease. Understanding the morphological, molecular-
genetic, and clinical features of vulvar PES contrib-
utes to the development of effective therapeutic
strategies and improvement of patient prognosis.
The presented clinical case clearly demonstrates
the importance of timely diagnosis of PES, including
immunohistochemical examination, which made it
possible to establish the correct diagnosis and plan
appropriate treatment.
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On the 70t Birthday of Elena Yu. Zlatnik
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On December 21, 2025, Elena Yu. Zlatnik, Doctor
of Medical Sciences and Professor, celebrates her
70" anniversary.

A prominent scientist in the field of oncoimmu-
nology, Dr. Zlatnik was born into a family of physi-
cians. After graduating with honors from the Rostov
Medical Institute in 1979, she began her career at
the Department of Microbiology, later working as
a junior researcher at the Rostov Institute of Epi-
demiology, Microbiology and Hygiene, where she
completed her PhD thesis on local immunity during
the use of lactoglobulin. She successfully defended
her dissertation in 1987.

From 1988 to 1993, she worked as a junior re-
searcher in the Department of Immunity and Allergy
at the Central Research Laboratory of the Rostov
State Medical University. Her primary scientific in-
terests included experimental, laboratory and clinical
immunology, immunodiagnostics, and immunother-
apy. In 1993, Elena Yuryevna joined the Rostov Re-
search Institute of Oncology as a senior researcher
in the Laboratory of Experimental Hormone Therapy
of Tumors. Since 1995, she worked as a leading re-
searcher, and in 2006 became the chief researcher
of the Pathology Department with Cytology and the
Tissue Culture Group, later continuing her work in the
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Laboratory of Tumor Immunophenotyping. Dr. Zlatnik
studied immune status in cancer patients undergoing
various methods of chemotherapy, immunotherapy,
magnetotherapy and other treatments, as well as
the immunological mechanisms underlying these
therapeutic approaches. Based on these studies, she
completed and successfully defended her doctoral
dissertation in 2003 entitled “The Role of the Immune
System in the Effects of Chemotherapy on Autolo-
gous Liquid Tissues in Cancer Patients.” In 2006, she
was awarded the academic title of Professor.

As a leading scientist of the National Medical
Research Centre for Oncology, Dr. Zlatnik conducts
experimental and clinical-diagnostic studies, evalu-
ates immune status and local immunity factors in
cancer patients, investigates tumor immunology, and
studies the role of immunotherapeutic agents in the
multimodal treatment of malignancies. Her research
also includes tumor-host regulatory interactions, im-
munodiagnostics and immunotherapy of tumors,
and evaluation of antitumor and immunomodulatory
activity of nanoscale particles and other novel anti-
cancer agents under exposure to physical factors in
experimental settings.

Her extensive fundamental research is reflected in
more than 800 scientific publications. She is a co-au-
thor of 64 patents, one of which was recognized
among the “100 Best Inventions of Russia — 2012".

During her 32 years at the National Medical Research
Centre for Oncology of the Ministry of Health of Russia,
Dr. Zlatnik has become a true professional, rising from
senior to chief researcher. Throughout these years, she
has provided invaluable support to clinicians preparing
the immunological components of their PhD and doc-
toral theses. She has served as the scientific advisor or
consultant for seven PhD and one doctoral dissertation,
as well as numerous coursework and graduation proj-
ects. Professor Zlatnik participates in the education
of medical residents and delivers lectures in immunol-
ogy. She is a member of the Dissertation Council for



defending doctoral and PhD theses, a member of the
Academic Council of the Centre, a member of the Ethics
Committee, and an active member of the Immunological
Society. Elena Yuryevna is a regular participant in scien-
tific conferences, congresses, and symposia.

l0xHo-Poccumitckuii onkonornyeckuii xypHan 2025. T. 6, N2 4. C. 84-85
On the 70th Birthday of Elena Yu. Zlatnik

Colleagues know Dr. Elena Zlatnik as a deter-
mined, thoughtful, experienced, and deeply dedi-
cated scientist, possessing exceptional knowledge,
erudition, and an outstanding ability to analyze and
integrate information.

The staff of the National Medical Research Centre for Oncology
and the Editorial Board of the South Russian Journal of Cancer
extend their heartfelt congratulations to Professor Elena Zlatnik on her anniversary!
You have found the shortest path to success - a sincere love for your work and genuine joy in every
accomplishment. We wholeheartedly wish you strong health, enduring optimism, well-being,
and many more years of creative scientific endeavor.
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Professor Pavel Viktorovich Svetitsky of the NMRC for Oncology
of the Ministry of Health of Russia Has Passed Away

On 7 December 2025, our colleague, a Senior Re-
search Fellow of the Head and Neck Tumour Depart-
ment at the National Medical Research Centre for
Oncology, Doctor of Medical Sciences, Professor, and
Honoured Physician of the Russian Federation, Pavel
Viktorovich Svetitsky passed away.

Pavel Viktorovich Svetitsky was born in 1942 in Tash-
kent. He graduated from the Tashkent State Medical In-
stitute in 1966. He initially worked as a general surgeon
and later as an otolaryngologist at Clinical Hospital No.
1 in Tashkent.

In 1972, he defended his Candidate of Sciences
thesis entitled “On the Hormonal Origin of Laryngeal
Papillomas.” In 1973, he joined the Tashkent Municipal
Oncology Dispensary as an otolaryngologist, where he
later headed Uzbekistan's first Head and Neck Tumor
Department. In 1975, Pavel Viktorovich became an As-
sistant Professor at the Department of Oncology at the
Tashkent Medical Institute

In 1978, he joined the Research Institute of Oncology
and Radiology of the Ministry of Health of the Uzbek
SSR as a Senior Research Fellow and was later appoint-
ed Head of the Clinical Department. Under his leader-
ship, the Head and Neck Tumor Department became the
clinical and methodological centre of the Uzbek SSR for
the study and development of modern diagnostic and
treatment approaches for head and neck malignancies.
In 1985, Pavel Viktorovich Svetitsky defended his Doctor
of Sciences thesis entitled “Comprehensive Treatment
for Patients with Malignant Tumors of the Head and
Neck Using Local Hyperthermia.”.

In 1989, he relocated to Rostov-on-Don and joined
the Rostov Research Oncology Institute as a Leading
Research Fellow. In 1996, he was appointed Head of
the Head and Neck Tumor Department. In 1991, he
was awarded the academic title of Professor, and in
2008 he received the honorary title “Honored Physi-
cian of the Russian Federation.” Pavel Viktorovich de-
voted more than 60 years to medicine, including over
35 years at the Rostov Oncology Centre. He served
healthcare and science with complete dedication and
made an enormous contribution to the advancement
of modern oncology. For colleagues and patients alike,
Professor Svetitsky was a highly skilled professional,
a sensitive and attentive physician, a passionate re-
searcher, a responsible colleague, and a remarkable
human being

Pavel Viktorovich was a respected authority among
colleagues and numerous trainees both in Russia and
abroad. Professor Svetitsky authored more than 500
publications in national and international journals.

The staff of the National Medical Research Centre for Oncology and the editorial board of the
South Russian Journal of Cancer mourn his passing and extend their sincere condolences
to the family and loved ones of Professor Pavel Svetitsky.

In loving memory of a colleague, mentor, friend, and a truly kind-hearted person.
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