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ORIGINAL ARTICLE

IMMUNOHISTOCHEMICAL ASSESSMENT OF POSSIBLE ANTICANCER
EFFECT MECHANISMS OF 2-(6,8-DIMETHYL-5-NITRO-4-
CHLOROQUINOLINE-2-YL)-5,6,7-TRICHLORO-1,3-TROPOLONE IN PDX
MODELS OF LUNG CANGER

E. F. Komarova'?~, E. A. Lukbanova’, E. A. Dzhenkova', A. S. Goncharova’, E. V. Zaikina',
S. V. Gurova', A. V. Galina’, L. K. Kurbanova', M. V. Mindar', D. V. Khodakova',
M. S. Gusareva', M. S. Zinkovich'

South Russian
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No. 1, 2023
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B4 katitako@gmail.com

ABSTRACT

Purpose of the study. Evaluation of the expression of immunohistochemical tumor markers Ki-67, b-catenin, Bcl-2, P53,
connexin 32 and connexin 43 when using 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone in mice
with xenographs of squamous cell lung cancer.

Materials and methods. Subcutaneous PDX models of human squamous cell lung cancer were created in immunodeficient
BALB/c Nude mice. A fragment of the patient’s tumor (3 x 3 x 3 mm) was implanted subcutaneously in the right thigh of
a previously anesthetized mouse. 200 pl of 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone was
administered orally using a probe in 12 doses once every 3 days. All animals were divided into groups depending on the
tropolone doses: experimental groups 2—5 with doses of 0.0055, 0.055, 0.55 and 2.75 mg/g, respectively. The control group
received 1 % starch gel which was tropolone carrier. The animals were euthanized 36 days after the start of the substance
administration, and the tumor tissue was isolated and prepared for the IHC study according to the standard protocol. IHC
reactions were performed using antibodies for Ki-67, b-catenin, Bcl-2, P53, connexin 32 and connexin 43.

Results. Higher tropolone doses were associated with decreased expression of Ki-67, b-catenin, and the Bcl-2 protein, but
increased expression of the P53 protein. The dosage of tropolone and expression of connexin 43 were directly proportional.
Conclusion. Immunohistochemical analysis of expression of proteins in PDX models of human squamous cell lung cancer when
using 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone showed the changes indicating its antitumor
efficacy and suggesting a possible mechanism of action based on the activation of apoptosis.

Keywords:
2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone, squamous cell lung cancer, PDX, Ki-67,
b-catenin, Bcl-2, P53, connexin 32 and connexin 43, apoptosis
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PE3IOME

Llenb nccneposanus. OLeHWUTb YPOBEHb 3KCNPECCUM UMMYHOTMCTOXMMUYECKUX OMyxosneBbix MapkepoB Ki-67, b-catenin, Bcl-2,
P53, KOHHEKCHHA 32 1 KOHHEKCUHA 43 Npu NpUMeHeHUN 2-(6,8-AMMETUN-5-HUTPO-4-XNTOPXUHONUH-2-1n)-5,6,7-Tpuxsiop-1,3-Tpo-
MoJIOHa y MblILLEN € KCeHorpadTaMum MIOCKOKIETOYHOro paka Nerkoro.

Martepuanbl n meTogbl. Ha UMMyHOAEeDUUMTHBIX Mbilwax nnHUM BALB/c Nude 6binv nonyyeHbl NoagkoXxHble PDX-mopenu nno-
CKOKJIETOYHOIO paKa Jierkoro yesoBeka. OparMeHT onyxonu naumneHTa pasmepom 3 x 3 x 3 MM UMMIAaHTUPOBaIN NMOAKOXHO
B 06nacTb NpaBoro 6efpa MbiLUu, NpeaBapuTENbHO HAPKOTU3MPOBAB XMBOTHOE NPY MOMOLLM KCUNasuHa KOHLEeHTpauwmeit 20 Mr/mn
1 3oneTuna (TUNeTamuH, 3onas3enamM OCHOBaHUE) KOHLEHTpauweit 22,57 mr/mn. BeefieHne cy6cTaHLmum 2-(6,8-AMMETUN-5-Hu-
TPO-4-XNIOPXUHONMNH-2-1N)-5,6,7-TpuUx1op-1,3-TPOMOJIOH, NPOU3BOAWM NEPOPANbHO NPY NOMOLLYM 30HAa B o6beme 200 Mk B 12
NpUeMOB C KpaTHOCTbto 1 pa3 B 3 AHS. Bce XXMBOTHbIe 6blin pacnpefeneHbl no rpynnam B 3aBUCUMOCTY OT NPUMEHEHHOM J03bl
TpononoHa: onbiTHble rpynnbl N2 2-5 B gosax 0,0055, 0,055, 0,55 v 2,75 Mr/r cooTBeTCTBEHHO. KOHTPONbHO rpynne XXMBOTHbIX
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kony. Mposoannu UMX peakuuu ¢ ucnonb3oBaHueM aHTuTen ans Ki-67, b-catenin, Bcl-2, P53, koHHekcuHa 32 1 KoHHeKcrHa 43.
Pesynbratbl. Bbls10 06HapYXXeHO, YTO C NOBbLILLEHNEM A03bl TPOMOSIOHA YMeHbLUaeTest akcnpeccus Ki-67, b-catenin, a Takxe
NPOUCXOANT CHUXKEHME YPOBHSA aKcnpeccum 6enka Bel-2. Mpu aToM ypoBeHb akcnpeccum 6enka P53 HapacTaeT npu yBenuue-
HWM [103bl NPUMEHEHHOrO BellecTBa. Mpu nccnefoBaHUM BAUSIHUA TPOMOIOHA Ha YPOBEHb SKCMNPECCUM KOHHeKCHUHa 43 6bina
o6Hapy>keHa NpsiMo NPONopLUMOHanbHast 3aBUCUMOCTb ero 3KCMPECCUM NPU NMOBbILIEHWUM [03bl TPOMOJSIOHa.

3akntouenue. MpoBefeHHbI UMMYHOUCTOXMMUYECKUIA aHaNN3 YPOBHSA aKcnpeccuu 6enkoB B PDX-Mopensix NoCcKoKNeTouy-
HOro paka Nerkoro YenoBeka npu npuMeHeHun 2-(6,8-4UMeTUN-5-HUTPO-4-XNOPXUHONUH-2-UN)-5,6,7-Tpuxnop-1,3-TpononoHa
06HapYXXU/ X USMEHEHMS, YKa3blBatoLLMe Ha ero NPOTUBOOMNYX0NEBYHO 3(h(HEKTUBHOCTb M NO3BONSIIOLME NpeanonaraTh
BO3MOXHbI MeXaHWU3M LeNCTBUS U3YYEHHOW Cy6CTaHLMM 3a CYET aKTUMBALMM anonTo3a.
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INTRODUCTION

Platinum preparations are still used as a chemother-
apeutic treatment for lung cancer, and therefore the
search for chemical substances with an effective anti-
tumor effect in this nosology continues [1; 2]. In recent
years, tropolone alkaloids, which have demonstrated
selective toxicity against malignant tumor cells, have
been considered as such [3]. The most well-known
tropolones of natural origin — colchicine, colhamine
and B-tuiplicin (quinocithiol) demonstrate pronounced
antitumor properties due to various mechanisms [4].

The natural troponoid colchicine has the effect
of inhibiting tumor growth due to binding to tubulin,
which disrupts cell division, as well as due to the
ability to limit mitochondrial metabolism in malignant
cells by inhibiting potential-dependent anion channels
of the mitochondrial membrane [5; 6]. The antitumor
effect of the modern natural troponoid quinocithiol
due to the induction of caspase-dependent apoptosis,
autophagy, blocking of the S-phase of the cell cycle,
DNA damage and its demethylation was noted in
relation to colon cancer cells, lung adenocarcino-
ma, breast cancer, multiple myeloma, hepatocellular
cancer [7; 8].

Unlike natural and synthetic B-substituted tropo-
lones, the mechanisms of antitumor action of a-sub-
stituted analogues have been little studied. Some
studies have shown the ability of synthesized a-sub-
stituted tropolones by induced caspase-dependent
apoptosis to suppress the growth of lymphocytic
leukemia cells (but not healthy blood cells), as well
as cell culture of multiple myeloma [9]. In vitro studies
have shown a connection between the mechanisms
of cytotoxic action of the compounds studied with
the induction of apoptosis and changes in the activity
of the ERK signaling pathway in ovarian and colon
cancer cells [10].

Purpose of the study: to evaluate the expression
level of immunohistochemical tumor markers Ki-67,
b-catenin, Bcl-2, P53, connexin 32 and connexin 43
when using 2-(6,8-dimethyl-5-nitro-4-chloroquino-
line-2-yl)-5,6,7-trichloro-1,3-tropolone in mice with
xenografts of squamous cell lung cancer.

MATERIALS AND METHODS

The study used 50 BALB/c Nude mice of both
sexes, which were obtained from the nursery of the

Russian Academy of Sciences (Novosibirsk) and
were kept in standard conditions of the SPF vivar-
ium of the National Medical Research Centre for
Oncology Testing Laboratory Center. The study was
approved by the Ethical Committee National Medical
Research Centre for Oncology (Protocol No. 1/61
of 02/19/2019). Manipulations with animals were
carried out in accordance with the ethical principles
established by the European Convention for the Pro-
tection of Vertebrates Used for Experimental and
Other Scientific Purposes.

Subcutaneous PDX models (Patient-Derived Xeno-
graft) of human squamous cell lung cancer in the 4th
passage were obtained on immunodeficient BALB/c
Nude mice [11]. The donor of the tumor material was
patient T., diagnosed with: C34.3 Central cancer of the
lower lobe of the right lung, pT3NOMQO, st IIB. The his-
tological type of the patient's tumor is squamous cell
lung cancer. A fragment of the patient's tumor mea-
suring 3 x 3 x 3 mm was implanted subcutaneously
into the right thigh of the mouse, having previously
anesthetized the animal with xylazine at a concen-
tration of 20 mg/ml and zoletil (tiletamine, zolaz-
epamine) at a concentration of 22.57 mg/ml [12].

In the experiment, the substance 2-(6,8-dimeth-
yl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone (hereinafter tropolone) synthesized by the
expansion of the o-quinone cycle in SRI of Physical
and Organic Chemistry of the Southern Federal Uni-
versity was introduced [13]. The administration of
substances began after the tumor nodes reached
volumes of 100 mmé3. 1 % starch gel was used as
a carrier for the introduction of tropolone. The sub-
stances were administered orally using a probe in the
volume of 200 pl in 12 doses with a multiplicity of
1 every 3 days, regardless of food and water intake.
All animals were divided into groups depending on
the applied dose of tropolone (Table 1).

The duration of the experiment was 36 days, start-
ing from the first administration of the substance.
After euthanasia of animals by dislocation of the cer-
vical vertebrae, tumor material was isolated and, after
standard preparation, enclosed in paraffin blocks.
For the IHC study, sections were made from paraffin
blocks using a rotary microtome, which were subse-
quently dewaxed according to a standard protocol.
All stages of the immunohistochemical reaction were
carried out in the VENTANA BenchMark ULTRA im-
munohistostainer of Roche (Switzerland), according
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to the protocols of manufacturers attached to the
mono- and polyclonal antibodies used. UltraView
Universal DAB Detection, manufactured by Ventana
Medical Systems, was used as a primary antibody
detection system. Antibodies were used for IHC reac-
tions: Ki-67 — Cell Marque, USA, p53, b-catenin, Bcl-2,
connexin 32 and —43 - Ventana Medical Systems,
USA. The intensity of immuno—-staining was assessed
using light microscopy (Leica DM3000 microscope).

The normality of the distribution of signs was as-
sessed using the Shapiro-Wilk criterion. Median and
interquartile range were calculated for quantitative
data. The statistical significance of the differences
between the groups was assessed using a pairwise
comparative analysis using the Mann-Whitney cri-
terion. The significance level for the methods used
was set as p < 0.05.

RESEARCH RESULTS AND DISCUSSION

In the immunohistochemical study of the ex-
pression of the Ki-67 proliferation marker in human

lung cancer xenograft tissues, the proportion of
immunopositive cells in the 1st control group was
66.3 [61.5-69.3] %, in the 2nd, 3rd, 4th and 5th exper-
imental groups - 64.7 [62.3-65.3] %, 61.4 [60.3-62.3]
%, 59.3 [58.1-60.2] % and 55.2 [53.2-57.4] %, re-
spectively, that is, there was a statistically significant
decrease in the level of Ki-67 expression as the dose
of tropolone increased and compared with the control
group (p < 0.01) (Fig. 1).

The percentage of positively stained cells when
assessing the expression of b-catenin in human lung
cancer xenographs was in the experimental groups:
in the 2nd - 32.7 [31.2-33.1] %, in the 3rd =24.5
[23.4-26.5] %, 4-th — 22.3 [20.7-23.6] % and in 5-th -
8.4[7.2-9.3] %, which was statistically significantly
lower at p < 0.05 relative to the control group (33.7 £
0.3 %) (Fig. 2). When assessing Bcl-2 expression in
human lung cancer xenographs, a statistically sig-
nificant (p < 0.01) decrease in Bcl-2 expression was
observed with an increase in the tropolone dose,
and the proportion of immunopositive cells was on
average in group 1 (control) = 61.1 [57.9-62.4] %, in

Table 1. Study design

Group number Group naming

Number of animals involved

Injected agent Agent dose, mg/g

1 Control 10 Starch gel 1%
2 10 0.0055
3 10 0.055
e — Study Tropolon
4 10 0.55
5 10 2.75
40,0
68,0
—_ 35,0
66,0 2
z * T 200
= 64,0 " = ’ *
< 2 *
< 62,0 5 250
2 * 'E *
£ 60,0 S L0
S X '
s 580 " T 150
= 56,0 £
S £ 100
g 540 5
=
52,0 50
50,0 00
0 0,0055 0,055 0,55 2,75 0 0,005 0.055 0.5 %75
Dose, mg/g Dose, mg/g

Fig. 1. The relationship between the dose of tropolone and the
proportion of immunopositive cells in assessing the expression
of Ki-67 in PDF models of human lung cancer in immunodeficient
BALB/c Nude mice. 0 — control group, * — statistically significant
differences in comparison with the control group (p < 0.05).

Fig. 2. The relationship between the dose of tropolone and

the proportion of immunopositive cells when evaluating the
expression of i-catenin in PDF models of human lung cancer in
immunodeficient BALB/c Nude mice. 0 — control group,

* — statistically significant differences in comparison with the
control group (p < 0.05).
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Fig. 3. The relationship between the dose of tropolone and the
proportion of immunopositive cells in assessing Bcl-2 expression
in PDX models of human lung cancer in immunodeficient
BALB/c Nude mice. 0 — control group, * — statistically significant
differences in comparison with the control group (p < 0.05).
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Fig. 4. The relationship between the dose of tropolone and

the proportion of immunopositive cells when evaluating the
expression of P53 in PDX models of human lung cancer in
immunodeficient BALB/c Nude mice. 0 - control group, * —
statistically significant differences in comparison with the control
group (p < 0.05).
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Fig. 5. The relationship between the dose of tropolone and

the proportion of immunopositive cells in assessing the
expression of connexin 43 in PDX models of human lung cancer
in immunodeficient BALB/c Nude mice. 0 — control group, * —
statistically significant differences in comparison with the control
group (p < 0.05).
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the 2nd (0.0055 mg/qg), 3rd (0.055 mg/qg), 4th (0.55
mg/g) and 5th (2.75 mg/g) groups — 56.8 [55.4—
58.6] %, 55.5[53.1-56.3] %, 52.5[52.9-55.2] % and
50.9* [50.1-53.2] %, respectively (Fig. 3).

When evaluating the expression of the oncosup-
pressor protein P53, the proportion of immunoposi-
tive cells in human lung cancer xenographs averaged
30.9+0.5% ingroup 1,ingroups 2,3,4and 5 - 35.8
+0.4[32.3-37.5] %, 41.4+1[39.9-43.1] %, 42.9
1.3[41.2-44.3] % and 48.1 + 0.4 [45.9-51.3] %, re-
spectively (Fig. 4). At the same time, a statistically
significant (p < 0.01) increase in the expression level
of P53 was observed with an increase in the dose of
tropolone (in 2, 3, 4 and 5groups compared with the
control group), which indicates an increase in the
processes of apoptosis in the tumor tissue (Fig. 4).

When analyzing the expression of connexin 32 in
the tissues of PDX models of lung cancer in all exper-
imental groups of animals, no statistically significant
differences (p > 0.05) were found with the control
group. The percentage of positively colored cells was
62.1 [60.2-63.5] %, 61.1 [59.9-62.9] %, 61.6 [60.1-
63.1] %, 61.3 [59.8-62.1] % and 61.7 [60.4-62.9] %
for 1-5 groups, respectively.

The proportion of immunopositive cells in assess-
ing the expression of connexin 43 in human lung
cancer xenographs was on average in group 1 (con-
trol) — 62.8 [58.3-63.2] %, in the 2nd, 3rd, 4th and
5th groups - 65.3 [64.1-66.5] %, 66.9 [65.3—69.5] %,
71.8[69.4-72.9] % and 74.8 [72.3-76.4] %, respec-
tively, that is, when exposed to tropolone, there was
a statistically significant increase in the level of con-
nexin 43 expression in the experimental groups com-
pared with the control group. (P,_,,_, < 0.05; P
< 0.01) (Fig. 5).

The immunohistochemical analysis of the ex-
pression level of proteins Ki-67, b-catenin, Bcl-2,
P53 and connexins 43 and 32 in PDX models of
squamous cell lung cancer with the use of 2-(6,8-di-
methyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-tri-
chloro-1,3-tropolona found their changes indicating
dose-dependent antitumor activity and suggesting
possible mechanisms of action of the studied sub-
stance. Thus, it was found that with an increase
in the dose of tropolone, the expression of Ki-67,
b-catenin decreases, and there is also a decrease
in the expression level of the anti-apoptotic protein
Bcl-2, while the expression level of the oncosup-
pressor protein P53 increases with an increase in

1-4,1-5
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the dose of the substance used. The Ki-67 protein
is currently considered as the most reliable mark-
er of proliferation, including for lung cancer, and
its decrease observed in the experimental groups
relative to the indicators in the control group in-
dicates a decrease in the proliferative activity of
tumor cells of squamous cell lung cancer when
using tropolone [14]. It is believed that b-catenin
exhibits various effects in tumor cells, in particu-
lar, it activates proliferation, being one of the key
molecules of the tumorogenic signaling pathway
Wnt/b-catenin and, due to the intersection with oth-
er signaling pathways, regulates apoptosis, angio-
genesis and cell invasion, and also participates
in the shift of cellular metabolism towards oxy-
gen-free glucose oxidation [15]. A decrease in the
expression of b-catenin by lung cancer tumor cells
in PDX models with the use of tropolone confirms
the antitumor effect of this substance, obviously
mediated through the Wnt/b-catenin signaling path-
way. Studies have shown that overexpression of
Bcl-2 protein blocks apoptosis and thus promotes
tumor progression [16]. Lee Y.-S. and co-authors
(2013) showed a decrease in Bcl-2 expression when
exposed to natural tropolone — quinokithiol on sub-
cutaneous xenografts obtained by transplantation
of human colon cancer cell cultures HCT-116 and
SW-620 [17]. Suppression of the expression of an-
ti-apoptotic protein Bcl-2 in subcutaneous xenograft
cells of squamous cell lung cancer in combination
with increased expression of oncosuppressor P53,
known for its activating effect on pro-apoptotic
proteins Bax and Bid, indicates stimulation of apop-
tosis with the use of 2-(6,8-dimethyl-5-nitro-4-chlo-
roquinoline-2-il)-5,6,7-trichloro-1,3-tropolone.
When studying the effect of tropolone on the ex-
pression level of connexin 43, a dependence of its
expression was found with an increase in the dose

of tropolone. It is known that connexins are tumor
suppressors that regulate cell proliferation, apopto-
sis, chemoresistance, migration and invasion with
the help of intercellular communication of the slit
junction [18]. Overexpression of connexin 43 in the
nucleus correlates with increased aggressiveness
of lung tumors, which is associated with its ability to
recruit E-cadherin, providing tumor cells with a more
invasive phenotype, increasing their ability to migrate,
survival, and contributing to the development of dis-
tant metastases [19]. However, connexin 43 with its
cytoplasmic localization is able to inhibit tumorogen-
esis [20]. Assuming the overall antitumor efficacy of
the tropolone studied, we can talk about the induction
of the suppressor function of connexin 43 relative to
lung cancer in the PDX model. Some studies show
that connexin 32 is overexpressed in lung cancer
cells [21]. Knockout or knockdown of the connexin 32
gene leads to an increase in the frequency of chemical
and radiation-induced lung tumors, and also enhanc-
es epithelial-mesenchymal transition, migration and
invasion of tumor cells [22], probably partly due to
activation of the MAPK pathway. However, we have
not detected the effect of tropolone on the expression
of connexin 32, the reason for this is not clear and
requires further study.

CONCLUSION

The detected changes in the studied immuno-
histochemical markers on PDX models, indicating
a decrease in the proliferative activity of lung tumor
cells, as well as activation of apoptosis processes,
indicate the manifestation of the antitumor effect of
tropolone. Based on the results obtained, we assume
that a possible mechanism of antitumor action of the
studied tropolone is activation of apoptosis.
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ABSTRACT

Purpose of the study. The assessment of diabetes mellitus (DM) effect on levels of sex hormones in tumor and peritumoral
tissues in BALB/c Nude mice with Lewis lung carcinoma (LLC).

Materials and methods. The study included 42 male and female BALB/c Nude mice aged 8—9 weeks weighing 21-22 g. Al-
loxan-induced DM was reproduced in mice of the main group, and then LLC was transplanted. Levels of estrone (E1), estradiol
(E2), testosterone (T), progesterone (P4) and prolactin (PRL), as well as steroid hormone receptors: estrogens (REq, REB),
androgens (RA), and progesterone (RP4) were measured by RIA and ELISA in samples of tumor and peritumoral tissues.
Animals with LLC without DM were used as controls. The statistical analysis was performed using the Statistica 10 program;
differences were considered significant at p < 0.05.

Results. DM in males was reproduced only after a double injection of alloxan, and was characterized by lower blood glucose
levels compared to females. The growth of LLC in animals with alloxan-induced DM was possible only in female BALB/c Nude
mice; in BALB/c Nude males, the tumor could not be transplanted either independently or in combination with DM. Females
in the main group showed greater average tumor volumes throughout the experiment and reduced survival, compared to the
control group. Tumor samples from females with LLC+DM were more saturated with sex steroids, but depleted in steroid
hormone receptors, which probably contributed to the ability to avoid the body's regulatory signals.

Conclusion. The growth of LLC in presence of induced DM was sex-dependent, since the tumor could not be transplanted to
male mice. DM affected the levels of sex steroids and their receptors tumor tissues in female BALB/c Nude mice.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUTMHANBHASA CTATbBSA

BJIMAHWE UHAYLIUPOBAHHOIO CAXAPHOTO IMABETA HA TOPMOHAJIbHbIV BOH

KAPLIUHOMbI JIbKOUCA Y MBILLIEA IMHUK BALB/C NUDE

E. M. ®paHuusuu, B. A. baugoekuna™, WU. B. Kannueea, A. U. Wnxnsapoea, E. U. Cypukoea,
W. B. Hecky6uHa, 10. A. Moropenoga, J1. K. Tpenutaku, H. . Yepapuna

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
X valerryana@yandex.ru

PE3IOME

Lienb uccnepoBanus. iayyeHue BNuaHUA caxapHoro guabeta (CLl) Ha coaepkaHue NnosioBbIX FOPMOHOB B OMYyXONW U Nepu-
okanbHow 30He y Mbiwweit BALB/c Nude ¢ kapuvHomoit Jlbtouca.

Matepuanbl u MeTogbl. B paboTe ncnonososanu 42 mbiwm nuHmum BALB/c Nude o6oero nona, 8—9 HeaenbHoro Bospacta
¢ Maccol Tena 21-22r. Y MbiLleit OCHOBHOM Fpynmbl C MOMOLLbIO MHBbEKLUIA annokcaHa uHayuuposanu CL, Ha hoHe KoTo-
poro nepeBuBanu kapuuHomy Jibtouca (LLC). B o6pa3suax onyxoneii U ux nepudokabHbIX 30H PaAUOMMMYHHBIM METOAOM
(PUA) n nMMyHodepMeHTHbIM MeTopoM (M®DA) onpesiensnu ypoBeHb acTpoHa (E1), acTpaguona (E2), Tectoctepona (T),
nporectepoHa (P4) n nponaktuHa (MPJ1), a Tak)Xe peLenTopoB CTepOMAHbIX ropMoHOB: acTporeHoB (REq, REB), aHporeHoB
(RA), v nporectepoHa (RP4). B kauecTBe KOHTPOJISl U3y4asin XXMBOTHbIX C CAMOCTOSITENbHbIM pocToM LLC. CTaTucTuueckuit
aHanus NpoBoOAUAU C UCNONb30BaHMEM NporpamMmebl Statistica 10, 3HadeHue p < 0,05 paccmaTpuBanoch Kak nokasartesb
CTaTUCTUYECKON 3HAYUMOCTH.

PesynbraTbl. CaxapHblil AMabeT y caML0B BOCNPOU3BOAUIICS TONbKO MOC/E ABYXKPATHOrO BBELEHUS anfloKcaHa U xapak-
Tepu3oBascsa 605ee HU3KMMU NoKa3aTeNsiMu F10KO3bl KPOBU, MO CPaBHEHUIO C caMKaMu. POCT KapunHoMbl Jbtouca Ha
(hoHe MHAYLMPOBAHHOIO anjoKcaHoOM caxapHoro AnabeTa okasasicsi BOSMOXHbIM TOJIbKO Y CaMOK MbliLel nuHun BALB/c
Nude, y camuoB nuHumn BALB/c Nude onyxonib He nepeBuBanacb HM B CaMOCTOATENIbHOM, HU B coyeTaHHOM ¢ C/l BapuaH-
Tax. Y caMOK OCHOBHOW rpynnbl yCTaHOBJIEHbI 60JbLUME CPpeaHMEe 06 bEMbI ONYXOJIEN Ha NPOTSXKEHUW BCEro IKCNepUMeHTa
1 COKpaLLleHne NPOAOCIKUTENIbHOCTM XXU3HW, MO CPAaBHEHUIO C IPynno KOHTpons. MNpu aTom, 06pasLibl OMyX0nun y caMok
C pasBUTHEM 3/I0KAQYECTBEHHOIO npoLiecca Ha poHe C XxoTs 1 6binu 60/1ee HaCbILEHbI NOMIOBbIMU CTEPOMAAMU, OKa3aucb
06eAHEHbI peLienTopaMmn CTEPOUAHbBIX FTOPMOHOB, YTO, BEPOATHO, CNOCOGCTBOBASIO BO3SMOXHOCTM M36eraTb perynsiTopHbIX
CWUrHasoB opraHuama.

3akntoyeHue. PocT kapunHomebl Jibtouca Ha hoHe HAyLumMpoBaHHoro CL, uMmen nonoByo 3aBUCUMOCTb, ONYXO0Jib He nepe-
BMBanacb camuam Mbiwwei. CLl okasan BAUAHWE Ha YPOBEHb MOJIOBbIX CTEPOULOB U UX PELLENTOPOB B 3/I0KAYECTBEHHOW

onyxonuy caMok Mbiliei BALB/c Nude.

KntoueBble cnosa:
caxapHblii AvabeT, kapuuHoma Jibtonca, Mbiwm nvHui BALB/c Nude, nonoBble cTeponfbl, peLienTopbl NosioBbixX
cTepouaoB
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INTRODUCTION

MATERIALS AND METHODS

The interaction between diseases was recog-
nized as a key factor influencing the natural course
of diseases, including the development of the ma-
lignant process [1; 2]. Synergetic relationships be-
tween diseases co-existing in the population can
influence the dynamics of the epidemic, which leads
to noticeable differences in health outcomes com-
pared to the disease occurring in isolation [3]. The
concept of disease interaction in the epidemiolo-
gy of diabetes mellitus (DM) is well documented
both at the population and individual level. There
is convincing evidence of an association between
DM and other macro- and microvascular diseases,
such as hypertension, coronary heart disease and
congestive heart failure, as well as immunodefi-
ciency [4; 5].

Other studies have also shown a significant as-
sociation between DM and several oncological dis-
eases, such as colorectal cancer, pancreatic cancer,
endometrial and ovarian cancer, stomach, kidney and
thyroid cancer, as well as leukemia [6]. Moreover,
cancer patients with diabetes mellitus or with abnor-
mal plasma glucose levels have a more unfavorable
prognosis. In malignant cells that are exposed to ex-
cess physiological glucose concentrations, a change
in intracellular signaling is detected, which leads to
more aggressive phenotypes [7].

The mechanisms underlying the high aggressive-
ness of glucose-induced cancer are different for each
type of cancer. Glucose can activate many signal-
ing pathways, for example, ERK, STAT3 and NsF-kB,
including cell proliferation, metastatic activity and
chemoresistance of cancer cells. Activation of these
intracellular pathways regulates the transcription of
their specific downstream target genes, which con-
tribute to the development of aggressive phenotypes.
In addition, it was found that the long-term clinical
outcome and survival are worse in cancer patients
with diabetes mellitus, whose plasma glucose lev-
els are poorly controlled [8]. Therefore, high glucose
content has been proposed and identified as a mech-
anism by which diabetes mellitus is associated with
cancer progression [9].

The purpose of this study was to study the effect
of diabetes mellitus on the content of sex hormones
in the tumor and perifocal zone in BALB/c Nude mice
with Lewis carcinoma.

16

Experimental studies were carried out on 42 mice
of both sexes of the BALB/c Nude lines, 8—9 weeks
of age with a body weight of 21-22 g. Mice of the
BALB/c Nude lines were purchased at the Laboratory
Animal Nursery in Pushchino, Russian Federation.
The animals were kept in an environment free of spe-
cific pathogens (SPF), with a 12-hour light/dark cycle.
The choice of BALB/c Nude mice for this study is as-
sociated with defects in the immune system caused
by the absence of a thymus gland and a deficiency
of T cells [10], thanks to which the introduction of
alloxan in experimental animals was able to induce
diabetes mellitus and cure Lewis carcinoma.

All mice were kept in autoclave micro-insulator
cages equipped with sterilized pine wood chips at
a constant (24 h) temperature (22 °C) and humidity
(40-70 %). Throughout the experiment, the mice
were fed sterilized food and water. All manipulations
were carried out in sterile conditions at a laminar
flow workstation. All studies were conducted in
accordance with the requirements and conditions
set out in the "International Recommendations for
conducting Biomedical research using animals" and
the Order of the Ministry of Health of the Russian
Federation No. 267 dated 06/19/03 "On approval
of the rules of laboratory practice". Work with ani-
mals was carried out in accordance with the rules
of the "European Convention for the Protection of
Animals Used in Experiments" (Directive 86/609/
EEC). Protocol of the Ethics Committee No. 7/111
of 02/26/2021.

The females of the BALB/c Nude lines were di-
vided into the following groups: the control group -
mice with Lewis carcinoma (LLC) (n = 14) and the
main group of mice with Lewis carcinoma on the
background of DM (n = 14). Of these, 7 animals with
independent growth LLC and 7 animals with LLC+The
dynamics of tumor growth and life expectancy were
observed, and the remaining animals were guillotined
19 days after the tumor was transplanted in order to
study sex hormones and their receptors in tissues.

Males were also divided into groups of 7 animals:
mice that were transplanted with Lewis carcinoma in
an independent variant; mice that were transplanted
with Lewis carcinoma on the background of DM.

Diabetes was reproduced in females by a single
intraperitoneal injection of alloxan at a dose of 350
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mg/kg; in males - by a double intraperitoneal injec-
tion of alloxan at a dose of 350 mg/kg.

To transplant Lewis carcinoma in an independent
version, 0.5 ml of LLC tumor suspension containing
0.5 million tumor cells was injected under the skin
of the back just below the right shoulder blade.
Animals of the main groups, for the development of
the tumor process against the background of DM,
the tumor was transplanted in a similar independent
way: females on the 5th day after the introduction
of alloxan and a steady increase in blood glucose
levels, males on the 12th day from the first injection
of alloxan. Measurements of tumor nodes were
carried out in 3 dimensions, the volume of the tu-
mor was calculated using the formula (R1 + R2 +
R3) [10]. In groups with tumor grafting to study the
life expectancy of animals, tumor measurements
were carried out weekly until the death of animals.
To determine hormones and their receptors, tumor
samples, their perifocal zones, as well as the pan-
creas were taken on ice. 1 % cytosolic fractions
prepared on 0.1M potassium phosphate buffer pH
7.4 containing 0.1 % Twin-20 and 1 % BSA were
obtained from the tissues. The level of estrone
(E1), estradiol (E2), testosterone (T), progester-
one (P4), prolactin (PRL), as well as the content
of insulin and C-peptide were determined by RIA
(Immunotech, Czech Republic), the concentration
of steroid hormone receptors: estrogens REa and
RER, androgen receptors RA and progesterone RP4
were determined The ELISA method (Cloud-Clone
Corp. China), blood glucose by biochemical method
(Olveix Diagnosticum),

Statistical processing of the results was carried
out using the Statistica 10.0 program. The data are
presented as an average value t+ standard error of
the average. The correspondence of the distribution
to the normal was evaluated using the Shapiro-Wilk
criterion. The significance of the differences between
independent samples was assessed using the Stu-
dent's t-test and the Mann-Whitney test (p < 0.05).

RESEARCH RESULTS

First of all, we studied the development of diabe-
tes mellitus in mice of different sexes. It was found
that in all female mice on the 5th day after the in-
troduction of alloxan, the blood glucose level was
26.94 + 1.2 mM/L versus 5.8 + 0.7 in intact animals
and remained at this level with slight fluctuations
throughout the entire duration of the experiment until
the death of the animals (Table 1).

At autopsy in females with diabetes macroscop-
ically: the kidneys are enlarged, the pancreas is al-
most 2 times smaller than in intact animals, it looks
"mucous"”. The level of insulin and C peptide in the
pancreas in the females of the main group was 5.4
times and 1.6 times higher, respectively (44.2 + 3.8
mclU/g of tissue and 2.95 + 3.1 pm/g of tissue, re-
spectively, in the main group versus 8.15 + 0.8 mclU/g
of tissue and 1.86 + 0.17 pm/g of tissue in intact
animals), which indicates the development of insulin
resistance in these animals.

The results of measurements of average tumor
volumes in female mice with and without diabetes
mellitus are presented in the table 1.

Table 1. Lewis carcinoma volume and blood glucose levels in female mice

Days after starting the experiment 8 Days 11 Days 15 Days 19 Days 22 Days
Tumor V cm® Main group 0.36 £+ 0.018* 4.07£0.13% 7.76 £0.18% 10.32 £ 0.4*

Blood glucose (mM/L) in the main group 26.91+0.56* 26.41+0.59* 26.36+0.81* 26.48 +0.69*

Tumor V cm? in the control group 0.1 +£0.011 0.31+0.012 0.94 £ 0.07 2.98+0.15 471+0.14
Blood glucose (mM/L) in the control group 5.78+0.12 5.36 £0.17 5.63 +0.11 59+0.12 5.63+0.14

Note: * — statistically significant differences in comparison with the control group, p < 0.05.
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It is obvious that in the group of female mice with
Lewis carcinoma, reproduced against the background
of diabetes mellitus, the tumor developed more inten-
sively: on day 8 it was 3.6 times larger than in animals
of the control group, on day 11 — almost 13 times, on
day 15-8.3 times and before the death of mice on
day 19-3.5 times. The greatest growth of the tumor
occurred in the period of 11-15 days. The life expec-
tancy of mice with Lewis carcinoma on the background
of diabetes mellitus was 19-20 days, whereas with
isolated Lewis carcinoma - 28-29 days (p < 0.05).

In all male mice, after 1 administration of alloxan,
the glucose level didn't significantly rise, so we per-
formed 2 injections at the same dose 8 days after

the 1st one. The glucose level is shown in the table 2.

The next day after repeated administration of allox-
an, the skin of all mice acquired a bluish hue. Blood
for measuring glucose levels was taken with difficulty.
Lewis carcinoma was transferred to male mice on
day 12 from the 1st administration of alloxan and on
day 4 from the repeated administration of alloxan. 4
days after the transfer of the tumor suspension, white
spots with a diameter of about 5 mm without signs
of tumor growth were observed at the injection site.
All the mice had dry atrophic skin. No tumors were
detected 30 days after the transplant.

Thus, female mice were more susceptible to the
reproduction of diabetes mellitus and Lewis tumors

Table 2. Blood glucose levels in male mice with alloxan-induced diabetes

Days after starting the experiment Inital

7 Days 8 Days 9 Days 12-19 Days

Glucose levels in DM group (mM/L) 6.6+0.12

7.80£0.11* 9.2+0.23* 9.47+0.12* 1446 +0.21*

Note: * - statistically significant differences in comparison with the initial levels, p < 0.05.

Table 3. The content of hormones and receptors in the tumor and its perifocal zone during various processes in female mice

Tumor Perifocal zone

Indicators

LLC DM + LLC LLC DM + LLC
E1 (pg/t) 47.7 £2.39%* 101.8 +2.3* 517.0+2.38 97.0 £ 2.14*
E2 (pg/g t) 62.3 1 1.37** 84.7 + 2.62%** 127.3+1.44 55.5 + 1.46*
T total (ng/g 1) 0.271 £ 0.02** 0.7 £ 0.06*** 1.0+ 0.076 0.2+0.01*
P4 (ng/g t) 1.5 £ 0.064** 5.0 £ 0.38*** 3.7+0.06 3.8+0.177
PRL (ng/gt) 3.0 £ 0.306** 13.2 £ 0.28%** 12.5+0.42 34.9 +£1.33%
REa (ng/g 1) 2.2 £0.099** 1.2 £ 0.171%** 10.3+0.33 6.6 £ 0.3*
REB (ng/g t) 4.6 £ 0.05** 2.9 £ 0.25%** 12304 7.4 £0.25%
RA (ng/gt) 0.33 £ 0.008** 0.3 £ 0.0056** 2.5+0.06 1.4+0.10%
RP4 (ng/g t) 0.33 £0.02** 0.217 £ 0.009%** 3.7+0.076 1.4+0.11*

Note: statistically significant differences in comparison with: * — the respective samples in the control group; ** — perifocal zone of the entire

group (p < 0.05).
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in them, and Lewis carcinoma on the background of
diabetes mellitus grew more intensively. The males
turned out to be quite resistant to the reproduction of
diabetes mellitus and not at all susceptible to trans-
plantation of Lewis carcinoma, either in an independent
variant or against the background of diabetes mellitus.

The question arose: is this related to the level of
sex hormones and, especially, to the activation of
tumor growth under the influence of sex hormones?

Thus, we studied the level of sex hormones and
their receptors in the tumor tissue of female mice
with various growth variants, as well as in the tissue
surrounding the tumor, l.e. the perifocal zone.

It was found that the tumor tissue growing against
the background of diabetes mellitus contained more
estrogens: E1-2.1 times and E2-1.4 times relative to
the tumor tissue growing in an independent variant
(Table 3). At the same time, the level of these hor-
mones in the perifocal zone was lower than in the
corresponding samples with independent growth of
Lewis carcinoma: E1-5.3 times and E2—-2.3 times.
The T content in the tumor tissue during its growth
against the background of diabetes mellitus turned
out to be 3.3 times higher, and in its perifocal zone
5 times lower, compared with similar samples of the
control group. In the tumor tissue growing against
the background of diabetes mellitus, the level of P4
and PRL was increased by 3.3 times and 4.4 times,
respectively, in the tissue of its perifocal zone, only
the level of PRL was increased by 2.8 times, while P4
had no significant differences from the corresponding
region with independent growth of Lewis carcinoma.

The content of estrogen and progesterone recep-
tors in the females of the main group was reduced
in the tumor tissue and its perifocal zone: REa -
by 1.8 times and 1.6 times, respectively, REB — by
an average of 1.6 times and RP4 - by 1.5 and 2.6
times, respectively, relative to the indicators in the
animals of the control group. The androgen receptor
in the tumor tissue had no significant differences
between the indicators on the background of diabe-
tes mellitus and without it, and in the tissue of the
perifocal zone of the tumor in the animals of the
main group was reduced by 1.8 times. It should be
noted that, despite the decrease in the level of sex
hormone receptors in the tissue of the perifocal
zone of the tumor in diabetes mellitus, the indicators
remained significantly higher than their level in the
tumor tissue.

DISCUSSION

On the background of the ongoing epidemic of
both obesity and diabetes, there is great interest in
understanding the impact of these conditions on
a wide range of cancers. DM is known to be associat-
ed with an increased risk of breast cancer, colorectal
cancer, endometrial cancer, pancreatic cancer, liver
and bladder cancer, but not prostate cancer [11]. In
our study, it was shown that in male mice of the BAL-
B/c Nude line, unlike females, it was possible with
the help of alloxan injections to cause diabetes at
a later date and with lower blood glucose levels. In
males, it was not possible to transfer Lewis carcino-
ma either in an independent version or against the
background of diabetes mellitus, which we associate
with the protective role of the hormonal background,
in particular androgens.

At the same time, it was found that throughout
the experiment, in females with an increase in Lew-
is carcinoma on the background of DM, the blood
glucose level was more than 4 times higher than
in animals of the control group. At the same time,
a malignant tumor on the background of DM devel-
oped much faster than in an independent variant, the
volume of tumors increased rapidly, the life expec-
tancy of females was less. Experimental studies of
gestational diabetes have shown that in response
to an intrauterine environment with a high glucose
content, the fetus undergoes a number of adaptive
changes, such as acceleration of catabolism and
glucose utilization, which affects its growth and de-
velopment [12]. Drawing a certain parallel between
the growth of a malignant tumor and pregnancy, when
both physiological and pathological processes are
"protecting someone else's in their own", it can be
assumed that a malignant tumor, receiving additional
glucose resources, could significantly accelerate its
proliferative potential.

However, there is a growing understanding that the
direct contribution of glucose to the metabolism of
cancer cells may be greater than Warburg assumed.
The effect of diabetes on cancer development is as-
sociated with complex biology, including not only
insulin resistance and elevated glucose levels, but
also inflammation, effects on immunity and hormonal
background [11].

Sex hormones are naturally produced in the body
and are of fundamental importance for controlling
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functions as the oldest growth factors and as bio-
active substances capable of exerting genomic ef-
fects by binding directly to nuclear receptors. Steroid
hormones can also perform non-genomic functions
by binding to or near the plasma membrane, caus-
ing rapid changes in cellular physiology [13]. Their
production is finely regulated, because even a small
change in their quantity can cause serious conse-
quences for the whole organism [14]. Among the
many functions performed by hormones, some are
also associated with cell proliferation and may affect
the development of cancer [15].

In our study, it was found that the tumor samples
in the animals of the main group contained much
higher concentrations of all steroid hormones — E2,
E1, T and P4, as well as prolactin. It is obvious that in
addition to high glucose concentrations, sex steroids,
as well as prolactin, which can act as a growth factor,
stress hormone and influence the immune system by
suppressing the production of interleukin-6, were nec-
essary for accelerated proliferation of tumor tissue.
At the same time, attention is drawn to the fact that
if in animals of the control group a higher content of
sex steroids was found in the perifocal zone, then in
animals of the main group, on the contrary, directly
in the neoplasm.

The fact that we found an increase in the local
content of sex hormones in the females of the
main group is not unexpected. Estradiol levels are
known to have been elevated in menopausal women
with DM-2, suggesting that excess estrogen may
also have played a role in the risk of developing
insulin resistance. The link between excess tes-
tosterone and diabetes in women has been known
for almost a century. In postmenopausal women,
higher plasma levels of estradiol and testosterone
were associated with an increased risk of diabetes
mellitus [16]. In women, hyperandrogenic conditions,
such as polycystic ovary syndrome, are associat-
ed with insulin resistance, glucose intolerance and
subsequent diabetes mellitus. High testosterone
levels cause insulin resistance due to a decrease in
insulin-stimulated glucose uptake in healthy pre- and
postmenopausal women [17; 18]. That is, insulin
resistance has a pronounced relationship with hor-
monal background.

It is known that sex hormone receptors, such as
androgen receptors (RA), estrogen receptors (RE)
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(for example, REq, RER) and progesterone receptors
(RP), are a group of steroid receptors that are acti-
vated by binding ligands, androgens, estrogens and
progestogens, respectively. Recent results indicate
the vital role of sex hormone receptor signals in the
pathogenesis of urothelial cancer, which may be the
main cause of sex differences in bladder cancer.
In particular, RA activation has been implicated in
urothelial oncogenesis, whereas there are conflicting
results regarding the effects of estrogen, which may
depend on the functional activity of REa compared
to RER in malignant cells [19].

It is also known that REa, REB and RA are import-
ant receptors involved in glucose metabolism in pe-
ripheral tissues. They promote glucose and energy
homeostasis during androgen/estrogen binding in
these tissues by reducing lipogenesis and increasing
insulin secretion and sensitivity [20].

It was interesting to find a lower content of ste-
roid hormone receptors both in the tumor samples
and in the perifocal zone in the females of the main
group, compared with the control, despite an increase
in the concentrations of sex steroids. This can be
attributed, on the one hand, to the predominance of
rapid non-genomic reactions of sex steroids, which
stimulate tissue proliferation, and on the other hand,
to the departure of the tumor from organizational
control by regulatory authorities. Thus, it is known
that triple-negative breast cancer, characterized by
the complete absence of steroid hormone receptors
in the tumor tissue, is a more aggressive biological
subtype, unlike luminal BC [21; 22].

CONCLUSION

Thus, in our study it was shown that the growth of
Lewis carcinoma against the background of alloxan-
induced diabetes mellitus was possible exclusively
in female mice of the BALB/c Nude line and was
characterized by a large average volume of tumors
throughout the experiment and a reduction in the life
expectancy of animals. At the same time, tumors in
females with the development of a malignant process
on the background of diabetes, although they were
more saturated with sex steroids, were depleted of
steroid hormone receptors, which probably contrib-
uted to the possibility of avoiding regulatory signals
of the body.
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ABSTRACT

Purpose of the study. An analysis of levels of IGF and their carrying proteins in lung tissues of cancer patients depending on
the severity of the previous COVID-19 infection.

Patients and methods. The study included 60 patients with histologically verified non-small cell lung cancer (NSCLC) T,_,N M,
receiving treatment at the Thoracic Department, National Medical Research Centre for Oncology, in 2020—-2021. The control
group included 30 NSCLC patients after asymptomatic or mild COVID-19 disease (15 males and 15 females); the main group
included 30 (15 men and 15 women) patients after severe or moderate to severe COVID-19 infection. The mean age of patients
was 59.11 t 2.89 years; no significant differences were noted between the control and main groups. All participants gave their
informed consent prior to the study approved by the Ethics Committee of National Medical Research Centre for Oncology.
Qualitative assessment of IGF-I, IGF-Il and IGFBP-1,2,3 levels in the tissues of the tumor, peritumoral area and resection line
were measured by ELISA (Mediagnost, Germany). The statistical analysis was performed in the Statistica 10 program, the
differences were considered statistically significant at p < 0.05.

Results. Regardless of the gender, levels of IGF-I and IGF-Il in tumor and resection line samples in patients of the main group
were higher than in the control group on average by 1.5-2.2 times, and IGFBP-1 in the tumor was lower by 1.3 times in men
and by 5 times in women. The ratio of IGF and IGFBP-1-3 in patients of the control group in perifocal tissues changed towards
the parameters in the tumor tissue. IGF/IGFBP-1-3 in men of the main group were lower or did not differ from the indices in
the intact tissue, while in women they increased, similarly to the tumor tissue.

Conclusion. An increase in the ratio of IGF and carrier proteins in the tumor tissue of patients in the main group indicated
an excessive accumulation of IGF in it, which may contribute to more aggressive growth of malignant tumors. The most
pronounced disorders in the system of insulin-like growth factors were found in the tissues of the tumor and intact lung of
patients with previous severe and moderate to severe COVID-19.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUTMHANBHASA CTATbHSA

MOKA3ATE/IN CEMEUCTBA WHCY/TMHONO/10BHbIX DAKTOPOB POCTA B TKAHU
JIETKOr0 bOJIbHbIX HEMENKOKNETOYHBIM PAKOM NIETKOTO, MEPEHECLUMX
COVID-19 PA3JIN4HOW CTENEHW TAXECTH

0. WU. Kur, E. M. ®panumsnu, [l. A. Xapare3soe, B. A. bangosknHa™, H. [l. Yepsipuna, 0. A. Moropenoea, 10. H. JlasyTu,
A. I. Munakun, W. A. Jleiiman, 0. H. CtaTewHblii

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
X valerryana@yandex.ru

PE3IOME

Lienb nccneposanus. M3yuntb copepxxanue IGF 1 nx 6enKoB-NepeHOCYMKOB B TKAHSIX JIETKOr0 60SIbHbIX HEMENTKOK/IETOUYHbIM
pakoM nerkoro (HMPJ1) B 3aBMCMMOCTU OT TSIXXECTU NepeHeceHHoro COVID-19.

MaumenTbl U MeToAbI. B ccnenosaHme BkoUeHbl 60 60/1bHbIX C FMCTONOrMYecKu noaTeepxaeHHbIM HMP/T ctagun T,_, M,
NPOXOAMBLUMX NleYeHne B TopakanbHoM otaenennn ®rey «<HMUL, oHkonorun» Munsgpaea Poccuu ¢ 2020 no 2021 rr.
B KOHTpOSIbHYtO rpynmny Bowwn 30 60/bHbIX PAKOM JIEFKOro ¢ 6€CCUMMNTOMHBIMU MW NlerkuMm criydasamm COVID-19 (15 Myx-
UYMH 1 15 KEHLLMH), B 0CHOBHYO rpynmny — 30 605bHbIX (15 MyXXUYMH U 15 XKEHLMH), NnepeHeclumx 601e3Hb B TAXENON Un
cpepHeTsxenon popme. CpeHuiA Bo3pacT 605bHbIX cocTaBun 59,11 + 2,89 roaa, 3HauMMbIX OTANYUIA MEXAY KOHTPONbHOM
1 OCHOBHOW rpynnamMmu He oTMeyanu. Mepeg HayanoM UccnefoBaHus OT yH4aCTHUKOB 6bl110 NONYyYEHO MMCbMEHHOE UHGOP-
MWUpPOBaHHOE cornacue, ofo6peHHoe coBeToM Mo atuke OrbY «HMULL oHkonorun» MuHagpasa Poccun. KonumyecTBeHHyO
OLIeHKY COAepYKaHuWs B TKaHW oryxosu, nepudokanbHoii 30He U nuHum pesekuum IGF-I, IGF-Il u IGFBP-1,2,3 BbinonHaM MeTogomM
UMMyHotbepMeHTHoro aHanusa (M®A metopom (Mediagnost, Fepmanus)). CTaTUCTUYECKUI aHANU3 NPOBOAUIN C UCTIONb-
30BaHneM nporpamMmbl Statistica 10, 3HauyeHue p < 0,05 paccmaTpmBanoch Kak nokasartenb CTaTUCTUYECKON 3HAYNMMOCTH.
Pe3ynbrathbl. Y 60/1bHbIX OCHOBHOM IpyMnbl, MO CPaBHEHWIO C KOHTPObHOW FPYMMoW, BHE 3aBUCMMOCTHM OT Mosa, B 06pas-
Lax onyxonv v nMHWUK pesekuumn ypoeHb IGF-1 n IGF-II 6bin Bbiwe B cpeaHem B 1,5-2,2 pasa, a IGFBP-1 B onyxonu 6bin
HWxe B 1,3 pasa y MyX4uH u B 5 pa3 y xeHWuH. CooTHoLueHMWe IGF n IGFBP-1-3 y 60/1bHbIX KOHTPOJIbHOM FPynMbl B TKaHW
nepudokanbHO 30Hbl U3BMEHANNUCH B CTOPOHY Noka3saTesieil TkaHu onyxonu. B ocHoBHo rpynne y MyxuuH IGF/IGFBP-1-3
0KasannCb HUXe N He OTIMYANUCh OT YCTOBHO MHTAKTHOMN TKaHMW, @ Y XXEHLLMH NOBbILLIAAUCh, Kak 1 B TKaHW ONyXosu.
3akntoyeHue. MNoBbiweHne cooTHoWweHNA IGF 1 6enKoB-NePeHOCYNKOB B TKAHW OMyX0N 60/1bHbIX OCHOBHOM rpynmbl
CBUAETENBCTBOBANO 06 M36bITOYHOM HaKOMJIeHMM B Hell IGF, 4To MOXeT cnoco6cTBOBaTh 60/1ee arpecCUBHOMY POCTY
3/10Ka4YeCTBEHHOW onyxonu. Hambonee BbipaXeHHble HapyLUeHWs1 B CUCTEME UHCYNTMHOMOAOGHbIX hakTOPOB pocTa Mbl 06-
HapY>XWu B TKaHW OMNYXOSIX U MHTAKTHOrO Nerkoro 60sbHbIX, nepeHectunx COVID-19 B TsXenon U cpefHeTsXenon hopme.

KnioueBble cnosa:
HEMENTIKOK/IeTOYHbIV pak nerkoro, COVID-19, IGF-I, IGF-II, IGFBP
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INTRODUCTION

At the end of 2019, a new coronavirus infection
(COVID-19) spread rapidly around the world, caus-
ing more than 105 million cases of the disease and
more than 2.3 million deaths [1]. The destruction of
lung cells caused by COVID-19 infection triggers a lo-
cal immune response, recruiting macrophages and
monocytes, releasing chemokines and pro-inflamma-
tory cytokines, thereby triggering adaptive immune re-
sponses of T- and B-lymphocytes [2]. In most patients
with COVID-19, the recruited cells clear the lungs of
infection, then the immune response decreases, and
patients carry the disease asymptomatically or in
a mild form that does not require hospitalization. On
the other side, some patients have a severe course
of the disease and even die. At the same time, the
deterioration of the condition is often associated with
unbridled inflammatory damage caused by a cytokine
storm, an uncontrolled immune response leading
to acute respiratory distress syndrome (ARDS) [3;
4]. In addition, there is evidence that patients who
have undergone COVID-19 with a severe course have
a significant transcriptional shift, including the genes
of the G protein-linked receptor family, DNAJB1, IGF,
EGFR and HDGF, which can lead to tissue remodel-
ing, mitochondrial dysfunction, and serious systemic
disorders [1; 2].

Among all types of cancer during the pandemic,
lung cancer patients are of particular interest, since
the lungs are the organs most involved in the initial
focus of infection, with a high risk of pneumonia
and, in severe cases of ARDS, often with irrevers-
ible scarring of lung tissue and respiratory problems
that persist largely after recovery [2; 4]. In fact, lung
cancer is one of the most common types of cancer
among COVID-19 patients, due to a local violation
of immunity [5; 6].

It is known that the neuroendocrine system plays an
important role in the regulation of immune responses
[7]. Steroid and peptide hormones, growth factors, in-
cluding insulin-like factors are synthesized and secret-
ed by various immune cells, and are able to modulate
the humoral and cellular immune response by stim-
ulating and proliferating immunocompetent cells [8].

Determination of the important role of the compo-
nents of the insulin-like growth factor (IGF) family in
the carcinogenesis of a number of tumors, including
lung cancer, is based on numerous epidemiological

COVID-19 pa3nunyHoOi CTeneHn TAXECTH

and preclinical studies, in vivo and in vitro experi-
ments and attempts to use drugs that affect the
IGF axis [9; 10]. It is known that in lung cancer, the
copyicity of genes responsible for the regulation of
apoptosis, proliferation, DNA repair, as well as the ex-
pression of a number of growth factors changes [11].

Previous studies have confirmed IGF activity in
lung tissue. In other words, IGF signaling plays an
essential role in lung pathology. Dysregulation of the
IGF axis has been demonstrated at all stages of lung
carcinogenesis, ranging from dysplastic lesions of
the bronchial epithelium to advanced forms of can-
cer. In addition, IGF-I has been shown to be involved
in various diseases, including metabolic disorders,
congenital disorders, inflammation, fibrosis, cancer,
acute lung injury and ARDS. Additional studies have
shown that high IGF-I and IGF-Il expression, as well
as IGFBP-3 aberrations, are associated with poor
prognosis, metastases and progression of malignant
diseases [11; 12]. IGF-1 is a biomarker in patients
with hyperoxia-induced lung damage. IGF-I levels are
elevated in lung biopsy samples in ARDS compared
to those in healthy people [11]. Serum levels of IGF-I
and growth factor-3 binding protein (IGFBP-3) were
found to be elevated in patients with early respiratory
distress syndrome when epithelial cells are dam-
aged and die. However, their level was low in the late
stages of ARDS [13]. In a prospective case-control
study, it was shown that the initial plasma levels of
IGF-I and IGFBP-3 were significantly lower in cases
of ARDS than in the control [14]. Among ARDS cases,
IGF-I and IGFBP-3 levels were lower in patients who
did not survive than in survivors, and both groups
were negatively associated with the risk of 60-day
mortality [14].

Although the role of IGF-I in COVID-19 has not been
fully determined, it is known that it modulates influ-
enza A-mediated lung damage in rats [15]. Elevated
concentrations of inflammatory cytokines, such as
IL-6, TNF-q, are considered as one of the main causes
of ARDS in patients infected with COVID-19. There-
fore, effective suppression of the cytokine storm is
important to prevent deterioration and reduce mortal-
ity from COVID-19 [3]. It is assumed that patients with
lung cancer are at a higher risk of this severe form
of COVID-19 [5; 6]. Recent studies have shown that
the mortality rate of lung cancer patients is higher
than that of the general population when infected
with COVID-19 [16].
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The accuracy of treatment prescriptions in patients
with non-small cell lung cancer depends on the exact
histological classification of the tumor, analysis of
specific markers and genetic mutations, which allows
choosing the most effective individual method of
therapy, excluding the use of empirical treatment and
the associated risk of side effects [11; 12].

Given the role of the IGF system in lung develop-
ment and its involvement in immune responses, the
assessment of IGF levels and their binding proteins
may further shed light on the mechanisms underlying
the pathogenesis of lung cancer against the back-
ground of COVID-19.

The purpose of the study: to examine the system
of insulin-like growth factors and their carrier proteins
in the lung tissues of patients with NSCLC, depending
on the severity of COVID-19.

PATIENTS AND METHODS

from the nasopharynx for COVID-19 was obtained in
all patients. The selection criteria included patients
of both sexes, over the age of 18, and the absence of
drug or alcohol dependence. In addition, patients with
a known prior inflammatory condition were excluded.
There were no significant differences between the
groups by gender.

Quantitative assessment of IGF-I, IGF-Il and IG-
FBP-1,2,3 content was performed by the ELISA meth-
od (Mediagnost Germany).

Statistical analysis was carried out using the Sta-
tistica 10 program. Normality was assessed using
Kolmogorov-Smirnov methods, differences between
groups were determined using the Student's t—test
or the Mann-Whitney U-test, depending on the nor-
mality of the distribution. The value of p < 0.05 was
considered as an indicator of statistical significance.

RESEARCH RESULTS

Before the start of the study, oral and written
informed consent was received from the partici-
pants, approved by the Ethics Council of the Na-
tional Medical Research Centre for Oncology. The
study included men and women (60 people in total)
with histologically or cytologically confirmed stage
T,_,N .M, NSCLC, ECOG(PS) = 2 working status, ade-
quate organ function based on standard laboratory
tests, including a general blood test, serum biochem-
istry and coagulogram. The main exclusion criteria
were previous treatment of NSCLC, type Il diabetes
mellitus, as it could affect IGF levels, and other con-
comitant neoplasms over the past five years, with
the exception of non-melanoma skin carcinomas.
The stage was determined according to the TNM
classification. The step-by-step examination included
computed tomography (CT) of the chest, abdominal
cavity and brain. Bone scans were performed based
on symptoms. All patients were examined before the
start of treatment.

The control group included 30 patients with lung
cancer with asymptomatic or mild cases of COVID-19
(15 men and 15 women), the main group included
30 patients (15 men and 15 women) who had the
disease in severe or moderate form. The average age
of the patients was 59.11  2.89 years, no significant
differences between the control and main groups
were noted.

According to the recommendations, a PCR smear
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Initially, it was of interest to study the lung tissue
not affected by the malignant process — conditionally
intact tissue (resection line). The results are present-
ed in table 1. In the control group, there were differ-
ences in the content of some IGF system factors in
intact lung tissue between men and women. Thus,
men had 2.6 times higher IGF-I level, 2 times higher
IGFBP-1 level, and women had 1.4 times higher IGF-
Il level. There was no difference in the content of
IGFBP-2 and IGFBP-3.

In the intact lung tissue of patients of the main
group, a statistically significant increase was found
relative to the indicators in the control group of IGF-|
and IGF-Il levels: in men - 1.6 times and 1.8 times,
respectively, in women — 2.2 times and 1.8 times, re-
spectively. At the same time, the higher content of IGF-|
in men and IGF-I1l in women remained. Of the studied
carrier proteins, the difference between the control
and the main groups was found only for IGFBP-2: an
increase of 1.3 times in men and 1.9 times in women.

Next, the tumor tissue was studied. It was found
that in the tumor tissue of the control group of men
and women, the level of IGF-l was 1.5 times and 1.9
times higher than in the corresponding conditionally
intact tissue, respectively, and IGF-Il = 1.5 times and
2.1 times, respectively. The level of carrier proteins
was reduced: IGFBP-1 by 1.75 times in men, IGFBP-2
by 1.4 times in men and 2.2 times in women, and
IGFBP-3 by 1.6 times in men and 6.4 times in women.
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In the tumor tissue of the main group, an increase
in the level of IGF-1 in men and women relative to the
corresponding intact tissue was also found by 1.6
times and 1.3 times, respectively, IGF-Il - by 1.6 times
and 2 times, respectively. The level of IGFBP-1 in men
was 2 times lower relative to the corresponding intact
tissue, in women - 6 times. The level of IGFBP-2 was
3.3 times lower only in women, and IGFBP-3 was
1.7 times lower in both men and 4.4 times lower in
women. At the same time, the higher content of IGF-I
in men and IGF-Il in women also remained.

It turned out that in the tumor samples in men of
the main group, the level of IGF-I and IGF-Il was 1.7
times and 2 times higher than in the control group,
respectively, against the background of 2.1 times
increased IGFBP-2 and the absence of significant
changes in the levels of other binding proteins,
whereas in women of the main group in the samples
Compared with the control tumor, the level of IGF-|
and IGF-Il was increased by 1.5 times and 1.7 times,
respectively, but IGFBP-1 was reduced by 5 times.

The perifocal zone of the tumor is a kind of buffer
area between the tumor and conditionally unaffect-
ed lung tissue. It seems that the individual absolute
values of the family of insulin-like growth factors and
their carrier proteins in the tissues of the perifocal
zone in patients of both sexes of the control and main
groups are more close to the values in the tumor
tissue than in the resection line. Thus, in patients
of both sexes of the control group, the level of IGF-I
and IGF-1l in the perifocal zone was 1.3-1.7 times
higher on average, compared with conditionally intact
tissue; compared with the indicators in the tumor,
there were no significant differences in men, and in
women IGF-Il was 1.4 times lower. The content of
carrier proteins in the perifocal zone in men of the
control group was 1.6 times lower on average than
in the resection line, in women IGFBP-2 and IGFBP-3
were 1.4 times and 6.9 times lower, respectively, but
all indicators of carrier proteins did not significantly
differ from the tumor and only IGFBP-2 in women
were 1.5 times higher. In patients of the main group,
the situation was different: in men in the n/a zone,
the level of IGF-1l and IGFBP-1 was higher than in the
resection line, but lower IGF-1l and higher IGFBP-1
than in the tumor, while the indicators of IGF-I and
other carrier proteins in men of the main group did
not differ from the resection line. In the women of
the main group, the content of IGF-II in the n/a was

COVID-19 pa3nunyHoOi CTeneHn TAXECTH

lower than in the resection line and the tumor, all
the carrier proteins were in greater numbers in the
resection line, and IGF-I had no significant differences
from the indicators in the conditionally intact tissue
and in the tumor.

Of particular interest was the ratio of IGF to carrier
proteins, on the one hand demonstrating the bioavail-
ability of the studied growth factors, and on the other
hand indicating the possible prevailing biological
effects of IGFBP (Table 2).

When studying the ratio of insulin-like growth fac-
tors and carrier proteins in the intact tissue of all lung
cancer patients, sexual differences were found. Thus,
the indicators of IGF-I/IGFBP-2 and IGF-I/IGFBP-3
in women were 2.3 times and 4 times lower than
in men in the control group, respectively, and in the
main group, on average 2.3 times, IGF-II/IGFBP-1
and IGF-1I/IGFBP-2, on the contrary, is higher: in the
control group 2.7 times and 1.6 times, respectively,
in the main group IGF-1I/IGFBP-1 is 1.8 times higher;
whereas IGF-I/IGFBP-1 and IGF-1I/IGFBP-3 had no
significant differences in the control group and IGF-I/
IGFBP-1, IGF-1I/IGFBP-2 and IGF-II/IGFBP-3 — in the
main group.

At the same time, most of the calculated coeffi-
cients in intact tissue, with the exception of IGF-I/
IGFBP-2 and IGF-II/IGFBP-2, were higher in patients
of the main group, compared with the control group.
Thus, in the intact tissue of men of the main group,
the level of IGF-I/IGFBP-1, IGF-I/IGFBP-3, IGF-II/IG-
FBP-1 and IGF-II/IGFBP-3 was on average 1.9 times
higher than in the corresponding control group. In
intact tissue of women, the level of IGF-I/IGFBP-1,
IGF-1/IGFBP-3, IGF-II/IGFBP-1 and IGF-II/IGFBP-3
was 1.7-3.3 times higher than in the corresponding
control group.

It is obvious that there was also a dissonance
between the level of IGF and carrier proteins in the
tumor tissue, since the content of growth factors
increased in tumor samples, and proteins, with rare
exceptions (IGFBP-2 in men of the main group and
IGFBP-1 in women of the control group), on the con-
trary, decreased. Moreover, this concerned the tumor
tissue of patients of both groups. In the tumor tissue
of male and female patients of the control group, all
the studied coefficients significantly exceeded similar
values in the corresponding intact tissues. In men, the
level of IGF-I/IGFBP-1, IGF-I/IGFBP-2, IGF-I/IGFBP-3,
IGF-11/IGFBP-1, IGF-II/IGFBP-2 and IGF-1I/IGFBP-3 was
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Table 1. Levels of insulin-like growth factors and their carrier proteins in lung tissues of cancer patients, depending on the
severity of COVID-19

Grouns Sox IGF-1 IGF-II IGFBP-1 IGFBP-2 IGFBP-3
p ng/gt ng/gt ng/gt ng/gt ng/gt
Resection line tissue
9.6+0.75 6.7+0.57 0.35+0.04
. Males o 5000 o 6000 2720 0000 22.8+1.28 226.9+14.8
ontro
Females  3.7+0.31 9.4+0.83 0.18 +0.02 203+1.78 296.7 +21.3
14.9+1.18 11.841.1 304423
Males p' = 0.0000 p' = 0.0000 RN p' =0.0000 o
Vi p?=0.0000 p?=0.0000 p =0 p?=0.0000 p =0
ain
8.3+0.64 16.7+1.3 39.3+25
Females p? = 0.0000 p? = 0.0000 0.24+£0.02 p? = 0.0000 255.8+19.4
Tumor tissue
141418 9.8+1.9 024003 16.1+1.5 142.2 +30.7
Males p' = 0.0000 p' = 0.0000 2 b0 p' =0.0000 p' = 0.0000
p® = 0.0000 p® = 0.0000 p>=0. p® = 0.0000 p® = 0.0000
Control
19.7+1.4 9.3+26
Females 751—io1d3c300 p® = 0.0000 0.2+0.03 p = 0.0000 436'_20102630
p==. p* = 0.0000 p* = 0.0000 p =
24.4£34 193+2.4 0.15 +0.01 1234492
p’ =0.0000 120.0000 1=0.0000 331%26 120.0000
Males p?=0.0000 p =% p =5 p' = 0.0000 p.=%
p? = 0.0000 p® = 0.0000 p® = 0.0000
3 =0.0000 p? = 0.0000
F < 0:0000 p® = 0.0000 p*=0.0000 p*=0.0000
Main
33325 0.04 +0.01
Formaies 107216 p? = 0.0000 p? = 0.0000 11.8+15 538':701056?]0
p® = 0.0000 p® = 0.0000 p® = 0.0000 p® = 0.0000 P 00000
p*=0.0000 p*=0.0000 pr=s
Perifocal zone tissue
12.0 + 0.94 8.6 +0.65 135.3+10.0
Males p' = 0.0000 p' = 0.0000 022003 R p' =0.0000
Control p? = 0.0000 p? = 0.0000 p==t p==t p? = 0.0000
ontro
6.3+0.65 14.6+1.1 142412 433435
Females 5" 0000 p® = 0.0000 0.17+0.02 p® = 0.0000 p® = 0.0000
108~ oo 0 o 345427 261.3+21.0
Males 12.3+1.0 52 - 0:0000 gz - 0:0000 p' =0.0000 p’ = 0.0000
ol p* = 0.0000 p* = 0.0000 p*=0.0000 p*=0.0000
ain
11.5+1.0 0.08 + 0.009 77.9+59
Females 1032088 p? = 0.0000 p? = 0.0000 N p? =0.0000
p==0. p? = 0.0000 p? = 0.0000 p==t p? = 0.0000

Note: statistically significant in relation to: ' — to the indicator for women in the corresponding group; 2 - to the corresponding indicator in the
control group; 2 - ro the corresponding indicator in tumor tissue; * - to the corresponding indicator in the perifocal zone tissue;
“g t” stands “gram of tissue”.
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Table 2. Ratios of insulin-like growth factors to carrier proteins in lung tissues in cancer patients, depending on the severity
of COVID-19

IGF-1/ IGF-1/ IGF-1/ IGF-II/ IGF-1l/ IGF-11/
Craugs o IGFBP-1 IGFBP-2 IGFBP-3 IGFBP-1 IGFBP-2 IGFBP-3
Resection line tissue
042£0.02 0.04:0006 19.6+4.0 0.29 £ 0.02
Males 280+54 100000 p'=00000 p'=00000 p'=00000 O03%0:004
Control
Females 20.7 £1.4 0.18 £ 0.009 8'880’57 52.5+3.7 0.46 £+0.04  0.03 +0.007
0.07 £ 0.01 39.7+6.1
499157 0.49 £ 0.07 0.06 + 0.009
Males D - p'=0.0000  p'=0.0000 0.39:+0.05
- pr=0.0000  p'=0.0000 Dol gGo00 b= 0.0000 p? = 0.0000
350455 0.03+0.001 69.7+3.4 0.07 £ 0.01
Females  2_9o0000 021*003 20000  pr=0.0000 043003 e 0000
Tumor tissue
706+11.4 (o0 oo 0115004 494485 0.61+0.1  0.07+0.02
Main p'=00000 %0 p'=00003  p'=00000  p'=0.0000 p'=0.0000
pi=0.0000 P =% p*=0.0000  p*=0.0000 p*=0.0000 p*=0.0000
Control
0.82+028  0.15+0.03 2307 0.43 £ 0.04
Females ~ S0A%94 90000 pi=00000 1990139 5560000 pe=0.0000
p® = 0.0000 p® = 0.0000
: p* = 0.0000 : p*=0.0000 p*=0.0000
165.8 £ 38.0 128.7+9.6 0.16 £ 0.02
p'=0.0006 0.74+0.07 O;zjoodggo p' =0.0000 0;5=80i§dg)0 p' = 0.0000
Males p>=0.0000 p*=0.0000 P77 p?=0.0000 P, p? = 0.0000
p*=00000 p*=00000 P 700000 . _5a900 P, 700000 50000
e : p* = 0.0000 e p*=00062 P,
Main p* = 0.0000 p* = 0.0000 p* = 0.0000
267.5+34.8 0184004 93251941 54,45 0.57 +0.02
p?=0.0000  0.910.11 i p2=0.0000 5’ ;>
Females 3200000 3= 0.0000 p®=0.0000 3= 00000 p3®=0.0000 p*=0.0000
54 - 0:0000 p==0. p* = 0.0000 54 00000  PY=00000  p*=0.0000
Perifocal zone tissue
61.4£11.9  073+0.11  0.09%0.004 43.9+7.9 0.52+0.07  0.06 +0.004
Males p'=0.0000 p'=0.0000 p'=0.0000  p'=0.0000 p'=0.0000 p'=0.0000
Control p*=0.0000  p*=0.0000 p?=0.0000  p*=0.0000 p*=0.0000 p*=0.0000
Females 37.8+7.1 045£0.08 0.15+0.02  871+132 103:+0.08 0.34%0.05
p?=0.0000 p*=0.0000 p?=0.0000  p*=0.0000 p°=0.0000 p*=0.0000
30.6 £ 4.4 0.36+0.01  0.05+0.003
p'=0.0000 p'=0.0000 p'=0.0000 41.4+18 0.49+0.08 0.07+0.01
Males p2=0.0000 p2=0.0000 p2=0.0000 p'=0.0000 p'=0.0000 p'=0.0000
Main p?=0.0000  p*=0.0000  p°=0.0000
1305193 0734012 .0 o000 14543197 082%013 0.15%001
Females p?=0.0000 p?=0.0000 pé - 0_0600 p?=0.0000 p2=0.0000 p2=0.0000

p*=0.0000  p°=0.0000 p*=0.0000  p*=0.0000 p°=0.0000

Note: statistically significant in relation to: ' - to the indicator for women in the corresponding group; 2 - to the corresponding indicator in the
control group; ® - to the corresponding indicator in tumor tissue; * - to the corresponding indicator in the perifocal zone tissue;
“g t” stands “gram of tissue”.
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higher by more than 2 times, in women - 1.8 times,
4.6 times, 15 times, 1.9 times, 5 times and 14.3 times,
respectively. At the same time, in the tumor tissue
of women in the control group, almost all indicators
exceeded similar values in the tissue of men.

The same pattern was observed in the tumor tis-
sue of men and women of the main group. In men, the
level of IGF-I/IGFBP-1, IGF-I/IGFBP-2, IGF-I/IGFBP-3,
IGF-11/IGFBP-1, IGF-I/IGFBP-2 and IGF-1I/IGFBP-3 was
1.5-3.3 times higher on average; in women, the val-
ues and the spread were wider: 7.6 times, 4.3 times, 6
times, 12 times, 6.7 times and 8.1 times, respectively.
At the same time, in the tumor tissue of the women
of the main group, almost all indicators (with the
exception of IGF-I/IGFBP-3) exceeded similar values
in the tissue of men.

In the tissue of the perifocal zone, the balance
between growth factors and their carrier proteins also
changed. In men and women of the control group,
all the coefficients of the ratio of growth factors to
carrier proteins were higher than in the resection line
by an average of 1.7-2.5 times, only IGF-I/IGFBP-3
and IGF-II/IGFBP-3 in women by 15 times and 11.3
times, respectively, but in men all coefficients had
no significant differences from those in the tumor,
whereas in women with the exception of IGF-I/1G-
FBP-2 and IGF-1I/IGFBP-2.

In men of the main group in the perifocal zone, only
the ratio coefficients of the first insulin-like growth
factor to carrier proteins were lower than in the resec-
tion line: IGF-I/IGFBP-1, IGF-I/IGFBP-2, IGF-I/IGFBP-3
on average 1.5 times, the ratio of IGF-II to proteins
the carriers had no significant differences from the
indicators in the resection line. Compared with the
tumor in the men of the main group in the perifocal
zone, all the ratio coefficients, with the exception
of IGF-1I/IGFBP-2, were lower: IGF-I/IGFBP-1 by 5.4
times, IGF-I/IGFBP-2 by 2.1 times, IGF-I/IGFBP-3 by 4
times, IGF-1I/IGFBP-1 by 3.1 times and IGF-1I/IGFBP-3
by 2.3 times. In the women of the main group, all ratio
coefficients in the perifocal zone were higher than in
the resection line by 1.9-4.3 times, but lower than in
the tumor by 1.3-5.8 times.

It turned out that in men in the main group, only
the ratio coefficients of the first insulin-like growth
factor to carrier proteins were lower than in the con-
trol group by an average of 2 times, while the ratio
of IGF-Il to carrier proteins had no significant differ-
ences. In the perifocal zone in women of the main
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group, compared with the perifocal zone of the con-
trol group, IGF-I/IGFBP-1 was 3.5 times higher, IGF-I/
IGFBP-2 was 1.6 times higher, and IGF-II/IGFBP-1
was 1.7 times higher, but lower than IGF-1I/IGFBP-2
1.3 times and IGF-II/IGFBP-3 2.3 times, only IGF-1/
IGFBP-3 had no significant differences.

That is, when considering the ratio of IGF and their
carrier proteins in patients of the control group, the
indicators in the tissue of the perifocal zone were
closer to the values in the tumor tissue. Another
trend was noted in the tissue of the perifocal zone
of patients of the main group. Thus, the ratio of IFG
and carrier proteins in men was closer to the values
in the conditionally intact tissue, and in women - to
the values in the tumor tissue.

DISCUSSION

Currently, there is no doubt that IGF-axis signaling
is crucial for cellular survival, proliferation, antioxi-
dant function and control of cell damage and death
in various organs and tissues, including the lungs
[17; 18]. The family of insulin-like growth factors
includes IGF-I, IGF-II, their receptors — IGF-IR and
IGF-IIR, and proteins binding insulin-like growth fac-
tors — IGFBP-1-6 [19]. Studies have proven the role
of IGF signaling in lung development, as well as in
inflammatory diseases, cancer and fibrosis [20; 21].
IGF-I and IGF-II are involved in various physiological
and pathophysiological processes, including fetal
growth and development, metabolic disorders, con-
genital disorders, inflammation, fibrosis, cancer, acute
lung injury [9]. IGF-II has also been found to be over-
expressed in some types of cancer, which contributes
to tumor growth and survival. At the tissue level, IGF-I
and IGF-Il are mainly overexpressed in various types
of cancer and can serve as a mitogenic stimulus in
a paracrine or autocrine manner, and a violation of
the regulation of the IGF axis has been demonstrated
at all stages of lung carcinogenesis [22].

In his research, Shin J. with co-authors (2022) de-
ployed that COVID-19 infection disrupts the signaling
pathway of insulin-like growth factor in respiratory,
metabolic and endocrine cells and tissues [23], result-
ing in violations of innate immune functions, such as
neutrophil chemotaxis, phagocytic cell function and re-
cruitment of inflammatory macrophages in tissues [24].

It turned out that even conditionally intact lung tis-
sue taken on the resection line had differences in the
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studied parameters of the IGF axis in patients of the
control and main groups, and it was in patients who
underwent COVID-19 in severe form in the studied tis-
sue that the level of IGF-I and IGF-ll was elevated, and
the carrier proteins either decreased, or did not change
their concentration, with the exception of IGFBP-2. This
fact may indicate that in patients with lung cancer, the
tumor microenvironment changes under the influence
of a severely suffered COVID-19 disease. In particular,
it is known that persistent unregulated inflammation
at the site of injury disrupts the regeneration process
and ultimately leads to the formation of tissue fibrosis
and scarring [25]. And human observational studies
conducted by Shin and co-authors (2022) showed that
higher basal expression of insulin-like growth factor
receptors may be associated with an increase in the
age of lung tissue in men, as well as with comorbid
diseases such as obesity and type 2 diabetes mellitus,
which are well-established risk factors for severity and
COVID-19 mortality [23]. It is noteworthy that higher
expression of IGF receptors and lower expression of
IGF/insulin signaling pathway mediators are largely
associated with unfavorable critical outcomes in pa-
tients with COVID-19 and worse molecular signs of
the disease, such as elevated levels of IL-1 and IL-6,
cell damage and death [23].

There are six known types of IGFBP, of which IG-
FBP-3 is the most studied. One of the well-studied
roles of IGFBP involves the delivery of IGF to target
cells as its endocrine function. In addition, IGFBP-3
secretion has been reported in various tissues, which
indicates its paracrine or autocrine function, in ad-
dition to endocrine. The role of IGFBP, depending
on the insulin-like growth factor, includes facilitated
delivery of IGF to its receptors on the cell surface
and activation of the downstream signaling cascade
associated with it [26].

It is noteworthy that the tumor tissue in patients
with lung cancer of the main group, regardless of
gender, contained significantly higher concentrations
of IGF-I and IGF-II, but lower levels of IGFBP-1 binding

COVID-19 pa3nunyHoOi CTeneHn TAXECTH

proteins, compared with those in men and women
of the control group. This may be due to the great-
er aggressiveness of the tumor process in patients
who have undergone COVID19 in severe form, with
lung tissue damage. In addition, there is evidence
that lung cancer tissue is characterized by increased
local production of IGF-I, IGF-II and IGF-I receptor
(IGF-IR), but reduced IGFBP expression. Modulated
expression of these molecules is associated with ag-
gressive disease, local lymph node metastases, and
poor clinical outcomes [27]. Several IGF-IR inhibitors
are under clinical development for the treatment of
solid tumors, including lung cancer [22].

CONCLUSIONS

These literature data are consistent with the re-
sults obtained by us on an increase in the production
of IGF-, IGF-Il in the tumor tissue of men and women
of the control group and a decrease in the expres-
sion of IGF-binding protein-3. In addition to this, we
showed a change in the level of two more carrier
proteins, which is of a gender nature: in the tumor
tissue of men, the expression of IGFBP-1 and IGFBP-2
was also increased, and in the tumor tissue of wom-
en — IGFBP-2. Violations in the system of insulin-like
factors were especially clearly reflected in the study
of the ratio of IGF and carrier proteins. The increase
in the ratio of IGF and carrier proteins in the tumor
tissue shown by us in this study may indicate an ex-
cessive accumulation of IGF in it, which contributes
to the growth and survival of neoplasm. The most
pronounced disorders in the system of insulin-like
growth factors were found in the tumor tissue and
intact lung of patients who underwent COVID-19 in
severe and moderate form. Considering that IGF-I is
involved in inflammation, fibrosis, cancer, acute lung
injury and ARDS, and is also a biomarker in patients
with hyperoxia-induced lung damage, the results ob-
tained can be considered as a reaction of patients'
lung tissue to the infection and its intensive therapy.
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ABSTRACT

Purpose of the study. Was to reveal characteristics of the immunocompetent cells in colon cancer (CC) according to the
disease stage, and to identify prognostic factors of cancer development.

Materials and methods. The study included 50 patients with CC: stage | — 4 patients (8 %), Il = 25 (50 %), Ill = 21 (42 %). All
patients underwent standard surgical intervention at the initial stage, the obtained material was used for subsequent studies:
a cell suspension was obtained from the tumor tissue, peritumoral zone (1-3 cm from the tumor), which was treated with an
antibody panel (Becton Dickinson, USA) to identify the main subpopulations of leukocytes and lymphocytes.

Results. The tumor tissues of patients with stages | + Il showed a decrease in the relative number of DP, DN, NKT and CD19+,
compared to peritumoral tissues, by 33 %, 42 %, 31 % and 82 % respectively. Tumor tissues of stage Ill patients demonstrated
elevated relative numbers of CD3+, CD4+, NK by 57 %, 34 %, 48 %, and decreased DP, DN, NKT, CD19+ by 33 %, 74 %, 31 %,
59 %, compared to peritumoral tissues. DP, DN, NKT and CD19+ in the tumor decreased by 78 %, 74 %, 39 %, 60 %, respectively,
and the relative number of lymphocytes increased by 138 %, compared to the tissues of the resection line. A comparative
analysis of local immunological parameters in the tumor tissues of patients with CC revealed that the relative numbers of
lymphocytes and CD19+ were 58 % and 87 % higher, and DP and DN were 33 % and 27 % lower in tumor tissues of stage llI
patients, compared to tumor tissues of stage | + Il patients.

Conclusion. Thus, the obtained features of the local population and subpopulation composition of immunocompetent cells
in CC, depending on the stage of the tumor process, can be used to predict the clinical course of the disease.
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PE3IOME

Lienb nccnefoBaHus. BoissBUTb 0CO6EHHOCTM COCTaBa MMMYHOKOMMETEHTHbIX KNETOK Npu pake 060404HOM Kuwku (POK)
B 3aBMCMMOCTM OT CTaguu NpoLecca 1 BblAeNnTb NPOrHOCTUYECKUE GakTopbl TeYEHUs 3a60/1eBaHUS.

Martepuanbl u MeToapl. B uccneposanue BkntoyeHo 50 naumeHtos POK: | cTaaums — 4 nauuenTa (8 %), Il — 25 (50 %), Il - 21
(42 %). BceM 60/bHbIM Ha Ha4ya/IbHOM 3Tane 6bI110 BbINOSHEHO CTaHAAPTHOE ornepaTUBHOE BMELLATENbCTBO. MofyYeHHbIN
MaTepuan 6bin UCNONIb30BaH NS NOCNeAYOWMUX UCCNeA0BaHMNIA: U3 TKaHW OMyXosu, NepuTymMopanbHoi 30Hbl (1-3 cM oT
onyxonu) 6bina nosiydeHa KeToYHas CycrneH3aus, KoTopyto o6pabaTbiBany Npu noMoLLy naHeny aHtuten (Becton Dickinson,
USA) ansi BbIiBNEHUs1 OCHOBHbIX Cy6Mnonynsiuui 1eikoumMToB u IMMEGOLMTOB.

PesynbraTbl. B TKaHsx onyxonew rpynnbl naynmeHToB | + Il cTagumn oTMeYeHo yMeHbLUIeHMe OTHOCUTENIbHOIO KonyecTBa
An, AH, NKT n CD19+ no cpaBHeHUto ¢ neputymopanbHon 30HoM Ha 33 %, 42 %, 31 % 1 82 % COOTBETCTBEHHO. B TKaHsx
onyxonu nauuneHToB c |l cTaguen BbISIBIEHO NOBbILEHWe OTHOCUTENbHOro Konnyectea CD3+, CD4+, NK Ha 57 %, 34 %, 48 %
n cHuxenune AI, OH, NKT, CD19+ Ha 33 %, 74 %, 31 %, 59 % no cpaBHEHUIO C TKaHbIO NepuTyMopasnbHOM 30HbI. B onyxonu
BbisiB/IeHO yMeHbLieHune A1, AH, NKT, CD19+ Ha 78 %, 74 %, 39 %, 60 %, a Tak)xe yBesim4yeHne OTHOCUTESIbHOIO KOsIMyecTBa
NMMOOLNTOB MO CPABHEHMIO C JIMHUEN pe3eKLmM Ha 138 % coOTBETCTBEHHO. [1py NpoBeAeHUN CPABHUTENTbHOIO aHanmaa
JI0KaNIbHbIX UMMYHOJIOTMYECKUX NOoKa3aTesNien B TKaHaX onyxoner 60nbHbix POK BbISIBNIEHO, YTO B TKAHSAX OMyXOnei rpynnbl
nauueHToB |l cTagnn 0TMeYEHO yBENIMYEHNE OTHOCUTENBHOIO KonnmyecTea nnMdouuntoB u CD19+ Ha 58 % 1 87 % 1 CHUXEHUe
O v OH Ha 33 % 1 27 % no cpaBHEHUIO C TKaHAMM onyxonen rpynnbi | + Il ctagun.

3akntoyeHune. Takum 06pasoMm, NoslyYeHHble 0CO6EHHOCTU TOKANbHOro MNOMYMSILMOHHOIO U CY6GMNOonysLMOHHOIo cocTaBa
MMMYHOKOMMETEHTHbIX KNeToK npu POK B 3aBUCMMOCTU OT CTaZ MK OMNyX0JIeBOro Npouecca MoryT 6bITb UCMNOJIb30BaHbI
Nnpv NPOrHO3MPOBaHNM KIIMHUYECKOTO TeYEeHNs 3ab60neBaHus.
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RELEVANCE

Colorectal cancer (CRC) occupies one of the first
places in the structure of morbidity from cancer in
the Russian Federation [1; 2]. About 60 % of cases of
CRC occur in colon cancer (CC), which occupies the
4th place in the structure of female cancer incidence,
the 5th place — male cancer incidence [3].

To date, there are a large number of modern meth-
ods of diagnosing the oncoprocess. However, despite
this, the level of neglect of colon tumors remains
quite high. As a rule, at the time of treatment of pa-
tients, the cancer process has advanced stages [4; 5].

More and more research in oncology is associated
with the study of the role of the links of the immune
system in the occurrence, course, and progression
of the cancer process. Its dual role has been proven:
on the one hand, the presence of antitumor effects,
on the other — tumor-activating. This fact determines
the relevance of studying the role of individual com-
ponents of both innate and adaptive immunity in
colocancerogenesis.

The immune system of the gastrointestinal tract
plays an important role in protecting the body from
the action of infectious agents and toxins, their in-
activation and elimination is carried out. It has been
proven that both local and systemic inflammatory
reactions play an important role in the progression
of the tumor process, thereby affecting the outcome
of the disease [6; 7]. Colorectal tumors are infiltrated
by immune and inflammatory cells, the most signif-
icant of which are T-lymphocytes. It is also known
that the tissue of tumors of the colon and rectum
contains a small number of T-lymphocytes with CD4+
and CD8+ receptors [8].

II stag

)X+

Fig. 1. Distribution of patients according to their disease stage.
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Infiltration by macrophages of the tumor and perifo-
cal zone is used as a prognostic factor: low infiltration
density is associated with high invasive properties
of tumors [9; 10]. There are a number of works in the
literature devoted to the study of tumor-infiltrating
immunocompetent cells and the assessment of their
prognostic significance in CRC, which are very con-
tradictory [11-13]. There is no doubt about the high
importance of studying the role of tumor infiltration
of lymphocytes, which determine the biological prop-
erties of the tumor and the features of the clinical
course of the disease. At the same time, there is
a small amount of information reflecting the features
of lymphocytic infiltration in the tumor tissue, perifo-
cal zone, resection line, depending on the stage of the
disease, which determines the purpose of the study.

Purpose of the study was to identify the features
of the population and subpopulation composition
of immunocompetent cells locally in colon cancer,
depending on the stage of the process and to identify
prognostic factors of the course of the disease.

MATERIALS AND METHODS

The study included 50 patients with CC who were
treated at the National Medical Research Centre for
Oncology: 26 of them were women (52 %), whose
average age was 67 = 0.4 years and 24 men (48 %),
the average age was 66 * 0.3 years.

According to the results of postoperative histolog-
ical analysis, the following distribution was revealed
by stages of CC: | — 4 patients (8 %), Il = 25 (50 %),
Il - 21 (42 %), subsequently patients of groups | and
Il were combined (Fig. 1).

The spread of the tumor within the intestinal wall
(T1-3) was noted in 38 (76 %) patients, and a tu-
mor that sprouted into other organs and/or visceral
peritoneum T4 - in 12 (24 %). Regional lymph nodes
(I.n.) (N+) were affected in 27 patients (54 %). At the
1st stage of treatment, all patients underwent sur-
gical intervention with the collection of material for
subsequent studies. A cell suspension was obtained
from tumor tissues, the peritumoral zone, and the
resection line, processed using an antibody panel
(Becton Dickinson, USA) in order to identify the main
populations and subpopulations of leukocytes and
lymphocytes using a BD FACSCanto flow cytometer
(Becton Dickinson, USA). The results were expressed
in the relative number of the main populations and
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subpopulations of lymphocytes: CD45+ - total num-
ber of lymphocytes (Lymph), CD3+ - T-lymphocytes,
CD3+CD4+ - T-lymphocytes helper, CD3+CD8+ -
cytotoxic T-lymphocytes, CD3+CD4+CD8+ — double
positive lymphocytes (DP), CD3+CD4-CD8- - double
negative lymphocytes (DN), CD3-CD56+CD16+ — NK
lymphocytes, CD3+CD56+CD16+ — NKT lymphocytes,
CD19+ - B lymphocytes relative to the total number
of lymphocytes.

Statistical processing of the obtained results was
carried out using the STATISTICA 13.3 package (Stat-
Soft Inc., USA), which involved calculating the main
statistical characteristics of the samples, determin-
ing the nature of the distribution of the determined
indicators using the Shapiro-Wilk criterion. Due to
the fact that the obtained results did not obey the
law of normal distribution, the reliability of the differ-
ences between the samples was evaluated using the
nonparametric Mann-Whitney criterion. The results
were considered statistically significant at p < 0.05.

DResection line (provisionally healthy fissue)

Perifocal zone

B Tumor

452 4075 433

AN

%

CD3+ CD4+ CD8+ CD19+

RESEARCH RESULTS AND DISCUSSION

We conducted a comparative analysis of the relative
number of the main populations and subpopulations
of lymphocytes, depending on the stage, the depth of
the lesion of the intestinal wall tumor (T), the presence
or absence of lesion of regional lymph nodes (N).

When analyzing the data, depending on the stage
of the tumor process, it was revealed that in the tu-
mor tissues of the group of patients of stage I-1I,
there was a decrease in the relative number of DP
and DN cells, NKT and CD19+ lymphocytes compared
with similar indicators in the peritumoral zone by
33 %, 42 %, 31 % and 82 %, respectively (p < 0.05).
Compared with conditionally healthy tissue, tumor
fragments showed an increase in the relative num-
ber of T-lymphocytes, CD3+ and NK cells by 41 %,
35 %, 50 %, while the content of DP-, DN-, NKT-, CD19+
lymphocytes was reduced by 33 %, 42 %, 31 %, 82 %
(p < 0.05).
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Fig. 2. Subpopulation composition in the tissues of patients with stage | — Il colon cancer.
Note: A — statistically significant differences from the indicators of the resection line (conditionally healthy tissue); * - statistically

significant differences from the indicators of the peritumoral zone.
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Fig. 3. The subpopulation composition in the tissues of the group of patients with stage Ill colon cancer.
Note: a — statistically significant differences from the indicators of the resection line (conditionally healthy tissue); * — statistically

significant differences from the indicators of the peritumoral zone.
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In the peritumoral zone, a low content of CD19+
(by 52 %) was noted, as well as an increased con-
tent of lymphocytes, CD8+, DP, NK, NKT on 62 %,
25 %, 27 %, 36 % and 69 %, respectively, compared
with the indicators in the resection line (p < 0.05)
(fig. 2).

Analysis of the results of the study of tissues of
patients with stage Ill CC showed that in the tumor
tissue there is an increase in the relative number of
CD3+, CD4+, NK lymphocytes by 57 %, 34 %, 48 %
and a decrease in DP, DN, NKT, CD19+ cells by 33 %,
74 %, 31 %, 59 % by compared with the tissue of the
peritumoral zone (p < 0.05). In the tumor, there is
a decrease in DP, DN, NKT, CD19+ by 78 %, 74 %,
39 %, 60 %, against this background, an increase in
the relative number of lymphocytes compared to the
resection line was revealed by 138 %, respectively
(p < 0.05) (Fig. 3).

A comparative analysis of local immunological pa-
rameters in the tumor tissues of CC patients revealed
that in the tumor tissues of the group of stage Il
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patients there was an increase in the relative number
of lymphocytes and CD19+ cells by 58 % and 87 %
and a decrease in DP and DN of lymphocytes by 33 %
and 27 % compared with the tissues of tumors of
stage I and Il (p < 0.05) (fig. 4).

Based on the data obtained, it was revealed that
the tumor is characterized by the accumulation of
T-lymphocytes, in particular, T-helper-inductor and
B-cells (CD19+), which is especially pronounced
in stage Il of the disease in patients with CC and
a low content of DP and DN lymphocytes, as well
as NKT cells.

The existing data in the literature indicate that
the tissue of tumors of the colon and rectum is infil-
trated by a small number of T-lymphocytes. In 1987,
J. R. Jass et al. It has been shown that pronounced
lymphocytic infiltration of the perifocal zone is a prog-
nostic factor for longer overall survival of CRC pa-
tients [11-13]. It has been proven that the pronounced
accumulation of CD8+ T cells in tumor tissue cor-
relates with longer survival of patients [14; 15].
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Fig. 4. The subpopulation composition in the tumor tissues of a group of colon cancer patients, depending on the stage.

Note: * — statistically significant differences (p < 0.05).
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Fig. 5. The subpopulation composition in the tumor tissues of a group of colon cancer patients, depending on the criterion T.

Note: * - statistically significant differences (p < 0.05).
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Analysis of the subpopulation composition of
lymphocytes in tumor tissue, depending on the cri-
terion of the level of invasion of the intestinal wall
tumor (T), showed that in the tumor tissues of the
T4 patient group, an increase in the relative number
of DP cells and CD19+ lymphocytes was noted com-
pared to the tissues of the T1-3 group by 56 % and
186 %, respectively (p < 0.05), and also, a decrease
in the relative number of NKT lymphocytes by 41 %
(p < 0.05) (fig. 5).

When comparing the results obtained, depending
on the lymph node lesion, it was noted that in the
tumor tissues of the group of patients with node
lesion (N+), an increase in the relative number of
lymphocytes and CD19+ was noted by 96 % and 97 %,
as well as a decrease in the relative number of NKT
lymphocytes by 32 % compared with the tumor tis-
sues of the group of patients NO (p < 0.05) (Fig. 6).

Our results somewhat contradict the data of Tachi-
banaT. et al., according to which tumor infiltration by
NKT cells positively correlated with a smaller number
of lymph node metastases [16].

By a group of authors A. C. Diederichsen et al. It
has been demonstrated that a low CD4+/CD8+ ratio,
i.e. the prevalence of cytotoxic T-lymphocytes in the
tumor against the background of a decrease in T-cells
with helper-inductor function, is a prognostic factor
for long-term survival of CRC patients [17]. The data
obtained in our study, indicating certain features of
the tissue composition of immunocompetent cells in
the tumor and its microenvironment, in some cases
agree with the data of other authors and may, in our
opinion, be the basis for the development of criteria
for the prognosis of the development of CRC me-
tastases [18].
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DN lymphocytes — Pinocchio cells (Pinocchio
cells) are intermediate elements of differentiating
T-lymphocytes. This type of cells resembles cells of
innate immunity in functional activity, they form early
barrier formations aimed at maintaining immune
homeostasis [19].

When studying the features of the immunological
organization of soft tissue sarcomas, it was shown
that in the tissue of recurrent sarcomas there is
a high level of DN T-lymphocytes, which belong to
a subpopulation of T cells with TCRyA and may have
the properties of T-regs [20]. An increase in their level
in the blood in some malignant tumors presupposes
some negative changes in the immune status [21].

However, there is also an opposite opinion, accord-
ing to which both DN and DP lymphocytes, being cells
of innate immunity, have the opposite effect. In our
study, the opposite trend was found - in the case of
disease progression, its later stages or the presence
of metastases, it was accompanied by an increase
in the content of these cells, which, however, does
not allow us to draw a final conclusion about the
functional significance of this fact.

Currently, there is no clear opinion about the role
of B-lymphocytes in the development of tumors and
sensitivity to therapy. It has been shown that the num-
ber of circulating antibodies increases in the blood
of cancer patients, and in the tumor tissue of tumor-
infiltrating B-lymphocytes, which perform a protective
function [22]. According to another opinion, B cells
increase the aggressiveness of the tumor, thereby
worsening the prognosis [23]. Under certain condi-
tions, B cells can perform the function of antigen-
presenting cells: express stimulating CD80, CD86 and
ICOS molecules and activate CD4+, CD8+ T cells [24].
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Fig. 6. The subpopulation composition in the tumor tissues of the CC patient group, depending on criterion N.

Note: * — statistically significant differences (p < 0.05).
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However, activated B-lymphocytes and plasmocytes
synthesize antibodies that block the antigens of tu-
mor cells, disrupting their recognition [25]. It has
been shown that one of the varieties of B-lympho-
cytes are cells with high regulatory potential, which
is expressed in the secretion of IL-10, IL-35, IL-6,
transforming growth factor-B (TGF-B), which caus-
es immunosuppression of antitumor immunity [26]

Despite certain differences in the results of study-
ing the immunological microenvironment of various
malignant tumors obtained by various research
groups, understanding the mechanisms involved in
the interaction between tumor cells and the microen-
vironment opens up a great prospect for changing the
treatment strategy that will help fight tumors more
effectively [27].

CONCLUSION

1. The tumor tissue in CC is characterized by the
accumulation of T-helper-inductor lymphocytes and

B cells (CD19+) and depletion of DP and DN lympho-
cytes, as well as a decrease in the number of NKT
cells, which is more pronounced in stage Il of the
disease in patients with CC.

2. At the Ill stage of the disease, in CC, there is
a decrease in the activity of local innate immunity,
which is manifested in a decrease in the content
of NKT cells in the primary tumor, as well as the
tension of the humoral link of immunity, due to the
high content of tumor CD19+ lymphocytes, the same
trend is observed with the defeat of regional lymph
nodes (N+).

3. It is possible that an increased number of CD19+
cells is a factor predisposing to the occurrence of
lymphogenic metastasis, and is also associated with
a more advanced stage of CC.

Thus, the data obtained on the features of the lo-
cal population and subpopulation composition of
immunocompetent cells in colon cancer, depending
on the stage, T and N, can be used in the prognosis
of the clinical course of the disease.
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ABSTRACT

Purpose of the study. Dynamic assessment of the direct impact of pressurized intraperitoneal aerosol chemotherapy (PIPAC)
on peritoneal carcinomatosis in ovarian cancer.

Patients and methods. The study involved 164 people with visually detectable and morphologically verified ovarian cancer with
peritoneal carcinomatosis of the peritoneum (lllb-llic stages of ovarian cancer). All patients underwent combined treatment
of ovarian cancer, which included primary cytoreduction and 6 courses of chemotherapy according to the TC scheme. In the
main group, the standard treatment was supplemented with 3 PIPAC procedures. Statistical processing was carried out by
analyzing the exact criterion of the Wilcoxon-Mann-Whitney sums, the distribution of patients in groups by age and peritone-
al lesion was estimated. It was found that the distribution of the analyzed parameters was random. The distribution in the
groups by stages of the disease was homogeneous, which is justified by the use of the Barnard criterion. The dynamics of
the parameters of the study was evaluated by the methods of basic statistics. Used software packages: MedCals, Statistica.
Results. The results obtained demonstrate a distinct positive dynamics in the group of patients receiving PIPAC in addition
to standard treatment of newly diagnosed ovarian cancer: a significant decrease in the peritoneal cancer index, therapeutic
pathomorphosis in peritoneal samples during treatment, reduction of ascites.

Conclusion. The team of authors managed to establish that PIPAC simultaneously with standard combined treatment for
primary ovarian cancer with peritoneal carcinomatosis makes it possible to achieve a dynamic regression effect of peritoneal
carcinomatosis of the peritoneum, morphological regression of carcinomatosis and complete resorption of ascites in the
vast majority of treated patients. The revealed therapeutic effect was prolonged and persistent with an objective assessment

6 months after the end of treatment.
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ovarian cancer, ascites, peritoneal carcinomatosis, drug pathomorphosis, pressurized intraperitoneal aerosol
chemotherapy, PIPAC
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INTRODUCTION

Unsatisfactory results of treatment of peritone-
al carcinomatosis in ovarian cancer are one of the
most actual problems of modern oncogynecology.
Ovarian cancer is characterized by the latent nature
of the disease in the early stages, the absence of
pathognomonic symptoms, diagnostic difficulties
in detecting early forms of the disease, recurrent
nature and relatively low effectiveness of anti-relapse
treatment [1]. Peritoneal carcinomatosis is one of the
main obstacles to achieving high efficiency of primary
and anti-recurrent treatment of ovarian cancer. The
incidence of metastatic lesions of the peritoneum in
newly diagnosed ovarian cancer is 65-70 % of cases
according to worldwide data.

With the progression of ovarian cancer, the de-
feat of the peritoneum by metastases is noted in
65 % of cases according to various studies [2]. In the
vast majority of cases, complete cytoreduction with
widespread peritoneal carcinomatosis is technically
impossible, and systemic drug treatment does not
give a stable clinical effect, which makes peritoneal
carcinomatosis an unfavorable prognostic sign in
ovarian cancer [3].

Systemic intravenous cytostatic therapy of meta-
static lesions of the peritoneum still does not have
a high efficiency and a persistent clinical antitumor
effect, due to the low bioavailability of cytostatics
in metastases on the peritoneum. For many years,
attempts have been made to increase the bioavail-
ability of antitumor drugs to carcinomatous foci on
the peritoneum. One of such options is locoregional
application of cytostatics, a special case of which
is intraperitoneal administration of chemotherapy
drugs in the form of a normothermal solution of cy-
tostatics [4].

Through intra-abdominal chemotherapy, it is pos-
sible to create a high concentration of chemothera-
py drugs in tumor foci without resorptive effect and
associated systemic toxic effects [5].

In 2000, a group of researchers led by M. Rey-
mond proposed a new variant of intraperitoneal
chemotherapy - intraperitoneal aerosol chemo-
therapy under pressure or PIPAC (Pressurized In-
traPeritoneal Aerosol Chemotherapy) — which is the
injection of a solution of cytostatics into the closed
abdominal cavity in the form of a fine aerosol in
the conditions of normothermal carboxyperitone-

um [6]. The method ensures uniform distribution
of the aerosol over the entire metastatic surface
of the peritoneum, which determines its advantage
over other types of peritoneal lavage, and increased
intra-abdominal pressure increases the depth of
penetration of drugs into the peritoneal tissue. With
each PIPAC procedure, diagnostic laparoscopy and
multifocal biopsy of the peritoneum are performed,
which makes it possible to objectively assess the
condition of the peritoneum in dynamics through
repeated procedures.

Currently, the results of 16 foreign studies of the
effectiveness of PIPAC in ovarian cancer with peri-
toneal carcinomatosis have been published. Pro-
nounced therapeutic pathomorphosis and a decrease
in the peritoneal cancer index (PCI) were noted in
69 % of cases [7-15].

At the same time, there are no references in the
available literature to the simultaneous use of cytore-
ductive surgery and PIPAC in ovarian cancer, except
for their own first experience of clinical use of the
PIPAC method in combination with surgical cytore-
duction in primary ovarian cancer with peritoneal
carcinomatosis [4].

The authors created a "Method for the treatment of
peritoneal carcinomatosis in ovarian cancer", which
was the basis for the development of the world's first
protocol of a prospective open randomized controlled
phase Il clinical trial "Intraperitoneal aerosol chemo-
therapy under pressure (PIPAC) in the treatment of
primary ovarian cancer with peritoneal carcinoma-
tosis", approved by the Independent Committee on
Biomedical Ethics at the National Medical Research
Centre for Oncology [16].

Purpose of the study: to evaluate the direct ef-
fect of intra-abdominal aerosol chemotherapy under
pressure on metastatic altered peritoneum, carried
out in addition to the standard combined treatment
of ovarian cancer.

PATIENTS AND METHODS

The study included 164 patients with primary
ovarian cancer with visually detectable and mor-
phologically verified peritoneal carcinomatosis. Pri-
or to inclusion in the study, informed consent was
obtained from all patients to participate in the study
and to conduct PIPAC on the condition of complete
anonymity. The work followed the ethical principles
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set forth by the Helsinki Declaration of the World
Medical Association (World Medical Association Dec-
laration of Helsinki, 1964, ed. 2013). The study was
approved by the Committee on Biomedical Ethics at
the National Medical Research Centre for Oncology
(extract from the protocol of the meeting No. 660
dated 04/09/2021).

Research stages and ongoing activities

Prior to inclusion in the study, patients were ex-
amined according to the recommendations of the
AOR for patients suffering from ovarian cancer. The
examination period did not exceed 7 days.

Upon completion of the examination, surgical in-
tervention was performed in the following volume:
extirpation of the uterus with appendages, omentec-
tomy and multifocal biopsy from the 4 most altered
areas of the peritoneum. The volume of cytoreduction
in all cases was suboptimal.

Randomization was performed directly in the oper-
ating room after urgent morphological verification of
metastatic peritoneal lesion by generating a random
value of 0 or 1 on the site https://www.random.org/.
Where the value 0 corresponded to the patient's get-
ting into the control group, and 1 - into the main one.

In the control group, standard suturing of the an-
terior abdominal wall was performed. In the main
group, after the completion of the organ-bearing
stage of the operation, the patient underwent
a PIPAC procedure.

In the postoperative period, a set of standard post-
operative diagnostic and therapeutic measures was
carried out in accordance with the clinical recommen-
dations of the AOR, as well as taking into account the
patient's condition and the specific clinical situation.

On the 8th day after cytoreductive surgery, patients
of both groups underwent the 1st course of systemic
polychemotherapy according to the TC scheme: pa-
clitaxel 175 mg/m?, carboplatin AUC 5-7. The first
course of PCT was performed on the 2nd week of
the study as part of a single hospitalization with a si-
multaneous organ-bearing stage and a PIPAC stage,
the duration of systemic chemotherapeutic treatment
was 1 day. The next (second course) intravenous
chemo was performed after 21 days, and then 4 more
courses (6 in total) were conducted with an interval
of 21 days between them.

At the 3rd and 5th hospitalization, patients from
the main group underwent the second and third
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PIPAC procedures, consistently and gradually per-
forming diagnostic laparoscopy and pressurized
intraperitoneal aerosol chemotherapy with an
assessment of the peritoneal cancer index and
multifocal biopsy of the peritoneum in the volume
indicated earlier.

As part of the 3rd and 5th hospitalization, the ac-
tivation of patients was performed the day after the
PIPAC (2nd and 3rd procedures), and the day after
activation, systemic intravenous PCT was performed
according to the TC scheme.

6 months after the completion of the course of
treatment, the patients from the main group, after
a standard preoperative examination, underwent
diagnostic laparoscopy with an assessment of the
index of peritoneal carcinomatosis and a multipoint
biopsy examination of the peritoneum.

At the same time, patients from the control group
underwent a follow-up examination that correspond-
ed to the recommendations of the AOR in terms of
dispensary follow-up of patients who had undergone
combined treatment for ovarian cancer.

Evaluation of the peritoneal

carcinomatosis index

The scale of peritoneal metastasis lesion is
estimated by calculating the index of peritoneal
carcinomatosis in points for each PIPAC pro-
cedure. To do this, the parietal peritoneum and
several sections of the visceral are conditionally
divided into 13 zones: 0 — central, 1 — right dome
of the diaphragm, 2 — epigastrium, 3 — left dome
of the diaphragm, 4 — left lateral canal, 5 — left
iliac region, 6 — pelvis, 7 — right iliac region, 8 -
right lateral canal; additionally, 4 zones of the vis-
ceral peritoneum are evaluated: 9 — the proximal
part of the jejunum, 10 - the distal part of the
jejunum, 11 — the proximal part of the ileum, 12 -
the distal part of the ileum. In the absence of
a lesion in the selected zone, a score of 0 points
is given, 1 point — the presence of formations
up to 5 mm in size, 2 points — the presence of
formations from 6 to 25 mm in size, 3 points —
the presence of formations larger than 25 mm
or drain formations.

The results of the calculation are entered into
a standard form (Fig. 1). After that, all the scores
are added, the result is an index of peritoneal car-
cinomatosis.
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Histological assessment of tumor
pathomorphosis
To assess the therapeutic effect directly in perito-
neal metastases at the morphological level, we used
the classification of G. A. Lavnikova, based on the
assessment of the structure of both the tumor tissue
as a whole and its individual cells. As a material for
the study, 4 biopsies of the peritoneum were used,
obtained during each PIPAC procedure and during
control diagnostic laparoscopy 6 months after the
end of treatment.
Within the framework of this classification, 4 de-
grees of pathomorphosis are distinguished:
+ Grade | - more than 50 % of the tumor parenchyma
is preserved;
+ Grade Il -20-50 % of tumor parenchymais preserved;
« Grade Ill = up to 20 % of the tumor parenchyma has
been preserved as separate foci;
+ Grade IV - complete absence of tumor parenchyma.

Clinical and demographic composition

of the groups

The final sample included 164 patients, 79 of them
in the main group, 85 in the control group. The aver-
age age of patients in the main group was 56.8 years,

Full name

in the control group — 56.2 years. Analysis using the
exact Wilcoxon-Mann-Whitney sum criterion showed
a significance level of 0.779, which indicates a ran-
dom distribution of patients between groups.

All the patients involved in the study were diag-
nosed with stage Ill serous ovarian cancer. In the
main group, stage lllb was established in 17 patients,
and stage llic in 62. In the control group at 13 and 72,
respectively. When evaluating the Barnard criterion,
a significance level of p = 0.364 was obtained, hence
the distribution among groups is homogeneous.

Also, peritoneal carcinomatosis was detected
and verified in all patients at the time of initiation of
treatment. After randomization, the lesion volume
reflected in the PCI index varied in the range from
7 to 39 and from 5 to 39 points in the control and
main groups, respectively. A more detailed distribu-
tion by the degree of peritoneal lesion is presented
in Table 1.

The average PCl index in the main group was 23.1,
and in the control group - 23.7 points. When compared
using the exact Wilcoxon-Mann-Whitney sum criterion,
the significance level was 0.642. Consequently, the
distribution of patients between groups according to
the degree of peritoneal lesion is random.

History number

Operation date

Diagnosis:

Peritoneal carcinomatosis index

Zone

Point | | Points | Definition

0 Center

LSo No tumor elements

1 Right diaphragm dome

LS1 Neoplasm under 5 cm

2 Epigastrium
3 Left diaphragm dome

LS2 | Neoplasm under 25 cm

4 Left lateral canal

LS3 More than 25 mm or fused

5 Left iliac region

6 Pelvis

7 Right iliac region

8 Right lateral canal

9 The proximal part of the jejunum

10 Distal part of the jejunum

11 The proximal part of the ileum

12 Distal part of theileum
}\ PCI

Fig. 1. Standard form for assessing the peritoneal carcinomatosis index.
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The duration of hospitalization after treatment con-
ducted at stage 1 of the study in the control and main
groups averaged 7.2 days (range from 5 to 13 days)
and 7.6 days (range from 6 to 12 days), respectively.
There were no statistically significant differences
between the groups for this indicator.

In the future, patients from both groups under-
went 6 courses of systemic PCT according to the
TC scheme. For patients from the control group, this
therapy was the only one. In the main group, treat-
ment was carried out in the mode of bidirectional
chemotherapy with the addition of PIPAC sessions
between courses of intravenous chemotherapy. Each
of the patients had at least 1 PIPAC session, two ses-
sions were conducted in 72 patients, three sessions
each in 69 patients. Thus, a total of 220 PIPAC proce-
dures were conducted in 79 patients, with an average
of 2.8 sessions for each patient. The duration of each
session ranged from 62 to 87 minutes, an average
of 74 minutes. The duration of hospitalization after
PIPAC varied from 2 to 5 days, on average 3 days.
Also, 404 courses of systemic PCT were conducted
in the main group, that is, an average of 5.6 courses
per patient. In the control group, a total of 384 PCT
sessions were conducted in 67 patients, which is 5.7
courses per person. The study of the direct effect
of PIPAC on the metastatically altered peritoneum
was carried out in the main group by assessing the
dynamics of the PCl index, the morphological picture
of drug pathomorphosis and the volume of ascitic
fluid during diagnostic laparoscopy at the 2nd and
3rd PIPAC sessions.

Immediate results
As indicated earlier in the main group, the dis-
tribution of patients by the degree of peritoneal

lesion was as follows: from 1 to 10 points on
the PCl scale in 6 patients (7.6 %); from 11 to 20
points —in 26 (32.9 %); from 21 to 30 points —in
29 (36.7 %) and 18 (22.8 %) of patients revealed
the most massive lesion of the peritoneum 31-39
points. In other words, at the time of detection
of the disease, total peritoneal metastasis was
present in 92.4 % of patients. When re-evaluat-
ed during the 2nd PIPAC procedure, a significant
decrease in PCl was noted in almost all patients.
Thus, tumor elements were no longer detected in
31 patients (PCI 0 points), which is 43 % of cases;
in one patient (1.3 %), PCl was 17 points. In the
remaining 40 cases (50.6 %), the values of this
indicator were in the range from 1 to 10 points.
Thus, already at the 2nd session of the PIPAC,
it was noted that complete regression of total
carcinomatosis occurred in 43 % of cases, and
in 50.6 % of cases total carcinomatosis trans-
formed into limited, which corresponds to partial
regression.

According to the results of histological examina-
tion of the biopsy material taken during the second
session of the PIPAC, it was found that grade IV path-
omorphosis (complete absence of viable tumor cells)
was detected in 40 patients, which is 55.5 % of cases.
This discrepancy with clinically determined pathomo-
rphosis in favor of morphological pathomorphosis is
due to the fact that metastases on the peritoneum
at the stages of drug pathomorphosis initially under-
went replacement with fibrous tissue, which looked
like metastases during video endoscopic revision,
and morphological examination recorded complete
drug pathomorphosis with total replacement of me-
tastasis with fibrous elements.

The Ill degree of pathomorphosis was detected

Table 1. PCI in the main and control groups

Peritoneal Carcinomatosis Index Main group Control group
1to 10 points 6 4
11 to 20 points 26 30
21 to 30 points 29 35
31 to 39 points 18 16
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in 17 cases (23.6 %), the Il degree —in 13 cases
(18.1 %), and the | degree in only 2 patients (2.8 %).
In other words, complete morphological regression
of peritoneal carcinomatosis took place in more than
half of the patients (55.5 %), and partial regression
in 41.7 %. The cumulative effective morphological
response was 97.2 %.

When assessing the PCIl index during the 3rd
session of PIPAC (69 patients), visible lesions of
the peritoneum were absent in 58 cases (84.0 %), in
11 (16.0 %) the index value did not exceed 6 points.
Histologically, grade IV tumor pathomorphosis was
detected in 50 cases (72.5 %), grade lll —in 10 (14.5 %)
cases, grade Il -in 5 (7.2 %) cases and in 4 (5.8 %) pa-
tients, grade | pathomorphosis was detected. That is,
complete clinical regression of peritoneal carcinoma-
tosis at the 3rd session of PIPAC was 84.0 % versus
43 % at the 2nd session, and complete morphological
regression was noted in 72.5 % at the 3rd session of
PIPAC versus 55.5 % at the second session.

At the control diagnostic laparoscopy 6 months
after the end of treatment, there were no signs of
peritoneal lesion in all 47 patients (100 %). At the
same time, 36 (76.6 %) of them had drug-induced
tumor pathomorphosis of the IV grade, 9 (19.2 %) -
of the Ill grade, and only two of the | and Il grade
(2.1 % each).

A similar dynamic was observed with respect to
the volume of ascitic fluid in the abdominal cavity.
At the beginning of the study in the main group,
ascites was absent in only one patient (1.2 %),
a volume of up to 1 liter was detected in 38 cases
(48.1 %), from 1 to 2 liters —in 14 cases (17.7 %), 7
patients (8.9 %) had from 2 to 3 liters of free fluid
in abdominal cavity, another 6 (7.6 %) — from 3 to 4
liters, and massive ascites with a volume of more
than 4 liters were detected in 13 cases (16.5 %).
During the second PIPAC session, ascites were no
longer detected in the vast majority of cases (59
out of 72, i.e. 81.9 %), in the remaining 13 cases
(18.1 %) its volume did not exceed 200 ml. During 3
sessions of PIPAC, only 3 patients out of 69 (4.4 %)
had an insignificant amount of exudate (volume no
more than 200 ml). Accordingly, ascites resorbed
completely in 95.6 % of patients by the 3rd PIPAC
session. During the control laparoscopy, 6 months
after the end of therapy, only 1 (2.1 %) of 47 patients
had an insignificant amount of exudate with a vol-
ume of no more than 100 ml. At the same time, there

were no clinical manifestations of ascitic syndrome
in all 47 cases (100 %).
CONCLUSION

Preliminary results of primary ovarian cancer with
peritoneal carcinomatosis, supplemented with pres-
surized intraperitoneal aerosol chemotherapy. During
the second PIPAC prosedure, 31 patients (43 %) re-
vealed complete clinical regression of peritoneal
carcinomatosis, and according to the results of his-
tological examination of biopsy material, therapeutic
pathomorphosis of the IV degree (complete mor-
phological regression) was registered in 40 patients
(55.5 %). During the 3rd PIPAC procedure, further
development of the therapeutic effect was noted:
complete regression of metastases on the perito-
neum was registered in 58 patients (85.3 %), and
morphologically determined pathomorphosis of the
IV degree in 50 people (73.5 %). Later, during diag-
nostic laparoscopy, 6 months after the completion of
treatment, complete clinical regression was detected
in all patients (100 % of cases), and in 36 people
(76.6 %), drug pathomorphosis of the IV degree was
established, which corresponds to complete morpho-
logical regression of peritoneal carcinomatosis and
the long-term effect of the treatment.

A similar positive trend was noted with respect
to the frequency and severity of ascites. So at the
beginning of the study, it was detected in all patients
of the main group, except one, which was 98.8 %.
At the same time, at the time of the second PIPAC
procedure, complete resorption of ascites was not-
ed in 59 patients (81.9 %). This trend was observed
throughout the entire track of the study and persisted
after the end of therapy (at the time of the control
diagnostic laparoscopy, ascites syndrome was not
registered in any case). This effect is clinically signif-
icant because it leads to a significant improvement
in the general condition and, as a result, significantly
improves the tolerability of the treatment and the
quality of life of patients.

Our observations allow us to draw several con-
clusions.

1) pressurized intraperitoneal aerosol chemother-
apy simultaneous with standard combined treatment
for primary ovarian cancer with peritoneal carcinoma-
tosis makes it possible to achieve complete clinical
regression (PCI = 0) of peritoneal carcinomatosis
in 85.3 % of patients by the 3rd session of PIPAC,
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complete morphological regression of carcinoma-
tosis (IV degree drug pathomorphosis according to
Lavnikova) in 73.5 % patients, and complete resorp-
tion of ascites in 81.9 % of patients.

2) With laparoscopic control 6 months after the
end of treatment, complete clinical regression was
noted in 100 % of cases, complete morphological
regression in 76.6 % of cases, ascites syndrome was
absent in 100 % of patients. The revealed trend, in our
opinion, indicates a prolonged and persistent thera-
peutic effect of PIPAC on peritoneal carcinomatosis

accompanying primary ovarian cancer.

3) It seems promising to conduct a comparative
assessment of the main and control groups of the
study in terms of long-term treatment results by com-
paring the duration of the relapse-free period and
overall survival.

4) The results obtained allow us to consider the
possibility of expanding the indications for the use
of PIPAC as a method of palliative and symptomatic
care in patients at the terminal stage of the disease,
accompanied by an intensive accumulation of ascites.
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ABSTRACT

Glioblastoma (GBM) is the most malignant and the most common primary tumor of the central nervous system. During the last
several years GBM has been classified and managed according to the World Health Organization (WHO) criteria which subdivide
it into primary and secondary GBM. As it is suggested, GBM originates from glial cells and has a diffuse growth pattern, but
its etiology and pathophysiology are poorly investigated up to date. Its rapid progression and anatomical location in the brain
often limits the effectiveness of therapeutic interventions. Despite all scientific and technological advances, GBM remains
an incurable disease with a median survival of approximately 18 months. Standard treatment options involving maximal safe
resection of the tumor followed with radiotherapy and chemotherapy do not provide satisfactory results.

Better understanding of the molecular pathology of GBM and its associated signaling pathways has opened up possibilities for
new treatments for newly diagnosed and relapsing tumors. A multitargeted therapeutic approach using compounds capable
of inhibiting more than one specific molecular target is a promising alternative to conventional therapies.

Currently, specialists study such innovative treatment options as small molecule inhibitors aimed at signaling pathway dis-
ruptions, immunotherapy, including checkpoint inhibitors, oncolytic vaccines, CAR T-cell therapy, and drug delivery systems. In
terms of an innovative approach, the elaboration of targeted drug delivery systems is of particular interest, since this strategy
looks the most promising due to its ability to increase the bioavailability and effectiveness of both standard and newly tested
agents. This review discusses results of preclinical and clinical studies of innovative therapeutic approaches, their advantages
and disadvantages. An interdisciplinary approach is expected to be able to combine the results of cutting-edge research in
this area and to provide novel promising therapeutic strategies for patients with GBM.
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COBPEMEHHbIE NNOAX0AbI K TEPANUW TNUOBNACTOMbI
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PE3IOME

rmuo6nactomMa (FBM) siBnsieTcs Hanbornee 3N10KaUYECTBEHHOM M YaCTo BCTPEYatoLLeics NEPBUYHOI OMYXOSbHO LIEHTpasibHOM
HepBHOI cucteMbl. B TeueHne nocnegHux net NbBM knaccuduumpoBanu n neuynnm B COOTBETCTBUM C KpUTepusiMm Bcemup-
HOW opraHu3auuu 3gpaBooxpaHeHus (BO3), koTopas nogpasaensieT ee Ha NEPBUYHYIO U BTOPUYHYto. CunTaetcs, 4to FBM
NPOUCXOAMUT U3 MMManbHbIX KNETOK, MeeT Anddy3HbI XapakTep POCTa, OfAHAKO ee 3TUONIOrUs U NaToU3n0orus He BNoIHe
M3Yy4YeHbl Ha CEerogHSALWHUN AeHb. BbicTpoe NnporpeccupoBaHme onyxosn, eé aHaToMnyeckas siokanusayums B roJlOBHOM
MO3re 4acTo orpaHmymBalrT ahHeKTMBHOCTb TepaneBTUYECKMX BMeLIaTeNIbCTB. HecMOTpsA Ha BCe HayYHO-TEXHMYECKNe
[ocTmkeHus, FTBM ocTaeTcsi HemaneynmbiM 3a60NeBAHMEM C MeANAHON BbIXXMBAEMOCTM NaLMEHTOB NpuMepHo 18 Mec.
CTaHAapTHble CXeMbl SIeYeHUs, BKOYatoLLMe B ce6si MakCMMasibHOe XMPYPruyeckoe yaaneHune onyxonu ¢ nocneayowmm
06/ly4eHNEM U XMMUOTEPanuen, He o6ecneynBatoT YAOBIETBOPUTENbHbIX Pe3Yy/bTaToB.

3HauunTenbHble ycriexm B NOHUMaHUM MONEKyNApHON natonorun N'b6M u cBsizaHHbIX C HEW CUTHasbHbIX NyTeW OTKPbIAN
BO3MOXHOCTM /11 HOBbIX METOAOB JIeYeHUS BNepBble ANarHOCTUPOBaHHbIX U peLMAMBUPYIOLLNX onyxosiei. MHorouenesomn
TepaneBTUYECKUI NOAX0A, HanpaBNeHHbIN Ha UCMONb30BaHWE COeAMHEHUI, CNOCOGHbIX MHIMOGMPOBaTL 6osiee YeM OfHY KOH-
KPETHYH MONEKYNSIPHYH MULLIEHD, NPeACTaBNASET CO60M MHOrOO6€LLAIOLLYO anbTePHATUBY CTaHAAPTHBIM METOAAM NeYeHus.
B HacTosLLee BpeMs n3yyaroTcs Takue MHHOBALMOHHbIE BapyaHTbl IeY4eHUs KaK MPUMEHEHMNE HU3KOMOEKYIAPHbBIX UHI K-
6UTOPOB, HaLleNIEHHbIX Ha HapyLLEHWEe CUTHAIbHbIX NyTEN, UMMYHOTepanusi, BKKOYakoLwas MUHIMOUTOPbI KOHTPOJIbHbIX TOYEK,
OHKONUTU4Yeckue BakuuHbl, CAR-T-Tepanus, UCNosb30BaHUe CUCTEM AOCTaBKM fiekapcTB. C TOUKN 3peHus MpUMEHeHUs
MHHOBALIMOHHOIO NoAxofa 0Ccobblil MHTepec NpefcTaBsieT pa3paboTka CUCTEM afpecHOM AOCTaBKM NeKapCcTB, Tak Kak
MMEHHO 3Ta cTpaTerus BbirsSanT Hanbosee NepcreKTUBHOMN B CBA3W C ee CMOCOBHOCTbIO YBENMYMBATb GUOLOCTYMHOCTb
1 3pPeKTUBHOCTb KaK CTaHAapPTHbIX, Tak 1 BNepBble TeCTUPYEMbIX NpenapaToB. B ;aHHOM 0630pe o6cyxaatoTes pesysb-
TaTbl AOKIMHUYECKUX N KNIMHUYECKNX UCCNef0BaHNIN MHHOBALMOHHbIX TepaneBTUYECKUX MOAXOAO0B, X NpenMyLLecTBa
M HepgocTaTku. OxXnpgaeTcs, YTo peanusaumsa MeXXAUCUUMNIIMHAPHOIO Noaxofa crnocobHa 06beAUHUTbL pesynbTaThl nepe-
[OBbIX UCCNEefOBaHNIA B 3TOW 061acTH, NPUBECTM K CO34aHMIO HOBbIX O6HaAeXUBaloLWMX TepaneBTUYECKUX CTpaTerni
B OTHOLLEHUW NaumeHToB ¢ TBEM.
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INTRODUCTION

Glioblastoma (GBM) is the most malignant and
common primary tumor of the central nervous
system (CNS), accounting for 30 % of all CNS tu-
mors [1]. It is believed that GBM originates from
glial cells, has a diffuse growth pattern, and its
etiology and pathophysiology have not yet been
fully studied to date [2]. In recent years, GBM has
been classified and treated in accordance with the
criteria of the World Health Organization (WHO),
which divides it into primary and secondary [3].
According to WHO, primary GBM occurs de novo,
aggressive in nature, is characteristic mainly of
the elderly (median age 62 years), while secondary
develops through malignant progression from less
aggressive tumors, such as diffuse astrocytoma
(grade Il) or anaplastic astrocytoma (grade Ill) and
manifests itself in younger patients (median 45
years) [3]. Although GBM can occur at any age, it
should be noted that the incidence increases with
age, with the average age of diagnosis being about
65 years, the median overall survival is about 15-18
months, and the average time interval before re-
lapse is about 7 months, with a 5-year survival rate
of less than 10 % [4].

To date, the standard of treatment for patients
with GBM involves maximum surgical resection fol-
lowed by radiation and chemotherapy, temozolomide
(TMZ) is used as a first-line drug [4]. Due to the high
degree of invasiveness, radical resection of the pri-
mary tumor mass does not lead to a complete cure,
since infiltrating tumor cells invariably remain in the
surrounding tissues. In this regard, further stages of
treatment in the form of radiation (LT) and chemo-
therapy (CT) are required to prevent the progression
and/or recurrence of the disease [4; 5] LT is one of
the ways to combat malignant neoplasms/ cells
based on the use of ionizing radiation. Cell death
is caused by two causes: cellular stress and DNA
damage, represented as single-stranded and double-
stranded breaks [5].

The chemotherapeutic stage is based on the use
of TMZ, which belongs to the class of alkylating
agents with the ability to overcome the blood-brain
barrier (BBB). After absorption, TMZ undergoes
spontaneous hydrolysis and turns into an active
metabolite of 5-(3-methyltriazene-1-yl) imidaz-
ole-4-carbosamide, which is further hydrolyzed to
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the methyldiazonium cation and 5-aminoimidaz-
ole-4-carboxamide [6].

The mechanism of action of the drug is realized by
transferring an electrophilic alkyl group to a nucleop-
hilic DNA atom, methylation of the nitrogenous bases
of DNA adenine (at position N3) and guanine (position
N7) occurs. At the same time, various types of damage
formed in DNA activate specific repair pathways that
allow to eliminate damage and can contribute to re-
sistance to radio and chemotherapy. In this regard, the
efforts of researchers are aimed at developing various
approaches to the treatment of GBM, aimed at new
molecular targets that could be used as therapeutic
alternatives. However, most of them fail during clinical
trials [6-11]. These failures may be associated with
compensatory mechanisms due to the activation of the
DNA repair system, high systemic toxicity, insufficient
stability of drugs and other factors.

Nevertheless, new approaches to the creation of
optimized treatment methods related to the under-
standing of the complex biology of GBM are able
to increase the survival rate of patients with this
disease [7].

In this regard, the purpose of the review was to
consider some options for new therapeutic strate-
gies currently being developed, such as inhibition
of pathological signaling pathways, immuterapeutic
drugs, drug delivery systems, as well as to discuss
their advantages and disadvantages.

1. Therapeutic targets associated with the p53

signaling pathway.

TP53 is one of the most frequently deregulated
genes in terms of cancer. It encodes the protein p53,
which is associated with invasion, migration, prolif-
eration, prevention of apoptosis and the properties
of GBM stem cells.

Normally, p53 exhibits suppressor activity by al-
tering the expression of genes involved in cell cycle
arrest, apoptosis, stem cell differentiation, and cellu-
lar aging. It is usually activated in response to DNA
damage, genotoxicity, oncogen activation, aberrant
growth signal transmission and hypoxia [8]. Under
normal conditions, its activity is low and is controlled
by MDM2 and MDM4 proteins through ubiquitination
and subsequent degradation.

MDM2 and MDM4 act as oncogenic inhibitors of
p53 suppressive activity against tumors. MDM2 neg-
atively regulates p53, causing its degradation in the
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proteasome. Thus, inhibition of MDM2/p53 interac-
tion for reactivation of p53 function is a promising
strategy for cancer treatment, including GBM [9].
MDM2 transcription is induced by p53, creating a neg-
ative feedback loop. MDM4, unlike MDM2, which is
responsible for cleavage of p53, inhibits this protein
by binding it to the transcription activation domain.

Amplification of MDM2 and MDM4 can inactivate
p53, which leads to the loss of various functions of
tumor suppressors: growth arrest, apoptosis, and
aging [11; 12]. MDM2 and MDM4 genes have been
shown to be amplified and/or overexpressed in sev-
eral different types of cancer [10].

P53 and a5B1 integrins also play an important role
in cellular processes, being part of the convergence
pathway that controls the apoptosis of malignant
neoplasms, which encourages researchers to look
for effective molecules that can regulate both targets
simultaneously [11].

For example: idasanutlin (RG7388,) is an MDM2 in-
hibitor, has greater efficacy and selectivity [12]. It has
been recognized as an attractive therapeutic strategy
for reactivating p53 by inhibiting MDM2 and MDM4,
negative suppressors of p53. However, acquired resis-
tance and toxicity continue to limit the development of
this MDM2 inhibitor as a clinical antitumor agent [13].

Nutlins belong to the cis-imidazoline group of mol-
ecules that were detected by screening a chemical
library of molecules to study anti-cancer efficacy.
Some studies on animal models have shown that
nutlin treatment, in particular nutlin3, led to an in-
crease in p53 concentration, increased apoptosis
and decreased oncogenicity in cells [14].

Later, nutlin analogues RG7388, MI77301,
CGMO097, MK8242 and AMG232 were developed
and tested in clinical trials. Among them, AMG232
(KRT-232) has been shown to be the most effec-
tive and selective oral MDM2/p53 inhibitor with
favorable toxicological properties in vitro and in
vivo [15]. AMG232 showed relative selectivity to-
wards wt-p53 stem cells and was very effective in
inhibiting the growth of three-dimensional tumor
spheroids [16]. It is assumed that the molecule
will have a low clearance rate and a long half-life
in humans.

2. RTK inhibition.
Signaling cascades of receptor tyrosine kinases
(RTK) coordinate intracellular signaling in response

to growth factors, chemokines, and other extracel-
lular stimuli to control biological processes [17]. In
healthy cells, receptor activity is strictly controlled,
and RTK signaling regulates cellular processes such
as apoptosis, growth, survival, and translation. RTK
activation is triggered by the binding of extracellular
ligands, which leads to the oligomerization of recep-
tors and autophosphorylation of tyrosine residues in
cytoplasmic domains, which leads to further signal
transmission, the result of which is a change in the
expression of a number of proteins important for
cell life [17; 18].

RTKs include more than 50 different human re-
ceptors, including platelet growth factor receptors
(PDGFR), vascular endothelial growth factor recep-
tors (VEGFR) and epidermal growth factor receptors
(EGFR/HER/ERBB) [18]. It has been demonstrated
that RTK mutations associated with the occurrence
and progression of multiple malignancies, including
GBM.

A large number of studies have shown that ma-
lignant neoplasms, including GBM, are character-
ized by active angiogenesis due to the secretion of
regulatory growth factors, such as vascular endo-
thelial growth factor (VEGF), platelet growth factor
(PDGF) [19].

The platelet growth factor (PDGF) family is nec-
essary for a wide range of physiological processes,
such as migration and proliferation of pericytes,
which contribute to the formation and proper func-
tioning of blood vessels. The deregulated activity
of PDGFR contributes to the occurrence of various
pathological conditions, and, consequently, members
of the PDGF/PDGFR family are important therapeutic
targets [20].

There are three main approaches to inhibiting
the PDGF/PDGFR pathway: 1) sequestration of the
ligand with neutralizing antibodies, soluble extra-
cellular parts of the receptors; 2) disruption of the
interaction between the ligand and the receptor by
blocking the receptor with receptor-specific anti-
bodies or low molecular weight inhibitors; 3) using
low molecular weight inhibitors to block the kinase
activity of PDGFR [21].

Imatinib is one such drug that has an inhibito-
ry effect on PDGFR. Although imatinib has activity
against other malignancies, it has not shown signifi-
cant activity against GBM during clinical trials. Tumor
growth and overall survival remained unchanged
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regardless of whether the drug was used in mono- or
combination therapy [22; 23].

Tandutinib is another PDGFR inhibitor that has
shown little therapeutic effect in clinical trials for
recurrent GBM. AG1433 is another PDGFR inhibiting
molecule that has proven its activity in preclinical
studies on several HGG cell lines (gliomas of high
malignancy) in vitro. In 2019, it was tested on 11
and 15 HGG cell lines with and without radiation
therapy. It was found that the AG1433 molecule is
effective, but the combination with irradiation does
not increase its activity [23].

Vascular endothelial growth factor (VEGF) plays
a crucial role not only in stimulating the growth
of tumor vessels, but also in the formation of an
immunosuppressive state. VEGF can inhibit the
function of T cells, enhance the involvement of reg-
ulatory T cells (Tregs) and suppressor cells of my-
eloid origin (MDSC), and hinder the differentiation
and activation of dendritic cells (DC) [23]. The VEGF
family includes VEGF A, VEGF B, VEGF C, VEGF D
and placental growth factor (PIGF). These ligands
with different affinities bind to three endothelial
receptor tyrosine kinases: VEGFR1, VEGFR2 and
VEGFR3 [24].

VEGF promotes tumor angiogenesis by stimulat-
ing, proliferating and surviving endothelial cells, as
well as increasing vascular permeability and recruit-
ing vascular progenitor cells from the bone marrow.
Unlike the formation of mature vessels under normal
conditions, intra-tumor vessels are complex, disor-
ganized, irregular and leaky, which leads to hypoxia
and ineffective delivery of antitumor agents into the
tumor microenvironment [24]. The combination of
these factors makes it possible to consider an angio-
genesis inhibitor as one of the options for antitumor
therapy.

However, the absence of an antitumor effect when
using a VEGF inhibitor, observed in some models of
orthotopic GBM xenografts in rodents, may be due
to a decrease in permeability and vasogenic cerebral
edema. Several adaptive resistance mechanisms
can neutralize the potential initial benefit provided
by antiangiogenic therapy. Under conditions of inhi-
bition of VEGF signaling, the tumor and its microen-
vironment release alternative proangiogenic growth
factors to stimulate VEGF-independent angiogenesis,
which is further enhanced by recruiting proangiogen-
ic myeloid cells [24; 25].
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One of the options for antiangiogenic therapy
is bevacizumab, which is an antibody to VEGF. Al-
though bevacizumab has become a standard part
of the treatment of GBM relapses, numerous studies
have shown that it nevertheless does not increase
survival [25-27].

It is assumed that the simultaneous adminis-
tration of low-molecular-weight VEGF and PDGF
inhibitors may have a positive effect on the re-
sults of chemoradiotherapy. Sorafenib is a multi-
purpose RTK inhibitor that is active in VEGF
(VEGFR-2 and —-3) and PDGF (PDGF B and Kit). In
a preclinical assessment on cells, U87 adminis-
tered in monotherapy mode showed a significant
improvement in survival, but there was no positive
dynamics in clinical studies. Vatalanib (PTK787) is
another of the low molecular weight inhibitors of
VEGFR, PDGFR and c-Kit., which has demonstrat-
ed safety and tolerability during clinical trials for
the treatment of GBM [26]. Vandetanib (ZD6474),
a low molecular weight tyrosine kinase inhibitor
of VEGFR, EGFR and RET 23, in combination with
other chemotherapeutic agents in clinical trials
in patients with GBM showed good tolerability,
but the survival rate did not change significantly.
An unsatisfactory result may be associated with
a number of problems, such as heterogeneity, in-
ability to overcome BBB [26].

The epidermal growth factor receptor (EGFR)
plays a central role in cell division, migration, adhe-
sion, differentiation, and apoptosis. When bound to
ligands, EGFR is activated by homodimerization or
heterodimerization on the cell surface, which leads
to phosphorylation of its intracellular tyrosine kinase
domain. Studies have shown that EGFR amplification
and mutation are the most common genetic changes
occurring in more than 50 % of GBM cases [26; 27].

Many EGFR inhibitors such as erlotinib, gefitinib
and lapatinib have been widely evaluated in the clinic
for the treatment of GBM. Gefitinib in neoadjuvant
mode showed that its concentration in the tumor
was 20 times higher than in plasma, but this dis-
covery was not associated with inhibition of the
downstream pathway. Thus, the drug effectively
acts on the EGFR receptor, but does not affect the
downstream targets of this pathway. The same con-
clusion can be made to erlotinib and lapatinib [27].
These studies show that first-generation EGFR does
not effectively inhibit EGFR signaling in GBM, and the
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above observation may be the reason for the failure
of these drugs.

Another of the selective EGFR inhibitors is
AZD3759, which effectively penetrates the BBB, has
a free concentration in the blood, cerebrospinal fluid
and brain tissues.

The main problems of modern EGFR targeting
strategies are the lack of BBB permeability, the mo-
lecular heterogeneity of GBM and the need to in-
crease the specificity of low molecular weight EGFR
mutation inhibitors [27].

2.1. Therapeutic targets, related to the I3K/Akt/
mTOR pathway.

Several studies has shown that, with GBM signal
transmission is realized through PI3K/AKT/mTOR.

PI3K/AKT/mTOR, the central component of
which is phosphatidylinositol-3-kinase (PI3K), as
well as AKT and mTOR kinases, is considered one
of the universal signaling pathways characteristic
of most human cells. It is responsible for avoiding
apoptosis, growth, cell proliferation, and metab-
olism. The PI3K/Akt/mTOR signaling cascade is
considered as a promising target of modern com-
bination therapy. A number of inhibitors targeting
key components of this pathway are undergoing
clinical trials.

2.1.1. PI3K inhibitors.

PI3K is involved in proliferation, differentiation,
migration, metabolism and survival and is divided
into three classes depending on their substrate spec-
ificity and homological sequence. A growing amount
of preclinical and clinical data suggests that PI3K
inhibitors offer promising treatment options for on-
cological diseases, including GBM [28].

One of the PI3K inhibitors buparlisib is promis-
ing for the treatment of GBM due to its ability to
penetrate the BBB. In xenograft models, buparlis-
ib demonstrated antitumor activity regardless of
EGFR status. In addition, the synergistic activity of
buparlisib in combination with TMZ was manifested
in xenografts of mice. However, clinical results have
shown insufficient inhibition of general signaling by
tolerated doses in patients with relapse. The reason
for the lack of efficacy is that the PI3K pathway can-
not be completely blocked in tumor tissues. Recent
studies have shown that buparlisib in combination
with the PARP inhibitor rukaparib shows improved

antitumor efficacy compared to monotherapy with
these molecules [29].

It has also been shown that PQR309 (bimiralisib)
is an effective PI3K/mTOR inhibitor with good BBB
penetration. This molecule has a strong inhibitory
effect on PI3K, rather than on mTOR. It has been con-
firmed that bimiralisib has antitumor activity against
GBM in vitro and in vivo. In addition, the combination
of this molecule with an AKT inhibitor shows strong
activity against GBM in the LN-229 63 cell line xeno-
graft model in BALB/c Nude mice [30].

Another PI3K and mTOR inhibitor with good
pharmacokinetic parameters is GNE-493. However,
its poor penetration into the brain limits its use as
a treatment for GBM. This molecule was used as
a starting compound to obtain its analogues with
improved permeability, by reducing the number of
hydrogen bond donors. One of such analogues is
GNE-317. It was developed taking into account the
aforementioned shortcomings, and is an effective
brain-penetrating PI3K inhibitor [30; 31].

The PI3K/mTOR inhibitor voxtalisib showed good
activity on GBM xenografts, both in monotherapy
and in combination with conventional therapeutic
agents [31].

2.1.2. AKT/mTOR inhibitors.

In addition to PI3K, such components of this
signaling as AKT and mTOR also contribute to the
development and progression of GBM. It has been
shown that an increase in the level of activated phos-
phorylated AKT, as well as hyperactivation of mTOR,
contribute to uncontrolled growth of GBM cells and
a decrease in survival, and therefore they can be
considered as possible therapeutic targets [32-34].

In particular, GDC-0068 (ipatasertib) is a high-
ly selective ATP-competitive inhibitor of pan-AKT,
which leads to increased antiproliferative activity
in cell lines with PI3K/AKT activation. Preclinical
data have shown that ipatasertib can enhance the
antitumor activity of classical chemotherapeutic
drugs [35].

Among the mTOR inhibitors sirolimus, temsi-
rolimus and everolimus are approved by the FDA.
Sirolimus, a well-studied drug with antifungal, im-
munosuppressive and antitumor effects, is a mac-
rolide antibiotic. Sirolimus is known for its ability to
inhibit the mTOR signaling pathway and has been
extensively studied for its therapeutic potential [36].
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Palomin 529 (P529) is a dual mTORC1/2 inhibi-
tor that can increase the effectiveness of radiation
therapy by delaying the DNA repair mechanism [37].
P529 penetrates well into the brain, which provides
support for further evaluation of its use in the treat-
ment of GBM. AZD2014 is also a dual inhibitor of
mTORC1/2, which enhances radiosensitivity both
in vitro and in orthotopic conditions in vivo. It is as-
sumed that a dual mTORC1/2 inhibitor may be a suit-
able radiosensitizer for the treatment of GBM [38].

Rapalink-1 is a third-generation mTOR inhibitor,
which consists of sirolimus and MLN0128. It showed
good inhibitory activity in mice with intracranial xe-
nografts U87MG, was well tolerated and significantly
improved survival.

Currently, there are a large number of targeted
drugs targeting the PI3K/Akt/mTOR pathway that
are undergoing preclinical or clinical trials. However,
targeted GBM therapy has not yet demonstrated
significant clinical survival benefits. Currently there
are several possible reasons for the limited effect:
1) BBB, therefore targeted drugs cannot reach effec-
tive concentrations; 2) heterogeneity of GBM [39].

3. Immunotherapy.

For a long time, based on experimental data,
the central nervous system was considered as an
"immunoprivileged" system due to a small num-
ber of antigen-presenting cells (APC) and limited
penetration of lymphocytes through the BBB. Cur-
rently, some studies have refuted this postulate
and demonstrated the penetration of activated
T-lymphocytes through the BBB, thereby showing
that the central nervous system interacts with the
immune system [40]. With a variety of pathological
processes, there is a change in the permeability
of the BBB due to anti-inflammatory cytokines. As
a result, a large number of lymphoid and myeloid
immune cells penetrate into the tissues of the cen-
tral nervous system.

However, in comparison with other solid tumors,
GBM is characterized by low infiltration of NKand T
cells, nevertheless, various immunotherapy strate-
gies for malignant brain tumors are currently being
actively developed. The basic principle is that the
host immune system can destroy the tumor pro-
vided the effector function is enhanced, this leads
to the elimination of cancer cells by improving the
recognition of tumor agents [41]. Immunotherapy
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is based on such strategies as immunomodulatory
cytokine therapy, anti-cancer vaccines, checkpoint
inhibitors, CAR-T therapy.

3.1. Cytokine therapy.

Cytokine therapy uses mediators of immune acti-
vation and proliferation, such as interleukins, inter-
ferons and granulocyte-macrophage colony stimu-
lating factor, to create a broad antitumor response.
Interleukins activate lymphocytes to initiate innate
and adaptive immune responses. Interferons induce
immune cells and inhibit angiogenesis in cancer
immunotherapy [42].

However, the administration of cytokine therapy
to patients with GBM is ineffective due to the short
half-life and limited ability to overcome BBB. To solve
these problems, high doses of cytokines should be
administered, which in turn can lead to cytokine
storms, autoimmune reactions and systemic side
effects [43].

3.2. Immune control checkpoints inhibition.

Immune checkpoint inhibitors (ICls) are mole-
cules that reduce the activity of regulatory pathways
that limit the activation of T cells. These inhibitors
are aimed at interacting with cellular proteins that
prevent the cytotoxic effect of T-lymphocytes [44].
The most studied molecules for cancer immuno-
therapy using ICl inhibitors are CTLA-4 receptors
(cytotoxic T-lymphocyte-associated protein 4), PD-1
(Programmed cell death 1) and its PD-L1 ligand (Pro-
grammed death-ligand 1).

CTLA-4 and PD-1 are expressed on the surface of
T cells. Tumor cells, evading the immune ones, ex-
press PD-L1. However, despite the positive results
obtained during preclinical trials, some clinical stud-
ies using ICl inhibitors (anti-PD-1 and anti-CTLA-4,
separately and in combination) in GBM showed
no improvement in patient survival [45-47]. These
and other studies have revealed the reasons for
the low effectiveness of these inhibitors: BBB, low
infiltration by tumor T cells and multilevel immu-
nosuppression by elements of the tumor microen-
vironment [47].

3.3. Vaccines.

Vaccines are known as a means to stimulate im-
mune effector cells and enhance their infiltration
into tumors. They are divided on the basis of nucleic
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acids, neoantigens, peptides and cells. Therapeutic
vaccines contribute to the determination of anti-
gens expressed by tumor cells for further detection
and destruction of the cancer focus by the immune
system.

Nucleic acid-based vaccines are injected as a seg-
ment of genes, DNA or RNA encoding tumor anti-
gens and causing an immune response. Vaccines
containing RNA have certain advantages over those
containing DNA, this is due to the direct translation
of antigenic proteins and higher safety. However,
one should not forget that "pure" RNAs are suscep-
tible to nucleases and can be destroyed before APC
transfection [48].

Neoantigenic vaccines are new epitopes re-
sulting from mutations in the genome of tumor
cells. They have high specificity, antigenicity and
safety [48]. At the stage of the first clinical trials
is a personalized combined vaccine GAPVAC-101,
containing neoantigen and unmutated antigen tar-
geted against GBM.

Cellular vaccines are mainly created using den-
dritic cells (DC), which are responsible for acti-
vating adaptive immunity and stimulating Band T
lymphocytes. In this type of immunotherapy, DC
is isolated from the blood of patients to stimulate
antigen-presenting properties in vitro, and then
injected back into the patient to activate effector
cells [49]. The advantages of therapy with this type
of vaccine are the induction of an antitumor T-cell
response, an increase in tumor immunogenicity
due to the strengthening of antigen-presenting
functions of DC and the ability to link innate im-
munity with adoptive immunity. This is important,
in particular for low-immunological tumors, such
as GBM [50].

3.4. Chimeric antigen receptor T cells (CAR).

Adaptive T-cell immunotherapy is an antigen-
specific approach based on the transformation of
the patient's own immune cells. T-cells obtained from
patients with tumor diseases undergo modification
outside the human body. As a result of modification,
the T-lymphocyte acquires a tumor-specific chimeric
antigen receptor (CAR) to provide more effective
target recognition [51].

One of the barriers affecting the effectiveness
of CAR-T-cell therapy in solid tumors, such as GBM,
is the high heterogeneity and diverse expression of

tumor antigens. The creation of CAR T cells targeting
multiple antigens by expressing multiple CARon T
cells is considered as an approach to overcoming
this limitation [37].

4. Alternative drug delivery systems.

The search for alternative effective treatment
methods is associated not only with the emer-
gence of new therapeutic agents, but also with
the development of drug delivery systems. Sys-
temic drug delivery is seen as a promising and
universal prospect that can overcome the failure
of systemic drug administration. In this area of
research, there are a number of materials that can
be used to increase the absorption of chemothera-
peutic drugs by cells. In some works, the results of
work in the field of application of nanostructures
of various sizes, physico-chemical properties and
forms for the treatment of oncological diseases
were demonstrated. They may include lipid and/or
polymer materials that are capable of generating
structures such as liposomes, micelles, exosomes,
polymer and inorganic nanoparticles, polymer con-
jugates. In this regard, their properties depend on
the components used, which determine their fur-
ther function [52].

Each nanostructure should be carefully studied
and designed to achieve maximum therapeutic ef-
fect with minimal possible side effects on the body.
Most of them can be modified so that they respond
to various internal or external stimuli, which is an ad-
vantage for controlling the release of encapsulated
therapeutic substances. The design of drug delivery
systems must be specific in order to successfully
target the affected area without affecting the sur-
rounding tissues [53].

Nanoparticles (NPS) are transport systems rang-
ing in size from 1 to 100 nm. Their use can pro-
vide such advantages as prevention of premature
degradation of drugs in the bloodstream, improved
penetration into cells, targeted delivery of immune
drugs and enhanced absorption [54]. Also, LPS are
used to overcome BBB, which is known to be one of
the main reasons complicating the delivery of thera-
peutic molecules into the brain, thereby limiting their
effectiveness. To overcome this limitation, modern
therapeutic agents are loaded inside polymer or lip-
id nanostructures that have the ability to penetrate
through the BBB.
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Lipid nanocarriers are divided into categories
depending on the physicochemical properties and
methods of creation. The main lipid — based carriers
include: 1) niosomes, which are lamellar self-as-
sembling structures consisting of nonionic surfac-
tants and cholesterol; 2) transferosomes, similar
to niosomes and liposomes, consisting of a lipid
bilayer created from a lipid matrix stabilized by var-
ious surfactants; 3) liposomes, which are spherical
vesicles created by a lipid bilayer of phospholipids;
4) solid lipid nanoparticles consisting of a solid lip-
id core and 5) nanostructured lipid carriers whose
core contains a liquid lipid phase inside a solid lipid
phase [55-58].

Solid lipid nanoparticles are one of the newly
developed groups of lipid-based nanocarriers. They
have the ability to efficiently deliver both lipophilic
and hydrophilic drugs, as well as other therapeutic
molecules, to numerous affected tissues. They re-
duce the toxicity of the therapeutic molecule they
carry, while protecting them from clearance by the
reticuloendothelial system. Their inherent ability
to dissolve poorly in water leads to a controlled
and delayed release of drugs, long-term stability
allows them to be used for a long period of time.
Against the background of many advantages, solid
lipid nanoparticles have a number of disadvantag-
es: displacement of the encapsulated therapeutic
agent, tendency to gelation and low encapsula-
tion efficiency. The low encapsulation efficiency
is due to the internal structure of the lipid nucle-
us, which does not create empty spaces during
crystallization, which makes it difficult to retain
the potentially encapsulated substance inside the
solid phase [56—-59].

Polymer nanoparticles are stable structures
that provide controlled and delayed release of
the drug and can be modified in such a way as
to respond to external or internal stimuli. In the
literature, most nanoparticle delivery systems that
have been used to treat brain diseases consist of
synthetic polymers such as polyethylene glycol,
polylactide, chitosan, poly(L-lactide-co-glycolide)
(PLGA), polyacrylic acid (PAA), polylactide (PLA),
polyvinyl alcohol (PVA). Their chemical composition
affects stability, biodegradability, biocompatibility,
bio-distribution, cellular and subcellular fate. They
can be modified to package and deliver therapeutic
agents to the desired site of action or to respond
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to certain physiological and external stimuli [57;
58]. One of the conditions for the development of
polymer nanoparticles for medical applications
is their biodegradability, which should depend on
the therapeutic application, target sites (organs,
tissues, cellular or subcellular organelles) and the
route of administration.

This system has a negative impact on humans:
low solubility and decomposition in acidic by-prod-
ucts is a limitation for their use in brain diseases.
In addition, the use of organic solvents to produce
most of these nanoparticles is another disadvantage
that can cause problems of increased toxicity [58].

Metal nanoparticles (MNPs) are a nanomaterial
for targeted therapy and visualization of malignant
brain tumors. Conjugation of peptides or antibodies
with the surface of MNCs allows direct targeting of
the surface of tumor cells and potentially disrupting
active signaling pathways. Most MNCs are being
developed as contrast agents for magnetic reso-
nance imaging (MRI) and computed tomography
(CT) probes [59]. However, most of these studies
are only preclinical.

Among MNPs, only iron oxide nanoparticles
(IONP) are approved by the FDA for preclinical and
diagnostic studies. Their unique properties, such as
low toxicity, biocompatibility, superparamagnetic
properties, excellent solubility in water and catalyt-
ic behavior, make them promising candidates for
biomedical applications [59].

Medicines created thanks to the development of
nanotechnology have been widely used in the bio-
medical field in the last decade. These compounds
can be inorganic or organic, of various shapes and
sizes. The combination of different materials gives
these nanostructures their universal properties and
makes them so attractive in nanomedicine.

CONCLUSION

Up to the date, an obvious need to develop new
effective methods of treating GBM still remains.
The solution of this difficult biomedical problem is
greatly facilitated by the pronounced progress of
interdisciplinary research and the promising results
obtained during them. One of the priorities in this
area is the development of low-molecular-weight
inhibitors of signaling pathways associated with
the development of this disease. Also, the poten-
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tial possibility of using immunotherapeutic strat-
egies aimed at strengthening the functions of the
immune system in the aspect of recognizing tumor
cells and their subsequent destruction deserves
close attention. From the point of view of applying
an innovative approach, the development of drug
delivery systems is of particular interest, which can

increase the bioavailability and effectiveness of
both already approved antitumor drugs and new
promising compounds. It is expected that ideas
that can combine the most outstanding results of
individual research areas can lead to the creation of
new promising therapeutic approaches for patients
with GBM.
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ABSTRACT

Gastric cancer is one of the most widespread cancers and makes a significant contribution to the global mortality rate from
malignant neoplasms. The late onset of clinical symptoms is the main reason why the disease is often diagnosed at an ad-
vanced stage, and this limits the available therapeutic approaches. Despite the fact, that extensive studies have been carried
out to identify the mechanisms and markers of the development and progression of the disease, their results are currently not
fully included in clinical practice. As a consequence, only marginal improvement in long-term survival has been achieved and
patient prognosis remains poor. Understanding the molecular genetic features of gastric malignant tumors can provide insight
into their pathogenesis, help identify new biomarkers for prognosis and diagnosis, and identify new therapeutic targets. In
recent decades, advances in high throughput sequencing technologies have improved understanding of the molecular genetic
aspects of gastric cancer. This review considers molecular level changes, including information on tumor suppressor genes,
oncogenes, cell cycle and apoptosis regulators, cell adhesion molecules, loss of heterozygosity, micro-satellite instability and
epigenetic aberrations (change in methylation level and modification of histones). The review is also devoted to the molecular
aspects of pathogenesis — changes in the signaling pathways involved in the gastric cancer development; the classification
of sporadic and hereditary gastric cancer at the molecular genetic level is considered. The characteristics and classification
of GC presented in this review at the genetic and epigenetic levels confirms that this disease is heterogeneous. These data
can be used both to develop and test potential markers and new targeted therapeutic approaches.
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MONEKYASAPHBIE 0COBEHHOCTH 3JI0KAHECTBEHHDBIX
ONYXONEN XENYAKA

10. A. leBopksH, A. B. lawkoB™, H. B. CongatkuHa, B. E. Konecuukos, H. H. TumowkuHa, [l. C. Kyrunuu, 0. K. BoHpgapeHko

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
B4 dashkovandrei1968@mail.ru

PE3IOME

Pak »xenynka ABnsieTC OAHUM M3 LUIMPOKO PacnpoCTPaHEHHbIX OHKOJIOMMYECKUX 3a60NeBaHUA U BHOCUT CYLLLEECTBEHHbI
BK/ag, B nokasaTesb r1o6anbHON CMePTHOCTH OT 3/T0KaYeCTBEHHbIX HOBOO6pasoBaHuii. MNosaHee NosiBNEHNE KITIMHUYECKMX
CMMNTOMOB SIB/IIETC OCHOBHOM NPUYMHOM TOr0, YTO 3a60oNeBaHmne YacTo ANarHOCTUPYETCS Ha 3anyLLEeHHON CTaauu, a 3To
orpaHuMYMBaeT AOCTYMHble TepaneBTUYecKne Noaxofbl. HecMoTpsi Ha To, YTO 6blSIM NPOBEeAEHbI O6LIMPHBIE UCCNEA0BAHUS
0019 BbISIBNEHUSI MEXaHW3MOB Y MapKepoB PasBUTUSI U NPOrpeccupoBaHns 3aboneBaHus, UX pedynbTaTbl B HacTosLee
BpEeMsi MOSIHOCTbIO HE BOLUAN B KJIMHUYECKYIO NPaKTUKy. Kak crnefcTBue aToro, AOCTUIHYTO NNLIb HE3HAUYUTeNbHOE ynyy-
LUEHWNe [ONITOCPOYHOW BbXXKMBAEMOCTH, U MPOrHO3 Y NaLMEHTOB OCTaeTCA He61aronpusATHbIM. MOHUMaHWe MONEKYNSIPHO-
reHeTUYECKMX OCOBEHHOCTE 310KaYECTBEHHbIX ONyXOsei XenyaKa MOXET aTb NpefcTaB/ieHne 06 Ux naTtoreHese, NoMovb
B UAEHTUDUKALMMN HOBbIX 6BUOMApKepPOB A5t NPOrHO3MPOBaHMUS U ANAarHOCTMKM, @ TaKXKe BbIIBUTb HOBblE TepaneBTUYeckune
MULLEHW. B nocneiHne AecsaTuneTus 4OCTUXEHUs B 061aCTU TEXHOMOIMI BbICOKONPOU3BOAMUTENBHOMO CEKBEHUPOBAHMUS
YAYULIUAW NOHUMaHUe MONEKYNSIPHO-TEHETUYECKUX aCMEKTOB paka Xenyfka. B aToM 0630pe pacCMOTpeHbl MU3BMEHEHUSI
Ha MOJeKyNISipHOM YpPOBHe, BKJItoYatoLme MHGOpMaLMIo O FeHax-Cynpeccopax Onyxosier, OHKOreHax, perynstopax Kietouy-
HOrO LMKJ1a U anonTo3a, MoneKynax KieTouyHon afreavu, noTepu reTepo3MroTHOCTU, MUKPOCaTEN/IMTHOW HECTaBUNbHOCTU
1 3MUreHeTMYecKnx abeppaumsix (M13MeHeH e YpoBHA METUIMPOBaHUS U MoaUdUKaLMKU FTMCTOHOB). 0630p TakKe NOCBALLEH
MOJIEKYNSIPHbIM acrekTaM naToreHesa — U3BMEHEHUSIM B CUrHasbHbIX MyTAX, BOB/EYEHHbIX B pa3BUTHE paKa XenyaKa; pac-
cMaTpuBaeTcs KnaccuduKauma crnopagmnyeckoro U HacneACTBEHHOrO paKa XenyaKa Ha MOMeKyNApHO-TeHETUYECKOM YPOBHE.
MpencTaBneHHasi B JaHHOM 0630pe XxapaKTepucTuka u knaccupukaums PXX Ha reHETUYECKOM U 3NMUreHETUYECKOM YPOBHE
NOATBEPXKAAET, YTO 3TO 3a60sIeBaHUE SBNAETCA reTeporeHHbIM. 3TU faHHble MOXHO UCMOMb30BaTh Kak Afsi pa3paboTky,
TaK U Ansi TECTUPOBAHUSA NOTEHLMAbHbBIX MapKEPOB U HOBbIX TapreTHbIX TEPaneBTUYECKUX NOLAXOLO0B.

KnioueBble cnosa:
paK Xenyaka, HacnegCcTBeHHOCTb, Criopagnyeckue d)OprI, reHbl-cyrnpeccopbl onyxoneVl, OHKOreHbl, annUreHeTuKa,
MUKpocaTe/yIMTHaa HecTabu/IbHOCTb
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INTRODUCTION

Worldwide, gastric cancer (GC) remains one of the
leading causes of cancer death. The late appearance
of clinical symptoms is the main reason that the dis-
ease is often diagnosed at an advanced stage, and
this limits the available therapeutic approaches [1].
Despite the fact that extensive studies have been
conducted to identify signaling pathways and genes
involved in the development and progression of the
disease, their results have not fully entered clinical
practice at the present time. As a consequence, only
a slight improvement in long-term survival has been
achieved and the prognosis in patients with GC re-
mains unfavorable. Adenocarcinoma is the main his-
tological type of GC, which accounts for 90-95 % of
all malignant neoplasms of the gastric. Morbidity is
closely related to environmental factors reflecting
the peculiarities of the geographical distribution of
this disease [2].

GC is the result of a complex interaction of en-
vironmental factors and multiple genes. Obvious
risk factors for GC are Helicobacter pylori infection
and Epstein-Barr virus (EBV), smoking, consump-
tion of foods with a high salt content or N-nitroso
compounds, family history and molecular factors [2;
3]. The latter include multiple genetic and epigene-
tic changes in oncogenes, tumor suppressor genes
(TSG), cell cycle regulators and DNA repair genes [4].

Thus, a systematic look at the molecular basis of
GC is necessary for the development of new strate-
gies for the prevention and treatment of this disease.
Therefore, the purpose of this review was to analyze
and systematize information about currently known
epigenetic and genetic changes in GC of various
subtypes.

1. Classification of gastric cancer based on

molecular profile studies.

According to the Lawrence classification, gastric
adenocarcinoma is divided into intestinal, diffuse,
mixed and non-deterministic [5]. They differ not only
in morphology, but also in epidemiology, the nature
of progression, genetics and clinical picture. Histo-
pathologically, the intestinal type is characterized by
malignant epithelial cells that exhibit cohesiveness
and glandular differentiation infiltrating surround-
ing tissues [6]. On the contrary, the diffuse subtype
is characterized by tumor cells that exhibit poor

MonekynsipHble 0COGEHHOCTI 3/10KaYeCTBEHHbIX OMyXONeit Xenyaka

differentiation and lack of cohesion. It is believed
that the intestinal type of GC is associated mainly
with the influence of environmental (exogenous)
factors, whereas the diffuse type is due to genetic
hereditary and non-hereditary (endogenous) factors.
These histological classifications are not sufficient
to reflect the molecular characteristics of GC or to
develop personalized treatment strategies. Sev-
eral molecular classification systems have been
proposed, and individual molecular subtypes have
been identified [7-9].

To date, the Cancer Genome Atlas (TCGA) has
characterized 295 cases of gastric adenocarcino-
ma using high-throughput sequencing technologies,
including gene copy number analyses, DNA methyl-
ation, matrix RNA and microRNA sequencing, pro-
teome and microsatellite instability (MSI) analysis,
as well as genome-wide sequencing data [7]. Based
on this, four subtypes of GC were described in 2014
(Table 1):

(1) EBV-positive (8.8 %),

(2) microsatellite unstable (MSI, 21.7 %),

(3) genomically stable (19.7 %),

(4) chromosomally unstable (CIN, 49.8 %) [7].

These subtypes of GC showed various epigene-
tic changes and mutations in different genes. Thus,
EBV+ tumors had mutations in PIK3CA and ARIDIA,
DNA hypermethylation and significant amplification
of JAK2, PD-L1 and PD-L2. Most EBV-positive tumors
occurred in male patients in the bottom or body of
the gastric. All EBV-positive RS demonstrated hy-
permethylation of the CDKN2A promoter and the
absence of hypermethylation of the MLH promoter
characteristic of the RS phenotype associated with
MSI (CIMP) [7; 10].

Tumors of the MSI-H subtype, as a rule, occur in
female patients, are diagnosed at late stages and
are characterized by an increased frequency of mu-
tations, including mutations of genes encoding target
oncogenic signaling proteins [11].

The genomically stable subtype (GS) lacked nu-
merous molecular changes and correlated well with
the diffuse histological variant of Loren, but contained
mutations in CDH1 and RHOA or CLDN18-ARCHGAP
fusion. It is known that the active form of RHOA as-
sociated with GTP activates STAT-3 to stimulate on-
cogenesis. According to the Lauren classification,
GC is divided into intestinal and diffuse types, which
have different clinical, pathological and prognostic
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features. They differ not only in morphology, but also
in epidemiology, the nature of progression, genetics
and clinical picture. It has recently been observed
that the location of the tumor is also important, since
there is a difference between proximal and distal
non-diffuse GC in terms of the expression level of
different sets of genes [12; 13]. Despite significant
progress in the diagnosis and treatment of GC, the
survival rate is still low, only about 20 % of patients

with GC can achieve 5-year survival. At the same time,
surgical treatment is the only therapeutic method that
provides the greatest probability of cure.

Finally, tumors of the CIN subtype were often found
in the gastrointestinal junction/cardia, correlated
well with the intestinal histological variant of Loren,
showed pronounced aneuploidy and contained focal
amplifications of receptor tyrosine kinases, in addi-
tion to TP53 mutations and RTK-RAS activation [7].

Table 1. Molecular classification of gastric adenocarcinoma based on cancer genome atlas with characteristic features of

each subtype

Classification of the Cancer

genome Atlas Defining characteristics

Mutations in PIK3CA, ARID1A, TP53 genes

CDKN2A inhibition

PD-L1/L2 gene over-expression

EBV+

Hypermethylation of CpG residues

Prevalence in males

Over-expression of the signals by neural cells

TP53, KRAS, PIK3A, ARIDTA mutations

Hypermethylation of CpG residues

MSI MLH1 inhibition

Prevalence in elderly people

Prevalence in female

CDH1, RHOA gene mutations

Cell adhesion genes excess expression

GS CLDN18-ARHGAP fusion

Diagnosed prevalently in younger patients

Diffuse histology

RTK-RAS gene activation

Aneuploidy

CIN Mutations in TP53

More often in the gastro-esophageal junction and cardia

intestinal histology
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In 2015, the Asian Cancer Research Group (ACRG)
proposed a new classification system related to vari-
ous genomic changes, disease progression and prog-
nosis [10]. Four molecular subtypes were identified
based on genome-wide sequencing, profiling of gene
expression and the number of their copies, as well
as targeted gene sequencing:

(1) Microsatellite unstable (MSI),

(2) with signs of epithelial-mesenchymal transition
(MSS/EMT),

(3) Microsatellite stable with TP53 mutation (MSS/
TP53+),

(4) microsatellite stable with wild-type TP53 (MSS/
TP53) [10].

MSI tumors are hypermuted, intestinal type,
usually antral, and are diagnosed at clinical stage
I/1l. MSI tumors had the best prognosis; their re-
currence rate after surgical removal of primary GC
was the lowest among all four subtypes (22 %).

MonekynsipHble 0COGEHHOCTI 3/10KaYeCTBEHHbIX OMyXONeit Xenyaka

MSS/TP53+ tumors were associated with EBV
infection and also had a good prognosis. MSS/
EMT tumors appeared at a younger age, were
mainly diagnosed at clinical stage IlI/IV and had
a diffuse histological type according to Loren. The
MSS/EMT subtype had the worst prognosis and
the highest recurrence rate (63 %), with relapses
localized mainly in the abdominal cavity [10]. In
one of the studies, the RS samples were divided
into two clusters according to the frequency of
mutations in the genes — with a normal frequency
(cluster 1) and with a high frequency of mutations
(cluster 2). Cluster 1 was further divided into two
subgroups, C1 and C2. The first subgroup (C1) had
mutations in the TP53, XIRP2 and APC genes and
was associated with a significantly better outcome
than C2. And C2 was associated with mutations
in the genes ARID1A, CDH1, PIK3CA, ERBB2 and
RHOA (Table 2) [10].

Table 2. Molecular classification of gastric adenocarcinoma based on the Asian Cancer Research Group with characteristic

features of each subtype

Classification of the Asian Cancer
Research Group

Defining characteristics

Primary histology of intestinal type

Predominantly in the antrum

MSI A large number of mutations in genes

High rate of relapses and metastases confined to the liver

Worse overall survival, higher stage at diagnosis

Worse overall survival, higher stage at diagnosis

Young age

MSS /EMT

Primarily diffuse histology

Highest relapse rate, peritoneal spread

Lowest mutation load

Second best overall survival

MSS / TP53 +

The highest percentage among EBV1 related tumors

MSS / TP53 -

Higher rate of recurrence and metastases confined to the liver
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2. Molecular profile of sporadic malignant

tumors of the stomach.

The molecular characterization of GC continues
to evolve. Many molecular classifications have been
proposed and various molecular subtypes have been
identified [9]. An important role in this was played by
the study of the gene copy index.

It is known that the genes of various receptor ty-
rosine kinases (RTK), such as the human epidermal
growth factor receptor (EGF), EGFR1, mesenchymal
epithelial transition factor (MET) and GF2 fibroblast
receptor (FGFR2) are amplified in GC [10; 11; 14;
15]. According to Gl-screen (a nationwide cancer
genome screening project), changes in gene copy
are often detected: ERBB2 (11.3 %), CCNEI (11.1 %),
KRAS (3.7 %), FGFR2 (3.3 %), ZNF217 (3.3 %), MYC
(2.7 %), CCND1 (2.3 %) and CDK6 (2.1 %) [16].

A change in the copy Number Variation (CNV) is
a type of genetic polymorphism, the result of which
may be a decrease or increase in the number of cop-
ies of a certain gene (which is often observed in var-
ious oncopathologies), and, consequently, a reduced
or increased expression of the gene product — protein
or non-coding RNA [17].

A lot of works by Russian authors have been de-
voted to the study of changes in the copyicity of
genes in gastric cancer. In 2014-2015, the National
Medical Research Centre for Oncology received data
indicating the important role of changes in the copy-
icity of the genes BAX, CASP3, CASP8, 0CT4, C-MYC,
S0X2, BCL2, NANOG, CASP9, NFKB1, HV2, ACTB,
MKI67,IL-10, GSTP1 and P53 in the malignancy of
gastric tissues. It was found that the change in the
copyicity of these genes is specific for cancer of
a certain histological type, and also depends on the
stage of differentiation of tumor cells and metas-
tasis [18—-23]. The obtained data formed the basis
of the "Method of differential diagnosis of gastric
cancer of various histological types" (Patent for
invention No. 2613139. Date of state registration
03/15/2017), "Method for predicting the develop-
ment of metastases in patients with gastric cancer”
(Patent No. 2016122160 dated 06/03/2016), "Meth-
od for predicting the development of metastases to
regional lymph nodes in patients with gastric ade-
nocarcinoma” (Patent No. (19) RU(11)2661600(13)
C1 dated 07/17/2018) and "Test systems for pre-
dicting the development of metastases in patients
with gastric cancer" based on the determination of
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the number of copies of HV2 mtDNA (Patent No.
2683571 dated 03/29/2019).

Currently, the understanding of the molecular
aspects of GC is improving thanks to studies using
next-generation sequencing (NGS), which provide
a high-performance method for the systematic de-
tection of genetic changes in GC. By doing NGS Li-
Chang et al. mutations of several driver genes were
shown, including; TP53, PIK3CA, CTNNB1, CDHT1,
SMAD4 and KRAS [24]. It was found that some of
the tumor suppressor genes (TSG), such as APC,
CDH1, CDH4, THBS1 and UCHLT1, are inactivated by
hypermethylation [25]. It has been shown that 59 %
of RS have a mutation in chromatin remodeling
genes such as ARIDTA, PBRM1 and SETD2. New
mutated driver genes MUC6, CTNN2A and GLI3 were
found as a result of genome-wide sequencing [26;
27]. It was also found that genes involved in cell
adhesion and chromosome organization demon-
strate frequent mutations in patients with gastric
adenocarcinoma, which confirms the presence of
30 driver mutations in primary tissues and lymph
node tissues. Primary tumors show more muta-
tions than metastatic tumors, but surprisingly, the
researchers did not find any metastatic specific
mutations. Several loci on chromosome 17q12
have been identified that are often amplified in GC:
PPPIRIB-STARD3-T-CAP-PNMT, PERLD1-ERBB2-
MAC14832-GRB7 [28]. In addition, two genes, CD-
KN2A and CDKN2B, located on chromosome 9p21,
showed a decrease in the number of copies (CN =
0.8 ~ 1.32). These two genes encode proteins that
perform a very important function — they inhibit
cyclin-dependent kinases CDK4 and CDK®6, and
control cell proliferation, preventing entry into the
S phase of the cell cycle, so their inactivation can
lead to uncontrolled cell growth [28].

2.1 Genetic changes in gastric cancer.

Gene mutations in GC are divided into three cat-
egories:

1) Over-frequent drivers, demonstrate a high re-
currence rate (> 5-10 %) in several tumors.

2) Rare drivers, mutate in the range of 1-10 %, but
still contribute to the pathogenesis of the disease.

3) Mutations of the passenger/witness type arise
as a consequence of the main mutational process-
es, but do not functionally contribute to oncogene-
sis [29].
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Currently, the importance of mutations in the
RTK/RAS/MAPK signaling pathway, frequent mu-
tations in the ERBB3 gene and NRG1/ERBB4 ligand
genes in GC has been established. With the help
of NGS, the importance of changes in the ARIDTA
and RHOA genes in GC was revealed. ARID1A, as is
known, encodes components of the chromatin re-
modeling complex and participates in the regulation
of cell proliferation and the cell cycle, is mutated
in 10-15 % of rye. ARIDTA mutations are usually
inactivating. The consequences of mutation in both
ARID1A and RHOA are different. ARIDTA mutations
are distributed across the gene, whereas RHOA mu-
tations are localized in the hot spot of the N-terminal
region (Ty42, Arg5 and Gly17). It is assumed that
ARID1A modulates the downstream transmission
of Rho signals.

Mutations in RHOA can confer resistance to anoi-
kis (a form of programmed cell death that occurs
after the separation of cells from a solid substrate).
From a clinical point of view, the detection of RHOA
mutations provides a concrete pathway for the de-
velopment of new targeted therapeutic approaches
for diffuse type of GC, traditionally associated with
an extremely poor prognosis [29].

Next, we will consider in detail changes in tumor
suppressor genes, oncogenes, genes regulating the
cell cycle, apoptosis and cell adhesion in GC.

1) Tumor suppressor genes (TSG). TSG (tumor
suppressor genes) usually perform a protective
role in preventing malignant cell transformation by
repairing DNA, inhibiting cell proliferation, and ini-
tiating programmed cell death (apoptosis). TSGs
are involved in the regulation of a number of cellu-
lar functions, including cell adhesion, intercellular
interaction, cytoplasmic signal transmission and
nuclear transcription [30]. Over the past decades,
there has been a rapid increase in the number of TSG
members who have been identified in connection
with a wide range of hereditary and non-hereditary
human oncological diseases. A better understand-
ing of the TSG expression pattern in GC may allow
the identification of specific biomarkers that can
be used for early diagnosis and the development
of targeted treatment. Overexpression of the P53
gene and decreased expression of the PTEN, CDH1
(E-cadherin), SMAD4, MGMT, and CD82 genes are
largely associated with poor prognosis in malignant
gastric tumors [30].

MonekynsipHble 0COGEHHOCTI 3/10KaYeCTBEHHbIX OMyXONeit Xenyaka

2) Oncogenes. Oncogenes are genes whose nor-
mal activity promotes cell proliferation. Oncogenes
can be divided into five classes: secreted GF; cell
surface receptors; components of intracellular signal
transmission systems; DNA-binding nuclear proteins;
components of a network of cyclins, CDK and ki-
nase inhibitors that regulate the course of the cell
cycle [31].

Oncogenes have the ability to turn normal cells into
malignant ones. These genes make patients more
predisposed or susceptible to cancer by altering or
disrupting several mechanisms [31]:

(1) the production of nuclear transcription factors
(TF) that control cell growth (e.g., MYC),

(2) signaling within cells (e.g., RAS),

(3) interactions of GFs and their receptors (e.g.
HER/NEU).

Mutations transform proto-oncogenes into onco-
genes through several processes such as amplifica-
tion, translocation, and point mutation. Oncogenes
are activated in many ways: by amplification, by point
mutation and the formation of chimeric gene prod-
ucts. Consider the changes in some oncogenes.

The RAS gene is the first identified human on-
cogene, which is associated with the development
of 20 % of all human malignancies. This gene en-
codes a protein that binds guanine nucleotides and
performs various functions in the transmission of
a mitogenic signal. And the activity of the protein
itself is controlled by the GTP or GDP binding states
(active — GTP-bound and inactive — GDP-bound).

The C-myc gene is another oncogene located on
chromosome 8 encoding a nuclear phosphoprotein
that acts as a transcription factor whose main func-
tion is to regulate the transcription of target genes
by induction and suppression of expression [32]. It is
also involved in the modulation of proliferation, differ-
entiation and angiogenesis, as well as DNA repair and
apoptosis [32]. Overexpression of C-myc is found in
more than 40 % of gastric tumors and is associated
with poor patient survival. It was found that in benign
gastric lesions, including chronic atrophic gastritis,
gastric ulcer and H. pylori infection, high expression
of the C-myc gene is also observed [32].

The PRR11 gene was identified in 2013 as a new
important regulator of the progression and oncogen-
esis of GC. Switching off PRR11 in several gastric
cell lines inhibited the rate of proliferation, migra-
tion of cancer cells, formation of cell colonies and
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tumor growth in vivo experiments [33]. The results
showed that mRNA and PRR11 protein are activat-
ed in the tissues of the GC compared to the normal
gastric mucosa. The expression of the PPR11 gene
is associated with aggressive cancer phenotypes,
including tumors with an increased degree of inva-
sion, increased tumor differentiation and late-stage
disease [33].

3) Regulators of the cell cycle. Cyclins are proteins
that control the passage of key control points in the
cell cycle by binding and activating specific cyclin—
dependent kinases (CDKs). The transition from the
G1-S phase is regulated by the activity of cyclin D,
cyclin E, cyclin A and their catalytic partners, such as
CDK 2, 4 and 6. The G2/M transition is regulated by
cyclin-associated B-type kinase. Cyclin-CDK complex-
es stimulate cell cycle progression, and CDKI (CDK
inhibitors) cause cell cycle arrest by suppressing CDK
activity [34]. Moreover, unregulated expression of
these molecules associated with the cell cycle leads
to uncontrolled proliferation and malignant transfor-
mation of the cell [34]. Cell cycle control is regulated
by D-type cyclins, which are most often mutated in
tumor cells. There is increasing evidence that gastric
carcinogenesis is associated with abnormalities in
the expression of cyclins and other genes associated
with the cell cycle [34].

4) Apoptosis regulatory genes. Initially, apoptosis
was described by its morphological characteristics,
including cell shrinking, membrane swelling, chroma-
tin condensation and nuclear fragmentation [35]. The
realization that apoptosis is a gene-driven program
has had profound implications for understanding the
biology of development and tissue homeostasis, it
implies that the number of cells can be regulated
by factors affecting cell survival, as well as those
that control proliferation and differentiation. More-
over, the genetic basis of apoptosis implies that
cell death, like any other program of metabolism or
development, can be disrupted by mutation. In fact,
it is now believed that defects in the pathways of
apoptosis contribute to a number of human diseas-
es, from neurodegenerative disorders to malignant
neoplasms [35]. What triggers apoptosis during tu-
mor development? Various factors are important.
Extracellular factors include depletion of growth
factors, hypoxia, radiation, and loss of cell-matrix
interaction. Internal imbalance can also cause apop-
tosis, including DNA damage, telomere disruption,
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and inadequate proliferative signals caused by on-
cogenic mutations.

Cloning and characterization of the Bcl-2 onco-
gene have established the importance of apoptosis
in tumor development. Bcl-2 was first identified at
the chromosomal break point t (14; 18) in the human
leukemia cell line [36]. To date, at least 15 Bcl-2 family
member proteins have been identified in mammalian
cells, including proteins that promote apoptosis and
those that prevent it [36]. In the gastric mucosa of
patients with GC, compared with subjects with super-
ficial gastritis, there is a decrease in the expression
of the GKN1 protein and its mRNA [37]. GKN1 main-
tains the integrity of the gastric mucosa, protects
it from the action of gastric juice and enzymes, as
well as from mechanical damage, bacteria or foreign
antigens [38]. It has been shown that GKN1 inhibits
the growth of tumor cells and reduces the number
of cell colonies, stopping the G2/M cell cycle instead
of inducing apoptosis [39].

5) Genes are regulators of cell adhesion. Classical
cadherins are transmembrane adhesion molecules
containing five calcium-dependent domains that pro-
vide homotypic interactions, and cytoplasmic contact
that binds to a number of effectors for transmitting
physical and biochemical signals to the cell.

The names of cadherins were originally based on
the type of cells in which their expression was first
described, but now the generally accepted nomen-
clature defines classical cadherins as CDH1 (E-cad-
herin), CDH2 (N-cadherin), CDH3 (P-cadherin), CDH4
(R-cadherin) and CDH15 (M-cadherin) [40]. The key
role of E-cadherin during normal epithelial function
is the function of a tumor suppressor. Mutations in-
activating E-cadherin during RJ deletion inside the
reading frame caused by the omission of exons 7 or
9, or random mutations of the reading frame shift.

The expression of E-cadherin is mainly limited to
epithelial cells, whereas cells of neural or mesen-
chymal origin usually express N-cadherin. Epithelial
cells differ phenotypically from mesenchymal cells;
from an oncological point of view, the latter are more
mobile and migrate. "Cadherin switching" (epithelial-
mesenchymal transition, EMT) in cancer is defined
as the absence of E-cadherin expression and N-cad-
herin expression [41], which induces or increases the
metastatic ability of the tumor cell.

During EMT, type | cadherin (epithelial cadherin,
E-cadherin encoded by the CDH1 gene on human
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chromosome 16q22.1), which supports key intracel-
lular binding structures such as desmosomes and
claudins, switches to neural cadherin (N-cadherin
encoded by the CDH2 gene), which is predominantly
expressed among mesenchymal cells [42]. Reduction
of E-cadherin with an immunoglobulin-like domain on
the cell surface (capable of uniting neighboring cells)
and an intracellular region (binds a- and B-catenin to
the actin cytoskeleton) plays a crucial role in EMT,
changing the components of intercellular adhesion
and regulating various signaling pathways [43].

In GC, the expression of E-cadherin is suppressed
by increased expression of aquaporin 3 (AQP3),
thereby activating EMT. The PI3K/AKT/SNAIL sig-
naling pathway is also involved in the induction of
EMT in GC [44]. Caveolin-1 is modulated by HSP90
and functions as an important EMT regulator in GC.
Insulin-like IGF-I induces EMT by increasing levels
of Zeb2, which depends on the PI3K/Akt signaling
pathway in GC cells [45].

GC is one of the typical malignant neoplasms as-
sociated with oxidative stress [46]. Hypoxia is also
a significant inducer of EMT in gastric cancer. Under
hypoxic conditions, the expression of E-cadherin de-
creases, and the expression of N-cadherin, vimentin,
Snail, Sox2, Oct4, and Bmi1 increases, indicating that
the hypoxic microenvironment induces EMT, accom-
panied by cytoskeletal remodeling [47]. Recent data
indicate that EMT is a key factor in the progression of
GC and plays a fundamental role in the early stages
of invasion, metastasis and recurrence of GC [47].

2.1.1. Loss of heterozygosity (LOH).

This is a genetic phenomenon often observed
with tumor suppressor genes in cancer. Since the
human karyotype is diploid, mutation of one allele of
the tumor suppressor gene is not enough to cause
cancer. In heterozygous individuals, the wild-type
allele provides a functional phenotype. However,
when a "second strike" occurs, for example, due to
improper chromosome segregation, this individual
(or cell) may lose its "heterozygosity", which leads
to a complete tumor phenotype. Karaman et al. [48]
found a significant correlation between the preva-
lence of 17p (TP53) LOH and precancerous gastric
lesion, indicating that the loss of TP53 may be an
early event of gastric carcinogenesis [48].

Recent studies have shown that, although PTEN
mutations in GC are rare, LOH of this gene is more
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common. Byun et al. (2003) found a decrease in the
expression of PTEN and LOH to 47 % in 5 GC cell
lines and 36 % of GC tissue samples [49]. The LOH
level was significantly higher in the late stages than
in the early stages of GC; it was also significantly
higher in low-differentiated than in high- and medium-
differentiated GC. This suggests that complete func-
tional inactivation of PTEN does not necessarily
cause gastric carcinogenesis, the loss of one allele
is sufficient [49].

Malignant gastric tumors are characterized by high
LOH frequencies in chromosomal regions 1p, 2q, 3p,
4p, 5q, 6p, 7p, 79, 8p, 9p, 11q, 12q, 13q, 14q, 17p, 18q,
21q and 22q [50]. LOH at these sites leads to the loss
of fragments/whole genes (tumor suppressor genes,
cell cycle regulators and DNA repair).

2.1.2. Microsatellite instability.

In hereditary (most cases) and sporadic GC, an-
other type of genomic instability, MSI (microsatel-
lite instability), was also detected [51]. In patients
with gastric cancer with the MSI phenotype, there is
a high frequency of DNA replication errors leading to
insertions/deletions of nucleotides in microsatellite
repeats in tumor tissues [51]. These errors are de-
tected and corrected by the MMR (repair of unpaired
bases) protein complex. The development of the MSI
phenotype in gastric cancer is usually associated
with the inactivation or loss of MMR genes (for ex-
ample, MLH1 or MSH2), which leads to additional
genetic anomalies (for example, inactivation of tumor
suppressor genes and LOH) [51; 52].

MMR disruption can occur:

(1) as a result of mutational inactivation of one
or two MMR genes

(2) as a result of epigenetic inactivation of MMR
(CIMP) genes [51].

The MSI-type of GC is mainly associated with
epigenetic disorders in MMR genes [52; 53], which
leads to multiple mutations in other loci regulating
cell growth (TGF-B.RII, IGFIIR, RIZ, TCF4 and DP2),
apoptosis (BAX, BCL10, FAS, CASPASES5 and APAFT)
and DNA repair ("MSH6, h(MSH3, MED1, RAD50, BLM,
ATR and MRE11) [54]. These changes further contrib-
ute to genetic instability and enhance the develop-
ment of a malignant phenotype [54]. The genomes
of gastric tumor cells with MSI are characterized by
the presence of multiple mutations at many loci [55].
A high incidence of MSI in GC (MSI-H GC) is more
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likely to occur with antral localization, with intestinal
type, with expansive type and with seropositivity to
H. pylori and correlates with a lower prevalence of
lymph node metastasis [55]. MSl is a promising tool
for identifying patients with genetic instability and
patients with precancerous lesions [54; 52].

2.2. Epigenetic disorders.

Epigenetic disorders include changes in the tran-
scriptional activity of genes, the regulation of which
is not associated with a violation of the native DNA
sequence [52; 56]. DNA methylation and histone mod-
ifications are usually studied as epigenetic events.
Currently, the term epigenetics has been expanded
to include inherited and transient/reversible chang-
es in gene expression that are not accompanied by
a change in the DNA sequence. A comprehensive
understanding of various biological activities, such as
DNA methylation, chromatin structure, transcriptional
activity and histone modification, contributed to the
development of epigenetics. The two main epigenetic
modifications are DNA methylation and chromatin
remodeling. DNA methylation is a chemical change
in nucleosides that most often occurs in the cytosine
portion of CpG dinucleotides. Chromatin remodeling
occurs through histone modifications (mainly at the
N-terminal tails), which ultimately affect the interac-
tion of DNA with the chromatin-modifying protein.
Both DNA methylation and histone modifications
are associated with suppression of critical TSG and
activation of oncogenes involved in cancer devel-
opment [56].

2.2.1. Hypermethylation.

DNA methylation is a reversible chemical mod-
ification of cytosine in the CpG islands of the pro-
moter sequence, catalyzed by a family of DNA meth-
yltransferases. DNA methylation does not change
the genetic information, but changes the "reading”
from DNA and can lead to gene inactivation [56]. In
general, methylation of CpG islands results in gene
silencing. Methylated CpG islands also recruit histone
deacetylases (HDACs) and other factors involved in
transcriptional repression [56]. TSG inactivation via
hypermethylation of CpG islands in promoter regions
is an important event in carcinogenesis [56]. Hyper-
methylation of the p16 INK4a promoter was found
in gastric carcinoma. Hypermethylation of CDKN2A
may contribute to the malignant transformation of
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premalignant gastric lesions. DAPK hypermethylation
is observed in intestinal, diffuse, and mixed types of
gastric cancer and correlates with the presence of
lymph node metastases, late stage, and poor sur-
vival [57]. Epigenetic silencing of the XAFT gene by
aberrant promoter methylation has been reported in
gastric cancer [57]. Caspase-1, a member of the cys-
teine protease family, exhibits a loss of expression in
19.3 % of gastric carcinomas [57], with the expression
level being reversed when the cell line is treated with
5-aza-2'-deoxycytidine and/or trichostatin.

Hypomethylation of certain genes also contributes
to gastric carcinogenesis. Initially, global genome
hypomethylation was thought to be an exception-
al event in the development of cancer [57]. Loss of
methylation in cancer is mainly due to hypomethyl-
ation of repetitive DNA sequences. During the devel-
opment of a neoplasm, the degree of hypomethyla-
tion of genomic DNA increases as the lesion passes
from a benign disease to a metastatic one [57]. DNA
demethylation can promote mitotic recombination,
leading to deletions, translocations, and chromosom-
al instability [56]. Demethylation of MAGE, synuclein-y
(SNCG), and cyclin D2 has been described in gastric
carcinoma [57].

In parallel with global hypomethylation, hypermeth-
ylation of CpG islands also has a silencing effect
on miRNAs. MicroRNAs are short, 18—22 nucleo-
tides, non-coding RNAs that regulate many cellular
functions, including cell proliferation, apoptosis, and
differentiation, by suppressing specific target genes
through translational repression or mRNA degrada-
tion [58].

2.2.2. Histone modification.

In a normal cell, a precise balance maintains the
nucleosomal DNA in either active/acetylated or in-
active/deacetylated form. This adequate balance is
controlled by acetylating enzymes (histone acetyl-
transferases) and deacetylating enzymes (HDACs).
The modification involves methylation of the arginine
and lysine residues of the histones. This methylation
is catalyzed by histone methyltransferase and this
process is involved in the regulation of a wide range
of gene activity and chromatin structures. In general,
lysine methylation at H3K9, H3K27, and H4K20 is
associated with the suppression of gene transcrip-
tion, while methylation at H3K4, H3K36, and H3K79
is associated with gene activation [59].
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3. Features of the molecular profile

of hereditary gastric cancer.

While the vast majority of gastric cancer cases are
sporadic, familial aggregation occurs in about 10 % of
cases, and of these, only 1-3 % are clearly hereditary.
Hereditary gastric cancer includes syndromes such as
hereditary diffuse gastric cancer, gastric adenocarcino-
ma and proximal gastric polyposis (GAPPS) and famil-
ial intestinal gastric cancer (FIGC). Gastric cancer has
also been identified as part of other hereditary cancer
syndromes such as hereditary nonpolyposis colorectal
cancer, Li-Fraumeni syndrome, familial adenomatous
polyposis, and Peutz-Jeghers syndrome [60].

Hereditary diffuse gastric cancer (HDGC) is one of
the most genetically characterized forms of heredi-
tary gastric cancer. HDGC is mainly associated with
heterozygous CDH1 (E-cadherin) mutations, including
frameshift, nonsense and missense mutations, and
large rearrangements [60]. A pathogenic mutation in
CDH1 increases the risk of developing diffuse gas-
tric cancer at the age of 80 years to 70 % [60]. The
histopathology of HDGC is comparable to sporadic
diffuse gastric cancer, although the presence of typ-
ical precancerous lesions, in situ or pagetoid signet
cells, is specific for CDH1-associated HDGC.

MonekynsipHble 0COGEHHOCTI 3/10KaYeCTBEHHbIX OMyXONeit Xenyaka

CONCLUSION

GC is a collection of various genetic and epi-
genetic changes, and its molecular landscape is
extremely complex. Improvement in our under-
standing of the genetics of gastric cancer has
accelerated significantly over the past decades,
allowing us to redefine the definition of disease
at the molecular level. These results may lead
to the identification of high-risk groups and ul-
timately to improved treatment outcomes. The
TGCA and ACRG classifications have opened the
door to a complete understanding of the complex
molecular landscape of gastric cancer. Studies
of the genomic and epigenomic profile provide
a better understanding of the molecular basis of
gastric cancer. In this review, the characterization
and classification of gastric cancer at the genetic
and epigenetic levels confirms that this disease is
highly heterogeneous. Clinicians should use the
information gained from these studies to both de-
velop and test potential markers and new targeted
therapeutic approaches.
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ABSTRACT

Lung resection is the main diagnostic and therapeutic surgical intervention in terms of lung cancer management. Air leak through
pleural drains often occurs after lung resections due to damage to the pulmonary parenchyma. Therefore, proper drainage of
the pleural cavity is very important for the successful outcome of the operation. The installation of a single pleural drainage
after anatomical resection, the refusal to use vacuum aspiration and the earliest possible removal of drains contribute to the
rapid activation of patients in the postoperative period. Prolonged air leakage (PAL) after lung resection, on average, develops
in 15 % of lung cancer patients, remaining one of the most common complications adversely affecting the rehabilitation of
patients and leading to delayed discharge from the hospital. The incidence of empyema with prolonged air leakage is 10.4 %
with air discharge for more than 7 days compared to 1 % with air leaks less than or equal to 7 days. PAL requires prolonged
drainage of the pleural cavity, which increases postoperative pain, causing shallow breathing, difficulty coughing leads to an
increased risk of pneumonia, decreased mobility is accompanied by a high risk of thromboembolic complications. In addition,
the treatment of complications is associated with the need to perform additional invasive interventions such as chemical or
mechanical pleurodesis. Prolonged air leakage is associated with an increase in hospital mortality. Patients with an air leak
have a 3.4 times greater risk of death than patients without it. Active tactics in relation to PAL include preoperative prediction of
a high risk of complications, intraoperative measures to prevent air leak from the lung parenchyma and postoperative treatment
to reduce the duration of PAL. The urgency of the problem is due to the fact that prolonged air leakage in patients with lung
cancer after organ-preserving operations is associated with an increased risk of infectious complications due to the need for
prolonged drainage of the pleural cavity. In this review, the main attention is paid to two components of postoperative man-
agement of PAL: diagnosis with an accurate assessment of the intensity of air leak and treatment of alveolar-pleural fistulas.

Keywords:
lung resection, prolonged air leakage, chest tube management, digital drainage systems, autologous blood patch
pleurodesis, outpatient management
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3.1.6. OHkonorusa, nyyesas Tepanus

0B30P

ONTUMANbHOE JIEYEHWUE JUTUTENBHON YTEYKM BO3AYXA NOCIIE PESEKLLAN
NETKOrO0 Mo noBoAy PAKA

K. . No3edu™, 1. A. Xapare3oe, 10. H. Jlazytun, 0. H. CtatewHbiii, A. I. Munakuu, U. A. Jleiiman, T. . Alipanetoea,
B. H. ButkoBckas, M. A. FannoeBa, 3. A. Mup3sosn, M. A. Xomugos, A. H. Llesyenko, C. H. fumutpuagm

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
X K.iozeffi@gmail.com

PE3IOME

Pesekuunsa nerkoro — o0CHOBHOE ANarHOCTUYECKOE U NevyebHOe XMPYpruyeckoe BMeLLATENbCTBO NpK pake nerkoro. Cépoc
BO3/yXa Mo nneBpanbHbIM JpeHaXxaM HepeAKO BO3HUKAeT nocne onepauuin Ha nerkux ns-3a noBpeXxaeHns neroyHomn
napeHxmmbl. CnefoBaTenbHO, NpaBuiibHOE APeHUPOBaHWe NieBpanbHOM MOMOCTU UMEET BECbMa BaXKHOe 3HavyeHue Ans
yCneLHoro ncxofa onepauuu. YcTaHoBKa eIMHCTBEHHOIO NneBpasibHOro peHa)a nocne aHaToOMUYeCKoN pe3eKLmn, 0Tkas
OT NPUMEHEHMS BaKyyM-acnupaLumnm 1 MakcuMasbHO paHHee yaaneHue gpeHaxein crnoco6CTBYHOT 6bICTPOI akTUBU3aLun
60/1bHbIX B MOCNeonepaLMoHHOM nepuoge. nutenbHas yTeuka Bo3ayxa ([YB) nocne pesekuum N1erkoro B cpefiHeM, passu-
BaeTcs Yy 15 % 60NbHbIX PakoM JIErkoro, 0CTaBasiCb OfHUM U3 Hanbonee pacnpoCTPaHEHHbIX OCNOXHEHWI, He61aronpUATHO
BJSIMSIIOLLMM Ha peabuinTaumio 60bHbIX U MPUBOASLLUM K 3aflepXKKe BbINUCKM M3 60NbHULbI. HacToTa pasBUTUA SMMUEMbI
npu OYB coctaBnset 10,4 % npu c6poce Bo3ayxa 6onee 7 AHeN No cpaBHeEHUIO ¢ 1 % NpuM yTeykax BO3[yxa MeHee uu
paBHbIX 7 gHAM. [1YB TpebyeT annTenbHOro ApeHMpoBaHWs nieBpasbHON NONOCTK, YTO YCUIMBAET NOC/IE0NepaLMoHHYO
60b, BbI3blBasi MOBEPXHOCTHOE AblXaHWe, 3aTPYAHEHHOE OTKALLIMBaHWE NPUBOAUT K MOBbLILLEHHOMY PUCKY PasBUTUS
NMHEBMOHUMU, CHUXXEHNE NOABUXHOCTU CONPOBOXAAETCA BbICOKUM PUCKOM TPOMBOIMOOINYECKUX OCNIOXKHEHMIA. Kpome
TOrO, Ie4eHWe OCNOXHEHUSI CBA3AHO C HEO6XOAMMOCTbBHO BbIMOIHEHWUSA AOMONTHUTENbHbBIX MHBA3MBHbIX BMELLATENIbCTB Ta-
KWX KaK XMMUYECKUI UNN MeXaHUdecKkuin nnespofes. [lnntenbHasn yTeuka Bo3gyxa CBA3aHa C yBe/IMYeHUEM rocnuTanbHoOn
netanbHOCTW. MauneHTbl C yTe4Koi Bosayxa umetoT B 3,4 pa3a 60/bLIKIA pUCK CMepTK, YeM 6osibHble 6e3 Hee. AKTUBHas
TaKTVKa NpuMeHuTensHO K 1YB BKtoyaeT B ceba npefonepaunoHHOe NPOrHo3MpoBaHne BbICOKOrO pUCKa OCII0XKHEHUS,
MHTpaonepaLyoHHble MePONPUATUSA 415 NPefOTBpaLLEHNs copoca BO3AyXa U3 NapeHXUMbl ErKoro U NocneonepawumoH-
Hoe fle4YeHne AN1a CoKpaLLeHUs NPoAoKMTeNnbHOCTY [YB. AKTyanbHOCTb NPo6aeMbl 06yCNOBMIEHA TEM, YTO AJIUTENbHAA
yTeuka Bo3yxa Y 60/1bHbIX pakoM JIEFKOro nocsie OpraHoCOXpaHHbIX onepaLuii CBsidaHa ¢ NoBblLLUEHNEM PUCKa Pa3BUTUS
MHGHEKLMOHHbBIX OCNOXHEHWUI B CBSI3N C HEOBXOANMOCTbBIO ANUTENIbHOIO APEHNPOBAHNSA NIEBPaNbHOWM NONoCTU. B faHHOM
0630pe OCHOBHOE BHUMaHWe yfeNleHo ABYM COCTaBNAOLWMM NocneonepaumoHHoro Beaenuns [1YB: anarHoCTuke ¢ TO4HOM
OLIeHKON MHTEHCUBHOCTU COpOCa BO3yXa W NIeYEHUIO afibBEOIAPHO-NIEBPasibHbIX CBULLEN.

KntoueBble cnosa:
pe3ekuusa nerkux, AnuTesnbHas yTeuka Bo3ayxa, BefieHve nneBpasbHbIX ApeHaxewn, uudpoBble ApeHaXKHbIe CUCTEMDI,
naeBpofe3 ayToNIOrMYHON KPOBbLO, aMbyniaTopHOe BeAEHME
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INTRODUCTION

Lung resection remains the main diagnostic or
therapeutic intervention in thoracic surgery. In addi-
tion to a comprehensive preoperative examination,
careful surgical intervention, proper postoperative
care is absolutely necessary to achieve a favorable
result of surgical treatment of lung cancer (LC). Air
discharge through pleural drains often occurs after
lung operations due to damage to the pulmonary
parenchyma. The frequency of air discharge after
lung resection ranges from 25 % to 50 % on the 1st
day after surgery and up to 20 % on the 2nd day [1; 2].
Therefore, proper drainage of the pleural cavity is very
important for the successful outcome of the opera-
tion. The installation of a single pleural drainage (PD)
after anatomical resection, the refusal to use vacuum
aspiration and the earliest possible removal of drain-
age against the background of sufficient anesthesia
contribute to the rapid activation and rehabilitation of
patients in the postoperative period. Air discharge in
most cases stops spontaneously, but when it contin-
ues for 5-7 days after surgery, such a prolonged air
leak (PAL) is considered a complication [3]. PAL due
to the communication of the alveoli of the pulmonary
parenchyma distal to the segmental bronchus with
the pleural cavity [3] after lung resection, on average,
develops in 15 % of patients with RL, remaining one of
the most common complications adversely affecting
the rehabilitation of patients and leading to delayed
discharge from the hospital [4].

Improved Postoperative Rehabilitation (ERAS) pro-
grams are designed in such a way as to counteract
possible complications with a scientifically based
approach to their prevention and treatment. Active
tactics in relation to PAL include preoperative pre-
diction of a high risk of complications, intraoperative
measures to prevent air discharge from the lung pa-
renchyma and postoperative treatment to reduce the
duration of PAL. In this review, the main attention is
paid to two components of postoperative manage-
ment of PAL: diagnosis with an accurate assessment
of the intensity of air discharge and treatment of
alveolar-pleural fistulas.

Number of pleural cavity drains

After anatomical resection of the lungs, an apical
drainage tube for air removal and a basal drainage
tube for fluid removal are traditionally installed. The

need for a traditional approach has recently been
challenged in the literature. To date, 4 randomized
clinical studies (RCSs) have been conducted [5-8],
one non-randomized study [9] and two meta-analy-
ses [10; 11] that examined the results of postopera-
tive management of pleural drainage after anatom-
ical lung resections. They report on the duration of
standing PD, the duration of hospital stay (DHS), the
severity of postoperative pain and complications. No
study provides data on the advantage of two PD com-
pared to one pleural drainage. A shorter duration of
standing PD and DHSwas found in one RCS [6] and in
both meta-analyses [10; 11]. One meta-analysis [10]
and 3 clinical studies [5; 7; 9] indicate a decrease in
postoperative pain. Study of postoperative complica-
tions in 3 RCSs [5-7] and in both meta-analyses [12;
13] revealed no differences depending on the amount
of PD, as well as in the need for repeated drainage
of the pleural cavity.

It turns out that one drainage of the pleural cavity
is quite enough, and the combined data indicate that
one PD reduces the duration of standing PD and DHS.
In fact, in patients with PAL and clinical manifes-
tations of pneumothorax that are not controlled by
a single PD, it may be necessary to install a second
drainage. It is important that according to the liter-
ature data, there was no decrease in the need for
repeated drainage of the pleural cavity when installing
two drains [5-7; 10; 11]. ERAS protocols indicate
the successful use of a single PD to control air dis-
charge after lung resection [14]. Therefore, despite
the traditional use of two drains, one signal drainage
of the pleural cavity is quite sufficient to control air
discharge and manage patients with advanced PAL.

Assessment of air discharge intensity

Traditional analog systems allow only a subjec-
tive static assessment of air discharge by PD. Digital
devices provide more objective data on the intensi-
ty of air discharge by measuring and continuously
recording the values of the air flow in the form of
volume per unit of time, i.e. ml/min. The role of chest
radiography has also been recently revised. In ad-
dition, patients are often discharged with portable
drainage devices and, therefore, need to be assessed
on an outpatient basis [12]. It is important to note
that the methods discussed below are limited only
to the discharge of air from the alveolar-pleural, but
not the bronchopleural fistula, which always requires
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a different treatment tactic.

The initial pleural drainage systems (IPDS) were
three-balloon drainage devices. The most common
analog drainage devices used today are the well-
known: Pleur-evac® (Teleflex Incorporated, USA) and
Atrium® (Maquet Getinge Group, Germany) [12]. The
devices consist of a liquid collection chamber and
a water gate chamber for measuring the intensity
of air discharge. Air discharge is measured by the
formation of air bubbles in the water gate chamber.
The assessment of air discharge is made by regis-
tering a number on a numbered column into which
air bubbles fall when the patient coughs or exhales;
the higher the number reached, the greater the in-
tensity of air discharge. Attempts to quantify the
intensity of air discharge have been made in several
classifications. However, the Robert David Cerfolio
Classification System, represented by 4 classes of
air discharge, remains the most frequently cited: 1st
degree when coughing, 2nd degree when exhaling,
3rd degree when inhaling and 4th degree with con-
stant discharge (bubbling) during inhalation and ex-
halation [13]. Observation of air bubbles in the water
gate chamber is a very subjective method, creating
uncertainty about the presence or absence of a small
air discharge, which makes provocative overlap of
the PD permissible [15]. Provocative overlaps of PD
delay the discharge of patients with no PAL or carry
the risk of developing pneumothorax and subcuta-
neous emphysema in patients with PAL.

Since 2007, digital SDPS have become popular,
which contribute to reducing variability in the assess-
ment of the intensity of air discharge when making
clinical decisions and timely diagnosis of PAL. They
allow you to accurately measure intrapleural pressure
and maintain its stable negative parameters using
an electronic sensor and a digital console. In addi-
tion, digital IPDSs are more portable compared to
water-gate IPDSs, which facilitates physical activity
of patients [12].

It was expected that the protocols developed on
the basis of the use of digital IPDS would lead to
simpler postoperative management of pleural drain-
age. Objective measurement of the intensity of air
discharge will allow medical personnel to determine
in time when the air leak has stopped, which should
facilitate the earliest possible removal of PD and
discharge from the hospital. On the other hand, it
was assumed that the use of digital IPDS would
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ensure the active identification of patients with the
development of PAL. Identification of PAL will help
to determine in a timely manner the optimal man-
agement tactics for such patients and those who
can be discharged from the hospital with portable
drainage devices.

Currently, Thopaz® (Medela Healthcare, Baar, Swit-
zerland) and Atmos® (Medizin Technik, Germany) are
available to measure the intensity of air discharge,
which allow continuous measurement of air flow and
record it as a graph for 12-48 hours [15]. The poten-
tial advantages of more objective measurements
provided by digital SDPS are considered to be: the
possibility of the earliest possible removal of PD,
fewer attempts of provocative squeezes and early
prediction or early diagnosis of PAL [12]. Numerous
RCSs have been carried out comparing the effec-
tiveness of digital and analog IPDS with the primary
endpoint in the form of the duration of hospital stay
and the duration of standing PD (Table 1).

The advantage of digital SDPS in terms of reducing
the duration of standing PD and reducing DHShas
been demonstrated in 5 studies [16-20]. One study
showed a shorter duration of standing PD without
a significant difference in DHS [21]. The absence of
significant differences in the duration of standing PD
and in DHSwas registered in four studies [1; 22; 23]
(Table 1). Two randomized studies showed that digital
devices led to fewer provocative pinching PD [1; 22].

Possible explanations for such different results
are the lack of consensus on the intensity of air
discharge before the removal of PD and different
amounts of PD. In fact, the intensity of the air flow
used as a threshold value before removing drains
from the pleural cavity ranges from 0 to 40 ml/min
during various time intervals from 8 to 12 hours [20-
24]. In addition to air discharge, the amount of liquid
separated by PD is another criterion that is usually
taken into account before removing drains. There is
also no consensus regarding the amount of liquid
allowed for the removal of PD with fluctuations in
volume from 200 to 450 ml in 24 hours [21-24]. In
addition, PD is not necessarily removed immediately
after the cessation of air discharge, but usually during
the day after the morning round. Thus, as soon as
the final criteria are established, continuous mon-
itoring of air discharge by digital drainage devices
will finally make it possible to really benefit from the
timely removal of PD.
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The first meta-analysis concerning the use of var-
ious SDPS after lung resection was undertaken by
S. Coughlin et al. in 2012. It analyzes 4 RCSs con-
ducted during the period from 2001 to 2007 [16-19].
There were no significant differences in terms of
the duration of air discharge, the frequency of blow-
ing, the duration of standing PD and the duration
of hospital stay when comparing the use of IPDS
with vacuum aspiration or with a water gate [25].
In 2018, J. Zhou and colleagues conducted a me-
ta-analysis of 10 RCSs involving 1601 patients on the
same issues and in the same comparison groups.
As a result, based on the results of their meta-anal-
ysis, the role of a water-gate or vacuum-aspiration

IPDS still remained unclear. Nevertheless, the need
for selective application of vacuum aspiration was
justified by the presence of residual or increasing
pneumothorax [26]. Recently, the use of digital IPDS
after lung resections has become more and more
popular. J. Zhou et al. in 2018 and N. Wang et al. in
2019. They spoke in favor of the clinical use of dig-
ital IPDS in patients who underwent lung resection
to reduce the time of air discharge, the duration of
standing PD, the duration of hospital stay compared
with aspiration IPDS [26].

The last systematic review revealed 21 compara-
tive RCSs of the effectiveness of digital and analog
IPDS with the participation of 3399 patients, men

Table 1. Results of 10 RCSs comparing the effectiveness of digital and analog pleural drainage systems

N/M (%)/ Complications
Author/year Ave. Age Approach Surgery type %) DHS
. VATS: 0 %
Cerfolio R. J., Bryant A. 100/51 %/ . LE: 55% SE: 16 % 3.3 vs. 4.0 Days
2008 [20] 62.0 Thoree o™ AR: 29 % No data (0 = 0.055)
Filosso P. L. et al. VATS: 0 %
31/67.7 %/ . 8 vs. 7 Days
2010 Thoracotomy: LE: 100 % No data -
[22] 69.6 £3.4 100 % (p =0.0385)
Brunelli A. et al. o VATS: 0 %
2010 1661723 % Thoracotomy: LE: 100 % 15,06 % 6'4(‘;;2 °3 ;ays
[21] R 100 % :
Bertolaccini L. et al. 100/59 %/ LE: 48 % . 6.5vs.7.1
2011 [24] 655+ 13.6 No data SE: 6 % 2% Days
o AR: 46 % (p =0.09)
Pompili C. et al. o VATS: 80.84 % LE: 85.3 % SE:
2014 390/6562'23 %/ Thoracotomy: 14.7 % No data 4'? v<s.05(.)%[l))1a)ys
[23] : 19.16 % p=.
" " 105/37.1 %/ VATS: 39.04 %
Lijkendijk M. et al. . . 9 4 vs. 5 Says
2015 [27] 68.3 Thoracot?my. LE: 100 % No data (b = 0.65)
60.96 %
gg?g” S.etal. 176/363%/  pro 7209 y’ LE: 76.74 % 13.64% 4.0vs. 4.0 Days
(] 68.0 2791 % SE: 23.26 % (p =0.09)
LoogcoF. et al. 95/51.5 %/ No data LE: 52.63 % 110 5.8 vs. 6.2 Days
[20] 63.6+13.0 AR: 47.37 % R (p=0.5)
Plourde M. et al. 215/43.2 %/ \.I/.ﬁTS: 83.72 % LSEE_943'1‘1:39;/° 512 % 4 vs. 5 Days
2018 [28] 67.549.3 oracotomy: F 419 % 2% (p =0.47)
16.28 % AR: 2.32 %

Note: N — number of patients; M (%) — male sex in %; VATS - video—assisted thoracoscopic surgery; LE - lobectomy; SE — segmntectomy;

AR - atypical resection; DHS- duration of hospital stay.
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make up 58.9 %, the average age of the subjects is
63.2 years, which were included in the meta-analy-
sis [27]. The meta-analysis aimed to compare the
clinical efficacy of digital and aspiration SDPS with
a drainage device with a water gate in terms of their
effect on the duration of standing PD, the frequency
of PAL after lung resection and DHS. Data on sur-
gical access were obtained in 2326 patients: 1439
(61.87 %) patients underwent thoracotomy and 887
(38.13 %) underwent video—assisted thoracoscopic
surgery (VATS). The type of surgical intervention was
established in 2744 patients: 2089 (76.13 %) under-
went lobectomy or bilobectomy, 189 (6.89 %) — seg-
mentectomy and 466 (16.98 %) — atypical resection
or lung biopsy. Complications after lung resections,
such as PAL, bleeding, atelectasis and pneumonia,
are not uncommon, they account for about 6-23 %,
0.1-0.3 %, 1-20 % and 3-25 %, respectively. 9 RCSs
selected for meta-analysis reported different rates of
complications after lung resection in the range from
2 %1061.54 % [12;17;19; 21-26].

13 studies [1; 16—20; 22-24; 28—31] with the par-
ticipation of 1870 patients were analyzed to study
the primary control point for which DHSwas selected.
The use of digital IPDS or IPDS with a water gate was
significantly associated with a shorter hospital stay
than with the use of IPDS with vacuum aspiration;
MD ranges between —1.40 (95 % CI: -2.20- -0.60)
for digital IPDS and —1.05 (95 % Cl: =1.91--0.18) for
IPDS with a water gate [27]. Regarding the duration
of standing PD, 10 studies involving 2124 patients
were analyzed [1; 17; 18; 20; 23; 24, 28-31]. Digital
IPDS significantly reduced the duration of standing
PD (MD: -0.68; 95 % Cl: —=1.32- —-0.04), while the
value of the IPDS with a water gate in reducing the
duration of standing PD remained unconvincing.
14 studies have been studied on the problem of
the occurrence of PAL, including data from 2,709
patients [17-21; 25; 28-31]. Despite the fact that
digital and water—gate IPDS had a positive effect
on the prevention of PAL, both methods did not
achieve statistical significance (digital: OR = -0.76;
95 % Cl: 0.42-1.39; water-gate: OR = 0.95; 95 % ClI:
0.56-1.62) [27].

Meta-analysis showed that the use of both digital
SDPS and a water gate is significantly associated
with a shorter DHSthan when connecting PD to as-
piration SDPS. Digital IPDS provided a reduction in
the duration of standing PD by 0.68 days (MD: -0.68,
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95 % Cl: from —1.32 to —0.04), and a water gate by
0.45 days (MD: -0.45, 95 % Cl: from —=1.11 to 0.20)
compared to the IPDS with vacuum aspiration.
Digital SDPS led to a reduction in DHSby 1.4 days
(MD: -1.40,95 % CI: —2.20 to —0.60), while the use of
a water gate is associated with a reduction in DHS-
by 1.05 days (MD: —-1.05,95 % Cl: =1.91 t0 -0.18)
compared with aspiration SDPS [27]. It is logical that
earlier removal of PD leads to a shorter stay in the
hospital, which is the main result confirmed by me-
ta-analysis.

The difference in results between the hospital
stay and the duration of standing PD is explained:
firstly, by the heterogeneity of the analyzed studies
presented by different clinics and surgeons with their
own experience; secondly, by the fact that the stud-
ies were conducted at different times for almost 20
years and, consequently, the results could be influ-
enced by innovations in the field of anesthesiology
and thoracic surgery.

As for PAL after lung resections, the use of dig-
ital IPDS had a positive, although not statistically
reliable, effect on their frequency (OR = 0.76; Cl:
0.42-1.39; p = 0.78). IPDS with a water gate also
has a lower odds ratio OR (OR = 0.95; 95 % Cl: 0.56—
1.62) in the prevention of PAL in comparison with
a vacuum-aspirated IPDS [27]. The results obtained
are consistent with the recommendations for accel-
erated rehabilitation after lung surgery published in
2019 [32]. Routine use of vacuum aspiration for PD
management after lung resection in the postoperative
period is no longer recommended.

Thus, despite the absolute importance of drainage
of the pleural cavity, PD causes pain, worsens lung
function and prevents patients from performing phys-
ical exercises regardless of the surgical approaches
used [33]. The inconveniences created by prolonged
standing PD delay the postoperative rehabilitation
of patients. Therefore, early removal of PD is essen-
tially the ultimate goal of optimizing postoperative
management after lung resection, allowing to reduce
DHSand the costs associated with treatment [33].

In the postoperative period, chest radiography is
usually prescribed, which, despite the minimal side
effect, causes discomfort in patients, especially in
the first days after surgery [1; 34]. In addition, it is
now known that asymptomatic pneumothorax is safe
and ERAS protocols recommend standard PD man-
agement [12; 35].
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A retrospective review of 1,550 radiographs and
related prospectively collected clinical data in 176
patients showed that the results of the RGC did not
change the management tactics of patients who did
not have clinical symptoms such as shortness of
breath, chest pain, tachycardia or decreased oxygen
saturation [29]. Similarly, in a meta-analysis involving
3,649 patients, the appointment of RGC only for clin-
ical indications reduced the number of radiographs
per patient by 3.15 without increasing mortality, stay
in the intensive care unit or DHS [36].

The RCS results discussed in detail above include
parameters important for ERAS protocols, such as:
the frequency of PAL, the duration of standing PD,
DHSand the presence of residual pneumothorax after
removal of drains from the pleural cavity. Obviously, it
makes no sense to repeat, noting that two protocols
aimed at standardizing the management of patients
after lung resection established a PD management
regime with their connection to active vacuum as-
piration until the 1st day of the postoperative pe-
riod, followed by a transition to a water shutter in
the absence of contraindications [12; 35]. It seems
at the moment that the tactics of PD management
adopted in a particular center are probably more im-
portant than the ongoing debate about the benefits
and harms of using active vacuum aspiration.

Despite the fact that modern literature generally
focuses on the conservative treatment of PAL, in-
cluding outpatient management for persistent air
discharge and observation of pneumothorax detected
in RGC [35], patients who do not tolerate PAL, as well
as with the threat of postoperative pneumonia or
pleural empyema, invasive measures are shown to
eliminate the complication. Among other things, it is
necessary to continue studying new and old methods
of active resolution of PAL.

Pleurodesis

Pleurodesis is performed without surgery at the
patient's bedside using a chemical substance or au-
tologous blood. The use of both methods is reported
in small cohort and RCSs. Literature sources indicate
that autologous blood pleurodesis (PAC) appears to
be a promising way to resolve PAL.

Many drugs, such as talc, silver nitrate, doxycycline,
tetracycline, bleomycin and interferon, are injected
into the pleural cavity in order to cause inflammation
leading to the adhesive process. For the formation of

pleural accretions, chemicals require a good apposi-
tion of the visceral and parietal pleura. An inflamma-
tory reaction often causes pain, fever, shortness of
breath and even acute respiratory distress syndrome
(ARDS). The literature supporting the use of chemical
pleurodesis in the postoperative period is limited [38].
However, a retrospective review of 41 patients after
lung resection who received chemical pleurodesis
using talc, doxycycline and a combination of these
drugs revealed successful termination of PAL in 40
(97.6 %) patients. The average duration of PAL after
administration of the sclerosing agent was 2.8 days.
Pleural empyema developed in 1 (2.5 %) patient [39].
An interesting clinical study of the effectiveness of
three methods of treatment of PAL after lung resec-
tion was published by S Jabtonski, in 2018. Chemical
pleurodesis with an aqueous solution of iodine in 30
patients and intrapleural administration of 200 mg
of doxycycline in 34 patients was compared with
a control group of 35 patients who were administered
only lidocaine solution. The shortest standing time of
PD and DHSwas observed in the pleurodesis group
with an aqueous solution of iodine (p < 0.001), which
was associated with strongly noticeable chest pain
(p <0.0001) [39]. Despite the seemingly encouraging
results, surgeons are reluctant to use chemical pleu-
rodesis after lung resection, since talc, being essen-
tially a foreign body, causes a rough adhesive process
that makes repeated surgical intervention extremely
difficult. Other methods of chemical pleurodesis with
the introduction of other drugs are accompanied by
severe pain and are not always effective.

On the contrary, PAK as a method of pleurodesis
has been studied more thoroughly and is more often
discussed in the timely literature. PAK was proposed
35 years ago for the treatment of patients with spon-
taneous pneumothorax. The first report on the use of
PAK in patients with PAL after lobectomy was pub-
lished 30 years ago. It refers to 2 patients who were
successfully treated with PAK as a "last resort" of
conservative therapy for PAL [40]. Several theories
have tried to explain the mechanism of action; one
hypothesis suggests that blood initiates an inflam-
matory reaction of the pleura, leading to an adhesive
process, while another hypothesis supports the idea
that the alveolar-pleural fistula is directly clogged
with blood [41].

Since then, several studies have been conducted
on this issue. The usefulness of ABP for the treat-
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ment of PAL has been the subject of two systematic
reviews and meta-analysis [42]. The first review pub-
lished by K. Manley and colleagues in 2012 included
patients with PAL, which occurred both as a result of
spontaneous pneumothorax and after lung resection.
The second review, devoted to the study of the role of
ABP, included 10 studies involving 198 patients who
developed PAL after thoracic surgery [42].

Usually, 50 to 120 ml of blood is taken from the
peripheral vein of the patient and injected into the
pleural cavity through drainage. The timing of the pro-
cedure, depending on the day of the postoperative pe-
riod in which the procedure was performed, is shown
in Table 2. The amount of blood used for pleurodesis
varied from 45 to 250 ml. In one study, patients were
randomized for ABP with blood volumes of 50 or 100
ml and it was concluded that patients of the second
group had a significantly shorter drainage time of the
pleural cavity [43]. In 9 studies, blood was injected
directly through pleural drainage, and in one study,
an additional catheter was installed through pleural
drainage to ensure more targeted blood injection [44].
Patients with a "residual space" confirmed by the
results of chest radiography were included in two
studies [45; 46], and in the third study, most patients
had a "residual space" [47]. In 4 studies, it is reported
that in some cases more than one blood injection
was required [44, 46—-48], so in one observation, four
injections were reported in one patient table 2 [44].
ALK TKI in subsequent lines of targeted therapy of
previously treated ALK-positive NSCLC.

In 3 studies, PAL was present for almost two
weeks before the decision was made to proceed
with PAK [44; 47]. In addition, in a number of stud-
ies before PAK, such measures as pleurodesis with
the introduction of tetracycline or other methods of
chemical pleurodesis were unsuccessfully used.
Therefore, it is realistic to assume that the PAK has
successfully eliminated PAL in patients with pro-
longed or very prolonged air discharge.

As for the treatment of PD after the PAK procedure,
it is more often described lifting the drainage tube
above the patient's level with the cessation of vacuum
aspiration, in one study it was reported that vacuum
aspiration continued when the drainage was raised,
and in another one - the drainage was squeezed for
30 minutes, and then connected to a water gate. It
is worth noting that in the last study, all patients had
a second PD, which remained connected to the water
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gate without aspiration. Usually, ABP were performed
without any additional blood treatment, in one study
blood was mixed with Picibanil [45], and in another
study a pneumoperitoneum was applied the day be-
fore ABP [46].

In 2 studies, complications after ABP were not
reported [43; 48], in 2, one case of empyema was
registered [44; 49]. In addition, a total of 17 patients
had fever after PAK, but only two had a positive mi-
crobiological examination (Table 2). It is important
to observe complete sterility, since blood is a known
nutrient medium for bacteria [42].

As a result, meta-analysis showed that the success
rate of ABP for resolving postoperative PAL within 48
hours was 83.7 % (95 % Cl: 75.7-90.3) for all included
patients and 85.7 % (95 % Cl: 74.4-94.0) in patients
who underwent lung resection. The total frequency
of empyema after the procedure was 1.5 %, and the
frequency of fever was 8.6 %. To identify a potential
correlation between the amount of blood used for
pleurodesis and the success of the ABP, the Pearson
coefficient was calculated; no correlation could be
detected (r = 0.049, p = 0.893) [42].

A relatively small study by J. J. Rivas de Andres et
al. demonstrated the same level of success as the
meta-analysis. At the same time, according to the re-
sults of the last RCS from Mayo Clinic, the resolution
rate of PAL after PAK was 65 %, which contributed
to a tendency to decrease the duration of standing
PD from 16 to 11 days (HR = 1.5-2; p = 0.14,), DHS
(p = 0.13) and a significant decrease in the number
of repeated hospitalizations (HR = 0.16; p = 0.02),
and repeated operations for PAL or empyema (HR =
0.11; p = 0.05) [48].

In general, the literature supports the opinion
that PAK is an effective means of eliminating PAL in
patients after lung resections. Taking into account
the available evidence of efficacy and the low com-
plication rate, ABP should be considered for the
elimination of PAL within the framework of ERAS
protocols [13]. In addition, it is interesting to conduct
studies to compare ABP with the management of
patients on portable drainage devices, taking into
account the duration of standing PD and DHSas the
main endpoints.

Endobronchial valves (EV)
EV are currently being implemented in the form
of endobronchial valves (Zephyr®, PulmonX Inc.)
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and intrabronchial valves (IBV/SVS system?®, Spira-
tion Inc.) [50]. EVimplantation is described in detail
and is carried out in three stages: 1. Identification
of segmental or sub-segmental bronchus leading
to PAL by means of successive balloon inflations
with monitoring of the termination of air discharge
through the drainage of the pleural cavity; 2. selection
of a suitable valve size according to the caliber pro-
vided by the manufacturer; 3 valve installation [51].

In the modern literature, special attention is not
paid to the treatment of postoperative PAL using
the installation of EC. Publications on their use
for the treatment of PAL are limited to a series of
cases that include postoperative PAL, along with
other causes such as spontaneous, traumatic and
iatrogenic pneumothorax [51]. An international
study involving 40 patients who had EVinstalled
to eliminate PAL included 8 patients with postoper-
ative PAL. After the installation of EV in 19 (47.5 %)
of 40 patients, PAL was completely eliminated, in
18 (45 %) patients the intensity of air discharge
decreased, in 2 (5 %) there was no response. The
median and average duration of pleural drainage
after the procedure were 7.5 days and 21 days,
respectively. The median and average DHSvalues
after valve installation were 19 days and 11 days,
respectively [52].

In another study, 9 patients with an average du-
ration of PAL of more than 4 weeks were treated
with the help of EC. Successful valve installation
was performed in 7 (77.8 %) patients; 3.5 valves

were used on average. The average duration of PAL
after valve installation was 1 day and four patients
were discharged within 2-3 days after valve installa-
tion [53]. In another study, 21 (10 after lung resection)
patients with PAL underwent 24 procedures to install
EC. Drainage of the pleural cavity lasted on average
for 15 days, and the average DHS was 5 days after
the valve was installed [54].

Obviously, the use of EVfor the treatment of
postoperative PAL is limited to a small number of
cases. Endobronchial valves were mainly used as
a last resort or in patients with the inability to use
other methods of treatment. Perhaps their earlier
use can improve the results. To compare EV with
the standard treatment of PAL, a multicenter pro-
spective RCS (Valves Against Standard Therapy) is
currently being conducted, which is not limited to
postoperative PAL [55]. In addition to the risk of in-
creased exacerbations of COPD, the development
of pneumonia and hemoptysis, the installation of
EVin postoperative PAL may be accompanied by the
development of atelectasis. Therefore, until more
data is obtained, EV should remain the last resort to
eliminate postoperative PAL.

Repeated operation

There are no studies comparing repeat surgery
with other PAL treatments. Many intraoperative meth-
ods of preventing PAL have been described, including:
strengthening of mechanical suture lines, the use of
surgical sealants, the creation of pleural awnings and

Table 2. Clinical studies of pleurodesis with autologous blood

Patients num-

Time of con-ducting

Volume of the

e ber the procedure infused fluid (ml) et Jeiimie
Yokomise H., et al.1998 [45] 10 87+4.7 50 Fever 5
Droghetti A., et al. 2006 [47] 21 11 on average 50-150 Fever 1
Andreetti C., et al. 2007 [43] 25 6 on average 50 or 100 Absent
Oliveira FH., et al. 2010 [44] 27 10.6 on average 90 Empyema 1, Fever 1
Korasidis S., et al. 2010 [46] 39 No data 100 Fever 6

Dye K., et al. 2020 [49] 19 7 on average 45-120 Empyema 1
Hasan IS., et al. 2021 [48] 34 6 days 90 Absent
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the imposition of pneumoperitoneum [12]. However,
all of them have not been studied in conditions of
repeated use.

However, repeated intervention is rarely re-
quired [56]. Probably, the operation is most indicat-
ed when intensive air discharge is unexpectedly de-
tected during the first 24 hours after lung resection.
Early repeated surgery helps to eliminate the failure
of bronchial sutures, identify and suture damage to
the lung parenchyma or strengthen the lines of the
mechanical suture and apply the above-mentioned
methods to prevent PAL. ERAS protocols for lung
resection do not provide for repeated operations and
are mainly focused on more conservative treatment
of PAL [14]. Repeated surgery, as a rule, is not indi-
cated for many patients and is performed in the early
postoperative period with intensive PAL or in cases
of delayed occurrence of massive air discharge.

Outpatient management

PAL, will develop independently of the best prac-
tice of thoracic surgery. Until the invasive methods of
treatment of PAL are thoroughly studied to maximize
the impact, ERAS protocols provide for outpatient
management of PAL. Three positions should be clear-
ly defined in the protocols: 1. when to connect a sick
patient to a portable drainage device; 2. how and
when to conduct outpatient monitoring; 3. what are
the criteria for removing drainage from the pleural
cavity.

R. J. Cerfolio et al. connected the Heimlich valve
to PD in 55 patients with air discharge, of which 22
stopped during the day, but 33 patients were diag-
nosed with PAL. In 6 cases, the Heimlich valve had
no effect, requiring the PD to be reconnected to the
water valve or to the vacuum aspirator; in all patients,
air discharge was of the 4th degree according to the
Robert David Cerfolio Classification System. In the
end, all 33 patients were discharged home with the
Heimlich valve and treated on an outpatient basis.
In a larger study involving 193 patients with PAL,
R. J. Cerfolio et al. It was shown that 190 of them
were cured without serious complications, and all
3 patients with complications had impaired immu-
nity [57].

A retrospective review of prospectively collected
data from 65 patients discharged with portable
drainage devices found a decrease in DHSby an
average of 3.65 days compared to the STS (Society
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of Thoracic Surgeons) database as a control [58].
Another retrospective analysis of the data of 73
patients discharged from the clinic over a 10-year
period again showed a decrease in DHS (average
3.88 days) compared with the control group in the
same institution (average 5.68 days). There was no
increase in the number of complications in patients
discharged with a portable drainage device, and
only two patients required repeated hospitaliza-
tions [59].

In another study, PD was connected to the Heim-
lich valve on the 4th day of the postoperative peri-
od, and patients were discharged between 5 and 11
days of the postoperative period after learning how
to check the air discharge, after which the drainage
was removed. With PAL for more than 2 weeks, pa-
tients were hospitalized for provocative pinching
of PD and resolving the issue of their removal [55].
Later R. J. Cerfolio et al. He reported connecting 193
patients to a portable drainage device on the 3rd
day after surgery with discharge on the 4th day. All
patients were discharged with the recommendation
of oral antibiotics. Drains from the pleural cavity
were removed on average 16.5 days after discharge,
even in the presence of PAL or pneumothorax ac-
cording to the results of the RGC [57]. A. M. Royer
with col. the patients were examined within 3 days
after discharge and all performed RGC. Drains from
the pleural cavity were removed on average 4.7 days
after discharge [58]. R. K. Schmocker and colleagues
examined patients 4-5 days after discharge with the
help of RGC and assessment of the presence of air
discharge. Drains were removed an average of 8.3
days after discharge [59].

It is obvious that PAL negatively affects the timing
of the start of adjuvant treatment [60]. Thus, there
is retrospective evidence that patients can be safely
discharged home with portable drainage devices. In
most studies, patients were discharged on the 4th or
5th day after surgery, followed by follow-up for 3—-5
days. Pleural drainage was usually removed within
4-11 days after discharge, and one study showed
that all PD can be removed about 17 days after dis-
charge, even in the presence of PAL or pneumotho-
rax [59]. In the future, early identification of patients
who can be discharged with portable drainage sys-
tems and forecasting the day of termination of air
discharge will ensure timely discharge and follow-up
planning, reducing the cost of medical care.
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CONCLUSION

Thus, PAL after lung resection remains the most
common postoperative complication in thoracic sur-
gery. The analysis of modern literature indicates that
digital drainage systems, providing objective, docu-
mented evidence of the cessation of air discharge,
will be useful for the implementation of ERAS pro-
tocols aimed at the earliest possible removal of
pleural drains. Clear evidence is presented that the
use of active vacuum aspiration does not prevent
air discharge, but possibly enhances it, therefore
algorithms based on the experience of a particu-
lar institution will ensure optimal management of
pleural drains, in particular, during the development

of postoperative PAL. The use of routine RGC is
minimized if there are no clinical indications. Pleu-
rodesis with autologous blood appears to be the
most promising minimally invasive way to eliminate
PAL. At the same time, until its role is confirmed
by a large-scale randomized clinical trial, there will
remain a need for conservative management of
PAL with early discharge of patients with portable
drainage devices.

The latest advances in technology and evidence-
based approaches in thoracic surgery provide a plat-
form for eliminating contradictions in the postop-
erative care of patients who have undergone lung
resection, creating a solid foundation for the devel-
opment of algorithms to combat PAL.
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OBLUUA KAHLIEPOTEHE3

SK30rEHHbIE TYMOPOIEHHbIE
BO3OENCTBUA

The second part of a three-component work on gen-
eral carcinogenesis has been published. The first part
(2021) deploys modern theories, models of general
carcinogenesis: mutation theory, models of genomic
instability, Darwinian and non-genotoxic models, and also
explains the roles of inflammation, immunological devi-
ations and tumor microenvironment in carcinogenesis.

Particular attention has been paid to the biological
characteristics of tumor cells, genetic characteristics
and metabolic changes that initiate and promote tu-
mor growth.

A general concept of carcinogenesis has been for-
mulated, which boils down to the presence of "ring"
spheres: tumorigenic environment — the organism
as a whole system and its subsystems — target organ
— protective tumorigenic tissue microenvironment —
target cell — genetic alterations, eventually leading to
malignant growth.

The second part of the manual (2022) is devoted to
the mechanisms of carcinogenesis. In this monograph,
the main attention is paid to the "outer ring of carcino-
genesis" — a tumorigenic environment, which includes
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a wide range of various negative factors: from cosmic
and terrestrial to food, medical and iatrogenic ones.

The book provides modern facts about the preva-
lence of certain agents, their influence on the body and
the creation of carcinogenic background at the organ-
cellular and gene-molecular levels. Attention is focused
on the dependence of the cancer effects of exogenous
influences on their intensity, duration, organotropism and
genotoxicity. In conclusion, a general assessment of
these effects as inducers of malignant growth is given.

The manual contains 20 tables reflecting all the key
positions of the factual material. The monograph is
illustrated with 29 color figures brilliantly prepared by
the authors. The print quality is amazing.

Each chapter is accompanied by references, pre-
dominantly for the last 5-7 years.

In our opinion, Chapter 3.7 “Medical influences as

inducers of carcinogenesis” is of particular interest.

There are 3 groups of carcinogenic medical
effects: A — causing the development of prima-
ry, previously non-existing malignant neoplasms
(MNs) at the preventive, diagnostic, therapeutic
and rehabilitation levels among non-cancer pa-
tients; B — inducing growth and metastatic spread
of existing MNs; C - contributing to the devel-
opment of other primary tumors in patients with
MNs. Drug-induced carcinogenesis develops in
several directions.

In recent years, the approach to assessing the key
characteristics of human carcinogens has changed.
Most of them (85 %) have turned out to be genotoxic,
47 % change cell proliferation, and 40 % induce oxida-
tive stress. Other mechanisms of carcinogenesis also
retain their negative roles.

The monograph can be used in the course of lectures
and practical classes on oncology for students, PhD
students and residents of the faculty of physician pro-
motion. It is of considerable interest to all oncologists.
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